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Appendix A 
 

Standard Operation Procedures 
List of SOPs 

Description 
SOP 

Number 
SOP 
Date 

Revision 

General Laboratory Safety 001 11/04 1 

URI Laboratory Waste Guidebook 001a 09/13 3 

URI laboratory Chemical Hygiene Plan 001b 07/04  

Laboratory Water 002 11/16 3 

General Labware Cleaning Procedure 003 07/19 4 

General Autoclave Operation 004 10/18 6 

Bottle Autoclaving Procedure 005 01/16 5 

Waste Autoclaving Procedure 006 01/16 3 

Chlorophyll-A Analysis, Welschmeyer Method 012 04/18 6 

Chloride Analysis 013 11/16 5 

Ammonia Analysis 014 11/16 5 

Orthophosphate and Nitrate + Nitrite Analysis 015 12/16 5 

Total Phosphorus and Nitrogen Analysis 016 12/16 5 

Salinity Analysis Using a Refractometer 017 11/16 1 

Enterococci Analysis Using Enterolert IDEXX Method 018 12/19 4 

Analytical Balance Calibration 019 2/06 2 

pH Procedure 021 12/19 3 

Alkalinity Procedure 022 11/16 2 

Filtering Water Samples 023 10/18 2 

Fecal coliform Analysis Using Colilert 18 IDEXX 
Method 

024 01/16 2 

Laboratory Thermometer Calibration 025 04/19 1 

Heterotrophic Plate Count – Quanti-tray 026 05/20 1 
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Standard Operating Procedure 001 
 

General Laboratory Safety 
 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

11/04 
1 
Linda Green 

1.0 PURPOSE AND DESCRIPTION 

LAB SAFETY IS EVERYBODY’S JOB!  Please be sure to familiarize yourself with these general 
procedures, as well as the specific handling requirements included in the Standard Operating 
Procedure (SOP) for each analysis/process.  Further general information regarding University of 
Rhode Island standards for health and safety are found in SOP 001a – University Safety and 
Waste Handling Document.   

2.0 HEALTH AND SAFETY 

2.1 Emergency Numbers: 

EMERGENCIES: 874-2121 
 
UNCONTAINED SPILLS: 874- 2618 
 
GENERAL HEALTH AND SAFETY INFORMATION 
URI SAFETY AND RISK: 874-2618 

 
2.2 General Health and Safety Information 

1. Eye protection, gloves and lab coats are REQUIRED in this laboratory when working with 
chemicals. 

2. Closed-toed shoes are REQUIRED whenever you are working in the lab.  Even if you are 
just entering data.   

3. Know where the accident and safety equipment is: 

 First–aid kit:  

i. Behind the sink in room 018. 

ii. On top of the refrigerator in room 002. 

iii. On top of the refrigerator in room 019. 

 Safety shower: next to the entry door of each laboratory. 

 Eye wash: at main sink in each laboratory. 

 Yellow Spill pads: 

i. Under the laboratory bench to the right of blue oven in room 018. 

ii. Next to the main sink in room 002. 

iii. On top of the refrigerator in room 019
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4. Report ANY accidents IMMEDIATELY to Linda Green (874-2905) or Elizabeth Herron (874-
4552).  If neither are available, first contact staff in the Cooperative Extension Water Quality 
Suite (room 001), Dr. Art Gold (874-2903) or department secretary (874-2026).  Report all 
emergencies to 874-2121. 

5. If you spill anything hazardous on yourself immediately flush it with water for 15 minutes.  
Report all emergencies to 874-2121.  Uncontained spills should be reported to 874-2618. 

6. Concentrated acids and bases are ALWAYS handled in a fume hood, with the glass door 
pulled down below face level. 

7. Wastes are ALWAYS stored in the lab in which they are generated (i.e. acetone waste in the 
fluorometer lab, autoanalyzer waste in the instrument lab, etc.).  Do not transport wastes 
from one lab to another.  All wastes must have a University of Rhode Island (URI) Safety 
and Health label on them. 

8. Liquid wastes must have secondary containment adequate for the full volume of waste. 

9. When waste containers are nearing full (~ 80% for high volume wastes or 90% for low 
volume wastes), coordinate with Linda Green or Elizabeth Herron to have them removed.  
Be sure all waste containers are properly and completely labeled at all times. 

10. As appropriate, use a cart or a bucket with a handle to transport water samples and/or 
reagents. 

11. All chemicals must be properly labeled and stored at all times.  Hazardous labels must 
indicate in English what harm the chemical represents (ie corrosive). 

12. Liquid chemicals can not be stored above eye level. 

13. If you have any safety or environmental questions, call URI Safety and Risk at 874-2618. 

14. All URI Watershed Watch (WW) staff including student technicians are required to 
successfully complete URI’s “Environmental Awareness and Initial Waste Training” course 
within their first 6 months of employment.  Subsequently, all URIWW staff including student 
technicians are required to successfully complete URI’s annual refresher course: “Prudent 
Practices and Laboratory Waste Management”.  Certificates attesting to successful 
completion are posted in URIWW laboratories. 
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Environmental Policy & Principles 

In accordance with the University Safety Policy, the Department of Public Safety 
Environmental Health and Safety Office has established this Environmental Policy and 
these Principles.  All members of the University are responsible for complying with this 
policy.  

Environmental Policy  

The University of Rhode Island is committed to compliance with all applicable federal, 
state and local regulations, to pollution prevention objectives, and to continual 
improvement of environmental systems.  

Environmental Principles  

To achieve this goal the University will adhere to the following Environmental Principles: 

• Comply with all applicable environmental laws and regulations.
• Educate and train faculty, staff and students to properly implement University

programs and procedures.
• Minimize University impact on the environment and surrounding community.
• Continually reduce University impact to the environment by implementation of

pollution prevention and waste minimization programs.
• Monitor adherence with University programs by measurement of performance

against established goals and matrices.
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Resources and Emergency Contact Information 
 
Emergencies  
 
Kingston Campus  - Public Safety Dispatch      874-2121 
Bay Campus – Public Safety Dispatch     874-2121 
Providence Campus – Security      277-5155 
 
Environmental Health and Safety Office  
 
Telephone         874-7993 
Fax          789-5126 
Email                  srm@etal.uri.edu 
Website         http://www.uri.edu/publicsafety/EnvironmentalHealthSafety.html 
 
Radiation Safety Office 
 
Telephone          789-9391 
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1.  Laboratory Waste Management 
 
Many types of waste are generated in the laboratories at the University of Rhode Island. 
This guidebook contains information regarding the types of waste generated and the 
methods for waste handling, including the procedures to follow in the event of a spill.  
 
The following identifies the roles and responsibilities for University personnel who 
handle laboratory waste:  
 
Department of Public Safety Environmental Health and Safety Office (EHS) – 
Implement and manage the laboratory waste program including training, monitoring and 
recordkeeping 
 
Department Chairs – Notify EHS of the Principal Investigators and ensure training of the 
department  
 
Facility Personnel – Paid personnel who may handle waste (e.g. stock room, technical 
support, custodial) shall receive training and handle waste in accordance with University 
procedures 
 
Principal Investigator – Training of laboratory workers and students in proper waste 
handling 
 
Laboratory Workers – Paid researchers, teaching assistants and students shall receive 
training and handle waste according to University procedures 
 
Students – Undergraduate and Graduate students in academic laboratories shall 
receive training and handle waste according to University procedures 
 

1.1  Enforcement  
 
EHS is responsible for enforcement of the procedures in this guidebook. The following 
actions will be taken in the event of a deficiency:  
 
•  30 days to correct the deficiency or notify EHS if assistance is needed.  
•  If not corrected, notification of Department Chairperson, Dean and President’s office.  
•  Warning letter of enforcement action sent if deficiency is not corrected within 60 days 

of initial notice.  
•  Enforcements can include: correction by EHS with costs assessed to department; 

closure of laboratory; loss of laboratory privileges; or others as appropriate.  
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2.  Laboratory Safety 
 
Precautions should be taken to avoid exposure by the principal routes, that is, contact 
with skin and eyes, inhalation, and ingestion 
 

2.1  Personal Protective Equipment    
 
While no two laboratories are identical in the unique combination of risks present, many 
risks are found in nearly all laboratories. Beyond engineering and administrative 
controls, another level of protection is added with personal protective equipment (PPE). 
Because each laboratory procedure presents a unique set of hazards, reliance on PPE 
has become paramount.   
 
Eye protection is required for all personnel and visitors in all locations where chemicals 
are used. Visitor safety glasses should be made available at the entrances to all 
laboratories.  Researchers should assess the risks associated with an experiment and 
use the appropriate level of eye protection. Ordinary prescription glasses do not provide 
adequate protection against injury. Prescription safety glasses and over prescription 
safety glasses and goggles can be obtained.  Safety goggles should have indirect 
venting if used to protect against splash hazards. 
 
Wear gloves whenever handling hazardous chemicals, sharp-edged objects, very hot or 
very cold materials, toxic chemicals, and substances of unknown toxicity.   Select 
gloves appropriate to the chemical being used. 
 

2.2  Proper Laboratory Apparel  
 
Long hair and loose clothing or jewelry must be confined when working in the 
laboratory. Unrestrained long hair, loose or torn clothing, and jewelry can dip into 
chemicals or become ensnared in equipment and moving machinery. Clothing and hair 
can catch fire. Sandals and open-toed shoes should never be worn in a laboratory in 
which hazardous chemicals are in use.  It is advisable to wear a laboratory coat when 
working with hazardous chemicals. This is particularly important if personal clothing 
leaves skin exposed. Apparel giving additional protection (e.g., nonpermeable 
laboratory aprons, fire resistant lab coats) is required for work with certain hazardous 
substances. Because many synthetic fabrics are flammable and can adhere to the skin, 
they can increase the severity of a burn. Therefore, cotton is the preferred fabric. 
 

3.  Chemical Waste Management 
 
All URI personnel or students who work with, or have any connection with, chemicals in 
a laboratory, must manage chemical waste in a manner that is protective of human 
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health and safety, and the environment. It is important that you review the procedures 
outlined in this guidebook and contact EHS should any questions arise.  
 
Note:  Unwanted chemicals in their original containers should not automatically  
be considered chemical waste. Chemicals that are unwanted in one laboratory or 
department may be considered usable in another laboratory or department. If you have 
such unwanted chemicals, refer to section 6.2 for chemical clean-out procedures.  
 

NO CHEMICAL WASTE IS TO BE DISPOSED DOWN DRAINS!  Chemical waste 
must be characterized as non-hazardous or hazardous in accordance with the 

procedures outlined in this section. 
 

4.  Hazardous Chemical Waste 
 
Hazardous Waste: A substance which exhibits one of the four hazardous 
characteristics (corrosivity, ignitability, reactivity, toxicity) or is specifically listed as 
hazardous waste by the United States Environmental Protection Agency (EPA) or 
Rhode Island Department of Environmental Management (RIDEM).  
 

4.1  Waste Characterization Checklist  
 
These are general guidelines for characterizing hazardous waste generated in Rhode 
Island.  Contact EHS if you have any questions or need assistance. 
 

 Is this waste included in EPA’s list of hazardous wastes?  
o F-Listed - Wastes from non-specific sources (e.g. spent solvents) 
o U-Listed – Discarded commercial chemical products (e.g. acetone, 

phenol, hydrofluoric acid) 
o P-Listed – Acute hazardous discarded commercial chemical products (e.g. 

potassium cyanide, sodium azide, empty containers that held P-listed 
materials) 
 

 Is it ignitable or flammable?  
o Is it a liquid with a flash point below 93°C? 
o Is it a liquid with a vapor pressure above 40 psi at 38°C? 
o Is it a liquid or a gas that has a flash point above 23°C and a boiling point 

below 38°C? 
o Is it a liquid that ignites spontaneously in dry or moist air or below or equal 

to 61°C? 
o Is it a solid or semi-solid that gives off flammable vapors below 38°C? 
o Is it a non-liquid capable of causing fire by friction, absorption of moisture 

or spontaneous chemical change? 
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o Is it a flammable or ignitable compressed gas? 
o Is it an oxidizer that yields oxygen readily to simulate the combustion of 

organic matter? 
 

 Is it corrosive? 
o Is it an aqueous solution with a pH 5.5 or a pH 9.5? 
o Is the waste capable or corroding steel? 

 
 Is it reactive? 

o Does it react violently or become unstable with water or produces toxic 
gases or explosive mixtures? 

o Is it unstable or is it explosive, either readily or with a strong initiating 
source? 

o Does it contain cyanide or sulfides and generate toxic gases or explosive 
mixtures when exposed to a pH between 2 and 12.5? 

 
 Is it toxic or extremely hazardous? 

o Does it contain contaminants found in the EPA table of toxic substances in 
excess of the EPA standard? 

o Does it contain a Class 2, Division 2.3 or Class 6, Division 6.1 hazardous 
material as defined by USDOT? 

o Does it have an LD50 below 5,000 mg/kg of body weight? 
o Is it a known or suspected carcinogen or a known teratogen? 

 
Consult the EHS website for listed wastes, and further information about waste 
characterization and handling.  
 
 
 
 

 
 

 

 
 

4.2  Hazardous Waste Containers 
 
All hazardous waste material must be stored in an appropriate container.  

If you answered “Yes” to 
any of theses questions, it 
is a hazardous waste. 
 
 
Refer to the applicable section 
 
Containers   4.1 
Labels    4.3 
HPLC Wastes   7.1 
Mercury Waste   7.2 
Photographic Wastes  7.3 
Unknowns   7.6 

If you answered “No” to 
any of these questions, it is 
not a regulated hazardous 
waste. 
      
Refer to the applicable section 
 
Radioactive   7.4 
Gas Cylinders   7.7 
Empty Containers  7.8 
Biological Waste  8 
Sharps    9 



University of Rhode Island 
Laboratory Waste Guidebook 

September  2013 

6 
 

The containers must be:  
 
•  Compatible with the waste material being stored; check Safety Data Sheet (SDS)  
•  Sturdy and leak-proof  
•  An appropriate size  
•  Under the control of the person generating the waste  
•  Closed at all times except when adding waste, and have a tight-fitting cap  
•  Clearly identified with a hazardous waste label (see section 4.4)  
 
Do not completely fill the containers.  There must be sufficient vapor space (outage) to 
allow for possible expansion of liquids during storage and shipment.  Large containers 
(5 gallon and above) are supplied by the hazardous waste disposal contractor and are 
marked with a fill line.   
 
 
Containers that previously held materials that might be incompatible with the waste to 
be stored (including food, beverage and detergent containers) are NOT suitable for 
storing waste. Volumetric flasks with ground glass stoppers, beakers covered with 
parafilm and other containers that do not have a tight-fitting cap are not acceptable 
hazardous waste containers. 
 

4.3  Incompatible Materials 
 
Certain hazardous wastes cannot be safely mixed or stored with other materials 
because a severe reaction or explosion can occur or an extremely toxic reaction product 
can result. 
 
The chemical label and/or SDS should provide information on incompatibilities.  In 
general, hazardous waste containers should be segregated by hazard class as listed 
below:  
 

  Ignitable/Flammable   Reactive with Water       Corrosive  
  Pyrophorics         Reactive with Air            Concentrated Acids 
  Explosive    Peroxide Formers     Concentrated Bases 
  Toxic     Oxidizers      Reducers 

 

4.4  Hazardous Waste Labels 

 
It is the responsibility of the Principal Investigator to ensure that the waste container 
label includes:  
 
•  The words “Hazardous Waste”  
•  The identity of the hazardous waste  
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•  If the waste is a mixture, a list of all the components and the percentage of each 
(these should sum to 100%)  

•  The primary hazards presented by the waste (e.g. “toxic”, “reactive”) 
•  The name of the person responsible for the waste, their location and phone  number  
 

5.  Laboratory Hazardous Waste Satellite Accumulation Area 
(SAA) 
 
Laboratory Hazardous Waste SAA: An area in the laboratory where small quantities of 
hazardous waste are temporarily stored prior to collection for disposal. The Laboratory 
Hazardous Waste SAA could be a room, a bench top, or a laboratory hood.  

 
Such accumulation areas are regulated by federal and state law. To ensure compliance 
with these regulations and University requirements, the following conditions must be 
met:  
 
•  Marked with the words “HAZARDOUS WASTE SATELLITE ACCUMULATION 

AREA.”  Laminated signs are available from EHS. 
•  Located in the laboratory and under the control of the person generating the waste. 
•  All containers must meet the container and labeling requirements outlined in sections 

4.2 and 4.4.  
•  Segregate incompatible substances; do not mix in the same container.  
•  Liquid waste containers should have secondary containment.  Secondary containment 

trays are provided by EHS  
• No more than 55 gallons of hazardous waste or one (1) quart of acute hazardous (P-

listed) waste can be stored at one time.  
•  Emergency telephone numbers for key laboratory personnel  must be posted on the 
Hazard Communication Door Sign.  The Hazard Communication Door Sign template is 
available on the EHS website.  
•  Must contain appropriate spill control kits for chemicals used in that laboratory.  
•  Signs identifying the location of emergency equipment such as safety showers and  
eyewash units must be posted.  The Lab Safety Orientation Checklist available on the 
EHS website may be used to communicate this information.  
 
 

6.  Pick-Up and Disposal 
 
EHS is responsible for the retrieval, transport, and disposal of all hazardous wastes 
from laboratories. When a waste container becomes full or the waste will no longer be 
generated, the laboratory must notify EHS to schedule a pick-up.  
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6.1  To Have Waste Removed From The Laboratory 
 
1.  Complete a “Hazardous Waste Pickup Request” form and fax or email it to EHS.  

Forms are available on the EHS website.  
2.  The hazardous waste disposal contractor will pick up the waste for disposal on the 

following Thursday. 
3.  The laboratory is responsible for ensuring that the waste container is properly 

packaged and labeled.   
 

6.2  Chemical Clean-Out  
 
When chemicals that are still in their original containers need to be removed from an 
area (e.g. laboratory, stockroom, or storage cabinet), these procedures should be 
followed:  
 
1.  Inventory all chemicals to be removed to the extent possible.  Do not move the 

chemicals from their appropriate storage locations.  
 
2.  Submit the inventory to the EHS office for assistance with relocation and/or 

reutilization.  EHS will arrange for disposal of any chemicals that cannot be 
reutilized. 

 

7.  Specific Handling Procedures 
 

7.1  HPLC Wastes  
 
Solvent wastes generated from HPLC equipment are subject to hazardous waste 
regulations. However, due to the nature of the equipment, the procedures for collection 
and handling of HPLC solvent wastes are different than for other chemical wastes 
generated in laboratories. For example, HPLC waste containers require special caps 
and must vent to a fume hood.   See the September 2012 Monthly Safety Topic - HPLC 
Safety on the EHS website for more information or contact EHS. 
 

7.2  Mercury Waste  
 
Mercury metal and mercury compounds must be collected for recovery and recycling. 
Due to its well-established toxicity and environmental persistence, it must not be 
released into the environment and should be handled as a hazardous waste. 
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If a mercury thermometer breaks, call EHS for assistance. The University of Rhode 
Island encourages laboratories to switch to digital or spirit thermometers to minimize 
mercury use. 
 

7.3  Photographic Wastes  
 
Each photographic process’s waste stream needs to be evaluated for disposal. Call 
EHS for assistance.  
 

7.4  Radioactive Waste 
 
All radioactive waste should be handled in consultation with the Radiation Safety Office.   
 

7.5  Other 
 
If you are generating a waste stream and are unsure of the waste characteristics or the 
collection and handling procedures, contact EHS for assistance. 
 

7.6  Unknowns 
 
If a chemical or waste container of unknown contents is discovered:  
 
1.  Label it as “UNKNOWN”.  
2.  Attach a note detailing any information about what the chemical might be, where it 

was found, and in what experiment it may have been used.  
3.  Contact EHS for assistance.  
4.  If you find any unlabeled chemical that has crystallized, or there is any other 

indication that it may be unstable, DO NOT TOUCH IT contact EHS immediately. 
 

7.7  Gas Cylinders  
 
Gas cylinders should be returned to the manufacturer or distributor whenever possible. 
Contact EHS for assistance with disposal of unreturnable cylinders and lecture bottles.  
Order refillable/returnable cylinders instead of lecture bottles whenever possible. 
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7.8  Empty Chemical Containers  
 
Contamination  Residue  Container  Handling Procedure  

Type  Amount  Type 
  

 

Hazardous/ 
Chemical/ 
Pharmaceutical  

Minimal/ 
None  

Glass  Ensure there are no free liquids.  Remove lid.  Evaluate the risk of 
any residual material and rinse the container with an appropriate 
solvent if necessary.  (Note: Rinse solutions may be regulated as 
hazardous waste.) Remove or deface all hazard warning labels.  
Put in box marked “caution glass” and seal box.  Dispose of box 
in regular trash. 
  

  1 gallon 
Glass 
 

Empty one gallon glass solvent bottles should be listed on a 
hazardous waste pickup request form for collection by the 
hazardous waste contractor for reuse as waste containers.   
 

  Plastic  Ensure there are no free liquids.  Remove lid. Evaluate the risk of 
any residual material and rinse the container with an appropriate 
solvent if necessary.  (Note: Rinse solutions may be regulated as 
hazardous waste.)  Remove or deface all hazard warning labels.   
Dispose in regular trash 
 
 

  5 gallon 
Metal 
 

Ensure there are no free liquids.  Evaluate the risk of any residual 
material and rinse the container with an appropriate solvent if 
necessary.  (Note: Rinse solutions may be regulated as 
hazardous waste.)  Remove or deface all hazard warning labels.  
Dispose in regular trash or as scrap metal.  
 

  55 gallon 
Metal or 
Plastic 
 

Ensure there are no free liquids.  Evaluate the risk of any residual 
material and rinse the container with an appropriate solvent if 
necessary.  (Note: Rinse solutions may be regulated as 
hazardous waste.)  Remove or deface all hazard warning labels.  
Contact EHS for disposal options. 
 

Acute Hazardous  Any  All  Label and dispose of as hazardous  
(P-Listed)    waste (see section 4).  

 
 
Biological  

 
Any  

 
All  

 
Label and dispose of as biological waste or steam sterilize prior to 
disposal (see section 8).  

    

 
For chemical containers that are in the URI chemical inventory system, submit the bar 
code number to EHS when the empty container is disposed. 

8.  Biological Waste Management  
 
Biological Waste: includes infectious human and animal blood, body fluids and tissue, 
culture flasks, and any items such as gloves, disposable safety glasses and plastics that 
are heavily soiled with potentially infectious  materials.  
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•  Place biomedical waste in rigid container (cardboard box) that is lined with red 
biohazard bags, ( red bags and cardboard shipping boxes  are provided by EHS).  

•  Ensure packaged waste is within weight limits indicated on container.   The weight of 
the container should not exceed 35 pounds. 

•  When the bag is full, securely close container; triple tape all seams.  
•  Notify EHS that the container is ready for pick-up.  
 

Note: Steam sterilization in an autoclave per appropriate procedures prior to disposal is 
also an acceptable method for management of some biohazardous waste.  If 
autoclaved waste is to be discarded in the regular trash, use heavy duty clear plastic 
bags.  Do not use red bags with the biohazard symbol.  Contact the EHS office for 
assistance. 
 
Red bags marked with the biohazard symbol are to be used for disposal of potentially 
infectious biohazardous waste only.  Do not use red biohazard bags for regular trash 
and do not dispose (full or empty) in the regular trash. 
 
Animal Waste: Expired animals used in research or teaching that are potentially 
infectious.  
Animal waste should be packaged, labeled and handled in the same way as biomedical 
waste with the following added procedures:  
 
•  Animal waste should remain frozen until pick-up is scheduled 
•  Consult the University Veterinarian for assistance with disposal of large animals 
 

9.  Sharps 
 
SHARPS: waste items that can easily cut or puncture the skin, such as needles, 
syringes, broken pipettes, scalpels, broken vials and laboratory slides.  
 
 
1.  Place sharps in red OSHA-approved sharps containers, provided by the Principal 
Investigator 
2.  Place the sharps container in the lined biological waste container.  
 
 
If sharps are radioactive, contact the Radiation Safety Office for assistance.  
 

9.1 Non-biological, non-hazardous broken laboratory glassware  
 

(i.e. broken glassware, such as bottles, flasks, pipettes, and vials that do not meet 
the criteria for hazardous, biological, or radioactive waste) 
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1.  Place in a box and securely seal the box.  
2.  Label the box “broken glassware”.  
3.  Place the box in the regular trash.  
 

Laboratory glassware must never be discarded in the  
recycling bins. 

 

10.  Chemical Spill Emergency Response  
 
The following steps should be taken in the event of a chemical spill that is beyond the 
capacity for safe response by laboratory personnel: 
 
EVACUATE: 
 
  Alert others in the area and direct/assist them in leaving 
  Without endangering yourself: Remove injured to fresh air, remove contaminated 

clothing and flush contaminated skin and eyes with water for 15 minutes.  If anyone has 
been injured or exposed to toxic chemicals or vapors, call Public Safety 
Dispatch/Security and seek medical attention immediately. 
  Leave the spill area 

 
CONFINE: 
 
  Close all doors and isolate the area. 
  Prevent people from entering the spill area. 

 
REPORT: 
 
  From safe place, call Public Safety Dispatch/Security 
  Report the emergency and give:  

Your name, location and phone number 
Location of spill 
The name and amount of the material spilled 
The extent of the injuries 
The safest route to the spill 

  Stay by the phone. 
  Emergency services will respond to stabilize spills or clean up and provide medical 

attention. 
 
SECURE:  
 
  Until emergency response personnel arrive; block off areas leading to the spill. 
  Post personnel near commonly-used entrances to the area to direct people to use 

other routes. 
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  Notify supervisor. 
 

11.  Laboratory Pollution Prevention 
 
Pollution: discharge of harmful substances to environmental media (air, soil, or water) 
resulting in concentrations that interfere or change the natural processes.  
 
Pollution Prevention: the reduction or elimination of pollution at the source when raw 
materials, waste energy, and other resources are efficiently utilized, when less harmful 
substances are substituted for hazardous ones, and when toxic substances are 
eliminated.   
 
University laboratories often

 
generate large quantities of wastes through instructional 

and research activities. Pollution prevention practices can reduce overall operational 
and environmental compliance costs while reducing student and researcher exposure to 
hazardous materials.  
 
The University of Rhode Island is committed to pollution prevention using the EPA’s 
hierarchy of preferred options:  Source Elimination and Reduction, Recycling and 
Reuse, Treatment and Disposal. Source Elimination and Reduction is the preferred 
approach to waste minimizations.  Options include substituting less hazardous 
chemicals, reducing quantities of chemicals used and reutilization of excess chemicals. 
 

12.  Training 
 
Environmental training is conducted on several levels. Please review the matrix below 
to ensure that you attend the appropriate class. Your diligence in completing these 
courses is necessary in order to make this program successful. Brief descriptions of 
each class are presented below.  A list of available class dates and on-line training 
registration is available on the EHS website. 
 
Initial Environmental Awareness and Hazardous Waste Management  
 
This class provides basic environmental awareness training, which outlines procedures 
and responsibilities, and the importance of proper waste handling. Topics include 
labeling, containment methods, hazard recognition, waste collection, and emergency 
response. This class is mandatory for University personnel who could potentially handle 
laboratory waste and must be completed within thirty days of working in a laboratory 
where chemical could be generated. This class is presented by EHS.   
 
Refresher: Prudent Practices and Laboratory Waste Management 
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All University personnel who potentially handle laboratory chemical waste must attend 
annual training to refresh the material learned in the initial training. This class is 
presented by EHS.   
 
Waste Management for Students  
 
This class provides basic environmental awareness training, outlining academic 
laboratory procedures and responsibilities, and the importance of proper waste 
handling. Instructors will teach this class at the beginning of each laboratory course 
where chemical or biological waste will be generated. Instructors will also provide this 
training to students that enter the class mid-semester.  This class is presented by the 
individual departments. 
 

13.  What You Must Do To Comply  
 
Below are the minimum steps you need to take in order to comply with federal and state 
regulations regarding waste handling and spill emergencies:  
 
The Top 10 Guidelines for Environmental Responsibility  
 
1. Attend environmental training.  
2. Properly label waste containers.  
3. Keep waste in compatible containers.  
4. Segregate incompatible waste.  
5. Use secondary containment for liquid waste.  
6. Keep waste containers closed at all times.  
7. Do not dispose of hazardous waste by evaporation, sewer or trash. 
8. Notify Public Safety Dispatch/Security in the event of a chemical spill.  
9. Use pollution prevention techniques.  (Reduce, Reuse, Recycle). 
10. If you have questions, call EHS. 
 

13.1 Preventing Regulatory Violations  
 
Federal and state agencies regularly visit URI to perform unannounced inspections. 
Following is a list of commonly-cited violations that the agencies find in research 
facilities:  
 
•   Improper labeling  
•   Improperly contained waste     
•   Incompatible wastes stored together   
•   Improperly trained personnel  
•   Chemicals improperly disposed of  
•   Waste incompatible with container   
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•   Containers not closed  
•   Laboratory personnel unaware of proper emergency procedures 
 
Please review this information carefully and correct any problems in your area 
immediately. Violations can not only result in fines, but adversely affect URI’s public 
image, as well as your own reputation.  
 
EHS personnel will conduct regular laboratory inspections to monitor compliance. The 
Principal Investigator will be notified of any deficiencies and will receive a copy of the 
inspection report.  There is also laboratory self-audit checklist available on the EHS 
website. 
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Chapter 1.0 University of Rhode Laboratory Chemical Hygiene Plan 
 
1.0 Preface 
This URI Laboratory Chemical Hygiene Plan has been developed to assure the highest degree of safety 
and therefore lowest exposure to the risks associated with the use of chemicals. This plan shall be the 
primary safety guide for all deans, department chairmen, principal investigators, laboratory staff and 
students.  
 
The purpose of the University of Rhode Island Laboratory Chemical Hygiene Plan is to assist laboratory 
workers in conducting their research in a safe and productive manner. It provides an institutional model to 
assure consistent practices for handling, containing, and storing used and unused chemicals. The key to 
success is careful planning of experiments to prevent accidents and minimize exposure to hazardous 
chemicals. 
 
1.1 Introduction 
The Occupational Safety and Health Administration (OSHA) determined, after a careful review, that 
laboratories typically differ from industrial operations in their use and handling of hazardous materials 
and that a different approach from other OSHA regulations is warranted to protect laboratory workers. 
OSHA subsequently promulgated the “OSHA Lab Standard” based on the recommendations developed 
by the National Research Council and published in the book “Prudent Practices for Handling Hazardous 
Chemicals in Laboratories”, National Academy Press, Washington, D.C., 1981. Prudent Practices 
(Revised edition, 1995) is available on the Internet at the following website: 
http://www.nap.edu/books/0309052297/html/
 
The Occupational Safety and Health Administration's (OSHA) laboratory health standard, 29 CFR 
1910.1450 “Occupational Exposures to Hazardous Chemicals in Laboratories” requires employers of 
laboratory employees to implement exposure control programs and convey chemical health and safety 
information to laboratory employees working with hazardous materials. Specific provisions of the 
standard require:  

a. Laboratory inspections;  
b. Establishment of standard operating procedures for routine and "high hazard" laboratory 

operations;  
c. Research protocol reviews for procedures, activities or operations that the employer believes to be 

of a sufficiently hazardous nature to warrant prior approval;  
d. Employee exposure assessments if workers display signs and symptoms of exposure;  
e. Medical consultations/exams if workers have an occupational exposure to hazardous chemicals;  
f. Employee training; 
g. Labeling of chemical containers; and  
h. The management of chemical information sheets (Material Safety Data Sheets) and other safety 

reference materials. 
 

The standard's intent is to ensure that laboratory employees are apprised of the hazards of chemicals in 
their work area, and that appropriate work practices, procedures, and controls are in place to protect 
laboratory employees from chemical health and safety hazards. Appendix I contains a copy of the OSHA 
Lab Standard. Appendix A of the Lab Standard contains a model laboratory chemical hygiene plan. 
 
The standard operating procedures, laboratory practices, administrative, and engineering controls, 
outlined in this Chemical Hygiene Plan (CHP) identify the safeguards to be taken when working with 
hazardous materials. This document is the generic plan for all laboratories at the University of Rhode 
Island. These safeguards have been developed to protect laboratory workers from unsafe conditions in the 
vast majority of situations. There are instances, however, when the physical and chemical properties, the 
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proposed use, the quantity used for a particular purpose, or the toxicity of a substance will be such that 
additional controls may be required to protect the laboratory worker. Professional judgment is essential in 
the interpretation of these standard operating procedures, and individual laboratories may modify these 
procedures to meet their specific uses and operational needs. However, these modifications must be in 
writing and maintained with the laboratory copy of this plan. The Department of Safety and Risk 
Management (SRM) shall be informed, in writing, of these changes. The Principal Investigator/ 
Laboratory Supervisor is responsible for writing and documenting the Laboratory-Specific 
Standard Operating Procedures for each laboratory and for training and documenting the 
employees and students in that laboratory on those SOPs. 
 
The manner in which University of Rhode Island is complying with each of the elements in OSHA's 
Laboratory Standard is detailed in this Chemical Hygiene Plan. The official copy of the University of 
Rhode Island Chemical Hygiene Plan is located at the Department of Safety and Risk Management, 177 
Plains Road and on the SRM web site: 
(http://www.uri.edu/safety). 
 
 It is available at SRM for review during normal working hours. 
 
1.2 Chemical Hygiene Responsibilities  
Responsibility for chemical health and safety rests at all levels of the University including the: 
 
President of the University, who has ultimate responsibility for chemical hygiene within the institution 
and must, along with other officers and administrators, provide continuing support for institutional 
chemical safety. 
 
Assistant Vice-President for Business Services, who has the responsibility for providing the business 
support structure that allows implementation of the URI Chemical Hygiene Plan and assuring compliance 
with the plan. 
 
Department of Safety and Risk Management, that has the responsibility for performing laboratory 
inspections, developing tools to provide assistance in implementing the URI Chemical Hygiene Plan, 
annual training, reviewing, and updating the Plan.  
 
College Dean, who has the responsibility to assure compliance with the University Chemical Hygiene 
Plan within the departments of his/her college. 
  
Department Chairman or Director of an administrative unit, who is responsible for chemical hygiene 
in the department/unit. The Departmental Chairman will function as the departmental chemical hygiene 
officer unless another individual is designated this responsibility and the Department of Safety and Risk 
Management’s Coordinator of Hazardous Materials and Chemical Waste has been notified in writing of 
this designation. 
 
Principal Investigator, who has the primary responsibility for chemical hygiene in the laboratory. 
He/she is responsible for: 

Acquiring the knowledge and information needed to recognize and control chemical hazards in the 
laboratory; 

Adopting good chemical hygiene and housekeeping practices that maintain the laboratory in a 
safe and orderly condition; 

Conducting workplace hazard assessments as needed and correcting unsafe practices noted in the 
assessments; 
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Following the URI Chemical Hygiene Plan by selecting and employing prudent laboratory practices 
and engineering controls that reduce the potential for exposure to hazardous chemicals to the appropriate 
level; 

Writing Laboratory-Specific Standard Operating Procedures (SOPs) that document the procedures for 
hazardous chemicals, carcinogens and reproductive hazards as defined in this Chemical Hygiene Plan. 
The situations that require prior approval by the Principal Investigator and/or Safety and Risk 
Management must also be documented. These SOPs shall be included in a laboratory manual and updated 
as needed. Copies of the written SOPs shall be provided to the Department of Safety and Risk 
Management upon request. 

Informing employees working in his/her laboratory of the potential hazards associated with the use of 
chemicals in the laboratory and instructing them in the safe laboratory practices, adequate controls, and 
procedures for dealing with accidents involving hazardous chemicals; 

Providing training for new laboratory workers before exposure to any laboratory hazards and updating 
training whenever a new hazard is introduced to the laboratory; 
 Assuring that all personnel who work in the laboratory attend the annual training on laboratory safety 

and hazardous waste management that is provided by the Department of Safety and Risk Management; 
Storing chemicals safely; 
Assuring that all containers of chemicals are appropriately labeled and that labels on incoming 

containers are not defaced; 
Maintaining copies of Material Safety Data Sheets that are received with orders of chemicals; 
Maintaining an accurate and up-to-date chemical inventory and using the inventory to identify those 

chemicals that meet the definition of carcinogens, reproductive toxins, and acutely hazardous chemicals 
and designating areas for their appropriate use;

Supervising the performance of his/her staff to ensure the required chemical hygiene rules are adhered 
to in the laboratory; 

Ensuring that appropriate controls (administrative and engineering controls and personal protective 
equipment) are available in the laboratory, that they are used, and are in good working order; 

Obtaining approval, when required, from the Department of Safety and Risk Management prior to using 
particularly hazardous substances; 

Managing hazardous waste correctly to meet State and Federal requirements by following the 
University of Rhode Island Laboratory Waste Guidebook; 

Developing an understanding of the current legal requirements regulating hazardous substances 
used in his/her laboratory; and 
 Record keeping. 
 
Laboratory worker (includes a student who is working in a laboratory), who is responsible for: 

Being aware of the hazards of the materials she/he is around or working with, and handling those 
chemicals in a safe manner; 

Planning and conducting each operation in accordance with the University of Rhode Island’s chemical 
hygiene procedures; 

Developing good chemical hygiene habits (chemical safety practices and procedures); 
Reporting unsafe conditions to the principal investigator, immediate laboratory supervisor, or 

Department of Safety and Risk Management. 
The Principal Investigator and laboratory workers share responsibility for collecting, labeling and 

storing chemical hazardous waste properly, as well as informing visitors entering their laboratory of the 
potential hazards and safety rules/precautions. 
 
Coordinator of Hazardous Materials and Chemical Waste (Department of Safety and Risk 
Management); who has the responsibility for: 
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Working with the laboratory community, administrators and other employees to develop and implement 
appropriate chemical hygiene policies and practices; 

Assisting Principal Investigators in the selection of appropriate laboratory safety practices and 
engineering controls for new and existing projects and procedures; 

Providing technical assistance for complying with the Chemical Hygiene Plan, and answering chemical 
safety questions for employees; 

Monitoring procurement, use, and disposal of chemicals used in the laboratories; 
Knowing the current legal requirements concerning regulated substances; 
Providing the annual review and update of the Chemical Hygiene Plan; 
Developing and implementing the University-wide chemical safety inspection and training programs; 
Reviewing all reported accident investigations that result in the exposure of personnel or the 

environment to hazardous chemicals; 
Reviewing and providing technical assistance in decontamination operations where accidents have 

resulted in significant contamination of laboratory areas; 
Supervising any 24-hour responders or industrial hygienists who are required for emergency operations 

or quantitative exposure monitoring. 
 
Chemical Hygiene Officer (Department of Safety and Risk Management), who has the responsibility for: 

Working with the laboratory community, administrators and other employees to develop and implement 
appropriate chemical hygiene policies and practices; 

Providing technical assistance for complying with the Chemical Hygiene Plan, and answering chemical 
safety questions for employees; 

Monitoring procurement, use, and disposal of chemicals used in the laboratories; 
Conducting the University-wide chemical safety inspection and training programs; 
Assisting Principal Investigators in the selection of appropriate laboratory safety practices and 

engineering controls for new and existing projects and procedures; 
Knowing the current legal requirements concerning regulated substances; 
Investigating all reported accidents that result in the exposure of personnel or the environment to  

   hazardous chemicals; 
Seeking ways to improve the chemical hygiene program. 

1.3 Definitions 
 
1.3.1 Definition of Laboratory 
For the purposes of this OSHA standard a “laboratory” is defined as a facility in which hazardous 
chemicals (defined below) are handled or manipulated at a “laboratory scale” in reactions, transfers, etc., 
in small quantities (containers that are easily manipulated by one person) on a non-production (non-
manufacturing) basis. 
 
Note: Expanded definitions of the terms from the OSHA Lab Standard that are used in this chemical 
hygiene plan are available in Appendix II. Appendix III gives additional definitions that are defined in 
OSHA’s Hazard Communication Standard 29 CFR19.10.1200 and Rhode Island’s Hazardous Substance 
Right-to Know Act (RIGL-28-21), as well as, terms that are commonly found on labels and Material 
Safety Data Sheets (MSDS). 
 
1.3.2 Definition of Hazardous Chemical 
The OSHA Laboratory Standard defines a hazardous chemical as any element, chemical compound, or 
mixture of elements and/or compounds that is a physical hazard or a health hazard. The standard applies 
to all hazardous chemicals regardless of the quantity. A chemical is a physical hazard if there is 
scientifically valid evidence that it is a combustible liquid, a compressed gas, an explosive, an organic 
peroxide, an oxidizer, pyrophoric, flammable, or reactive. A chemical is a health hazard if there is 
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statistically significant evidence, based on at least one study conducted in accordance with established 
scientific principles, that acute or chronic health effects may occur in exposed employees.  
 
Categories of health hazards include: 

carcinogens 
irritants 
reproductive toxins 
corrosives 
sensitizers 
neurotoxins 
hepatotoxins  
nephrotoxins 
agents that act on the hematopoietic system 
agents that damage the lungs, skin, eyes, or mucus membranes 

 
A chemical is considered hazardous according to the OSHA standard, if it is listed in any of the 
following: 

OSHA, 29 CFR 1910.1000 Table Z-1 through Z-3; 
Threshold Limit Values for Chemical Substances and Physical Agents in the Work Environment, 

ACGIH (latest edition); or 
The Registry of Toxic Effects of Chemical Substances, NIOSH (latest edition). 

Over 600,000 chemicals are considered hazardous by the OSHA definition. 
 
In most cases, the chemical container's original label will indicate if the chemical is hazardous. Look for 
key words like caution, hazardous, toxic, dangerous, corrosive, irritant, carcinogen, etc. Containers 
of hazardous chemicals acquired or manufactured before 1985 may not contain appropriate hazard 
warnings. The Principal Investigator must check that all bottles have the necessary hazard warnings and 
add them if needed. 
 
If you are not sure if a chemical that you are using is hazardous, review the Material Safety Data Sheet 
for the substance or contact your supervisor or the Department of Safety and Risk Management. Another 
excellent source of information is the National Institute for Occupational Safety and Health (NIOSH ) 
Guidebook. It is available on the web at 
http://www.cdc.gov/niosh/npg/npg.html
 
OSHA considers two other categories of chemicals as particularly hazardous chemicals. These are the 
carcinogens and reproductive toxins. 
 
I. A chemical is considered a carcinogen or potential carcinogen if it is listed in any of the following 
publications (OSHA uses the term "select" carcinogen in some cases.): 

National Toxicology Program, Annual Report on Carcinogens (latest edition); 
International Agency for Research on Cancer, Monographs (latest edition); 
OSHA, 29 CFR 1910.1001 to 1910.1101, Toxic and Hazardous Substances. 

 
Appendix IV lists some carcinogens that have special rules under OSHA regulations. Special care must be 
taken to restrict personal exposure to these materials. An up-to-date listing of the cancer-causing 
chemicals can be found on the National Institute of Environmental Health and Safety (NIEHS) website at 
http://www.niehs.nih.gov/
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II. Reproductive toxins, are substances that affect reproductive capability and include four general 
categories. Effects can occur in males, females, or fetuses. 
 

Mutagens - substances that may cause a change (mutation) in the genetic material of a cell.  
Teratogens - substances that may affect the viability or cause physical or metabolic defects in the 

developing embryo or fetus when a pregnant female is exposed to that substance.  
Sterility/Infertility - substances that may affect female or male fertility.  

 Lactation - substances that may be transferred from the mother to the child through the breast 
milk and cause adverse health effects in the child. 
 

It is recognized that exposure to certain chemicals may adversely affect the fertility of the parents or the 
development of a fetus during pregnancy. Therefore, if you are working with reproductive toxins and are 
planning to conceive a child or are pregnant, you should consult your medical health care professional 
regarding risks of exposure and potential exposure control options. A list of some reproductive toxins can 
be found in Appendix V. Reproductive toxicology information on the substances used in your laboratory 
can be found on these substances’ MSDS and in other reference materials. 
 
1.4 Hazard Identification for Substances Synthesized in University Laboratories 
Some laboratories will synthesize or develop new chemical substances during the course of their research. 
If the composition of the substance is known and will be used exclusively in the laboratory, the researcher 
must label the substance and determine, to the best of his/her abilities, the hazardous properties (e.g. 
corrosive, flammable, reactive, toxic, etc.) of the substance. This can often be done by comparing the 
structure of the new substance with the structure of similar materials with known hazardous properties. If 
the chemical produced is of unknown composition, it must be assumed to be hazardous, and 
appropriate precautions must be taken.  
 
If a chemical substance is produced for another user outside the University, the laboratory producing the 
substance is required to provide as much information as possible regarding the identity and known 
hazardous properties of the substance to the receiver of the material. In this case the University has 
become a manufacturer and the Principal Investigator must generate an MSDS sheet for the product. 
Contact the Department of Safety and Risk Management if you have questions or would like assistance in 
meeting this obligation. Labeling of products that are leaving the University must conform to the 
requirements of the OSHA Hazard Communication Standard (HCS), 29CFR 1910.1200. More details on 
the HCS can be found in the University of Rhode Island Hazard Communication Plan. The Hazard 
Communication plan covers areas of chemical usage that are not covered by the Laboratory Chemical 
Hygiene Plan. A copy of the Hazard Communication Plan is available at the Department of Safety and 
Risk Management and may be viewed during normal working hours. It is also available on the web. 
http://www.uri.edu/safety
 
1.5 Training 
 
1.5.1 Chemical Safety Training 
All employees exposed, or potentially exposed, to hazardous chemicals while performing their laboratory 
duties must receive information and training regarding the OSHA Laboratory Standard, the URI 
Chemical Hygiene Plan, and laboratory safety annually. Training sessions conducted by the 
Department of Safety and Risk Management are held monthly and are listed by the Planning 
Services and Professional Development Office (PSPD) in its brochure and on its web site: 
http://www.uri.edu/pspd
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Training classes can be scheduled for an entire department upon request of the Department Chairman to 
Department of Safety and Risk Management. 
 
The Department of Safety and Risk Management training sessions will describe the:  

a. Physical and health hazards of various classes of laboratory chemicals;  
b.   Methods/procedures for handling and safely using chemicals present in laboratories; 
c. How to understand a Material Safety Data Sheet; 
d. Appropriate response in the event of a chemical emergency (spill, overexposure, etc.); 
e. University chemical hygiene policies;  
f. Applicable details of the University's Chemical Hygiene Plan (such as the standard operating 

procedures for using chemicals); and  
g. Hazardous waste management requirements. 

 
Each attendee will receive a certificate of training. These certificates should be maintained with the 
laboratory records for documentation of compliance with Federal, State, and University training 
requirements. Annual training in a Department of Safety and Risk Management training session is 
required for all laboratory workers and Principal Investigators. 
 
All current employees working with hazardous chemicals who have not attended a chemical 
safety/hazardous waste training session at the University of Rhode Island must receive this training as 
soon as possible. New employees must receive training prior to their handling potentially hazardous 
materials. Employees who are transferred to jobs (or are performing tasks) with routine hazards that are 
different from the hazards of previous jobs or tasks (e.g. exposure to a different class of chemical hazard 
such as a carcinogen) or new equipment with a specific hazard) must receive additional training from 
their supervisor outlining the hazards of the new materials, procedures or equipment prior to starting the 
new assignment. 
 
When an employee is to perform a non-routine task presenting hazards for which he or she has not 
already been trained, the employee's supervisor will be responsible for discussing with the employee the 
hazards of the task and any special measures (e.g. personal protective equipment or engineering controls) 
that must be used to protect the employee. Additional laboratory-specific safety training must be provided 
by your laboratory supervisor or Principal Investigator when new hazardous chemicals are introduced into 
the laboratory. The Department of Safety and Risk Management is available to consult with the 
supervisor or employee, as necessary. 
 
Every laboratory worker should know the location and proper use of available protective clothing and 
equipment, and emergency equipment, as well as emergency procedures. Information on protective 
clothing and equipment is contained in Chapter 2 of this plan. 
 
1.5.2 Reference Materials 
There are numerous sources of chemical safety information on campus. These sources include:  

a. The labels found on containers of hazardous chemicals; 
b. The substance's Material Safety Data Sheet;  
c. Special health and safety reference literature available in several libraries across the campus; 
d. Reference literature, training videos and special chemical health and safety data bases available 

from the Department of Safety and Risk Management; and 
e. Sources on the Internet. In addition, your supervisor and the staff from the Department of Safety 

and Risk Management are available to provide safety information. Each of these sources is now 
discussed in greater detail. 
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1.5.2.1 Safety Reference Literature 
The Department of Safety and Risk Management maintains a collection of reference materials addressing 
chemical health and safety issues and a master file of Material Safety Data Sheets. The department also 
subscribes to several health and safety reference services and can assist in informational searches on 
health and safety topics. This information is available from the Department of Safety and Risk 
Management during regular business hours Monday through Friday. Appendix VI contains a list of some 
safety references and websites on the Internet that can provide additional safety information. 
 
1.5.2.2 Container Labeling 
All containers of hazardous chemicals that could pose a physical or health hazard to an exposed 
employee, must have a label attached. Labels on manufactured  hazardous chemicals must include: 

a. The common name of the chemical;  
b. The name, address and emergency phone number of the manufacturer; and  
c. An appropriate hazard warning. The warning may be a single word "danger", "warning" and 

"caution" - or may identify the primary hazard, both physical (i.e., water-reactive, flammable or 
explosive) and health (i.e., carcinogen, corrosive, or irritant) hazard. 

 
Most labels will provide you with additional safety information to help you protect yourself while 
working with this substance. This includes protective measures to be used when handling the material, 
clothing that should be worn, first aid instructions, storage information and procedures to follow in the 
event of a fire, leak or spill. 
 
Many containers may also have a diamond that provides a visual representation of the hazards of a 
particular chemical. The National Fire Protection Association (NFPA) developed this label style. It ranks 
chemicals according to their flammability, health hazards, reactivity and special hazards. It uses 
numerical scales with values of 0-4. Chemicals that have ratings of 3 or 4 are very dangerous. Appendix 
VII illustrates the NFPA diamond. 
 
If you find a container with no label, report it to your supervisor. You should also report labels that are 
torn or illegible so that the label can be replaced immediately. Existing labels on new containers of 
hazardous chemicals should never be removed or defaced, except when the container is empty. 
Note: For additional information on disposing containers of hazardous chemicals see the University of 
Rhode Island’s Laboratory Waste Guide. 
 
If you use secondary working containers (OSHA defines these as “portable” containers) that will take 
more than one eight-hour work shift to empty, or if there is a chance that someone else will handle the 
container before you finish using it, you must label it with the chemical name and hazard. This is part of 
your responsibility to help protect co-workers. The label and information must be in English. Warnings in 
foreign languages may be included, in addition to those in English, to assist non-English speaking 
employees. 
 
Read the label each time you use a newly purchased chemical. It is possible the manufacturer may have 
added new hazard information or reformulated the product since your last purchase, and thus altered the 
potential hazards you face while working with the product. All employees involved in unpacking 
chemicals are responsible for inspecting each incoming container to insure that it is labeled with the 
information outlined above. The Department of Safety and Risk Management and the vendor should be 
notified if new containers of product do not have proper labels. 
 
1.5.2.3 Material Safety Data Sheets [MSDS] 
A Material Safety Data Sheet, often referred to by its acronym MSDS, is a detailed informational 
document prepared by the manufacturer or importer of a hazardous chemical which describes the physical 
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and chemical properties of the product. Information included in a Material Safety Data Sheet aids in the 
selection of safe products, helps employers and employees understand the potential health and physical 
hazards of a chemical, and describes how to respond effectively to exposure situations. It should be noted 
that the health and safety guidance in the Material Safety Data Sheet often addresses the worst case 
situation which would be more relevant to a major industrial accident or tank car spill than to a 
laboratory. The Material Data Safety Sheet is not always helpful in selecting appropriate safeguards in the 
laboratory. If you have questions about handling or protecting yourself from a particular chemical contact 
your supervisor or the Department of Safety and Risk Management. 
 
Each Principal Investigator/laboratory supervisor is responsible for obtaining the MSDSs for the 
chemicals used in his/her laboratory. MSDS can be obtained from the manufacturers, the distributors, 
or from the Internet from the manufacturer’s web site or from Internet at sites such as 
http://www.hazard.com. Request the MSDS when you order your chemicals. The manufacturers are 
required to provide an MSDS with the first shipment of a product. Send a copy of all the MSDSs to the 
Department of Safety and Risk Management (SRM) for all vendors except Sigma-Aldrich, J. T. 
Baker/Mallinckrodt, or Fisher. Please contact SRM if you are not sure if you have sent the MSDS in the 
past. SRM maintains a master file of all the MSDSs on campus. 
 
Currently the Department of Safety and Risk Management also maintains a subscription to 
CHEMWATCH. This site provides MSDS, labels, shipping documents, molecular structures, articles on 
safety, and other information useful to laboratories. Details are available on our website. 
http://www.uri.edu/safety. 
 
The format of a Material Safety Data Sheet may vary but there is specific information that must be 
included in each sheet. It is useful to review this information to increase your ability to use a Material 
Safety Data Sheet. All Material Safety Data Sheets should include the following information: 
 
Section I of the MSDS lists information identifying the manufacturer and the product. 
- Manufacturer's name, address and telephone number 
- Number to call in case of emergency involving the product 
- Chemical name and synonyms 
- Trade name and synonyms 
- Chemical family and formula 
- CAS# (Chemical Abstract Service) for pure materials 
Section II describes the various hazardous ingredients contained in the product, the percentages, and 
exposure limits when appropriate. All hazardous chemicals which comprise 1% or greater of the mixture 
will be identified. Carcinogens will be listed if their concentrations are 0.1% or greater. If a component 
is not listed, it has been judged to be non-hazardous or is considered proprietary information by the 
manufacturer. The types of components that might be listed include: 
- Pigments, catalysts, vehicles, solvents, additives, base metals, alloys, metallic coatings, fillers, 
hazardous mixtures of other liquids, solids or gases 
Section III describes the physical properties of the material. 
- Boiling point 
- Specific gravity 
- Vapor pressure 
- Percent volatiles 
- Vapor density 
- Evaporation rate 
- Solubility in water 
- Appearance 
- Odor 
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Section IV describes the fire and explosion hazard data for the material. Based on the flash point and 
other fire and explosion data, the appropriate extinguishing agent for fires involving the material will be 
listed. Special procedures may also be listed. 
- Flash point 
- Lower and upper explosive limits (LEL/UEL) 
- Extinguishing agent - water, dry chemical, foam, halon, etc. 
- Special fire fighting procedures 
- Unusual fire and explosion hazards, toxic fumes 
Section V describes the known health hazards associated with the material, applicable exposure limits 
and symptoms/health effects associated with overexposure. This information will help the user and 
medical personnel recognize if an overexposure has occurred. 
- Threshold Limit Value (TLV) 
- Effects of overexposure: headache, nausea, narcosis, irritation, weakness, etc. 
- Primary routes of exposure: inhalation, ingestion, absorption through the skin or eyes, puncture wounds 
- Cancer or other special health hazards 
- Emergency and first aid procedures for ingestion, inhalation and skin or eye contact 
Section VI describes reactivity data; that is, the material's ability to react and release energy or heat 
under certain conditions or when it comes in contact with certain substances. 
- Stability: stable; unstable; conditions to avoid 
- Incompatibility: materials to avoid 
- Hazardous decomposition products 
- Hazardous polymerizations: conditions to avoid 
Section VII gives instructions for the steps to be taken in case of an accidental release or spill. The steps 
normally include information on containment, evacuation procedures and waste disposal as appropriate.  
- Steps to be taken in case material is released or spilled 
- Waste disposal methods 
Section VIII describes the protective equipment for the individual who might have to work with the 
substance. This Section normally describes worst case conditions; therefore, the extent to which personal 
protective equipment is required is task dependent. Contact your supervisor or the Department of Safety 
and Risk Managements for instructions, if you are unsure. 
- Respiratory equipment: dust mask; chemical cartridge respirator; self-contained breathing apparatus 
- Ventilation: local; general; special 
- Protective gloves: type; composition 
- Eye protection: goggles; face shield 
- Other protective equipment 
Section IX describes handling and storage procedures to be taken with the material. Information may 
include statements, such as: keep container closed; store in a cool, dry, well-ventilated area; keep 
refrigerated (caution: flammable solvents require a "flammable storage refrigerator"); avoid exposure to 
sunlight; etc. 
Section X describes any special precautions or miscellaneous information regarding the material. 
Manufacturers may withhold certain information as proprietary (such as hazardous ingredients) on a 
Material Safety Data Sheet if the information is considered a trade secret. The Department of Safety and 
Risk Management has a legal right to obtain this information from the manufacturer to evaluate the 
potential health risk if potential overexposure or adverse health effects are suspected.  
 
Not all manufacturers use the same format for MSDS although the American National Standards Institute 
has recommended a sixteen section format. The statements on the Material Safety Data Sheet are 
sometimes very general. It may be necessary to research more than one MSDS to obtain the needed 
information. If you would like additional information concerning the content or use of MSDS, contact 
your supervisor or the Department of Safety and Risk Management. 
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1.5.2.4 Signs 
Prominent signs of the following types shall be posted in each laboratory: 

a. he University of Rhode Island Hazard Communication Sign. See Appendix VIII. This sign shall 
be posted on the door of each laboratory and area of chemical storage. Affix the sign securely to 
the outside of the door. If possible post the sign inside a protective cover such as a “job ticket” 
that is readily available in office supply stores. Update the sign as needed as personnel and 
hazards change. The sign indicates the telephone numbers of emergency personnel/facilities, 
supervisors, and laboratory workers, and the various types of hazards present in an individual 
room; 

b. Signs identifying locations for safety showers, eyewash stations, other safety and first aid 
equipment, and exits; 

c. Warnings at areas or equipment where special or unusual hazards exist. Please see also the later 
section on “Designated Areas”. 

 
1.6 Chemical Exposure Assessment 
Regular environmental or employee exposure monitoring of airborne concentrations is not usually 
warranted or practical in laboratories because chemicals are typically used for relatively short time 
periods and in small quantities. However, sampling may be appropriate when a highly toxic substance is 
used regularly (3 or more separate handling sessions per week), is used for an extended period of time 
(greater than 3 to 4 hours at a time) or is used in especially large quantities. Department of Safety and 
Risk Management (SRM) personnel will identify these situations during their regular inspections and 
recommend follow-up exposure assessments as necessary. During laboratory safety inspections, SRM 
personnel will be asking questions to qualitatively estimate employee exposures to laboratory chemicals. 
The exposures to laboratory employees who suspect and report that they have been over-exposed to a 
toxic chemical in the laboratory, or are displaying symptoms of over-exposure to toxic chemicals, will 
also be assessed. The assessment will initially be qualitative and, based upon the professional judgment of 
the investigating safety professional may be followed up by specific quantitative monitoring. A memo, or 
report, documenting the quantitative assessment will be sent to the employees involved and their 
supervisors, as well as, to the URI Human Resource Administration in the case of a reported over-
exposure.  
 
Individual concerns about excessive exposures occurring in the laboratory should be brought to the 
immediate attention of the Department of Safety and Risk Management and your supervisor. Any person 
who believes they have received an over-exposure to a hazardous chemical should file an 
accident/incident report, form USP14A, with the URI Human Resource Administration at the time of the 
event. 
 
1.7 Medical Consultation and Examination 
The University of Rhode Island will provide employees who work with hazardous chemicals an 
opportunity to receive medical consultation, including any follow-up examinations which the 
examining physician determines to be necessary, under the following circumstances: 

a. Where exposure monitoring indicates air concentration levels over the action level for an OSHA 
regulated substance that has medical surveillance requirements; 

b. Whenever a laboratory employee develops signs or symptoms that may be associated with a 
hazardous chemical to which the employee may have been exposed in the laboratory; 

c. Whenever a spill, leak, or explosion results in the likelihood of a hazardous exposure, as 
determined by the Chemical Hygiene Officer. 
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All examinations shall be provided by a physician licensed in Occupational Medicine or under the direct 
supervision of a physician licensed in Occupational Medicine, at no cost to the employee, without loss of 
pay, and at a reasonable time and place. 
 
When medical consultations or examinations are provided, the examining physician shall be provided 
with the following information: 

a. The identity of the hazardous chemical(s) or material(s) to which the employee may have been 
exposed and the MSDS, if available; 

b. A description of the conditions under which the exposure occurred including quantitative 
exposure data, if available, and; 

c. A description of the signs and symptoms of exposure that the employee is experiencing, if any. 
 
For examinations or consultations provided to employees, a written opinion from the examining physician 
shall be obtained by the URI Human Resource Administration. It shall include: 

a. Recommendations for further medical follow-up; 
b. Results of the examination and associated tests; 
c. Any medical conditions revealed that places the employee at an increased risk of exposure to a 

hazardous substance found in the work place; and 
d. A statement that the employee has been informed of the results of the examination or 

consultation. 
 

EMERGENCIES: Individuals with life threatening emergencies should proceed immediately to the 
hospital emergency room. An ambulance can be obtained by dialing Campus Police at 874-2121. A copy 
of the Material Safety Data Sheet should accompany the patient to the hospital. Employees must file an 
accident report, form USP14A, with the URI Human Resource Administration, detailing what event 
occurred, what the chemical substance was that caused the symptoms and a description of the over-
exposure. Students should file accident reports at the Potter Health Clinic. If the employee/student is 
unable to file the report due to his/her injuries the report should be filed by the Laboratory Supervisor and 
signed by the Department Chairman. 
 
1.8 Laboratory Safety Inspection Programs 
The Department of Safety and Risk Management conducts inspections of all University laboratories 
handling or storing hazardous chemicals. These inspections evaluate the following: 

a.  Potential employee exposures (qualitative assessments);  
b. The status of critical engineering control equipment (hoods and safety showers);  
c. The handling and storage of chemicals; 
d. The use of personnel protective equipment; 
e. Hazardous waste disposal;  
f. Employee training; and 
g. Compliance with Federal/State regulations and University policies. 

 
Each University laboratory is inspected on a regular basis (at least annually) by the Chemical Hygiene 
Officers from the Department of Safety and Risk Management. A copy of the Laboratory Inspection 
Report Form is in Appendix IX. Principal Investigators will receive a written report of the inspection 
results from the Department of Safety and Risk Management. All deficiencies must be corrected within 
30 days and the Department of Safety and Risk must be notified of the corrections. Principal 
Investigators/laboratory supervisors must conduct more frequent inspections to make sure that needed 
safety equipment and personal protective equipment (PPE) is in place and functional, the hoods are 
working, the hazardous waste accumulation area is maintained according to the University of Rhode 
Island’s Laboratory Waste Guide, and that the lab is maintained in a neat and orderly condition. 
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1.9 Prior Approval  
Under some circumstances a particular chemical substance and associated laboratory operation, 
procedure, or activity may be considered sufficiently hazardous to require prior approval from the 
Department of Safety and Risk Management before research begins. The Principal Investigator will also 
establish which hazardous procedures require his/her prior approval in his/her laboratory and will 
document this prior approval. He/she will develop laboratory-specific written Standard Operating 
Procedures (SOPs) to document these hazardous operations and use of hazardous chemicals. A template 
for the SOPs is included in Appendix X.  
 
Users of pressurized hazardous gases with NFPA codes of 3 and 4 and dimethyl mercury should notify 
the Department of Safety and Risk Management prior to use to schedule a review of planned procedures. 
Currently review and approval of procedures for other laboratory chemicals by Safety and Risk 
Management are only required if the Principal Investigator selects safeguards that differ from those 
specified in the University’s Chemical Hygiene Plan. Researchers anticipating use of hazardous materials 
in a manner requiring review should contact the Department of Safety and Risk Management for an 
appointment to review procedures. SRM personnel will visit the laboratory, conduct a survey of facility 
administrative and engineering controls, and review the research protocol with the Principal Investigator 
and users. 
 
1.10 Respiratory Protection Program for Laboratories 
The University attempts to minimize employee respiratory exposure to potentially hazardous chemical 
substances through engineering methods (such as local exhaust ventilation and hoods) or administrative 
control (written standard operating procedures, training etc.). It is recognized, however, that for certain 
situations or operations, the use of these controls may not be feasible or practical. Under these 
circumstances, or while such controls are being instituted, or in emergency situations, the use of personal 
respiratory protective equipment may be necessary. A sound and effective program is essential to assure 
that the personnel using such equipment are adequately protected. Any Department/Principal Investigator 
needing to use respirators must prepare a written respirator plan and submit it to the Department of Safety 
and Risk Management for approval prior to use. This plan must outline organizational responsibilities for 
the following respirator program components: exposure assessment; respirator selection; medical 
approval and surveillance; fit testing; user training; inspection/repair; cleaning/disinfection; and storage. 
Each of these program components is required by OSHA's respiratory protection standard (29 CFR 
1910.134) in all situations where respirators are used. If you are using a respirator and are not included in 
of the University's respiratory protection program, or have questions concerning the use of respirators or 
any of the program components, contact your supervisor and the Department of Safety and Risk 
Management. Principal Investigators are responsible for providing respiratory protective equipment if 
such equipment is required.  
 
1.11 Medical Record keeping 
All exposure assessments and occupational medical consultation/examination reports will be maintained 
in a secure area in the employee’s personnel file in accordance with OSHA's medical records rule (29CFR 
1910.1020) by the URI Human Resource Administration. Individuals may obtain copies or read their 
reports by making a request in writing to the URI Human Resource Administration. Records will be 
retained for 30 years after the termination date of the employee. 
 
1.12 Laboratory Decommissioning 
It is the responsibility of the Principal Investigator and Department Chair to assure that all laboratories are 
properly decommissioned whenever a laboratory is vacated, renovated, or relocated. All chemical, 
biohazard, and radioactive materials must be properly relocated, reallocated or disposed. The laboratory 
must be decontaminated from all chemical, biological, or radioactive hazards. 
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If you require assistance with chemicals or need a hazardous waste pick-up or a laboratory clean-out of 
chemicals contact the Department of Safety and Risk Management at 874-2618. A three week notice is 
required to schedule a major chemical clean-out. For radioactive issues contact the URI Radiation Safety 
Office at 874-2618. For biohazards contact the Bio-Safety Committee. 
 
When faculty, staff, or students leave the University or are reassigned to another job it is the 
responsibility of the Principal Investigator and Department Chair to assure that all radioactive, chemical 
and biohazard materials are properly reallocated or disposed. Each Department must institute a check-
out procedure for departing staff and students that assures that all hazardous materials are 
properly maintained and secured. 
 
1.13 Hazmat Security 
Access to University premises, identified as high hazard areas, shall be limited to authorized University 
staff and students or other persons on official University-related business. Measures must be taken to 
assure that persons entering these areas are appropriately trained, adequately protected from hazards, and 
informed about the safety and emergency procedures relevant to their activities. 
 
A high hazard area is defined as any area where any of the following activities or items is present: 

Hazardous chemicals: carcinogens, reproductive hazards, highly toxic, corrosive, etc. 
Biohazards (infectious agents) 
Radioactive materials 
Physical hazards: cutting hazards, falling hazards, hydraulic equipment, etc. 

 
Laboratory security is an integral part of an effective safety program. Since September 11, 2001 increased 
awareness is required. Follow these procedures to ensure a secure working environment in your 
laboratory. 
 

Keep laboratory locked when unattended. 
Keep all hazardous chemicals, drug precursors, controlled substances, radioactive materials, and 
biohazards in secure locked locations. 
Keep accurate records and inventories of chemicals, stocks, cultures, project materials, growth 
media, and other related laboratory items. 
Notify Campus Police at 874-2121 if any laboratory items are missing. 
Inspect all packages arriving at the work area. Make sure all items are properly labeled and 
identified before accepting deliveries. 
When research is completed for the day ensure that all chemicals, biohazards, and radioactive 
materials are properly stored and secured. 
Ask strangers to exit the room if they are not authorized to be there. 
Contact Campus Police at 874-2121 if you observe suspicious behavior. 

 
1.14 Shipping Hazardous Materials 
All packages being offered for transport by commercial carrier, truck, train, vessel, or airplane or being 
mailed through the Post Office must follow the US Department of Transportation and the US Postal 
Services regulations. All packages must be packaged, marked, labeled, and documented properly. There 
are several individuals who have received special training in shipping hazardous materials. Call SRM for 
the contact  list.  See the Department of Safety and Risk Management Web page for details on shipping 
hazardous materials. 
http://www.uri.edu/safety. 
Failure to comply with the hazmat shipping requirements may result in large criminal and civil fines and 
penalties. 
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Chapter 2.0 Standard Operating Procedures for Laboratory Chemicals 
2.1 General Guidelines 
The engineering and administrative controls that must always be considered first when reducing or 
eliminating exposures to hazardous chemicals include: 
 

Substitution of a less hazardous substance; 
Scaling down the size of experiment; 
Substitution of less hazardous equipment or process (e.g., safety cans for glass bottles); 
Isolation of the operator or the process; 
Local and general ventilation (e.g., use of fume hoods). 

 
2.1.1 Generic Standard Operating Procedures for Handling Laboratory Chemicals  
The procedures listed below are the generic Standard Operating Procedures (SOPs) for all University of 
Rhode Island Laboratories. 
Plan ahead. Seek information about the hazards, plan protective procedures to minimize exposure to 

chemicals, and plan the safe positioning of laboratory apparatus before beginning any new operation. 
Carefully read the label and MSDS before using a chemical. The manufacturer's or supplier's Material 

Safety Data Sheet (MSDS) will provide special handling information. 
Be aware of the potential hazards existing in the laboratory and the appropriate safety precautions. 
Know the location and proper use of emergency equipment, the appropriate procedures for responding 

to emergencies, and the proper methods for storage, transport and disposal of chemicals within the 
facility. 

Do not work alone in the laboratory while conducting hazardous operations or working with hazardous 
chemicals. If you must work alone or in the evening in a laboratory containing  hazardous materials, let 
someone else know and have him/her periodically check on you.  

Students and employees should have prior approval for hazardous operations from the Principal 
Investigator/Laboratory Supervisor. 

Label all non-original chemical containers with appropriate identification and hazard information. (See 
Chapter 1.5.2.2, Container Labeling). 

Use only those chemicals for which you have the appropriate exposure controls (such as a chemical 
fume hood) and administrative programs/procedures (training, restricted access, etc.) in place. 

Always use adequate ventilation with chemicals. Operations using volatile substances having workplace 
standards (Permissible Exposure Limits) at or below 50 ppm must be performed in a chemical fume hood. 

Use hazardous chemicals and all laboratory equipment only for their intended purposes. 
Inspect equipment or apparatus for damage before adding a hazardous chemical. Do not use damaged 

equipment. 
Inspect personal protective apparel and equipment for integrity or proper functioning before each use. 
Malfunctioning laboratory equipment such as hoods should be labeled or tagged "out of service" so that 

others will not inadvertently use it before repairs are made. Contact Facilities Services at 874-4060 for 
hood repairs. 

Do not dispense more of a hazardous chemical than is needed for immediate use. Keep chemicals that 
are not being used stored in cabinets or shelves rather than on the lab bench.  

Avoid practical jokes or other behavior (horseplay) that might confuse, startle, or distract another 
worker.  

Visitors to the laboratory are to be escorted by an authorized employee or student and are the 
responsibility of that employee or student. Only authorized persons are allowed in University laboratories. 

Experiments that may need to run continuously or overnight need special planning to prevent the release 
of hazardous substances in the event of interruptions of utility services, (no electricity, cooling water, 
etc.). Fume hoods will not work when the electricity is off. Post signs with the telephone number of the 
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responsible person, leave the lights on, and try to make periodic inspections. All unattended operations 
must have prior approval from the Principal Investigator/laboratory supervisor. 

Plan for pollution prevention in every step of the experiment. Purchase, use, and store the minimum 
amount of all hazardous materials. 

Responsibility for chemicals rests with the Principal Investigator. Chemical responsibility is the lifetime 
of the chemical  - “cradle to grave”.  

All hazardous waste disposals must follow the URI Laboratory Waste Guidebook. 
Be alert to unsafe conditions and correct any that you detect. 

 
2.1.2 Personal Hygiene 

Never smell, inhale or taste any chemical.
Do not touch doorknobs, light switches, telephones, etc., while wearing contaminated gloves. Dispose 

and label as hazardous waste any severely contaminated gloves. Disposable gloves should be gently 
turned inside out as they are being removed to place the exposed surface inside. Ask the Chemical 
Hygiene Officer to demonstrate the proper technique if you are uncertain of the correct procedures. 
Reusable gloves should be cleaned between uses. 

Avoid direct contact with any chemical. Keep chemicals off your hands, skin, face, and clothing, 
including shoes. Remove contaminated clothing and gloves and wash your hands thoroughly with soap 
and water before leaving the laboratory. Avoid storing backpacks and personal items near hazardous 
chemicals as they may become contaminated and there is a risk of taking the contamination home with 
you. 

Smoking, drinking, eating, and the application of cosmetics are prohibited in laboratories where 
hazardous chemicals are used. (See University Policy on Eating, Drinking, and Smoking in the 
Laboratories in Appendix XI) 

Never pipette hazardous materials, chemicals, radionuclides, or biohazards, by mouth. Use a pipette 
bulb or other mechanical pipette-filling device 

No food or drink can be stored or used in laboratory refrigerators or microwaves. Mark all such 
refrigerators and microwaves “Not for Food”. Mark all food or beverage products that are utilized in 
laboratory experiments as “Not for Human Consumption”. 
 
2.1.3 Housekeeping 

All laboratory areas must be maintained in a clean and safe condition. 
Keep floors clean and dry. Keep all aisles, hallways, and stairs clear of all chemicals. Stairways and 

hallways should not be used as storage areas. 
Keep all work areas, and especially work benches, clear of clutter and obstructions. Clutter presents 

opportunities for accidents. 
All working surfaces should be cleaned regularly. 
Access to emergency equipment, utility controls, showers, eyewashes and exits should never be 

blocked. 
Hazardous wastes should be kept in the appropriate containers and labeled properly. 
All containers must be properly labeled. This includes in-use materials, stored chemicals, biohazards, 

radioactive materials, and hazardous wastes.  
Sharps such as razor blades, scalpels, syringes, Pasteur pipets (1 ml or less), needles, or biologically 

contaminated broken glass must be placed in impervious, puncture resistant containers, made of rigid 
plastic or metal. The container must be labeled “Sharps” container. If the sharps are contaminated with 
biohazardous material then the international “biohazard” symbol label must also be affixed to the 
container. If razor blades are used it is recommended that these blades be pushed into a Styrofoam block 
when not in use to prevent accidental cuts. 
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Broken glassware should be placed in specially marked laboratory glassware containers or boxes and 
not disposed directly to ordinary trash cans or dumpsters. Laboratory glassware must never be discarded 
to the blue recycling bins used for beverage containers. Consult with Safety and Risk Management if the 
glassware is severely contaminated with hazardous chemicals. When the container or box is full it should 
be taped shut and marked [contents: broken glass] before discarding. It is the responsibility of the 
laboratory personnel to discard the taped broken glass containers to the trash dumpsters. Sharps 
should be disposed as biomedical waste. See the University Laboratory Waste Guidebook  and the 
Department of Safety and Risk Management  web site for additional instructions for biomedical waste. 
 
2.1.4 Glassware Safety 

Handle and store laboratory glassware with care. Do not use damaged glassware. Borosilicate glassware 
is recommended for all laboratory glassware except for special experiments that use UV or other light 
sources.  

Any glass equipment to be evacuated, such as suction flasks, should be specially designed with heavy 
walls. Glass equipment in pressure or vacuum service should be provided with shielding to protect users 
and other laboratory occupants. Glass vessels at reduced pressure are capable of collapsing violently, 
either spontaneously (if cracked or weakened) or from an accidental blow. Use extra care with Dewar 
flasks and other evacuated glass apparatus; shield or wrap them with cloth-backed friction or duct tape to 
contain chemicals or fragments should implosion occur.  

Work with pressurized glass/plastic vessels or evacuated vessels requires the use of the following 
personal protective equipment (PPE): face shield, safety goggles or glasses depending on the substance in 
the vessel, long-sleeved lab coat, and closed toe, non-perforated shoes. 
 
2.2 Laboratory-Specific Written Standard Operating Procedures Required. 
It is the responsibility of Principal Investigators to write Laboratory-Specific Standard Operating 
Procedures (SOPs) to cover the use of hazardous chemicals, reproductive toxins, and carcinogens, 
as well as, processes or equipment that may be hazardous. A template SOP form is given in Appendix 
X. Copies of the SOPs should be maintained on file along with other laboratory documentation such as 
inspection reports and training certificates. 
 
2.21 When to Review Standard Operating Procedures 
Sometimes laboratory workers should not proceed with what seems to be a familiar task until the safety 
aspects are reviewed. Hazards may exist that are not fully recognized. Certain indicators (procedural 
changes) should cause the employee to stop and review the safety practices of their procedures. These 
indicators include: 
 

 A new procedure, process, or test is introduced, even if it is very similar to older practices. 
A change or substitution of any of the ingredient chemicals is made in a procedure. 
A substantial change is made in the amount of chemicals used (scale-up of experimental procedures); 

usually one should review safety practices if the volume of chemicals used increases by 20% or more. 
A failure of any of the equipment used in the process has occurred, especially safeguards such as 

chemical fume hoods. 
Unexpected experimental results (such as a pressure increase, increased reaction rates, unanticipated 

byproducts) have occurred. When an experimental result is different from the predicted, a review of how 
the new result may affect safety practices should be made. 

Chemical odors or illness in the laboratory staff that may be related to chemical exposure, or other 
indicators of a failure in engineered safeguards (hoods, glove boxes, etc.) is observed.  
 
The occurrence of any of these conditions should immediately cause the researcher to pause, evaluate the 
safety implications of these changes or results, make changes to the written laboratory-specific Standard 
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Operating Procedures as necessary, and proceed cautiously. Laboratory workers and students must obtain 
prior approval from the Principal investigator/laboratory supervisor when changes to Standard Operating 
Procedures are planned. Contact the Department of Safety and Risk Management for assistance in 
reviewing laboratory conditions when needed. 
 
2.3 Protective Clothing and Laboratory Safety Equipment 
2.3.1 General Considerations - Personal Protective Clothing/Equipment 
Personal protective clothing and equipment should be selected carefully and used in situations where 
engineering and administrative controls cannot be used or while such controls are being established. 
These devices are viewed as less protective than other controls because they rely heavily on each 
employee's work practices and training to be effective.  
 
The Material Safety Data Sheet (MSDS) will list the personal protective equipment (PPE) recommended 
for use with the chemical. The MSDS addresses worst-case conditions. Therefore, all the equipment 
shown may not be necessary for a specific laboratory scale task. However the following personal 
protective equipment should be used at the University of Rhode Island whenever handling extremely 
hazardous chemicals: long-sleeved lab coat, gloves, protective eyewear, and sturdy, closed toe shoes. 
Recently promulgated OSHA Personal Protective Equipment Standards [29CFR 1910.132-138] for eye, 
face, head, foot, and hand protection mandate a hazard assessment at each workplace. The Principal 
Investigator is responsible for conducting the hazard assessment in each of his/her laboratories.  If hazards 
are determined to be present, it is required that the proper Personal Protective Equipment (PPE) be 
selected, provided by the employer, and used by each affected employee. Training of these employees is 
also mandatory. Both the hazard assessment and employee training require written certification. The 
template SOP form (Appendix X) provides a place for documentation that training on the SOPs has 
occurred. When laboratory procedures and personnel change, these SOP forms must be updated. Your 
supervisor, other sections of this plan, or the Department of Safety and Risk Management can assist you 
in determining which personal protective devices are required for each task. Remember that there is no 
harm in being overprotected. Departments/principal investigators must provide appropriate personal 
protective equipment to employees at no charge to the employee. 
 
2.3.2 Protection of Skin and Body 
Skin and body protection involves wearing protective clothing over all parts of the body, which could 
become contaminated with hazardous chemicals. Personal protective equipment (PPE) should be selected 
on a task basis, and checked to ensure it is in good condition prior to each use (e.g., no pinholes in 
gloves). 
 
2.3.2.1 Normal Clothing Worn in the Laboratory 
Even where there is no immediate danger to the skin from contact with a hazardous chemical it is still 
prudent to wear clothing that minimizes exposed skin surfaces when working in chemical laboratories. 
Employees should wear long-sleeved/long-legged clothing and avoid tank tops, shorts, or very short 
skirts. A laboratory coat should be worn over street clothes and be laundered regularly when handling 
hazardous chemicals, biohazards or radioactive materials. Laboratory coats are intended to prevent 
contact with dirt, chemical dusts and minor chemical splashes or spills. If the lab coat becomes 
contaminated it should be removed immediately and the affected skin surface washed thoroughly. Sturdy, 
closed-toe shoes should be worn in the laboratory at all times. Sandals are not allowed in laboratories with 
hazardous chemicals. In addition, long hair, dangling jewelry, and loose clothing should be confined as 
these items may become entangled in apparatus or dangle in chemical containers. Some clothing fabrics 
such as rayon burn very readily and are not recommended for use in a chemical laboratory. 
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2.3.2.2 Protective Clothing 
Additional protective clothing may be required for some types of procedures or with specific substances 
such as when carcinogens or large quantities of corrosives, oxidizing agents or organic solvents are 
handled. This clothing may include impermeable chemically resistant aprons and gloves, as well as, 
plastic-coated coveralls, shoe covers, and arm sleeves. Protective sleeves should always be considered 
when wearing an apron. These garments can either be washable or disposable in nature. They should 
never be worn outside the laboratory. The choice of garment depends on the degree of protection required 
and the areas of the body, which may become contaminated. Rubberized aprons, plastic coated coveralls, 
shoe covers, and arm sleeves offer much greater resistance to permeation by chemicals than laboratory 
coats and, therefore, provide additional time to react (remove the garment and wash affected area) if 
contaminated. 
 
If you are working with substances of high acute or chronic toxicity and wearing washable garments 
(such as a laboratory coat), evaluate the potential for exposing non-laboratory personnel such as family 
members (and placing them at risk) during the laundering process. Wear disposable garments if others 
may be placed at risk during the laundering process or use a commercial laundry that is approved for 
washing laboratory garments.  
 
For work where contamination is possible, special attention must be given to sealing all openings in the 
clothing. Tape can be utilized for this purpose. In these instances caps should be worn to protect hair and 
scalp from contamination. An example of this type of protective clothing use would be for asbestos 
removal. 
 
Chemical resistant gloves should be worn whenever the potential exists for contact with corrosive or toxic 
substances and substances of unknown toxicity. In some cases it may be prudent to “double glove”, that 
is, wear two pair of gloves simultaneously. Gloves should be selected on the basis of the materials being 
handled, the particular hazard involved, and their suitability for the operation being conducted. Common 
glove types include butyl rubber, neoprene, PVC (vinyl), nitrile, latex and teflon (Silvershield)®. Before 
each use, gloves should be checked for integrity. Gloves should be washed prior to removal whenever 
possible to prevent skin contamination. Non-disposable gloves should be replaced periodically, depending 
on frequency of use and their resistance to the substances handled. 
 
Protective garments are not equally effective for every hazardous chemical. Some chemicals will "break 
through" the garment in a very short time. The glove thickness, chemical resistance, chemical 
permeability, and break-through time are some important parameters to consider when selecting the 
appropriate glove. Therefore, garment and glove selection is based on the specific chemical utilized. An 
example of a glove selection guide was provided to each laboratory in the Laboratory Hazardous Waste 
Kit. Additional copies can be obtained from the Department of Safety and Rick Management. Contact the 
Department of Safety and Risk Management for personal protection equipment selection assistance or 
information. Glove manufacturers’ web sites and other web sites such as NIOSH can provide excellent 
glove selection guides. 
 
Ansell  http://www/ansellpro.com
Best  http://www.bestglove.com
Safeskin http://www.safeskin.com
NIOSH  http://www.cdc.gov/niosh/pdfs/90-109-a.pdf
 
Table 1 provides a brief guide to glove suitability for use with some common chemicals. It is meant for 
example purposes only and is not a comprehensive list. 
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Table1. Glove Selection Guide 
 

Chemical Name NFPA 
Hazard 
Rating 

Nitrile Natural 
Rubber 

PVC (vinyl) Alternate 

Acetic acid, 
glacial 

3 F G F  

Acetone 1 F G P  
Acetonitrile 2 F F P Butyl (E) 
Formaldehyde, 30-
70% 

3 E G E  

Methanol 1 F F F Neoprene (G) 
Nitric Acid, 30-
70% 

3 P P F Neoprene (G) 

Phenol 4 F F F  
Sodium Hydroxide 3 G E E  
Tetrahydrofuran 2 F P P Teflon (G) 
 
Source: Safeskin Corporation Brochure, 1999   Code: P = poor, F = fair, G = good, E = excellent 
 
Latex Allergies: Many individuals who have used latex products such as latex gloves have developed 
severe allergies to latex. There are three categories of latex allergies: 
 

1. Contact dermatitis,  
2. Allergic contact dermatitis (delayed hypersensitivity), and  
3. Immediate hypersensitivity latex allergy. 
 

Reaction to latex may manifest through skin rashes, hives, itching, swollen skin, swollen lips and tongue, 
shortness of breath, fainting, eyes or sinus symptoms, asthma and difficulty breathing, coughing spells, 
wheezing, and shock. The use of latex gloves is not recommended for use with hazardous chemicals if 
there is an alternate available that provides the needed degree of chemical protection or if there is a latex-
sensitive individual working in the laboratory.  

 
Rhode Island recently enacted a latex glove law that prohibits the use of latex gloves for food service 
industry workers, hairdressers, and other workers regulated by the State. The text of the law is available 
on the Internet. 
http://www.rilin.state.ri.us/Statutes/TITLE23/23-73/INDEX.HTM
 
A sign must be posted wherever latex gloves are used in regulated businesses. Safety and Risk 
Management recommends that this sign also be posted in all University laboratories where latex gloves 
are in use to warn individuals who may have the allergy to latex. The letter size must be at least three 
eighths (3/8) of an inch high. A sample sign is in Appendix XII. 
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2.3.3 Protection of the Eyes 
Eye protection is required for all personnel, students, and any visitors present in locations where 
chemicals are handled and a chemical splash hazard exists. The selection of the appropriate eyewear 
safety glasses, goggles, or goggles with a face shield, that should be worn in the laboratory must be based 
upon the physical state, the type of operation, and the level of hazard of the chemical used. Safety glasses 
effectively protect the eye from solid materials (dusts and flying objects) but are less effective at 
protecting the eyes from chemical splash to the face. Goggles should be worn in situations where 
chemicals or hot (>60 degrees Celsius) liquids are handled and chemical splashes to the face are possible. 
Goggles form a liquid-proof seal around the eyes, protecting them from a splash. When handling highly 
reactive substances or large quantities of hazardous chemicals, corrosives, poisons, and hot chemicals, 
goggles with a face shield should be worn. It is the Principal Investigator’s responsibility to assure that 
safety glasses are available if visitors are allowed in the laboratory. 
 
Contact lenses can increase the risk of eye injury if worn in the laboratory - particularly if they are of the 
gas-permeable variety. Gases and vapors can be concentrated under such lenses and cause permanent eye 
damage. Chemical splashes to the eye can get behind all types of contact lenses. Once behind a lens the 
chemical is difficult to remove with a typical eyewash. For these reasons it is recommended that contact 
lenses not be worn in laboratories unless necessary for vision. If they are worn the use of chemical splash 
goggles is recommended. You should consult with your physician if you are unsure. Table 2 compares the 
various types of protective eye-wear for use in chemical laboratories. 
 

Table 2. Comparison Chart – Eye Protection Devices 
 
Type of Hazard Goggles Glasses (No Side 

Shields) 
Glasses  (with Side 
Shields)  

Face Shield 
(Various Sizes) 
 

Front Splash Excellent Good  
 

Good Excellent 

Side Splash Excellent  Poor Good Good to Excellent 
Front Flying 
Object 

Excellent  Good  Good Excellent if 
Adequate 
Thickness 

Side Impact Excellent Poor Fair Good to Excellent 
Neck, Face 
Protection 

Poor Poor Poor Depends on Type 
and Length 
 

Comfort to 
Wearer 

Fair Good to Very Good Good Fair 

User Acceptance Poor  Very Good Good  Good for Short 
Periods 

Use Lifetime Fair Very Good Very Good Fair 
Cost Moderate Moderate Moderate Moderate 

(Depending on 
Type) 

 
SOURCE: ANSI Z87.1(1979) Occupational and Educational Eye and Face Protection, available from 
American National Standards Institute, Inc., 1430 Broadway, New York, N.Y. 10018 
 
The use of lasers or welding requires special protective eyewear. Consult with the Department of Safety 
and Risk Management if you need help with choosing the correct eyewear. 
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 2.3.4 Protection of the Respiratory System 
Inhalation hazards can be controlled using ventilation or respiratory protection. Check the label and 
MSDS for information on a substance's inhalation hazard and special ventilation requirements. When a 
potential inhalation hazard exists a substance's label or MSDS contains warnings such as: 

 “Use with adequate ventilation” 
 “Avoid inhalation of vapors” 
 “Use in a fume hood”  
 “Provide local ventilation” 

 
Take appropriate precautions before using these substances. Controlling inhalation exposures via 
engineering controls (ventilation or hoods) is always the preferred method. As with other personal 
protective equipment, respiratory protection relies heavily on employee work practices and training to be 
effective. 
 
Use of Respirators 
Respirators are designed to protect against specific types of substances in limited concentration ranges. 
Respirators must be selected based on the specific type of hazard (toxic chemical, oxygen deficiency, 
etc.), the contaminant's anticipated airborne concentration, and required protection factors. 
 
Types of respiratory protective equipment include: 

Particle-removing air purifying respirators 
Gas and vapor-removing air purifying respirators 
Atmosphere supplying respirators 

 
Respirators are not to be used except in conjunction with a complete respiratory protection program as 
required by OSHA (see 29CFR1910.134). If your work requires the use of a respirator, contact your 
Principal Investigator/laboratory supervisor and the Department of Safety and Risk Management. Do not 
use respiratory protective equipment until you have met all elements of the written respiratory protection 
plan. Users of respirators must be thoroughly trained in proper use, maintenance, storage and limitations 
of this equipment, the nature of the respiratory hazard, and the signals of respirator failure (odor 
breakthrough, filter clogging, etc.). See Section 1.10 for additional details about respirators. 
 
2.3.5 Laboratory Safety Equipment 
 
2.3.5.1 Chemical Fume Hoods  
Laboratory air should be continuously replaced. An exchange rate of 6 to 10 air changes per hour is 
normally adequate general ventilation if local exhaust systems such as hoods are used as the primary 
method of chemical exposure control. Air flow should be directed from non-laboratory areas into 
laboratories and then exhausted out of the building. Leave the hood on when it is not in active use if it is 
uncertain whether adequate laboratory ventilation will be maintained when the hood is off.  
 
In the laboratory the chemical fume hood is the primary means of controlling inhalation exposures. Hoods 
are designed to retain vapors and gases released within them, protecting the laboratory employee's 
breathing zone from the contaminant. This protection is accomplished by having a curtain of air move 
constantly through the face (open sash) of the hood. The face velocity should be approximately 100 linear 
feet per minute. Chemical fume hoods can also be used to isolate apparatus or chemicals that may present 
physical hazards to employees. The closed sash on a hood serves as an effective barrier to fires, flying 
objects, chemical splashes or spattering and small implosions and explosions.  
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When using a chemical fume hood keep the following principles of safe operation in mind: 
Keep all chemicals and apparatus at least six inches inside the hood (behind sash). 
Hoods are not intended for routine storage of chemicals. Materials stored in them should be kept to a 

minimum. Stored chemicals or apparatus should not block vents at the rear of the hood or alter airflow 
patterns. If the air returns are blocked contaminated air may be blown back into the laboratory and not 
exhausted up the ductwork. Personnel working at the front of the hood could receive an inadvertent 
chemical exposure from the fumes that are blown back. 

Keep the hood sash at a minimum height (2-3 inches) when not manipulating chemicals or adjusting 
apparatus within the hood. Keep the sash at a minimum of 4-6 inches if the hood does not have a flow by-
pass. A bypass hood provides an auxiliary air supply that provides make-up air when the sash is closed. 
The book “Prudent Practices” (National Academy Press, 1995) provides an excellent discussion of hood 
operation. 

Do not allow objects such as paper wipes to enter the exhaust ducts. This can clog ducts and adversely 
affect their operation. In some cases it would be appropriate to have a large-meshed screen at the back of 
the hood to prevent paper wipes and other small debris from being sucked up the hood exhaust duct. If the 
exhaust fan becomes clogged the hood will fail to function properly.  
The user must check that the hood is functioning properly before each use. It is a good idea to 

permanently affix a “telltale” to indicate air flow if the hood does not have an air-flow gauge.  
Sink drains in hoods must not be used to dispose of hazardous chemical waste. A protective berm or a 

sink drain plug is recommended to prevent inadvertent flow of chemicals into the hood sinks. If water 
cooling lines must drain to the sink special sink drain plugs can be used. Use appropriate secondary 
containment of apparatus and chemicals when using the fume hood to prevent discharge to the sink drain. 
 
The Facilities Services Department has a contract vendor that tests the flow rate of each ducted hood 
annually. The target goal for each hood is 100 fpm flow rate. An inspection label indicating the date of 
the inspection, the inspector, and the sash height at which the target value of 100 fpm was achieved is 
attached to each hood at the time of the inspection by the vendor. If your hood has not been inspected and 
does not have a current sticker contact Facilities Services at 874-4060 and request an inspection. If the 
hood is not operating make sure that the power switch is on. It is always a trade-off between energy 
conservation and providing safe ventilation in the labs. In most labs the hoods should be left on at all 
times when chemicals are stored and utilized in the laboratory to insure that fumes of hazardous 
chemicals are adequately exhausted and the laboratory functions as designed. Many laboratories rely on 
the draw of the hood to maintain the laboratory in negative pressure relative to the hallway. This assures 
that volatile fumes are exhausted rather than circulating throughout the building. 
 
Laboratories should provide 6-10 air changes per hour to safely work with most chemicals. If there is a 
malfunction of a hood contact the Facilities Services Dispatcher at 874-4060 and report the problem so 
that repairs can be scheduled. A sign should be placed on the hood to indicate that it is out-of service. 
Work that needs to be conducted in the hood must be scheduled after the repairs are completed or an 
alternate hood must be used. 

The user must follow the chemical manufacturer’s or supplier's specific instructions for controlling 
inhalation exposures with ventilation (chemical fume hood) when using their products. These instructions 
are located on the products MSDS and/or label. However, it should be noted that these ventilation 
recommendations are often intended for non-laboratory work environments and must be adapted to suit 
the laboratory environment, as well as the specific procedure or process. 
 
The American Chemical Society recommends the following procedures for properly using ventilation 
with toxic chemicals: 
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1. When a Threshold Limit Value (TLV) or Permissible Exposure Limit (PEL) value is less than 50 
ppm or 100 mg/m3 (air concentration), the user of the chemical must use it in an operating fume 
hood, glove box, vacuum line or similar device, which is equipped with appropriate traps and/or 
scrubbers. If no such devices are available, no work should be done with this chemical. 

 
2. If a TLV, PEL, or comparable value is not available for that substance, the animal or human 

median inhalation lethal concentration information, LC50, will be assessed. If that value is less 
than 200 ppm or 2000 mg/m3, when administered continuously for one hour or less, then the 
chemical must be used in an operating fume hood, glove box, vacuum line or similar device, 
which is equipped with appropriate traps and/or scrubbers. If no such devices are available, no 
work should be done with this chemical. 

 
3. Whenever laboratory handling of toxic substances with moderate or greater vapor pressures will 

likely exceed air concentration limits, laboratory work with such liquids and solids must be 
conducted in an operating fume hood, glove box, vacuum line or similar device, which is 
equipped with appropriate traps and/or scrubbers. If no such devices are available, no work 
should be done with this chemical. [Source: Developing a Chemical Hygiene Plan, Young, J.A., 
Kingsley, W.K and G.H. Wahl, ACS, 1990] 

 
2.3.5.2 Comment on the Use of Ductless Chemical Fume Hoods 
Ductless chemical fume hoods (hoods which recycle air to the laboratory after passing it through a filter) 
are now being offered by a variety of manufacturers. Manufacturers claim that these devices are safe and 
extremely energy efficient because no air is exhausted from the laboratory. These systems typically have 
a particulate filter and/or a charcoal filter for the removal of organic vapors. These systems must be used 
with extreme caution. Principal Investigators/Departments must contact the Department of Safety and 
Risk Management for a pre-purchasing suitability assessment before purchasing or using one of these 
ductless hood systems. 
 
The primary safety concern with these devices is their filtering mechanism. Charcoal filters are not 100% 
efficient at removing organic vapors. Thus, some organic vapor will always be returned to the laboratory 
atmosphere. Charcoal filters have a limited ability to adsorb organic vapors and become saturated in a 
matter of months. Most hoods do not have a method for detecting when the filters are saturated and break 
through of organic vapors begins. Those that have monitors depend on non-specific chemical sensors, 
which will respond at different concentrations for different substances. Some substances will not be 
detected. Charcoal filter replacements are extremely expensive and studies have shown that, when 
operated over several years, ductless hoods may actually be more expensive (as well as less protective) to 
operate than ducted hoods. 
 
Applications where ductless chemical fume hoods might be appropriate include the control of particulate 
and nuisance odors. Ductless hoods should not be used to protect laboratory workers from toxicologically 
significant concentrations of hazardous chemicals. A careful assessment of the suitability for a particular 
project must be conducted before purchasing this type of hood. The user must provide the manufacturer 
with a list of the potential chemicals to be used in the ductless hood and their anticipated quantities of 
usage prior to purchase to determine the appropriate type of unit that should be purchased. 
 
Where ductless hoods are installed their use must be monitored to ensure that usage does not change over 
time and that proper procedures are followed. The Principal Investigator/laboratory supervisor must 
maintain a run-time log as part of the laboratory documentation that indicates the type and quantity of 
chemical that has been used and its duration. The log should include a record of maintenance and 
cartridge change. In addition a service contract should be purchased from the vendor to perform the 
annual hood certification and perform any needed maintenance. The run-time log will determine the 
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appropriate information for the hazardous waste label that will be required for disposal of the filters. All 
hazardous waste disposal of the hood cartridges must be to an EPA-permitted facility. If the user 
Department requests that the cartridges be disposed by Safety and Risk Management the disposal cost 
may be charged back to the user Department if frequent cartridge change is required or the chemical 
disposal presents special challenges. 
 
2.3.5.3 Glove Boxes 
The ventilation in a negative pressure glove box must be at least 2 volume changes/hour and the pressure 
must be at least 0.5 inches of water. Thoroughly check a positive pressure glove box for leaks before each 
use. In either case if the exit gases are hazardous they should be trapped or passed through an appropriate 
filter before they are released into the hood. 
 
2.3.5.4 Eyewashes and Safety Showers 
Whenever chemicals have the possibility of damaging the skin or eyes, an emergency supply of water 
must be available. All laboratories where hazardous chemicals are handled and could contact the eyes or 
skin resulting in injury must have readily available access to eyewash stations and safety showers. As 
with any safety equipment, these can only be useful if they are accessible and operational, therefore: 
 Keep all passageways to the eyewash and shower clear of any obstacle (even a temporarily 

parked chemical cart). 
 Eyewashes must be checked routinely by laboratory personnel to be certain that water flows through 

them. If the eyewashes are plumbed to a drain allow them to run for several minutes once per week to 
clear out the supply lines, remove dust and prevent bacterial contamination. Eyewashes should have 
protective covers that come off when the water is turned on. 
 Showers should be checked routinely to assure that access is not restricted and that the pull chain is 

within reach. 
 The water flow through the safety showers must be tested to ensure sufficient flow (approximately 30 

gallons per minute). Safety showers (and eye washes that are not plumbed to a drain) must be inspected 
annually by a plumber from the Facilities Services Department. The reason for this is that if the valve has 
failed the unit may not shut off after testing and the plumber must be available to shut off the water 
supply to prevent a flood. To arrange an inspection the Principal Investigator should submit a work order 
request to Facilities Services. Any known malfunction should be reported promptly to the Facilities 
Services Dispatcher at 874-4060. 
 Many departments have had success with the use of eyewashes that attach directly to the laboratory 

faucet. These are very reasonably priced and easy to install. The Department of Safety and Risk 
Management can assist in locating product information. 
 
2.3.5.5 Fire Safety Equipment 
Fire safety equipment must be readily accessible to the laboratory and must include an appropriate size 
and type of fire extinguisher (generally type ABC) for the type and quantity of chemicals stored in the 
laboratory. Other equipment may include fire hoses, fire blankets, and automatic extinguishing systems. 
Fire extinguishers should be located within 35 feet of high hazard laboratories and 70 feet for other 
laboratories. NFPA Guide 10 provides specifications for portable fire extinguishers. If special fire 
extinguishers are required, such as Type D that are used for sodium, potassium and lithium fires, then the 
cost of these units must be provided by the Principal Investigator or Department. In some cases buckets of 
sand may be an effective aid for quenching small fires. Each fire extinguisher must have a current 
inspection sticker. If you have questions about fire extinguishers contact the Department of Safety and 
Risk Management. 
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2.4 Chemical Procurement, Distribution, and Storage 
 
2.4.1 Procurement 
Before a new substance that is known or suspected to be hazardous is received, those individuals who will 
handle it must have information and training on proper handling, storage, and disposal. It is the 
responsibility of the Principal Investigator to ensure that the laboratory facilities in which the substance 
will be handled are adequate and that those who will handle the substance have received the proper 
training. The necessary information on proper handling of hazardous substances can be obtained from the 
Material Safety Data Sheets, which are provided by the vendor. Because storage in laboratories is 
restricted by fire and building codes to small containers, order small-container lots to avoid hazards 
associated with repackaging. When planning an experiment assess whether hazards can be reduced by 
substituting a similar but less dangerous chemical. Ownership of chemicals involves responsibility from 
“cradle to grave”. By purchasing the smallest quantity that is feasible money may be saved in two ways – 
the acquisition cost may be less and the disposal cost of any chemical remaining at the end of the 
experiment will be greatly reduced. In addition the storage of smaller quantities of chemicals takes less 
space in the laboratory and reduces the overall risk. Also, a fresh reagent may produce better experimental 
results than one that has been stored for a long time. 
 
No container should be accepted from a vendor without an adequate identifying label as outlined in 
Chapter 1.5.2.2 of this plan. 
 
2.4.2 Moving Chemicals 
When hand carrying open containers of hazardous chemicals or unopened containers with corrosive, 
highly acutely or chronically toxic chemicals, place the container in a secondary container or a bucket. 
Rubberized buckets and plastic bottle carriers are commercially available and provide both secondary 
containment as well as "bump" protection. If several bottles must be moved at once, the bottles should be 
transported on a small cart with a substantial rim to prevent slippage from the cart. Wherever available, a 
freight elevator should be used to transport chemicals from one floor to another. If a passenger elevator 
must be used then the number of passengers should be restricted to necessary personnel. For special 
applications such as field work or work on a research vessel it is recommended that the chemicals be in 
unbreakable containers. It is possible to buy vinyl-coated bottles, “safety bottles”, of reagents. 
 
2.4.3 Chemical Storage in the Laboratory 
 
Carefully read the label before storing a hazardous chemical. The MSDS will provide any special storage 
information, as well as, information on incompatibilities. Do not store unsegregated chemicals in 
alphabetical order. Do not store incompatible chemicals in close proximity to each other. Chemicals 
should not be stored on the floor or in sinks. 
 
Separate hazardous chemicals in storage in the general categories indicated below: 
 
Solids:         Liquids:  
- oxidizers       - acids, store nitric acid separately 
- flammable solids (red phosphorus, magnesium, lithium) - oxidizers 
- water reactives      - flammable/combustible 
- others        - caustics 
        - perchloric acid 
Gases:  
- toxic 
- oxidizers and inert 
- flammable 
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Once separated into the above hazard classes, chemicals may be stored alphabetically. If you have a lot of 
chemicals it is prudent practice to store them on separate shelves by chemical family. To minimize eye 
injuries do not store chemicals, especially liquids, above the eye level of the shortest person in the lab. 
Table 3 shows shelf storage by chemical family. 

 
Table 3. Related and Compatible Storage Groups 

 
Suggested Shelf Storage Pattern – 

Inorganic Chemicals
Suggested Shelf Storage Pattern – 

Organic Chemicals

SULFUR, PHOSPHOROUS, ARSENIC, 
PHOSPHOROUS PENTOXIDE 

ALCOHOLS, GLYCOLS, AMINES, AMIDES, 
IMINES, IMIDES 
(Store flammables in a dedicated cabinet) 

HALIDES, SULFATES, SULFITES, 
THIOSULFATES, PHOSPHATES, HALOGENS, 
ACETATES 

HYDROCARBONS, OILS, ESTHERS, ALDEHYDES 
(Store flammables in a dedicated cabinet) 

AMIDES, NITRATES, (not AMMONIUM NITRATE), 
NITRITES, AZIDES  
(Store Ammonium Nitrate away from all other 
substances--ISOLATE IT!) 

ETHERS, KETONES, HALOGENATED 
HYDROCARBONS, ETHYLENE OXIDE  
(Store flammables in a dedicated cabinet) 

METALS and HYDRIDES 

(Store away from any water. Store flammable solids in a 
flammables cabinet) 

EPOXY COMPOUNDS, ISOCYANATES  

HYDROXIDES, OXIDES, SILICATES, 
CARBONATES, CARBON SULFIDES, POLYSULFIDES, ETC 

ARSENATES, CYANIDES, CYANATES  
(Store away from any water) 

PHENOLS, CRESOLS 

SULFIDES, SELENIDES, PHOSPHIDES, CARBIDES, 
NITRIDES  

PEROXIDES, AZIDES, HYDROPEROXIDES 

BORATES, CHROMATES, MANGANATES, 
PERMANGANATES  

ACIDS, ANHYDRIDES, PERACIDS 
(Store certain organic acids in an acid cabinet)  

CHLORATES, PERCHLORATES, CHLORITES, 
PERCHLORIC ACID, PEROXI DES, 
HYPOCHLORITES, HYDROGEN PEROXIDE  

DYES, STAINS, INDICATORS 
(Store alcohol based solution in flammables cabinet) 

MISCELLANEOUS MISCELLANEOUS 

Avoid Storing Chemicals on the Floor or in 
Sinks 

Do not store chemicals, especially liquids, above eye 
level, 

ACIDS, except NITRIC 
(Acids are best stored in dedicated cabinets). 
Store Nitric Acid away from other acids unless 
your acid cabinet provides a separate 
compartment for Nitric Acid.
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 Use approved storage containers and safety cans for flammable liquids. It is preferable to store 
flammable chemicals in flammable storage cabinets. Flammable chemicals requiring refrigeration should 
be stored only in the refrigerators and freezers specifically designed for flammable storage. These are 
sometimes referred to as “explosion-proof ” refrigerators.  
  A good place to store hazardous chemicals is in a vented cabinet under the hood. Not all cabinets under 
fume hoods are vented however. Check before use. Most under-the-hood cabinets at URI do not vent and 
thus, are just the same as ordinary furniture, i.e., they do not offer any special protection.                                                       

Placing chemicals in chemically resistant trays can segregate chemicals of different chemical classes 
and minimize damage from spills.                                                                                                    
 Do not store chemicals on bench tops or in hoods if the chemicals are not in active use. Clutter presents 

opportunities for accidents. 
Liquid chemicals (particularly corrosives or solvents) should not be stored above the eye level of the 

shortest person in the laboratory.                             
 Use secondary containers, such as chemically resistant trays or outer containers, to segregate and isolate 

especially hazardous chemicals such as carcinogens, concentrated acids or bases.                                                              
 Avoid exposure of chemicals while in storage to heat sources (especially open flames) and direct 

sunlight. Be aware that at the University of Rhode many buildings are heated by steam heat. Do not store 
chemicals or put chemical storage cabinets next to the steam pipes if you can avoid it. If your chemicals 
are stored in such cabinets you may need to notify Facilities services that you need to be placed on the 
Emergency Notification list. In may be necessary to open windows or use fans if the steam distribution 
system shuts down during an extended power outage. To prevent the buildings from freezing in the winter 
the pneumatic valves are open when the power is off. In an extended power outage ventilation of 
individual labs storing highly volatile/flammable may be required.
 All containers of chemicals should be dated when they are received and again when they are opened so 

that their suitability and safety for use can be assessed. Some chemicals such as peroxide formers become 
unstable and potentially explosive if they are stored for more than a few months. 
 Conduct periodic inventories of chemicals stored in the laboratory (at least annually) and dispose of old 

or unwanted chemicals promptly in accordance with the University of Rhode Island’s Laboratory Waste 
Guide. Also assess the condition of caps and containers and discard those that are in unsafe condition. 
 Assure all containers are properly labeled. Don’t forget to label bottles stored in refrigerators and 

freezers.  
 
2.4.3.1 Chemical Storage - Chemical Stability 
Stability refers to the susceptibility of a chemical to dangerous decomposition. The label and MSDS will 
indicate if a chemical is unstable. 
 
Special note: peroxide formers - Ethers, liquid paraffins, and olefins may form peroxides on exposure to 
air and light. Peroxides are extremely sensitive to shock, sparks, or other forms of accidental ignition and 
may be even more sensitive than primary explosives such as TNT. Since these chemicals are generally 
packaged in an air atmosphere, peroxides can form even though the containers have not been opened. 
Unless an inhibitor was added by the manufacturer, sealed containers of ethers should be discarded after 
one (1) year. Opened containers of ethers should also be discarded within one (1) year of opening unless a 
shorter time is specified on the label or MSDS. All such containers should be dated upon receipt and upon 
opening. See Chapter 3.2.5 for a list of materials that may form explosive peroxides. 
 
2.4.3.2 Chemical Storage - Incompatible Chemicals 
Certain hazardous chemicals should not be mixed or stored with other chemicals because a severe 
reaction can take place or an extremely toxic reaction product can result. The label and MSDS will 
contain information on incompatibilities. Table 4 contains examples of incompatible chemicals. 
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Table 4. List of Some Incompatible Laboratory Chemicals 
 

(From Manufacturing Chemists' Association, Guide for Safety in the Chemical Laboratory, pp. 215-217.) 

CHEMICAL KEEP OUT OF CONTACT WITH 
Acetic Acid 
 

Chromic acid, nitric acid hydroxyl compounds, ethylene, glycol, 
perchloric acid, peroxides, permanganates 

Acetone Concentrated nitric and sulfuric acid mixtures 
Acetylene Chlorine, bromine, copper, fluorine, silver, mercury 
Alkali Metals 
 

Water, carbon tetrachloride or other chlorinated hydrocarbons, carbon 
dioxide, the halogens 

Ammonia, 
anhydrous 

Mercury, chlorine, calcium hypochlorite, iodine, bromine, hydrofluoric 
acid 

Ammonium Nitrate Acids, metal powders, flammable liquids, chlorates, nitrites, 
sulfur, finely divided organic or combustible materials 

Aniline Nitric acid, hydrogen peroxide 
Arsenical Any reducing agent materials 
Azides Acids 
Bromine Same as chlorine 
Calcium Oxide Water 
Carbon (activated) Calcium hypochlorite, all oxidizing agents. 
Carbon tetrachloride Sodium 
Chlorates Ammonium salts, acids, metal powders, sulfur, finely divided organic or combustible materials 
Chromic Acid Acetic acid, naphthalene, camphor, glycerin, turpentine, alcohol, flammable liquids in general 
Chlorine 
 

Ammonia, acetylene, butadiene, butane, methane, propane, (or other petroleum gases), hydrogen, 
sodium carbide, turpentine, benzene, finely divided metals 

Chlorine Dioxide Ammonia, methane, phosphine, hydrogen sulfide 
Copper Acetylene, hydrogen peroxide 
Cumene 
Hydroperoxide 

Acids, organic or inorganic 

Cyanides Acids 
Flammable Liquids 
 

Ammonium nitrate, chromic acid, hydrogen peroxide, nitric acid, sodium 
peroxide, halogens  

Hydrocarbons Fluorine, chlorine, bromine, chromic acid, sodium peroxide 
Hydrocyanic Acid Nitric acid, alkali 
Hydrofluoric Acid Ammonia, aqueous or anhydrous 
Hydrogen Peroxide 
 

Copper, chromium, iron, most metals or their salts, alcohols, acetone, organic materials, aniline, 
nitromethane, flammable liquids, oxidizing gases 

Hydrogen Sulfide Fuming nitric acid, oxidizing gases, acetylene, ammonia (aqueous or anhydrous), hydrogen 
Hypochlorites Acids, activated carbon 
Iodine Acetylene, ammonia (aqueous or anhydrous), hydrogen 
Mercury Acetylene, fulminic acid, ammonia 
Nitrates Sulfuric acid 
NitricAcid 
(concentrated) 

Acetic acid, aniline, chromic acid, hydrocyanic acid, hydrogen sulfide, flammable liquids, flammable 
gases 

Nitrites Acids 
Nitroparaffins Inorganic bases, amines 
Oxalic Acid Silver, mercury 
Oxygen Oils, grease, hydrogen; flammable liquids, solids, or gases 
Perchloric Acid Acetic anhydride, bismuth and its alloys, alcohol, paper, wood 
Peroxides, organic Acids (organic or mineral), avoid friction, store cold 
Phosphorus (white) Air, oxygen, alkalies, reducing agents 
Potassium Carbon tetrachloride, carbon dioxide, water 
Potassium Chlorate Sulfuric and other acids 
Potassium 
Permanganate 

Glycerin, ethylene glycol, benzaldehyde, sulfuric acid 

Selenides Reducing agents 
Silver Acetylene, oxalic acid, tartaric acid, ammonium compounds 
Sodium Carbon tetrachloride, carbon dioxide, water 
Sodium nitrite Ammonium nitrate and other ammonium salts 
Sodium Peroxide 
 

Ethyl or methyl alcohol, glacial acetic acid, acetic anhydride, 
benzaldehyde, carbon disulfide, glycerin, ethylene glycol, ethyl acetate, methyl acetate, furfural 

Sulfuric Acid Potassium chlorate, potassium perchlorate, potassium permanganate (or 
compounds with similar light metals, such as sodium, lithium, etc.) 

Tellurides Reducing agents 
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2.5 Chemical Spills and Accidents 
A fact sheet on what to do in emergencies is presented in Appendix XIII. 
 
2.5.1 General Information 
The Principal Investigator should anticipate the types of chemical spills that may occur in his/her 
laboratory and obtain the necessary equipment (spill kits and personal protective equipment) to respond to 
a minor spill. Learn how to safely clean up minor spills of the chemicals you use regularly. The MSDS 
contains special spill clean-up information and should be consulted. Chemical spills should only be 
cleaned up by knowledgeable and experienced personnel. 
 
If the spill is too large for you to handle, is a threat to personnel, students or the public, or involves 
a highly toxic, or reactive chemical, evacuate and call for assistance immediately: 
  
FOR ALL EMERGENCIES contact Campus Police and Security 874-2121. 
 
The following compounds are very hazardous. You should not try to clean up any significant spill of 
these materials yourself. 
-Aromatic amines  
-Bromine  
-Carbon disulfide 
-Cyanides 
-Ethers and other 1A flammable solvents 
-Hydrazine 
-Nitriles 
-Nitro compounds 
-Organic Halides 

 
2.5.2 Cleaning Up Chemical Spills 
The following sections are included for your reference only. If you are unsure how to proceed 
evacuate the area immediately and call for assistance. 
If you are cleaning up a small spill yourself, make sure that you are aware of the hazards associated with 
the materials spilled, have adequate ventilation (open windows, chemical fume hood on) and proper 
personal protective equipment (minimum - gloves, goggles, and lab coat). Consider all residual chemical 
and cleanup materials (adsorbent, gloves, etc.) as hazardous waste. Place these materials in sealed 
containers and store in an appropriate area. If there are still chemical odors or volatiles substances such as 
mercury associated with the clean-up materials it is prudent to place them in a chemical fume hood. 
Contact the Department of Safety and Risk Management to arrange a hazardous waste pick-up. 
 
2.5.3 Minor Chemical Spill 

Alert people in the immediate area of the spill. 
Increase ventilation in the area of the spill (open windows, turn on hoods). 
Wear protective equipment, including safety goggles, gloves, long-sleeve lab coat and closed toe shoes. 
Avoid breathing vapors from the spill. 
Use the appropriate kit to neutralize and absorb inorganic acids and bases. Collect the residue, place in a 

leak-proof container, and dispose as hazardous chemical waste.  
For other chemicals, use appropriate kit or absorb spill with spill pads or dry sand. 
Collect residue, place in container, and dispose as hazardous chemical waste. 
Clean and decontaminate the spill area with an appropriate cleaning material. 
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If a laboratory contains hazardous chemicals or infectious agents, then a chemical and/or biological spill 
kit must be available. The Department of Safety and Risk Management has provided a box of spill pads 
and a bucket of sand to each laboratory with hazardous chemicals. Other items that the Principal 
Investigator should stock in the spill kit are the listed below. If flammable chemicals are used in the lab 
then non-sparking implements should be used. 
 
Chemical Spill Kit Biological Spill Kit 
Dustpan and brush or small broom Absorbent 
Chemically resistant gloves, nitrile, neoprene Biologically  resistant gloves, nitrile, latex 
Safety glasses/goggles Disinfectant 
Tongs Paper Towels 
Absorbent Safety glasses/goggles 
 Tongs 
 
2.5.4. Major Chemical Spill 

Alert people in the laboratory to evacuate. 
Call Campus Police and report the spill. 
Attend to injured or contaminated persons and remove them from exposure if you can do so safely. 
If spilled material is flammable, turn off ignition and heat sources. Place a vapor retarding device (e.g. 

plastic bag or absorbent) over spilled material to keep substance from volatilizing. Close doors to the      
affected area, if possible, as you evacuate.. 

Have a person with knowledge of the incident and laboratory available to answer questions from 
responding emergency personnel. 
 
2.5.5 Mercury Spills 

Use a mercury spill kit and follow the manufacturer’s directions for a small spill. 
Place the clean-up materials in a labeled container and label as hazardous waste. Contact the 

Department of Safety and Risk Management  to arrange a pick-up. Do not attempt to clean up a large 
mercury spill. If you have a mercury spill that exceeds the quantity found in a normal laboratory 
thermometer contact the Department of Safety and Risk Management. 
 
2.6 Personal Chemical Contamination and Injury 
2.6.1 General Information 

To get an ambulance dial Campus Police and Security at 874-2121. Report the location of the 
injured person. 

Know the locations of the nearest safety shower and eye wash fountain. 
Report all incidents and injuries to your supervisor. 
If an individual is contaminated or exposed to a hazardous material in your laboratory do what is 

necessary to protect their life and health as well as your own. Determine what substance the individual 
was exposed to. The MSDS will contain special first aid information. Send a copy of the MSDS to the 
hospital with the patient. 

Do not move an injured person unless they are in further danger (from inhalation or skin exposure). 
A blanket should be used immediately to protect the victim from shock and exposure. 
Do not attempt CPR if you think the victim has been exposed to a hazardous chemical. Without special 

training and personal protective equipment you could ingest the same hazardous material from the victim. 
 
2.6.2 Chemicals Spills on the Body 

Put on personal protective equipment such as gloves and safety goggles to avoid contaminating 
yourself  while assisting the injured person. 
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Quickly assist the victim to remove all contaminated clothing and footwear. 
Immediately flood the affected body area with water for at least 15 minutes. Remove jewelry to 

facilitate removal of any residual material that may be trapped next to the skin. 
Wash off chemicals with water only. Do not use neutralizing chemicals, creams, lotions or salves. 
Get medical attention promptly. Call Campus Police is an ambulance is required. 874-2121. 
Provide the physician with the chemical name and a copy of the MSDS. 

 
It should be noted that some chemicals (phenol, aniline,) are rapidly adsorbed through the skin. If a large 
enough area of skin is contaminated an adverse health effect (systemic toxicological reaction) may occur 
immediately to several hours after initial exposure depending on the chemical. If more than a few square 
inches of skin area have been exposed to a hazardous chemical, seek medical attention immediately after 
washing the material off the skin. If the incident involves hydrofluoric acid (HF), rinse with copious 
amounts of water and seek immediate medical attention. All labs using hydrofluoric acid must stock the 
calcium gluconate antidote. Contact the Department of Safety and Risk Management for information 
about sources of the calcium gluconate antidote. 
 
2.6.3 Chemical Splash in the Eye 

Immediately irrigate the eyeball and inner surface of eyelid with copious amounts of cool water for at 
least 15 minutes. Use eyewash or other water source. Forcibly hold eyelids open to ensure effective 
wash. If there is a second person in the lab have them assist in keeping the eye open for irrigation. Reflex 
action will cause the individual to try to close their eye, thus trapping the chemical in the eye. 

Check for and remove contact lenses. 
Get medical attention promptly. Contact Campus Police at 874-2121 if an ambulance is required. 
Please be aware that caustic burns may cause as much or more damage to the eye than acid burns. 

 
2.6.4 Ingestion of Hazardous Chemicals 

Identify the chemical ingested. 
Call Campus Police at  874-2121 if an ambulance is needed. 
Cover the injured person to prevent shock. 
Provide the ambulance crew and physician with the chemical name and any other relevant information. 

If possible, send the container, MSDS or the label with the victim. 
Call the RI Poison Control Center for additional information: 401-444-5727. 

 
2.6.5 Inhalation of Smoke, Vapors and Fumes 

Evacuate immediately if smoke is seen or strong fumes are present. 
Contact Campus Police immediately 874-2121 and report location. 
Anyone overcome with smoke or chemical vapors or fumes should be removed to uncontaminated air 

and treated for shock. 
Do not enter the area if you expect that a life threatening condition still exists such as oxygen depletion, 

explosive vapors or highly toxic gases (cyanide gas, hydrogen sulfide, nitrogen oxides, carbon monoxide) 
Get medical attention promptly if needed. 

 
2.6.6 Burning Chemicals on Clothing 

Contact Campus Security immediately 874-2121 and report location. 
Extinguish burning clothing by dousing the victim with cold water (use an emergency shower if it is 

immediately available) or by using the drop-and-roll technique. A fire blanket may be useful if it can be 
used without causing further injury to the victim. 

Remove contaminated clothing; however, be careful to avoid further damage to the burned area.  
Remove heat with cool water or ice packs until tissue around burn feels normal to the touch. 
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Cover injured person to prevent shock. 
Get medical attention promptly. 

 
2.6.7 Actions to be Avoided During Emergencies 
There are some actions that must not be taken when handling emergencies. These include: 

Do not force any liquids into the mouth of an unconscious person. 
Do not handle emergencies alone, especially without notifying someone that the accident has occurred. 
Do not linger at the accident scene after you have provided information to the emergency responders 

unless you are requested to do so. 
 
2.7 Fire and Fire Related Emergencies 
If you discover a fire or fire-related emergency such as abnormal heating of material, a flammable gas 
leak, a flammable liquid spill, smoke, or odor of burning, immediately follow these procedures: 

Evacuate the area immediately. Activate the building alarm (fire pull station). If not available or 
operational, verbally notify people in the building. 

Contact Campus Police immediately at 874-2121 and report location. 
Isolate the area by closing the windows and doors and evacuate the building. 
Shut down equipment in the immediate area if it is possible to do so quickly while you are leaving. 
Use a portable fire extinguisher to: 
assist oneself to evacuate; 
assist another to evacuate. 

Provide the fire/police teams with the details of the problem upon their arrival. Special hazard information 
that you might know may be essential for the safety of the emergency responder. 
 
What to Do if the Fire Alarms are Ringing in Your Building: 

You must evacuate the building and stay out until notified to return. 
Move upwind from the building and stay clear of streets, driveways, sidewalks and other access ways to 

the building. 
If you are a supervisor, try to account for your employees, keep them together and report any missing 

persons to the emergency personnel at the scene.  
 Pre-arrange an assembly point so that it can be determined that everyone has left the laboratory and 

building. 
 
2.8 Chemical Hazardous Waste Disposal  Program 
Laboratory chemical waste must be handled according to the procedures in the University of Rhode 
Island’s Laboratory Waste Guide. If your laboratory does not have a copy you can download one from  
the Department of Safety and Risk Management’s web page. 
http://www.uri.edu/safety
 
The University's hazardous waste management practices are designed to ensure maintenance of a safe and 
healthful environment for laboratory employees and the surrounding community without adversely 
affecting the environment. This is accomplished through regular removal of chemical hazardous waste 
from University facilities and disposal of these wastes in compliance with local, state, and federal 
regulations. The guidebook provides laboratory personnel with specific guidance on how to identify, 
handle, collect, segregate, store, label, and dispose of chemical waste appropriately.  
 
2.9 Chemical Inventory 
Principal Investigators should maintain records of chemicals on hand, amounts used, and the names of 
workers using hazardous chemicals. Training records and SOPS will help provide this documentation. If 
your area has not yet been bar-coded and entered in the University’s computerized inventory system 
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please compile an inventory of all the chemicals in your laboratory using the EXCEL inventory template 
available from Safety and Risk Management. An inventory must be submitted annually to the Department 
of Safety and Risk Management (SRM) for all areas storing chemicals and hazardous materials. Principal 
Investigators that have never submitted an inventory to SRM should prepare one now. All subsequent 
inventories are due on July 1 of each year. Inventories created in a spreadsheet or database are easy to 
maintain. The EXCEL spreadsheet should be submitted electronically to SRM@etal.uri.edu and a paper 
copy should be mailed to the Department of Safety and Risk management at 177 plains Road, Kingston, 
RI 02881. 

Scientific laboratories that have been bar-coded into the campus-wide computerized inventory will 
receive a computerized print-out for validation. The inventory can also be provided to the Principal 
Investigator by e-mail. When the inventory software is updated late in 2004 Principal Investigators will be 
held responsible to keep their inventories updated electronically. Until then notify the Department of 
Safety and Risk Management when new chemicals need to be entered to the database. When chemicals 
that have been bar-coded are disposed the bar-code label, or the bar-code number should be entered onto 
the Hazardous Waste Fax Pick-up Request Form. For assistance in completing the forms please contact 
the Department of Safety and Risk Management. 
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Chapter 3.0 Guidelines for Working with Chemicals of Specific Hazard Classes 
  
3.1 Flammable Liquids 
3.l.l General Information 
Flammable liquids are among the most common of the hazardous materials found in laboratories. They 
are usually highly volatile (have high vapor pressures at room temperature) and their vapors, mixed with 
air at the appropriate ratio, can ignite and burn. By definition, the lowest temperature at which they can 
form an ignitable vapor/air mixture (the flash point) is less then 37.8º C (100º F) and for several common 
laboratory solvents (ether, acetone, toluene, acetaldehyde) the flash point is well below that. As with all 
solvents, their vapor pressure increases with temperature and, therefore, as temperatures increase they 
become more hazardous. 
 
For a fire to occur, three distinct conditions must exist simultaneously:  

1. The concentration of the vapor must be between the upper and lower flammable limits of the 
substance (the right fuel/air mix);  

2. An oxidizing atmosphere, usually air, must be available; and  
3. A source of ignition must be present.  

Removal of any of these three conditions will prevent the start of a fire.  
 
Flammable liquids may form flammable mixtures in either open or closed containers or spaces (such as 
refrigerators), when leaks or spills occur in the laboratory, and when heated. 
 
Strategies for preventing ignition of flammable vapors include removing all sources of ignition or 
maintaining the concentration of flammable vapors below the lower flammability limit by using local 
exhaust ventilation such as a hood. The former strategy is more difficult because of the numerous ignition 
sources in laboratories. Ignition sources include: open flames, hot surfaces, operation of electrical 
equipment, and static electricity. Older style hot plates should not be used with flammable materials 
because the unit may spark as the unit is activated to maintain temperature. Newer style hot plates are 
sealed units. 
 
The concentrated vapors of flammable liquids may be heavier than air and can travel away from a source 
a considerable distance (across laboratories, into hallways, down elevator shafts or stairways). If the 
vapors reach a source of ignition a flame can result that may flash back to the source of the vapor. The 
danger of fire and explosion presented by flammable liquids can usually be eliminated or minimized by 
strict observance of safe handling, dispensing, and storing procedures. 
 
3.1.2 Special Handling Procedures 

While working with flammable liquids you should wear gloves, protective glasses or goggles, long 
sleeved lab coats and closed toe shoes. Wear goggles if dispensing solvents or performing an operation 
that could result in a splash to the face. If splash risk is high wear a face shield in addition to goggles. 

Large quantities of flammable liquids should be handled in a chemical fume hood or under some other 
type of local exhaust ventilation. Five-gallon containers must be dispensed to smaller containers in a hood 
or under local exhaust ventilation.  

When dispensing flammable solvents into small storage containers, use metal containers or safety cans 
or approved plastic containers with static dissipation devices (avoid glass containers).  

Make sure that metal surfaces or containers through which flammable substances are flowing (includes 
dispensing of flammable liquids from big containers to smaller ones) are properly grounded, discharging 
static electricity. Free flowing liquids generate static electricity which can produce a spark and ignite the 
solvent. A spark between two bodies occurs when there is a poor electrical conductive path between them. 
Bonding is done to eliminate a difference in potential between objects for example, between a 55 gallon 
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drum and a 5 gallon can. Grounding is done to eliminate a difference in potential between an object and 
the ground. Class I liquids shall not be dispensed into containers unless the nozzle and container are 
electrically interconnected. [See 29CFR 1910.106(e)(6)(ii)] Buss bars are the main source to ground in 
dispensing areas. Typically Buss bars are copper wires wired directly to the ground grid (earth ground). 
Contact the electrical shop at Facilities Services if you have 55 gallon drums that require the installation 
of Buss bars for grounding purposes. 

Large quantities (five gallons) of flammable liquids must be handled in areas free of ignition sources 
(including spark emitting motors and equipment) using non-sparking tools. Remember that vapors may be 
heavier than air and can travel to a distant source of ignition. 
Never heat flammable substances by using an open flame. Instead use any of the following heat sources: 

steam baths, water baths, oil baths, heating mantles or hot air baths. Do not distill flammable substances 
under reduced pressure. 

Store flammable substances away from ignition sources. The preferred storage location is in flammable 
storage cabinets. If no flammable storage cabinet is available store these substances in a ventilated cabinet 
under the hood or bench, if available. Five-gallon containers should only be stored in flammable storage 
cabinets or in a storeroom with a high ventilation rate. You can also keep the flammable liquids inside the 
hood for a short period of time. Long-term storage in the chemical fume hood is not recommended 
because it reduces hood performance by obstructing air flow and reducing working area in the hood. 

The volume of flammable liquids stored in small containers (not including safety cans) in the open 
areas of laboratories (not in a flammable storage cabinet) should not exceed 10 gallons for class I, highly 
flammable liquids. Note: The storage of flammable liquids is regulated by 29 CFR 1910.106, OSHA’s 
Flammable and Combustible Liquids Standard. A copy is available on the OSHA website. This standard 
is based on NFPA 30, Flammable and Combustible Liquids Code. The standard is designed to prevent 
fires and explosions from flammable and combustible liquids. To prevent these hazards the standard 
addresses the primary concerns of design and construction; ventilation; ignition sources, and storage. 
Additional regulations are found in NFPA 45: Standard on Fire Protection for Laboratories using 
Chemicals. A copy may be requested from the Department of Safety and Risk Management. This 
standard provides the requirements for the storage of flammable and combustible liquids for sprinklered 
and nonsprinklered laboratories. It also discusses the requirements for construction and fire protection for 
laboratory units for sprinklered and nonsprinklered laboratories; life safety considerations; automatic 
sprinkler requirements; portable extinguishers; electrical equipment used in laboratories; emergency 
plans; laboratory ventilation systems, requirements for manifolding laboratory exhaust systems, as well 
as, compressed and liquefied gases. NFPA codes are reviewed by the various states and adopted into the 
state and local building and fire codes.  
Never store glass containers of flammable liquids on the floor.  
Oxidizing and corrosive materials should not be stored in close proximity to flammable liquids. 
Flammable liquids requiring cold storage must not be stored or chilled in domestic (house-hold) 

refrigerators and freezers but must be in units specifically designed for this purpose. These units are 
sealed to prevent sparking during operation. Each refrigerator, freezer or cooler must be prominently 
marked to indicate whether or not it meets the standards for safe storage of flammable liquids. Flammable 
liquids stored in refrigerators and freezers must be in closed containers. All containers of chemicals stored 
in refrigerators and freezers must be properly labeled with the chemical name and hazards. It is also 
prudent practice to add the owner’s name and the date the item was placed in storage. 

If flammable liquids will be placed in ovens make sure they are appropriately designed for flammable 
liquids (no internal ignition sources and/or vented mechanically). Make sure the autoignition temperature 
of the solvent is above the oven temperature or its internal elements. 
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3.1.3 Pyrophoric Chemicals 
3.1.3.1 General Information 
The chemicals listed below will readily oxidize and ignite spontaneously in air. Therefore users must 
demonstrate that they have the appropriate laboratory equipment, information and training to use these 
materials safely.
 
Grignard Reagents: RMgX where R= organic, example methyl; X= halogen, example Cl 
 
Metal alkyls and aryls, such as RLi, RNa, R3Al, R2Zn 
 
Metal Carbonyls such as Ni(CO)4, Fe(CO)5, Co2(CO)8
 
Alkali metals such as NA, K 
 
Metal powders such as Al, Co, Fe Mg, Mn, Pd, Pt, Ti, Sn, Zn, Zr 
 
Metal  hydrides such as NaH, LiAlH4
 
Nonmetal hydrides, such as B2H6 and other boranes, PH3
 
Phosphorus (white) 
 
3.2 Highly Reactive Chemicals and High Energy Oxidizers 
3.2.1 General Information
In general chemicals with the following functional groups are prone to instability: 

-OO   (peroxide)  
-N3   (azide) 
-NO2   (nitro) 
-C-N=O  (nitroso) 
-CN=N   (diazo)  
-ONO2   (nitrate ester) 
-N=   (imino)  
-NNO2   (nitro amine) 
-C=N  (cyanides, nitriles) 

Highly reactive chemicals include those that are inherently unstable and susceptible to rapid 
decomposition as well as chemicals that, under specific conditions, can react alone, or with other 
substances in a violent uncontrolled manner, liberating heat, toxic gases, or leading to an explosion. 
Reaction rates almost always increase dramatically as the temperature increases. Therefore, if heat 
evolved from a reaction is not dissipated, the reaction can accelerate out of control and possibly result in 
injuries or costly accidents. 
 
Air, light, heat, mechanical shock (when struck, vibrated or otherwise agitated), water, and certain 
catalysts can cause decomposition of some highly reactive chemicals, and initiate an explosive reaction. 
Hydrogen and chlorine react explosively in the presence of light. Alkali metals, such as sodium, 
potassium and lithium, react violently with water liberating hydrogen gas. Examples of shock sensitive 
materials include acetylides, azides, organic nitrates, nitro compounds, and many peroxides. 
 
Organic peroxides are a special class of compounds that have unusual stability problems, making them 
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among the most hazardous substances normally handled in the laboratories. As a class, organic peroxides 
are low powered explosives. Organic peroxides are extremely sensitive to light, heat, shock, sparks, and 
other forms of accidental ignition; as well as to strong oxidizing and reducing materials. All organic 
peroxides are highly flammable. 
 
Peroxide formers can form peroxides during storage and especially after exposure to the air (once 
opened). Peroxide forming substances include: aldehydes, ethers (especially cyclic ether), compounds 
containing benzylic hydrogen atoms, compounds containing the allylic structure (including most alkenes), 
vinyl and vinylidine compounds. 
 
3.2.2 Special Handling Procedures 

f you have any reason to suspect that a shock sensitive material is in a deteriorated condition or 
has peroxides at high concentrations do not move it. Isolate the item and post a warning sign. 
Contact the Department of Safety and Risk Management immediately. The item may need removal 
by individuals who are trained to handle high-hazard materials. Example, dry picric acid. 

Before working with a highly reactive material or high-energy oxidizer, review available reference 
literature to obtain specific safety information. The proposed reactions should be discussed with the 
principal investigator or your supervisor. Standard operating procedures should be written and 
implemented before these type of experiments are performed. 

Always minimize the amount of material involved in the experiment; the smallest amount sufficient to 
achieve the desired result should be used. Scale-ups should be handled with great care, giving 
consideration to the reaction vessel size and cooling, heating, stirring and equilibration rates. 

Excessive amounts of highly reactive compounds should not be purchased, synthesized, or stored in the 
laboratories. 
 The key to safely handling reactive chemicals is to keep them isolated from the substances that initiate 
their violent reactions.  

Unused peroxides should be discarded as hazardous waste and not be returned to the original container. 
Do not work alone. All operations where highly reactive and explosive chemicals are used should be 

performed during the normal workday or when other employees are available either in the same 
laboratory or in the immediate area. 

Perform all manipulations of highly reactive or high-energy oxidizers in a chemical fume hood. (Some 
factors to be considered in judging the adequacy of the hood include its size in relation to the reaction and 
required equipment, the ability to fully close the sash, and whether the sash is a shatter-proof material.) 

Make sure that the reaction equipment is properly secured. Reaction vessels should be supported from 
beneath with tripods or lab jacks. Use shields or guards that are clamped or secured. If possible use 
remote controls for controlling the reaction (including cooling, heating and stirring controls). These 
should be located either outside the hood or at least outside the shield. 
 Handle shock sensitive substances gently, avoid friction, grinding, and all forms of impact.  
Glass containers that have screw cap lids or glass stoppers should not be used. Polyethylene bottles that 

have screw-cap lids may be used.  
Handle water-sensitive compounds away from water sources. 
Light-sensitive chemicals should be used in light-tight containers.  
Handle highly reactive chemicals away from the direct light, open flames, and other sources of heat. 
Oxidizing agents should only be heated with fiberglass heating mantles or sand baths. 
High-energy oxidizers, such as perchloric acid, should only be handled in a wash-down hood. The 

oxidizer could volatilize and potentially condense in the ventilation system. If there are organic 
materials in the hood an explosion could occur. Inorganic oxidizers such as perchloric acid can 
react violently with most organic materials including lubricating oils in equipment. 

When working with highly reactive compounds and high-energy oxidizers always wear the following 
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personal protection equipment: long sleeved lab coats, gloves, closed toe shoes and protective 
glasses/goggles. During the reaction, a face shield long enough to give throat protection should be worn. 
A face shield or body shield should be worn in addition to protective eyewear based on the scale of the 
reaction. 

Labels on peroxide forming substances should contain the date the container was received, first opened 
and the initials of the person who first opened the container. The substances should be checked for the 
presence of peroxides before using, and at least quarterly while in storage. Peroxide test strips are 
commercially available. If peroxides are found, the materials should be decontaminated, if possible, or 
disposed of. The results of any testing should be indicated on the container label.  

Peroxide forming substances that have been opened for more than one year should be discarded. 
Never distill substances contaminated with peroxides.  

 Never use a metal spatula with peroxides. Contamination by metals can lead to explosive 
decompositions. 

Store highly reactive chemicals and high-energy oxidizers in closed cabinets segregated from the 
materials with which they react and, if possible, in secondary containers. Do not store these substances 
above eye level or on open shelves. 

Store peroxides and peroxide forming compounds at the lowest possible temperature. If you use a 
refrigerator make sure it is appropriately designed for the storage of flammable substances.  

Store light-sensitive compounds in the light-tight containers.  
Store water-sensitive compounds away from water sources. 
Shock sensitive materials should be discarded after one year if they are in a sealed container and within 

six months of opening unless an inhibitor was added by the manufacturer. 
 
3.2.3 List of Shock Sensitive Chemicals 
Shock sensitive refers to the susceptibility of the chemical to decompose rapidly or explode when struck, 
vibrated or otherwise agitated. The following are examples of materials that can be shock sensitive: 
 
Acetylides of heavy metals 
Aluminum ophrite explosive 
Amatol 
Ammonal 
Ammonium nitrate 
Ammonium perchlorate 
Ammonium picrate 
Ammonium salt lattice 
Butyl tetryl 
Calcium nitrate 
Copper acetylide 
Cyanuric triazide 
Cyclotrimethylenetrinitramine 
Cyclotetramethylenetranitramine 
Dinitroethyleneurea 
Dinitroglycerine 
Dinitrophenol 
Dinitrophenolates 
Dinitrophenyl hydrazine 
Dinitrotoluene 
Dipicryl sulfone 
Dipicrylamine 
Erythritol tetranitrate 
Fulminate of mercury 
Fulminate of silver 
Fulminating gold 

Hexanitrodiphenylamine 
Hexanitrostilbene  
Hexogen 
Hydrazinium nitrate 
Hyrazoic acid 
Lead azide 
Lead mannite 
Lead mononitroresorcinate 
Lead picrate 
Lead salts 
Lead styphnate 
Trimethylolethane 
Magnesium ophorite 
Mannitol hexanitrate 
Mercury oxalate 
Mercury tartrate 
Mononitrotoluene 
Nitrated carbohydrate 
Nitrated glucoside 
Nitrated polyhydric alcohol 
Nitrogen trichloride 
Nitrogen tri-iodide 
Nitroglycerin 
Nitroglycide 
Nitroglycol 
Nitroguanidine 

Picryl chloride 
Picryl fluoride 
Polynitro aliphatic compounds 
Potassium nitroaminotetrazole 
Silver acetylide 
Silver azide 
Silver styphnate 
Silver tetrazene 
Sodatol 
Sodium amatol 
Sodium 
dinitro-orthocresolate 
Sodium nitrate-potassium 
Sodium picramate 
Styphnic acid 
Tetrazene 
Tetranitrocarbazole 
Tetrytol 
Trimonite 
Trinitroanisole 
Trinitrobenzene 
Trinitrobenzoic acid 
Trinitrocresol 
Trinitro-meta-cresol 
Trinitronaphtalene 
Trinitrophenetol 
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Fulminating mercury 
Fulminating platinum 
Fulminating silver 
Gelatinized nitrocellulose 
Germane 
Guanyl nitrosamino 
Guanyl-tetrazene 
Guanylnitrosaminoguanylidenehydrazine 
Heavy metal azides 
Hexanite 
 

Nitroparaffins 
Nitronium perchlorate 
Nitrourea 
Organic amine nitrates 
Organic nitramines 
Organic peroxides 
Picramic acid 
Picramide 
Picratol 
Picric acid 
 
 

Trinitrophloroglucinol 
Trinitroresorcinol 
Tritonal 
Urea nitrate 
 
 

 
3.2.4 List of High Energy Oxidizers 
The following are examples of materials that are powerful oxidizing reagents: 
 
Ammonium perchlorate 
Ammonium permanganate 
Barium peroxide 
Bromine 
Calcium chlorate 
Calcium hypochlorite 
Chlorine trifluoride 
Chromium anhydride or chromic 
acid 
 

Dibenzoyl peroxide 
 Fluorine 
Hydrogen peroxide 
Magnesium perchlorate 
Nitric acid 
Nitrogen peroxide 
Perchloric acid 
Potassium bromate 
Potassium chlorate 

Potassium perchlorate 
Potassium peroxide 
Propyl nitrate 
Sodium chlorate 
Sodium chlorite 
Sodium perchlorate 
Sodium peroxide 
 

 
3.2.5 List of Peroxide Formers 
The following are examples of the materials commonly used in laboratories that may form explosive 
peroxides: 
 
Acetal 
Cyclohexene 
Decahydronaphthalene 
Diacetylene 
Dicyclopentadiene 
Diethylether 
Diethylene glycol 
 

Dimethyl ether 
Dioxane 
Divinyl acetylene 
Ether 
Ethylene glycol dimethyl ether 
Isopropyl ether 
Methyl acetylene 
 

Sodium amide 
Tetrahydrofuran 
Tetrahydronaphthalene 
Vinyl ethers 
Vinylidene chloride 
 

 
3.3 Compressed Gases 
3.3.1 General Information 
Compressed gases are unique in that they represent both a physical and a potential chemical hazard 
(depending on the particular gas). Gases contained in cylinders may be from any of the hazard classes 
described in this chapter (flammable, reactive, corrosive, or toxic). Because of their physical state 
(gaseous), concentrations in the laboratory can increase instantaneously if leaks develop at the regulator 
or piping systems, creating the potential for a toxic chemical exposure or a fire/explosion hazard. Often 
there is little or no indication that leaks have occurred or are occurring. Finally, the large amount of 
potential energy resulting from compression of the gas makes a compressed gas cylinder a potential 
rocket or fragmentation bomb if the tank or valve is physically broken. 
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3.3.2 Special Handling Procedures 
 

The contents of any compressed gas cylinder should be clearly identified. No cylinder should be 
accepted for use that does not legibly identify its contents by name. Color-coding is not a reliable means 
of identification and labels on caps have no value as caps are interchangeable. Carefully read the 
label before using or storing compressed gas. The MSDS will provide any special hazard 
information 

Transport gas cylinders in specially designed carts one or two at a time only while they are 
secured and capped. All gas cylinders should be capped and secured when stored. Use suitable 
racks, straps, chains or stands to support cylinders. All cylinders, full or empty, must be 
restrained and kept away from heat sources. 

Store the minimum number of cylinders as possible in your laboratory.  
Empty or unwanted cylinders must be returned to the vendor promptly. 
Use only Compressed Gas Association standard combinations of valves and fittings for compressed gas 

installations. Always use the correct pressure regulator. Do not use a regulator adaptor. The use of 
incompatible regulators or fittings may cause an explosion. Consult with the gas supply vendor to 
determine the correct regulators and fittings. 

All gas lines leading from a compressed gas supply should be clearly labeled identifying the gas and the 
laboratory served. 

Place gas cylinders in such a way that the cylinder valve is accessible at all times. The main cylinder 
valve should be closed as soon as the gas flow is no longer needed. Do not store gas cylinders with 
pressure on the regulator. Use the wrenches or other tools provided by the cylinder supplier to open a 
valve if available. In no case should pliers be used to open a cylinder valve. 

Use soapy water to detect leaks. Leak test the regulator, piping system and other couplings after 
performing maintenance or modifications which could affect the integrity of the system. 

Oil or grease on the high-pressure side of an oxygen cylinder can cause an explosion. Do not lubricate 
an oxygen regulator or use a fuel/gas regulator on an oxygen cylinder. 

Never bleed a cylinder completely empty. Leave a slight pressure to keep contaminants out (172 kPa or 
25 psi). Empty cylinders should not be refilled in the laboratories unless equipped to prevent overfilling. 
Substances with high coefficients of expansion (ammonia) should not be refilled. 

All gas cylinders should be clearly marked with appropriate tags indicating whether they are in use, full, 
or empty. Empty and full cylinders should not be stored in the same place. 

Cylinders of toxic, flammable or reactive gases should be purchased in the smallest quantity possible 
and stored/used in a fume hood or under local exhaust ventilation. If at all possible avoid the purchase of 
lecture bottles. These cylinders are not returnable and it is extremely difficult and costly to dispose of 
them. Use the smallest sized returnable cylinder that is available. 

Wear safety goggles, gloves, long sleeved lab coat and closed toe shoes when handling compressed 
gases that are irritants, corrosive or toxic. 
 Flammable gases such as hydrogen or acetylene that are attached to laboratory apparatus such as atomic 

absorption spectrometers, gas chromatographs, etc. should be equipped with flashback arrestors. Consult 
with the instrument manufacturer or the gas supply vendor to determine the correct product. 
 If you conduct welding operations in your laboratory contact Safety and Risk Management for 

information about welding safety and the storage of welding gases. 
 
3.3.3 Special Precautions for Hydrogen 
Hydrogen gas has several unique properties that make it a potential danger with which to work. It has an 
extremely wide flammability range (lower explosive limit, LEL = 4%, upper explosive limit, UEL = 
74.5%) making it easier to ignite than most other flammable gases. Unlike most other gases, hydrogen's 

 41 



 

temperature increases during expansion. If a cylinder valve is opened too quickly the static charge 
generated by the escaping gas may cause it to ignite. Hydrogen burns with an invisible flame. Caution 
should therefore be exercised when approaching a suspected hydrogen flame. A piece of paper can be 
used to tell if the hydrogen is burning. Hydrogen embrittlement can weaken carbon steel, therefore cast 
iron pipes and fittings must not be used. Seamless tubes should be used. Those precautions associated 
with other flammable substances also apply to Hydrogen (see Chapter 3.1). 
 
3.3.4 Special Procedures for Toxic Gases 
Toxic gases are considered to be those that cause significant acute health effects at low concentrations, 
have a National Fire Protection Association (NFPA) health rating of 3 or 4, have low occupational 
exposure limits, or are pyrophoric. Following is a list of gases of special concern and have special 
requirements. Prior approval from the Department of Safety and Risk and Management is required for 
these toxic gases.  
 
allene 
ammonia 
arsenic pentafluoride 
arsine 
boron trichloride 
boron trifluoride 
bromine pentafluoride 
bromine trifluoride 
1,3 butadiene 
carbon tetrafluoride 
carbon monoxide 
carbonyl sulfide 
chlorine 
chlorine trifluoride 
cyanogens 
cyanogens chloride 
diborane 
 

dichlorosilane 
dimethylamine 
disilane 
fluorine 
fluorine mixtures 
germane 
hydrogen bromide 
hydrogen chloride 
hydrogen cyanide 
hydrogen fluoride 
hydrogen selenide 
hydrogen sulfide 
methyl bromide 
methyl chloride 
methyl silane 
monomethylamine 
nickel carbonyl 

nitric oxide 
nitrogen dioxide 
nitrogen trifluoride 
phosgene 
phosphine 
phosphorus pentafluoride 
phosphorus trichloride 
phosphorus trifluoride 
silane 
silicon tetrafluoride 
stilbene 
sulfur tetrafluoride 
sulfuryl fluoride 
tungsten hexafluoride 
vinyl chloride 

If these gases are not used and stored in a fume hood they require the use of the following controls: 
Ventilated gas cabinets or enclosures for toxic gas cylinders are mandatory. The exhaust rate of the 

cabinet must be sufficient to vent a complete cylinder discharge. These units are available commercially 
and must be obtained by the Principal Investigator. 

Air Flow monitors or alarms on ventilated enclosures or gas cabinets are required. 
Toxic gas alarms for the laboratory are required. 
Gas distribution equipment must use compatible materials and design. 
Critical flow orifices that limit the flow of gas may be needed. 
Documented safety procedures and training of laboratory personnel are required. 
Release scenario modeling including utility and ventilation failure should be prepared. 
Special storage requirements may be required. 

 
 
3.3.5 Cryogenic Liquids 
3.3.5.1 General Information 
Definitions:  
Cryogenic fluids are liquid gases at temperatures normally below –238° F. 
Dewars are specially designed double-walled containers having provisions for pressure relief. 
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All cryogenic liquids are extremely cold. Cryogenic liquids and their cold “boil-off” vapor can rapidly 

freeze human tissue and can cause many common materials such as carbon steel, plastics, and rubber to 
become brittle, or even fracture under stress. Liquids in containers and piping at temperatures at or below 
the boiling point of liquefied air (-318° F, 194° C) can actually condense the surrounding air to a liquid. 
Extremely cold liquefied gases (liquid helium and liquid nitrogen) can even solidify air or other gases. 
 

All cryogenic gases also produce large volumes of gas when they vaporize. For example, one volume of 
liquid hydrogen at one atmosphere vaporizes to 700 volumes of hydrogen gas at 70° F and one 
atmosphere of pressure. If these liquids are vaporized in a sealed container, they can produce enormous 
pressures that could rupture the vessel. For this reason pressurized cryogenic containers are usually 
protected with multiple devices of pressure relief, usually a pressure relief valve for primary protection 
and a frangible disc for secondary protection. Vaporization of liquid oxygen in an enclosed area can cause 
an oxygen-rich atmosphere and could saturate a worker’s clothing. Although oxygen is not flammable it 
will vigorously support and/or accelerate the combustion of other materials. Vaporization of liquid 
hydrogen in an enclosed work area can cause a flammable or explosive mixture with air. 
 

Most cryogenic liquids are odorless, colorless, and tasteless when vaporized to the gaseous state. Most 
of them have no color as liquids, although liquid oxygen is light blue. However, the extremely cold 
vapors have a warning property that appears whenever they are exposed to the atmosphere. The cold 
“boil-off” gases condense the moisture in the air, creating a highly visible fog. The fog normally extends 
over a larger area than the vaporizing vapor. 
 
3.3.5.2 Special Handling Procedures 
 Liquid nitrogen can cause terrible burns. Safety glasses are required during transfer and normal 

handling of cryogenic materials. If severe spraying or splashing may occur then a face shield or chemical 
goggles should be worn for additional protection. 

Dry cryogenic gloves should be worn when handling anything that comes in contact with cold liquids 
and vapor. Gloves should be loose fitting so they can be removed quickly if liquids are spilled into them. 
Depending on the application, special clothing may be advisable. It is preferable to wear trousers outside 
of boots or work shoes to deflect any spilled cryogenic material away from your shoes. 

Matches, smoking materials, lighters, and other sources of ignition are prohibited where liquid hydrogen 
and oxygen are present. All such areas must be designated as No Smoking. 

Keep Dewars vertical at all times. Do not roll the container on its side. 
Make sure the Dewar is temperature rated for liquid nitrogen. 

If you use a Thermos bottle with a stainless steel shell for transporting small amounts of liquid nitrogen 
do not screw on the cap. If there is inadequate venting the bottle may explode. All containers must have 
venting lids. 

Do not enter an area where a major spill may have caused an oxygen deficiency; unless you are 
equipped with self contained breathing apparatus. Use liquid nitrogen in well ventilated areas. Rapid 
venting can cause near-total displacement of the oxygen in normal air. If the local concentration is 100% 
nitrogen with no oxygen present asphyxiation is possible. Do not carry liquid nitrogen in a passenger 
elevator. 

Cryotubes containing samples stored in liquid nitrogen may explode without warning. Tube explosions 
are thought to be caused by liquid nitrogen entering the tube through minute cracks and then expanding 
rapidly as the tube thaws. Thaw tubes in a shielded area. 

Evacuated glassware must be shielded against implosion. Exposed glass portions of the container must 
be taped to minimize flying glass hazards. 

Relief valves on Dewars shall not be tampered with under any circumstance. 
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Make sure the apparatus in use is correctly pressure rated for the planned application. The pressure 
rating should be clearly marked. All cryogenic storage vessels must be chosen to withstand the weights 
and pressures of the material used, and must have adequate venting to prevent pressure build-up. 
All cryogenic liquids with boiling points below that of liquid nitrogen, particularly liquid helium and 

hydrogen, require specially constructed and insulated containers to prevent rapid evaporation. 
Use plastic tweezers to handle superconductors, magnets, or other small cold objects. Test the tweezers 

for embrittlement before use. Do not touch any object that has been immersed in liquid nitrogen until it 
warms up to room temperature. 

Many substances become brittle and may shatter when cold. Avoid common glass and large solid 
plastics. 

Remove metal jewelry/watches on hands and wrists so that it will not freeze and adhere to your skin. 
 Filling operations must not be left unattended. 
Make sure the dispensing tube is in good condition and is an approved unit. Check with the gas supply 

provider for an assessment and equipment selection. 
Transport large Dewars in appropriate carts, preferably with brakes. 

 
3.4 Corrosive Chemicals 
3.4.1 General Information 
The major classes of corrosive chemicals are strong acids and bases, dehydrating agents, and oxidizing 
agents. These chemicals can erode the skin and the respiratory epithelium and are particularly damaging 
to the eyes. Inhalation of vapors or mists of these substances can cause severe bronchial irritation. If your 
skin is exposed to a corrosive, flush the exposed area with copious amounts of water for at least fifteen 
minutes. Then seek medical treatment. 
Strong acids All concentrated acids can damage the skin and eyes and their burns are very painful. Nitric, 
chromic, and hydrofluoric acids are especially damaging because of the types of burns they inflict. Seek 
immediate medical treatment if you have been contaminated with these materials (particularly 
hydrofluoric acid). 
Strong alkalis The common strong bases used in the labs are potassium hydroxide, sodium hydroxide, 
and ammonia. Burns from these materials are often less painful than acids. However, damage may be 
more severe than acid burns because the injured person, feeling little pain, often does not take immediate 
action and the material is allowed to penetrate into the tissue. Ammonia is a severe bronchial irritant and 
should always be used in a well-ventilated area, if possible in a hood. 
Dehydrating agents This group of chemicals includes concentrated sulfuric acid, sodium hydroxide, 
phosphorus pentoxide, and calcium oxide. Because much heat is evolved on mixing these substances 
with water, mixing should always be done by adding the agent to water, and not the reverse, to avoid 
violent reaction and spattering. Because of their affinity for water, these substances cause severe burns 
on contact with skin. Affected areas should be washed promptly with large volumes of water. 
Oxidizing agents In addition to their corrosive properties, powerful oxidizing agents such as perchloric 
and chromic acids (sometimes used as cleaning solutions), present fire and explosion hazards on contact 
with organic compounds and other oxidizable substances. The hazards associated with the use of 
perchloric acid are especially severe. It should be handled only after thorough familiarization with 
recommended operating procedures such as the use of a wash-down hood. 
 
3.4.2 Special Handling Procedures 

Corrosive chemicals should be used in the chemical fume hood, or over plastic trays when handled in 
bulk quantities (> 1 liter) and when dispensing. 

When working with corrosives wear gloves, goggles, long sleeved lab coat and closed toe shoes. 
Handling of bulk quantities of these chemicals requires use of rubber aprons and the combined use of face 
shields and goggles. 

If you are handling bulk quantities on a regular basis an eyewash should be immediately available and a 
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shower close by. Spill materials - absorbent pillows, neutral absorbent materials or neutralizing materials 
(all commercially available) should be available in the laboratory. 

Store corrosives in cabinets, under the hood or on low shelves, preferably in impervious trays to 
separate them physically from other groups of chemicals. Keep containers that are not in use in storage 
areas and off bench tops. 

If it is necessary to move bulk quantities from one laboratory to another or from the stockroom use a 
safety carrier (rubber bucket for secondary containment and protection of the container) or a lab cart. 

At least every three months inspect the shelf clips in your acid cabinet to check for possible corrosion. 
These shelf clips are the only thing between you and a collapsed shelf. They require special attention. 
 
3.5 Chemicals of High Acute and Chronic Toxicity 
3.5.1 General Information 
Substances that possess the characteristic of high acute toxicity can cause damage after a single or short -
term exposure. The immediate toxic effects to human health range from irritation to illness and death. 
Hydrogen cyanide, phosgene, and nitrogen dioxide are examples of substances with high acute toxicity. 
The lethal oral dose for an average human adult for highly toxic substances ranges from one ounce to a 
few drops. 

 
Toxicity Rating Animal LD50 (per kg) 
Extremely toxic Less than 5 mg 
Highly toxic 5-50 mg 
Moderately toxic 50-500 mg 
Slightly toxic 500 mg - 5 g 
Practically non-toxic >5 g 
 
 
Oral LD50 data for the rat or mouse is listed in the substance's MSDS. The LD50 toxicity test is usually 
the first toxicological test performed and is a good indicator of a substance’s acute toxicity. Substances 
that possess the characteristic of high chronic toxicity cause damage after repeated exposure or exposure 
over long periods of time. Health effects often do not become evident until after a long latency period - 
twenty to thirty years. Substances that are of high chronic toxicity may be toxic to specific organ systems: 
they may be described by such terms as hepatotoxins, nephrotoxins, neurotoxins, toxic agents to the 
hematopoietic system and pulmonary tissue, carcinogens, reproductive toxins, mutagens, teratogens or 
sensitizers. The definition of each of these categories of toxic substances, and examples of substances that 
fall into each of these different categories, can be found in Chapter IV of this manual. 
 
3.5.2 Special Handling Procedures 
This Chapter establishes supplemental work procedures to control the handling of substances that are 
known to exhibit acute or long-term chronic health hazards. The following procedures should be used 
when the oral LD50 of a substance in the rat or mouse is less than 50 milligrams per kilogram body 
weight for solid materials or nonvolatile liquids and 500 mg/kg body weight for volatile liquids or gases. 

Post a “designated area” sign as described in section 3.6.2. 
Avoid or minimize contact with these chemicals by any route of exposure. Protect yourself by wearing 

gloves, closed toe shoes and long sleeved laboratory coat. Protect your eyes by safety goggles or glasses. 
If procedure involving use of these chemicals has a high potential for a splash consider putting on an 
impermeable apron or coveralls, and possibly a face shield in addition to goggles. 

Use these chemicals in a chemical fume hood or other appropriate containment device if the material is 
volatile or the procedure may generate aerosols (See guidelines for chemical fume hood use in Chapter 
2.4.5.1). If a chemical fume hood is used it should be evaluated to confirm that it is performing 
adequately (a face velocity of at least 100 linear feet per minute) with the sash at the operating height. 
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Store volatile chemicals of high acute or chronic toxicity in a vented area. Volatile chemicals should be 
stored in unbreakable primary or secondary containers or placed in chemically resistant trays (to contain 
spills). Nonvolatile chemicals should be stored in cabinets or in drawers. Do not store these chemicals on 
open shelves or counters. 

Decontaminate working surfaces with wet paper towels after completing procedures. Place the towels in 
plastic bags and secure. Dispose of them in the normal trash if there is only a trace amount on the paper 
towels. Dispose as hazardous waste if there is a lot of the substance, such as from a spill clean-up. 

Volatile chemicals should be transported between laboratories in durable outer containers or on a cart.  
Vacuum pumps used in procedures should be protected from contamination by installing two collection 

flasks in series along with in-line HEPA-like filter. 
If one or more of these substances are used in large quantities, on a regular basis (three or more separate 

handling sessions per week), or for long periods of time (4-6 hours) a qualitative, and potentially 
quantitative, exposure assessment should be performed. In many cases there may be economical 
commercially available testing strips and meters that can measure the concentration of these materials. 
The Principal Investigator should contact the Department of Safety and Risk Management if quantitative 
exposure assessment is required. 

Lab personnel of childbearing age should be informed of any known male and female reproductive 
toxins used in the lab. It is recognized that exposure to certain chemicals may adversely affect the fertility 
of the parents or the development of a fetus during pregnancy. Therefore, if you are working with 
reproductive toxins and are planning to conceive a child or are pregnant, you should consult your medical 
health care professional regarding risks of exposure and potential exposure control options. Reproductive 
toxicology information may be found in reference materials on the Internet and sources such as MSDSs. 
 
3.6 Regulated Chemicals and Particularly Hazardous Chemicals 
3.6.1 General Information 
This set of procedures applies to chemical carcinogens listed and regulated by the Occupational Safety 
and Health Administration (OSHA), and to human carcinogens listed by the International Agency for 
Research on Cancer (IARC) and the National Toxicology Program (NTP), reproductive toxins, the toxic 
gases listed in Section 3.34, and alkyl methylated mercury compounds such as dimethyl mercury. Please 
note that a key component of these procedures is the controlled distribution of these substances. The 
Department of Safety and Risk Management may develop a list of very toxic substances that require prior 
approval before purchase. Appendix IV lists some chemicals with special OSHA regulations and some 
chemicals that are known carcinogens. Appendix V lists some reproductive toxins.  
Note: If you need to purchase dimethyl mercury you must submit a written Standard Operating 
Procedure to the Department of Safety and Risk Management for approval prior to purchase. One 
drop on your skin may be lethal. 
 
3.6.2 Special Handling Procedures 

Use these chemicals only in a chemical fume hood or other appropriate containment device (glove box). 
If a chemical fume hood is used it should be evaluated to confirm that it is performing adequately (a face 
velocity of at least 100 linear feet per minute (±20%) with the sash at the operating height). 

Volatile chemicals should be stored in a vented storage area in an unbreakable, primary or secondary 
container or placed in a chemically resistant tray (to contain spills). Nonvolatile chemicals should be 
stored in cabinets or in drawers. Do not store these chemicals on open shelves or counters. Access to all 
of these chemicals should be restricted.

Volatile chemicals should be transported between laboratories in durable outer containers. 
 All procedures with these chemicals should be performed in designated areas. A chemical fume hood 

can be considered a designated area or the entire lab could be the designated area. Other employees 
working in the area should be informed of the particular hazards associated with these substances and the 
appropriate precautions that are necessary for preventing exposures.  
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All designated areas should be posted with a sign that reads: 
WARNING 

DESIGNATED AREA FOR HANDLING THE FOLLOWING 
SUBSTANCES WITH HIGH ACUTE OR CHRONIC TOXICITY: 

[list of substances - identify acute or chronic hazard] 
[Example: Benzene - carcinogen] 

AUTHORIZED PERSONNEL ONLY 
Vacuum pumps used in procedures should be protected from contamination by installing two collection 

flasks in series along with in-line HEPA like filter. 
Analytical instruments or other laboratory equipment generating vapors and/or aerosols during their 

operation, should be locally exhausted or vented in a chemical fume hood. 
Skin surfaces that might be exposed to these substances during routine operations or foreseeable 

accidents should be covered with appropriate protective clothing. Gloves should be worn whenever 
transferring or handling these substances. The level of protection should be considered based on a splash 
risk and may include safety glasses, goggles or a face shield in addition to goggles. Impermeable 
garments should be used when performing procedures with a high splash potential. When wearing 
washable garments (such as a laboratory coat), evaluate the potential for exposing non-laboratory 
personnel (and placing them at risk) during the laundering process. Wear disposable garments if others 
may be placed at risk during the laundering process. Consider using full body protection (disposable 
coveralls) if the potential for extensive personal contamination exists. 

All protective equipment should be removed when leaving the designated area and decontaminated 
(washed) or, if disposable, placed in a plastic bag and secured. If the items are contaminated with very 
toxic materials dispose of them as hazardous waste. Skin surfaces - hands, forearms, face and neck - 
should be washed immediately. 

Work surfaces on which these substances will be handled should be covered with an easily 
decontaminated surface (such as stainless steel) or protected from contamination with plastic trays or 
plastic-backed paper. Call the Department of Safety and Risk Management for decontamination and 
disposal procedures; these will be substance specific. Materials that will be disposed of should be placed 
in plastic bags and secured. 

Chemical wastes from procedures using these substances should be placed in containers, tagged and 
disposed of through the hazardous chemical waste program. The wastes should be stored in the 
designated area (defined above) until picked up.  

Normal laboratory work should not be conducted in a designated area until it has been decontaminated 
or determined to be acceptable by the principal investigator, laboratory supervisor or Department of 
Safety and Risk Management.  

If one or more of these substances are used in large quantities, on a regular basis (three or more 
separate handling sessions per week), or for long periods of time (4-6 hours) a qualitative, and potentially 
quantitative, exposure assessment should be performed. The principal investigator should consult with the 
Department of Safety and Risk Management if he/she thinks that a quantitative assessment is needed. In 
some cases the principal investigator may need to establish a medical surveillance program if the ambient 
concentrations exceed the permissible exposure limits. 
Lab personnel of childbearing age should be informed of any known male and female reproductive 

toxins used in the laboratory. An employee who is pregnant, or planning to become pregnant, and who is 
working with potential reproductive toxins that might affect the fetus, should consult their health care 
professional to evaluate their potential exposure and  then take appropriate exposure control measures. 
 
3.7 Mercury 
3.7.1 General Information Elemental mercury has relatively low acute toxicity but does present a 
potentially significant long-term exposure risk. Mercury can produce colorless, odorless and difficult to 
detect vapor at room temperature. Large mercury spills are very difficult and expensive to clean-up. The 
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use of mercury should be eliminated wherever possible. Elemental mercury, thermometers, switches and 
other mercury devices are collected by the Department of Safety and Risk Management as part of the 
hazardous waste program.  
 
The Environmental Protection Agency (EPA) has identified mercury as a Persistent, Bioaccumulative, 
and Toxic (PBT) chemical. These materials are highly toxic, long-lasting substances that can build up in 
the food chain to levels that are harmful to human and ecosystem health. The EPA has targeted these 
materials for waste minimization. The Rhode Island Department of Environmental Management 
(RIDEM) recently passed the Mercury Reduction and Education Act. Both agencies have indicated that it 
is their goal to reduce the use of mercury and thus reduce its risk to the environment and human health. 
The RIDEM web site provides information on mercury. 
http://www.state.ri.us/dem/topics/mercury.htm
 
Appendix XIV provides a list of the 30 chemicals that EPA considers to be the Persistent 
Bioaccumulative and Toxic Chemicals, the PBTs. 
 
3.7.2 Special Handling Procedures 
 
Replace standard mercury thermometers from incubators, drying ovens, and shakers with spirit-filled 
thermometers whenever possible.  
If you cannot find alternatives to mercury in your research then the following procedures must be 
followed: 

Never move or store equipment with mercury thermometers in place as they break easily. 
 Containers of mercury must be clearly labeled and sealed at all times. Containers should only be opened 

in fume hoods. Shatterproof containers are best and they must be stored within secondary containment 
bins. 

Mercury should never be allowed to enter drains or be allowed to evaporate. Protect cup sinks or drains 
from contamination. 

Portable devices containing mercury, manometers, etc., must be sealed with an airtight and leak-proof 
seal and stored in secondary containment. 

Vacuum pumps must be protected from contamination by liquid mercury and mercury vapor through 
the use of inline activated carbon filters and/or suitable cold traps. 

Items that have come in contact with mercury or mercury vapor can become contaminated and must be 
disposed of as hazardous waste or appropriately decontaminated. 

All spills must be cleaned up immediately with a mercury spill kit. Dispose of the clean-up materials as 
hazardous waste. Do not attempt to clean up a spill that is larger than a thermometer. Contact the 
Department of Safety and Risk Management for assistance. 
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Chapter 4.0 Introduction to Chemical Toxicology 
4.1 Overview 
4.1.1 Definitions 
Toxicology is the study of the nature and action of poisons. 
Toxicity is the ability of a chemical substance or compound to produce injury once it reaches a 
susceptible site in, or on, the body. 
A material's hazard potential is the probability that injury will occur after consideration of the conditions 
under which the substance is used. 
 
4.1.2 Dose-Response Relationships 
The potential toxicity (harmful action) inherent in a substance is exhibited only when that substance 
comes in contact with a living biological system. The potential toxic effect increases as the exposure 
increases. All chemicals will exhibit a toxic effect given a large enough dose. The toxic potency of a 
chemical is thus ultimately defined by the dose (the amount) of the chemical that will produce a specific 
response in a specific biological system. 
 
4.1.3 Routes of Entry into the Body 
There are four main routes by which hazardous chemicals enter the body: 
 

Absorption through the respiratory tract via inhalation. 
Absorption through the skin or eyes via dermal contact. 
Absorption through the digestive tract via ingestion. (Ingestion can occur through eating or smoking 

with contaminated hands or in contaminated work areas.) 
Puncture wounds by sharps or needle sticks. 

 
Most exposure standards, such as the Threshold Limit Values (TLV's) and Permissible Exposure Limits 
(PEL's), are based on the inhalation route of exposure. These limits are normally expressed in terms of 
either parts per million (ppm) or milligrams per cubic meter (mg/m3) concentration in air. If a significant 
route of exposure for a substance is through skin contact, the MSDS, PEL and/or TLV will have a "skin" 
notation. Examples of substances where skin absorption may be a significant factor include: pesticides, 
carbon disulfide, carbon tetrachloride, dioxane, mercury, thallium compounds, xylene and hydrogen 
cyanide. 
 
4.1.4 Types of Effects 
Acute poisoning is characterized by sudden and severe exposure and rapid absorption of the substance. 
Normally, a single large exposure is involved. Adverse health effects by inhalation are sometimes 
reversible if the dose is not too large. Examples: carbon monoxide or cyanide poisoning. 
 
Chronic poisoning is characterized by prolonged or repeated exposures of a duration measured in days, 
months or years. Symptoms may not be immediately apparent. Health effects are often irreversible. 
Examples: lead or mercury poisoning. 
 
A Local effect refers to an adverse health effect that takes place at the point or area of contact. The site 
may be skin, mucous membranes, the respiratory tract, gastrointestinal system, eyes, etc. Absorption does 
not necessarily occur. Examples: strong acids or alkalis. 
 
Systemic effect refers to an adverse health effect that takes place at a location distant from the body's 
initial point of contact and presupposes absorption has taken place. Examples: arsenic affects the blood, 
nervous system, liver, kidneys and skin; benzene affects bone marrow. 
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Cumulative poisons are characterized by materials that tend to build up in the body as a result of 
numerous chronic exposures. The effects are not seen until a critical body burden is reached. Example: 
heavy metals. 
 
Substances in combination: When two or more hazardous materials are present at the same time, the 
resulting effect can be greater than the effect predicted based on the additive effect of the individual 
substances. This is called a synergistic or potentiating effect. Example: exposure to alcohol and 
chlorinated solvents; or smoking and asbestos. 
 
4.1.5 Other Factors Affecting Toxicity 

Rate of entry and route of exposure; that is, how fast is the toxic dose delivered and by what means. 
Age can affect the capacity to repair tissue damage. 
Previous exposure can lead to tolerance, increased sensitivity or make no difference. 
State of health, physical condition and life style can affect the toxic response. 
Pre-existing disease can result in increased sensitivity. 
Environmental factors such as temperature and pressure. 
Host factors including genetic predisposition and the sex of the exposed individual. 

 
4.1.6 Physical Classifications 
Gas applies to a substance which is in the gaseous state at room temperature and pressure. A Vapor is the 
gaseous phase of a material which is ordinarily a solid or a liquid at room temperature and pressure. 
 
When considering the toxicity of gases and vapors, the solubility of the substance is a key factor. Highly 
soluble materials, like ammonia, irritate the upper respiratory tract. On the other hand, relatively insoluble 
materials, like nitrogen dioxide, penetrate deep into the lung. Fat soluble materials, like pesticides, tend to 
have longer residence times in the body and be cumulative poisons. 
 
An aerosol is composed of solid or liquid particles of microscopic size dispersed in a gaseous medium. 
The toxic potential of an aerosol is only partially described by its airborne concentration. For a proper 
assessment of the toxic hazard, the size of the aerosol's particles must be determined. A particle's size will 
determine if a particle will be deposited within the respiratory system and the location of deposition. 
Particles above 10 micrometers tend to deposit in the nose and other areas of the upper respiratory tract. 
Below 10 micrometers particles enter and are deposited in the lung. Very small particles (<0.2 
micrometers) are generally not deposited but exhaled. 
 
4.1.7 Physiological Classifications 
Irritants are materials that cause inflammation of mucous membranes with which they come in contact. 
Inflammation of tissue results from exposure to concentrations far below those needed to cause corrosion. 
Examples include: 
 

Alkaline dusts and mists  Halogens  Ozone 
Ammonia   Hydrogen chloride Phosgene 
Arsenic trichloride  Hydrogen fluoride Phosphorus chlorides 
Diethyl/dimethyl sulfate  Nitrogen dioxide 

 
Irritants can also cause changes in the mechanics of respiration and lung function. Examples include: 

 
Acetic acid   Formaldehyde   Sulfur dioxide 
Acrolein   Iodine 
Formic acid   Sulfuric Acid 
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Long term exposure to irritants can result in increased mucous secretions and chronic bronchitis. 
 
A primary irritant exerts no systemic toxic action either because the products formed on the tissue of 
the respiratory tract are non-toxic or because the irritant action is far in excess of any systemic toxic 
action. Example: hydrogen chloride. 
 
A secondary irritant's effect on mucous membranes is overshadowed by a systemic effect resulting 
from absorption. Examples: hydrogen sulfide, aromatic hydrocarbons. 
 
Asphyxiants have the ability to deprive tissue of oxygen. 
 
Simple asphyxiants are inert gases that displace oxygen. Examples: nitrogen, helium, carbon dioxide, 
hydrogen. 
 
Chemical asphyxiants reduce the bodies ability to absorb, transport, or utilize inhaled oxygen. They are 
often active at very low concentrations (a few ppm). Examples: carbon monoxide, cyanides. 
 
Primary anesthetics have a depressant effect upon the central nervous system, particularly the brain. 
Examples: halogenated hydrocarbons, alcohols. 
 
Hepatotoxic agents cause damage to the liver. Examples: carbon tetrachloride, tetrachloroethane, 
nitrosamines. 
 
Nephrotoxic agents damage the kidneys. Examples: halogenated hydrocarbons, uranium compounds. 
 
Neurotoxic agents damage the nervous system. The nervous system is especially sensitive to 
organometallic compounds and certain sulfide compounds. Examples include: 
 

Carbon disulfide   Tetraethyl lead 
Manganese    Thallium 
Methyl mercury    Trialkyl tin compounds 
Organic phosphorus insecticides   
     
 

Some toxic agents act on the blood or hematopoietic system. The blood cells can be affected directly or 
the bone marrow (which produces the blood cells) can be damaged. Examples: aniline, toluidine, 
nitrobenzene, benzene. 
 
There are toxic agents that produce damage of the pulmonary tissue (lungs) but not by immediate 
irritant action. Fibrotic changes can be caused by free silica and asbestos. Other dusts can cause a 
restrictive disease called pneumoconiosis. Examples: Coal dust, Cotton dust, Wood dust. 
 
A carcinogen is an agent that can initiate or increase the proliferation of malignant neoplastic cells or the 
development of malignant or potentially malignant tumors. Some known human carcinogens include: 
 

Asbestos   Coal tar pitch volatiles   Methyl chloromethyl ether 
Alpha-napthylamine 1,2-Dibromo-3-chloropropane (DBCP)    4-nitrobiphenyl 
Inorganic arsenic 3,3'-Dichlorobenzidine   N-nitrosodimethylamine   
Bis-chloromethyl ether Ethylene oxide    Vinyl chloride  

 

 51 



 

A mutagen causes heritable changes (mutations) in the genetic material (DNA) of exposed cells. If germ 
cells are involved, the effect may be inherited and become part of the genetic pool passed onto future 
generations. 
 
A teratogen (embryotoxic or fetotoxic agent) is an agent which interferes with normal embryonic 
development without causing a lethal effect to the fetus or damage to the mother. Effects are not 
inherited. Examples: lead, thalidomide. 
 
A sensitizer is a chemical which can cause an allergic reaction in normal tissue after repeated exposure to 
the chemical. The reaction may be as mild as a rash (allergic dermatitis) or as serious as anaphylactic 
shock. Examples: epoxy compounds, toluene diisocyanate, nickel compounds, chromium compounds, 
poison ivy, chlorinated hydrocarbons. 
 
4.2 Some Target Organ Effects 
The following is a categorization of target organ effects that may occur from chemical exposure. Signs 
and symptoms of these effects and examples of chemicals which have been found to cause such effects 
are listed. 
 
Toxins  
  
 

Target organ effect 
 

Signs and symptoms 
   

Example chemicals 

Hepatotoxins  Cause liver damage Jaudice; liver 
enlargement 

Nitrosamines, chloroform, 
toluene,perchloro-ethylene, cresol, 
dimethylsulfate 

Nephrotoxins 
 

Cause kidney damage Edema; proteinuria  Halogenated hydrocarbons, uranium, 
chloroform, mercury, dimethylsulfate 

Neurotoxins 
 
 

Affect the nervous 
 system 

Narcosis; behavior 
changes; decreased 
muscle coordination 

Mercury, carbon disulfide, benzene, 
carbon tetrachloride, lead, mercury, 
nitrobenzene 

Hematopoietic 
toxins 

Decrease blood 
function 
 

Cyanosis; loss of 
consicousness 
 

Carbon monoxide, cyanides,nitro-
benzene, aniline, arsenic, benzene, 
toluene 

Pulmonary 
toxins 
 

Irritate or damage the 
 lungs 

Cough; tightness in 
chest, shortness of 
breath 

Silica, asbestos, ozone, hydrogen sulfide, 
chromium, nickel, alcohols 

Reproductive 
toxins 

Affect the reproductive 
system 

Birth defects; sterility  
 

Lead, dibromodichloropropane 

Skin 
hazards 

Affect the dermal 
layer of the body 

Defatting of skin; 
rashes; irritation 

Ketones, chlorinated compounds, 
alcohols, 
nickel, phenol, trichloroethylene 

Eye 
hazards 

Affect the eye or 
vision 

Conjunctivitis, corneal 
damage 

Organic solvents, acids, cresol, quinone, 
hydroquinone, benzol, chloride, butyl 
alcohol, methanol, bases 

 
4.3 Occupational Health Standards 
Action Level means a concentration designated in 29CFRpart 1910 for a specific substance, calculated as 
an eight (8)-hour time-weighted average which initiates certain required activities such as exposure 
monitoring and medical surveillance. 
 
TLV: The threshold limit value is a recommended occupational exposure guideline published by the 
American Conference of Governmental Industrial Hygienists. TLV's are expressed as parts of vapor or 
gas per million parts of air by volume (ppm) or as approximate milligrams of particulate per cubic meter 
or air (mg/M3). The TLV is the average concentration of a chemical that most people can be exposed to 
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for a working lifetime with no ill effects. The TLV is an advisory guideline. If applicable, a ceiling 
concentration (C) that should not be exceeded or a skin absorption notation (S) will be indicated with 
the TLV. 
 
PEL: The permissible exposure limit is a legal standard issued by OSHA. Unless specified, the PEL is 
a time weighted average (TWA). 
 
TWA: Most exposure standards are based on time weighted averages. The TWA is the average exposure 
over an eight (8) hour workday. Some substances have Ceiling (C) limits. Ceiling limits are 
concentrations that should never be exceeded. 
 
The MSDS will list the occupational health standard(s) for the hazardous chemical or each component of 
a mixture. 
 
The NIOSH Guide provides a complete listing of these values. A copy is available at the Department of 
Safety and Risk Management or it may be viewed on the Internet at 
 
NIOSH Pocket Guide to Chemical Hazards 
http://www.cdc.gov/niosh/npg/npg.html
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Appendix I  OSHA’ s Laboratory Standard 29CFR 1910.1450 
An electronic copy can be downloaded from the OSHA web site. 

http://www.osha.gov
Search on 1910.1450 
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Appendix II  Definitions from the Lab Standard 29CFR 1910.1450 
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Appendix II Definitions from the Lab Standard 29CFR1910.1450: Occupational Exposures to 
Hazardous Chemicals in Laboratories 
 
Action Level means a concentration designated in 29CFRpart 1910 for a specific substance, calculated as 
an eight (8)-hour time-weighted average which initiates certain required activities such as exposure 
monitoring and medical surveillance. 
 
Assistant Secretary means the Assistant Secretary of Labor for Occupational Safety and Health, U.S. 
Department of Labor, or designee. 
 
Carcinogen: [see “select carcinogen”]. 
 
Chemical Hygiene Officer means an employed who is designated by the employer, and who is qualified 
by training or experience, to provide technical guidance in the development and implementation f the 
provisions of the Chemical Hygiene Plan. This definition is not intended to place limitations on the 
position description or job classification that the designated individual shall hold within the employer’s 
organizational structure. 
 
Chemical Hygiene Plan means a written program developed and implemented by the employer which 
sets forth procedures, equipment, personal protective equipment, and work practices that (i) are capable of 
protecting employees from the health hazards presented by hazardous chemicals used in that particular 
workplace and (ii) meets requirement (e) of 29CFR1910.1450. 
 
Combustible Liquid means any liquid having a flashpoint at or above 100º F (37.8 ºC), but below 200 º 
F (93.3 ºC), except any mixture having components with flashpoints of  200 º F (93.3 ºC), or higher, the 
total volume of which make up 99% or more of the total volume of the mixture. 
 
Compressed Gas means (i) a gas or mixture of gases having, in a container, an absolute pressure 
exceeding 40 psi at 70 º F (21.1 º C); or (ii) a gas or mixture of gases having, in a container, an absolute 
pressure exceeding 104 psi at 130 º F (54.4 º C) regardless of the pressure at 70 º F (21.1 º C); or (iii) a 
liquid having a vapor pressure exceeding 40 psi at 100 º F  (37.8 º C) as determined by ASTM D-323-72. 
 
Designated Area means an area which may be used for work with “select carcinogens”, reproductive 
toxins or substances which have a high degree of acute toxicity. A designated area may be the entire 
laboratory, an area of the laboratory or a device such as a laboratory hood. 
 
Emergency means any occurrence such as, but not limited to, equipment failure, rupture of containers or 
failure of control equipment which results in an uncontrolled release of a hazardous substance into the 
workplace. 
 
Employee: An individual employed in a laboratory workplace who may be exposed to hazardous 
chemicals in the course of his or her assignments. 
 
Explosive means a chemical that causes a sudden, almost instantaneous release of pressure, gas, and heat 
when subjected to sudden shock, pressure, or high temperature. 
 
Flammable means a chemical that falls into one of the following categories:  

(i) Aerosol, flammable means an aerosol that when tested by the method described in 
16CFR1500.45, yields a flame protection exceeding 18 inches at full valve opening, (a 
flashback extending back to the valve) at any degree of valve opening; 

 56 



 

(ii) Gas, flammable means: [A] A gas that, at ambient temperature and pressure, forms a 
flammable mixture with air at a concentration of 13% by volume or less; or 
[B] A gas that, at ambient temperature and pressure, forms a range of flammable mixtures 
with air wider than 12% by volume, regardless of the lower limit. 

(iii) Liquid, flammable means any liquid having a flashpoint below 100 º F (37.8 º C), 
except any mixture having components with flashpoints of 100 º F (37.8 º C) or higher, 
the total of which make up 99% or more of the total volume of the mixture. 

(iv) Solid, flammable means a solid, other than a blasting agent or explosive as defined in 
29CFR1910.109(a), that is liable to cause fire through friction, absorption of moisture, 
spontaneous chemical change, or retained heat from manufacturing or processing, or 
which can be ignited readily and when ignited burns so vigorously and persistently as to 
create a serious hazard. A chemical shall be considered to be a flammable solid if, when 
tested by the method described in 16CFR1500.44, it ignites and burns with a self-
sustained flame at a rate greater than one-tenth of an inch per second along its major axis. 

 
Flashpoint means the minimum temperature at which a liquid gives off vapor n sufficient concentration 
to ignite when tested as follows: 

(i) Tagliabue Closed tester (See American National Standard Method of test for Flash Point 
by Tag Closed Tester, Z11.7-1979 [ASTM D 56-79]) for liquids with a viscosity of less 
than 45 Saybolt Universal Seconds {SUS] at 100 º F (37.8 º C), that do not contain 
suspended solids and do not have a tendency to form a surface film under test; or 

(ii) Pensky-Martens Closed Tester (See American National Standard Method of test for Flash 
Point by Pensky-Martens Closed Tester, Z11.7-1979 [ASTM D 93-79]) for liquids with a 
viscosity equal to or greater than 45 Saybolt Universal Seconds {SUS] at 100 º F (37.8 º 
C), or that contain suspended solids, or that have a tendency to form a surface film under 
test; or 

(iii) Setaflash Closed Tester (See American National Standard Method of test for Flash Point 
by Setaflash Closed Tester, [ASTM D 3278-78]). 

 
Hazardous Chemical means a chemical for which there is statistically significant evidence based on at 
least one study conducted in accordance with established scientific principles that acute or chronic health 
effects may occur in exposed employees. The term “health hazard” includes chemicals which are 
carcinogens, toxic or highly toxic agents, reproductive toxins, irritants, corrosives, sensitizers, hepatoxins, 
nephrotoxins, neurotoxins, agents which act on the hematopietic systems, and agents which damage the 
lungs, skin, eyes, or mucous membranes. 
 
Laboratory means a facility where the “laboratory use of hazardous chemicals” occurs. It is a workplace 
where relatively small quantities of hazardous chemicals are used on a non-production basis. 
 
Laboratory scale means work with substances in which the containers used for reactions, transfers, and 
other handling of substances are designed to be easily and safely manipulated by one person. “Laboratory 
scale” excludes those workplaces whose function is to produce commercial quantities of materials. 
 
Laboratory-type hood means a device located in a laboratory, enclosure on five sides with a movable 
sash or fixed partial enclosed on the remaining side; constructed and maintained to draw air from the 
laboratory and to prevent or minimize the escape of air contaminants into the laboratory; and allows 
chemical manipulations to be conducted in the enclosure without insertion of any portion of the 
employee’s body other than hands and arms. 
 
Laboratory use of hazardous chemicals means handling or use of such chemicals in which all of the 
following conditions are met: 
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(i) Chemical manipulations are carried out on “laboratory scale”; 
(ii) Multiple chemical procedures or chemicals are used; 
(iii) The procedures involved are not part of a production process, nor in any way simulate a 

production process; and 
(iv) “Protective laboratory practices and equipment” are available and in common use to 

minimize the potential for employee exposure to hazardous chemicals. 
 
Medical consultation means a consultation which takes place between an employee and a physician for 
the purpose of determining what medical examinations or procedures, if any, are appropriate in cases 
where a significant exposure to a hazardous chemical may have taken place. 
 
Organic peroxide means an organic compound that contains the bivalent -O-O- structure and which may 
be considered to be a structural derivative of hydrogen peroxide where one or both of the hydrogen atoms 
has been replaced by an organic radical. 
 
Oxidizer means a chemical other than a blasting agent or explosive as defined in §1910.109(a), that 
initiates or promotes combustion in other materials, thereby causing fires either of itself or through the 
release of oxygen or other gases. 
 
Physical hazard means a chemical for which there is a scientifically valid evidence that it is a 
combustible liquid, a compressed gas, explosive, flammable, an organic peroxide, pyrophoric, unstable 
(reactive), or water-reactive. 
 
Protective laboratory practices and equipment means those laboratory procedures, practices, and 
equipment accepted by laboratory health and safety experts as effective, in minimizing the potential for 
employee exposure to chemicals. 
 
Reproductive toxins means chemicals which affect the reproductive capabilities including chromosomal 
damage (mutations) and effect on fetuses (teratogenisis).  
 
Select carcinogen means any substance which meets one of the following criteria: 

(i) It is regulated by OSHA as a carcinogen; or 
(ii) It is listed under the category “known to be carcinogens,”, in the Annual Report on 

Carcinogens published by the National Toxicology Program (NTP) [latest edition]; or 
(iii) It is listed under Group 1 [“carcinogenic to humans]” by the International Agency for 

Research on Cancer Monographs [IARC] (latest edition); or 
(iv) It is listed either Group 2A or 2B by IARC or under the category,” reasonably anticipated 

to be carcinogens” by NTP, and causes statistically significant tumor incidence in 
experimental animals in accordance with any of the following criteria: 
(A) After inhalation exposure of 6-7 hours per day, 5 days per week, for a significant 

portion of a lifetime to dosages of less than 10 mg/m3; 
(B) After repeated skin application of less than 300 {mg/kg of body weight} per week; or 
(C) After oral dosages of less than 50 mg/kg of body weight per day. 

 
Unstable (reactive) means a chemical which is the pure state, or as produced or transported, will 
vigorously polymerize, decompose, condense, or will become self-reactive under conditions of shocks, 
pressure or temperature. 
 
Water-reactive means a chemical that reacts with water to release a gas that is either flammable or 
presents a health hazard. 
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Appendix III Definition of Terms Found on Labels and MSDSs, in the OSHA Hazard 
Communication Standard (29 CFR1910.1200) and the Rhode Island Hazardous Substance Right-
to-Know Act (RIGL 28-21) 
 
Absorb: To take in, suck up, especially a solid taking in a liquid, as a sponge takes in water. 
  
Absorption: The passage of one substance into or through another; e.g., an operation in which one or 
more soluble components of a gas mixture are dissolved in a liquid. 
 
ACGIH: American Conference of Government Industrial Hygienists 
 
Acid: A chemical compound that yields hydrogen tons when dissolved in water; whose hydrogen can be 
replaced by metals or basic radicals; or which reacts with bases to form salt and water (neutralization). 
 
Acute effect: An adverse effect on the human body with symptoms of high severity coming quickly to a 
crisis. Acute effects are normally the result of short-term exposures and short duration. 
 
Acute exposure: A single exposure to a toxic substance that results in severe biological harm or death. 
Acute exposures are usually characterized as lasting no longer than a day. 
 
Acute Toxicity: The ability of a substance to cause poisonous effects resulting in severe biological harm 
or death soon after a single exposure or dose. Also, any severe poisonous effect resulting from a single 
short-term exposure to a toxic substance. See also chronic toxicity; toxicity. 
 
Aerosol: A solid or liquid particulate, natural or man-made, that can remain suspended in air. Paint spray 
and smoke are examples of aerosols. 
 
Airborne release: Release of any chemical into the air. 
 
Air contaminant: Any particulate matter, gas, or combination thereof, other than water vapor or natural 
air. 
 
ALK: An abbreviation for alkali. 
 
American National Standards Institute (ANSI): A coordinating body of various trade, technical, 
professional, and consumer groups who develop voluntary standards. ANSI Z129.1-1982 “American 
National Standard for Hazardous Industrial Chemicals—Precautionary Labeling “ is a recommended 
labeling system that may be used to achieve compliance with the labeling requirements of the law. 
Another standard from ANSI is the “American National Standard Practices for Respiratory Protection,” 
ANSI#Z88.2-1980. Their address is ANSI, 1430 Broadway, and New York, NY 10018, 212-642-4900. 
 
Annual Report on Carcinogens: A list of substances that are either known or anticipated to be 
carcinogens; published by the National Toxicology Program (NTP). The most recent edition is available 
from National Technical Information Service (NTIS), U. S. Department of Commerce, 5285 Port Royal 
Road, Springfield, VA, 22161. Tel: 703-487-4600. 
ANSI See American National Standards Institute 
 
Article (OSHA): A manufactured item: (i) which is formed to a specific shape or design during 
manufacture; (ii) which has end use function(s) dependent in whole or in part upon its shape or design 
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during end use; and (iii) which does not release, or otherwise result in exposure to a hazardous chemical 
under normal conditions of use. 
 
Asbestos: A mineral fiber that can pollute air or water and cause cancer or asbestosis when inhaled. EPA 
has banned or severely restricted its use in manufacturing. 
 
Asbestosis: A disease associated with chronic exposure to and inhalation of asbestos fibers. The disease 
makes breathing progressively more difficult and can lead to death. 
 
Asphyxiant: A chemical, usually in a gas or vapor state, that displaces oxygen or prevents its use in the 
body by other chemical means. 
 
Asphyxiation: The state of unconsciousness or death through lack of adequate oxygen, presence of 
noxious agents, or other obstruction to normal breathing. 
 
Autoignition temperature: The lowest temperature at which a substance will ignite and sustain 
combustion in the absence of an ignition source. For example, toluene has an autoignition temperature of 
896°F. See also flash point. 
 
Barrier coating(s): A layer of material that acts to obstruct or prevent passage of something through a 
surface that is to be protected, e.g., grout, caulk, or various sealing compounds. 
 
Beryllium: An airborne metal that can be hazardous to human health when inhaled. It is discharged by 
machine shops, ceramic and propellant plants, and foundries, 
 
Blasting agent (OSHA): Any material or mixture, consisting of a fuel and oxidizer, intended for blasting, 
not otherwise classified as an explosive and in which none of the ingredients are classified as an 
explosive, provided that the finished product, as mixed and packaged for use or shipment, cannot be 
detonated by means of a No. 8 test blasting cap when unconfined. See also flammable solid. 
 
Boiling point (BP): The temperature at which a liquid changes in physical state to a gas. For example, 
toluene has a boiling point of 231°F. See also melting point. 
 
Cadmium (Cd): A heavy metal element that accumulates in the environment. 
 
CAR., CARC: An abbreviation for carcinogenic. 
 
Carbon dioxide (CO2): A colorless, odorless, nonpoisonous gas, which results from fossil fuel 
combustion and is normally a part of the ambient air.  
 
Carbon monoxide (CO): A colorless, odorless, very poisonous gas, which results from incomplete 
combustion of carbon.  
 
Carcinogen: A substance that causes cancer. A cancer is characterized by the proliferation of abnormal 
cells, sometimes in the form of a tumor. Examples of carcinogens include asbestos, vinyl chloride, and 
benzene. OSHA states that: “A chemical is considered to be a carcinogen if: (a) it has been evaluated by 
the International Agency for Research on Cancer (IARC) and found to be a carcinogen or potential 
carcinogen; or (b) It is listed as a carcinogen or potential carcinogen in the Annual Report on Carcinogens 
published by the National Toxicology Program (NTP) (latest edition); or (c) It is regulated by OSHA as a 
carcinogen.” Substances regulated by OSHA as carcinogens are found in 29 CFR 1910.1001--1910.1047, 
See also Annual Report on Carcinogens.  
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Carcinogenic: Cancer-producing. 
 
CAS number: An identification number assigned by the Chemical Abstracts Service (CAS) of the 
American Chemical Society. The CAS number is used in various databases including Chemical Abstracts, 
for identification and information retrieval.  
 
Catalyst: A chemical that changes the rate of chemical reaction between two other chemicals without 
affecting the chemical itself. See also reactivity.  
 
Caustic: Capable of destroying or eating away by chemical action; corrosive.  
 
Ceiling: (ACGIH) The Threshold Limit Value Ceiling (TLV-C) is “the concentration that should not be 
exceeded during any part of the working exposure.” See also threshold limit value. 
 
Celsius: Degrees of temperature. 0° C equals 32° Fahrenheit, which is the freezing point of water. 100° C 
equals 212° Fahrenheit, which is the boiling point of water. Convert as following: 
F° = (C° x 1.8) + 32.  
C° = (F°- 32) x 5/9. See also Fahrenheit.  
 
Centigrade: Relating to, conforming to, or having a thermometric scale on which the interval between 
the freezing point of water and the boiling point of water is divided into 100 degrees with 0° representing 
the freezing point and 100°  the boiling point. 
 
CFR: See Code of Federal Regulations. 
 
CFR 29 Section 1910.1200: The federal OSHA regulations dealing with the Hazard Communication 
Standard. 
 
CFR 29 Section 1910 Subpart Z: The section of OSHA regulations addressing Toxic and Hazardous 
Substances. 
 
Chemical inventory: A list of the hazardous chemicals known to be present using an identity that is 
referenced on the appropriate material safety data sheet (the list may be compiled for the workplace as a 
whole or for individual work areas). 
 
Chemical name: (OSHA) (Appendix A. 29 CFR 1910.1200). The scientific designation of a chemical In 
accordance with the nomenclature system developed by the International Union of Pure and Applied 
Chemistry (IUPAC) or the Chemical Abstracts Service (CAS) rules of nomenclature, or a name which 
will clearly identify the chemical for the purpose of conducting a hazard evaluation. 
 
Chemical-protective clothing: (CPC) Special clothing that may be resistant to permeation, penetration, 
or degradation by a chemical. Rubber boots, gloves, aprons, and suits are commonly used to protect 
workers from exposure to hazardous chemicals. Another name for this is personal protective equipment 
(PPE). 
 
Chronic: An adverse effect on the human body with symptoms that develop slowly over a long period of 
time or that frequently recur. Chronic effects are the result of long-term exposure and are of long 
duration. 
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Chronic toxicity: The capacity of a substance to cause long-term poisonous human health effects. See 
also acute toxicity; toxicity. 
 
CO: Carbon monoxide 
 
CO2: Carbon dioxide 
 
Code of Federal Regulations (CFR): The collection of rules and regulations originally published in the 
Federal Register by various government departments and agencies. OSHA regulations are found in 29 
CFR; EPA regulations are in 40 CFR; and Department of Transportation regulations in 49 CFR. 
 
Combustible liquid (OSHA): Any liquid having a flash point at or above 100°F (37.8°C), but below 
200°F (93.3°C), except any mixture having components with flash points of 200°F (93.3°C) or higher, the 
total volume of which make up 99 percent or more of the total volume of the mixture. 
 
Combustion: Burning, or rapid oxidation, accompanied by release of energy in the form of heat and light. 
It is a basic cause of air pollution. 
 
Common name (OSHA): Any designation or identification such as code name, code number, trade name, 
brand name or generic name used to identify a chemical other than by its chemical name.” 
 
Compliance: The state of meeting all the requirements of the law. 
 
Compressed gas (OSHA): (i) A gas or mixture of gases having, in a container, an absolute pressure 
exceeding 40 psi at 70° F (21.1°C); or (ii) A gas or mixture of gases having, in a container, an absolute 
pressure exceeding 104 psi at 130°F (54.4°C) regardless of the pressure at 70°F (21.1°C); or (iii) A liquid 
having a vapor pressure exceeding 40 psi at 100°F (37.8°C) as determined by ASTM D-323-72. 
 
Consumer product: Consumer products and hazardous substances as defined by the Consumer Product 
Safety Act are not subject to labeling requirements of the Hazard Communication Standard when they are 
regulated under the Consumer Product Safety Act. 
 
Container (OSHA): Any bag, barrel, bottle, box, can cylinder, drum, reaction vessel, storage tank, or the 
like that contains a hazardous chemical. For purposes of this section, pipes and piping systems are not 
considered to be containers. Note that some state right-to-know laws do consider pipes to be containers. 
 
Contingency plan: A document specifying an organized, planned, and coordinated course of action to be 
followed in case of a fire, explosion, or accident that releases toxic chemicals, hazardous wastes, or 
radioactive materials which threaten human health or the environment. 
 
Corrosive (Appendix A. 29 CFR 1910.1200): A chemical that causes visible destruction of, or 
irreversible alterations in, living tissue by chemical action at the site of contact. For example, a chemical 
is considered to be corrosive if, when tested on the intact skin of albino rabbits by the method described 
by the U.S. Department of Transportation in Appendix A to 49 CFR Part 173, it destroys or changes 
irreversibly the structure of the tissue at the site of contact following an exposure period of four hours. 
This term shall not refer to action on inanimate surfaces.  
 
Cutaneous hazards (Appendix A, 29 CFR 1910.1200): A chemical that affects the dermal layer of the 
body by causing rashes, irritation, or defatting of the skin. Examples include ketones and chlorinated 
compounds. 

 63 



 

 
Degradation: The destructive effect a chemical may have on a piece of chemical-protective clothing. 
Protective clothing that has been degraded may be partially dissolved, softened, hardened, or completely 
destroyed. If not destroyed, the material may have reduced strength and flexibility. This may result in 
easy tearing or punctures, opening up a direct route to skin contact by penetration. 
 
Density: The density of a substance is a number that relates its weight to its volume. Density values in 
references are given in grams/cubic centimeters (g/cc). The densities of solids and liquids are usually 
compared to the density of water. The density of water is 1. Substances with a density greater than 1 sink 
in water and those less than 1 float. For example, lead has a density of 11.35 g/cc; toluene has a density of 
0.86 g/cc. 
 
Dermal toxicity: The ability of a pesticide or toxic chemical to poison people or animals by contact with 
the skin. 
 
Designated substance: means any substance contained within the (RI) list of toxic or hazardous 
substances covered by chapter RIGL 28-21 provided they are in quantities exceeding (2) gallons or ten 
(10) pounds of the substance within the workplace, except in the case of carcinogens, mutagens, or 
teratogens which shall be reported if the concentration is equal to or greater than one part of such 
substance per ten thousand by volume, and provided further that nothing contained in this definition shall 
preclude the Rhode Island Director of Labor and Training from establishing more stringent standards. 
 
Disinfectant: A chemical or physical process that kills pathogenic organisms in water. Chlorine is often 
used to disinfect sewage treatment effluent, water supplies, wells, and swimming pools. 
 
Dispersant: A chemical agent used to break up concentrations of organic material such as spilled oil. 
 
Documentation: The record of compliance that a company should maintain. The Hazard Communication 
Standard requires that certain requirements be met, including employee information and training. 
Complete training records should be kept to prove compliance in the event of an inspection. Other areas 
where documentation should be maintained include the written program, MSDS maintenance, hazard 
determination, and quality assurance audits. 
 
Emergency (chemical): A situation created by an accidental release or spill of hazardous chemicals that 
poses a threat to the safety of workers, residents, the environment, or property. 
 
Employee (RI): means a person who is: 

a) A current employee; 
b) A former employee whose physician has reason to believe that an illness or injury may be 

related to former employment; 
c) An employee assigned or transferred to work where there will be exposure to designated 

substances; or 
d) Any worker who may be exposed under normal circumstances of use or foreseeable 

emergency to designated substances; 
e) Includes employees of the state or political subdivision thereof; 

 
Employee representative (RI): means any attorney, physician or employee organization that represents 
an employee or employees in a company. 
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Environmental Protection Agency (EPA): Agency responsible for enforcing regulations related to the 
Resource Conservation and Recovery Act (RCRA), Toxic Substances Control Act (TSCA), Clean Air Act 
(CAA), Clean Water Act (CWA), Superfund, and others. 
 
Environmental Response Team: EPA experts located in Edison, N.J. and Cincinnati, Ohio, who can 
provide around-the-clock technical assistance to EPA regional offices and states during all types of 
emergencies involving hazardous waste sites and spills of hazardous substances. 
 
Evaporation rate: A measure of the length of time required for a given amount of a substance to 
evaporate compared with the time required for an equal amount of ether or butyl acetate to evaporate. For 
example, the evaporation rate of toluene is 2.24 (butyl acetate=1). 
 
Explosive (OSHA): Any chemical compound, mixture, or device, the primary purpose of which is to 
function by explosion, i.e., with substantially instantaneous release of gas and heat, unless such 
compound, mixture, or device is otherwise specially classified by the U.S. Department of Transportation; 
see 49 CFR Chapter I. 
 
Exposed (OSHA): Means that an employee is subjected to a hazardous chemical in the course of 
employment through any route of entry (inhalation, ingestion, skin contact or absorption, etc.), and 
includes potential (e.g., accidental or possible) exposure. 
 
Exposed or Exposure (RI): means any situation arising from work operation where an employee may 
ingest, inhale absorb through skin or eyes, or otherwise come into contact with a designated substance 
provided, that such contact shall not be deemed to constitute exposure if the designated substance present 
is in a physical state, volume, or concentration for which there is no valid and substantial evidence that 
any adverse acute or chronic risk to human health may occur from such contact. 
 
Extremely hazardous substances: Any of 406 chemicals Identified by EPA on the basis of toxicity, and 
listed under SARA Title III. The list is subject to revision. 
 
Eye hazards (Appendix A): Chemicals that affect the eye or visual capacity. Examples include organic 
solvents and acids. 
 
Fahrenheit: Relating or conforming to a thermometric scale on which under standard atmospheric 
pressure the boiling point of water is at 212 degrees above the zero of the scale, the freezing point is at 32 
degrees above zero, and the zero point approximates the temperature produced by mixing equal 
quantities, by weight, of snow and common salt. 
 
Federal Register: The publication, issued every workday, is the legal medium for recording and 
communicating the rules and regulations established by the executive branch of the federal government. 
Individuals or corporations cannot be held legally responsible for compliance with a regulation unless it 
has been published in the Register. In addition, executive agencies are required to publish in advance 
some types of proposed regulations. 
 
Flammable (OSHA): Means a chemical that falls into one of the following categories: flammable 
aerosol, flammable gas, flammable liquid, or flammable solid. See also flammable aerosol; flammable 
gas; flammable liquid; flammable solid. 
 
Flammable aerosol: (OSHA): An aerosol that, when tested by the method described in 16 CFR 1500.45, 
yields a flame projection exceeding 18 inches at full valve opening, or a flashback (a flame extending 
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back at the valve) at any degree of valve opening.” This is one category of chemical that OSHA considers 
flammable. 
 
Flammable gas (OSHA): Means: (a) A gas that, at ambient temperature and pressure, forms a flammable 
mixture with air at a concentration of thirteen (13) percent by volume or less; or (b) A gas that, at ambient 
temperature and pressure, forms a range of flammable mixtures with air wider than twelve (12) percent of 
volume; regardless of the lower limit. See also flammable limits; lower flash point limit; upper flash point 
limit. 
 
Flammable limits (OSHA): The range defined by the lower (LFL) and upper (UFL) flash point or 
flammability limit. May sometimes be referred to as explosive limits (LEL & UEL) in other sources of 
information. This is the range of concentration in air that may readily ignite when exposed to a flame or 
spark. See also lower flash point limit; upper flash point limit. 
 
Flammable liquid (OSHA): Means any liquid having a flash point below 100°F (37.8°C), except any 
mixture having components with flash points of 100°F (37.8°C) or higher, the total of which make up 99 
percent or more of the total volume of the mixture,” See also combustible liquid; flash point. 
 
Flammable solid (OSHA): Means a solid, other than a blasting agent or explosive as defined in section 
1910.109(a), that is liable to cause fire through friction, absorption of moisture, spontaneous chemical 
change, or retained heat from manufacturing or processing, or which can be ignited readily and when 
ignited burns so vigorously and persistently as to create a serious hazard. A chemical shall be considered 
to be a flammable solid if, when tested by the method described in 16 CFR 500.44, it ignites and burns 
with a self-sustained flame at a rate greater than one-tenth of an inch per second along its major axis.” See 
also blasting agent; explosive. 
 
Flash point (FLP) (OSHA): Means the minimum temperature at which a liquid gives off vapor in 
sufficient concentration to ignite when tested as follows: (i) Tagliabue Closed Tester; or (Ii) Pensky-
Martens Closed Tester; or (iii) Setaflash Closed Tester. Flash point is measured at the surface of the 
flammable liquid.  The flash point of toluene is 40°F. See also lower flash point limit; upper flash point 
limit. 
 
Foreseeable emergency (OSHA): Means any potential occurrence such as, but not limited to, equipment 
failure, rupture of containers, or failure of control equipment which could result in an uncontrolled release 
of a hazardous chemical into the workplace. 
 
Fume: A smoke, vapor, or gas, especially when irritating or offensive. 
 
Hazard communication: The end result of special measures and activities conducted by employers. The 
purpose is to reduce and eliminate adverse health effects due to unnecessary exposures to hazardous 
materials. Hazard communication is achieved by recognition and evaluation of workplace hazards, 
accurate labeling of hazards, and effective training of employees about proper handling and use of those 
hazardous materials in the workplace. The OSHA Hazard Communication Standard describes how 
employers are to inform employees of workplace chemical hazards. The OSHA Standard is enforced 
under the regulations found in 29 CFR 1910.1200. See also right to know. 
 
Hazard warning (OSHA): Means any words, pictures, symbols, or combination thereof appearing on a 
label or other appropriate form of warning which convey the hazards of the chemical(s) in the 
container(s),” A hazard warning is one of the types of information required on a container. See also label. 
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Hazardous chemical (OSHA): Means any chemical, which is a physical hazard or a health hazard. See 
also health hazard; physical hazard. 
 
Hazardous Materials Identification System (HMIS): An integrated approach to working with 
hazardous materials. The system includes information on assessing hazards, labeling, and training. It was 
devised by the National Paint and Coatings Association. The label includes information such as chemical 
identification, acute hazard ratings, long-term health hazard potential, and appropriate personal protective 
equipment. For more information, write to: National Paint and Coatings Association, 1500 Rhode Island 
Avenue NW, Washington, DC 20005. 
 
Hazardous substance: 1. Any material that poses a threat to human health and/or the environment. 
Typical hazardous substances are toxic, corrosive, ignitable, explosive, or chemically reactive. 2. Any 
substance designated by EPA to be reported if a designated quantity of the substance is spilled in the 
waters of the United States or if otherwise emitted to the environment.  
 
Hazardous substance (RI): is any chemical substance listed in the latest edition of the chemical data 
section of the “Fire Protection Guide on Hazardous Materials” as published by the National Fire 
Protection Association (NFPA). 
 
Hazards analysis: The procedures involved in: (1) identifying potential sources of release of hazardous 
materials from fixed facilities or transportation accidents; (2) determining the vulnerability of a 
geographical area to a release of hazardous materials; and (3) comparing hazards to determine which 
present greater or lesser risks to a community.  
 
Health hazard (OSHA): Means a chemical for which there is statistically significant evidence based on 
at least one study conducted in accordance with established scientific principles that acute or chronic 
health effects may occur in exposed employees. 
 
Hematopoietic: Chemicals that affect the blood system. 
 
HEPA: High-Efficiency Particulate Air 
 
Hepatotoxins: Chemicals that cause liver damage such as liver enlargement or dysfunction.  Examples 
include nitrosamines and carbon tetrachloride.  
 
High-density polyethylene: A material that produces toxic fumes when burned. Used to make plastic 
bottles and other products.  
 
Highly toxic: A chemical falling within any of the following categories: a) A chemicals that has a median 
lethal dose (LD50) of 50 milligrams or less per kilogram of body weight when administered orally to 
albino rats weighing between 200 and 300 grams each. (b) A chemical that has a median lethal dose 
(LD50) of 300 milligrams or less per kilogram of body weight when administered by continuous contact 
for 24 hours (or less if death occurs within 24 hours) with the bare skin of albino rats weighing between 
200 and 300 grams each. (c) A chemical that has a median lethal concentration (LC50) in air of 200 parts 
per million by volume or less of gas or vapor, or 2 milligrams per liter or less of mist, fume, or dust, when 
administered by continuous inhalation for one hour (or less if death occurs within one hour) to albino rats 
weighing between 200 and 300 grams each. See also health hazard. 
 
Hydrogen sulfide (H2S): Gas emitted during organic decomposition and also a by-product of oil refining 
and burning. It smells like rotten eggs and, in heavy concentration, can cause illness. 
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Hypergolic: Igniting upon contact of components without external aid (as a spark). 
 
Identity (OSHA): Means any chemical or common name, which is indicated on the material safety data 
sheet (MSDS) for the chemical. The identity used shall permit cross-references to be made among the 
required list of hazardous chemicals, the label and the MSDS. 
 
Ignitable: Capable of burning or causing a fire. 
 
Ignition temperature: The lowest temperature at which a material can catch fire and burn independently 
of other heat sources. 
 
Immediately dangerous to life and health (IDLH): The maximum level to which a healthy individual 
can be exposed to a chemical for 30 minutes and escape without suffering irreversible health effects or 
impairing symptoms. Used as a “level of concern.” See also level of concern. 
 
Immediate use (OSHA): Means that the hazardous chemical will be under the control of and used only 
by the person who transfers it from a labeled container and only within the work shift in which it is 
transferred. Employers are not required to label containers designated for an “immediate use” purpose. 
 
Impervious: Unable to be penetrated. 
 
Incineration: 1. Burning of certain types of solid, liquid, or gaseous materials. 2. A treatment technology 
involving destruction of waste by controlled burning at high temperatures, e.g., burning sludge to remove 
the water and reduce the remaining residues to a safe, nonburnable ash that can be disposed of safely on 
land, in some waters, or in underground locations. 
 
Incompatible: Materials that should be kept apart due to hazards involved if they come into direct contact 
with each other. 
 
Inflammation: Tissue reaction to injury; the succession of changes that occur in living tissue when it is 
injured. The inflamed area undergoes continuous change as the body repair processes start to heal and 
replace injured tissue. 
 
Ingestion: To take in, as for digestion. Chemicals that enter the body by this route of entry may have 
local effects and/or may be absorbed into the bloodstream through the small intestine. 
 
Inhalation: To take in by breathing. Chemicals that enter the body by this route of entry may have local 
effects and/or may be absorbed into the bloodstream through the lungs, 
 
Inventory: A list or inventory of hazardous chemicals known to be present in the workplace is a required 
component of the written hazard communication program. This list is to be cross-referenced with the 
MSDS and the label. See also Identity. 
 
Irritant (Appendix A): A chemical, which is not corrosive, but which causes a reversible inflammatory 
effect on living tissue by chemical action at the site of the contact. A chemical is a skin irritant if, when 
tested on the intact skin of albino rabbits by the methods of 16 CFR 1500.41 for four hours exposure or 
by other appropriate techniques, it results in an empirical score of five or more. A chemical is an eye 
irritant if so determined under the procedure listed in 16 CFR 1500.42 or other appropriate techniques. 
 
Job hazard analysis: A process by which a job is studied to determine the hazards involved and ways to 
safely complete the job by procedures and/or personal protective equipment. 
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Label (OSHA): Means any written, printed, or graphic material displayed on or affixed to containers of 
hazardous chemicals.  Containers in the workplace must be labeled, tagged, or marked with the following 
information: identity of hazardous chemical and appropriate hazard warnings. In addition, containers 
leaving the workplace must also have the name and address of the responsible party (manufacturer or 
importer). See also hazard warning; identity. 
 
Lead (Pb): A heavy metal that is hazardous to health if breathed or swallowed. Its use in gasoline, paints, 
and plumbing compounds has been sharply restricted or eliminated by federal laws and regulations. 
 
Lethal concentration 50 (LC50): The concentration in air of a toxic substance that was required to cause 
the death of half the test animal population under controlled administration. This evaluates inhalation as a 
potentially harmful route of entry. LC50 data is used to assess the toxicity of a chemical. 
 
Lethal dose 50 (LD50): The dose or amount of a toxic substance that was required to cause death in half 
the test animal population under controlled administration. Either ingestion or skin contact may be 
evaluated. LD50 data is used to assess the toxicity of a chemical. 
 
Level of concern (LOC): The concentration in air of an extremely hazardous substance above which 
there may be serious immediate health effects to anyone exposed to it for short periods of time. 
 
LFL: Lower flammability limit 
 
Lower explosive limit (LEL): The concentration of a compound in air below which a flame will not 
propagate if the mixture is ignited. 
 
Lower flash point limit: The lowest concentration of a combustible or flammable gas or vapor in air that 
will produce a flash of fire. Mixtures below this concentration are too lean to burn. The lower flash point 
limit of toluene is 1.27%. See also flash point; upper flash point limit. 
 
Lung agents (Appendix A): Chemicals that irritate or damage lung tissue. Examples include asbestos and 
silica. 
 
Manufacturer’s formulation: A list of substances or component parts as described by the maker of a 
coating, pesticide, or other product containing chemicals or other substances. 
 
Material safety data sheet (MSDS): A compilation of information required under the OSHA Hazard 
Communication Standard on the identity of hazardous chemicals, health, and physical hazards, exposure 
limits, and precautions. Section 311 or SARA requires facilities to submit MSDSs under certain 
circumstances. 
 
Maximum contaminant level (MCL): The maximum permissible level of a contaminant in water 
delivered to any user of a public water system. MCLs are enforceable standards. 
 
Medical surveillance: Many of the chemicals that are regulated by OSHA have requirements that the 
employer conduct medical surveillance on employees to assure that chemical exposure is within the 
acceptable limits. Substances with requirements for medical surveillance are covered in 29 CFR 
1010.1001 through 1910.1047. 
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Melting point: The temperature at which a solid changes to a liquid state. The melting point of toluene is 
139°. 
 
Mercury (Hg): A heavy metal that can accumulate in the environment and is highly toxic if breathed or 
swallowed. 
 
Mine Safety and Health Administration (MSHA) (DOL): Along with NIOSH, MSHA is responsible 
for testing and approving respirators. 
 
Mixture (OSHA): Means any combination of two or more chemicals of the combination that is not, in 
whole or in part, the result of a chemical reaction. There are specific requirements for preparing MSDSs 
for chemical mixtures. Section (g)(2)(I)(b-c) and  (g)(4) deal with mixtures. 
 
Mixture (RI): means any solution or intimate admixture of two (2) or more substances that do not react 
chemically with each other. 
 
National Fire Protection Association (NFPA): A nonprofit organization that provides information on 
fire protection and prevention.  Among the publications the NFPA develops is the 704 Standard for the 
Identification of the Fire Hazards of Materials. 
 
National Institute for Occupational Safety and Health (NIOSH): Involved in research on health 
effects due to workplace exposures. Research is used to make recommendations for reducing or 
preventing worker exposures. NIOSH is also responsible for testing and certifying respirators. 
 
National Response Center: The federal operations center that receives notifications of all releases of oil 
and hazardous substances into the environment, The Center, open 24 hours a day, is operated by the U.S, 
Coast Guard, which evaluates all reports and notifies the appropriate agency. 
 
National Response Team (NRT): Representatives of 13 federal agencies that, as a team, coordinate 
federal responses to nationally significant incidents of pollution and provide advice and technical 
assistance to the responding agency(ies) before and during a response action. 
 
Nephrotoxins (Appendix A): Chemicals that cause damage to the kidneys. Trichloroethylene is an 
example of a nephrotoxin.  
 
Neurotoxins (Appendix A): Chemicals that have their primary toxic effects on the central nervous 
system. Examples of neurotoxins include mercury and carbon disulfide. 
 
Nitrate: A compound containing nitrogen that can exist in the atmosphere or as a dissolved gas in water 
and which can have harmful effects on humans and animals. Nitrates in water can cause severe illness in 
infants and cows. 
 
Nitric oxide (NO): A gas formed by combustion under high temperature and high pressure in an internal 
combustion engine. It changes into nitrogen dioxide in the ambient air and contributes to photochemical 
smog. 
 
Nitrogen dioxide (NO2): The result of nitric oxide combining with oxygen in the atmosphere and a 
major component of photochemical smog. 
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Nitrogen oxide (NOx): A product of combustion from transportation and stationary sources and a major 
contributor to the formation of ozone in the troposphere and acid deposition. 
 
Nonflammable: Not easily ignited and not burning rapidly if ignited. 
 
Occupational Safety and Health Administration (OSHA) (DOL): Responsible for enforcing the 
regulations related to safety and health in the workplace. 
 
Oncogenic: A substance that causes tumors, whether benign or malignant.  
 
Organic chemicals/compounds: Animal- or plant-produced substances containing mainly carbon, 
hydrogen, and oxygen. 
 
Organic peroxide (OSHA): Means an organic compound that contains the bivalent-O-O-structure and 
which may be considered to be a structural derivative of hydrogen peroxide where one or both of the 
hydrogen atoms has been replaced by an organic radical. The law considers organic peroxide to be a 
physical hazard, See also physical hazard. 
 
Oxidant: A substance containing oxygen that reacts chemically in air to produce a new substance. 
Oxidants are the primary ingredient of photochemical smog. 
 
Oxidizer (OSHA): Means a chemical other than a blasting agent or explosive as defined in section 
1910.109(a), that initiates or promotes combustion in other materials thereby causing fire either of itself 
or through the release of oxygen or other gases. The law considers an oxidizer to be a physical hazard. 
See also physical hazard. 
 
Particulates: Fine liquid or solid particles such as dust, smoke, mist, fumes, or smog found in air or 
emissions. 
 
Pathogenic: Capable of causing disease.  
 
Pathogens: Microorganisms that can cause disease in other organisms or in humans, animals, and plants, 
They may be bacteria, viruses, or parasites and are found in sewage, in runoff from animal farms or rural 
areas populated with domestic and/or wild animals, and in water used for swimming. Fish and shellfish 
contaminated by pathogens, or the contaminated water itself, can cause serious illnesses. 
 
PCBs: A group of toxic, persistent chemicals (polychlorinated biphenyls) used in transformers and 
capacitors for insulating purposes and in gas pipeline systems as a lubricant. Further sale for new use was 
banned by law in 1979. 
PEL - See Permissible Exposure Limit. 
 
Penetration: The passage of a chemical through an opening in a protective material. Holes and rips in 
protective clothing can allow penetration as can stitch holes, space between zipper teeth, and open jacket 
and pant cuffs. See also chemical-protective clothing. 
 
Permeation: Permeation is the passage of a chemical through a piece of clothing on a molecular level. If 
a piece of clothing is permeated, the chemical may collect on the inside, increasing the chance of skin 
contact with that chemical. Permeation is independent of degradation. Permeation may occur even though 
the clothing may show no signs of degradation. See also chemical-protective clothing. 
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Permissible Exposure Limit (PEL): The PEL refers to the maximum air contaminant concentration a 
worker can be exposed to on a repeated basis without developing adverse effects. The PELs are listed in 
29 CFR 1910.1000 Tables Z-1, Z-2, Z-3. See also CFR 29 Section 1910 Subpart Z. 
 
Physical hazard (OSHA): Means a chemical for which there is scientifically valid evidence that it is a 
combustible liquid, a compressed gas, explosive, flammable, an organic peroxide, an oxidizer, 
pyrophoric, unstable (reactive), or water-reactive. Any chemical that can be classified as a physical 
hazard is considered to be a hazardous chemical under the law. See also hazardous chemical. 
 
Poison: A substance that causes the disturbance, disease, or death of an organism. 
 
Portable containers: Portable containers need not be labeled if they are for “immediate use.” See also 
immediate use. 
 
Produce (OSHA): Means to manufacture, process, formulate, or repackage. 
 
Pyrophoric (OSHA): Means a chemical that will ignite spontaneously in air at a temperature of 130°F 
(54.4°C) or below. Pyrophoric chemicals are considered to be physical hazards. See also physical hazard. 
 
Radiation: Any form of energy propagated as rays, waves, or streams of energetic particles. The term is 
frequently used in relation to the emission of rays. 
 
Reactive (OSHA): Means a chemical which in the pure state, or as produced or transported, will 
vigorously polymerize, decompose, condense, or will become self-reactive under conditions of shocks, 
pressure or temperature. Considered a physical hazard under the law. See also physical hazard. 
 
Reactivity: A measure of the tendency of a substance to undergo chemical reaction with the release of 
energy. 
 
Recommended Exposure Limit (REL) (NIOSH): The highest allowable airborne concentration, which 
is not expected to cause injury. 
 
Registry of Toxic Effects of Chemical Substances (RTECS): A NIOSH publication that is one of the 
information sources OSHA recommends for hazard determination. RTECS provides data on toxicity for 
over 50,000 different chemicals. It has an extensive cross-reference, listing trade names and synonyms. It 
is available as hard copy, computer tape, microfiche, and on-line search. 
 
Reproductive toxins (Appendix A): Chemicals that affect reproductive capabilities, including 
chromosomal damage (mutations) and effects on fetuses (teratogenesis). Examples of reproductive toxins 
include lead and DBCP. 
 
Right to Know: A term applied to a variety of laws and regulations enacted by municipal, county and 
state governments that provide for the availability of information on chemical hazards; also includes the 
OSHA Hazard Communication Standard. See also hazard communication. 
 
SCBA: Self-Contained Breathing Apparatus 
 
SCFM: Standard Cubic Feet Per Minute 
 
Stability: How likely a material is to remain unchanged. Material is considered stable if it remains 
unchanged under normal conditions.  
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Standards: Prescriptive norms that govern action and actual limits on the amount of pollutants or 
emissions produced. 
 
Substance (RI): means any element, entity, compound, combination or any mixture thereof, whether 
organic or inorganic. 
 
Target organ effects: Those effects that are recognized to be a result of exposure to a specific chemical.  
 
Threshold Limit Value (TLV): Represents the air concentrations of chemical substances to which it is 
believed that workers may be exposed daily without adverse effect. 
 
To Store (RI): means to deposit or place a substance in a locale for a period of forty-eight (48) hours or 
more. 
 
Toxic: Harmful to living organisms.  
 
Toxicant: A poisonous agent that kills or injures animal or plant life. 
 
Toxic Chemical Release Form: An information form required to be submitted by facilities that 
manufacture, process, or use (in quantities above a specific amount) chemicals listed under SARA Title 
III. 
 
Toxicity: The degree of danger posed by a substance to animal or plant life. See also acute toxicity; 
chronic toxicity.  
 
Toxic substance: A chemical or mixture that may present an unreasonable risk of injury to health or the 
environment. 
 
Toxic substance (RI): is any chemical substance listed in the latest edition of  “Threshold Limit Value for 
Chemical Substance in the Work Environment: as published by the American Conference of 
Governmental and Industrial Hygienists and the list of carcinogens as published by the International 
Agency for Research on Cancer. (IARC) 
 
Upper flash point limit: The highest concentration of a combustible or flammable gas or vapor in air that 
will produce a flash of fire. See also flash point; lower flash point limit. 
 
Vapor: The gaseous phase of substances that are liquid or solid at atmospheric temperature and pressure, 
e.g., steam. 
 
Vaporization: The change of a substance from a liquid to a gas. 
 
Ventilation/suction: The act of admitting fresh air into a space in order to replace stale or contaminated 
air; achieved by blowing air into the space. Similarly, suction represents the admission of fresh air into an 
interior space by lowering the pressure outside of the space, thereby drawing the contaminated air 
outward. 
 
Vesicant: A chemical that causes blisters. 
 
Volatile: A description of any substance that evaporates readily.  
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Volatile Organic Compound (VOC): Any organic compound that participates in atmospheric 
photochemical reactions except for those designated by the EPA administrator as having negligible 
photochemical reactivity. 
 
Water Solubility: The maximum concentration of a chemical compound that can result when it is 
dissolved in water. If a substance is water-soluble it can very readily disperse through the environment. 
 
Work Area (RI): means any room or defined space, whether within or outside of a building or other 
structure, where toxic or hazardous substances are present.  
 
Workplace (RI): means an establishment or business at one (1) geographic location containing one or 
more work areas. 
SRM: Revised 9/8/03 
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Appendix IV List of OSHA Standards and OSHA-Regulated Chemicals, 

(includes Select Carcinogens) 
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LIST OF OSHA STANDARDS AND OSHA REGULATED CHEMICALS

Chemical Name or OSHA PEL, STEL IDLH Potential Medical Surveillance Chemical

OSHA Standard Name * NIOSH may be less Carcinogen Required if exposure Specific

air concentrations occurs; If exposure>PEL Training

Air Monitoring Required Required

Acrylonitrile 2 ppm, 10 ppm 85ppm; 1ppm=2.17 mg/m3 Probable 29 CFR 1910.1045 Yes

Arsenic (inorganic) 0.010 mg/m3 5 mg/m3 as As Probable 29 CFR 1910.1018 Yes

Asbestos 1 fiber/cm3 per 30 minutes Probable 29 CFR 1910.1001 Yes

Benzene 1ppm, 5 ppm 500 ppm; 1ppm=3.19 mg/m3 Probable 29 CFR 1910.1028 Yes

Bloodborne Pathogens 29 CFR 1910.1030

1,3-Butadiene 1 ppm, 5 ppm 2000 ppm Probable 29 CFR 1910.1051 Yes

Cadmium 0.005 mg/m 9 mg/m3 Probable 29 CFR 1910.1027 Yes

Carcinogens (select) 29 CFR 1910.1003 Yes

2-acetylaminofluorene Yes 29 CFR 1910.1003 Yes

4-aminodiphenyl Yes 29 CFR 1910.1003 Yes

benzidine Yes 29 CFR 1910.1003 Yes

bis-chloromethyl ether Yes 29 CFR 1910.1003 Yes

3,3'-dichlorobenzidine Yes 29 CFR 1910.1003 Yes

4-dimethylaminoazobenzene Yes 29 CFR 1910.1003 Yes

ethyleneimine Yes 29 CFR 1910.1003 Yes

methyl-chloromethyl ether Yes 29 CFR 1910.1003 Yes

alpha-naphylamine Yes 29 CFR 1910.1003 Yes

beta-naphylamine Yes 29 CFR 1910.1003 Yes

4-nitrobiphenyl Yes 29 CFR 1910.1003 Yes

N-nitrosodimethylamine Yes 29 CFR 1910.1003 Yes

beta-propiolactone Probable 29 CFR 1910.1003 Yes

1,2-dibromo-3-chloropropane (DBCP) 0.001 ppm n/a 1ppm=9.67 mg/m3 Probable 29 CFR 1910.1044 Yes

Ethylene oxide 1 ppm, 5 ppm 800; 1ppm=1.80 mg/m3 Probable 29 CFR 1910.1047 Yes

Formaldehyde 0.75 ppm, 2 ppm 20 ppm; 1ppm=1.23 mg/m3 Probable 29 CFR 1910.1048 Yes

 NIOSH:0.016 ppm

Laboratory Standard 29 CFR 1910.1450 Yes

Lead 0.050 mg/m3 100 mg/m3 29 CFR 1910.1025 Yes

Methylene Chloride 25 ppm, 125 ppm 2300 ppm, 1ppm=3.47mg/m3 Probable 29 CFR 1910.1052 Yes

Methylenedianiline (MDA) 0.010 ppm, 0.1ppm Probable 29 CFR 1910.1050 Yes

Occupational Noise: Exposure > 85 decibels 29 CFR 1910.95

Respiratory Protection 29 CFR 1910.134

Vinyl Chloride 1 ppm, 5 ppm n/a  1ppm=5.73 mg/m3 Yes 29 CFR 1910.1017 Yes

Reference: http://www.osha.gov for details IDLH=Immediately Dangerous to

 Life and Health

PEL= Permissible Exposure Limit
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Appendix V Reproductive Toxins 
 
Reproductive toxins, one of OSHA's three categories of Particularly Hazardous Substances, are 
substances that affect reproductive capability and include four general categories. 
 
          • Mutagens - substances that may cause a change (mutation) in the genetic material of a cell. 

 
• Teratogens - substances that may affect the viability or cause physical or metabolic defects in the 
developing embryo or fetus when a pregnant female is exposed to that substance. Teratogens 
typically cause their most severe damage during the first three months of pregnancy when many 
pregnancies are not yet known. 
 
• Sterility/Infertility - substances that may effect female or male fertility. 

 
• Lactation - substances that may be transferred from the mother to the child through the breast 
milk and cause adverse health effects in the child. 

 
Reproductive toxins include physical agents (e.g. radiation), biological agents (e.g., viruses), maternal 
metabolic imbalances, and chemical agents. This section will focus on chemical reproductive toxins.  
 
There are numerous references on reproductive toxicology but, unfortunately, no scientific or government 
agency has established a definitive method for classifying potential human chemical reproductive toxins 
as they have done for carcinogens. It is, therefore, impossible to give an exhaustive list of all chemicals 
that should be considered reproductive toxins. The following list are examples of chemicals known or 
suspected to be human reproductive toxins. The list does not take into account the chemical form, 
concentration, toxicity, or length of exposure. 
 
A large number of chemicals have been reported to be animal reproductive toxins in various species, but 
since there is no established method for defining when animal evidence is sufficient to relate to human 
reproductive toxicity potential, it cannot be meaningfully organized here. Container labels and Material 
Safety Data Sheets should be consulted for the manufacturer's assessment of animal reproductive toxicity, 
and precautions should be taken to minimize exposure to those chemicals particularly during pregnancy. 
 
References: 
American College of Occupational and Environmental Medicine 
http://www.acoem.org
 
Occupational Safety and Health Administration 
http://www.osha.gov/SLTC/reproductivehazards/
 
http://www.osha.gov/oshinfo/priorities/solvents.html 
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Examples of Known or Suspect Human Reproductive Toxins 

 
Mutagens 
Anesthetic gases  Dimethyl Sulfoxide  Solvents* 
Benzene   Ethidium Bromide  Toluene 
Chloropene   Ethylene dibromide  Vinyl Chloride 
1,2-dibromo-3-chloropropane Lead and Compounds 
 
Teratogens 
Aminopterin   Diethylstilboestrol  Phenytoin 
Androgenic steroids  Ethyl alcohol (consumption) Polybrominated biphenyls 
Anesthetic gases  Ethylene Dibromide  Polychlorinated biphenyls 
Antineoplastic agents  Ethylene glycol ethers  1,3-cis-retinoic acid 
Antithyroid drugs  Ethylene oxide   Solvents* 
Arsenic and compounds  Halothane   2,4,5,T (herbicide) 
Busulfan   Lead and compounds  TCDD 
Cadmium and compounds Lithium    Tetracyclines 
Carbon disulfide  Lithium carbonate  Thalidomide 
Carbon monoxide  Lithium citrate   Tobacco smoke 
Chlorambucil   Mercury and compounds Toluene 
Chloroprene   Methimazole   Trimethadone 
Coumarin anticoagulants Methylaminopterin  Valproic acid 
Cyclophosphamide  Nicotine   Vitamin A (consumption) 
DDT    Paramethadione   Warafin 
Diazepam   Penicillamine 
   
Sterility/Infertility 
Anesthetic gases  Ethyl alcohol (consumption) Mirex 
Cadmium   Ethylene dibromide  Naphthyl methylcarbamate 
Carbon disulfide  Ethylene glycol ethers  Polychlorinated biphenyls 
Chloropene   Gossypol   Solvents 
DDT    Kepone    Tobacco smoke 
1,2-dibromo-3-chloropropane Lead and compounds  Vinyl Chloride 
Diethylstilboestrol  Mercury and compounds 
 
Lactation 
Hexachlorobenzene  Methyl mercury   Polychlorinated biphenyls 
Lead    Perchloroethylene 
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Appendix VI (a) Safety Information from the Internet 

 
OSHA Hazard Communication Standard: 29CFR1910.1200 
http://www.osha-slc.gov/OshStd_data/1910_1200.html
 
Rhode Island Hazardous Substance Right-to Know Act 
http://www.rilin.state.ri.us/Statutes/TITLE28/28-21/  
 
EPA New England's College and University Home Page 
Guidance on regulatory compliance, pollution prevention, sustainability, hazardous waste and more. 
http://www.epa.gov/region01/steward/univ/index.html 
 
OSHA 
http://www.osha.gov
To find information about a particular regulation search on the number or keyword, such as 1910.1450, 
reproductive hazards, etc. 
 
EPA 
http://www.epa.gov
 
Sources of Material Safety Data Sheets 
http://www.hazard.com/
 
 http://www.msdssearch.com 
 
Chemical Compatibility Chart 
This is a summary table of the EPA’s Chemical Compatibility Chart.  
http://bifrost.unl.edu/ehs/ChemicalInfo/comptabl.html
 
Chemical Reactivity Worksheet 
The Chemical Reactivity Worksheet is a free program you can use to find out about the reactivity of 
substances or mixtures of substances (reactivity is the tendency of substances to undergo chemical 
change).  
http://response.restoration.noaa.gov/chemaids/react.html
 
Prudent Practices  
This book by the National Academy of Sciences became the basis of the OSHA Laboratory Standard 
http://www.nap.edu/books/0309052297/html/ 
 
National Institute of Occupational Safety and Health (NIOSH) 
http://www.cdc.gov/niosh/homepage.html
 
databases: 
http://www.cdc.gov/niosh/database.html
 
International Safety Cards (English Edition) 
http://www.cdc.gov/niosh/ipcs/nicstart.html  
 
NIOSH Pocket Guide to Chemical Hazards 
http://www.cdc.gov/niosh/npg/npg.html
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NIOSH:Recommendations for Chemical Protective Clothing 
http://www.cdc.gov/niosh/ncpc/ncpc2.html
 
NIOSH: Occupational Health Guidelines for Chemical Hazards 
http://www.cdc.gov/niosh/81-123.html 
 
OSHA: Guide to Personal Protection Equipment 
http://www.osha-slc.gov/Publications/osha3151.pdf
 
American Chemical Society 
Safety in Academic Chemistry Laboratories, 6th edition. Cost: single copies free; 
multiple copies $3.50 each up to 199, $1.75 each for over 200 copies.  
http://membership.acs.org/c/ccs/pub_3.htm
 
Laboratory Safety Institute (LSI) 
List of 40 things to make laboratories safer. 
There is a very good list of laboratory safety guidelines at the web site of the Laboratory Safety Institute: 
http://www.labsafety.org/40steps.htm. 
 
List of Rhode Island Department of Environmental Regulations 
http://www.state.ri.us/dem/pubs/regs/index.htm - WM
 
Waste Minimization/Pollution Prevention 
http://www.uri.edu/safety/labwaste.html
Click on the Pollution Prevention Guideline to see a power point presentation on waste minimization. 
 
Tips on Waste Minimization from Berkeley  
http://www.ehs.berkeley.edu/pubs/factsheets/13wastemin.html
 
Pesticides 
http://npic.orst.edu/
 
Howard Hughes Medical Center Training Course 
Free, online course from the Howard Hughes Medical Institute offers laboratory 
safety training. Includes an end-of-the-course exam. 
http://www.practicingsafescience.org/
 
Carcinogens 
(NIEHS) National Institute of Environmental Health Sciences 
http://www.niehs.nih.gov/
http://157.98.13.104/roc/
 
Agency for Toxic Substances and Diseases Registry 
The ATSDR ToxFAQsTM  is a series of summaries about hazardous 
substances developed by the ATSDR Division of Toxicology. 
http://atsdr1.atsdr.cdc.gov/toxfaq.html#NFPA
Rhode Island Department of Environmental Management site for information on Mercury 
http://www.state.ri.us/dem/topics/mercury.htm
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Compressed Gas Association 
http://www.cssinfo.com/info/cga.html
 
Yale University Safety Videos 
Contains short computer viewable videos on various laboratory safety topics. 
http://www.yale.edu/oehs/stream.htm
 
American College of Occupational and Environmental Medicine 
This site provides guidelines for managing potential occupational reproductive health hazards. 
http://www.acoem.org/
 
Rhode Island Latex Glove Law 
http://www.rilin.state.ri.us/Statutes/TITLE23/23-73/INDEX.HTM
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Appendix VI(b) Reference Materials Listed in the OSHA Laboratory Standard 
 
A.General References: 
 
1. American Chemical Society, Safety in Academic Chemistry Laboratories, 6th edition, 1995. 

 
2. Fawcett, H.H. and W.S. Wood, Safety and Accident Prevention in Chemical Operations, 2nd 
edition, Wiley-Interscience, New York, 1982. 
 
3. Flury, Patricia A., Environmental Health and Safety in the Hospital Laboratory, Charles C. 
Thomas Publisher, Springfield IL, 1978. 
 
4. Green, Michael E. and Turk, Amos, Safety in Working with Chemicals, Macmillan Publishing 
Co., NY, 1978. 
 
5. Kaufman, James A., Laboratory Safety Guidelines, Dow Chemical Co., Box 1713, Midland, MI 
48640, 1977. 
 
6. National Institutes of Health, NIH Guidelines for the Laboratory use of Chemical Carcinogens, 
NIH Pub. No. 81-2385, GPO, Washington, DC 20402, 1981. 
 
7. National Research Council, Prudent Practices for Disposal of Chemicals from Laboratories, 
National Academy Press, Washington, DC, 1983. 
 
8. National Research Council, Prudent Practices for Handling Hazardous Chemicals in 
Laboratories, National Academy Press, Washington, DC, 1981., Revised 1995. 
 
9. Renfrew, Malcolm, Ed., Safety in the Chemical Laboratory, Vol. IV, J. Chem. Ed., American 
Chemical Society, Easlon, PA, 1981. 
 
10. Steere, Norman V., Ed., Safety in the Chemical Laboratory, J. Chem. Ed. American Chemical 
Society, Easlon, PA, 18042, Vol. I, 1967, Vol. II, 1971, Vol. III, 1974. 
 
11. Steere, Norman V., Handbook of Laboratory Safety, the Chemical Rubber Company 
Cleveland, OH, 1971. 
 
12. Young, Jay A., Ed., Improving Safety in the Chemical Laboratory, John Wiley & Sons, Inc. 
New York, 1987. 
 
B. Hazardous Substances Information: 
 
1. American Conference of Governmental Industrial Hygienists, Threshold Limit Values for 
Chemical Substances and Physical Agents in the Workroom Environment with Intended Changes, 
6500 Glenway Avenue, Bldg. D-7, Cincinnati, OH 45211-4438. 
 
2. Annual Report on Carcinogens, National Toxicology Program U.S. Department of Health and 
Human Services, Public Health Service, U.S. Government Printing Office, Washington, DC, (latest 
edition). 
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3. Best Company, Best Safety Directory, Vols. I and II, Oldwick, N.J., 1981. 
 
4. Bretherick, L., Handbook of Reactive Chemical Hazards, 2nd edition, Butterworths, London, 
1979. 
 
5. Bretherick, L., Hazards in the Chemical Laboratory, 3rd edition, Royal Society of Chemistry, 
London, 1986. 
 
6. Code of Federal Regulations, 29 CFR part 1910 subpart Z. U.S. Govt. Printing Office, 
Washington, DC 20402 (latest edition). 
 
7. IARC Monographs on the Evaluation of the Carcinogenic Risk of chemicals to Man, World 
Health Organization Publications Center, 49 Sheridan Avenue, Albany, New York 12210 (latest 
editions). 
 
8. NIOSH/OSHA Pocket Guide to Chemical Hazards. NIOSH Pub. No. 85-114, U.S. 
Government Printing Office, Washington, DC, 1997 (or latest edition). 
 
9. Occupational Health Guidelines, NIOSH/OSHA. NIOSH Pub. No. 81-123 U.S. Government 
Printing Office, Washington, DC, 1981. 
 
10. Patty, F.A., Industrial Hygiene and Toxicology, John Wiley & Sons, Inc., New York, NY (Five 
Volumes). 
 
11. Registry of Toxic Effects of Chemical Substances, U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational 
Safety and Health, Revised Annually, for sale from Superintendent of documents US. Govt. Printing 
Office, Washington, DC 20402. 
 
12. The Merck Index: An Encyclopedia of Chemicals and Drugs. Merck and Company Inc. 
Rahway, N.J., 1976 (or latest edition). 
 
13. Sax, N.I. Dangerous Properties of Industrial Materials, 5th edition, Van Nostrand Reinhold, 
NY., 1979. 
 
14. Sittig, Marshall, Handbook of Toxic and Hazardous Chemicals, Noyes Publications. Park 
Ridge, NJ, 1981. 
 
C. Information on Ventilation: 
 
1. American Conference of Governmental Industrial Hygienists Industrial Ventilation (latest edition), 
6500 Glenway Avenue, Bldg. D-7, Cincinnati, Ohio 45211-4438. 
 
2. American National Standards Institute, Inc. American National Standards Fundamentals 
Governing the Design and Operation of Local Exhaust Systems ANSI Z 9.2-1979 American 
National Standards Institute, N.Y. 1979. 
 
3. Imad, A.P. and Watson, C.L. Ventilation Index: An Easy Way to Decide about Hazardous 
Liquids, Professional Safety pp 15-18, April 1980. 
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4. National Fire Protection Association, Fire Protection for Laboratories Using Chemicals 
NFPA-45, 1982 (or latest edition). 
 
Safety Standard for Laboratories in Health Related Institutions, NFPA, 56c, 1980. 
 
Fire Protection Guide on Hazardous Materials, 7th edition, 1978. 
 
National Fire Protection Association, Batterymarch Park, Quincy, MA 02269. 
 
5. Scientific Apparatus Makers Association (SAMA), Standard for Laboratory Fume Hoods, 
SAMA LF7-1980, 1101 16th Street, NW., Washington, DC 20036. 
 
D. Information on Availability of Referenced Material: 
 
1. American National Standards Institute (ANSI), 1430 Broadway, New York, NY 10018. 
 
2. American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA 
19103. 
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Appendix VII NFPA Label System 
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NFPA 1990  
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Appendix VIII URI Hazard Communication Sign 
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Building: __________________ 
Room:    __________________ 
Department: _______________ University of Rhode Island

HAZARD COMMUNICATION
This room contains the following hazards:

Chemicals
Ignitable (Flammable) 
Toxic
Corrosive
Oxidizer
Reactive
Explosive

Compressed Gases
Cryogenic Gases
Biohazards
Radioactive Materials 
X-Rays
Lasers
Electrical/high voltage
Designated Area (Specify chemicals):

Other, specify:
___________________________________________

AUTHORIZED PERSONNEL ONLY 
NO EATING, DRINKING, OR SMOKING PERMITTED IN THIS AREA. APPROPRIATE PPE REQUIRED
RREQUIRED.

URI Emergency Contacts:     Date Posted:___________
Fire or Emergency (24/7) 874-2121 Campus Police & Security 
Faculty
Name: _______________________________ Phone # ________________________ 
Key Personnel
Name: _______________________________ Phone # ________________________ 
Name: _______________________________ Phone # ________________________ 
Environmental or Hazardous Waste Questions, Dept. of Safety and Risk Management 874-2618
The Material Safety Data Sheets are Located: ________________________________ 
SRM rev. 8/19/04
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Department of Safety                                                                                   Tel:   401-874-2618 
                              & Risk Management                                                                                     Fax: 401-789-5126 

Laboratory Safety Program

SRM  9/11/00, rev. 9/13/03 1

                              

LABORATORY SAFETY INSPECTION 
 
Department: _________________________  Professor/Prin.Invest.:___________________________ 
 
Building: _________________________   Contact: ____________________Tel:_______________ 
 
Room(s): _________________________  Inspected by:_____________ Date:________________ 
 
       Accompanied by:_______________________________ 
Notes: 
x in the yes box means that no problem was observed at the time of the inspection 
x in the no box means that action is required by the laboratory supervisor 
x in the n/a box means the item is not applicable 
** in the No column indicates that a repeat violation exists 

A.  Safety Practices 
1.  All work practices observed at the time of the inspection were being performed safely  yes no   n/a 
 
2.  Good housekeeping practices are observed       yes   no   n/a 
 
B.  Emergency Equipment and PPE 

1.  URI Emergency Information cards posted on hallway doors      yes   no   n/a 
 

2.  Fire extinguishers are appropriate, unobstructed, secured  and inspected    yes   no   n/a 
   

(Number) Dry Chem.  _____    Halon_____    CO2_____    APW_____ 
 

Date on Tag     _____             _____           _____            _____ 
 

Tamper Seal On     _____             _____           _____            _____ 
 

3.  Spill control kits appropriate and available       yes   no  n/a   
  

4.  First aid kit available          yes   no   n/a   

   

5.  Appropriate personal equipment is available, clean and in good condition    yes no   n/a 
        (goggles, gloves, lab coats and aprons) 
 

6.  Respirator users (including disposable masks) fit tested and trained     yes   no   n/a 
       Names of users:_________________________________________ 
 

7.  Eye wash stations accessible, operational, labeled and tested    (date tested ________)  yes   no   n/a 
 

8.  Safety shower within 100 feet, unobstructed and tested        (date tested_________)  yes   no   n/a 
 

9.  Door posted for hazards (flammables/toxic/biohazards/radiation/lasers)    yes no n/a 

C.  Chemical Safety 

1.  All containers are completely and appropriately labeled      yes   no   n/a 

2.  Incompatible chemicals stored separately        yes   no   n/a  
    

3.  All chemicals stored by hazard class        yes   no   n/a 
      

4.  All chemicals, especially peroxide formers, dated at time of receipt      yes   no   n/a 
     and again at time of opening        
  

5.   Peroxide formers disposed of within one year of purchase      yes   no   n/a 
  

6.  All chemical containers are tightly closed when not in use      yes   no   n/a 
   

7.  Flammable liquids greater than 25 gallons stored in safety cabinets     yes   no   n/a 
 

8.  Flammable liquids in quantities over 1 gallon are stored in safety cans     yes   no   n/a 
     

9.  Flammable chemical storage areas free of ignition sources      yes   no   n/a 
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C.  Chemical Safety continued

10.  Flammables that need cold storage are stored in explosion-proof refrigerators   yes   no   n/a 

11.  There are no chemicals stored on floors, near floor drains or in/under sinks    yes   no   n/a 

12.  Food and beverages are not consumed in the lab or stored in the laboratory refrigerator  yes   no   n/a 
 

13.  No application of cosmetics allowed unless a personnel area is segregated by a doorway  yes   no   n/a 
 

14.  Chemical inventory is complete and up-to-date       yes   no   n/a 
      

15.   MSDS available for hazardous chemicals used in the lab   (located_______________)  yes   no   n/a 
    

16.  Written standard operating procedures/protocols developed for use of hazardous materials  yes   no   n/a 
      and use of laboratory equipment 
 

17.  Unstable nitro compounds (e.g. picric acid) are not dry in appearance    yes   no   n/a 
 

18.  No hazardous liquids are stored above the eye level of the shortest person in the lab   yes   no  n/a 
 

19.  All instruments exhausting hazardous gases are vented to the hood    yes   no   n/a 
 
D.  General Safety 

1.  Bunsen burner hose connections are undamaged and securely clamped    yes   no   n/a 
 

2.  All exit doors and the egress pathway leading to them are unobstructed    yes   no   n/a 
 

3.  Electrical plugs/cords are not visibly damaged and do not cross aisles    yes   no   n/a 
 

4.  Extension cords where used are of appropriate type      yes   no   n/a 
 

5.  Electrical outlets near water are GFI        yes   no   n/a 
 

6.  Fume and biological hoods are used properly and are not used for routine storage   yes   no   n/a 
    

7.  Fume hood in working condition and inspected within the past twelve (12) months   yes   no   n/a 
Hood # ______________Date ________________ Average CFM _________________ 
Hood # ______________Date ________________ Average CFM _________________ 
Hood # ______________Date ________________ Average CFM _________________ 
Hood # ______________Date ________________ Average CFM _________________ 
 

8.  Laboratory equipment with moving parts are guarded (fan belts)     yes no   n/a 
 

9.  Shielding on vacuum/pressurized glassware       yes   no   n/a 
 

10.  Are water lines secure          yes   no   n/a 
 

11.  Laboratory water lines to instruments do not drain back to the water supply (faucet)   yes   no   n/a 
      and water lines are below the water supply (faucet)       
 

12.  Is there an appropriate container for non-recyclable glass?  yes   no   n/a Sharps?  yes   no   n/a 

E.  Gas and Cryogen Safety 

1.  Gas cylinders are secured in the top third and stored away from heat sources    yes   no   n/a 
   

2.  Gas cylinders are capped if not in use        yes   no   n/a 
 

3.  Gas cylinders are properly labeled        yes no   n/a 
  Type  of Cylinder                    Quantity 
  ______________  ___________ 
  ______________  ___________ 
  ______________  ___________ 
  ______________  ___________ 
 

4.  Regulators shut off when not in use        yes   no   n/a 
 

5.  Cryogenic liquid safety  (warning signs, gloves, labels)      gloves  face shield  n/a 
 

6.  Cryogenic materials are stored in vessels with appropriate pressure rating    yes   no   n/  
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F.    Other Hazards Present 

1.  Explosive materials          yes   no   n/a 
 

2.  Biomedical waste including Pathogens, human or animal      yes   no   n/a 
 

3.  Lasers           yes   no   n/a 
 

4.  Radioactivity           yes   no   n/a 
 

5.  X-ray equipment          yes   no   n/a 
 

6.  Photography           yes   no   n/a 
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HAZARDOUS WASTE INSPECTION FORM
 
 
Notes: 
x in the yes box means that no problem was observed at the time of the inspection 
x in the no box means that action is required by the laboratory supervisor 
x in the n/a box means the item is not applicable 
** in the No column indicates that a repeat violation exists 
 
 Hazardous Waste Management Practices 

1.  Chemical waste storage area designated in each laboratory with a      yes   no   n/a 
“Hazardous Waste Accumulation” sign 
 

2.  Containers properly and completely labeled with “Hazardous Waste” label    yes   no   n/a 
(all items on label filled in completely) 
 

3.  Waste storage containers of proper material and in good condition     yes   no   n/a 
 

4.  Each container is closed except when adding waste with a tight fitting cap    yes no   n/a 
 

5.  There is secondary containment for liquid waste    (Tray number____________)   yes   no   n/a 
 

6.  There is no more than one (1) container for each waste stream which is not greater than   yes   no   n/a 
 55 gallons  or one (1) quart of acutely hazardous waste 
 

7.   All laboratory workers have taken the Hazardous Waste Training     yes   no   n/a 
 

8.  Weekly Hazardous Waste Accumulation Inspection records are up-to-date    yes   no   n/a 
 

                                                        Training certificates are available     yes   no  n/a 
 

                                                               MSDSs  are available     yes   no   n/a 
 

     Written SOP’s are available    yes   no   n/a 
                                                                

9.  A copy of the URI Laboratory Waste Guidebook is in the laboratory     yes  no   n/a 

Type of research: 

Number of containers of chemicals in lab:  <100 100-500  >500

Comments:

 The P.I. is required to confirm in writing to the SRM office within 30 days following receipt of this report that 
the requirements, recommendations, suggestions and/or requests specified in the remarks checked with a NO 
response have been completed and/or remediated. The P.I.’s response should be keyed to specific numbered 
remark checked with a NO response. This report is to be saved along with the Weekly Hazardous Waste 
Accumulation records and training certificates and becomes part of the laboratory documentation. If the P.I. is 
unable to comply within 30 days with any of the hazardous waste requirements, SRM must be contacted for 
assistance.  
 
 No written reply to the SRM office is required from the P.I. as a result of this report. This report is to be 

saved along with the Weekly Hazardous Waste Accumulation records and training certificates and becomes 
part of the laboratory documentation.   
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Appendix X University of Rhode Island Policy on Eating, Drinking or Smoking in Laboratories 

 
Introduction:  In many laboratories at the University of Rhode Island, researchers work with 
radioisotopes, biological agents or hazardous chemicals that can be harmful if ingested. Food, drink or 
other materials can become contaminated in the laboratory, and ingestion of contaminated materials 
places individuals at unnecessarily increased risk. 
 
For this reason a basic tenet of safety in the laboratory is the prohibition of eating, drinking, applying 
cosmetics, and smoking in the laboratories. 
 
1. Eating, drinking, applying cosmetics, and smoking are prohibited in laboratories where radioisotopes, 
biological agents, or hazardous chemicals are used. No employee or student shall be allowed to consume 
or store food or beverages in any area that may be exposed to a hazardous material. Supervisors shall 
identify and label areas exposed to toxic materials with “NO EATING OR DRINKING PERMITTED IN 
THIS AREA” signs. 

 
This prohibition applies to an entire laboratory, not merely to areas within the laboratory where hazardous 
materials are used. This prohibition does not apply to space associated with laboratories (such as an 
interior office) that is physically separated from the laboratory area by floor-to-ceiling walls with doors 
which will close, and in which hazardous materials are never used or stored. 
 
In BioSafety Level (BSL3) laboratories, the prohibition applies to all areas, including interior 
offices and similar space even if it is separated by such barriers. 
 
2. In areas where eating and drinking are prohibited, food and beverages (and empty food and beverage 
containers) should not be stored, left or discarded. Government regulators and University Safety and Risk 
Department personnel may regard discarded food or beverage containers in a laboratory as evidence of 
eating and drinking in a laboratory. 
 
3. No food or beverage shall be stored in a refrigerator or freezer where radioisotopes, biological 
agents, or hazardous chemicals are stored. 
 
4. No food or beverage shall be placed in a microwave oven or other heating device that is used to 
conduct experimental procedures utilizing radioisotopes, biological agents, or hazardous chemicals.  
 
5. Refrigerators, freezers, and microwaves used for the storage or processing of chemicals, 
experiments or other hazards shall be labeled with “HAZARDS STORAGE ONLY. NOT FOR 
FOOD STORAGE” signs. 
 
6. Refrigerators, freezers, and microwaves used for the storage or processing of food or 
beverages shall be labeled with “FOOD ONLY. NOT FOR CHEMICAL OR HAZARDS 
STORAGE” signs. 
 
7. Any food product used in the laboratory for experimental purposes must be clearly labeled 
“NOT FOR HUMAN CONSUMPTION” 
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URI Department of Safety and Risk Management Laboratory Safety Program Tel: 874-2618, Fax: 789-5126 
Template Form: URI Laboratory Specific Standard Operating Procedure 

Use additional Sheets as Necessary 
 
TITLE:___________________________________________________ 
SOP#__________ 
Date: ____________________________Revised:_________________ 
Principal Investigator: _______________________________________ 

Room & Building: _______________________________________ 
Phone Number: _______________________________________ 
Prior Approval is Required: YES NO  By Whom?_____________ 
Safety&Risk: YES NO Principal Investigator: YES  NO Other, specify: YES NO 
 
Section 1: (Check One) 

Process (Method)  Hazardous Chemical   Hazard Class 
 
 
Section 2: Describe Process, Hazardous Chemical or Hazard Class. 
List the names of all hazardous chemicals including (IUPAC) name, common name, and CAS number included in 
this SOP.  
 
 
 
 
 
Section 3: Potential Hazards. 
Describe the potential hazards for each process, hazardous chemical or hazard class.  Include physical and health 
hazards. Record the LD50 and Permissible exposure limit (PEL) if available. Check MSDS for this information. 

 
 
 

Section 4: Personal Protective Equipment. 
Identify the required level of PPE and hygiene practices needed.  PPE includes gloves, aprons, lab coats, eye 
protection, etc. Check MSDS for this information. 
 
 
 
 
 
Section 5: Engineering Controls. 
Describe engineering controls that will be used to prevent or reduce employee exposure to hazardous chemicals.  
This includes ventilation devices such as fume hoods. 
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Section 6: Special Handling and Storage Requirements. 
List storage requirements for hazardous chemicals involved with the SOP, including  specific areas, and policies 
regarding access to chemicals.  Special procedures such as dating peroxide formers are appropriate here. How will 
contamination of the lab be prevented? Is a special “designated area” required? 
 
 
 
 
Section 7: Spill and Accident Procedures. 
Indicate how spills or accidental releases will be handled and by whom. Consider the size of the spill that can be 
safely cleaned up by the laboratory personnel. List the location of appropriate emergency equipment (spill kit, eye 
washes, showers, and fire equipment).  Any special requirements for protecting  personnel from exposure should be 
identified here. 

Section 8: Decontamination Procedures. 
Specify decontamination procedures to be used for equipment, glassware, and clothing: including equipment such as 
glove boxes, hoods, lab benches, and controlled (special “designated area”)  areas within the lab. 

Section 9: Waste Disposal Procedures. 
Waste must be disposed in accordance with the URI Laboratory Waste Guidebook. Note any special requirements. 

Section 10: Material Safety Data Sheet Locations. 
Indicate the location of MSDSs for each hazardous chemical used.  Also, indicate the location of other pertinent 
safety information, i.e. equipment manuals, chemical references, etc. 

Section 11: Laboratory Specific Protocol(s): 
Insert your laboratory protocol for specific handling and operational practices. 
 
 
 
 
 
Section 12: Training Record-to be completed by students or staff working in this lab. 
I have read this SOP and understand the procedures to be followed.  
Laboratory Worker: 
Print Name:____________________ Signature:_______________  Date:___________ 
 
Principal Investigator: 
Print Name:____________________ Signature:_______________  Date:__________ 
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Appendix XII Latex Glove Warning Sign 
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Notice 
Latex Gloves in Use 

 
1. Exposure to latex may result in the 

development of an allergy. 
 
2. Allergic reactions to natural rubber can 

manifest by skin rash, hives, nasal and 
eye irritation, asthma and shock. 

 
3. Should you or your family experience 

allergic reaction symptoms, then you 
should contact your health care provider.  

 
     RIGL:23-73 
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URI Department of Safety and Risk Management Laboratory Safety Program 
Tel: 874-2618, Fax: 789-5126 

 
Please Post 

CHEMICAL SPILL EMERGENCY RESPONSE 

The following steps should be taken in the event of a serious chemical spill: 
 
1. EVACUATE: 

Alert others who are in the area and direct/assist them in leaving. 
Without endangering yourself: Remove injured to fresh air, remove contaminated 
clothing and flush contaminated skin and eyes with water for 15 minutes. If 
anyone has been injured or exposed to toxic chemicals or vapors, call 874-2121 
and seek medical attention immediately. 
 Leave the spill area. 

 
2. CONFINE: 

 Close all the doors and isolate the area. 
 Prevent people from entering the spill area. 

 
3. REPORT: 

From a safe place, call 874-2121 
Report the emergency and give 

 Your name, location, and phone number 
  Location of the spill 
  The name and the amount of the spill 
  The extent of the injuries 

   The safest route to the spill 
Stay by that phone in case additional information is required. 
Emergency services will respond to stabilize spills or clean up and provide 
medical attention. 

 
4. SECURE: 

Until emergency response personnel arrive; block off the areas leading to the spill. 
Post personnel near commonly used entrances to the area to direct people to use other 
routes. 
Notify supervisor. 

 
ALL EMERGENCIES: Call Campus Police 874-2121 
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Appendix XIV EPA’s List of Persistent, Bioaccumulative, and Toxic 
Chemicals -  (PBTS) 
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Appendix XIV EPA’s List of Persistent Bioaccumulative and Toxic Chemicals 
 
EPA's 30 Waste Minimization Priority Chemicals are listed below alphabetically by chemical name, 
along with each chemical's Chemical Abstract Services Registry Number (CASRN). The 30 
chemicals fall within two of the 14 commonly used chemical categories recognized by the CAS: 
organic chemicals and metals. 
 
A Fact Sheet for each individual chemicals can be accessed on the web site: 
http://www.epa.gov/epaoswer/hazwaste/minimize/chemlist.htm 
 
 
CAS Name 
Organics  
120-82-1     1,2,4- Trichlorobenzene 
95-94-3      1,2,4,5-Tetrachlorobenzene 
95-95-4      2,4,5- Trichlorophenol 
101-55-3     4-Bromophenyl phenyl ether 
83-32-9      Acenaphthene 
208-96-8 Acenaphthylene 
120-12-7 Anthracene 
191-24-2     Benzo(g,h,i)perylene 
132-64-9 Dibenzofuran 
 Dioxins/Furans 
33213-65-9   Endosulfan, beta 
959-98-8     Endosulfan, alpha 
86-73-7                            Fluorene 
76-44-8                            Heptachlor 
1024-57-3    Heptachlor epoxide 
118-74-1     Hexachlorobenzene 
 87-68-3                           Hexachlorobutadiene 
58-89-9 Hexachlorocyclohexane, gamma 
67-72-1      Hexachloroethane 
72-43-5      Methoxychlor 
91-20-3      Naphthalene 
 PAH (polyaromatic hydrocarbons) Group 
40487-42-1                      Pendimethalin 
608-93-5     Pentachlorobenzene 
82-68-8      Pentachloronitrobenzene 
87-86-5      Pentachlorophenol 
85-01-8      Phenanthrene 
129-00-0     Pyrene 
1582-09-8    Trifluralin 
Metals  
7440-43-9    Cadmium 
7439-92-1    Lead 
7439-97-6    Mercury 
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Standard Operating Procedure 002 
 

Laboratory Water 
 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

11/16 
3 
 
Linda Green 

 

1.0 PURPOSE AND DESCRIPTION 

There are three types of water in the URI Watershed Watch (URIWW) laboratories: tap water, 
deionized water and Ultrapure water.  Each type of water is used for specific purposes. 
 

1.1 Tap Water 

Tap water is found at each sink and is used for the initial rinsing of labware.  
 
The University of Rhode Island is located in the Kingston Water District; water is stored in the 
water tower on Flagg Road. 
 

1.2 Deionized Water (DI) 

Deionized water (DI) is tap water that has had most ions removed.  The deionizing process is 
done centrally for the building.  Each laboratory has at least one DI water tap.  In the URIWW 
laboratory there are two DI water taps: one at the main sink and another at the sink in the 
central laboratory bench.   
 
DI water is used for rinsing labware between pH and other laboratory measurements, rinsing 
labware after acid-soaking and for preparing certain reagents.  It is obtained by turning on the 
tap.   
 
Do not leave the tap running.  Do not leave the hose hanging in the sink when not in use, coil it 
up. 
 

1.3 Ultrapure Water.   

Ultrapure water is made from the further processing of DI water to remove almost all ions.  Each 
laboratory has one Aries Vaponics filtration unit.  The one in the URIWW laboratory is located at 
the main sink.  This water is sometimes referred to as “Millipore water” since that was the brand 
of the purifying units in Woodward Hall (the location of the URIWW laboratory prior to moving to 
the Coastal Institute building). 
 
This water is used for final rinsing of all critical labware, such as total phosphorus/total nitrogen 
(TP/TN) vials, beakers and volumetric flasks.   
 
It is also used for making up critical reagents such as nutrient standards.  It should not be 
wasted.  
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2.0 METHOD USED TO OBTAIN ULTRAPURE WATER 

1. Turn on the switch on the top right of the Aries Vaponics unit. 

2. Observe the digital number on the front right of the unit.  Once the number reaches 
approximately 17 megaohms the water is ready for use.   

a. This should only take a few seconds.   

b. If it takes longer contact Linda Green as the cartridges may need to be replaced. 

3. Open the tap by turning the handle coming out of the right side of the unit near the hose 
up. 

4. When making reagents let at least 500 ml water flow into the sink before collecting water 
for use.    

a. This allows the system to flush out any possible contamination collected in the 
hose. 

b. It is not necessary to allow the system to flush when rinsing labware. 

5. Control the flow of water by the handle only.  Do not try to slow the flow by pinching the 
hosing.  The back pressure can damage the Aries Vaponics unit. 

6. The flow of water from the unit is fairly slow; therefore the two 20 gallon carboys next to 
the purifying units are routinely filled with Ultrapure water for general use.   

a. When filling a carboy, do not forget that water is flowing and leave the laboratory.  
Washing the floor with Ultrapure water is expensive!!!! 

b. One of the carboys leaks from the valve a bit, tighten the top cap when the 
carboy is not in use to stop the drip.   

7. Do not leave the hose from the Ultrapure unit hanging in the sink.  It will pick up 
contaminants.  Coil it up and place it over the tap when not in use. 

8. Turn off the switch on the top right of the Aries-Vaptronics unit when done. 

 
2.1 Quality Assurance/Maintenance 

2.1.1 Daily Quality Assurance 

Each time that the Aries Vaponics unit is used the built-in digital Ohm meter will be checked. A 
log of megaohms reading will be recorded for each use. The Ohm meter should read 
approximately 17 megaohms.  If the observed value is less than 17 megaohms contact Linda 
Green or Elizabeth Herron to replace the filtration cartridges.  
 
The date of cartridge installation will be written on each cartridge. 
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2.1.2 Annual Metals Testing 

Annually, water obtained from the Aries Vaponics units in Rooms 018 (autoanalyzer lab) and 
Room 019 (microbiological analysis lab) will be tested for lead, cadmium, chromium, copper, 
nickel and zinc.  These contaminations will be at a level of less than 0.05 mg/L per contaminant 
and less than 0.1 mg/L when added together.   
 
Corrective Action 
If the annual metals testing reveals metal value(s) at a level greater than acceptable then the 
water will not be used for microbiological purposes until another sample is taken and returns an 
acceptable value.   
 

2.1.3 Monthly heterotrophic plate count 

Monthly a sample of water from Room 002 and 019 will be analyzed for heterotrophic plate 
count.  The test results will be less than 500 CFU/ml.   
 
Corrective Action 
 
If the monthly heterotrophic plate count(s) return a value greater than 500 CFU/ml then the 
affected water source(s) will not be used for microbiological purposes until another sample is 
taken and returns an acceptable value. 
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1.0  PURPOSE AND DESCRIPTION  

Clean labware and sampling containers are necessary to obtain accurate results for the assays 
analyzed in the laboratory. Proper cleaning procedure is imperative to maintain the necessary 
level of cleanliness.  

2.0  HEALTH AND SAFETY  

Glassware and plasticware are soaked in a bath of dilute (10%) hydrochloric acid, which is kept 
in the fume hood. Wear apron, heavy gloves and goggles when working with the acid baths, or 
with samples that have just been removed from the acid baths. Aprons, gloves and goggles are 
stored in vicinity of the main sink and fume hood.  

3.0  METHOD DESCRIPTION  

1.  3.1  Overview  

2. Labware is washed in non-phosphate detergents. Do not use any commercially available 
detergent. The laboratory uses Contrex #5301AL alkaline phosphate free liquid 
detergent. It is stored under the sink in a 1-gallon container. Pour a small amount into 
labeled squeeze bottles, dilute with DI water when using directly on glassware. Pour a 
small amount of concentrated Contrex into a 5-gallon bucket when soaking glassware. 

3. Nalgene bottles used for sampling (250 ml) or processing (125 ml) bacteria are NEVER 
washed with detergent (soap), only soaked and rinsed with deionized (DI) water. 

4. Labware is acid soaked, large (500 ml) plastic bottles are not. Bacteria bottles are not 
acid-soaked. Ask if you have any questions.  

5. Tap water and DI water can be obtained at each sink from the appropriately labeled tap.  

6. The Aries Vaponics system, referred to as Ultrapure water, is to the left of the main sink 
in the main University of Rhode Island Watershed Watch (URIWW) laboratory. To 
produce Ultrapure water, turn on at the switch, wait until the readout reaches 
approximately 17 megaohms and open the valve. Refer to SOP 002 - Laboratory Water 
for further details.  

7. In the URIWW laboratory, water samples are collected from lakes, ponds, streams and 
estuaries. In addition, there are glass vials used for total phosphorus/total nitrogen 
(TP/TN) digestion only. These vials have dedicated “label-soaking” and “soapy soak” 
tubs in the autoanalyzer room (room 018). These glass vials are not washed/soapy 
soaked with general labware. SOP 016 – Total Phosphorus and Nitrogen Analysis 
provides information on how to clean TP/TN vials.  
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8. Since there are multiple students working in the laboratory, it is important to keep track of 
which cleaning step has been completed to ensure that no steps are missed. Using 
scrap paper, label the labware with:   

a. Where the labware is in its washing regimen when left for soaking or drying, etc.  

b. Date 

c. Technician’s initials 

  

  3.2  Labware Cleaning Procedure  

3.2.1 Summary  

The following is a general summary of the steps involved in cleaning labware. Do not place any 
bottle caps in any acid bath.  
  

1. Empty (non-hazardous) contents of bottles down the drain and hazardous contents into 
the appropriate waste containers.  

2. Remove labels. This is expedited by soaking bottles in hot tap water. Label-soaking is a 
separate step, using a separate tub from soapy water soak/wash. We have discovered 
that some labels are high in phosphorus.  

3. Wash in soapy water in the appropriate tub. Use brush to scrub inside of bottles.  

4. Rinse with tap water.  

5. Soak for at least 24 hours in tub of 10% hydrochloric acid.  

6. Rinse thoroughly with DI water, inside and out.  

7. Fill labware with DI or Ultrapure water and allow to soak for at least 24 hours.  

8. Rinse the inside and outside with Ultrapure water.  

9. Air dry, inverted.  

10. Put away in appropriate location.  

  

3.2.2 Full Description of Labware Cleaning Procedure.  

All labware including sample bottles, (with the exception of 500 ml and orange capped plastic 
bottles used for pH and alkalinity analyses, and the 250 ml plastic bottles that are sterilized and 
used for bacteria samples, as well as the 125 ml plastic bottles that are marked at 100 mL with 
a dot on the caps used for IDEXX processing) as well as beakers used for pH and alkalinity 
analysis, are soaked in acid after the soapy water soak and rinse. Plasticware used for filtered 
samples is also acid-soaked after soapy water wash and rinse.  
  
TP/TN digestion vials have further cleaning requirements after the acid soaking, which is 
detailed in SOP 016 – Total Phosphorus and Nitrogen Analysis.  
  

1. Always wear an apron, heavy gloves and goggles when washing labware. This safety 
equipment is stored in the vicinity of the sinks and fume hood in each laboratory.  
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2. Empty (non-hazardous) contents of bottles down the drain and hazardous contents into 
appropriate, labeled waste containers.   

3. Rinse labware with tap water.  

4. To remove labels fill a 5-gallon bucket, or the sink with (preferably) hot water and place 
labware into the water. The hot water expedites label removal. Note that hot water is 
often unavailable in the summer.   

5. Remove all traces of the labels as they are high in phosphorus. Rinse the outside of the 
labware where the label was. Empty any water from the labware.   

6. Dump out, rinse and re-use the bucket or fill another bucket with tap water and a squirt of 
detergent. Add labware and soak for at least a 1/2 hour. Use an appropriately sized 
brush to scrub bottles and labware.   

7. Rinse labware 3 times with tap water, inside and out.  

8. Put cleaned labware into a labware carrying tub and carry it to the acid baths, which are 
inside the fume hood (room 002).  

9. Remove the top from the acid-soaking tub. Carefully put labware into the tub minimizing 
splashing. Remember the tub contains 10% hydrochloric acid. Make sure the labware is 
completely covered by the acid solution. Standing the bottles upright ensures that there 
are no air pockets, and allows the most bottles to fit in the tub. 

10. Label the date and time the labware was placed into the tub by securing labels on the 
outside of the glass of the fume hood. Soak the labware for at least 24 hours.  

11. After acid soaking, carefully remove labware, emptying acid back into the bath. Put the 
labware into a labware carrying tub and bring it to a sink. Do not carry labware dripping 
with acid to the sink.  

12. Fill each piece of labware with DI water and allow it to soak for at least 24 hours, be sure 
to label the piece of labware with the date of filling.  

13. After soaking, empty out and discard the soaking water and rinse 3 times with Ultrapure 
water.  

14. Invert to air dry on drying rack or on clean paper towels. Volumetric flasks are stored 
filled with Ultrapure water with parafilm across the opening, so they do not have to be 
allowed to air dry.   

15. After drying, graduated cylinders are stored with either parafilm or aluminum foil across 
the top. Bottles are stored with caps loosely attached before placing in boxes in the 
appropriate area of the laboratory.  

  
3.2.3 Plasticware & All Bottle Caps Cleaning Procedure  

Plasticware is used to hold samples for pH, alkalinity, chlorophyll filtration, total suspended 
solids (TSS), biological oxygen demand (BOD) and/or microbial sampling and analysis. This 
plasticware is never soaked in acid to minimize the potential for inadvertently acidifying the 
water samples.   
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Bottles utilized in the microbiological sampling and assays are NEVER washed with soap and 
are autoclaved after cleaning. The procedure for autoclaving plastic bottles for microbial 
analysis can be found in SOP 005 - Bottle Autoclaving Procedure. Bacteria sample and 
processing bottles are soaked in DI water for at least 24 hours, after scrubbing with a brush 
inside and out as needed. Then they are rinsed 3 times with DI water, then allowed to air dry. 
  
Bottle caps, especially those for glass bottles, are never soaked in acid because it may damage 
the surface of the cap.   
  
Plasticware and bottle caps are cleaned using the procedure outlined below:  
  

1. Follow steps 1 through 7 of the labware cleaning procedure.  

2. Follow steps 12 through 14 of the labware cleaning procedure.  
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1.0 PURPOSE AND DESCRIPTION 

The autoclave is used to sterilize materials used for bacterial analysis. The procedure outlined 
below is for the autoclave in Coastal Institute only. This autoclave is sometimes referred to as the 
“NRS autoclave.” 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

Be aware that materials that have been autoclaved will be extremely hot when the cycle is 
completed. Wear insulated gloves when handling materials. 

3.0 AUTOCLAVE OPERATION 

3.1 Overview & Maintenance 

Before operating the autoclave please take a few minutes to read through the operator’s manual.  
 
It is very important that the unit and area around it be kept clean, and that materials to be 
autoclaved are appropriate for this unit and properly packaged. 
 
The door to the autoclave should be kept open when it is not in use, with the power turned off.  
 
Please complete the log sheet with each run (a sample log sheet is attached below). THE 
EXACT MATERIALS PLACED INTO THE AUTOCLAVE MUST BE RECORDED (i.e. filter 
assemblies, pipettes, media, etc. Also be sure that required maintenance has been performed. 
Elizabeth Herron (room 001A, 4-4552) is responsible for maintaining the unit; contact her if there 
are any questions regarding the operation or maintenance of the autoclave. 
 

3.2 Operation 

The instructions below are to be used for the autoclave in the Kingston Coastal Institute only. 
 

1. Place items to be sterilized on the appropriate tray (see operators manual), and put into the 
autoclave, leaving the door open. 

2. Add a sterilization indicator strip to the items being autoclaved, placed near the center if 
possible. 

3. Reset the red maximum temperature needle on the Durac Thermometer to ambient 
temperature and place it in the autoclave with the materials to be sterilized. 

4. Ensure that the water reservoir is filled to the bottom of the safety value. If not, add 
deionized (DI) water, being sure not to immerse the safety valve. 

5. Plug the power cord in, and turn the main switch to START.  
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6. Fill the autoclave with water by turning the multi-purpose value (always turn this valve 
clockwise) to FILL. The water should reach most of the width of the indicator channel at 
the front of the chamber. Turn the multi-purpose valve to STE to stop the flow of water 
and prepare the unit for sterilization. Close the door and lock it by turning the handle 
clockwise. The door should be secure with a good seal, but only hand tight. 

7. Set the temperature for 250 °F / 121 °C with the thermostat knob. This is the temperature 
most often used for sterilization. If you are in doubt of the correct autoclave temperature or 
time, refer to the appropriate method SOP. If you are autoclaving waste materials, refer to 
SOP 006 – Waste Autoclaving Procedure, for correct temperatures and autoclave times. 
Record on the autoclave record the time and temperature the autoclave was set for and 
any other comments. 

8. Reset the red maximum pressure needle to the zero line. 

9. Set the STE timer to the correct sterilization period. Note: this unit takes about 30 minutes 
to get up to temperature/pressure so be sure to factor that into your time (set the time for 
the TOTAL time period = +/- 30 minute “heat up” + sterilization time needed (usually > 15 
minutes). 

10. Check on the unit after about 25 minutes to be sure that it is reaching temperature / 
pressure. Small bursts of steam may be evident from the water reservoir during the run; 
this is normal and necessary.  

11. If the unit does not reach the set temperature, contact Elizabeth Herron to arrange for 
professional servicing of the unit. Until the unit is repaired, it should not be used to sterilize 
materials. 

12. When the timer reaches 0, the run is complete. 

13. Turn the multi-purpose knob to EXH + DRY. 

14. Follow the procedure below based on desired cycle (with or without drying) 

 
Cycle without drying:   
1. When the pressure gauge reads 0, turn the main switch to STOP, and the multi-purpose 

switch to 0. 

2. Carefully open the door – steam will escape so do not put any body parts near the edge of 
the door while opening it. 

3. Remove the load using insulated gloves and unplug the unit if you are not running any 
more loads immediately. 

 
Cycle with drying:   
1. When the pressure gauge reads 0, carefully open the door slightly to let the steam escape. 

Leave the door closed, but not locked down with the locking screw. 

2. Set the timer for 20 – 30 minutes; the drying indicator lamp will light. 

3. After the time has elapsed, turn the multi-purpose valve to 0, the main switch to STOP. 

4. Open the door and remove the load using insulated gloves. 

5. Unplug the unit if you are not running any more loads immediately. 
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3.3 Quality Assurance/Quality Control 

3.3.1 Monthly Spore Testing 

Each month Global Autoclave Compliance or a similar firm will provide URIWW with spore 
strips. These strips have active spores on them. The strips are placed into the autoclave and a 
normal sterilization run completed. The strips are then packaged and sent back to the firm 
providing the strips for analysis. The strips must exhibit no growth; this provides assurance that 
the autoclave is efficiently sterilizing materials.  

Corrective Action 

Spore strip testing must exhibit no growth. If the spore strips are found to exhibit growth after 
being sterilized then an additional round of spore strip testing should be completed. While 
awaiting the results of the second spore strip testing round the autoclave will not be used. If the 
second round of strips also exhibit growth the autoclave must be serviced and will not be used 
to sterilize materials until serviced and spore strip testing exhibits no growth. 

4.0 DOCUMENTATION 

 

  Autoclave Use, Maintenance and Service Record

Equipment (Model and Type): Tuttnauer 3850M
Serial Number: 2107176

Date Person/lab
Set 

Temp. 
(C)

Set run 
duration 
(Mins)

Data 
logger in 

unit?

Max. 
pressure 
(recorded 

during run)

Comments
Materials autoclaved or 
maintenance performed

To be completed for EACH run. This is CRITICAL to ensure that we perform maintenance at correct 
intervals. If you have any question, please see Elizabeth Herron (Rm 001F, 4-452) URIWW runs 
MUST have the data logger in the unit and running however the data logger CAN NOT be in 
the autoclave when the temperature is set above 125 - it may explode!
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1.0 PURPOSE AND DESCRIPTION 

Plastic bottles must be sterilized prior to use in microbiological assays. 

2.0 HEALTH AND SAFETY 

Be aware that materials that have been autoclaved will be extremely hot when the cycle is 
completed.  Wear insulated gloves when handling materials. 

3.0 AUTOCLAVE OPERATION 

3.1 Preparation 

Clean the white HDPE plastic sampling bottles as per SOP 003 - General Labware Cleaning 
Procedure.   
 
Adjust the shelves of the autoclave, if necessary. 
 
Stand bottles in a metal tray, rest the caps on top of each bottle; do not engage the threads of 
the cap.  
 
Note:  Until the bottles are sterile it doesn’t matter if the tops/lids fall on the ground.  Once they 
have been autoclaved, you must beware of the ever-present bacteria in our surroundings and 
re-autoclave bottles and tops if they are opened or fall onto the ground. 
 

3.2 Using Autoclave in the Kingston Coastal Institute Building 

1. Ensure that the water reservoir is filled to the bottom of the safety value.  If not, add 
deionized (DI) water, being sure not to immerse the safety valve. 

2. Plug the power cord in, and turn the main switch to START. 

3. Fill the autoclave with water by turning the multi-purpose value (always turn this valve 
clockwise) to FILL.  The water should reach most of the width of the indicator channel at 
the front of the chamber.  Turn the multi-purpose valve to STE to stop the flow of water 
and prepare the unit for sterilization. 

4. Make sure that the temperature logging device is running or has been set to start 
running shortly, that the cap is closed tightly and that it is in the autoclave (see section 
3.3 for instructions).    

5. Close the door, and lock it by turning the handle clockwise.  The door should be secure 
with a good seal, but only hand tight. 

6. Set the temperature for 250 °F / 121 °C with the thermostat knob.  
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7.    Set the STE timer to the correct sterilization period.  If the autoclave is cold set it for 55 
minutes, if it’s warm set for 45 minutes.  Check on the unit after about 20 minutes to be 
sure that it is reaching the correct temperature / pressure.  Small bursts of steam may be 
evident from the water reservoir during the run; this is normal and necessary.  Record 
the unit pressure on the Autoclave Use log while the unit is running because the 
maximum pressure needle is broken (as of 2008). 

8. When the timer reaches 0, the run is complete. 

9. Turn the multi-purpose knob to EXH + DRY. 

10. When the pressure gauge reads 0, turn the main switch to STOP, and the multi-purpose 
switch to 0. 

11. Carefully open the door – steam will escape so do not put any body parts near the edge 
of the door while opening it. 

12. Allow to cool or remove the load immediately.  Be sure to use insulated gloves when 
handling the tray.  It will be hot! 

13. Unplug the unit if you are not running any more loads immediately – and remove the 
data logger for downloading.  

14. Do not tighten caps until the bottles are cooled to room temperature or they will warp. 

15. Place a “STERILE” label over the cap so it connects to the bottle shoulder to indicate 
that the bottle has been sterilized. 

 
3.3 Using Autoclave in the Basement of Woodward Hall. 

1. Seal the door by pressing the button; wait for SEALED DOOR light to come on. 

2. Set EXPOSURE TIME for 20 minutes. 

3. Set EXHAUST TIME for 5 minutes. 

4. Select WRAPPED setting (temperature should be set for 121 C). 

5. Press START. 

6. The autoclave will print out a record of the sterilizing event.  Write your initials, item 
being sterilized, room number and phone extension on the tape (so that you can be 
contacted in case there is a problem). 

7. The cycle will take about ½ hour to complete.  You will be unable to open the door 
unless the autoclave has cooled to a safe temperature.  Be sure to use insulated gloves 
when handling the tray.  It will be hot! 

8. Once the bottles are cool to the touch, tighten the lids and put a “STERILE” label from 
the cap to the shoulder of the bottle (in effect sealing it).  
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1.0 PURPOSE AND DESCRIPTION 

This procedure is for autoclaving all used IDEXX trays (including SimPlates) using either the 
autoclave in the basement of Woodward Hall or in the Kingston Coastal Institute. 

2.0 HEALTH AND SAFETY 

Used media trays constitute a biological hazard, therefore wear gloves when handling the used 
media trays.   
 
Be aware that materials that have been autoclaved will be extremely hot when the cycle is 
completed.  The media may still be liquid when removed from the autoclave.  Spilling liquid 
media onto any part of the body will cause a burn.  If this occurs bathe the effected body part 
under cool water for 5-10 minutes.  Refer to SOP 001a – University Safety and Waste Handling 
Document.  Wear insulated gloves when handling autoclaved materials. 

3.0 AUTOCLAVE OPERATION 

3.1 Preparation 

Used SimPlates are stored in autoclavable plastic bags in the labeled red waste bin near the 
refrigerator in room 019 of the Coastal Institute.  The bags are autoclaved when they appear 
half full.  Do not wait until the bag is completely full. 
 
Used IDEXX trays are stored in autoclavable bags in a labeled box adjacent to the cart in room 
019.  These should be filled with the narrow end of the tray to the bottom of the bag.  No more 
than two bags of waster can be autoclaved with each run. 
 

3.2 Using Autoclave in the Kingston Coastal Institute Building 

1. Ensure that the water reservoir is filled to the bottom of the safety value.  If not, add 
deionized (DI) water, being sure not to immerse the safety valve. 

2. Plug the power cord in, and turn the main switch to START. 

3. Fill the autoclave with water by turning the multi-purpose value (always turn this valve 
clockwise) to FILL.  The water should reach most of the width of the indicator channel at 
the front of the chamber.  Turn the multi-purpose valve to STE to stop the flow of water 
and prepare the unit for sterilization. 

4. Close the door, and lock it by turning the handle clockwise.  The door should be secure 
with a good seal, but only hand tight. 



 
5. Set the temperature for 250 °F / 121 °C with the thermostat knob. Set the STE timer to 

the correct sterilization period.  If the autoclave is cold set it for 55 minutes, if the 
autoclave is warm set for 45 minutes.  Check on the unit after about 20 minutes to be 
sure that it is reaching the correct temperature / pressure.  Small bursts of steam may be 
evident from the water reservoir during the run; this is normal and necessary.  Record 
the unit pressure on the Autoclave Use log.  It is necessary to record the maximum 
pressure while the unit is running because the maximum pressure needle is broken (as 
of 2008). 

6. When the timer reaches 0, the run is complete. 

7. Turn the multi-purpose knob to EXH + DRY. 

8. When the pressure gauge reads 0, turn the main switch to STOP, and the multi-purpose 
switch to 0. 

9. Carefully open the door – steam will escape so do not put any body parts near the edge 
of the door while opening it. 

10. Allow to cool or remove the load immediately.  Be sure to use insulated gloves when 
handling the tray.  It will be hot! 

11. Unplug the unit if you are not running any more loads immediately – and remove the 
data logger for downloading.  

12. If you were autoclaving SimPlates, once they are cool enough to handle, bring the waste 
to the dumpster and carefully discard the plates, bag and all.  You must bring the bags to 
the dumpster, the janitors will not dispose of them. 

13. Place a new autoclave bag into the red waste container. 

14. If you are autoclaving IDEXX trays, lay the tray against the wall over the floor drain, then 
either place the drained bag in the bin under the autoclave or discard them in the 
dumpster.  You must bring the bags to the dumpster, the janitors will not dispose of 
them. Use a cart to transport the autoclaved materials. 

 

3.3 Autoclaving Using Autoclave in Woodward Hall 

1. In the autoclave room, adjust the shelves of the autoclave if necessary.  Ensure there is 
adequate volume in the tray to handle the number and volume of plates/trays. 

2. Wearing gloves, remove the half filled bag of plates/trays and place them in an autoclave 
tray.   

3. Close the door all the way. 

4. Seal the door by pressing the button; wait for SEALED DOOR light to come on. 

5. Set EXPOSURE TIME for 20 minutes (for both trays and plates). 

6. Set EXHAUST TIME for 5 minutes (for both trays and plates). 

7. Select the UNWRAPPED setting.  Temperature should be set for 132 C for both trays 
and plates. 

8. Press START. 



 
9. The autoclave will print out a record of the sterilizing event.  Write your initials, item 

being sterilized, building and room number and phone extension on the tape (so that you 
can be contacted in case there is a problem).The cycle will take about ½ hour to 
complete.  You will be unable to open the door unless the autoclave has cooled to a safe 
temperature.  Be sure to use the insulated gloves when handling the tray.  It will be hot! 

10. If you were autoclaving plates, once they are cool enough to handle, bring the waste to 
the dumpster and carefully discard the plates, bag and all.  The media may still be liquid, 
so be careful not to spill any on you – it will HURT!  You must carry the bags in a bucket 
or a bin to the dumpster, the janitors will not dispose of them. 

11. If you are autoclaving IDEXX trays, once they are cool enough, drain bags down the sink 
with running water and then discarded them in the dumpster.  You must carry the bags 
in a bucket or a bin to the dumpster, the janitors will not dispose of them. 

12. Clean the autoclave tray with soap and hot water. 

13. Place a new autoclave bag into the red waste container. 

 



 

Chlorophyll-a Analysis  – Welschmeyer Method SOP 012 
 S:\awwword\LABPROC\all QAPPs\LABQAPPs\Current SOPs\SOP 012 Chlorophyll - for Trilogy.doc 

 

 

Standard Operating Procedure 012 
 
 

Chlorophyll-a Analysis – 
Welschmeyer Method,  
Turner Designs Trilogy meter 
 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

04/18 
6 
Linda Green 

 
TABLE OF CONTENTS 

 

1.0 PURPOSE AND DESCRIPTION ........................................................................... 1 

2.0 HEALTH AND SAFETY CONSIDERATIONS ....................................................... 1 

2.1 HAZARDS ............................................................................................................. 1 
2.2 TECHNICIAN TRAINING/QUALIFICATIONS ................................................................. 1 

3.0 REQUIRED MATERIALS ...................................................................................... 2 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL ................................... 4 

5.0 METHOD DESCRIPTION ..................................................................................... 4 

5.1 SCHEDULING CONSIDERATIONS ............................................................................. 4 
5.2 QUALITY ASSURANCE/QUALITY CONTROL ............................................................. 4 

5.2.1 Method Detection Limit ................................................................................... 4 
5.2.2 Blanks ............................................................................................................. 4 
5.2.3 Sample Replication ......................................................................................... 5 
5.2.4 Calibration ....................................................................................................... 5 

5.2.4.1 Initial Calibration Procedure ..................................................................... 6 
5.2.4.2 Daily Calibration Procedure ...................... Error! Bookmark not defined. 
5.2.4.3 Calibration Check/Laboratory Control Standard ....................................... 7 
5.2.4.4 Summary of Daily Fluorometric Analysis Procedure ................................ 7 

5.3 ANALYSIS METHOD .............................................................................................. 7 
5.3.1 Laboratory Filtration Procedure ...................................................................... 7 
5.3.2 Extraction of Chlorophyll-a Filters – Day Before Analysis ............................... 8 

5.3.2.1 Preparation of 500 mL of 90% Acetone .................................................. 10 
5.3.2.2 Preparation of 100 mL of 1N NaHCO3 (sodium bicarbonate) ................. 10 

5.3.3 Analysis of Extracted Chlorophyll-a Samples ............................................... 12 
5.3.3.1 Procedure for Diluting Off-Scale Samples .............................................. 14 

5.3.4 Washing Chlorophyll-a Vials ......................................................................... 14 

6.0 CALCULATIONS ................................................................................................ 15 

7.0 REFERENCES .................................................................................................... 15 

8.0 DOCUMENTATION............................................................................................. 16 



 

Chlorophyll-a Analysis – Welschmeyer Method SOP 012 
 S:\awwword\LABPROC\all QAPPs\LABQAPPs\Current SOPs\SOP 012 Chlorophyll - for Trilogy.doc 

1 of 18 
 

 

Standard Operating Procedure 012 
(Prior number URIWW-SOP-5) 
 

Chlorophyll-a Analysis Procedure – 
Welschmeyer Method 
Turner Designs Trilogy meter 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

06/14 
4 
Linda 
Green 

 

1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the concentration of chlorophyll-a in samples from 
both marine and freshwater systems.  The concentration of chlorophyll-a can be used to 
estimate phytoplankton biomass.  Samples are collected and either filtered in the field or upon 
arrival at the laboratory.  The filtered samples are then kept frozen until they are extracted and 
analyzed using a fluorometer.  The value returned by the fluorometer is the raw chlorophyll-a 
concentration.  The final chlorophyll-a concentration is determined through calculation.  This 
method is appropriate for undiluted samples up to 300 µg/L chlorophyll-a and for samples 
diluted to return values in this range.   

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 – General Laboratory Safety.  Several chemicals are utilized in 
this SOP.  Acetone is a flammable liquid; it should always be used in a fume hood.  Sodium 
bicarbonate and magnesium carbonate are also utilized in this SOP, both are considered a 
possible skin, eye and respiratory tract irritant.  The liquid chlorophyll-a standards are flammable 
as they are prepared in acetone.   Always wear gloves, a laboratory coat and goggles when 
working with any chemical.  Further information regarding these chemicals may be found in the 
laboratory Material Safety Data Sheet (MSDS) binder found in the laboratory where the 
chemical of interest is stored.  General laboratory information regarding safe handling of 
chemicals is located in SOP 001a – University Safety and Waste Handling. 
 

2.2 Technician Training/Qualifications 

General training in laboratory technique and the use of the fluorometer must be completed prior 
to analyzing samples using this method.  Technician training will be provided by Linda Green, 
Program Director or Elizabeth Herron, Program Coordinator.
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3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Fluorometer Turner Designs Trilogy™.  

460nm LED  
Excitation filter 436nm, 
emission filter 685 nm, 
Linear range 0- 300 ug/l 

Turner Designs, 845 W 
Maude St, Sunnyvale, CA 
94086, 408-749-0998. 

Explosion-proof refrigerator - 
freezer 

Maintained at -80 °C Fisher # 13-986-116D or 
similar 

Walk-in cold room or 
refrigerator 

Maintained at 4 °C 
 

Part of building 

Balance  Capable of weighing to 0.1 g 
room 018 

Fisher # 01-910-321 (Mettler 
Toledo or similar) 

Repipet Volume range to 20 mL, set to 
dispense 5 mL 

Barnstead/Thermolyne  

90% Acetone 90% acetone is found in the 
repipet labeled "90% acetone"  
 

Preparation instructions for 
90% acetone are found in 
Section 5.3.2.1. 

Fume hood, room 019a 

500 ml graduated cylinder and 
stir bar dedicated to 90% 
acetone preparation 

Located in laboratory 
glassware cabinet in room 
002.  Stir bar is always left in 
this graduated cylinder. 

Fisher # 08-552-1E or similar 

Magnetic stirring apparatus Located on side laboratory 
bench, room 002 

Fisher # 11-520-16S or similar 

13x100 mm (disposable) 
glass vials 

Stored in room 019A Fisher # 14-961-26, case of 
1000 

Vial caps, 12-13 mm Stored in room 019A Fisher “Tainer Tops”  
#14-376-76, pack of 1000 

40 place vial racks Holes should fit 13x100 mm 
vials 

Fisher #14-810-12C, Nalgene 
5930-0020 short chl racks, for 
16-20 mm test tubes/vials 

Deionized (DI) water In several locations in labs  
250 mL beaker Located in the non-acid 

washed glassware cabinet 
 

10mL to contain (TC) 
graduated cylinder 

Stored in fume hood room 
19A 

Fisher #08-551A, pyrex 
lifetime red graduated cylinder 

Dropper & squeeze pipette in 
top 

Left in small flask next to 
bottle of sodium bicarbonate  

Fisher #02-983B or similar 

Filters In drawers in room 002 Pall type A/E glass fiber filter 
#61630 or Millipore AP40 GFF 
for TCLP #AP4002500 

Filter Housings (holders) 3-piece re-useable Pall 25 mm Easy Pressure 
Filter Holder #4320, pk of 6 
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Required Material Notes Re-order information 
Saturated solution of 
magnesium carbonate 
(MgCO3), 1g to 100ml 

Stored in room 002 Fisher #AC413405000, 
magnesium carbonate, ACS 

Forceps Forceps, wide tip Bioquip #4750, featherweight 
forceps, wide tip 
2321 Gladwick St 
Rancho Dominguez, CA 90220 

Syringe B-D non-sterile 60 ml syringe 
with Luer Loc tip 

Fisher 14-820-11 

Primary chlorophyll-a  
standard   
 

Liquid chlorophyll-a 
standards.  The two standards 
are approximately204 µg/l 
(high standard) and 18.4 µg/l 
(low standard).  They are 
stored in aluminum foil-
covered chlorophyll-a vials in 
freezer in room 019. 

Turner Designs # 10-850 
 

Secondary chlorophyll-a 
standard 

This standard is a dark grey 
rod and has an indefinite shelf 
life.  It is stored in room in 
electronic desiccator in room 
018. 

Turner Designs #8000-952 

Acetone Located in the flammable 
storage cabinet in room 002 

Fisher Optima #A-929SK 

Sodium bicarbonate 
(NaHCO3) 

Located on the top shelf of the 
glass chemical cabinet. 

Fisher, Certified ACS, #S-233 

1N NaHCO3 in amber dropper 
bottle  

Located next to the fume hood 
in room 002. 
 
Preparation Instructions in 
Section 5.3.2.2. 

 

Chlorophyll-a data sheets Stored in a binder in room 
019A. 

 

Filter remover wire  6" aluminum wire with bent tip 
located in room 019A. 

 

Kim-wipe tissues Or similar lint-free wipe Fisher 06-666 
Aluminum foil  Purchased locally in grocery 

store 
 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory and the Natural Resources Science department.  Temporary replacement of large 
equipment such as balances is available through arrangement with other scientists in the 
department maintaining similar equipment. 
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4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Samples for chlorophyll-a analysis may arrive in the laboratory as filters or raw (unfiltered) water 
samples.  Aqueous samples are filtered upon arrival at the laboratory. 
 
Matrix Sample 

Container 
Preservation Volume Holding Time 

Glass Fiber Filter Aluminum Foil Frozen NA 6 months 

Water 250-500 mL 
plastic or brown 
glass bottle  

4 °C 100 mL 24 hours 

 
Sample Disposal 
Glass vials used for sample extraction are emptied, washed and re-used.  Used glass fiber 
filters are placed on an absorbent material (paper towel) in the fume hood and allowed to dry.  
Once filters are dry they are disposed of in the trash.  The 90% acetone extractant is disposed 
of into the labeled acetone waste container in the designated waste accumulation area located 
under the fume hood in room 019A.  Once the container is approximately 80% full contact Linda 
Green or Elizabeth Herron to coordinate a waste removal request.  Ensure that the container is 
appropriately and completely labeled. 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

Chlorophyll-a filters must be extracted for 18 - 24 hours prior to analysis using the fluorometer.  
Check that enough 90% acetone is available for the extraction (5 mL of acetone are needed per 
sample).  Preparation instructions for 90% acetone are in Section 5.3.2.1. Also check to be sure 
that analysts and the fluorometer are both available the next day. 
 

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The method detection limit (MDL) is 1.0 µg/L chlorophyll-a as read on the fluorometer.  This is 
equivalent to 0.1 µg/L chlorophyll-a in a 50 mL aliquot of water.  The reporting limit (RL) is 2.0 
µg/L chlorophyll-a as read on the fluorometer; equivalent to 0.2 µg/L chlorophyll-a in a 50 mL 
aliquot of water.  The upper RL is 300 µg/L chlorophyll-a, assuming no dilution of the sample.  
Data are reported to 1 decimal place. 
 

5.2.2 Blanks 

Method Blank 
Method blanks consist of an aliquot of the 90% acetone used to extract the sample filters in a 
given run.  Method blanks are prepared at a ratio of 1 method blank per 38 samples, 
approximately 3% of samples analyzed.  This ratio corresponds to 1 method blank per rack of 
chlorophyll-a samples.  The method blank must be less than or equal to 0.03 µg/L chlorophyll-a 
as read on the fluorometer.   
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Filter Blank 
Filter blanks consist of an unused filter extracted as a regular sample.  Filter blanks are 
prepared at a ratio of 1 filter blank per 38 samples, approximately 3% of samples analyzed.  
This ratio corresponds to 1 field blank per rack of chlorophyll-a samples.  The filter blank must 
be less than or equal to 0.03 µg/L chlorophyll-a as read on the fluorometer.     
 
Corrective Actions 
If the method blank or filter blank is found to be greater than 0.03 µg/L chlorophyll-a as read on 
the fluorometer the blank shall be re-analyzed by the fluorometer.  If the returned value is still 
greater than 0.03 µg/L chlorophyll-a as read on the fluorometer then the samples associated 
with this blank shall be considered suspect and flagged as such on the final data sheet.  It is not 
possible to re-extract the filters, therefore the samples can not be re-analyzed. 
 

5.2.3 Sample Duplication 

 
Sample duplication is completed in the field.  At each field site 2 samples are collected, and 2 
aliquots from each field sample are filtered, resulting in a total of 4 filters.  The %RPD between 
samples collected must be less than 100%RPD using the average of all the filter results as the 
denominator in the %RPD calculation. 
 
Corrective Action 
If the %RPD is greater then the established goal then the deficiency will be noted in the final 
data as once the samples are extracted it is not possible to re-extract them.    
 

5.2.4 Calibration 

The calibration procedure sets the instrument sample concentration range and sensitivity based 
on the chosen fluorescent standards.   In addition, the direct calibration mode assigns a digital 
value to the known standard so that subsequent standards or samples can be referenced to the 
original standards.  Two liquid pure chlorophyll-a standards are purchased from Turner Designs 
at the beginning of each monitoring season.  The two standards are approximately 204.0 µg/L 
chlorophyll-a (high standard) and 18.4 µg/L chlorophyll-a (low standard).  The actual 
concentration of the standard is listed on the certificate of analysis shipped with each set of 
standards and kept on file in room 002.  Standards are stored in capped aluminum foil-covered 
chlorophyll-a vials in a 4 °C refrigerator.  These standards are used to calibrate the instrument 
at the beginning of the monitoring. 

Additionally, a solid secondary standard, also from Turner Designs is read immediately after the 
initial calibration procedure to determine the formula for calculating chlorophyll-a in a sample.  
This standard consists of a dark grey rod and has an indefinite shelf life.  The secondary 
standard is also used to check the calibration of the instrument each day it is used.   

The percent difference (%D) between the known value of the standard and the instrument 
reported value of the standard must be not greater than 15%.  The calculation of %D is provided 
below: 

 

%D = | Known Value – Reported Value | x 100 

   Known Value 
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Corrective Action 
If %D is greater than 15% for the solid standard then the standard should be re-analyzed.  If the 
%D is still greater than 15% then the deviation should be reported to Linda Green – Laboratory 
Manager and the instrument re-calibrated.  If the instrument does not maintain the calibration of 
the solid secondary standard it will be considered to be malfunctioning and in need of repair.   
 

5.2.4.1 Initial Calibration Procedure 

Chlorophyll-a procedures must be completed in a darkened room.  Keep overhead lights off and 
the door nearly closed to limit the light entering the room. 

Initial Calibration with liquid primary standards 

Note:  A sufficient quantity of pure chlorophyll-a in 90% acetone is received with each standard 
to fill 2 vials, so that analysis of each (of two) standards can be completed in duplicate. 
 

1. Remove standards from refrigerator and bring to room temperature.  All materials 
analyzed must be at room temperature.  The fluorometric value is temperature 
dependent.  Additionally, condensation may form on the sample vial and affect sample 
analysis.  

2. Pour each liquid standard into 2 vials.  Wrap each vial with aluminum foil and label each 
with the contents.  The labels should be “High-std A” and “High-std B” for the 2 vials 
containing the high standard and ”Low-std A” and “Low-std B” for the 2 vials containing 
the low standard. 

3. Prepare a blank of 90% acetone, wrap the vial with aluminum foil and label as “Blank”.  

4. Turn on fluorometer. 

5. Select the Chl-a module and confirm by touching “OK”. 

6. On Home screen touch “Calibrate.” 

7. Select “Run New Calibration.” 

8. Select “ug/l” as the unit of measurement 

9. Insert the 90% calibration blank and press “OK.”  

10. Enter the concentration of the lower concentration standard. 

11. Follow the screen prompt to insert the standard, and press “OK.” 

12. After the calibration is complete, select “Enter More Standards” and repeat steps 9-10. 

13. Optionally, name and save the calibration for future use. 

14. Insert and read the solid secondary standard. Optionally, turn the adjustment screw so 
that the solid secondary standard reads the same as one of the liquid standards, or to a 
selected number such as 100. 

15. Measure each of the 2 high and 2 low standards and the calibration blank a minimum of 
3 times.  Record the results on the “Calibration Day Calculations” data sheet as a record 
of the calibration procedure (see Section 8.0 Documentation).  The numbers recorded 
should be very close in value.  If the recorded values exhibit drift then the instrument is 
in need of maintenance.
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5.2.4.2 Daily Calibration Check/Laboratory Control Standard 

The solid secondary standard is used as a daily calibration check or laboratory control standard.  
The solid secondary standard is analyzed at the (beginning and) end of each rack of 38 
chlorophyll-a samples (3% of the samples analyzed).  The resulting observation is recorded on 
the data sheet.  The %D for the calibration check must not be greater than 15%.   

Corrective action 

If the %D for the solid secondary standard is greater than 15% then the calibration check will be 
considered in error and re-analyzed.  If the value is still in error the liquid primary standards will 
be re-analyzed.  If the liquid standard is also in error the instrument will be re-calibrated after 
discussions with Linda Green (Laboratory Manager – Nutrients) and all the samples analyzed 
between the acceptable calibration check and the unacceptable calibration check will be flagged 
as suspect on the final data sheet.  If the liquid standard is not in error, the deviation of the solid 
secondary standard will be noted on the data sheet and the analysis of samples will continue. 

5.2.4.3 Summary of Daily Fluorometric Analysis Procedure 

This summarizes the Trilogy™ analysis procedure that is detailed in section 5.3.3. 

1. Turn on Trilogy. 

2. Select chl-NA. 

3. Calibrate as above. 

4. Dry any condensation from outside of sample vial with a Kim Wipe. 

5. Open the lid, insert the vial, close the lid. 

6. Touch measure fluorescence. 

7. Enter 50 for filtered volume (unless another volume) 

8. Enter 5 for solvent volume. 

9. The procedure will run automatically. The result in ug/l chl will appear after 6 seconds. 
No further calculation is needed. 

 

5.3 Analysis Method 

Chlorophyll-a samples generally arrive at the laboratory in the form of frozen filters.  If 
chlorophyll-a samples arrive at the laboratory as aqueous samples then they must be filtered 
upon acceptance into the laboratory.  Chlorophyll-a samples are filtered using the following 
procedure: 

5.3.1 Laboratory Filtration Procedure 

1. This procedure must be completed in an area without direct sunlight and the lights 
turned off. 

2. Always use the flat forceps to handle filters & gasket. 

3. Prepare a filter housing by placing one glass fiber filter, gridded side down, onto the 
metal screen on the bottom of the filter assembly. 
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4. Place the black rubber gasket on top of the filter, and screw the filter holder back 
together. 

5. Shake the sample bottle well. 

6. Use a syringe to draw up approximately 20 mL of sample into the syringe.  Use this 
water to rinse the syringe and then discard the water. 

7. Take apart the syringe by pulling the plunger all the way out. 

8. Attach the filter holder to the syringe barrel. 

9. Mix the sample bottle again and obtain the sample to be filtered by pouring water from 
the bottle into the syringe (with the filter holder facing down). 

10. Note the volume of water poured into the syringe.  This volume should be recorded as 
the “volume filtered”. 

11. Shake the bottle of magnesium carbonate, and add four drops of the solution into the 
water sample in the syringe. 

12. Attach the syringe plunger, and slowly push the water through the filter housing with 
even pressure.  Discard the filtered water unless this will be used for nutrient analysis. 

13. If the filter becomes clogged, remove the filter and start the procedure over with a 
smaller amount of sample, noting volume. 

14. After filtering all the water take the filter holder off the syringe and unscrew the two 
halves.   

15. Use forceps to lift out the black rubber gasket. 

16. Remove the filter from the housing using the forceps, and place the filter on a piece of 
blotting paper or paper towel. 

17. If the filter breaks while being removed, place all the pieces onto the blotting paper 

18. Fold the filter circle in half with the chlorophyll-a sample on the inside and wrap the 
blotting paper over the filter 

19. Place the filter and blotting paper on a piece of aluminum foil and cover it loosely with 
the foil. 

20. Repeat the procedure to obtain another filtered sample from the same raw water 
sample. 

21. Repeat with any duplicate water samples. 

22. Securely wrap the piece of aluminum foil around the filters and attach a label with the 
sampling location, technician’s name, date, volume filtered and the number of filters.   

23. Place the aluminum foil packet in a re-sealable plastic bag containing desiccant chips 
and place into the freezer. 

24. Take apart the syringe and filter assembly.  Rinse all apparatus with DI water only.  
Place upside down on a paper towel to dry. 

 
5.3.2 Extraction of Chlorophyll-a Filters – Day Before Analysis 

1. Gather the needed supplies.  The white vial racks, vials and caps, forceps, data sheets 
and the repipette containing the buffered 90% acetone solution are all located in room 
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019A (chlorophyll room).  The frozen chlorophyll-a filters are located in the URIWW 
freezer in room 019 or 002 or in the departmental walk-in freezer. 

2. Organize data sheets; blank data sheets are kept next to the fluorometer in room 019A 
Coastal Institute-Kingston (CIK), URI.   

a. The data sheets are set up to correspond to the spaces in the sample rack.   

b. A maximum of 38 samples and 2 blanks can be accommodated in each rack 
(and on each data sheet.)  It is recommended that no more than 4 racks be 
analyzed in one sitting. 

3. Turn on the fume hood fan if it is not already on. Turn overhead lights off, leave door ajar 
&/or plug in holiday lights.  The filters MUST NOT be exposed to overhead lights. 

4. Fill in top of the data sheet.  Sheets are numbered in consecutive order by year, 2014-1, 
2014-2, etc. 

5. If needed, make up buffered 90% acetone solution and place into the labeled automatic 
repipette (dispenser.)  (Preparation instructions are located in Section 5.3.2.1). 

6. Check the calibration of the repipette.  

a. Pump several times to remove air bubbles, then dispense into a “to contain” (TC) 
10 ml graduated cylinder.   

b. Check to see that the volume is 5.0 mL.  If not, adjust dispensing volume and re-
check.   

7. Bring several ziplock bag(s) of frozen sample filters into the darkened chlorophyll room 
when ready to set up for extraction.  Samples filters are stored in the URIWW freezers in 
room 019 or 002. Ziplock bags should have been stored by sponsors (ie Salt Ponds 
Coalition) and then in alphabetical order. Set up and extraction must take place in 
REDUCED LIGHT. 

8. Remove foil filter packs from the ziplock bags. Sort and set up alphabetically and then by 
date. 

9. Enter information from sample label onto the chlorophyll-a analysis data sheets.  Be sure 
to read and enter the information carefully.   

a. While most foil packets will contain 4 filters per packet, some may contain fewer, 
and should have been labeled as such.   

b. Location, date, volume filtered and sample depth must be entered for each filter.  
Rack ID number and setup date must be indicated on the data sheet. 

10. Once the data sheet has been completed for a row of 10 samples, using the forceps, 
remove the filter(s) from the aluminum foil and place one filter in the bottom of each 
glass vial.   

a. Do not touch the filter with anything but the forceps!   

b. The vial containing the filter should then be placed in the rack matching the 
position identified on the data sheet.   

11. Continue until the rack has been filled.  Spot #29 on each rack should contain an unused 
filter, as a filter blank.  The spot #30 on the rack should contain an empty vial.  This vial 
will be filled with the 90% acetone used to extract the filters in the rack and is a method 
blank.  
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12. Dispense 5 mL of buffered 90% acetone into each vial using the repipette, and secure a 
snap cap onto the top of each vial.   

13. Vigorously shake each vial, making sure that the filter remains completely submerged in 
acetone upon completion of shaking. 

14. Cover the rack completely with aluminum foil.  Tape the data sheet to the rack it 
corresponds to. 

15. Place the covered, labeled racks into the URIWW refrigerator in room 019.  Allow 18-24 
hours for complete extraction of chlorophyll from the filter.  

16. Complete the procedure with the rest of the chlorophyll-a filters being prepared. 

Clean-up 

1. Place desiccant chips from ziplock bags into designated bottles in the fume hood.  The 
desiccant chips will be regenerated later.  Spare desiccant bottles are stored atop cabinets 
in room 002. 

2. Put empty ziplock bags in the labeled box for later re-use, or discard if warranted. 

3. Put aluminum foil in designated recycling receptacle.  

4. Wipe off the work surface. 

 
5.3.2.1 Preparation of 500 mL of 90% Acetone  

Preparation of reagents used in the analysis of chlorophyll-a should be completed in room 002.  
Prepare 500 mL of 90% acetone using the following procedure: 
 
1. Add the following to the 500 mL graduated cylinder labeled “chl only” 

a. 450 mL acetone  

b. 50 mL DI water  

2. Once the DI water is added to the graduated cylinder the volume in the graduated 
cylinder will read slightly less than 500 mL due to density differences between acetone 
and water.   

3. 1N NaHCO3 (sodium bicarbonate) buffer 

a. Add 1 drop of 1N NaHCO3 per 100 mL of solution.   

b. Since 500 mL of 90% acetone was prepared, 5 drops of 1N NaHCO3 are added 
to the final solution.   

4. Preparation instructions for 1N NaHCO3 are in Section 5.3.2.2.  

5. Cover the graduated cylinder loosely with aluminum foil, place it onto a magnetic stirrer, 
turn the stirrer on and stir the contents of the graduated cylinder well.   

6. Store the solution in the labeled acetone repipette dispenser bottle.  

5.3.2.2 Preparation of 100 mL of 1N NaHCO3 (sodium bicarbonate) 

Preparation of reagents used in the analysis of chlorophyll-a should be completed in room 002.  
Prepare 100 mL of 1N NaHCO3 using the following procedure: 
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1. Add 8.4 g of NaHCO3 to a 250 mL non-acid washed glass beaker. 

2. Fill the beaker with DI water until it reaches the 100 mL mark. 

3. Stir using a 1” magnetic stir bar until the NaHCO3 has dissolved. 

4. Pour the solution into the 125 mL brown glass bottled labeled 1N Sodium Bicarbonate.  
Add a label to the bottle with the data of preparation and the initials of the technician who 
prepared the solution.  The solution will last indefinitely.
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5.3.3 Analysis of Extracted Chlorophyll-a Samples 

1. Gather the needed supplies.   

a. Aluminum foil covered white racks containing extracted chlorophyll-a filters, 
located in the refrigerator in room 019.   

b. Filter remover (6" piece aluminum wire, with bent tip) or forceps – room 019A 

c. Liquid chlorophyll-a standards and calibration blank - freezer in room 019. 

d. Solid secondary standard - box in drawer under fluorometer. 

e. Repipette containing 90% acetone for dilution - fume hood in chlorophyll closet. 

f. 1 mL Brinkmann pipette, with blue tip - borrowed as needed from room 018 when 
value returned is over-range.. 

2. Allow at least 1 hour for extracted samples and standards to reach room temperature 
prior to analysis.  Fluorometric readings are temperature dependent.  

3. Remember to keep the lights off during analysis and preparation.  The door to the 
chlorophyll closet may be left open if there is no one in room 019 and the lights are off.  
This is recommended to provide ventilation. 

4. While the samples are warming to room temperature, shake the first sample vigorously.  
Remove the cap and using the filter remover, remove the filter.  The acetone soaked 
filter should be placed on a Kimwipe, and left in the fume hood until completely dried.  
This takes only a few minutes. The extracted dry filters are then placed into the trash. 

5. Replace the cap on the vial, and wipe outside with a Kimwipe (removes 
fingerprints/moisture which interfere with readings).   

6. Place the vial back in the rack.   

7. Repeat Steps 4 through 6 for the remaining samples on the rack. 

8. By the time Steps 4 through 6 have been completed for all the samples, the samples 
should have reached room temperature. 

9. Check the calibration of the instrument using the solid standard.  Refer to Section 5.2.4.2 
for a description of the procedure. 
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10. Load the first sample vial into the fluorometer: 

a. Open the fluorometer sample holder lid. 

b. Wipe off any fingerprints on the vial. 

c. Hold the sample vial by its cap and gently place it into the fluorometer sample 
holder. 

d. Close sample holder lid. 

11. Touch “measure fluorescence.” 

a. When prompted, enter filtered volume, typically 50. Be sure to confirm filtered 
volume. 

b. When prompted, enter extracted volume, typically 5. 

12. The procedure will run automatically. The result in ug/l chl will appear after 6 seconds. 
No further calculation is needed. 

13. Record the reading on the data sheet.  If the fluorometer reads “over” the sample must 
be diluted and re-analyzed using the procedure found in Section 5.3.3.1 or 5.3.3.2.   

14. Analyze all the samples & blanks on a rack.  

a. If the method blank or filter blank returns a value greater than 0.03 µg/L 
chlorophyll-a as read on the fluorometer then this should be noted on the project 
data sheet.   

b. Refer to Section 5.2.2 for corrective action necessary if the blanks are greater 
than 0.03 µg/L chlorophyll-a as read on the fluorometer. 

15. Re-analyze the solid secondary standard.  This value should be less than or equal to 
15%D from the known value.  Refer to Section 5.2.5 for information on procedure to 
follow if this value is greater than 15%D.   

16. Repeat steps 10 – 14 for the remaining racks. 

 

Clean-up 

1. Pour acetone extract from the vials through the designated glass funnel into the waste 
acetone bottle located in the fume hood in the fluorometer room. Recap the bottle upon 
completion. (see Section 4.0 for the waste disposal procedure.) 

2. Leave the vials in racks in the fume hood until they are to be washed. See Section 5.3.4 
for information on the washing procedure. 

3. Clean off the work surface. 

4. Return the liquid primary standards and standard blank to their white plastic screw top 
container and place them back into the freezer. 

5. Make a copy of the completed data sheets.  Put the original data sheet in the 
chlorophyll-a file in room 002.  Place the copy of the data sheet in the “Chl to be entered” 
file in the in-basket next to the computer in room 002. 

6. Fill out the chlorophyll log book in room 019A. 

7. Turn off the fluorometer. 
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5.3.3.1 Procedure for Diluting Off-Scale Samples 

If the fluorometer reads “over” the affected sample must be diluted and re-analyzed using the 
procedure below: 

 
1. Obtain chlorophyll-a vials, caps and vial rack from the cabinet above the fluorometer and 

the 1.0 mL pipette from room 018. 

2. Mix the over range sample by inverting the sample vial several times. 

3. Set the over range sample in a rack with a clean empty vial in front of the existing 
sample. 

4. Pipette 1.0 mL of the over range sample into the clean vial. 

5. Add 5.0 mL of 90% acetone to the diluted sample using the acetone repipette. This is a 
6-fold dilution. (1ml sample + 5ml acetone = 6ml). Results must be multiplied by 6. 

6. Cap the vial and shake it.   

7. Indicate on the data sheet which samples have been diluted and how. 

a. Record sample dilutions on the data sheet in the following manner: 1.0 mL 
sample + 5.0 mL acetone.  

8. Read the samples on the fluorometer as described in Section 5.3.3. 

9. If the sample is still over range repeat the dilution procedure using 1 mL of the diluted 
sample and 5.0 mL of 90% acetone following steps 2 – 8.   

 
5.3.4 Washing Chlorophyll-a Vials 

Vials are washed to allow for re-use using the following procedure: 
 
1. Allow acetone to evaporate from vials in the fume hood. 

2. Soak vials and caps in soapy water.  Do not acid soak. 

3. Use a brush to gently scrub the vials (vials break easily). 

4. Rinse vials with tap water, then 3 times with DI water. 

5. Store vials inverted in a vial rack to dry. 

6. Dry caps inverted on a paper towel. 
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6.0 CALCULATIONS 

The equation below is used to determine the final chlorophyll-a concentration of a single 
undiluted sample.  All data are reported to one decimal place.  Values less than 0.2 µg/L 
chlorophyll-a are reported as <0.2 µg/L chlorophyll-a. 
 
 
Chlorophyll-a (µg/L) = result from fluorometer x    Solid Secondary Calibrant (Calibration day) 
               Solid Secondary Calibrant (Analysis day) 
 
Solid Secondary Calibrant (Calibration day) = Average fluorometric reading of the solid 
secondary standard on day of instrument calibration (this information is found on the Chlorophyll 
Calibration Record data sheet).   

Solid Secondary Calibrant (Analysis day) = Average fluorometric reading of the solid secondary 
standard on day that samples are analyzed. 
 

If the sample was diluted prior to being analyzed on the fluorometer, then the dilution factor 
must be calculated using the equation below.  It is then used as a multiplier in the equation 
above to determine the final chlorophyll-a concentration in the sample.  

 
Dilution factor = (sample volume used for dilution (mL) + acetone volume used for dilution (mL)) 

Sample volume used for dilution (mL) 
 
Note: The sample volume used for dilution is typically 1 mL, and the acetone volume used for 
dilution is typically 5 mL, thus  (1+5)/1 = 6. 
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8.0 DOCUMENTATION 

Chlorophyll-a Daily Standards Record 
 

                     Chlorophyll-a Standards Records   

    CHL 90%  
(optional) 
Low 

(optional) 
High    

Date Tech. Sheet # Acetone Solid Stnd Liquid Stnd Liquid Stnd Comments 
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Chlorophyll-a Calibration Record 
 

Calibration Data Sheet for liquid standards

Standards are purchased from Turner Designs
Date of standardization: 5/27/2014 by: KO/VU/JS
lot #: CAS145-02 Expiration Date: April 1, 2015
High Chl-a Conc: 182.0  ug/L
Low Chl-a Conc: 16.0  ug/L

Vial Contents Rep 1 Rep 2 Rep 3 Mean
90% Acetone blank 0.0 0.0 0.0 0.0
Vial A - High 180.96 180.21 182.47 181.21
Vial B - High 182.55 182.67 183.12 182.78
Vial A - Low 16.09 15.85 16.06 16.00
Vial B - Low 16.17 15.92 15.97 16.02
Low Solid Standard 30.48 30.90 30.76 30.71

worksheet located at filename:c://aawwexcel/labproc/chlorophyll/chl standards log.xls, 5/23/11 az
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Chlorophyll-a Analysis Data Sheet 
 

CHLOROPHYLL SHEET # 2016 -____ (number consecutively) START END

Name of rack: 90% Acetone Blank

Set up date / time: Solid Standard

Set up Technician: (optional)Low Liquid Standard

Analysis Date: (optional) High Liquid Standard

Analysis Technician:

Sample Date
1 2 3 4 5 6 7 8 9 10

Sample Location

Volume Filtered

Fluro. Reading

Sample Date
11 12 13 14 15 16 17 18 19 20

Sample Location

Volume Filtered

Fluro. Reading

Sample Date
21 22 23 24 25 26 27 28 29 30

Sample Location Acetone Filter

Volume Filtered Blank Blank

Fluro. Reading

Sample Date
31 32 33 34 35 36 37 38 39 40

Sample Location

Volume Filtered

Fluro. Reading

f ilename uriw w :\aw w excel\lab proc\chlorophyll\chlorophyll data sheet.xls

Comments:  
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the concentration of chloride in fresh water.  This 
method is not appropriate for brackish, estuarine or marine samples.  Samples are filtered and 
then analyzed on a segmented flow autoanalyzer using a colorimetric technique to determine 
chloride concentration.  This method is appropriate for undiluted samples ranging from less than 
5 to 50 mg/L Cl- and samples diluted to return values in this range. 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards  

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 – General Laboratory Safety. 

Several chemicals are utilized in this procedure.  Two of the chemicals have minimal hazards: 
sodium chloride (NaCl) and the Brij-35% surfactant solution.  Sodium chloride may cause eye 
irritation on contact.  The Brij-35% solution is not listed for a specific hazard.  General safe 
handling practices should be used when working with both these chemicals.   

The mixed chloride color reagent should be handled with care.  Technicians must wear 
laboratory goggles, a laboratory coat and gloves.  The fume funnel above the autoanalyzer must 
be turned on before using the reagent which contains mercuric thiocyanide reagent.   

Mercuric thiocyanide is extremely toxic, it may be fatal if swallowed.  It is harmful if inhaled or 
absorbed through the skin and causes irritation and burns to skin, eyes and respiratory tract.  
Extreme caution should be exercised when using this chemical. 

Further information regarding chemicals utilized in this procedure is found in the laboratory 
Material Safety Data Sheet (MSDS) binder found in the laboratory where the chemical of 
interest is stored.  General laboratory information regarding safe handling of chemicals is 
located in SOP 001a – University Safety and Waste Handling. 

Waste Reagents 
Waste reagents must be collected for later disposal by URI Safety and Health.   
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2.2 Technician Training/Qualifications 

General training in laboratory technique and use of the Astoria-Pacific Model 303a Astoria® 
Analyzer (autoanalyzer) must be completed prior to analyzing samples using this method.  
Technician training will be provided by Linda Green, Laboratory Director.  No technician is 
allowed to use the autoanalyzer without the permission of Linda Green. 

3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Astoria-Pacific Model 303a  
Astoria® Analyzer 
(autoanalyzer) 

Equipped with a 480 nm filter 
for analysis of chloride 

 

Personal computer In autoanalyzer lab, dedicated 
connection to autoanalyzer 

 

Refrigerator Set at 4 °C  
Ultrapure water 
 

Aries-Vaponics system 
installed in laboratory See 
SOP 002, “lab water” 

 

Drying oven  In Amador lab 024  
Electronic desiccator In autoanalyzer lab Sanpla Dry Keeper, Sanplate 

Corp. 
Balance  Capable of weighing to 0.0001g  
125 mL Wheaton HDPE 
plastic bottles or similar 

Sample storage Fisher #03-083-41 

Eppendorf or similar pipettes 
and tips 

0-100 µl and 100-1000 µl  

10 – 100 mL Class A 
volumetric flasks 

Used only for Cl standards Fisher #13-757-816 

2 to 4 – 500 ml to 1L Class A 
volumetric flasks 

In labs 018, 002, stored 
containing MQ water 

 

Brij-35, 30% solution, 4 oz  Surfactant. Do not use Triton Astoria-Pacific #90-0710-04 

Sodium chloride (NaCl) Primary standard Fisher #S271-1 
Mixed Chloride Reagent For automated ferricyanide 

method, note expiration date 
Fisher #1940-32, 
manufactured by Ricca 

External standards From previous proficiency test 
samples 

 

Glass fiber filters, 25 m 
diameter 

Handle only with forceps Pall 61630 

Filter forceps Flat tip does not pierce filters Bio Quip #4750 featherweight 
forceps 

Filter housings for 25 mm 
diameter filters 

Luer-lock fitting on top. Used 
only for Cl analysis 

Pall #4320, easy pressure 
syringe filter holder 

60 mL Syringe BD non sterile 60 ml, Luer-
lock tip  
Used only for Cl analysis 

Fisher #14-820-11 
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Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory.  Temporary replacement of the autoanalyzer may be made through arrangement 
with Astoria-Pacific.  Other equipment may be obtained through arrangement with other 
scientists in the department maintaining similar equipment. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Water samples 125 mL acid 
washed plastic 
bottle 

Filtered and then 
frozen 

<100 mL 1 year 

 
Disposal 
Samples may be disposed of only after final quality assurance checks are completed and the 
data found to be acceptable using criteria found in Section 5.2 of this SOP.  Samples may be 
disposed of by rinsing down the drain with water. 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

Preparation of the stock standard, if necessary, must be completed at least two days prior to 
sample analysis.  If necessary, prepare the stock standard as discussed in Section 5.3.1.1 
Check to be sure enough color reagent is available and not past expiration date. 
 
Remove samples to be analyzed from the freezer and thaw overnight at room temperature. 
 

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The Method Detection Limit (MDL) for this assay is determined annually and has been 0.3 mg/L 
chloride (Cl-) or less.  The Limit of Quantitation or Reporting Limit (RL) for this assay is 1 mg/L 
Cl- or lower.  The upper limit of reporting is 50 mg/L Cl- without dilution and is set by the upper 
standard and the calibration curve.  Results are reported to the nearest whole number.  Updated 
MDL and RL values are calculated on an annual basis, check with the Laboratory Manager for 
the most up-to-date values 
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5.2.2 Method Blanks 

Method blanks consist of Ultrapure water treated as a sample.  A method blank is analyzed after 
every 15 samples.  This is approximately 6% of the samples analyzed.  Method blanks must not 
be greater than 2 mg/L Cl-.   
 
Corrective Action 
If any method blank is found to be greater than 2 mg/L Cl- then the method blank is re-analyzed.  
If the method blank is still greater than 2 mg/L Cl- then the instrument is re-calibrated and any 
samples analyzed between the accepted method blank and the unacceptable method blank are 
re-analyzed.   
 

5.2.3 Sample Replication 

Sample replication is completed in two ways.  The autoanalyzer analyzes two aliquots from 
every sample cup for Cl-.  The relative percent deviation (%RPD) between the values obtained 
from the same sample cup must not be greater than 15%. 
 
10% (1 sample in 10) are analyzed in duplicate cups.  The %RPD must not be greater than 20% 
for these samples.   
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than 15% for an analysis from the same sample cup or greater than 20% 
when comparing sample values between duplicates placed in different sample cups then the 
sample is re-analyzed.  If the sample replicates are still not within 15%RPD and 20%RPD and 
the instrument check standards are within the acceptable Quality Assurance/Quality Control 
guidelines then the deviation is noted on the project data sheet and the run continued. 
 

5.2.4 Calibration  

Instrument standardization is completed by determining the absorbance of a series of known 
working standards.  The autoanalyzer software performs a regression analysis of the standard 
concentration versus the absorbance and returns a standard equation for a line (y = mx + b) and 
a graph.  The autoanalyzer is standardized with a minimum of 6 working standards including a 
blank (see Section 5.3.1.2).  An acceptable linear regression for a calibration sequence will 
have a coefficient of determination (R2) value of at least 0.990.  See example at end of this 
SOP. 
 
Corrective Action 
If the R2 value returned by the standardization procedure is less than 0.990 due to only 1 
standard, then the standard may be removed and the calibration accepted.  If the R2 value is 
less than 0.990 due to more than 1 standard, then the autoanalyzer is re-calibrated.  No 
samples are analyzed until an acceptable R2 value is recorded.  Trouble shooting information is 
located in the autoanalyzer manual.  
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5.2.5 Calibration Check/Laboratory Control Standards 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis.  Proficiency test samples of unknown concentration are purchased 
from an outside vendor and analyzed for chloride.  URIWW results are sent to the vendor who 
provides a comparison to the actual value and a performance evaluation and submits results to 
RI Department of Health, RI Department of Environmental Management and to URIWW.  Study 
results are maintained by the laboratory for a minimum of ten years. 
 
Daily Calibration Check 
Previous proficiency test samples are analyzed as samples during each analysis batch at a ratio 
of 2% of the samples run (1-2 standards per 90 samples).  The percent difference (%D) must 
not be greater than 20% for the external standards.  
 
A check calibrant consisting of a mid-range standard from the standards used to calibrate the 
instrument is analyzed at a ratio of 1 check standard per 15 samples, or approximately 7% of 
the samples analyzed.  The %D must not be greater than 20% for the check standards. 
 
Percent difference is calculated as follows: 
 
%D = Reported value X 100 
 Known value 
 
Corrective Action 
If the %D is greater than 20% for either an external standard or check calibrant then the 
standard is re-analyzed.  If the %D is still greater than 20% then the instrument is re-calibrated 
and the samples analyzed between the acceptable check calibrant or external standard and the 
unacceptable check calibrant or external standard are re-analyzed.   
 

5.2.6 Matrix Spikes 

Matrix spikes are used to verify that the chemical and physical characteristics of the samples 
being analyzed are not sufficiently different from the standards used in calibration to cause the 
analyte of interest to respond differently in the sample when compared to the calibrant.   
 
There are two main ways to prepare matrix spikes.  The more commonly used method is to pour 
a water sample into a volumetric flask and add a small amount of a highly concentrated 
standard.  The amount of standard added allows the final solution to be approximately double 
the original concentration of the sample.  This requires a larger volume of a water sample than 
is available. The second method, used by URIWW, involves measuring a known volume of 
water sample into an autoanalyzer cup, adding a known volume of a high calibrant or 
standard to the cup and calculating the expected final concentration.  In both cases, using 
the Astoria-Analyzer system the spike concentration is calculated and entered in the CC/QC 
area.  The un-spiked sample is run, immediately followed by the spiked sample, and the 
autoanalyzer system calculates the spike recovery, which should be between 80 – 120%.  
Sample spikes are run on approximately 3% of samples or one sample in 30. 
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The percent recovery is calculated as follows: 
 

% recovery = {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 
  
Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 
 

The matrix spike procedure utilized by URIWW is based on 1/1992 Astoria Pacific Technical 
Bulletin Appendix which states that “If higher dilutions of the sample matrix by the spike solution 
have been demonstrated not to change the matrix significantly, a rapid procedure of spiking 
directly into the sample cup can be used … an appropriate volume and concentration of spike 
solution is accurately pipetted to into the cup then mixed and analyzed.”  This approach is also 
based on personal communication with Allen Clement, Astoria-Pacific International Technical 
Support, June 2006. 
 
It should be noted that the spiked sample must not go offscale, and thus the sample + spike 
must be <= 50 mg/L, or the percent recovery cannot be corrected calculated. 
 
Corrective Action 
If the % recovery for a spiked sample is not between 80 and 120% the sample and associated 
sample matrix spike will be re-analyzed.  If the value is still not within the acceptable range but 
all other spiked samples are within QA/QC limits and calibration checks are also acceptable 
then the sample data will be flagged, but no further action will be taken.  If more than one spiked 
sample is not within acceptable percent recovery then additional samples will be spiked to 
determine if the sample matrix is causing interference.  Appropriate corrective action will be 
determined in consultation with the laboratory manager. 
 
 

5.3 Analysis Method 

5.3.1 Preparation 

At least two days prior to analysis, check to be sure enough color reagent is available. 
 
Preparation of standards takes two days to complete, therefore check to determine if it is 
necessary to prepare new stock standard prior to the expected sample analysis date. The stock 
standard can be stored for two years. Working standards last up to a year. 
 
Move samples to be analyzed from the freezer to the lab the night before analysis, to allow them 
time to thaw. 
 
This method utilizes several types of water.  Ultrapure water refers to highly purified water which 
is prepared by further purifying DI water using the URIWW Aries-Vaponics system.  SOP 002 – 
Laboratory Water provides information regarding the different types of laboratory water available 
and the methods to obtain each type of water. 
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Glassware preparation for preparation of standards 
If glassware was not previously used for chloride standards it must be soapy water washed, DI 
water rinsed, 10% HCl soaked overnight and then soaked in Ultrapure water overnight.  Never 
use glassware that has just come from acid soaking.  It must equilibrate in DI water first. In 
practice, standards are made using glassware that has been previously used for chloride 
standards. The previous standards are discarded, glassware thoroughly rinsed and the next set 
of standards are made with the same standard in the same flask. 
 

5.3.1.1 Preparation of 1000 ppm NaCl Stock Solution 

1. Record reagent and standards weights in “URIWW Reagents and Standards Preparation 
Log,” a white 3 ring binder kept to the right of the electronic desiccator in the 
autoanalyzer lab. Assume 1 ml weighs 1g. 

2. Dry approximately 5 g of sodium chloride (NaCl) at 140 °C (284 °F) in the drying oven for 
4 hours.   

a. After it has been dried, place it into the electronic desiccator in the autoanalyzer 
lab immediately.  It should be stored in the desiccator until use. 

b. Note: Na = 22.99 g Na /mole NaCl 
Cl = 35.45 g Cl /mole NaCl  
NaCl = 58.44 g/mole 
Ratio of NaCl/Cl = 58.44/35.45 = 1.648 
1.648 g NaCl is equal to 1.0 g Cl. 
 

3. Check the calibration of the balance using the 1 g weight.  Use a balance that weighs to 
at least 0.0001 g.   

a. The calibration weights are located in the drawer under the balance.  Never 
touch calibration weights with anything but forceps.  The oils on fingers may 
change the weight of the standard.   

b. Values returned by the balance should be within 10% of the actual calibration 
weight value.  If a deviation of greater than 10% is noted then the balance will be 
serviced and re-calibrated.  The balance should not be used in this procedure.   

4. Refer to the table below to prepare varying amounts of the stock standard.  Dilute to the 
final volume using Ultrapure water.  This solution requires no special preservative and 
will last indefinitely. 

 

Mass of dried NaCl (g)  Final Volume (mL) 

1.648 g 1000 

0.824 g 500 

0.412g 250 
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5.3.1.2 Preparation of Working Standards (calibrants) in 100 ml flasks  

1. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1.3 

2. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log “ binder. 

3. Fill each labelled 100 mL volumetric flasks to be used to contain working standards part 
way with Ultrapure water.  Use appropriate sized and calibrated micropipette to add 
stock solution to the volumetric flask, according to chart below.  

4. Start with the highest concentration standard and work backwards. This is 
recommended by pipette companies and technician performing pipette calibration. When 
changing volume, dry dispense the pipette ~10 times to lock in the volume before 
drawing up liquid. 

Preparation of Working Standards in 100 mL volumetric flasks. 

Desired 
Concentration  
(mg/L or ppm) 

Volume of 1000 mg/L stock to add 
to 100 mL volumetric flask 

 µl mL 
0 0 0 
5 500 0.5 

10 1000 1.0 
15 1500 1.5 
20 2000 2.0 
25 2500 2.5 
30 3000 3.0 
40 4000 4.0 
50 5000 5.0 

 

5. Bring the volumetric flask to volume with Ultrapure water.   

6. Cover the volumetric flask with parafilm and mix by inverting the flask multiple times.  

7. Add date of preparation and your initials to the label. 

8. Allow the standard to sit at least 1/2 hr. before using. Mix well before use. 

9. Store working standards in a 4 °C refrigerator. Replace after one year. 
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5.3.1.3 Preparation of Matrix Spike “Stock” Solution for Chloride 

These instructions are for the preparation of 100 ml of matrix spike solution that is 500 ppm Cl- . 
This spike “stock” solution will last for a year. These instructions are also in the Reagents and 
Standards Prep Log white 3 ring binder. 
 

1. Fill a 100 ml volumetric flask about ½ full with Ultrapure water 
2. Pipette in 50 ml of 1000 ppm chloride stock solution. 
3. Fill volumetric flask to the line with MQ water, cover with Parafilm, shake repeatedly to 

mix. Label with date. 
4. The dilution factor (df)= 2 (100 ml / 50 ml). Cl- concentration of the spike itself is 1000/2 

= 500 ppm Cl. The concentration of the spike in the sample is (100/2000)*500= 25 ppm. 
5. Store the “stock” matrix spike solution in a 4 deg. C refrigerator. It can be used for up to 

a year after preparation. 
 

5.3.2 Procedure – Day of Analysis 

5.3.2.1 Sample Filtration 

Samples may arrive in the laboratory as filtered or unfiltered samples.  Unfiltered samples must 
be filtered immediately using Gelman/Pall glass fiber filters.  After samples are filtered they must 
be placed in the freezer until they are analyzed.  The procedure for filtering samples is detailed 
in SOP 023 and summarized below: 

1. Locate previously cleaned bottle(s) that will be used to hold the filtered water.  Attach 
yellow filtered labels which list the sample location, sample depth, date of sample 
collection and the text “filtered”. Hand write if there is no pre-printed label. 

2. Prepare a filter housing by placing one glass fiber filter, gridded side down, onto the 
metal screen on the bottom of the filter assembly. Always use the tweezers to handle 
filters. Place the black rubber gasket on top of the filter, and screw the filter holder back 
together. 

3. Shake the unfiltered sample bottle well. 

4. Use a syringe to draw up approximately 10 mL of sample into the syringe.  Use this 
water to rinse the syringe and then discard the water. 

5. Take apart the syringe by pulling the plunger all the way out. 

6. Attach the filter holder to the syringe. 

7. Mix the sample bottle again and obtain the sample to be filtered by pouring ~ 30-40 ml 
water from the sample bottle into the syringe (with the filter holder facing down). 

8. Attach the syringe plunger, and slowly push the water through the filter housing with 
even pressure catching the filtered water in the bottle labeled “filtered”. Rinse and 
discard the first few ml of filtered water to condition the bottle, then continue to filter. Cap 
and freeze filtered water. 

9. If the filter becomes clogged, remove the filter and start the procedure over with another 
aliquot of sample. 

10. Take apart the syringe. Rinse all apparatus with DI water.  Place upside down on a 
paper towel to dry. 
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5.3.2.2 Sample Analysis 

Detailed instructions regarding operation of the Astoria-Pacific segmented flow automated 
spectrometer (autoanalyzer) will not be repeated here.  This information is located in the 
autoanalyzer operation manuals.  However, a summary of the analytical procedure is found 
below: 
 
1. Allow all filtered samples, standards and blanks to warm to room temperature.  This 

takes place while the autoanalyzer is being prepared.  

2. Obtain reagents needed for the analysis.  The chloride analysis utilizes a mixed color 
reagent that is kept at room temperature. The color reagent contains mercuric 
thiocyanide, a highly toxic chemical.  The fume funnel above the autoanalyzer must be 
on before this reagent (color reagent) is used.   

a. Lab personnel must wear gloves, lab coat and eye protection when using this 
reagent.  Waste reagents must be collected for later disposal by URI Safety and 
Health.  

b. Further information regarding this reagent is located in the Laboratory MSDS 
binder.  Further information regarding health and safety is located in SOP 001 – 
General Laboratory Safety and SOP 001a – University Safety and Waste 
Handling Document. 

3. A brief summary of Autoanalyzer Operation is provided below: 

a. A calibrated volume of sample is introduced into the autoanalyzer by the 
sampler.   

b. The sample is delivered to the analytical cartridge by a peristaltic pump.  It is 
then combined with reagents and segmented using air bubbles in a continuously 
moving stream.  

c. As the sample moves through the cartridge it passes through mixing coils and a 
heating bath, as specified by test conditions.   

d. A color is produced by the specific analyte in the sample.  The intensity of the 
color is determined by the amount of analyte present.  The color may not be 
visible to the naked eye. 

e. This colored stream then flows to the photometer where the color intensity is 
measured and converted to an electronic signal.  The electronic signal is sent to 
a computer where the Astoria-Pacific FASPac II® software program processes 
the signal to create a standard curve and numerical results for the standards and 
samples as well as a real-time recorder tracing of peaks. 

4. Each autoanalyzer rack has 90 places for samples, blanks and QC samples.  A sample 
run can have up to three racks (270 samples).  

a. Standards are set up on their own rack.  A set of standards is run at the 
beginning of each run.  A separate set of standards is run at the end, and are 
averaged with those run at the beginning. 

b. Each sample and standard is recorded on a sample log sheet just before they 
are poured into analytical sample cups.  1 sample out of 15 is analyzed in 
duplicate (two separate analyzer sample cups). 
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c. If a sample is diluted before analysis, it is noted on the sample lab log and 
entered in the appropriate place in the computer sample log. 

d. The autoanalyzer is set to analyze each sample cup twice, with a 20 second 
sample time and 40 second wash time. 

e. A check calibrant and blank are run after every 15 samples and are used to 
monitor the run (see Section 5.2 for further information). 

 

5.3.2.3 Daily Matrix Spikes 

Matrix spikes are completed on 30% of samples in each analytical run.  Use the procedure 
outlined below to prepare matrix spikes of water samples being analyzed:  The “stock” matrix 
spike solution is 500 ppm Cl. See 5.3.1.3 above to prepare.  The final sample matrix spike will 
be 25 ppm Cl. 
 

1. Check and confirm the calibration of the following pipettes and volumes on the Mettler 0.5 
mg balance using Ultrapure water: 

a. 100 µl (uses yellow tip) 

b. 900 µl (uses blue tip) 

c. 1000 µl (uses blue tip) 

2. Select a water sample to spike that is expected to have detectable results (not at or below 
the limit of detection.)  Ideally it should be at the low end of mid-range.  Remember that Cl- is 
on-scale up to 40-50 ppm. 

3. First fill a 2 ml sample cup with the unspiked sample.  Put on sample rack. Record the 
sample information as usual on the log sheet. 

4. Next pipette 1000 µl of that same sample into another 2 ml sample cup. 

5. Add 100 µl of the 500 ppm Cl spike “stock” solution to the 1000 µl of sample.   

6. Pipette 900 ml of the same water sample into the matrix spike 2ml sample cup. Mix by 
repeatedly drawing up and dispensing back water from this sample cup. Total volume = 2 
mL. 

7. This will give you a solution that is spiked with 25 ppm Cl-.  In other words with 100% 
recovery your spiked samples will be 25 ppm Cl- higher than the unspiked sample.  

8. Put the spiked sample on the rack right after the unspiked sample. 

9. Record it on the sample log sheet as “SPK1”. 

10. To use the autoanalyzer matrix spike automatic calculation, edit the chloride method.  (Once 
you have set this up it doesn’t have to be repeated unless you change the spike 
concentration.) 

a. Go to edit for your chloride method 

b. Go to Channel Properties, CC/QC tab 

c. Enter SPK1 for spike number 

d. Enter 25 for spike concentration 

11. The matrix spike % recovery will be printed on the sample run report, right after the spiked 
sample.
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12. (Optional) Calculate results as an alternative to the API software method. 

% recovery =  {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 
 

Excel formula: 
 = {[SR(V3+V1)] – (UR x V3)} / (V1 x C1)   X100 
 = 100 x {[SR(2000) – UR(1900)] / [(100)C1]} 
 

Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 

 

6.0 CALCULATIONS 

Chloride concentrations are calculated in the Astoria Pacific FASPac II program from the 
average of standard curves.  Data are reported to the nearest whole number.  Values less than 
the reporting limit are reported as < (numerical value of the) RL mg/L Cl-. 
 
1. The autoanalyzer is connected to a dedicated computer.  The Astoria-Pacific FASPac II® 

program analyzes the data reported by the autoanalyzer.  The program performs a linear 
regression on the standards and determines sample concentrations.   

a. A graph of concentration vs. absorbance of standards is displayed and can be 
manipulated to remove obvious outliers.  This can be done during the course of 
an analytical run. 

b. The standard curve is typically rejected if R2 is less than 0.99 unless this is due to 
1 standard in the suite.  (see Section 5.2 for further information) 

c. During the run the real time peak tracing displayed on the computer screen are 
monitored to check for in-range heights, proper shapes and any irregularities, so 
that samples can be re-analyzed, space permitting during the current run, or 
saved for re-analysis in a later run. See example at the end of this SOP. 

d. At the end of a run each peak is again checked to make sure the marker is in the 
proper spot and any irregularities are accounted for (analytical blips, empty 
sample cups, etc).  Once each peak in a run has been reviewed, the results of 
the run are saved and also exported and saved as Excel files, and printed. 

2. After the computer results are printed, they are again compared to the peak tracing, 
particularly to take note of carryover of high to low peaks and correct any keyboarding 
errors. 

3. QC results are compared to previous results as well as "true values".  If the results of the 
run meet the QA/QC criteria set forth in this SOP then the results of the run are deemed 
acceptable and labeled as “ready for summary”. 

4. After the printout has been approved the data are entered into appropriate Excel 
spreadsheet files, where it is subsequently re-checked for data entry errors.   

5. After the data is approved samples may be disposed of in accordance with Section 4.0.   
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8.0 DOCUMENTATION 

Data consisting of the sample results, peaks and calibration curves are exported from the 
computer running the autoanalyzer into Excel data files.  The excel files are then printed and 
saved electronically.  A packet for each analytical run is created consisting of the handwritten 
sample log sheet, printed calibration curve, printed peak tracings, and the printed excel data file. 
See examples below. Data is not entered into analyte summary files until it has been approved 
by Linda Green, and so labeled on the printed excel files. Data are reported to the nearest 
whole number. Packets for each analyte are saved in a file folder for that analyte and for that 
year. These are stored in a filing cabinet in room 002. When all filing cabinets are full the files 
are stored by year in a cardboard box in a secure location. 
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Sample Log Sheet 
 

 
 
Sample Calibration Curve 
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Sample Chloride Peak Tracing 
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1.0 PURPOSE AND DESCRIPTION 

This method determines the concentration of ammonia in an ambient (river, pond, lake) and 
marine samples.  Samples are filtered and then analyzed on a segmented flow autoanalyzer 
using a colorimetric technique to determine ammonia concentration.  Results are reported as µg 
of ammonia (NH3) as Nitrogen (N) per Liter.  This method is appropriate for undiluted samples 
ranging from less than 40 to 1000 µg/L NH3-N and samples diluted to return values in this 
range. 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 – General Laboratory Safety. 
 
Several chemicals are utilized in this procedure that should be treated with extreme caution.  
Technicians working with these chemicals must wear laboratory goggles, a laboratory coat and 
gloves.  The fume funnel above the autoanalyzer must be turned on before using the phenol 
reagent or the sodium nitroferriccyanide reagent.  The following chemicals should be used only 
in the laboratory funnel ventilation or laboratory hood.   

Liquid phenol (carbolic acid) (C6H5OH) – Phenol is corrosive and toxic.  Phenol may cause 
irritation or burns to skin, eyes, respiratory and digestive tract if exposed.   Phenol is readily 
absorbed through the skin and may be fatal if inhaled, absorbed through the skin or swallowed.  
Phenol exposure may cause liver and kidney damage and central nervous system depression.  
Phenol is a mutagen, hygroscopic (absorbs moisture from the air) and light sensitive.  Liquid 
phenol and phenol vapors are combustible. 

Sodium nitroferriccyanide (sodium nitroprusside dihydrate), (Na2Fe(CN)5(NO)ꞏ2H2O) – Sodium 
nitroferriccyanide is toxic.  It may cause eye, skin and respiratory tract irritation on contact.  It is 
harmful if swallowed, inhaled, or absorbed through the skin. Contact with acids liberates 
hydrogen cyanide, an extremely toxic gas. 

The following chemicals should be treated with caution.  Ammonia sulfate ((NH4)2SO4), sodium 
citrate dihydrate (Na3C6H5O7ꞏ2H2O) and sodium potassium tartrate (NaKC4H4O6.4H2O) may 
cause eye, skin and respiratory tract irritation upon exposure.  Sodium hydroxide (NaOH) and 
sodium hypochlorite (bleach) (NaOHCl) are corrosive and may cause burns to exposed body 
parts and eyes.  Sulfuric Acid (H2SO4) is corrosive and may burn exposed body parts and eyes.  
The Brij-35% surfactant solution is not listed for a specific hazard.  General safe handling 
practices should be used when working with this chemical.  
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Further information regarding chemicals utilized in this procedure is found in the laboratory 
Material Safety Data Sheet (MSDS) binder found in the laboratory where the chemical of 
interest is stored.  General laboratory information regarding safe handling of chemicals is 
located in SOP 001a – University Safety and Waste Handling. 

 
Waste Reagents 
Waste reagents must be collected for later disposal by URI Safety and Health.   
 

2.2 Technician Training/Qualifications 

General training in laboratory technique and use of the Astoria®-Analyzer Model 303A 
Segmented Continuous Flow Autoanalyzer (autoanalyzer) must be completed prior to analyzing 
samples using this method.  Technician training will be provided by Linda Green, Laboratory 
Project Manager – Nutrients.  No Technician is allowed to use the autoanalyzer without the 
permission of Linda Green. 

3.0 REQUIRED MATERIALS 
Required Material Notes Re-order information 
Astoria®-Analyzer Model 303A 
Segmented Continuous Flow 
Autoanalyzer (autoanalyzer) 

Equipped with a 630 nm filter 
for analysis of ammonia-
nitrogen  

 

Personal computer In autoanalyzer lab, dedicated 
connection to autoanalyzer 

 

Refrigerator  Set at 4 °C  
Source of Ultrapure water Aries-Vaponics system 

installed in laboratory 
See SOP 002, “lab water” 

 

Squeeze bottle containing 
Ultrapure water 

  

Drying oven  In Amador lab 024  
Electronic desiccator In autoanalyzer lab Sanpla Dry Keeper, Sanplate 

Corp. 
Balance  Capable of weighing to 0.0001 

g 
 

125 mL Wheaton HDPE 
plastic bottles or similar 

Sample storage Fisher #03-083-41 

Brinkman or similar adjustable 
pipettes  

0-100 µL and 100-1000 µL  

10 100 mL Class A volumetric 
flasks 

Used solely for freshwater 
amm-N standards 

Fisher #13-757-816 

10 – 100 mL PMP (plastic) 
volumetric flasks 

Used solely for salt water 
amm-N standards 

Fisher #10-198-52C 

2-4 1 L Class A volumetric 
flasks 

In labs 018, 002, stored 
containing MQ water 

 

Brij-35% solution surfactant Surfactant. Do not use Triton Astoria-Pacific #90-0710-04 

Glass fiber filters, 25 m 
diameter 

Handle only with forceps Pall 61630 

Filter forceps Flat tip does not pierce filters Bio Quip #4750 featherweight 
forceps 
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Required Material Notes Re-order information 
Filter housings for 25 mm 
diameter filters 

Luer-lock fitting on top. Used 
only for Cl analysis 

Pall #4320, easy pressure 
syringe filter holder 

60 mL Syringe BD non sterile 60 ml, Luer-
lock tip  
Used only for Cl analysis 

Fisher #14-820-11 

Ammonia sulfate ((NH4)2SO4) 
Primary standard 

Store in electronic desiccator Fisher P938-500 

External standards From previous proficiency test 
samples 

 

Liquid phenol (carbolic acid) 
(C6H5OH) 

Stored in solvent cabinet 
under fume hood in 019 

Fisher A931-500 

Sodium citrate dihydrate 
(Na3C6H5O7ꞏ2H2O) 

 Sigma #71402-100G 

Sodium hydroxide (NaOH)   Sigma S8045 

Sodium hypochlorite (bleach) 
(NaOHCl) 

Watch for expiration date Fisher #SS290-1 

Sodium nitroferriccyanide 
(sodium nitroprusside 
dehydrate 
(Na2Fe(CN)5(NO)ꞏ2H2O) 

 Sigma #01723KG 

Potassium sodium tartrate 
tetrahydrate 
(NaKC4H4O6.4H2O) 

 Sigma #S2377-500G 

1:1 Sulfuric acid (H2SO4) corrosive Fisher #8180-32 

Sodium chloride (NaCl) For preparation of artificial 
seawater (ASW) needed to 
analyze marine samples 

Fisher #S271-1 

 
Spare Equipment 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory.  Temporary replacement of the autoanalyzer may be made through arrangement 
with Astoria-Pacific.  Other equipment may be obtained through arrangement with scientists in 
the Natural Resources Science department maintaining similar equipment. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Water  125 mL acid 
washed plastic 
bottle  

Filtered and 
frozen 

<100 mL 12 months 

 
Disposal 
Samples may be disposed of only after final quality assurance checks are completed and the 
data found to be acceptable using criteria found in Section 5.2 of this SOP.  Samples may be 
disposed of by rinsing down the drain with water
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5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

Preparation of the stock standard, if necessary, must be completed at least two days prior to the 
date of expected sample analysis.  If necessary, prepare the primary standard as discussed in 
Section 5.3.1.1.  Approximately 100 mL of the primary standard is necessary to prepare the 
working standards.   
 
Remove samples to be analyzed from the freezer and thaw overnight at room temperature. 
 
The available volume of each reagent utilized in this analysis should also be assessed at least 
two days prior to the date of expected sample analysis.  Four reagents are needed for the NH3 
analysis: the sodium phenate solution, sodium hypochlorite solution, EDTA reagent and sodium 
nitroprusside solution.  Additionally, artificial seawater is used as a rinse, carrier and to prepare 
standards when analyzing marine samples.  If necessary, prepare more reagent using 
instructions found in the Astoria-Pacific manual.   
  

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The Method Detection Limit (MDL) is set at 2.0 µg/L NH3-N.  The Limit of Quantitation or 
Reporting Limit (RL) is set at 20 µg/L NH3-N.  The maximum concentration reported without 
dilution is 1000 µg/L NH3-N for ambient and marine samples, based on the highest calibration 
standard.  Values reported for NH3-N are reported to the nearest 5 (ie: 152 µg/L NH3-N is 
reported as 150 µg/L NH3-N and 66 µg/L NH3-N is reported as 65 µg/L NH3-N).  Updated MDL 
and RL values are calculated on an annual basis, check with the Laboratory Manager for the 
most up-to-date values. 
 

5.2.2 Method Blanks 

Method blanks consist of Ultrapure water treated as a sample for all samples except marine 
samples.  Method blanks for marine samples consist of Artificial Seawater treated as a sample.  
A method blank is analyzed after every 15 samples; this corresponds to 6% of the samples 
analyzed.  Method blanks must not be greater than 20 µg/L NH3-N.   
 
Corrective Action 
If any method blank is found to be greater than 20 µg/L NH3-N then the method blank is re-
analyzed.  If the method blank is still greater than the acceptable value then the instrument is re-
calibrated and any samples analyzed between the accepted method blank and the 
unacceptable method blank are re-analyzed.   
 

5.2.3 Sample Replication 

Previous versions of this SOP called for the autoanalyzer analyzing two aliquots from every 
sample cup for NH3.  This was done with a sample time of 20 sec and rinse of 40 sec. This has 
been updated to increase the sample time to 60 seconds and rinse time to 30 seconds. 
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Because of the (3X) longer sample time there is not enough volume in each 2ml cup for 
replicate sampling from the same cup. 
 
A minimum of 10% (1 sample in 10) are analyzed in duplicate cups.  The %RPD must not be 
greater than 20% for these samples.   
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than 15% for an analysis from the same sample cup or greater than 20% 
when comparing sample values between duplicates placed in different sample cups then the 
sample is re-analyzed.  If the sample replicates are still not within 15%RPD and 20%RPD and 
the instrument check standards are within the acceptable Quality Assurance/Quality Control 
guidelines then the deviation is noted on the project data sheet and the run continued. 
 

5.2.4 Calibration  

Instrument standardization is completed by determining the absorbance of a series of known 
working standards.  The autoanalyzer software performs a regression analysis of the standard 
concentration versus absorbance and returns a standard equation for a line (y = mx + b) and a 
graph.  The autoanalyzer is standardized with a minimum of 5 working standards and a blank 
(see Section 5.3.1.2).  An acceptable linear regression for a calibration sequence will have a 
coefficient of determination (R2) value of at least 0.990.   
 
Corrective Action 
If the R2 value returned by the standardization procedure is less than 0.990 due to only 1 
standard, then the standard may be removed and the calibration accepted.  If the R2 value is 
less than 0.990 due to more than 1 standard, then the autoanalyzer is re-calibrated.  No 
samples are analyzed until an acceptable R2 value is recorded.  Trouble shooting information is 
located in the autoanalyzer manual.   
 

5.2.5 Calibration Check/Laboratory Control Standard 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis.  Proficiency test samples of unknown concentration are purchased 
from an outside vendor and analyzed for NH3.  URIWW results are sent to the vendor who 
provides a comparison to the actual value and a performance evaluation and submits results to 
RI Department of Health, RI Department of Environmental Management and to URIWW.  Study 
results are maintained by the laboratory of ten years. 
 
Daily Calibration Check 
Previous proficiency test samples are analyzed as samples during each analysis batch at a ratio 
of 2% of the samples run (1-2 standards per 90 samples).  The percent difference (%D) must 
not be greater than 20% for the external standards.  
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A check calibrant consisting of a mid-range standard from the standards used to calibrate the 
instrument is analyzed at a ratio of 1 check calibrant per 15 samples, or approximately 7% of 
the samples analyzed.  The %D must not be greater than 20% for the check calibrant. 
 
Percent difference is calculated as follows: 
 
%D = Reported value X 100 
 Known value 
 
Corrective Action 
If the %D is greater than 20% for either an external standard or check calibrant then the 
standard is re-analyzed.  If the %D is still greater than 20% then the instrument is re-calibrated 
and the samples analyzed between the acceptable check calibrant or external standard and the 
unacceptable check calibrant or external standard are re-analyzed.   
 

5.2.6 Matrix Spikes 

Matrix spikes are used to verify that the chemical and physical characteristics of the samples 
being analyzed are not sufficiently different from the standards used in calibration to cause the 
analyte of interest to respond differently in the sample when compared to the calibrant.   
 
There are two main ways to prepare matrix spikes.  The more commonly used method is to pour 
a water sample into a volumetric flask and add a small amount of a highly concentrated 
standard.  The amount of standard added allows the final solution to be approximately double 
the original concentration of the sample.  This requires a larger volume of a water sample than 
is available. The second method, used by URIWW, involves measuring a known volume of 
water sample into an autoanalyzer cup, adding a known volume of a high calibrant or 
standard to the cup and calculating the expected final concentration.  In both cases, using 
the Astoria-Analyzer system the spike concentration is calculated and entered in the CC/QC 
area.  The un-spiked sample is run, immediately followed by the spiked sample, and the 
autoanalyzer system calculates the spike recovery, which should be between 80 – 120%.  
Sample spikes are run on approximately 3% of samples or one sample in 30. 
 
The percent recovery is calculated as follows: 
 

% recovery = {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 
  
Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 
 

The matrix spike procedure utilized by URIWW is based on 1/1992 Astoria Pacific Technical 
Bulletin Appendix which states that “If higher dilutions of the sample matrix by the spike solution 
have been demonstrated not to change the matrix significantly, a rapid procedure of spiking 
directly into the sample cup can be used … an appropriate volume and concentration of spike 
solution is accurately pipetted to into the cup then mixed and analyzed.”  This approach is also 
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based on personal communication with Allen Clement, Astoria-Pacific International Technical 
Support, June 2006. 
 
It should be noted that the spiked sample must not go offscale, and thus the sample + spike 
must be <= 500 ug/L, or the percent recovery cannot be corrected calculated. 
 
Corrective Action 
If the % recovery for a spiked sample is not between 80 and 120% the sample and associated 
sample matrix spike will be re-analyzed.  If the value is still not within the acceptable range but 
all other spiked samples are within QA/QC limits and calibration checks are also acceptable 
then the sample data will be flagged, but no further action will be taken.  If more than one spiked 
sample is not within acceptable percent recovery then additional samples will be spiked to 
determine if the sample matrix is causing interference.  Appropriate corrective action will be 
determined in consultation with the laboratory manager. 
 

5.3 Analysis Method 

5.3.1 Preparation 

At least 2 days before analysis, the amount of each reagent needed for the analysis should be 
checked.  Four reagents are needed for the NH3 analysis: the sodium phenate solution, sodium 
hypochlorite solution, stock complexing reagent reagent and sodium nitroferricyanide solution.  
If necessary, prepare more reagent using instructions found in the Astoria-Pacific manual.  
Additionally, if the samples are from a marine system, artificial seawater will need to be 
prepared, instructions are located in the Astoria Pacific manual “Saline Water Automated 
Analysis of Sea, Estuarine, and Brackish Water”.   
 
Preparation of the standards takes two days to complete, therefore check to determine if it is 
necessary to prepare new stock standard prior to the expected sample analysis date.  The stock 
standard can be stored for up to 6 months.  Working standards are replaced after a maximum of 
2 months. 
 
Move samples to be analyzed from the freezer to the lab the night before analysis, to allow them 
time to thaw. Return to freezer after analysis. 
 
This method utilizes several types of water.  Ultrapure water refers to highly purified water which 
is prepared by further purifying deionized (DI) water using the URIWW Aries-Vaponics system.  
SOP 002 – Laboratory Water provides information regarding the different types of laboratory 
water available and the method to obtain water. 
 
Glassware preparation for preparation of standards 
If glassware was not previously used for ammonia standards it must be soapy water washed, DI 
water rinsed, 10% HCl soaked overnight and then soaked in Ultrapure water overnight.  Never 
use glassware that has just come from acid soaking.  It must equilibrate in DI water first. In 
practice, standards are made using glassware that has been previously used for ammonia 
standards. The previous standards are discarded, glassware thoroughly rinsed and the next set 
of standards are made with the same standard in the same flask. Note that plastic volumetric 
flasks are used for saltwater standards. 
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5.3.1.1 Preparation of 100 mg/L NH3-N Primary Ammonia Standard 

1. Record reagent and standards weights in “URIWW Reagents and Standards 
Preparation Log,” a white 3 ring binder kept to the right of the electronic desiccator in 
the autoanalyzer lab. Assume 1 ml weighs 1g. 

2. Dry approximately 5 g ammonium sulfate in 105 deg C oven for an hour.  

a. Store in electronic desiccator after drying until use. 

b. Note: The formula weight of (NH4)2SO4 is 132.14 g/ mole 

There are 2 moles of N per 1 mole of (NH4)2SO4 for a total nitrogen mass 
of 28.02 g N per 1 mole (NH4)2SO4. 

3. The 100 mg/L (ppm) stock NH3 standard is prepared using the following formula: 

100 mg/L primary NH3 standard = 0.4716 g (NH4)2SO4  per liter  

100 ppm N x formula weight (NH4)2SO4 = 0.1 g/L x 132.14 g  = 0.4716 g (NH4)2SO4 /L 

Weight of N in (NH4)2SO4    28.02 g 

4. Check the calibration of the balance using the 1 g weight.  Use a balance that weighs to 
at least 0.0001 g.   

a. The calibration weights are located in the drawer under the balance.  Never 
touch the calibration weights with anything but forceps.  The oils on the fingers 
may change the weight of the standard.   

b. Values returned by the balance should be within 10% of the actual calibration 
weight value.  If a deviation of greater than 10% is noted then the balance will 
be serviced and re-calibrated.  If the balance is found to be outside of the 
acceptable calibration range then it will not be used in this procedure.   

5. To prepare varying amounts of the primary standard refer to the table below.  Dilute to 
the final volume using Ultrapure water.   

a. Note: 100 mg/L NH3-N = 100 µg/mL NH3-N = 100 ppm NH3-N  

Mass of (NH4)2SO4 (g) Final Volume (mL) 

0.4716 1000 

0.2358    500 

0.1179 250 

 

6. Cover the volumetric flask with parafilm and mix by inverting the flask at least 30 times.   

7. Place a label on the flask indicating the contents of the flask, date of preparation and 
the initials of the technician preparing the standard. 

8. The primary standard is stable for 6 months after which it should be discarded.   It is 
stored in the refrigerator in the volumetric flask it was prepared in. 

9. The primary standard must be allowed to sit for 24 hours prior to use.



 

Page 9 of 17 
Ammonia-N Analysis SOP-14 

 
 

 

5.3.1.2 Preparation of Working Standards (calibrants) in 100 ml flasks 

1. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1.4 

2. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log “ binder. 

3. Fill each labelled 100 mL volumetric flasks to be used to contain working standards part 
way with Ultrapure water or Artificial Seawater.  Artificial seawater is used when making 
standards for analysis of marine samples; Ultrapure water is used for all other sample 
types.  Use an appropriately sized and calibrated adjustable pipette to add stock solution 
to the volumetric flask, according to chart below.   

4. Start with the highest concentration standard and work backwards. This is 
recommended by pipette companies and technician performing pipette calibration. When 
changing volume, dry dispense the pipette ~10 times to lock in the volume before 
drawing up liquid. 

Preparation of Working Standards in 100 ml volumetric flasks 

Desired 
Concentration 
(µg/L NH3-N) 

Volume of primary NH3 
standard to add to 100 

mL volumetric flask  
(µL) 

0 0 
25 25 
50 50 

100 100 
150 150 
200 200 
250 250 
500 500 

1000 1000 
 
5. Bring the volumetric flask to volume with Ultrapure or Artificial Seawater, as appropriate. 

6. Cover the volumetric flask with parafilm and mix by inverting the flask multiple times.   

7. Add date of preparation and your initials to the label. 

8. Allow the standard to sit at least 1/2 hr. before using.  Mix well before each use. 

9. Store working standards in the 4 °C refrigerator. 

10. Working standards are replaced after a maximum of 2 months. 
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5.3.1.3 Preparation of Matrix Spike “Stock” Solution for Ammonia 

These instructions are for the preparation of 100 ml of matrix spike solution that is 5,000 ppm 
NH3-N. This spike “stock” solution will last six months. These instructions are also in the 
Reagents and Standards Prep Log white 3 ring binder. 
 

1. Fill a 100 ml volumetric flask about ½ full with Ultrapure water 
2. Pipette in 5 ml of 100 ppm ammonia stock solution. 
3. Fill volumetric flask to the line with MQ water, cover with parafilm, shake repeatedly to 

mix. 
a. 100 ml / 5 ml = 20 = dilution factor 

4. The NH3-N concentration of this spike “stock” solution is 5000 ppb NH3-N. 
a. ((100 ppm/20) = 5 ppm = 5000 ppb) 

 
5.3.2 Procedure – Day of Analysis 

5.3.2.1 Sample Filtration 

Samples may arrive in the laboratory as filtered or unfiltered samples.  Unfiltered samples must 
be filtered immediately using Gelman/Pall glass fiber filters.  After samples are filtered they must 
be placed in the freezer until they are analyzed.  The procedure for filtering samples is detailed 
in SOP 023 and summarized below: 

1. Locate previously cleaned bottle(s) that will be used to hold the filtered water.  Attach 
yellow filtered labels which list the sample location, sample depth, date of sample 
collection and the text “filtered”. Hand write if there is no pre-printed label. 

2. Prepare a filter housing by placing one glass fiber filter, gridded side down, onto the 
metal screen on the bottom of the filter assembly. Always use the tweezers to handle 
filters. Place the black rubber gasket on top of the filter, and screw the filter holder back 
together. 

3. Shake the unfiltered sample bottle well. 

4. Use a syringe to draw up approximately 10 mL of sample into the syringe.  Use this 
water to rinse the syringe and then discard the water. 

5. Take apart the syringe by pulling the plunger all the way out. 

6. Attach the filter holder to the syringe. 

7. Mix the sample bottle again and obtain the sample to be filtered by pouring ~ 30-40 ml 
water from the sample bottle into the syringe (with the filter holder facing down). 

8. Attach the syringe plunger, and slowly push the water through the filter housing with 
even pressure catching the filtered water in the bottle labeled “filtered”. Rinse and 
discard the first few ml of filtered water to condition the bottle, then continue to filter. Cap 
and freeze filtered water. 

9. If the filter becomes clogged, remove the filter and start the procedure over with another 
aliquot of sample. 

10. Take apart the syringe. Rinse all apparatus with DI water.  Place upside down on a 
paper towel to dry. 
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5.3.2.2 Sample Analysis 

Detailed instructions regarding operation of the Astoria-Pacific segmented flow automated 
spectrometer (autoanalyzer) will not be repeated here.  This information is located in the 
autoanalyzer operation manuals.  However, a summary of the analytical procedure is found 
below: 
 
1. Allow all filtered samples, standards and blanks to warm to room temperature.  This 

takes place while the autoanalyzer is being prepared.  

2. Obtain reagents needed for the analysis.  The NH3 assay utilizes four reagents: the 
sodium phenate solution, sodium hypochlorite solution, mixed complexing reagent and 
sodium nitroferricyanide solution.  If analyzing marine samples, Artificial Seawater will be 
needed as well.  All reagents should be allowed to warm to room temperature prior to 
use.  Remember that this procedure involves the use of 2 highly toxic reagents, phenol 
and nitroferricyanide.  The fume funnel above the autoanalyzer must be on before using 
these reagents.  

a. Lab personnel must wear gloves, lab coat and eye protection when handling 
reagents.  Waste reagents must be collected for later disposal by URI Safety and 
Health.  

b. Further information regarding reagents is located in the Laboratory MSDS binder.  
Further information regarding health and safety is located in SOP 001 – General 
Laboratory Safety and SOP 001a – University Safety and Waste Handling 
Document. 

3. A brief summary of Autoanalyzer Operation is provided below: 

a. A calibrated volume of sample is introduced into the autoanalyzer by the 
sampler.   

b. The sample is delivered to the analytical cartridge by a peristaltic pump.  It is 
then combined with reagents and air bubbles in a continuously moving stream.  

c. As the sample moves through the cartridge it passes through mixing coils and a 
heating bath, as specified by test conditions.   

d. A color is produced by the specific analyte in the sample.  The intensity of the 
color is determined by the amount of analyte present.  The color may not be 
visible to the naked eye. 

e. This colored stream then flows to the photometer where the color intensity is 
measured and converted to an electronic signal.  The electronic signal is sent to 
a computer where the Astoria-Pacific FASPac II® software program processes 
the signal to create a standard curve and numerical results for the standards and 
samples as well as a real-time recorder tracing of peaks. 

4. Each autoanalyzer rack has 90 places for samples, blanks and QC samples.  A sample 
run can have up to three racks (270 samples).  

a. Standards are set up on their own rack.  A set of standards is run at the 
beginning of each run.  A separate set of standards is run at the end, and are 
averaged with those run at the beginning. A set can be run in the middle of the 
run if desired. 
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b. Each sample and standard is recorded on a sample log sheet as they are poured 
into analytical sample cups. 

c. 1 sample out of 15 is analyzed in duplicate (two separate analyzer sample cups). 

d. If a sample is diluted before analysis, it is noted on the sample lab log and 
entered in the appropriate place in the computer sample log. 

e. The autoanalyzer is set to analyze each sample cup once, with a 60 second 
sample time followed by a 35 second wash time. 

f. A check calibrant and blank are run after every 15 samples and are used to 
monitor the run (see Section 5.2 for further information). 

5.3.2.3 Daily Matrix Spikes 

Matrix spikes are completed on 3% of samples.  Use the procedure below to prepare matrix 
spikes of water samples being analyzed.The “stock” matrix spike solution is 5,000 ppb (5 ppm) 
NH3-N.  See 5.3.1.3 above to prepare. The final sample matrix spike will be 250 ppb NH3-N 

 
1. Check and confirm the calibration of the following pipettes and volumes on the Mettler 

0.5 mg balance using Ultrapure water: 

a. 100 µl (uses yellow tip) 

b. 900 µl (uses blue tip) 

c. 1000 µl (uses blue tip) 

2. Select a water sample to spike that is known to have detectable results (not at or below 
the limit of detection.)  Ideally it should be at the low end of mid-range.   

3. First fill a 2 ml sample cup with the unspiked sample.  Put on sample rack. Record the 
sample information as usual on the log sheet. 

4. Next pipette 1000 µl of that same sample into another 2 ml sample cup. 

5. Add 100 µl of the 5,000 ppb spike “stock” solution to the 1000 ul sample. 

6. Pipette 900 ml of the same water sample into the matrix spike 2ml sample cup. Mix by 
repeatedly drawing up and dispensing back water from this sample cup. Total volume = 
2 mL. 

7. This will give you a solution that is spiked with 250 ppb NH3-N.  In other words 
with 100% recovery your spiked samples will be 250 ppb NH3-N higher than the 
unspiked sample. 

8. Put the spiked sample on the rack right after the unspiked sample. 

9. Record it on the sample log sheet as “SPK1”. 

10. To use the autoanalyzer matrix spike automatic calculation, edit the ammonia method.  
(Once you have set this up it doesn’t have to be repeated unless you change the spike 
concentration.) 

a. Go to edit for your ammonia method 

b. Go to Channel Properties, CC/QC tab 

c. Enter SPK1 for spike number 

d. Enter 250 for spike concentration 

11. The matrix spike % recovery will be printed on the sample run report, right after the 
spiked sample. 
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12. (Optional) Calculate results as an alternative to the AP software method. 

% recovery =  {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 

 
Excel formula: 

 = {[SR(V3+V1)] – (UR x V3)} / (V1 x C1)   X100 
 = 100 x {[SR(2000) – UR(1900)] / [(100)C1]} 
 

Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 

 

6.0 CALCULATIONS 

Ammonia concentrations are calculated in the Astoria Pacific FASPac II program from the 
average of standard curves.  Data are reported to the nearest 5 for NH3-N.  Values less than the 
reporting limit are reported as < (numerical value of the) RL µg/L NH3-N. 
 
1. The autoanalyzer is connected to a dedicated computer.  The Astoria-Pacific FASPac II® 

program analyzes the data reported by the autoanalyzer.  The program performs a linear 
regression on the standards and determines sample concentrations.   

a. A graph of concentration verses absorbance of standards is displayed and can 
be manipulated to remove obvious outliers.   

b. The standard curve is rejected if R2 is less than 0.95 unless this is due to 1 
standard in the suite.  (see Section 5.2 for further information.) 

c. During the run the real time peak tracing are monitored to check for in-range 
heights, proper shapes and any irregularities, so that samples can be re-
analyzed, space permitting during the current run, or saved for re-analysis in a 
later run. See example at the end of this SOP. 

d. At the end of a run each peak is again checked to make sure the marker is in the 
proper spot and any irregularities are accounted for (analytical blips, empty 
sample cups, etc).  Once each peak in a run has been reviewed, the results of 
the run are saved, exported and saved as Excel files, and printed. 

2. After the computer results are printed, they are again compared to the peak tracing, 
particularly to take note of carryover of high to low peaks and correct any keyboarding 
errors. 

3. QC results are compared to previous results as well as "true values".  If the results of the 
run meet the QA/QC criteria set forth in this SOP then the results of the run are deemed 
acceptable. 

4. After the printout has been approved, the data are entered into appropriate Excel 
spreadsheet files, where they are subsequently re-checked for data entry errors.   

5. After the data are approved samples may be disposed of in accordance with Section 4.0. 
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7.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater.  19th ed. 
Washington D.C.: APHA, 1995 

Method referenced:  Nitrogen (Ammonia) (4500-NH3), Automated Phenate Method 
(4500-NH4 G).  

 

Astoria-Pacific Inc.  Astoria Analyzer Operations Manual.  Clackamas, OR: Astoria-Pacific Inc. 
2002. 

 

J. Scott, J. Adams and S. Stadlmann. Saline Water: Automated Analysis of Sea, Estuarine, and 
Brackish Waters.  Clackamas, OR: Astoria-Pacific Inc. 

 

U S. Environmental Protection Agency.  EPA Method 365 Series, EPA 600/4-79. Cincinnati OH: 
US EPA Environmental Monitoring and Support Laboratory, rev. March 1983.   

8.0 DOCUMENTATION 

Data consisting of the sample results, peaks and calibration curves are exported from the 
computer running the autoanalyzer into Excel data files.  The excel files are then printed and 
saved electronically.  A packet for each analytical run is created consisting of the handwritten 
sample log sheet, printed calibration curve, printed peak tracings, and the printed excel data file. 
See examples below. Data is not entered into analyte summary files until it has been approved 
by Linda Green, and so labeled on the printed excel files. Data are reported to the nearest 
whole number. Packets for each analyte are saved in a file folder for that analyte and for that 
year. These are stored in a filing cabinet in room 002. When all filing cabinets are full the files 
are stored by year in a cardboard box in a secure location for a minimum of ten years. 
 



 

Ammonia Analysis SOP 014 

   
15 of 17

Sample Log Sheet 
 

 
 

Sample Calibration Curve 
 

 



 

Ammonia Analysis SOP 014 

   
16 of 17

 
Sample Peak Tracing 
 

 
 



 

Ammonia Analysis SOP 014 

   
17 of 17

 
Sample Excel file 

 

 



 
 

Orthophosphate and Nitrate + Nitrite Analysis SOP 015 

  

 

 

Standard Operating Procedure 015 
 

Orthophosphate Phosphorus & 
Nitrate + Nitrite Analysis 
 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

12/16 
5 
Linda Green 

 
TABLE OF CONTENTS 

 
 

1.0 PURPOSE AND DESCRIPTION ....................................................................................... 1 

2.0 HEALTH AND SAFETY CONSIDERATIONS ................................................................... 2 

2.1 HAZARDS ......................................................................................................................... 2 
2.2 TECHNICIAN TRAINING/QUALIFICATIONS ........................................................................... 2 

3.0 REQUIRED MATERIALS .................................................................................................. 2 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL ............................................... 4 

5.0 METHOD DESCRIPTION .................................................................................................. 5 

5.1 SCHEDULING CONSIDERATIONS ........................................................................................ 5 
5.2 QUALITY ASSURANCE/QUALITY CONTROL ........................................................................ 5 

5.2.1 Method Detection Limit ............................................................................................... 5 
5.2.2 Method Blanks ............................................................................................................ 5 
5.2.3 Sample Replication ..................................................................................................... 6 
5.2.4 Calibration ................................................................................................................... 6 
5.2.5 Calibration Check/Laboratory Control Standard ......................................................... 6 
5.2.6 Matrix Spikes .............................................................................................................. 7 

5.3 ANALYSIS METHOD .......................................................................................................... 8 
5.3.1 Preparation - At Least 2 days Before Analysis ........................................................... 8 

5.3.1.1 Preparation of Primary Orthophosphate Standard (100 ppm) ............................. 9 
5.3.1.2 Preparation of Intermediate Orthophosphate Standard (10 ppm)...................... 10 
5.3.1.3 Preparation of Orthophosphate Working Standards .......................................... 10 
5.3.1.4 Preparation of Primary Nitrate/Nitrite Standard (100 ppm) ................................ 12 
5.3.1.5 Preparation of Working Nitrate/Nitrite Standards ............................................... 12 
Preparation of Nitrate/Nitrite Working Standards ............................................................. 13 

5.3.2 Procedure – Day of Analysis ..................................................................................... 14 
5.3.2.1 Column Regeneration ........................................................................................ 14 
5.3.2.2 Sample Filtration ................................................................................................ 14 
5.3.2.3 Matrix Spikes ..................................................................................................... 16 
5.3.2.4 Sample Analysis ................................................................................................ 14 

6.0 CALCULATIONS ............................................................................................................. 17 

7.0 REFERENCES ................................................................................................................. 18 

8.0 DOCUMENTATION ......................................................................................................... 18 



 

Orthophosphate and Nitrate + Nitrite Analysis SOP 015 1 of 20

 

 

Standard Operating Procedure 015 
 

Orthophosphate Phosphorus & 
Nitrate + Nitrite Analysis 
 
University of Rhode Island Watershed Watch 
 

Date:  
Revision:  
Author:  

12/16 
5 
Linda Green 

 

1.0 PURPOSE AND DESCRIPTION 

This method is for the simultaneous colorimetric analysis of dissolved reactive phosphorus 
(DRP) and nitrate + nitrite (NO3+NO2) in filtered ambient (river, pond, lake) or marine samples 
through analysis on a segmented flow nutrient autoanalyzer.  The method may also be utilized 
for the analysis of just DRP or NO3+NO2.  If marine samples are being analyzed, they are run 
with standards made using artificial seawater. Artificial seawater is not used for autoanalyzer 
sampler rinse water.  The method outlined here is the same as the method for the determination 
of total phosphorus and total nitrogen with the following exceptions: 
  

 Water samples are filtered 

 Water samples are not digested prior to analysis 

DRP is a measure of orthophosphate (PO4) as well as a small amount of condensed phosphate 
(pyro-, tripoly, etc. phosphate) that is hydrolyzed by the procedure.  Since the amount of 
condensed phosphate hydrolyzed is generally considered low, the terms dissolved reactive 
phosphorus and orthophosphate are often interchanged.  In this SOP the term 
orthophosphate P or PO4-P will be used to represent the DRP analysis.  Results are 
reported as µg of orthophosphate as Phosphorus (PO4-P) per liter.   

The NO3+NO2 analysis is run simultaneously with that of the PO4 analysis.  The NO3+NO2 

method determines the total concentration of NO3 plus NO2 in a sample.  Generally, the 
concentration of NO2 in a sample is low.  During the analytical procedure NO3

- is converted to 
NO2

- which then reacts with method reagents to form a color, the intensity of which is related to 
concentration.  Therefore, the only way to determine NO3 solely is to first determine NO2 and 
subtract this from the NO3 + NO2 value.    Results are reported as µg of Nitrate + Nitrite as 
Nitrogen (NO3/NO2-N) per liter.  In this SOP the term Nitrate-N will be used to represent this 
analysis. 
 
This method is appropriate for undiluted samples ranging from less than 30 to 1000 µg/L 
NO3/NO2-N and less than 4 to 100 µg/L PO4-P as well as samples diluted to return values in this 
range.
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2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 – General Laboratory Safety. 
 
Several chemical reagents are utilized in this procedure.  When using any chemical reagent 
safety procedures must be followed and technicians must wear laboratory goggles, a laboratory 
coat and gloves.  The fume funnel above the autoanalyzer must be turned on.  Note that 
ammonium hydroxide, chloroform, sulfuric acid and phosphoric acid should be used in a fume 
hood. 
 
Further information regarding chemicals utilized in this procedure is found in the laboratory 
Material Safety Data Sheet (MSDS) binder found in the laboratory where the chemical of 
interest is stored.  General laboratory information regarding safe handling of chemicals is 
located in SOP 001a – University Safety and Waste Handling. 
 
Waste Reagents 
Waste reagents must be collected for later disposal by URI Safety and Health.   
 

2.2 Technician Training/Qualifications 

General training in laboratory technique and use of the Astoria®-Analyzer Model 303A 
Segmented Continuous Flow Autoanalyzer (autoanalyzer) must be completed prior to analyzing 
samples using this method.  Technician training will be provided by Linda Green, Laboratory 
Project Manager – Nutrients.  No Technician is allowed to use the autoanalyzer without the 
permission of Linda Green. 
 

3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Astoria®-Analyzer Model 303A 
Segmented Continuous Flow 
Autoanalyzer (autoanalyzer) 

Equipped with an 880 nm filter 
and 540 nm filter for analysis of 
PO4 and NO3+NO2, respectively. 

 

Personal computer 
 

In autoanalyzer lab, dedicated 
connection to autoanalyzer 

 

Source of Ultrapure water Aries-Vaponics system installed 
in laboratory 
See SOP 002, “lab water” 

 

Electronic desiccator In autoanalyzer lab Sanpla Dry Keeper, 
Sanplate Corp. 

105 °C drying oven In Amador lab, room 024  
Refrigerator  Set to 4 °C  
Analytical balance  Capable of weighing to 0.0001 g  
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Brinkman or similar adjustable 
pipettes  

0-100 µL and 100-1000 µL  

600-1000 mL acid-washed 
beaker, reserved for P use 

Use solely for phosphorus. Note 
that nitrate+nitrite reagent is 
made with phosphoric acid. 

Fisher #02-539P or similar 

Cover glass, or Al foil   
Squeeze bottle containing 
Ultrapure water 

  

10-15 200-250 mL glass 
volumetric flasks 

Used solely for fresh water 
standards 

Fisher 13-757-817 

10 – 100 mL PMP (plastic) 
volumetric flasks 

Used solely for salt water 
standards 

Fisher #10-198-52C 

2-4 1000 mL Class A 
volumetric flasks 

In labs 018, 002, stored 
containing MQ water 

Fisher #10-210E, serialized 

125 mL Wheaton HDPE 
plastic bottles or similar 

Sample storage, previously acid 
washed, DI water soaked 

Fisher #03-083-41 

Glass fiber filters, 25 m 
diameter 

Handle only with forceps Pall 61630 

Filter forceps Flat tip does not pierce filters Bio Quip #4750 
featherweight forceps 

Filter housings for 25 mm 
diameter filters 

Luer-lock fitting on top.  Pall #4320, easy pressure 
syringe filter holder 

60 mL Syringe BD non sterile 60 ml, Luer-lock 
fitting on bottom 

Fisher #14-820-11 

Phosphorus reagents   
Chloroform (CHCl3) Preservative for stock P & N 

standards. Use in fume hood. 
Available from Amador lab 

Potassium phosphate 
monobasic (KH2PO4) 

Used for making P stock 
solution. Stored in electronic 
desiccator 

Fisher #P382-500 

125 ml Ehrlenemeyer flask Used solely for mixed P reagent Fisher #10-040D 
Antimony potassium tartrate 
trihydrate 
(C8H4K2O12Sb2ꞏ3H2O) 

Used in making P complexing 
reagent. 

Sigma #P383376-100g 

Ammonium molybdate 
tetrahydrate 
((NH4)6Mo7O24ꞏ4H2O) 

Used in making P complexing 
reagent. 

Spectrapure #SDCA 0450-
500B1 

L-Ascorbic acid (C6H8O6) 
 

Used in making P complexing 
reagent. Stored in electronic 
desiccator 

Sigma #A5960-100g 

Sulfuric acid, 5N (H2SO4) Used in making P complexing 
reagent. 

Fisher #83255PT 

DowFax, 30%, 40z Surfactant. Discard and re-
purchase within a month of 
expiration date. 

Fisher #90-0720-04 
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Nitrogen Reagents   
Potassium nitrate (KNO3) Used for making N stock 

solution. Stored in electronic 
desiccator 

Fisher #P383-100 

Ammonium chloride (NH4Cl) Used for making N buffering 
reagent 

Fisher #A661-500 
Purchase “trace metal” 
grade reagent 

Disodium EDTA  
(Disodium ethylenediamine 
tetraacetic acid dihydrate) 
(C10H14N2Na2O8ꞏ2H2O) 

Used for making N buffering 
reagent 

Sigma #E1644-100g 

Triton, TX-10, 4 oz surfactant Surfactant for N buffering 
reagent. Discard and re-
purchase within a month of 
expiration date. 

Fisher #90-0760-04 

Ammonium hydroxide 
(NH4OH) 

Used for adjusting final pH of N 
buffering reagent. 

Fisher Trace Metal #A512-
500 

Phosphoric acid (H3PO4), 
85% 

Used for making N color 
reagent. Use in fume hood. 

Fisher #A242-1 

Sulfanilimide (C6H8N2O2S) 
 

Use for making N color reagent. Sigma #39251-500g 

N-1-Napthylethylenediamine 
(NED)  
(N-(1-Naphthyl)ethylenediamine 
dihydrochloride) 
(C10H7NHCH2CH2NH2 ꞏ 2HCl) 

Use for making N color reagent. Sigma #222488-10g 

Cupric sulfate pentahydrate 
(CuSO4ꞏ5H2O) 
 

Used for regenerating N 
cadmium coil at the end of each 
analytical run. 

Fisher #C493-500 

 
Spare Equipment 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory.  Temporary replacement of the autoanalyzer may be made through arrangement 
with Astoria-Pacific.  Other equipment may be obtained through arrangement with other 
scientists in the Natural Resources Science department maintaining similar equipment. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Water  125 mL acid 
washed plastic 
bottles 

Filtered and then 
frozen  

<100 mL 12 months 

 
Disposal 
Samples may be disposed of only after final quality assurance checks are completed and the 
data found to be acceptable using criteria found in Section 5.2 of this SOP.  Samples may be 
disposed of by rinsing down the drain with water. 
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5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

The amount of primary and intermediate standards previously prepared should be checked at 
least two days prior to the date of expected sample analysis.  If necessary, prepare the 
standards as discussed in Section 5.3.1.  Approximately 100 mL of the primary standard is 
necessary to prepare the intermediate standard.  Approximately 25 mL of the intermediate 
standard is necessary to prepare the working standards.   

Samples to be analyzed should be removed from the freezer and thawed overnight in analytical 
lab the day before expected sample analysis. 

The available volume of each reagent utilized in this analysis should be assessed.  Two 
reagents are needed for the NO3+NO2 analysis: the ammonium chloride buffer and the color 
reagent.  One reagent is necessary for the PO4 analysis, this mixed reagent is prepared daily by 
combination of 4 other reagents: potassium antimonyl tartrate solution, ammonium molybdate 
solution, asorbic acid solution and sulfuric acid solution.  Note that each reagent bottle has a 
label indicating the volume/hr used in the analysis. If necessary prepare more reagent using 
instructions found in the Astoria-Pacific manual.   

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The Method Detection Limit (MDL) is set at ~0.45 µg/L PO4-P for the orthophosphate assay and 
2.0 µg/L NO3/NO2-N for the nitrate + nitrite assay.  The Limit of Quantitation or Reporting Limit 
(RL) is set at 4 µg/L PO4-P for the orthophosphate assay and 20 µg/L NO3/NO2-N for the nitrate 
+ nitrite assay. 
 
The upper RL or the maximum concentration reported by the orthophosphate assay without 
dilution is 100 µg/L PO4-P for ambient and marine samples.  The maximum concentration 
reported by the nitrate + nitrite assay without dilution is 1000 µg/L NO3/NO2-N for all samples.  
The upper RL is based on the maximum standard used to calibrate the autoanalyzer.  Values 
reported for PO4-P are reported to the nearest whole number, those reported for NO3/NO2-N are 
reported to the nearest 5 (ie: 126 µg/L NO3/NO2-N is reported as 125 µg/L NO3/NO2-N and 44.3 
µg/L PO4-P is reported as 44 µg/L PO4-P). 
 
Updated MDL and RL values are calculated on an annual basis, check with the Laboratory 
Manager for the most up-to-date values. 
 

5.2.2 Method Blanks 

Method blanks consist of Ultrapure water treated as a sample.  A method blank is analyzed after 
every 15 samples; this corresponds to 6% of the samples analyzed.  Method blanks must not be 
greater than 3 µg/L PO4-P or 20 µg/L NO3/NO2-N.   
 
Corrective Action 
If any method blank is found to be greater than 3 µg/L PO4-P or 20 µg/L NO3/NO2-N then the 
method blank is re-analyzed.  If the method blank is still greater than the acceptable value then 
the instrument is re-calibrated and any samples analyzed between the accepted method blank 
and the unacceptable method blank are re-analyzed.   
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5.2.3 Sample Replication 

Previous versions of this SOP called for the autoanalyzer analyzing two aliquots from every 
sample cup.  This was done with a sample time of 20 sec and rinse of 40 sec. This has been 
updated to increase the sample time to 60 seconds and rinse time to 30-35 seconds. Because 
of the (3X) longer sample time there is not enough volume in each 2ml cup for replicate 
sampling from the same cup. 
 
A minimum of 10% (1 sample in 10) are analyzed in duplicate cups.  The %RPD must not be 
greater than 20% for these samples.   
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than 15% for an analysis from the same sample cup or greater than 20% 
when comparing sample values between duplicates placed in different sample cups then the 
sample is re-analyzed.  If the sample replicates are still not within 15%RPD and 20%RPD and 
the instrument check standards are within the acceptable Quality Assurance/Quality Control 
guidelines then the deviation is noted on the project data sheet and the run continued. 
 

5.2.4 Calibration  

Instrument standardization is completed by determining the absorbance of a series of known 
working standards.  The autoanalyzer software performs a standard regression analysis of the 
standard concentration versus absorbance and returns a standard equation for a line (y = mx + 
b) and a graph.  The autoanalyzer is standardized with a minimum of 5 working standards and a 
blank (see Section 5.3.1.3 and 5.3.1.5).  An acceptable linear regression for a calibration 
sequence will have a coefficient of determination (R2) value of at least 0.990.     
 
Corrective Action 
If the R2 value returned by the standardization procedure is less than 0.990 due to only 1 
standard, then the standard may be removed and the calibration accepted.  If the R2 value is 
less than 0.990 due to more than 1 standard, then the autoanalyzer is re-calibrated.  No 
samples are analyzed until an acceptable R2 value is recorded.  Trouble shooting information is 
located in the autoanalyzer manual.   
 

5.2.5 Calibration Check/Laboratory Control Standard 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis.  Proficiency test samples of unknown concentration are purchased 
from an outside vendor and analyzed for ortho-P and nitrate+nitrite N.  URIWW results are sent 
to the vendor who provides a comparison to the actual values and a performance evaluation 
and submits results to RI Department of Health, RI Department of Environmental Management 
and to URIWW.  Study results are maintained by the laboratory of ten years. 
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Daily Calibration Check 
Previous proficiency test samples are analyzed as samples during each analysis batch at a ratio 
of 2% of the samples run (1-2 standards per 90 samples).  The percent difference (%D) must 
not be greater than 20% for the external standards.  
 
A check calibrant consisting of a mid-range standard from the standards used to calibrate the 
instrument is analyzed at a ratio of 1 check calibrant per 15 samples, or approximately 7% of 
the samples analyzed.  The %D must not be greater than 20% for the check calibrant. 
 
Percent difference is calculated as follows: 
 
%D = Reported value X 100 
 Known value 
 
Corrective Action 
If the %D is greater than 20% for either an external standard or check calibrant then the 
standard is re-analyzed.  If the %D is still greater than 20% then the instrument is re-calibrated 
and the samples analyzed between the acceptable check calibrant or external standard and the 
unacceptable check calibrant or external standard are re-analyzed.   
 

5.2.6 Matrix Spikes 

Matrix spikes are used to verify that the chemical and physical characteristics of the samples 
being analyzed are not sufficiently different from the standards used in calibration to cause the 
analyte of interest to respond differently in the sample when compared to the calibrant.   
 
There are two main ways to prepare matrix spikes.  The more commonly used method is to pour 
a water sample into a volumetric flask and add a small amount of a highly concentrated 
standard.  The amount of standard added allows the final solution to be approximately double 
the original concentration of the sample.  This requires a larger volume of a water sample than 
is available. The second method, used by URIWW, involves measuring a known volume of 
water sample into an autoanalyzer cup, adding a known volume of a high calibrant or 
standard to the cup and calculating the expected final concentration.  In both cases, using 
the Astoria-Analyzer system the spike concentration is calculated and entered in the CC/QC 
area.  The un-spiked sample is run, immediately followed by the spiked sample, and the 
autoanalyzer system calculates the spike recovery, which should be between 80 – 120%.  
Sample spikes are run on approximately 3% of samples or one sample in 30. 
 
The percent recovery is calculated as follows: 
 

% recovery = {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 
  
Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 
 

The matrix spike procedure utilized by URIWW is based on 1/1992 Astoria Pacific Technical 
Bulletin Appendix which states that “If higher dilutions of the sample matrix by the spike solution 
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have been demonstrated not to change the matrix significantly, a rapid procedure of spiking 
directly into the sample cup can be used … an appropriate volume and concentration of spike 
solution is accurately pipetted to into the cup then mixed and analyzed.”  This approach is also 
based on personal communication with Allen Clement, Astoria-Pacific International Technical 
Support, June 2006. 
 
Corrective Action 
If the % recovery for a spiked sample is not between 80 and 120% the sample and associated 
sample matrix spike will be re-analyzed.  If the value is still not within the acceptable range but 
all other spiked samples are within QA/QC limits and calibration checks are also acceptable 
then the sample data will be flagged, but no further action will be taken.  If more than one spiked 
sample is not within acceptable percent recovery then additional samples will be spiked to 
determine if the sample matrix is causing interference.  Appropriate corrective action will be 
determined in consultation with the laboratory manager. 
 
It should be noted that the spiked sample must not go offscale, and thus the sample + spike 
must be <= 1000 ug/L for nitrate+nitrite N and <100 ug/L for ortho-P, or the percent recovery 
cannot be corrected calculated. 
 

5.3 Analysis Method 

5.3.1 Preparation 

At least 2 days before analysis the amount of each reagent needed for the analysis should be 
checked.  Two reagents are needed for the NO3+NO2 analysis: the ammonium chloride buffer 
and the color reagent.  One mixed reagent is necessary for the PO4 analysis, this reagent is a 
mixture of 4 other reagents: potassium antimonyl tartrate solution, ammonium molybdate 
solution, asorbic acid solution and sulfuric acid solution.  If necessary, prepare more reagents 
using instructions found in the Astoria-Pacific manual.   
 
Preparation of the standards takes two days to complete, therefore check to determine if it is 
necessary to prepare new stock (primary) standard prior to the expected sample analysis date.  
Primary and intermediate standards can be stored for up to 6 months.  Working standards are 
replaced after a maximum of 2 months. 
 
Move samples to be analyzed from the freezer to the lab the night before analysis, to allow them 
time to thaw. Return to freezer after analysis. 
 
This method utilizes several types of water.  Ultrapure water refers to highly purified water which 
is prepared by further purifying deionized (DI) water using the URIWW Aries-Vaponics system.  
SOP 002 – Laboratory Water provides information regarding the different types of laboratory 
water available and the method to obtain water. All stock solutions and standards are made 
using Ultrapure water. DI water may be used for rinsing. 
 
Glassware preparation for preparation of standards 
If glassware was not previously used for these standards it must be soapy water washed, DI 
water rinsed, 10% HCl soaked overnight and then soaked in Ultrapure water overnight.  Never 
use glassware that has just come from acid soaking.  It must equilibrate in DI water first. In 
practice, standards are made using glassware that has been previously used for ortho-P and 
nitrate+nitrite N standards. These standards are made together in 200 ml glass volumetric 
flasks. The previous standards are discarded, glassware thoroughly rinsed and the next set of 
standards are made with the same standard in the same flask. Note that plastic volumetric 
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flasks are used for saltwater standards that are made using artificial sea water. The salt water 
standards are a mixed of ammonia-N, nitrate+nitrite-N and ortho-P in the same 100 ml plastic 
flask. 
 
All phosphorus labware should be dedicated solely to the phosphorus assay and marked “P only.” 
 

5.3.1.1 Preparation of Primary (Stock) Orthophosphate Standard (100 ppm) 

1. The standards utilized for the PO4 and NO3+NO2 analyses are the same as those used 
for SOP 016 – Total Phosphorus and Nitrogen Analysis. 

2. Record reagent and standards weights in “URIWW Reagents and Standards Preparation 
Log,” a white 3 ring binder kept to the right of the electronic desiccator in the 
autoanalyzer lab. Assume 1 ml weighs 1g. 

3. Dry approximately 0.75 g of potassium phosphate (KH2PO4) in the drying oven (set at 
105 °C) for 1 hour.  After drying the chemical remove it from the oven and store it in the 
electronic desiccator.   

a. Formula weight of KH2PO4 = 136.1 g / mole 

b. There is 1 mole of P per 1 mole of KH2PO4 for a total phosphorus mass of 30.97 
g P / mole KH2PO4. 

4. Check the calibration of the balance using the 1 g weight.  Use a balance that weighs to 
at least 0.0001 g.   

a. The calibration weights are located in the drawer under the balance.  Never 
touch the calibration weights with anything but forceps.  The oils on the fingers 
may change the weight of the standard.   

b. Values returned by the balance should be within 10% of the actual calibration 
weight value.  If a deviation of greater than 10% is noted then the balance will be 
serviced and re-calibrated.  If the balance is found to be outside of the 
acceptable calibration range then it will not be used in this procedure.   

5. The 100 ppm primary PO4 P standard is prepared using the following formula:  
 

100 ppm P x formula weight (KH2PO4) = 0.1 g/L x 136.1 g = 0.4394 g KH2PO4/L 

Weight of P in KH2PO4  30.97 g 
 

6. To prepare 250 mL of 100 mg/L primary PO4-P standard, using a calibrated 
balance, weigh out 0.1099 g of KH2PO4.  Place  in a 250ml class A volumetric flask, 
partially filled with Ultra-pure water. 

7. Dilute to volume using Ultrapure water. 

8. To preserve the standard add 0.5 mL of chloroform per L using a glass pipette. 

9. Place a piece of parafilm over the top of the volumetric flask and mix thoroughly. 

10. Label the flask with contents of the flask, date of preparation and the technician initials. 

11. The primary standard is stable for 6 months after which it should be discarded.   It is 
stored in the refrigerator in the volumetric flask it was prepared in. 

12. The primary standard must be allowed to sit for 24 hours prior to use. 
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5.3.1.2 Preparation of Intermediate Orthophosphate Standard (10 ppm) 

1. Using a class A volumetric pipette add 100 mL of the primary orthophosphate standard 
(100 ppm) to a 1 L class A volumetric flask, or 50 ml to a 500ml or 25 ml to a 250 ml 
volumetric flask. 

a. Do not place the volumetric pipette directly into the bottle containing the primary 
standard, place a little more than required amount of the primary standard into a 
beaker and pipette from this container, first rinsing the beaker with ~5ml of the 
primary standard, discarding the rinse water.   

b. Dispose of any unused primary standard by rinsing down the drain.   

c. Do not put the unused primary standard back into the primary standard storage 
bottle. 

2. Use Ultrapure water to fill the volumetric flask to volume.  This solution is 10 ppm (µg/mL 
or mg/L) or 10,000 ppb PO4-P. Mix thoroughly. Let sit at least ½ hour before using. 

3. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

4. The intermediate standard is stable for 6 months after which it should be discarded.  It is 
stored in the 4 °C refrigerator in the volumetric flask it was prepared in.   

 
5.3.1.3 Preparation of Orthophosphate Working Standards 

1. Note that working orthophosphate and nitrate/nitrite standards are made together in the 
same volumetric flasks, although the procedures are listed separately. 

2. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1. 

3. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log“ binder. 

4. Fill the appropriately sized class A volumetric flasks to be used to prepare working 
standards part way with Ultrapure water.  Use an appropriately sized and calibrated 
adjustable pipette to add intermediate stock solution to the volumetric flask, according to 
chart below.   

5. Bring the volumetric flask to volume with Ultrapure water. 

6. Cover each flask with parafilm and mix thoroughly. 

7. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

8. Allow the standard to sit at least 1/2 hour before using.   

9. Store working standards in the 4 °C refrigerator.  Working standards are replaced every 
2 months. 
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Preparation of Orthophosphate Working Standards in 200 ml volumetric flasks 

from 10 ppm intermediate P stock solution: 

Volume of 
intermediate (10 

ppm) standard in uL 

Final Concentration 
of Standard  
(µg PO4-P/L) 

0 0 
50 2.5 

100  5  
200 10 
300  15 
400 20 
500 25  

1000 (1.0 mL) 50 
2000 (2.0 mL) 100 
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5.3.1.4 Preparation of Primary Nitrate/Nitrite Standard (100 ppm) 

1. The standards utilized for the PO4 and NO3+NO2 analyses are the same as those used 
for SOP 016 – Total Phosphorus and Nitrogen Analysis. 

2. Record reagent and standards weights in “URIWW Reagents and Standards Preparation 
Log,” a white 3 ring binder kept to the right of the electronic desiccator in the 
autoanalyzer lab. Assume 1 ml weighs 1g. 

3. Dry approximately 5g of primary standard grade potassium nitrate (KNO3) in a drying 
oven set at 105 °C for 24 hours (refer to the table in Step 3 below).  Once the material 
has dried store it in the electronic desiccator. 

4. The 100 ppm primary Nitrate N standard is prepared using the following formula:  

 

100 ppm N x formula weight (KNO3) = 0.1 g/L x 101.1 g = 0.722 g KNO3 

Weight of N in KNO3  14.00g 

 

5. To prepare 500 mL of 100 mg/L primary Nitrate-N standard, using a calibrated 
balance, weigh out 0.0.360g of KNO3.  Place  in a 500ml class A volumetric flask, 
partially filled with Ultra-pure water. 

6. Dilute to volume using Ultrapure water. 

7. Add 1 mL of chloroform using a glass pipette. 

8. Place a piece of parafilm over the top of the volumetric flask and mix thoroughly. 

9. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

10. The primary standard is stable for 6 months after which it should be discarded.   It is 
stored in the 4 °C refrigerator in the volumetric flask it was prepared in.   

11. The primary standard must be allowed to sit for 24 hours prior to use. 

 

5.3.1.5 Preparation of Working Nitrate/Nitrite Standards 

1. The preparation of working nitrate/nitrite standards requires no intermediate stock 
solution.  

2. Note that working orthophosphate and nitrate/nitrite standards are made together in the 
same volumetric flasks, although the procedures are listed separately. 

3. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1. 

4. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log“ binder. 

5. Fill the appropriate sized class A volumetric flasks to be used to prepare working 
standards part way with Ultrapure water.  Use an appropriately sized and calibrated 
adjustable pipette to add stock standard each volumetric flask, according to chart below.   
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6. Bring volumetric flasks to volume with Ultrapure water. 

7. Cover each flask with parafilm and mix thorougly. 

8. Allow the standards to sit at least 1/2 hour before using.   

9. Store working standards in the 4 °C refrigerator in the volumetric flasks they were 
prepared in.  Working standards are replaced every 2 months. 

 

Preparation of Nitrate+Nitrite-N Working Standards 

Volume of stock 
NO3 standard to 
add to 200 mL 

volumetric flasks 
uL 

Desired 
Concentration 
(µg/L NO3-N/L) 

0 0 
50 25 

100 50 
200 100 
300 150 
400 200 
500 250 

1000 (1.0 mL) 500 
2000 (2.0 mL) 1000 

 
 

5.3.1.6 Preparation of mixed matrix spike solution for Nitrogen and 
Phosphorus 

These instructions allow for the creation of 100 ml of matrix spike solution that is 500 ppb P and 
5,000 ppb NO3-N. Discard and re-make after 3 months. 
 
10. Fill a 100 ml volumetric flask about ½ full with Ultrapure water 

11. Pipette in 5 ml of intermediate P stock solution (it is 10 ppm P) 

12. (100 ml / 5 ml) = 20 = dilution factor 

13. Final P concentration of this matrix spike solution is 10 ppm/20 = 0.5 ppm, = 500 
ppb P 

14. Pipette in 5 ml of N stock solution (it is 100 ppm N) 

15. (100 ml / 5 ml) = 20 = dilution factor 

16. Final N concentration of this spike solution is 100/20 = 5 ppm, = 5000 ppb N 

17. Fill volumetric flask to the line with MQ water, shake repeatedly to mix. 

18. The final concentration of the matrix spike in the analytical sample cup, when 100 
uL has been added to 1900uL sample solution is 25uL P and 250uL N. 
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5.3.2 Procedure – Day of Analysis 

5.3.2.1 Sample Filtration 

Samples may arrive in the laboratory as filtered or unfiltered samples.  Unfiltered samples must 
be filtered immediately using Gelman/Pall glass fiber filters.  After samples are filtered they must 
be placed in the freezer until they are analyzed.  This is typically done days to weeks before 
analysis day. The sample filtering procedure is detailed in SOP-023 and summarized below: 

1. Locate previously cleaned bottle(s) that will be used to hold the filtered water.  Attach 
yellow filtered labels which list the sample location, sample depth, date of sample 
collection and the text “filtered”. Hand-write if there is no pre-printed label. 

2. Prepare a filter housing by placing one glass fiber filter, gridded side down, onto the 
metal screen on the bottom of the filter assembly. Always use the tweezers to handle 
filters. Place the black rubber gasket on top of the filter, and screw the filter holder back 
together. 

3. Shake the unfiltered sample bottle well. 

4. Use a syringe to draw up approximately 10 mL of sample into the syringe.  Use this 
water to rinse the syringe and then discard the water. 

5. Take apart the syringe by pulling the plunger all the way out. 

6. Attach the filter holder to the syringe. 

7. Mix the sample bottle again and obtain the sample to be filtered by pouring ~ 30-40 ml 
water from the sample bottle into the syringe (with the filter holder facing down). 

8. Attach the syringe plunger, and slowly push the water through the filter housing with 
even pressure catching the filtered water in the bottle labeled “filtered”. Rinse and 
discard the first few ml of filtered water to condition the bottle, then continue to filter. Cap 
and freeze filtered water. 

9. If the filter becomes clogged, remove the filter and start the procedure over with another 
aliquot of sample. 

10. Take apart and rinse all apparatus with DI water.  Dry inverted on a paper towel. 

 

5.3.2.2 Column Regeneration  

The cadmium column used to reduce NO3 to NO2 must be flushed with the ammonium chloride 
Nitrate-N buffer reagent at the beginning of each analysis day and before attaching it to the 
analytical cartridge. At the end of the day it is removed and flushed again with cupric sulfate 
solution and then with ammonium chloride solution to regenerate it.  This section is inserted as 
a reminder to do so.  The method utilized for doing both is taped to the lab wall above where the 
coil is kept, and also located in the Astoria-Pacific manual. 
 

5.3.2.3 Sample Analysis 

Detailed instructions regarding operation of the Astoria-Pacific segmented flow automated 
spectrometer (autoanalyzer) will not be repeated here.  This information is located in the 
autoanalyzer operation manuals.  A summary of the analytical procedure is found below: 
 
1. Allow all filtered samples, standards, matrix solution and blanks to warm to room 

temperature.  This takes place while the autoanalyzer is being prepared.  
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2. Obtain reagents needed for the analysis.  The PO4 assay only utilizes one reagent, the 
mixed reagent.  The mixed reagent must be prepared daily, preparation instructions are 
located in the Astoria-Pacific manual.  The NO3+NO2 analysis utilizes two reagents: 
ammonium chloride buffer and color reagent.  All reagents should be allowed to warm to 
room temperature prior to use.   

a. Lab personnel must wear gloves, lab coat and eye protection when handling 
reagents.  Waste reagents must be collected for later disposal by URI Safety and 
Health.  

b. Further information regarding reagents is located in the Laboratory MSDS binder.  
Further information regarding health and safety is located in SOP 001 – General 
Laboratory Safety and SOP 001a – University Safety and Waste Handling 
Document. 

3. A summary of Autoanalyzer Operation is provided below: 

a. A calibrated volume of sample is introduced into the autoanalyzer by the 
sampler.  There are specific sample and rinse times for each analysis. 

b. The sample and rinse water are delivered to the analytical cartridge by a 
peristaltic pump.  This stream is segmented by the introduction of air or N2 
bubbles and then combined with reagents in a continuously moving stream.  

c. As the sample moves through the cartridge it passes through mixing coils and a 
heating bath, as specified by test conditions.   

d. A color is produced by the specific analyte in the sample.  The intensity of the 
color is determined by the amount of analyte present.  There is a notable pink 
color at high nitrogen concentrations. There is no visible P color produced. 

e. This sample stream then flows to the photometer where the color intensity is 
measured after passing through an optical filter and converted to an electronic 
signal.  The electronic signal is sent to a computer where the Astoria-Pacific 
FASPac II® software program processes the signal to create a standard curve 
and numerical results for the standards and samples as well as a real-time 
recorder tracing of peaks. 

4. Each autoanalyzer rack has 90 places for samples, blanks and QC samples.  A sample 
run can have up to three racks (270 samples).  

a. Standards are set up on their own rack.  A set of standards is run at the 
beginning of each run.  A separate set of standards is run at the end, and are 
averaged with those run at the beginning. A set can be run in the middle of the 
run if desired  

b. Each sample and standard is recorded on a sample log sheet as they are poured 
into analytical sample cups. See example sample log sheet at end of this SOP. 

c. 1 sample out of 15 is analyzed in duplicate (two separate analyzer sample cups).   

d. If a sample is diluted before analysis, it is noted on the sample lab log and 
entered in the appropriate place in the computer sample log. 

e. The autoanalyzer is set to analyze each sample cup once, with a 60 second 
sample time followed by a 35 second wash time. 

f. A check calibrant and method blank are run after every 15 samples and are used 
to monitor the run (see Section 5.2 for further information). 1 sample out of 30 is 
a matrix spike.
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5.3.2.4 Daily Matrix Spikes 

Matrix spikes are completed on 3% of samples.  Use the procedure outlined below to prepare 
matrix spikes of water being analyzed.  The “stock” matrix spike solution is 500 ppb P and 5,000 
ppb N03-N. See 5.3.1.6 above to prepare.  

1. Check and confirm the calibration of the following pipettes and volumes on the Mettler 
0.5 mg balance using Ultrapure water: 

a. 1000 µl (uses blue tip) 

b. 100 µl (uses yellow tip) 

c. 900 µl (uses blue tip) 

2. Select a water sample to spike that is known to have detectable results and is not at or 
below the limit of detection.  Ideally it should be at the low end of mid-range. You can 
analyze matrix spikes for N or P but not both at the same time. 

3. First fill a cup with the unspiked sample.  Put on sample rack. Record the sample 
information as usual on the log sheet. 

4. Next pipette 1000 µl of the sample into another 2 ml sample cup. 

5. Pipette 100 µl of the mixed (500 ppb P and 5,000 ppb NO3-N) “stock” spike spike 
solution to the 1000 µl of sample. 

6. Pipette 900 ml of the same water sample into the matrix spike 2ml sample cup. Mix by 
repeatedly drawing up and dispensing back water from this sample cup. Total volume = 
2 mL. 

7. This will give you a solution that is spiked with 25 ppb P and 250 ppb NO3-N.  In 
other words with 100% recovery your spiked samples will be 50 ppb P or 500 ppb 
NO3-N higher than the unspiked sample. 

8. Put the spiked sample on the rack right after the unspiked sample. 

9. Check to see that the matrix spike have been set up in each of your API methods by: 

a. Go to edit section for your specific method (nitrogen or dissolved P) 

b. Go to Channel Properties, CC/QC tab 

c. For nitrogen it should show SPK1 for spike number and 250 for spike 
concentration. 

d. For phosphorus it should show SPK2 for spike number and 25 for spike 
concentration. 

10. The matrix spike % recovery will be printed on the sample run report, right after 
the spiked sample. 

11. (Optional) Calculate results as an alternative to the AP software method. 

% recovery =  {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 

Excel formula: 
 = {[SR(V3+V1)] – (UR x V3)} / (V1 x C1)   X100 
 = 100 x {[SR(2000) – UR(1900)] / [(100)C1]} 
 

Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 
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6.0 CALCULATIONS 

Orthophosphate and nitrate/nitrite concentrations are calculated in the Astoria Pacific FASPac II 
program from the average of all standard curves, unless specified otherwise by the user..  Data 
are reported to the nearest whole number for PO4–P and the nearest 5 for NO3+nitrite-N.  
Values less than the reporting limit are reported as < (numerical value of the) RL µg/L PO4–P or 
µg/L NO3/NO2-N. 

1. The autoanalyzer is connected to a dedicated computer.  The Astoria-Pacific FASPac II® 
program analyzes the data reported by the autoanalyzer.  The program performs a 
regression on the standards and determines sample concentrations.   

a. A graph of concentration verses absorbance of standards is displayed and can 
be manipulated to remove obvious outliers.  See example at end of this SOP. 

b. The standard curve is rejected if R2 is less than 0.95 unless this is due to 1 
standard in the suite (see Section 5.2 for further information). 

c. During the run the real time peak tracing are monitored to check for in-range 
heights, proper shapes and any irregularities, so that samples can be re-
analyzed, space permitting during the current run, or saved for re-analysis in a 
later run. See example at the end of this SOP. 

d. At the end of a run each peak is checked to make sure the marker is in the 
proper spot and any irregularities are accounted for (analytical blips, empty 
sample cups, etc).  Once each peak in a run has been reviewed, the results of 
the run are saved, exported and saved as Excel files, and printed. See example 
peak tracing at end of SOP. 

2. After the computer results are printed, they are again compared to the peak tracing, 
particularly to take note of carryover of high to low peaks and correct any keyboarding 
errors. 

3. QC results are compared to previous results as well as "true values".  If the results of the 
run meet the QA/QC criteria set forth in this SOP then the results of the run are deemed 
acceptable. 

4. After the printout has been approved, the data are entered into appropriate Excel 
spreadsheet files, where they are subsequently re-checked for data entry errors.  See 
example at end of this SOP. 

5. After the data are approved samples may be disposed of in accordance with Section 4.0. 

6. Sample bottles are cleaned by acid washing following SOP 003 – General Labware 
Cleaning Procedure
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7.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater.  19th 

ed. Washington D.C.: APHA, 1995 

Method referenced:  Automated Cadmium Reduction (4500-NO3 – F), Automated 
Ascorbic Acid Reduction Method (4500-P-F) 

 

Astoria-Pacific Inc.  Astoria Analyzer Operations Manual.  Clackamas, OR: Astoria-Pacific Inc. 

2002. 

 

U S. Environmental Protection Agency.  EPA Method 365 Series, EPA 600/4-79. Cincinnati OH: 
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8.0 DOCUMENTATION 

Data consisting of the sample results, peaks and calibration curves are exported from the 
computer running the autoanalyzer into Excel data files.  The excel files are then printed and 
saved electronically.  A packet for each analytical run is created consisting of the handwritten 
sample log sheet, printed calibration curve, printed peak tracings, and the printed excel data file. 
See examples below. Data is not entered into analyte summary files until it has been approved 
by Linda Green, and so labeled on the printed excel files. Data are reported to the nearest 
whole number. Packets for each analyte are saved in a file folder for that analyte and for that 
year. These are stored in a filing cabinet in room 002. When all filing cabinets are full the files 
are stored by year in a cardboard box in a secure location for a minimum of ten years. 
 
Sample Autoanalyzer Log Sheet: 
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Sample Nitrate+Nitrite and Ortho-P Calibration Curves 
 

  
 
Sample Peak Tracing 
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Sample Excel Data Sheet 
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1.0 PURPOSE AND DESCRIPTION 

This method is for the simultaneous analysis of total phosphorus and total nitrogen in ambient 
(river, pond, lake) or marine water samples.  This procedure follows much of the procedure 
outlined in Standard Operating Procedure (SOP) 015 – Orthophosphate and Nitrate + Nitrite 
analysis.  The main differences are that the procedure is performed on unfiltered samples and 
the unfiltered samples are digested prior to analysis.  The digestion step converts all forms 
of nitrogen and phosphorus to nitrate (NO3) and orthophosphate (PO4), respectively.  Once 
samples have been digested the analysis is that for NO3+NO2 and PO4 as discussed in SOP 15.  
Samples are analyzed on an autoanalyzer using a colorimetric technique to determine PO4 –P 
and NO3+NO2 concentration.  Results are returned as µg of phosphorus (P) per liter and µg of 
Nitrogen (N) per liter.  This method is appropriate for undiluted samples ranging from less than 4 
to 100 µg/L P and less than 30 to 1000 µg/L N as well as samples diluted to return values in this 
range. 
 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in 
Standard Operating Procedure (SOP) 001 – General Laboratory Safety. 

Several chemical reagents are utilized in this procedure.  When using any chemical reagent 
safety procedures must be followed and technicians must wear laboratory goggles, a 
laboratory coat and gloves.  The fume funnel above the autoanalyzer must be turned on.  
Note that potassium persulfate, sodium hydroxide, ammonium hydroxide, chloroform, 
sulfuric acid and phosphoric acid should be used in a fume hood. 

Further information regarding chemicals utilized in this procedure is found in the laboratory 
Material Safety Data Sheet (MSDS) binder found in the laboratory where the chemical of 
interest is stored.  General laboratory information regarding safe handling of chemicals is 
located in SOP 001a – University Safety and Waste Handling. 

Waste Reagents 

Waste reagents must be collected for later disposal by URI Safety and Health.  
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2.2 Technician Training/Qualifications 

General training in laboratory technique and use of the Astoria®-Analyzer Model 303A 
Segmented Continuous Flow Autoanalyzer (autoanalyzer) must be completed prior to analyzing 
samples using this method.  Technician training will be provided by Linda Green, Laboratory 
Project Manager – Nutrients.  No Technician is allowed to use the autoanalyzer without the 
permission of Linda Green. 

3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Water baths (2) 
 

Capable of reaching 100 °C Fisher #15460S20Q 

Astoria®-Analyzer Model 303A 
Segmented Continuous Flow 
Autoanalyzer (autoanalyzer) 

Equipped with a 880 nm filter 
and 540 nm filter for analysis of 
orthophosphate and 
nitrate/nitrite, respectively. 

 

Personal computer In autoanalyzer lab, dedicated 
connection to autoanalyzer 

 

Source of Ultrapure water Aries-Vaponics system installed 
in laboratory 
See SOP 002, “lab water” 

 

Electronic desiccator In autoanalyzer lab Sanpla Dry Keeper, 
Sanplate Corp. 

105 °C drying oven In Amador lab, room 024  
Refrigerator Capable of maintaining 4 °C  
Analytical balance Capable of weighing to 0.0001 g  
Heated magnetic stirrer and 
stir bars 

In lab 002  

Pipette dispenser, handheld 2-20 ml volume Rainin L-20MLXST 
Pipet tips, 2-20 ml , purchased bulk,100/bag,  Rainin #RC-L20ML 
600-1000 mL acid-washed 
beaker, reserved for P use 

Use solely for phosphorus. Note 
that nitrate+nitrite reagent is 
made with phosphoric acid. 

Fisher #02-539P or similar 

Cover glass, or Al foil   
Squeeze bottle containing 
Ultrapure water 

  

10-15 200 mL volumetric 
flasks 

  

10-15 200-250 mL glass 
volumetric flasks 

Used solely for fresh water 
standards 

Fisher 13-757-817 

2-4 1000 mL Class A 
volumetric flasks 

In labs 018, 002, stored 
containing MQ water 

Fisher #10-210E, serialized 

2-4 500 & 1000 mL class A 
volumetric flasks 

In labs 018, 002, stored 
containing MQ water 

Fisher #10-210D 
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Required Material Notes Re-order information 
Vials (for phosphorus 
digestion) 

Description: Borosilicate glass, 
Type 1, class B, 45 mL (or 11 
drams) capacity, 28 mm O.D. X 
108 mm high, thread 24-400 

Fisher Catalog #03-339-5D 
144 vials/case 

Caps for vial 24 mm I.D, 24-400 thread, 
polypropylene 

Fisher Catalog #02-923-14B 
Nalgene #5150-0240 
12 vials/pack 

20 mL volumetric pipettes class B accuracy +/- 0.06 mL 
Calibrated “to deliver” 

Fisher Catalog #13-650N 
1 pipette/pack 

Blue coated-wire rack  
For holding 60-72 digestion 
vials 

60-72 vial capacity.  Rack is 
cataloged as a “Whirl-pak Bag 
Rack”.  It is found in the “bag” 
section of the Fisher catalog, not 
in the rack section. 

Fisher Catalog #01-812-5G 
NASCO # B1048, with a 
capacity of 12, 710 mL 
samples (NASCO #B1020) 
Sold singly 

White plastic racks 24 vial capacity, this type of rack 
can be placed into the oven (to 
dry vials) and will not float in the 
water bath. 

Fisher Catalog #14-809D 

Bottle top repeating dispenser 
(2) 

 

This repeating dispenser can 
withstand most reagents and 
has a capacity for dispensing up 
to 10 mL. 

Fisher Catalog #13-681-512 
or similar 

100-250 mL brown glass 
bottles 

Qorpak, with TFE-lined closures 
 

Fisher Catalog 
240 mL bottles #03-320-8D 
24 bottles/case 
120 mL bottles #03-320-8C 
24 bottles/case 

   
Chemical Reagents for 
Processing Samples 

  

Potassium Persulfate 
(K2S2O8) 
 

Digesting reagent, low nitrogen 
and low phosphorus 
if possible obtain lot 
BCBR8133V, V low in N&P 

Sigma #60489-250G-F, 
ultra,  

Boric Acid powder (H3BO3) 
 

Component of digesting reagent Sigma #B7901-500G, 
electrophoresis grade 

Sodium Hydroxide pellets 
(NaOH) 

 

Component of digesting reagent Sigma #795429-1KG, 
<0.001% N&P 

Phosphorus reagents   
Chloroform (CHCl3) Preservative for stock P & N 

standards. Use in fume hood. 
Available from Amador lab 

Potassium phosphate 
monobasic (KH2PO4) 

Used for making P stock 
solution. Stored in electronic 
desiccator 

Fisher #P382-500 

125 ml Ehrlenemeyer flask Used solely for mixed P reagent Fisher #10-040D 
Antimony potassium tartrate 
trihydrate 
(C8H4K2O12Sb2ꞏ3H2O) 

Used in making P complexing 
reagent. 

Sigma #P383376-100g 
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Required Material Notes Re-order information 
Ammonium molybdate 
tetrahydrate 
((NH4)6Mo7O24ꞏ4H2O) 

Used in making P complexing 
reagent. 

Spectrapure #SDCA 0450-
500B1 

L-Ascorbic acid (C6H8O6) 
 

Used in making P complexing 
reagent. Stored in electronic 
desiccator 

Sigma #A5960-100g 

Sulfuric acid, 5N (H2SO4) Used in making P complexing 
reagent. 

Fisher #83255PT 

DowFax, 30%, 40z Surfactant. Discard and re-
purchase within a month of 
expiration date. 

Fisher #90-0720-04 

Nitrate/Nitrite Reagents   

Potassium nitrate (KNO3) Used for making N stock 
solution. Stored in electronic 
desiccator 

Fisher #P383-100 

Ammonium chloride (NH4Cl) Used for making N buffering 
reagent 

Fisher #A661-500 
Purchase “trace metal” 
grade reagent 

Disodium EDTA  

(Disodium ethylenediamine 
tetraacetic acid dihydrate) 
(C10H14N2Na2O8ꞏ2H2O) 

Used for making N buffering 
reagent 

Sigma #E1644-100g 

Triton, TX-10, 4 oz surfactant Surfactant for N buffering 
reagent. Discard and re-
purchase within a month of 
expiration date. 

Fisher #90-0760-04 

Ammonium hydroxide 
(NH4OH) 

Used for adjusting final pH of N 
buffering reagent. 

Fisher Trace Metal #A512-
500 

Phosphoric acid (H3PO4), 
85% 

Used for making N color 
reagent. Use in fume hood. 

Fisher #A242-1 

Sulfanilimide (C6H8N2O2S) 

 

Use for making N color reagent. Sigma #39251-500g 

N-1-Napthylethylenediamine 
(NED)  

(N-(1-
Naphthyl)ethylenediamine 
dihydrochloride) 
(C10H7NHCH2CH2NH2 ꞏ 
2HCl) 

Use for making N color reagent. Sigma #222488-10g 

Cupric sulfate pentahydrate 
(CuSO4ꞏ5H2O) 

 

Used for regenerating N 
cadmium coil at the end of each 
analytical run. 

Fisher #C493-500 
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Spare Equipment 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory.  Temporary replacement of the autoanalyzer may be made through arrangement 
with Astoria-Pacific.  Other equipment may be obtained through arrangement with other 
scientists in the Natural Resources Science department maintaining similar equipment. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Water  125 or 250 mL 
acid washed 
brown glass 
bottles 

4 °C 100 mL 14 days at 4 °C  
3 months once 
pipetted into vials 

 
Disposal 
Field samples and digested samples may be disposed of only after final quality assurance 
checks are completed and the data found to be acceptable using criteria found in Section 5.2 of 
this SOP.  Samples may be disposed of by rinsing down the drain with water 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

The amount of primary and intermediate standards previously prepared should be checked at 
least two days prior to the date of expected sample analysis.  If necessary, prepare the 
standards as discussed in Section 5.3.1.  Approximately 100 mL of the primary standard is 
necessary to prepare the intermediate standard.  Approximately 25 mL of the intermediate 
standard is necessary to prepare the working standards.   

Mixed nitrate-N and orthosphosphate-P working standards are digested along with samples in 
this SOP. Check to ensure that there is sufficient volume of working standard (>= 50ml) for 
digestion. There must be sufficient volume of 0 ug/L standard to allow digestion of 5 vials, 
equivalent to 100 ml. this standard is typically stored in a 500ml volumetric flask. 

The available volume of each reagent utilized in this analysis should be assessed.  Two 
reagents are needed for the NO3+NO2 analysis: the ammonium chloride buffer and the color 
reagent.  One reagent is necessary for the PO4 analysis, this mixed reagent is prepared daily 
by combination of 4 other reagents: potassium antimonyl tartrate solution, ammonium 
molybdate solution, asorbic acid solution and sulfuric acid solution.  Note that each reagent 
bottle has a label indicating the volume/hr used in the analysis. If necessary prepare more 
reagent using instructions found in the Astoria-Pacific manual.   

Preparation of vials to be used in the digestion of samples must occur at least 3 days prior to a 
sample event.  Direction regarding the preparation of the vials is in Section 5.3.1.1 of this SOP.
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5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The Method Detection Limit (MDL) is set at ~0.45 µg/L P for the total phosphorus assay and 2.0 
µg/L N for the total nitrogen assay.  The Limit of Quantitation or Reporting Limit (RL) is set at 4 
µg/L P for the total phosphorus assay and 20 µg/L N for the total nitrogen assay.  Updated MDL 
and RL values are calculated on an annual basis, check with the Laboratory Manager for the 
most up-to-date values. 
 
The upper RL or the maximum concentration reported by the total phosphorus assay without 
dilution of the digested sample is 100 µg/L P for ambient and marine samples.  The maximum 
concentration reported by the total nitrogen assay without dilution of the digested sample is 
1000 µg/L N for all samples.  The upper RL is based on the maximum standard used to 
calibrate the autoanalyzer.  Values reported for total phosphorus are reported to the nearest 
whole number, those reported for total nitrogen are reported to the nearest 10’s (ie: 46 µg/L N = 
50 µg/L N and 13.6 µg/L P = 14 µg/L P) 
 

5.2.2 Method (Digestion) Blanks 

Method (digestion) blanks consist of 20 ml Ultrapure water digested as a sample and then 
analyzed as a sample.  A minimum of four (4) digestion blanks are prepared per sample run.  A 
method (digestion) blank is analyzed after every 15 samples; this corresponds to 6% of the 
samples analyzed.  Method (digestion) blanks must not be greater than 3 µg/L P and 20 µg/L N.  
Digestion blanks are also use to dilute samples, as needed. 
 
Corrective Action 
If any method (digestion) blank is found to be greater than 3 µg/L P or 20 µg/L N then this will 
be noted on the project data sheet.  Since these blanks are digested it is not possible to re-
prepare the blanks.  If all the digestion blanks are outside of accepted quality assurance/quality 
control guidelines then the run will be considered contaminated and the data marked 
accordingly.  If all the digestion blanks are outside of acceptable guidelines, but are very close 
to one another in value then it is possible to subtract this value from the final sample results, 
especially if the “0” standard used in calibration is also elevated.  This will be determined by 
discussion with Linda Green – Laboratory Manager. 
 

5.2.3 Sample Replication 

Previous versions of this SOP called for the autoanalyzer analyzing two aliquots from every 
sample cup.  This was done with a sample time of 20 sec and rinse of 40 sec. This has been 
updated to increase the sample time to 60 seconds and rinse time to 30-35 seconds. Because 
of the (3X) longer sample time there is not enough volume in each 2ml cup for replicate 
sampling from the same cup. 
 
The digested sample is poured into two separate autoanalyzer cups for 10% of the samples.  
The %RPD for values obtained for the same sample in two separate cups is 20%.   
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Replicate digestions of the same sample are completed on 20% of the ambient and marine 
samples.  The %RPD for value obtained for two separate digestions of the same sample is 
25%.     
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than 15% for an analysis from the same sample cup or greater than 20% 
when comparing sample values between duplicates placed in different sample cups then the 
sample is re-analyzed.  If the sample replicates are still not within 15%RPD and 20%RPD and 
the instrument check standards are within the acceptable Quality Assurance/Quality Control 
guidelines then the deviation is noted on the project data sheet and the run continued. 
 

5.2.4 Calibration  

Instrument standardization is completed by determining the absorbance of a series of known 
digested working standards.  The autoanalyzer software performs a standard regression 
analysis of the standard concentration versus absorbance and returns a standard equation for a 
line (y = mx + b) and a graph.  The autoanalyzer is standardized with a minimum of 5 digested 
working standards and a blank (see Section 5.3.2.3 and 5.3.2.5).  An acceptable linear 
regression for a calibration sequence will have a coefficient of determination (R2) value of at 
least 0.98.     
 
Two (2) vials containing each standard are digested as samples if greater than 60 samples are 
being prepared for analysis.  If less than 60 samples are being prepared then only 1 vial 
containing each standard are digested.  A minimum of 2 vials containing 20 ug/L P and 200 ug/L 
N are digested in each set as a check calibrant in order to have sufficient volume. The vials 
containing standards and method blanks are placed randomly among the sample vials during 
the digestion step.  After digestion 1 vial for each standard concentration is selected to be used 
as the standard to initially calibrate the autoanalyzer.  If there was a second set digested, it is 
used as a final set of standards.  3-5 vials containing 20 mL of Ultrapure water digested as 
samples are prepared as method blanks or the zero standard (see Section 5.2.2.2).  After 
digestion, 1 vial is selected as the zero standard the other two vials are used as method blanks 
and dilution liquid for off scale samples. 
 
Corrective Action 
If the R2 value returned by the standardization procedure is less than 0.98 due to only 1 
standard, then the standard may be removed and the calibration accepted.  If the R2 value is 
less than 0.98 due to more than 1 standard, then the autoanalyzer is re-calibrated.  No samples 
are analyzed until an acceptable R2 value is recorded.  Trouble shooting information is located 
in the autoanalyzer manual.   
 

5.2.5 Calibration Check/Laboratory Control Standard 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis.  Proficiency test samples of unknown concentration are purchased 
from an outside vendor and analyzed for ortho-P and nitrate+nitrite N.  URIWW results are sent 
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to the vendor who provides a comparison to the actual values and a performance evaluation 
and submits results to RI Department of Health, RI Department of Environmental Management 
and to URIWW.  Study results are maintained by the laboratory of ten years. 
 
Daily Calibration Check 
Previous proficiency test samples are analyzed as samples during each analysis batch at a ratio 
of 2% of the samples run (1-2 standards per 90 samples).  The percent difference (%D) must 
not be greater than 20% for the external standards.  Occasionally, external standards are 
purchased from an outside vendor and are digested and analyzed as samples during each 
analysis batch at a ratio of 2 standards per run (150 vials).  The percent difference (%D) must 
not be greater than 20% for the external standards.   
 
A minimum of 2 vials containing 20 ug/L P and 200 ug/L N are digested in each set as a check 
calibrant in order to have sufficient volume and are analyzed at a ratio of 1 check calibrant per 
15 samples, or approximately 6% of the samples analyzed.  The %D must not be greater than 
20% for the check calibrant. 
. 
Percent difference is calculated as follows: 
 
%D = Reported value X 100 
 Known value 
 
Corrective Action 
If the %D is greater than 20% for either an external standard or check calibrant then the 
standard is re-analyzed.  If the %D is still greater than 20% then the instrument is re-calibrated 
and the samples analyzed between the acceptable check calibrant or external standard and the 
unacceptable check calibrant or external standard are re-analyzed.   
 

5.2.6 Matrix Spikes 

Matrix spikes are used to verify that the chemical and physical characteristics of the samples 
being analyzed are not sufficiently different from the standards used in calibration to cause the 
analyte of interest to respond differently in the sample when compared to the calibrant.   
 
There are two main ways to prepare matrix spikes.  The more commonly used method is to pour 
a water sample into a volumetric flask and add a small amount of a highly concentrated 
standard.  The amount of standard added allows the final solution to be approximately double 
the original concentration of the sample.  This requires a larger volume of a water sample than 
is available. The second method, used by URIWW, involves measuring a known volume of 
water sample into an autoanalyzer cup, adding a known volume of a high calibrant or 
standard to the cup and calculating the expected final concentration.  In both cases, using 
the Astoria-Analyzer system the spike concentration is calculated and entered in the CC/QC 
area.  The un-spiked sample is run, immediately followed by the spiked sample, and the 
autoanalyzer system calculates the spike recovery, which should be between 80 – 125%.  
Sample spikes are run on approximately 3% of samples or one sample in 30. 
 
The percent recovery is calculated as follows: 
 

% recovery = {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 
  
Where: 
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C1 = concentration of spiking solution 
V3 = volume of unspiked sample (= 19 ml) 
V1 = volume of spike solution (=1 ml) 
SR = spiked result 
UR = unspiked result 
 

Corrective Action 
If the % recovery for a spiked sample is not between 80 and 125% the sample and associated 
sample matrix spike will be re-analyzed.  If the value is still not within the acceptable range but 
all other spiked samples are within QA/QC limits and calibration checks are also acceptable 
then the sample data will be flagged, but no further action will be taken.  If more than one spiked 
sample is not within acceptable percent recovery then additional samples will be spiked to 
determine if the sample matrix is causing interference.  Appropriate corrective action will be 
determined in consultation with the laboratory manager. 
 
It should be noted that the spiked sample must not go offscale, and thus the sample + spike 
must be <= 1000 ug/L for nitrate+nitrite N and <100 ug/L for ortho-P, or the percent recovery 
cannot be corrected calculated. 
 
 

5.3 Analysis Method 

5.3.1 Preparation – At Least 3 Days Prior to Field Sample Collection 

5.3.1.1 Prepare Digestion Vials 

1. Obtain digestion vials 

2. Empty contents of vials, if they have been previously used.  

3. Rinse the vial caps with Ultrapure water 3-5 times.  Set caps to dry, inverted on paper 
towels or in clean plastic colander designated specially for digestion vial caps. 

4. Place previously used vials in a tub of (preferably) hot tap water.  Use the tub labeled 
“label soak only”. The labels of the samples are easier to remove after the vials have 
soaked.   

5. While vials are soaking begin to remove labels from vials. 

6. Once sample labels have been removed, place vials in another tub filled with hot tap 
water and non-phosphate detergent.  Use the tub labeled “soapy soak only”.  Do not use 
the same tub for label removal and soapy soak.  The labels are high in phosphorus and 
will contaminate the vials. 

7. Scrub out the vials using a brush and the soapy water. 

8. Rinse the vials with DI water 3-5 times. 

9. Acid wash vials (not caps) by placing vials in a10% hydrochloric acid tub in fume hood in 
room 002.  Let vials soak overnight. 

10. Empty out acid from vials back into tub, rinse 3 times with Ultrapure water inside and 
out. 

11. Fill vials with Ultrapure water and let sit overnight with the vial caps on. 

12. If the vials cannot be pre-digested the next day leave them filled with MQ water, cap and 
store, labeled "ready for pre-digestion." 
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13. Pre-digest vials by adding 5 mL digesting reagent to each vial (Preparation of digestion 
reagent Section 5.3.4.2).   Using the re-pipette labeled "old digesting reagent".   

a. Cap the vials tightly.   

b. Vials do not have to be pre-digested immediately and can be stored with 
digesting reagent in them.  Just remember to label them as to their contents. 

14. Place capped vials in a rack and in a water bath.  If needed add DI water to the water 
bath to approximately 1/3 of vial height.   

15. Put the cover on the water bath.  It will not reach 100 °C if the cover is off.   

16. Turn on water bath heat at switch and bring to boiling.  This takes 45-60 minutes.  Boil 
for 15 minutes.  Turn off the water bath. 

17. Let the vials cool to room temperature in the water bath overnight. 

18. Remove cooled vials and empty out digesting reagent. 

19. Rinse vials and caps 3-5 times with Ultrapure water. 

20. Fill the vials completely with Ultrapure water and cap them.  Allow vials to sit at least 24 
hours prior to use.  If vials are not used immediately they are left filled with Ultrapure 
water until the day they are to be used and labeled “ready for use”. 

 

5.3.2 Preparation – At least 2 days before analysis of digested samples 

The amount of each reagent needed for the analysis should be checked.  Two reagents are 
needed for the total nitrogen analysis: the ammonium chloride buffer and the color reagent.  
One reagent is necessary for the total phosphorus analysis; this reagent is a mixture of four 
other reagents: potassium antimonyl tartrate solution, ammonium molybdate solution, asorbic 
acid solution and sulfuric acid solution.  If necessary, prepare more reagent using instructions 
found in the Astoria-Pacific manual.   
 
Preparation of the primary standard takes two days to complete, therefore check to determine if 
it is necessary to prepare new primary standard prior to the expected sample analysis date.  
Primary and intermediate standards can be stored for up to 6 months.  Working standards are 
replaced after 2 months. 
 
This method utilizes several types of water.  Ultrapure water refers to highly purified water which 
is prepared by further purifying deionized (DI) water using the URIWW Aries-Vaponics system.  
SOP 002 – Laboratory Water provides information regarding the different types of laboratory 
water available and the method to obtain water. All stock solutions and standards are made 
using Ultrapure water. DI water may be used for rinsing. 
 
Glassware preparation for preparation of standards 
If glassware was not previously used for these standards it must be soapy water washed, DI 
water rinsed, 10% HCl soaked overnight and then soaked in Ultrapure water overnight.  Never 
use glassware that has just come from acid soaking.  It must equilibrate in DI water first. In 
practice, standards are made using glassware that has been previously used for ortho-P and 
nitrate+nitrite N standards. These standards are made together in 200 ml glass volumetric 
flasks. The previous standards are discarded, glassware thoroughly rinsed and the next set of 
standards are made with the same standard in the same flask.  
 
All phosphorus labware should be dedicated solely to the phosphorus assay and marked “P only.” 
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5.3.2.1 Preparation of Primary (Stock) Orthophosphate Standard (100 ppm) 

1. The standards utilized for the PO4 and NO3+NO2 analyses are the same as those used 
for SOP 016 – Total Phosphorus and Nitrogen Analysis. 

2. Record reagent and standards weights in “URIWW Reagents and Standards Preparation 
Log,” a white 3 ring binder kept to the right of the electronic desiccator in the 
autoanalyzer lab. Assume 1 ml weighs 1g. 

3. Dry approximately 0.75 g of potassium phosphate (KH2PO4) in the drying oven (set at 
105 °C) for 1 hour.  After drying the chemical remove it from the oven and store it in the 
electronic desiccator.   

a. Formula weight of KH2PO4 = 136.1 g / mole 

b. There is 1 mole of P per 1 mole of KH2PO4 for a total phosphorus mass of 30.97 
g P / mole KH2PO4. 

4. Check the calibration of the balance using the 1 g weight.  Use a balance that weighs to 
at least 0.0001 g.   

a. The calibration weights are located in the drawer under the balance.  Never 
touch the calibration weights with anything but forceps.  The oils on the fingers 
may change the weight of the standard.   

b. Values returned by the balance should be within 10% of the actual calibration 
weight value.  If a deviation of greater than 10% is noted then the balance will be 
serviced and re-calibrated.  If the balance is found to be outside of the 
acceptable calibration range then it will not be used in this procedure.   

5. The 100 ppm primary PO4 P standard is prepared using the following formula:  
 

100 ppm P x formula weight (KH2PO4) = 0.1 g/L x 136.1 g = 0.4394 g KH2PO4/L 

Weight of P in KH2PO4  30.97 g 
 

6. To prepare 250 mL of 100 mg/L primary PO4-P standard, using a calibrated 
balance, weigh out 0.1099 g of KH2PO4.  Place  in a 250ml class A volumetric flask, 
partially filled with Ultra-pure water. 

7. Dilute to volume using Ultrapure water. 

8. To preserve the standard add 0.5 mL of chloroform per L using a glass pipette. 

9. Place a piece of parafilm over the top of the volumetric flask and mix thoroughly. 

10. Label the flask with contents of the flask, date of preparation and the technician initials. 

11. The primary standard is stable for 6 months after which it should be discarded.   It is 
stored in the refrigerator in the volumetric flask it was prepared in. 

12. The primary standard must be allowed to sit for 24 hours prior to use. 
 
5.3.2.2 Preparation of Intermediate Orthophosphate Standard (10 ppm) 

1. Using a class A volumetric pipette add 100 mL of the primary orthophosphate standard 
(100 ppm) to a 1 L class A volumetric flask, or 50 ml to a 500ml or 25 ml to a 250 ml 
volumetric flask. 

a. Do not place the volumetric pipette directly into the bottle containing the primary 
standard, place a little more than required amount of the primary standard into a 
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beaker and pipette from this container, first rinsing the beaker with ~5ml of the 
primary standard, discarding the rinse water.   

b. Dispose of any unused primary standard by rinsing down the drain.   

c. Do not put the unused primary standard back into the primary standard storage 
bottle. 

2. Use Ultrapure water to fill the volumetric flask to volume.  This solution is 10 ppm (µg/mL 
or mg/L) or 10,000 ppb PO4-P. Mix thoroughly. Let sit at least ½ hour before using. 

3. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

4. The intermediate standard is stable for 6 months after which it should be discarded.  It is 
stored in the 4 °C refrigerator in the volumetric flask it was prepared in.   

 
5.3.2.3 Preparation of Orthophosphate Working Standards 

1. Note that working orthophosphate and nitrate/nitrite standards are made together in the 
same volumetric flasks, although the procedures are listed separately. 

2. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1. 

3. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log“ binder. 

4. Fill the appropriately sized class A volumetric flasks to be used to prepare working 
standards part way with Ultrapure water.  Use an appropriately sized and calibrated 
adjustable pipette to add intermediate stock solution to the volumetric flask, according to 
chart below.   

5. Bring the volumetric flask to volume with Ultrapure water. 

6. Cover each flask with parafilm and mix thoroughly. 

7. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

8. Allow the standard to sit at least 1/2 hour before using.   

9. Store working standards in the 4 °C refrigerator.  Working standards are replaced every 
2 months. 
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Preparation of Orthophosphate Working Standards in 200 ml volumetric flasks 

from 10 ppm intermediate P stock solution: 

Volume of 
intermediate (10 

ppm) standard in uL 

Final Concentration 
of Standard  
(µg PO4-P/L) 

0 0 
50 2.5 

100  5  
200 10 
300  15 
400 20 
500 25  

1000 (1.0 mL) 50 
2000 (2.0 mL) 100 
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5.3.2.4 Preparation of Primary Nitrate/Nitrite Standard (100 ppm) 

1. The standards utilized for the PO4 and NO3+NO2 analyses are the same as those used 
for SOP 016 – Total Phosphorus and Nitrogen Analysis. 

2. Record reagent and standards weights in “URIWW Reagents and Standards Preparation 
Log,” a white 3 ring binder kept to the right of the electronic desiccator in the 
autoanalyzer lab. Assume 1 ml weighs 1g. 

3. Dry approximately 5g of primary standard grade potassium nitrate (KNO3) in a drying 
oven set at 105 °C for 24 hours (refer to the table in Step 3 below).  Once the material 
has dried store it in the electronic desiccator. 

4. The 100 ppm primary Nitrate N standard is prepared using the following formula:  

 

100 ppm N x formula weight (KNO3) = 0.1 g/L x 101.1 g = 0.722 g KNO3 

Weight of N in KNO3  14.00g 

 

5. To prepare 500 mL of 100 mg/L primary Nitrate-N standard, using a calibrated 
balance, weigh out 0.0.360g of KNO3.  Place  in a 500ml class A volumetric flask, 
partially filled with Ultra-pure water. 

6. Dilute to volume using Ultrapure water. 

7. Add 1 mL of chloroform using a glass pipette. 

8. Place a piece of parafilm over the top of the volumetric flask and mix thoroughly. 

9. Place a label on the flask indicating the contents of the flask, date of preparation and the 
initials of the technician preparing the standard. 

10. The primary standard is stable for 6 months after which it should be discarded.   It is 
stored in the 4 °C refrigerator in the volumetric flask it was prepared in.   

11. The primary standard must be allowed to sit for 24 hours prior to use. 

 

5.3.2.5 Preparation of Working Nitrate/Nitrite Standards 

1. The preparation of working nitrate/nitrite standards requires no intermediate stock 
solution.  

2. Note that working orthophosphate and nitrate/nitrite standards are made together in the 
same volumetric flasks, although the procedures are listed separately. 

3. Check the calibration of the balance using the procedure outlined in Section 5.3.1.1. 

4. Record the volume of the adjustable pipette with each change in pipette delivery volume. 

a. Set the pipette at the desired volume. Dry dispense the volume ~10 times and 
then pipette this amount of Ultrapure water onto a weighting dish on the tared 
balance.  The weight of the delivered Ultrapure water in mg equals the volume 
delivered in µl.  

b. If the volume delivered is not close to the desired volume, adjust the pipette and 
repeat the check of volume until it is correct.  Recheck the pipette with each 
change in pipette delivery volume. Record the weights for each volume in the 
“Reagents and Standards Prep Log“ binder. 
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5. Fill the appropriate sized class A volumetric flasks to be used to prepare working 
standards part way with Ultrapure water.  Use an appropriately sized and calibrated 
adjustable pipette to add stock standard each volumetric flask, according to chart below.   

6. Bring volumetric flasks to volume with Ultrapure water. 

7. Cover each flask with parafilm and mix thorougly. 

8. Allow the standards to sit at least 1/2 hour before using.   

9. Store working standards in the 4 °C refrigerator in the volumetric flasks they were 
prepared in.  Working standards are replaced every 2 months. 

 

Preparation of Nitrate+Nitrite-N Working Standards 

Volume of stock 
NO3 standard to 
add to 200 mL 

volumetric flasks 
uL 

Desired 
Concentration 
(µg/L NO3-N/L) 

0 0 
50 25 

100 50 
200 100 
300 150 
400 200 
500 250 

1000 (1.0 mL) 500 
2000 (2.0 mL) 1000 

 
5.3.2.6 Preparation of mixed matrix spike solution for Nitrogen and 

Phosphorus 

These instructions allow for the creation of 100 ml of matrix spike solution that is 500 ppb P and 
5,000 ppb NO3-N. Discard and re-make after 3 months. 
 
10. Fill a 100 ml volumetric flask about ½ full with Ultrapure water 

11. Pipette in 5 ml of intermediate P stock solution (it is 10 ppm P) 

a. (100 ml / 5 ml) = 20 = dilution factor 

b. Final P concentration of this matrix spike solution is 10 ppm/20 = 0.5 ppm, 
= 500 ppb P 

12. Pipette in 5 ml of N stock solution (it is 100 ppm N) 

a. (100 ml / 5 ml) = 20 = dilution factor 

b. Final N concentration of this spike solution is 100/20 = 5 ppm, = 5000 ppb N 

13. Fill volumetric flask to the line with MQ water, shake repeatedly to mix. 

14. The final concentration of the matrix spike in the analytical sample cup, when 100 
uL has been added to 1900uL sample solution is 25uL P and 250uL N. 
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5.3.3 Procedure – Day of Sample Collection 

5.3.3.1 Sample Preparation 

1. Prepare the Clean Vials 
a. Use vials that have been cleaned and pre-digested as described in Section 

5.3.1.1.  These vials should have been previously filled with Ultrapure water and 
capped. 

2. Pour out Ultrapure water and rinse vials and caps 3 times with Ultrapure water.  After 
rinsing shake out as much excess water as possible. 

3. Stand vials inverted in a rack. 
4. Prepare labels for samples and standards. 
5. Remove samples and working standards from refrigerator, bring to room temperature. 
6. Just prior to filling vials shake the samples/standards well. 
7. Use a pipette to transfer an aliquot of the unfiltered sample into a clean and labeled vial. 

a. Ambient water sites (rives, lakes, ponds): pipette 20 mL of unfiltered sample into 
each vial. 

i. Prepare a replicate every 10 samples. 

8. Rinse pipette well (with Ultrapure water) between samples or switch tips if using pipette 
with disposable tips. 

9. Prepare standards by pipetting 20 mL of each standard into a clean and labeled vial.  
Method blanks and standards should be randomly interspersed among the samples after 
the standards and blanks are prepared. 

a. If greater than 60 samples are being prepared, prepare 2 vials containing each 
standard. 

b. If 60 or less samples are being prepared only pipette 1 vial for each standard. 

c. Prepare the zero standard/method blank by pipetting 20 mL of Ultrapure water 
into each of 4-5 vials.   

10. Prepare external standards according to Section 5.2.5. 

11. Cap vials. 

12. Samples may be stored up to 3 months in the refrigerator until the digesting reagent is 
added and the samples digested. 
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5.3.4 Procedure – Day of Sample Digestion 

5.3.4.1 Digestion Procedure 

1. Obtain racks of standards and samples from the refrigerator. 

2. Prepare the digestion solution.  The digestion solution is prepared daily as described 
below in Section 5.3.4.2. 

3. Pump the repipette containing digesting reagent several times to make sure that there 
are no air bubbles in the delivery tube. 

4. Check calibration to make sure that repipette is dispensing desired volume by 
dispensing "one shot" into a tared beaker on a balance: 5 mL = 5 grams.  Adjust 
repipette if necessary.  Remember to check the calibration of the balance using the 
procedure outlined in Section 5.3.2.1. 

5. Remove the caps from the vials and dispense 5.0 mL of the digesting reagent into each 
vial.  5.0 mL of digesting reagent is used for all samples and standards. 

6. Cap each vial tightly and shake vigorously.  Place in rack. 

7. Once the digestion solution has been added to each vial put the rack of vials into room 
temperature water bath.  Add DI water to water bath to approximately a 1/4 inch below 
the level of liquid in the sample vials. 

8. Put the lid on the water bath and switch it on.  It will take 45 – 60 minutes to reach 
boiling temperature. 

9. Boil gently for 30 minutes.  The thermometer in the water bath must reach and maintain 
a temperature of at least 100 °C for 30 minutes; record the temperature on the water 
bath temperature log sheet. 

10. Turn off water bath and allow the vials to cool to room temperature (overnight) in the 
water bath.   Keep the cover on the water bath 

11. The next day, remove the racks of vials from the water bath.   

12. Analyze digested water samples that day. 
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5.3.4.2 Preparation of Potassium Persulfate Digesting Reagent 

1. 1N sodium hydroxide should be made on the day of use. (It absorbs N from the 
atmosphere if left.) 

a. Use a beaker with a magnetic stir bar that has been specifically reserved for 1N 
NaOH preparation. These beakers are stored in a labeled glass cabinet in room 
002. 

b. Determine the amount of 1N sodium hydroxide needed according to the chart 
below, which is based on the volume of digesting reagent needed according to 
the chart on the next page. (1N NaOH = 40g) 

 
Final 

Volume of 
Digest 

Reagent 
(mL) 

1N NaOH 
solution 

(mL) 

volume 
NaOH (ml) 
to make 

Amount 
NaOH to 

weigh out 
(g) 

1000 350 500 20 
500 175 200 8 
250 87.50 100 4 
200 70 100 4 

 
c. Weigh desired amount of NaOH pellets into the designated beaker. Add ultrapure 

water as per chart. 
d. Add a magnetic stir bar, cover beaker and stir until NaOH is completely 

dissolved. 
e. Pour into volumetric flask and add water to the mark. Mix. 

 
2. The potassium persulfate digesting reagent should be made on the day of use. 

a. Use a beaker with a magnetic stir bar that has been specifically reserved for total 
phosphorus digestions.  These beakers are stored in a labeled glass cabinet in 
room 002. 

b. Determine the amount of potassium persulfate digesting reagent needed.  Each 
sample requires 5.0 mL digesting reagent.    

3. Weigh the dry reagents (potassium persulfate and boric acid) into the beaker referring to 
the table below for reagent and volume information. 
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Digesting Reagent for Total Phosphorus and Total Nitrogen 
 
  Add to beaker 

Final 
Volume of 

Digest 
Reagent 

(mL) 

Beaker 
Size for 
Reagent 

Preparation 
(mL) 

Potassium 
Persulfate 

(g) 

Boric 
Acid  
(g) 

1N NaOH 
solution 

(mL) 

Ultrapure 
Water 
(mL) 

Approximate 
number of 

vials reagent 
volume will 

fill 
1000 1000 50 30 350 900 190 
500 500 25 15 175 450 90 
250 500 12.50 7.50 87.50 200 45 
200 500 10 5 70 150 35 

 
4. Add the sodium hydroxide solution. 
5. Using Ultrapure water, dilute to the appropriate volume according to the chart above. 
6. Cover beaker with aluminum foil. 
7. Place beaker onto a heating magnetic stirrer. 
8. Stir with low heat until all crystals are dissolved.  This takes 5-10 minutes. 
9. When crystals are dissolved, pour solution into appropriate sized volumetric flask 

specifically reserved for “TP only”. 
10. Let digesting reagent cool.   
11. Once reagent has cooled add Ultrapure water to the mark. 
12. Transfer to the Repipette, labeled "new digesting reagent."  Label with current date. 
13. Any digesting reagent in the repipette from a prior digestion can be poured into the "old 

TP digest" repipette and used for “pre-digesting” vials.  
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5.3.5 Procedure – Day of Analysis 

5.3.5.1 Column Regeneration  

The cadmium column used to reduce NO3 to NO2 must be flushed with the ammonium 
chloride nitrate-n buffer reagent at the beginning of each analysis day and before attaching it 
to the analytical cartridge. At the end of the day it is removed and flushed again with cupric 
sulfate solution and then with ammonium chloride solution to regenerate it.  This section is 
inserted as a reminder to do so.  The method utilized for doing both is taped to the lab wall 
above where the coil is kept, and also located in the Astoria-Pacific manual. 

5.3.5.2 Sample Analysis 

Detailed instructions regarding operation of the Astoria®-Analyzer Model 303A Segmented 
Continuous Flow Autoanalyer will not be repeated here.  This information is located in the 
autoanalyzer operation manuals.  A summary of the analytical procedure is found below: 
 
1. Allow all digested samples, standards, matrix stock solution and blanks to warm to room 

temperature.  This takes place while the autoanalyzer is being prepared.  

2. Obtain reagents needed for the analysis.  The PO4 assay only utilizes one reagent, the 
mixed reagent.  The mixed reagent must be prepared daily, preparation instructions are 
located in the Astoria-Pacific manual.  The NO3+NO2 analysis utilizes two reagents: 
ammonium chloride buffer and color reagent.  All reagents should be allowed to warm to 
room temperature prior to use.   

a. Lab personnel must wear gloves, lab coat and eye protection when handling 
reagents.  Waste reagents must be collected for later disposal by URI Safety and 
Health.  

b. Further information regarding reagents is located in the Laboratory MSDS binder.  
Further information regarding health and safety is located in SOP 001 – General 
Laboratory Safety and SOP 001a – University Safety and Waste Handling 
Document. 

3. A summary of Autoanalyzer Operation is provided below: 

a. A calibrated volume of sample is introduced into the autoanalyzer by the 
sampler.   

b. The sample is delivered to the analytical cartridge by a peristaltic pump.  It is 
then combined with reagents and air bubbles in a continuously moving stream.  

c. As the sample moves through the cartridge it passes through mixing coils and a 
heating bath, as specified by test conditions.   

d. A color is produced by the specific analyte in the sample.  The intensity of the 
color is determined by the amount of analyte present.  There is a notable pink 
color at high nitrogen concentrations. There is no visible P colorproduced. 

e. This sample stream then flows to the photometer where the color intensity is 
measured after passing through an optical filter and converted to an electronic 
signal.  The electronic signal is sent to a computer where the Astoria-Pacific 
FASPac II® software program processes the signal to create a standard curve 
and numerical results for the standards and samples as well as a real-time 
recorder tracing of peaks. 
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4. Each autoanalyzer rack has 90 places for samples, blanks and QC samples.  A sample 
run can have up to three racks (270 samples).  

a. Standards are set up on their own rack.  A set of standards is run at the 
beginning of each run.  A separate set of standards is run at the end, and are 
averaged with those run at the beginning, using standards from a different vial 
that those used for the first set of standards, if available. A set of standards can 
be run in the middle if desired. 

b. Each sample and standard is recorded on a sample log sheet as they are poured 
into analytical sample cups. See example sample log sheet at end of this SOP. 

c. 1 sample out of 15 is analyzed in duplicate (two separate analyzer sample cups).   

d. If a sample is diluted before analysis, it is noted on the sample lab log and 
entered in the appropriate place in the computer sample log. 

e. The autoanalyzer is set to analyze each sample cup once, with a 60 second 
sample time followed by a 35 second wash time. 

f. A check calibrant and method blank are run after every 15 samples and are used 
to monitor the run (see Section 5.2 for further information). 1 sample out of 30 is 
a matrix spike.
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Daily Matrix Spikes 

Matrix spikes are completed on 3% of samples.  Use the procedure outlined below to prepare 
matrix spikes of water being analyzed.  The “stock” matrix spike solution is 500 ppb P and 5,000 
ppb N03-N. See 5.3.1.6 above to prepare.  

1. Check and confirm the calibration of the following pipettes and volumes on the Mettler 
0.5 mg balance using Ultrapure water: 

a. 1000 µl (uses blue tip) 

b. 100 µl (uses yellow tip) 

c. 900 µl (uses blue tip) 

2. Select a water sample to spike that is known to have detectable results and is not at or 
below the limit of detection.  Ideally it should be at the low end of mid-range. You can 
analyze matrix spikes for N or P but not both at the same time. 

3. First fill a cup with the unspiked sample.  Put on sample rack. Record the sample 
information as usual on the log sheet. 

4. Next pipette 1000 µl of the sample into another 2 ml sample cup. 

5. Pipette 100 µl of the mixed (500 ppb P and 5,000 ppb NO3-N) “stock” spike spike 
solution to the 1000 µl of sample. 

6. Pipette 900 ml of the same water sample into the matrix spike 2ml sample cup. Mix by 
repeatedly drawing up and dispensing back water from this sample cup. Total volume = 
2 mL. 

7. This will give you a solution that is spiked with 25 ppb P and 250 ppb NO3-N.  In 
other words with 100% recovery your spiked samples will be 25 ppb P or 250 ppb 
NO3-N higher than the unspiked sample. 

8. Put the spiked sample on the rack right after the unspiked sample. 

9. Check to see that the matrix spike have been set up in each of your API methods by: 

a. Go to edit section for your specific method (nitrogen or dissolved P) 

b. Go to Channel Properties, CC/QC tab 

c. For nitrogen it should show SPK1 for spike number and 250 for spike 
concentration. 

d. For phosphorus it should show SPK2 for spike number and 25 for spike 
concentration. 

10. The matrix spike % recovery will be printed on the sample run report, right after 
the spiked sample. 

11. (Optional) Calculate results as an alternative to the AP software method. 

% recovery =  {SR-UR[V3/(V1+V3)]} / [(V1 x C1)/(V3+V1)] 

Excel formula: 
 = {[SR(V3+V1)] – (UR x V3)} / (V1 x C1)   X100 
 = 100 x {[SR(2000) – UR(1900)] / [(100)C1]} 
 

Where: 
C1 = concentration of spiking solution 
V3 = volume of unspiked sample (=1900 ul) 
V1 = volume of spike solution (=100 ul) 
SR = spiked result 
UR = unspiked result 
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6.0 CALCULATIONS 

Total P and total N concentrations are calculated in the Astoria Pacific FASPac II program from 
the average of all standard curves, unless specified otherwise by the user..  Data are reported 
to the nearest whole number for total-P and the nearest 10 for Total-N.  Values less than the 
reporting limit are reported as < (numerical value of the) RL µg/L PO4–P or µg/L NO3/NO2-N. 

1. The autoanalyzer is connected to a dedicated computer.  The Astoria-Pacific FASPac II® 
program analyzes the data reported by the autoanalyzer.  The program performs a 
regression on the standards and determines sample concentrations.   

a. A graph of concentration verses absorbance of standards is displayed and can 
be manipulated to remove obvious outliers.  See example at end of this SOP. 

b. The standard curve is rejected if R2 is less than 0.95 unless this is due to 1 
standard in the suite (see Section 5.2 for further information). 

c. During the run the real time peak tracing are monitored to check for in-range 
heights, proper shapes and any irregularities, so that samples can be re-
analyzed, space permitting during the current run, or saved for re-analysis in a 
later run. See example at the end of this SOP. 

d. At the end of a run each peak is checked to make sure the marker is in the 
proper spot and any irregularities are accounted for (analytical blips, empty 
sample cups, etc).  Once each peak in a run has been reviewed, the results of 
the run are saved, exported and saved as Excel files, and printed. See example 
peak tracing at end of SOP. 

2. After the computer results are printed, they are again compared to the peak tracing, 
particularly to take note of carryover of high to low peaks and correct any keyboarding 
errors. 

3. QC results are compared to previous results as well as "true values".  If the results of the 
run meet the QA/QC criteria set forth in this SOP then the results of the run are deemed 
acceptable. 

4. After the printout has been approved, the data are entered into appropriate Excel 
spreadsheet files, where they are subsequently re-checked for data entry errors.  See 
example at end of this SOP. 

5. After the data are approved samples may be disposed of in accordance with Section 4.0. 

6. Sample bottles are cleaned by acid washing following SOP 003 – General Labware 
Cleaning Procedure 

5. The autoanalyzer is connected to a personal computer.  The Astoria-Pacific FASPac II® 
program analyzes the data reported by the autoanalyzer.  The program performs a linear 
regression on the standards and determines sample concentrations.   

a. A graph of concentration verses absorbance of standards is displayed and can 
be manipulated to remove obvious outliers.   

b. The standard curve is rejected if R2 is less than 0.95 unless this is due to 1 
standard in the suite.  (see Section 5.2 for further information) 

c. During the run the real time peak tracing are monitored to check for in-range 
heights, proper shapes and any irregularities, so that samples can be re-
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analyzed, space permitting during the current run, or saved for re-analysis in a 
later run.  

d. At the end of a run each peak is checked to make sure the marker is in the 
proper spot and any irregularities are accounted for (analytical blips, empty 
sample cups, etc).  Once each peak in a run has been reviewed, the results of 
the run are exported and saved as Excel files, and printed. 

6. After the computer results are printed, they are again compared to the peak tracing.  
Particularly take note of carryover of high to low peaks and correct any keyboarding 
errors. 

7. QC results are compared to previous results as well as "true values".  If the results of the 
run meet the QA/QC criteria set forth in this SOP then the results of the run are deemed 
acceptable. 

8. After the printout has been approved, the data are entered into appropriate Excel 
spreadsheet files, where they are subsequently re-checked for data entry errors.   

9. After the data are approved samples may be disposed of in accordance with Section 4.0. 

10. Sample bottles are cleaned by acid washing following SOP 003 – General Labware 
Cleaning Procedure.  Digestion vials are cleaned as specified in Section 5.3.1.1 of this 
SOP. 
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8.0 DOCUMENTATION 

Data consisting of the sample results, peaks and calibration curves are exported from the 
computer running the autoanalyzer into Excel data files.  The excel files are then printed and 
saved electronically.  A packet for each analytical run is created consisting of the handwritten 
sample log sheet, printed calibration curve, printed peak tracings, and the printed excel data file. 
See examples below. Data is not entered into analyte summary files until it has been approved 
by Linda Green, and so labeled on the printed excel files. Data are reported to the nearest 
whole number. Packets for each analyte are saved in a file folder for that analyte and for that 
year. These are stored in a filing cabinet in room 002. When all filing cabinets are full the files 
are stored by year in a cardboard box in a secure location for a minimum of ten years. 
 
Sample Autoanalyzer Log Sheet: 
 

 
 
Sample TP (left) and TN (right) Calibration Curves 
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Sample Peak Tracing (TN upper, TP lower) 

 
 
Sample Excel Data Sheet 
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the approximate salinity of marine and estuarine 
samples.  This method is not appropriate for determining the salt content of freshwater samples.  
Unfiltered samples are analyzed using a salinity refractometer.  This method is appropriate for 
undiluted samples ranging from 0.4 to 40 ppt.  

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards  

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 – General Laboratory Safety. 
 
No chemical reagents are used in this assay. 
 
 

2.2 Technician Training/Qualifications 

General training in laboratory technique must be completed prior to analyzing samples using 
this method.  Technician training will be provided by Elizabeth Herron, Laboratory Project 
Manager. Required materials: 
 
Required Material Notes Re-order information 
A366ATC Hand Held Salinity 
Refractometer or similar 

Inexpensive (aquarium type) 
refractometers are inaccurate 

Fisher #13-946-27 

De-ionized water in a squirt 
bottle 

On hand in laboratory  

20 ppt salinity solution Made in lab, 20 g sodium 
chloride diluted to 1 liter 
Stored in refrigerator 

 

Glass or plastic Pasteur 
pipettes and bulb 

  

Blotting tissue Kimwipes or similar  
 
Equipment and supplies are maintained by the University of Rhode Island Watershed Watch 
(URIWW) Laboratory.  
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3.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Water (Marine 
and Estuarine) 

25 - 125 mL acid 
washed brown 
glass or HDPE 
bottle 

None 20 – 120 mL 1 year 

 
Disposal 
Samples may be disposed of only after final quality assurance checks are completed and the 
data found to be acceptable using criteria found in Section 5.2 of this SOP.  Samples may be 
disposed of by rinsing down the drain with water.   

4.0 METHOD DESCRIPTION 

4.1 Scheduling Considerations 

There are no specific scheduling considerations for this method.  
 

4.2 Quality Assurance/Quality Control 

4.2.1 Method Detection Limit 

The Method Detection Limit (MDL) for this assay is 0 ppt salinity. The refractometer scale is in 
parts per thousand unit increments. The Limit of Quantitation or Reporting Limit (RL) for this 
assay is 1 ppt salinity.  The upper limit of reporting is 40 ppt. Results are reported to the nearest 
unit. 
 

4.2.2 Method Blanks 

No method blanks are completed in this assay.   
 

4.2.3 Sample Replication 

Sample replication is completed on 100% of samples.  The difference between the replicates 
must be not greater than 2 ppt.   
 
Corrective Action 
If the difference between replicates is greater than 2 ppt then a third reading will be completed.  
If the sample replicates are still not within 2 ppt then the deviation is noted on the project data 
sheet. 
 

4.2.4 Daily Calibration 

A two-point calibration is conducted before each use. The first calibrant is de-ionized water. The 
second is a 20 ppt salinity solution. 
 
Corrective Action – see analysis method 
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5.0 ANALYSIS METHOD 

1. Safety goggles and gloves must be worn when completing this analysis. 

2. Open the prism cover. Place 1-2 drops of de-ionized water on the refractometer 
prism glass and close the cover. The amount should be sufficient to cover the 
surface of the prism when the cover has been closed. 

3. Wait ~30 seconds for temperature compensation. 

4. Look through the eye piece, holding the refractometer toward the light. Adjust view 
piece to sharpen contrast between blue and white boundary line. 

5. If the boundary line is not at 0, use the supplied adjusting screw to adjust to 0. Read 
and record. 

6. Open prism and use a Kimwipe to gently blot surface. 

7. Using a glass or plastic pipet, add a drop of 20 ppt salinity standard. Follow steps 1-
3. Read the right side of the scale, marked as “0/00”. This is parts per thousand. 
Record result. 

8. Open prism cover, rinse prism & cover with de-ionized water, blot dry. 

9. Repeat with samples, measure salinity of each twice, recording on data sheet. 

10. Clean-up: rinse refractometer prism and cover with de-ionized water. Place on a 
paper towel to air dry, then store in its carrying case. 

 
 

 

6.0 REFERENCES 

A366ATC Operation Manual.  
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7.0 DOCUMENTATION 

The results of each measurement are recorded on the sample data sheet.  
 
Sample Data Sheet 
 

Analysis Date: ______________

Sample Tech's Sample Refract. Refract.
Date  Initials Monitoring Location Depth (m) Salinity #1 Salinity #2

Start - 0 ppt calibration solution 

Start - 20 ppt calibration solution 

GH In Pond   0.5
GH In Pond     Deep

GH Indigo Pt

GH Teal Rd

GH Allen Cove (Sea Lea)

NP Crawford Dock

NP Mid West Basin 1
NP Mid West Basin     Deep

NP Potato Pt  0.5
NP Potato Pt     Deep

NP Stumpy Pt  0.5
NP Stumpy Pt     Deep

NP Vigna’s Dock

Check sample log sheet to see if monitoring location has been received

SALINITY DATA
October 2016 water collection

Please fill-in your initials, and the appropriate value.
There should be something in each space.  
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the number of enterococci bacteria within an 
ambient (lakes, ponds and rivers) or marine water sample. Marine samples must be diluted at 
least tenfold with sterile Ultrapure water. Samples are collected in sterile bottles, a measured 
volume aseptically transferred to a sterile IDEXX vessel, commercially prepared reagents are 
added and the solution poured into a Quanti-Tray or Quanti-Tray/2000 and sealed. The Quanti-
Tray or Quanti-Tray/2000 is then incubated for 24 hours. The number of Quanti-Tray or Quanti-
Tray/2000 wells that fluoresce under a UV light are used to determine the Most Probable 
Number (MPN) of bacteria per 100 mL.  
 
This method is applicable to undiluted samples in the range of <1 to 2,419 enterococci/100 mL 
and samples diluted to return values in this range using the Quanti-Tray/2000. The method is 
applicable to undiluted samples in the range of <1 to 200 enterococci/100 mL and samples 
diluted to return values in this range using the Quanti-Tray. 
 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

Samples to be analyzed are a potential biological hazard. All personnel shall wear a lab coat, 
gloves and goggles when performing this procedure to protect them from accidental exposure.  
 
Wastes in the form of used Quanti-Trays are also a potential biological hazard and will be 
disposed of following autoclaving. The procedure for sterilization of Quanti-Trays is found in 
Section 4.0 Sample Storage, Preservation and Disposal, of this SOP. 
 
Wastes and materials pose a burn hazard immediately following autoclaving. Never remove 
materials from the autoclave without the proper insulated autoclave gloves. In addition, when 
opening the front door on the autoclave, steam will escape as soon as the door is cracked. Any 
exposed body parts near this steam could be burned. Specific information on autoclaving 
procedures can be found in the following SOPs: SOP 004 - General Autoclave Operation, SOP 
005 - Bottle Autoclaving Procedure and SOP 006 - Waste Autoclaving Procedure. 
 
General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 - General Laboratory Safety. The only chemical utilized in this 
SOP is the Enterolert medium. The medium is not listed as hazardous but should be treated 
with care. Always wear protective clothing in the form of gloves, a laboratory coat and goggles 
when working with this chemical. Further information regarding this chemical may be found in 
the laboratory Material Safety Data Sheet (MSDS) binder found in the laboratory where the 
chemical of interest is stored. 
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A UV light is utilized in this procedure, keep expose to the UV light to a minimum. Use protective 
face shield or goggles and gloves when reading samples. General laboratory information 
regarding safe handling of chemicals is located in SOP 001a - University Safety and Waste 
Handling. 
 

2.2 Technician Training/Qualifications 

General training in laboratory technique, aseptic technique, and the proper use of the UV light 
and Quanti-Tray sealer must be completed prior to analyzing samples using this method. 
Technician training will be provided by Elizabeth Herron Project Manager – Microbiology 

3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Enterolert Medium Snap packs of sterile media 

vessels for 100 mL samples. 
Stable for 12 months at  
2-30°C, away from light. 

IDEXX Cat # WENT020 or 
WENT200 

Quanti-Tray or Quanti-
Tray/2000 

 IDEXX Cat # WQT100 
(Quanti-Tray) or  
EQT-2K (Quanti-Tray/2000) 

IDEXX Quanti-Tray Sealer 
Model 2x 

 IDEXX Cat # WQTS2X-115 

Sterile 125 mL mixing bottles Marked at 100 mL, must have 
been tested for sterility by 
URIWW after autoclaving 

Fisher Sci. 0331359 

Quanti-Tray/2000 rubber 
insert 

 IDEXX Cat # WQTSRBR-2K 

UV light and viewing box  UV light #WL160, 
Replacement lamp #WL161 
UV cabinet #WCM10 

Sterile Ultrapure water 1 L bottles used for Enterolert 
dilution 

Fisher Sci. 029232 

41 °C Incubator Thermo Scientific Heratherm 
Incubator 

 

Paper towels, safety goggles, 
lab gloves 

 UV goggles #WLG 

Tuttnauer 3850M Autoclave   Fisher Sci. 15-059-303 
 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory and the Natural Resources Science department. Temporary replacement of large 
equipment such as the Quanti-Tray Sealer is available through arrangement with the 
manufacturer, although we have 3 sealers (including one from Dr Amador’s laboratory) so 
should have adequate back-ups. 
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4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample Container Preservation Volume Holding 
Time 

Water Autoclavable 250 mL white plastic bottle 
 

Kept at 4 °C in 
Sterile Bottles 

100 mL 6 Hours 

 
Disposal 
Samples are archived for approximately 48 hours. Aqueous samples may only be disposed of 
after final quality assurance checks are completed and the data found to be acceptable using 
criteria found in Section 5.2 of this SOP. Aqueous samples are considered a potential biological 
hazard. Samples may be rinsed down the drain with running water. Personnel will wear gloves, 
eye protection and a laboratory coat when disposing of samples. 
   
Disposal of used Quanti-Trays should be completed in accordance with SOP 006 - Waste 
Autoclaving Procedure. 
 
Trays are not archived and may be disposed of immediately after counting and recording of 
data. 
 
Cleaning and sterilization of sample and IDEXX mixing vessels 
 
Sample and mixing bottles are cleaned in accordance with SOP 003 - General Labware 
Cleaning Procedure and SOP 005 - Bottle Autoclaving Procedure. 
 
Sterility confirmation runs are recorded on datasheets stored in the Room 002 in labeled folders 
in the QA section of the file cabinets and provided in Section 9.0 Documentation, of this SOP.  
 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

The information provided below is a basic outline of tasks that must be completed prior to the 
sampling day. Step-by-step instructions to complete each task are provided under Section 6.0.  
 
At least 7 days prior to analysis, check that enough Enterolert media, sterile mixing bottles, and 
sterile dilution water are available for the anticipated number of samples to be analyzed. An 
operations check of the UV viewing box should also be completed at this time.  
 
The day before a sampling event (24 hours) data sheets and a final check of equipment should 
be completed.   
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5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The method detection limit is set by the product manufacturer at < 1 MPN/100 mL. 
 

5.2.2 Method Blanks 

Method blanks are determined by treating 50 mL of sterile Ultrapure water with 50 mL double 
strength tryptic soy broth as a sample.  
 
There will be 2 method blanks per run. The first blank will be prepared at the beginning of the 
sample run and the second at the end of the sample run. The method blank shall be less than 1 
most probable number (MPN)/100 mL.  
 
Corrective Action 
If the method blank is equal or greater than 1 MPN/100 mL then the sample run will be 
considered contaminated and the samples reanalyzed. Holding times of the field samples will be 
out of compliance if samples need to be reanalyzed. This will be noted on the data sheet. 
 

5.2.3 Sample Replication 

Sample replication is completed on 1 sample in 5; 20% of the collected field samples. Sample 
replication is completed by taking a second 100 mL (or 10 mL if an estuarine or marine sample) 
aliquot of the sample and treating it as a regular sample. Analysis results for replicate samples 
should be with 20% relative percent deviation (%RPD). %RPD is calculated as follows: 
 
%RPD =Result of Replicate 1 (MPN/100 mL) – Result of Replicate 2 (MPN/100 mL)          x 100 
  Average of Result of Replicate 1 (MPN/100 mL) and Result of Replicate 2 (MPN/100 mL) 
 
Corrective Action 
If the %RPD is greater than 20% then the deviation is noted on the data sheet. The processing 
time to determine the sample value is greater than the holding time for the samples. Therefore, 
the samples will not be reanalyzed unless contamination is suspected as shown through a non- 
compliant method blank or the positive tray indicates that the method was compromised in 
another manner. 
 

5.2.4 Calibration and Standards 

5.2.4.1 Positive Trays 

Calibration is completed in a qualitative way through an assessment of false negatives. A 
purchased enterococci bacterial sample is used to inoculate a sample of Ultrapure water. The 
standard is then treated as a sample. These samples are referred to as “positive trays”, 1 
positive trays is prepared per sample batch. After incubation these trays must exhibit 
fluorescence.  
 
Corrective Action 
The inoculated trays (positive trays) must show fluorescence after incubation. If the trays do not 
show fluorescence then it is assumed that the run was in error and the batch of samples is 
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reanalyzed. The field samples will be out of compliance with holding times if samples need to be 
reanalyzed. This will be noted on the data sheet.  
 

5.2.4.2 Calibration Check/Laboratory Control Standard 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis. Unknown samples are purchased from an outside vendor and 
analyzed for enterococci. URIWW results are sent to the vendor who provides a comparison to 
the actual value and a performance evaluation. Study results are maintained by the laboratory. 
 
Corrective Action 
If study results return values outside acceptable limits then the laboratory will review the 
enterococci procedures and purchase another unknown to be analyzed for enterococci. If these 
data are also outside acceptable criteria then the laboratory will continue working with 
unknowns until the issue is resolved. 
 

5.2.5 Incubator 

The temperature of the 41 °C incubator is checked on a daily basis, when in use. Initial and final 
temperatures for incubations of samples are recorded on the project data reporting sheet (see 
Section 9.0). The acceptable temperature range for the 41 °C incubator is 41 +/- 0.5 °C.  
 
Corrective Action 
The incubator temperature must remain in the range specified above. If the temperature is 
found to be outside the acceptable range, contact Elizabeth Herron and adjust the incubator 
temperature control. Professional maintenance of the incubator may be necessary if adjustment 
of the temperature control does not rectify the problem.  
 

5.2.6 Sterility Check on Mixing Bottles 

Mixing bottles must be checked for sterility after cleaning/autoclaving before being placed with 
the general stock of sterilized mixing bottles ready for use. A bottle sterility check will be 
completed at a frequency of one sample bottle per sterilization run. Sterility checks will be 
completed by selecting one sterilized sample bottle at random after cleaning and sterilization of 
a batch of bottles has been completed. The mixing bottle will then be filled with 50 mL of sterile 
Ultrapure water with 50 mL double strength tryptic soy broth, capped and mixed. Once the water 
has been mixed it will be treated as a sample. All data will be recorded on the “Bacterial Sample 
Log & Worksheet: IDEXX Bottle Sterilization Confirmation” data sheet (see Section 9.0 
Documentation). 
 
Corrective Action 
If the mixing bottle blank returns a count greater than 0 then all the mixing bottles sterilized in 
that run must be re-sterilized and the mixing bottle sterility check completed again after the 
second sterilization process. No mixing bottles will be placed into the general laboratory stock of 
sterilized mixing bottles until the sterility check returns a value of 0. 
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5.2.7 Sterility Check on Sample Bottles 

Sample bottles after sterilization must be checked for sterility before being placed with the 
general stock of sterilized bottles. A bottle sterility check will be completed at a frequency of one 
sample bottle per sterilization run. Sterility checks will be completed by selecting one sterilized 
sample bottle at random after the sterilization run has been completed. The sample bottle will 
then be filled with 50 mL of sterile Ultrapure water with 50 mL double strength tryptic soy broth, 
capped and mixed. Once the water has been mixed it will be treated as a sample. All data will 
be recorded on the “Bacterial Sample Log & Worksheet: Bacteria Bottle Sterilization 
Confirmation” data sheet (see Section 9.0 Documentation). 
 
Corrective Action 
If the bottle blank returns a value greater than 0 then all the sample bottles sterilized in the run 
must be re-sterilized and the bottle sterility check completed again after the second sterilization 
process. No sample bottles will be placed into the general laboratory stock of sterilized bottles 
until the sterility check returns a value of 0. 
 

5.2.8 Germicidal Unit (UV Box) 

The UV light box lamps will be regularly to ensure high output. The lamps will be checking 
visually by eye (using UV protective goggles) to ensure they are lighting. Replacement dates will 
be recorded on a tag on the UV box. 
 
Corrective Action 
Lamps failing to light will be replaced. The date of replacement will be recorded on the tag on 
the box. 
 

5.2.9 Sterility check on dilution water 

Dilution water comes from the MQ system in room 019, with the date and megaohms of the unit 
recorded at the time that the 2-liter bottles are filled with only 1 liter (and marked on the bottles) 
of Ultrapure water, recorded on Bacteria Dilution Water Record. Residual chlorine should be 
tested with each batch. Bottles are then autoclaved, up to 3 2-liter bottles per autoclave run (2 
preferred). After sterilization must be checked for sterility before the dilution water is used. 
Sterility checks will be completed by filling one sterile bottle from each autoclaved Ultrapure 
water bottle with 50 mL of to be tested sterile Ultrapure water with 50 mL double strength tryptic 
soy broth, capped and mixed. Once the water has been mixed it will be treated as a sample. 
Data will be recorded on the “Bacterial Sample Log & Worksheet: Ultrapure Water Sterilization 
Confirmation” data sheet (see Section 9.0 Documentation for both sheets). 
 
Corrective Action 
If the bottle blank returns a value greater than 0 then the Ultrapure water must be re-sterilized 
and the water sterility check completed again after the second sterilization process. No sample 
Ultrapure dilution water will be used until the sterility check returns a value of 0. 
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6.0 STEP BY STEP DIRECTIONS 

Samples must be collected in sterilized bottles using proper sampling technique. The procedure 
for sterilizing sample bottles is located in SOP 005, Bottle Autoclaving Procedure. Samples 
should be analyzed immediately.  

Prepare at least 1 blank consisting of 100 mL of sterile Ultrapure water at the beginning and end 
of the run. The blank should be treated as a sample. Alternately, blanks can be 50 mL of sterile 
Ultrapure water with 50 mL double strength tryptic soy broth. 

For each sample repeat the following procedure: 

1. Obtain a sterile mixing bottle.  

2.  If the sample is from a freshwater source pour 100 mL of the sample into the bottle 
using the 100 mL mark on the bottle as a guide.  

a. If the sample is expected to return a value greater then the maximum acceptable 
value then dilution may be necessary, the procedure for diluting a sample is 
provided below. Alternatively, the Quanti-Tray/2000 may be utilized to obtain a 
greater maximum acceptable value, use previous data as a guide to determine 
appropriate measures.    

b. Complete a dilution by recording the sample volume on the project data sheet 
and use a pipette aide and sterile pipette to transfer the appropriate amount of 
sample to the sterile mixing bottle.  

c. Dilute to the 100 mL mark on the sterile mixing bottle using sterile Ultrapure 
water. 

3. If the sample is from a saltwater source then you must dilute the sample before adding 
the reagent. The procedure for dilution is outlined below: 

a. Shake the sample vigorously (at least 17 times in 7 seconds). 

b. Using the pipette-aide and a sterile 10 mL pipette, pipette 10 mL of sample into 
the sterile 100 mL vessel and then dilute to the 100 mL mark using sterile 
Ultrapure water. 

4. Pour contents of one snap pack of Enterolert into the mixing bottle with sample and 
dilution water (as needed), cap and with a vigorous rotation of the wrist, mix until the 
medium is completely dissolved. 

5. Record reagent lot number and expiration date on the data sheet. 

6. With a permanent marker, record sample identification and volume on the front (plastic 
well side) of a Quanti-Tray or Quanti-Tray/2000. 

7. Pour the sample into a Quanti-Tray or Quanti-Tray/2000 and seal it using the IDEXX 
Quanti-Tray Sealer. 

a. Instruction on how to use a Quanti-Tray or Quanti-Tray/2000 are attached below. 

b. Instructions on how to use the IDEXX Sealer are below: 
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i. Figure showing IDEXX Sealer (www.idexx.com) 

 

ii. Turn the power switch on and the amber power light should illuminate. If 
the sealer is not operating properly contact Elizabeth Herron. 

iii. The sealer is warmed-up and ready to use when the green “Ready Light’ 
comes on. It should take about 10 minutes. The sealer will not operate 
until the amber power light and green “Ready Light” are both lit.  

iv. Put an empty Quanti-Tray or Quanti-Tray/2000 Rubber Insert on the Input 
Shelf with the large cutout facing away from the Sealer (as shown the 
figure above). 

v. Place a Quanti-Tray or Quanti-Tray/2000 filled with sample and reagent 
onto the Rubber Insert, making sure that the tray is properly seated in the 
Rubber Insert so the tray sits flat. 

vi. Slide the inset and tray into the sealer until the motor grabs the rubber 
insert and begins to pull it into the Sealer. (May require some jiggling.) 

vii. The sealer will then seal the tray and push it partially out of the sealer. 
The process takes about 15 seconds.  

viii. Remove the tray and insert from the Sealer. 

ix. Check that the tray sealed properly; sample should be contained in each 
well and not able to flow from well to well. 

x. You can put the next tray into the sealer once the first tray has been fully 
drawn into the sealer. 

xi. If there is a problem and the tray goes into the sealer improperly use the 
reverse button by pressing and holding it. 

xii. Do not reverse the motor once the rubber insert is fully drawn into the 
input slot. 

xiii. Turn off sealer when not in use. 

xiv. Preventative maintenance information for the Sealer is attached in 
Section 9.0 of this SOP. 

8. Record sample and processing information on the appropriate data worksheet. 
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9. Place the sealed tray into the 41 °C incubator foil side up for 24 hours. With multiple 
trays, stack no higher than 15 trays, and ensure that there is adequate airflow around 
the trays by not placing any trays on the floor of the incubator, or covering any one rack. 
The incubator should be set at 41 °C +/- 0.5°C. 

10. After 24 hours remove the trays from the incubator, and place in the UV viewing box to 
count the number of wells that exhibit fluorescence when placed under a UV light (6 
watt, 365 nm) 

11. The Most Probable Number is determined using the MPN table attached below. 

12. Blanks should return a value of <1 MPN/mL. If the blanks are greater then this value the 
run is considered contaminated, re-run the procedure. 

 

7.0 CALCULATIONS 

Record the number of positive wells onto the sample data sheet. The number of positive large 
and small wells on the Quanti-Tray/2000 should be recorded in separate columns on the data 
sheet. Note that if you are running a sample in a Quanti-Tray, place a “—“ in the column for “# 
pos. sm. wells” on the data sheet to indicate that you were using a Quanti-Tray and no small 
wells are available. If you are running a sample in a Quanti-Tray/2000 place a “0” in the column 
for “# pos. sm. wells” if none are positive, this will indicate that you were running the Quanti-
Tray/2000 instead of the Quanti-Tray. 
 
The numbers of positive wells as recorded on the sample data sheet are then input into the 
IDEXX data tables below to determine the Most Probably Number (MPN). You can use the data 
table directly if you did not dilute the sample. If you diluted the sample use the calculation below 
to determine the final MPN.  
 

  MPN    =                    table value                     X 100 mL  
100 mL       volume in mL of sample analyzed 

Be sure to use the correct data tables; there are different tables for the Quanti-Tray and Quanti-
Tray/2000 samples. 
 
The final sample value should be less than 200 MPN/mL, if the Quanti-Tray has been used in 
the analysis and less than 2,419 MPN/mL, if the Quanti-Tray/2000 was used in the analysis. If 
the results are higher then acceptable, make a note on the data sheet and reanalyze the 
sample. The samples will be outside the holding time of 6 hours after the first analysis, be sure 
to note this on the data sheet.  
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MPN Tables (WWW.IDEXX.COM) 
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8.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater. 19th ed. 
Washington D.C.: APHA, 1995. 

Method referenced:  Heterotrophic Plate Count (9215). 
 
IDEXX Enterolert web-site: http://www.idexx.com/water/enterolert/index.jsp accessed December 
18, 2006. 
 

9.0 DOCUMENTATION 

Sample Data Sheet 
 

 
 
Notes: 
If you are running a sample in a Quanti-Tray place a “—“ in the column for “# pos. sm. wells” to 
indicate that you were using a Quanti-Tray and no small wells are available. 
 
If you are running a sample in a Quanti-Tray/2000 place a “0” in the column for “# pos. sm. 
wells” if none are positive, this will indicate that you were running the Quanti-Tray/2000 instead 
of the Quanti-Tray.  

MQ Batch #:

Setup start time: Time in Time Out Count Date Count Time Media Batch #:

Media Expiration:

Sample/Setup Setup Dilution Incubator incubator Count # pos. lg # pos. sm Table 
Monitoring Location Date tech  (mls) temp. start temp. end tech wells wells Value

Start Blank 100

Start E. faecalis 0.01

BH#1 Elks Club 10

BH#2 Bristol Harbor Inn 10

BH#3 Silver Creek 10

BH#4 Windmill Pt 10

BH#5 Mill Pond 10

End Blank 100

End E. faecalis 0.01

Bacterial Sample Log & Worksheet: Bristol Harbor Collection (Sept  2009)

IDEXX Multiple Well Method
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Mixing Bottle Sterilization Check Record: 

 

Sample Bottle Sterility Check: 
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Ultrapure (MQ) Water Record: 
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Ultrapure Sterilization Check Record: 
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Filling a Quanti-Tray or Quanti-Tray/2000 (source: www.idexx.com) 
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1.0 PURPOSE AND DESCRIPTION 

The analytical balance located in Room 018 is capable to weighing to 4 decimal places.  It is a 
delicate instrument and must be treated as such.  Never place books or other documents on top 
of the balance, and clean up any chemical spills on or near the balance at once.  The following 
procedure outlines how to check the calibration of the balance.  This should be done on a daily 
basis.  Actual calibration is completed by a trained service technician.  All balance calibration 
checks should be recorded on the balance calibration data sheet (figure 1) located in the drawer 
below the balance. 
 

1.1 Check Balance Level 

Before each use, the balance level indicator should be checked.  The level indicator is a small 
bubble that can be seen by looking down on the balance from above.  It is in the back of the 
balance.  The bubble should be centered within the printed circle.  If it is not, adjust the feet of 
the balance until the bubble is within the circle.  Check the box “Balance level?” on the data 
sheet after checking the balance. 
 

1.2 Calibration Check 

The calibration of the balance should be checked when in use.  The calibration weights are in a 
box located in the drawer beneath the balance.  Check the calibration by first making sure 
nothing is on the balance weigh pan, and then tare the balance.  Once the balance is 
successfully tared use the tweezers to place the 50 mg certified weight onto the pan, and allow 
the balance to stabilize.  NEVER HANDLE THE CERTIFIED WEIGHTS WITH YOUR 
FINGERS, THEY ARE PRECISELY CALIBRATED, AND EVEN THE OILS ON YOUR HANDS 
CAN AFFECT THE CALIBRATED WEIGHT.   
 
Once the balance has stabilized, record the weight in the column “50 mg weight, Actual 
Reading” on the balance data sheet.  The reading must be +/- 10% of the certified weight (50 
mg).  This is 0.0450 to 0.0550 mg.  If the weight does not meet this criteria contact Linda Green 
or Elizabeth Herron, and do not use the balance.   
 
After checking the balance with the 50 mg weight, complete the same procedure with the 20 g 
weight.  Remember, don’t pick up the weight with your fingers; use the tweezers.  Put the 
reading for the 20 g weight in the column “20 g weight, Actual Reading”.  The reading must be 
+/- 1% of the certified weight (20 g).  This is 20.2000 to 19.8000 g.  If the weight does not meet 
this criteria contact Linda Green or Elizabeth Herron, and do not use the balance.   
 
Make sure that the rest of the data sheet is filled out and the calibrated weights are put away.  
Do not take the calibration weights out of Room 019 without permission from Linda Green or 
Elizabeth Herron. 
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Figure 1: Balance Calibration Data Sheet 
 

URI Watershed Watch Laboratory 
Maintenance and Service Record - Mettler Toledo AB104 Balance

Date
Tech's 
Initials

Balance 

level?1
Actual 

Reading
Expected 

Reading2
Actual 

Reading
Expected 

Reading2

0.0450 to 
0.0550 g

20.2000 to  
19.8000 g

50 mg weight  20 g weight  

Actions taken (None, Serviced 
Instrument, etc.)

This form is intended to be used to maintain a record of calibration and maintenance of the Mettler Toledo balance.  All maintenance 
activity should also be recorded on this sheet.  Once this sheet is full it should be replaced with a new blank sheet.  The full sheet 
should be returned to the URIWW Laboratory Maintenance Binder in Room 002; blank sheets are also located in this binder.  

Calibration and Maintenance Information:
1 Each day the balance is used the level indicator should be checked.  If the balance isn't level it should be adjusted and the adjustment 
recorded on this data sheet. 

2 The reading for the 50 mg calibration weight should be +/- 10% of the actual mass (0.0450 mg to 0.0550 mg). 
The reading for the 20 g calibration weight should be +/- 1% of the actual mass ( 20.2000 g to 19.8000 g).  
If the balance is outside these ranges contact L. Green or E. Herron; do not use the balance if it doesn't calibrate correctly.
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the pH in fresh and marine water samples. This 
method is applicable to samples with pH in the range of 1 to 14 standard units (SU).  
 
The pH (hydrogen ion activity) of a sample is a measurement of the intensity of the acidic or 
basic character of a solution. The pH of a sample is determined using a pH meter. This 
instrument consists of a potentiometer, a combination standard glass electrode and reference 
electrode and a temperature-compensating device. A circuit is completed through the 
potentiometer when the electrodes are placed in an aqueous sample. The strength of the 
electromotive force (emf) produced through the circuit is proportional to the pH of the sample.    
 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in SOP 001 
- General Laboratory Safety. Always wear protective clothing in the form of gloves, a lab coat 
and goggles. Further information regarding all chemical reagents is in the laboratory MSDS 
binder found in the laboratory where the chemical of interest is stored. General laboratory 
information regarding safe handling of chemicals is in the University Safety and Waste Handling 
Document – SOP 001a.  
 

2.2 Technician Training/Qualifications 

General training in laboratory technique and use of a pH meter must be completed prior to 
analyzing samples using this method. Technician training will be provided by Elizabeth Herron, 
Laboratory Project Manager.  
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3.0 REQUIRED MATERIALS 

Equipment and Supplies 
Required Material Notes Re-order Information 
Hanna Instruments Model HI 
902 automatic potentiometer 
titrator 
 

Capable of reading to 0.01 
unit with automatic 
temperature 
compensation electrode 

 

Combination pH electrode Recommended by Fisher 
Tech Support 

Hanna Instruments #HI 
1053B 

Saturated potassium chloride 
(KCl) solution.  

This solution is used as 
the electrode filling 
solution 

Hanna Instruments #HI7082 

Storage Solution This solution is used as 
the electrode storage 
solution 

Hanna Instruments 
#HI70300S 

Fisher or Hanna Instruments 
certified color-coded pH buffers - 
pH 4,7 & 10 

Note the expiration data 
before using the buffers 

pH 7 (yellow) #SB107-500  
pH 4.0 (pink) #SB101-500 
pH 10 (blue) #SB115-500,  
Hanna - . 

250 mL graduated cylinders Never acid washed, rinsed 
only with MQ water 

 

100 - 250 mL beakers Never acid washed, rinsed 
only with MQ water 

 

Squirt bottle containing MQ 
water 

For rinsing electrodes, etc.  

 
Spare Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
laboratory and the Natural Resources Science department. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

4.1 pH Only 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Ambient fresh or 
marine Water 

250-500 mL 
white HDPE or 
orange lidded 
plastic bottle 

Kept at 4 °C 
after water 
sample is 
collected 

Pour into 100-
250 ml beaker, 
or measure 
directly in bottle 

Bring to room 
temperature, 
then analyze 
immediately 

 
Disposal 
Samples are archived for approximately 48 hours. Aqueous samples may be disposed of after 
final quality assurance checks are completed and the data found to be acceptable using criteria 
found in Section 5.2 of this SOP. Aqueous samples may be rinsed down the drain with running 
water. Bottles are cleaned in accordance with SOP 003 – General Labware Cleaning 
Procedure.  
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5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

A check of the status of the meter and its pH electrodes must be performed at least 72 hours 
before anticipated sample arrival. The preparation of a new electrode will take at least 24 hours. 
Data sheets should be printed as well. 
 

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limits 

The method detection limit (MDL) for the pH analysis is controlled by the pH meter. The meter 
utilized in this SOP reports pH values to 0.01 SU. The MDL for determination of pH is 1.00 SU  
The upper limit of detection is 14.00 SU  The reporting limit (RL) for the pH assay is 1.0 SU and 
the upper RL is 14.0 SU  Data are reported to 1 decimal place. 
 

5.2.2 Sample Replication 

Replicates are completed on at least 10% of samples (1 sample in 10). The difference between 
the replicates must be not greater than +/-0.5 S.U. for the pH assay. 
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than +/- 0.5 S.U. for the pH assay, then the sample is analyzed again. If 
the samples are still not within the acceptable range the deviation is noted on the project data 
sheet. If several replicate pairs are not within the acceptable range then the pH meter calibration 
should be rechecked and the meter recalibrated if necessary.  
 

5.2.3 Calibration and Standards 

5.2.3.1 Laboratory Standards 
The laboratory participates annually in the Environmental Protection Agency Water Pollution 
Proficiency Test Study. Unknown samples are purchased and analyzed for pH, with results 
submitted within the requisite time period. The proficiency test vendor provides results of the 
analysis compared to the actual value and provides a performance evaluation. Study results are 
maintained by the laboratory.  
 

5.2.3.2 Daily Calibration: pH meter 
The meter utilized in the URIWW laboratory is the Hanna Instruments Model HI 902 automatic 
potentiometric titrator, purchased in 2011. pH measurement can be made using either side (1 or 
2) but not simultaneously. According to Fisher Technical Services, the average life of an 
electrode is 18 - 24 months. If the electrode cannot be calibrated or can be initially calibrated but 
doesn’t hold calibration, it must be replaced. A maintenance log is kept of installation and 
electrode upkeep. The electrode installation date is also taped to the cable of each electrode. 
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Calibration of the pH meters is competed each day prior to use. The meters are 
always left plugged in and in standby mode. 
The instruction manuals for the pH meter and electrodes are kept in a drawer below the pH 
meter and provide more detailed instructions. 
 
1. The pH electrode is stored, fill hole closed, in a storage cap containing approximately 5 

ml of storage solution. The cap is securely sealed around the electrode to decrease 
evaporation of the storage solution. 

a. If the liquid level falls below 5 mL, bring to volume with storage solution. 

b. Replace the storage solution monthly. 

2. Check the internal filling solution in the electrode to be sure it is within ¼ inch of the 
top of the electrode. If the solution is below this level, add the saturated potassium 
chloride filling solution until the solution is at the appropriate level. Leave fill hole open 
during electrode use. 

3. A two point calibration with pH 4 and pH 7 is required. The buffers are color coded (pH 
7 = yellow, pH 4 = pink, pH 10 = blue) and are purchased from Fisher Scientific or 
Hanna Instrument. Buffers are stored in bulk in the cabinet below the pH meters. Rinse 
and fill each of the plastic pH calibration bottles. Use fresh buffer each day. Date the top 
of the bottle. 

a. Check the expiration date of the buffers before using them. If the expiration date 
has passed or there is any precipitate in the bottle, DO NOT USE IT. Dispose of 
the buffer by rinsing it down the sink and use a newer bottle of buffer. 

b. NOT REUSE BUFFERS, dispose of the them by rinsing them down the sink with 
plenty of water. 

4. Remove the pH electrode from the storage solution and rinse with DI water. Rinse water 
should be collected in a waste container and disposed of by rinsing down the drain. 

5. Place the electrode into the pH 7 calibration buffer. The electrode should be 
immersed approximately 1 inch into the buffer but must be immersed to at least the 
liquid junction or white ceramic dot on the side of the glass body of the electrode just 
above the glass bulb. 

6. Check that the active analog input is set for the side you will use (either 1 or 2). It is in 
the middle of the meter’s screen. (The choice to change to is at the bottom.) 

7. If the meter is in standby mode press mode, then pH 1 or 2, corresponding to analog 
board (aka side) chosen. Press pH calibration.   

8. Touch clear cal to delete previous calibrations. If the screen says "Not Standardized" it 
is already clear and you are ready for the next step. 

9. Touch next buffer or previous buffer to select the pH 7 buffer. 

10. Press stir to turn on propeller stirrer. 

11. When mV value is stable, press Accept.  

12. Press stir to turn off stirrer. Raise the pH electrode out of the solution, rinse and lower 
into pH 4 buffer, repeating steps 9-11. Repeat for pH 10 buffer if expected pH is >7. 

13. Press Escape to accept standardization. Press pH set-up. Press pH GLP data. 
14. Average slope is in the upper right-hand corner must be between 96-106%. If 

outside this range, press Escape, Escape. Change buffers and start over. 
15. Record the Slope value on the project data sheet. 
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16. Measure pH 7 buffer as if it is a sample and record on sample log sheet. Then 
measure MQ water as if it is a sample and record on sample log sheet. 

Corrective Action 
If the electrode efficiency is not within the 96-106% range, check the electrode, replace filling 
solution, buffers and recalibrate. If the electrode efficiency is still not 96% or greater after re-
calibration, prepare a new electrode for use following instructions found under Section 5.2.4.3 or 
Section 5.3.2.1. 

5.2.3.3 New Electrode Preparation 

Follow the instructions that come with the electrode. If a previously used and stored electrode is 
available it can be reactivated using instructions found in Section 5.3.2.1. 

5.2.4 Calibration Check/Laboratory Control Standards: pH 

A check of the calibration of the pH probe is accomplished at the beginning and end of set of pH 
samples by measuring pH of the pH 7 buffer. The resulting observation is recorded on the data 
sheet. The pH meter should read 7.00 +/- 0.2 S.U.  
 

Corrective Action  
If the 7 buffer when re-checked at the beginning or end of the pH or alkalinity run is not within 
the range of 7.00 +/- 0.2 S.U. then re-check the value of the pH 7 buffer again. If the pH 7 buffer 
is still not within 7.00 +/- 0.2 S.U. then recalibrate the instrument and re-run the affected 
samples.  

5.3 Analysis  

5.3.1 Daily Electrode Maintenance  

Before use each day: 

1. Check to see that the internal filling solution is about ¼ inch below the top of the 
electrode. OPEN the fill hole.  

2. Re-fill as needed with saturated KCl solution. 
 

5.3.2 Electrode Storage 

Follow this procedure for any period of storage, days to months, (pers. comm. Hanna 
Instruments, 11/17/16.) 
1. Close the filling hole on the electrode.  

2. Place the electrode in the storage solution cap filled with approximately 5 ml of storage 
solution and twist the seal to tighten cap around electrode to slow evaporation of the 
storage solution. Replace the storage solution monthly, if it becomes cloudy or has a 
precipitate. Fill the storage solution cap to volume with storage solution as needed.  

 

Reactivation after Extended Storage 
24 hours before the first use of the electrode after extended storage, empty out the KCl filling 
solution and replace it with new filling solution. Leave the filling hole open and place the 
electrode in pH 4 buffer. 
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5.3.3 Procedure – Analysis of pH only 

1. Water samples should be allowed to warm to room temperature.  

2. Invert the capped sample bottle 5-6 times to mix well. 

3. Pour a sufficient amount of sample (~60 ml) to cover the ceramic dot on the 
electrode into a clean beaker, or insert the electrode directly into the sample 
bottle. 

4. Check to make sure that the electrode fill hole is open.  

5. Place pH protector over the end of the electrode checking to make sure that the 
white ceramic dot is not covered. 

6. Immerse the rinsed electrode into the sample to a depth to at least to cover the 
white ceramic dot on the side of the glass body just above the glass bulb. 

7. Activate the meter. 

a. Check that the Active Analog input is on the side you wish to use (1 (left) 
or 2 (right)). 

b. Select pH 1 or pH 2 to match analog board/side chosen.  

c. Press Stir. 

8. Wait for the word “unstable,” next to the mV value, to disappear. Record 
the pH value. 

9. Press stir to turn off the stirrer. Lift and remove electrode and stirrer.  

10. Re-cap the sample bottle and place to the side. The remaining sample is utilized 
for the determination of nutrients. Cross out pH on label dot. 

11. Rinse the electrode with DI water, thoroughly.  

12. Repeat steps 1- 9 for all samples. 

13. If the pH data sheet does not have an X in the replicate pH column, you must 
measure the pH again, following steps 1-9. 

14. At the end of the run check the pH meter calibration by immersing the pH probe 
in the pH 7 calibration buffer and recording the result on the data sheet. Values 
of the buffer should not change more than +/- 0.2 SU, refer to Section 5.2.5 of 
this SOP for corrective actions.    

15. When all samples have been analyzed put the pH electrode back into the storage 
solution cap and close the fill hole. Then touch Mode. 

16. Clean up any spills, rinse any glassware used.  
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6.0 CALCULATIONS 

6.1 pH 

The pH of a sample is recorded directly from the pH meter. Values are reported to 1 decimal 
place by rounding the value obtained from the pH meter. Values less than 1 SU are reported as 
< 1 SU and values greater than 14 SU are reported as >14 SU. 
   

7.0 REFERENCE 

Standard Methods for the Examination of Water and Wastewater, 1998 edition. 

pH Value – Electrometric Method (4500-H+ B). 

 

Instruction Manual: HI 902 Color Automatic Potentiometric Titrator, revision 2.00. 2010. 

  Hanna Instruments, 584 Park East Drive, Woonsocket, RI 02895. www.hannainst.com 
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8.0 DOCUMENTATION 

8.1 Data sheet for analysis of pH  
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8.2 pH Maintenance and Service Record 
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the alkalinity in fresh and marine water samples.  
This method is applicable to samples in the range of <0.1 – 1000 mg CaCO3/L. 
 
The pH (hydrogen ion activity) of a sample is a measurement of the intensity of the acidic or 
basic character of a solution.  Alkalinity is the acid-neutralizing capacity of a water sample.   
The pH of a sample is determined using a pH meter.  This instrument consists of a 
potentiometer, a combination standard glass electrode and reference electrode and a 
temperature-compensating device.  A circuit is completed through the potentiometer when the 
electrodes are placed in an aqueous sample.  The strength of the electromotive force (emf) 
produced through the circuit is proportional to the pH of the sample.     
 
Alkalinity of a sample can be determined by using a microburet to titrate a sample to a specific 
pH end-point value, using an acidic titrant of known concentration.  Traditionally with the low-
alkalinity method the volume of acid to reach ~pH4.5 is recorded and then the titration is 
continued to 0.3 pH units lower, or to ~pH 4.2, where the total volume of acid titrant is then 
recorded and the alkalinity calculated from those measurements, the normality of the acid, and 
the volume of sample analyzed. 
 
The Hanna Instruments Automatic Potentiometric Titrator, referred to as the “Hanna meter” in 
this SOP, automates these measurements and calculations.  The normality of the acid and the 
volume of sample analyzed are entered into the meter during set-up.  The actual alkalinity 
titration is a linked two method procedure, where the first method measures the alkalinity with a 
titration to pH 4.5. The second method starts at pH 4.5 and measures the alkalinity to pH 4.2. 
The total alkalinity is the difference between alkalinity measured at 4.5 and alkalinity 
measured at 4.2 (alk 4.5- alk 4.2).  The Hanna meter additionally records the volume of titrant, 
as above, so that the alkalinity can be calculated, as per section 6.0. 
  
2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in SOP 001 
- General Laboratory Safety.  0.01N hydrochloric acid is utilized as part of the procedure 
outlined in this SOP.  Acids may burn exposed skin and eyes on contact.  Always wear 
protective clothing in the form of gloves, a lab coat and goggles when working with these 
chemicals.  Further information regarding chemical reagents is located in the laboratory MSDS 
binder found in the laboratory where the chemical of interest is stored.  General laboratory 
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information regarding safe handling of chemicals is located in the University Safety and Waste 
Handling Document – SOP 001a.   
 

2.2 Technician Training/Qualifications 

General training in laboratory technique and use of the Hanna meter must be completed prior to 
analyzing samples using this method.  Technician training will be provided by Linda Green, 
Laboratory Project Manager – Nutrients or Elizabeth Herron Project Manager – Microbiology. 
 
3.0 REQUIRED MATERIALS 

Equipment and Supplies 
Required Material Notes Re-order Information 
Hanna Instruments Model HI 902 
automatic potentiometric titrator 

Capable of reading to 0.01 
unit  

 

Combination pH electrode Recommended by Fisher 
Tech Support 

 Hanna Instruments #HI 
1053B 

Saturated potassium chloride 
(KCl) solution.   

This solution is used as the 
electrode filling solution 

 Hanna Instruments #HI7082 

Storage Solution This solution is used as the 
electrode storage solution 

Hanna Instruments 
#HI70300S 

0.01 N HCl (Hydrochloric Acid) 
 

Pre-made and purchased 
by the liter 

Fisher #SA62-1 

To make laboratory control 
sample (LCS) 

Certified 1000 mg/l 
alkalinity reagent, diluted 
and batch information 
recorded 

NSI Solutions, Inc. 
#IS-012-1000 (500 ml) 

1000 ml volumetric flask To make LCS  
20 ml glass pipet To make LCS  
1000 ml glass bottle To hold LCS batch  
250 mL graduated cylinder To measure sample 

volume 
 

100 - 250 mL beakers For titration  
Squirt bottle containing MQ water For rinsing electrodes, etc.  
 
Spare Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
laboratory and other Natural Resources Science department laboratories. 
 
4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample 
Container 

Preservation Volume Holding Time 

Fresh or Marine 
Water 

250 - 500 mL 
white HDPE or 
brown glass 
bottle  

Store at 4 °C . 
Bring to room 
temperature 
before analysis. 

50 - 200 mL 24 Hours 

Disposal 
Samples are archived for approximately 48 hours.  Aqueous samples may only be disposed of 
after final quality assurance checks are completed and the data found to be acceptable using 
criteria found in Section 5.2 of this SOP. Aqueous samples may be rinsed down the drain with 
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running water. Bottles are cleaned in accordance with SOP 003 – General Labware Cleaning 
Procedure. 
 
 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

A week before alkalinity samples are expected to arrive at the laboratory the amount of titrant 
(0.01N hydrochloric acid) on hand should be checked.  Approximately 5 mL of titrant are used 
per sample.  Titrant is purchased from Fisher Scientific. 
 
A check of the status of the pH electrode must be performed at least 72 hours before 
anticipated sample arrival.  The preparation of a new electrode will take at least 24 hours.  Data 
sheets should be printed as well. 
 

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limits 

The MDL for the alkalinity analysis is controlled by the potentiometric titrator (Hanna meter).  
The MDL is 0 mg/L.  Alkalinity of a sample may be reported as 0 mg/L when the initial pH of the 
sample is at or below the titration endpoint of 4.5 SU.  The RL is set at 0.1 mg/L.  Data are 
reported to 1 decimal place. 
   

5.2.2 Method Blanks 

Method blanks are not applicable to this method 
 

5.2.3 Sample Replication 

Replicates are completed on at least 10% of samples (1 sample in 10) for pH and alkalinity 
assays.  The difference between the replicates must be not greater than 25%RPD (relative 
percent difference) for the alkalinity assay. 
 
%RPD is calculated as follows: 
 
%RPD = Result of Replicate 1 (µg/L) – Result of Replicate 2 (µg/L)  x 100 
 Average of Result of Replicate 1 (µg/L) and Result of Replicate 2 (µg/L) 
 
Corrective Action 
If the %RPD is greater than 25% for the alkalinity analysis then the sample is analyzed again.  If 
the samples are still not within the acceptable range the deviation is noted on the project data 
sheet.  If several replicate pairs are not within the acceptable range then the pH meter 
calibration should be rechecked and the meter recalibrated if necessary.  If the recalibration of 
the pH meter does not solve errors associated with the alkalinity assay it may be necessary to 
recheck the titrant. 
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5.2.4 Calibration and Standards 

5.2.4.1 Laboratory Standards 

The laboratory participates annually in the Environmental Protection Agency Water Pollution 
Proficiency Test Study.  Unknown samples are purchased and analyzed for alkalinity, with 
results submitted within the requisite time period.  The proficiency test vendor provides results 
of the analysis compared to the actual value and provides a performance evaluation.  Study 
results are maintained by the laboratory.   
 

5.2.4.2 Daily pH Calibration & new pH electrode preparation 

This procedure is detailed in SOP-021, pH procedure, and will not be repeated here. 
 
Calibration of the pH meter is competed each day prior to use.  The meter is always left plugged 
in and in standby mode. 
 
The instruction manuals for the pH meter and electrodes are kept in a drawer below the pH 
meter, as is the SOP. 
 
Corrective Action 
If the electrode efficiency is not within the 96 - 106% range, check the electrode, replace buffers 
and recalibrate.  If the electrode efficiency is still not within range after re-calibration, prepare a 
new electrode for use following instructions found under Section 5.2.4.3 or Section 5.3.2.1. 
 
For new electrode preparation, follow the instructions that come with the electrode and also the 
instructions in SOP-021, pH Procedure.  

 

A check of the calibration of the pH probe is accomplished at the beginning and end of each pH 
or alkalinity run by placing the pH probe in the pH 7 buffer.  The resulting observation is 
recorded on the data sheet.  The pH meter should read 7.00 +/- 0.2 S.U.   
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5.2.5 Alkalinity Calibration Check/Laboratory Control Standard 

A check of the accuracy of the alkalinity titration using a Laboratory Control Standard (LCS) is 
performed at least once each time alkalinity is measured on a set of water samples. A certified 
1000ppm alkalinity stock solution is purchased from an outside vendor, diluted to 20 ppm 
alkalinity and 150 ml batches are analyzed. A record is kept of each batch of alkalinity LCS as 
well as the results of the tests. (See documentation at end of this SOP.) 
 
1.  Prepare an LCS batch:  using a glass pipette, add 20 ml of certified alkalinity 1000 ppm 

stock solution to 1 liter volumetric flask, half-full with MQ water. Dilute to volume, cap and 
mix well. This is equivalent to 20 ppm alkalinity. Store refrigerated, in a capped 1 liter bottle.  
Warm to room temperature before use. Discard after six months or when less than 150 ml 
remain. 

2. Record each 1 liter LCS batch created in step 1 on an “Alkalinity Check LCS Preparation 
Log,” numbering each batch consecutively starting with the year, i.e. “11-01” for the first 
batch made in 2011. 

3. Analyze 100-150 ml of the alkalinity LCS as usual.  Record the results on the “Alkalinity 
Lab Control Sample Check” data sheet. 

4. Calculate the alkalinity as in section 6.0. 

5. Calculate the mean, standard deviation and coefficient of variation the results for multiple 
tests, as well as percent of true value.  Consider the true value to be 20ppm. 

Corrective Action 
If the mean is <85% or >115% of the true value (20 ppm) of the diluted stock solution then a 
new LCS batch should be made and tested on each active side of the Hanna meter.  If the new 
batch falls within 85-115% of true value, the results are acceptable.  If the results of the second 
batch are also still out of compliance, then a new stock alkalinity standard should be purchased, 
diluted and analyzed.  If still out of compliance, then the results should not be considered valid. 
 

5.3 Analysis  

5.3.1 Electrode Maintenance  

This is detailed in SOP-021 pH procedure and will not be repeated here. It should be noted that 
the potentiometric titration is very sensitive to the electrode’s response time, which is why it is 
so important to run daily LCS on pH electrodes on the Hanna meter.  

5.4 Alkalinity Analysis Method  

5.5 Preparation – 1 Week Before Scheduled Sampling (as needed) 

1. Ensure that there is sufficient >= 1 liter 0.01N hydrochloric acid on hand for titrations. 
2. Ensure that there is sufficient amount of 20 ppm alkalinity LCS on hand. 
3. Ensure that the pH electrode is functioning. 
 

5.5.1 Preparation – day of use 
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1. Confirm that the acid container for the titrator contains a sufficient amount.  
2. Purge the buret to ensure that there are no air bubbles. To do so: 

a. Touch titrator, then burette corresponding to the side you are using. 
b. Touch purge. The system will purge the burette twice. 
c. Touch escape. 
d. Also see section 9.1.6 of the Hanna meter manual 

3. Calibrate the electrodes as per section 5.2.3.2 in SOP 021. 
4. Ready data sheets for entry. 

5.5.2 Alkalinity Analysis Procedure- Hanna meter 

1. Check that the Active Analog Input is set on the Analog Board (aka side) you wish to use 
(either 1/left or 2/right).  It is in the middle of the screen. 

2. To switch the Active Analog Board select the button along the bottom of the screen that 
says Analog Board 1 or 2.  The button shows the board not currently in use. 

3. Select Titrator. 
4. Remove electrode from storage solution and open the filling hole. 
5. Rinse the electrode & stirrer with MQ water, into a waste container.  
6. Place an electrode protector on the bottom of the electrode, ensuring that the ceramic 

dot on the side of the electrode is not covered. 
7. Make sure the method selected corresponds to the correct Analog Board (Alkalinity 

L = Analog Board 1 / left side, Alkalinity R = Analog Board 2 / right side.) 
a. To change the method, if necessary, touch the Select Method button and choose 

the correct method. Be sure to change both Method 1 (pH to 4.5) and Method 2 
(pH to 4.2). 

8. Shake the water sample and measure appropriate volume, typically 200 mL for fresh 
water, into a graduated cylinder. 

9. Pour from graduated cylinder into a 250 mL beaker. 
a. On sample data sheet record sample date, analysis date, initials of technician,  
b. the volume of sample titrated.  

10. Lower the electrode, stirrer, and automatic temperature compensation (ATC) probe into 
the sample, make sure the ceramic dot on the electrode is covered by the sample. 

11. Move the acid dispensing hose from its storage container to the meter, sliding it 
through the hole on top towards the front. 

12. Make sure the acid dispensing hose tip is as close to the water as possible. 
13. Press the Start/Stop Button 

14. Enter sample volume (200 mL or whatever used) for the volume and press Enter.  
15. There is ~1 minute delay before acid is dispensed. 
16. As soon as the first drop of acid is dispensed, record the initial pH, found in the bottom 

right corner of the screen.  
17. The titration will proceed automatically.  Upon completion of each step,  

a.  Record the two volumes (to 4.5 and to 4.2) of acid titrated and 
b.  Record the two corresponding alkalinity values. 

18. Press escape. Remove the electrode, stirrer, and probe from the sample and rinse 
thoroughly into a waste container with MQ water from squirt bottle. 

19. Remove the acid dispensing hose from the meter and place in its storage container. 
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20. Empty contents of the 250 mL beaker in the sink;  rinse it and the graduated cylinder 
before reuse. 

21. As a way to ensure that the pH electrode has recovered from previous sample, measure 
the pH of a water sample (or of MQ water if another alkalinity sample is to be run) 
following procedures in section 5.3.3 of SOP 021.  

22. Do not turn meter off.  Touch mode to keep it in working mode. 

6.0 CALCULATIONS OF ALKALINITY 

6.1 Alkalinity as determined by the Hanna meter: 
The Hanna meter uses a linked 2 method procedure to calculate the alkalinity of a water 
sample.  It uses operator-set end points (4.5 & 4.2) and determines two alkalinities, one 
to pH 4.5 and the other to pH 4.2.  
 
The total alkalinity of the water sample is the difference of the (4.5 - 4.2) 
concentration results.  
Final data is reported to 1 decimal place.  Values less than 0.1 mg/L CaCO3 are reported 
as < 0.1 mg/L CaCO3. 

 
6.2 Alkalinity can also be calculated from Hanna acid titrant volume data using  

the following equation: 

Alkalinity (mg/L) = [(B-A) X N X (50,000)] / Volume of water sample (mL) 
Where:  
N = normality of titrant (HCl) = 0.01 
B = volume acid titrant to pH 4.5, as read from Hanna meter 
A = volume acid titrant to pH 4.2, as read from Hanna meter 
C = total volume acid titrant to pH 4.2.  For the Hanna meter this is equal to the volume 
to pH 4.5 plus the volume to pH 4.2, or (A+B)=C 

thus (2B-C) = (2B-(A+B)) or (2B-A-B), or (B-A) 
 

 

6.2.1 Alkalinity is calculated using the following equation when technician-
controlled pipetting using a micro- buret, as in SOP-010: 

Alkalinity (mg/L) = [(2B - C) X (N H2SO4) X (50,000)] / Vol. of water sample (mL) 
Where:  
B = acid titrant volume to pH ~4.5 
C = total acid titrant volume to pH ~4.2.  (For the Hanna meter this is equal to the 
volume to pH 4.5 plus the volume to pH 4.2 ) 
N = normality of titrant (HCl) (0.01N) 
 

7.0 REFERENCES 

Standard Methods for the Examination of Water and Wastewater, 1998 edition. 

Alkalinity: Titration Method (2320B,) low alkalinity procedure 4d. 

pH Value – Electrometric Method (4500-H+ B) 
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Instruction Manual: HI 902 Color Automatic Potentiometric Titrator, revision 2.00. 2010. 

  Hanna Instruments, 584 Park East Drive, Woonsocket, RI 02895. www.hannainst.com 

8.0 DOCUMENTATION 

Example Data sheet for analysis of pH and alkalinity 
 
 
 



 

 
 

Alkalinity and pH Procedures SOP 022 
10  S:\awwword\LABPROC\all QAPPs\LABQAPPs\Current SOPs\SOP 022 Alkalinity-Hanna meter.doc 

Example of Alkalinity Laboratory Check Sample Batch Preparation Log 
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Example of Alkalinity LCS test results 
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Standard Operating Procedure 023 
Filtering Water Samples 
 

University of Rhode Island Watershed Watch 
 

Date:  
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Author:  
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Linda Green; 
Revised E. 
Herron 

 

1. PURPOSE AND DESCRIPTION  

This SOP describes how to filter water samples for subsequent nutrient analysis. It is assumed 
that bottles and labware have been cleaned according to URIWW Laboratory SOP-003 
“General Labware Cleaning Procedure” or equivalent.  

2. SAMPLES AND SUPPLIES  

• Unfiltered water samples (usually in a brown glass bottle) 

• Filtering supplies:  
 60 mL plastic syringe, BD medical #301035, non-sterile, Luer-Lok Tip (no needle) or 

equivalent  
 1 round white plastic 25 mm filter Luer-Lok holder, Gelman 4320 “Easy Pressure 

syringe filter holder” or equivalent  
 Glass fiber filter circles, 25 mm diameter, Gelman #61630, 1.0 um particle retention, 

or equivalent.  
 Plastic HDPE bottle, 125 ml with a yellow label "filtered". 
 Tweezers, Bio-Quip #4750 “featherweight forceps, wide-tip” or equivalent  

3. METHOD DESCRIPTION  

3.1. Rinse the syringe.    
1. Thoroughly shake one of the brown glass bottles containing a water sample.    

2. Using just your syringe, draw up approximately 5 - 10 mL of water from the bottle into 
the syringe. 

3. Rinse the syringe by pushing the water back and forth using the syringe plunger or 
by shaking the syringe. 

4. Then, push the water out of the syringe. The syringe is now conditioned.  

5. Take apart your syringe by pulling the plunger all the way out.  

3.2. Prepare the filtering apparatus.  
6. Open one round white filter holder assembly.   

7. Using tweezers, remove 1 small filter circle from its container.  

8. Put the filter circle in the filter holder.    
• Handle the filter circle with your tweezers, not your fingers.  
• Center the filter circle on the metal screen on the bottom of the filter assembly.  
• Place the black rubber gasket on top of the filter and  
• Firmly screw the filter holder back together.  

9. Attach the top of the round white filter holder to the syringe by twisting it on. You will 
see that there is only one way in which it will fit, and only ¼ turn is needed to seat it.  
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3.3. Filter your water sample.  
10. Remove the cap from the labeled bottle you will filter into and set the bottle so that it 

will not tip over when you filter water into it.  

11. Cap your (unfiltered) sample bottle and shake well again.  

12. Hold the syringe with filter holder facing down.  

13. Pour your water sample into the syringe up to about the 40 mL line marked on the 
syringe.  

14. Attach the syringe plunger and slowly push the water through the filter apparatus 
with even pressure.  

15. Use the first 5ml of filtered water to rinse the bottle, discarding the rinse water.    

16. Collect the remaining filtered water. Cap the bottle and ensure that it has the correct 
colored dots on it to ensure that the proper analyses are completed. 

3.4. Storage of filtered water.  
17. Store filtered water samples in either the URIWW room 002 freezer or the Natural 

Resources Science department walk-in freezer.  

18. Fill out daily temperature log on either freezer.  

19. Remove the night before analysis to thaw, either by moving to the Natural Resources 
Science walk-in refrigerator, or into room 018 nutrient analytical lab.  

3.5. Cleaning the filtering apparatus.  
20. Take apart the syringe and filter assembly.  

• Soapy water wash and rinse all parts with de-ionized water -    
• Place upside down on a paper towel to dry. Reassemble loosely when fully dry.  

  

  
(note: bottle of magnesium carbonate is not used in this SOP)  
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the number of fecal coliform bacteria within an 
ambient (lakes, ponds and rivers) or marine water sample. Marine samples must be diluted at 
least tenfold with sterile Ultrapure water. Fecal coliform are typically measured in samples that 
discharge into shellfish waters or are waters used for shellfishing. This method is not approved 
for use in the National Shellfish Sanitation Program, but is useful for targeting areas of concern. 
Samples are collected in sterile bottles, a measured volume aseptically transferred to a sterile 
IDEXX vessel, commercially prepared reagents are added and the solution poured into a 
Quanti-Tray or Quanti-Tray/2000 and sealed. The Quanti-Tray or Quanti-Tray/2000 is then 
incubated for 24 hours. The number of Quanti-Tray or Quanti-Tray/2000 wells that fluoresce 
under UV light are used to determine the Most Probable Number (MPN) of bacteria per 100 mL.  
 
This method is applicable to undiluted samples in the range of <1 to 2,419 fecal coliform/100 mL 
and samples diluted to return values in this range using the Quanti-Tray/2000. The method is 
applicable to undiluted samples in the range of <1 to 200 fecal coliform/100 mL and samples 
diluted to return values in this range using the Quanti-Tray. 
 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

Samples to be analyzed are a potential biological hazard. All personnel shall wear a lab coat, 
gloves and goggles when performing this procedure to protect them from accidental exposure.  
 
Wastes in the form of used Quanti-Trays are also a potential biological hazard and will be 
disposed of following autoclaving. The procedure for sterilization of Quanti-Trays is found in 
Section 4.0 Sample Storage, Preservation and Disposal, of this SOP. 
 
Wastes and materials pose a burn hazard immediately following autoclaving. Never remove 
materials from the autoclave without the proper insulated autoclave gloves. In addition, when 
opening the front door on the autoclave, steam will escape as soon as the door is cracked. Any 
exposed body parts near this steam could be burned. Specific information on autoclaving 
procedures can be found in the following SOPs: SOP 004 - General Autoclave Operation, SOP 
005 - Bottle Autoclaving Procedure and SOP 006 - Waste Autoclaving Procedure. 
 
General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 - General Laboratory Safety. The only chemical utilized in this 
SOP is the Colilert-18 medium. The medium is not listed as hazardous but should be treated 
with care. Always wear protective clothing in the form of gloves, a laboratory coat and goggles 
when working with this chemical. Further information regarding this chemical may be found in 
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the laboratory Material Safety Data Sheet (MSDS) binder found in the laboratory where the 
chemical of interest is stored. A UV light is utilized in this procedure, keep exposure to the UV 
light to a minimum, particularly to the germicidal lamps. Use protective face shield or goggles 
and gloves when reading samples. General laboratory information regarding safe handling of 
chemicals is located in SOP 001a - University Safety and Waste Handling. 
 

2.2 Technician Training/Qualifications 

General training in laboratory technique, aseptic technique, and the proper use of the UV light 
and Quanti-Tray sealer must be completed prior to analyzing samples using this method. 
Technician training will be provided by Elizabeth Herron Project Manager – Microbiology 

3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
Colilert-18 Medium Snap packs of sterile media 

vessels for 100 mL samples. 
Stable for 12 months at  
2-30°C, away from light. 

IDEXX Cat # WP2001-18 or 
WP1001-18 

Quanti-Tray or Quanti-
Tray/2000 

 IDEXX Cat # WQT100 
(Quanti-Tray) or  
WQT-2K (Quanti-Tray/2000) 

Combo packs (media and 
trays) 

Preferred purchase method – 
most cost efficient 

WCMB18-200 (51-well trays) 
or WCMB18-200-2K (97-well 
trays) 

IDEXX Quanti-Tray Sealer 
Model 2x 

 IDEXX Cat # WQTS2X-115 

Sterile 125 mL mixing bottles Marked at 100 mL, must 
have been tested for sterility 
by URIWW after autoclaving 

Fisher Sci. 0331359 

Quanti-Tray/2000 rubber 
insert 

 IDEXX Cat # WQTSRBR-2K 

UV light and viewing box  UV light #WL160, 
Replacement lamp #WL161 
UV cabinet #WCM10 

Sterile Ultrapure water 4 L carboy used for Colilert-
18 dilution 

 

44.5 °C Incubator Thermo Scientific Heratherm 
Incubator 

 

Paper towels, safety goggles, 
lab gloves 

 UV goggles #WLG 

Tuttnauer 3850M Autoclave   Fisher Sci. 15-059-303 
 

Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory and the Natural Resources Science department. Temporary replacement of large 
equipment such as the Quanti-Tray Sealer is available through arrangement with the 
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manufacturer, although we have 3 sealers (including one from Dr Amador’s laboratory) so 
should have adequate back-ups. 

4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Matrix Sample Container Preservation Volume Holding 
Time 

Water Autoclavable 250 mL white plastic bottle 
 

Kept at 4 °C in 
Sterile Bottles 

100 mL 6 Hours 

 
Disposal 
Samples are archived for approximately 48 hours. Aqueous samples may only be disposed of 
after final quality assurance checks are completed and the data found to be acceptable using 
criteria found in Section 5.2 of this SOP. Aqueous samples are considered a potential biological 
hazard. Samples may be rinsed down the drain with running water. Personnel will wear gloves, 
eye protection and a laboratory coat when disposing of samples. 
 
Disposal of used Quanti-Trays should be completed in accordance with SOP 006 - Waste 
Autoclaving Procedure. 
 
Trays are not archived and may be disposed of immediately after counting and recording of 
data. 
 
Cleaning and sterilization of sample and IDEXX mixing vessels 
 
Sample bottles are cleaned in accordance with SOP 003 - General Labware Cleaning 
Procedure and SOP 005 - Bottle Autoclaving Procedure. 
 
IDEXX mixing vessels are cleaned according to SOP 003 - General Labware Cleaning 
Procedure, then sterilized in the UV box for at least 5 minutes, with caps set inside up. 
Recapped sterilized mixing vessels are stored in the appropriate containers. Sterilization 
processing and sterility confirmation are recorded on datasheets stored in the Room 019 
Maintenance notebook and provided in Section 8.0 Documentation, of this SOP.  
 
Clear mixing vessels (no discoloration or yellowing) are required for fecal coliform analysis. 
Following sterilization confirmation, clear vessels should be set aside in a properly labeled box 
for use with Colilert-18. 

5.0 METHOD DESCRIPTION 

5.1 Scheduling Considerations 

The information provided below is a basic outline of tasks that must be completed prior to the 
sampling day. Step-by-step instructions to complete each task are provided under Section 6.0.  
 
At least 7 days prior to analysis, check that enough Colilert-18 media and sterile IDEXX mixing 
bottles are available for the anticipated number of samples to be analyzed. An operations check 
of the UV viewing box should also be completed at this time.  
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The day before a sampling event (24 hours) data sheets and a final check of equipment should 
be completed. Adequate ultrapure sterile water should be available, if not, fill and sterilize a 
carboy. 
 

5.2 Quality Assurance/Quality Control 

5.2.1 Method Detection Limit 

The method detection limit is set by the product manufacturer at < 1 CFU/100 mL. 
 

5.2.2 Method Blanks 

Method blanks are determined by treating 90 mL of sterile Ultrapure water with 10 mL tryptic 
soy broth as a sample.  
 
There will be 2 method blanks per run. The first blank will be prepared at the beginning of the 
sample run and the second at the end of the sample run. The method blank shall be less than 1 
colony forming unit (CFU)/100 mL.  
 
Corrective Action 
If the method blank is equal or greater than 1 CFU/100 mL then the sample run will be 
considered contaminated and the samples reanalyzed. Holding times of the field samples will be 
out of compliance if samples need to be reanalyzed. This will be noted on the data sheet. 
 

5.2.3 Sample Replication 

Sample replication is completed on 1 sample in 5; 20% of the collected field samples. Sample 
replication is completed by taking a second 100 mL (or 10 mL if an estuarine or marine sample) 
aliquot of the sample and treating it as a regular sample. Analysis results for replicate samples 
should be with 20% relative percent deviation (%RPD). %RPD is calculated as follows: 
 
%RPD =Result of Replicate 1 (CFU/100 mL) – Result of Replicate 2 (CFU/100 mL)          x 100 
  Average of Result of Replicate 1 (CFU/100 mL) and Result of Replicate 2 (CFU/100 mL) 
 
Corrective Action 
If the %RPD is greater than 20% then the deviation is noted on the data sheet. The processing 
time to determine the sample value is greater than the holding time for the samples. Therefore, 
the samples will not be reanalyzed unless contamination is suspected as shown through a non- 
compliant method blank or the positive tray indicates that the method was compromised in 
another manner. 
 

5.2.4 Calibration and Standards 

5.2.4.1 Positive Trays 

Calibration is completed in a qualitative way through an assessment of false negatives. A 
purchased fecal coliform bacterial sample is used to inoculate a sample of Ultrapure water. The 
standard is then treated as a sample. These samples are referred to as “positive trays”, 1 
positive trays is prepared per sample batch. After incubation these trays must exhibit 
fluorescence.  
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Corrective Action 
The inoculated trays (positive trays) must show fluorescence after incubation. If the trays do not 
show fluorescence then it is assumed that the run was in error and the batch of samples is 
reanalyzed. The field samples will be out of compliance with holding times if samples need to be 
reanalyzed. This will be noted on the data sheet.  
 

5.2.4.2 Calibration Check/Laboratory Control Standard 

Environmental Protection Agency Water Pollution Proficiency Test Study  
The laboratory participates in the Environmental Protection Agency Water Pollution Proficiency 
Test Study on a yearly basis. Unknown samples are purchased from an outside vendor and 
analyzed for fecal coliform. URIWW results are sent to the vendor who provides a comparison 
to the actual value and a performance evaluation. Study results are maintained by the 
laboratory. 
 
Corrective Action 
If study results return values outside acceptable limits then the laboratory will review the fecal 
coliform procedures and purchase another unknown to be analyzed for fecal coliform. If these 
data are also outside acceptable criteria then the laboratory will continue working with 
unknowns until the issue is resolved. 
 

5.2.5 Incubator 

The temperature of the 41 °C incubator is checked on a daily basis, when in use. Initial and final 
temperatures for incubations of samples are recorded on the project data reporting sheet (see 
Section 8.0). The acceptable temperature range for the 44.5 °C incubator is 44.5 +/- 0.2 °C.  
 
Corrective Action 
The incubator temperature must remain in the range specified above. If the temperature is 
found to be outside the acceptable range, contact Elizabeth Herron and adjust the incubator 
temperature control. Professional maintenance of the incubator may be necessary if adjustment 
of the temperature control does not rectify the problem.  
 

5.2.6 Sterility Check on IDEXX Mixing Bottles 

IDEXX mixing bottles must be checked for sterility after cleaning and before being placed with 
the general stock of sterilized IDEXX mixing bottles. A bottle sterility check will be completed at 
a frequency of one sample bottle per sterilization run. Sterility checks will be completed by 
selecting one sterilized sample bottle at random after cleaning and sterilization of a batch of 
bottles has been completed. The IDEXX mixing bottle will then be filled with 90 mL of Ultrapure 
water with 10 mL tryptic soy broth, capped and mixed. Once the water has been mixed it will be 
treated as a sample. All data will be recorded on the “Bacterial Sample Log & Worksheet: 
Bacteria Bottle Sterilization Confirmation” data sheet (see Section 8.0 Documentation). 
 
Corrective Action 
If the IDEXX mixing bottle blank returns a count greater than 0 then all the IDEXX mixing bottles 
sterilized in that run must be re-sterilized and the IDEXX mixing bottle sterility check completed 
again after the second sterilization process. No IDEXX mixing bottles will be placed into the 
general laboratory stock of sterilized mixing bottles until the sterility check returns a value of 0. 
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5.2.7 Sterility Check on Sample Bottles 

Sample bottles after sterilization must be checked for sterility before being placed with the 
general stock of sterilized bottles. A bottle sterility check will be completed at a frequency of one 
sample bottle per sterilization run. Sterility checks will be completed by selecting one sterilized 
sample bottle at random after the sterilization run has been completed. The sample bottle will 
then be about 2/3rd filled with Ultrapure water and about 1/3rd tryptic soy broth, capped and 
mixed. Once the water has been mixed it will be treated as a sample. All data will be recorded 
on the “Bacterial Sample Log & Worksheet: Bacteria Bottle Sterilization Confirmation” data 
sheet (see Section 8.0 Documentation). 
 
Corrective Action 
If the bottle blank returns a value greater than 0 CFUs then all the sample bottles sterilized in 
the run must be re-sterilized and the bottle sterility check completed again after the second 
sterilization process. No sample bottles will be placed into the general laboratory stock of 
sterilized bottles until the sterility check returns a value of 0. 
 

5.2.8 Germicidal Unit (UV Box) 

The UV light box lamps will be regularly to ensure high output. The lamps will be checking 
visually by eye (using UV protective goggles) to ensure they are lighting Replacement dates will 
be recorded on a tag on the UV box. 
 
Corrective Action 
Lamps failing to light will be replaced. The date of replacement will be recorded on the tag on 
the box. 

6.0 STEP BY STEP DIRECTIONS 

Samples must be collected in sterilized bottles using proper sampling technique. The procedure 
for sterilizing sample bottles is located in SOP 005, Bottle Autoclaving Procedure. Samples 
should be analyzed immediately.  

Prepare at least 1 blank consisting of 100 mL of sterile Ultrapure water at the beginning and end 
of the run. The blank should be treated as a sample. 

For each sample repeat the following procedure: 

1. Obtain a sterile IDEXX mixing vessel.  

2.  If the sample is from a freshwater source pour 100 mL of the sample into the vessel 
using the 100 mL mark on the bottle as a guide.  

a. If the sample is expected to return a value greater then the maximum acceptable 
value then dilution may be necessary, the procedure for diluting a sample is 
provided below. Alternatively, the Quanti-Tray/2000 may be utilized to obtain a 
greater maximum acceptable value, use previous data as a guide to determine 
appropriate measures.    

b. Complete a dilution by recording the sample volume on the project data sheet 
and use a pipette aide and sterile pipette to transfer the appropriate amount of 
sample to the sterile IDEXX mixing vessel.  
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c. Dilute to the 100 mL mark on the IDEXX mixing vessel using sterile Ultrapure 
water. 

3. If the sample is from a saltwater source then you must dilute the sample before adding 
the reagent. The procedure for dilution is outlined below: 

a. Shake the sample vigorously (at least 17 times in 7 seconds). 

b. Using the pipette-aide and a sterile 10 mL pipette, pipette 10 mL of sample into 
the sterile 100 mL vessel and then dilute to the 100 mL mark using sterile 
Ultrapure water. 

4. Pour contents of one snap pack of Colilert-18 into the 100 mL vessel, cap and with a 
vigorous rotation of the wrist, mix until the medium is completely dissolved. 

5. Record reagent lot number and expiration date on the data sheet. 

6. With a permanent marker, record sample identification and volume on the front (plastic 
well side) of a Quanti-Tray or Quanti-Tray/2000. 

7. Pour the sample into a Quanti-Tray or Quanti-Tray/2000 and seal it using the IDEXX 
Quanti-Tray Sealer. 

a. Instructions on how to use a Quanti-Tray or Quanti-Tray/2000 are attached 
below. 

b. Instructions on how to use the IDEXX Sealer are below: 

i. Figure showing IDEXX Sealer (www.idexx.com) 

 

ii. Turn the power switch on and the amber power light should illuminate. If 
the sealer is not operating properly contact Elizabeth Herron. 

iii. The sealer is warmed-up and ready to use when the green “Ready Light’ 
comes on. It should take about 10 minutes. The sealer will not operate 
until the amber power light and green “Ready Light” are both lit.  

iv. Put an empty Quanti-Tray or Quanti-Tray/2000 Rubber Insert on the Input 
Shelf with the large cutout facing away from the Sealer (as shown the 
figure above). 

v. Place a Quanti-Tray or Quanti-Tray/2000 filled with sample and reagent 
onto the Rubber Insert, making sure that the tray is properly seated in the 
Rubber Insert so the tray sits flat. 
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vi. Slide the inset and tray into the sealer until the motor grabs the rubber 
insert and begins to pull it into the Sealer. (May require some jiggling.)  

vii. The sealer will then seal the tray and push it partially out of the sealer. 
The process takes about 15 seconds.  

viii. Remove the tray and insert from the Sealer. 

ix. Check that the tray sealed properly; sample should be contained in each 
well and not able to flow from well to well. 

x. You can put the next tray into the sealer once the first tray has been fully 
drawn into the sealer. 

xi. If there is a problem and the tray goes into the sealer improperly use the 
reverse button by pressing and holding it. 

xii. Do not reverse the motor once the rubber insert is fully drawn into the 
input slot. 

xiii. Turn off sealer when not in use. 

xiv. Preventative maintenance information for the Sealer is attached in 
Section 8.0 of this SOP. 

8. Record sample and processing information on the appropriate data worksheet. 

9. Place the sealed tray into the 41 °C incubator foil side up for 24 hours. With multiple 
trays, stack no higher than 15 trays, and ensure that there is adequate airflow around 
the trays by not placing any trays on the floor of the incubator, or covering any one rack. 
The incubator should be set at 41 °C +/- 0.5°C. 

10. After 24 hours remove the trays from the incubator, and place in the UV viewing box to 
count the number of wells that exhibit fluorescence when placed under a UV light (6 
watt, 365 nm) 

11. The Most Probable Number is determined using the MPN table attached below. 

12. Blanks should return a value of <1 CFU/mL. If the blanks are greater then this value the 
run is considered contaminated, re-run the procedure. 

 

7.0 CALCULATIONS 

Record the number of positive wells onto the sample data sheet. The number of positive large 
and small wells on the Quanti-Tray/2000 should be recorded in separate columns on the data 
sheet. Note that if you are running a sample in a Quanti-Tray, place a “—“ in the column for “# 
pos. sm. wells” on the data sheet to indicate that you were using a Quanti-Tray and no small 
wells are available. If you are running a sample in a Quanti-Tray/2000 place a “0” in the column 
for “# pos. sm. wells” if none are positive, this will indicate that you were running the Quanti-
Tray/2000 instead of the Quanti-Tray. 
 
The numbers of positive wells as recorded on the sample data sheet are then input into the 
IDEXX data tables below to determine the Most Probably Number (MPN). You can use the data 
table directly if you did not dilute the sample. If you diluted the sample use the following 
calculation to determine the final MPN.  
 



 

Colilert-18 SOP 024 
filename S:\awwword\LABPROC\all QAPPs\LABQAPPs\Current SOPs\SOP 024 Fecal coliform-Colilert-18-

a.docx 
9 of 21 - 9 -
of 20 

  MPN    =                    table value                     X 100 mL  
100 mL       volume in mL of sample analyzed 

Be sure to use the correct data tables; there are different tables for the Quanti-Tray and Quanti-
Tray/2000 samples. 
 
The final sample value should be less than 200 CFU/mL, if the Quanti-Tray has been used in 
the analysis and less than 2,419 CFU/mL, if the Quanti-Tray/2000 was used in the analysis. If 
the results are higher then acceptable, make a note on the data sheet and reanalyze the 
sample. The samples will be outside the holding time of 6 hours after the first analysis, be sure 
to note this on the data sheet.  
 

MPN Tables (WWW.IDEXX.COM) 
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8.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater. 19th ed. 
Washington D.C.: APHA, 1995. 

Method referenced:  Heterotrophic Plate Count (9215). 
 
IDEXX Colilert-18 web-site: http://www.idexx.com/water/Colilert-18/index.jsp accessed 
December 18, 2006. 
 

9.0 DOCUMENTATION 

Sample Data Sheet 
 

 
 
Notes: 
If you are running a sample in a Quanti-Tray place a “—“ in the column for “# pos. sm. wells” to 
indicate that you were using a Quanti-Tray and no small wells are available. 
 
If you are running a sample in a Quanti-Tray/2000 place a “0” in the column for “# pos. sm. 
wells” if none are positive, this will indicate that you were running the Quanti-Tray/2000 instead 
of the Quanti-Tray.

MQ Batch #:

Setup start time: Time in Time Out Count Date Count Time Media Batch #:

Media Expiration:

Sample/Setup Setup Dilution Incubator incubator Count # pos. lg # pos. sm Table 
Monitoring Location Date tech  (mls) temp. start temp. end tech wells wells Value

Start Blank 100

Start E. faecalis 0.01

BH#1 Elks Club 10

BH#2 Bristol Harbor Inn 10

BH#3 Silver Creek 10

BH#4 Windmill Pt 10

BH#5 Mill Pond 10

End Blank 100

End E. faecalis 0.01

Bacterial Sample Log & Worksheet: Bristol Harbor Collection (Sept  2009)

IDEXX Multiple Well Method
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Sample Bottle Sterility Check: 
 

 
 
Mixing Bottle Sterilization Check Record: 
 

 
 
 

Buffer Batch #:

Filter Lot #:

Setup start time: Time in Time Out Time in Time Out Count Date:

mTec Batch # / Expiration Count Time:

Sample/Setup Setup Dilution Incubator incubator Waterbath Waterbath Count 24 Hr Total fecal
Monitoring Location Date tech  (mls) temp. start temp. end temp. start temp. end tech Count (per 100ml)

Batch #110 (1) 100

Batch #111 (2) 0.01

Blank

E. coli

MQ Batch #:

Setup start time: Time in Time Out Count Date Count Time Media Batch #:

Media Expiration:

Sample/Setup Setup Dilution Incubator incubator Count # pos. lg # pos. sm Table 
Monitoring Location Date tech  (mls) temp. start temp. end tech wells wells Value

Batch #110 (1) 100

Batch #111 (2) 0.01

Blank 10

Enterococci 0.01

Bacterial Sample Log & Worksheet: Bacteria Bottle Sterilization Confirmation

mTEC Membrane Filtration Method

Bacterial Sample Log & Worksheet: Bacteria Bottle Sterilization Confirmation

IDEXX Multiple Well Method
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Filling a Quanti-Tray or Quanti-Tray/2000 (source: www.idexx.com) 
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to ensure that the incubators, refrigerators, water baths 
and walk-in refrigeration and freezing units are maintained at the correct temperatures. 
Temperature of these units are regularly measured, recorded on log and/or data sheets 
and adjusted as needed. This requires that the thermometers used to measure 
temperatures are accurate and properly documented. Periodic calibration of the 
thermometers enables that to occur. This protocol describes the procedure used to 
point-check the accuracy of laboratory thermometers. A National Institute of Standards 
and Technology (NIST) thermometer is used to compare the observed temperature with 
the laboratory thermometer temperature. 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

If the NIST mercury thermometer breaks, evacuate the laboratory and call the 
Environmental Health and Safety Office (EHS - 874-7339) (or contact URI police at 874-
1212 if EHS cannot be reached) immediately for assistance. Student staff are not to 
attempt to clean up the spill.   

2.1 Technician Training/Qualifications 

General training in laboratory safety and the procedures of this SOP are required.  

3.0 REQUIRED MATERIALS 

Required Material Notes 
NIST traceable thermometers (VWR 
Scientific Inc. Cat No. 61013-028 low temp, 
ERTCo Serial No. 3467 – high temp) 
certified annually by Caley & Whitmore 
Corp. 

May be certified by Pfizer Corp. The 
thermometer must be stored vertically in 
its case in room 002. 

Flask or beaker Size used varies with the unit being 
calibrated 

Deionized water  
Thermometers used to measure the 
temperature of water baths, incubators, 
refrigerators, and freezers 

Found in room 002, 018, 019 and the 
walk-ins 

 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory and the Natural Resources Science department. Because mercury 
thermometers are generally prohibited in Rhode Island temporary or permanent 
replacement of the NIST thermometer requires working with EHS to complete. 
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4.0 SAMPLE STORAGE, PRESERVATION AND DISPOSAL 

Not applicable 

5.0 PROCEDURE AND ANALYSIS 

5.1 Annual Thermometer Calibration Reports for NIST traceable thermometer 
are stored in the Lab Thermometers Calibration folder in the cabinet in 
room 002. 

5.2 Once a year, all the thermometers falling under this SOP are checked 
at operating temperatures against one of the NIST traceable 
thermometers. 

5.3 To point-check the accuracy of the thermometer in the incubator, 
refrigerator, or freezer, place a flask of de-ionized water or ethanol next to 
the thermometer. Place the NIST traceable thermometer into the flask of 
de-ionized water or ethanol. Once the liquid has reached the temperature 
of interest, conduct the accuracy check. The NIST thermometer must be 
suspended in the liquid in the flask, not resting on the bottom of the flask. 

5.4 A water bath is used, where applicable, to check the temperature of the 
thermometers by simultaneous immersion of the NIST traceable 
thermometer and the thermometer to be calibrated into the water bath at 
the temperature of interest. Otherwise, point checks are taken by 
simultaneous immersion of the thermometers in a flask of de-ionized 
water or ethanol and then placing the flask containing both thermometers 
in the instrument being monitored until the de-ionized water or ethanol 
reaches the temperature of interest. 

5.5 Any difference in temperature readings between the NIST traceable 
thermometer and the laboratory thermometer is recorded on the Point-
Check Calibration of Laboratory Thermometers Record Form. 

A label displaying the date of calibration and correction factor (even if it is 
zero), is placed around the top of the corresponding thermometer. 

5.6 Digital thermometers are calibrated against NIST traceable 
instrumentation in the same way, with correction factor reported and 
recorded. 
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6.0 DATA ANALYSIS/CALCULATIONS: 

 

6.1 The Check Point for both the NIST thermometer and the thermometer being 
calibrated is the reading on the NIST thermometer during the point check 
process. The temperature reading on the NIST thermometer must be within 
the range at which the thermometer to be calibrated will be used or is being 
used (e.g., from 2- 5°C for thermometers in refrigerators, from -10°C to -
20°C for thermometers in freezers, from 34°C to 45°C for thermometers in 
incubators, 95°C to 105°C for water baths). 

6.2 The Observed Temperature is the temperature reading of the thermometer 
during the check point process. 

6.3 The correction factor for the NIST thermometer is determined by the certified 
company that performs the calibration verification for this thermometer. The 
True Temperature measured by the NIST traceable thermometer = the 
Observed Temperature of the NIST traceable thermometer plus its 
correction factor. 

6.4 The correction factor for the laboratory thermometer that is being calibrated 
against the NIST traceable thermometer is calculated by subtracting the 
Observed Temperature of the laboratory thermometer from the True 
temperature of the NIST traceable thermometer. 

6.5 The True Temperature measured by the laboratory thermometer = the 
Observed Temperature plus the correction factor for that thermometer. 

7.0 DATA MANAGEMENT/RECORDS MANAGEMENT: 

7.1 Data will be recorded promptly, legibly and in indelible ink on the Point 
Check Calibration of Laboratory Thermometers Record Form. Completed 
forms are kept in the Equipment Maintenance and Service Records Binder 
in room 002. 

8.0 QUALITY CONTROL 

8.1 NIST thermometers are point-checked once a year either in the laboratory or 
by a company certified to perform calibration verification of thermometers. 

8.2 For quality control purposes, the required information is documented on the 
appropriate form(s). 
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9.0 NONCONFORMANCE AND CORRECTIVE ACTION: 

9.1 When routinely recording temperatures for the laboratory, laboratory 
equipment, media etc., the observed temperature reading of the thermometer 
read plus the correction factor for that specific thermometer must be 
recorded. 

9.2 On occasion, thermometers must be discarded (e.g., broken columns, 
unreasonably large correction factor). Record the discard, as well as 
replacement thermometer information.  

9.3 If a NIST thermometer needs to be discarded, contact the Environmental 
Health and Safety Office for proper disposal procedures. 

10.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater. 
19th ed. Washington D.C.: APHA, 1995. 

Method referenced:  Temperature (2550). 

11.0 DOCUMENTATION 

Sample Data Sheet 
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1.0 PURPOSE AND DESCRIPTION 

The purpose of this method is to determine the number of live heterotrophic bacteria in water. 
This method is used by the University of Rhode Island Watershed Watch (URIWW) solely for 
the purpose of complying with the RI HEALTH rules and procedures for the certified analysis of 
fecal coliform samples. Sample results are not reported for any other purpose. 
 
Samples of water from the laboratory’s Ultrapure water system are analyzed by mixing with 
media and then allowing the mixture to incubate. After the incubation the number of organisms 
present are counted and reported. The method presented here is modified from the IDEXX HPC 
for Quanti-Tray* Test Kit method. It uses multiple enzymes substrates that produce blue 
fluorescence when metabolized by water borne bacteria. The sample/reagent mixture is added 
to a Quanti-tray, incubated at 36°C for 44 – 72 hours and then examined for fluorescing wells. 
The number of fluorescing wells is compared to the Quant-tray MPN table to determine the most 
probable number (MPN) of total heterotrophic organisms in the original sample. It correlates to 
the Pour Plate method using Total Plate Count Agar incubated at 35°C for 48 hours as 
described in Standard Methods for the Examination of Water and Wastewater, 19th ed. 

2.0 HEALTH AND SAFETY CONSIDERATIONS 

2.1 Hazards 

General laboratory good housekeeping procedures should be practiced as outlined in Standard 
Operating Procedure (SOP) 001 - General Laboratory Safety. The only chemical utilized in this 
SOP is the IDEXX media. The media is not listed as hazardous but should be treated with care. 
Always wear protective clothing in the form of gloves, a laboratory coat and goggles when 
working with this chemical. Further information regarding this chemical may be found in the 
laboratory Material Safety Data Sheet (MSDS) binder found in the laboratory where the 
chemical of interest is stored. A UV light is utilized in this procedure, keep expose to the UV light 
to a minimum. Use protective face shield or goggles and gloves when reading samples. General 
laboratory information regarding safe handling of chemicals is located in SOP 001a - University 
Safety and Waste Handling. 
 

2.2 Technician Training/Qualifications 

General training in laboratory technique, aseptic technique and the proper use of the UV light 
must be completed prior to analyzing samples using this method. Technician training will be 
provided by Elizabeth Herron Project Manager – Microbiology 
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3.0 REQUIRED MATERIALS 

Required Material Notes Re-order information 
HPC Media Snap packs of sterile media 

vessels for 100 mL samples. 
Stable for 12 months at  
2-30°C, away from light 

IDEXX Cat # WHQT-20 

Quanti-Tray  IDEXX Cat # WQT100 
(Quanti-Tray) 

IDEXX Quanti-Tray Sealer 
Model 2x 

 IDEXX Cat # WQTS2X-115 

Sterile 125 mL mixing bottles Marked at 100 mL, must 
have been tested for sterility 
by URIWW after autoclaving 

Fisher Sci. 0331359 

Quanti-Tray/2000 rubber 
insert 

 IDEXX Cat # WQTSRBR-2K 

UV light and viewing box  UV light #WL160, 
Replacement lamp #WL161 
UV cabinet #WCM10 

36 °C Incubator Thermolyne Type 142300  
Sterile Ultrapure water 4L carboy used for IDEXX 

dilution 
 

Paper towels, safety goggles, 
lab gloves 

 UV goggles #WLG 

Tuttnauer 3850M Autoclave  
 Fisher Sci. 15-059-
303 

  

 
Equipment is maintained by the University of Rhode Island Watershed Watch (URIWW) 
Laboratory and the Natural Resources Science department. Temporary replacement of large 
equipment such as incubators is available through arrangement with other scientists in the 
department maintaining similar equipment. Three sealers are available in the URIWW lab, so 
back-up sealers are readily available. 

4.0 METHOD DESCRIPTION 

1. Samples should be collected directly from the Ultrapure water system into a sterile 
bottle. Fill to Samples 100 mL mark. Samples should be analyzed immediately.  

2. Add contents of one pack of HPC reagent to the Ultrapure water. Re-cap the bottle and 
shake to dissolve the media. 

3. Pour sample/reagent mix into Quanti-tray and seal using the Quanti-tray Sealer. 

4. Place the sealed tray in a 36°C +2°C incubator for at least 44 hours and up to 72 hours. 

5. After 44 and up to 72 hours remove the tray from the incubator and count the number of 
cells that exhibit fluorescence when placed under a UV light (6 watt, 365 nm). Use the 
UV viewing box. 

6. The Most Probable Number is determined using the MPN table attached below. 
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4.1 Incubator 

The temperature of the 35 °C incubator is when in use. Initial and final temperatures for 
incubations of samples are recorded on the project data reporting sheet (see Section 8.0). The 
acceptable temperature range for the 35 °C incubator is 35 +/- 2 °C.  
 
Corrective Action 
The incubator temperature must remain in the range specified above. If the temperature is 
found to be outside the acceptable range, contact Elizabeth Herron and adjust the incubator 
temperature control. Professional maintenance of the incubator may be necessary if adjustment 
of the temperature control does not rectify the problem.  
 

4.2 Sterility Check on IDEXX Mixing Bottles 

IDEXX mixing bottles must be checked for sterility after cleaning and before being placed with 
the general stock of sterilized IDEXX mixing bottles. A bottle sterility check will be completed at 
a frequency of one sample bottle per sterilization run. Sterility checks will be completed by 
selecting one sterilized sample bottle at random after cleaning and sterilization of a batch of 
bottles has been completed. The IDEXX mixing bottle will then be filled with 90 mL of Ultrapure 
water with 10 mL tryptic soy broth, capped and mixed. Once the water has been mixed it will be 
treated as a sample. All data will be recorded on the “Bacterial Sample Log & Worksheet: 
Bacteria Bottle Sterilization Confirmation” data sheet (see Section 8.0 Documentation). 
 
Corrective Action 
If the IDEXX mixing bottle blank returns a count greater than 0 then all the IDEXX mixing bottles 
sterilized in that run must be re-sterilized and the IDEXX mixing bottle sterility check completed 
again after the second sterilization process. No IDEXX mixing bottles will be placed into the 
general laboratory stock of sterilized mixing bottles until the sterility check returns a value of 0. 

5.0 CALCULATIONS 

Input the number of positive cells into the table on the following page to determine the MPN. 
Record the MPN on the data sheet. The MPN should be less than 500 CFU/mL, if the value is 
greater than 500 CFU/mL then re-run the test. If the results are still higher than 500 CFU/mL 
then begin to investigate any potential sources of contamination to the source water. Until the 
heterotrophic plate count returns a value less than 500 CFU/mL bacterial analyses should not 
be run. 
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6.0  DOCUMENTATION 

HPC Sample Data Sheet 
 

 
 

Mixing Bottle Sterilization Check Record: 
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Ultrapure (MQ) Water Record: 
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7.0 REFERENCES 

APHA, AWWA, WEF. Standard Methods for the Examination of Water and Wastewater. 19th ed. 
Washington D.C.: APHA, 1995. 

Method referenced:  Heterotrophic Plate Count (9215). 
 
IDEXX SimPlate for HPC web-site: https://www.idexx.com/files/hpc-quanti-tray-procedure-
en.pdf accessed May 20, 2020. 
 


