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METHODS FOR THE DETERMINATION OF CHEMICAL CONTAMINANTS IN DRINKING WATER 

INTRODUCTION 

Course Instructional Objectives: 

This course is designed to meet the needs for training those persons who will 
be involved in analysis of potable waters for contaminants listed in the 
Interim Primary Drinking Water Regulations. The course can be used by either 
State or Federal personnel. Should the course be offered by a State, the 
contents should be thoroughly checked to see if discrepancies exist between 
the outlines prepared under the Federal regulations and what is required in 
the State's Drinking Water Act. 

After successfully completing this course, the trainee should have sufficient 
information to carry out the various analyses. The trainee will perform analysis 
in the laboratory under the supervision of the offering authority's chemist. 
The trainee will be observed by the instructors and judged on the competence 
of laboratory technique and will be given a test upon completion of the course. 

The course will cover the analytical methodology used to analyze for metals, 
organics, nitrates and fluoride. Additional topics covered will include 
sample handling and discussions on laboratory certification and the Act itself. 

Although all parameters, inorganic and organic, are contained in this manual, 
caution is advised in several areas. First there is a provision in all acts, 
both federal and State, to allow alternate test procedures. This provision can 
be carried out again on a Federal or State level. Consequently, the users of 
this manual should inquire of their appropriate authority as to the existance 
of any additional methodology which has been approved. 

Secondly, from time to time the Primary Drinking Water Regulations will be 
amended and new parameters which must be analyzed for added. This will create 
a need for constant revision of the manual on the part of the user to keep 
it current. Another thought should be considered here and that is the Secondary 
Regulations. These will be issued on asthetic principles and will not be ~anda
tory. However, the methodology that should be used is listed in these regulations 
and analysts might wish to examine these. 

The exact make-up of the manual has been designed in such a way as to allow 
maximum flexibility in determination of course content. Options have been 
provided so as to allow the course director to select the final content. 

For a brief overview of the course, the content covered, and the schedule, turn 
to the Agenda. 

A word about the handbook itself is in order. The handbook is designed to be 
used by you from the time you receive it throughout the course, and when you 
are back on the job. At the outset, there are some tasks the participant should 
complete prior to attending the course. During the course, the handbook will 
be referred to daily or with each set of units and presentations. It spells 
out for you what you wi11 learn, how, when, under what conditions, and.when 
you will know if you have learned what is intended. The instructors w1ll 
use this same material, with some variations depending on the situation, 
participant needs, or scheduling requirements. 
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The handbook is assembled in this loose-leaf form to allow the instructor some 
flexibility in unit selection or sequencing. Also, it allows you to insert 
your notes from the daily sessions next to the corresponding unit. Should 
the instructor or a fellow-participant provide additional infonnation (a paper, 
articles, etc.) not envisioned for the course but relevant and useful, it can 
be inserted in the handbook. 
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METHODS FOR THE DETERMINATION OF CHEMICAL cornAMINANTS IN DRINKING WATER 

PRE-COURSE ACTIVITIES 

Each of the following forms to be completed by you concern activities you are 
asked to complete prior to the course itself. Those are the Pre-test, Bio
graphic Statement, and Participant Survey. They are explained in detai"'l""Tn 
the introduction to each form. 

A fourth sub-section is entitled Pre-Course Preparation. It is simply those 
materials or activities the instructor may appropriately deem important to 
read or carry out prior to arriving for the course. This part of the hand
book is optional and for the instructor to include or exclude. 

r 1 



Course Pre-Test 
~~~~~~~~~~-~~~ 

Dear Participant: 

As your first action in relation to this course, we are asking you to complete 
a short pre-test and return it to us before coming to the course. It is im
portant to have this information in order to measure how effectively the course 
is meeting its objectives. fhis, plus the post-test given upon coMpleting 
the course, will help us with this measurement. 

Note, we talk of "measuring the course," not measuring you in the sense of 
pass or fail. While learning is the primary responsibility of the learner, 
we recognize that course design, content, methodo1ogy, instructor, 1earning 
environment, etc., all play a role. fhis measurement plus other feedback 
the instructors will get, will assist us with future design and delivery. 

You are encouraged to take this test without any outside help from books or 
individuals. fhis test is designed to answer only the question of have you 
improved your knowledge by taking this course. It will also give some indica
tion on course design and instructor teaching. No grade wil1 be assigned nor 
is any other use intended. 
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Pre-Test 

1. The analytical methods to be used in the analyses of Drinking Water Samples 
are set down in the 

a. Interim Primary Drinking Water Regulations 
b. Safe Drinking Water Act 
c. Clean Water Act 

2. Organic samples are collected in containers. 

a. glass or plastic 
b. glass only 
c. plastic only 

3. The maximum holding time recommended for metals is 

a. 14 days 
b. 180 days 
c. 30 days 

4. A statistical measurement for precision is 

a. percent recovery 
b. central tendency 
c. standard deviation 

5. Minimum quality control requires that daily checks of a standard curve 
be within of the original curve. 

a. 
b. 
c. 

+ 10% 
+ 50/ 

la 

+ 2% 

6. Safety practices should be carried out 

a. at a 11 ti mes 
b. only when hazardous materials are being used 
c. only when the supervisors are watching 

7. The required analytical method, published in the Interim Primary Regulations, 
for silver is 

a. dithizone 
b. silver diethyldithiocarbamate 
c. standard atomic absorption techniques 

8. The MCL for silver was based on considerations. 

a. cost 
b. aesthetic 
c. hea 1th 



9. The oxidant and fuel gases used when silver is determined are 

a. air-acetylene 
b. nitrous oxide-acetylene 
c. argon-hydrogen 

10. In order to determine cadmium, chromium and lead at their MCL's, the 
sample needs to 

a. be solubilized 
b. extracted and concentrated 
c. both 

11. The oxidant and fuel gases used to determine cadmium, chromium and lead 
are 

a. air-acetylene 
b. nitrous oxide-acetylene 
c. argon-hydrogen 

12. The extraction technique 

a. necessitates doing each metal (cadmium, chromium, lead) separately 
b. allows all metals (cadmium, chromium, lead) to be done with one extraction 
c. need a preliminary colorimetric procedure. 

13. The determination of mercury is carried out by 

a. normal atomic absorption techniques 
b. colorimetricly 
c. a flameless atomic absorption technique 

14. The oxidant and fuel gases used to determine mercury 

a. are air-acetylene 
b. nitrous oxide-acetylene 
c. air only 

15. The organic forms of mercury are to convert to metallic form. 

a. difficult 
b. easy 
c. impossible 

16. The oxidant and fuel gases used to determine arsenic and selenium 
are 

a. air-acetylene 
b. nitrous oxide-acetylene 
c. argon-hydrogen 

17. Organic forms of arsenic are analyzed 
method. 

a. directly 
b. after an oxidation step 
c. colorimetricly 

Cl-4 

by the gaseous hydroxide 



18. The zinc slurry provides 
for arsenic and selenium. 

in the gaseous hydride procedures 

a. for the reduction 
b. the hydrogen for the flame 
c. the hydrogen to form the hydride 

19. Nitrate is determined in the cadmium reduction method. 

a. as nitrate 
b. as nitrite 
c. as cadmium 

20. Nitrate samples for the reduction column should not be preserved 
with 

a. sulfuric acid 
b. refrigeration at 4°C 
c. mercuric chloride 

21. The nitrate sample for the cadmium reduction method is filtered to remove 
turbidity which could 

a. react with the nitrate 
b. oxidize the nitrate to nitrite 
c. restrict flow through the column 

22. The brucine test analyzes nitrate as 

a. nitrate 
b. nitrite 
c. brucine 

23. One extremely important control in the brucine test is 

a. size of the particles 
b. concentration of nitrite 
c. temperature 

24. The brucine-nitrate test is a test. 

a. colorimetric 
b. atomic abosrption 
c. titrametri c 

25. For drinking water samples must precede the SPAONS test. 

a. filtration 
b. use of the electrode 
c. dist i 11 at ion 

26. Fluoride samples are preserved by the addition of 

a. nothing 
b. nitric acid 
c. mercuric chloride 

Cl-5 



27. The SPADNS method for fluoride is a procedure. 

a. colorimetric 
b. atomic absorption 
c. titrametric 

28. The distillation procedure works by 

-a. distilling over the interferences and leaving the F behind 
b. distilling over the F- and leaving the interferences behind 
c. forming a color with the interferences 

29. A new batch of acid/water mix must be used 

a. with each sample 
b. after three samples 
c. when the solution turns brown 

30. If the temperature is allowed to go beyond 180°C 

a. the fluoride is not distilled 
b. the iron carries over 
c. sulfate is carried over 

31. For drinking water samples must procede the electrode method. 

Cl-6 

a. nothing 
b. distillation 
c. filtration 

32. The electrode must be connected to 

a. pH meter with expanded scales 
b. specific ion meter 
c. either of the above 

33. The electrode itself and the 
of interferences. 

a. di sti 11 at ion 
b. the TISAB buffer 
c. the complexone 

34. Barium is determined by 

a. co 1 orimetry 
b. atomic absorption 
c. titrametry 

35. The barium samples are preserved by adding 

a. nitric acid 
b. sulfuric acid 
c. mercuric chloride 

for the F- determination. 

account for the small number 



36. In order to express the value of "total" barium, a 
must be performed. 

a. filtration 
b. weighing 
c. solubilization or digestion 

step 

37. The approved method for residual chlorine determination for water supply 
samples is the 

a . o- to 1 id i ne 
b. phenol red 
c. DPD 

38. The kit form of the approved method 

a. can be used 
b. cannot be used 
c. must be applied for under alternate test procedures 

39. Chlorine samples 

a. can be preserved overnight 
b. can be held for 48 hours 
c. cannot be preserved 

40. The turbidity sample must be taken 

a. in the plant 
b. at an entry point to the distribution system 
c. in the distribution system 

41. The reason for the MCL on turbidity is because 

a. it may interfere with disinfection 
b. it makes water look bad 
c. it makes water taste bad 

42. Turbidity measurement must be carried out 

a. a number of times based on population served 
b. once a week 
c. once a day 

43. The Interim Primary Drinking Water Regulations 

a. become effective in December of 1977 
b. became effective in December of 1975 
c. became effective in June of 1977 

44. The Interim Primary Drinking Water Regulations include maximum contaminant 
levels (MCL's) as well as monitoring frequencies for 

a. chemical, bacteriological, radiological contaminants 
b. chemical, bacteriological contaminants 
c. chemical contaminants 
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45. The maximum holding time for the chlorinated hydrocarbons samples is 

a. 14 days 
b. 7 days 
c. none 

46. The pesticides which are to be monitored are 

a. endrin, aldrin, lindane, methoxychlor, toxaphene 
b. endrin, 1indane, methoxychlor, aldrin 
c. toxaphene, methoxychlor, lindane, endrin 

47. The pesticides are extracted from the sample using 

a. hexane 
b. petroleum ether-ethylether 
c. ht?xane-methylene chloride 

48. The chlorphenoxy herbicides to be monitored for are 

a. 2,4, D; 2,4,5 TP; 2,4,5 T 
b. 2,4, D; 2,4,5 T 
c. 2, 4, D; 2, 4, 5 TP 

49. The herbicides are extracted from the sample using 

a. hexane 
b. hexane-methylene chloride 
c. ethylether 

50. The maximum holding time for herbicide samples is 

Cl-8 

a. 14 days 
b. 7 days 
c. none 



BIOGRAPHIC STATEMENT 

Dear Participant: 

\'Je ask that you ans\'1er and complete the following items as briefly as 
possible. lhe purpose is simple: to acquaint the instructor with his/ 
her students prior to the course. 

1) Name: {please print) 

3) Address: 

2) Oa te: 

4) Date of Birth: 

5) Present Position or Job Title: 

6) Major job functions or responsibilities: 

7) Courses or study undertaken in relation to job: 
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PARTICIPANT SURVEY FOR THE METHODS OF ANALYSIS FOR 
INORGANIC CONTAMINANTS OF POTABLE WATERS 

1. Identify the experience you have with each method for the various 
contaminants covered in the course (give approximate length of 
experience). 

2. How much experience do you have in atomic absorption? 

3. Do you have sufficient basic laboratory skills to carry out necessary 
laboratory procedures (use student skills checklist)? 

4. List the goals which you wish to achieve in attending this course. 

5. Will there be a need for you to pass on the information attained in this 
course to others? 
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Name 
~~~~~~~~~~~~~~~ 

Employer 
~~~~~~~~~~~~~ 

STUDENT SKILLS CHECKLIST 

To assist us in processing applications, please check YES or NO for each of the 
following items: 

I have operated a laboratory gas burner .. 
I have operated a laboratory hotplate/stirrer 
I have operated an autoclave 
I have operated a laboratory drying oven 

I have used a vacuum source to filter liquids 
I have used a desiccator . . . . 
I have weighed items on an analytical balance 
I have weighed items on a double pan balance 
I have used a graduate to measure liquids .. 

have used a volumetric pipet to measure liquids 
I have used a graduated pipet to measure liquids 
I have used a pipet bulb to fill a pip~t 
I have used mouth suction to fill a pipet 
I have used an inoculating loop to transfer small amounts of liquid 
I have used disinfectant to sterilize a lab bench work area 
I have poured liquid from a container into glass test tubes 
I have prepared media used for coliform tests 
I have used chromic acid to clean glassware 
I have operated a laboratory safety shower 
I have operated a laboratory eye washer . 
I have operated a fume hood . . . 
I have prepared manganous sulfate solution 
I have made out labels for bottles or reagents 
I have used a buret . 
I have used starch as a chemical change indicator 
I have titrated one so1ution against another to a color change end 

Point . . . . . . . . 
I have recorded a reading at a meniscus . 
I have recorded laboratory data in a laboratory notebook 
I have entered laboratory data on a pre-printed form 
I have recorded information about samples on record sheets 
I have located required purchase information in a catalog of 

laboratory equipment . . . . . . ... 
I have written a purchase order for chemicals to be used in the lab 

YES NO 
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Name 
~~~~~~~~~~~~~~~ 

Employer 
~~~~~~~~~~~~~ 

Volume means space occupied by a solid, liquid, or gas ... . 

mg/l means milligrams per liter .............. . 
Norma1ity {NJ is a 'YJay to express concentration in a solution 

1 kilogram equa1s 0.001 gram 
1 inch equals 2.54 cm . 
1000 m 1 equa 1 s 1 l iter . . . 
85 times 4.1 equals 42.5 .. 
7 minus 2 divided by 0.02 equals 250 
3.26 rounded to the nearest tenth is 32.6 
84.55147 rounded to the nearest thousandth is 84.551 

YES NO 



INSTRUCTIONAL UNITS 

INTRODUCTION 

The material covered in this section represents the core of the course. All the 
parameters listed in the Interim Primary Regulations are covered. Where more 
than one analytical procedure has been permitted, all are included here. The 
analyst will have to make the choice as to which will be used. The material has 
been written in a format that allows the trainee to utilize the outline as the 
analysis is carried out. The step-by-step outline proceeds in the same order as 
an analyst must proceed. Each step is given and if warranted, additional informa
tion is given in the next column. The student should be cautioned to read each 
step and the material, if any, in the information column before doing the step. 

Also included in the outline is an equipment list which lists capital, reuseable 
and consumable items necessary to perform the analysis. Where more than one 
analysis is being performed, the equipment lists will have duplication and the 
trainee must purchase only what is needed. 

The level of training required to perform each analysis varies. For example, the 
outlines on residual chlorine and turbidity need little formal chemical educational 
background to be performed. However. the atomic absorption and gas chromatographic 
analysis require considerable background to perform. The later two analyses should 
be performed only by experienced chemists or done under their supervision. 

As new persons enter into the laboratory and assume responsibility for certain 
analyses, this manual or sections of it can be used to acquaint or refresh the 
analyst with the methodology for which he is responsible. 
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REGULATIONS CONNECTED WITH THE SAFE DRINKING WATER ACT 

I. Introduction 

The primary interest of the Safe Drinking Water Act was to produce potable 
water for the consuming public. It is estimated that there are 240,000 
water supplies in the United States. That is about 40,000 community supp1ies 
and about 200,000 non-community water supplies. The Safe Drinking Water Act 
required that limits be set down for those materials which, when found in 
natural waters, would pose a health hazard. From this requirement a document 
was drawn up and published for public colTITlent. This was the Proposed 
Interim Primary Regulations. After the co1T111ents were received and acted 
upon, the Interim Primary Regulations were published in the Federal Register. 
These Interim Primary Regulations listed the health related agents to be 
monitored for in the nations drinking waters. A monitoring frequency was 
set down for the colTITlunity and non-co1T111unity supplies and a "Maximum 
Contaminant Level" (MCL) for each was set. In addition, a list of "approved" 
methods for the analysis of each parameter was given. 

The "Act" stipu1ated that a study was to be made by the Nationa1 Academy 
of Science (NAS) on the parameters that were included in the Interim 
Primary Regu1ations. This study was to look at other compounds to in
clude, if some parameters shou1d be excluded, if the MCL were right and 
suggest changes and areas of research. After the NAS report was finished 
the Interim Primary Regulations were to be revised and published for pub1ic 
colTITlent and then promulgated. 

The Environmental Protection Agency was to pub1ish a 1ist of parameters and 
methods to analyze for these parameters which a treatment faci1ity might 
wish to monitor for. These parameters were to be based on aesthetic va1ues 
and were not to be of an enforceable nature. These "Secondary Regu1ations" 
were to follow the route of the Primary in that they were to be proposed 
and sent out for public comment. 

In addition the the Primary regulations, EPA was cn1led on to issue any 
additional parameter it felt might endanger the hea1th of the consuming 
pub1ic. These additional parameters after being commented on would be 
a part of the a1ready published Primary Regulations. As with the other 
parameters analytical methodology and monitoring frequencies would be 
published for the new parameters. 

After publication of the analytical methodology in the Primary Regulations, 
any new methods could be used after being ajudged comparable to those already 
published. A review panel and an approved mechanism was to be set up 
to supervise the requests for "Alternate Test Procedure Approval." If the 
new method was found to be comparable, it could be approved on a national 
or regional area level. 

II. National Interim Primary Drinking Water Regulations 

Section 1412 of the Safe Drinking Water Act requires the Environmental 
Protection Agency to pub1ish proposed national interim primary drinking 
water regulations. These regulations were to be proposed 90 days after 
the enactment of the Safe Drinking Water Act. Pub1ic colTITlents were to be 
so1icited on the prorosed Interim Primary Drinking Water Regu1ation and 
these regulations were to be promulgated 180 days after enactment. 

AT.WMP.4.3.80 
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The Proposed Interim Regulations were issued on March 14, 1975, and promul
gated on December 25, 1975. Since the Act states that these regulations 
should become effective 18 months after promulgation, they became effective 
June 24, 1977. These Interim Primary Regulations will be revised on an as 
needed basis as well as at least every three years. 

Since the Interim Primary Regulations are based on health hazards to the 
consuming public, these regulations contain a list of Organic and Inorganic 
materials and a maximum contaminant level for each. These levels are based 
upon possible health hazards that may occur after a lifetime of consuming 
approximately two liters of water per day. The regulations set down what 
must be done by a water supply should one of these maximum contaminant 
levels (MCL) be surpassed. Also, a part of the regulations is a list of 
approved methods for the analysis of the parameters listed. The parameters, 
their levels and methods are listed in Table 1. 

Also included in the regulations are the sampling and monitoring frequencies 
for the published parameters. This sets down how often samples must be 
analyzed and for which of the parameters. Microbiological parameters are 
also listed in the Interim Regulations. The limits and sampling frequencies 
are covered in other manuals. The chemical sampling and monitoring require
ments are listed in Table 3. 

Under the microbiological sections in the Interim Primary Regulations a 
supply may substitute residual chlorine determinations for a portion of 
the microbiological tests. The level of free chlorine that must be main
tained is 0.2 mg/l. The analytical method to determine this is the DPD 
colorimetric or titrimetric method. It was the intent to allow the use 
of the color comparator kits for this analysis. Due to the inability 
to preserve a free chlorine sample it is expected that the operator him
self will perform this test. 

On July 19, 1979, a proposed amendment to the National Interim Primary 
Drinking Water Regulations was published. As with any proposed rule it 
calls for public cormient after which they will be promulgated and become 
an addition to the NIPDWR. 

The analytically significant areas in these proposed regulations are the 
publication of alternative analytical techniques approved for nationwide 
use. These are shown in Table 5. In addition, the community supplies 
are required to monitor for sodium, at least annually for systems utilizing 
surface water sources and at least every three years for systems solely 
utilizing ground waters sources. Analyses for sodium are to be carried 
out by either flame photometric or atomic absorption methods, the references 
for which are given in Table 5. 

Some supplies when so notified by the State will be required to initiate 
a corrosion control program. This is designed to protect the drinking 
water from possible corrosion products as lead, cadmuim, asbestos and 
organic compounds. The proposed rules suggest three ways to calculate 
some form of corrosion index and a suggested limit for each method of 
calculation. When these proposed rules are commented on, it is hoped 
some decision can be made on this point. 



Some changes connected with non-community supplies only are suggested in 
the proposed a111T1endments. These would extend for an additional year the 
nitrate monitoring deadline and allow up to 20 mg/l of nitrate in some 
systems at the discretion of the State. 

In addition to the proposed amendments, a final regulation concerning the 
Control of Trihalomethanes in Drinking Water were published on November 
29, 1979. These regulations set an MCL of 0.1 mg/l of total trihalomethane 
(TTHM). This is the arithmetic sum of the concentrations of chloroform, 
dibromochloromethane, bromodichloromethane and tribromomethane, rounded 
to two significant figures. 

These regulations would effect, at the present time, only those supplies 
serving populations greater than 10,000 persons. There is a phase in 
approach for both monitoring and an effective date for the MCL for supplies 
of different sizes. The initial monitoring frequency would be four samples 
per quarter taken all on the same day at different locations in the distri
bution systems. The analytical methods that may be used are the purge and 
trap technique or the liquid-liquid extraction technique, both of which 
are published in the Federal Register along with the regulations. In 
addition, the following references are given. 

1) "The Analysis of Trihalomethanes in Finished Waters by the 
Purge and Trap Method." Method 501.1 EMSL, EPA, Cincinnati, 
Ohio 45268. 

2) "The Analysis of Trihalomethanes in Finished Waters by the 
Liquid/Liquid Extraction Method," Method 501.2, EMSL, EPA, 
Cincinnati, Ohio 45268. 

III. National Academy of Science Study 

After publication of the Proposed and Interim Primary Regulations the EPA 
is required by the Act to enter into arrangements with the National 
Academy of Sciences to conduct a study. This study should determine the 
maximum contaminants levels which should be recommended under the revised 
primary regulations in order to protect the health of persons from any 
known or anticipated adverse effects, and the existence of any contaminants -
the levels of which in drinking water cannot be determined but which may 
have an adverse effect on the health of persons. 

The study was to be presented to Congress no later than 2 years after the 
date of enactment of the Act. EPA will use this study in deciding whether 
to include any such contaminants in a revised Primary Drinking Water 
Regulations. 

In conducting its study the National Academy of Sciences is directed to 
consider only what is required to protect public health, not what is 
technologically or economically feasible or reasonable. Based on the results 
of the NAS study, EPA may specify additional contaminants with adverse 
health effects. It may establish new maximum contaminants levels. It may 
prescribe a list of known water treatment techniques which will reduce the 
concentration of any contaminant for which no maximum contaminant level is 
established (e.g., viruses, organics, asbestos), or it may establish 
requirements for operation and maintenance. 
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TABLE l 

Limit 
Parameter mgtliter Method Reference 

Inorganic - Other than Fluoride EPA1 Std. Meth. {13th)_ ASTM5 

Arsenic 0.05 Atomic Absorption 95-9E 
(gaseous hydride) 

Barium 1.00 Atomic Absorption 97-98 210-215 
(Std. Conditions) 

Cadmium 0.01 Atomic Absorption 101-103 210-215 
(Std. Conditions) 

Chromium 0.05 Atomic Absorption 105-106 210-215 
with Chelation Ext. 

Lead 0.05 Atomic Absorption 112-113 210-215 
with Chelation Ext. 

Mercury 0.002 Flameless Atomic 5 118-126 396-402 
Absorption 

Nitrate 10.00 Brucine (Colorimetric) 201-206 461-464 
Cadmium Reduction 
(Colorimetric) 

Selenium 0.01 Atomic Absorption 145 
(gaseous hydride) 

Silver 0.05 Atomic Absorption 146 210-215 
(Std. Conditions) 

Turbidity 1.0 TU Nephelometric 295-298 350-353 

Fluoride Temp. Dep. Electrode 65-67 172-174 342-344 
See Table 2 

SPADNS (Colorimetric) 59-60 171-172 340-342 
with distillation 174-176 
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TABLE I (Cont'd.) 

Limit 
Parameter mg/liter Method Reference 

Organic ASTM 

Chlorinated 
EPA Method 3 Hydrocarbons Gas Chromatography 609-624 

Endrin 0.0002 
Li ndane 0.004 
Methoxych 1 or 0. 1 
Toxaphene 0.005 

Ch 1 orophenoxys Gas Chromatography EPA Method 4 595-602 
2.4-D 0. 1 
Sil vex 0.01 

1Methods for Chemical Analysis of Water and Wastes, EPA, Office of Technology 
Transfer, Cincinnati, Ohio 45268. 

2standard Methods for the Examination of Water and Wastewater, 13th Edition, 
1971, APHA, 1015 18th St., NW, Washington, DC 20036. 

3Method for Organochlorine Pesticides in Industrial Effluents, EMSL, EPA, 
Cincinnati, Ohio 45268. 

4Method for Chlorinated Phenoxy Acid Herbicides in Industrial Effluents, EMSL, 
EPA, Cincinnati, Ohio 45268. 

5Annual Book of ASTM Standards, 1977. Part 31. 

Temperature °C 

12.0 and below 
12. l to 14. 6 
14.7 to 17.6 
17. 7 to 21 . 4 
21.5 to 26.2 
26. 2 to 32. 5 

TABLE 2 

Fluoride MCL 

MCL_!~ 

2.4 
2.2 
2.0 
1.8 
1.6 
1.4 

.... , ... 
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TABLE 3 

Public Water Supply 
Sampling Requirements 

Type of Water Sam~ling Period Sampling Frequency If MCL is 
Contaminant Source Initated .Qi:_ Conclude By Thereafter Exceeded 

Community Water Suppl~es 
Inorganic Surf ace 6/24/77 6/24/78 at yearly intervals collect 3 

additional 
Ground 6/24/77 6/24/79 every three years samples in 

one month 

Organic Surface 6/24/77 6/24/78 every three years or ti 

as required by State 

Ground To be specified by To be specified by State 

Turbidity 

Inorganic
NHrate only 

Turbidity 

Surface 

Surface 
and 

Ground 

State 

6/24/77 must measure daily 

Non-ColTlllunity Water Supplies 
6/24/77 6/24/79 To be specified by 

State 

Surface 12/24/77 must be measured 
daily 

resample 
within one 
hour 

collect 3 
additional 
samples in 
one month 

resample 
within one 
hour 

Report to State any violations within 48 hours, including violation of monitoring 
requirements. 

Report to State tests results within 40 days. 



IV. National Secondary Drinking Water Regulations 

The Safe Drinking Water Act, Section 1412 C, required the EPA to propose 
national secondary drinking water regulations. These regulations were to 
be propsoed within 270 days after the enactment of the Safe Drinking Water 
Act. Again, public comnent was to be requested and acted upon before 
promulgation of the secondary regulations. These secondary regulations 
are to be based on contaminants that tend to make water disagreeable to 
use, but that do not have any particular adverse public health effect. 

The secondary regulations were proposed on March 31, 1977, and appeared in 
final form on July 19, 1979, and included the following: 

TABLE 4 
Reference 

Contaminant Limit Method EPA 14th Std. Meth. ----
Chloride 250 rng/l Potenti ometri c 306 

Color 15 Color Units Pl a ti nurn-Coba 1 t 36-38 64 

Copper 1.0 mg/l Atomic Absorption 108-109 144 

Corros i vi ty Non-Corrosive Reserved 

Foaming Agent 0.5 mg/l Methylene Blue 157-158 600 

Iron 0. 3 mg/l Atomic Absorption 110-111 144 

Manganese 0.05 mg/l Atomic Absorption 116-117 144 

Odor 3 Threshold Odor Consistent Series 287-294 75 
Number 

pH 6.5 - 8.5 Glass Electrode 239-240 460-465 

Sulfate 250 mg/1 Turbidimetric 277-278 496 

TDS 500 mg/l Total Residue 270-271 91 

Zinc 5 mg/l Atomic Absorption 155-156 144 

These secondary regulations are applicable to all public water systems, but 
are not enforceable on the Federal level and are intended as guidelines for 
the states. However, depending on their legislation, may be enforceable 
by the State. 
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V. Alternate Test Procedures Approval 

Section 141.27 of the National Interim Primary Drinking Water Regulations 
permitted the establishment of a procedure for Approval of Alternate 
Analytical Methods. On March 10, 1977, this procedure was established. 
Two parallel approval chains are allowed, a case by case procedure and a 
procedure for national approval. Alternative analytical techniques 
approved for nationwide use will be published as amendments to the 
Interim Primary Regulations in the Federal Register. 

Several alternate methods have been approved for nationwide use and have 
been published in the Federal Register. 

Measurement 

Arsenic 

Arsenic 

Bari um 

Cadmium 

Chromium 

Fluoride 

Fluoride 

Fluoride 

Fluoride 

TABLE 5 

Method 
1Flameless Atomic Absorption, Graphite Furnace 
Technique. Method 206.2. 

Silver Diethyldithiocarbamate Method, Ref: 
"Methods for Chemical Analysis of Water and 
Wastes," pp. 9-10, EPA, Office of Technology 
Transfer, 1974. Method 206.4. 

1Flameless Atomic Absorption, Graphite Furnace 
Technique. 

1Flameless Atomic Absorption, Graphite Furnace 
Technique. 

1Flameless Atomic Absorption, Graphite Furnace 
Technique. 

Automated Alizarin Fluoride Blue, Ref: "Standard 
Methods for the Examination of Water and Wastewater,'1 

14th, pp. 614-616, 1975. 
2zirconium-Eriochrome Cyanine R, Ref: "Methods for 
Collection and Analysis of Water Samples for 
Dissolved Minerals and Gases," USGS, Book 5, Chapter 
Al, pp. 90-93. 

Modified Automated Alizarin Fluoride Blue. Ref. 
"Fluoride in Water and l!Jastewater Industrial Method 
#129-7HJ" December 1972, Technicon Industrial Systems, 
Tarrytown, tlew York l 0591. 

Automated Electrode Method. Ref: "Fluoride in Hater 
and Wastewater," Technicon Industrial Method #380-75WE.u 
February 2, 1976. Industrial Systems, Tarrytown, 
New York 10591. 



Measurement Method 

Lead 1Flameless Atomic Absorption, Graphite Furnace 
Technique. 

Mercury Automated Cold Vapor Technique, Ref: "Methods 
for Chemical Analysis of l:Jater and Wastes," 
pp. 127-133, EPA, Office of Technology Transfer, 
1974. 

Nitrate Automated Hydrazine Reduction, Ref: "Methods for 
Chemical Analysis of Water and Wastes," pp. 185-
194, NERC, Analytical Quality Control Laboratory, 
1971. 

Nitrate Automated Cadmium Reduction, Ref: "Methods for 
Chemical Analysis of Water and Wastes," pp. 207-
212, EPA, Office of Technology Transfer, 1974. 

Organics 2Gas Chromatographic, Ref: "Methods for Analysis of 
Organic Substances in Water," USGS, Book 5, Chapter 
A3, pp. 24-39. 

Organics {Pesticides) "Standard Methods for the Examination of \•later and 
~Jastewater. 11 14th ed. 1975. Organochlorine Pesti
cides, Part 509A, pp. 555-564. 

Organics (Herbicides) "Standard Methods for the Examination of Water 
and tlastewater." 14th ed. 1975. Chlorinated 
Phenoxy Acid Herbicides, part 5098, pp. 565-569. 

Selenium 2Hydride generation - atomic absorption spectro-
photometry, USGS, Method, I-1667-77, 1976. 

Selenium Flameless Atomic Absorption, Graphite Furnace 
Technique, Ref: Atomic Absorption Newsletter. 
1~!_, No. 5, pp. 100-116, 1975. 

Silver 1Flameless Atomic Absorption. Graphite Furnace 
Technique. 

Turbidity 4Nephelometric method with styrene Divinylbenzene 
Polymer Standards. 

Sodium "Standard Methods for the Examination of Water and 
Wastewater," 14th ed., pp. 250-253 or "Methods for 
Analysis of Hater and l~astes, p. 147. 

1The various furnace devices are considered to be atomic absorption techniques. 
r.Ethods of standard addition are to be followed as noted on p. 78 of "Methods 
for Chemical Analysis of Water and Wastes," EPA, Office of Technology Trans
fer, 1974. 
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2copies available from: Water Quality Branch, National Center, U.S. 
Geological Survey, 112201 Sunrise Valley Drive, Reston, VA 22092. 

3only the six pesticides named in the Interim Primary Drinking Water 
Regulations are included: Endrin, Lindane, Methoxychlor, Toxaphene; 
2,4-D; and 2,4,5-TP (Silvex). Federal Register, Vol. 40, No. 248, 
pp. 59570-59571, December 24, 1975. 

4Additional information on this method is avai1able from the Environmental 
Monitoring and Support Laboratory. Commercia1 products of Amco-AEPA-1 
Polymer are available from AMCO Standards International, Inc., 230 Polaris 
Ave., No. C, Mountain View, California 94043. 



VI. Certification 

Section 1401 (1) of the Safe Drinking Water Act defines "Primary Drinking 
Water Regulations" to include "quality control and testing procedures" to 
insure compliance with maximum contaminant levels. Pursuant to the Act, 
the National Interim Primary Drinking Water Regulations, Section 141 and 
142 require that for compliance purposes, "samples" will be considered 
only if they have been analyzed by a laboratory approved by the State, 
except that measurement for turbidity and free chlorine residual may be 
performed by any person acceptable to the State, and the State must 
establish and maintain a program for certification of laboratories 
conducting measurement of drinking water contaminants. 

A "Manual for the Interim Certification of Laboratories Involved in 
Analyzing Public Drinking Water Supplies" has been compiled. This manual 
describes how the Environmental Protection Agency will carry out a tentative 
program for interim approval and certification of its ten Regional labora
tories and principal State laboratories. States without certification 
programs are encouraged to use this program as a model; States with equi
valent or better certification programs are encouraged to continue and 
improve. 

The manual describes evaluation procedures and minimum technical requirements 
recommended for certifying laboratories analyzing public drinking water 
supplies. In addition to identifying requirements that are critical to 
generation of valid data, optional certification requirements have been 
included as guidance. 
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SAMPLING 

I. INTRODUCTION 

With the intent of the Safe Drinking Water Act being the insurance of 
proper drinking water quality, meaningful analysis of the water is im
perative to know if the water meets the standards. This analysis can 
only be meaningful if it is performed on a samole that is representative 
of the water to be analyzed. Consequently, the proper sampling technique, 
use of proper containers, proper preservation and adherence to the set 
frequency of sampling must be carefully observed. 

In many instances the laboratories themselves will not be responsible 
for sampling. However, it is necessary that all laboratories be aware of 
what constitutes a representative, properly taken sample. It is the re
sponsibility of all laboratories sampling for parameters under the Safe 
Drinking Water Act to call for a resample if the sample does not meet proper 
sampling procedures. To analyze a sample which has been doubtfully taken 
is to present data which is dubious in meaning. If the laboratory is 
responsible for taking the samples, it is doubly important that the persons 
in the laboratory be aware of proper techniques. 

There is at this time under development a ~Handbook for Sampling and Sample 
Preservation of l~ater and ~Jastewater 11 by the U.S. Environmental Protection 
Agency. When this book is available it will serve as a good reference 
source on the topic of sampling. 

The Sampling section of t:le Criteria and Procedures Document for Laboratory 
Certification spells out t:1e r:iar.datory requirements that must be ad1ered to 
for t~e drinking water sampling. It is attached ~ere for student reference 
as this outline is read. 

It has been suggested that one of the certification team members be from 
the staff of the regional water supply staff. This individual would be 
responsible to assess the following: 

A. Choice of sampling location 
B. Proper sampling procedures 
C. Sample identification 
0. Prompt sample transport to the laboratory 
E. Sampling frequency 
F. Bad-sample follow-up 
G. Dissemination of data by the laboratory and use of the data 

by the water supply supervision program 

II. MONITORING REQUIREMENTS 

A. Inorganic 

1. Analysis for all community water systems utilizing surface water 
sources shall be completed within one year following June 1977. 
These analyses shall be repeated at yearly intervals. 

2. Analysis for all community water systems utilizing only ground 
water sources shall be completed within two years of June 1977. 
These analyses shall be repeated at three year intervals. 

CH.MET. 33. 3.30 
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3. For non-community water systems, whether supplied by surface or ground 
water sources, analysis for nitrate shall be completed within two years 
of June 1977. These analyses shall be repeated at intervals determined 
by the state or other regulatory agency. 

Sample collecting, handling, and preservation4 -- mandatory requirements 

Parameter Preservative Container(l} 
Max if'luri ( 2) 

holding time 

Arsenic Cone llN03 to pM<2 p or G 6 months 

Barium Cone HN03 to !Jfk2 p or G 6 months 

Cadmium Cone HN03 to pH<2 p or G 6 months 

Chromium Cone Htl03 to rH<2 p or G 6 rionths 

lead Cone HN03 to pH<2 p or G 6 months 

Mercury Cone HN03 to pH<2 G 38 days 
p 14 days 

fHtrate Cone H2so4 to pH<2 p or G 14 days 

Selenium Cone HN03 to pH<2 p or G 6 months 

Silver Cone HN03 to pH<2 p or G 6 months 

Fluoride None p or G 1 month 

Chlorinated Refrigerate at 4°C G ~Ii th fo i 1 or 14 days( 3) 
hydrocarbons as soon as possible Tefl on-1 i ned cap 

after collection 

Chlorophenoxys Refrigerate at 4°C G with foil or 7 days( 3) 
as soon as possible Tefl on-1 i ned car 
after collection 

P = Plastic, hard or s er soft (1) 

( 2) In all cases, samples should be analyzed as soon after collection as 
possible. 

(3) 

(4) 

(5) 

E2-2 

Well-stoppered and refrigerated extracts can be held up to 30 days. 
If a laboratory has no control over these factors, the laboratory director 
must reject any samples not meeting these criteria and so notify the authority 
requesting the analyses. 
If nitric acid cannot be used because of shipping restrictions, sample may be 
preserved by icing. Upon receipt in the lab, the sample must be acidified with 
cone. HN0

3 
to pH>2. At time of analysis, sample container should be thoroughly 

rinsed with 1:1 nitric acid washings added to the sample to be processed for 
subsequent analysis. 



4. l·Jhen the maximum contaminant 1eve1 is surpassed, the frequency of 
resample shall be desiqnated by the state and shall continue until 
the maximum contaminant level has not been exceeded in two successive 
sam~les or until a monitorin~ schedule as a condition to a variance, 
exemption or enforcement action shall become effective. 

B. Organic 

1. For all community 11!ater syster.is utilizing surface water sources, 
analysis shall be completed within one year of June 1977. Sarn~les 
analyzed shall be collected during t~e neriod of the year designated 
by the state as the ~eriod when contamination bv resticides is most 
likely to occur. These analysis shall be reoeated at intervals 
SDecified by the State. but in no less frequency than at three 
year intervals. 

2. For community water systems utilizing only ground water sources, 
analysis shall be completed by those systems specified by the 
State. 

3. If the results of an analysis indicate that the level of any con
taminant exceeds the maximum contaninant level, the su~plier of 
water shall report to t:1e State tvithin 7 days and initiate three 
additional analyses within one month. 

4. Uhm the average of four analyses exceeds the max imun contani nant 
level the supplier of water shall report to the State. Monitoring 
after public notification shall be at a frequency designated hy 
the State and shall continue until the naxi~um conta~inant level 
has not been exceeded in two successive sJmoles or until a moni
torin9 schedule as a condition to a variance, exemption or enforcement 
action shall become effective. 

I I I. SAMPLE cmn A I NERS 

A. Types 

Generally two types of containers are acceptable~ these are alass and 
plastic. Plastic is the more convenient from a shipring stand~oint; 
hm·1ever, plastic may not be used for the or']anic para!'lleters. The glass 
containers should ~referably be made from a hard borosilicate glass 
(Kimax or Pyrex; however, other forms may be used). 

All these various naterials have certain adv1ntages and disadvantages. 
The hard glass is inert to most materials. Conventional polyethylene 
is to be used when rlastic is acceptJble because of reasonable cost 
and less adsorption. Disposable type rlastic containers, such as the 
nolded polyethylene 11 Cubitainer, 11 are convenient to us2. 

Usually, a wide mouth container is pr~ferred. This allows easy sample 
removal and easier cl~aning. 

Depending on the State or Regionul requirements, three or four con
tainers \till be needed for a complete (!llalysis. Usually, a one f!allon 
or equivalent size plastic type container will suffice for the metals 
analyses. A one quart or equivalent plastic container is needed for 
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the nitrate sample. A glass container holding about a quart with a 
foil or Teflon lined screw cap is required for analyses of the 
organics, and finally, a one quart plastic type container will be 
needed for the fluoride parameter. 

Considering the section on frequency of monitoring, the following 
are needed for each public water supply in one years time: 

1. One gallon plastic container 

2. Two 1 quart plastic container 

3. One quart glass container 

Additional containers would be needed for resampling needs. A non
community supply would probably need one l quart plastic container 
each year unless resampling is to be carried out. 

In addition to the containers themselves, some type of shipping 
container must be provided for each sample container. These shipping 
containers can usually be purchased from the supplier of the actual 
sample container. 

B. Preparation and Shipment of Containers 

Individual responsibility to provide, maintain and clean sample con-
tainers is dependent on how the State has elected to carry out the 
certification program. The laboratory or the authority could Purchase 
in large lots and make available sets of containers to each supply or 
the State may elect to require the supply to provide their own con-
tainers. Generally speaking, the elastic containers should not be 
reused for any trace analyses, that is, the metals. The glass 
containers should follow the suggested cleaning procedure, including 
muffling at 400°C for about 15 minutes. Once cleaned, these containers 
should be stored and shipped in such a manner as to prevent recontamination. 

Should the decision to reuse plastic containers be made, they should 
be cleaned carefully before reuse. There are several cleaning methods 
available. Choosing the best method involves careful consideration 
of the nature of the sample and of the constituent(s) to be determined. 

1. Traces of dichromate cleaning solution will interfere with metal 
analyses. Use l :1 nitric acid wash. 

2. Traces of nitric acid may interfere \·lith the nitrate analysis. 
Use detergent with thorough rinses with tap and distilled water. 

Shipping the containers to the sampling locations should take into 
consideration the numbers to be shi~ped and eliminate any contamination 
chances. The shipping containers to be used in transporting the sample 
itself to the laboratory must be provided either as a container for 
the empty sample container or in bulk form. 



One item that must be given consideration is the ~reservative. Postal 
regulations will not permit mailing of acids, particularly nitric 
acid. Consequently, these materials must be purchased locally or 
shipped by truck or other common carrier. If the materials are to be 
purchased locally, the purity must be riqidly controlled to assure no 
contaminants are present to effect results. 

Even when the preservative nitric acid has been added and diluted by 
the sample, postal restrictions may preclude the use of the mails. 
Therefore, a special footnote has been added to the certification 
procedures allowing an alternate icing followed by acidification upon 
receipt of the sample in the laboratory. 

When shipping the sample to the laboratory for analysis, sufficient 
time should be allowed to assure that the holding times are not sur
passed. Alternate forms of transportation should be checked out before
hand to allow use if needed. The sample container must be protected 
from physical damage in shipment and sufficient coolant added to the 
ice chest or other form of insulated container to last through the 
duration of shipment. Cars should be checked when the sample is taken 
to assure that they will not leak. Uoon recei~t in the laboratory, 
any deviation from the mandatory samDling requirements, i.e., preservative, 
holding times, should be noted and, if necessary, a resample ordered 
imnlediately. 

IV. SAMPLE COLLECTrnG 

According to the ilational Interim Primary Drinkin~ 14ater Regulations, 
section 141 .2(c), the sampling location is the "free-flowing outlet of 
the ultir.iate consumer." Since this represents a minimal effort, one 
sample can be taken at any point in the distribution system and fulfill 
the regulation. Some States may require more frequent samples at randon 
locations, or a single composite sample taken at various locations. 

The exception to this sampling location is the turbidity sample which 
nust be taken at the point of entry of the water into the distribution 
system. 

When collecting the sample, the tap should be run to assure that the 
water collected is from the distribution system and not from the private 
pipes. The sample container should be flushed two or three times before 
the actual sample is taken. The container should not be filled completely 
to allow extra volume for effects of temperature during transit. The 
preservative, if any, should be carefully added to the container, the 
container capped and the sample shaken. 

If the sample is to be cooled during shipment, the sample container 
should be placed in an insulated container and sufficient coolant added 
to last during shipment. 

The sample should be labeled to identify it during future analyses. The 
information should include: 

A. Date, place and time of sampling; na~e of person collecting the 
sample. 
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B. Identification of the sample as to whether it is a routine distribution 
system sample, check sample, raw or process water sanple, or other 
special purpose sample. 

C. Analysis to be run on the sample as well as any preservative added and 
what amount has been added. 

D. Any other remarks that the sampler thinks is necessary. 

This information should be affixed to the sample container in such a way 
as to assure that it will not become separated in later handlings. 

The Criteria and Procedures Document for Laboratory Certification states 
that chain of custody procedures must be carried out on all samples taken 
for potential enforcement actions only. The exact procedure and directions 
on this procedure should be obtained from the appropriate certification 
authority. 

V. FIELD MEASUREMENTS 

As set down in the act, there are two types of analysis which may be 
carried out in other than certified laboratories. These are the analysis 
for residual chlorine and turbidity. These measurements may be carried 
out in the field. In addition, should any other information about the 
sample be required, such as pH, temperature, etc., these should also be 
carried out in the field. It is not the scope of this outline to discuss 
the procedures involved in these analyses. Procedures on the residual 
chlorine and turbidity have been included in this manual for information 
purposes only and may be found under Tab E. 

State regulations may require additional procedures to be carried out by 
the person taking the sample. The Interim Primary Re~ulations do not. 

VI. SUMMARY 

Proper sampling is the foundation of n2aningful analytical results. Con
sequently, a laboratory should knm·1 what constitutes a rieaningful sample 
in order to judge Hhen a resar.iple is necessary due to improper sampling, 
preservation or handling techniques. 

The preservative to be added, the type of container and the holding times 
are spelled out in the Criteria and Procedures Document in a mandatory 
section. 

The laboratory Certification Officer must evaluate whether or not the 
laboratory is conducting a proper sample receipt procedure and, if it has 
the responsibility, a proper sampling of the water supplies. 



STATISTICS FOR CHEMISTS 

I INTRODUCTION 

A Statistics may be defined, for our purpose, 
as a collection of methods which have been 
developed for handling nwnerical data 
pertaining to samples or portions of entire 
populations. 

B The statistical methods with which we will 
concern ourselves deal with the presentation 
and analysis of nwnerical data from samples. 

II FREQUENCY 

A Definitions 

1 Frequency - indicates how many times 
a particular score occurs in a collection 
of data 

2 Frequency table - a tabular arrange
ment of data, ranked in ascending or 
descending order of magnitude, 
together with the corresponding 
frequencies 

3 Frequency histogram - a set of 
rectangles having bases on a horizontal 
axis with centers at the given scores 
and heights equal to the corresponding 
frequencies (See Figure 1) 

4 Frequency polygon - a line graph of 
frequencies plotted against scores 
(can be obtained by connecting mid
points of tops of rectangles in the 
frequency histogram) (See Figure 1) 

Figure 1 

Frequency Histogram & Frequency Polygon 
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Statistics For Chemists 

B Application 

Consider the application of the above 
definitions to the following set of data, 
obtained from twelve determinations for 
chloride in water. 

100 

101 

99 

98 

Results (f=Lg/l) 

101 99 

100 100 

102 100 

101 102 

Table 1 

Frequency Table 

Chloride (f!=g/l) Frequency 

III 

98 1 

99 

100 

101 

102 

2 

4 

3 

2 

MEASURES OF CENTRAL TENDENCY 

A Definitions 

1 Central tendency - the tendency of 
values to cluster about a particular 
value in the distribution 

2 Mode - that value which occurs most 
frequently 

3 Median - midpoint of an array of 
scores. II there is an odd number of 
observations, n, the median is 

Xn+1 h x ·+1 ___ w ere n represents 
2 2 

th 
n+ l 

e--
2 

value in the frequency 

distribution. If there is an even 

number of observations the median is 
Xn + Xn 

- - + 1 
2 2 

, the average of the 
2 

middle two scores. 

4 Mean - arithmetic average of all the 
values in the sample distribution, de
noted by X. The formula for calcula
ting the sample mean is 

X = X l + X2 + X3 • Xn 

n 
l: x. 

- i=l l 
X=--

n 

n 

- l:~ X = - where there are n number 
n 

of values. 

B Aids in calculation of the mean 

Application of the following two statements 
can reduce errors and amount of time 
spent in calculating the mean of a 
distribution. 

1 Adding or subtracting a constant to or 
from each score in a distribution is 
equivalent to adding or subtracting the 
same constant to or from the mean of 
the distribution. Thus the following 
formula: · 

x = x + c c - where the Xi's are the 

values in the distribution with mean X, 
and the Xi± C's are the values in the 
distribution with mean Xe· 

2 Multiplying or dividing each score in 
a distribution by a constant is equivalent 
to multiplying or dividing the mean of 
the distribution by the same constant. 
Thus the following formulas: 

(1) xc =ex 
or 

- x 
(2) Xe = C where the Xi's are the 

values in the distribution with mean x. 



X· 
and the CXi's or the iJ- 's are the 

values in the distribution with mean 
x c 

C Application 

Consider the application of the above 
definitions to the previously mentioned 
set of data, obtained from twelve deter
minations for chloride in water, shown 
in Table 1. 

1 Mode = 100 

Xn + Xn 
2 2 + 1 

2 Median = ------ = Xa + X 7 
2 

100 + 100 = = 100 
2 

3 Mean=~ 
n 

= 98 + 2 (99) + 4 (100) + 3 (101) + 2 (102) 
12 

:;: 100. 25 

4 A id in Calculation 

Consulting Table 1 and observing that 
the values are in the neighborhood of 
100 we might subtract 100 from each 
score and obtain the following distribution: 

Table 2 

Frequency Table 

Chloride (µg/ 1) 

-2 

Frequency 

1 

-1 2 

0 4 

3 

2 

x 
c 

Statistics for Chemists 

Denote the mean of the distribution in 
Table 1 by X . If we add 100 to each 
score in the distribution in Table 2, we 
obtain the scores in the distribution in 
Table l; likewise if we add 100 to the 
mean, X, of the dist£_ibution in Table 2, 
we obtain the mean, X , of the distri-
bution in Table 1. c 

Thus X = X + 100 
c 

X = L:X + 100 
c n 

= 1(-2) + 2(-1) + 4(0) + 3(1) + 2(2) + 100 
12 

x = • 25 + 100 .. 100. 25 
c 

IV MEASURES OF DISPERSION 

A Definitions 

1 Dispersion - spread or variability of 
observations in a distribution 

2 Range - the difference between the 
highest value and the lowest value 

R = max·- min 

3 Average deviation - the sum of the 
deviations of the values from their 
mean, without regard to sign, divided 
by the total number of data values (n) 

The formula for calculating the average 
deviation is: 

d = r;lx. - xi 
n 
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Statistics for Chemists 

4 Average deviation of the mean (D) -
the average deviation of individual 
data items from the mean (d) divided 
by the square root of the number of 
data items (n) 

The definition of the average deviation 
of the mean can be expressed by the 
formula: 

d 

D = .Jn 

5 Variance - the sum of the squares of 
the deviations of the values from their 
mean divided by the total number of 
data values (n) minus 1 

The definition of the variance can be 
expressed by the following formula: 

-2 
2:(Xi - X) 2 s = 

n - 1 

6 Standard deviation - the square root 
of the variance 

The definition of the standard deviation 
can be expressed by the following 
formula: 

-2 
.r.(Xi - X) 

n - 1 

However, the formula commonly used 
because of its adaptability to the hand 
calculator is the following: 

8 = 
n - 1 

where the re are 
n number of values. 

7 Standard deviation of the mean (S) - the 
standard deviation of individual data 
items (s) divided by the square root of 
the nwnber of data items (n) 

E3-4 

The definition of the standard 
deviation of the mean can be 
expressed by the formula: 

s = s 

8 Relative standard deviation - the 
standard deviation (s) expressed as 
a fraction of the mean, s 

x 
The relative standard deviation is 
often expressed as a percent. It is 
then referred to as the coefficient 
of variation (V): 

v = s x 100 = % 
x 

The relative standard deviation is 
particularly helpful when comparing 
the precision of a number of deter
minations on a given substance at 
different levels of concentration. 

B Aids in Calculation 

Application of the following statements 
can reduce errors and amount of time 
spent in calculating the variance or 
standard deviation of a distribution. 

1 Adding or subtracting a constant to or 
from each score in a distribution 
doesn't affect the variance or standard 
deviation of the distribution. 

Thus the following formulas: 

( 1) 

(2) 

B 2 = S2 
c 

s .. s 
c 

Where the Xi I 6 are the Values ~ 
the distribution with variance s 
and standard deviation s, and the 
Xi ! C's are the values in the 
distribution with variance s 2 
and standard deviation s . c c 



2 Multiplying or dividing each score in 
a distribution by a constant is equivalent 
to multiplying or dividing the variance 
of that distribution by the square of the 
same constant. 

Thus the following formulas: 

(1) 

(2) 

Where the Xi IS are the values in 
the distribution with variance s 2• 

and the c::x. 1s or the Xi 's are 
l -

the values in the distrlbution with 
variance sc 2 • 

3 Multiplying or dividing each score in a 
distribution by a constant is equivalent 
to multiplying or dividing the standard 
deviation of that distribution by the 
same constant. 

Thus the following formulas: 

(1) 
or 
(2) 

s "Cs c 
s s = -c c 

where the Xi's are the values in 
the distribution with standard 
deviation s, and the c::x1' s or the 

xi IS are the Values in the 
c 
distribution with standard 
deviation s . 

c 

C Application 

Consider the application of the above 
definitions to the previously mentioned 
set of data, obtained from twelve 
determinations for chloride in water, 
shown in II B, Table 1. 

1 Range= 102 -98 = 4 

2 

n -
1 

2 

4 

3 

2 
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Average deviation - d 

Xi 

98 

99 

100 

101 

102 

x = 100. 25 

_i::txt- XI d - -·--..:=----'-
n 

IXi- x' 
2. 25 

1. 25 

• 25 

• 75 

1. 75 

= 
11. 50 

12 

==;[IX;- xi 
n 

nlXi- XI 
2. 25 

2. 50 

I. 00 

2. 25 

3. 50 

11. 50 

:: • 96 

3 Average deviation of the mean -

d 
D = 

Using calculations from number 2, 

D a-2_ = 0, 96 = .2.:.l2. = O. 28 
.rn m 3.46 

. 2 l:(X·- X) 2 
4 Variance - s = 1

1 n-

n 

1 

2 

4 

3 

2 

Xi 
98 

99 

100 

101 

102 

Xi-X (Xi- X) 2 

-2.25 5.06 

-1.25 1.56 

- . 25 . 06 

+ • 75 • 56 

+l. 75 3. 06 

n(Xi- X) 2 

5.06 

3. 12 

• 24 

1. 68 

6. 12 

16. 22 

s 2 :: l: (Xi. X) 2 

n - 1 
= 

16. 22 
11 

= 1. 47 
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5 

n 

1 

2 

4 

3 

2 

s = 

E (~Xi) 
xi---

Standard deviation - s = 
. n 
n - 1 

~ nX· 
~ 

98 98 

99 198 

100 400 

101 303 

102 204 

1203 

2 
120617 -~ 

12 
11 

x2. 
:..:..._i 

nX2j 

9604 9604 

9801 19602 

10000 40000 

10201 30603 

10404 20808 

120617 

= 120617 - 120601 
-./ !.; 11 

s=Jtf = 1.21 

6 Aid in calculation 

n -
1 

2 

4 

3 

2 

2 s 
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Recalling that adding or subtracting a 
constant to each score in the distri
bution doesn't affect the variance or 
the standard deviation of the distribu
tion we can simplify the computations 
by first subtracting 100 from each 
score in the distribution, thus obtain
ing the frequency distribution shown 
in Table 2. 

Xi-C n(Xi-C) cxi-c>2 n<Xi-c)2 

-2 -2 4 4 

-1 -2 1 2 

0 0 0 0 

1 3 1 3 

2 4 4 8 

3 17 

2 {EX i)2 
EX1 - n = 

n - 1 

s • 

>.. 
0 
~ 
Q) 

g. 
Q) 
S.. 

J:r.c 

2 
17 _fil 

12 
11 

16.25 ·-11 
= 1, 48 

= 

7 Standard deviation of the mean -

s"" 
s 

l. 22 

Using calculations from number 6, 

s=....!...= .!.:..B.. 1. 22 = o.35 
Jn .Jn 3.46 

8 Relative standard deviation expressed 
as a percent (coefficient of variation) 

v .. ..!... x 100 
x 

Using calculations from number 6 for 
s = 1. 22 and from number 2 for 

x = 100. 25, 

Figure 2 
Normal Distribution Curve 

Qu~tity Measured 



v INTRODUCTION TO NORMAL 
DISTRIBUTION CURVE 

A Statistics deals with theoretical curves 
which are smoother than frequency 
po:cygons. obtained from experiments in 
real life. However, frequency distribu
tions or frequency polygons of experimental 
data often approximate a mathematical 
function called the "normal 11 distribution 

Statistics for Chemists 

As shown in Figure 3, the frequency polygon 
for the 12 determinations for chloride in 
water is a fairly good approximation of the 
normal curve. If. however, in the chloride 
determinations we had obtained 103 instead 
of 98 and 104 instead of 99 this distribution 
would not hav& been a good approximation of 
the normal curve, as is shown in Figure 4. 

curve. (See Figure 2) 
Figure 3 

4 

3 
>. 
u 
c 
Q) 

::s 2 O' 
Q) 

.... 
::x. 

1 

4 

3 
>. 
u 
c 
Q) 

::s 
O' 2 
Q) 
.... 
::x. 

1 

97 

Comparison of Normal Curve and Frequency Polygon 
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Comparison of Normal Curve and Frequency Polygon 
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B If a frequency distribution is a good 
approximation of the normal curve, we 
can use some facts about the normal 
curve to give us information about the 
frequency distribution. 

Figure 5 shows the normal distribution 
in terms of the population mean 1-1. and 
the standard deviation of the population 
a, and gives the percent of area under 
the curve between certain points. 

µ -30" 

4 

3 

2 

1 
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µ -211 

Figure 5 

Normal Distribution Curve 

µ -lu µ +lu 

Figure 6 

Frequency Distribution Polygon 
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We may check the distribution of sample 
data to see if it is a "normaltt distribution 
in the following manner. Substitute the 
value of the sample mean (X) for the value 
of the midline and substitute the value of 
the sample standard deviation (s) for the 
limits of the value spans where we might 
expect certain percentages of the data 
items to occur. Then we can check the 
number of data items which actually do 
occur within these value spans. 

Figure 6 demonstrates this application 
using the chloride data values from Table 1. 
The data values are marked on the hori
zontal line and the frequency of the 
occurrence of each value is marked on the 
vertical. The midline of the distribution 
is marked at the value of the sample mean 
Clt = 100, See Ill C 3). The value of the 
sample standard deviation ( s = 1. 21, See 
IV C 5) is used to mark value areas under 
the curve where different percentages of 
data values will probab];y occur. Thus, 
for the area X :t ls, X - ls = 98. 79 and 
X + 1 s = 101. 21. Therefore, according 
to the normal distribution curve shown in 
Figure 5, we might expect about 68% of the 
data items to have values between 99 and 
101. (The values are rounded to whole 
numbers since the data values are thus 
recorded). 

Consulting Table 1, we find that 7 5% or 9 
of the 12 data items have values in this 
range. This percentage is shown in 
Figure 6 by the frequency polygon for the 
data shown earlier in Figure 3. 

Likewise assuming a normal distribution, 
we would expect 95% of the observations 
to lie within ! 2 cr 1 s from the population 
mean. In fact, 100% of the observations 
were within! 2 s's from the sample mean. 

In both cases the observed percentages are 
reasonably close to the expected percentages. 
Other tests exist for determining whether 
or not a frequency distribution might 
reasonably be assumed to approximate 
the normal distribution. 

Statistics for Chemists 

It would be good to become as familiar as 
possible with the normal distribution since 
an underlying normal distribution is 
assumed for many statistical tests of 
hypothesis. 
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QUALITY CONTROL 

I. INTRODUCTION 

The purpose of the Safe Drinking Water Act is to assure the public of an 
adequate supply of safe water. To achieve this, maximum levels of certain 
contaminants were proposed along with the prescribed methodology for analyz
ing for these parameters. When a laboratory performs these analyses, the 
laboratory should practice quality control to assure that the results being 
reported are true values and not in error. 

Data developed from these examinations must be reliable and beyond reproach. 
The data can be used for making judgments on technical operations in water 
treatment or in legal actions involving public health hazards. For these 
reasons the U.S. Environmental Protection Agency in its Manual for the 
Interi_m_ CertHication of Laboratories Involved in AnalyzfnV-fublic Water 
Supplies has set down some required and some optional qual1ty control 
procedures. 

The entire section contained in the "Manual for Certification" document is 
considered as the minimum acceptable program on quality control that a 
laboratory can carry out and still expect reliable results. Most labora
tories will want to go beyond these minimum requirements and include more 
quality contra l . 

This outline will cover the minimum quality control procedures, then go 
into the optional portions and proceed further into some ideas not in the 
Manual for Certification document. The reasons for going further are to 
acquaint laboratory certification personnel with sufficient information 
to be able to evaluate whether the laboratory has complied with the mini
mum sections and allow the Certification Officer to recommend further 
procedures. The topic of quality control from all aspects in a laboratory 
is well covered in the ~an~book for -~-nalytical _g_LI_EJ_i_ty Control in vlater and 
Wastewater Laboratories produced by the EPA and available from the Office 
of Technology Transfer. The Certification Officer should keep in mind that 
technical assistance to the laboratory he is evaluating is of prime impor
tance because through this assistance he can upgrade the laboratory to 
produce better results. 

Assistance to state Certification Officers can be obtained from the regional 
certification authority, the Analytical Quality Control Officer in the region, 
or from Environmental Monitoring and Support Laboratory in Cincinnati, Ohio. 

The Quality Control section of the Criteria and Procedures document has been 
attached for the use of the trainee. 

II. QUALITY CONTROL FOR CHEMICAL ANALYSIS 

A. Minimum Requirements 

l. All quality control data must be available for inspection. 

CH.MET.con.8a.l0.78 
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2. Laboratory must analyze an unknown performance sample (when 
available) once per year for parameters measured. Results must 
be within the control limits established by EPA for each analysis 
for which the laboratory wishes to be certified. If problems 
arise, appropriate technical assistance will be provided, and a 
follow-up performance sample should be analyzed. 

3. Minimum Daily Quality Control 

a. After a standard reagent curve composed of a mln1mum of a reagent 
blank and three standards has been prepared, subsequent standard 
curves must be verified by use of at least a reagent blank and 
one standard at or near the MCL. Daily checks must be within + 10 
percent of original curve. -

b. If 20 or more samples per day are analyzed, the working standard 
curve must be verified by running an additional standard at or 
near the MCL every 20 samples. Checks must be within + 10 per
cent of original curve. 

B. Optional Requirements: The following quality control requirements are 
optional. 

l. Current service contract is in effect on all balances. 

2. Class S weights are available to make periodic checks on balances. 

3. Thermometer certified by the National Bureau of Standards (or one 
of equivalent accuracy) is available to check thermometers in ovens, 
etc. 

4. Color standards or their equivalent are available to verify wave
length settings on spectrophotometers. 

5. Chemicals dated upon receipt of shipment and replaced as needed or 
before shelf life has been exceeded. 

6. Criteria have been established for a laboratory analyzing supply 
samples other than its own: 

a. Laboratory should perform on a known reference sample (when 
available) once per quarter for the parameters measured. The 
measured value should be within the control limit established 
by EPA for each analysis for which the 1 abora tory wishes to be 
certified. 

b. At least one duplicate sample should be run every 10 samples, or 
with each set of samples, to verify precision of the method. 
Checks should be within the control limits established by EPA 
for each analysis for which the laboratory wished to be certified. 

c. Standard deviation should be calculated and documented for all 
measurements being conducted. 

d. Quality control charts or a tabulation of mean and standard 
deviation should be used to document validity of data on a 
daily basis. 



C. The Minimal Requirements 

1. All quality control data must be available for inspection. This 
statement assures the availability of the data. The person certifying 
the laboratory might wish to make use of these data to assure himself 
that the laboratory is practicing quality control and to what extent. 
After an amount of data have accumulated, it can serve as a record of 
a continuing type of quality control rather than a sporadic, hit or 
miss type. At any time, should there be questions on the reliability 
of any data, the quality control records will be available to show the 
reliability of the data produced during the time period in question. 

The guidelines for data reporting recommend that the records of chemical 
analyses should be kept by the laboratory for not less than three years. 
It would seem prudent that all quality control data be kept for a like 
period of time. 

Data required would include a record of the results of the yearly per
formance sample, a standard curve for each method the laboratory has been 
certified for, the records showing a check of this curve daily or each 
time the analysis is carried out. If the laboratory analyzes 20 or more 
samples per day, records should include the value of a standard run after 
every 20 samples. Again, this is for a minimal program and it would be 
well for laboratories to adopt at least the recommended procedures listed 
in the Manual for Certification document. 

2. Laboratory must perform on an unknown performance sample once per year 
for parameters measured. 

In a minimal program this yearly check sample would be the first 
external indication of a problem in a laboratory to the certifying 
authority. The required daily quality control data \oJould not be 
sent to the certifying authority. If unacceptable answers were 
obtained for one or more parameters, the laboratory would be asked to 
analyze a follow-up performance sample. If continued problems existed, 
the certifying authority could offer some form of technical assistance 
to rectify the problem. If the data is borderline or perhaps sporadic 
in nature, the Certifying Officer might wish to schedule his next visit 
at a time when the questionable analytical method is being performed. 

The principal state laboratory, as well as local laboratories, will be 
required to analyze an unknown performance sample. This sample will 
be provided by the regional authority which will certify that labora
tory in each state. The U.S. Environmental Protection Agency also 
plans to make available to states samples which can be used as per
formance samples for local laboratories which the state has responsi
bility for certifying. The performing laboratory will be given results 
of their analysis in terms of being within or out of the acceptable 
1 imits. 

Results must be within the control limits established by EPA for each 
analysis for which the laboratory wished to be certified. 

The laboratory will be informed if they have or have not complied with 
this requirement by the authority supplying the performance sample. 
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3. A standard curve must be prepared and kept for each parameter the 
laboratory analyzes for. This curve must be prepared with a minimum 
of blank and three standards. The references for the analytical methods 
will provide the laboratory with the range of the test. Good procedure 
would dictate choosing the three standards to cover this entire range. 
A high, low and mid-range standard would be best to run. In order to 
assure good coverage the laboratory should be encouraged to run more 
than the minimal requirements as listed above. A good recommended 
procedure is to prepare the initial curve with a blank and eight 
standards covering the entire range. 

If more than one analyst will run the same test, it would be wise to 
have each analyst check their procedural technique by checking the 
standard curve. 

After the initial curve has been established, it should be verified 
by the use of at least a reagent blank and one standard which has a 
concentration at or near the MCL of the contaminant. Again, the Certi
fication Officer should encourage more than the required minimum 
daily check. The reconmendation for good technique recommends a 
blank and two standards, one high and one low concentration. 

These required daily checks of the standard reagent curve should 
~e within ~ 10% of the original concentration value. For example, 
1f the MCL was 0.50, a standard at this level analyzed as an un-
known should fall between 0.55 and 0.45. If not, the analyst 
should check in the followinq order: 

a. Any variable instrument parameters 

b. Rerun check sample 

c. Prepare new standard 

d. Prepare all reagents fresh 

e. Check shelf life of chemicals 

f. Check instrument. 

If the value persists at the new value through all this, then the 
analyst should prepare a new standard curve. 

The laboratory Certification Officer should check to see if the 
daily records indicate that the curve has been checked (blank and 
l standard) and verified after each 20 samples with a standard run. 

D. Guidelines 

The following items are classed in the Criteria and Procedures document 
as recorrrnended. However, a certain amount of importance must be attached 
to each item. The committee preparing the document felt strongly enough 
about these items to keep them in the document. Corrmon laboratory 
practice would assure that these items be carried out. 



1. Current Service Contract on All Balances 

The analytical balance is of great importance in a laboratory. As 
reagents are weighed on this piece of equipment, care must be taken 
to assure that it is in good working order. The laboratory Certi
fication Officer should question the head chemist as to the existance 
of a service contract on the balances. Should the laboratory C~rti
fication Officer need additional information on proper care of a 
balance there is a section in the Handbook for Analytical Qualit~ 
Control in Water and Wastewater Laboratories. 

2. Class S Weights Available to Make Periodic Checks on Balances. 

This could be included as part of the routine service contract or 
a set purchased and shared with the bacteriological laboratory 
which will also have need for them. A very complete set of directions 
for checking the performance of a balance is contained in Part 30 of 
ASTM Standards. 

3. NBS - Certified Thermometer Available to Check Thermometers in Ovens, etc. 

Again this item could be a shared item between chemical and bacteriological 
laboratories. The Certification Officer could carry this item with him 
and provide this service to the smaller type laboratories. Since this 
item is only recormiended, the Certification Officer can only question 
if this thermometer is avaialble and used. 

4. Color Standard or Their Equivalent Available to Verify Wavelength 
Settings on Spectrophotometers. 

The spectrophotometer like the balance is a very important piece of 
laboratory equipment. The Certification Officers should make them
selves thoroughly aware of the proper techniques for care, use and 
calibration of a spectrophotometer. Again the Handbook for Analytical 
Quality Control is a good place to start. 

Spectrophotometers should be checked for wavelength alignment. If a 
particular colored solution is to be used at a closely specified wave
length, considerable loss of sensitivity can be encountered if the 
wavelength control is misaligned. In visual instruments, an excellent 
reference point is the maximum absorbance for a dilute solution of 
potassium permanganate, which has a dual peak at 526 mµ and 546 mµ. 
On inexpensive graphing instruments, which possess less resolution 
than the prism instruments, the permanganate peak appears at 525 to 
550 mµ as a single flat-topped spike. 

Another point that should be mentioned is the care and use of spectro
photometric absorption cells. If possible, the Certification Office 
should observe the techniques of the laboratory in the use of the 
cells. Good techniques here could indicate good technique in all 
the colorimetric procedures. 
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5. Chemical Dated Upon Receipt of Shipment and Replaced as Needed or 
When Shelf Life is Exceeded. 

It should not be necessary to store clean glassware or chemicals 
on bench tops. Floor length cabinets or above bench cabinets should 
be available for storage. Chemicals themselves should be of analytical 
reagent grade to assure good quality. Dating the chemical upon receipt 
will give the chief chemist an indication of the amounts to order and 
if the chemical can still be relied on to have its initial quality. 

6. Laboratories Analyzing Water Supply Samples Other Than Its Own 
Should Carry Out Additional Quality Control. This section covers 
additional optional items for the larger laboratories. 

a. Laboratory should perform on a known reference sample (when 
available) once per quarter for the parameters measured. 

Since the yearly known perfonnance sample will not indicate to 
the laboratory how well it is doing, other than pass or fail, 
a known sample will show how the laboratory compares in precision 
and accuracy to that given for the various methods. Analysis of 
the known sample will allow comparsion and show any trend of the 
quality control of the laboratory. These data should be available 
to the Certification Officer for inspection. 

This known quality control check sample should be available to 
the laboratory from the principal state laboratory. If not, a 
synthetic sample prepared by the head chemist can be used. This 
control can be a large sample from a natural source known to 
contain the constituents of concern or a synthetic sample prepared 
in the laboratory from chemicals of the highest purity grade. In 
either case, if the control is to be kept, it should be stabilized 
by addition of a suitable preservative. See the section on 
sampling for the choice of preservative. 

b. The measured value should be within the control limits established 
by EPA for each analysis for which the laboratory wishes to be 
certified. 

Precision data can be found in one or the other standard 
references. That is 

1) Standard Methods for the Examination of Water and Wastewater, 
13th Edition (1971). 

2) Manual of Methods for the Chemical Analysis of Water and Wastes, 
1974 Edition. 

These data have been accumulated in Table I. If this data does 
not fulfill the need of the Certification Officer, he rriay write to 
the U. S. Environmental Protection Agency, EMSL, Cincinnati, Ohio 
45268 and request additional information on accuracy and precision. 



c. At l~ast one duplicate sample should be run every 10 samples, 
or with each set of samples, to verify the precision of the 
method. Checks should be within the control limits established 
by EPA for each analysis for which the laboratory wishes to be 
certified. 

I~ order t? ~ocument that reproducible results are being obtained 
(1.e. prec1s1on of the method), it is necessary to run duplicate 
samples. Although the frequency of such replicate analysis is, 
by nature dependent on such factors as the original precision 
of the method, the reliability of the instrumentation involved 
and the experience of the analyst, good laboratory technique is 
to run duplicate analysis at least ten percent of the time. 
The resulting data should be within the control limits established 
by EPA. If the data do not agree, the system is not under con
trol, and results are subject to question. 

d. Standard deviation should be calculated and documented for all 
measurements being conducted. 

This calculation will provide the upper and lower control limits 
for the test. Analysts can then determine whether or not the 
data produced is acceptable. This data can be calculated on 
seven replicate determinations for initial comparsion. However, 
as additional determinations are performed, they should be added 
to existing data and the precision data recalculated. Twenty 
or more runs tend to present better statistical data. 

Standard deviation calculations should be determined for each 
analyst to carry out the analysis. However, the data should 
not be collected until the analyst is familiar with the pro
cedure. The concentration used to ca1culate the standard 
deviation should be at the level expected in the sample for those 
laboratories doing only their own water. For laboratories 
doing determinations other than their own supply it would be 
best to have the standard deviation calculated at several 
concentrations. However, for a minimal effort, the concentration 
should be chosen at or close to the maximum contaminant level 
for the parameter. 

In order to assure this data is collected, the standard run after 
each 20 samples could be at the concentration used to determine 
the standard deviation. This would produce a constant flow of 
this data for inclusion in future updates of the standard devia
tion calculation. 

e. Quality control charts or a tabulation of mean and standard 
deviation should be used to document the validity of data on 
a daily basis. 

If the upper and lower control limits of± 2 standard deviations 
are calculated, the analyst will have some idea as to the 
acceptability of each determination as the results are obtained. 
When outliers are found the analyst can reschedule these for 
analysis to assure themselves of the result before action is 
taken to call for a resample of the supply. 
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Production of qual;ty control charts and subsequent graphing 
of the charts of data obtained in the laboratory will give 
pictorial representation of the control of the method. Ten
dencies toward one or the other control limit will indicate 
loss of control of the method. 

How to produce quality control charts and a discussion of these 
statistical tools is covered in the Basic Statistics outline 
and in the Handbook for Analytical Quality Control in Water and 
Wastewater Laboratories. 



TABLE I 

Relative 
Maximum Standard 1 Standard 
Contaminant Cone. Deviation Deviation 
_Le_v_e_l~µ~g~/_l~~P_a_r_am_e_t_e_rs~- J::_~_S _____ µ~g_/_1~~-R_S_Dr_o~~~~Re_f_e_re_n_c_e~~~~~~-

50 

1000 

10 

50 

50 

2 

10 

50 

10,000 

Arsenic 
(Gaseous Hy
dride) 

Barium 
(Standard 
cond.) 

Cadmium 
(Extracted) 

Chromium 
(Standard 
cond.) 

Lead 
(Extracted) 

Mercury 
(Flameless 

AA Inst.) 

Selenium 
(Gaseous Hy
dride) 

Silver 
(Standard 
cond.) 

Nitrate 
(Brucine) 

Cadmium Red 

Varies with Fluoride 
Temperature (SPADNS 

with 
Disti1) 

Electrode 

20.0 + 1. 1 
10.0 

40.0 
1000 

500 

10 
50 

74 
50 
50 

50 
50 

43 

29 

3.4 1 .49 
0.4 

l 0 1.1 
10 

50 

5000 

1040 
5000 

570 
570 

750 
900 
750 

10 

130 

36 

6.0 

8.9 
10.0 

72.8 
43.8 

26.4 
26.4 

23.5 
23.5 

21.2 

11.0 

17.5 

15.4 

9.2 

17.2 

4.8 
2.9 

E.P.A. Methods - 95 
Std. Methods (14th) 1462 

E.P.A. Methods - 98 
Std. Methods (13th) 215 
Std. Methods (14th) 146 

Std. Methods (13th) 213 
Std. Methods (14th) 148 

E.P.A. Methods - 106 
Std. Methods (13th) 215 
Std. Methods (14th) 146 

Std. Methods (13th) 
Std. Methods (14th) 

E.P.A. Methods - 125 
Std. Methods (14th) 

E.P.A. Methods 
Std. Methods (14th) 

Std. Methods (13th) 

Std. Methods (13th) 

E.P.A. Methods - 206 
Std. Methods (13th) 464 

Std. Methods (13th) 
E.P.A. Methods - 59 

Std. Methods (13th) 
Std. Methods (13th) 
E.P.A. Methods -67 

1 Where more than one concentration and Standard Deviation is given in the same 
reference the closest to the maximum contaminant level has been given. 

2 Although not an official reference, data included here. 
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III. SUMMARY 

E4-10 

lhe quality control items in the Criteria and Procedures document identify a 
minimal effort for all types of laboratories. Since quality control is for 
the benefit of the laboratory in assuring valid data, it would seem wise for 
all laboratories to practice a good deal more quality control than set down 
in the Criteria Procedures document. 

This section has discussed the quality control steps to be taken to assure 
proper analytical performance in the laboratory. However, a complete picture 
of quality control would include adherence to proper sampling techniques, in
cluding collection, preservation and handiing; use of acceptable methods, and 
proper reporting of data to be considered. It must be recognized \and practiced), 
however~ that quality control begins with collection and does not end until 
resulting data are reported. 



LABORATORY SAFETY PRACTICES 

I INTRODUCTION 

A Safe Use,. Handling and Storage of Chemicals 

1 Chemicals in any form can be safely 
stored, handled, and used if their 
hazardous physical and chemical 
properties are fully understood and the 
necessary precautions, including the 
use of proper safeguards and personal 
protective equipment are observed. 

2 The management of every unit within a 
manufacturing establishment must give 
wholehearted support to a well integrated 
safety policy. 

B General Rules for Laboratory Safety 

1 Supervisory personnel should think 
"safety. " Their attitude toward fire 
and safety standard practices is reflected 
in the behavior of their entire staff. 

2 A safety program is only as strong as 
the worker's will to do the correct 
things at the right time. 

3 The fundamental weakness of most 
safety programs lies in too much lip 
service to safety rules and not enough 
action in putting them into practice. 

4 Safety practices should be practical and 
enforceable. 

5 Accident prevention is based on certain 
common standards of education, training 
of personnel and provision of safeguards 
against accidents. 

ll LABORATORY DESIGN AND EQUIPMENT 

A Type of Construction 

1 Fire-resistant or noncombustible 

2 Multiple story buildings should have 
adequate means of exit. 

PC. SA. lab. I. 11. 77 

3 Stairways enclosed with brick or 
concrete walls 

4 Laboratories should have adequate exit 
doors to permit quick, safe escape in 
an emergency and to protect the 
occupants from fires or accidents in 
adjoining rooms. Each room should be 
checked to make sure there is no 
chance of a person being trapped by 
fire, explosions, or release of dangerous 
gases. 

5 Laboratory rooms in which most of the 
work is carried out with flammable 
liquids or gases should be provided 
with explosion-venting windows. 

B A rrangeinent of Furniture and Equipment 

1 Furniture should be arranged for 
maximum utilization of available space 
and should provide working conditions 
that are efficient and safe. 

2 Aisles between benches should be at 
least 4 feet wide to provide adequate 
room for passage of personnel and 
equipment. 

3 Desks should be isolated from benches 
or adequately protected. 

4 Every laboratory should have an eye
wash station and a safety shower. 

C Hoods and Ventilation 

1 Adequate hood facilities should be 
installed where work with highly toxic 
or highly flammable materials are used. 

2 Hoods should be ventilated separately 
and the exhaust should be terminated 
at a safe distance from the building, 

3 Make-up air should be supplied to 
rooms or to hoods to replace the 
quantity of air exhausted through the 
hoods. 
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4 Hood ventilation systems are best 
designed to have an air flow of not less 
than 60 linear feet per minute across 
.the face of the hood, with all doors open 
and 150, if toxic materials are lnvolved. 

5 Exhaust fans should be spa'rk-proof if 
exhausting flammable vapors and 
corrosive resistant if handling corrosive 
fumes. 

6 Controls for all services should be 
located at the front of the hood and 
should be operable when the hood door 
is closed, 

7 All laboratory rooms should have the 
air changed continuously at a rate 
depending on the materials being 
handled, 

D Electrical Services 

1 Electrical outlets should be placed 
outside of hoods to afford easy access 
and thus protect them from spills and 
corrosion by gases. 

2 Noninterchangeable plugs should be 
provided for multiple electrical services. 

3 Adequate outlets should be provided and 
should be of the three-pole type to 
provide for adequate grounding. 

E Storage 

1 Laboratories should provide for adequate 
storage space for mechanical equipment 
and glassware which will be used 
regularly. 

2 Flammable solvents should not be stored 
in glass bottles over one liter in size. 
Large quantities should be stored in 
metal safety cans. Quantities requiring 
containers larger than one gallon should 
be stored outside the laboratory. 

3 Explosion proof refrigerators should be 
used for the storage of highly volatile 
and flammable solvents. 
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4 Cylinders of compressed or liquified 
gases should not be stored in the 
laboratory. 

F Housekeeping 

1 Housekeeping plays an important role 
in reducing the frequency of laboratory 
accidents. Rooms should be kept in a 
neat orderly condition. Floors, shelves, 
and tables should be kept free from 
dirt and from all apparatus and chemi
cals not in use. 

2 A cluttered laboratory is a dangerous 
place to work. Maintenance of a clean 
and orderly work space is indicative of 
interest, personal pride, and safety
mindedness. 

3 Passageways should be kept clear to all 
building exits and stairways. 

4 Metal containers should be provided for 
the disposal of broken glassware and 
should be properly labeled. 

5 Separate approved waste disposal cans, 
should be provided for the disposal of 
waste chemicals. 

6 Flammable liquids not miscible with 
water and corrosive materials, or 
compounds which are likely to give off 
toxic vapors should never be poured 
into the sink. 

G Fire Protection 

1 laboratory personnel should be 
adequately trained regarding pertinent 
fire hazards associated with their work. 

2 Personnel should know rules of fire 
prevention and methods of combating 
fires. 

3 Fire extinguishers (C0
2 

type) should 
be provided at convenient locations and 
personnel should be instructed in their 
use. 

4 Automatic sprinkler systems are 
effective for the control of fires in 
chemical laboratories. 



H Alarms 

l An approved fire alarm system should 
be provided. 

2 Wherever a hazard of accidental release 
of toxic gases exists, a gas alarm 
system to warn occupants to evacuate 
the building should be provided. 

3 Gas masks of oxygen or compressed air 
type should be located near exits and 
selected personnel trained to use them. 

III HANDLING GLASSWARE 

A Receiving, Inspection and Storage 

l Packages containing glassware should 
be opened and inspected for cracked or 
nicked pieces, pieces with flaws that 
may become cracked in use, and badly 
shaped pieces. 

2 ·Glassware should be stored on well
lighted stockroom shelves designed and 
having a coping of sufficient height 
around the edges to prevent the pieces 
from falling off. 

B Laboratory Practice 

1 Select glassware that is designed for the 
type of work planned. 

2 To cut glass tubing or a rod, make a 
straight clean cut with a cutter or file 
at the point where the piece is to be 
severed. Place a towel over the piece 
to protect the hands and fingers, then 
break away from the body. 

3 Large size tubing is cut by means of a 
heated nichrome wire looped around the 
piece at the point of severance. 

4 When it is necessary to insert a piece 
of glass tubing or a rod through a 
perforated rubber or cork stopper, 
select the correct bore so that the 
insertion can be made without excessive 
strain. 

IV 

Laboratory Safety Practice_?_ 

5 Use electric mantels for heating 
distillation apparatus, etc. 

6 To remove glass splinters, use a 
whisk broom and a dustpan. Very 
small pieces can be picked up with a 
large piece of wet cotton. 

GASES AND FLAMMABLE SOLVENTS 

A Gas Cylinders 

l Large cylinders must be securely 
fastened so that they cannot be dis
lodged or tipped in any direction. 

2 Connections, gauges, regulators or 
fittings used with other cylinders must 
not be interchanged with oxygen 
cylinder fittings because of the possi
bility of fire or explosion from a 
reaction between oxygen and residual 
oil in the fitting. 

3 Return empty cylinders promptly with 
protective caps replaced, 

B Flammable Solvents 

1 Store in designated areas well 
ventilated. 

2 Flash point of a liquid is the temperature 
at which it gives off vapor sufficient to 
form an ignitible mixture with the air 
near the surface of the liquid or within 
the vessel used. 

3 Ignition temperature of a substance is 
the minimum temperature required to 
initiate or cause self-sustained com
bustion independently of the heating or 
heated element. 

4 Explosive or flammable limits. For 
most flammable liquids, gases and 
solids there is a minimum concentration 
of vapor in air or oxygen below which 
propagation of flame does not occur on 
contact with a source of ignition. 
There is also a maximum proportion of 
vapor or gas in air above which 
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propagation of flame does not occur. 
These limit mixtures of vapor or gas 
with ?ir, which if ignited will just 
propagate flame, are known as the 
"lower and higher explosiv.e or flammable 
limits. 11 

5 Explosive Range. The difference 
between the lower and higher explosive 
or flammable limits, expressed in 

-'terms of percentage of vapor or gas in 
air by volume is known as the "explosive 
range." 

6 Vapor Density is the relative density 
of the vapor as compared with air. 

7 Underwriter's Laboratories Classification 
is a standard cf.assification for grading 
the relative hazard of the various 
flammable liquids. This classification 
is based on the following scale: 

Ether Class .••••••.••. 100 

Gasoline Class ••••••.•• 90 - 100 

Alcohol (ethyl) Class .••• 60 - 70 

Kerosene Class •.••.••. 30 - 40 

Paraffin Oil Class .•.••• 10 - 20 

8 Extinguishing agents 

V CHEMICAL HAZARDS 

A Acids and Alkalies 

1 Some of the most hazardous chemicals 
are the "strong" or "mineral" acids 
such as hydrochloric, hydrofluoric, 
sulfuric and nitric. 

2 Organic acids are less hazardous 
because of their comparatively low 
ionization potentials. However, such 
acids as phenol (carbolic acid), 
hydrocyanic and oxalic are extremely 
hazardous because of their toxic 
properties. 

3 Classification of acids 

E 5-4 

B Oxidizing Materials 

1 Such oxidizing agents as chlorates, 
peroxides, perchlorates and perchloric 
acid, in contact with organic matter 
can cause explosions and fire. 

2 They are exothermic and decompose 
rapidly, liberating oxygen which reacts 
with organic compounds. 

3 Typical hazardous oxidizing agents are: 

Chlorine Dioxide 
Sodium Chlorate 
Potassium Chromate 
Chromium Trioxide 
Perchloric Acid 

C Explosive Power 

1 Many chemicals are explosive or form 
compounds that are explosive and 
should be treated accordingly. 

2 A few of the more common examples 
of this class of hazardous materials are: 

Acetylides 
Silver Fulminate 
Peroxides 
Peracetic Acid 
Nitroglycerine 
Picric Acid 
Chlorine and Ethylene 
Sodiwn Metal 
Calcium Carbide 

D Toxicity 

1 laboratory chemicals improperly 
stored or handled can cause injury to 
personnel by virtue of their toxicity. 

2 Types of exposure. There are four 
types of exposure to chemicals: 

a Contact with the skin and eyes 

b Inhalation 

c Swallowing 

d Injection 



VI PREc.A UTIONARY MEASURES 

A Clothing and Personal Protective Equipment 

1 ·chemical laboratories should have 
special protective clothing and equipment 
readily available for emei:gency use and 
for secondary protection of personnel 
working with hazardous materials. 

2 Equipment should be provided for adequate: 

a Eye protection 

b Body protection 

c Respiratory protection 

d Foot protection 

e Hand protection 

B Bodily Injury 

1 Burns, eye injuries, and poisoning are 
the injuries with which laboratory 
people must be most concerned. 

2 First emphasis in the laboratory 
should be on preventing accidents. 
This means observing all recognized 
safe practices using necessary personal 
protective equipment and exercising 
proper control over poisonous sub
stances at the source of exposure. 

3 So that a physician can be summoned 
promptly, every laboratory should have 
posted the names, telephone numbers, 
and addresses of doctors to be called 
in an emergency requiring medical care. 

REFERENCES 

Guide for Safety in the Chemical l .aboratory, 
the General Safety Committee of the 
Manufacturing Chemists Association, Inc. , 
Van N<;>strand, New York ( 1954). 

This outline was prepared by Paul F. Hallbach, 
Chemist, National Training and Operational 
Technology Center, MOTD, OWPO, USEPA, 
Cincinnati. Ohio 45268 

Descriptors: Safety, Laboratory, Practices 
Safety, Laboratory Design Chemical Storage, 
Gas Cylinders, Flammable Solvents 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for 

DETERMINATION OF SILVER (Ag+) 

as applied in 

WATER AND WASTEWATER TREATMENT FACILITIES 

and in the 

MONITORING OF EFFLUENT WASTEWATERS 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH.ME.ag. lab.~~MP. l .11. 77 
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WATER MONITORING PROCEDURE: Determination of Ag+ 

1. Analysis Objective: 

To determine the silver concentration of a water sample. 

2. Brief Description of Analysis: 

The sample is digested with concentrated nitric acid and evaporated to 
dryness. The residue is treated with hydrochloric acid, silicates and 
other insoluble material are removed by filtration and the sample is 
analyzed for the total metal of interest by atomic absorption spectro
photometry. 

3. Applicability of this Procedure: 

The method works for both potable and wastewater. 

a. Range of Concentration - The method is recoll111ended for use in the 
range of 0. 1 to 4.0 mg/l. The detection limit is 0.01 mg/l. 

b. Pretreatment of Sample - Digestion in acid pH to assure solubilization -
See Section A. 

c. Treatment of Interferences in the Sample - None listed for these 
conditions. 

Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Environmental tt>nitoring and Support Laboratory, 
Cincinnati, Ohio, p. 146 
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ltlATER MONITORING PROCEDURE: Determination of Ag+ 

Operating Procedures: 

A. Sample Digestion 

B. Reagent Preparation 

C. Instrument Calibration 

D. Instrumental Analysis 

E. Calculations 
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WATER MONITORING PROCEDURE: Determination of Ag+ 

General Description of Equipment and Supplies Used in the Process 

A. Capital Equipment 

1. Balance, analytical - sensitivity 0.1 milligram 
2. Atomic absorption spectrophotometer and recorder 
3. pH meter 
4 . Hot p 1 ate , 11 0 V 

8. Reusable Supplies 

1. Flasks, volumetric, 100 ml, 1000 ml 
2. Pipets, volumetric, 50 ml, 3 ml, 1 ml 
3. Reagent bottles, glass with glass stopper 
4. Anion and cation exchange resin cartridges 
5. Beakers, 150 ml 
6. pH paper 
7. l~atch glass 
8. Funnel, 80 mm diameter 
9. Ring stand and 3 inch ring 

10. Graduated cylinders 100, 50, 10 ml 

C. Consumable Supplies 

1. Reagents 

Silver Nitrate (analytical reagent grade} 
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WATER MONITORING PROCEDURE: Determination of Ag+ 
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OPERATI~G PRCCEDURES 

A. Sample Digestion 
for Total Silver 

B. Reagent Preparation 
1. Deionized 

Dist i 11 ed Water 

STEP SECUENCE l~FORMATION/OPERATI~G GOALS/SPECIFICATIONS 

1. Transfer 100 ml of sample la. Use a 100 ml graduated cylinder 
into a clean 150 ml beaker 

2. Check the pH using 
pH paoer 

3. Add 5.0 ml of 1:1 
hydrochloric acid (HCl) 

4. Place the beaker on a hot 
plate 

5. Heat at 95° C for 15 min 

6. Relll)ve the beaker from the 
hot plate. Allow it to 
cool to room temperature 

2a. The pH should be 2.0. If the sample was not 
acidified upon collection, add 1:1 nitric acid 
dropwise until the pH is adjusted to 2.0 

3a. Use a 5 ml pipet. Use a rubber bulb on the pipet 

4a. Adjust the hot plate for medium heat 

5a. Make certain that the sample does not boil 

7. Wash down the beaker walls 7a. Use a plastic wash bottle 
with distilled water 

8. Filter the sample through 
Whatman #42 filter paper 
into a clean 100 ml 
volumetric cylinder 

9. Dilute the volume to 100 
ml with distilled water 

l. Prepare by passing 
distilled water through a 
mixed bed of cation and 
anion exchange resions 

la. Use deionized distilled water for the preparation 
of all reagents, calibration standards and as 
dilution water. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Ag+ 

OPERATING PF\CCEDURES 

B. Reagent Preparation 
(Continued) 
2. Nitric Acid 

Concentrated 
{HN0

3
) 

3. Hydrochloric Acid 
(HCl) l:l 

4. S i1 ver Stock 
Standard Solution 

5. Fuel and Oxidant 

STEP SE.Q:..:ENcr 

1. Corrrnercially available 
reagent grade 

INFORMATIO~/OFERATING GOALS/SPECIFICATIONS 

l. Prepare a 1:1 solution of la. Use a 50 ml graduate 
reagent grade hydrochloric 
acid by adding 25 ml of 
conmercially available 
reagent grade hydrochloric 
acid to 25 ml of deionized 
water 

1. Carefully weigh l.575 la. Use a plastic weighing boat and an analytical 
grams of silver nitrate balance 
(analytical reagent grade) 
on an analytical balance 

2. Transfer into a 1000 ml 2a. Use a powder funnel 
volumetric flask 2b. Use a plastic wash bottle to rinse the weighing 

boat and funnel into the fl ask 

3. Dissolve in distilled 
water 

4. Add 10 ml concentrated 4a. Use a graduate cylinder 
nitric acid 4b. Use caution with the acid 

5. Dilute to mark with 
distilled water 5a. One ml equals l mg Ag+(lOOO mg/liter} 

l. Commercial grade acetylene 
is generally acceptable 
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WATER MONITORING PROCEDURE: Determination of Ag+ 

OPERATING P~CCEDURES STEF SEQUf:r,cr I :iFORMA Tl ON/OFERAT I ~G GOALS/SPECIFICATIONS 

B. Reagent Preparation 
(Continued) 

2. Air may be supplied from a 2a. Caution: Air supply must be free from oil 
compressed air line, a or other contaminants 
laboratory compressor. or 
from a cylinder of 
commercial air. 

C. Instrument Calibration 1. Turn on air supply 

2. Turn on acetylene supply 

3. Turn on instrument and 
ignite flame 

4. Turn on power to hollow 
cathode lamp 

5. Select wave length for 
appropriate metal 

6. Prepare a series of stand
ard solutions for silver 
as follows: 

Silver 
Transfer 1.0 ml of stock 
silver solution into a 
100 ml volumetric flask 
and dilute to the mark 
with deionized distilled 
water and shake well 

3a. See instruction manual for your particular 
ins tn1nent 

4a. Select lamp for proper metal analysis 

5a. Silver (328. 1 nm) 
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WATER MONITORING PROCEDURE: Determination of Ag+ 

OPERATING P~CCEDURlS STEP SEQUE"~Cl Ir:FORMAT IO~/OPERAT I NG GOALS/ SPECIF I CA TIO~iS TRAINING 
GUIDE NOTES 

c. Instrument Calibration 6. Continued 
(Continued) 

Transfer 0.0. 0.2, 0.4, Use a l ml micro pi pet graduated in 0.1 ml 
0.6, 0.8, and 1.0 ml of th 
diluted standard solution 
into each of six 100 ml 
volumetric flasks re-
spectively. Dilute to the 
mark with deionized dis-
tilled water and shake wel . 
The concentration of these 
solutions will be 0.00, 
0.02, 0.04, 0.06, 0.08, anc 
0.10 mg/l respectively 

7. Ignite flame and aspirate 
standard solutions into 
the flame 

8. Prepare a calibration curv1 Sa. Record the response on a recorder or use the 
by plotting the concentra- readout provided on the instrument 
tion of the respective 
metals against the respons1 
for each concentration 

··-

D. Instrumental Analysis 1. Aspirate the unknown solu- 1 a. Flame characteristics and instrumental settings 
tion into the instrument should be the same for standards and unknowns. 
inwnediately following the 
aspiration of the standard• 

2. Record the response 
- --------------- ~---- ----- ----------- -
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WATER MONITORING PROCEDURE: Determination of Ag+ E6-10 

-
OPERATING PhCCEDURES STEP SEQUEl~CE l~FOPMATION/OPERATJ~G GOALS/SPECIFICATIONS 

TRAINING 
GUlDE NOTES 

E. Ca 1cul ati ons 1. Determine the concen-
tration of the metal in thE 
sample by substituting the 
observed instrumental re-
sponse on the appropriate 
calibration curve. 

--- ---- _________ .. ___ .. -- -- ------ ____ ... __ 

• 



A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF TOTAL CADMIUM, CHROMIUM AND 
LEAD SY ATOMIC ABSORPTION 

as applied in 

WATER TREATMENT PLANTS 
and in the 

MONITORING OF DISTRIBUTION SYSTEMS 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH.ME.lab.WMP.la.4.80 
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WATER MONITORING PROCEDURE: Detennination of Total Cadmium, Chromium and 
Lead by Atomic Absorption 

1. Analysis Objectives: 

The user of the attached procedure will detennine the cadmium, chromium 
and lead content of a drinking water sample, including sample preparation 
and atomic absorption. 

2. Brief Description of Analysis 

If suspended or settleable matter is present, the sample is treated with 
acid and heat to assure complete solubilization of metals. To detennine 
total chromium, trivalent chromium is oxidized to the hexavalent fcnn. 
The ~tals are chelated and extracted with pyrrolidine dithiocarbamic 
acid (POCA) in chlorofonn. An acidified water solution of the metals 
is aspirated into an atomic absorption spectrophotometer. 

3. Applicability of the Procedure: 

a. Range of concentration: 

This procedure should be carried out if the concentrations in the 
sample are below: 

0. 020 _ _!!!9/l _fQr . . <;~_cl111iy_m -----· 
o~-050 mg/l for chromium 
0. 200 mg/ 1 . f or-iead ___ . - -

b. Pretreatment of samples: 

This is covered in the procedure. Generally it is to lower the pH of 
the sample to below pH 2 with nitric acid for preservation. A solubiliza
tion procedure for 11 total" metals if particulates are in the sample 
is also covered. 

c. Treatment of interferences in samples: 

The method contains steps to remove interferences, i.e., chelation 
and extraction. A section about interferences to atomic absorption 
spectrophotometry {chemical, dissolved solids, ionization and 
spectral) can be found in the Source of Procedure.* 

*Source of Procedure: Methods for Chemical Analysis of ~ater and Wastes, 1974 
and 1979, U.S. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio 45268, Metals (Atomic Absorption Methods). 
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WATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromium and 
Lead by Atomic Absorption 

A. Glassware Preparation 

B. Sample Preservation and Handling 

c. Reagent Preparation 

D. Instrument Set-up 

E. Solubil ization for "Tota 1 " :-1eta 1 s (If necessary) 

F. Preparation of Standard Dilutions 

G. Oxidation for Total Chromium 

H. Extraction of Metals 

I. Instrument Calibration 

J. Calculations 

K. Instrument Shut-Dcwn 

L. Maintenance 



WATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromium and 
Lead by Atomic Absorption 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Atomic absorption spectrophotometer: Any col'l1!1ercial atomic absorption 
instrument having an energy source, an atomizer burner system, a 
monochromator, and a detector is suitable 

2. Balance, analytical with a 0.1 milligram sensitivity 
3. Hollow cathode lamps - cadmium, chromium, lead 
4. Hot plate, capable of holding at least ten 250 ml beakers 
5. pH meter with single, combination electrode - optional for pH adjustment 
6. Pressure regulator valves: 

a. Two stage regulator designed to deliver acetylene with an 
inlet CGA 510 connector 

b. Two stage regulator designed to deliver air with an inlet 
CGA 1340 connector 

7. Recorder: One compatible with the electronics of the atomic 
absorption instrument is acceptable 

8. Steam bath for up to 9 - 100 ml beakers or 250 ml beakers 
(sample, spike, duplicate, standards). Required if chromium is to 
determined. 

9. Still - borosilicate glass distillation apparatus or another source 
of good distilled water 

10. Stop watch 

B. Reusable Supplies: 

1. 18 or 36 beakers, 9 or 18 - 100 ml, 9 - 250 ml size, graduated, 
(sample, spike, duplicate, standards) 

2. Six dropper bottles - 100 ml size, 2 brown glass, 4 clear 
3. Eight Reagent bottles - 4 clear glass, 1000 ml capacity, 

one brown glass, 1000 ml, three clear glass, 100 ml 
4. Cylinders - graduated 

1 500 ml 
1 250 ml 
2 100 ~ 
1 25 or 50 ml 
1 10 ml 

9 or 18 10 ml stoppered, wide base (sample, spike, duplicate, standard) 
5. Flask, volumetric, glass stoppered 

1 1000 ml 
1 100 ml 

6. Funnel, very small to filter 365 ml, glass 
1 (sample, spike, duplicate, standard) 

7. Funnel, separatory, glass stoppered, teflon stopcock, 250 ml, 
1,9, or 18 (sample, spike, duplicate, standards) 

8. Pipets, graduated, mohr type 
1 5 ml 
2 10 ml 
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WATER MONITORING PROCEDURE: Determination of Total Cadmuim, Chromium and 
Lead by Atomic Absorption 

8. Volumetric type (continued} 
4 1 ml 
2 2 ml 
1 3 ml 
4 5 ml 
5 10 ml 
1 20 ml 

9. Instrument and manufacturer 1 s operation manual 
10. Safety glasses -- -
11. Separatory funnel rack 
12. Wash bottle, plastic, squeeze type 
13. Watch glasses, 3 (sample, spike, duplicate), 3.5 inches in diameter 

C. Consumable: 
1. Deionizing column - mixed bed type 
2. Gases 

Fuel, acetylene (c
3

H,) - for use with the atomic absorption instrument, 
purified grade, 38 ~f, CGA 510 
Oxidant, air - for use with the atomic absorption instrument, 
dry grade, 2200 cf, CGA size 1340 

3. Filter paper - Whatman #40 
4. Plastic weighing boats - about 12 
5. Labels 
6. Marking pencil 
7. Reagents 

Anmonium hydroxide 
Nitric acid 
Hydrochloric acid 
Cadmium sulfate (3 CdS04·8H2o) 
Chromium trioxide 
lead nitrate 
Potassium pennanganate 
Pyrrolidine dithiocarbamic acid* 
Carbon disulfide -
Chlorofonn 
Sodium azide 
for pH adjustment - only if the indicator is to be used: 

95% ethyl alcohol 
Bromophenol blue 

*Available from Aldrich Chemical Co., 940 West St. Paul Avenue, 
Milwaukee, Wisconsin, 53233 (414/273-3850). 



HATER MUIHTOl\ING PROCEDURf: Determination of Total Cadmium, Chrom1um and Lead by 
Atomic Absorption 

OPERATING PROCEDURES 

A. Glassware Preparation 

8. Sample Preservation 
and Handling 

STEP SEQUENCE 

1. Wash in tap water with 
detergent and brush. 

2. Rinse well with tap water. 
3. Rinse with 1:1 nitric acid. 
4. Rinse well with tap water. 
5. Rinse with 1:1 hydrochloric 

acid. 
6. Rinse well with tap water. 
7. Rinse well with deionized 

distilled water. 
8. If possible, reserve all 

glassware used in metal 
analyses for that purpose 
only. 

la. 
lb. 
le. 

2a. 

INFORMATION/OPERATING GOALS/SPEClFICATIONS 

Do not use chromic acid to clean this glassware. 
This procedure also applies to sample containers. 
Quality control checks may verify that some of 
these cleaning steps are not necessary. 
Remove all detergent. 

8a. Contamination from other reagents is less likely 
this way. 

1. Collect at least a 1 liter la. A quart sample container may be used. 
sample. lb. 

2. Add 5 ml of concentrated 
nitric acid per liter 
of sample. 

2a. 
2b. 

2c. 

The sample container should have been cleaned 
using the procedure above. 
The pH must be less than 2. 
The nitric acid should be checked for metals 
content before use. 
More acid may be necessary for samples with 
higher total dissolved solids. 

3. The sample may be kept for 3a. Good practice would dictate analysis of a sample 
6 months before analysis. as soon after collection as possible. 

E7-7 

TRAINING 
GUIDE NOTES 

1 



WATER MOfHTOl\ING PROCEDURE: Detennination of Tota 1 Cadmium. Chromium and Lead by 
Atomic Absorption 

E7-8 

OPERATING PROCEDURES 

C. Reagent Preparation 
1. Deionized 

Distilled Water 

2. Nitric Acid. 
Concentrated 

STEP SEQUENCE 

1. Prepare approximately ten 
(IO) liters of deionized 
distilled water. 

1. No preparation is necessary 
if metals of interest are 
absent. 

2. Pour acid into a 100 ml 
dropper bott 1 e. 

3. Nitric Acid (1:1) 1. Add 50 ml of water to a 
100 ml graduated cylinder. 

2. Add 50 ml of concentrated 
nitric acid to the same 
graduated cylinder. 

3. Allow to cool. 
4. Transfer into tightly

stoppered bottle for 
storage. 

5. Label bottle 1:1 nitric 
acid. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Prepare by passing distilled water through a 
mixed bed of cation and anion exchange resins. 

lb. Use deionized distilled water for preparation 
of all standards. reagents and dilutions and 
also for the washing of equipment. 

la. Run a reagent blank to check purity. If results 
show necessity, remove impurities by distilling 
1:1 acid in an all glass (borosilicate) still. The 
redistilled acid (68.0%) 1s essentially as 
concentrated as non-redistilled (69.0 - 71.0%) 
acid. 

la. Deionized distilled water. 

2a. Caution: Do not reverse this order of addition. 
2b. Use safety glasses. 
2c. Heat may be generated. 
2d. Prepare in a well-ventilated area. 
2e. Larger amounts may be prepared. Use equal 

amounts of water and acid. 

4. Hydrochloric Add, 1. No preparation is necessary la. Run a reagent blank to check purity. If 
necessary, remove impurities by distilling 1:1 
acid in an all glass (borosilicate) still. The 
resulting redistilled acid is 20.2% HCl (~6N) 
in contrast to the usual 36.5-38% (-12N) 
reagent grade acid. 

Concentrated if metals of interest are 
absent. 

TRAINING 
GUIDE NOTES 



WATER MUIHTOl\INl:i t't<ULtUlmt.: uecen11111a1..1u11 u1 1u1.a1 "au1111u111, ...... ..., ............. _ ---- _,, 

Atom1c Absorption 

>PERATING P~OCEOURES 

C. Reagent Preparation 
(Continued) 

5. Hydrochloric Acid 
(1: 1) 

STEP SEQUENCE 

1. Add 50 ml of water to a 
100 ml graduated cylinder. 

2. Add 50 ml of concentrated 
hydrochloric acid to the 
same graduated cylinder. 

3. Allow to cool. 

4. Transfer into tightly
stoppered bottle for 
storage. 

5. Label bottle 1:1 hydro
chloric acid. 

6. Hydrochloric Acid 1. Add about 50 ml water to 
(2.5% v/v) a 100 ml volumetric flask. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. If you have redistilled hydrochloric acid 
(C.4. la). it is-6N and this preparation 5 
is not necessary. 

lb. This preparation requires a well-ventilated area. 

2a. Caution: Do not reverse this order of addition. 
2b. Use safety glasses, Heat may be generated. 

2. Pipet 2.5 ml concentrated 2a. See C.4.la .. If you have redistilled hydro-
HCl to the flask. chloric acid, it is a -6N. Accordingly, 

you need 5 ml of redistilled acid for this step. 

3. Cool and dilute to 100 ml 3a. Store in dropper bottle (about JOO ml vol.) This 
with water. is used to adjust pH. 

7. Anfl10nium Hydroxide 1. Pour the concentrated 
(NH OH) NH40U into a glass 
Con~entrated dropper bottle. 

la. Use a hood to prevent inhalation of fumes. Avoid 
contact with skin. Wear protective equipment. 

lb. Only some drops of this are needed for the pH 
adjustment of acidified samples. 

le. A brown glass dropper bottle conserves the 
stability of this reagent. 

E7-9 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

E7-10 

OPlRATING P~OCEOURCS 

C. Reagent Preparation 
(Continued) 

8. A111non i um Hydroxide 
{NH40H) 2N 

9. Bromophenol Blue 
Indicator 

10. Pyrrol idine 
dithiocarbamic 
acid {POCA) -
chloroform 
solution 

STEP SEQUENCE 

l. Dilute 13 ml of concen
trated NH40H to 100 ml witt1 
water. 

ltlfORMAT ION/OPERATING GOALS/SPEC I FI CATIONS 

la. Th1s reagent should be prepared in the hood to 
prevent inhalation of fumes. Avoid contact 
with skin. Wear protective equipment. 

lb. This is used to adjust pH. 
le. Use a brown dropper bottle to store. 

1. Dissolve 0.1 g of the solid la. A platform balance can be used for wei9hing. 
In order to prepare this solution 95% ethyl 
alcohol should be diluted in half (i.e., 50 ml 
alcohol to 50 ml water). 

in 100 ml of 50% ethyl lb. 
alcohol. 

1. Add 500 ml chloroform to 
a 1 iter flask. 

2. Add 18 ml of analytical 
grade pyrrolidine. 

3. Add 15 ml of carbon 
disulfide (cs2) in small 
portions with swirling. 

4. Dilute to 1 liter with 
chloroform. 

le. 

ld. 

This solution is stable indefinitely so long as 
it is kept in a tightly-stoppered dropper bottle 
to prevent evaporation. 
This solution is not necessary if a pH meter 
is used for pH adjustments. 

la. This reagent should be prepared in a well ven
tilated area {or hood) 

lb. Measure 500 ml with graduated cylinder. 

2a. Pipet with a qraduated pipet. 
2b. Generates heat -- cool before proceeding. 
2c. For supplier, see chemical list. 
2d. CAUTION -- reagent is fla1m~ble, toxic and 

corrosive. 

3a. Carbon disulfide is very odorous. Prepare in 
hood or well ventilated area. 

3b. Use a measuring pipet. 
3c. CAUTION - tleat generated - coo 1 before proceeding. 

4a. This solution can be stored for several months 
if stored in a brown bottle in a refrigerator. 

TRAINING 
GUIDE NOTES 



WATER MOUITO~ING PROCEOURF: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

c. Reagent Preparation 
(Continued) 

11. Potassium 1. Weigh out 3.20 grams of la. Prepare if chromium is to be determined. 
Permanganate potassium permanganate. lb. Use a trip balance and a plastic weighing boat. 
Solution 
( l<MnO 4 ) 0 . 1 N 2. Add about 500 ml of water 

to a 1000 ml volumetric 
flask. 

3. Transfer the potassium 3a. Wash the weighing boat with water and add the 
permanganate to the flask. washings to the flask. 

4. Dilute to the mark. 

5. Mix thoroughly. 

6. Store in a tightly-stop- 6a. label with concentration and preparation date. 
pered reagent bottle. 6b. When using, transfer a portion to a 100 ml 

dropper bottle. 

12. Sodium Azide 1. Weigh out 100 mg sodium la. Prepare if chromium is to be determined. 
Solution (NaN3) azide (NaN3). 
0.1% 

2. Add about 50 ml of water 
to a 100 ml volumetric 
flask. 

3. Transfer the sodium azide 
to the flask. 

4. Swirl to dissolve. 

5. Dilute to the mark. 

6. Stopper and mix thoroughly 

1. Store in a tightly-stop-
pered bottle. E7-ll 

TRAINING 
GUIDE NOTES 



~JATER MUUITOl\ING PROCEDURE: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

E7-12 

OPERATING Pl\OCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

c. Reagent Preparation 
{Continued) 

13. Stock Cadmium 1. Weigh out 2.282 grams of la. Use an analytical balance and a plastic weighing 
Solution cadmium sulfate boat. 

(3CdS04·au2o). 
2. Add about 500 ml of water 

to a 1000 ml volumetric 
flask. 

3. Transfer the cadmium sul- Ja. Use a wash bottle and rinse the weighing boat 
fate to the volumetric with water three times,addfng each wash to the 
flask. fl ask. 

4. Add 2.0 ml of concentrated 4a. Use a 5 ml graduated pipet. 
nitric acid. 

5. Dilute to the mark. Sa. The solution contains 1000 mg Cd/l Her 
{lml=ImgCd}. 

6. Mix thoroughly. 

7. Store in a tightly-stop- 7a. Label with concentration and preparation date. 
pered bottle. 7b. Store in a refrigerator. 

14. Stock Chromium 1. Weigh out 1.923 grams of Ia. Use an analyti~al balance and a plastic 
Solution chromium trioxide {Cr03}. weighing boat. 

2. Add about 500 ml of water 
to a 1000 ml volumetric 
flask. 

3. Trans fer the chromium Ja. Use a wash bottle and rinse the weighing boat 
trioxide to the volumetric with water three times.adding each wash to the 
flask. flask. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OPERATING PnOCEOURES 

C. Reagent Preparat1on 
(Continued} 

15. Stock Lead 
Solution 

STEP SEQUENCE INFORMATION/OPERA TI NG GOALS/ SP£C IF I CA TI OHS 

4. Add 2.0 ml of concentrated 4a. Use a 5 ml graduated pipet. 
nitric acid. 

5. Dilute to the mark. 

6. Mix thorough 1 y, 

7. Store in a tightly-stop-
pered reagent bottle 

1. Weigh out 1.599 grams of 
lead nitrate (Pb(N03}2}. 

2. Add about 500 ml of water 
to a 1000 ml volunietric 
flask. 

3. Transfer the lead nitrate 
to the volumetric flask. 

5a. The solution contains 1000 mg Cr/liter 
(1 ml = 1 mg Cr). 

7a. Label with concentration and preparation 
date. 

7b. Store in a refrigerator. 

la. Use an analytical balance and a plastic weighing 
boat. 

3a. Use a wash bottle and rinse the weighing boat 
with water three times adding each wash to the 
flask. 

4. Add 10 ml of concentrated 4a. Use a 10 ml 9raduated pipet. 
nitric acid. 

5. Dilute to the mark. 5a. With water. 

6. Mix thoroughly. 

7. Store in a tightly-stop
pered reagent bottle. 

5b. The solution contains 1000 mg Pb/liter 
(1 ml = 1 mg Pb). 

7a. Label with concentration and preparation date. 
7b. Store in a refrigerator. 

TRAINING 
GUIDE NOTES 

---------·-----------+--------------If---------------------------------
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WAHR ~rHTOf\lNG PRuCEDURf: Oetenninat1on of Total Cadmium. Chromium and Lead by 
Atomic Absorption 

E7-14 

OPEHATING PROCEDURES 

0. Instrument Set-up 

1. Pre Warm-up 

2. Lamp Installation 

STEP SEQUENCE 

l. Prepare the instrument for 
initial operation. 

l. Install appropriate hollow 
cathode lamp. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Reference is made to the manufacturer's manual of 
operation. 

lb. Check power requirements and avai1abi1ity. 
1c. Provide adequate venti1ation, inc1uding a vent 

over instrument burner. 
1d. Provide adequate space for instrument and work 

area. 
1e. Provide drain faci1ity for the instrument. 

la. Ho11ow cathode lamps for lead, chromium and 
cadmium must be availab1e. 

1b. If the instrument is a single beam type, some 
method of warm-up for the hollow cathode lamps 
should be avai1able. 

le. Oo not exceed the maximum current rating for the 
lamps as this can serious1y affect its life 
and stability. 

ld. Refer to the instrument manufacturers manual for 
proper installation procedure. 

2. Align the lamp for maximum 2a. Check instrument manual for proper procedure. 
intensity. 

3. Set appropriate wavelength. 3a. Pb, 283.3 nm; Cd, 228.8 nm; Cr, 357.9 nm. 

TRAINING 
GUIDE NOTES 



OPERATING PROCEDURES 

D. Instrument Set-up 
(Continued) 

3. Burner 
Optimization 

4. Check Aspiration 
Rate 

........ , 11111•a1.1u11 u• 1u1.a 1 "au1111u111 1 L.11ru1111um ano Leao oy 
Atomic Absorption 

STEP SEQUENCE 

l. Install the burner head. 

2. Attach the necessary gasses 
to the instrument. 

3. Align the burner to obtain 
optimum absorption. 

1. Optimize the aspiration 
rate. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. The usual burner head for direct aspiration is 
the three slot Boling head. For aspiration of 
organic solvents a conventional head with a 
single slot 7.6 cm (3 inches) is used. 

2a. For this procedure, acetylene and air are used. 
Use purified grades of the gasses. 

2b. Attach a pressure regulator to the tanks. Use a 
CGA fitting of 510 for the acetylene and a 590 
or 1340 for the air. 

2c. Connect cylinders through the regulator to the 
inlet part of the instrument with plastic 
pressure tubing. 

2d. All cylinders should be securely fastened to 
prevent them from tipping over. 

3a. The analysis of lead is exceptionally sensitive 
to turbulence and absorption bands in the flame. 
Therefore, some care should be taken to position 
the light beam in the most stable, center, portion 
of the flame. To do this, first adjust the 
burner to maximize the absorbance reading with a 
lead standard. Then aspirate a water blank and 
make minute adjustments in the burner alignment to 
minimize the signal. 

la. Aspirate a standard into the burner and adjust the 
aspiration rate until optimum absorbance is ob-
tained. 

E7-15 

TRAINING 
GUIDE NOTES 

V.0.3.2a 
( p. 32) 

VI I.0.3. 3a 
(p. 33) 

VI I. 0. 4. la 
( p. 33) 



~IATER MUtHTORJNG PROC.EDURF: Determination of Total Cadmium, Chromium and lead by 
Atomic Absorption 

E7-16 

OPFRATING PROCEDURES 

E. Solubilization for 
"Total 11 Metals, 
IF NECESSARY 

STEP SEQUENCE 

1. Acidify the entire sample 
at the time of co11ection 
with cone. nitric acid, 
5 ml /l Her 

2. Proceed with the rest of 
these steps only if 
necessary. 

3. Transfer 200 ml or more 
of the well-mixed sample 
to a graduated beaker 
of appropriate size. 

4. Add 5 ml 1:1 hydrochloric 
acid for each 100 ml 
of sample to be treated. 

5. Heat the acidified sample 
in the ·beaker on a steam 
bath or a hot plate until 
the vo1ume has been 
reduced to 15-20 m1. Make 
certain the samp1e does 
not boi1. ---

6. Remove the beaker and 
allow contents to cool. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. For metals other than Cd, Cr and Pb, consult 
the source of this procedure for possible 
modifications of this procedure. 

lb. The acid may have to be redistilled before use. 
See C.2. for details. 

2a. For drinking water samples, this entire 
solubilization procedure is necessary only 
if the samples contain visible suspended 
and/or settleable matter. 

3a. 200 ml is a usual sample volume for meta1 
concentrations less than 100 i~/liter. Choose 
a volume appropriate to the expected level of 
metal concentration. Cadmium and lead can be 
analyzed from the same sample aliquot. A 
separate sample aliquot is recolllllended for 
chromium. 

3b. Additional volumes will be required to provide 
sufficient final volumes for additional runs 
of the sample, e.g. as a duplicate, a spike, 
analysis for several elements, etc. 

4a. 

4b. 

IF THE SAMPLE IS BEING PREPARED FOR FURNACE 
ANALYSIS, do not add the 1:1 hydrochloric acid. 
The acid may have to be distilled before 
use. See C.4. and 5. for details. 

TRAINING 
GUIDE NOTES 

VIJ.E.2.2a 
(p. 33) 

VJ I.E. 3. 3a 
(p. 34) 

VI I.E. 3.3b 
(p. 35) 
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WATER MUUJTOl\ING PROCEOURF: Determination of Total Cadm1um. Chromium and Lead by 
Atomic Absorption 

E7-18 

OPEnATING PROCCOUR[S STEP SEQUENCE JNFORMAT ION/OPERATING GOALS/SPECIFICATIONS 

F. Preparation of 1. 
Standard Dilutions 

1. Primary Dilution 2. 

3. 

4. 

5. 

2. Intermediate 1. 
Dilution 

2. 

3. 

4. 

5. 

Add about 500 ml of water 
to a 1000 ml volumetric 
fl ask. 

Add 5.0 ml of concentrated 
nitric acid. 

Pipet 10 ml of the stock 
solution(s) of the metal(s) 
of interest into th1s 
volumetric flask. 

Dilute to the mark with 
water. 

Mix thoroughly and label. 

Add about 100 ml of water 
to a 200 ml volumetric 
flask. 

Add 1.0 ml of concentrated 
nitric acid. 

Pipet 20 ml of the pri-
mary dilution of the 
metal(s) of interest into 
the flask. 

Oil ute to the mark with 
water. 

Mix thoroughly and label. 

la. 

2a. 
2b. 

3a. 
3b. 

Sa. 

5b. 

Estimate the amount. 

Use a 5 ml graduated pipet. 
Use safety glasses 

Use a 10 ml volumetric pipet f9r each measurement. 
It saves time and glassware to prepare a mixture 
of the metals at this stage if more than one 
metal is of interest. 

The solution contains 10 mg/liter of Cd and/or 
Cr and/or Pb. 
Ideally. this solution should be prepared at the 
time of use. 

la. Estimate the amount. 

2a. Use a graduated pipet. 

3a. Use a 20 ml volumetric pipet. 

5a. The solution contains 1 mg/liter of Cd and/or 
Cr and/or Pb. 

TRAINING 
GUIDE NOTES 

l.F. 
(p. 30) 



WATER MOIUTOl\ING PRCJCEDURf: Oetenn1nation of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OPERATING PROCEDURES 

F. Preparation of 
Standard Dilutions 
(Continued) 

3. Calibration 
Standards 

STEP SEQUENCE 

1. Prepare a blank and a 
series of calibration 
standards. 

INFORMATION/OPERATING GOALS/ SPEC I FI CATIONS 

Sb. This solution should be prepared at the time 
of use. 

la. Prepare a blank and standards using volumetric 
pipets (1, 2, 5, 10, 20 ml) for measuring the 
intermediate dilution and a graduated cylinder 
for the water. 

lb. To determine Cd and/or Pb. prepare one series of 
standards in six labeled, 250 ml separatory 
funnels so they are ready for the extraction 
procedure (H). Columns A and Bin the Table on 
E7-20 are to be used to prepare 200 ml volumes. 
(Make sure the stopcock on each funnel is 
closed before you add solutions to it). 

le. To determine Cr, prepare a separate blank and 
series of standards in six labeled, 250 ml 
beakers so they are ready for the oxidation 
procedure (G). The volumes in Columns A and B 
in the table E7-20 are to be used to prepare 
200 ml volumes. 

Id. Calibration standards should be prepared fresh 
for each run of samples. 

le. The standards are used to prepare a standard 
curve. 

lf. Once the standard curve has been determined, it 
need not be redone each time the analysis is 
carried out. However, it should be verified 
by running a blank and a calibration standard at 
the MCL. Standards at the MCL are included in 
the Table on the next page: 
-For Cd. 2.0 ml Intermediate Dilution 
-For Cr. 10.0 ml Intermediate Dilution 
-For Pb. 10.0 ml Intermediate Dilution 

E7-19 

TRAINING 
GUIDE NOTES 

Vll.F.3.1.lb 
(p. 35) 

VII.F.3.1.lc 
(p. 34) 



HATER OOtulOl\ING PROUOURf: Determination of Total Cadmium, Chromium and Lead by 
At~nic Absorption 

E7-20 

OPERATING P~OCEOURES 

F. Preparation of 
Standard Dilutions 
(Continued) 

2. 

STEP SEQUENCE 

To determine Cr, continue 
with Procedure G, oxida-
ti on. To determine Cd 
and/or Pb, continue with 
Procedure H, Extraction 
of Metals. 

-- ------ ------------- ----------------------
G. Oxidation for 

Total Chromium 
1. 200 ml volumes of sample(s) 

and of standards should 

2. 

3. 

4. 

be in 250 ml beakers at 
this stage of the analysis. 

If necessary, adjust the 
pH of each to 2.0 or less. 
Add 0.1 N potassium per-
manganate (l<MnOf) drop-
wise to each so ution 
until a faint pink color 
persists. 

Heat on a steam bath for 
20 minutes, adding 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

lg. Table for preparing standards: 

A B c 0 E 
mf's of Cone. --""Cane. 
Inter. ml's of (mg/l) in (mg/l) in Instrument 
Oi ln. Water 200 ml Final 10 ml Reading 
o.o 200- 0.000 0.00 
1.0 199 0.005 0.10 
2.0 198 0.010 0.20 
5.0 195 0.025 0.50 

10.0 190 0.050 1.00 
20.0 180 0.100 2.00 

·-

la. If it was not necessary to solubilize the sam
ple(s) (Procedure E), at this time: 

2a. 
2b. 
3a. 

Jb. 

4a. 

-measure 200 ml of each well-mixed sample into 
a labeled, 250 ml beaker. 

-measure 200 ml of one of the samples to run as 
a duplicate (in a 250 ml beaker). 

-measure 200 ml of one of the samples and spike 
it (in a 250 ml beaker). 

Use a pH meter to check pH. 
Use cone. nitric acid dropwise to adjust the pH. 
The extraction procedure (H) will extract only 
hexavalent chromium. To determine total 
chromium, you add potassium permanganate to 
oxidize any trivalent chromium to the hexavalent 
species. 
If volume becomes a problem, use a more con
centrated solution of l<Mn04. 

A slight excess of KMn04 must be maintained. 

TRAINING 
GUIDE NOTES 

VII.F.3.1.lg 
(p. 33) 

VII.G.1 
(p. 34) 
VII.G.1.la 
(p. 35) 



WATtH ltlHlTORING PROCEDURF.: 

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

G. Oxidation for additional drops of 0.1 N 
Total Chromium KMnO to any solution in 
(Continued) whicft the faint pink color 

disappears. 

5. While still on the steam 5a. Potassium pennanganate can interfere with 
bath, add sodium azide subsequent processing. 
solution (O.IX) to each 5b. Heat for about 2 minutes after each addition 
solution dropwise until of sodium azide. Avoid adding any excess. 
the faint pink color of 
the KMno4 just disappears. 

6. Continue heating the solu-
tions for 5 minutes after 
adding the last drop of 
sodium azide solution. 

1. Transfer the beakers to a 
water bath and cool to 
room temperature. 

8. If necessary, filter the Ba. Use Whatman No. 40 or equivalent filter paper 
solution(s) into a 250 ml to filter any solution with a brownish preci-
separatory funnel(s). pitate or coloration which may interfere with 

the pH adjustment in the extraction procedure 
(H). If a pH meter is used in procedure H, 
you do not need to filter even if a solution 
is colored at this stage. 

9. If filtration was not 9a. Label each funnel to identify the contents. Vll.G.9 
necessary, quantitatively 9b. Keep rinse volumes as small as possible during (p. 35) 
transfer the sample(s) the transfer. 
and standards to 250 ml 
separatory funnels. 

- -
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~IATER t-l)UITOf\ING PRuCEDURF: 

OPERATING PROCEDURES 

H. Extraction of Metals 

1. pH Adjustment 

STEP SEQUENCE 

1. 200 ml volumes of sam
ple(s) and of standards 
should be fn 250 ml 
separatory funnels at this 
stage of the analyses. 

1. Use a pH n~ter and hydro
chloric acid (2.5% v/v) to 
adjust the pH to 2.3 in 
each solution. Then 
continue at H.2., Chela
tion and Extraction. 

2. Add 2 drops of bromophenol 
blue indicator to each 
sample and to each 
standard. 

3. Mix well. 

4. Add anmonium hydroxide 
dropwise until a very 
pale blue color persists. 

5. Add 2.5% v/v hydrochloric 
acid dropwise until the 
blue color just disappears. 

E7-22 

IHFORMATION/OPERAT ING GOALS/SPECIFICATIONS 

la. If it was not necessary to solubf lize 
(Procedure E) or to oxidize (Procedure G) 
the sample(s), at this time: 
-measure 200 ml of each well-mixed sample into 
a labeled 250 ml separatory funnel. 

-measure 200 ml of one of the sa~les to run 
as a duplicate (in a 250 ml separatory funnel). 

-measure 200 ml of one of the samples and spike 
ft (in a 250 ml separatory funnel). 

la. A single combination electrode should be used 
so the adjustment can be done in the separatory 
funnels. 

lb. If the pH meter and single combination electrode 
are not available. use steps 2-6 to do the pH 
adjustment using brornophenol blue indicator. 

3a. If any solution is pale blue, skip step 4. 

4a. Use concentrated NH40H for acidified samples and 
standards made with 10 or more ml of acidified 
intermediate dilution solution. Use 2 !! NH40H 
for more dilute standards. 

4b. The reagents should be in glass dropper bottles 
for this addition. Use a hood. 

5a. Use a glass dropper bottle for this addition. 
5b. A pale yellow color may appear. 

TRAINING 
GUIOE NOTES 

I . ti. 
(p.30) 

VI I.H.1 
(p. 34} 
VII.H.1.la 
( p. 35) 



WATER MOIHTORING PROUOURF: 

OPERATING PROCEDURES 

H. Extraction of Metals 
(Continued) 

2. Chelation and 
Extraction 

STEP SEQUENCE 

6. Add 2.0 ml 2.5X v/v 
hydrochloric acid. 
Stopper and shake. 

1. Add 5.0 ml pyrrolidine 
dithiocarbamic acid (POCA) 
reagent to the sample(s) 
and to each standard. 

2. Shake each vigorously for 
2 minutes 

3. Allow the POCA reagent to 
settle to the bottom of 
the separatory funnel. 

4. Open the stopcock and 
slowly drain off the lower 
reagent phase of each into 
a 100 ml beaker. 

5. If total chromium is to be 
extracted, re-adjust the 
pH of the aqueous phases 
in the separatory funnels 
back to 2.3 before con
tinuing. Omit this step 
if only Cd and/or Pb is 
to be extracted. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

6a. Use a 2.0 ml volumetric pipet. 
6b. The pH at thf s point is 2.3 

la. Use a 5.0 volumetric pipet for this step. 
lb. This reagent should be allowed to come to room 

te1f4lerature before pipetting, since it will be 
stored in a refrigerator. 

le. The bottle should be restoppered i11111ediately 
after use and returned to the refrigerator to 
prolong usefulness. 

2a. CAUTION: Use proper technique with the separatory 
funnel. The reagent contains volatile solvents 
and pressure is formed which is released by 
opening the stopcock periodically. 

3a. Enough time should be allowed for COlf4llete 
separation of the two phases. 

3b. It may take up to 3 minutes. 

4a. Mark each beaker with the number of ml used to 
prepare the standard or with the sample 
identification code. 

5a. Use the steps in Procedure H.1., pH Adjustment 
(above), to adjust the pH back to 2.3 in each 
solution. 

E7-23 
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W\Trn MUfHTORING PRCJC.EOURF: Oetennination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 
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OPERATING PROCEDURES 

H. Extraction of Metals 
(Continued) 

3. Recovery of 
Complex 

4. Digestion of 
Complex 

STEP SEQUENCE 

6. Add a second 5.0 ml of 
POCA reagent to each 
separatory funnel. 

7. Shake each vigorously for 
two minutes. 

8. Allow the reagent to 
settle and separate. 

9. Open the stopcock and 
slowly drain off the 
lower reagent phase into 
the beaker containing the 
reagent phase from the 
first 5.0 ml extraction 
of the sample or standard. 

1. Evaporate each combined 
extract to dryness on a 
steam bath in a hood. 

2. Remove and cool 2 minutes. 

1. Add 2 ml concentrated 
nitric acid (HN03} to 
each residue. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

6a. The same volumetric pipet can be used for all 
additions of POCA to all samples and standards 
provided caution is used to prevent contamina
tion. 

7a. CAUTION: Use proper technique. Open the stop
cock periodically to release pressure. 

Ba. It should take about 2-4 minutes for complete 
separation of the two phases. 

9a. A pale pink color may show in extracts. 

la. The residue is a light color with possible pale 
green or blue tinges. 

lb. Do not 11 bake 11 the residue. 
le. Should take about 10-15 minutes. 

la. 

lb. 

le. 

Best carried out fn a hood. This is a violent 
reaction with boiling and dark brown fumes given 
off at the beginning. 
Hold the beaker at a 45 degree angle. Use a 
measuring pipet for the acid and add the acid 
down the walls. dropwise at first while rotating 
the beaker. When most of the residue has 
dissolved, the acid can be added at a faster rate. 
The concentrated HN03 must be a good grade as any 
metals in the acid wTll be concentrated along 
with the sample. 

TRAINING 
GUIDE NOTES 



\'11\I[ff t-'OfHTORING PR0(,£0URf: Detennination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OPERATING PROCEDURES 

IL Extract ion of Meta 1 s 
(Continued) 

5. Dissolving the 
Residue 

------ -------

STEP SEQUENCE 

2. Place the beakers on a 
low temperature hot plate 
or steam bath and eva
porate just up to dryness. 

3. Remove from hot plate and 
cool for 2 minutes. 

1. Add 2 ml of 1:1 nitric 
acid (HN03) to each 
beaker. 

2. Return each to the low 
temperature hot plate or 
steam bath and heat for 
1 minute. 

3. Cool and quantitatively 
transfer each solution to 
a labeled 10 ml volu
metric flask. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

2a·. Care should be taken to remove each beaker when 
only a very small amount of deep brown liquid 
remains in the beaker. 

2b. The evaporation takes about 8 minutes. 

la. Use a measuring pipet. 
lb. Down inside walls at first. 

2a. Both standards and samples should be carried 
through this step at the same time as it could 
affect the final concentration of acid. 

3a. A stirring rod and a plastic wash bottle con
taining deionized distilled water should be used 
to wash the beaker and transfer the solution. 

3b. A wide base 10 ml volumetric flask is suggested 
or place the volumetric flask in a beaker to 
prevent tipping it over. A 10 ml stoppered 
graduated cylinder can be used instead of a 
volumetric flask. 

3c. Hark the flask or cylinder with the number of ml 
used to prepare the standard or with the sample 
identification code. 

4. Bring each to the final 4a. You might use a dropper to add the final amount 
10.0 ml volume with of water. 
deionized distilled water. 

5. Stopper each and mix well. 

6. The sample(s) and standards 
are now ready for aspira
tion into the atomic 
absorption instrument. 

E7-25 
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OPERATING PROCEDURES 

I. Instrument 
Calibration 

STEP SEQUENCE 

1. Turn on power to instru
ment and lamps. 

2. Check and adjust to 
optimum settings all 
instrumental operational 
parameters. 

3. Aspriate the blank to 
finalize the zero setting. 

4. After the standard ser1es 
has been prepared (Section 
F), oxidized (Section G), 
and extracted (Section H), 
begin with the lowest 
standard and aspirate the 
series into the atomic 
absorption instrument. 

5. Measure and record the 
peak height, in m1lli
meters, obtained on the 
records. 

6. Check all results before 
proceeding. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. If the power has been turned off. 

2a. Set wavelength to one of the settings given 
earlier (D). 

2b. Install proper lamp. 
2c. Adjust current to the lamp as listed by 

manufacturer. 
2d. Set slit width. 
2e. Ignite flame. 
2f. Adjust fuel and oxidant flows to produce a 

blue flame. 
2g. Adjust zero on recorder. 
2h. See operational manual for directions. 

3a. After extraction. 

4a. If the instrument is to be adjusted to read 
directly in concentration it may be necessary to 
start with the highest standard to set the slope 
of the absorbance. The instrument manufacturers 
manual will describe the procedure. 

Sa. The various instrument operational settings 
should be recorded for the record. 

5b. Repeat the aspiration of the standards and blank 
a sufficient number of times to secure a reliable 
average reading for each. The finalized readings 
could be recorded in column E on the Table in 
F.3.1.lg 

TRAINING 
GUIDE NOTES 



•·11\Trn MUIHTOl\ING PROCfDURf: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OP£RATING PROC£DUR£S 

I. Instrument 
Calibration 
{Continued) 

J. Calculations 

STEP SEQUENCE 

7. Plot the standard curve. 

1. Read the metal concentra
in each sample in mg/liter 
from the appropriate 
calibration curve (1.7). 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

7a. Plot a curve for each metal. 
7b. Plot on linear graph paper. 
Jc. Plot the peak height, in millimeters against the 

concentration, in mg metal per liter, before 
extraction. - See Column Con the Table, F.3.1.lg 

7d. To check a standard curve, run at least a blank 
and one standard at or near the MCL. This check 
should be done with each sample or set of samples 
The check should be within + 10% of the original 
value. If not, a new standard curve should be 
prepared. 

la. So long as 200 ml portions of sample are used, 
the calibration curve can be used directly to 
obtain mg/liter concentrations for saffl)les. 

lb. If a sample was diluted to a 200 ml volume, 
multiply the curve reading by an appropriate 
dilution factor. 

le. If multiples of 200 ml volumes of a sample were 
processed and extracts combined, multiply the 
curve reading by the appropriate factor. 

TRAINING 
GUIDE NOTES 

VII.I.7.7d 
(p. 35 ) 

VII.J.1.lb 
(p. 34 ) 

VI I.J.1. lc 
(p. 34 ) 

----·---·-------- -------------..-----------------------tt-------
K. Instrument Shut-Down 1. If a flame is burning, 

aspirate water for about 
15 seconds. 

2. Close the acetylene 
cylinder va 1 ve. 

3. Close the air cylinder 
valve. 

la. This will prevent build-up of solids in the 
capillary. 

2a. The flame will automatically extinguish Itself, 
leaving about 9 psig in the acetylene supply line. 

4. Depress necessary switches 4a. CAUTION: Exercise care in touching the burner 
to off. head and vent area. These will be hot enough 

to cause serious burns. ________________________________ _,. _____________________________ _ 
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l!.'Hrn MUfHTOF\ING PRCJCEOURf: Deterrninat1on of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

OPEnAT ING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPEC I FICA TI OHS 

L. Maintenance 1. Clean the instrument la. A regular program of care and maintenance will 
regularly. prolong the life-time and maximize its utility. 

Such items as filters in gas lines, air intakes, 
burner compartn~nt, burner, and nebulizer should 
be cleaned. 

2. Insure the drain cup is 2a. See the instrument manufacturer 1 s manual for 
filled each day prior to exact procedures. 
ignition. 

--------------

E7-28 

TRAINING 
GUIDE NOTES 



SECTION 

I* 

II 

II I 

IV 

V* 

VI 

VII* 

VIII 

IX 

TRAINING GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Co11111unications 

Field and Laboratory Equipment 

Field and Laboratory Reagents 

Ffeld and Laboratory Analysis 

Safety 

Records and Reports 

*Training guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 
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WATER MONITOr.ING PROCEDURES: Detennination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

INTRODUCTION 

F. 

H. 

E. 9. 9a 
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TRAINING GUIDE NOTE 

The National Interim Primary Drinking Water Regu
lations listed ten inorganic parameters which are 
required to be analyzed for by a public water 
supplier. Along with this list, a level was set for 
the amount of that parameter pennitted to be in the 
water. This was the "Maximum Contaminant Level or 
MCL." The MCL's for the metals included in this 
procedure are: 

Cadmium - 0.010 mg per liter 
Chromium - 0.05 mg per Titer 
Lead - 0.05 mg per liter 

The range for calibration standards in this write
up is based on the MCL concentrations. The set 
to be prepared will provide at least one standard 
above and one below the MCL for cadmium or chromium 
or lead, thus bracketing the concentration of 
interest. 

At such low levels as the MCL's an extraction pro
cedure is usually the recomnended method to con
centrate samples so an instrument can detect the 
metal. Extraction levels recormiended for these 
three metals are: 

Cadmium - 0.020 mg per liter 
Chromium - 0.050 mg per liter 
Lead - 0.200 mg per liter 

Accordingly, this write-up includes an extraction 
procedure using POCA - chlorofonn reagent. 

Another way to concentrate metals in samples is to 
evaporate a large volume of a sample at a low pH 
and then directly aspirate. Up to a lOX concen
tration of a sample by evaporation is pennissable 
if these three conditions are met: 
1. The total dissolved solids in the original sam

ple do not exceed 500 mg/liter. 

2. The detennination is corrected for non-specific 
absorbance. 

3. There is no loss by precipitation. 

(CONTINUED) 

Section I 

REFERENCES/RESOURCES 

Methods for Chemical 
Analysis of Water and 
Wastes, 1979, EPA-EMSL, 
Cincinnati, Ohio 45268, 
Metals Section 

Ibid 



WATER MONITOP.ING PROCEDURES: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

INTRODUCTION Section I 

TRAINING GUIDE NOTE 

The results obtained by this short-cut should be 
checked thoroughly before reporting. The total 
solids would cause light-scattering effects 
producing high results. The sample absorbance 
should be checked at a non-absorbing wavelength. 
If absorbance is still obtained at this wavelength, 
then the scattering effect is contributing to the 
sample value and the extraction procedure must be 
carried out. 

Sulfates tend to suppress the absorbance of energy 
by lead causing low readings. With a standard 
concentration at the MCL accompanying all samples, 
this interference could be detected. 

REFERENCES/RESOURCES 
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WATER MONITOP.ING PROCEDURES: Detennination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

Field and Laboratory Equipment 

D.3.2a 

E7-32 

TRAINING GUIDE NOTE 

As acetylene (CHCH) is packed dissolved in acetone 
(CH3COCH 3), cylinders should be stored only in an 
upright position. The acetone content of the gas 
typically depends on the cylinder temperature and 
pressure. Avoid introducing acetone into the in
strument. Should this occur, the nonnal flame ob
tained will have a slight pink tinge and yield an 
abnonnally high background signal. To reduce 
acetone carry-over, it is desirable to allow 
acetylene cylinders to stand undisturbed for at 
least twenty-four (24) hours before use. Replace 
the cylinder when the cylinder reaches 50 psig. 

Section V 

REFERENCES/RESOURCES 

Instrumentation Laborato1 
Incorporated. 

Instrumentation Handbook 
113 Hartwell Avenue 
Lexington, MA 02173 



WATER MONITOP.ING PROCEDURES: Detennination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

Field and Laboratory Analysis Section VII 

0.3.3a 
0. 4. la 
F.3.1.lg 

E.2. 2a 

TRAINING GUIDE NOTE 

After the extraction procedure in this analysis, 
the volume of the calibration standards for any 
of these metals is only 10 ml. You will need 
additional amounts of a high and low standard 
to use in setting up the AA instrument. Column 0 
in table F.3.1.lg. gives the range of the con
centrations of the standards after extraction 
when they are ready for aspiration into the 
AA instrument. You can prepare comparable 
standards by further diluting the primary 
dilution solution described in F.1.. For 
example, two mls of primary dilution further 
diluted to a 200 ml volume has a concentra-
tion of ·0.10 mg/liter. (The 200 ml volume 
should also contain 20 ml concentrated nitric 
acid so the acid content is comparab1e to the 
extracts). Later, use the extracted blank and 
standards for a finai check. 

If particulates are in the sample, Procedure E 
is carried out in order to solubilize any of the 
metal in the particles. If particulates are 
present and you do not carry out Procedure E, 
filter the sample through a 0.45 micron filter, 
extract, aspirate and report the value as 
~dissolved" metal. 

REFERENCES/RESOURCES 
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Atomic Absorption 

Field and Laboratory Analysis 

E. 3. 3a 
F.3.1.lc 

E. 3. 3a 
G. l 
H. l 
J. I. lb 
J. I. le 

E7-34 

TRAINING GUIDE NOTE 

If chromium is the metal of interest, the 
standards, samples, duplicate and spike should 
be treated as a totally separate determination. 
There is no problem in using a mixture of metals 
in the preparation of the chromium standards. 
However, problems can be caused if the reagents 
in the oxidation procedure for chromium introduce 
contamination in regard to metals other than 
chromium in the final solutions to be aspirated 
into the AA. The alternative is to run blanks 
on the oxidation reagents along with "mixed 11 

standards if you want to use one sample for all 
three· of the metals. 

200 ml is a usual sample volume for the extraction 
procedure for metal concentrations less than 
100 J.l g/ liter. If use of 200 ml of sample gives 

results too high to be on scale, consult the 
source of procedure about doing a direct aspira
tion of the sample. Alternatively, a smaller 
sample aliquot can be used and diluted to the 
200 ml volume used for the standards to establish 
a calibration curve for the extraction procedure. 
The final calculation becomes: 

mg/liter metal = A(f;!) 
in sample ~ 

where: 
A•mg/1 of metal in diluted sample obtained 

from a calibration curve 
B=ml deionized distilled water used for 

dilution 
C=ml of sample aliquot 

If use of a 200 ml sample gives too low results, 
more than one sam~le alituot can be treated and 
the extracts combined. he final calculation 
becomes: 

mg/liter metal_ A(~} 
in sample - ~ 

where: 
A=mg/l of metal in sample obtained from a 

ca 1 i brat ion curve. 
B=volume in ml of each of the standards· used 

to develop the curve. 
c~total volume in ml of sample aliquots whose 

extracts were combined. 

Section VI I 

REFERENCES/RESOURCES 



WATER MONITOr.ING PROCEDURES: Determination of Total Cadmium, Chromium and Lead by 
Atomic Absorption 

Field and Laboratry Analysis 

E.3.3b 
G.1.la 
H.1.la 

F.3.1.lb 
G.9. 

I.7.7d 

TRAINING GUIDE NOTE 

As a check on precision, you should measure a 
second aliquot of at least one sample in a set, 
and process it in exactly the same manner as 
the first. Ideally, the results from the two 
aliquots should agree within the range of two 
(three maximum) standard deviations as established 
by the analyst. 

As a check on accuracy, you should prepare a 
spiked aliquot of a chosen sample in a set 
and process it in exactly the same manner as 
the unspiked sample To determine the amount of 
spike to add, you must have some knowledge of the 
concentration of the unspiked sample either by 
analyzing it or from previous experience. Add 
enough spike to about double a concentration 
at the lower end of the standard curve concen
trations. If the sample is at the intermediate 
part of the curve, add sufficient spike to bring 
the concentration to about 75% of the curve 
range. You can use either the primary or the 
intermediate dilutions in Procedure F for spiking, 
depending on the concentration you choose to add 
and keeping in mind that added volumes should be 
minimal. One ml of primary dilution adds 0.05 
mg/liter in a 200 ml sample volume. One ml of 
intennediate adds 0.005 mg/liter to a 200 ml 
volume. The Table in F.3.1.lg. can be a useful 
guide. After running the unspiked and spiked 
samples, calculate the % recovery. Check the 
% recovery for the analysis as established by 
the analyst. 

Larger volume funnels may be used. Also, if this 
number of separatory funnels is not available, 
the standards can be prepared and held in other 
type containers prior to the actual extraction 
procedure. Take care that the solutions do not 
get contaminated during the holding time. 

When a daily check of the standard curve falls 
outside the 10% limit of the procedure, reagents 
prepared since the last check and any recently 
purchased chemicals should be checked before 
doing a new curve. If possible, some old chemical 
should be retained when a new batch is purchased. 
Consequently, the new may be checked against the 
old, should doubt arise in its purity. 

Section VII 

REFERENCES/RESOURCES 

Handbook for Analytical 
Quality Control, 
USEPA-AQCL, 1972, 
Cincinnati, Ohio 45268) 
Chapter 6 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF MERCURY USING THE FLAMELESS 
ATOMIC ABSORPTION {COLD VAPOR) TECHNIQUE 

as applied in 

WATER AND WASTE\~ATER TREATMEMT FACILITIES 
and in the 

MONITORING OF EFFLUENT WASTEWATERS 

National Training and Operational Technoloay Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH. ME. hg. 1 ab. ~1P. 1. 11 . 77 
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WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor} Technique 

l. Analysis Objectives: 

The learner will use the attached WMP to prepare a sample for analysis in
cluding reagent and sample preparation. A description of the instrumentation 
will be presented. However, the learner should consult the manufacturer's 
direction for operation of any equipment. 

2. Brief Description of Analysis: 

This procedure is a three step procedure which 1) chemically vaporizes the 
sample. 2) introduces the mercury and 3) determines the mercury by flameless 
atomic absorption techniques. 

3. Applicability of the procedure: 

This method is applicable to drinking, surface, and saline waters; domestic 
and industrial wastes. 

a. Range of Concentration - The method is reconrnended for use in the range 
of 0.2 µg Hg/liter using a 100 ml sample; the upper limit can be varied 
by instrument expansion or dilution. 

b. Pretreatment of the Sample - No pretreatment is necessary as the chemical 
digestion procedure inherent in the method is sufficient. 

c. Treatment of interferences - High chlorides will require additional permanga
nate (as much as 25 ml). Then additional hydroxylamine sulfate is needed 
(25 ml} and the dead air space of the sample container swept out by air 
before addition of the stannous sulfate. 

Some volatile organics can interfere but can be removed by a preliminary 
run without reagents. 

d. Source of the Method - Manual of Methods for Chemical Analyses of Water 
and Wastes, 1974 ed., p. 119; U.S. EPA Technology Transfer, Cinti., OH 45268. 

EB-3 
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WATER MONITORING PROCEDURE: Detennination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor} Technique 

Operating Procedures: 

A. Equipment Preparation 

B. Instrument Set-up 

c. Reagent Preparation 

0. Sample Handling and Preservation 

E. Calibration 

F. Sample Determination 

G. Ca lcul at ion 



WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor) Technique 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Atomic absorption spectrophotometer - Any commercial atomic absorption 
instrument is suitable if it has an open burner head area in which to 
mount an absorption cell, and if it provides the sensitivity and 
stability for the analyses. Also instruments designed specifically 
for the measurement of mercury using the cold vapor technique are 
commercially available and may be substituted. 

2. Mercury hollow cathode lamp 
3. Recorder - Any multi-range variable speed recorder that is compatible 

with the UV detection system is suitable. 
4. Absorption cell - See Figure 4. The cell is constructed from glass 

or plexiglas tubing 25.4 mm 0.0. x 114 mm (Note 1). The ends are 
ground perpendicular to the longitudinal axis and quartz window 
(25.4 mm diameter x 1.6 mm thickness) are cemented in place. Gas 
inlet and outlet ports (6.4 mm diameter} are attached approximately 
12 mm from each end. The cell is strapped to a support and aligned 
in the light beam to give maximum transmittance. 

5. Analytical balance, 200 gram capacity 
6. Trip balance, 500 gram capacity 
7. Water bath, capable of maintaining 95°C temperature 

B. Reusable Supplies: 

1. Air pump - Any peristaltic pump, with electronic speed control, capable 
of delivering 1 liter of air per minute may be used. (Regulated com
pressed air can be used in an open one-pass system.) 

2. Six BOD bottles (plus one bottle is needed per sample) 
3. Volumetric flasks 

Six 1000 ml 
Four 100 ml 
One 250 ml 

4. Pipets 
Five 10 ml graduated 
Two l ml graduated 
One 1 ml volumetric 
One 2 ml volumetric 
Three 10 ml volumetric 
One 5 ml volumetric 

5. One 100 ml graduated cylinder; two 25 ml graduated cylinders 
6. One Laboratory apron or coat 
7. One pair safety glasses 
8. One spatula 
9. One pipet bulb 

10. One wash bottle for distilled water 
11. One glass stirring rod (about 6 inches long} 

Note l: An all glass absorption cell, 18 mm 0.0. by 200 mm, with inlet 12 mm 
from the end, 18 mm 0.0. outlet in the center, and with quartz windows has 
been found suitable. 
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WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor} Technique 

Equipment and Supply Requirements (Continued) 

12. One powder funnel 
13. Rubber stoppers - two size #2 (for drying tube} 
14. Fifteen feet of Tygon tubing 
15. One glass tubing - 6 inches x 3/4 inch diameter 
16. One Rotometer (any unit capable of measuring air flow of 1 liter/min.} 
17. One set cork hole borers 
18. One brush (for cleaning balance} 

The following equipment is needed depending on which method is chosen to trap 
the mercury. 

l. Liquid trap 

a. Straight glass frit, coarse porosity, such as Corning #404260 
b. Filtering flask, such as Corning #40058 
c. Rubber stopper, one hole to accept frit 
d. Reagents, KMn04 and H2so4 

2. Solid trap 

a. Activated carbon such as Barnebey and Cheney #580-13 or #580-22 
from: Barnebey and Cheney 

E. 8th Avenue & Cassidy Street 
Columbus, OH 43219 

or 

Coleman Instruments 
42 Madison St. 
Maywood, IL 60153 
Item #50-160 

b. Glassware - Can be assembled similar to the drying tube (Figure 3}. 

3. Closed System 

The following equipment is needed when using the closed system with a 
trap. 

a. Two position valve, or stopcock, such as Corning #442838 
b. Glass "Y" shaped tubing connecter 
c. Pinch clamp, type used for stopping flow in tubing 

C. Consumable Supplies: 

1. Sulfuric acid (H2so4) concentrated 
2. Nitric acid (HN03) concentrated 
3. Potassium permanganate, ~in04 
4. Potassium persulfate, K2s2o8 
5. Sodium chloride, NaCl 



WATER MONITORING PROCEDURE: Determination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor) Technique 

Equipment and Supply Requirements (Continued) 

6. Hydroxylamine sulfate (HONH2)·H2so4 or 
Hydroxylamine hydrochloride NH20H·HC1 

7. Stannous sulfate, SnS04 or stannous chloride, SnC1 2 
8. Mercuric Chloride, HgC1 2 
9. Hydrochloric acid concentrated 

10. Magnesium perchlorate, Mg(Cl04)2 for drying tube, 20 g. 
11. Distilled water 
12. Sponges (for cleaning laboratory table tops) 
13. Notebook for recording weights and readings 
14. Two pieces of glass tubing (5 mm diameter, about two inches long) for 

the drying tube 
15. Glass wool (for drying tube) 
16. Plastic weighing boats (about 10) 
17. Pen or pencil 
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~JATER MONITORING PROCEDURE: Detemination of Mercury Using the Flameless 
Atomic Absorption {Cold Vapor) Technique 

Sample 

\ 
Chemical Sample Preparation 

a. Oxidation of all mercury to mercuric form 
b. Reduction of all mercuric mercury to metallic mercury 

Aeration 

The metallic mercury is ciruculated as a vapor through 
the system 

Flameless Atomic Absorption 

Absorption of energy at 253.7 nm from a hollow cathode 
lamp measured by a photodetector 



\~A~ER MONITORING PROCEDURE: Determination of Mercury Using the Flameless Atomic 
Absorption (Cold Vapor) Technique 

OPERATING F~CCEOURES 

A. Equipment Preparation 

l. Cleaning of 
Glassware 

2. Balance Preparation 

-- ... --
STEP SEQl.iU<ct 

1. Wash with detergent. 

2. Rinse with tap water. 

3. Rinse with l:l nitric acid. 

4. Rinse with tap water. 

5. Rinse with 1 : l hydrochloric 
acid. 

6. Rinse with tap water. 

7. Rinse with distil led water. 

1. Check all balances for 
cleanliness and proper 
operation. 

I '.!FC:::w~T l mvor;:RAT I NG Gl1AL S/ SPECIF I CAT IOMS 

la. Cleaning should be carried out in this order. 
lb. Care should be taken to insure clean glassware. 
le. If possible glassware should be reserved for 

3a. 

Sa. 

mercury analysis only and separated from other 
glassware. 

Add 500 ml concentrated nitric acid (HN0
3

) to 
500 ml distilled water. 

Add 500 ml concentrated hydrochloric acid (HCl) 
to 500 ml di st il led water. 

TRAHHNG 
GU IDE NOTES 

----- ,...----------------- - - ------- - ·--- . - - .. ---+------

B. Instrumental Set-up 

1. Flow System l. Before operation of the 
instrument, four additions 
to the system should be 
considered (Figure l). 

la. There are two ways the flow system can be set up. 
It can be operated as a closed or open system. 
In the closed system the mercury vapor con-
ti nous ly passes through the system until wasted 
in the mercury trap by the operator. In the 
o~en system the vapor passes through the absorp
tion tube only once and goes directly to the trap. 
Which system is chosen will dictate what equipment 
is necessary. Flgure I shows the choices and the 
equipment necessary for each. 

E8-9 
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E8-10 

OPLRATING PKCCEOURES 

B. Instrumental Set-up 
{Continued} 
2. Mercury Trap -

Liquid Type 

STEP SEQUENCE 

1. One of the following mer
cury traps should be in
cluded in the system. 

2. For a liquid type trap, 
use a 250 ml side arm 
filtering flask. 

3. Assemble as shown in 
Figure 2. 

4. Insert straight gas dis
persion tube or frit 
through the hole so that 
the bottom or fritted end 
is about one inch above 
bottom of the flask. 

5. Insert into filtering 
flask. 

6. Connect tygon tubing to top 
end of frit and a second 
piece of tygon tubing to 
the side ann of filtering 
flask. 

7. Add 200 ml of 1:1 potassium 
permanganate (KMn04) -
sulfuric acid {H2so4) 

Reagent (Reagent #10). 

INFORMATION/OPERATING GOALS/SPECIFICATIO~S 

la. Because of the toxic nature of mercury vapor, 
precaution must be taken to avoid contamination. 
The vapor will be held in the trap after it has 
been measured. 

2a. Use a filtering flask such as Corning #400580 
or its equivalent. 

3a. Use a #3 cork hole borer to make the hole. 

4a. Frit should have a coarse porosity such as 
Corning #404260 or equivalent. The frit should 
always fall below liquid level in the flask. 
Should the level become low add more liquid 
(Reagent #10). The nonfritted end should be 
lubricated and care taken when the frit is in
serted through the stopper so as not to break 
the frit and injure the worker. 

6a. Care should be taken so that the liquid level does 
not come close to the opening of the side ann of 
the flask. This could flood the instrument if 
allowed to do so. If flooding should occur, 
dismantle the absorption tube and clean it and 
the tubing immediately. 

7a. A solution of 0.25% iodine in a 3% potassium 
iodide (Kl) solution may also be used (Reagent i2i 

7b. Filling the flask can be postponed until all of 
the apparatus is assembled. 

TRAINING 
GUIDE NOTES 
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Absorption (Cold Vapor) Technique 

OPERATI~G P~CCEDURES 

B. Instrumental Set-up 
(Continued) 

2. Mercury Trap -
Solid Type 

3. Drying Tube 

STEP SLQ!.iENCE 

1. The apparatus can be pre
pared similar to the dry
ing tube (B-3) but packed 
with 2-3 grams of acti
vated carbon. 

2. The equipment can be pur
chased with adsorbent as 
an option from the 
analyzer manufacturer. 

l. Construct as shown in 
Figure 3. 

2. Bore a hole through a 
number 2 stopper with a 
number 2 cork hole borer. 
Repeat with a second 
stopper. 

3. Insert a 2 inch long piece 
of glass tubing (5 mm 
diameter) through each 
stopper allowing about 1/2 
inch protruding from each 
end. 

4. Fill a 6 inch piece of 3/4 
inch diameter tubing with 
20 grams of magnesium 
perchlorate (Mg(Cl04)2). 

I:iFCRMA"!"WN/CPf=.:RAl i~G COALS/SPECIFICATIONS 

la. Locate after 2 position valve in closed system, 
Figure l (system two) or after the analyzer in 
an open system, Figure 1 (system three). 

2a. Position as above. 

la. Place between sample container and instrument. 

3a. Care should be taken when inserting glass tubing. 

4a. Other drying agents such as calcium chloride 
(CaC1 2) may be used. 

E8-ll 

TRAINING 
GUIDE NOTES 
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OPERAT:NG PhCCEOURES 
B. Instrumental Set-up 

(Continued) 

4. Rotometer 

STEP SECUE~Cf 

5. Use a small piece of glass 
wool in each end of the 
tube to prevent loss of 
granules. 

6. Insert stopper prepared 
above in each end of tube. 

7. Replace drying agent when 
needed. 

1. Must be capable of measur
ing a gas flow of 1 liter 
per minute. 

2. Connect one length of 
tubing between the sample 
container and the drying 
tube through the rotometer 
to the fittinq of the 
instrument. 

3. A second length of tubing 
should beqin at the out 
fitting of the instrument 
and proceed to the next 
piece of equipment. 

IHFORMATiON/OPE~ATING GOALS/SPECIFICATIONS 

Sa. The tube should not be packed so tight as to 
restrict gas flow. 

7a. Replace magnesium perchlorate or any drying agent 
regularly. These materials tend to cake and form 
a plug when their limit of saturation is ap
proached. The length of time the material will 
last will vary with use and samples. Experience 
will dictate a routine. 

la. Place between water trap and instrument. See 
Figure 1 for location. 

lb. The rotometer may be removed from the circuit 
after the instrument pump rate is checked. 

le. The flow rate should be checked periodically to 
insure flow rate has not changed. 

2a. The connection must be made to the sample con
tainer by side arm. Reverse tubing connections 
may flood the instrument with liquid. 

3a. See Figure 1 for gas flow path. 

TRAINING 
GUIDE NOTES 
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TRAINING 
OPLRATING F~CCEDURES STEP SEQUENCE :NFORMATION/O~LRATl~G GGALS/SPECIFJCATIONS GUIDE NOTES 

----------·--------~-&-----~--~------~---------t---~------------------------------------------+-..;..;.----------B. Instrumental Set-up 
{Continued) 

5. Two Position Valve l. A two position valve is 
necessary when using a 
closed system and a trap. 
Use stopcock, Corning No. 
442838 or equivalent for 
the two way valve or 
stopcock. 

6. Recorder 
(Optiona 1) 

7. Instrument 

2. One position of the valve 
should go through the 
trap to the sample con
tainer. The other positior 
should by-pass the trap 
and be connected to the 
frit of the sample 
container. 

l. Any multi-range variable 
speed recorder that is 
compatible with the equip
ment is suitable. 

l. Follow instrument 
manufacturer's directions. 

2a. It is important to maintain a specific air 
volume in the system. Once the system is 
calibrated, this volume cannot be changed unless 
the system is recalibrated. 

la. Use of a recorder or its equivalent for analysis 
of potable water samples is strongly recommended. 

------------- -------- ----·--------------------~---- --- ·-------- . - -·----- -------
C. Reagent Preparation 

1. Sulfuric Acid 0.5 N 1. Add 14.0 ml concentrated 
sulfuric acid (H 2so4) to 
approximately 500 ml water 
and mix. Then dilute with 
water to 1 liter volume. 

la. The concentrated H2so4 should be of low mercury 
concentration. 

lb. Unless specified the tenn water means distilled 
water. 

le. Use a 25 ml graduated cylinder to measure the 
sulfuric acid. 

E8-l3 
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OPERATING P~CCEDURES 

C. Reagent Preparation 
(Continued) 

2. Potassium 
Permanganate 
Solution - 5% 
Solution w/v 

3. Potassium Persul
fate Solution -
5% Solution w/v 

4. Sodium Chloride -
Hydroxyl amine 
Sulfate Solution 
Solution 
12% NaCl } 
12% w/v 
({HONH 2)2·H2so4) 

5. Stannous Sulfate 
Solution - 10% 
Solution w/v 

6. Sulfuric Acid 
Concentrated 
(H2so4) 

STEP SEQUE'iCl 

1. Prepare 100 ml of solution 
containing 5.0 grams 
potassium permanganate 
(KMn04). 

INFORMATIO~/OPE~Al !NG GOALS/SPECIFICATIONS 

la. Should a larger amount of reagent solution be 
needed the same ratio should be maintained. For 
example: prepare 1000 ml of solution containing 
50 grams KMnO 4 . 

lb. Weigh out in plastic weighing boat on a trip 
balance. 

l. Dissolve 5.0 g potassium la. Weigh out in a plastic weighing boat on a trip 
persulfate (K2s2o8) in balance. 
water and dilute to 100 ml. 

1. Dissolve 12.0 g of sodium la. Hydroxylamine hydrochloride {NH20H·Cl) may also 
chloride (NaCl) and 12.0 g be used. It should be prepared in the same of hydroxylamine sulfate 
((HONH2)2·H2S04) in water manner. 

1 b. Weigh out in a plastic weighing boat on a trip 
and dilute to 100 ml. balance. 

l. Add 25.0 g stannous sul- la. Stannous chloride (SnC1 2·2H20) may be used and be 
fate (Snso4) to about 40 ml 

prepared in the same manner. 
0.5 N sulfuric acid and lb. The acid is reagent no. l. 
dilute with 0.5 sulfuric le. This is a suspension and should be stirred con-
acid to 50 ml. tinuously during use. 

l d. Weigh out in a plastic weighing boat on a trip 
balance. 

l. No preparation necessary. la. This should be reagent grade and low in mercury 
concentration. 

lb. Caution: this is corrosive. 

TRAINING 
GUIDE NOTES 
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OPERATING PhOCEDURES 

C. Reagent Preparation 
(Continued) 

7. Nitric Acid 
Concentrated 
(HN03) 

8. Stock Mercury 
Solution (HgC1 2) 

9. Intermediate 
Mercury Solution -
(HgC1 2) Dilution 

of Solution 8 

ST~r SEQUENC[ 

l. No preparation necessary. 

1. Dissolve 0.1354 g of mer
curic chloride (HgCl 2) in 
water. 

2. Add 10 ml concentrated 
nitric acid (HN0 3). 

3. Cool to room temperature. 

4. Dilute to 100 ml with 
water. 

:rlfOR~ATIO~/OPERATING GOALS/SP£Cif ICATIONS 

la. This should be reagent grade and low in mercury 
content. 

lb. Caution: this is corrosive. 
le. Tfa-h1gh reagent blank is obtained, it may be 

necessary to distill the nitric acid. 

la. Weigh out in a plastic weighing boat on an 
analytical balance. 

2a. Caution: solution will increase in temperature. 
2b. Use a 10 ml graduated pipet. 

4a. Concentration of stock solution is now 
1 ml = 1 mg Hg. 

4b. Stock solution is stable for several months. 

1. The intermediate solution la. Prepare fresh before use. 
is a dilution of the stock 
solution to adjust the 
concentration of Hg to 
0.1 ~g/ml. Proceed as 
follows. 

2. Add about 700 ml water to 
a 1000 ml volumetric flask. 

3. Add 0.5 ml concentrated 
HN03. 

3a. The nitric acid concentration of the dilutions 
including the working solution should be main
tained at 0.15%. This acid should be added to 
the flask before addition of the aliquot. 

3b. Use a l ml pipet graduated in tenths. 

E8-15 

TRAINING 
GUIDE NOT£S 
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OPERATING P~CCEDURES 

C. Reagent Preparation 
(Continued) 

10. Working Mercury 
Solution (HgC1 2) 
Oil ution of 
Solution 9 

Prepare 11 or 12 for a 
liquid trap. 

11. Potassium 
Permanganate 
(KMn04} and 

Sulfuric Acid 
Solution (for 
Mercury Trap) 

0. 1 M 

l 0% 

STEP St..')!JUKE 

4. Add 10 ml stock Ilg 
solution. 

5. Dilute to 1000 ml mark. 
This solution contains 
l 0 µg/ml. 

1. Add about 700 ml water to 
a 1000 ml volumetric flask 

I~FCRMATION/OPERATING GOALS/SPECIFICATIONS 

4a. Use a 10 ml volumetric pipet. 

2. Add 1.5 ml concentrated 2a. Use a 10 ml graduated pipet. 
HN03. 

3. Add 10 ml of intermediate 
solution (10 µg/ml). 

4. Dilute to 1000 ml mark. 
This is working solution 
and contains 0. l µg/ml. 

1. Dissolve .316 g potassium 
permanganate (KMn04) in 
100 ml water. 

2. Add 10 ml concentrated 
sulfuric acid (H 2so4) to 
about 80 ml water. Dilute 
to 100 ml with water. 

3. Mix equal volumes of each 
solution; KMN0 4 (1) and 
H2so4 (2). 

3a. Use a 10 ml volumetric pipet. 

la. Let stand until following solution is prepared. 
lb. Weigh out in a plastic weighing boat or a trip 

balance. 

2a. Caution: heat generated. 
2b. Should be at room temperature before volume 

adjustment. 
2c. Use a 10 ml graduated pipet. 

TRAINING 
GUIDE NOTES 
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Absorption (Cold Vapor) Technique 

OPt:~ATING HCl"EDURES 

c. Reagent Preparation 
(Continued) 

12. Iodine (0.25) in 1. 
KI (3%) Solution 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

--· ·--
D. Sample Handling and l. 

Preservation 

STEP SEQUEl1U ·-

Measure 250 ml of dis-
tilled water in a gradu-
ated cylinder. 

Transfer about half the 
water to a 500 ml 
Erlenmeyer flask. 

Weigh out 7.5 grams of 
potassium iodide (KI). 

Transfer the potassium 
iodide to the 500 ml 
Erlenmeyer flask and 
dissolve. 

Weigh out 0.63 grams of 
iodine (I). 

Add to the lrlenmeyer 
flask and dissolve. 

Add the remainder of the 
water. 

Mix well. 
·-

Upon collection, the sample 
pH should be lowered to 2 
or lower by the addition 
of concentrated nitric 
acid (HN03). 

IrlFORMAT ~CN/OPE~ATING GOJl.LS/SPt.ClFICATION~ 

3a. A trip balance can be used. 

5a. A trip balance can be used. 

1 a. 

lb. 

---·--- - -------
If only dissolved mercury is to be determined, 
the sample should be filtered before addition 
of the acid. For total mercury the filtration 
is omitted. 
If nitric acid cannot be used because of shipping 
restrictions, the sample may be initially pre-
served by icing and 1mmed1ately shipped to the 

(Continued} 
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OPERATING P~CCEDURES 

D. Sample Handling and 
Preservation 

E. Calibration 

sn:r sE~urncE 

2. Collect samples in 
appropriate container. 

3. Do not store samples beyonc 
the acceptable time. 

1. Prepare a series of 
standards from the working 
mercury standard. 

2. Mix thoroughly. 

3. Add 5 ml concentrated 
sulfuric acid (H2so4) to 
each bottle. 

PlFORMAT ION/OPERATING GQA:_S/SPECIFICATIONS 

laboratory. Upon receipt in the laboratory. the 
sample must be acidified with concentrated nitric 
acid to pH<2. 

2a. Samples should be collected in acid-washed glass 
or high density polyethylene bottles. 

3a. Samples should be analyzed within 38 days if 
collected in glass bottles and within 13 days 
if collected in polyethylene bottles. 

1 a. Prepare as follows: 

ml 's of Concentrated 
Standard ml's of Water l:!9H9 

0.0 100.0 0.00 
0.5 99.5 0.05 
1. 0 99.0 0.10 
2.0 98.0 0.20 
5.0 95.0 0.50 

10.0 90.0 l.00 

lb. Use 300 ml BOD bottles. 
1 c. Use volumetric pipets to pipet the standards. 
ld. A 100 ml graduated cylinder may be used for the 

water. 

3a. Mix thoroughly. 
3b. Use caution when using concentrated acids. 
3c. Use a 5 ml graduated pipet. 

TRAINING 
GUIDE NOTES 

I.E.3 
VII.E.3 
(p. 22 & 
p. 26) 
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TRAINING 
OPERATINC FF\CCCDURES SHT S~_r;t;f!iC[ GUIDE NOTES 
~~------------------1------~--~~--~~-~-~ ..... ~~------------------------------------------.............. ______ __ I rlF(;~~-'.AT 10\IOFE PA"'."! NG GOALS/ SFEC IF! CAT :ONS 

E. Calibration 
(Continued) 

4. Add 2.5 ml concentrated 
nitric acid (HN03) to 

each bottle. 
5. Add 15 m1 potassium 

permanganate (KMn04) 
(Reagent no. 2). 

6. Allow to stand 15 minutes. 

7. Add 8 ml potassium 
persulfate (K2s2o8) 

(Reagent no. 3) . 

8. Heat in a water bath at 
95°C for 2 hours. 

9. Cool to room temperature. 

10. Add 6 ml of the sodium 
chloride-hydroxyl amine 
sulfate (NaCl·{HONH2)2· 

H2so4) (Reagent no. 4). 

ll. Allow to stand at least 
30 seconds. 

4a. Mix thoroughly. 
4b. Use caution when using concentrated acids. 
4c. Use a 5 ml graduated pipet. 

5a. Shake and add additional potassium permanganate 
solution, if necessary, until the purple color 
persists for the following standing time. 

Sb. Use a 25 ml graduated cylinder for the addition. 

?a. Use a 10 ml graduated pipet. 

Sa. The heat step is required for organic mercury 
compounds. For standards prepared with dis
tilled water and mercuric chloride, the heating 
step is not necessary. 

10a. Shake well. 
lOb. Use a 10 ml graduated pipet. 
10c. This reagent should decolorize the solution. If 

6 ml is not enough, add sufficient extra to 
complete the decolorization. 

lla. Up to this point all samples to be run can be 
treated as a group. From this point each must be 
done individually as the mercury is liberated 
immediately upon addition of the stannous 
sulfate. 
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OPERATING P~CCEDURES 

E. Calibration 
(Continued) 

F. Sample Detennination 

STEP SEQUENCE INFORMATIO~/OFERATING GOALS/SPECIFICATIONS 

12. Add 5 ml of stannous 12a. Use a 5 ml graduated pipet with a large bore 
sulfate suspension (Snso4} opening. 
(Reagent no. 5). 

13. ltmlediately insert bubbler 13a. 
into the bottle. 

The air mover (pump-air, cylinder, etc.) should be 
calibrated before use at l liter/minute. It 
should be onandallowed to operate continously 
when analyzing samples or standards. 

14. Observe reading. 

15. Trap the mercury. 

16. Continue with the 
remaining standards. 

17. Plot a standard curve. 

1. Transfer 100 ml of the 
sample to a 300 ml BOD 
bottle. 

13b. The reading will increase and reach a maximum 
within one minute. 

14a. When a recorder is used, allow the pen to level 
off. 

l5a. In the closed system the valve must be turned to 
the trap position until the absorbance returns to 
the minimum value. The aeration should be 
continued. In the open system wait until the 
absorbance returns to the minimum value. 

16a. Repeat steps 12-15, Section D. 

17a. Plot the peak height (from the recorder plot) 
versus the concentration in micrograms of 
mercury on arithmetic paper. 

la. The sample should not contain more mercury than 
the upper limit of the equipment being used. The 
range of the method may be varied through 
instrument and/or recorder expansion and by using 
a larger volume of sample. 

lb. The usual range of the procedure is 0.2 to about 
10.0 µg Hg/liter (.02 to 1.0 µgHg/100 ml). 

TRAINING 
GUIDE NOTES 

VIl.E.15 
(p. 26) 

II.E.17a 
(p. 24) 
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Absorption (Cold Vapor} Technique 

F. Sample Determination 
(Continued} 

2. Treat sample(s) with same 
procedure used in cali
bration section steps 
3 through 15. 

2a. The standard curve once plotted should be veri
fied by use of at least a reagent blank and one 
standard at or near the concentration of interest 
either daily or with each batch run. 

------------<I-----------------+--------------------------------------

G. Calculations l. Determine the peak height 
of the unknown(s) from the 
recorder chart and read thE 
mercury value from the 
standard curve. 

2. Calculate the mercury con
centration in the sample. 

3. Report mercury concentra
tion as follows: 

Below 0.2 µg/l as <0.2 µg/l 
Between 1.0 and 10.0 µg/l 

using one place after 
decimal 

Above 10.0 µg/l using only 
whole numbers 

la. As constructed under step 17, Operating Procedure 
E. Calibration. 

2a. The value is expressed as ~gHg/liter so: 
. 1000 µgHg/liter = µgHg rn the sample x vof:··-"0-f~-sa_m_p~l-e volume 

Example: If the sample was diluted by adding 
50 ml of sample and adding 50 ml of 
distilled water and a value obtained 
showing 0. l µgHg then: 

µ_gHn l 000 2. 0 µgHg 
·• •• :.;z.._ = 0 1 11gHg x -- · - - -11 ter · .. 50 ml - liter 

4a. < = less than. 
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SECTION 

I* 

II* 

III* 

IV 

V* 

VI 

VII* 

VI II 

IX 

TRAINING GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications 

Fie1d and Laboratory Equipment 

Field and Laboratory Reagents 

Field and Laboratory Ana1ysis 

Safety 

Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 
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Atomic Absorption (Cold Vapor} Technique 

INTRODUCTION 

E.3 

TRAINING GUIDE NOTE 

Theoretical Concept_s_ 

The method is based on the method developed by Hatch 
and Ott. The mercury in the sample is oxidized to 
the mercuric ion with potassium permanganate in a 
nitric-sulfuric acid medium. Hydroxylamine sulfate 
is then added to remove the excess permanganate. 
Stannous sulfate, is then added to reduce the 
mercury to metallic form. Then the mercury is 
vaporized and circulated by the bubbler system. This 
consists of a circulating pump and the bubbler. 
Measurement is made with a flameless atomic ab
sorption spectrophotometer. The energy at the 253.7 
nm mercury line emitted by a mercury lamp is ab
sorbed by the mercury vapor in the flow-through 
absorption cell. The change in transmittance is 
detected by a phototube. 

Section I 

REFERENCES/RESOURCES 

Analytical Chemistry, 
vol. 40, p. 2085, 
December 1968. 
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Atomic Absorption (Cold Vapor) Technique 

EDUCATIONAL CONCEPTS - MATHEMATICS Section II 

TRAINING GUIDE NOTE REFERENCES/RESOURCES 

E.17a 

E8-24 

The standard curve is a reference to a fundamental 
law of absorption chemistry known as the Beer
lambert law. Simply, this law states that the amount 
of energy absorbed by a solution is proportional to 
the concentration of the absorbing material in the 
solution. Applied to this outline the amount of 
energy absorbed at the wavelength of 253.7 nm is 
proportional to the amount of mercury present in a 
solution. 

If the concentrations of a series of known solutions 
(prepared as in step l under Calibration) and peak 
height are plotted, a straight line should result. 

When an unknown sample value is obtained, its mercury 
content can be determined from the straight line or 
standard curve. 

rro use the attached graph paper prepare the standards 
~s in step 1 of the Calibration section and run them 
6s described. The known concentrations are plotted 
~long the bottom of the graph. Then plot the peak 
~eights obtained from the recorder chart plotted on 
the left of the graph. 

~here the known concentration line intersects with 
the appropriate peak height, a mark is made. After 
~11 six standards are plotted, draw a line through 
the marks. 



WATER MONITOP.ING PROCEDURES: Determination of Mercury Using the Flameless 
Atomic Absorption (Cold Vapor) Technique 

FIELD AND LABORATORY EQUIPMENT Section V 

TRAINING GUIDE NOTE REFERENCES/RESOURCES 

B.6. la The criteria for certification of a laboratory for 
~nalysis of drinking water samples for compliance 
~ith the Safe Drinking Water Act (93-523) lists as 
mandatory equipment a recorder to be used when 
analyzing for mercury. 
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FIELD AND LABORATORY ANALYSIS Section VII 

E.3 

E.15 

EB-26 

TRAINING GUIDE NOTE REFERENCES/RESOURCES 

Loss of mercury may occur at elevated temperature. EPA Method Study 8, Total 
However, with the stated amounts of acid the ~ercury in Water, 
temperature rise is only about l3°C (25-38°C) and no ~PA-600/4-77/012, Feb. 1977. 
losses of mercury will occur. 

Be sure to close the valve before running another 
sample/standard when using the closed system. Since 
the system is being calibrated with the valve in 
that position, running a sample/standard in the open 
mode will produce a nonacceptable value. This is due 
to the change in volume of the system. 

Operation in the open mode does not require the 
valve. Consequently, the opening and closing will 
not have to be done. 
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RECORDER - o-c 1--i J- \) 

TRAP 

SAMPLE 
CONTAINER 
(BOD BOTTLE) 

SYSTEM ONE: LIQUID MERCURY TRAP CLOSED SYSTEM 

RECORDER- o-c 1--i J-\J 

SAMPLE 
CONTAINER 
(BOD BOTTLE) 

TRAP 

-

SYSTEM TWO: SOLID MERCURY TRAP CLOSED SYSTEM 

RECORDER - o-cl-i~-Q 
MERCURY ---

TRAP 

SAMPLE CONTAINER 
(BOD BOTTLE) 

SYSTEM THREE: SOLID MERCURY TRAP OPEN SYSTEM 

Figure 1. FLOW SYSTEMS FOR THE COLD VAPOR 
TFC".MNIOUF FOR MS:RrllRY 
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RUBBER STOPPER 

FILTERING FLASK 
(Corning #400580) 

FROM 
MAS-50 

t 

LIQUID LEVEL 

TYGON TUBING 

STOPCOCK 

GLASS "Y" SHAPED 
TUBING CONNECTOR 

~~__.'"'--'.,..TO SAMPLE 
CONTAINER 

FIGURE 2. ARRANGEMENT OF TWO-POSITION STOPCOCK AND 
MERCURY TRAP 
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GLASS 
TUBING 6 inches 

MAGNESIUM PERCHLORATE (20 g) 

/ ~ 
RUBBER STOPPER GLASS WOOL GLASS WOOL 
(#2 size) 

FIGURE 3. DRYING TUBE 
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TYGON 
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- - t 
18 MM 

----+ 
18 MM 

.....__ _________________ _L 

1 .. 10 - 18 CM ·I 
FIGURE 4.CELL FOR MERCURY MEASUREMENT 

BY COLD VAPOR TECHNIQUE 

The length and OD of the cell are not critical. The body of the cell 
may be of any tubular material but the end windows must be of quartz 
because of the need for UV transparency. 

The length and diameter of the inlet and outlet tubes are not important, 
but the position of the side arms may be a factor in eliminating recorder 
noise. There is some evidence that displacement of the air inlet arm 
away from the end of the cell results in smoother readings. A mild 
pressure in the cell can be tolerated, but too much pressure may cause 
the glued-on end windows to pop off. 

Cells of this type may be purchased from various supply houses. 
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WATER MONITORING PROCEDURE: Detennination of Arsenic and Selenium 

General Description of Equipment and Supplies Used in the Process 

A. Capita 1 Equipment: 

1. Balance, analytical - sensitivity 0.1 milligrams 
2. Atomic absorption spectrophotometer - see instrument section 
3. pH meter 
4. Hot plate, 110 V 
5. Magnetic stirrer 
6. Pan balance 

B. Reusable Supplies: 

1. Flasks, volumetric. 50 ml, 100 ml, 1000 ml 
2. Flasks, Erlenmeyer, 250 ml 
3. Pipet, volumetric, 25 ml 50 ml 
4. Pi pet, micro, 1 ml graduated 0. 1 ml 
5. Pi pet, measuring, 1 ml, 10 ml 
6. Graduated cylinders, 500 ml, 100 ml, 50 ml, 25 ml 
7. Beakers, 250 ml 
8. Funnel, 80 rrm diameter 
9. Ring stand and 3 inch ring 

10. Watch glass 
11. Anion and cation exchange resin cartridges 
12. Reagent bottles 
13. pH paper 
14. Specialized glassware - See apparatus section 

C. Consumable Supplies: 

1. Reagents, analytical reagent grade 

a. Arsenic trioxide 
b. Selenium metal 
c. Zinc metal (200 mesh) 
d. Potassium iodide 
e. Stannous chloride 
f. Sulfuric acid 18N 
g. Hydrochloric acid, concentrated 
h. Nitric acid 
i. Perchloric acid, 70-72 percent 
j. Sodium hydroxide 

2. Gases 

a. Argon 
b. Hydrogen 
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WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

l. Analysis Objective: 

To determine the arsenic and selenium concentration, as listed in the 
Interim Primary Drinking Water Regulations, in water samples from 
potable water treatment and distribution facilities. 

2. Brief Description of the Analysis: 

Samples are prepared to distinguish between inorganic and total {inorganic 
and organic) metal by appropriate acid digestion. Either one of the 
prepared samples or standards are treated with SnC1 2, a reducing agent to 
convert the metal to its lowest oxidation state, Zinc is added to the acidi
fied sample, generating hydrogen and producing the evolution of the metal 
hydride which is aspirated into a Argon-Hydrogen flame of an atomic absorption 
spectrophotometer. Calculations are made from a standard curve by measuring 
the peak heights of the samples and reading the concentration. 

3. Applicability of this Procedure: 

a. Range of Concentration - From 2 to 20 µg/l is the working range of the 
method. 

b. Pretreatment of Samples - Upon collection the pH of the sample should 
be lowered to below 2 by the addition of concentrated nitric acid. 
The maximum holding time is 6 months. 

c. Treatment of Interferences - In analyzing most surface and ground waters, 
interferences are rarely encountered. Organic forms of arsenic and 
selenium must be oxidized before analysis. 

d. Source of Procedure - Methods for Chemical Analysis of Water and Wastes, 
1974, Environmental Monitoring and Supply Laboratory, Cincinnati, Ohior. 



WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

Operating Procedures: 

A. Apparatus and Instrumentation 

B. Instrument Calibration 

c. Reagent Preparation 

D. Sample Preparation 

E. Standards Preparation 

F. Samples and Standards Treatment 

G. Calculations 
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WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium £9-6 

OPERATING F~CCEDURES 

A. Apparatus and 
Instrumentation 

STEP SEQUENCE 

1. Atomic absorption spectro
photometer. 

2. Hollow cathode lamp. 

3. Recorder. 

4. Fl owmeter. 

5. Medicine dropper. 

6. Reaction flask. 

7. Special gas inlet-outlet 
tube. 

8. Magnetic stirrer. 

9. Oryi ng tube. 

INFORMATiON/OFERATING GOALS/SPECIFICATIONS 

la. Any atomic absorption spectrophotometer that 
allows the introduction of a gaseous sample; 
double-beamed instrument preferred because of 
increased stability. 

2a. Arsenic or selenium hollow cathode lamp compati
ble with the spectrophotometer. 

3a. Any variable-speed recorder that is compatible 
with the spectrophotometer; a chart speed of 
10 rrrn/minute recorrrnended. 

4a. A flowmeter capable of measuring 1 l/minute, such 
as a GilllK)nt No. 12 or equivalent used for 
auxiliary argon. 

5a. A dropper capable of delivering 1.5 ml, fitted 
into a size 11 011 rubber stopper. 

6a. A pear-shapped vessel with side ann and 100 ml 
capacity, both arms having 14/20 joint 
(Scientific Glass JM-5835) or equivalent. 

7a. Constructed from a micro cold finger condenser 
(Scientific Galss JM-3325) or equivalent by 
cutting off the portion below the 14/20 ground 
glass joint. 

Ba. Must be strong enough to hollK)genize a 50% mixture 
of zinc dust and water. 

Sb. See reagent section. 

9a. 100 mm long polyethylene tube filled with glass 
wool to keep particulate matter out of the 
burner. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

OPERATING P~CCEOURES ST~F SEQUE~CE ItlFCRMATIO~/OPERATING GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

~------------------~!----~~-----·- --'------+---~------------------------------------------.... ..;;.;;;;.;;.;..;;;...;.;.;;;.;..;.; ..... 
A. Apparatus and 

Instrumentation 
{Continued) 

B. Instrument 
Calibration 

10. Apparatus setup: See 
schematic. 

1. Prepare atomic absorption 
spectrophotometer for 
operation. 

2. Install the hollow cathode 
lamp for the element being 
measured (As or Se) in the 
instrument, set the wave
length dial and align the 
lamp in accordance with 
the manufacturer's 
instructions. 

3. Set the slit width accord
ing to the manufacturer's 
suggested setting for the 
element being measured 
(As or Se}. 

4. Turn on the instrument and 
ajust the current to the 
hollow cathode lamp as 
suggested by the 
manufacturer. 

lOa. Connect the apparatus with the burner of the 
spectrophotometer as indicated in the schematic. 
Connect the outlet of the reaction vessel to the 
auxiliary oxidant input of the burner with Tygon 
tubing. Connect the inlet of the reaction 
vessel to the outlet side of the auxiliary 
oxidant, argon supply, control valve of the 
instrument. 

la. It is not possible to formulate instructions 
applicable to every instrument but in general 
one can follow the step sequence in the 
adjacent column and by consulting the instruction 
manual for your particular instrument. 

2a. Arsenic wavelength 193.7 mm. 
Selenium wavelength 196.0 nm. 

2b. See instruction manual for your particular 
instrument. 

4a. Allow the instrument to warm up, usually 10-20 
minutes, until the energy source stabilizes. 
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WATER MONITORING PROCEDURE: Detennination of Arsenic and Selenium 

A 

OPERATING P~CCEDURES STEP SEQUENCE INFCRMATION/OPERATING GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

B. Instrument 5. Install a Boling burner 
Calibration head. 
(Continued) 

6. Turn on the argon and 
adjust to a flow rate of 
about 8 l/minute with 
the auxiliary argon flow 
at 1 l/minute. 

7. Turn on the hydrogen, 7a. The gas flow rates may require adjustment to 
adjust the flow rate of optimize the flame for your particular instrument 
about 7 l/minute and 
ignite the flame which 
will be essentially color-
less. 

8. Adjust the burner head 8a. The instrument is now ready to run standards and 
both sideways and verti- samples. 
cally in the light path 
until maximllTl response is 
obtained by atomizing a 
freshly prepared standard 
solution for the element 
being measured {l.00 ml 
equals 1.00 mg (As or Se)) 

c. Reagent Preparation 
1. Dionized 1. Prepare by passing dis- la. Use deionized distilled water for the preparation 

Distilled Water tilled water through a of all reagents, calibration standards, and as 
mixed bed of cation and dilution water. 
anion exchange resin. 

2. Nitric Acid 1. Co1T111ercially available la. If meta 1 impurities are found to be present, 
Concentrated reagent grade. distill reagent grade nitric acid in a 
(HN0 3) borosilicate glass distillation apparatus. 



~ATER MONITORING PROCEDURE: 

OPERATING P~CCEDURES 

C. Reagent Preparation 
(Continued) 
3. Hydrochloric Acid 

4. Diluent - Stock 

5. Potassium Iodide 
Solution 

6. Stannous Chloride 
Solution 

Determination of Arsenic and Selenium 

l. Cornnercially avialagle 
reagent grade. 

l. Add 100 ml 18 N sulfuric 
acid and 400 ml hydro
chloric acid to 400 ml 
deionized distilled water 
in a l 1 i ter vol ume t ri c 
flask and bring to volume 
with deionized distilled 
water. 

l. Weigh 20 grams potassium 
iodide, KI. on a pan 
balance. 

2. Transfer the reagent into 
a 250 ml Erlenmeyer flask 
and dissolve with 100 ml 
deionized distilled water. 

l. Weigh 100 grams stannous 
chloride, SnC1 2• on a pan 
balance. 

2. Transfer the reagent into 
a 250 ml Erlenmeyer flask 
and dissolve with 100 ml 
concentrated hydrochloric 
acid, HCL. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Use a 100 ml and 500 ml graduate. 
lb. Diluent used for preparation of working standards 

la. Use a weighing disk. 

2a. Use a 100 ml graduate. 

la. Use a weighing disk. 

2a. Use a 100 ml graduate. 

E9-9 
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WATER ~ONITORING PROCED~RE: Determination of Arsenic and Selenium E9- l0 

OPERATINC P~CCEDURE~ 

C. Reagent Preparation 
(Continued) 
7. Stock Arsenic 

8 . I n termed i ate 
Arsenic Solution 

STE f' SEQUrnCE 

1. Weigh 4 grams sodium 
hydroxide, NaOH, on a pan 
balance. 

2. Transfer the reagent to a 
250 ml beaker and add 100 
ml of deionized water, 
allow to dissolve. 

3. Weigh 1.3209 grams arsenic 
trioxide, As 2o3 on an 
analytical balance. 

4. Transfer the reagent to 
the beaker containing the 
NaOH solution, allow to 
dissolve. 

S. After dissolution transfer 
into a clean 1000 ml 
volumetric flask and 
dilute to the mark with 
deionized distilled water. 

1. Pf pet 1 ml stock arsenic 
solution (1000 mg/l) into 
a 100 ml volumetric flask 
and bring to volume with 
deionized distilled water 
containing 1.S ml con
centrated nitric acid per 
liter. 

HlFORMATION/OPERATING GOALS/SPEC I FI CAT IONS 

la. Use a weighing disk. 

2a. Stir if necessary with a glass or plastic rod. 

3a. Using a weighing disk. 

4a. Stir if necessary. 

Sa. Use a plastic wash bottle to rinse the beaker 
and stirring rod into the volumetric flask. 

Sb. One ml equals 1.00 mg As (1000 mg/l). 

la. One ml equals 10.0 rrg As (10 mg/l). 
lb. Use a volumetric pipet. 
le. This solution is made up fresh at time of use. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

OPERATING P~CCEDURES 

C. Reagent Preparation 
(Continued) 
9. Standard Arsenic 

Solution 

10. Perchloric Acid 
70-72~h HCL04 

0. Sample Preparation 
l. Inorganic Arsenic 

or Selenium 

2. Total (Inorganic 
and Organic) 
Arsenic 

.......-.......--- -· 
STE.P SEQUtNC[ 

l. Pipet 10 ml intennediate 
arsenic solution in 100 
ml volumetric flask and 
bring to volume with 
deionized distilled water 
containing 1.5 ml con
centrated nitric acid per 
liter. 

l. Corrmercially available 
grade. 

l. To a 50 ml volumetric 
flask add 25 ml of water 
sample, 20 ml concentrated 
HCl and 5 ml of l8N H2so4. 

l. To 50 ml of water sample 
in a 150 ml beaker add 
10 ml of concentrated 
nitric acid, and 12 ml of 
18 N sulfuric acid. This 
mixture is evaporated to 
so

3 
fumes (a volume of 

about 20 ml). 

2. To maintain oxidizing 
conditions add small 
amounts to nitric acid 
whenever the red-brown 
N0 2 fumes disappear. 

INFORMATION/OPE.RATING GOALS/SPECIFICATIONS 

la. One ml equals l ~g As (1 mg/l). 
lb. Use a volumetric pipet. 
le. This solution is made up fresh at time of use. 

la. Allow to cool to ambient temperature. 
lb. Use a 25 ml volumetric pipet. 
le. Use 10 ml measuring pipets. 

la. Oxidizing conditions must be maintained at all 
times to avoid loss of arsenic. 

2a. Add nitric acid in 1 ml increments using a 
measuring pi pet. 

TRAINING 
GUIDE NOTES 
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WATER MONITORING PROCEDURE: Detennination of Arsenic and Selenium 

OPERATING PhCCEDURES 

D. Sample Preparation 
(Continued) 

E. Standards 
Preparation 

F. Samples and 
Standards Treatment 

STEP SEQ'.JEt-.CE 

3. Allow to cool slightly, 
add 25 ml of deionized 
distilled water and 1 ml 
perchloric acid, and 
again evaporate to so3 fumes. 

4. Allow to cool, add 40 ml 
concentrated HCL, trans
fer the solution into a 
100 ml volumetric flask 
and dilute to the mark 
with deionized distilled 
water. 

l. Transfer 0, 0.5, 1.0, 1.5 
and 2.0 ml standard 
arsenic or selenium so
lution to 100 ml volumet
ric flasks and bring to 
volume with diluent to 
obtain a concentration of 
0, 0, 10, 15, and 20 µg/l 
arsenic or selenium. 

1. Transfer a 25 ml aliquot 
of sample prepared as in 
(0.1) or D.2) or standard 
prepared as in (E.) to a 
reaction vessel. 

HIFORMi'lT ION/OPERA TI NG GOALS/SPEC IF I CATIONS 

3a. Use a 25 ml graduate. Use a 1 ml measuring 
pi pet. 

4a. Use a plastic wash bottle to rinse the beaker 
during the transfer. 

4b. Use a 50 ml graduate. 

la. Use a 1 ml micro pipet graduated in O.l ml. 
lb. Refer to reagent preparation section. 

la. Use a 25 ml volumetric pipet. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Detennination of Arsenic and Selenium 

OPERATING P~CCEOURES STEP SEQCENCt. JNIORMATION/OPERATI~G GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

F. Samples and 2. Add l ml of 20 percent 2a. Us a 1 ml measuring pipet. 
Standards Treatment potassium iodide to 2b. Omit potassil.Jll iodide for se1enium determinations 
{Continued) arsenic samples and 

standards only. 

3. Add 0.5 ml of 100 percent 3a. Use a l ml measuring pi pet. 
stannous chloride 3b. Allow at least 10 minutes for the arsenic or 
solution. selenium to be reduced to its lowest oxidation 

state. 

4. Attach the reaction vessel 
to the special gas inlet-
outlet glassware. 

5. Fi 11 the medicine dropper 
with about 1-1/2 ml of 
zinc slurry that has been 
kept in suspension with a 
magnetic stirrer. 

6. Firmly insert the stopper 
containing the medicine 
dropper into the side 
neck of the reaction 
vessel. 

7. Squeeze the bulb to intro- la. The argon carrier gas will sweep the generated 
duce the zinc slurry into metal hydride into the burner. The metal hydride 
the sample or standard. will produce a peak alroost immediately. 

8. When the absorbance 
reaches its maximum and 
the recorder pen returns 
part way to the base line, 
reroove the reaction vessel 

--
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WATER MONITORING PROCEDURE: Determination of Arsenic and Selenium 

OPERATING PRCCEDURES STEP SEQUF.t;CE INFORMATION/OPERATING GOALS/SPECIFICATIONS 
TRAINING 

GUIDE NOTES 

G. Calculations 1. Draw a standard curve by la. Use linear graph paper. 
plotting peak heights of 
standards verus concen-
trations of standards. 

2. Using your standard curve 2a. Take in account any dilution factors. In this 
measure the peak heights case the sample was diluted 1 + 1 with acid, 
of the samples and deter- multiply the concentration obtained from the 
mine the concentration curve by two. 
from the curve. 



WATER f()NITORING PROCEDURE: Determination of Arsenic and Selenium 
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Schematic arrangement of equipment for 
determination of arsenic and selenium. 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

This operational procedure was developed by: 

NAME Don Roach 

ADDRESS Miami-Dade Community College, South Campus, 11011 S.W. 104 Street, 
Miami, Florida 33176 

POSITION Chairman - Chemistry Department 

EDUCATION AND TECHNICAL BACKGROUND 

B.S. - Chemistry 

M.S. - Chemistry 

PhD. - Analytical Biochemistry 

l year Co1T1T1ercial Laboratory Chemist 

10 years College Chemistry Instructor 

7 years Chemical Consultant to Industry 
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EFFLUENT MONITORING PROCEDURE: Detennination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

1. Objective: 

To determine the nitrate-nitrite nitrogen and the nitrate nitrogen content 
of an effluent. 

2. Brief Description of Analysis: 

The procedure converts nitrate nitrogen to nitrite nitrogen when the 
nitrate is passed through a column containing copper-cadmium granules. 
Nitrate is almost quantitatively reduced to nitrite by this process. 
The resulting nitrite is detennined by reacting the effluent with sul
fanilamide and coupling with N - (l-napthyl) - ethylenediamine dihydro
chloride to form a highly colored dye which can then be determined 
colorimetrically. A correction must be made for any nitrite initially 
present in the sample since the method determines total nitrite. The 
concentration of nitrite originally present in a sample can be detennined 
by omitting the initial copper-cadmium reduction and carrying out the 
remainder of the procedure. Separate nitrate-nitrite values for a sample 
may be obtained by analyzing two aliquots of the sar.1ple; one \'lit~ t~e 
copper-cadmium reduction step and one without the initial reduction step. 

3. Applicability of this Procedure: 

a. Range of Concentration: 

0.01 to 1.0 mg N03-No2 N/liter 
(The range may be extended for samples by dilution.) 

b. Pretreatment of Samples: 

The Federal Register Guidelines do not specify any pretreatment. 

c. Treatment of Interferences in Samples: 

This procedure includes directions for removal of turbidity and/or of 
grease and oil from samples. It also includes addition of EDTA to 
eliminate interferences from metals. No other interferences are noted 
in the Source of Procedure.* 

*Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1979, 
U.S. Environmental Protection Agency, Enivornmental tlonitoring and Support 
Laboratory, Cincinnati, Ohio, page 353.3-1 (Issued 1974). 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Methcd 

FLOW SHEET: 

SAMPLE I 
I I TURBIDITY REMOVAL 
{if necessary) 

1 
OIL ANO GREASE REMOVAL 

{if necessary) 

I 
ADJUST pH TO BET~EEN 5 
ANO 9 (if necessary) 

l 
REDUCTION OF NITRATE TO 
NITRITE BY PASSING THROUGH 
CADMIUM REDUCTION COLUMN 

I 
COLOR DEVELOPMENT BY REACTION 
OF NITRITE WITH SULFANILAMIDE 
ANO WITH N-(1- NAPTHYL) -
ETHYLENEDIAMINE DIHYOROCHLORIOE 

I 
MEASUREMENT OF ABSORBANCE AT I 540 nm 

I 
RESULTS: NITRATE N PLUS 
ORIGINAL NITRITE N 

The above procedures determine nitrate N plus nitrite N. The initial nitrite 
concentration of the samples could be determined without rr:duction. Thus, 
the nitrate concentration can be determined by: 

Nitrate N = Total Nitrite N - Nitrite N without reduction 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Balance, analytical, 160 g capacity, precision .:t. 0.1 mg 
2. 6alance, triple beam, 500 g capacity, precision .:t. 0.25 g 
3. pH meter/combination electrode, range 0-14 pH 
4. Refrigerator, temperature range 2° - 10°C 
5. Spectrophotometer, wave length range 325-825 nm 
6. Still and de-ionizing cartridges (or other means of distilling and 

de-ionizing water) 

B. Reusable Supplies: 

1. One apron, laboratory 
2. One 100 ml beaker 
3. Four 250 ml beakers (3 for buffer solutions) 
4. One 400 ml beaker 
5. One 1 liter beaker 
6. One 2 liter beaker 
7. Two bottles, Barnes with stoppers and two droppers, small gauge 
8. One 150 ml bottle, dropper 
9. One 250 ml bottle, plastic wash 

10. One 100 ml bottle, storage with screw-on cap (storage of 6N HCl) 
11. Seven 1 liter bottles, storage, brown with screw-on caps or rubber stoppers 
12. Two 5 gallon bottles, water with bottom spout 
13. One brush, camel hair (cleaning analytical balance) 
14. Two brushes, bottle (cleaning glassware) 
15. One bulb, propipet type 
16. One buret holder, double clamps (reduction column support) 
17. Two columns, reduction (see Figure l at the end of this section) 
18. Three cuvettes 
19. One 25 ml cylinder, graduated 
20. One 50 ml cylinder, graduated 
21. One 100 ml cylinder, graduated 
22. One 500 ml cylinder, graduated 
23. One 1 liter cylinder, graduated 
24. One 50 ml flask, volumetric with stopper (dilution of sample) 
25. Twelve 100 ml flasks, volumetric with stoppers (for standards) 
26. X 100 ml flasks, volumetric with stoppers (for samples - 1 flask 

per sample) 
27. Twelve 250 ml flasks, Erlenmeyer with stoppers (for standards) 
28. X 250 ml flasks, Erlenmeyer with stoppers (for samples-1 flask per sample) 
29. One 1 liter flask, Erlenmeyer, or a large, empty chemical bottle 

(for Cd washings) 
30. Three 1 liter flasks, volumetric with stoppers 
31. Two 2 liter flasks, volumetric with stoppers 
32. One filter funnel for 0.45 µfilter (turbidity removal) 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

B. Reusable Supplies (Continued) 

33. One funnel, powder 
34. One funnel, large powder with large filter paper (for Cd washings) 
35. One 250 ml funnel, separatory (oil and grease removal) 
36. One pair glasses, safety 
37. Two hoses, rubber, 311 strip, 4 cm I.D. with screw type clamp 
38. One notebook (recording data) 
39. Two 100 ml volumetric pipets (construction of reduction columns) 
40. One C.5 ml pipet. volumetric 
41. One 1 ~l pipet, volumetric 
42. One 2 ml pipet, volumetric 
43. One 5 ml pipet, volumetric 
44. One 10 ml pipet, volumetric 
45. One 25 ml pipet, volumetric 
46. One 50 ml pipet, volumetric 
47. One rod, stirring (6 11 or 12 11

) 

48. One sieve, 40 mesh 
49. One sieve, 60 mesh 
50. One spatula (scoopula ) 
51. Two stands, ring (support funnel, and reduction column) 
52. One support, ring, small (support funnel) 

C. Consumable Supplies: 

1. Glasswool, wad 
2. Membrane filter, 0.45 ~ 
3. Notebook (recording data) 
4. Pen or pencil (recording data, marking flasks) 
5. Soap 
6. Sponges (for cleaning) 
7. Tissues, soft (wiping cuvettes and electrodes) 
8. Towels, paper 
9. Twelve weighing boats 

10. 26 g ar.imonium chloride, NH4Cl 
*ll. 100 ml anmonium hydroxide, NH40H 
*12. 150 ml buffer solution, STD pH 4 
*13. 600 ml buffer solution, STD pH 7 
*14. 450 ml buffer solution, STD pH 10 

**15. 25 g cadmium granules, 40-60 mesh 
16. 55 ml chloroform, CHC1 3 (Freon or another non-polar solvent may be used.) 
17. 20 g copper sulfate, pentahydrate, CuS04·5H2o 
18. 3.4 g disodium ethylenediamine tetraacetate, c10H14N2Na2o8 
19. l g N-(l-napthyl) - ethylenediamine dihydrochloride, c12H14N2·2HC1 

*20. 200 ml hydrochloric acid, concentrated, HCl 
21. 100 ml hydrochloric acid, dilute (6N), HCl 
22. 100 ml phosphoric acid, concentrated, H3Po4 

*23. Potassium dichromate (cleaning solution), K2Cr2o7 
24. 7.218 g potassium nitrate, KN03 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

C. Consumable Supplies (Continued) 

25. 6.072 g potassium nitrite, KN02 
26. 240 g sodium hydroxide, pellets, NaOH 
27. 10 g sulfanilamide, c6H8N2o2s 

*28. Sulfuric acid, concentrated, (cleaning solution) H2so4 
29. 100 g zinc sulfate, heptahydrate, ZnS04·7H20 
30. Labels, package, 1 l/2 x 1 inch 
31. Paper,.graph 8 l/2 x 11, package 

All reagents should be reagent grade. 

The above amounts do not allow for spillage or mistakes. 

*These amounts will vary 

**MCB Reagents . . . 
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EFFLUENT MONITORING PROCEDURE: Detennination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Method 

10 cm 
3 cm l.D. 80-85 ml 

2 cm ........ -3.5 mm l.D. 

't .• 
A • 

~ ;~;, 

25 cm 

18.5 cm GLASS WOOL PLUG 

TYGON TUBING 

100 ml 
volumetric 

pi pet 

--Cut 

Figure 1. Reduction column 

-Cut 
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EFFLUENT M01HTOl\ING PR(JCfDURF: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING P~CCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

DETERMINATION OF NITRATE-NITRITE NITROGEN AND OF NITRATE NITROGEN, mg/liter 

A. Equipment 
Preparation 

1. Glassware Wash-Up 

2. Balance Inspection 

3. Spectrophotometer 
Inspection 

1. Clean all glassware in 
suitable detergent. 

1. Clean balance. 

1. Clean spectrophotometer. 

2. Turn power on by rotating 
the power control 
clockwise. 

la. 

1 b. 

la. 

1 a. 

2a. 
2b. 

Distilled water drains without leaving any 
droplets on surfaces. 
Use chromerge if necessary. 

Free of dust and dirt. 

Free of dust and dirt. 

Pilot 1 amp on. 
Directions are for Spectronic 2(). 

3. Select wavelength by 3a. 540 nm on the wavelength scale. 
rotating the wavelength 
control knob either 
direction until the proper 
wavelength is reached. 

4. Zero the instrument by 4a. Meter needle reads zero. 
bringing the meter needle 
to "0" on the percent 
transmittance scale. 

ElO.A-10 
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TRAINING 
GUIDE NOTES 

(p. 41) 

5. Use an empty cell and Sa. To be sure that the instrument can achieve 100% T. 
adjust the light control 
to 100% T. 



EFFLUENT MUfHTOl\ING PRuCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPlRATING PROCEDURES 

B. Reagent Preparation 

l. Distilled Water 

2. Concentrated 
A11'111onium Chloride 
EDTA Solution 

STEP SEQUENCE 

1. Prepare approximately ten 
(10) liters of highly pure 
water. 

l. Weigh 26 g of arrrnonium 
chloride, NH4Cl, in a 
weighing boat and wash 
into 2.0 liter graduated 
beaker. 

2. Weigh 3.4 g of disodium 
ethylenediamine tetra
acetate, c10H14N2Na 2o8, 
and wash into the sa~e 
beaker. 

3. Add enough distilled water 
to bring the total volume 
to approximately 1800 ml. 

4. Use a pll meter to adjust 
the pH of the solution to 
8.5 by the dropwise addi
tion of concentrated 
ammonium hydroxide, 
NH40H. 

5. After the pH has been ad
justed, transfer the 
solution to a 2 liter 
volumetric flask. 

INFORMATION/OPlRATING GOALS/SPECIFICATIONS 

la. An ion exchange c~lumn in conjunction with a still 
provides an adequate source of highly pure water. 

lb. This water will be used for all reagent prepara
tion and washing of equipment. 

le. The pll of the water must be between 5.5-7.5. 

la. Distilled water sr.ould be used for all phases of 
solution preparation including water used in 
washing a solid into a container. 

4a. ~ix the solution thoroughly by stirring, after 
the addition of each drop of NH40H. 

5a. Whenever a solution is transferred, the container 
from which the transfer is made should be washed 
and the washings added to the container to which 
the transfer was made. 

TRAINING 
GUIDE NOTES 
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EFFLL:ENT MOfHTOl\ING PRuCEDURF: Determination of tlitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\OCEDURES 

B. Reagent Preparation 
{Continued) 

3. Dilute Ammonium 
Chloride EDTA 
Solution 

4. Color Reagent 

STEP SEQL:ENCE 

6. Dilute to volume with 
distilled water. 

INFORMATI ON/OPERATI fl.G GOALS/ SPEC I FI CAT IONS 

6a. The solution is stable for several months. 

7. Label the bottle in which 7a. Include the name of the solution, your name and 
the solution is stored. the date of preparation. 

l. Measure 30G 1:11 of t~H=> 
concentrated ar:1'1onium 
chloride-EDTA solution 
into a one liter graduated 
cylinder. 

2. Add distilled ~ater to 
bring t~s volume to 
500 ml in the cylinder. 

3. Swirl to mix the 
solution. 

4. Store in a labeled 
container. 

1. Add 800 ml of distilled 
water to a l liter flask. 

2. Add 100 ml of concentrated 
phosphoric acid, H3Po4, to 
the same flask. 

3. Mix thoroughly. 

4. Weigh 10 g of sulfanilamide 
(C6H8M2o2s) in a weighing 
boat. 

4a. This dilute ammonium chloride-EDTA solution is 
stable for several months. 

la. Use a graduated cylinder. 
lb. Use a l liter volumetric flask. 
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EFFLUENT MO!HTOl\ING PR(JCEDURF.: Determination of Nitrate-~Htrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

5. Zinc Sulfate 
Solution 

STEP SEQUENCE 

5. Use a wash bottle and 
funnel to wash the 
sulfanilamide into the 
l liter flask containing 
phosphoric acid solution. 

6. Weigh 1 g ~-(1-napthyl)
ethylenediamine dihydro
chl oride, Marshall's 
Reagent, and wash into 
same flask. 

7. Dilute to volume with 
distilled water. 

8. Store in a labeled 
container. 

1. Weigh 100 g of zinc sul
fate heptahydrate, 
7nS04 ·7tl20, in a weighing 

boat. 

INFORMATlON/OPERATING GOALS/SPECIFICATIONS 

8a. Container should be dark 1 liter plastic reagent 
bottle. 

8b. Store at 4°C when not in use. 
8c. Use at roOfll temperature. 
8d. The solution is stable for several months. 
Be. A very faint pink color may show up in this 

color reagent. You may still use the reagent. 
If a precipitate forms in the reagent, though, 
discard it. 

la. This reagent is used if flocculation is employed 
as an alternative to filtration if the sample 
requires rewoval of turbidity. 

2. Hash into a l liter flask 2a. Use a volumetric flask. 
using a wash bottle and a 
funnel. 

3. Add sufficient distilled 
water to dissolve all of 
the solid. 

TRAJ NlNG 
GUIDE NOTES 
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EFFLUENT MOtHTOf\ING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PkCCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

B. Reagent Preparation 4. Dilute to volume with 
(Continued} distilled water. 

5. Store in a labeled 5a. This solution is stable for at least one year. 
container. 

6. Sodium Hydroxide 1. Rapidly weigh 240 g o_f la. This reagent is used if flocculation is employed 
Solution (6N} solid sodium hydroxide, as an alternative to filtration if the sample 

NaOH, pellets in a l liter requires removal of turbidity. 
graduated beaker. lb. Sodium hydroxide picks up moisture from the air 

quite readily. 

2. Add 500 ml distilled 2a. The water should be added with constant swirling 
water to dissolve the to avoid fusing. CAUTION: Heat is liberated. 
sodium hydroxide. Place Beaker in a pan of cold water. 

3. Dilute to a total volume 3a. The solution should be allowed to cool to room 
of 1 1 iter. temperature before the dilution is made. 

4. Store in a glass bottle or 4r.. Sodium hydroxide slowly etches glass causing 
jug and stopper with a glass stoppers to stick. 
rubber stopper. 4b. The solution is stable for at least a year. 

5. Label the container. 

7. Anrnonium l. A 100 ml supply should be la. Drop quantities may be required for pH 
Hydroxide available. adjustment. 

2. Place in a Barnes 
(dropper) bottle. 

8. Hydrochloric 1. Add 50 ml of distilled 1 a. A 100 ml graduated cylinder is suitable for 
Acid, (6N) water to a 400 ml beaker. measuring the volume of the distilled water. 

TRAINING 
GUIDE NOTES 



EFFLUENT MUt4IT0KlNG PRuCEDURF: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PKCCEDURES STEP SEQUENCE IHFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

B. Reagent Preparation 
(Continued) 

2. Slowly add 50 ml of 2a. Measure the acid in a 100 ml graduated cylinder. 
concentrated hydrochloric 

9. Copper Sulfate 
Solution (2%) 

10. Nitrate Stock 
Solution 

(HCl) acid (12 N) to the 
same beaker. 

3. Mix thoroughly. 

4. Store in a 100 ml bottle. 

5. Label the container. 

1. Weigh 20 g of copper 
sulfate pentahydrate, 
CuS04·5H2o, in a weighing 

boat. 

2. Wash copper sulfate into a 
two liter beaker. 

3. Add SOC ml distilled water 3a. Use a qraduated cylinder to measure 500 ml. 
and swirl to dissolve the 
solid. 

4. Add 500 ml distilled water 
and swirl to rix. 

5. Store in a labeled 
container. 

5a. This solution is stable for at least one year. 

1. Carefully weigh 7.218 g of la. An analytical balance should be used. 
potassium nitrate, KN03, 

in weighing boat. 
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EFFLUENT MOfHTOF\ING PROCEDURE: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATfNG PF\CCEOURES 

B. Reagent Preparation 
(Continued) 

11. Nitrate Standard 
Solution 

STEP SEQUENCE 

2. Transfer the solid to a 
l liter volumetric flask 
equipped with a powder 
funnel. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

2a. This is best achieved by washing the solid onto 
the funnel with a wash bottle. 

3. Use wash bottle to wash 3a. The weighing boat should be rinsed three times 
the solid into the flask. and all of the rinse water should be added to 

the flask. 

4. Add sufficient distilled 4a. About 500 ml is sufficient. 
water to dissolve the 
solid. 

5. Dilute to volume with 
distilled water and 
thoroughly mix. 

6. Store in a labeled glass 
bottle. 

7. Preserve the solution by 
adding 2 Ml of chlorofonn, 
CHC1 3. 

1 . Carefully pipet 10.0 ml of 
nitrate stock solution 
into a l liter volumetric 
flask. 

2. Dilute to volume with 
di st i 11 ed water. 

?a. The solution prepared~stored and preserved in 
this manner should be stable for at least 
6 months. 

7b. The nitrate stock solution contains 1.00 mg of 
nitrate nitrogen (N03-N) in each 1.00 ml of 

la. 

1 b. 

le. 

solution. 

This nitrate standard solution should be prepared 
fresh for each use. 
The nitrate stock solution should be at room 
temperature before using. 
Use a 10 ml volumetric pipet. 

TRAINING 
GUIDE NOTES 



EFFLUENT MONITORING PR0CEDURF.: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PRCCEDURES 

B. Reagent Preparation 
(Continued) 

12. Nitrite Stock 
Solution 

STEP SEQUENCE 

3. Store in a labeled 
container. 

1. Weigh 6.072 g of 
potassium nitrite, Krm2, 
in a weighing boat. 

2. Transfer the solid to a 
l liter volumetric flask 
using a powder funnel. 

3. Use wash bottle to wash 
the solid into the flask. 

4. Add sufficient distilled 
water to dissolve the 
sol id. 

5. Dilute to volume and mix 
thoroughly. 

6. Store in a labeled glass 
bottle. 

7. Preserve the solution by 
adding 2 ml of chlorofonn 
for each l liter of solu-
tion and refrigerate when 
not in use. 

INFORMATION/CPERA~ING GOALS/SPECIFICATIONS 

3a. Use within two hours of preparation. 
3b. The nitrate standard solution contains 0.01 mg 

of nitrate nitrogen (N03-N) in each 1.0 ml of 
solution. 

la. An analytical balance should be used for all 
weighings involving standards. 

3a. The weighing boat should be washed three times 
and the washings added to the flask. 

4a. About 500 ml is sufficient. 

7a. The solution should be stable for at least 
3 months when preserved this way and stored 
at about 4°C when not in use. 

7b. The nitrite stock solution contains 1 .00 mg of 
nitrite nitrogen (N02-N) in each 1.0 ml of 
solution. 

TRAINING 
GU!OE NOTES 
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EFFLUENT MOtHTOl\lNG PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\CCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

B. Reagent Preparation 
(Continued) 

13. Nitrite Standard l. Pipet 10.0 ml of nitrite 1 a. This nitrite standard solution should be prepared 
Solution stock solution into a fresh for each use. 

1 liter volumetric flask. 1 b. The nitrite stock solution should be at room 
temperature before using. 

l c. Use a 10 ml volumetric pipet. 

2. Dilute to volume with 
di st i 11 ed water. 

3. Store in a labeled 3a. Use within two hours of preparation. 
container. 3b. The nitrite standard solution contains 0.01 mg of 

nitrite nitrogen (N02-N) in each 1.0 ml of 
solution. 

c. Reduction Column 
Preparation 

1. Preparation of the 1. Construct a glass column 1 a. Figure 1 is at the end of the Equipment and 
Glass Column by joining a 10 cm length Supply Requirements Section. 

of 3 cm IO glass tubing 1 b. The column shown in Figure 1 was constructed by 
with a 25 cm length of cutting both ends off a 100 ml volumetric pipet 
3.5 fT1l1 ID tubing using as indicated. 
figure l as a guide. le. Fire polish all cut surfaces. 

2. Loosely plug the delivery 2a. The plug must be firm enough to hold the cadmium 
tip of the column with granules in the column, but not so finnly packed 
glass wool. as to slow down the later flow of solutions 

through the column. 

TRAINING 
GUIDE NOTES 



EFFLUENT MOrUTORING PROCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

GPERATING PRCCEDURES 

C. Reduction Column 
Pre para t ion 
(Continued) 

2. Preparation of 
Copperi zed 
Cadmium for 
Packing the 
Glass Column 

STEP SEQUENCE 

1. Weigh about 2 5 g of 
cadmium granules in a 
weighing boat. 

INFORMATIGN/OPERA~ING GGALS/SPECIFICATIONS 

la. This will be enough for one column. 
lb. Granulated cadmium (40-60 mesh) can be purchased. 
le. Alternatively, file sticks of pure cadmium metal 

(reagent grade) with a coarse metal hand file 
(about second cut) and collect the fraction which 
passes a sieve with 10 mesh openings and is re
tained on sieves with 40, then 60 mesh openings. 

ld. Handling cadmium is hazardous, thus filing should 
be conducted under a hood using rubber gloves and 
mask. 

2. Transfer the cadmium to a 2a. A scupula and wash bottle with water is good for 
400 ml beaker. this. 

3. Add enough dilute (6N) 
hydrochloric acid to 
cover the granules. 

4. Swirl the contents of the 
beaker. 

5. Pour off the acid while 
retaining the granules 
in the beaker. The 
cadmium should be silver. 

6. Add enough distilled water 
to cover the granules. 

Sa. All decanting should be done into a container 
equipped with a large funnel and filter paper 
so as to catch all the small cadmium particles. 

5b. Use this filter paper for any subsequent cadmium 
washings. 

TRAINING 
GUIDE NOTES 

VIII.C.2. ld 
( p. 46 ) 
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EFFLUENT MOtiITOklNG PRuCEDURF: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PkCCEDURES 

C. Reduction Column 
Preparation 
(Continued} 

STEP SEQUENCE 

7. Pour off the water while 
retaining the granules in 
the beaker. 

8. Repeat steps 6 and 7, 
above, two more times so 
that the granules receive 
a total of three dis
tilled water washings. 

9. Add 100 ml of the 2% 
copper sulfate solution to 
the granules and swirl for 
five minutes or until the 
blue color of the copper 
sulfate fades. 

10. Carefully decant off the 
solution leaving the 
copperized cadmium 
granules in beaker. 

11. Repeat steps 9 and 10 
until a brown colloidal 
(very fine} precipitate 
of metallic copper does 
form. 

12. Wash the copper-cadmium 
at least 10 times with 
distilled water. 

13. Place the washed copper
cadmium on the 60 mesh 
sieve. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

9a. A brown colloidal (very fine) precipitate of 
metallic copper should form. 

lOa. Also decant off through the filter paper any 
precipitate that formed. 

lOb. The cadmium should have a black color. 

lla. If a brown colloidal precipitate is fonned in 
step 9, and the cadmium is black, do not repeat 
steps 9 and 10. 

12a. All of the brown precipitated copper should be 
removed by washing 10 times but continue to 
wash if any remains. 

TRAINING 
Gu!DE NOTES 

l 



EFFLUENT MONITORING PROCEOUR[: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PROCEDURES 

C. Reduction Column 
Pre para t ion 
(Continued) 

STEP SEQUENCE 

14. Pour water over the 
granules at least three 
times so that all the 
small particles will 
wash through the 60 mesh 
screen. 

!~FORMATION/OPERATING GOALS/SPECIFICATIONS 

14a. Hold the sieve over the filter paper during 
these washings. 

15. Return meshed granules to 15a. Use a scupula and the wash bottle. 
the beaker. 

16. Decant off excess water 
used to transfer the 
cadmium. 

17. Close the clamp on the 
column delivery tube. 

18. Fill the column with liq-
uid, using about 60 ml 
DILUTE ammonium chloride-
EDTA solution. 

19. Loosely fill the reduction 
column with copper cadmium 
granules to a level about 
2 cm below the broad, 
cup-like section as shown 
in Figure 1 page 9. 

18a. 

l 9a. 

l 9b. 

Use a graduated cylinder and very slowly pour the 
solution down the inside wall of this column so 
air pockets do not form. 

Avoid tight packing of granules by allowing the 
granules to "float" down through the solution 
of a1Tmonium chloride-EOTA. 
A glass stirring rod may be used to transfer the 
cadmium to the column. 

TRAINING 
GU IDE NOTES 
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EFFLUENT MUfllTORING PROCEDURF: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PhCCEOURES 

C. Reduction Column 
Preparation 
(Continued) 

D. Removal of 
Interferences 

1. Turbidity Removal 
(If necessary} 

STEP SEQUENCE 

20. Open the screw clamp and 
measure the flow rate of 
anmonium chloride-EDTA 
solution through the 
column. The flow rate 
must be between 7 ml and 
10 ml/minute before you go 
to the next step. Keep a 
record if you add more di
lute arrrnonium chloride
EDTA solution. 

I~FORMA110~/0PERATING GOALS/SPECIFICATIONS 

20a. To calculate the flow rate, place a 50 or 100 ml 
graduated cylinder under column and measure the 
amount of fluid collected in one minute 

20b. The flow rate should be between 7 ml and 10 ml/ 
minute. DO NOT let the column go dry. 

20c. If the flow rate is too fast, tighten the screw 
clamp. If the clamp must be so tight that contro 
is lost, add more copper-cadmium granules to the 
column. 

20d. If the flow rate is too slow, decrease the length 
of the copper-cadmium column until a flow rate of 
7-10 ml/minute is achieved. 

21. Rinse the column with up ta 2la. 
140 ml dilute ammonium 
chloride-EDTA solution, 

There is to be a 200 ml 
You used about 60 ml in 
added more in Step 20. 
to total 200 ml. 

rinse with this solution. 
Step 18 and may have 
Now add the balance 

draining until the solution 
is about 2.5 cm above the 2lb. 
top of the granu.les-:-· Then 

It is convenient to add a second clamp to shut 
off the flow so the flow-regulating clamp can re
main undisturbed. close the screw clamp. 

1. Prior to analysis, remove 
turbidity from samples by 
filtering through a 0.45 µ 
membrane filter. 

2lc. When the column is not in use, the granules 
should be covered with solution so they do not 
dry out. 

la. If the turbidity is not removed by filtration, 
proceed as follows: Add l ml of the zinc sulfate 
solution to 100 ml of sample. Add enough 6 N 
sodium hydroxide to bring the pH to 10.5 (about 
8 to 10 drops is usually sufficient}. Let the 
treated sample stand for 15 minutes. Filter 
through a 0.45 µmembrane filter. 

lb. Suspended solids can clog the reduction column. 

TRAINING 
GUIDE NOTES 

VI. D 
( p. 42} 



EFFLUENT MOfiITORING PROCEOURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PRCCEOURES 

O. Removal of 
Interferences 
(Continued) 

2~ Oil and Grease 
Removal (If 
Necessary) 

STEP SEQUENCE 

l. Prior to analysis, 
measure 100 ml of the 
sample (filtered sample 
if the original sample 
was turbid} into a 400 ml 
beaker. 

2. By dropwise addition, add 
sufficient concentrated 
hydrochloric acid (12 N) 
to bring the pH down to 2. 

3. Place the sample in a 
250 ml separatory funnel. 

4. Add 25 ml of chloroform. 

5. Shake gently to extract 
the oils and grease into 
the chloroform layer. 

6. Allow the separatory 
funnel to stand until all 
of the chloroform layer 
settles to the bottom. 

7. Open the stopcock and 
allow the bottom (chloro
fonn) layer to pass into 
a 400 ml beaker. 

!~FORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Oil and grease can clog the reduction column 
and coat the Cu/Cd granules. 

2a. Use a pH meter in adjusting the pH to 2. 
2b. Standardize using standard buffer of pH = 4.00. 

4a. Freon or another non-polar solvent may be used. 

5a. Carefully release the pressure after shaking 
gently so that no sample is lost. This can be 
acco~plished by inverting the separatory funnel 
and slowly opening the stopcock away from face 
and other people. 

6a. Place funnel in ring stand. 
6b. Remove stopper while layer is settling. 

7a. Grease and oils are extracted into chloroform 
layer leaving a grease-oil free sample which is 
used for analysis. 

TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEOURF: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PkCCEOURES 

D. Removal of 
Interferences 
(Continued} 

E. Preparation of 
Nitrate Working 
Standards 

1. Nitrate Working 
~tandards 

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

8. Repeat steps 4, 5, 6, and ea. The second chloroform extract is added to the 
7 with 25 ml of fresh same beaker as the first extract. 
chloroform. 

1. Prepare nitrate working 
standards by respectively 
pipetting the following 
volumes of nitrate 
standard solution into 
each of six 100 ml 
volumetric flasks. 

lro Flask 
No. 
1 
2 
3 
4 
5 
6 

Add This 
Volume of 
Nitrate 
Standard 
Solution 
0.0 ml 
0.5 ml 
1.0 ml 
2.0 ml 
5.0 ml 

10.0 ml 

For This 
Concentra
tion of 
N03-N in 
mg/1 

0.00 
0.05 
0.10 
0.20 
0.50 
1.00 

2. Dilute each of the flasks 
to volume with distilled 
water. 

3. Stopper and mix thoroughly 
by inversion. 

la. Label flasks. 
lb. Use appropriate volumetric pipets (0.5 ml, 1.0 ml, 

2.01"11, 5.0ml, 10.0ml). 
le. The 0.00 solution which contains no nitrate (or 

nitrite) serves as the reagent blank for the 
nitrate samples and standards which are passed 
through the reduction column. 

I 

TRAINING 
GUIDE NOTES 



EFFLUENT MONITOhlNG PRuCEDURE: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PhCCEDURES STEP SEQUENCE INFORMAT10N/OPERA7ING GOALS/SPECIFICATIONS 

E. Preparation of 4. Gse the working standards 
Nitrate Working i11TT1ediately after their 
Standards (Continued) preparation. 

F. Reduction of Nitrate 
to Nitrite 

1. ~djustment of pH l. Use a pH meter to adjust la. Use a beaker small enough for this volume of 
the pH of each of the standard to cover the pH electrode(s). 
working standards to 1 b. ~ake sure that the pH meter is calibrated within 
between 5 and 9 either this range. 
with concentrated hydro- le. Use buffer solutions pH 4, pH 7, pH 10 to 
chloric acid or with calibrate and check the meter. 
concentrated a1TJ11oniur.i 1 d. This pH adjustment is necessary to insure that 
hydroxide. the pH is approximately 8.5 

(No pH adjustment is necessary if the pH is 
already between 5 and 9.) 

2. Activation of l. Pipet 25.0 ml of working la. Activation of column is necessary to prepare 
Column standard #6 to a small surfaces of Cu-Cd granules for reduction process. 

Erlenmeyer flask. 1 b. This standard is 1.00 mg N03-N/liter 
concentration. 

le. A 25C ml flask is good for this purpose. 

2. Add 75 ml of the COH- 2a. A 100 ml graduated cylinder is good for this 
CENTRATEO alllllonium chlo- purpose. 
ride-EOTA solution to 
the sar.ie flask. 

3. Mix the working standard 
thoroughly by swirling 
the contents of the flask. 

4. Place a 250 ml beaker 
under the reduction 
column. 

TRAINING 
GUIDE NOTES 
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EJO.A-26 

EFFLUENT MOrHTOl\ING PRC>CEDURF.: Oeterminat ion of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PKCCEOURES 

F. Reduct ion of Nitrate 
to Nitrite 
(Continued) 

STEP SEQUENCE 

5. Check that the level of 
ammonium chloride-EDTA 
solution in the column is 
near to the top of the 
granules. 

6. Pour the prepared nitrate 
working standard into the 
reduction column. 

7. Using the screw clamp 
{see Figure 1) adjust the 
collection rate to 
7-10 ml per minute. 

8. Collect the reduced 
working standard until 
the level of solution is 
one cm above tre top of 
the granules. 

9. Close the screw clamp to 
stop the flow. 

10. Discard the entire re
duced working standard. 

11. Measure dbout 40 ml of 
DILUTE a111T1onium chloride
EDTA solution. 

12. Pour the 40 ml into the 
column. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

Sa. If the level is too high, drain the excess into 
the beaker. 

6a. Since the column will not hold the total amount. 
add the s0lution in portions. 

7a. The clamp should be slowly opened until a 
collection rate of 7-10 ml per minute is 
achieved. 

7b. A collection rate of 7-10 ml of solution per 
minute should be carefully maintained throughout 
the collection process to assure complete re
duction of nitrate in the sample. 

lOa. The column is now activated. 

TRAINING 
GUIDE NOTES 



EFFLUENT MOtHTO~ING PRlJC.EDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING P~CCEDURES STEP SC:QUENCE 

F. Reduction of Nitrate 13. 
to Nitrite 

Collect the solution until 
the level of the solution 
is one cm above the top of 
the granules. Then close 
the screw clamp to stop 
the flow. 

(Continued) 

3. Reduction of 
Working Standards 

14. The column should be ready 
to use. 

l. Pipet 25.0 ml of the lowest 
concentration of nitrate 
working standard into a 
small Erlenmeyer flask. 

2. Add 75 ml of the CONCEN
TRATED ammonium chloride
EDTA solution to the same 
flask. 

3. Mix nitrate working stand
ard thoroughly by swirling 
the contents of the flask. 

4. Place a short graduated 
cylinder under the reduc
tion column. 

5. Pour the prepared nitrate 
working standard into the 
reduction column. 

6. Using the screw clamp (see 
Figure l) adjust the col
lection rate to 7-10 ml 
per minute. 

I :JFCRM;~ TI ON/CPCRAT I ~G GCALS/ SPECIF I CAT IOMS 

13a. You can check for "carry over" by collecting 
about 5 to 10 ml of the final effluent in a 
clean receiver and adding a few drops of the 
nitrite color reagent to verify that no color 
develops after 10 minutes. (A very faint pink 
color is negligible). Repeat steps 11 through 
13 if significant color develops in this check 
procedure. 

la. A 250 ml flask is good for this purpose. 
lb. Label the flask. 
le. Begin with the 0.00 mg/liter solution. 

2a. Use a 100 ml graduated cylinder. 

4a. You need to measure 25 ml of solution in the 
graduate. 

Sa. Since the column will not hold the total amount, 
add the solution in portions. 

6a. The clamp should be slowly opened until a collec
tion rate of 7-10 ml per minute is achieved. 

I TRAINING 
'.JU IDE NOTES 

6b. A collection rate of 7-10 ml of solution per min
ute should be carefully maintained throughout the 
collection process to assure complete reduction of 
the nitrate in the nitrate working standard. 
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EFFLUENT MtHHTOl\ING PROCEDURF.: Determination of ~'.itrate-Nitrite Nitrogen and of 
~itrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\CCEDURES 

F. Reduction of ~itrate 
to Nitrite 
(Continued) 

G. Color Development of 
Reduced Nitrate 
Working Standards 

STEP SEQUENCE 

7. Discard the first 25 ml 
of solution which is 
co 11 ected. 

8. Replace the graduate with 
the rinsed,air-dried 
flask used for this 
standard. 

9. Collect the remaining 
portion of the reduced 
standard in the original 
flask. 

10. Analyze the reduced 
standard IHt1EDIATELY 
after collection from 
the reduction column. 

l~FORMATiON/CPERATING GOALS/SPECIFICATIONS 

7a. This discard portion serves to "wash off" 
solution remaining in the column from any 
previous pass-through. 

8a. The solution originally in the flask should now 
be in the column so you can thoroughly rinse it. 
A different flask may also be used. 

9a. Close the screw clamp when the level of solution 
is about one cm above the granules. 

9b. About 70 ml should be in the flask. 

lOa. Hhile one solution is passing through the column 
you should proceed to color development of the 
previous solution that has already been reduced. 
Color development (Section G) MUST BEGHI WITUIN 
15 MI~UTES after reduction. 

11. Repeat steps l through 10 lla. Proceed from the least concentrated to the most 
for each of the prepared concentrated standard. 
working nitrate standards. llb. Label each receiver flask. 

1. Use a 50.0 ml pipet to 
remove a 50.0 ml aliquot 
from flask #1 (0.00 mg/ 
liter No3-N). 

la. By using a propipet the aliquot can remain in 
the pipet during the next two steps. 

lb. Aliquots of each of the working standards should 
have been p~ssed through the reduction column as 
described in the previous section (Section F). 

le. The reduced working standards should be analyzed 
as soon as possible after the reduction and in 
no case should they be allowed to stand for more 
thanlSminutes after reduction before color 
development is begun. 

TRAINING 
GUIDE NOTES 



EFFLUENT MOUITOl\ING PRuCEDURF.: Determination of Nitrate-Nitrite ~!itrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

G. Color Development of 2. Discard the remainder of 
Reduced Nitrate the nitrate reduced 
Working Standards working standard. 
{Con ti nued) 

3. Shake flask dry. 3a. Do not rinse the fl ask. 

4. Add the 50.0 ml working 4a. If you find the technique in steps 1-4 too 
standard back to same difficult, transfer the 50.0 ml to a different 
flask from which it was flask. 
removed. 

5. Add 2.0 ml of the color 5a. Use a 2.0 ml volumetric pipet. 
reagent to the 50.0 ml 
of working standard. 

6. Mix thoroughly by 
swirling. 

7. Allow the working standard 7a. The reduced working standard should be allowed 
to stand until color to stand for at least 10 minutes but NOT MORE 
develops. THAN THO HOURS before doing Procedure L, 

Spectrophotometric Measurements. 

8. Repeat steps 1 through 7 8a. Start with least concentrated solution and 
for each of the reduced proceed to most concentrated. 
working standards. 8b. Rinse the 50.0 ml pi pet thoroughly after each 

standard. 

H. Analysis of Samples 
for Nitrate Reduced 
to Nitrite 

l. Dilution of 1. Pipet 25.0 ml of unknown la. Potable water samples will usually require no 
Samples (if sample into 50 ml volu- dilution, while sewaqe samples may require 
necessary) metric flask. dilution. 

TRAINING 
GUIDE NOTES 
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ElO.A-30 
EFFLUENT MornTOF.ING PROCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PF.CCEDURES 

H. Analysis of Samples 
for Nitrate Reduced 
to Nitrite 
(Continued) 

2. Jl.djustment of pH 

3. Reduction of 
Nitrate to Nitrite 
in Samples 

4. Color Development 
in Samples 

I. Preparation of 
Nitrite Working 
Standards 

1. Nitrite Working 
Standards 

STEP SEQUENCE 

2. Dilute to volume with 
di st i 11 ed °""ate r. 

1. Use a pH meter to adjust 
the pH of each sample to 
between 5 and 9 either 
with concentrated hy
drochloric acid or with 
concentrated ammonium 
hydroxide. 

1. Aliquots of each of the 
samples should be passed 
through the reduction 
column as described in 
Procedure F. 3, "Reduction 
of Working Standards." 

1. Follow the steps in 
Procedure G, "Color 
Development." 

1. Prepare nitrite working 
standards by respectively 
pipetting the following 
volumes of nitrite stand
ard solution into each of 
six 100 ml volumetric 
flasks. 

INfORMATION/OPERATING GOALS/SPECIFICATIONS 

2a. If you need to dilute a sample, you must apply a 
rlilution factor to the concentration found from 
a standard curve. 

la. Put the 50 ml of sample in a small beaker so 
the pH electrode(s) is covered with solution. 

lb. Make sure that pH meter is calibrated within 
this range. 

le. Use buffer solutions pH 4, pH 7, pH 10 to cali
brate and check the meter. 

ld. This pH adjustment is necessary to insure that 
the pH is approximately 8.5 
(tlo pH C'rljl'.stfT'ent is necessary if the pH is 
already between 5 and 9.) 

l a • La be l fl a s ks . 
lb. Use appropriate volumetric pipets (0.5 ml, 1.0 ml, 

2.0 ml, 5.0 ml, 10.0 ml). 
le. The 0.00 solution which contains no nitrite (or 

nitrate) serves as the reagent blank for the 
nitrite standards and samoles that are not passed 
through the column. 

TRAINING 
GUIDE NOTES 

VI I. H. 1 . 2a 
( p. 44 ) 



EFFLUENT MOiHTO~ING PR(JCEDURr.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING P~OCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

I. Preparation of 
Nitrite Working Add This For This 
Standards Volume of Concentra-
(Continued) Nitrite tion of 

Ira Flask Standard N02-N in 
flo. Solution mg/l 

l 0.0 ml 0.00 
2 0.5 ml 0.05 
3 1 .O ml 0.10 
4 2.0 ml 0.20 
5 5.0 ml 0.50 
6 10.0 ml l.00 

2. Dilute each of the flasks 
to volume with distilled 
water. 

3. Use the working standards 
immediately after their 
preparation. 

2. Adjustment of pH 1. Use a pH meter to adjust la. Use a beaker small enough for this volume of 
the pH of each of the standard to cover the pH electrode(s). 
working standards to 1 b. Make sure that pH meter is calibrated within 
between 5 and 9 either range. 
with concentrated hydro- 1 c. Use buffer solutions pH 4, pH 7, pH 10 to 
chloric acid or with calibrate and check the meter. 

TRAINING 
GUIDE NOTES 

this 

concentrated ammonium ld. This pH adjustment is necessary to insure that hydroxide. the pH is approximately 8.5 
(No pH adjustment is necessary if the pH is 
already between 5 and 9.) 

ElO.A-31 
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ElO.A-32 

EFFLUENT MONITORING PROCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen. Cadmium Reduction Method 

OPERATING PROCEDURES 

J. Color Development of 
Nitrite Working 
Standards 

STEP SEQUE~~C E 

1. Pipet 25.0 ml of each of 
the nitrite working 
standards into each of 
six clean 250 r.il 
Erlenmeyer flasks. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Use a 25.0 ml volumetric pipet. 
lb. Label each flask. 
le. The nitrite working standards are not passed 

through the reduction column. 

2. Add 75 ml of CONCErlTRATED 2a. Use a 100 ml graduated cylinder. 
ammonium chloride-EDTA 
solution to each of the 
nitrite working standards. 

3. Mix each thoroughly by 
swirling each flask. 

4. Use a 50.0 ml pipet to 
remove a 50.0 ml aliquot 
from flask #1 (0.00 mg/ 
liter N02-N). 

5. Discard the remainder of 
the standard from the 
flask. 

6. Srake the flask dry. 

7. Add the 50.0 ml nitrite 
working standard back to 
the same flask from which 
i t was removed. 

8. Add 2.0 ml of the color 
reagent to each nitrite 
working standard. 

9. Mix thoroughly by 
swirling. 

4a. By using a propipet the aliquot can remain in the 
pipet during the next two steps. 

6a. Do not rinse the flask. 

7a. If you find the techniques in steps 4-7 too 
difficult, transfer the 50.0 ml to a different 
fl ask. 

8a. Use a 2.0 ml volumetric pipet. 

TRAINING 
GUIDE NOTES 



EFFLUENT MOtHTOl\ING PRCJCEDURF.: Determination of tlitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\OCEDURES 

J. Color Development of 
Nitrite Working 
Standards (Continued) 

K. Analysis of 
Non-reduced 
Samples for 
Nitrite 

1. Di 1 ution of 
Samples (if 
necessary) 

2. Adjustment of pH 

3. Color Development 

STEP SEQUENCE 

10. Allow the working stand
ards to stand until color 
develops. 

I tlFORMAT ION/OPERATING GOALS/ SPECIF I CAT IONS 

1 Oa. At 1 east 10 minutes but NO ~10RE THAN 2 HOURS 
should be allowed before doing Procedure L, 
Spectrophotometric Measurements. 

11. Repeat steps 4 through 10 lla. 
for each of the nitrite 

Proceed from the least concentrated to the most 
concentrated standard. 

standards. llb. Rinse the 50.0 ml pipet thoroughly after each 
standard. 

1. Pipet 25.0 ml of unknown 
sample into 50 ml volu
metric flask. 

2. Dilute to volume with 
distilled water. 

1. Use a pH meter to adjust 
the pH of each· sample to 
between 5 and 9 either 
with concentrated hydro
chloric acid or with 
concentrated anmonium 
hydroxide. 

1. Pipet 25.0 ml of sample 
into a clean 250 ml 
Erlenmeyer flask. 

la. NOTE: Potable water samples will usually 
require no dilution, while sewage samples 
may require dilution. 

2a. If you need to dilute a sample, you must apply a 
dilution factor to get a final answer. 

la. Put the 50 ml of sample in a small beaker so the 
pH electrode(s) is covered with solution. 

lb. Make sure that pH meter is calibrated within 
this range. 

le. Use buffer solutions pH 4, pH 7, pH 10 to 
calibrate and check the meter. 

ld. This pH adjustment is necessary to insure that 
the pH is approxil'!Jatel y 8. 5. (Mo DH adjustment 
is necessary if the pH is already between 5 and 9) 

la. Use a 25.0 ml volumetric pipet. 
lb. Label the flask. 
le. The sample is not passed through the reduction 

column. -

TRAINING 
GUIDE NOTES 

VI I • K. 1 • 2a 
(p. 44) 
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EFFLUENT MONITORING PR0CEOURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PROCEDURES 

K. Analysis of 
Non-reduced 
Samples for 
Nitrite (Continued) 

STEP SEQUENCE INFORMATION/CPERA7ING GOALS/SPECIFICATIONS 

2. Add 75 ml of the con- 2a. Use a 100 ml graduated cylinder. 
centrated ammonium 
chloride-EOTA solution to 
the same flask. 

3. Mix the sample thoroughly 
by swirling. 

4. Use a 50.0 ml pipet to 
remove a 50.0 ml aliquot 
from flask. 

5. Discard the remainder of 
the solution from the 
flask. 

6. Shake flask dry. 

7. Add the 50.0 ml of sample 
back to same flask from 
which it was removed. 

4a. By using a propipet the aliquot can remain in 
the pipet during the next two steps. 

6a. Do not rinse the flask. 

8. Add 2.0 ml of the color Ba. Use a 2.0 ml volumetric pipet. 
reagent to the same flask. 

9. Mix the sample thoroughly 
by swirling. 

10. Allow the sample to stand lOa. At least 10 minutes but NO MORE THAN 2 HOURS 
until color develops. should be allowed before doing Procedure L, 

Spectrophotometric Measurements. 

11. Repeat steps 1 through 
10 for each sample. 

lla. Rinse the 50.0 ml pipet thoroughly after each 
sample. 

ElO.A-34 
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GUIDE NOTES 



EFFLUENT MOr-lITOl\ING PRuCEDURF.: Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\CCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

L. Spectrophotometric 
Measurements 

1. Adjusting the l. Consult the manufacturer's 1 a. Instrument must be warmed up for at least 
Instrument instructions for cali- 10 minutes. 

brating your particular lb. There is an EMP on "Use of a Spectrophotometer." 
instrument. 

2. Adjust the wavelength to 
540 nm. 

3. Check to make sure that 3a. If it does not read infinite absorbance with no 
the instrument reads sample cell in it, adjust the instrument so that 
infinite absorbance with it does read infinite absorbance {see manu-
no sample cell in the facturer's instructions}. 
instrument. 3b. Use calibration knob to calibrate infinite 

absorba nee. 

2. Reduced Nitrate 1. Use the reduced nitrate 1 a. Use 0.00 nitrate working standard reagent blank 
Standards and reagent blank to adjust which has been passed through the column. 
Sample{s) the instrument to zero 1 b. Adjust to zero absorbance using the calibration 

absorbance. knob. 

2. Measure and record the 2a. Use the nitrate working standards which have 
absorbance of each re- been passed through the column. 
duced nitrate working 2b. Use data sheet provided. 
standard. 

3. Measure and record the 
absorbance for each 

3a. Use data sheet provided. 

reduced sample. 

3. Non-reduced 1. Use the nitrite reagent la. Use 0.00 nitrite working standard reagent blank. 
Nitrite Stand- blank {non-reduced) to 1 b. Adjust to zero absorbance using the calibration 
ards and adjust the instrument to knob. 
Sample{s) zero absorbance. 

TRAINING 
GUIDE NOTES 

IX .L.2 .2b 
{p. 47) 
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EFFLUENT MOf~ITORING PROCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PROCEDURES STEP SEQUENCE IHFORMATION/0PERA7ING GOALS/SPECIFICATIONS 

L. Spectrophotometric 2. Measure and record the 2a. Use data sheet provided. 
Measurements absorbance of each non-
(Continued) reduced nitrite working 

standard. 

3. Measure and record the 3a. Use data sheet provided. 
absorbance for each non-
reduced sample. 

M. Preparation of 1. Obtain an 8 1/2 x 11 inch 
Calibration Curve piece of graph paper. 

2. Label the longer side as 2a. See Training Guide for an example of labeling 
the concentration axis. the axis on a calibration curve. 

3. Label the shorter side 
as the absorbance axis. 

4. Use the absorbance value 4a. Use the absorbances and concentrations recorded 
and its corresponding ni- on the data sheet in Column B, "Total N02+N03-N." 
trate concentration for 4b. This will be the standard curve for reduced each of the nitrate wo.rking samples. standards to make a plot of 
absorbance versus 
concentration. 

5. On another piece of graph 5a. Use the absorbances and concentrations recorded 
paper follow steps 1, 2, 3, on the data sheet in Column 0, "N02-N." 
and 4 using absorbance val- 5b. This will be the standard curve for non-reduced ues and the corresponding samples. nitrite concentrations for 
each of the nitrite working 
standards. 

TRAINING 
GUIDE NOTES 

IX. l.3. 2a 
(p. 47) 

VI I .M.2a 
(p. 45) 

IX 
{p. 4i8} 

IX 
(p. 48) 



EFFLUENT MOrHTORING PRCJCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PRCCEDURES STEP SEQUENCE INFORMATION/OPERATI~G GOALS/SPECIFICATIONS 

N. Checking Column 1. Divide the absorbance la. The abbreviation, abs is used to stand for 
Efficiency value for the 1.00 mg/ 

liter NITRATE (N03) 
absorbance. 

working standard by the 
absorbance for the 1.00 
mg/liter NITRITE (N02) 
working standard to 
obtain the column 
efficiency as follows: 

abs of 1.00 mg/liter N03 std x 100 = % efficiency 
abs of 1.00 mg/liter No2 std 

2. Divide the absorbance 2a. At least one reduced nitrate standard should be 
values for each of the compared to a nitrite standard of the same con-

TRAINING 
GUIDE NOTES 

other NITRATE (N03) centration to check column efficiency, calculated 
working standards by the as given in Step 1. If series of the standards 
absorbance value for the are run, you can calculate the average column 
corresponding NITRITE efficiency using this Step 2 and then Step 3. 
(N02) working standard to 
obtain a colu~n efficienc) 
value in each case as was 
done in the previous step. 

3. Calculate the average 3a. The average value for the column efficiency 
value for the column should be between 96% and 104%. If the average 
efficiency. % efficiency does not fall in this range, 

another cadmium reduction column should be 
prepared and tested until the average column 
efficiency does fall in this range. 

3b. For regeneration of a column, see Training VII.N.3b 
Guide. ( p. 43) 
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ElO.A-38 
EFFLUENT MONITORING PROCEDURF.: Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

0. Detennination of 1. Use the absorbance for la. If the sample was not diluted (25 ml of sample 
mg/liter Nitrite the reduced sample and is used), the mg/liter result is read directly 
Nitrogen Plus Nitrate the standard curve for from the nitrate standard curve. 
Nitrogen in a Sample reduced samples ("Total 1 b. If the concentration of nitrate in the sample 

N02+N03-N") to obtain is too high for analysis, the sample must be 
the mg/liter of nitrite-N diluted. The procedure is described in H.1 and 
plus nitrate-N in the involves diluting the sample to a 50 ml volume. 
sample and record it in In this case, the mg/liter result from the nitratE 
Column (A) on the data standard curve must be multiplied by a dilution 
sheet provided. factor which would be: 

D · 1 t. F t 5o ml 1 u ion ac or = ml sample used in dilution 

le. The reduction process converts the nitrate-N 
initially present in the sample to nitrite 
nitrogen and the species analyzed is nitrite 
nitrogen. 

ld. Any nitrite nitrogen initially present in the 
sample remains as nitrite nitrogen after the 
reduction. Thus the total nitrite analyzed is 
the sum of the nitrite initially pre~ent and 
the nitrite which has been fonned by reduction 
of nitrate. 

P. Oetennination of 1. Use the absorbance for 1 C' • If the sample was not diluted (25 ml of sample is 
mg/liter Nitrite the non-reduced sample used), the mq/liter result is read directly from 
Nitrogen in a Sample and the standard curve the nitrite standard curve. 

for non-reduced samples lb. If the sample was diluted to a 50 ml volume (as 
("N02-N 11

) to obtain the given in K.l), the mg/liter result read from the 
mg/liter of nitrite-N in nitrite standard curve must be multiplied by a 
the sample and record it dilution factor which would be: 
in Column (C) on the data Oil ution Factor = 50 ml 
sheet provided. ml sample used in dilution 

TRAINING 
GUIDE NOTES 

IX.O. la 
(p. 47} 

VII.0.lb 
(p. 44) 

IX.P. la 
(p. 47} 

VII.P. lb 
(p. 44) 



EFFLUENT MONITORING PROCEDURF.: Determination of Nitrate-Ni trite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 

OPERATING Pl\CCEDURES 

Q. Calculation of 
mg/liter Nitrate 
Nitrogen in a Sample 

R. Calculation of 
mg/liter Nitrate 
in Sample 

S. Calculation of 
mg/liter Nitrite 
in Samples 

STEP SEQUENCE 

1. Subtract the mg/liter of 
nitrite-N in the sample 
from the mg/liter of 
nitrite-N plus nitrate-N 
in the sample to obtain 
the concentration of 
nitrate-N. 

2. Record the answer in 
Column (E) on the data 
sheet provided. 

l. Multiply the value found 
for nitrate-nitrogen 
(N03-N) by a factor of 

4.43. 
2. Record the answer in 

Column (F) on the data 
sheet provided. 

l. Multiply the value found 
for nitrite-nitrogen 
(N02-N) by a factor of 

3.29. 

2. Record the answer in 
Column (G) on the data 
sheet provided. 

INFORMATlON/OPERATING GOALS/SPECIFICATIONS 

la. Since the procedure measures the total nitrite 
concentration in a sample, the nitrite concen
tration of samples must be detennined with 
reduction and without reduction. The nitrate 
concentration of a sample is then determined by: 

N03-N = (N02+N03-N) TOTAL - {N02-N) WITHOUT 
WITH REDUCTION 
RE-
DUC-
TION 

These concentrations were recorded on the data 
sheet in Columns (A) and (C) respectively. 

la. (NC3-N) x (4.43) = mg/liter Nitrate in sample. 

lb. No3-N value was calculated in Procedure Q and 

recorded in Column (E). 

la. (N02-N) x (3.29) =mg/liter Nitrite in sample. 

lb. N0 2-N value is found by using the calibration 

curve for non-reduced samples as in Procedure P 
and recorded in Column (C). 

TRAINING 
GUIDE NOTES 

IX.Q.la 
( p. 47) 

IX.R.lb 
( p. 47) 

IX.S. lb 
( p. 4 7) 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

INTRODUCTION 

TRAINING GUIDE NOTE 

The cadmium reduction procedure for nitrate-nitrite 
nitrogen provides a sensitive method for the deter
mination of nitrate singly, or nitrite and nitrate 
combined in drinking, surface, and saline waters. 
The method is commonly used to determine both 
nitrate-N and nitrite-N in water samples. 

The procedure described in this EMP is applicable 
for range of 0.01 to 1.0 mg/liter of nitrate
nitrite nitrogen. However, the range may be 
extended by appropriate sample dilution. 

The test described in this instruction can be found 
in the 1979 EPA Methods Manual on p. 353.3-1,entitled 
Nitrogen, Nitrate-Nitrite (Cadmium Reduction Method}. 
Another reference which contains an acceptable 
test for NPOES monitoring is on page 423 of the 14th 
edition of Standard Methods. 

The major sources of nitrogen entering the environ
ment are: through the heavy application of nitrogen
ous fertilizers which cause agricultural runoffs, as 
the end products of aerobic stabilization of organic 
nitrogen, in domestic sewage, through animal and 
plant processing wastes, in animal manure, through 
the atmosphere and in various types of industrial 
effluents. 

While nitrogen is essential to our survival (as in 
the make-up of amino acids and proteins), when it 
exists as nitrate and nitrite it can be toxic. A 
limit of 10 mg/l nitrate-N and 1 mg/l nitrite-N is 
reco11111ended for public water sources. The desirable 
criteria is virtually 0 mg/liter. 

In ruminant animals (i.e. cows) nitrates may be 
internally reduced by bacteria present in the rumen 
to nitrites. The nitrites have been found to be tox
ic to these animals. Or. Joptha £.Campbell, (Chief, 
Food Chemistry Unit, Milk and Food Research, Environ
mental Sanitation Program, Public Health Service, 
U.S. Department of H.£.W., Cincinnati, Ohio, 1968) 
has reported methemoglobinemia in cattle receiving 
water containing 2.790 mg/liter of nitrate. 

Nitrates in high concentrations have also been found 
to stimulate vegetative growth under favorable con
ditions. Heavy undesirable growth in fresh water can 
lead to eutrification of important waterways. 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

FIELD AND LABORATORY REAGENTS 

D. 

ElO.A-42 

TRAINING GUIDE NOTE 

Samples should be analyzed for nitrate nitrogen as 
soon as possible after sampling to avoid any change 
1n nitrogen balance due to biological activity. If 
analysis can be made within 24 hours, the sample 
should be preserved by refrigeration at 4°C. 
Samples should be preserved with sulfuric acid if 
they are to be held more than 24 hours. To pre
serve samples for analysis, add 2.0 ml of con
centrated sulfuric acid per liter of sample and 
store at 4°C. 

Section VI 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

FIELD ANO LABORATORY ANALYSIS 

N.3b 

TRAINING GUIDE NOTE 

Check the column efficiency when it is suspected 
that column efficiency is decreasing, as indicated 
by suspected low concentration levels. Prepare 
working standard nitrate solutions, and pass them 
through the column. (Begin at E. Preparation of 
Nitrate Working Standards.) If the absorbance for 
the known concentration does not give an average 
between 96% and 104% of your standard curve value 
for reduced nitrate standards of equivalent concen
tration, the column must be reactivated. 

REACTIVATION OF COLUMN 

1. Empty cadmium granules from column into a clean 
beaker. 

2. Wash with distilled water 3 times. 

3. Add enough dilute HCl to cover granules. 

4. Swirl contents. 

5. Decant HCl. 

6. Wash with distilled water 3 times. 

7. Add 100 ml CuS04 solution to granules. 

8. Swirl contents of beaker for approximately 5 
minutes until the blue color fades to colorless. 

9. Decant liquid leaving the granules. 

10. Repeat steps 7, 8, and 9 until a very fine 
brown-red precipitate forms. 

11. Wash granules with distilled water (approximately 
10 times) until precipitate is removed. 

12. Place granules on the 60 mesh sieve. 

13. Shake to remove the small particles (the particles 
which remain on the sieve are the ones you want.) 

14. Repack column (packing must be loose). 

15. Activate the column (See F.2). 

16. Standard curve using nitrate working stadards 
must be re-established. 

17. Check column efficiency as described in N, 
Checking Column Efficiency. 

Section VII 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

FIELD AND LABORATORY ANALYSIS 

H. l. 2a 
K. l. 2a 
0. lb 
p .1 b 

(:l () !LAA 

TRAINING GUIDE NOTE 

Since a dilut1on is only part sample, when the 
absorbance read1ng obtained for it f s converted to 
a concentrat1on using a calibration curve, the 
concentration obtained 1s only that of the dilution. 
To obtain the mg/11ter concentrat1on of the sample, 
the mg/liter concentration of the dilution must be 
multiplied times the amount of dilution (must be 
multiplied times the dilution factor}. For a 1/2 
dilution (25 ml sample/50 ml total volume) the 
dilution factor would be 2 {the dilution is only half 
sample). For a 1/5 dilution (10 ml of sa~ple/50 ml 
total volume} the dilution factor would be 5. Below 
is a table of some dilution factors when the sample 
is diluted to a 50 ml volume. 

ml of Sample per 
50 ml Total Volume 
~25 

10 
5 
l 
0.5 
0.05 

Amount of 
Oil ution 
1/2 
1/5 
1/10 
1/50 
1/100 
1/1000 

Dilution 
Factor 

2 
5 
10 
50 
100 
1000 

The dilution factor for any dilution may be calcu
lated by dividing the ml of sample used in the 
dilution into 50: 

D · 1 t. F t 50 m 1 1 u ion ac or = ml sample used in dilution 

Ex. 2 ml of sample diluted to 50 ml 
~ = 25 

The dilution factor for this dilution would be 25. 

Section VII 
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EFFLUENT MONITORING PROCEDURE: Detennination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

FIELD ANO LABORATORY ANALYSIS 

M.2a 

TRAINING GUIDE NOTE 

A calibration curve is prepared by plotting the 
measured absorbance of each of the workinq 
standard versus the concentration in the working 
standard as shown below. 

UJ 
u z 
<( 
a:i 
a: 
@ 
a:i 
<( 

CONCENTRATION OF N03 or N02 N. mg/liter 

Section VI I 
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EFFLUENT MONITORING PROCEDURE: Detennination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

SAFETY 

C.2.ld 

TRAINING GUIDE NOTE 

Cadmium metal is highly toxic thus caution must be 
exercised in the use of cadmium. Cadmium metal 
should never be handled directly since cadmium has 
been shown to have cumulative effects. Rubber 
gloves should be used whenever cadmium must be 
handled. A mask should be worn during the filing of 
cadmium and the filing shou1d be done 1n a hood. 
The waste cadmium should be disposed of in an 
appropriate manner which confonns to Federal, State 
and local pollution contro1 regulations. 

Section VIII 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

RECORDS ANO REPORTS 

L.2.2b 
M.4a 

L.3.2a 
M.5a 

O.la 

P.la 

Q. la 

R.lb 

s. lb 

TRAINING GUIDE NOTE 

You will need the following Key to use the Example 
Data Sheet found on the next page: 

KEY TO DATA SHEET 

(B) Record the absorbances of the column-reduced 
nitrate working standards and of the column
reduced sample(s) in Column (B). 

(D) Reccrd the absorbances of the non-reduced 
nitrite working standards and of the non-reduced 
sample{s} in Column {D). 

(A) Read the mg/liter (concentration) of 
Total N02+N03-N in the column-reduced sample(s) 
from the corresponding calibration curve and 
record the answer(s) in Column (A). 

(C) Read the mg/liter (~oncentration) of N0
2

-N in 
the non-reduced sample(s) fr~ the corresponding 
calibration curve and record the answer(s) in 
Column (C}. 

{E) Subtract: Value (A) - Value {C) = Value (E) 

(F) Multiply: Value (E) x 4.43 = Value (F) 

(G) Multiply: Value (C) x 3.29 = Value {G) 

Section IX 

REFERENCES/RESOURCES 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and Nitrate 
Nitrogen, Cadmium Reduction Method 

RECORDS AND REPORTS Section IX 

EXAMPLE DATA SHEET 

See Key on Page No. 7-47 

mg/11ter AB SOR BANCE 
SAMPLE TOTAL OF TOTAL mg/l 1ter ABSORBANCE mg/liter mg/11 ter 
NUMBER N02+N03-N N02+N03-N N02-N N02-N N03-N N03 

(A) (B) (C) (D) (E) (F) 

Reduced Nitrate 
Working Standards 

2 0.05 \ I \ I 0.05 0.22 

3 0.10 \ I \ I 0.10 0.44 

4 0.20 x x 0.20 0.89 

5 0.50 I\ I \ 0.50 2.22 

6 l.00 I \ v \ l.00 4.43 
Reduced Sample(s) 

I~ / ~ / ~ / ~ / 
x x x x 

/ ~ // ~ v ~ I/ ~ 
Non-reduced Nitrite 
WorkinQ Standards 

2 !\_ / !\_ / 0.05 I\ I \ I 
3 ~ / ~ / 0.10 \I \ I 
4 x x 0.20 x x 
5 / ~ / ~- 0.50 . I \ I \ 
6 / ~ / ~ l.00 I \ I \ 

Non-reduced Sample(s} 

I~ / ~ / 
x x 

I/ ~ / ~ 
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mg/11 ter 
N02 

(G) 

\ I 
\ I x 
I \ 

I \ 

~ / 
x 

I/ ~ 

0.16 

0.33 

0.66 

1.65 

3.29 



---·----- - - - - ---·--· ---·- ----- --------- ----

EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen and of Nitrate Nitrogen, 
Cadmium Reduction Method 
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EFFLUENT MONITORING PROCEDURE: 

RECORDS AND REPORTS 

Determination of Nitrate-Nitrite Nitrogen and of Nitrate Nitrogen, 
Cadmium Reduction Method 

SECTION IX 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF NITRATE IN DRINKING WATER 
AND WASTEWATERS BY THE BRUCINE METHOD 

as applied in 

WATER TREATMENT FACILITIES 
WASTHJATER TREATMENT FACILITIES 

and in the 
MONITORING OF EFFLUENT WASTEWATERS 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH. N. n/n. lab. IVMP. l. 11. 77 

ElO.B-1 



Effluent Monitoring Procedure: Detennination of Nitrate in Drinking Water 
and Wastewaters by the Brucine Method 

l. Analysis Objectives; 

The learner will detennine the nitrate content of a sample of drinking 
water or wastewater effluent. 

2. Brief Description of Analysis: 

Brucine sulfate-sulfanilic acid color reagent is added to a series of 
nitrate standards and to the sample. The yellow color which develops 
is read in a spectrophotometer at 410 nm. A calibration graph is 
prepared, and the nitrate nitrogen content of the sample is detennined 
from the graph. 

3. Applicability of the Procedure: 

The method works well in waters having salinities which range from 
that of fresh water to sea water. 

a. Range of Concentration: 

The method is reconmended for use in the range of 
0. 1-2.0 mg of nitrate nitrogen/l. 

b. Pretreatment of Sample: 

Filtration through a 0.45 µm membrane in the 
case of samples which are turbid or contain solids. 
See C.2. 

c. Treatment of Interferences in the Sample: 

Chlorine is an interference and is removed by addition 
of sodium arsenite solution. See C.e. 

4. Source of Procedure: 

Standard Methods for the Examination of Water and Wastewater, 14th ed., 
pg. 461, Method 213C, 1975. 
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EFFLUENT MUt~ITOJ;:.JNG PR(JCEDURF: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

ElO.B-4 

OPERATING PJ;:.CCEDURES 

A. Equipment Preparation 
I. Cleaning of 

glassware 

2. Balance Inspection 

STEP SEQUE:--;CE 

1. Clean all Glassware and 
rinse with tap and 
distil led water. 

1. Check all balances for 
cleanliness and proper 
operation. 

Iii FORMAT ION/CPl:RAT I t\G GOALS/ SPECIF I CAT IOMS 

la. Consult the manufacturer's manual if the balance 
does not operate properly. 

TRAIN ING 
GUIDE NOTES 

V.A.1.1. 
(p. 16) 

---------------------------------1--------- - -------·· ------- ----------------
B. Reagent Preparation 

1. Distilled Water 

2. Stock Nitrate 
Solution 

1. Prepare approximately five 
liters of distilled water 
for use in this procedure. la. Either distill the water, or obtain distilled 

water from some other source. 

lb. Throughout the remainder of this procedure. unless 
otherwise stated, the tenn water means distilled 
water. 

1. Add about 500 ml of water la. Estimate the 500 ml. 
to a 1 liter volumetric 
fl ask. 

2. Weigh 0.7218 g of 2a. Use an analytical balance. 
anhydrous potassium nitrate 

3. Transfer it to the flask. 

4. Swirl the flask. 

5. Add water to the 1000 ml 
mark. 

4a. To dissolve the solid. 

6. Thoroughly mix the contents 6a. The concentration of this solution is 0.1 mg N/ml. 
of the flask. 



EtFLUENT MUtiITO~ING PRuCEDURF: Detennination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

3. Standard Nitrate 
Solution 

4. Brucine Sulfate
Sulfani lie acid 
Solution 

STEP SEQUENCE 

7. Transfer the solution to a 
1 liter glass stoppered 
bottle. 

1. Pipet 10.0 ml of the stock 
nitrate solution into a 
1 liter volumetric flask. 

2. Add water to the 1000 ml 
mark. 

3. Thoroughly mix the contents 
of the flask. 

4. Transfer the solution to a 
1 liter glass stoppered 
bottle. 

1. Weigh 1.0 g of brucine 
sulfate. 

2. Weigh 0.1 g of sulfanilic 
acid. 

3. Measure 70 ml of water. 

4. Transfer it to a 250 ml 
Erlenmeyer flask. 

5. Heat the water to almost 
boiling. 

6. Transfer the brucine 
sulfate and sulfanilic acid 
to the flask. 

HIFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Prepare this solution just prior to use. 

lb. Use a volumetric pipet. 

2a. Use a trip balance 

3a. The concentration of this solution is 1. 0 iig N/ml. 

la. Caution: this material is extremely toxic. If any 
is spilled, wipe it up with damp tissues, discard 
the tissues, and wash your hands thoroughly. 

lb. Use a trip balance. 

3a. Use a 100 ml graduated cylinder. 

ElO.B-5 
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GUIDE NOTES 



EFFLUENT MUl~ITOKING PRuCEDURr.: Detennination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

ElO.B-6 

OPERATING PKCCEDURES 

B. Reagent Preparation 
(Continued) 

5. Sulfuric acid 
Solution 

STEP SEQJENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS 

7. Measure 3 ml of concentra- 7a. Use a 10 ml graduated cylinder. 
ted hydrochloric acid, HC1. 

8. Add it to the flask. 

9. Swirl the flask. 

10. Allow the solution to cool 
to room temperature. 

11. Measure 30 ml of water. 

12. Transfer it to the flask. 

9a. To dissolve the solids. 

lla. Use a 100 ml graduated cylinder. 

13. Thoroughly mix the contents 13a. Caution: this soluti9n is also extremely toxic. 
of the flask. 

14. Transfer the solution to a 
100 ml glass stoppered 
bottle. 

1. Measure 125 ml of water. 

2. Transfer it to a 1 liter 
Erlenmeyer flask. 

la. Use a 100 ml graduated cylinder. 

3. Measure 500 ml of 3a. Use a 500 ml graduated cylinder. 
concentrated sulfuric acid, 
H2so4 . 

4. Pour about 100 ml of the 4a. Pour it down the sides of the flask. 
acid into the Erlenmeyer 
flask. 

TRAINING 
GUIDE NOTES 



EFFLUENT MUfiITOF.Jfl:G PR(JCEDURF: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

6. Sodium Chloride 
Solution 

STEP SEQUENCE INFORMA~ION/OPERATI~G GOALS/SPECIFICATIONS 

5. Thoroughly mix the contents 5a. Caution: a large amount of heat will be generated. 
of the fl ask. 

6. Repeat steps 4 and 5 until 
all of the acid has been 
added. 

7. Allow the solution to cool 
to room temperature. 

8. Transfer the solution to a 
1 liter glass stoppered 
bottle. 

1. Add about 70 ml of water. 

2. Transfer it to a 250 ml 
Erlenmeyer flask which 
has a mark at the 100 ml 
level. 

3. Weigh 30 g of sodium 
chloride, NaCl. 

4. Add it to the flask. 

5. Swirl the fl ask. 

6. Add water to the 100 ml 
mark. 

7. Thoroughly mix the contents 
of the fl ask. 

la. Prepare this solution only if the sample is known 
to contain chloride. Two ml of it are needed per 
sample and standard. 

lb. Estimate the 70 ml. 

5a. To dissolve the solid. 

ElO.B-7 
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EFFLUENT MU!lITOf\ING PRuCEDURF.: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

ElO.B-8 

OPERATING FkOCEDURES 

B. Reagent Preparation 
(Continued) 

7. Sodium Arsenite 
Solution 

STEP SEQUENCE 

8. Transfer the solution to a 
100 ml glass stoppered 
bottle. 

INFORMATIO~/OFERATING GOALS/SPECIFICATIONS 

1. Add about 50 ml of water to la. Prerare this solution only if the sample is known 
a 100 ml volumetric flask. to contain chlorine. 

2. Weigh 0.5 g of sodium 
arsenite, NaAs0

2
. 

3. Transfer it to the 
volumetric flask. 

4. Swirl the flask. 

5. Add water to the 100 ml 
mark. 

lb. Estimate the 50 ml. 

2a. Caution: this material is extremely toxic. If any 
is spilled, wipe it up with damp tissues. discard 
the tissues, and wash your hands thoroughly. 

2b. Use a trip balance. 

4a. To dissolve the soid. 

6. Thoroughly mix the contents 6a. Caution: This solution is also extremely toxic. 
of the flask. 

7. Transfer it to a 100 ml 
glass stoprered bottle. 

TRAINING 
GUIDE NOTES 

C S~-m-p-le_P_r_e-tr_e_a_t-me._n_t--t--------------~~-----------------------------'---------

1. Storage and 
Preservation 

1. Start the nitrate 
determination promptly 
after sampling. 

la. Standard Methods offers three preservation 
techniques when needed: 

i) Concentrated sulfuric acid, 0.8 ml/liter of 
sample_ If th1s technique lS used, the sample 
must be neutralized to a pH of about 7 just 



EFFLUENf MU~iiTOKING PRuCEDURF: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

OPERATING PKCCEDURES 

C. Sample Pretreatment 
(Continued) 

2. Solids, Turbidity 

3. Chlorine 

STEP SEQUENCE 

1. If sol ids and/or turbidity 
are present in the sample, 
filter it through a 0.45 µm 
membrane filter. 

I!:FCRMAT I ON/C'PrnAT I NG GOALS/ SPECIF I CAT IONS 

before beginning the determination. 
ii) Mercuric chloride, 54 mg/liter of sample. 

iii) Chilling to just above the freezing point. 

hb. For later convenience in handling the chlorine 
interference, filter l liter of sample. 

a. The filter will be plugged quickly by solids in the 
sample. However, only about 20 ml of filtrate is 
needed for the determination. 

1. Determine the free and com- Ba. 
bined chlorine content of 

For samples of wastewater effluent, two methods are 
approved: amperometric or titrimetric. For samples 
of drinking water, one method is approved: N, the sample in mg/l. 
N- Diethyl-Phenylenediamine (DPD). See the 
appropriate Effluent Monitoring Procedures {EMP's). 

2. For each 0. l mg of chlorine ~a. Example calculation: 
(free and combined), add 1 
drop of the sodium arsenite 0. 1 mg of free chlorine per liter of sample 
solution. 

8. For each 50 ml of sample, 
add 1 drop of the sodium 
arsenite in excess. 

1.0 =mg of combined chlorine per liter of sample 

Then 1. 1 ; mg of free and combined chlorine per 
1 it er of samp 1 e. 

Therefore add 11 drops of the sodium arsenite for 
each 1 liter of sample. Only about 10 ml of sample 
will actually be needed for the detennination, but 
it is convenient to actually collect a larger 
volume such as l liter. 

ElO. B-9 
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EFFLUENT MUt~ITOhl~G PRvCEDURF.: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 
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OPERATING F~CCEDURES 

C. Sample Pretreatment 
(Continued) 

D. Procedure 
1. Sample 

STEP SEQUE~CE 

4. Thoroughly mix the contents 
of the sample container. 

INFORMATIO~/OFERATING GOALS/SPECIFICATIONS 

l. Assemble 9 large test tubes la. There must be an empty rack space next to each 
in a wire rack. tube. 

2. Pipet 1.0 ml of sample 
into a large test tube. 

3. Pipet 9.0 ml of water into 
the same tube. 

4. Mix the contents of the 
tube. 

5. Pipet 5.0 ml of the same 
sample into a second large 
test tube. 

6. Pipet 5.0 ml of water into 
the same tube. 

7. Mix the contents of the 
tube. 

B. Pipet 10.0 ml of the same 
sample into a third large 
test tube. 

2a. Use a graduated pipet. 

3a. Use a graduated pipet. 

4a. This is a 10% sample dilution. 

Sa. Use the same pipet as in 2a. 

6a. Use the same pipet as in 3a. 

7a. This is a 50% sample dilution. 

8a. Use the same pipet as in 2a. 
8b. This is an undiluted, or 100%, sample. 
Be. Use a clean graduated pipet to measure volumes of 

different samples. 
8d. The idea-of preparing three sample dilutions is 

that one of them will give a result within the 
applicable range of the test. Once experience 
with the sample source is gained, it will not be 
necessary to do more than one sample dilution. 

TRAINING 
GUIDE NOTES 



EFFLt.;ENT Mu·~ITGl\ING PRULEDURF: Determination of Nitrate in Jrinking Water and Wastewaters 
by the Brucine Method 

OPERATI~G P~CCEDURES 

0. Procedure (Continued) 
2. Standards 

3. Sodiuw. Chloride 

STEP SEQUENCE 

1. Pipet standard nitrate 
solution (B.3} and water 
into the six remaining 
large test tubes. 

I~FOR~ATIO\/OPERA7!NG GOALS/SPECIFICA:IONS 

la. So as to obtain the following solutions: 

Tube 
Number 

2 

3 

4 

5 

6 

Cone. of 
Nitrate 

ml of Standard ml of Nitrogen in 
Nitrate Solution Water mg/l 

0.0 

1.0 

2.0 

4.0 

7.0 

10.0 

10.0 

9.0 

8.0 

6.0 

3.0 

0.0 

0.0 

0. 1 

0.2 

0.4 

0.7 

1.0 

lb. Use one 10 ml graduated pipet for the standard 
nitrate, and a second for the water. 

l. Place the rack in a tray la. The water level should be about half-way up the 
containing tap water or tubes. 
cold water from a fountain. 

2. Add about 6 ice cubes to 
the tray. 

2a. If cold water is used, step 2 is unnecessary. 

3. Pipet 2.0 ml of the sodium 3a. Use a 10 ml graduated pipet only if the sample 
chloride solution into each contains c1-. 
of the 9 tubes. 

TRAINING 
GUIDE NOTES 
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EFFLUENT MUriITOKING PRulEDURF: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 
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OPERATING PKCCEDURES 

D. Procedure (Continued) 

4. Sulfuric Acid 

5. Turbidity 

STEP SEQUENCE 

4. Thoroughly mix the content~ 
of each of the 9 tubes. 

l. Pipet 10.0 ml of the sul
furic acid solution into 
each of the 9 tubes. 

2. Thoroughly mix the con
tents of each of the 
9 tubes. 

3. Allow the tube contents to 
cool to room temperature. 

l . Check the three sample 
tubes for turbidity. 

2. Turn on the Spec 20 and 
allow it to warm up. 

3. "Zero" the instrument 
using tube number l. 

4. Measure and record the 
absorbancies of those 
sample tubes whose contents 
are turbid. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

4a. By hand swirling. 
4b. Do not use a vortex-type mixer. 

la. The rack is still in the cold water. 
lb. Use a 10 ml graduated pipet. 

2a. By hand swirling. 
2b. Do not use a vortex-type mixer. 

3a. The ice cubes or cold water will probably have to 
be replaced. 

3b. Do this step only if the sample is known to con
tain chloride. 

la. If more than one type of sample is being run, 
there may be more than three sample tubes. Check 
all the sample tubes for turbidity. 

lb. If no turbidity is present, proceed to D.6. 
Color Development. 

le. If turbidity is present, do steps 2, 3, and 4 
below. -

3a . At 41 0 µm. 

TRAIN ING 
GUIDE NOTES 



EFFLUENT MUNI~O~ING PR0CLDURF: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brue i ne Method 

OPERATING P~CCEDURES 

o. Procedure (Continued) 
6. Color Development 

7. Color Measurement 

STLP SLQULNCE 

l. Pipet C.5 ml of the bru
cine sulfate-sulfanilic 
acid reagent into each of 
the 9 tubes. 

2. Thoroughly mix the con
tents of each of the 9 
tubes. 

3. Place the rack of tubes in 
the hot water bath. 

4. If the Spec 20 has not been 
used prior to this step. 
turn it on now and allow 
it to warm up. 

5. After exactly 20 minutes 
remove the rack from the 
hot water and place it 
back into the cold water. 

1. Remove the rack from the 
cold water bath. 

2. Ory the outside of the 
large test tubes. 

3. Zero the Spec 20 using 
tube l as a "blank." 

1 ~;t:ORMA TI o~l/OFFRA TI i\G GOALS/ SPECIF I CA~" r CMS 

la. The rack is still in the cold water. 
lb. Use a 10 ml graduated pipet. 

2a. By hand swirling. 
2b. Do not use a vortex-type mixer. 

3a. Ninety-five degrees C. 

5a. The ice cubes or cold water may have to be 
replaced. 

5b. The contents of the tubes should be at room 
tempera tu re. 

TRAI~lING 
GUIDE NOTES 

4. Record the absorbanices for 4a. These six tubes are the standards to be used in 
tubes 2 through 6. preparing the calibration graph. 

5. Record the absorbancies 
for all sample tubes. 

., ______ -- ~ ----- "" --- - - - ~ -- - - ---------- ---
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EFFLUENT MOIJIT0h1NG PRuCEDURE: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

OPERATING PKCCEDURES 

E. Calculations 

STEP SEQUENCE 

1. Prepare a calibration 
graph using the absorban
cies and concentrations 
for tubes 1 through 6. 

2. If any absorbancies due 
to turbidity were recorded 
for any of the sample 
tubes, subtract those 
absorbancies from the 
appropriate absorbancies 
obtained in D.7.5 above. 

3. Determine the mg of 
nitrate nitrogen per liter 
of sample for each 
different sample. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

ElO.B-14 

TRAINING 
GUIDE NOTES 



EFFLUENT MONITORING PROCEDURE: Determination of Nitrate in Drinking 
Water and Wastewaters by the Brucine Method 

SECTION 

I 

II 

II I 

IV 

V* 

VI 

VII 

VII I 

IX 

TRAINIMG GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Co1T111unications 

Field and Laboratory Equipment 

Field and Laboratory Reagents 

Field and Laboratory Analysis 

Safety 

Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of proceudres. 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate in Drinking Water and Wastewaters 
by the Brucine Method 

FIELD ANO LABORATORY EQUIPMENT 

TRAINING GUIDE NOTE 

A.1.1 If the glassware is especially dirty and cannot be 
cleaned with ordinary detergents. chromic acid 
cleaning may be required. 

Section V 

REFERENCES/RESOURCES 

1. Pour 35 ml of distilled water in a 250 ml beaker. 14th Standard Methods, 
p. 336, section 2.c.2) 

ElO.B-16 

2. Add about 1/8 teaspoon (simply estimate this 
quantity) of sodium dichromate, Na 2cr2o7, to 
the water. 

3. Swirl the beaker until the sodium dichromate has 
dissolved. 

4. Keep repeating steps 2 and 3 until no more 
sodium dichromate will dissolve. 

5. Pour the solution into a 2 liter beaker. 

6. Slowly pour 1 liter of concentrated sulfuric 
acid, H

2
so4, into the 2 liter beaker. 

Caution: Use eyeglasses and 
protective clothing. 

7. Stir the mixture thoroughly. 

8. Store it in a glass stoppered bottle. 

9. The cleaning solution should be at a temperature 
of about 50 C when it is used. 

10. It may therefore be necessary to warm the 
cleaning solution. 

11. When using the warm cleaning solution, fill the 
piece of glassware with the solution. 

12. Allow it to soak for 2-3 minutes (or longer). 

13. Pour the cleaning solution back into the storage 
bottle. 

14. Rinse the piece of glassware ten times with 
tap water. 

15. The cleaning solution may be reused until it 
turns green. 

16. It should then be discarded. 
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EFFLUENT MONITORING PROCEDURE! Determination of Fluoride in Potable 
and Waste Waters Using the SPADNS 
Colorimetric Procedure 

1. Analysis Objectives: 

The learner will determine the fluoride content of a water or wastewater 
sample using the SPADNS Colorimetric Procedure. 

2. Brief Description of Analysis: 

After distillation to remove interferences the sample is treated with the 
SPADNS reagent. The amount of color remaining after the reaction of the 
fluoride and reagents is read on a spectrophotometer. This reading is a 
function of the fluoride concentration. 

3. Applicability of this procedure: 

a. Range of Concentration: from 0.05 to 1 .4 mg F liter. 
b. Pretreatment of Sample: 

The Bellack distillation procedure must be carried out on all samples before 
determination by the SPADNS procedure. The method is applicable to the 
measurement of fluoride in drinking, surface, and saline waters, domestic 
and industrial wastes. The distillation procedure is covered in a separate 
EMP. 

c. Treatment of Interferences in the Sample: 

The distillation will remove all interferences when carried out properly. 
For a list of interferences consult the training guide notes (VII.B.2.a}. 

4. Source of Procedure: 

Standard Methods for the Examination of Water and Wastewater; 14th 
Edition 1975. pg 393. 

Ell.A-3 



FLUORIDE ANALYSIS FLOW SHEET 

L SAMPLE ____________ __, 

Potable Water Waste Water 
·----·------~-----------'--
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METHOD 

I 
AUTOMATED 

COMPLEXONE 
METHOD 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable 
and Waste Waters Using the SPADNS 
Colorimetric Procedure 

Equipment and Supply Requirements 

A. Capital Equipment: 

l. Spectrophotometer, for use at 570 nm providing a light path of 
at least l cm. with cells. 

2. Analytical balance; capable of weighing to 0.1 mg 
3. Still or Ion Exchange column or other source of distilled water 
4. Still for distilling sample - see EMP on Fluoride Distillation 
5. Trip balance - 500 gram capacity 

B. Reusable Supplies: 

1. Beakers - 500 ml glass - l each 
2. Flasks - Erlenmeyer - 125 ml - 8 each 
3. Flasks - Erlenmeyer - 500 ml - 1 each 
4. Flasks, volumetric - 50 ml - 8 each 
5. Flasks, volumetric 100 ml - 2 each 
6. Flask~ volumetric 1000 ml - 2 each 
7. Graduated Cylinder - 500 ml - 1 each 
8. Pipet~ volumetric - 10 ml - 3 each 
9. Pipet~ volumetric - 50 ml - 8 each 

10. Powder funnel - 1 each 
ll. Saftey glasses - l pair 
12. Spatula - 1 each 
13. Thermometer O-l00°C - 1 each 
14. Wash bottle - plastic - 1 each 

C. Consumable Supplies 

1. SPADNS - Reagent 4,5-dihydroxy-3 [(p-sulfophenyl)azo-2.7 napthalene 
disulfonic acid, trisodium salt. 

Baker Cat No. 5189 

Eastman Cat No. 7309 

10 grams 

25 grams 

2. Zirconyl chloride - Reagent Zr0Cl 2 
Baker Cat No. X720 

Fisher Cat No. Z-80 

3. Sodium Fluoride-NaF-Reagent 

Baker Cat No. 3688 

Fisher Cat No, 5299 

or 

500 grams 

l lb. 

1 b. 

1/4 lb. 

Sodium Fluoride Stock Solution 

Ell .A-5 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable 
and Waste Waters Using the SPAONS 
Colorimetric Procedure 

C. Consumable Supplies {continued) 

3. Orion Research Inc. Cat No. 94-06-07 

Hach Chemical Co. 

4. Sodium Arsenite NaAs02 Reagent 

Baker Cat No. 3487 l lb. 

Fisher Cat No. S-225 1 lb. 

5. Hydrochloric acid HCl Reagent 

Baker Cat No. 9535 1 pt 

Fisher Cat No. A-144 pt 

6. Weighing boats-plastic disposable - 60 each 
7. Pen or Pencil 
8. Notebook 

0. Addresses of Suppliers Mentioned 

J. T. Baker, Chemical Co. 
1 Public Square 
Cleveland OH 44113 

Eastman Organic Chemicals 
Eastman Kodak Co. 
1187 Ridge Road W. 
Rochester, NY 14650 

Fisher Scientic Co. 
5481 Creek Rd. 
Cincinnati, OH 45242 

Hach Chemical Co. 
P. 0. Box 907 
Ames, Iowa 50010 

Orion Research Inc. 
380 Putnam Ave. 
Cambridge, MA 02139 



EFFLUENT MurnTOF\ING PRvCEDURF: Determination of Fluoride Using the SPAD~IS Method 

OPERATING P~CCEDURES 

A. Sample Collection 

STEP SEQUENCE 

l. Collect a minimum of 300 ml 
in a plastic or hard qlass 
container. 

I~FORMAT10~/0FERATI~G GOALS/SPECIFICATIO~S 

la. Do not rinse the container in tap water for its 
final rinse. Tap water usually contains some 
fluoride even if the source is not fluoridating. 

lb. For distillation a volume of 300 ml is required. 
For the SPADNS procedure 50 ml of the distillate 
is used. 

le. No special requirements are necessary for 
preservation. 

ld. Polyethylene bottles are preferred, hard glass 
(Pyrex, Kimax) is acceptable 

TRAINING 
GUIDE NOTES 

---------·-- -- - ---- ------ - - --------------- ----- -- ------ - - .. ·----- --------------- "--- - - - - ~ - -

B. Samole pretreatment 1. Add l drop (0.05Ml) sodium 
arsenite (NaAs02) solution 
for every 0. 1 mg residual 
Cl. 

2. Distill the samole. 

la. Chlorine will bleach the color and is therefore 
a definite interference. 

lb. Caution: This solution (Reagent 0.6.) is toxic. 
Take care not to in.lest any.· 

2a. For total or total dissolved Fluoride the sample 
must be distilled. 

2b. If interferences are present the sample must be 
dist i 11 ed. 

2c. The distillation procedure is covered under a 
seoarate EMP. 

l.B. 2 
(p. 18} 
VII B.2a 
( p. 20) 

----------- - --- ----- ---------- - ---------- ---- ------------------------- -~----- - -
C. Equipment Preparation 

l. Glassware 1. Rinse all glassware la. If deterqent is used care should be taken to 
irrmediatelv after use with rinse thorouqhly to remove any phosphate. 
taowater. 

2. Rinse several times with 
distilled water. 

2a. All tap water contains traces of Fluoride and 
could also contain about l .Oma/1 if fluoridated. 

2. Spectroohotometer 1. Clean spectroohotometer. la. Free of dust anrl dirt. 
Insoection lb. Consult manufacturer's instructions. 

----·---------- - -----. --------- ----- --·- -·· ----
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EFFLUE~T MOtlITOKING PRvCEOURF: Determination of Fluoride Using the SPAONS Method Ell.A-8 

OPERATING PKOCEDURES 

D. Reagent Preparation 

l. Distil 1 ed Water 

2. SPADNS Reagent 

STEP SEQUENCE 

1. Prepare about six liters of 
distilled water. 
This water should be free 
from fluoride. 

1. Weigh out 0.958q of SPAONS 
dye. 

2. Add about 200 ml of 
distilled water to a 
l liter volumetric flask. 

3. Transfer the SPADNS dye to 
the 1 liter volumetric 
flask, usinq a powder 
funnel. 

4. Dissolve the SPADNS dye 
in distilled water. 

5. Weigh out 0.133 gm 
zirconyl chloride 
octahydrate. 

6. Dissolve in about 200 ml 
distilled water. 

7. Transfer the lirconyl 
chloride to the 1 liter 
flask with the SPADNS dye. 

IrlFCRMATION/CPERAT ! NG GOALS/ SPECIF I CATIONS 

la. Use a still or pass tap water through an ion
exchange column containing a strongly acidic 
cation exchange resin mixed with a strongly 
basic anion exchanqe resin. 

la. i.e., 2.(para sulfophenylazo) -1.8-dihydroxy 
-3,6- nanhthalene disulfonate, also called 
45 dihydroxy -3-(narasulfophenylazo) -27-
naothalene disulfonic acid trisodium salt. 

lb. Use an analytical balance and a plastic weighing 
boat. 

3a. Use a wash bottle to wash the solid into the 
flask. The weighing boat should be washed 
three times and the washings added to the flask. 

Sa. Use a plastic weighing boat on the analytical 
balance. 

6a. A 500 ml beaker may be used. 
6b. Use a wash bottle to wash the solid into the 

flask. The weighing boat should be washed three 
times and the washings added to the flask. 

7a. Care should be taken to rinse the beaker with 
dist i 11 ed water . 

TRAINING 
GUIDE NOTES 



LFFLULNT MO!IITORING PR0CEDURf: Determination of Fluoride Using the SPAONS Method 

OPERATING PRCCEOURES 

2. SPADNS Reanent 
(Continued) 

3. Sodium Fluoride 
(NaF) stock 
solution - lOOmg,F-/1 

STEP SEQUENCE 

8. Add 350 ml concentrated 
hydrochloric acid {HCl). 

9. Mix well. 

10. Dilute to the 1 liter mark 
with distilled water. 

11. Mix ~vell. 

l?. Label. 

1. Weiqh out 0.2210 grams of 
sodium fluoride. 

2. Add about 500 ml of dis
tilled water to a l liter 
volu~etric flask. 

3. Transfer the solid to the 
1 liter volumetric flask 
using a powder funnel. 

4. Use a wash bottle to wash 
solid into flask. 

5 . Di s so 1 v e the so 1 i d . 

6. Dilute to the mark and 
mix thoroughly. 

7. Label 

INFOR~A~IO~/OPERAT!NG GOALS/SPECIFICATIONS 

8a. Caution: When using the concentrated acid, use 
eye protection. 

Sb. Solution may increase in temperature, cool to 
room temperature before proceeding. 

lla. Solution stable for at least 2 years. 

la. Use an anlytical balance 
lb. Use a plastic weighing boat. 
le. Solution can be purchased from Orion Research 

Inc; Cat No. 94-06-07 or Hach Chenical Co.; 
Cat No. 23?-11. 

4a. The weighinq boat should be washed three times 
and the washings added to the flask. 

6a. Solution contains 0.1 mq F-/1 .0 ml (i.e. 100 ppm 
F-}. 

6b. Keep in a plastic container. Solution is stable 
for at least 6 months. 

Ell.A-9 

TRAINING 
GUIDE NOTES 



EFFLUENT MUfiITO~I~G PRuCEDURF: Determination of Fluoride Using the SPADNS Method Ell.f\-10 

OPERATING P~CCEDURES 

4. Sodium Fluoride 
('"aF) Solution 
l 0 mq F- / l. 

5. Sodium Fluoride 
(NaF) Solution 
1.0 mg F-/1 iter 

6. Sodium Arsenite 
(NaAs02) Solution. 

STEP SEQUENCE 

1. Add aporoximately 50 ml of 
distilled water to a 100 
ml volumetric flask. 

INFORMATIO~/DPERA:JNG GOALS/SPECIFICATIONS 

2. Pipet 10 ml of the stock 2a. Use a 10 m1 volumetric pipet. 
fluoride solution (reagent 
3) into the flask. 

3. Dilute with distilled water 3a. Solution contains 0.01 mq F/1.0 ml (i.e. 10 ppm). 
to the mark. 

4. Mix thoroughly. 

5. label 

l. Add approximately 50 ml of 
distilled water to a 100 ml 
volumetric flask. 

4a. Keep in plastic container. 
4b. Solution stable for at least 6 months. 

2. Pipet 10 ml of the fluoride 2a. Use a 10 ml volumetric pipet. 
solution {reagent 4) into 
the flask. 

3. Di1ute with distilled water 3a. Solution contains 0.001 ma F per 1.0 ml (i.e. 
to the mark. 1.0opmF-). -

4. Mix thoroughly. 4a. Solution should be prepared fresh daily. 

5. label 

1. Weigh out 2.5 qrams of 
sodium arsenite. 

2. Transfer the solid to a 
500 ml Erlenmeyer flask. 

la. A trip balance can be used. 

TRAINING 
GUIDE NOTES 



EFFLUENT MONITORING PR0CEOURF: Determination of Fluoride Using the SPADHS ~ethod 

OPERATING P~CCEDURES 

6. Sodium Arsenite 
(~aAs02 ) Solution 
(Continued) 

STEP SEQJENCE 

3. ~easure out 500 ml 
distilled water. 

4. Dissolve the sodium 
arsenite in about half of 
the distilled water. 

5. Add the rest of the 500 ~1 
portion. 

IrlFORMA TIOVOFERA-:: NG GOALS/ SPECIF! CAT ro~;s 

3a. Use a graduated cylinder. 

-:-RAINING 
GUIDE NOTES 

. - ---------------- ... ----------------------------- -- -- ... .,._ 
- ---- - - - -- - - - -- ---------------------------------- • - - - L.,______ .. 

E. Calibration 

l. By use of a 
standard curve. 

l. Turn on spectrophotometer 
and allow to warm up. 

2. Calibrate the 
spectroohotometer. 

3. PreJare a series of 
standard solutions usina 
the lOmq F-/liter sodium 
fluoride solution (Reaqent 
D. 4). 

la. Refer to manufacturer's manual for warm up time. 
However usua1ly one-half hour is sufficient 

2a. This can be carried out in two ways: by use of a 
calibration qraoh or by calculation of the un
known. Section E.l covers the calibration graph 
and Section E.2 covers the calculation. 

3a. The series of standards should be prepared in 
50 ml volumetric flasks by pipetting with a 
graduated pioet the indicated amount of Reaqent 
D.4 into a 50 ml volumetric flask and diluting 
to the volune mark. 

VII E.l. 
(p. 21) 

Ell.A-11 



EFFLUENT MUllITO~ING PROCEDURf: Determination o~ Fluoride Using the SPADNS Method Ell.A-12 

OPERATI~G PKCCEDURES 

E. Calibration 
(Continued) 

STEP SEQuENCE I~FO~MAT!O~/OPE~ATING GOALS/SPECIFICATIONS 

3b. The following table can be used to prepare a 
series of standards contdininq from 0 to l .4 
mq F-/liter. 

! Cone. when ~iluted to 
111J_Qf_ _Reagen_t D. 4 -i-- _ _j_Q_ITIJ....:... mg F /1 i_ter __ _ 

0.00 0.00 
1.00 0.20 
2.00 0.40 
3.00 0.60 
4.00 0.80 
5,00 1.00 
6,00 1. 20 
7.00 1.40 

~ Transfer the entire 50 ml of 4a. All eight standards can be prepared at the same 
the standards just prepared time. 
into 125 ml Erlenmeyer 
flasks. 

5. Add 10 ml SPADNS Reagent 
(Reaqent D.2.). 

6. Mix thoroughly. 

5a. Use a 10 ml volumetric pipet 
Sb. Caution: This volume is critical; take care to 

add exactly 10 ml. 

6a. Unless ~ixed, the solution can layer giving false 
readings. 

7. Detem1ine the absorbance at 7a. The manufaturer's manual on operation of the 
570 nm. spectrophotometer should be consulted for proper 

instrument operation. 

TRAINING 
GUIDE NOTES 

VII.E.].Sb 
,p. 22) 

V.E.1.7a. 
(p. 19) 



EFFLUENT MUrlITORING PRCJCEDURF: Determination of Fluoride Using the SPAD'iS Method 

OPERATING P~CCEDURES 

E. Calibration 
(Continued) 

2. By Calculation 

STEP SEQUENCE 

8. Prepare a calibration 
curve. 

9. Analyze the sample 

10. Obtain concentration usinq 
the graph prepared here. 

l. Turn on spectrophotometer 
and allow to warm up. 

2. Adjust the wavelength to 
570 nm. 

3. Prepare two standards. 

4. Pipet 50 ml of each sample 
to be run into a series of 
125 ml Erlenmeyer fiasks. 

5. Pipet 10 nl of SPAD~S 
Reagent to all flasks. 

6. Mix all thoroughly. 

I~FCRMATICN/OPERATING GCALS/SPECIFICATIONS 

Ba. Use the attached graph paper. 
Bb. Refer to: Effluent Monitoring Procedure: Prepara

tion of Calibration Graphs. 

9a. Operating Procedure F. 

3a. Prepare as follows: 0 mg F-/liter (pioet 50 ml of 
distilled water into a 125 ml Erlenmeyer flnsk): 
1 mg F-/liter (pipet 50 ml of reagent D.5 into a 
125 ril Erlenmeyer flask). 

4a. Label each flask with sano1e identification. 

5a. This includes both standards (including 0 mg 
F-/l) and samples. 

TRAINING 
GUIDE NOTES 

V.E.l.8 

IX. E. 1 . Ba 
(p. 19) 

7. With nothing in the meter 7a, This is the maximum (marked as infinity oo). 
adjust the left side of the 
absorbance scale to read 
its maximum, 

8. Fill a sanple cell with 
0 mg F-/liter standard. 

Ell.A-13 



EFFLUENT MON:TOKING PRuCEDURF: Determination of Fluoride Using the SPADNS Method Ell.A-14 

OPERAT~NG P~CCEDURES 

2. By Calculation 
(Continued) 

STEP SEQUENCE 

9. Place the eel 1 in the cell 
compartment. 

I~FORMATI0~/0FERATI~G GOALS/SPECIFICAT~ONS 

10. Adjust the slit control so lOa. This is to set the portion of the scale to be 
that a readinq of 0.5 is used. 
obtained on the absorbance 
scale. 

11. Fill a sample cell with 
1.0 mg F-/liter standard. 

12. Place in the cell 
compartment. 

13. Read the absorbance value. l3a. This readinq should read about 0.25 to 0.27. If 
this reading is not obtained the make up of the 
reagent and standard used should be checked. 

14. Read all samples without 
chanqing any adjustment 
controls. 

13b. Use Operating Procedure F 

15. Calculate the concentration 15a. Use the equation: X 
of the unknown. 

X = concentration of the unknown in mg F /liter 

A = Absorbance readinq of the 0 mgF-/l. 
0 

This is set in sten 10 at 0.5 

TRAINING 
GUIDE NOTES 

VI I. E. 2 . l Oa . 
(p. 22} 



EFFLUENT MONITGRING PRGLEDURF: Determination of Fluoride Using the SPADNS Method 

OPERATI% Pl'CCEDURES 

? . By Ca 1 cu 1 a t i o n 
(Continued) 

F. Procedure 

STEP SEQl.iENCE 

1. After calibration the 
samples are tested as 
follows. 

?. Add 5C ml of sa~ple to a 
1?5 wl Erlenmeyer flask. 

3. Add 10 wl SPADNS Reaqent. 

4. Mix thoroughly. 

I llFORtt.A TI ON/C·PE:iA l I NG GOALS/ SPECIF I :::A""'." IONS 

15a. (continued) 

A. = Absorbance reading of the l .0 mg F-/liter 
(usually 0.25 to 0.27) 

Ax = Absorbance reading of the unknown. 

15b. Examole: ff the samole absorbance value 
obtained from the spectrophotometer was 0.32 

then 

x :: _o_. 5_-_o_. 3_2 =- o .18 
0.5-0.25 0,25 

X = 0.72 ng F-/liter 

If more than one sample were run the only number 
that would change would be the 0.32. A 
calculation must be performed for each sample. 

la. If the calibration graph was used (E.l .), two 
standards should be used each time to verify that 
the calibration curve is still v,1lid. (Al.O mg F
/liter and a 0.2 mg F-/liter). 

lb. If the calculation procedure was used, the 0 and 
1 .0 oom standards rust be run with each batch of 
sar1p 1 es run. 

?a. Use a 50 wl volumetric pipet. 

3a. Use a 10 ml volumetric pipet. 

TRAINING 
GUJDE r\OTES 

Ell.A-15 



EFFLUENT MU~~TO~ING PR0CEDLiR[: Determination of Fluoride Usinq the SPADNS Method Ell.A-16 

OPERATING PRCCEDURES 

F. Procedure (Continued) 

STEP SEQLENCE 

5. Read the absorbance value 
at 570 nm. 

6. Dilute sarnole if 
concentration is not be
tween 0.0 to 1.4 mq 
F-/liter. · 

IHFCRMATION/CPE~A~ING GOALS/SPECIFICATIONS 

6a. If the calibration graph is used, the absorbance 
value for a concentration of 1 .4 rng F-/liter has 
been ploted do not use absorbance values 
corresponding to values greater than 1 .4 mg 
F-/liter. 

6b. If the calculation procedure is used, obtain the 
absorbance value and calculate if the value 
calculated is above 1.4 mg F-/liter dilute the 
sample. 

TRAINING 
GU IDE NOTES 



SECTION 

J* 

I I 

I II 

IV 

V* 

VI 

VII* 

VII I 

IX* 

TRAINING GUIDE 

TOPIC 

Introduction 

Education a 1 Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Cor1111unications 

Field and Laboratory Equipment 

Field and Laboratory Reagents 

Field and laboratory Analysis 

Safety 

Records and Reports 

*Training Guide materials are presented under the heading marked *. These 
standardized headings are used throughout this series of procedures. 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride Using the 
SPADNS Method 

I NTROOUCTI ON 

I. 

B. 2. 

Ell.A-18 

TRAINING GUIDE NOTE 

The basis for the SPADNS procedure is the 
reaction between zirconium and the SPADNS dye 
(SPAONS is an abbreviation of sodium 2-(p-sulfo
phenylazo)-l ,8-dihydroxy 3.6-napthlene disulfonate). 
The color of the reaction mixture (water sample plus 
reagent) varies from very deep red in the absence of 
fluoride to light red when the concentration of 
fluoride is high. The change in color caused by 
small chanqes in fluoride concentration is not 
discernable by eye, but can be readily detected by a 
photometric instrument. The better the instrument, 
the better the sensitivity to small changes of 
fluoride. 

Distillation is not reouired if comparability 
data on representative effluent samnles are on file 
to show that this preliminary distillation step is 
not necessary. However, manual distillation will be 
required to resolve any controversies. 

For drinking water samples analysis to comply 
with requirements as listed in the National Interim 
Primary Drinking Water Requlations (F. R. Part IV, 
12/24/75-para. 141.23f,10-pq59573\distillation is 
necessary. 

Distillation of the calibration standards is 
not necessary should sample require distillation. 

Section 

REFERENCES/RESOURCES 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride Using the 
SPADNS Method 

FIELD ANO LABORATORY EQUIPMENT 

£.1. 7a 

E. 1.8 

TRAINING GUIDE NOTE 

Should the analyst be using a Bausch and Lomb 
Spectronic "20" Spectrophtometer there is an EMP, 
"Use of a Spectrophotometer" availble. It would be 
of value to the analyst to consult this procedure. 

There is an EMP "Preparation of Calibration 
Graphs" that would be of value to the student. 

Sect ion v 

REFERENCES/RESOURCES 

Ell.A-19 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride Using the 
SPADNS Method 

FIELD AND LABORATORY ANALYSIS Section VII 

TRAINING GUIDE NOTE 

B.2.a Other ions, particularly phosphate, iron and 

Ell.A-20 

aluminum can cause significant errors. The table 
below gives some indication of this error. Should 
any of these interferences be present in the sample 
at concentrations that will cause erro~ the sample 
must be distilled. The numbers given show the 
concentration in mg/liter that will cause an error 
of plus or minus 0.1 mg/liter at 1.0 mg F-/1. 

Substance Cone mg/lit_e_r 

Alkalinity 
(CaC03) 5000 

Alu~inum 
(A 1 ) 0. l * 

Chloride 
(Cl-) 7000 

Iro~ 3 (Fe ) 10 

Hexametaphosphate 
([NaP03]

6
) 

Phose~ate 
(P04 ) 

Sulfa t~ 
(S0

4
)-

Chlorine 

Color & 
Turbidity 

1.0 

16 

200 

Must be completely 
Removed with Arsenite 

Must be Removed or 
Compensated for. 

+ 

+ 

+ 

+ 

*Above figure is for im~ediate reading. Allowed to 
stand two hours tolerance is 3.0 mg/lite~ four hours 
tolerance is 30 mg/liter. 

REFERENCES/RESOURCES 

Fluoride Determination in 
Water, E.P.A., Training 
Manual NTOTC, Cincinnati, 
OH 45268. 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride Using the 
SPADNS Method 

FIELD ANO LABORATORY ANALYSIS 

B.2.a. 
Continued 

E. l. 2a 

TRAINING GUIDE NOTE 

The temperature of the samples and standards 
must be the same before carrying out the test. 
Consequently if a difference in temperature exists, 
allow both to sit at room temperature for about one 
hour before proceeding with the test. 

Analytical results obtained with the SPAONS 
reagent are limited to a range of 0 to l .4 mg F-/ 
liter. Samples which approach or exceed the limit of 
the range must be diluted. The dilution must be 
made before addition of reagent, since subsequent 
dilution will affect the concentration of dye, 
zirconium and acid. 

The first method to calibrate the spectrophoto
meter is to prepare a calibration graph. Calibration 
graphs are colTlllonly used in absorbance measurements. 
In this type measurement energy is absorbed by some 
chemical constituent in the solution by means of a 
calibration graph. 

Two things must be done in order to prepare a 
calibration graph. A series of standards must be 
prepared. A standard is a solution which contains 
a known amount of the same chemical constituent 
which is being detennined in the sample. Secondly, 
the absorbance of these standards must be measured. 

This is done by carrying the standards through 
the test procedure and measuring the amount of energy 
absorbed. This value is graphed against the known 
concentration and a line drawn through the points 
produced. This line is the calibration graph. 
When an unknown sample is run, its absorbance value 
is determined and usinq the calibration graph, its 
concentration can be determined. 

The second methorl used in the SPADNS uses the 
fact that a straight line will be formed between 0 
and 1 .4 mg F/liter. Then the equation for a straight 
line is used to calculate the unknown concentration 
after values for two standards have been run. 

This is carried out as follows. Two standards 
are prepared, usually 0 and 1 ppm. These are used to 
set the instrument, thus obtaining values for their 
absorption. These two knowns can be used to 
calculate the unknown by the equation. Both methods 
are shown in the EMP. 

Section VI I 

REFERENCES/RESOURCES 

Ell .A-21 



EFFLUENT MONITORING PROCEDURE: Deter~ination of Fluoride Using the 
SPADNS Method 

~IELD AND LABORATORY ANALYSIS 

E.1.5b 

E. 2. l Oa 

El l.A-22 

TRAINING GUIDE NOTE 

The addition of the highly colored SPADNS 
reagent must be done with utmost accuracy because 
the fluoride concentration is measured as a 
difference of absorbance in the standard and the 
sample. A sriall error in reagent addition is the 
most prominent source of error in this test after 
the interferences. 

The absorbance scale is logarith~ic. This 
means that the distance between numbers varies. The 
meter distance between numbers is larqe on the right 
side of the meter while the distance between numbers 
is s~all on the left side. For example the distance 
between 0 and 0.5 is over half the scale while from 
1 to 2 is less than a quarter of the total distance. 

Consequently the right side of the scale can 
be read with a much hi~her deqree of sensitivity and 
accuracy. 

The ratio of fluoride concentration and absorb
ance is inverse, that is the hig~er the fluoride 
concentration the lower the readinq and the lower 
the fluoride concentration the higher the reading. 
Thus by setting the lowest concentration of fluoride 
possible, i.e., 0 rng F-/liter, at 0.5 absorbance 
units this means that no reading can go higher. 
This restricts all readings to the most sensitive 
section of the scale. 

Section VII 

REFERENCES/RESOURCES 

Methods for Chemical 
Analysis of Water and 
Wastes 1974, E.P.A. 
Environmental Monitoring 
and Supoort Laboratory 
Cincinnati, OH 45268. 



TYPICAL LABORATORY DATA SHEET 

Sample Collection: 

1 . 

2. 

Name of Plant: ___________ _ 

Sampling Location:_ 

'.) 
•/. Type of Sample: _____ _ 

4. Date and Time Collected: ---
5. Sample Collector: _____________ _ 

Sa mp 1 e Ana 1 ys is : 

1. Name of Laboratory: ____ _ 

?. Date and Time Collected· -------

Section IX 

-------

---------
3. Sample Desiqnation: __ _ -----------
4. Method Used: ----------·---- ------------
5. Was Sample Distilled: ______________ _ 

6. Concentration of F- Determined (in mg/liter): -----------

Ell.A-23 



A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF FLUORIDE IN POTABLE AND WASTEWATERS 
USING A SELECTIVE ION ELECTRODE 

as applied in 

WATER TREATMENT FACILITIES 

WASTE WATER TREATMENT FACILITIES 

and in the 

MONITORING OF EFFLUENT WASTEWATERS 

National T~aining and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH.HAL.f. lab.WMP.2. 11.77 
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EFFLUENT MONITORING PROCEDURE: Detennination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

This operational procedure was developed by: 

NAME 

ADDRESS 

POSITION 

John D. Pfaff 

USEPA, OWPO, National Training and Operational Technology Center 
Cincinnati, Ohio 45268 

Chemist - Instructor 

EDUCATION AND TECHNICAL BACKGROUND 

B.A. Chemistry 

3 years Research Chemist 

14 years DHEW, ECA, EPA - Chemist 

Ell.B-3 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable 
and Waste Waters Using a Selective Ion Electrode 

l. Analysis Objectives: 

The learner will determine the fluoride content of a water or wastewater 
samole using a selective ion (fluoride) electrode. 

2. Brief Descriotion of Analysis: 

The pH of the samole is adjusted to between 5 and 5.5 by use of 
buffer solution. Then the electrodes are immersed in the solution and 
the fluoride content determined using the meter. If an exoanded scale 
pH meter is used the concentration is read from a standard curve. If a 
specific ion meter is used the concentration can be read directly from the 
face of the meter. Other acceotable methods not covered in this outline 
are the SPAONS and automated complexone procedures. 

3. Aoolicability of this procedure: 

a. Range of Concentration: 

from 0. l to 1000 mq/l 
Information is <iiven so the same steD\'lise orocedure can be used for 
fluoride concentrations uo to 1000 mg/liter. 

b. Pretreatment of Samples: 

Distillation is not necessary for potable water samples. However, 
the guidelines for MPDES orocedures soecify distillation of waste 
water samples must be carried out. {See training quide note VII.B.l .la.). 
The distillation procedure is not included but is covered in another E~P 
on Fluoride Distillation. 

c. Treatment of Interferences in Samples: 

Interferences are few when the buffer is used with the electrode. 
The polyvalent cations of si+4, fe+ 3, al+ 3, interfere but can be 
tolerated up to 5.0 mg/l with use of the buffer. Extremes of pH 
can cause problems but adjust~ent of pH with the buffer negates 
this problem. 

Additional information is given in the training guide note VII.E.4. 

*Source of Procedure: Methods of Chemical Analysis of Water and l~astes, 1974, 
Environmental Protection Agency, Environmental Monitoring and Sunport Laboratory, 
Cincinnati, Ohio 45268, o.65. 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Expanded scale pH meter or selective ion meter 

Examoles: Beckman: Expandomatic Model 76007 
Coleman: Model 37A 
Corninq: Model 12 
Fisher Accumet ~1odel 320 
Leeds & Northrup Model 7405 - A 2. 
Orion Model 407A portable 
Hach pH/Fluoride meter No. 12330 

2. Sleeve-type reference electrode 

Examples: Beckman: No. 40463 
Coleman: No. 3-721 
Corning: No. 476012 
Fisher: ;10. 13-639-62 
Orion: No. 90-01 

3. Fluoride Electrode 

Examole: Beckman: 
Coleman: 
Corning: 
Orion: 
Orion: 
Hach: 

39600 
3-803 
476042 
94-09 
96-09 
13034-00 

4. Trio balance, 500 qram capacity. 

No. 12320 - portable 

5. Magnetic stirer and teflon covered stir bar, about 2.5 cm long. 

6. Water still or other source of distilled water. 

Ell .B-5 
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EFFLUENT MONITORHIG PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

B. Reusable Supplies: 

l. One stop watch, clock or watch bwith second hand). 
2. One thermometer, glass 0 to 100 C. 
3. One olastic squeeze bottle 
4. One stirrinq rod, 9lass about ln inches lon~. 
5. One pair, safety glasses 
6. One powder funnel, glass about 3 inch diameter 
7. One laboratory apron 
8. Five weighinq boats, plastic (2-3 inches square). 
9. One note book (for recording data) 

10. One pen or pencil 
11. One Flask volumetric 1000 1111 volume. 
12. Two Flask volumetric 100 ml volume 
13. Ten Flasks 50 ml volume (for use with pH meter only) 
14. One Cylinder graduated 500 ml volume 
15. One Cylinder graduated 100 ml volume 
16. Seven Pipet volumetric 10 ml 
17. Two Pipet graduated 10 ml 
18. Four Beakers, plastic 100 ml volume 
19. One Pipet Bulb 
20. One soatul a 

The following will be needed in addition to the above only if the buffer is 
prepared rather than purchased. 

21. One Erlenmeyer flask, 508 ml volume 
22. One Beaker, 1000 ml volume 
23. One Flask volumetric, 1000 ml volume 
24. One pH electrode 

C. Consumable Supplies: 

l. a. Sodium Fluoride -NaF Reagent qrade powder - 4 oz.or 
b. Sodium Fluoride Stock Solution -

Orion Research Inc. 380 Putnam Ave. Cambridge, Mass 02139, Cat. No. 
94-06-07 
Hach Chemical Co. P.O. Box 907 Ames Iowa, 50010, Cat. No. 232-11 

2. Adjustment buffer 

a. Total Ionic Strength Adjustment Buffer (TISAB) 
Orion Research Inc. 380 Putnam Ave. Cambridge, Mass. 02139 Cat. No. 
94-09-09 

b. Fluoride Adjustment Buffer, Formula - 2589 
Hach Chemical Co. P.O. Box 907 Ames Iowa, 50010 Powder - Cat. No. 

2589.01 
Pillows - Cat. No. 

2589-99 



EFFLUENT ~ONITORIN~ PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

C. Consumable Supplies {Continued): 

3. The following are needed if the adjustment buffer is !Jrepared instead 
of purchased. 

a. Acetic Acid, Glacial, CH COOH. Reaqent qrade - 1 pt 
b. COTA* (1,2. cyclohexylen~ dinitrilotetraacetic acid) 25 q. 

Matheson, Coleman & Bell Cat. No. CX - 2390 
c. Sodium Chloride, NaCl, Reagent grade - l oound 
d. Sodium Hydroxide, NaOH, Reagent grade - l oound 

Ell .B-7 
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Method 

FLUf!RIDE NIAL YS IS FLOM SHEET Ell .B-8 

..... -------··] 
Sample 
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Potable Water Waste Water 
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Distill Distill 

SPAD~:S SPAD~iS Automated 

Colorimetric Electrode Complexone 
~1ethod Method Method 

ColoriMetric Method 



EFFLUENT MUIHTOl\ING PROC.EDURF.: Determination of Fluoride in Potable and Waste Water 
Using a Selective Ion Electrode 

OPERATING Pl\CCEDURES 

A. Sample Collection 

STEP SEQUENCE 

1. Collect a minimum of 300 
ml in a plastic or hard 
glass container. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

la. Polyethylene bottles are preferred 
Glass bottles are satisfactory provided they have 
not previously contained high-fluoride solutions. 

lb. No special requirements are necessary for 
preservation. 

le. Chlorine does not interfere so no precautions are 
necessary. 

TRAINING 
GUIDE NOTES 

--· --------------------------------- ----------------- ------ -------- - --- - -- -------+--

B. Sample pretreatment l. Distill sample 

------------------+---- -- -- ---------

C. Fquipment Preparation 

l. Glassware 1. Clean all glassware and 
plastic beakers in 
detergent. 

2. Rinse with distilled water. 

2. Electrometer l. Check meter zero. 
(pH !'1eter or 
selective ion meterj 2. Check power supply. 

3. Check connection of 
electrodes to meter. 

la. Distill wastewater sample for total or total 
dissolved fluoride. 

lb. Use the EMP covering the distillation procedure 
for Fluoride. 

le. Distillation is not required for drinking water 
samples. 

----------·----------- ----------·------------- -

la. ~ost instruments have a mechanical screw 
adjustment to center the pointer of the meter face 

2a. Check correct connection to voltage source for 
line operated meters. Check batteries on all 
portable and some line operated models. See 
instrument manual for directions. 

3a. There should be two connectinq pins that attach 
to the meter. The longer one from the measuring 
electrode, is the fluoride electrode, and the 
smaller one is from the reference electrode. 

Ell.B-9 



EFFLUE~T MO~l~O~ING PR0CEOURf: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Ell.B-10 

OPERATING PkCCEOURES 

3. Reference Electrode 

STEP SEQt.;rnCE 

1. Check Internal fillinq 
solution. 

INFORMATIO~/OPERATI~G GOALS/SPECIFICATIONS 

3b. So~e connections are spring loaded and must be 
held in the socket until clamped with a screw. 

3c. Combination electrodes are two electrodes placed 
one inside the other. This electrode will still 
have two connecting pins. 

la. Before usinq the reference electrode make sure the 
internal fillino solution has been added. This 
solution is provided with the electrode and must 
be used. 

lb. Fill about half the electrode with the solution. 
---------- ------- -~1------ - - --- -- - - ----- - - - - -------------------- - ----- -- ---------- - -

D. Reagent Preparation 

1. Distilled Water 

2. Sodium Hydroxide 
Na OH' s~i 
(for us~ in 
preparation of 
buffer) 

3. Buffer Solution 
{preparation 
optional - can 
he purchased) 

l. Prepare about six (6) 
liters of distilled water. 
This water must be free 
from fluoride. 

l. Weiqh out 40 grams of 
sodium hydrox~de (~aOH) 

2. Dissolve the sodium 
hydroxide in 200 ml of 
water in a 500 ml 
Erlenmeyer flask. 

1. Add approximately 500 ml 
of distilled water to a 
l liter beaker. 

la. Use a still or pass tap water through an ion
exchange column containing a strongly acidic 
cation exchange resin mixed with a strongly 
basic anion exchange resin. 

la. Use a trip balance. 
lb. Put sodium hydroxide in a plastic weighing boat 

for weighing. 
2a. Use a graduated cylinder to measure the 200 ml of 

water. 
2b. Caution: heat qiven off. 

la. This solution can be purchased already prepared. 
Sources are listed in the front of the EMP. 

TRAINING 
GUIDE NOTES 

&---------



EFFLUENT MO'lITO~ING PROClDURF.: Detennination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

OPERATING P~CCEDURlS 

0. Reagent Preparation 

3. Buffer Solution 
{Continued) 

STlP SEQGENCE 

2. Add 57 ml of glacial 
acetic acid. 

3. Weigh out 58 grams of 
sodium chloride (NaCl). 

4. Add sodium chloride 
(NaCl) to the l liter 
beaker. 

5. Weigh out 4 grams of COTA. 

6. Add COTA to the l liter 
beaker. 

7. Stir to dissolve. 

8. Place beaker in a cool 
water bath. 

9. Insert calibrated pH 
electrode into solution. 

INFORMATION/OPERATING GOALS/SPECIFICATIO~S 

2a. Use a graduated cylinder. 
2b. Caution: Use in a well ventilated area. 
2c. Use safety glasses. 

3a. Use a trip balance. 
3b. Put sodium chloride in a plastic weighing boat 

for weighing. 
3c. For work with brines additional NaCl should be 

added to raise the chloride level to twice the 
highest expected level of chloride in the sample. 

4a. That is the same beaker to which the glacial 
acetic acid has been added. 

5a. The E.P.A. Methods Manual 1974, calls for 2 grams 
however, STD Methods 14th and the Orion manual 
both call for 4 grams. 

5b. Use trip balance. 
5c. Put COTA in a plastic weighing boat for weighing. 
5d. COTA - 1,2 cyclohexylene diamine tetraacetic 

acid. 

8a. Cool to room temperature. 

9a. The sa~e meter that will be used for the fluoride 
measurement can be used for this. 

9b. Consult EMP on pH measurement. 

TRAINING 
GUIDE NOTES 
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EFFLUENT M!JflITOF-lt1G PRuCEDURF: Determination of Fluoride in Potable and 
Waste Waters Usins a Selective Ion Electrode 

Ell.B-12 

OFERAT:~G PRCCEDLlRES 

D. Reagent Preparation 

3. Buffer Solution 
(Continued) 

4. Sodium Fluoride 
( NaF) stock 
solution 100 mg 
F- /liter 

STlP St.QLllNCl 

10. Add SN Sodium hydroxide 
(Reagent 02) (NaOH) to the 
solution until meter reads 
5.0 to 5.5 pH. 

11. Allow solution to reach 
room temperature. 

12. Transfer solution to a l 
liter volumetric flask. 

13. Dilute to volume and mix 
thoroughly. 

1. Weigh out 0.2210 qrams of 
sodium fluoride. 

2. Add about 500 ml of 
distilled water to a 
liter volumetric flask. 

3. Transfer the solid to the 
l liter volumetric flask 
using a powder funnel. 

4. Use wash bottle to wash 
the solid into flask. 

5. Dissolve the solid. 

6. Dilute to volume and mix 
thoroughly. 

I~FOR~ATIO~/CFLRAT!NG GCALS/SPLCIFICATIONS 

1 Oa. Reagent 2. 
lOb. About 150 ml will be needed. 
lCc. Use a 100 ml graduated cylinder to add the sodium 

hydroxide until the pH nears 5.0. Then add from 
a pipet dropwise until the range of 5.0 to 5.5 
is reached. 

12a. Use wash bottle and rinse beaker with small 
amounts of distilled water, transferring this 
wash water to the volumetric flask. 

la. Use analytical balance. 
lb. Use plastic weighing boat. 
le. Solution can be purchased from Orion Research 

Inc., Cat NO. 94-06-07 or Hach Chemical Co., Cat. 
~o. 232-11 

2a. Approximately~ full. 

4a. The weiging boat should be washed three times 
and the washings added to the flask. 

6a. Solution contains 0.1 mg F per 1.0 ml 
( i . e. lOC ppm F-) 

TRAINING 
GUIDE NOTES 



EFFLUENT MU~ITO~ING PR0llDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

OPERATING PhCCEDURES 

D. Reagent Preparation 

4. Sodium Fluoride 
(NaF) stock 
solution 100 mg 
F- /1 iter 
(Continued) 

5. Sodium Fluoride 
(NaF) Solution 
1 0 mg F- I 1 it er 

6. Sodium Fluoride 
{:~aF) solution 
l. 0 mg F- /1 iter 

STEP SEQL.ENCE 

7. Label container. 

l. Add approximately 50 ml 
distilled water to 100 ml 
volumetric flask. 

2. Pipet 10 ml of the (NaF) 
stock solution (reagent 
C.4.) into the flask. 

3. Dilute with distilled water 
to the mark. 

4. Mix thoroughly. 

1. Add approximately 50 ml of 
distilled water to a 100 
ml volumetric flask. 

2. Pipet 10 ml of reagent 5 
(10 mg F-/1) liter into 
the flask. 

3. Dilute with distilled 
water to the mark. 

4. Mix Thoroughly. 

INFORMA:IO~/OPERAT!NG GOALS/SPLCIFICATIONS 

6b. Keep in plastic. Stable for 6 months. 

2a. Use a 10 ml volumetric pipet. 

3a. Solution contains 0.01 mg F- oer l .0 ml ; .P.,ln 
ppm. Label solution. 

2a. Use a 10 ml volumetric pipet. 

3a. Solution contains 0.001 mg F- per LO ml i.e., 
l. 0 ppm. 

4a. Label 

TRAI~:ING 
GUIOE NOTES 

---- - - ________ ..., - - - ----~--------------- ---------- ------------·-··---- --··--- - - ---·---
E. Meter and Electrode 

Check 1. Turn on Meter 
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EFFLUENT MOtlITO~I~G PRuCEDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Ell.B-14 

OPERATI~G PRCCE~URES 

E. Meter and Electrode 
Check {Continued) 

STEP SEQUE"lCE 

2. Allow to warm up. 

3. Pipet 10 ml of Reagent 6 
into a 100 ml plastic 
beaker. 

4. Add 10 ml of buffer i.e., 
Reagent 3. 

5. Place a stirring bar into 
the beaker. 

6. Place beaker on stir plate. 

7. Lower electrode or 
electrodes into solution. 

8. Turn on stir plate. 

ItlFORMAT:ON/CPERA TI\G GOALS/SPEC I FI CATIONS 

2a. If battery powered, no wa nn up necessary. 

3a. Use a 10 ml volumetric pipet. 

4a. Use a 10 ml volumetric pipet. 
4b. Any volume of sample or standard and buffer can 

be used, provided equal volumes are used. For 
example 10 ml of sample plus 10 ml of buffer. 

4c. Use of powdered buffer (Hach Co.) eliminates the 
dilution of sample or standard and therefore 
eliminates possible error. 

4d. Volume should be sufficient to cover the electrode 
or electrodes to a depth of about l inch. 

TRAINING 
GUIDE NOTES 

VII.E.4 
VII.E.4b 
(pp. 27 
& 28) 

7a. Care should be taken that the stirring bar does V.E.7. 
not hit the electrode. (p. 26) 

7b. Before using the reference electrode make sure 
the internal filling solution has been added. 
This solution is provided with the electrode and 
must be used. Fill about half the electrode with 
the solution. 

Sa. For best results stirring should be at a rate 
that will not cause a vortex. 

8b. Insulate with cardboard or styrofoam between 
sample and stir plate to reduce possibility of 
sample temperature change. Not so thick as to 
stop the stirrer. 

9. Turn meter on to a 9a. The meter should be used in the expanded scale 
millivolt reading position. mode. 



EFFLUENT MU'.r!l0Kli'1G PR(JCLDURF.: Detennination of Fluoride in Potable and 
Waste Waters Csing a Selective Ion Electrode 

OPERATING PKCCEDCRES 

E. Meter and Electrode 
Check (Continued) 

STEP SEQUENCE 

10. Record reading in 
millivolts. 

11. Turn meter to standby 
position or off position. 

12. Raise electrodes from 
solution. 

13. Rinse electrodes with 
distilled \"later. 

14. Blot dry with soft tissue. 

INFO~MAT:ON/OPE~ATING GOALS/SPECIFICATIONS 

lOa~ The electrodes must remain in the solution for at 
least three minutes or until the reading has 
s!ab~lized. At concentrations under 0.5 mg 
F /liter it may require as long as five minutes 
to reach a stable meter reading. Higher 
concentrations stabilize more quickly. 

lla. Depends on type meter being used. 

15. Pipet 10 ml of Reagent 5 l5a. Use a 10 Dl volumetric pipet. 
into a clean 100 ml plastic 
beaker. 

16. Add 10 ml buffer. 

17. Place a stirring bar into 
the beaker. 

18. Place beaker on stir 
plate. 

19. Lower electrodes into 
solution. 

20. Turn meter on at a 
millivolt reading position. 

16a. Use a 10 ml volumetric pipet. 
16b. Samples and standards should be at the same 

temperature. A 1°c difference in temperature 
will give rise to about a 2 % error. 

19a. Care should be taken that the stir bar does not 
hit the electrode. 

TRAINING 
GUIDE NOTES 

El I . B- l 5 



EFFLUENT ~u~;ITORI:-JG PRvCEDURF: Determination of rluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Ell.B.16 

OPERATING PRCCEDURES 

E. Meter and Electrode 
Check (Continued) 

STEP SEQUENCE IMFOR~ATIO~/CPERATING GOALS/SPECIFICATIONS 

21. After 3 minutes record the 2la. Or until the meter stabilizes. 
reading in millivolts. 

22. Determine the difference 
between the first and 
second millivolt reading. 

22a. Correct electrode operation is indicated by a 
difference of about 58 millivolts, assuming the 
solution temperature is between 20°c and 25°c. 

22b. If the change is not within+ 2 millivolts, 
consult the electrode manual~ 

TRAINING 
GUIDE NOTES 

III.E.22 
( p. 25) 

-·--·---- -·---·-·---------------------------------·-----
F. Calibration 

1. Using a pH meter 1. Turn on meter and allow to 
wann up. 

2. Prepare a series of 
standards using Reagent 5. 

3. Pipet 10 ml of a standard 
into a l 00 ml plastic 
beaker. 

2a. The following table can be used to prepare a 
series containing from 0 to 2.0 mg F-/liter by 
diluting appropriate volumes to 50 ml. 

ml of Cone. when diluted to Reagent 5 
50 ml in mg F~l_lj_!_~----- -----"t-

l 
0.00 0.00 
1.00 0.20 
2.00 0.40 
3.00 0.60 
4.00 

I 
0.80 

5.00 1.00 
6.00 1.20 
7.00 1.40 
8.00 I 

I 
1.60 

10.00 I 2.00 
I 

2b. Use a l 0 ml graduated pi pet. 

3a. Any volume can be used provided equal amounts of 
sample or standard and buffer are used. 



EFFLUENT MU1ll~01'ING PR(JCEDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

OPERATING F~CCEDURES 

F. Calibration 

1. Usinq a oH meter 
(Continued) 

STEP SEQUENCE 

4. Add 10 ml of buffer. 

5. Add a stir bar to the 
beaker. 

6. Lower the electrodes into 
the beaker. 

7. Turn on stir plate. 

8. Turn on meter. 

9. Allow meter to stabilize. 

10. Record millivolt reading. 

11. Turn meter to off or 
standby position. 

12. Raise electrodes. 

lNFORMATION/OPERATl~G GOALS/SPECIFICATIONS 

3b. Use a 10 ml volumetric pipet. 

4a. Use a 10 ml volumetric pipet. 

7a. Do not allow stir bar to hit electrode. 
7b. Stir at a rate that will not cause a vortex. 

8a. Use expanded mode. 
8b. Use millivolt mode. 

9a. About 3 minutes. 

lla. Always go to either position, dependinq on meter, 
before raising the electrodes from the solution. 

13. Rinse the electrodes. 13a. With distilled water. 

14. Blot dry. 14a. With soft tissue. 

15. Repeat steps 3-13 for each 15a. Repeat for each standard until all are run, 
standard. recording the millivolt reading. 

16. Prepare a standard curve. 16a. Plot on two cycle semilog paper. 

2. Using a selective l. Pipet 10 ml of Reagent 6 la. Use a 10 ml volumetric pipet. 
Ion Meter into a 100 ml plastic 

beaker. 

TRAINING 
GUIDE NOTES 

VI I F. l. l 5a 

Ell.B-17 



EFFLUENT MUMITO~ING PROCEDUQF: DeterMination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Cll.B-18 

OPERATING PhCCEDURES 

F. Calibration 

2. Using a selective 
Ion Meter 
(Continued) 

STEP SEQUENCE 

2. Pipet 10 ml of buffer into 
the beaker. 

3. Place a stirring bar into 
the beaker. 

4. Place beaker on stir plate. 

5. Lower electrodes into 
beaker. 

6. Turn on stir plate. 

7. Turn meter to the mono
valent anion position. 

8. Using the calibration con
trol adjust the meter to 
read at center scale. 

9. Turn meter to off. 

10. Raise the electrodes. 

11. Rinse electrodes with 
di sti 1l ed water. 

12. Blot dry with soft tissue. 

I~FO~MATiON/CPERATING GOALS/SPECIFICATIONS 

lb. Any volume can be used provided equal amounts of 
sample or standard and buffer are used. 

2a. Use a 10 ml volumetric pipet. 

5a. Do not allow stir bar to hit electrode. 

6a. Stir at a rate that will not cause vortex. 

7a. This may be marked as X or F-. 
7b. Allow three minutes before reading. 

8a. Use the logrithmic scale on the meter. 
8b. This adjustment makes the instrument read a 

concentration of l .0 mg F-/liter at center scale. 

13. Pipet 10 ml of Reagent 5 l3a. Use a 10 ml volumetric pipet. 
into a clean plastic 100 ml l3b. This solution will be a 10 mg F-/liter standard. 
beaker. 

TRJl.H:ING 
GUIDE NOTES 

VII .F.2.8a. 
( p. 29) 



EFFLUE.NT MUIH-;-OKH;G PR(JCEUURF.: Detennination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

OPERATING P~CCEDURES STEP SEQUENCE 

F. Calibration 

2. Using a selective 14. Add 10 ml of buffer. 
Ion Meter 
(Continued) 15. Place stir bar into 

beaker. 

16. Place beaker onto stir 
p 1 ate. 

17. Lower electrodes into 
solution. 

18. Turn meter to monovalent 
anion position. 

19. Allow to stir for three 
minutes. 

INFORMATION/CPERATING GOALS/SPECIFICATIONS 

14a. Use a 10 ml volumetric pipet. 

17a. Do not allow stir bar to hit electrodes. 

19a. Or until meter stabilizes. 

20. Use Temperature 20a. The temperature of all samples and standards 
should be the same. If sample is not the same 
temperature, allow to stand at room temperature 
for about one hour. 

colllpensator to adjust 
meter needle to the last 
number on far right of log 
scale. 

20b. This adjustment makes the meter read a con
centration of 10.0 mg F-/liter at far right 
scale. 

20c. The entire scale now car be used to read directly, 
concentrations from 0.1 ng F-/liter to 
10.0 mg F-/liter. 

20d. This calibration should be checked about every 
1 to 2 hours by repeating procedure F2. If the 
temperature change~ recalibrate more often. 

20e. The log scale may be located at various positions 
on the meter face. Consult the manufacturers 
manual to point out which to use if in doubt. 

TRA rnING 
GUIDE NOTES 
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EFFLUENT MU~ITO~ING PRUCEDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

OPERATING P~CCEDURES STEP SEO:JENCE I~FORMAT:ON/CPERA7ING GOALS/SPECIFICAT:ONS 

F. Calibration 

2. Using a selective 21. Turn meter off. 
Ion Meter 
(Continued) 22. Raise electrode~ 

23. Rinse electrodes with 
distil led water. 

24. Blot dry with soft tissue. 
-· ---· -- --------· ---- ·----
G. Procedure 1. After the calibration of 

the meter has been com-
pleted, test all samples 
by doing the following. 

2. Turn on meter for warm up. 2a. If necessary. 

Ell.B-20 

TRAINING 
GUIDE NOTES 

-----

3. Pi pet l 0 ml of sample into 3a. Any volume can be used provided equa 1 amounts of 
a clean plastic l 00 ml sample or standard and buffer are used. 
beaker. 3b. UsealOml volumetric pi pet. 

4. Add 10 ml of buff er. 4a. Or same volume as used for sample. 

5. Place stir bar into beaker. 

6. Place beaker on stir plate. 

7. Lower electrode. 

8. Turn on stir plate. 8a. Do not allow stir bar to hit electrode. 

9. Adjust stir plate to a 
rate that will not form 
vortex. 

10. Turn on meter. lOa. To monovalent anion pos1t1on. 



EFFLUENT MUtllTO~I~G PRGlEDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective ion [lectrode 

OPERATING F~CCEDURES 

G. Procedure 
(Continued) 11. Stir for three minutes, or 

until meter stabilizes. 

12. Read value. 

13. Turn meter off. 

14. Raise electrodes. 

15. Rinse and dry electrodes. 

I~lFCRMAl ION/OFE.Rf1TING GOALS/SPECIFICATIQ~;s 

12a. For pH meters read at millivolt scale and use 
millivolt vs concentration curve to determine 
F- concentration in sample. 

12b. For selective ion meter read concentration 
directly from logarithmic scale. 

------ ----- -----~--- ----------------------------- - - --------- ------- -- ----·-- - ---------

fl. Storage 

1. Reference 
E.lectrode 

2. Fluoride 
Electrode 

l. Store in the l.C mg F-/ 
liter standardizing 
solution or distilled water 
if the electrode is to be 
used in a short time or 
next day. 

la. If using separate electrodes, i.e. reference 
and fluoride, this section applies to the 
reference only. If a combination electrode is 
being used the precautions for the reference 
electrode section should be used. 

2. Clean thoroughly and store 2a. Before reuse add internal filling solution. 
dry if storing for 1ong 
period of time. 

l. Store in air or in a 
standardizing solutio~. 

la. No specific storage precautions necessary. 

TRA I ~lING 
GUIDE NOTES 

--- - - . ------- ----- . ------------------- - ---- - -- --

I. Calculations 

l . pH meter 1. Use the constructed 
standard curve. 

la. When the reading of millivolts is obtained use 
this value to convert to concentration in 
mg F- liter. 
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EFFLUEtlT MOf~ITOl\ING PR(JCEDURF: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Ell. B-22 

OP~RATING Pl\CCEDURES 

I. Calculations 

1. pH meter 
(Continued) 

2. Specific Ion 
Meters 

-·--- - ---- --- -----

STEP SEQUEt:CE 

1. Read concentration scale 
(logarithmic directly to 
obtain sample mg F /liter. 

I '.IFORM/\T ro:~;c F::: ~A-:- I MG GGAL S/ SPEC! F 1 CAT IONS 

lb. ~sing the graph paper attached. Look at the 
bottom of the graph and find the millivolt 
reading for the sample. Move upward until the 
curve is contacted then move horizontally left 
until the edge of the paper is reached. Read 
this intersection in mg F-/ liter. 

le. If additional instruction on the use of a 
calibration graph is needed, consult the EMP, 
Preparation of Calibration Graphs. 

la. All data reported in mg F-/liter_ 

TRArnING 
GUIDE NOTES 

----- -· - ------ - -~- ------- ---------·------------·---·-· ------- - - - - - ----- ---- - - - -
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I* 

I I 

II I* 

IV 

V* 

VI 
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TRAINING GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications 

Field & Laboratory Equipment 

Field & Laboratory Reagents 

Field & Laboratory Analysis 

Safety 

Records & Reports 

*Training guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

I NTROOUCT ION Section 

r- 1 i n .. 'I,., 

TRAINING GUIDE NOTE 

The basis for this method is in the fluoride 
electrode itself. Most electrodes contain a 
fluoride solution; at the tip of the electrode is a 
crystal doped with fluoride ions. The crystal acts 
as an ion-exchange membrane. so that when the 
fluoride concentration outside of the electrode is 
higher than that inside, ions move toward the inside 
setting up a voltage potential proportional to the 
difference in fluoride concentration. Convers~ly 
when the fluoride concentration on the outside is 
lower than that on the inside, a proportional 
potential of opposite sign is set up. In most 
flu~ride electrodes, the internal solution is about 
lll- molar in fluoride, so concentrations below 
19 mg F-/liter result in positive voltage readings. 
Some electrodes contain no internal solution, but the 
principle of operation is similar. However, in the 
solid electrodes the potential developed by a 
particular fluoride solution is independent of a 
filling solution but rather depends entirely on the 
characteristics of the particular crystal used in the 
electrode manufacture. 

REFERENCES/RESOURCES 



.. 

EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Educ at iona 1 Concepts - Science Section I II 

E.22 

TRAINING GUIDE NOTE 

Theory of operation of a fluoride electrode predicts 
a behavior that is expressed by the Nernst equation. 
Consequently the difference in millivolt readings 
between two concentrations of fluoride that differ 
by a factor of ten should be between 55 and 60 
millivolts. 

If one knows concentration of fluoride, for example 
l mg/liter, is expressed on a meter in millivolts anc 
then a second concentration differing by a factor of 
ten, for example 10 mg/liter, is expressed on the 
same meter in millivolts, the difference between 
these millivolt values will be about 58 millivolts. 

This fact can be used to check on whether the system 
is operating properly. How this is carried out will 
depend on the type of meter and electrode being used. 

REFERENCES/RESOURCES 

Ell. B-25 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Field & Laboratory Equipment Section v 

TRAINING GUIDE MOTE REFERENCES/RESOURCES 

E.7 

~11 R-?h 

The fluoride electrode must be used in conjunction 
with a standard single junction sleeve-type 
reference electrode. If smaller volumes of sample 
are to be run for convenience sake, a combination 
electrode is available. This appears to be a single 
electrode. However, in actuality, it is two 
electrodes, one inside the other. This allows the 
electrode to be inserted into smaller diameter 
containers and also makes for easier use. 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Field & Laboratory Analysis 

B.1.la. 

E. 4. 

TRAINING GUIDE NOTE 

For potable waters to comply with requirements as 
listed in the National Interim Primary Drinking 
Water Regulations (F.R. Part IV - 12/24/75-§10 - pg 
59573), distillation is not necessary. 

However, for surface and saline waters or domestic 
and industrial wastes to comply with NPDES 
requirements distillation if necessary unless 
sufficient data exists to prove that distillation is 
not necessary. Manual distillation will be required 
to resolve any controversy. 

Interferences connected with the electrode can be 
1 i s ted as being : 

a) pH 
b) temperature 
c) other ions 
d) total ionic strength 

In acid solutions below pH 5, hydrogen can complex 
fluoride by forming the undissociated acid 
hydrofluoric HF. This will not allow the electrode 
to sense the fluoride concentration, thus tied up. 
Hydroxide ion can also in7erfere when concentration 
of this ion are about 10- Molar. Addition of the 
buffer solution will adjust most samples into the 
range of 5.0 to 5.5 pH where no interference of pH 
is found. For samples high in pH, i.e., pH 11, the 
volume of buffer added may not be sufficient. 
These samples should have their pH adjusted by the 
addition of lN HCl to adjust the pH to about 8 before 
addition of the buffer. 

So long as the temperature of the standards and 
samples are the same, temperature will not affect the 
readings. ~owever a variance between standard and 
sample of 1 C can cause a 2% error for a concentra
tion of 19 mg F/l. 

Other ions, particularly, iron and aluminium can 
cause significant errors. The table below gives 
some indication of this error. The numbers given 
show the concentration that will affect the 
electrode after addition of buffer. 

Section VI I 

REFERENCES/RESOURCES 
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EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Field & Laboratory Analysis 

E.4 
,Continued) 

E.4.b. 

F. l. 15a. 

t:"l 1 D ?O 

TRAINING GUIDE NOTE 

INTERFERENCES FOR THE ELECTRODE 

Concentration of substance, in mg/liter required to 
cause an error of plus or minus 0.1 mg/liter at 
l . 0 mg F /l iter. 

SUBSTANCE 

Alkalinity 7. 000 ( +) 

Aluminum 4 (-) 

Chloride 20,000 ( -) 

Iron 200 (-) 

Hexametaphosphate >50,000 

Phosphate >50,000 

Sulfate 50,000 (-) 

Chlorine >5,000 

From this, it can be seen that with the use of the 
buffer, very few ions normally used in the treat
ment of water will interfere. 

Variations in ionic strength can interfere but again 
the make-up of the buffer will adjust this to a 
point where interferences are eliminated. 

All samples are actually diluted in half by the 
addition of an equal volume of buffer solution. 
Since this same dilution ratio of equal volumes is 
carried out for all samples and standards the 
original concentration is used. Thus if a 1 .O mg/ 
liter solution is diluted with buffer and is 
actually 0.5 mg/liter it is read as 1.0 mg/liter. 

Plot the concentration of fluoride in mg/1 on the 
log axis and the millivolt reading on the linear 
axis. Figure one has a piece of 2 cycle semi log 
paper with the concentration values in the EMP 
marked. 

The graph will have a negative slope; i.e., there 
will be a lowering of the millivolt reading as the 
concentration increases. The line will be straight 
from 0.1 to over 100 ppm. 

Section VI I 

REFERENCES/RESOURCES 

Fluoride Determination in 
Water, E.P.A. Training 
Manual, National Training 
and Operational Technology 
Center, Cincinnati, Ohio 
45268 



EFFLUENT MONITORING PROCEDURE: Determination of Fluoride in Potable and 
Waste Waters Using a Selective Ion Electrode 

Field & Laboratory Analysis Section VII 

F.2.8a. 

TRAINING GUIDE NOTE 

A selective ion meter usually has several scales on 
the meter face. One is divided into 14 equal 
divisions is the pH scale; another is divided into 
unequal divisions and usually repeats itself at 
least twice. I/ow it is numbered varies with each 
manufacturer. This scale is the logarithmic scale 
and should be used to read the concentration of 
selective ions in mg/1. 

Since the units, i.e. how it is numbered, vary the 
concentration range of the scale can be arbitrarily 
set. This scale is usually repeated; for example, 
if t~e first number on the left is marked as .l and 
at the middle of the scale is 1 and the last number 
on the right is 10 this gives two complete 
repetitions. Concentration wise this could mean 
that the concentration at center can be adjusted to 
read 1.0 mg/l and at far right as 10.0 mg/l. This 
would then allow concentrations of from 0.1 to 1.0 
to 10.0 to be read directly from the meter face. 

REFERENCES/RESOURCES 
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TYPICAL LABORATORY DATA SHEET 

Sample_ Co 11 ecti ons: 

l. 

? 
L, 

? 
J. 

4. 

5. 

Name of Plant: 

Sanpling Location 
-----~----· 

Type of Sample 

Date and Time Collected 

_?amp l_~_ Ana 1 ys is : 

Sec ti on IX 

1. Name of laboratory -------·-------· 
2. Date and Time Collected 

3. Sample designation 

4. Methods Used 

5. 

6. 

------------
Was Sample Distilled ---------
Concentration of F- determined 
(in mg/liter) __ 

--------------- ----------·---
Standard Cone. 

__ mg_. f_J 1 iter 

Ell .B-30 
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ROUTINE OPERATIONAL PROCEDURES 

for the 

PRELIMINARY DISTILLATION PROCEDURE FOR 
FLUORIDE ANALYSIS OF POTABLE AND WASTEWATERS 

as applied in 

WATER TREATMENT FACILITIES 
WASTEWATER TREATMENT FACILITIES 

and in the 
MONITORING OF EFFLUENT WASTEWATERS 
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WATER r10NITORING PROCEDURE: Preliminary Disti11ation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

1. Analysis Objectives: 

The learner will remove interferences to the fluoride analyses by a pre
liminary distillation of the sample. 

2. Brief Description of Analysis: 

The sample is added to a previously adjusted acid water mixture. The 
fluoride is liberated in the strongly acid mixture as the fluoride ion F-. 
This reacts with the excess hydrogen ion H+ to form hydrofluoric acid HF. 
This material leaches silica from glass and forms hydrofluorsilic acid 
H2S1F6} which distills over as an aqueous solution. All impurities remain 
behind. 

3. Applicability of this procedure: 

a. Range: \Jhen hi91l-fluoride samples are distilled (greater than 10 mg F-/1}, 
all of the fluoride may not be distilled over. Repeat the distillation 
with 300 ml distilled water. 

b. Pretreatment: None required 

c. Treatment of Interferences: None required 

Ell.C-3 
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WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

Equipment and Supply Requirements 

A. Capital Equipment: 

Water still or other source of distilled water 

B. Reusable Supplies: 

1. One adaptor - offset with outer ground glass joint 24/40 at top and inner 
ground glass joint 24/40 at the bottom, with opening with rubber glove 
connector for thermometer. 

2. One burner, natural - gas type (or for other type gas used in lab) 
3. One boiling flask - 1 liter, Pyrex or Kimax, round bottom, with 24/40 

outer ground glass joint 
4. Two clamps - to hold boiling flask and condenser to ring stand. One 

should be covered with asbestos or fiberglas to withstand heat. 
5. One condenser - 40 cm long, double jacket, outer ground glass 24/40 

joint at top 
6. One connecting tube - with two inner ground glass 24/40 joints 
7. One cylinder - volumetric, 500 ml 
8. One flask - Erlenmeyer, 300 ml 
9. Twelve glass beads - (not hard glass, i.e., Pyrex or Kimax) 

10. One tube grease - silicone stopcock 
11. One ring stand and rod 
12. One thermometer - O to 200°C, 24" long 
13. Tubing, Tygon - enough to reach water supply and drain 

C. Consumable: 

1. Distilled water - about 6 liters 
2. Silver sulfate - crystals (for removal of chloride concentration greater 

than 2000 mg/l) 
3. Sulfuric acid 
4. Detergent 

Ell.C-5 



Ell.C-6 
WATER MONITORING PROCEDURE: Preliminar~ Distillation Procedure for Fluoride 

Analysis of Potable and Wastewaters 

OPlRATH~G Pf\CCEDL:RES STEP SEQUENCE 

PRELIMINARY DISTILLATION FOR FLUORIDE ANALYSIS: 

A. Sample Collection 1. Collect a minimum of 300 ml 
in a plastic or hard glass 
container. 

rr:FOrZMATION/GPErZA: If'.G CO!LS/SPECIF!CP·TiO~;s 

la. Polyethylene bottles are preferred to glass 
bottles and are satisfactory provided they have 
not previously contained high-fluoride concen
tration solutions. 

lb. No special requirements are necessary for 
preservation. 

TRAINING 
GUIDE NOTES 

-------------- - .. - .. ------t,.__ __ - - . -· ---· .. ---------------------+---
B. Equipment Preparation 1. Clean all glassware in 

detergent. 
2. Rinse with distilled water. 2a. Caution: Tap waters can contain fluoride. 

-------------------+·---------- ·-- -- ------------ -------------------------- ... --------- - ---
C. Reagent Preparation 

1. Distilled Water 

2. Sulfuric Acid 

1. Prepare about six (6) 
liters of distilled water. 
This must be free fron 
fluoride. 

1. Concentrated; no pre
paration required. 

la. Use a still or pass tap water through an ion
exchange column containing a strongly acidic 
cation exchange resin mixed with a strongly 
basic anion exchange resin. 

------------· ----- -- -·- ------------- -·---- - -------·-·---------------+-------

0. Still Preparation 
1. Connect the still 1. As shown in Fig. I. 

2. The ground glass joints 
should be greased with 
silicone stopcock grease. 

3. The thermometer must be 
capable of reading about 
200°c. 

la. Leave the joint between the adaptor and connecting 
tube open. 

2a. Very small amounts are used. One way to do this 
is to coat the joint then lightly wipe the grease 
off with a soft tissue. 



,. .. 

WATER MONITORING PROCEDURE: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

OPERATING PKCCEDURES 

D. Still Preparation 
(Continued) 
2. Add the Reagents 

3. Close the Still 

4. Heat the Still 

STEP SEQUENCE I~FORMATION/OPERATI~G GOALS/SPECIFICATIONS 

1. Place 400 ml of distilled la. Use a 500 ml graduated cylinder. 
water in the boiling flask. 

2. Carefully add 200 ml con
centrated sulfuric acid. 

3. Add about 10 to 12 glass 
beads. 

2a. Caution: Heat is generated, also use protective 
eye covering. 

3a. These serve a two fold purpose: first to act as 
boiling stones to prevent superheating of the 
mixed liquids and secondly to serve as a source 
of silica for a chemical reaction in the flask. 

F- + H ~HF + Si ~ H
2
SiF6 

If the glass beads are not present, the silica 
will be taken from the boiling flask and will 
considerably shorten its useful life. 

4. Shake the flask by swirling 4a. 
to mix the two liquids. 

Hold the ring stand top and rotate in circular 
fashion. The mixing must be complete or the 
liquid can superheat. If the flask is observed 
closely while mixing, gradient lines (wavy lines) 
can be seen. Mix until no more are seen. 

l. Connect the joint between 
the adaptor and the 
connector tube. 

2. Check all joints to assure 
tightness. 

1. Turn on water to the 
condenser. 

la. Consult Figure I. 

2a. Fluoride will be lost through any joints that 
are not tight. 

la. The water should enter at the bottom of the 
condenser. 

lb. The flow of water should be maintained at such a 
rate that condensation does occur in the upper 
third of the condenser. 

TRAINING 
GUIDE NOTES 

VIII.2.D.4 
{p. 15) 
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Wf',TER MO'llTORING PROCEDURr: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

Ell. C-8 

TRAINJNG 
OPFRATING P~CCfOURES SllP SE~JENCE GUJO( NOTES 
~~~~~~~~~~~ ...... ~~~-~--~- --~--~1--~----~~~~~~~~--~~--~--------~------1-.;;;.;.;.;.;-.....o.;;....-... .. 
D. Still Preparation 

{Continued) 
2. Turn on and ignite the 

burner. 

3. Place a 300 ml Erlenmeyer 
flask under the condenser. 

4. Begin to heat slowly. 

5. When boiling begins, heat
ing nay be increased. 

2a. A heating mantle may be used; however, it is in
convenient to use. The temperature must be 
stopped at 180°C and it is hard to do with a 
mantle. If a mantle is used, it can be turned off 
at a somewhat lower temperature, allowing the 
residual heat to carry the temperature to 180°C. 
How early should be determined by practice since 
all mantles very. 

4a. If bumping occurs, mixing has not been completed. 

Sa. Adjust the flame to prevent it from contacting the 
distilling flask above the liquid level. Super
heating of the vapor results in high sulfate 
carryover which causes a sulfate interference. 

6. Continue heating until the 6a. 
temperature reaches 180°C. 

Distillation must be stopped when the temperature 
reaches 180°C. Higher temperatures result in 
excessive sulfate carryover. 

7. Remove heat. 

8. Discard distillate. 

6b. About 45 minutes. 

7a. Turn off burner. 

8a. Discard this distillate, since it contains traces 
of fluoride from the acid and glassware. This 
preliminary procedure also serves to adjust the 
acid-water ratio for subsequent distillations. 

8b. This preliminary distillation need be repeated 
only if new acid is used or obvious contamination 
occurs or if the operator has doubts as to 
contamination. 

8c. The resulting acid-water ratio can be used over 
and over for samples until a brown color pre
dominates and 180°C is hard to obtain. 

-------~-·---·-~-- ------···-- !3.d_:___Til~_amount of d i_s ti 11 ate _s_hou l d be _399 __ m~::..l:..;·:__ __ --1-- _____ _ 



1-:.t..TER MONITORiNG PROCEDll~{l.: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

OPERATI~~C F't\CCEOURES STEP sro:;c.cr: ! 'lFCPMAT :c.;C'PE.RA". r;,s COALS/ SPECIF I CA r IOMS 
~~--~~~~~~~~~--~--~~.---~.~--....... ~-----
E. Procedure 

l. Sample Addition 

2. Distill sample 

1. Allow the still to cool 
until the temperature 
drops to 120°C or lower. 

2. Disconnect the joint be
tween the adapter and 
connecting tube. 

3. Remove high levels of 
chloride in the sample. 

4. Add 300 ml sample. 

5. Mix thoroughly. 

6. Close joint between 
adapter and connecting 
tube. 

1. Place a 300 ml Erlenmeyer 
flask under condenser. 

2. Turn on water to the 
condenser. 

3. Ignite burner. 

1 a. Caution: The glass is hot; touch with care. 

2a. The connecting tube may be lifted clear of the 
adapter and condenser. 

3a. Add silver sulfate to the sample at the rate of 
5 mg per milligram of chloride when high-chloride 
samples are distilled. 

3b. Most potable waters will not have high-chlorides. 
Sea water and brackish waters may have. As a gen
eralized guide, about 2000 ng/1 chlroide should be 
a starting point for adding the silver sulfate. 

4a. Use a 500 ml graduated cylinder. 
4b. Pour into adapter. 

5a. Caution: Improper mixing may cause super-heating 
and-b.umpi ng. 

5b. Use support ring and swirl in circular manner. 

2a. If it has been turned off. 

TRAINING 
GUIDE NOTES 
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~ATER MONITORING PROCEDURE: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

Ell. C-10 

===========================·--=~~·==============================::::;:======= 

f. Procedure (Continued) 4. Begin to heat slowly. 

5. Increase temperature. 

6. Heat to 180°C. 

7. Remove heat. 

3. Kemove Distillate l. Retain distillate for 
analysis of the fluoride. 

INFCKMATION/CF[~AT!NG GOALS/SPECIFICATIONS 

4a. Until boiling begins. 

5a. Caution: Do not allow flame to go above liquid 
lever:-

7a. When temperature reaches 180°C. 

la. When high-fluoride samples (> 10 mg F-/liter) are 
distilled, repeat the distillation using 300 ml 
of distilled water. If substantial amounts of 
fluoride appear in the second distillate, add the 
amount to that obtained initially and flush 
(300 ml of water) the still again. Quantities of 
less than 0.1 mg/1 F- may be disregarded. 

--- ---.&-- --- ------------- • ~ -- L..._____ ---- ---- --- - ··---

r. Fluoride Determinatio l. Chose an approved method. 

2. Determine the fluoride 
concentration. 

la. For wastewater the SPADNS-electrode or automated 
complexone methods are approved after 
distil lat ion. 

lb. For potable water the SPADNS or electrode methods 
are approved. Distillation is not required for 
the electrode method. 

le. Consult the appropriate EMP on the procedures. 

--- -------·--- .. 

TRAINING 
GUIDE NOTES 



l~AiER MOiHTORING PROCEDURE.: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

O~ERATING ~~CCEOURES 

G. Storage 

1. The Still 

2. The Acid 

:.HP SEQUENCE 

1. Store the glass still in 
such a manner as to pre
vent physical damage. 

1. Store in the still. 

IrffORM1'. T: m,;cp:- RA;· u,G GOALS/ SPECIF I Ci\T IONS 

la. This acid may be reused until the buildups of 
impurities discolors or prevents the temperature 
from being obtained. 

lb. The time is dependent upon content of impurities 
in the water sample. 

le. A good practice would be to occasionally run a 
known standard to assure complete distillation 
of fluoride. 

TRAIN ING 
GU IDE NOTES 
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CONNECTING TUBE 
12mm. l.D. 

THERMOMETER 

RUBBER SLEEVE ADAPTER 

S 24/40 JOINT 

CONDENSER 
1000 ml. BOILING FLASK 

BURNER 

300 ml. ERLENMEYER 

FIGURE l. DISTILLATION APPARATUS 
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l~ATER ~10NITORING PROCEDURE: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

TRAINING GUIDE 

SECTION TOPIC 

l* Introduction 

II Educational Concepts - Mathematics 

II I Educational Concepts - Science 

IV Educational Concepts - Communications 

v Field and laboratory Equipment 

VI Field and Laboratory Reagents 

VII Field and laboratory Analysis 

VI II* Safety 

IX Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 

Ell .C-13 



WATER MONITOP.ING PROCEDURES: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

INTRODUCTION Section I 

Ell.C-14 

TRAINING GUIDE NOTE REFERENCES/RESOURCES 

The Guidelines Establishing Test Procedures for the Federal Register, Part II, 
Analysis of Pollutants lists three approved analyti- Wednesday, Dec. 1, 1976, 
cal methods for fluoride. It is mandatory to pre- page 52782, Parameter 20. 
cede each by the preliminary distillation procedure, 
unless comparability data is available on a repre-
sentative effluent sample to show that this pre-
liminary distillation is not necessary. 

The National Interim Primary Drinking Water Regu
lations lists two approved analytical methods for 
fluoride. It is mandatory to precede only the 
colorimetric {SPADNS} method by the preliminary 
distillation procedure. 

The Preliminary Distillation step required to be 
used is the method utilizing a distillation from 
sulfuric acid. 

Federal Register, Part IV, 
Wednesday, Dec. 24, 1975, 
page 59573, Parameter 10. 

Standard Methods for the 
Examination of Water and 
Wastewater. 13th ed., 
page 171. 14th ed., 
page 389. 



WATER MONITOP.ING PROCEDURES: Preliminary Distillation Procedure for Fluoride 
Analysis of Potable and Wastewaters 

SAFETY Section VIII 

0.2.4 

TRAINING GUIDE NOTE 

Care should be taken to assure complete mixing 
between the acid and water or sample. Incomplete 
mixing will result in a violent bumping of the still 
which can throw the acid mixture out of the distill
ing flask and possible damage to the still, analyst 
and loss of sample. 

REFERENCES/RESOURCES 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATiml OF BARIUM (Ba++) 

as applied in 
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and in the 
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WATER MONITORING PROCEDURE: Detennination of Barium (BA++) 

l. Analysis Objectives: 

The learner will be instructed on how to determine the barium content of a 
sample. 

2. Brief Description of Analysis: 

The sample is first digested with acid to assure all metals are in a soluable 
form. After which a portion of the sample is aspirated into an atomic ab
sorption spectrophotometer utilizing an acetylene-nitrous oxide flame. 

3. Applicability of the Procedure: 

The method works for both potable and wastewaters. 

a. Range of Concentration - The method is recommended for use in the range 
of 1.0 to 20 mg of barium/liter. The detection limit is 0.03 mg/1. 

b. Pretreatment of the sample - Digestion in acid pH to assure solubilization. 
See Section B. 

c. Treatment of Interferences in the sample - The use of the nitrous oxide
acetylene flame virtually eliminates chemical interferences; however, 
barium is easily ionized in this flame and potassium must be added to 
standards and samples alike to control this effect. 

d. Source of Procedure - Manual of Methods for Chemical Analysis of Water 
and Wastes; 1974 ed., p. 97; USEPA Technology Transfer, Cinti., OH 45268. 
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WATER MONITORING PROCEDURE: Determination of Barium (BA++) 

Operating Procedures: 

A. Equipment Preparation 

B. Reagent Preparation 

c. Standard Preparation 

D. Sample Pretreatment 

E. Instrument Calibration 

F. Sample Analysis 

G. Calculations 

El2-4 



WATER MONITO~ING PROCEDURE: Determination of Barium (BA++) 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Atomic absorption spectrophotometer 
2. Recorder - compatible with the instrument 
3. Nitrous oxide burner head 
4. Barium - hollow cathode lamp 
5. Pressure regulators two stage for 

Acetylene - CGA inlet 510 connector 
Air - CGA inlet 1340 connector 
Nitrous oxide - CGA inlet 1320 connector 

6. Balance - analytical with a 0.1 milligram sensitivity 
7. Still - borosilicate glass or equivalent 

B. Reusable Supplies: 

1. Trip balance - 100 gram capacity 
2. Pen or pencil 
3. Twelve inch ruler 
4. Hot plate 
5. Five reagent bottles - clear glass, glass stoppered 500 ml cap 
6. Six beakers - glass, 150 ml size 
7. Six cylinders - graduated, 100 ml size 
8. Three flasks - volumetric, 1000 ml volume 
9. Six flasks - volumetric, 100 ml volume 

10. One pipet - graduated, l ml 
11. Two pipets - graduated, 10 ml 
12. One pipet - volumetric, l ml 
13. Two pipets - volumetric 5 ml 
14. One pipet - volumetric 10 ml 
15. One pipet - volumetric 20 ml 
16. One funnel - powder, glass 
17. One funnel - filtering 
18. Pipet bulb 
19. Safety glasses 
20. Wash bottle - plastic 

Consumable Supplies: 

1. Deionizing column - mixed bed type 
2. Gases 

Acetylene - purified or commercial grade 
Air - dry grade 
Nitrous oxide - technical grade 

3. Detergent 
4. Nitric Acid - ACS grade 
5. Hydrochloric acid - ACS grade 
6. Barium chloride 
7. Potassium chloride 

El2-5 



WATER MONITORING PROCEDURE: Determination of Barium (BA++) 

Equipment and Supply Requirements (Continued) 

8. pH paper - capable of measuring pH 2 (pHydrion) 
9. Filter paper - Whatman #42 

10. Graph paper 
11. Wax marking pencil 
12. Plastic weighing boats, ~ 12 each 

El2-6 



WATER ·~ONITORING PROClOL;R.E: Determination of Barium (Ba++) 

~ 

r~rORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING OPERATING P~CCEOURES STEP St.QUE~.cr GUIDE NOTES 
A. Equipment Preparation 

1. Cleaning of 1. Wash with detergent. 1 a. Cleaning should be carried out in this order. 
Glassware lb. All glassware should be kept covered after 

cleaning. 

2. Rinse with tap v1ater. 

3. Rinse with 1:1 nitric acid. 3a. Add an equal volume of acid to an equal volume of 
distilled water. (Example: 500 ml of acid added 
to 500 ml of water. 

3b. Cauti9_!1_: Always add acid to water not the 
reverse. 

4. Rinse with tap water. 

5. Rinse with 1: 1 hydro- 5a. Add equal volume of HCl to an equal volume of 
chloric acid. disti1led water. 

6. Rinse with tap water. 

7. Rinse with distilled water. 

2. Balance Inspection l. Check all balances for 1 a. Consult the manufacturer's manual if the balance 
cleanliness and 
operation. 

proper does not operate properly. 

3. Instrument 1. Check a 11 items of the la. Consult the manufacturer's manual. 
Inspect ion instrument to assure 

proper optimization and 
operation. 
---- -- ----- . - ----
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~iATER :~ON I TORI NG PROCEDURE: Detennination of Barium {Ba++) 
El2-8 

OPERATING PKCCEDURES 

B. Reagent Preparation 

1. D i st i 11 ed 
Deionized Water 

2. Nitric Acid 
Concentrated 
(HN03) 

3. Nitric Acid 1:1 

4. Hydrochloric Acid 
Concentrated (HCl) 

5. Hydrochloric Acid 
l : l 

6. Barium Stock 
Solution 

STEP SEQUEllCE 

1. Prepare by passing dis
tilled water through a 
mixed bed of cation and 
anion exchange resins. 

1. Commercially available 
reagent grade. 

I~~OnMhTJO\/OPlRATING GOALS/SPECIFICATIONS 

la. Use deionized distilled water for the preparation 
of all reagents, calibration standards and as 
dilution water. 

la. If a high reagent blank is obtained, it may be 
necessary to distill the acid or purchase a 
better purity. 

1. Prepare al:l solution from la. Caution: add the acid to water; not the reverse. 
reagent grade nitric acid 
by adding an equal amount 
of the acid to an equal 
amount of distilled water. 

1. Commercially available 
reagent grade. 

1. Prepare a 1:1 solution from la. Caution: add the acid to water; not the reverse. 
reagent grade hydrochloric 
acid by adding an equal 
amount of the acid to an 
equal amount of distilled 
water. 

l. Carefully weigh 1.7787 
grams of barium chloride 
(BaC1 2·2H20) (analytical 
reagent grade). 

2. Transfer into a 1000 ml 
volumetric flask. 

la. Use a plastic weighing boat and an analytical 
balance. 

2a. Use a powder funnel. 
2b. Use a plastic wash bottle to rinse weighing boat 

and funnel into the flask. 

TRAIN ING 
GUIDE NOTES 
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HATER MONITORING PROCEDUR[: Determination of Barium {Ba++) 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued} 

7. Barium Standard 
Solution 

8. Potassium Chloride 
Solution {KCl) 

9. Fuel and Oxidant 

STEP S[QLIE."cr 

3. Dissolve in distilled 
\•!at er. 

4. Dilute to the mark with 
distilled water. 

1. Transfer about 50 ml of 
distilled deionized water 
to a 100 ml volumetric 
flask. 

rtlFORMAT ! ON/DP~ ~A 1 It,G GO.A:... S/ SPECIF I CA: IONS 

4a. One ml equals l mg Ba (1000 mg/liter) 

la. This volume need not be measured exactly. 

2. Pipet l ml of barium stock 2a. Use a l ml volumetric pipet. 
solution {Reagent 6) into 
the flask. 

3. Dilute to the mark with 3a. This solution contains 10 mg Ba/liter. 
distilled deionized water. (l ml = 0.01 mn Ba) 

l. Weigh 95 grams of potassiur la. Use a plastic weighing boat on a trip balance. 
chloride (KCl) (analytical 
reagent grade). 

2a. Use a powder funnel. 2. Transfer into a 1000 ml 
volumetric flask. 2b. Use a plastic wash bottle to rinse the weighing 

boat and funnel into flask. 

3. Dissolve in distilled 
water. 

4. Dilute to the mark with 
distilled water. 

1. Commercial grade acetylene 
is generally acceptable. 

4a. One ml = 50 mg K = {50,000 mg/liter). 

El2-9 
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GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Barium (Ba++) 
El2-10 

OPERATING F~CCEOURES 

B. Reagent Preparation 
(Continued} 

C. Standard Preparation 

STf P SEQUE~CE 

2. Reagent grade nitrous 
oxide (N20) is required. 

3. Air - dry grade. 

1. Collect 5 clean 100 ml 
volumetric flasks. 

2. Add about 50 ml deionized 
distilled water to each 
flask. 

3. Add 0.2 ml concentrated 
nitric acid. 

IHFORMATION/OPERATING GOALS/SPECIFICATIONS 

3a. Air may be supplied from a compressed air line, 
a compressor or cylinder. 

3b. Air is used to ignite the burner initially on 
most instruments, then the flame is switched 
over to the nitrous oxide. This reduces the 
possibility of flash back occurring. 

3c. Caution: The air supply must be free from oil 
or other contaminants. 

2a. This volume is not critical--just fill flask 
about half full. 

3a. The calibration standards should be prepared 
using the same type of acids (HCl and HN03) and 

at the same concentrations as the samples for 
analysis. 

3b. Nitric acid will have been added to the sample 
for preservation. 

3c. Use a 1 ml pipet graduated in tenths. 
3d. Use caution when pipetting concentrated acids. 
3e. Use a pipet bulb and safety glasses. 

4. Add 5.0 ml of concentrated 4a. Use a 10 ml graduated pipet. 
hydrochloric acid. 

5. Add 2.0 ml of the potassil.11 5a. Use a 10 ml graduated pipet. 
chloride solution (Reagent 
8) 

TRAINING 
GUIDE NOTES 

VI.C.5 
(p. 17) 



h'ATER MONI:ORI;iG FROCEDURE: Determination of Barium (Ba++) 

OPERA~ING P~CCEDURES 

C. Standard Preparation 
(Continued) 

6. Transfer 0.0, 5.0, 10.0, 
15.0, 20.0 ml of the 
barium standard solution 
(Reagent 6) to each of the 
five volumetric flasks 
respectively. 

l. Dilute each flask to the 
volume mark with de
ionized distilled water. 

8. Mix thoroughly. 

r:; rcr:MA 1 f()N/ :::·i::t ~A 1· r ~,G GOAi. ')/ SPE c IF I CAT IONS 

6a. Use volumetric pipets for the transfer. 
6b. The blank (the 0.0 flask) will not need to be 

pipetted. 

la. The solutions contain 0.0, 0.5, 1.0, 1.5, and 
2.0 mg Ba/liter of solution. 

TRAit;ING 
GUIDE NOTES 

--- -------------1------·-·---·-- - ______ ___... ___________ .. ---- --·· --······ - - ·-------------+-·-·----

D. Sample Pretreatment: 
for Tota 1 Meta 1 

1. Transfer 100 ml of 
sample into a clean 150 ml 
beaker. 

2. Check the pH. 

3. Adjust pH to below 2 if it 
has not been adjusted 
during sampling. 

4. Add 5 ml of 1:1 hydro-
chloric acid. 

5. Heat the sample at 95°C 
for 15 minutes. 

6. Cool to room te111pera ture. 

l. Wash down walls of the 
beaker with distilled 
water. 

la. Use a 100 ml graduated cylinder. 

2a. pH paper can be used (pHydrion). 
2b. pH must be <pH2. 

3a. Add concentrated nitric acid (HN0 3). 

4a. Use a 5 ml volumetric pipet. 

5a. On a hot plate or water bath. 
5b. The sample should not boil. 

la. Use a plastic wash bottle. 
lb. The final volume is to be 100 ml. Do not use 

large amount of water. 

E12-ll 



. B . ( ++) WATER MONITORING PROCEDURE: Determination of ar1um Ba 
EL: 12 

OPERATING P~CCEDU~ES ST[P SEQLEhJCE INFC~MATIGN/OPLRATING GOALS/SPECIFICATIONS 
~-------------------+--~--------
O. Sample Pretreatment: 

for Total Metal 
(Continued) 

8. Filter the sample through 8a. A paper such as Whatman #42 should be used. 
a filter paper into a 
100 ml graduated cylinder. 

9. Adjust the volume to 
100 ml. 

E. Instrument Calibration 1. Install the nitrous oxide 
burner head. 

2. Assure that the barium 
lamp is in the light path. 

3. Adjust the wavelength to 
the proper setting. 

4. Select the proper slit 
arrangement. 

5. Set the lamp current con
trol to its lowest 
position. 

6. Turn on the power to the 
instrument. 

7. Adjust the lamp current 
control until the proper 
milliamps are applied to 
the lamp. 

9a. The sample is now ready for analysis. 

la. Follow the manufacturer's directions for in
stallation. Usually no tools are required and 
the installation is not difficult. 

2a. Depending on the instrument, the analyst may 
have to place the lamp into the lamp compartment 
or revolve the turret. 

3a. 553.6 nm for bariu~. 

4a. Consult the manufacturer's specifications or 
procedures manual. 

5a. Consult the manual for location on your 
instrument. 

6a. Consult the manufacturer's manual for location. 
6b. Allow warm up time for single beam instruments. 

7a. Consult the lamp for proper operating current. 

TRAINING 
GU IDE NOTES 
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WATER MO''IITORING PROCEC~~RE: Determination of Barium {Ba++) 

OPLRAT:NG P~CCEDURES 

E. Instrument Calibration 
(Continued) 

8. Turn on the master valves 
for the air, acetylene 
and nitrous oxide. 

9. Ignite flame. 

10. Aspirate the standard 
solution prepared in 
Section C. 

11. Prepare a calibration 
curve by plotting the 
concentration. in mg Ba/ 
liter, of the standards 
against the response for 
each concentration. 

8a. The pressure setting for the gases should be set 
to the manufacturer's recorrmendations. 

9a. Using air-acetylene: after ignition, switch to 
nitrous oxide. 

9b. Adjust the acetylene for maximum absorption. 
9c. See instruction manual for your particular 

instrument. 

lOa. Record the response on a recorder or its 
equivalent. 

---------~ ______ .....,.. ______ ---- - -- . --- ------------ --- ------- ---------- - ------ ------

F. Sample Analysis 1. Each sample must be pre
treated to assure that all 
materials which might 
contain barium are in 
soluble forrr.. 

2. Add 2 ml of the potassium 
chloride solution (Re
agent 8). 

3. Aspirate the unknown 
solution(s) into the 
instrument immediately 
following the aspiration 
of the standards. 

la. Steps are in Section C. 

2a. Use a 10 ml graduated pipet. 

3a. The standard curve produced under Section E must 
be verified each time barium is to be analyzed. 

3b. The flame characteristics and instrument 
settings should be the same for standards and 
unknowns. 

E12-13 



WATER MONITORING PROCEOURE: Determination of Barium (Ba++) 
El2-l4 

IrffO~MAT ION/OFERAT ING GOALS/SPECIF 1 CAT IONS TRAINING OPERATING P~CCEDURES SH.P SEQuENCE GUIDE NOTES 

F. Sample Analysis 4. Record the response. 
(Continued) 

- -
G. Calculations l. Determine the concentra- la. Consult the outline in Section F concerning 

tion of barium in the "Calibration Graphs." 
sample by substituting the 1 b. Some instruments can be calibrated to read 
observed instrumental re- directly in concentration. This should be used 
sponse on the calibration only after the analyst is assured that correct 
graph. responses can be attained. 

2. Express all va 1 ues as 
mg Ba/liter. 



.. 

WATER MONITORING PROCEDURE: Detennination of Barium (Ba++) 

SECTION ----
I 

II 

II I 

IV 

V* 

VI* 

VII* 

VI II 

IX 

TRAINING GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications 

Field and laboratory Equipment 

Field and laboratory Reagents 

Field and laboratory Analysis 

Safety 

Records and Reports 

*Training Guide materia1s are presented here under the headings marked*. 
These standardized headings are used through this series of procedures 

E12-15 



WATER MONITOP.ING PROCEDURES: Determination of Barium (Ba++) 

FIELD AND LABORATORY EQUIPMENT 

D.4. la 

B.9.2 

El2-16 

TRAINING GUIDE NOTE 

As acetylene (C2H2) is packed dissolved in acetone 
(CH3COCH3), cylinders should be stored only in an 
upright position. Acetone can be introduced into 
the flame if the cylinder has been stored lying on 
its side or if used below 75 psig. Acetone entrain
ment usually produces a slight pink tinge and ab
normally high background signals. 

The use of a nitrous oxide-acetylene flame is 
recommended for the determination of barium. This 
flame virtually eliminates chemical interferences. 
However, if nitrous oxide is not available an air
acetylene flame can be used. 

Section V 

REFERENCES/RESOURCES 



WATER MO~ITOP.ING PROCEDURES: Determination of Barium (Ba++) 

FIELD AND LABORATORY REAGENTS Section VI 

B.8 

B.7 
C.5 

TRAINING GUlDE NOTE 

Barium is easily ionized in the nitrous oxide flame. 
Ionization will produce incorrect results. In order 
to suppress the ionization effect potassium is added 
to standard and sample alike. The concentration in 
the standards and samples should equal 1000 mg 
K/1000 ml of solution. For the concentration used 
in the preparation, 2 ml of the potassium solution 
should be added per 100 ml of standard or sample. 

If the nitrous oxide flame is not availabe and the 
acetylene-air flame is used, phosphate, silicon 
and aluminum will severely depress the barium 
absorbance. This may be overcome by the addition 
of 2000 mg La/liter. This solution is prepared as 
follows: Dissolve 58.65 g lanthanum oxide (La 2o3) 
in 250 ml of concentrated hydrochloric acid 
{Caution: reaction is violent; use a hood). Dilute 
to 500-ml volume. This solution contains 100 mg La/ 
ml. Add 2 ml of this solution to each 100 ml of 
standard and/or sample. This gives a final con
centration of 2000 mg La/1000 ml of solution. 

REFERENCES/RESOURCES 
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WATER MONITOP.ING PROCEDURES: Determination of Barium (Ba++) 

FIELD AND LABORATORY ANALYSIS 

F.3a 

E12-l8 

TRAINING GUIDE NOTE 

In order to comply with the quality control section 
of the "Criteria and Procedures for Water Supply 
Laboratory Certification," the minimum requirement 
is to run a validation of the standard curve con
sisting of at least a reagent blank and one standard 
at or near the maximum contaminant level of 
1.0 mg Ba/liter. This should be done daily or with 
each batch of samples. 

If 20 or more samples are run daily, the standard 
curve must be verified by running an additional 
standard of midrange every 20 samples. 

All checks must be within+ 10 percent of the 
original curve. If not, a-new standard curve must 
be prepared. 

The control recommended for water pollution analysis 
as listed in the Handbook for Analytical Quality 
Control in viater and Wastewater Laboratories is 
to verify the standard curve by two standards, one 
high and one low concentration. 

Section VI I 

REFERENCES/RESOURCES 

Criteria and Procedures for 
Water Supply Laboratory 
Certification. Office of 
Research and Development, 
U.S. EPA, Washington, DC 
20460. 

Handbook for Analytical 
Control in Water and 
Wastewater Laboratories. 
U.S. EPA Technology 
Transfer, Cinti., OH 45268. 
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RESIDUAL CHLORINE AND TURBIDITY 

I. INTRODUCTION 

The Interim Primary Drinking Water Regulations (Federal Register. December 24, 
1975) permits the options of substitution of up to 75 percent of the bac
teriological samples with residual chlorine determinations. Any colflTlunity 
or non-community water system may avail themselves of this option with 
approval from the State based upon results of sanitary surveys. Residual 
chlorine determinations must be carried out at the frequency of at least 
four for each substituted microbiological sample. 

Since many potable water plants carry out their own microbiological deter
minations, it will be necessary that these laboratories be certified for 
the bacteriological parameters. Residual chlorine determinations may be 
carried out by any person acceptable to the State and the analytical 
method and techniques used must be evaluated in some manner to assure that 
reliable information is obtained. 

Since the presence of high turbidity can interfere with the disinfection 
capability of chlorine, a maximum allowable limit has been set for turbidity 
as follows: 

A. One turbidity unit (TU) as determined by a monthly average except 
that five or fewer turbidity units may be allowed if the supplier 
of water can demonstrate to the State that the higher turbidity 
does not 

1. Interfere with disinfection, 

2. Prevent maintenance of residual of disinfectant throughout 
distribution system, or, 

3. Interfere with microbiological determinations. 

B. Five turbidity units based on an average of two consecutive days. 

The Criteria and Procedures Document for Water Supply Laboratory Certifi
cation suggests that some quality control guidelines be instituted for 
the residual chlorine and turbidity measurements at the State level for 
the purpose of ensuring data validity for these critical measurements. 

In response to public comments regarding the proposed Primary Regulations 
(Federal Register, December 24, 1975) it is stated that operators per
forming residual chlorine and turbidity analyses " .... be certified, 
approved, or at least minimally trained to perform the analytical tasks 
before a State could accept their analytical determinations .... 11 

CH.TURB.3.9.77 
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II. RESIDUAL CHLORINE 

Since residual chlorine analysis would be carried out in 11 field 11 conditions 
or in the small laboratories of treatment plants, perhaps by_ unskilled 
operators, it is necessary to keep the analytical method as simple as 
possible. For a number of years, operators had utilized the orthotolidine 
technique in a kit form to determine the chlorine residual. Recent 
studies and regulatory guidelines have dictated against this test procedure. 
The acceptable test procedure- is-now the DPD Test (13th Ed., Standard Methods 
for the Examination of Water and Wastewater, pgs. 129-132), for which klts 
are available from at least two companies and which meet requirements for 
accuracy and reliability. These kits are capable of measuring both free 
and combined chlorine of which only the free chlorine is measured to meet 
compliance requirements. Kit procedures call for a premeasured single 
powder or tablet reagent added to the test cell with the sample and a 
resultant color development measures by comparison the standardized colors 
within one minute. Standard Methods includes cautions regarding temperature 
and pH control regarding this test parameter and this test procedure, the 
DPD Test, is least effected by temperature and the pH is adjusted by the 
added reagents. The only interfering substance, oxidized manganese, can 
be determined in a preliminary step and compensated for in the final test 
value. 

II I. TURBIDITY 

Turbidity has long been used in the water supply industry for indicating proper 
operational techniques. Turbidity should be clearly understood to be an ex
pression of the optical property of a sample which causes light to be scattered 
and absorbed rather than transmitted in straight lines through the sample. 

The standard method for the determination of turbidity has been based on the 
Jackson candle turbidimeter. However, the lowest turbidity value which can 
be measured directly on the Jackson turbidimeter is 25 units which is well 
above the monitoring level. Because of these low level requirements, the 
nephelometric method was chosen and procedures are given in Standard Methods 
(13th Ed., 1971). 

IV. NEPHELOMETRIC MEASUREMENTS FOR COMPLIANCE MONITORING 

The subjectivity and apparatus deficiencies involved in visual methods of 
measuring turbidity make each unsuitable as a standard method. 

Since turbidity is an expression of the optical property of scattering or 
absorbing light, it was natural that optical instruments with photometers 
would be developed for this measurement. 

The type of equipment specified for compliance monitoring(J,6) utilizes 
nephelometry. 

A. Basic Principle(?) 

El3.A-2 

The intensity of light scattered by the sample is compared (under defined 
conditions) with the intensity of light scattered by a standard reference 
solution (formazin). The greater the intensity of scattered light, the 
greater the turbidity. Readings are made and reported in NTUs (Nephelometric 
Turbidity Units). 



B. Schematic 

Lamp lens 

t i 
furb1d1ty Particles 
Sca1te1 light 

• ~.. A ,...,,--f':--\ -----,r-----t-t-1----+-"--+---

~ ·,i~:i ) f)J--+---_..__---+------__ 
" : -<.:{>---+--------+-----t .. J . Somple Cell 

(Top View) 

Figure 2 NEPHELOMETER 
(90° Scatter! 

Light passes through a polarizing lens and on to the sample in a cell. 
Suspended particles {turbidity) in the sample scatter the 1i1ht. 

Photocell(s) detect light scattered by the particles at a 90° angle to the 
path of the incident light. This light energy is converted to an electric 
signal for the meter to measure. 

1. Direction of Entry of Incident Light to Cell 

a. The lamp might be positioned as shown in the schematic so the 
beam enters a sample horizontally. 

b. Another instrument design has the light beam entering the sample 
(in a flat-bottom cell) in a vertical direction with the photocell 
positioned accordingly at a 90° angle to the path of incident light. 

2. Number of Photocells 

The schematic shows 
the incident light. 
cell position, with 
sample liquid. 

3. Meter Systems 

the photocell(s) at one 90° angle to the path of 
An instrument might utilize more than one photo

each final position being at a 90° angle to the 

a. The meter might measure the signal from the scattered light in
tensity only. 

b. The meter might measure the signal from a ratio of the scattered 
light versus light transmitted directly through the sample to a 
photocell. 

El3./.\-3 



4. Meter Scales and Calibration 

a. The meter may already be calibrated in NTUs. In this case, 
at least one standard is run in each instrument range to be 
used in order to check the accuracy of the calibration scales. 

b. If a pre-calibrated-scale is not supplied, a calibration curve 
is prepared for each range of the instrument by using appropriate 
dilutions of the standard turbiditv suspension. 

C. EPA Specifications for Instrument Design(?) 

El3.A-4 

Even when the same suspension is used for calibration of different 
nephelometers, differences in physical design of the turbidimeters will 
cause differences in measured values for the turbidity of the same sample. 
To minimize such differences, the following design variables have been 
specified by the U. S. Environmental Protection Agency. 

1. Defined Specifications 

a. Light Source 

Tungsten lamp operated at not less than 85% of rated voltage 
and at not more than rated voltage. 

b. Distance Traveled by Light 

The total of the distance traversed by the incident light plus 
scattered light within the sample tube should not exceed 10 cm. 

c. Angle of Light Acceptance of the Detector 

Detector centered at 90° to the incident light path and not to 
exceed± 30° from 90°. 

(Ninety degree scatter is specified because the amount of scatter 
varies with size of particles at different scatter angles). 

d. Applicable Range 

The maximum turbidity to be measured is 40 units. Several ranges 
will be necessary to obtain adequate coverage. Use dilution for 
samples if their turbidity exceeds 40 units. 

2. Other EPA Design Specifications 

a. Stray Light 

Minimal stray light should reach the photocell(s) in the absence 
of turbidity. 



Some causes of stray light reaching the photocell(s) are: 

l) Scratches or imperfections in glass eel l windows. 

2) Dirt, film or condensation on the glass. 

3) Light leakages in the instrument system. 

A schematic of these causes is shown in Figure 3. 

L19ht Scalter hy gla" tube 

(Top View) 

Figure 3 NEPHELOMETER 

SOURCES OF STRAY LIGHT 

Stray light error can be as much as 0.5 NTU. Remedies are 
close inspection of sample cells for imperfections and dirt, 
and good design which can minimize the effect of stray light 
by controlling the angle at which it reaches the sample. 

b. Drift 

The turbidimeter should be free from significant drift after a 
short warm-up period. This is imperative if the analyst is 
relying on a manufacturer's solid scattering standard for setting 
overall instrument sensitivity for all ranges. 

c. Sensitivity 

In waters having turbidities less than one unit, the instrument 
should detect turbidity differences of 0.02 unit or less. 
Several ranges will be necessary to obtain sufficient sensitivity 
for low turbidities. 

3. Examples of instruments meeting the specifications listed in l and 2 
above include: 

a. Hach Turbidimeter Model 2100 and 2lOOA. 

b. Hydroflow Instruments ORT 100, 200, and 1000. 

El3.A-5 



4. Other turbidimeters meeting the listed specifications are also 
acceptable. 

O. Sources of Error 

El3.A-6 

l. Sample Cells 

a. 

b. 

c. 

Discard scratched or etched cells. 

Do not touch cells where light strikes them in instrument. 

Keep cells scrupulously clean, inside and out.(S) 

l) Use detergent solution. 

2) Organic solvents may also be used. 

3) Use deionized water rinses. 

4) Rinse and dry with alcohol or acetone. 

2. Standardizing Suspensions(?) 

a. Use turbidity - free water for preparations. Filter distilled 
water through a 0.45wm pore size membrane filter if such filtered 
water shows a lower turbidity than the distilled water. 

b. Prepare a new stock suspension of Fonnazin each month. 

c. Prepare a new standard suspension and dilutions of Formazin 
each week. 

3. Sample Interferences 

a. Positive 

l) Finely divided air bubbles 

b. Negative 

l) Floating debris 

2) Coarse sediments (settle) 

3) Colored dissolved substances 
(absorb light} 



.. 

E. 

F. 

Reporting Results(?) 

NTU 

0.0-1.0 

1-10 

10-40 

40-100 

100-400 

400-1000 

>1000 

Precision and Accuracy(?) 

RECORD TO NEAREST 

0.05 

0. 1 

5 

10 

50 

100 

1. In a single laboratory (EMSL), usinq surface water samples at 
levels of 26, 41, 75 and 180 NTU. the standard diviations were 
±0.60, ±0.94, ~1.2 and +4.7 units, respectively. 

2. Accuracy data is not available at this time. 

V. STANDARD SUSPENSIONS AND RELATED UNITS(g) 

One of the critical problems in measuring turbidity has been to find a 
material which can be made into a reproducible suspension with uniform sized 
particles. Various materials have been used. 

A. Natural Materials 

1. Diatomaceous earth 

2. Fuller's earth 

3. Kao 1 in 

4. Naturally turbid waters. 

Such suspensions are not suitable as reproducible standards because 
there is no way to control the size of the suspended particles. 

B. Other materials 

1. Ground glass 

2. Microorganisms 

3. Barium Sulfate 

4. Lates spheres 

Suspensions of these also proved inadequate. 
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C. Formazi n 

1. A polymer fonned by reacting hydrazine sulfate and hexamethylenete
tramine sulfate. 

2. It is more reproducible than previously used standards. Accuracy 
of± one percent for replicate solutions has been reported. 

3. In 1958, the Association of 'Analytical Chemists initiated a standard
ized system of turbidity measurements for the brewing industry by: 

a. Defining a standard formula for making stock Formazin solutions 
and 

b Designating a unit of measurement based on Formazin, i.e., the 
Formazin Turbidity Unit (FTU). 

4. During the 1960's Fonnazin was increasingly used for water quality 
turbidity testing. It is the currently recognized standard for 
compliance turbidity measurements. 

D. Units 

1. At first results were translated into Jackson Turbidity Units (JTU). 
However, the JTU was derived from a visual measurement using con
centrations (mg/liter} of silica suspensions prepared by Jackson. 
They have no direct relationship to the intensity of light scattered 
at 90 degrees in a nephelometer. 

2. For a few years, results of nephelometric measurements using specified 
Formazin standards were reported directly as Turbidity Units (TUs). 

3. Currently, the unit used is named according to the instrument used for 
measuring turbidity. Specified Formazin standards are used to calibrate 
the instrument and results are reported as Nephelometric Turbidity 
Units { NTUs). 

VI. SUMMARY 

The importance of residual chlorine detennination can be seen in its possible 
effect on the health of the consumers. The Criteria and Procedures for 
Laboratory Certification suggests that some form of quality assurance should 
be instituted on a state level to assure valid data for both the chlorine and 
turbidity measurements. The co1TV11ents on the public responses to the proposed 
Interim Primary Regulations also suggests some form of quality assurance on 
the state level to be instituted. Consequently, the Regional Certification team 
should point out to the principal laboratories the importance of some kind of 
effort being instituted. States might wish to offer some kind of formal 
training effort as part of the approval mechanism for the operators doing 
the chlorine and/or turbidity measurements. 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

MEASUREMENT OF FREE CHLORINE UTILIZING THE DPD KIT 

as applied in 

DRINKING WATER TREATMENT FACILITIES 
and in the 

DISTRIBUTION SYSTEMS OF DRINKING WATER TREATMENT FACILITIES 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 
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WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing 
the OPD Kit 

1. Analysis Objectives: 

The actual use of a kit form of the OPO method for chlorine is so simple 
a procedure, it need not be written. However, the permanent standards, 
whether liquid or solid, must be calibrated. This unit sets down a method 
that can be used to accomplish this. The method is applicable to drinking 
waters only for compliance purposes. 

2. Brief Description of Analysis: 

The kit usually contains a comparator which is a holder of sorts to support 
the sample cell and the standard in such manner as to a11ow the operator to 
see both co1ors and compare their intensities. The operator adds a single 
reagent to the water to be ana1yzed. The color is formed immediate1y and 
a comparison is made between the sample and standards. 

3. Applicability of this Procedure: 

a. Range of concentration - 0.0 to about 3.0 mg ch1orine/liter or whatever is 
the highest standard supplied with the kit. 

b. Pretreatment - the sample may not be preserved; it shou1d be run as soon 
as possible or within one hour after being taken. 

c. Treatment of Interferences in Samples: The procedure includes instructions 
for the determination of the interference caused if oxidized manganes is 
present. Other interferences are suppressed by the make-up of the reagents. 

Source of this procedure: Standard Methods for the Examination of Water 
and Wastewater, 13th ed., pp. 129-132 or 14th ed. pp. 329-334. 
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WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing 
the OPO Kit 

Equipment and Supply Requirements 

A. Capital Equipment: 

Analytical balance capable of weighing to 0.1 mg (.0001 g) under 
a 200 g load. 

B. Reusable Supplies: 

1. Chlorine Test Kit {OPD method) such as: 
a. Model CN-66 

Hach Chemical Company 
PO Box 907 
Ames, IA 50010 

b. Model LP-1 
LaMotte Chemical Products Company 
Chestertown, MD 21620 

2. Eight beakers, 50 ml size 
3. Two flasks, volumetric with stoppers, 1000 ml size 
4. Ten flasks, volumetric with stoppers, 100 ml size 
5. One pipet, volumetric, 100 ml size 
6. One pipet. volumetric, 50 ml size 
7. One pipet, volumetric, 20 ml size 
8. Three pipets, volumetric, 10 ml size 
9. One dropper bottle, 100 ml size 

10. Two rubber stoppers - to fit comparator cells (if stoppers are not 
supplied by manufacturer) 

C. Consumable Supplies: 

1. Distilled water, about l gal. or 3.8 liters 
2. Graph paper, arithmetic, 10 x 10 divisions 
3. Pencil or pen 
4. Wash bottle, plastic squeeze type 
5. Weighing boat, plastic, disposable 
6. Potassium Permanganate (KMn04) 
7. Potassium Iodide Crystals {KI) 
8. Sodium Arsenite (NaAs02) 
9. OPO - Reagent (Usually a supply is provided with the kit.) 
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:;r,T£R MONITORING PROcrnuqE: Measurement of Free Chlorine Utilizing the DPD Kit 

0PERATING F~CCEDURES 

A. Reagent Preparation 

l. Stock Potassium 
Permanganate 
Solution 

1. Weigh out 0.891 grams of 
potassium permanganate 
( KMN04). 

2. Transfer the potassium 
permanganate to a 1000 ml 
volumetric flask. 

3. Wash the weighing boat 

4. Pour the washing into the 
volumetric flask. 

5. Repeat washing two more 
times. 

6. Add enough water to fill 
the flask about half full. 

7. Swirl until the potassium 
permanganate is dissolved. 

8. Dilute to the mark on the 
volumetric flask. 

9. Stopper and mix by re
peated inversions. 

I iJH.:u~;,T IOt./OPf_ ~l\'i Ji,~; C,0ALS/ SPECIFICATIONS 

la. Use an analytical balance. 
lb. Use a plastic weighing boat. 

3a. With distilled water. 
3b. Use a plastic squeeze type wash bottle. 
3c. The wash should be about 10 to 20 ml. 

Sa. The idea is to assure complete transfer of the 
potassium permanganate into the volumetric flask. 
Since potassium permanganate has a strong color, 
wash until no color is seen in the weighing boat 
containing water. 

7a. If a magnetic stirrer is available, this can be 
used to save time. 

8a. There is a single ring etched around the neck of 
the flask. When the flask is filled to this 
mark, it will contain the volume stated on the 
flask. 

TRAIN ING 
GUIDl NOTES 

ll 3 .D-5 



E13.B-6 
WATER MONlTOR!riG PROCEJdRE: Measurement of Free Chlorine Utilizing the DPD Kit 

OPERATING Pl\CCEDURES 

A. Reagent Preparation 
(Continued) 

2. Intermediate 
Potassium 
Permanganate 
Solution 

3. Standard Potassium 
Pennanganate 
Solution 

4. Potassium Iodide 
Crystals 

5. Sodium Arsenite 
(NaAso2) 

l. Transfer 10.00 ml of the 
stock potassium permanga-
nate solution into a lOOml 
flask. 

2. Dilute to the mark with 
dis ti 11 ed water. 

3. Stopper and mix by re-
peated inversions. 

l. Transfer 10.00 ml of the 
intern~diate potassium 
permanganate solution to a 
1000 ml volumetric flask. 

2. Add distilled water to the 
flask to the mark. 

3. Stopper and mix by re-
peated inversions. 

l. No preparation necessary. 

l. Weigh out 0.500 grams of 
sodium arsenite. 

2. Transfer the sodium 
arseni te to a 100 ml 
volumetric flask. 

I~FORMATIO~/OFlRATI~G GOALS/SPECIFICATIONS 

la. Use a 10.0 ml volumetric pipet. 

2a. Add water from a plastic squeeze bottle. 

3a. This solution has a chlorine equivalent of 
1.00 mg/l in the DPD reaction. 

la. Use a trip balance or an analytical balance. 
lb. Use a plastic weighing boat. 
le. CAUTION: TOXIC - take care to avoid injestion. 

TRAINING 
GUIDE NOTES 



!~i~TER MQtodTORli·!G PROCEDURE: Measurement of Free Chlorine Utilizing the DPD Kit 

OPERATI~G P~CCEDURFS 

A. Reagent Preparation 
{Continued) 

6. Preparation of the 
Standard Series 

3. Rinse the weighing boat. 

4. Add the rinses to the 
volumetric flask. 

5. Add enough distilled water 
to fill the flask about 
ha 1f full. 

6. Swirl until the sodium 
arsenite is dissolved. 

7. Dilute to the mark on the 
volumetric flask. 

8. Stopper and mix by re
peated inversion. 

9. Transfer to a dropper 
bottle, and label. 

l. Prepare a series of dilu
tions of the standard 
potassium permanganate 
solution in 100 ml 
volumetric flasks. 

I '.ffCR..,AT IOV CPPAT Jt,G GOALS/ SPECIFICATIONS 

3a. With distilled water. 
3b. Use a plastic squeeze bottle. 

7a. There is a single ring etched around the neck of 
the flask. When the flask is filled to this 
mark, it will contain the volume stated on the 
flask. 

9a. Label "Sodium Arsenite." 

la. The series should contain several concentrations 
below and above the expected values. 

lb. The expected value for drinking water would be 
near 0.2 mg/l of free chlorine. 

le. The series can be prepared as follows: 

TRAINING 
GU IDL NOTES 
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E13.8-8 
WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the DPD Kit 

OFERATING PhCC£DURES 

A. Reagent Preparation 
(Continued) 

STH SU~ 1.JENCF I~fGR~~~:O~/OF~RATING GOALS/SPECIFICATIONS 

Col. 1 Col. 2 
~------

Col. 3 Col. 4 
Cone. -Comparator 

ml of ml of Cl Values 
Std. KMn04 Water mg/l mg Cl-/1 

Col. 5 
Avri.-·va 1 ue 

a + b 
21ng;1 

,____ __ ---+-------+ -.... --·-'-----~--- --+--- -------
a b 

0 
10 
20 
30 
40 
50 
70 

100 
J 

100 
90 
80 
70 
60 
50 
30 

0.0 
0. l 
0.2 
0.3 
0.4 
0.5 
0.7 
1.0 

-·---1--"----

_..__ _ _... ____ _... ___ ·---------- ----

TRAINING 
GUIDE NOTES 

--------------~---~-------+----·-----·--------------~------!------

B. Calibration of the 
Kit Standards 

l. Fill the reference tube 
with distilled water. 

2. Rinse the sample cel1 with 
the water to be tested. 

3. Fill the cell with the 
water to be tested to the 
mark. 

4. Add the manufacturer's 
DPD reagent. 

la. Not all kits have a reference tube. 
lb. Follow the manufacturer's directions for per-

forming a test with their comparator. 

2a. In this case, one of the standards. 
2b. Read from low to high on the series. 

3a. Most kits have a line around the tube. This 
indicates a calibrated volume. The cells should 
always be filled to this mark. 

4a. This is usually in the fonn of a powder or a 
tablet. 

4b. This reagent contains both the DPD indicator 
and the buffer as prescribed in the DPD method 
in the "Standard Methods" references. 



l~ATER MONITORING PROCC~IJRE: Measurement of Free Chlorine Utilizing the DPD Kit 

OPERATING Pl\CCEDURES 

B. Calibration of the 
Kit Standards 

STEP SEQUEi~CE 

5. Stopper the cells. 

6. Mix by inversion. 

7. Place cell in comparator. 

8. Hold comparator up to the 
light. 

9. Obtain a match between 
color in cell and 
standard. 

! tlFORMAT IO:i/f'PERA i HJG GGAL S/ SPECIF I CAT IONS 

5a. Most manufacturers provide stoppers. If not. 
procure two rubber stoppers. The diameter of 
the tubuler cells varies so check the size needed 

6a. One inversion will do. 

8a. Rotate disc and/or compare color in tube with 
the standard colors. 

9a. Where the comparator has only specific values 
such as 0.2. 0.4, 0.6, etc. If the color is not 
an exact match the mid-point value between the 
two closest co1ors is used. 

10. Record the value obtained lOa. Along with the known concentration 
from the comparator. 

11. Discard the solution. 

12. Rinse the cell with the 
next standard to be run. 

13. Discard. 

14. Fi 11 to the line with the 
next standard. 

15. Repeat steps 4 through 11 
for all standards. 

16. Rinse the tube with the 
first standard read. 

16a. The entire series should be read again to obtain 
a second value. 

16b. The values should be recorded in Column 4 of 
Table A.6. lc. 

TRAINING 
GUIDE NOTES 
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£13.B-10 
WATER MONITORING PROCEDJRf: Measurement of Free Chlorine Utilizing the DPD Kit 

OPERATING P~C(EDURES 

B. Calibration of the 
Kit Standards 
(Continued) 

C. Interference 
Determination 

STEP SEQUE;KE HlFORMAT IO~/OPERAT I NG GOALS/ SPECIF I CATIONS 

17. Fill with solution. 17a. Do not add more water or standard. 

18. Add the reagent. 

19. Obtain a value. 19a. Steps 5 through 9. 

20. Repeat steps 16-19 for the 20a. 
remaining standards. 

By comparing standards of known concentrations to 
the sealed/permanent visual standards and plot
ting a comparison on graph paper, a correction 
factor can be derived and applied to all future 
results obtained on the now calibrated apparatus. 
This calibration should be carried out at least 
every 6 months and checked by running one or two 
concentrations whenever new reagent (powder or 
pill) is purchased. 

l. Fill the reference tube 
with the clear water to be 
tested. 

2. Rinse the sample tube with 
the water to be tested. 

3. Discard this rinse. 

4. Fill the cell to the mark 
with sample. 

5. Add one small crystal of 
potassium iodide. 

6. Add one drop of sodium 
arsenite solution. 

7. Stopper the tube and mix 
by inverting several 
tlmes. 

20b. 

la. This procedure must be carried out until it is 
determined that the interference is not present, 
then this section may be omitted. 

4a. Do not overfill; the reagents are based on this 
volume. 

6a. Reagent 5. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the OPO Kit 

============-1=========----=-=-=====-========================;:====== 
or:rnAT!NG P~CCEDIJRES 

C. Interference 
Determination 
(Continued) 

8. Unstopper and add the 
manufacturer's reagent. 

9. Stopper and mix by 
inversion. 

10. Place cell in comparator. 

ll. Hold comparator up to the 
1 i ght. 

12. Match any red color in the 
sample with the standard. 

13. Record the value. 

n4. Subtract this value from 
the value obtained in 
section D. 

TRAINING 
GUIDE NOTES I !IFO~MAT I ON/C-~Ef<A TI NG GOALS/SPECIFICATIONS 

8a. This is the DPD reagent and buffer. 

l 4a. Step D. l 0. 

---------------&-------------·---·-------·-----------. -------------··- .__ -------
D. Sample Analysis l. Fill the reference tube la. If a reference tube is used in the kit. 

with the clear water to be 
tested. 

2. Rinse the sample tube with 
the water to be tested. 

3. Discard this rinse. 

4. Fill with water to be 
tested. 

5. Add the reagent. 

6. Stopper and mix by 
inversion. 

4a. Fill to the mark on the tube. Do not over fill; 
the reagents are based on this volume. 

El3.B-ll 



WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing the OPO Kit 
E13.B-12 

INFCRMA~IO~/OPERA7ING GOALS/SPECIFICATIONS 
TRAINING OPERATING Pf\C;CEDURES ST[:P SEQt.:ENCE GUIDE NOTES 

0. Sample Analysis 7. Insert into the comparator. 
{Continued) 

8. Hold the comparator up to 
the light. 

9. Match the color developed 
in the sample with the 
standard colors. 

10. Check the calibration lOa. If no deviation has been noted, the concentration 
graph. can be determined directly from the comparator. 

·----· 
E. Calculations l. Average the values ob- la. Use the formula at the top of Column 5 in 

tained for each standard. Table A.b. lc. 

2. Record averages in 
Column 5. 

3. Plot the known value 3a. Use an arithmetic paper. 
{Column 3) vs. the average 3b. See example paper attached. 
in Column 5. 



I ' 
'

' : .t.~·'': i ·i 
l ' ! ~ 

I 

! ' 

I 
t_ __ _ 
I 

t .: I·:·~. : ......... :::: .. '. 
~-~- ----- _._ 

... 1---------

i f 
! 

.:. - - ~· 

1----· -

I I I~ DW {C "IOI) 0 N 

c 
:...-

'.1.e 

--w 

c 

1'::I'" 

I 
M 

;N 

' 

.o 

-1 
r-
u 
O'l 
E 

M 

_J 

0 
u 

VI 
w 
::::> 
_J 
c:( 
> 
z: 
3 
0 
z: 
::..:: 



WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing 
the DPD Kit 

DPD KITS 

The DPD N.N-diethyl-p-phenylene diamine method was chosen because it is a 
relatable test and there is a test kit for it. It is specifically mentioned 
in the cormlents to the Interim Primary Drinking Water Regulations (p. 59580). 
The kit can be used for many of the forms of chlorine. However, the only 
form which must be measured and reported is the free chlorine. The kit 
requires the addition of a solid reagent to the sample, mixing and comparison 
of the reading with standard colors, the color generated by the free chlorine 
and the DPD reagent is formed immediately. 

Any kit using the DPD reagent is acceptable for the measurement. Both the 
Hach Chemical Company and the laMotte Chemical Company make kits that can 
be used. 

The permanent color standards provided with the kit should be calibrated 
initially and thereafter periodically to assure correct readings are obtained. 

These kits are not to be used to monitor chlorine under the permit system 
for the National Pollutant Discharge Elimination System (NPDES}. This kit 
is approved only for analysis of chlorine in drinking waters under the 
National Interim Primary Drinking Water Regulations. 

[13.B-14 



WATER MONITORING PROCEDURE: Measurement of Free Chlorine Utilizing 
the DPD Kit 

TRAINING GUIDE 

SECTION TOP 

I Introduction 

I I Educational Concepts - Mathematics 

I I I Educational Concepts - Science 

IV Educational Concepts - Communications 

v Field and Laboratory Equipment 

VI Field and Laboratory Reagents 

VI I* Field and Laboratory Analysis 

VIII Safety 

IX Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 

F13.B-15 



WATER MONITOP.ING PROCEDURES: Measurement of Free Chlorine Utilizing 
the DPD Kit 

FIELD AND LABORATORY ANALYSIS Section VII 

C.1.la 

El3.B-16 

TRAINING GUIDE NOTE 

The only interfering substance likely to be en
countered in water is oxidized manganese. Conse
quently an operator should detennine if this 
interfering substance is present or not. If not. 
the procedure may be omitted. If it is present. 
the procedure must be carried out prior to each 
determination. 

REFERENCES/RESOURCES 



A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF TURBIDITY 

as applied in 

WATER AND WASTEWATER FACILITIES 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH. TURB. 1 ab. t-IMP. 1 . 11 . 77 
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WATER MONITORING PROCEDURE: Determination of Turbidity 

1. Analysis Objectives: 

The user of the attached material will learn how to use a nephelometric 
type turbidimeter to measure the turbidity of a sample. 

2. Brief Description of Analysis: 

The method is based upon a comparison of the intensity of light scattered 
by the sample under defined conditions with the intensity of light scattered 
by a standard reference suspension. The higher the intensity of scattered 
light, the higher the turbidity. 

A person using this outline should have the basic skills used in a laboratory 
such as: 

a. Preparation of standards 
b. Use of volumetric glassware 

3. Applicability of this Procedure: 

a. Range - From 0 to 40 nephelometric turbidity units or with appropriate 
dilutions higher than 40 units. 

b. Pretreatment of Samples - The sample should be run as soon as possible. 
Preservation is not recommended. 

c. Treatment of Interferences - (1) Floating debris should be removed before 
analysis, (2) air bubbles should be allowed to dissipate before reading, 
(3) with finished waters no other interferences are noted. 

Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Office of Technology Transfer, Cincinnati, 
Ohio 45268. Page 295. 

El3.C-3 



WATER MONITORING PROCEDURE: Determination of Turbidity 

Equipment or Supply Requirements 

A. Capital Equipment: 

l. Turbidimeter, Nephelometric - see list of acceptable instruments meeting 
the following criteria: 

a. Light source - Tungsten lamp operated at not less than 85% of rated 
voltage or more than rated voltage. 

b. Distance traveled by incident light and scattered light within the 
sample tube: total not to exceed 10 cm. 

c. Angle of light acceptance of the detector: centered at 90° to the 
incident light path and not to exceed~ 30° from 90°. 

d. Maximum turbidity to be measured: 40 units. 

Acceptable Instruments* 

- Hach Model 2100 
Model 2100 A 

- HF Instruments Model ORT- 15 
-100 
-150 
-200 

Hach Chemical Co., 713 S. Duff Ave., 
PO Box 907, Ames, IA 50010 

+ HF Instruments, I td. , 105 Hea 1 ey Rd., 
Bolton, Ontario, Canada 

- Turner Model 40-002 (for drinking water) Turner Designs, 2247A Old Middlefield 
40-005 (for waste waters) Way, Mountain View, CA 94043 

- Bausch & Lomb - An attachment for their "Spectronic mini 20" Spectrophotometer. 
This can be obtained from any company that sells Bausch and Lomb 
Spectrophotometers. 

2. Trip balance (or platform) or analytical balance: with 0.01 gram 
sensitivity 

3. Distillation equipment - all glass still or ion exchange cartridges 
4. Standard Turbidity Suspensions (optional) - if none supplied with the 

instrument 

B. Reusable Supplies: 

1. One brush, bottle 
2. One flask, side arm filtering, 500 ml size 
3. Six flasks, volumetric, 100 ml size with stoppers 
4. One funnel, membrane filter funnel and holder 
5. Two pipets, volumetric, 5 ml size 

Three pipets, volumetric, 10 ml size 
6. Pipet bulb 
7. Wash bottle, squeeze type, 500 ml 

+ Also sold by: Fisher Scientific Co., 711 Forbes Ave., Pittsburgh, PA 15219 

*This list is not meant to be complete. It covers those known by the author 
at the time of writing this material. 
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WATER MONITORING PROCEDURE: Determination of Turbidity 

C. Consumable Supplies: 

1. Distilled water 
2. Detergent 
3. Membrane filters, 0.45 micron pore size 
4. Tissues 
5. Weighing boats, plastic disposable,about 12 
6. Reagents 

Hexamethylenetetramine, reagent grade - can be purchased from: 

J. T. Baker Chemical Co. 
Fisher Scientific 
MC/B or Sargent-Welch 
A. H. Thomas Co. 

Cat. No. Nl45 
Cat. No. H289 
Cat. No. HX-0280 
Cat. No. C389 

Hydrazine Sulfate, Reagent grade - can be purchased from: 

J. T. Baker 
Fisher Scientific 
MC/B or Sargent-Welch 
A. H. Thomas Co. 

Cat. No. 2177 
Cat. No. H-320 
Cat. No. HX-0575 
Cat. No. C393 

El3.C-5 



El3.C-6 
~AlER ~ONITORING PROCEDURE: Determination of Turbidity 

OP[RAT:NL P~CCEDU?ES 

A. Glassware 

1. Volumetric 

2. Cells 

B. Sample Pre-treatment 

STEP SEQUEt:C[ 

1. Wash with brush and 
detergent. 

2. Rinse with tap water. 

3. Rinse with turbidity free 
water. 

1. Rinse with tap water. 

2. Rinse with turbidity free 
water. 

3. Handle and dry with soft 
tissue. 

I fffCRMAT: ON/OFEPAT I fliG GOALS/SPECIF I CAT IONS 

la. The glassware used for the formazine preparation 
may have some polymer adhering to the glass. 
Conse~uently, the brush should be used to clean 
this off. 

la. 

lb. 

Use care in handling the cells at all times Do 
not touch them where the light strikes them. 
Consult the instrument manual to detennine the 
area where the light strikes the cells. In Hach 
instruments, it is the bottom of the cell; in 
the DRT and Turner, it is the side of the cell. 

2a. See section C.l. 

l. Measure turbidity as soon la. Preservation of samples is not recorrmended. 
as possible after lb. Within one hour. 
sampling. 

TRAINING 
GUIDE NOTES 

VII.B.l 
p. 21) 
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\~ATER MON!TORHlG PROCEDU~E: Determination of Turbidity 

OPERATING Pk2CE~URES 

C. Reagent Preparation 

l. Turbidity Free 
Water 

2. Hydrazine Sulfate 
Solution 
(NH2)2·H2so4 

SITP SE QUE Net ItlFORM,~.T I ON/C Pr:RA TI NG GOAL 5 / SPE. CI FI er\ T IOtiS 

1. Read the turbidity of the la. Use directions under "Sample Analysis" Section. 
disti1led water. 

2. Filter a quantity of 
distilled water. 

3. Read the turbidity of the 
filtered water. 

4. If the filtered distilled 
water shows a lower tur-
bidity value, treat all 
water used in this pro-
cedure by filtration. 

1. Weigh out 1.00 grams of 
hydrazine sulfate. 

2. Transfer the hydrazine 
sulfate to a 100 ml 
volumetric flask. 

3. Swirl the flask until the 
hydrazine sulfate has 
dissolved. 

4. Dilute with water to the 
100 ml mark. 

2a. Filter using a vacuum membrane filter apparatus 
like that used in the membrane filter technique 
for bacteriological analysis. 

2b. The membrane filter should have a pore size of 
0. 45 mi crorneter. 

4a. If the values are the same, use the distilled 
water without filtration. 

4b. Check the distilled water periodically by fil
tration to assure absence of turbidity. 

la. A trip balance can be used. 
lb. Use a plastic weighing boat. 

2a. Use a plastic wash bottle and rinse the weighing 
boat with distilled water. 

2b. Add the washings to the volumetric flask. 
2c. Rinse three times with about 15 ml's of water. 

TRAINING 
GUIDE NOTES 
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El3.C-8 
WATER l~ONITORING PROCEDURE: WATER MONITORING PROCEDURE 

OPERATING P~CCEDURES 

3. Hexamethylenetetra-
mine Solution 
(CH2)6N4 

4. Stock Turbidity 
Suspension 
(400 units) 

STEP SEQUtNC[ 

l. Weigh out 10.00 grams of 
hexamethylenetetramine. 

2. Transfer the hexamethylen~ 
tetramine to a 100 ml 
volumetric flask. 

3. Dilute to the mark with 
distilled water. 

1. Pipet 5.0 ml 's of the 
hydrazine sulfate solution 
into a 100 ml volumetric 
fl ask. 

2. Pipet 5.0 ml's of the 
hexamethylenetetramine 
solution into the same 
100 ml volumetric flask. 

3. Mix by swirling the flask. 

4. Stopper. 

5. Allow to stand 24 hours. 

6. Remove the stopper. 

! tlFOl)M/\ T ION ;r:.i;.i:: ZAT I NG GOALS/ SPECIF I CAT IONS 

la. A trip balance can be used. 
1 b. Use a plastic weighing boat. 
1 c. Also called Methenamine. 

2a. Use a plastic distilled water wash bottle and 
rinse the weighing boat three times. 

2b. Add the washings to the volumetric flask. 
2c. Each washing should be about 15 ml's. 

la. Use a 5 ml volumetric pipet. 
lb. Always pipet with a pipet bulb. These chemicals 

are toxic. 

2a. Use a second 5 ml volumetric pipet. 

5a. The temperature should be between 22°C (72°F) and 
28°C (82°F). 

5b. The fonnazine polymer forms during this time. 

7. After standing. dilute to 7a. With distilled water. 
the 100 ml mark. 

8. Stopper. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Turbidity 

OPERATING P~CCEDURES 

C. Reagent Preparation 
(Continued) 

STEP SEQUE~CE 

9. Mix well. 

5. Standard Turbidity l. Mix the stock suspension 
Suspension well. 
(40 units) 

6. Standard Turbidity 
Suspension 
(4 units) 

2. Pipet 10 ml of the stock 
turbidity suspension into 
a 100 ml volumetric flask. 

3. Dilute to the 100 ml mark. 

4. Stopper and mix well. 

l. Mix the 40 unit standard 
thoroughly. 

fNFORMATION/OFE~ATING GOALS/SPECIFICATIONS 

9a. Invert the flask several times while holding the 
stopper in. 

9b. This suspension has 400 turbidity units. 
9c. This suspension can be kept (when stoppered) for 

one month. 

la. This material will settle out rapidly. 

2a. Use a 10 ml volumetric pipet. 
2b. Pipet with a pipet bulb. 

3a. With distilled water. 

4a. This suspension is defined as 40 turbidity units. 
4b. This suspension can be kept (when stoppered) for 

one week. 
4c. Never pour the suspension back into the flask 

after use. 

la. By inverting the stoppered flask. 

2. Pipet 10 ml of the 40 unit 2a. Use a 10 ml volumetric pipet. 
standard into a 100 ml 2b. Use a pipet bulb. 
volumetric flask. 

3. Dilute to the mark. 

4. Stopper and mix. 

3a. With distilled water. 

4a. This suspension contains 4 turbidity units. 
4b. This suspension can be kept (when stoppered) for 

one week. 
4c. Never pour the suspension back into the flask 

after use. 

TRAINING 
GUIDE NOTES 
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E13.C-l0 
WATER ~ENITORiNG PROCEDURE: Determination of Turbidity 

OPERATING rF~CEDURES 

C. Reagent Preparation 
(Continued) 

7. Standard Turbidity 
Suspension 
(0.4 units) 

D. Instrument 
Calibration 

5. Label the volumetric flask 

1. Mix the 4 unit standard 
thoroughly. 

2. Pipet 10 ml of the 4 unit 
standard into a 100 ml 
volumetric flask. 

3. Dilute to the mark. 

4. Stopper and mix. 

5. Label the volumetric flask. 

!~FORMAT:ON/OF~RATING GOALS/SPECIFICATIONS 

la. By inverting the stoppered flask. 

2a. Use a 10 ml volumetric pipet. 
2b. Use a pipet bulb. 

3a. With distilled water. 

4a. This suspension contains 0.4 turbidity units. 
4b. This suspension can be kept (when stoppered} for 

one week. 
4c. Never pour the suspension back into the flask 

after use. 

1. Check the meter needle to la. This is done before the instrument is turned on. 
see that it is on the 
zero mark. 

2. If it is not, zero it by 
turning the small screw 
located on the meter 
frame. 

3. Turn on the power switch. 3a. This will sometimes be a separate switch or the 
instrument is turned on by moving the range 
selector switch to one of the ranges. 

TRAINING 
GUIDE NOTES 

V.D.l 
(p. 20) 



W1~TER M8NITORING PROCEDURE: Determination of Turbidity 

D. Instrument 
Calibration 
(Continued) 

Sl EP Sf :)UEr~CF 

4. On battery powered in
struments, check the 
batteries. 

5. Allow sufficient warm-up 
time. 

6. Set the range selector 
on the 0-1 scale. 

7. Shake the 0.4 unit 
standard suspension. 

8. Wait until large air 
bubbles disappear. 

9. Pour into cell. 

IflFCf{Mi\T ION/CH~Jl.T I t~G GOALS/SPEC I FI ::A: IOMS 

4a. All battery powered instruments have a battery 
check position. 

4b. See the manufacturer's manual. 

5a. This time will vary with the type instrument. 
Follow the manufacturer's manual. 

Sb. Line operated instruments should be left on if 
they are to be used regularly. 

7a. Leave the stopper in place and invert gently 
several times. 

Ba. Oo not wait too long or suspension will settle, 
usually only several seconds. 

9a. With the Hach instruments the volume must be 25 ml 
+ 1 ml. On other instruments the volume is not 
as critical so long as the cell is filled to about 
3/4 of its total volume. 

9b. Take care when handling the cell. Do not touch 
the bottoms of the Hach cells or the lower half 
of other type cells. Handle all cells by holding 
the top edges. 

10. Wipe the cell sides and hoa. Take care that it is not scratched. 
bottom with a soft tissue. 

11. Insert the cell into cell 11a. Handle near the top section only. 
compartment. 

12. Cover cell compartment. 

TRAlt\ING 
GUIDE NOTES 

V .D.10 
p. 20) 
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WATER MCNITORING PROCEDURE: Determination of Turbidity 

OPERATING P~CCEDURES 

IL Instrument 
Calibration 
(Continued) 

STEP S~QUENCE 

13. Allow instrument to 
stabilize. 

IHFOPMATION/OPEQATJNG GCALS/SPECIFICATIONS 

13a. Usually in less than one minute. 
13b. Stabilization is attained when the needle no 

1 anger drifts. 

14. Turn reference adjust knob 14a. The meter faces vary in how they are marked off. 
until the 0.4 mark is The user will have to determine which mark repre-
reached. sents 0.4 units. 

15. Turn the range adjust 
switch to the 0-100 
scale. 

16. Uncover cell compartment. 

15a. This step will keep the meter needle from bouncing 
off the ends of the meter scale. 

l5b. May be tenned the xlO scale. 

17. Remove standard suspension 17a. Handle near the top of the container. 
17b. Retain this standard for future use. 

18. Wipe off sides and bottom 
of the manufacturer's 
standard with a soft 
tissue. 

19. Insert the manufacturer's 
reference suspension. 

20. Cover the cell compartment. 

21. Turn range adjust switch 
to 0-1 scale. 

22. Allow the instrument to 
stabilize. 

23. Read the turbidity. 

19a. If more than one. use the suspension that is 
nearest to 0.4 units. 

n9b. Handle near the top section only. 

23a. If a discrepancy with the expected reading exists, 
take note of this reading and proceed. 

TRAINING 
GU IDE NOTES 

V.D.19a 
~p. 20) 



1~.ATER M8'HTORING PROCEDURE: Determination of Turbidity 

OPlRAT: NG PhCCL DUR ES 

D. Instrument 
Calibration 
(Continued) 

24. Turn the range switch to 
the 0-100 scale. 

25. Uncover cell compartment. 

26. Remove manufacturer's 
standard. 

INFGRMATION/CFE~A~:NG GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

27. Shake formazine standard. 27a. The standard used in step 11. 

28. Wipe with tissue. 

29. Insert into cell 
compartment. 

30. Cover compartment. 

31. Allow instrument to 
stabilize. 

32. Turn range switch to 0-1 
scale. 

33. Read the turbidity. 33a. 

~3b. 

33c. 

If it still reads 0.4 units, there is a dis
crepancy between the formazine and the manufac
turer's standard. Note should be taken of how 
much and whenever the manufacturer's standard is 
used to calibrate the instrument, this discrepancy 
should be added or subtracted from its value. 
If it no longer reads 0.4, use the reference ad
just knob and recalibrate by turning the reference 
adjust knob until the 0.4 mark is reached. Then 
repeat these steps beginning at step 15. 
Rinse the cell with the next material to be read. 
When finished, rinse with turbidity free water. 
Store as manufacturer suggests. 

E 13. C-13 



l~.C\TER MONIT01UNG PROCf:DURE.: Determination of Turbidity 

OPERATING P~CCEGURES 

D. Instrument 
Calibration 
(Continued) 

STU' SLCL!E':rE 

34. The fonnazine standards 
should be used at least 
once/week to monitor 
manufacturer's standard 
for change. 

35. For future calibration of 35a. 
the 0-1 scale, the manu
facturer's standard can be 35b. 
used. 

t.13.C-14 

I 'JFORMAT I ON/OPERA.i ItjG GGALS/ SPEC I FI C1H IO~iS 

Taking care to allow for any discrepancy noted 
in step 33. 
All ranges on the instrument must be calibrated 
in this same manner. 

TRAIN ING 
GU lDE NOTES 

-------··-----------·----------·-___..__ __________________________________________ . __ 
E. Sample Analysis 1. Turn on the instrument. 

2. Allow wann up time. 

3. Check batteries. 

4. Fill a cell with the 
sample. 

5. Wipe side and bottom of 
cell. 

3a. If the instrument is battery operated. 

4a. Fill about three fourths of the capacity. 

6. Allow bubbles to disperse. 6a. A light tapping with a finger will speed up 
this procedure. 

7. Set the range selector 
on 0-100 scale. 

8. Insert cell into cell 
compartment. 

9. Cover the cell compartment 



'.4AH.R MO'l!TORI::G PROCEDURE: Determination of Turbidity 

=====================:;::::::::::::::::-::= . :::--::'!':'.:~-~-~·=-=-;:::::=;::::::;:.:·:::::::::::=:::-::=.:=:::::::==::.::::::::.::===============:;:============ .....----.-....-.-..n. 

OPERATING P~CCEOURES 

E. Sample Analysis 
(Continued) 

10. Select the range that will 
keep the sample's reading 
on scale and read the 
turbidity. 

I~~LRMATJ0~/0FFP~l l~G GOALS/SPECIFICATIONS 

11. Note which scale is used. lla. If the value is greater than 40 units, the sample 
must be diluted before it can be read. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Set range selector on 0-10( 
range. 

Uncover cell compartment. 

Remove sample. 

Select a manufacturer's 
standard. 

Wipe off side and bottom. 

Insert into eel 1 
compartment. 

Cover cell. 

Allow instrument to 
stabilize. 

Select range used in 
step 10. 

llb. All samples below 40 units should be read on the 
scale that gives the greatest movement of the 
meter needle and remains on scale. 

n Sa. Depending on the manufacturer, the standard could 
be a simple standard or a set of standards. 
Choose the standard that will be in the same range 
as the sample. 

TRAlr..ING 
GUIDE NOTES 

El3.C-1S 
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El3.C-l6 

===========;::=====:=:===-=··:.::::·...-·~· .::-.,::;.-.::-:.:-~ .. -:;1 ..... ;::::•==:.:-=====================r=:::::::::==~= 
TRAINING 

GUIDE NOTES 
l. Sample Analysis 

(Continued) 
21. Adjust reference adjust 

knob until standard's 
value is obtained. 

22. Turn range selector to 
0-100 scale. 

23. Uncover cell compartment. 

24. Remove standard. 

2la. Make any change of standard concentration found 
necessary in step 0.33. 

25. Insert the cell containing 25a. Care should be taken not to touch the cell except 
the sample. at the top. If it has been touched anywhere 

else, wipe the cell off. 

26. Cover the cell compartment 

27. Set scale on range used in 
step 10 and 20. 

28. Allow instrument to 
stabilize. 

29. Read turbidity. 

30. Repeat steps 15 through 20.30a. If the instrument has drifted, from the value set 
in step 21, recalibrate by adjusting the reference 
adjust knob and reread the samples turbidity, 
beginning at step 21. 

31. Turn range selector to 
0-100 scale. 

32. Uncover cell compartment. 

33. Remove cell. 



,. 

IU1TER MONITOR ING PP.OCEDJRE: Determination of Turbidity 

OPLRAT;Nc r~CCLDURES 

E. Sample Analysis 
(Continued) 

34. Insert next sample or if 
no more samples are to be 
read, continue on. 

35. Cover compartment. 

36. Turn off instrument. 

37. Wash out cells with 
turbidity free water. 

38. Dry cells with soft 
tissue. 

39. Store cells as manufactur
er recommends. 

- -·---- ----------------- --- -

F. Calculations 1. Calculate the turbidity 
of the sample. 

INFO~MATION/OP~RAll~G GOALS/SPECIFICATIONS 

34a. If more samples are to be analyzed, repeat 
steps 4-10, checking for instrument drift by 
checking standardization occasionally. 

36a. If line operated, leave power on if instrument 
is to be used within a reasonable time. 

TRAINING 
GUIDE NOTES 

---···- -----------
la. Calculation is necessary only where the sample 

was above 40 units and had to be diluted. 
lb. If no dilution was performed, then the turbidity 

of the sample is read directly from the face of 
the meter. 

IX.F.2c 
( p. 22) 

El3.C-17 
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====================~~~~-~---===::;,::=:===========================;======= 
\JP[rMT!Nr; Ff\CCU!URES 

F. Calculations 
(Continued) 

2. Multiply scale reading 
times the dilution 
factor. 

3. Report the results. 

I~FCPMP~ION/1F~~A71NG GCALS/SPlCIFICA~IO~S 

2a. That is A x (B+C) 
c 

Where B volume of turbidity free water used 
to dilute the sample (ml's) 

C =the volume of sample used (ml's) 

A the turbidity units of the dilution 
read on the meter scale 

2b. Example: 

If 2 ml 's of sample were diluted to 10 ml's with 
turbidity free water and the dilution had a 
scale reading of 30 units, then 

A ; 30 
B 8 
c 2 

LQ x 30 150 turbidity units (TU's) 2 

3a. Report as follows: 
TURBIDITY RANGE 

NTU or TU 
0-1-:-0--· 
1-10 

10-40 
40-100 

100-400 
400-1000 

>1000 

RECORD TO THE 
NEAREST NTU or TU 
-- ---- 0 .05 

0. 1 
1 
5 

10 
50 

100 

TRAIMING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Turbidity 

SECTION 

I 

I I 

II I 

IV 

V* 

VI 

VI I* 

VII I 

IX* 

TRAINING GUIDE 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications 

Field and laboratory Equipment 

Field and laboratory Reagents 

Field and laboratory Analysis 

Safety 

Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 

El3.C-19 



WATER MONITOP.ING PROCEDURES: Determination of Turbidity 

FIELD AND LABORATORY EQUIPMENT 

D. 1 

D. l 0 

D. 19a 

El3.C-?0 

TRAINING GUIDE NOTE 

Calibration of any nephelometric turbidimeter should 
be done using the standard turbidity suspensions 
prepared as described in the Reagent Preparation 
Section. Many manufacturers provide secondary 
standards with purchase of these instruments. It is 
well to check this by comparing it to a dilution of 
the standard turbidity suspension. 

Since the maximum contaminant level is usually one 
turbidity unit, dilutions of the standard turbidity 
suspension should be made and calibration of the 
instrument carried out on the scale near this value. 
However, each scale of the turbidimeter and each 
secondary standard should be calibrated against the 
standard suspension (formazine). 

The sample cells to be used with the instruments 
must be of clear colorless glass. They should be 
kept scrupulously clean both inside and out, and 
discarded when they become scratched or etched. 
Some manufacterers claim scratched cells are not a 
problem, however, this should be verified. They 
must not be handled at all where the light strikes 
them, and should be long enough so that they may be 
handled by the top. 

This procedure will calibrate the 0-1 scale and 
those standards provided by the manufacturer that 
can be read on that scale. If other scales are to 
be used, insert a standard suspension (formazine) 
that was made up in the Reagent Preparation Section 
that can be read on the scale of interest and set 
the reference adjust knob to the value. 

Section V 

REFERENCES/RESOURCES 



WATER MONITOP.ING PROCEDURES: Determination of Turbidity 

FIELD AND LABORATORY ANALYSIS Section VI I 

B. 1 

TRAINING GUIDE NOTE 

Turbidity is one of the parameters classed as a 
health limit in the Interim Primary Drinking Water 
Regulations. Pub1ic water systems are required to 
measure for turbidity daily. The colllllents to the 
Interim Primary Regulations (p. 59581) indicate 
that turbidity measurements were intended to be 
carried out by the operators of the public water 
system. This intent was due to the fact that 
preservation of the sample was not possible. 

The 1ocation at which the sample is to be taken is 
listed in the Interim Primary Regulations as the 
point of entry to the distribution system. 

REFERENCES/RESOURCES 

El3.C-21 



WATER MONITOP.ING PROCEDURES: Determination of Turbidity 

RECORDS AND REPORTS Section IX 

F.2c 

El3.C-22 

TRAINING GUIDE NOTE 

The faces of the meters are labeled as NTU, TU and 
FTU. These are: 

NTU - Nephelometric Turbidity Units 
TU - Turbidity Units 

FTU - Formazine Turbidity Units 

These units are considered as being the same. 
Express all values obtained as TU's for drinking 
waters and as NTU's for wastewaters. 

REFERENCES/RESOURCES 



A PROTOTYPE FOR DEVELOPMENT OF 

ROUTINE ANALYTICAL PROCEDURES 

for the 

DETERMINATION OF CHLORINATED HYDROCARBON PESTICIDES 

as applied in 

POTABLE WATER TREATMENT FACILITIES 

National Training and Operational Technology Center 
Office of Water Program Operations 

U.S. Environmental Protection Agency 

CH. PES. 1 ab. WMP. l . 11 . 77 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

Operational Procedures 

A. Glassware 

8. Reagent Preparation 

C. Instrument Set-up 

l. Gas Connection 
2. Detector Installation 
3. Leak Check 
4. Column Conditioning 

D. InstrumE!nt Calibration 

E. Standardization of the Sodium Hydroxide 

F. Florisil Preparation 

l. Laurie Acid Value Detennination 
2. Testing for Proper Elution Pattern 

G. Sample Extraction 

1. Pretreatment 
2. Extraction 
3. Concentration 

H. Sample Clean-up 

I. Sample Analysis 

J. Calculations 

E20-3 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

1. Objective: 

To determine the concentration of the chlorinated hydrocarbons, as listed 
in the Interim Primary Drinking Water Regulations, in water samples. 

2. Description of the Analysis: 

A measured water sample is extracted with an organic solvent. This 
chlorinated hydrocarbon containing solvent is then concentrated to a 
volume of 1 ml. A small volume (10 µl) is injected into a gas chromato
graph and the amount of chlorinated hydrocarbon present is quantitated. 
Should there be interferences present. a method is given to separate the 
chlorinated hydrocarbon from the interferences. The equations for cal
culating the µl/liter concentration of chlorinated hydrocarbon are given. 

This method is recolTITiended for use only be experienced pesticide analysts 
or under the close supervision of such qualified persons. 

The person attempting to use this outline should have a basic knowledge of 
gas chromatography. Among these skills should be 

a. proper injection technique 

b. proper quantitation technique of the peaks 

c. knowledge of retention times and relative retention times 

d. basic knowledge of the theory and operation of a gas chromatograph 

e. basic chemical skills, such as pipetting, solution preparation, etc. 

3. Applicability of this Procedure: 

E20-4 

a. Range of Concentration 

Many of the chlorinated hydrocarbons can be detected at .001 mg/liter 
quantities. Of those listed in the Interim Primary Drinking Water 
Regulation~ Lindane, Endrin and Methoxychlor can be determined at this 
level. Using the concentration inherent in the procedure this level can 
be lowered. Toxaphene, also listed in the Interim Primary Regulations, can 
be detennined but is somewhat more difficult. 

b. Pretreatment of Samples 

Upon collection of the sample temperature should be lowered to 4° C with 
ice and maintained at this temperature until analyzed. The maximum holding 
ti me is 14 days . 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

3. Applicability of this Procedure (Continued) 

c. Treatment of Interferences 

This outline includes a clean-up procedure involving separation on a 
Florisil Column. Inclusion of method blanks during all runs will 
indicate interferences due to impure solvents and reagents. 

Source of Procedure: "Method for Organochlorine Pesticides in Industrial 
Effluents, EMSL, National Environmental Research Center, Cincinnati, Ohio 
45268." 

E20-5 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

Equipment and Supply Requirements 

A. Capital Equipment: 

1. Gas Chromatograph equipped with 

a. Glass lined injection port 
b. Electron capture detector - tritium or nickel 63 
c. Recorder - potentiometric strip chart (10 in - 25 cm) compatible 

with the detector 

2. Gas Chromatographic Column (best purchased from gas chromatographic supply house) 

a. Tubinq - Pvrex (180 cm lonq (6 ft.) x 4111TI ID) 
b. Glass Wool - Silanized 
c. Solid Support - Gas Chrom Q (100 - 120 mesh) 
d. Liquid Phase - Expressed as weight percent coated on solid support 

1) OV-1, 3% 
2) OV- 21 0, 5% 
3) OV-17, 1 .5% plus QF-1, 1.95% 
4) QF-1, 63 plus SE-30, 4% 

3. Hot Water Bath - Capable of keeping temperature at 50° - 100° C 

4. Source of high qua1ity distilled water 

5. Rotometers - If the instrument is not equipped with meters to monitor 
the flows of gases, these should be purchased as options 

6. Analytical Balance - With a 0.1 milligram sensitivity 

7. Trip or Platform Balance - With a 0.1 or 0.01 gram sensitivity 

8. Oven - Capable of maintaining 130° C 

9. Stop Watch - Capable of measuring at least 1/2 hour, the 60 second cycle 
divided to 1/5 second 

10. Cylinder of Argon-methane (95 + 5%) for use with pulsed mode detector OR 
Nitrogen - Purified grade, moisture and oxygen free, for use with a DC 
mode detector 

11. Pressure Regulator - Two stage with a CGA 580 fitting for Nitrogen or a CGA 
350 fitting for Argon-methane 

12. Filter - For carrier gas - molecular sieve type 

13. Micro Syringes - 5, 10, 50 ul sizes 

14. pH Meter - With pH electrode 

E20-7 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

Equipment and Supply Requirements (Continued) 

15. Magnetic Stirrer with Teflon coated bar 

16. Oven (optional} - Forced air capable of heating to 400° C 

17. Trap - for oxygen 

B. Reusable Supplies: 

1. Beaker, 150 ml - One for each sample - duplicate - blank 
2. Beaker, 500 ml - One for each sample - duplicate - blank 
3. Buret, 10 ml graduations - One 
4. Buret, 25 ml graduations - One 
5. Chromatographic Column - Chronaflex (400 rrm long x 19 mm ID) i,.1ith coarse 

fritted plate on the bottom and Teflon stopcock and a 250 ml reservoir 
bulb at the top of the column with a flared out funnel shape at the top 
of the bulb, (special order Kontes Glass - K-420540-9011) - One for each 
sample - duplicate - blank 

6. Chromatographic Column - Pyrex (about 400 rrm long x 20 mm ID) with coarse 
fritted plate on bottom - One for each sample - duplicate - blank 

7. Cylinders, graduated 
10 ml - One 
50 ml - Three 
100 ml - Two 
250 ml - Two 
1000 ml - One 

8. Dropper Bottle, with dropper, 75 ml - One 
9. Flasks, Erlenmeyer 

25 ml, glass stoppered - One 
125 ml, glass stoppered - Two 
250 ml, glass stoppered - One 
500 ml, glass stoppered - One 
1000 ml, glass stoppered - One for each sample - duplicate - blank 

10. Flasks, volumetric 
10 ml - Five 
100 ml - Three 
500 ml - Three 

11. Funnels, Separatory, with Teflon stopcock, 200 ml - One for each sample -
duplicate - blank 

12. Glassware, Kuderna-Danish (K-D), order from Kontes Glass Comoanv 
a. Concentrator Tube, 10 ml calibrated, $joint 12/22 female, #K570050, 

Size l 025 
b. Snyder Column, three ball, 150 rrm long, #K503000, Size 121 
c. Snyder Column, one ball, 150 rrm long, #K569001, Size 1/19 
d. Flask, 500 ml volume, #K570001 
e. Stoppers for flask, $ Size 19/22, #K850500 

One for each sample - duplicate - blank 
13. Pipets, graduated 

l ml - Two 
10 nl - One 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

Equipment and Supply Requirements (Continued} 

14. Pipets, volumetric 
1 ml - One 
5 ml - One 
10 ml - Two 
20 ml - One 

15. Reagent Bottles, glass, glass stoppered 
100 ml - One 
500 ml - Four 
1000 ml - One 

16. Ring stand with ring and clamp and base - One for each sample - duplicate -
blank 

17. Ruler, divided in millimeters, about 30 cm long 
18. Stirring Rod, glass, 12 in. long 
19. Safety Glasses 
20. Bottle, glass, wide-mouth, with glass stopper, 500 ml - One 
21 Desiccator 

C. Consumable Supplies: 

1. Alcohol, ethyl, U.S.P. or absolute, neutralized to phenolphthalein {see 
Reagent Preparation Section} 

2. Ethyl ether, Nanograde, pesticide quality 
3. Florisil, PR Grade (60-100 mesh), purchase activated at 1250° F. Store 

in the dark in glass containers 
4. Hexane, Nanograde, distilled in glass 
5. Laurie Acid, purified, CP 
6. Methylene Chloride, Nanograde, distilled in glass 
7. Pesticide Standards, reference grade 
8. Petroleum Ether, (boiling range 30-60° C) Nanograde (98+ % pure) 
9. Phenolphthalein Indicator 

10. Soap Solution, any liquid soap mixed 1:1 with water 
11. Sodium Hydroxide, ACS 
12. Sodium Sulfate, ACS, Granular, anhydrous 
13. Sulfuric Acid, ACS 
14. Distilled Water 
15. Weighing Boats, plastic disposable 
16. Chart Paper, for the recorder 
17. Notebook, bound 
18. Paper, graph 

E20-9 



HATER MONITORING PROCEDURE: Detennination of Chlorinated Hydrocarbon Pesticides 
E20-10 

OPERATING P~CCEDURES SHP SEQLJE•,cE 

A. Glassware Preparation l. Clean all Glassware. 

2. Wash with soap and water. 

3. Rinse with tap water. 

4. Rinse with distilled water. 

5. Muffle at 400° C for 15 to 
30 min. 

6. Cool to room temperature. 

7. Store until used. 

INFOR~ATION/OPER~rlNG GOALS/SPECIFICATIONS 

3a. At least 10 times. 

4a. At least 10 times. 

Sa. Volumetric glassware should not be muffled. 
5b. Plastic ware and cap liners for sample containers 

should not be muffled. 
5c. The glassware may be rinsed with redistilled 

acetone followed by a rinse with pesticide 
quality hexane in place of the muffling. 

la. Store inverted or cover mouth with aluminum foil. 
7b. Sample containers should be stored capped. 

TRAIN ING 
GUIDE NOTES 

--- ----- - --------- ---~!----------------··-·--·------------.....-------

B. Reagent Preparation 
l. Ethyl Ether (6%) l. Use caution with this 

in PetrnlPtrn Fthpr solvent. 

2. Add about 100 ml of 
petroleum ether to a 250 
ml graduated cylinder. 

3. Pipet 12 ml of ethyl ether 
into the graduated 
cylinder. 

4. Dilute to 200 ml with 
petroleum ether. 

la. Prepare and use in a well ventilated area. 
lb. Prepare just before use. 

4a. In the graduated cylinder. 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OF£RATING FkCCEDURES 

B. Reagent Preparation 
(Continued) 

STEP SEQLDCE 

5. Mix with a long glass 
stirring rod. 

2. Ethyl Ether (15%) 1. Use the above directions 
in Petroleum Ether except in Step 3, pipet 

30 ml of ethyl ether. 

3. Alcohol - Ethyl 
Neutralized to 
Phenolphthalein 

4. Phenolphthalein 
Indicator 

1. Measure 500 ml of alcohol 
into a l liter Erlenmeyer 
flask. 

2. Add 3 drops of phenol
phthalein indicator. 

3. Titrate with 0.05 N Sodium 
Hydroxide until a pale red 
color is obtained. 

4. Store in glass stoppered 
reagent bottle. 

l. Weigh out 1.0 g of the 
phenolphthalein indicator. 

2. Transfer to a 100 ml 
volumetric flask. 

3. Dissolve in about 50 ml 
ethyl a le oho l . 

4. Dilute to the mark with 
distilled water. 

I tlFOP~AT I O\!CFERAT I NG GOf1LSi SPECIFICATIONS 

5a. Do not store this solution. Prepare and use 
i 1TTTiedi ate l y. 

la. For water supply monitoring for the pesticides 
listed in the Interim Primary Regulations only 
the 6% and 15% should be needed. However, if 
wastewaters are being monitored a 50% eluate will 
have to be prepared and used. 

lb. Do not store this solution. 

la. Use a trip balance. 

TRAINING 
GUIDE NOTES 

E20-ll 
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OFERATING P~CCLDURE~ 

B. Reagent Preparation 
(Continued) 
5. Laurie Acid 

Solution (2% W:V) 

6. Methylene Chloride 
( 15%) in Hexane 
{V:V) 

1. Weigh out 10.000 g of 
lauric acid. 

la. Use an analytical balance. 

2. Add about 250 ml hexane to 2a. Just add hexane to the volumetric flask until 
a 500 ml volumetric flask. half full. 

3. Transfer the lauric acid 
into the 500 ml volumetric 
flask. 

4. Wash the weighing containe1 
with several small portions 
of hexane and add to the 
volu~etric flask. 

5. Dissolve the lauric acid. 

6. Dilute to the mark with 
hexane. 

7. Mix thoroughly. 

8. Store in a glass stoppered 
bottle. 

1. Add about 200 ml hexane 
to a 500 ml graduated 
cylinder. 

6a. l ml = 20 mg lauric acid. 

2. Measure 73 ml of ~ethylene 2a. With a graduated cylinder. 
chloride. 

3. Add the methylene chloride 
to the hexane. 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

7. Sulfuric Acid 
(H 2so4) 1:1 (V:V) 

8. Sodium Hydroxide 
(NaOH) 10 N 

4. Dilute to the mark with 
hexane. 

5. Mix. 

6. Store in a glass, qlass 
stoppered bottle. 

1. Add about 25 ml of 
distilled water to a 100 
ml volumetric flask. 

2. Measure 50 ml concentrated 
sulfuric acid in a 100 ml 
graduated cylinder. 

3. Add the sulfuric acid to 
the volumetric flask. 

4. Dilute to the mark. 

5. Cool. 

6. Check to assure the volume 

lf:FOR~i\TIO~/')PE~Al !1'.G GOALS/SPECIFICATIONS 

Za. Caution: Use safety glasses. 
Zb. Do not add water to acid; follow the procedure. 

3a. The solution will get hot; cool to room tempera
ture before proceeding. 

4a. With distilled water. 

TRAINING 
Gi.JID£ NOTES 

is still on the mark. 6a. If not, add water to mark. 

7. Store in a glass stoppered 
bottle. 

1. Weigh out 40 g of Sodium 
Hydroxide. 

2. Measure 100 ml of water. 

la. Use a trip balance. 
lb. Weigh out in a 250 ml Erlenmeyer flask. 

2a. In a graduated cylinder. 

E20-l3 



WATER MONITORING PROct.DllRE: Determination of Chlorinated Hydrocarbon Pesticides 
E20-14 

OPERATING PhCCEOURES 

B. Reagent Preparation 
(Continued) 

9. Sodium Hydroxide 
(NaOH) 1.0 N 

10. Sodium Hydroxide 
(NaOH) (0.05 N) 

S1Er SEQUENCE 

3. Add the water to the 
Erlenmeyer flask. 

4. Swirl to dissolve. 

5. Stopper the flask with 
a rubber stopper and 
label. 

l. Weigh out 20 g of sodiuri 
hydroxide. 

2. Transfer the NaOH to a 500 
ml Erlenmeyer flask. 

3. Measure 500 ml of water. 

4. Add the water to the 
Erlenmeyer flask. 

5. Swirl to dissolve. 

6. Stopper the flask with a 
rubber stopper and label. 

1. Add about 250 ml distilled 
water to a 500 ml 
volumetric flask. 

f~FOR~ATION/O?~~ATING GOALS/SPECIFICATIONS 

3a. The solution will get hot; cool under cold water. 
3b. Use safety glasses. 

4a. Do not stopper and invert to mix. 
4h. Use a stirring rod or magnetic stirrer and 

Teflon coated bar. 

5a. Do not stopper unless cool. 

la. Use a trip balance. 
lb. Weigh out in a p1astic weighing boat. 

3a. Us2 a 500 r)l CJraduatcd cvlinder. 

4a. The solution will get hot; cool under 
cold water. 

4b. Use safety glasses. 

5a. Do not attempt to stopper and mix by inversion, 
use a stirring rod or a magnetic stirrer and 
Teflon coated bar. 

6a. Oo not stopper unless cool. 

2. Transfer 25 ml of the 1.0 N 2a. Use a 25 ml volumetric pipet. 
NaOH to the volumetric 
flask. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

11. Sodium Sulfate 

3. Dilute to the mark. 

4. Mix thoroughly. 

5. Store in a glass, rubber 
stoppered, bottle. 

l. Weigh out 1.0 gram of the 
sodium sulfate. 

2. Add enough methylene 
chloride - Hexane 
(Reagent 6) to cover the 
sodium sulfate. 

3. Mix. 

I flFCRM.",T 10\/0PG·:AT ! riG GOALS/ SPECIF I CAT IONS 

la. Use a trip balance. 
lb. Weigh in a 150 ml beaker. 

4. Decant reagent. 4a. Take care not to include any sodium sulfate. 

TRAINING 
GUIDE NOTES 

5. Inject 10 µl of the solvent 5a. After retention times and optimization have been 
into the gas chromatograph. determined. 

6. If contaminated proceed as 6a. Contamination is shown peaks of 2 times the 
below. noise level are obtained. 

7. Weigh out about 100 g of 7a. Use a trip balance, weigh in the beaker. 
sodium sulfate in a 500 ml 
beaker. 

8. Place beaker and sodium Sa. The oven should be preheated to 400° C. 
sulfate in an oven. 

9. Heat the sodium sulfate 
for 4 hours at 400° C. 

E20-l5 



~ATER MONITORI~G PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 
E20-16 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

STEP SE1UENCr 

10. Remove from oven and place 
in a desiccator and allow 
to cool. 

11. Transfer to a wide-mouth 
glass stoppered bottle. 

12. Store in the bottle in a 
desiccator. 

12. Pesticide Standards 1. Consult Tables 1 and 2 

HlFOi'.M;"\T I O>VOF ERAT I NG GOALS/Sr-EC IF I CAT IONS 

lOa. Use tongs to handle the hot beakers. 
lOb. Be sure the desiccant is activated. 

TRAINING 
GUIDE NOTES 

la. In order to properly calibrate the instrument I.B.12 
both qualitatively (Retention Values) and 
quantitatively (Detection Limits) single 
standard and a mixture containing all the 
pesticides of interest should be made. 

lb. The amount weighed out to each compound was 
kept at 10 mg in order to have a weight which 
could be accurately weighed yet using the 
smallest amount of compound possible. 

le. After weighing out 10 mg and preparing 10 ml of 
the stock solution of each pesticide, proceed 
toward the right of the table and make two 
dilutions as directed. 

ld. Use Table 2 for preparing two mixtures. Mixture 
l is used to prepare the column. Mixture 2 
will be used to determine the standard curves. 

----------------------------·---·----ii-------------------------------+-------



DIRECTIONS FOR DILUTION TABLE 

In order to properly calibrate the instrument both qualitatively (Retention 
Values} and quantitatively (Detection Limits) a single standards and a mixture 
containing all the pesticides of interest should be made. 

The amounts weighed out of each compound was kept at 100 mg in order to have 
a weight which could be accurately weighed yet using the smallest amount of 
compound possible. 

After weighing out and diluting the stock solution of each pesticide, proceed 
toward the right of the chart. Making dilutions as directed. 

Use Table 2 for preparing two mixtures. Mixture 1 is used to prepare the 
column. Mixture 2 will be used to determine the standard curves. 

E20-17 
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TABLE l 

--- - -----~-·--· 

I ! Compound Stock Dilution 1 Cone. mg/1 Dilution 2 Cone. mg/1 

I 

Li ndane 10 mg 4 ml stock 40 ! I ml Di 1. 0.4 I. 

10 ml* 100 ml** 

---~lm:il. •-+· 
! 

Endrin 

J 
10 mg 2 ml stock 20 0.2 I' --- I. 

100 ml* l 00 ml** 1. l 00 ml 
- --·-++ 

i ! ; : ' 

Methoxychlor I 10 mg : i 1 ml stock 10 I None None Ii 
I 

I 10 ml** : i 100 ml** 
j ! 
i I i 
I' 

I 
Aldrin 10 

I 
1 ml stock 10 i I 1 ml Di l. l 0. 1 mg 

I 11 
10 ml* 100 ml** 

11 100 ml --t 
I: 

Toxaphene 10 mg 5 ml stock 50 '' l ml Di l . 1 0.5 ! 

10 ml* 100 ml** i I 100 ml i 

* Make stock solutions in 2.2.4 Trimethyl pentane ( Isooctane). 
** Use hexane for a 11 dilutions of the stock. 



ComQound 

Lindane 

Endrin 

Methoxych1or 
------

Aldrin 

Toxaphene 

TABLE 2 

--~ 

Mixture l 
Add to sk 

Amoun 
the same 5 m1 vol. fla 

Dilution No. Cone -·~-1-----+-------- --

1.0 Stock 2 00 

l.O Stock 2 00 

1.0 Stock 2 00 

1.0 Stock 2 00 

1.0 Stock 2 00 

--

Use Hexane for all dilutions ---

Mixture 2 
Add to the same 100 ml vol. fl ask 

Amount ml . Dilution No. Cone. mg/l --------

1 l ( 40 mg/l) 0.4 
- - - --

1 1 {20 mg/l) 0.2 
-

1 Stock (1000 mg/l) l 0.0 
- --- ----

1 l ( 10 mg/ 1) 0. 1 

l 1 (50 mg/l) 0.5 
----- --

E20-19 



E20-20 
WATER MO~HTORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

C. Instrument Set-up 
l. Gas Connection 

2. Detector 
Ins ta 11 ati on 

3. Carrier Gas leak 
Check 

STEF- ~FQJENCE 

l. Remove cy1inder cap from 
cylinder of carrier gas. 

2. Install the pressure 
regulator. 

3. Connect the cylinder to 
the instrument. 

1. Ins ta 11 the electron 
capture detector. 

1. Open master valve on the 
cylinder. 

2. Adjust regulator control. 

3. Close carrier gas control 
valve on the instrument. 

4. Turn off master cylinder 
valve. 

IMr0~MATIO~/OPE~ATING GOALS/SPECIFICATIONS 

la. The tank should be chained to the wal1 or lab 
bench. 

lb. Use Argon-methane for pulsed mode detector or 
Nitrogen for detector operated in a DC mode. 
Consult the manufacturer's manual. 

2a. The regulator should have a CGA 350 fitting 
for Argon-methane or for Nitrogen. 

2b. Fitting should be tight to a CGA 350 fitting 
to prevent leaks. 

3a. Use teflon tape on all metal threads to prevent 
lea ks. 

3b. Polethylene (1/8" diameter) tubing can be used. 
3c. If plastic tubing is used, nylon ferrules 

should be used with the connector fittings. 

la. This can be of the tritium or nickel 63 type. 
lb. See the manufacturer's manual on procedures for 

installation. 

2a. To about 65 psig and allow to stabilize (about 
l minute). 

TRAINING 
GUIDE NOTES 

v .c .1 
(p. 45) 



WATER MONITORING PflOCEDUHl: Determination of Chlorinated Hydrocarbon Pesticides 

OPE.RATING P~CCEOURES 

C. Instrument Set-up 
(Continued) 

STE.P S~OUEiiCF 

5. Observe gage on the 
cylinder. 

3. Begin a low flow of 
carrier gas through the 
column. 

4. Wait 5 minutes. 

I riFORMAT I ON/CFE RAT: ~~G GOALS/ SPE.C IF I CAT IONS 

5a. Pressure should not drop more than a few psig. 
5b. If the pressure does drop use soap solution to 

locate leak. 
5c. Correct leak and check again. 

These columns should be purchased and meet the 
specifications as listed under the equipment 
section. 
Column conditioning is essential to eliminate 
column bleed and to provide acceptable analysis. 
Do not connect the column to the detector. 
If in doubt as to column installation refer to 
the manufacturer's manual. 

Use the purge gas line or in dual column oven 
by connecting an unpacked column to the detector. 
In some systems it may be necessary to 
temporarily connect the carrier gas to the air 
or hydrogen inlet in order to get a flow to the 
detector. The manufacturer's manual should be 
consulted. 

3a. Less than 60 ml/min.(N40-50). 
3b. Removes oxygen and other trapped gases. 
3c. This will be two separate flows. The column 

should r.ot be connected to the detector. 

TRAINING 
GUIDE NOTES 

E20-21 



f2G-22 
i.;,~TE.R MONIT01dNG PROCEJIJPL: Determination of Chlorinated Hydrocarbon Pesticides 

C. Instrument Set-up 
(Continued) 

STEP SlrJUENCF 

5. Turn on power to the oven. 

6. Adjust column temperature 
to near the F.~ximum re
commended temperature for 
the liquid phase being 
used. 

7. Continue heating for 
2 hours. 

8. Reduce temperature to 
about 40° C below 
maximum temperature. 

Sa. Consult manufacturer's manual for location and 
necessary steps. 

6a. Column Max. ~emp. 
0 c 

OV-17 & QF-1 250 
OV-210 275 
OV-1 350 
QF-1 & SE-30 250 

8a. See table above (6a). 

9. Allow column temperature to 9a. Minimum of 3G minutes. 
equilibrate. 9b. Caution: Bleed off of the liquid phase will 

occur if the column temperature is not fully 
equilibrated. 

~O. Check carrier gas flow. lOa. About 50 ml/min. 

~1. Allow to remain at 
temperature and flow for 
one hour. 

lOb. If the instrument does not come equipped with 
rotometers to ~onitor the flow rate of the 
carrier gas this shoJld be purchased as an 
option. 

lOc. The pressure regulator on the cylinder should 
be set at 65 psig. 

lOd. The electron capture detector must be installed. 

TRAINING 
GU IDE NOTES 

V.C.6.b 
(p. 45) 
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\~ATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

C. Instrument Set-up 
(Continued) 

STEP SLJ~li;CE 

12. Increase temperature to 
about 20° C above 
operating temperature. 

13. Continue the same flow of 
carrier gas. 

14. Allow to equilibrate for 
24-48 hours. 

15. Turn off oven and allow 
to cool to room 
temperature. 

16. Adjust carrier gas flow 
method flow rate. 

to 

!NFORMATION/OPERATING GOALS/SPECIFICATIONS 

l2a. This is operation temperature not maximum 
temperature. 

l2b. These temperatures would be 
200° C for the OV-17 and QF-1 and the 
QF-1 & SE-30 
OR 
200° C for the OV-210 and the OV-1. 

l4a. Caution: Do not exceed maximum recorrmended 
temperatures. See 6a. this section. 

l6a. 60 ml/min. for the OV-17 & QF-1 and OF-1 & SE-30. 
70 ml/min. for the OV-210 and OV-1. 

17. Connect column to the 17a. Check connection with soapy solution. 
detector. 

18. Turn on oven and adjust to l8a. 200° C for the OV-17 & QF-1 and the QF-1 & SE-30. 
method column temperature. 180° C for the OV-210 and the OV-1. 

19. Allow the instrument to 19a. Preferably overnight. 
equilibrate at least one 
hours. 

TRAINING 
GUIDE NOTES 

-----· - - --------+ ------------ --·---- -·----------------·-------------+------·-
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E20-24 
WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

D. Instrument 
Calibration 
1. Optimization 

2. Retention Ti me 
Detennination 

STEP Sf.Q:JENCt 

1. Check instrument operating 
conditions after the 
instrument has been set-up. 

2. Inject 5 µl of standard 
mixture 2. 

3. Adjust the operating 
parameters to achieve 
optimum results. 

1. Inject 5 µ1 of dilution 
2 (Table 1) of the 
standards one at-a-time. 

INFORMATION/OPERATI~G GOALS/SPECIFICATIONS 

la. The oven temperature should be stabilized. 
lb. The flow rate constant. 
le. The column conditioned. 
ld. The flow system checked for leaks. 

2a. This standard mixture was prepared from the 
stock standards (Table 2). 

2b. The actual volume of material injected should be 
kept constant. That is. the same for standards 
and samples. 

2c. The standard mixture 2 can be used to optimize 
the instrument initially and thereafter monitor 
its performance. 

3a. 

3b. 

3c. 

3d. 

1 a. 

lb. 

1 c. 

l d. 

Best resolution (separation of peaks) and 
retention times can be achieved by adjusting 
the column temperature and/or the carrier gas 
flow rate. 
Compare results with the standard chromatograms 
attached. 
Caution should be taken to allow the instrument 
to equilibrate after any changes. 
Optimum results would include good separation of 
the peaks, good sensitivity, good reproducibility 

The individual standards lindane, endrin, 
methoxychlor, aldrin, and toxaphene should be 
used. 
Dilutions of the individual standards can be 
prepared from the stock solutions as in Table I. 
Injection is a technique which must be learned 
and practiced in order to make accurate and 
reproducible injections. 
The analyst should consult a text on gas 
chromotography or a syringe manufacturer's 
l i tera tu re. 

TRAINING 
GUIDE NOTES 

V. D. l. 3a 
(p. 45} 

VII.D.4 
(p. 46) 



WATER MONITORING i'ROClOURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEOURfS 

D. Instrument 
Calibration 
(Continued) 

3. Detection Limit 
of the Instrument 

SFP SE')UEr.cE 

2. With a stop watch measure 
the time elapsed between 
the first appearance of 
the solvent peak and the 
peak of the known 
standard. 

3. Repeat steps 1 and 2 six 
more ti mes. 

l. Inject 5 ul of a single 
pesticide standard. 

2. Continue with each standard 
by diluting the last 
standard concentration 
run in half and injecting 
5 ul portions until a 
detection limit is obtainec 

3. The peak height in milli
meters should be used and 
plotted against the known 
concentrations to produce 
a standard curve. 

r i!FORMAT l O~/OFI:. Rt'\ TI NG GOALS/ SPECIFICATIONS 

2a. This time is called the retention time. 
2b. After the retention times have been obtained 

using single standards, the mixtures should 
be used to determine that no changes in retention 
time occur. 

3a. At least 7 repeat times should be obtained and 
the mean value obtained for each pesticide. 

3b. If in subsequent injections, the retention times 
vary significantly (± 2%) the system should be 
checked over. 

la. Begin with Dilution 2, Table 1 of each. 
lb. The standards need not be carried through 

the extraction and concentration steps to 
develop a standard curve. 

2a. The detection limit is usually considered as a 
standard whose peak is 2 times the highest peak 
caused by noise and is run at the most sensitive 
setting of the instrument. 

3a. The curve produced can be used to select the 
concentration of standard to be injected to 
calculate the concentration of an unknown. See 
calculation of results section. 

3b. To select the concentration to be used to 
calculate the unknown, first note the peak height 
of the unknown. Second refer to this standard 
curve and find a concentration which gave the 
same peak height and inject it into the 
instrument. This should provide a standard 
very close to the sample peak height to use in 
the calculations. 

TRAINING 
GUIDE NOTES 

V.D.3.2 
(p. 45) 

-- - --------------------
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E20-26 
WATER ~ONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING PhOCEOURES 

E. Standardization of 
Sodium Hydroxide 

STEP Sf.QUEt;CE l~FORMAT;ON/CFlRA~ ING GOALS/SPECIFICATIONS 

1. Weigh out 100 mg of lauric la. On an analytical balance. 
acid. 

2. Quantitiatively transfer 
to a 125 ml Erlenmeyer 
flask. 

3. Dissolve with 50 ml 
ethyl alcohol. 

4. Add 3 drops phenolphthaleir 

5. Titrate with (0.05 N) 
sodium hydroxide. 

6. Calculate mg lauric acid/ 
ml 0.05 fl NaOll. 

3a. Neutralized to phenolphthalein (See B.3). 

5a. See reagent ~ection for preparation. 
Sb. Until a pink color persists. 

6a. !!!9__l_a_uric acid 
ml of 0.05 r; !laOH = 

.!QQ_!_!!g__l_a_u_r_i_c acid 
number of ml needed 
to titrate (frorr. Step 5). 

6b. See calculation section J.l for use. 

TRAINING 
GUIDE NOTES 

------ ---~------- -------- ------------- .... ----------- -· ------------ ---~----

F. Florisil Preparation 
l. Laurie Acid Value 

Oetermi nation 
l. Place 2.000 grams of la. Weigh on an analytical balance. 

Florisil in a 25 ml glass 
stoppered Erlenmeyer flask. 

2. Cover the flask loosely 
with foil. 

3. Heat overnight at 130° C. 

4. Stopper and cool to room 
temperature. 

VII.F.l 
( p. 46) 
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WATER MONITORING PROCEOUf1.E: Determination of Chlorinated Hydrocarbon Pesticides 

OP[RATi~G P~CCEDURlS 

F. Florisil Preparation 
(Continued) 

STlP SEQLJENCE 

5. Remove stopper and add 
20.0 ml of lauric acid 
solution {reagent 5). 

6. Stopper the flask. 

7. Swirl intermittently for 
15 minutes. 

8. Allow the florisil to 
settle. 

9. Pipet 10.C ml of the 
supernatant into a 125 ml 
Erlenmeyer flask. 

lC. Add 5C ml ethyl alcohol. 

11. Add 3 drops of 
phenolphthalein indicator. 

n2. Titrate with 0.05 ~ ~aOH 
to a permanent red color. 

n3. Calculate the amount of 
lauric acid absorbed by 
the fl ori s i 1 . 

INFORMATIO~/OPE~ATING GOALS/SPECIFICATIONS 

5a. Use a 20 ml volumetric pipet. 

7a. A gentle swirling of the flask is sufficient. 
7b. This is to assure contact of the florisil with 

the lauric acid solution. 

9a. Use a 10 ml volumeteric pipet. 
9b. Supernatant is the clear liquid standing above 

the settled absorbent. 
9c. Avoid inclusion of any florisil. 

lOa. Neutralized to phenolphtha1ein. 
lOb. See reagent section for preparation. 

lla. The solution should remain colorless. 

l2a. Those individuals not familiar with procedures 
for titration should consult a procedure on the 
use of a buret. 

13a. The calculation will be found under the 
calculation section of this procedure. 

13b. This lauric acid value must be obtained for each 
new batch of florisil purchased. Then an 
equivalent weight of the new batch can be 
calculated to obtain values similar to the old 
batch. 

TRAINING 
GUIDE NOTES 
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E20-2B 
W~TER MONITORINS PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

===============:=====:-.=:.:==-~·===:=;======~..===~====================r======= 
UPlRATrnG Pf\CCLOURLS 

F. Florisil Preparation 14. Store the rest of the 
(Continued) florisil. 

2. Testing for Proper 1. Weigh out the deter~ined 
Elution Pattern amount of florisil. 

2. Pour the florisil into the 
chromatographic column. 

3. Tap the column lightly to 
settle the florisil and to 
level its surface. 

4. Add about one-half inch 
of sodium sulfate to the 
top of the florisil in 
the column. 

S. Add 40-SO ml of petroleum 
ether to the top of the 
column. 

6. Time and rate of passage 
of the petroleum ether 
through the column. 

7. Remove the container used 
to collect the petroleum 
ether. 

lhFOR~~TI0~/0P(RA7ING GOALS/SPECIFICATIONS 

14a. In glass bottle with glass stopper kept in the 
dark in an oven at 130c C. 

la. Determined from the lauric acid value of the 
batch of florisil. 

lb. Usually about 10 to lS grams. 
le. See the calculation section (J.2). 

2a. The column should meet the specifications listed 
in the equipment section. 

3a. The column should not be packed so tight as to 
impede solvent flow. 

4a. This should be the anhydrous, granular, ACS grade 
4b. Should be pre-conditioned by heating at 400° C 

for four hours (See B.11). 

Sa. This is used to pre-wet the column. 
Sb. The column may generate heat as it is wet by the 

solvent. Let cool to room temperature before 
proceeding. 

5c. This solvent can be collected in any type of 
container and need not be saved. 

6a. This elution rate should be set at about 5 ml 
per minute. 

6b. Use a 10 ml graduated cylinder and a stopwatch. 

7a. This should be done while a small level of 
solution is still above the sodium sulfate 
layer. 

TRAINING 
GU}[)E NOTES 

VII.F.2 
( p. 46) 
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l~AT[R MONI TORiiiG PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

F. Florisil Preparation 
(Continued) 

STEP SEQLHkt 

8. Place a clean 500 ml K-D 
flask equipped with a 10 
ml graduated amp~l under 
the co1umn. 

9. Just prior to the exposure 
of the sulfate layer to 
the air add 10 ml of 
mixture 2. 

I~FORMATION/OPERAiING GOALS/SPECIFICATIONS 

Ba. Some portion of the petroleum ether will be 
collected. 

Bb. K-D is a Kuderna-Danish. 

9a. See the reagent preparation section (B.12, Table 
2). 

9b. The sulfate surface should not be allowed to dry 
between additions of the mixture and the 
fo11owing e1uates. 

10. Rinse container with 10 ml lOa. Add the rinse to the co1umn. 
of petroleum ether. 

11. Add 200 ml of the 6% ethyl 
ether in petroleum ether 
so1 ution. 

12. Co1lect the 200 ml 

13. Add 200 ml of the 15% ethyl 
ether-petroleum ether 
solution. 

14. llTlllediately replace the 
500 ml K-D f1ask with 
another clean one. 

1la. ~easure in a graduated cylinder. 
1lb. If prepared just prior to use by the directions 

given in the reagent preparation section, only 
200 ml will be prepared and can be completely 
transferred to the column. 

llc. Add small portion slowly to bring liquid level 
to the top of the florisil column then add the 
rest. 

12a. Close the column's stopcock before the sulfate 
layer is exposed to the air. 

TRAINING 
GUIDE NOTES 
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WATER MONITORING PROC~OURE: Determination of Chlorinated Hydrocarbon Pesticides 
E20-30 

============================- ~_..=============================::::::;~====== 
OPERATING P~CCEOURES 

F. Florisil Preparation 
(Continued) 

STEP SEQUENC::: 

15. Collect the 15% eluate. 

16. Just prior to the sulfate 
layer being exposed add 
200 ml of ethyl ether. 

17. Immediately replace the 
500 ml K-D flask with 
another clean one. 

18. Collect the ethyl ether 
elution. 

19. Insert a Snyder column 
into each flask. 

20. Concentrate each elution. 

21. Remove the flask from the 
ampul . 

22. Rinse the walls of the 
ampul . 

23. Stopper the ampul. 

IHrO~MATION/OPERATlhG GOALS/SPECIFICATIONS 

15a. There will be a small overlap; in this case a 
sma 11 portion of the 6/; wi 11 be co 11 ected in the 
15% flask. Again close the stopcock to prevent 
exposure of sulfate layer to the air. 

l6a. For wastewater or if other pesticides are to be 
monitored other than those listed in the Interim 
Primary Regulations. a 50% ethyl ether in 
petroleum ether elution would be carried out 
at this time followed by the straight ethyl 
ether e 1 ut ion. 

20a. Use the procedure under sample concentration, G.3, 
1 through 6. 

2la. Rinse bottom of flask and lower glass joint into 
the ampul. 

22a. Rinse to a final volume of 10 ml. 
22b. Use a 5.0 cc glass syringe. 

TRAINING 
GU IDE NOTES 
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l~ATLR WlN ITO!<! ~~G PROCEDURF: Determination of Chlorinated Hydrocar~on Pesticides 

================::;:=========:---------=============================================:;::========= 
!lPERAT l NG Pl\CC(DIJRE::> 

F. Florisil Preparation 
(Continued) 

G. Sample Extraction and 
Concentration 
1. Pre-Treatment 

2. Extraction 

24. Inject 5 ~1 of the 
fractions. 

25. Compare retention times 
with standards run in 
Section D.5. 

1. Blend the sample. 

2. Adjust pH to 6.5 - 7.5 

1. Measure out l 1iter of 
sar:ipl e. 

2. Transfer to a 2 liter 
separatory funnel. 

24a. The pattern will be 6~ eluate 
Al dri n-L i nda ne-:-.1ethoxych 1 or- Toxa phene, 15::: e 1 ua te 
Endrin, Et~yl ether and anyt~ing 1eft on the 
column. 

25a. If agreenent is not attained, check the instrur.€n1 
operational parameters (Section J.l ). 

- - - - -- ·-----·--------·--

la. This is usually not required for drinking waters. 

2a. Use 50% sulfuric acid or 1 .ON sodiJ; hydroxide. 
2b. Use a ::iH meter to neasure the pH. 
2c. Usually not necessary for drinking waters. 

1 a. Use a l 1 i ter graduated cy~ i nder. 
1 b. Experience wit~ t~e sam::i le source will i ncii ca te 

if smaller volu;es should be used. If smailer 
volumes are used t~ey should be diluted to 
liter volume before extraction. 

le. A 1 liter volume of distilled water shoulci be 
carried through the entire procedure along with 
each sa:"ple batch to serve as a '11et~od blank. 

ld. lhe standard mixture 2 to ~e used as a check on 
the curve (D.3.3) ~ust also be carried through 
this procedure. 

le. Duplica:e analysis of the sa1::::iles are recon;ended 
to be carriea out. 

lf. Surface waters so~etimes require larger volunes. 

2a. Use a 2 liter size in order to have room to 
obtain proper ~ixing. 

VII.G.2.lf 
( p. 46) 
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WATER MONITO~ING P~OCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPtRATJNG PkCCEDURES 

G. Sample Extraction and 
Concentration 
(Continued) 

STtP StQUE~CE 

3. Add 60 ml of the methylenE 
chloride-hexane mixture 
(Reagent 6) to the 
separatory funnel. 

4. Shake vigorously for two 
minutes. 

S. Return to holder and allo~ 
mixtures to separate. 

6. Prepare the anhydrous 
sodium sulfate column. 

7. Remove the stopper from 
the separatory funnel. 

I~FORMATION/OPEPATl~G GOALS/SPECIFICATIONS 

3a. Use the 60 ml to rinse the sample container (if 
empty) and the graduated cylinder. 

4a. Pressure may build up in the separatory funnel. 
Invert, with stopper tightly in place, open 
stopcock slowly to relieve pressure, do this 
several times during shaking. 

Sa. The water layer will be on the bottom and the 
methylene chloride - hexane on top. 

Sb. The holder is some type support, such as a ring 
clamped to a ring stand. 

6a. Add 3 to 4 inches of anhydrous sodium sulfate to 
the chromatographic column {Pyrex, approximately 
400 mm long x 20 nn I.D. with a coarse frit on 
the bottom). 

6b. The column should be placed in a support such as 
a clamp attached to a ring stand. 

6c. Position the bottom of the column well into the 
neck of a 500 ml Kuderna-Danish flask with a 10 
ml graduated ampul attached to the stand. 

6d. The sodium sulfate should have been heated at 
400° C for four hours in an oven (Section B.11). 

8. Drain the water layer into Sa. Keep the water layer for further extractions. 
a one liter Erlenmeyer 
flask. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERAT!NG PF-CCEDl!RE.S STEP SEQUEtlCE I~FORMATION/OPERAIING GOALS/SPECIFICATIONS TRAINING 
GUIDE NOTES 

G. Sample Extraction and 9. Pour the organic 9a. Pour from the top of the separatory funnel. 
Concentration (methylene chloride- 9b. Use a funnel at the top of the column to help 
(Continued) hexane) layer into the transfer sample into column. 

sodium sulfate column. 

10. Co11ect the organic layer 
after it has passed 
through the column in a 
500 ml Kuderna-Dani sh 
(K-D) flask with a 10 ml 
ampul attached. 

11. Return the water phase to 
the separatory funnel. 

12. Rinse the Erlenmeyer flas~ 
with a second 60 ml 
portion of the methylene 
chloride-hexane solvent. 

13. Transfer the second 
portion of the methylene 
chloride-hexane solvent 
to the separatory funnel. 

14. Put stopper in place. 

15. Shake vigorously for two l 5a. Release pressure periodically. 
minutes. 

16. Repeat steps 5 and 7 l 6a. Step 6 does not have to be done again. Use the 
through 11 . same column. 

l 6b. Collect the second organic layer (methylene 
chloride-hexane) in the same K-0 flask. 
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WATER MONITORING PROCEDURE: Oetennination of Chlorinated Hydrocarbon Pesticides 

OPERATING PhCCEDURES 

G. Sample Extraction and 
Concentration 
(Continued) 

3. Concentration 

17. Perform the extraction 
procedure with a third 
portion of the methylene 
chloride-hexane solution. 

INFCRMATlON/CPfRATING GOALS/SPECIFICATIONS 

17a. Steps 12 through 17. 
l7b. All three 60 ml organic extraction portions are 

combined in the K-0 flask. 

18. Rinse the sodium sulfate l8a. Collect in the K-D. flask. 
column three times with 
l 0 ml volumes of 
methylene chloride-hexane. 

1. Insert a condenser into 
the K-D flask. 

2. Place K-D flask in a 
holder above a boiling 
water bath. 

3. Add small boiling chip. 

4. Lower the ampul into the 
water. 

la. Condenser - Snyder column - three ball. 

4a. The water level should be maintained below the 
lower joint (where the ampu1 connects to the 
flask). The lower rounded surface of the flask 
should be bathed in steam. 

4b. Surrounding the flask with aluminum foil will 
help. 

4c. The evaporation must not go to dryness. The 
analyst should stay with the flask. 

,\ 
i 

.; 
-----· 11 

I-later : Level 
I 

TRAINING 
GUIDE NOTES 



WATER MONITOR!NG PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

======================~~==,._-==t;::::::::::::========================::::;======= 
OPERATING P~CCEDURES 

G. Sample Extraction and 
Concentration 
(Continued) 

STEP '.:.EQUEr•CE 

5. Allow the solvent to 
evaporate. 

6. Concentrate to about 1 ml 
volume. 

7. Remove from the bath. 

8. Remove the three ba 11 
condenser from the flask. 

lllF01'Ml\ TI O"U OPE~Ji TI NG GOALS/ SPECIF I CAT IO~;s 

Sa. Evaporation should be adjusted so that the 
solvent vapors are rushing through the condenser. 

5b. Carry out the evaporation in a hood. 
5c. There should be no splashing at the top of the 

column o~ flooding of the chambers. 

6a. This will be in the ampul. However, after 
cooling solvent that has remained in the Snyder 
column will drain back into the ampul and raise 
the volume to above 1 ml. 

9. Rinse the lower joint of 9a. Rinse with hexane. 
the column into the ampul. 

10. Insert a micro Snyder 
column (one ba 11) into the 
ampul . 

11. Return to the water bath. lla. Caution: When using the micro col um~ the analyst 
should constantly watch the samples as they are 
heated. They must not go to dryness. 

12. Boil and reduce the volume 12a. Do not allow to go to dryness. 
to about 0.2 to 0.5 ml. 12b. After cooling the volume will increase by about 

13. Cool. 

14. Remove the micro column. 

0.1 ml by the solvent draining back into the 
ampul. 

TRAINING 
GUIDE NOTES 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURE~ 

G. Sample Extraction and 
Co11centra ti on 
(Continued) 

STEP SEQ!:ENCE 

15. Rinse the lower joint of 
the column into the ampul. 

I~FORMATION/OPERAT!NG GOALS/SPECIFICATIONS 

15a. Use a 10 µl syringe. 
15b. The rinse should be about 0.1 to 0.2 ml. 
15c. Caution: Do not go above l ml. 

16. Dilute to the firia 1 volume l 6a. With hexane. 
of l ml. l6b. This would include samples, check standards, 

17. Stopper to prevent further 
evaporation. 

18. Inject 5 µl of this 
concentration into the gas 
chromatograph. 

19. If interferences are 
present proceed to the 
clean-up section. 

20. If no interferences are 
present and pesticides are 
determined, proceed to the 
calculation section. 

duplicates and method blanks. 

l8a. This chromatogram will provide the analyst with 
the information for further need of co11ce11Lrdtion 
or clean-up. 

l8b. Interferences in the form of distinct peaks and/ 
or high background will indicate further clean-up 
is necessary. 

19a. See next section (Section H). 

20a. If a standard of a concentration at the drinking 
water MC has been carried through the procedure 
and gives quantitatdble peaks. the andlyst can 
express his value as less than his detection 
limit if he has obtained no peaks in the sample. 

20b. Both the sample and duplicate should produce the 
same results. 

20c. Section J. 

TRAINING 
GUIDE NOTES 

Vll.G.3.16 
(p. 46} 

l.B.12 
( p. 44) 
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wATER MON! TORI NG PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OFERATING fhCCEOURES STLP St:QUENCE JNFORMA~ION/OPERATING GCALS/SP[CIFICATION~ 
TRAINING 

GUIDE NOTES 
~--------------------J~----~--------....-----·-----+---~------------------------------------------.............................. __ 
H. Sample Clean-Up 1. Weigh out the determined 

amount of florisil. 

2. Pour the florisil into the 
chromatographic column. 

3. Tap the column lightly to 
settle the florisil and to 
level its surface. 

4. Add about one-half inch of 
sodium sulfate to the top 
of the florisil in the 
column. 

5. Adjust the sample(s) 
volume to 10 ml. 

6. Add 40-50 ml of petroleum 
ether to the top of the 
column. 

7. Time the rate of passage 
of the petroleuffi ether 
through the column. 

8. Remove the container used 
to collect the petroleum 
ether. 

la. Determined from the lauric acid value for this 
batch of florisil. 

lb. Usually about 10 to 20 grams. 
le. See calculation section (J.2). 

2a. The column should meet the specifications listed 
in the equipment section. 

3a. The column should not be packed so tight as to 
impede solvent flow. 

4a. This should be the anhydrous, granular. ACS grade 
4b. Should be pre-conditioned by heating at 400° C 

for four hours (See B.11). 

5a. A column must also be prepared for the method 
blank, the standard check and each duplicate 
being run. 

5b. Use hexane. 

6a. This is used to pre-wet the column 
6b. The column may generate heat as it is wet by the 

solvent. Allow to cool to room temperature 
before proceeding. 

6c. This solvent can be collected in any type of 
container and need not be saved. 

7a. This elution rate should be set at about 5 ml 
per minute. 

lb. Use a 10 ml graduated cylinder and a stopwatch. 

8a. This should be done while a small level of 
solution is still above the sodium sulfate layer. 
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WATER MONITO~ING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

OPERATING P~CCEDURES 

H. Sample Clean-Up 
(Continued) 

STEP .'.:EQ'.;E~C~ INFORMATION/CPERATfNG GOALS/SP(CIFICATIONS 

9. Place a clean 500 ml K-0 9a. Some portion of the petroleum ether will be 
flask equipped with a 10 collected. 
ml ampul under the column. 

10. Just prior to the exposure 
of the sulfate layer to 
the air quantitatively 
transfer the sample 
extract into the column. 

lOa. The sulfate should not be allowed to dry between 
additions of the sample or future eluates. 

lOb. Wash the ampul with three 5 ml portions of 
petroleum ether and transfer each wash into the 
column. 

11. Rinse container with 10 ml lla. Add the rinse to the column. 
of petroleum ether. 

12. Add 200 1111 of the 67~ ethyl 
ether in petroleum ether 
solution. 

13. Collect the 200 ml 

14. Add 200 ml of the 15% ethyl 
ether-petroleum ether 
solution. 

15. lllTTiediately replace the 
500 ml K-0 flask with 
another clean one. 

l2a. Measure in a graduated cylinder. 
l2b. If prepared just prior to use by the directions 

given in the reagent preparation section. only 
200 ml will be prepared and can be completely 
transferred to the column. 

12c. Add small portion slowly to bring liquid level 
to the top of the florisil column then add the 
rest. 

13a. Close the column's stopcock before the sulfate 
layer is exposed to the air. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

========:=:~=------==:::;:~==================-":::.~-=~=-=======================================:::::;;::::=:======= 
OPERATING P~C:EDUkE~ 

H. Sample Clean-Up 
(Continued) 

STEP SEQ'.J[r;CE 

16. Collect the 15% eluate. 

17. Just prior to the sulfate 
layer being exposed add 
200 ml of ethyl ether. 

18. l11JT1ediately replace the 
500 ml K-D flask with 
another clean one. 

19. Concentrate the elution 
volumes in their 
respective flasks. 

20. Remove the flask from the 
ampul . 

21. Rinse lower portion of 
the flask and glass joint. 

22. Obtain a final volume of 
10 ml. 

23. Stopper the ampul. 

24. Inject 5 µl of the 
fractions. 

I~FORMATION/OPFRATl~G GOALS/SPECIFICATIONS 

16a. There will be a small overlap; in this case a 
small portion of the 6% will be collected in the 
15% flask. Again close the stopcock to prevent 
exposure of sulfate layer to the air. 

17a. For wastewater or if other pesticides are to be 
monitored other than those listed in the Interim 
Primary Regulations, a 50% ethyl ether in 
petroleum ether elution would be carried out 
at this time followed by the straight ethyl 
ether elution. 

19a. Use the procedure under Sample Concentration, 
(G.3), Steps 1 through 6. 

24a. See F. 23a. 

TRAINING 
GUIDE NOTES 

-------------~---------------------·-----------------------------------------
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 
E20-40 

OPERATING P~CCEDURES TRAIN ING 
STU SEQLJrn_cr_. ____ ..... __ r_n_r_oR_.M_A_T_10_N_f_o_P_u_,:',_:·_rr_~G_G_oA_L_s_1_s_PE_c_1_r_1c_·A_T_r_o~_1s ___ ....,_G_U_I_DE_N_O_TE_s_ 

I. Sample Analysis l. Check instrument 
parameters. 

la. Column Temp. Flow Detector 
OV-17 & QFl - 200° C - 60 ml/min. - 220° C 
OV-210 - 180° C - 70 ml/min. - 200° C 
OV-1 - 180° C - 70 ml/min. - 200° C 
QFl - SE30 - 200° C - 60 ml/min. - 220° C 

lb. These conditions should be monitored by the 
analyst during operation. 

le. If the instrument was off, turn on and allow to 
equilibrate overnignt. 

2. Inject 5 µl of standard 2a. Reagent Preparation Section. 
mixture 2. 

3. Determine if response has 3a. Check retention times as well as peak heights 
changed for the standards. for the known concentrations. 

4. Inject 5 pl of the method 4a. Continue the chromatogram until the retention 
blank. time for the last peak has passed. 

5. Determine if impurities 
are present which will 
interfere. 

6. Inject 5 µl of the sample. 6a. Time the retention time; from first sign of the 
solvent until the top of the peak. for each peak. 

7. Compare with standard 
curve (Step 1.2.). 

8. Inject 5 µl of a known 
standard mixture that is 
very close to that of the 
sample. 

9. Calculate the amounts of 
the pesticides present. 

la. Retention times and numbers of peaks will 
indicate further actions. 

Sa. Measure the peak area or peak height in 
mi 11 imeters. 

9a. See the Calculation Section. 

VIl.1.7.7a 
(p. 47) 



\~ATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

==============::;::===========---~·===i===============================:::;======== 
OPERAT1~G PRCCEU~RES 

J. Calculations 
1. Laurie Acid Value 

2. Amount of Florisil 
to be Used in the 
Column 

SHP S~QUEWT 

l. Use the following steps 
to calculate the lauric 
acid value. 

1. Calculate the amount 
of florisil to be used in 
the co 1 umns. 

I~FOR~ATIO\/OFERATING GJALS/SPECIFICATIONS 

la. The calculation formula is 
Laurie Acid Value= !!!.9 ... Jauric acid 

gm fl or is i1 

= 200 - (ml required for 
titration x 

the !!!9__l_auric Aci<! 
ml 0.05N NaOH 

mg l a ur ic a c i d 
ml 0.05N NaOH) 

comes from the standard1zat1on of the NaOH 
(See Section on Standardization of Sodium 
Hydroxide). 

la. The calculation formula is 
Amount of florisil 
to be used = 110 x 20 grams 

Laurie Ac1d Value 
lb. The 110 value is a value abritrarily assigned 

as the desired adsorptive capacity. 

TRAINING 
GUIDE NOTES 

Mi l I s , P • A • , 
Variations of 
Floris i1 
Activity: 
Simple Method 
for Measuring 
Adsorbent 
Capacity and 
its Use in 
Standa rdi zing 
Floris i1 
Columns; 
JAOAC, 51 29 
( 1968) 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides E20-42 

OPERATING P~CCEDURES 

J. Calculations 
(Continued) 
3. Calculation of 

Results 

STEP SEQ'.JEtKE 

1. Calculate the micrograms 
of pesticide per liter of 
sample. 

INFCRMATIO~/OPEPATING COALS/SPECIFICATIONS 

la. The calculation formula is 

micrograil!_~- = !l_x B x Vt 
liter V; x Vs 

where 
A = ng standard (obtained in Sample Analysis 

standard area Section, Step 8) 
B = Sample Aliquot Area (obtained in Sample 

Analysis Section, 
Step 7) 

Vt = Volume of total extract (i.e. the volume 
to which the 
extract was 
concentrated) 

in microl iters 
V; = Volume of extract injected in microliters 
Vs = Volume of water (sample) extracted in 

mill iters. 

TRAINING 
GUIDE NOTES 



WATER MOIHTORING PROCEDURE: Determination of Chlorinated Hydrocarbon Pesticides 

SECTION 

I* 

II 

II I 

IV 

V* 

VI 

VII* 

VIII 

IX 

TRAINING GUIDE 

TOPIC 

Introduction 

Educational Concepts - Mathematics 

Educational Concepts - Science 

Educational Concepts - Communications 

Field and Laboratory Equipment 

Field and Laboratory Reagents 

Field and Laboratory Analyses 

Safety 

Records and Reports 

*Training guide materials are presented here under the headings marked*. 
These headings are used through this series of procedures. 
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WATER MONITOf:ING PROCEDURES: Determination of Chlorinated Hydrocarbon Pesticides 

INTRODUCTION Section 

B. 12 

E20-44 

TRAINING GUIDE NOTE 

When the Interim Primary Drinking Water Regulations 
were promulgated they contained the requirement 
that all Public Water Supplies be monitored for 
pesticide contamination. Certain nonitoring 
frequencies and analytical nethods were prescribed. 
A level beyond which public notification and other 
steps were to take effect /#as set and termed the 
"Maximum Contaminant Level" (MCL). The MCL 's for 
the Chlorinated Hydrocarbon Pesticides are as 
fo 11 ows: 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

0.0002 mg/1 iter 
O. 004 mg/liter 
0.1 mg/liter 
0.005 mg/liter. 

REFERENCES/RESOURCES 



WATER MONITOP.ING PROCEDURES: Detennination of Chlorinated Hydrocarbon Pesticides 

FIELD AND LABORATORY EQUIPMENT 

c. l 

C.6.b 

D .1. 3.a 

D.3.2 

TRAINING GUIDE NOTE 

Use of high grade carrier gases are reconmended. 
However, occasionally bad cylinders of the Argon
Methane gas can be obtained. Before attaching to 
the instrument.a slight sniff of the gas should be 
taken; if a "fishy" ordor is noted, the tank may 
be contaminated. Use of the gas will produce an 
off scale peak and very noisy base line. If 
contaminated gas is used in the instrument, remove 
from use as soon as it is determined and replace 
all traps and purge with a good gas. 

OV-210 may be substituted for the QF-1. The OV-210 
is a purified version of the QF-l and does not 
bleed as much as the QF-1. 

Because of the many variables inherent in gas 
chromatographs, the column packing, column oven 
temperature and carrier gas flow rate may have to 
be adjusted to different settings than those given. 
The analyst should strive to reproduce the retent
ion times given in the body of the paper as guides. 
The two things which must be obtained are 
reproducibility and resolution. VJhen these are 
adequate the system is suitable. 

The analyst must know what the detection limit is 
in his procedure. The concentrations are so low 
in drinking water that frequently the results 
will be non-detectable. In this case the analyst 
should express the value as "non-detectable," 
below the detection limit of 
This detection limit must be at least below the 
Maximum Contaminant Level for the compound as 
listed in the Interim Primary Drinking Water 
Regulations. 

Section V 

REFERENCES/RESOURCES 
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WATER MONITOP.ING PROCEDURES: Determination of Chlorinated Hydrocarbon Pesticides 

FIELD AND LABORATORY ANALYSES 

D.4 

F. l 

F.2 

G.2.lf 

G.3.16 

E20-46 

TRAINING GUIDE NOTE 

Lindane, Endrin, and Methoxychlor are quantitated 
using one peak for each. However, toxaphene has 
many peaks and should be quantitated by averaging 
the peak height (in millimeters) of as many peaks 
as possible. Use only those peaks which are 
identical in the standard and sample by retention 
and peak height ratio. 

The more peaks used in this average, the closer 
this number will come to tne true value. However, 
when other chlorinated hydrocarbons are present 
the peaks of toxaphene in areas not affected by 
the other chlorinated hydrocarbons should be 
averaged. From running the standards separately 
these areas can be found. 

When the peaks of the other chlorinated hydrocarbons 
are influenced by the presence of toxaphene they 
should be separated by another technique, i.e. 
another absorption column or liquid chromatography 
etc. 

Different batches of florisil have varying adsorp
tive capacities. In order to obtain elution of 
the various pesticides in the same fractions, this 
adsorptive capacity must be known. A rapid method 
for determining this adsorptive capacity is to 
measure the amount of lauric acid adsorbed from 
hexane solution by a measured amount of florisil. 
This is referred to as the lauric acid value. 

This procedure need be carried out only once with 
each batch of florisil. As a new supply is 
purchased, the lauric acid value and this procedure 
should be determined again, using this same 
procedure. 

Samples up to 3 liters can be extracted to increase 
the sensitivity. However, larger volumes of 
extraction solvent (methylene chloride-hexane) 
will be needed. Use 100 ml portions in place of 
the 60 ml. The separatory funnel size will also 
need to be increased to a 6 liter size. 

Samples containing small quantities of pesticides 
(low nanogram amounts) are concentrated to 1 ml. 
Should the concentrations allow, it is possible 
to concentrate to 10 ml for higher values. In 
this case the initial concentration with the Snyder 
Column will reduce the volume to 5 to 6 ml and the 

Section VII 

REFERENCES/RESOURCES 



WATER MONITOP.ING PROCEDURES: Detennination of Chlorinated Hydrocarbon Pesticides 

FIELD AND LABORATORY ANALYSES 

G.3. 16 
(Continued) 

l.7.7a 

TRAINING GUIDE NOTE 

walls of the flask and glass joint can be washed to 
give a final volume of 10 ml. 

Major peaks not matching those of the standards 
along with increased peak heights on some peaks 
will indicate the presence of interfering 
compounds. If this is the case, the florisil 
column clean-up should be used. If no 
interferences are present, identify and quantitate 
the peaks. 

Section VII 

REFERENCES/RESOURCES 

E20-47 



TABLE 3 

RETENTION RATIOS OF VARIOUS ORGANOCHLORINE PESTICIDES RELATIVE TO ALDRIN 

Liquid Phase1 1.5% OV-17 6% QF-1 
+ 5% 3% + 

1. 95% QF-1 OV-210 OV-1 4% SE-30 

Column Temp. 200° c 180° c 180° c 200° c 

Argon/Methane 
Carrier Flow 60 ml/min. 70 ml/min. 70 ml/min. 60 ml/min. 

Pes ti ci de RR RR RR RR 

Lindane 0.69 0.81 0.44 0.60 

Aldrin 1.00 1.00 1.00 1.00 

Endrin 2.93 3.56 2 .18 2.42 

Methoxychl or 7.6 6.5 5.7 4.60 

Aldrin 
(Min absolute) 3.5 2.6 4.0 5.6 

1 All columns glass, 180 cm x 4 rrm ID, solid support Gas-Chrom Q (100/120 mesh) 
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FIGURE 1. COLUMN PACKING: 1.53 OV -17 + 1.953 OF-1, CARRIER 
GAS: ARGON/METHANE AT 60 ML/MIN, COLUMN 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

Operational Procedures 

A. Glassware Preparation 

B. Reagent Preparation 

C. Standard Preparation 

D. Instrument Set-Up 

l. Gas Connection 
2. Detector Installation 
3. Carrier Gas Leak Check 
4. Column Conditioning 

E. Instrument Calibration 

1. Optimization 
2. Retention Times 
3. Detection Limits 

F. Sample Treatment 

1. Pre-Treatment 
2. Hydrolysis 
3. Esterification 

G. Sample Analysis 

H. Ca lcul ati ons 

E:.21-3 



WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

Equipment and Supply Requirements 

A. Capital Equipment: 

E2l-4 

1. Gas chromatograph equipped witn 

a. Glass lined injection port 
b. Electron capture detector - tritium or nickel 63 
c. Recorder - potentiometric strip chart (10 in.-25 cm) compatible 

with the detector 

2. Gas chromatographic column (best purchased from gas chromatographic 
supply house) 

a. Tubing - Pyrex (180 cm long (6 ft.) x 4 mm ID) 
b. Glass wool - silanized 
c. Solid support - gas chrom Z (100-120 mesh) 
d. Liquid phase - expressed as weight percent coated on solid support 

1) OV-210, 5% 
2) OV-17, 1.5% plus QF-1, 1.95% 

3. Hot water bath - capable of keeping temperature at 50°-100° C 

4. Source of high quality distilled water 

5. Rotometers - If the instrument is not equipped with meters to monitor the 
flows of gases, these should be purchased as options. 

6. Analytical balance - with a 0.1 milligram sensitivity 

7. Trip or platform balance - with a O.l or 0.01 gram sensitivity 

8. Oven - capable of maintaining 130° C 

9. Stop watch - capable of measuring at least l/2 hour, the 60 second 
cycle divided to 1/5 second 

10. Cylinder of Argon-methane (95 + 5%) for use with pulsed mode detector OR 
Nitrogen - purified grade, moisture and oxygen free, for use with a DC mode 
detector 

11. Pressure regulator - two stage with a CGA 580 fitting for nitrogen or a CGA 
350 fitting for Argon-methane 

12. Filter - for carrier gas, molecular sieve type 

13. Micro syringes - 5, 10, 50 µl sizes 

14. pH meter (optional) 



WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

Equipment and Supply Requirements (Continued) 

15. Desiccator 

16. Muffle furnace (optional) - capable of heating to 400° C 

17. Source of Vacuum 

18. Trap for oxygen 

B. Reusable Supplies: 

1. Beaker - 100 ml, l/sample, duplicate, blank, standard 

2. Cylinders, graduated 

2, 25 ml 
2, 100 ml 
1, 250 ml 
1 , 1000 ml 

3. Cylinder, graduated - glass-stoppered 

1-25 ml/sample, duplicate, blank, standard 

4. Flasks, Erlenmeyer 

1, 125 ml/sample, duplicate, blank, standard 
1, 250 ml/sample, duplicate, blank, standard 
1, 1000 ml/sample, duplicate, blank, standard 

Erlenmeyer - glass-stoppered 
l, 250 ml/sample= S 19/22 

5. Flasks - volumetric 

4, 100 ml 
6, 10 ml 

6. Funnel, 1 - 50 IT11l diameter top/sample, duplicate, blank, standard 

7. Funnel - separatory (with Teflon stopcock) 

l, 2000 ml/sample, duplicate, blank, standard 
1, 60 ml/sample, duplicate, blank, standard 

8. Glass stirring rod, about 10 cm long 

9. Glassware brush 

E21-:} 
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WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

Equipment and Supply Requirements (Continued) 

10. Kuderna-Danish (K-D), order from Kontes Glass Corporation 

5 plus 2/sample, concentration ampul, 10 ml calibrated$ 19/22 female 
#K5-70050, size 1025 
l/sample, Snyder col., three section, 150 mm long, #K503000, size 121 
l/sample, Snyder col., one section, #K569001, size 1-19 
l/sample, flask, 250 ml size, #K57000l 

About 6/pr., springs, 2/set-up, #K662750 
1/ampul, stoppers for concentrator ampul, #K850500, size 19/22 

ll. Pipets 
l box, Pasteur, disposable (140 mm long x 5 mm ID) 
4 - graduated, 1 ml 
5 - volumetric, l ml 
3 - volumetric, 2 ml 
2 - volumetric, 10 ml 

12. Pipet bulb 

3 ml size for Pasteur type pipets 
Rubber type for pipets 

13. Reagent bottles (glass-stoppered, storage) 
5 - 150 ml size 
1 - 500 ml size 
1 - 1000 m 1 s i ze 

14. Rack for separatory funnel 

15. 3 - ring stand and clamp 

16. ruler - divides in millimeters 

17. Safety glasses 

18. 1 ti mer ( 60 min. ) 

C. Consumable Supplies 

1. box aluminum foil 

2. bottle - boiling stones (rinse with hexane) 

3. box detergent 

4. 25 liters distilled water 

5. 1 box glass wool (filtering grade, acid washed) 



WATER MONITORrnG PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

Equipment and Supply Requirements (Continued) 

6. pack graph paper (arithmetic, 10 x 20) 

7. roll pH paper (for acid pH) 

8. 12 labels 

9. note book (bound) 

10. l pencil or pen 

11. 12 weighing boats, plastic, disposable 

12. 1 bottle soap solution (any liquid soap mixed with water) 

13. Chart paper for records 

14. Reagents 

a. Acetone - ACS grade 
b. Alcohol - ethenol, 95%, ACS grade 
c. Benzene - nanograde, distilled in glass 
d. Borontrifluoride - methanol, esterification reagent, 143 BF3 by weight* 
e. Ethyl ether - nanograde, distilled in glass 
f. Florisil - pesticide residue grade (60-100 mesh), purchase activated at 

1250° F and store at 130° C 
g. Herbicide standards, reference grade 
h. Hexane, nanograde, distilled in glass 
i. Potassium hydroxide (KOH), ACS grade 
j. Potassium iodide (Kl), ACS grade 
k. Sodium sulfate, ACS, granular 
l. Sulfuric acid, ACS, concentrated 

*Available already prepared from: Applied Sicence Laboratories 
PO Box 440 
State College, PA 16501 

E21-7 
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WATER ~ONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATI~G PRCLEDURES STEP SEQUENCE IrffORMATIOr-;/OPERATING GOALS/SPEC I FI CATIONS 

A. Glassware Preparation l. Clean all glassware. 

2. Uash with soap and water. 

3. Rinse with tap water. 3a. At least 10 times. 

4. Rinse with distilled water. 4a. At least 10 times. 

5. Muffle at 400° C for 15 to 5a. Volumetric glassware should not be muffled. 
30 minutes. 5b. Plastic ware and cap liners for sample containers 

6. Cool to room temperature. 

7. Store until used. 

should not be muffled. 
5c. The glassware may be rinsed with redistilled 

acetone followed by a rinse with pesticide quality 
hexane in place of the muffling. 

7a. Store inverted or cover mouth with aluminum foil. 
7b. Sample containers should be stored capped. 

TRAINING 
GUIDE NOTES 

--------------1~------------------------------- ----------------------
B. Reagent Preparation 

1. Distilled Water 

2. Sulfuric Acid (25%) 
(H2so4) 

l. Distill water. 

1. Add 50 ml of water to a 
100 ml graduated cylinder. 

2. Add 25 ml of concentrated 
sulfuric acid. 

3. Cool to room temperature. 

4. Add water to the 100 ml 
mark. 

la. Use an all glass still. 
lb. Extract a volume of distilled water, equal to the 

sample size used, to check purity. This reagent 
blank should be analyzed with each set of samples 

2a. Measure in a 25 ml graduated cylinder. 
2b. CAUTION: Temperature will rise. 



l~ATCR MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATING PhCCEOURES 

B. Reagent Preparation 
(Continued) 

3. Sodium Sulfate 
Solution (5%) 
(Na 2so4) 

4. Potassium Iodide 
( 1 O'.~) (KI) 

5. 

6. 

l. 

2. 

3. 

4. 

5. 

6. 

1. 

2. 

3. 

4. 

5. 

6. 

STEP SE.QUENCE 

Trans fer to a reagent 
bottle. 

Store in freezer section 
of a refrigerator. 

Weigh out 5.0 grams of 
sodium sulfate. 

Transfer to a glass-
stoppered reagent bottle. 

Measure out 100 m1 water. 

Use a sma11 amount of water 
to wash the weighing boat. 

Add remaining water to a 
reagent bottle. 

Mix and label. 

Weigh out 10.0 grams of 
potassium iodide. 

Transfer to a glass-
stoppered reagent bottle. 

Measure out 100 ml water. 

Use small amount of water 
to wash weighing boat. 

Add remianing water to 
reagent bottle. 

Mix and label. 

I':F0PMATION/0HRA1 H;G GOALS/SPECIFICATIONS 

la. Use a trip balance and a plastic weighing boat. 
lb. This is not the acidified sodium sulfate (B.8). 

2a. A 150 ml size. 

3a. In a graduated cylinder. 

4a. Add washing to reagent bottles. 

la. On a trip balance in a plastic weighing boat. 

2a. A 150 ml size. 

3a. In a graduated cylinder. 

4a. Add wash to reagent bottle. 

E21- 9 

TRAINING 
GUIDE NOTES 



\·:ATER MONITORI'.~G PROCfDLRF: Determination of Chlorinated Phenoxy Acid Herbicides 
E21- 10 

==============::==========-=---=~=-==;::::==:=:========================:::;::======= 
OPERATING Pl\CCEDURES 

B. Reagent Preparation 
{Continued) 
5. Potassium Hydroxide 

{w: v) (KOH) 

STEP SEQU[r-.;Cf 

4. Add 1 ml freshly prepared 
potassium iodide (KI) 
solution. 

5. Mix by inverting. 

lNFORMATION/CPERAlING GOALS/SPfCIFICATIONS 

2a. A 150 ml size. 

3a. In a graduated cylinder. 

4a. Add washing to reagent bottle. 

5a. CAUTION: Temperature will rise. 

4a. Use a l .0 ml volumetric pi pet. 

5a. Two or three times. Open stopper to allow 
pressure out. 

TRAINING 
GUIDE NOTES 



\~ATER ~ONITOf.dNG PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

7. Ethyl Ether -
Hexane Mix (1:1) 

8. Sodium Sulfate 
(Acidified) 

TRAH:ING 
s TE p SE QUU-_C_E ___ -&-___ r r_ff_o_u_A.A_T_r_o_·~;_o_P_E _RA_T_I_N_G _G_o_A_L s_;_s_P_E c_1_r_1_cA_T_1_o_Ns ___ ...._...;G;;.;;U;.;,l.;.D.;;.E ..;.N.;.;;O;.;.T~E s..._ 

6. Let stand one minute. 

7. No yellow color should be 
observed in either layer. 

8. Discard tested ether. 

9. Add 20 ml of 95% ethanol 
to one liter of ether. 

~O. Store in refrigerator. 

1. Mix equal amounts of the 
hexane and ethyl ether. 

2. Store in glass-stoppered 
reagent bottles. 

1. Weigh out 100 grams of 
sodium sulfate. 

2. Add ether to just cover the 
sodium sulfate. 

3. Add 0. 1 ml of concentrated 
sulfuric acid. 

4. Swirl to mix. 

7a. If yellowing occurs, the peroxides can b? d?composed 
by adding 40 ml of 30% ferrous sulfate solution 
to each liter of ether. (CAUTION: Reaction may 
be violent if ether contains a high concentration 
of peroxides). Then distill. 

7b. If this is needed, an alternate source for a 
better product should be sought. 

lOa. Storage of all flammable solvents should be in 
an explosion proof refrigerator. 

lQb. Store in reagent bottle glass-stoppered (l liter 
size). 

1 a. Example: Add 250 ml hexane to 250 ml ether. 

2a. Use a 500 ml size. 

la. Use a trip balance. 
lb. Use a 250 ml Erlenmeyer flask. 

3a. Use caution when working with concentrated 
acids. 

3b. Use safety glasses. 

E21- 11 



WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

CPERATING P~CCEDURES 

B. Reagent Preparation 
(Continued) 

SH.P SEQUENCE 

5. Remove ether with vacuum. 

6. Weigh 1.0 gram of the 
dried sodium sulfate. 

7. Add 5 ml of distilled 
water. 

8. Swirl to mix. 

9. Check pH of the solution. 

10. Discard the solution. 

11. Store the remaining sodium 
sulfate at 130° C in glass 
bottles in an oven. 

IflH ~MA-:-; ON/OPERAT l llG GOALS/ SPECIFICATIONS 

6a. On a trip balance. 
6b. In a 50 ml beaker. 

7a. Use a 5 ml graduated pipet. 

9a. Solution should have a pH below 4. 
9b. If not, repeat steps 2 through 9. 
9c. Use a pH meter or paper that can distinguish 

a pH below 4. 

lOa. Prepared in step 9. 

lla. Or activate overnight at 130° C before use, 
storing in a desiccator. 

E21-12 

TRAINING 
GUIDE NOTES 

----------------·---------·---If----------------------------------
C. Standard Preparation 

l. Stock 2,4 Dichloro- 1. Weigh out O. 100 grams of 
phenoxyacetic acid 2.4-D. 
(2,4-D) 

2. Measure out 60 m1 of 
ethyl ether. 

3. Pour 40 ml of ethyl ether 
into a glass-stoppered 
100 ml vo1umetric f1ask. 

la. Prepare standard as shown in the accompanying 
chart. 

lb. Weigh on an analytical balance. 
le. Use a p1astic weighing boat. 
ld. Carry out this procedure in a hood or well 

ventilated area. 

2a. In a 100 ml graduated cylinder. 
2b. CAUTION: Ether is extremely flarrmable. 
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vJATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATING F~CCEDURES 

C. Standard Preparation 
(Continued) 

2. Stock Silvex 

3. Working Standard 
2,4-0 

STEP SEQUENCE 

4. Transfer the 2,4-0 into 
the volumetric flask. 

5. Use the remaining ether 
to wash the weighing 
boat. 

6. Dissolve the 2,4-D. 

7. Dilute to the mark with 
hexane. 

8. Stopper and label. 

INFCRMATION/CPERATING GOALS/SPECIFICATIONS 

7a. Solution contains 1 mg/ml. 

1. Perform steps 1 through 8 la. Solution contains l mg/ml. 
above using silvex. 

1. Add about 50 ml of the la. Just estimate this amount. 
ethyl ether:hexane mixture 
(reagent 7) to a glass-
stoppered 100 ml volumetric 
fl ask. 

2. Pipet 10.0 ml of the stock 2a. Use a 10.0 ml volumetric pipet. 
2,4-0 into the flask. 

3. Dilute to the mark with 3a. Solution contains 100 l!.9. 
the ether:hexane mixture. ml 

4. Stopper and label. 

4. Working Standard - l. Add about 50 ml of the 
Silvex ethyl ether:hexane mixture 

(reagent) to a glass
stoppered 100 ml volumetric 
flask. 

E2l -13 

TRAINING 
GUIDE NOTES 



l~/1TER MONITORING PR0CED:JRE: Determination of Chlorinated Phenoxy Acid Herbicides 
E2l-l 4 

OPERATING F~CCEOURES 

C. Standard Preparation 
(Continued) 

5. Esterification of 
Standard for 
Chromatography 
2,4-D 

2. Pi pet l .0 ml of the stock 
silvex into the flask. 

3. Dilute to the mark with 
ether:hexane mixture. 

4. Stopper and label. 

1. Turn on water bath and 
steam bath. 

2. Pipet 1.0 ml of the workinc 
standard into a 10 ml 
concentrator arnpul. 

3. Add 0.5 ml of Benzene. 

4. Insert a two chamber 
evaporative column. 

5. Place assembly into ring 
stand and support with 
clamp. 

6. Place over steam bath. 

7. Lower volume to 0.4 ml. 

8. Remove from steam bath and 
a 11 ow to cool . 

9. Remove the evaporative 
column. 

I~FORMATION/OFLRATING GOALS/SPECIFICATIONS 

3a. Solution contains 10 y~ 
ml 

la. Allow water bath to reach 50° C. 
lb. Allow steam bath to boil. 

2a. Use a 1.0 ml volumetric pipet. 
2b. See equipment section, K-D concentrator ampul. 

3a. Use a 1 ml graduated pipet. 

4a. See equipment section. 
4b. Be sure to attach springs. 

6a. The height above the steam bath will have to be 
adjusted to speed up or slow down the evaporation. 
The analyst should not allow the material to go 
to dryness. 

TRAINING 
GUIDE NOTES 

VII.5.1 
( p. 38) 
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WATER MONITORING PROCfDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATING ~~CCEOURES 

C. Standard Preparation 
(Continued) 

6. Esterification 
of Standard for 
Sil vex 
Chromatography 

7. Esterification of 
Standard Mixture 1 

STEP SEQLENCf 

10. Add 0.5 ml of the 
borontrifluoride-methanol 
reagent. 

11. Rep1ace the evaporative 
column. 

12. Lower into a preheated 
50° C water bath. 

13. Heat for 30 minutes. 

14. Remove from water bath. 

15. Allow to cool to room 
temperature. 

16. Remove column. 

17. Wash walls of concentrator 
ampul with benzene until a 
total volume of 5 m1 is 
reached. 

18. Stopper and mix. 

1. Repeat steps 1-7 above 
using silvex working 
standard in place of the 
2 ,4-D. in step 2. 

INFORMATION/OFERAT!NG GO~LS/SPECIFICATIONS 

12a. This is not a steam bath. 
12b. The water bath should be preheated to 50° C and 

checked with a thermometer. 

17a. Solution contains 200 ng esterified 2,4-D per 
10 pl. 

la. These esterified standards are at the level of 
the sample containing the MCL's after it has 
been concentrated. That is the MCL in 5 ml. 

lb. So1ution contains 40 ng silvex/ 10 µl. 

1. Pipet 2.0 ml of each work- la. Use two 2 ml volumetric pipets. 
ing standard (for 2.4-D. 
and silvex) into a 10.0 m1 
concentrator arnpul. 

E21- 15 

TRAINING 
GU IDE NOTES 
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WATER MONITORING PROCEOURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERATING P~CCEOURES 

C. Standard Preparation 
(Continued) 

s TEP st.Qurncc 

2. Add 1.0 ml of benzene. 

3. Insert a two chamber 
evaporative column. 

4. Place assembly into ring 
stand and support with 
clamp. 

5. Place over steam bath. 

6. Lower the volume to 1.0 ml. 

7. Remove from steam bath. 

8. Remove evaporative column. 

9. Add l.O ml of the boron-
trifluoride methanol 
reagent. 

10. Replace the evaporative 
column. 

ll. Lower into a preheated 
50° C water bath. 

12. Heat for 30 minutes. 

13. Remove from water bath. 

14. Allow to cool. 

IllFORMJ\.T ION/OPERATING GOALS/SPEC I FI CATIONS 

2a. Use a l ml graduated pipet. 

3a. Attach springs. 

Sa. The height above the steam bath will have to be 
adjusted to speed up or slow down the evaporation 
rate. The analyst should not allow the solution 
to go to dryness. 

12a. The bath must be at temperature before lowering 
the assembly. 

TRAINING 
GUIDE NOTES 



WATER MONITORING PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

'-- -,~ 

OPERATING P~CCEDURES S T!::P SEQ-Et·iCE I :1FGf\Mf1 T ION/CH~KA r I NG GOAL s I sr'EC IF i CAT; ems TRA rn I NG 
GUIDE NOTES 

c. Standard Preparation 15. Remove evaporative column. 
(Continued) 

16. Wash walls of concentrator l 6a. Solution contains 400 ng 2,4-0/10 ul and 
ampul until a to ta 1 volumn 40 ng silvex/10 ul. 
of 5.0 ml is reached. 

17. Stopper and mix. 

8. Dilutions 1. Prepare dilutions of this 
mixture labeled Mix 2 and 
3 as shown in Table 1. 
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WATER MONITORitlG PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 

2,4-D 

.19~=~ 
Stock 100 ml 1 ml 

[ 
I 
i 

10/100 dilution 

I 
l 

0 . ..!...J!!9. r .19~ 
Working ml 0 ml 

I 
1/5 dilution 

I 
:sterification .19~ or 20~ 
iingle Std. 1 5 ml 10 µl 

1/2 dilution 

.19~ 
Standard 2 l 0 µ 1 

1/2 dilution 

50 n.9_ 
Standard 3 10 p 1 

£21-18 

STANDARD PREPARATION 

TABLE I 

2 ml 2 ,4-0 2 ml Silvex 

40.Q....!!g_ 
10 µ l 

20.Q....!!g_ 
10 pl 

2/5 dilution 
and 

Esterification 
of Mixture 

Mix l !Q__I!9_ 

I 
10 µl 

! 
i 

I 
1/2 dilution 

l 
Mi) 2 ~ 

10 ;J l 

1/2 dilution 

~1i x 3 

2,4,5-TP - Silvex 

~:: .19~ 
l ml 100 ml Stock 

I 
I 

11100 dilution 

1..Q..J!.9. :: 0 • 0 1 _!!!9_ 
ml ml Working 

I 

I 
1/5 dilution 
I 

I 
~or~ 
TQµl 5 ml 

Esterification 
Single Std. 1 

1/2 dilution 

I 
I 

~ 0 pl Standarrl 2 

1/2 dilution 

~ pl Standard 3 



\\ATER MONiTCRI% PRCCEflURE: Determination of Chlorinated Phenoxy Acid Herbicides 

OP~RATl~G F~CCEDURES 

D. Instrument Sep-Up 
1. Gas Connection 

2. Detector 
Ins ta 11 at ion 

3. Carrier Gas Leak 
Check 

STEF' SEQ~::i.CE. 

l. Remove cylinder cap from 
cylinder of carrier gas. 

2. Install the pressure 
regulator. 

3. Connect the cylinder to 
the instrument. 

l. Install the electron 
capture detector. 

1. Open master valve on 
instrument. 

2. Adjust regulator control. 

3. Close carrier gas control 
valve on the instrument. 

4. Turn off master cylinder 
valve. 

5. Observe gage on the 
cylinder. 

TRAINING 
GUIDE NOTES 

la. Tank should be chained to wall or lab bench. V.D.l 
lb. Use Argon-methane for pulsed mode detector or (p. 37) 

use nitrogen for a detector operated in a DC mode. 
Consult the instrument manufacturer's manual. 

2a. The regulator should have a CGA 350 fitting for 
Argon-methane or a 580 fitting for nitrogen. 

2b. Fitting should be tight to prevent leaks. 

3a. Use Teflon tape on all metal threads to prevent 
leaks. 

3b. Polyethylene (1/8" diameter) tubing can be used. 
3c. If plastic tubing is used, nylon ferrules should 

be used with connector fittings. 

la. This can be of tritium or nickel 63 type. 
lb. Requires license from Atomic Energy Commission. 
le. See the manufacturer's manual on procedures for 

ins ta 11 ati on. 

2a. To about 65 psig and allow to stabilize 
(about 1 minute). 

5a. Pressure should not drop more than a few psig. 
5b. If pressure does drop, use soap solution to 

locate leak. 
5c. Correct leak and check again. 
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WATER MONITORING PROCED~RE: Determination of Chlorinated Phenoxy Acid Herbicides E21-20 

OPlRATI~G P~CClDURES 

D. Instrument Set-Up 
(Continued) 

4. Column Conditioning 

SHP SEQUENCE 

6. Use soap solution and check 
for leaks at the injector 
port and column connections 

1. Install packed column in la. 
oven by connecting only the 
column inlet. lb. 

1 c. 
1 d. 

2. Start a flow of carrier gas 2a. 
through the detector only. 

2b. 

I~fORMATION/OPE~ATING GOALS/SPECIFICATIONS 

These columns may be purchased and meet the speci
fications as listed under the equipment section. 
Column conditioning is essential to eliminate 
column bleed of packing materials and to provide 
acceptable analysis. 
Do not connect the column to the detector. 
If in doubt as to column installation, refer to 
the manufacturer's manual. 

Use the purge gas line or in a dual column oven 
by connecting an unpacked column to the detector. 
In some systems it may be necessary to temporarily 
connect the carrier gas to the air or hydrogen 
inlet in order to get a flow of carrier gas to 
the detector. The manufacturer's manual should 
be consulted. 

3. Begin a low flow of 
carrier gas through the 
column. 

3a. Less than 60 ml/min. ("'40-50}. 

4. Wait 5 minutes. 

5. Turn on the power to the 
oven. 

6. Adjust column temperature 
near maximum reco1T111ended 
temperature for the liquid 
phase being used. 

7. Continue heating for 2 
hours. 

3b. To remove oxygen and other trapped gasses. 
3c. This will be two separate flows. The column should 

not be connected to the detector. 

5a. Consult manufacturer's manual for location 
and necessary steps. 

t< 6a. 
bb. 

Still no flow of 
Column 

carrier gas through the column. 

OV-ifO (5%) 
Max._ Temp. °C 

275 
OV-17 (1.5%) and QF-1 (1.95%) 250 

TRAINING 
GUIDE NOTES 

V.D.6.6b 
( p. 37) 



WATER ~10NITORING 1-'ROCE00RL: Determination of Chlorinated Phenoxy Acid Herbicides 

OPERAT:% P~CCFDU::<ES 

D. Instrument Set-Up 
(Continued) 

TRAINING 
ST[P SEQIJE.i~Ct: 1rffORMi'1-:-IG~VOPERA-:-ING GOAL'.)/SPECIFICATIONS GUIDE NOTES 

---------1--~----~--------------------------------------1--.;.;..;..._. ____ ~ 
8. Reduce temperature to Ba. See table above (6b). 

about 40° C below maximum 
temperature. 

9. Allow column temperature 
to equilibrate. 

10. Check carrier gas flow. 

9a. Minimum of 30 minutes. 
9b. CAUTION: Bleed off of the liquid phase will 

occur if the column temperature is not fully 
equilibrated. 

lOa. At about 50 ml/minute. 
lOb. If the instrument has not come equipped with 

rotometers to monitor the flow rate of the 
carrier gas, this should be purchased as an 
option. 

lOc. The pressure regulator on the cylinder should be 
set at 65 psig. 

lOd. The electron capture must be installed but the 
column connection should not be made. 

11. Allow to remain at temper
ature and flow for one 
hour. 

12. Increase temperature to 12a. 
about 20°C above operating 
temperature. 12b. 

13. Continue the same flow of 
carrier gas. 

This is operating temperature not maximum 
temperature. 
The temperatures would be: 
220° C for OV-17 and QF-1 
200° C for OV-210 

14. Allow to equilibrate for 14a. CAUTION: Do not exceed maximum recommended 
24 to 48 hours. temperature. See 6b this section. 

15. Turn off oven and allow to 
cool to room temperature. 
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TRAINING 
OPERATING P~CCEDURES S1EP SEQLENC[ GUIDE NOTES 
------~~~------~~--------------~~-·--...a..--~----------------------~----~--------......................... __ IrlFORMATION/OPERAiING GOALS/SPECIFICATIONS 

D. Instrument Set-Up 
(Continued) 

16. Connect column to the 
detector. 

17 Adjust the carrier gas 
flow to the method flow 
rate. 

18. Turn on oven and adjust 
to method column 
tempera tu re. 

19. Allow the instrument to 
equilibrate at least one 
hour. 

16a. Check connection with soapy solution. 

17a. 70 ml per minute. 

lBa. 185° c. 

19a. Preferably overnight. 

------------11------------- -__ ._, ________________________________ _ 
E. Instrument Calibration 

1. Optimization 1. Check instrument operating 
conditions after the in
strument has been set up. 

2. Inject 5 111 of standard 
mixture. 

3. Adjust the operating 
parameters to achieve 
optimum results. 

la. The oven temperature should be stabilized at the 
method temperature of 185° C. 

lb. The flow rate constant on 70 ml/minute. 
le. The column conditioned. 
ld. The system checked for leaks. 

2a. This standard mixture was prepared from the 
stock and esterified. 

2b. The actual volume of material injected should be 
kept constant. That is, the same volume for 
standards and samples. 

2c. The standard mixture 2 can be used to optimize 
the instrument initially and thereafter to 
monitor its performance. 

3a. Best resolution (separation of peaks) and V.E.l.3a 
retention times can be achieved by adjusting the (p. 37) 
column temperature and/or the carrier gas flow 
rate. 
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E. Instrument Calibration 
(Continued) 

2. Retention Time 
Detennination 

STFP SEQ~rncF 

l. Inject 5 1,l of standard l 
of ?.,4-D and Silvex one at 
a time. 

2. With a stop watch, measure 
the time elapsed between 
the first appearance of thE 
solvent peak and the peak 
of the standard. 

3. Repeat steps 1 and 2 six 
more times. 

3. Detection Limit of l. Inject 5 111 of the 
the Instrument herbicide standards. 

?.. Continue with standards 2 
and 3 of the ?., 4- D and 
then silvex and determine 
the detection limit of 
each herbicide. 

ItffOKMAT iOtl/QFqAT I r~G GOALS/SPECIF rcr{ T IONS 

3b. Compare results with the standard chromatograms 
attached (Figure I). 

3c. Caution should be taken to allow the instrument 
to equilibrate after any changes. 

3d. Optimum results would include good separation of 
peaks. good sensitivity, and good reproducibility 

la. The individual standards of the 2,4-D and silvex 
should be run. Not mixtures. 

TRAINING 
GUIDE NOTES 

lb. Injection is a technique which must be learned VII.E.2. lb 
and practiced in order to make accurate and {p. 38) 
reproducible injections. 

2a. This time is called the retention time. 
2b. After the retention times of the single standards 

have been obtained, the mixtures should be 
chromatographed to determine that no changes in 
retention times occur. 

3a. At least 7 repeat times should be obtained and 
the mean value obtained for each peak. 

3b. If in subsequent injections the retention times 
vary signficiantly, the system parameters 
(E.l.la-d) should be checked over. 

la. Begin with standard l Table l of each herbicide 
and continue with standard 2 and 3. 

lb. The standards must be esterified. 

2a . Al ways i nj ec t 5 l. l . 
2b. The detection limit is that concentration of a 

standard whose peak is twice the highest peak 
caused by instrument noise and is run at the 
most sensitive setting of the instrument. 

v. E. 3. 2b 
( p. 37) 
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=====================:;:::===============·===~·----:::=~~--~::;::===-======:.:::::::::::::::::::::::::::::::::::::::::::::::::::;:::::========== 
GPERATING r~ccErURES 

E. Instrument Calibration 3. 
(Continued) 

The peak height measured 
in millimeters should be 
plotted against the known 
concentrations to produce 
a standard curve. 

F. Sample Treatment 
1. Pretreatment 

2. Extraction 

1. Blend the sample. 

2. Adjust pH to 2 or below. 

1. Measure out 1 liter of 
sample. 

2. Transfer to a 2 liter 
separatory funnel. 

3. Add 150 ml of ether to the 
separatory funnel. 

3a. 

IflFORMFT I ONiOFE '."{f1 T ! NG GOILS/ SPl:.C IF 1 CAT IONS 

The curve produced can be used to select a con
centration that produces a response (peak height) 
c1ose to a unknown sample's peak height. This 
concentration will be used to calculate the 
unknown concentration. See the calculation 
section. 

la. If suspended matter is present. This is usually 
not required for drinking waters. 

2a. Use concentrated sulfuric acid. 
2b. Use a pH meter or indicator paper to measure pH. 
2c. Usually not necessary for drinking waters. 
la. Experience with the sample source will indicate 

if smaller volumes of sample can be used. If 
smaller volumes are used, they should be diluted 
to one liter before extraction. 

lb. A volume of distilled water equal to the sample 
volume used should be carried through the pro
cedure every time to act as a method blank. 

le. Analyze one duplicate sample with each run as a 
quality control check. 

ld. One ml each of working dilution of 2,4-D and 
silvex should be diluted to 1 liter and should be 
carried through the procedure to check on the 
standard curve and to assure the analyst of 
proper operation of the wet and instrumental 
sections of the method. 

2a. Use a 2 liter funnel in order to have room to 
shake. 

3a. If the samp 1 e container has been emptied, use the 
ether to wash the container and cylinder used for 
transfer. 

TRAINING 
GUIDE NOTES 
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OPEqA1ING PhCCEDURES 

F. Sample Treatment 
(Continued) 

STEP SLQ~[\LE 

4. Shake virorously for one 
minute. 

5. Place in holder and allow 
phases to separate for at 
least 10 minutes. 

6. After separation of the 
phases is completed, drain 
the water phase into a 
one-liter Erlenmeyer flask. 

7. Add 2 ml of the 37t aqueous 
potassium hydroxide solu
tion (reagent 5) to a 
250 ml ground glass 
stoppered Erlenmeyer flask. 

8. Drain the ether layer from 
the separatory funnel into 
the Erlenmeyer containing 
the potassium hydroxide 
solution. 

9. Close the stopcock and pour 
the aqueous phase into the 
separatory funnel. 

IHFO~MAT10~/0FERATING GOALS/SPECIFICATIONS 

3b. Measure in a 250 ml graduated cylinder. 

4a. Pressure may build up in the separatory funnel. 
Invert, with stopper tightly in place, and open 
stopcock slowly to relieve pressure. Then con
tinue with shaking until one minute is up. Re-
1 ieve pressure several times during shaking. 

Sa. Holder may be a ring and stand or some form of 
separatory funnel rack. Places should be pro
vided for the blank, duplicate standard and all 
samples. 

6a. If emulsions form and prevent adequate separation. 
drain the aqueous layer that has separated. In
vert the separatory funnel, and shake rapidly. 
Vent the funnel frequently to prevent excessive 
pressure buildup. 

6b. Assure no water phase remains with the ether. 
The water is highly acid and step 7 is to assure 
an alkaline condition in the ether. 

6c. Remove the stopper before opening the stopcock. 

7a. The$ size of the flask should be capable of 
fitting the three ball Snyder columns. 

TRAINING 
GUTDE NOTES 
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OFERATJNG P~CCEDURES 

F. Sample Treatment 
(Continued) 

3. Hydrolysis 

STEP SEQUEfKE 

10. Add 50 ml of ether. 

11. Stopper and shake vigor
ously for one minute. 

12. Place in holder and allow 
phases to separate for at 
least 10 minutes. 

13. After separation of the 
phases is complete, drain 
the water phase in the 
one liter Erlenmeyer flask 
used in step 6. 

14. Combine the other phase 
with the first ether 
extract. 

15. Repeat steps 9-14 with a 
third extraction of 50 ml 
of ether. 

INFORMATIO~/OFE~ATING GOALS/SPECIFICATIONS 

lOa. Use the ether to rinse out the flask used to 
contain the aqueous layer. 

lla. Occasionally invert the separatory funnel and 
relieve the pressure by slowly opening the 
stopcock. 

l3a. Assure no water phase remains to be collected 
with the ether. 

l. Add 15 ml of distilled la. Use a 25 ml graduated cylinder. 
water and one small boilinc 
stone to the flask con-
taining the ether extract. 

2. Insert a 3 section Snyder 
column into the flask. 

3. Suspend flask and column 
over a steam bath. 

3a. Support with ring stand and clamp. 

TRAINING 
GUIDE NOTES 
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OPERATiNG PhCCEDURES 

F. Sample Treatment 
(Continued) 

STE~ S~QUE~CE 

4. Heat until ether has 
evaporated. 

5. Continue heating for a 
total of 60 minutes. 

6. Remove and allow to cool. 

7. Transfer the water con
centrate to a 60 ml 
separatory funnel. 

8. Add 20 ml of ether to the 
separatory funnel. 

9. Stopper and shake one 
minute. 

10. Place in holder and allow 
phases to separate for at 
least 10 minutes. 

11. Drain aqueous layer into a 
100 ml beaker. 

12. Drain off and discard the 
ether. 

13. Return the water to the 
separatory funnel. 

I~FCRMATION/UF~~ATING GOALS/SPECIFICATIONS 

4a. This should be carried out in a hood. 
4b. Do not allow flame in or near the hood. 
4c. Ether fumes are extremely flarrmable. 

la. Use the same support as with other separatory 
funnels. 

8a. Use a 25 ml graduated cylinder. 
8b. Because the solution is basic, the herbicides 

will remain in the aqueous phase. 

9a. Vent pressure in separatory funnel. 

14. Add 20 ml ether and repeat 14a. Again discard the ether. 
steps 9-13. 

E21-27 

TRAI~ING 
GUIDE NOTES 
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OPERATI~G P~CCEDURES 

F. Sample Treatment 
(Continued) 

15. Rinse the 100 ml beaker 
with a small amount of 
water and add to the 
separatory funnel. 

16. Add 2 ml of cold (4° C} 
25% sulfuric acid (reagent 
2) to the separatory 
funnel. 

17. Add 20 ml of ether to the 
separatory funnel. 

18. Shake one minute. 

19. Allow to stand and sepa
rate for at least 10 
minutes. 

20. Drain the aqueous layer 
into a 100 ml beaker. 

21. Add 0.5 grams of acidified 
anhydrous sodium sulfate 
{reagent 8) to a 125 ml 
Erlenmeyer flask. 

J~FORMATION/OFE~~~ING GOALS/SPECIFICAT!ONS 

15a. Use about 2 ml. 

16a. This reagent should have been stored in the 
freezer section of a refrigerator (B.2.6). 

16b. This will acidify the solution; the herbicides 
are now soluable in the organic phase. 

22. Collect the ether in the 22a. The herbicides are in the ether. 
125 ml Erlenmeyer flask. 

23. Return the water layer to 23a. Close the stopcock. 
the separatory funnel. 

24. Add 10 ml ether. 

25. Repeat steps 17-22. 

TRAINING 
GUIDE NOTES 
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========================::=:=-::.~~·-====::;:================================:.::::;========= 
OPERATING P~CCEDURES 

F. Sample Treatment 
(Continued) 

4. Esterification 

TRAINING 
STE~ srquE~CE INFCR~ATIO~/OFERllTI~G GOii! S/SPECIFICllTIONS GUIDE NOTES 

~~~~--~+---~------~--~~~--------------------------..... ..;;;.;;..;..;;.~.;.;..;..-.. __ 
26. Extract with another 10 ml 

volume of ether. 

27. Collect all ether ex
tractions in the same 
l2S Erlenmeyer (step 22). 

28. Allow the ether extract to 
remain in contact with the 
sodium sulfate (step 21) 
for 2 hours. 

29. Turn on water bath and 
heat to S0° C. 

26a. This will be three extractions, one with 20 ml 
and two with 10 ml of ether. 

26b. On final extraction, rinse the 100 ml beaker used 
to collect the aqueous phase with the ether and 
then add the ether to separatory funnel. 

1. Connect a 10 ml graduated la. Attach springs. 
ampul to a 2SO ml Kuderna-
Dani sh (K-D) evaporative 
flask. 

2. Clamp flask and ampul to a 
ring stand. 

3. Plug the stem of a small 
funnel with glass wool. 

4. Position the funnel stem 
into the K-0 flask. 

S. Transfer the ether extract 
from the Erlenmeyer flask 
through the funnel and 
into the K-0 flask. 

3a. Should have been washed with acid. 

Sa. Use a glass stirring rod and crush any caked 
sodium sulfate. 

Sb. The sodium sulfate may be transferred to the 
funnel. 
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OPERATING P~CCEDURES 

F. Sample Treatment 
(Continued) 

STEP SEQUEt.CE 

6. ~lash the Erlenmeyer flask 
and sodium sulfate with 
liberal amounts of ether. 

I~FORMATION/OPfRA~ING GOALS/SPECIFICATIONS 

7. Add 0.5 ml benzene. 7a. Use a 1 ml graduated pipet. 

8. Position flask above steam Ba. A condenser column is not necessary. 
bath and evaporate to abou1 
5 ml. 

9. Rinse the flask with 2 ml 
of ether. 

10. Remove ampul from flask. 

11. Insert the two section 
Snyder microcolumn into 
the ampul. 

12. Return to steam bath and 
concentrate to about 
0.4 ml. 

13. Remove from steam bath and 
allow to cool. 

14. Remove column. 

15. Add 0.5 ml of boron tri
fluoridemethanol reagent. 

16. Return two chamber column 
to the ampul. 

17. lower into a preheated 
50° C water bath. 

lla. Attach springs. 

l2a. All ether should have been evaporated. 

l7a. Support by a ring stand and clamp. 
17b. This is not the steam bath. 
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OPrnATI\Co P;\C~l::DURES 

F. Sample Treatment 
(Continued) 

18. Heat for 30 minutes. 

19. Remove from bath and cool 
to room temperature. 

20. Remove column. 

; r;roPMr,TJ m!/OPEKAT lt~G GOALS/ SP[(,] FI CAT IONS 

18a. The column acts as an air cooled condenser. 

21. Add enough sodium sulfate 2la. Usually about 4 to 5 ml. 
solution {reagent 3) to 
position the interface, 
between the benzene and 
aqueous sodium sulfate, 
into the neck of the K-D 
ampul. 

22. Stopper the ampul and 
shake vigorously for about 
one minute. 

23. Allow to stand and 
separate. 

24. Plug a disposable Pasteur 
pi pet with glass wool. 

25. Add florisil absorbant to 
the column. 

26. Place on top of the flori
sil some granular sodium 
sulfate. 

~7. Support the mini-column. 

28. Position mini-column into 
the neck of a 10 ml gradu
ated K-0 ampu1. 

23a. About three minutes. 

25a. Add enough to provide about 2.0 cm height (in the 
large diameter section on the pipet). 

26a. Enough to provide a sodium sulfate length of 
2.0 cm. 

27a. In a clamp on a stand. 
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OPERATING P~CCED~RES 

F. Sample Treatment 
(Continued) 

G. Sample Analysis 

STEP SEQl.iENCE 

29. Pipet the solvent layer 
from the neck of the ampul 
(step 22) to the top of 
the mini-column. 

30. Add small amounts of 
benzene to the ampul, 
shake, allow to separate 
and pipet into column. 

31. Adjust final volume to 
5.0 ml. 

32. Stopper the ampul. 

----
1. Check a 11 instrument 

parameters. 

2. Inject 5 µl of the stan-
dard mix 2. 

3. Detennine if response has 
changed. 

4. Inject 5 µl of method 
blank. 

5. Inject 5 ii l of the stan-
dard carried through the 
procedure. 

HiFORMATiON/OPJ:. PAT I NG GOALS/SPEC I FI CATIONS 

29a. Another Pasteur pipet and bulb can be used 
(just the pipet no packing). 

29b. Collect as little of the aqueous sodium sulfate 
as possible. 

30a. This is a washing step for the ampul, aqueous 
phase and column. Little to no water should be 
transferred to the column. 

30b. The final volume will be 5.0 ml. Take care not 
to wash with volumes of benzene which will sur
pass this total volume. 

32a. This extract if kept well stoppered and refrig
erated, can be held 30 days. 

la. They should be the same as used to obtain 
optimum results (section E.1.3). 

2a. Table 1. 

3a. Compare results for retention times and response 
(peak height) with those obtained in E.1.2. 

4a. No significant peaks should be obtained. 

5a. From section F.2.1.ld. 

TRAINING 
GUIDE NOTES 



WATER MONITO~lNS PROCEDURE: Determination of Chlorinated Phenoxy Acid Herbicides 
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INFCRMATION/OPlRAiJNG GOALS/SPfCIFJCAflONS GUIDE NOTES STEP S£.QJEMCE 

G. Sample Analysis 
(Continued} 

6. Inject 5 µl of the 
sample/s. 

7. Compare with standard 
curve. 

8. Choose a standard whose 
concentration will produce 
a peak that will approxi
mate that obtained from 
the sample. 

9. Calculate the amount of 
herbicide/s present. 

6a. Inject 5 µl of the duplicate sample. 
6b. Be sure to time the peaks from the first 

appearance of the solvent peak to the top of 
each peak. 

7a. Step E.3.3. 

9a. See the calculation section. 

------------------+-----·----- --·--··--+--------------- ------ - ---·---f---·--·-
H. Calculations 

1. Calculation of 
Results 

1. Calculate the micrograms 
of methyl ester per liter 
of sample. 

la. Determine the methyl ester concentration by 
using the equation below. 

micrograms 
per liter 

= A x B x Vt 
v; x v

5
-

where A = ~.standar_Q__ (obtained in Sample 
standard area Analysis section, 

step G.8) 
B = Sample aliquot area (step G.6) 

Vt = Volume of total extract in micro-
1 iters (the volume to which the 
extract was concentrated i.e., 5 ml} 
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OVi.RATING Fl\CCEDUR[S 

H. Calculations 
{Continued) 

2. Reporting Results 

2. Convert to micrograms of 
acid per liter of sample. 

l. Report results in mg per 
liter as the acid. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 

V. =Volume of extract injected in 
l microl iters 

Vs = Volume of water (sample) extracted 
in mi 11 i lters 

Molecular Wt. Acid 
µg acid = µg ester x Molecular Wt. Ester 

Molecular Weight: 
2,4--D{acid) =222.0 
2,4-0 {ester) = 236.0 
Silvex (acid) = 269.5 
Silvex (ester) = 283.5 

la. Without correction for recovery data. 
lb. Report duplicate and spiked sample results when 

analyzed. 

TRAINING 
GUIDE NOTES 
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TRAINING GUIDE 

SECTION TOPIC 

I* Introduction 

I I Educational Concepts - Mathematics 

II I Educational Concepts - Science 

IV Educational Concepts - Communications 

V* Field and Laboratory Equipment 

VI Field and Laboratory Reagents 

VI I* Field and Laboratory Analysis 

VI II Safety 

IX Records and Reports 

*Training Guide materials are presented here under the headings marked*. 
These standardized headings are used through this series of procedures. 
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INTRODUCTION Section I 

C.l.la 

TRAINING GUIOE NOTE 

When the National Interim Primary Drinking Water 
Regulations were promulgated they contained the re
quirement that all Public Water Supplies be moni
tored for herbicide contamination. Certain 
monitoring frequencies and analytical methods were 
prescribed. A level beyond which public notifica
tions and other steps were to be carried out was 
set and termed the Maximum Contaminant Level (MCL). 
The MCL's for the chlorophenoxy herbicides are as 
follows: 

2,4, Oichlorophenoxyacetic acid (2,4-D) -
0. l mg/1 iter 

2,4,5-Trichlorophenoxypropionic acid (2,4,5-TP) -
0.01 mg/liter 

These materials are used extensively for weed 
control in lakes, streams and irrigation canals. 
Phenoxy acid herbicides are very potent even at 
low concentrations. 

REFERENCES/RESOURCES 
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FIELD AND LABORATORY EQUIPMENT 

E. 1. 3a 

E.3.2b 

D. l 

D.6.6b 

TRAINING GUIDE NOTE 

Because of the many variables inherent in gas 
chromatography, the column packing, column oven 
temperature and carrier gas flow rate may have to 
be adjusted to different settings than those given. 
The analyst should strive to reproduce the re
tention times given in the body of the paper as 
guides. The two things which must be obtained are 
reproducibility and resolution. When these are 
adequate, the system is suitable. 

The analyst must detennine the detection limit for 
each herbicide. If a sample is taken through the 
procedure and no peaks are obtained, while peaks 
are obtained for a standard carried along with 
the sample, then the analyst is assured that 
herbicides are not present in concentrations above 
his detection limit. Whenever reporting such results 
the analyst should report the detection limit and 
state that no herbicide is present above that 
concentration. The values 200 ng for 2,4-D and 

l 0 j,: 1 
2~ 
10 111 for silvex represent the published MCL for 
that compound in a 5 ml volume, that is the con
centration factor of this procedure. 

Use of high grade carrier gases are recommended. 
However, occasionally bad cylinders of the Sigon
Methane gas can be obtained. Before attaching it to 
the instrument, a slight sniff of the gas should be 
taken; if a "fishy" smell is noted, the tank may be 
contaminated. Use of the gas will produce an off
scale peak and very noisy base line. If contami
nated gas is used in the instrument, remove from use 
as soon as detected and replace all traps and purge 
with a noncontaminated gas. 

OV-210 may be substituted for QF-1. The OV-210 is a 
purified version of the QF-1 and does not tend to 
bleed as much as the QF-1. 

Section V 

REFERENCES/RESOURCES 
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FIELD ANO LABORATORY ANALYSIS Section VII 

VII.5. 1 

E2l-38 

TRAINING GUIDE NOTE 

Standards may be prepared from the acids or the 
methyl esters. If prepared from the methyl esters, 
the esterification steps are not necessary. How
ever, the methyl esters are hard to purchase. 

Since samples must be esterified, the standard 
should also be esterified. If anything less than 
100% conversion of the acid to the ester is ob
tained in the esterification steps, the standards 
will not reflect this and an incorrect analytical 
result can be obtained. 

Consequently, this procedure has been written using 
an esterification step for the standards. 

REFERENCES/RESOURCES 



TABLE 2 

RETENTION RATIOS FOR METHYL ESTERS OF SOME CHLORINATED 
PHENOXY ACID HERBICIDES RELATIVE TO 2,4-0 

Liquid Phase 1 

Column Temp. 

Argon/Methane 
Carrier Flow 

Herbicide 

2 ,4-0 

Sil vex 

2,4-0 
(minutes absolute) 

1.5% 0\'-17 
+ 

1. 95% QF-1 

185° c 

70 ml/min. 

RR 

1.00 

1. 34 

2.00 

5% 
OV-210 

185° c 

70 ml/min. 

RR 

1.00 

l. 22 

l.62 

----· -·-

1All columns glass, 180 cm x 4 mm ID, solid support Gas Chrom Q (100/120 mesh) 
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FIG. 1 Column: 1.53 OV-17+1.953 QF-1, 
Carrier Gas: Argon (53) /Methane: 70 ml/min., 
Column Temp. 185 C, Detector: Electron Capture. 
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PART IV: 
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PROTECTION 

AGENCY 

• 
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Water Regulations 



Title 40-Protection of Environment 

CHAPTER I-ENVIRONMENTAL 
PROTECTION AGENCY 

SUBCHAPTER D-WATER PROGRAMS 

[rnL 464 7) 

PART 141-NATIONAL INTERIM PRIMARY 
DRINKING WATER REGULATIONS 

On March 14, 1975. t.he Environmental 
Protection Agency <EPA) proposed Na
tional Interim Primary Drinking Water 
Regulations pursuant t-0 sections 1412, 
1414, 1415, and 1450 of the Public Health 
Service Act ("the Act"l. as amended by 
the Safe Drinking Water Act <"SOWA," 
Pub. L. 93-523 >, 40 FR 11990. EPA held 
public hearings on the proposed regula
tions in Boston, Chicago, San Francisco. 
and Washington during the month or 
April. Several thousand pages of com
ments on the proposed regulations were 
received and evaluated. In addition, the 
Agency has received comments and in
formation on the proposed regulations 
from the National Drinking Water Ad
visory Council. the Secretary of Health, 
Education, and Welfare. and from num
erous others during meetings with repre
sentatives of State agencies, public In
terest groups and others. 

The regulations deal only with the 
basic legal requirements. Descriptive 
material wUI be provided in a. guidance 
manual for use by public water systems 
and the States. 

The purpose of this preamble to the 
nnal regulations is to summarize the most 
slgntflcant changes made In the proposed 
regulations as a result of comments re
ceived and the further consideration of 
available information. A more detailed 
discussion of the comments and of 
changes in the proposed regulations Is 
attarhed as Appendix A. 

\VATF'H SYSTEMS COVF.Rr:D 

The Safe Drinklng- Water Act app!le_s 
to ea.ch "public watu systrm," which is 
defined In Section 141Jli4l o! the Act as 
"a system for the prm·islon to the public 
of piped water for human consumption. 
1! such svstem has at least fifteen servke 
connections or rer;ularly serves at least 
twenty-!ivt> lndivl<luals." Privately owned 
as well as publidy owned systems are 
covered. Service "to the public" ls Inter
preted by EPA to Include factories and 
private housing developments. 1Sce gen
erally. House Report. pp. lt>-17.) 

The definition or "public wn ter sys
tem" proposed In the Interim Primary 
Drinking Water Regulations sought to 
explain the meanln~ of the statutory 
reference lo "reirular" service. It was 
proposed to interpret this term as 1.nclud
tng service for as much as threr months 
durlnR the year. Decause the proposed 
definition would have exrluded many 
large campRrounds. lodges. and other 
publlc accommodations which serve 
large numbers of tourists but which are 
open !or slightly less than three months 
each year. the deflnitlon in the final ver
sion covers systems serving an avernRe of 
at least twenty-flve Individuals at least 
60 days out or the year. The use of a 
mtnimum number of days rather than 
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months also makes clear faut a sy.ctem 
may qualify as a public water system 
even 1! it is not open every day during a 
given month. 

Once "public water system·• hos been 
deftned, It 1s nF,ssary to deflne the two 
major types of public water systems
those Berving 1esidents and those serv
ing transients or lnterm!ttent users. The 
possible health effects of a. contaminant 
ln drinking water in mll.ny cases are quite 
dllTerent for a person drinking the water 
for a long period o! t!me than for a per
son drinking the water only briefly or ln
tennlttently. Different regulatory con
siderations may In some cases apply to 
s\·stems which serve residents as opposed 
to systems v.-hlr.h serve transle·its or In
termittent users. Accordingly, § 141.2<e) 
makes clear that all "publ\(' wAter sys
tems" fall wttLln either the category or 
"communlty water svstems" or the cate
gory of "non-community water systems." 
To make clear wht~h regulatory require
ment.~ apply to whk:h tYPC' or system. the 
category cover•!d ls SPC'clftca!ly Indicated 
throughout thE regulations. 

The propos,,d regulations deft:-:ed a 
"community water system·· a.s "a public 
water system which serves a population 
of which 70 PHcent or greater are resi
dents." Reltan·~e in the pro:1os"d defini
tion on the percentage of water system 
users who are residents would result In 
treating some fairly lan;e resort com
munities with many year-round residents 
as non-('omm,mlty SY!'.tems. Therefore, 
the deflr ition of "commuut.y water sys
tem" has been rhanged to ro\'er any ~ys
tem which serves at le:i.st 15 serv:ce con
nections used ))y yca.r-ronnd rr~~ldents or 
t>cnes at lea~t 25 ~·e!'lr-round residents. 

SMA!.L Co:\n!UnTY \\'ATl:H Sys·rr.Ms 

Many community water systC'Jll'; i:1 the 
country are qJile small. f-'i11cc it 1s the 
intention of UH' Act to p:·ovidc basically 
the same Jen! d h(,alth prote--tion to 
re~ldents of small rommunities as t-0 
Tt~idcnt.-; of la ·r'.e cit:<~~. and ~inre a num
ber of adva• crd water treatment trch
ni{lu~s are m.Hle fcasih!c only by eco
nomies of sr_<')[f'. the co~t of compl!ancc 
with the reql.ircmenL~ o! the Act may 
pose a suiow; problc·m for many small 
communitle~. The re1;uhtions se,:k to 
recogrlize the Ononci:'.1 problem~ of small 
communities hy requiri"I< more rcalbtic 
monitoring for sy~tems oerving fewer 
than 1,000 p1~r!'ons. Vnrianres and ex
emption:; author!zecl by tlH' AC't can also 
as~ist in dealLlg with f'Ul' orr:ir r1roblems 
of small community sy:-tems in :i?>Proprl
ate cases. at least tempDrarih·. El'A will 
provide terhi:k•tl assi~tai~re on effective 
treatment techniques v.·h1ch can be used 
b:> smali systems 

ThP$C method:-. of dealin;: v.ith the tl
na?:cial prob~ems of somP small rom
munity syste111:; may not be sufficient In 
specific instanrPs to m:1ke compliaru:e 
with all app it':ihlc regul:<te>ry reCJuire
ments feasih:e. EPA is commcnl'ing a 
study of potential rroblems faced by 
small commnnlt.y sy.<>tcms in meeting ap
plicable requirements under the Act and 
these regulat10ns, and. It necessary, wlll 
make additio'.ial adiustrnents in the In-

terim Primar!· Drinking Water Regula
tions prior t-0 their elTectlve date. 

NON-COMMUNITY SYSTEMS 

"Non-community 8Ystems" are basic
ally those !'ystems which serve transients. 
They Include hotels, motels, restaurant.~. 
campgrounds. service stations, and other 
public nccommodatlons which have Ulelr 
own water system and which have at 
least 15 service connections or serve 
water t-0 a dally average of at least 25 
persons. Some schools, factories and 
churches are also Included In this cate
gory. It ls conservatively estimated that 
there are over 200.000 non-community 
water systems ln the country. However, It 
should be recognized that while their 
number Is large. they normally are not 
the principal source of water for the 
peoPle they serve. 

The regulations as proposed would 
have applied all maximum contaminant 
levels to non-community systems as well 
as to community systems. This approach 
failed to take Into account the fact th'\t 
the proposed maximum contaminant 
levels for organic chemlcal5 and most in
organic chemical~ were based on the 
potential health e!'fects o! long-term ex
posure. Those level~ are not necessary 
to protect translent5 or intermittent 
users. Therefore. the f.nal regulAUons 
provide that maximum contaminant 
levels for organic chemicals, and tor In
organic chemlrals other than nitrates. 
are not applicable to non-community 
system>. An exception WRS mflde for ni
tntes becausf' they can have nn adverse 
health effect on susceptible infants !n a 
short period of time. 

Ev<•n without monitorin~ for organic 
rhe·nlcals or most tn.JrRanic chemicals, 
ln the Initial stage.<; of imnlementatlon 
of the drlnkin11 water reg-ulatlons, mon
.!toring results from tens of thous)nds of 
non-communit~· syst~ms could over
v»h0lm laboratory rapabllitles and other 
1·e!:'ou1·ces. This could delay e!'fective im
plementation of the regulations with re
spe~t to the community systems which 
provide the wR!.rr v.-hlch American• 
drlnk evrr~· <lay. To avoid th!<; result, 
non-community systl'ms will be given 
two years after ui'e e!lect!ve date or the 
regulation-; to commence monltorin~. In 
the meantime, non-rommunity system> 
which 11lready monitor their water Rre 
encouraged to continue to do so. Rnd the 
States are encouraged to take appropri
ate measures to t~st or require monitor
ing !or non-commu:ilty systems that 
serve lr,rge nul!ll)ers of people 

or course, non-community systems 
""hlrh pose a threat to he:ilth should be 
de~lt· with as ciulrkly Rs pos~lble. The 
ma:dmum C'<intt1mlnant levels applicable 
lo non-<'.ommuntty water svstems there
fore will take effect le months after pro
mulr:at!on. nt the rnme time as levels np
plicable to rommunll.y system.<; Inspec
tion nnd enforcement authority will op
ply to non-community systems r. t the 
same time ns to community systems. 

SANITARY $t;"RVF.YS 

EPA encourages the States t-0 conduct 
sanitary surveys on a systematic basl.s. 
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These on-site inspections of wuter sys
tems nre more effective in assuring safe 
water to the public than mdlvldual tests 
taken in the absence of sanitary surveys. 
The regulations provide that monitor
ing frequencies for coliform bacteria can 
be changed by the entitv with primary 
enforcement responslb!llty for an indi
vidual non-community s:ystem. and in 
certain circumstances for an ir:.dividual 
community system. based on the results 
of a sanitary survey. 

MAXIMUM C0:->1AMINANI Lr.VF.IS 

Numerous comments were recei\'ed by 
EPA on the substances selected for the 
establishment of maximum contnmi?1ant 
le\•els and on the levels chosen. Congress 
anticipated that the initial Interim Pri
mary Drinking Water Rep,ulatio?1s would 
be based on the Public Health Senice 
Standards of 1962. and this Congres
sional Intent. has been followed. Com
ment.!; received on the various levels did 
not contain new data sufficient to re
quire the establishment of leve:'. differ
ent from those contained in the Pub!ic 
Health Senicc Standard~. 

WA If.R CONSU:o.!PTION 

The maximum contaminant level:. are 
based. directly or indirectly, on an as
sumed consumption of two liters of water 

. per day. The same as .. ~umption was used 
In the 1962 Shndards. This assumption 
has been challenged because of inst.ances 
where much higher water consumption 
rates occur. EPA's justification for u~tng 
the two-lite1· ftgure is that it already 
represents an above avera~c watel' or 
water-based fluid Intake. Moreon•r. while 
the factor of safety may be somewhat re
duced when greater quantities of water 
are Ingested. the maximum cont:immant 
levels based on the two-liter figure pro
vide substantial protection to virtually 
all consumers. If. as has been sur,gested, 
a water consumption rate of eight liters 
per day Is used as the basis for maxi
mum contaminant level. all of the pro
posed MCL's would have to be divided by 
tour, greatly increasing the monitoring 
difficulties. and in some cases challeng
ing the 6ensitivity of accepted analytical 
procedures. It could be expected. in such 
a case, that Ute maximum contaminant 
levels would be exceeded to a significant 
degree. and U1at specialized treatment 
techniques would be required to order 
that the contaminant levels would be re
duced. The economic Impact of a move 
in th1s direction would be enormou.~. It 
Is not technically or economically feasi
ble to base maximum contaminant levels 
on unusually high consumption rntes. 

SAFETY FACTORS 

A question was raised about the fact 
that different safety factors are con
tained In various maximum contaminant 
levels. The levels are not Intended to 
have a unl!orm safety factor. at least 
partly because the knowledge of and the 
nature of the health risks of the various 
contaminants vary widely. The levels set 
are the result of experience, evaluation 
of the available data. and professional 
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judgment. They have withstood the test 
of time and of professional review. They 
are being subjected to further review by 
the National Academy of Sciences in con
nection with development of data for the 
Revised Primary Drinking Water Regu
lations. 

'.\fCL's BASE:J ON TEMPERA'IC:RE 

A question was also raised as to 
whether ranges of maximum contami
nant levels should be established on the 
basis of the climate in the area served 
by the public water sy,,tem, as was done 
with fluoride. EPA believes that the use 
of a tempern tu re scale for fluoride is 
more npproµriate than for other chemi
cals because of the st:idics available on 
the tluoride-tempe: .Hure relationship 
and becau~e there is a small margin with 
ftuoride between beneficial levels and 
ln'Pls that cause adverse he;ilth t>ffccts 

MCL's DEt.F.TED 

Three proposed m~ximum con~Md
nant kvels have been eliminated m tiw 
fir:al regulat!o:is because they are not 
justified by the available dat.1. One of 
these is carbon chloroform extruct 
•CCE>. which ls discusi<ed separately 
below. The others are the proposed levels 
for the standard bacterial plate count 
and ryanide. ln the case of the plate 
count. it is believed Uiat the coliform 
limits contained In the regulations. com
bined with the turbidity maximum con
taminant level. adequately deal with 
bacterial contamination. However. EPA 
continu<'s to beline that the standard 
plate count is a valid indicator of 
b::.ctenological quality of dnnkinr, water. 
and re~ommends that it be used in ap
propriate cases in conjunction with the 
coliform tests as an operational tool. 

The P"'oposed maximum contaminant 
lenl for cvanide was eliminated bPcause 
the possibl!ity of cyanide co:itaminatlon 
can be effectively addressed only by the 
U5e of emeniency action. such a<; undel' 
Section 1431 of the Act. EPA 's 1969 Com
munity Water Supply Study did not 
reveal fl single instanC'e in which cyanide 
was present in a wat!'r system at a level 
greater than one-thouc-andth of the level 
at which cyanide is toxic to humans. 

Available data Indicate that <·yanide 
will be present In water systems at toxic 
levels only In the event of an accident. 
such as a spill from a barge collision. 
Maximum contaminant levels are not 
the nppropriate vehicle for dealing with 
such rare. accidental contamination. 

Heptachor, heptachlor epoxide 
and chlordane have also been removed 
from the lht of maximum contaminant 
levels at least temporarily In view of the 
pending cancellation and suspenslcm 
proceedings under the Federal Insecti
cide, Fungicide and Rodentlclde Act in
volving those pesticldt's. When the re
sult..o;; of these proceedings are available, 
EPA will again consider whether maxi
mum contaminant levels should be es
tablished for those three pesticides. 

SODIUM AND SUI.FATES 

A number of comments were received 
on the potential health effect.-; of sodium 

and sulfates. The National lJrinking 
WatPr Ad\'irnl'Y Council has recom~ 
mended that consideration be given to 
the monitoring of these constituents, but 
has not recommended the adoption of 
maximum contaminant levels because 
available data do not support the adop
tion of any speciftc levels. EPA has re
quested the National Academy of Sci
ences to Include sodium and sulfates 
among the contaminants to be studied 
by NAS. and to Include information on 
the health effects of sodium and sulfate;. 
in the report t.o be made by NAS in 
Decembu 1976. 

Since a number of persons suffer from 
diseases v:l1ich are influenced by dietary 
sodium inuke l\nd since there are others 
who w:sh t.() restrict their sodium in
take. it. is desirable that the sodium con
tent of dnnking water be known. Those 
affected can. b,. knowinf~ the sodium con
centration in tlwir drinking water, make 
adjustments to thPir diet.-; or, in extreme 
('asr;:, seek alternative sources of water 
~:)be usrd for drinkin~ and food prq.Jara
ti ~Hl It is recommendt•d that the States 
i::s'.iluLe pror.r<im~ fot· re1111lar monitor
ing of the .<odium co1~tent of drinking 
~rn.tPr .sp:·ved t'l the public, and for m
fonning ph "!>ic i~ 11' :wd consumer~ of the 
sodium concentration in drinking v:ater. 

A relatiwJ\· hi<rh concPntrntion of sul
fate in dri!iking water has liltle or no 
kno1•:11 laxative Pffect on regular users of 
the water. but trani<cient..o;; using such 
walt'r sometimes experience a laxative 
effect. It is l'ecommended that the States 
imtitute monltPring programs for sul
fn tes, And that transients be notified if 
the rnlfale content of the water is high 
s·.ic·h notification ~hould include an as
sessment of the possible physiolo1~ical 
e!Tect;. of consumption of the water 

PCB's AN!l ASBESTOS 

An i!1lerarrency comment expressed 
concern for usbe~tos and PCB's in Uie 
environment and noted the need for at 
least a monit.oring requirement. if not 
for MCL's. for these co11tamlnants. EPA 
is also concerned, but for the moment 
Jar.ks suffiC"ient e,·idence regarding ana
lytical methods, hPaltl! effcl'ts, or oecur· 
renC'e ln the en\'lronment to estabJL<h 
MCL's. The Agency is conductmg re
seareh and cooperatini: in research proj
ects to develop crit1•1i:l f-Or eslablishinr. 
needed limits as Quickly a5 possible A 
monitoring study on a number of organir 
chemical cont<iminant.o;;, including PCB's. 
for which MCL's are not bdng estab
lished at this tlm!'. will be contained in 
an organic chemical n:onitoring regula
tion that ls being promulgated with thest.' 
regulations. RPgarding asbestos, HEW 
and EPA arc sponsoring a number of 
studies this ye;ir at an approximate cost 
of $16 million to establish health effects. 
anayltical methods and occurrence 

P01xT or MEASUREMENT 

Other comments on maximum con
taminant levels focused on the proposed 
requirement that such level~ be tested 
at the consumer's tap. Concern was ex
pressed over the inability of the public 
water system to control potential sources 
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of contaminants which are under the 
control of the consumer. 

The promulgated definition of "maxi
mum contamtntt-nt level,"§ 141.2<d). re
tains the requirement that the. maxi
mum contaminant level be measured at 
the tap except Jn the case o! turbidity, 
which should be measured at the point 
of entry to the distribution system. How
ever, the definition has been expanded 
to make clear that contaminants added 
to the water by circumstances under the 
control of the consumer are not the re
sponslblllty of the supplier of water, 
unless the contaminants result from cor
rosion of piping and plumbing resultinR 
from the quaUty of the water supplied. 
It should be noted, however. that this 
requirement should not be interpreted 
aa to discourage local, aggreSlilve cro.!'s 
connection control measures. 

COUFORM BACTERIA MCL's 
The promulgated MCL's for coliform 

bacteria. are basically the 1962 Public 
Health Service Standards, with minor 
reftnement.8 and clarifications. However, 
further changes may be desirable. For 
example, the MCL's for the membrane 
ftlter analytlca.I method do not rewlve 
the question of how many coliform bac
teria are assumed to be present in a 
stn~le highly contaminated sample. 
Some laboratories assume an upper limit 
of 50, wh!le others i;eek to continue to 
count individual bacteria to a level of 
100 or even higher In a slnl(le sample 
The upper limit assumed will affect the 
monthly average which ls calculated to 
determine compliance with the MCI:s. 

Another question relatmi~ to the coli
form bacteria MCL's Is the matter of 
p05Slble spurious positive samples. As the 
regulations are written, all routine sam
ples taken to determine complianee with 
the MCL's must be counted. regardless 
of the result.-; of Analysls of any check 
samples that may be taken. The rearnn 
for this ts that bactrrial contamination 
ts often Intermittent t)r transient, and as 
a result negative check samples taken a 
day or more after a positive sample can
not demonstrate that the pm;itive result 
was In error. It may be possible, howe·•er. 
to prescribe a means of dealing with spu
rious positive result..~ without compro
mising the Integrity of the MCI.'s. 

A third question concerning the MCL's 
for coliform bacteria Is the relationship 
of monthly averages of coliform bacteria 
levels to monthly percentages of positive 
samples. For example, the monthly av
erage MCL for the membrane filter 
method Is violated It the mo;1thly aver
age exceeds one coliform baderlum per 
sample. However. for purposes of deter
mining whether the monthly-percent
age-of-positive-samples MCL 1s vlol11tcd. 
a sample ls counted as positive only It It 
contains more than four coliform bac
teria. Thus. 1t ls possible, particularly 
when a relatively small number of sam
ples Is taken, for a syi;tem to fall the 
monthly average MCL even when no sin
gle sample taken during the month is 
out o! compliance with the limit. 

These and other questions concerning 
the coliform bacteria MCL's will be re-
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viewed futther by F..PA. U review Indi
cates U1at changes In the MCL's are 
desirable, those changes will be made as 
soon as possible but within 6 months, In 
time to take effect at the same time as 
the Initial Interim Primary Drinking 
Water Regulations. 

ORGANIC CH£MICALS 

The propo~ed maximum contaminant 
levels !or organic: pesticides, other than 
the three which are the subject of can
cellation and suspension proceedings, 
have been retained. It Is anticipated U1at 
additional orgar.lc pesticides will be 
added to the regulations 1! surveys of 
pesticides In drinking water being con
ducted bY EPA Indicate that this ls 
needed. 

The propased regulatlcms also con
tnlncd a maximum contaminant level for 
organic chemicals obtained by the carbon 
chloroform extract <CCE> method. It 
was anticipated by Congress that organic 
chemicals would be dealt with primarily 
in the Revised Primary Drinking Water 
Regulations because of the paucity of ac
cura t.e data on the health effects of vari
ous organic chemicals, the large number 
of such chemlr:als, uncertalnltles over ap
propriate treatmf:nt techniques. and the 
need for additlor:al lnfonnatlon on the 
incidence of specific organic chemicals 
in drinking water supplies. EPA thought 
that the CCF. standard might provide an 
appropriate means of dealing with or
ganic chemicafa a.•; n class pcndin!' action 
on the Revised Primary Regulations 

The CCE standard was originally de
VP!nped ru; a test for undesirable tastes 
nnd odors In drinking water. As concern 
de\'eloped over the health effects of or
ganic che-mlcals, the possibility of using 
CCE as a health standard rather than 
an esthetic strrndard was considered. 

A~ pointed out by numerous comments. 
CCF: has many failmrrs as an Indicator 
of health eff'!cts of organic chemicals. 
To begin with. the test obtains Informa
tion on only a fraction of the total 
amount of o;ganic chemicals in the water 
sampled. Purthermore. there ls serious 
question as to thE! reliability of CCF. in 
identifying thoi:E! organic chemicals 
which are most suspected of adverse 
health effects. In addition, there are no 
existing data on which a specific level 
for CCF. Cl•n be es':ablished on a ratlor.al 
basis. To establish a maximum contami
nant level under these circumstances 
would almost certainly do more harm 
than good. It could give a false .sense of 
security to persons served by systems 
which are within the established level 
and a. false sensr of alarm to persons 
served by systems which exceed the level. 
It also would divert resources from 
efforts to find more effective ways of 
dealing with the organic chemicals 
problem. 

EPA believes that the Intelligent 
approach to the organic chemicals ques
tion ls to move nhead as rapidly ns pos
sible along two .fronts. First, F.PA ls 
adopting simultaneously with these reg
ulations a Subpart E of Part 141, con
taining requit!'ments for organic chem!-

cal monitoring pursuant to Sections 1445 
and 1450 of the Act. 

The regulations require that desig
nated public water systems collect earn· 
ples of raw and treated water for submis
sion to EPA !or organics analysis. EPA 
will analyze the samples for a number of 
broad organic pnrameters, Including car
bon chloroform extract CCCE>, volatile 
and non-volatlle total organic carbon 
<VTOC and NVTOC>. total organic chlo
rine <TOClJ, ultraviolet absorbancy, and 
ftuorescence. In addition, monitoring will 
be required for probably 21 specific or
ganic compounds. Bel.:ctlon of the spe
cific compounds has been based on the 
occurrence or likel1hood of occurrence In 
treated water, toxicity data and ava1la
bll!ty of practical analytical methods. 
Laboratory analyses will be used to 
evaluate the extent and nature of organic 
chemical contamination o! drinking 
water, to evaluate the validity of the 
general organic parameters as surrogates 
for measures of harmful organic chemi
cals, and to determine whether there Is 
an adequate basis for establishing maxi
mum contaminant levels for specific or
ganics 0r groups of organ.lcs. 

Second, EPA Is embarking on nn inten
sive research program to find answers 
to the following four questions: 

I. What are the effects of commonly 
occurring organic compounds on human 
health? 

2. WhAt analytical pror::edures Bhould 
be used to monitor ftnL<;hed drinking 
water to assure that any Primary Drlnk
lng Water Rel(ulatlons dealing with or
ganics are met? 

3. Because some of these organic com
pounds are formed during water treat
ment, what changes In treatment prac
tices are required to minimize the for· 
matlon of these compounds In treated 
water? 

4. What treatment technology must 
be applied to reduc.e contaminant levels 
to concentrations that may be specified 
in the Primary Drinking Water Regu
lations' 

This research will Involve health
e!fccts and epidemiological studies. in
vestigations of analytical methodology, 
and pilot plant and field studies of or
ganic removal unit processes. Some 
phases of the re~earch are to be com
pleted by the end of this year, while 
much of the remainder are to be com
pleted within the next calendar year. 

As soon as sufficient Information Is 
derived from the monitoring program 
and related rese2rch, the Interim Pri
mary Drinking Water Regulations will 
be amended so that the organic chemi
cals problem can be dealt with without 
delay. The monitoring process will be 
completed within 1 year. 

During the Interim period, while sat
isfactory MCL's for organic contamina
tion In drinking water are being devel
oped, EPA will act In specific cases where 
appropriate to deal 'l".1th organic con
tamination. If the F.PA monitoring pro
gram re\'ealc; serious specific cases of 
contamination. EPA will work with State 
and local authorities to Identify the 
source and nature of the problem and to 
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take remedial action. EPA will al&o aid 
the States in identifying additional com
munlcy water supplies tha.t require 
analysis. 

PUBLIC NOTICE 

The public notice requirements pro
posed in § 141.32 did not distinguish be
tween community and non-community 
public water systems. They would have 
required that public notice of non-com
pllanre with applicable regulations be 
made by newspaper. in water bllls. and 
by other media !or all public water sys
tems. These requirements are Inappro
priate and Ineffective In the case of most 
non-community water systems. Those 
systems principally serve trnnslents who 
do not receive water bills from the sys
tem and who probably are not exposed 
significantly to the local media. A more 
effective approach would be to require 
notice that can inform the transient 
before he drinks the system's water. and 
thereby both warn the tran~lent and 
provide an Incentive to the supplier of 
water to remedy the violation. Accord
ingly. Section 141.32 a.s udopted providr.s 
U1at in the case or non-commW1ity sys
tems. the entity with primary cn!orce
mrnt responsibility !'hall require that 
noUce be eiven In a form and manner 
that wUI insure that the public using 
the public water system Is adequate~y 

Informed. 
The proposed public notice require

ments also failed to distmguish between 
different typr.s of violations of the In
terim Primary Drinking Water Regula
Uons. Sinre U1e urgency and importance 
of a notice varies a.c:cording to the nature 
or the violation involved, § 141.32 as 
promulgated seeks to match the type of 
notice required with the type of violation 
in'JC>lved. Written notice accompanylng 
a water bill or other direct notice by 
ma.11 is required !or all vlolationl' of U1e 
regulations, Including violations of mon
itoring requirement.s. and for Ule grant 
of a variance or exemption. In addition. 
notice by nev.·spaper and notlftcation to 
radio and television stations l.s required 
whenever a maximum contaminant level 
ls exceeded, or when the entity with 
primary enforcement responsibility re
quires such broader not.ice. 

QUAI.ITY CONTROL AND TESTING 

PROCEDURES 

Section 1401(1) of the Act defines 
"primary drinking water regulat.lon" to 
include "quality control und testing pro
cedures." The promulguted regulations 
Include testing requirements for each 
maximum contaminant level. Including 
cheek samples and special samples In 
appropriate cases. The regulations also 
sped!y the procedures to be followed in 
analyzing samples for each of the maxi
mum contaminant levels. These prore
dures wlll be updated from time to time 
as advances are made in analytical meth
odF. For example. references to •·stand
ard Methods !or the Examination of 
Water and Wastewater" are to the cur
rent, 13th, edition. but U1ese references 
will be changed to cH~ the 14th edition 
when ft Is available in U1e near future. 
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A key element of qua.lily control for 
public waler systems iii accurate labora
tory analysis. Section 141..28 of the regu
la.tlons prov1des that nnalyses conducted 
for the purpose of determining com
plla.nce -..1th maximum conuaninant 
levels must be conducted by a lahorat.<1ry 
approved by tile enLlty with primary en
forcement responsibility. EPA will de
velop as soon as possible. In cooperation 
with the Sta!Rs and 0U1er Interested 
parties, criteria and procedures 'for lab
orat.<1ry certification. A State with pri
mary enforcement responsibllity will 
have·a laboratory certified by EPA pur
suant to the prescribed criteria and pro
cedures, and In turn wUJ certify Jaboi-a
torles within U:e State. 

Record-keeping requirements and re
ports to the State also wlll assist in 
quality control efforts. 

RECORD-KU:PlNG 

Adeq\Jate record-keeping is ncressary 
for the p:-oper opi>ratior. and administra
tion of a pubLlc water system. It is also 
Important for providing information to 
the public, providirn< appropria!t' dt1t:i. 
tor inspection and enforcement ac:idtie<; 
and pro\•idlng Information on \':hich fu
ture regulations can be based. Accord
lnely, a new § 141.33 l!as been added to 
the rcgul11tions to require that car·h pub
lic water system maintain recm·ds of 
sample analvses and of ac~ion .. ' to rrrrPct 
violation.<; of the Primar:o-· Drinkir:g Wa tcr 
Re~:ulations. 

ECONOMIC AND COST ANA!.YS::> 

A con:prehensive <:conomics study ha~; 
been rr::1de of the li.tt>rim Pri:nnry Dri:1k
lng Water Regulations. This ~tudy esti
mates the cost.s of the rcguhltior:s. evalu
at.es the potential economic impact. and 
considers possible material 11nd labor 
shortages. The results of this analysi:; are 
summarized here 

Total lnve-~tment co5ts to ron:m~1nity 
water .systems to achi('H' cnm]Jllance 
with U1e.sc regulations art• estimated to 
be between $1.050 and $1.'165 mll!ion. It 
Is estimated that non-community sys
tems will invest an additional $24 million. 
The range of the esLimatt: i::; due to un
certainty as to the dc5itm flow thn t will 
be used in installing treatment faC'1lit1es. 
Systems not in compliance wlll hrive to 
consider oizing U1eir new componci;L« to 
reftect average duily llt•w <'onditions. or 
maximum da1lv tlow conditions in cu~cs 
where system storage is not adcqua te. 

This investment will be spread over 
several years. Investo:--owned systems 
will bear about one-fourth of these ro~ts. 
and publicly-owned systems U1e remain
der. It Is not anticipated that systems will 
have dimculty finnnring these Cl\Pilal re
quirements. 

In annual terms. national cOl'ts arc ex
pected to be within the followlni; rung cs: 

Capital costs__ __ .. _. _ ... 
Operatlons and me.Jntenanc~ 
Monitoring \routine only) 

Total _________________ . 

In millions 
- $146 247 

263·2li3 
l7- 36 

$426-545 

Although these aggregate figures are 
large, most water consumers wlll not be 
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signifkantiy afft>ctcd. For those users ln 
BVstems servini; 10,000 persons or more, 
ti~ averaee annual treatment cost per 
capita may tnrrease from less than $1.00 
for sy&tem..~ requiring disinfection and 
lead control, t:i between $15 to $35 for 
control of turbidity und heavy metal re
moval. For systems serving less than 100 
:persons. the average annual per capita 
costs of disinfection. lead control and 
fluoride/arsenic removal are estimated to 
be bet.ween $2. Io and $ll .80. However, I! 
turbidity control or heavy metal removal 
were required tn· a system of U1ls size 
then costs are expected to range from 
$52 to $23'1 per year per capita. EPA Is 
aware of the serious potential economic 
Impact on users in these small systems. 
However, the legislative history speciftes 
that the rcirulutlons should be based on 
cost..~ that can be reasonably afforded by 
large n:etrop:1Et:in or regional systems. 
Further ec:mnmic cvalua tion of these 
systems is being conducted. and realistic 
optioru: for these srn'lll systems are being 
reviewed. Optiuns that will he under con
sid<'n• tlon include IC'ss co.c;tJy treatment 
tcchnologie.o: fcrmation o: regional sys· 
tems: n.nd use of alternative water 
source~. Ir,(Ll~trial and commercial users, 
'l':lwther prol'idim.: thclr cwn water or 
uslt:1~ publH: ~y;;lcm!'. arc not expected 
to be ;;ignlf;,·;mtly aff<>cted by these 
regul J tions. 

Possihle constraints to I.he implernen
tfttion of the interim primRry regula
tion« we1•~ ex:1mined. Although there 
wil! be :in incrc:ise in demand for chem
ical~. manpower. Jalmratorles, and con
i-trnction of trt:utm<'nt facilitie!', it!.<; not 
anticipated trr1 t any of these factors will 
be a r-erious obstrtt'le t.<> implementation 
of these regulation~ over a reasonable 
tin:e fran:e. 

For the rc:~sons 1<iver: above. Chapter 
40 of the Code of Federal Regulutions ls 
herebv amcn<lrd bv the addition of the 
fo!lO\\:ing nt•\\. Par·t 141. Thefe re1nJla
tions will toke effect 18 month~ after 
prom ulr.a tlon. 
Ot l< herPby c-Prt1ft,.d tl:t.t the economic and 
1r.!latlona:-y !n:pncrs of thc,-;c regulatlona 
have been care!,1lly eoralt:aU>d In accordance 
wit!: Exeeutlve Order 1182i) 

l),1 kd. DPC'f'lllt'l'r JO. 1975 

f*c. 

Il.l'SSEL L E. TRAIN, 

A!lmini~trator 

Subpart A·-General 

141.: Applkah;:1ty 
141.2 Dcfl.1,\Con~ 

141.3 Covpr;.;;~ 

141.4 Variance' und exemptions 
141.5 Slt!ng rt>qulr<''nents. 
14111 E!'lcctlvc dote 

Subpart 0-M~•imum Con!arnlnont level• 

141.11 Mnxumm' cor.t&mlr:a.nt level.Ii for 
lnorgur:.k che:n.!ca.ls. 

Hl.12 >.foxlmum contamlna1:t l1'9el~ tor 
organic ch~mlca!.~. 

lfl.13 Mulmum contamlnaut levels tor 
turbidity 

Hl.14 Maximum mlcroblologlcal cont.aml
nant levels 

Subpart C-Monltorinc end Analytical 
Requir•ment" 

Hl .21 Mlcroblologtcal contam1na.r1t ewn
pltng and analytica.l requirements. 
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Sec. 
141.22 Turbidity ae.mpllng and analytical 

requirement.a. 
141.23 Inorganic chemJcal aampllng and 

a.nalytlc"1 requirement.a. 
141.24 Organic chemical sampling aud 

analytical requirement.a. 
141.27 Alternative e.nalytlcal technlqumi. 
141.28 Approved laboratories. 
141.29 Monitoring of coll3eeuttve publlo 

water ayatema. 

Subpart D--Rapo,,lng. Public Notlncatlon, end 
Reconl·kffplng 

141.31 Reporting requirements. 
141.32 Public notltlcatlon of varlance6, ex

emptions. &nd non-compliance 
with regul&tlorut. 

lU.33 Record maintenance. 

AU'THORITT: secs. 1412. 1414, 1445, and 1450 
of the Public Health Service Act, 88 Stat. 1660 
(42 U.s.c. 300g-l, 300g-3. 300J-4. and 300J-9). 

Subpart A-General 
§ 141.l Applicability. 

This part esta'llllshes primary drinking 
water regulations pursuant to section 
1412 of the Publlc Health Service Act, as 
amended by t.he Safe Drinking Water 
Act (Pub. L. 93-523>; and related regula
tions applicable to public water systems. 

§ 141.2 Definilion1. 

As used 1n this part. the term: 
(al "Act" means the Public Health 

Service Act, es amended by the Sa!e 
Drinking Water Act, Pub. L. P3-523. 

(b) "Contaminant" means any physi
cal, chem1cal, biological, or radiological 
substance or matter in water. 

<c) "Maximum contaminant level" 
means the maximum permissible level o! 
a contaminant In water which Is de
Uvered to the free flo11. !ng outiet of the 
ultimate user or a public we.ter system, 
except In the case of turbidity where the 
maximum permissible level ls measured 
at the point of entry to the distribution 
system C'bntaminants added to the water 
under circumstances controlled by the 
user. except those resulting from corro
sion of plping and plumbing caused by 
water quality, are excluded from this 
definition. 

<d> "Person" means an Individual, 
corporation, company, association, part
nership, State, municipality, or Federal 
agency. 

<el "Public we.ter system" means a 
system for the provision to the pubJic 
of piped water for human consumption, 
if such system has at least fifteen service 
connections or regularly serves an aver
age of at least twenty-ftve individuals 
daily at least 60 days out o! the year. 
such te.-m includes <l > any collection. 
treatment, storage, and distribution fa
cilities under control of the operator of 
such system and used primarily In con
nection with such system. and <2) any 
collection or pretreatment storage faclll
ties not under such control which are 
used primarily In connection wit.h such 
system. A public water system ls either 
a "communlty water system" or a "non
communlty water system." 

rn "Community water system" means 
a public water system which serves at 
least 15 service connections used by year
round residents or regularly serves at 
least 25 year-round residents. 
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(11) "Non-community water system" 
means a public water system that ls not 
a community water system. 

<!l "SanJtary survey" means an on
site review of t.he water source, !aclll
ties, equipment. operation and mainte· 
nance o! a public water system !or t.he 
purpose o! evaluating the adequacy of 
such source, !e.c111tles, equipment, op
eration and maintenance !or producing 
and distributing sate drinking water. 

<gl "Standard sample" means t.he 
aliquot ot finished drink.Ing water t.hat is 
examined for t.'le presence o! coll!orm 
bacteria. 

<h> "State" means t.he agency o! t.he 
State goverrune:nt which has jurlsdlc
tlon over publlt: water systems. During 
any period when a State does not have 
primary enforcement resp0nsiblllty 
pursuant to Section 1413 of t.he Act, the 
term "State" means the Regional Ad
ministrator, U.S. Envlrorunental Protec
tion Agency. 

m "Supplier or water" means any 
person who owns or operates a publlc 
water system. 

§ 141.3 Co,·er11ge. 
This part shall apply to each public 

water system, unless the publtc water 
system· meets all or t.he following condi
tions: 

<a.I Consists only o! dlstrlbutlon and 
storage !ac111tles <and does not have any 
collection and treatment !acllltles>: 

<b1 Obtains all of lts water !rom, but 
ls not owned or operated by, a publlc wa
ter system to which such regulations 
apply: 

<c"I Does not ~c:ll water to any person; 
and 

Cd> Is not .1 carrier wh:ch conveys 
pa:;:;engers in interstate commerce. 

§ 1'41. i V uriatUT• an1I exl'mption&. 

Variancr:>s or exemptions from certain 
provisions of these regulations may be 
granted pursu<-.nt to Sections 1415 and 
1416 o! t.he Act by the entity wlt.h pri
mary enforcerr.ent responsibility. Provi
sions under Pi.rt 142, National Interim 
Primary Drinking Water Regulations 
Implementation-subpart E <Variances> 
and subpart F <Exemptions>-apply 
where EPA has primary enforcement 
responsibility. 

§ 141.5 Sitinjl: r<'<1uircml'nts. 

Before a person may enter Into a ft
nanclal commitment !or or Initiate con
struction o! a new publlc water system 
or incre~e the capacity o! an existing 
public water s.vstem, he shall notify t.he 
State and. to the extent practicable, 
avoid locating part or all o! the nev; or 
expan{)ed !acillty at a site which: 

lal Is subject to a significant risk 
from earthquakes. floods, ftres or ot.her 
disasters which could cause a breakdown 
ot t.he public water system or a portion 
thereof; or 

(b) Except !or intake structures, is 
within t.he floodplain of a 100-year flood 
or ls lower t.hnn any recorded high tide 
where approp1 iate records exist. 

The U.S. Environment.al Protection 
Agency wm not seek to override land use 
decisions atrectlng public water systems 
siting which are made at the St.ate or lo
cal government levels. 

§ 141.6 Effective date. 

The regulations set fol'th In th18 part 
shall t.ake eflect 18 months after the date 
ot promulgation. 

Subpart 8-Maxlmum Contaminant Levels 

§ 141.11 Maximum conramlnanl levela 
for inorganic chemlcale. 

<al The maximum contaminant level 
for nltre.te ls applicable to bot.h commu
nity water systems and non-community 
water systems. The levels !or t.he ot.her 
inorganic chemicals apply only to com
munity water systems. Compliance 7.•ith 
maximum contaminant levels for Inor
ganic chemlc'.\ls ls calculated pursuant to 
t 141.23. 

(b) The following EU·e t.he maximum 
contaminant levels for Inorganic chemi
cals other than fluoride: 

Level, 
mflUgrama 

con tamJnan t per liter 

Arsenic----·--··----··-··------- O.OD 
Barium -·----------------------- 1. 
Cadmium ---·------------------- 0.010 
Chromium ---------------------- 0. OD 
Lead --------------------------- 0.05 
Mercury ------------------------ 0.002 
Nitrate (as Nl------------------- 10. 
Selenium ----·--·--------------- 0.01 
Silver_------------··------------- 0.06 

<c) When the annual average o! the 
maximum dally air temperatures !or the 
location In which the community water 
system is situated ls the following, I.he 
maximum contaminant levels tor ftuorlde 
are: 

1'rn~11t. nttJ! ,, 
Pt1v.rct·~ 

Ftihll'l1ht-Jl 

Level, 
mllU~r1lm• 

per hter 
------ ·-----

r,.,.7 &nd lwlow .... 1~.o nnd l1(')ov.·.... '2.4 
.'iJ.R tv !\.' 3. . .. 12.1 to ll.t.... . . Z. l 
118.4to6.'l1L ........ ll.7tol1.k.. •.... t.0 
1\3.'I to 70.H ....•..... l<.7 1.0 ZU .. . .. . l.8 
7lJ.7toitJ~. ~1.rtto!.t'\:!... .....• 1.6 
;~.3 lo !;IJ.5 ... . 21}.3 to 3:z.;,_..... .. .. Lt 

§ 141.12 Maximum l'.Ontaminant level8 
for organie chemkala. 

The !ollowlng are the maximum con
taminant levels for organic chemicals. 
They e.ppJy only to community water 
systems. Compliance with maximum 
contaminant levels !or organic chemicals 
Is calculated pur:;uant to' 141.24. 

(a) Chlorinated hydrocurbona: 

Let>el, 
mHIJgram.t 

per lttcr 

Endrln (1.2.3.4.10, 10-hexachloro- O. 0002 
6,7 -epoxy-1,4, 4a,5,6,7,8,8a-octa
hydro-1,4-eodo, endo-6,8 - dl
metbano naphthalene). 

Llndane ( 1,2,3,4,6,6-hexachloro- 0. 004 
cyclohhane, gamma l.somer}. 

Methoxychlor (l,l,1-Trlchloro- 0. I 

2, 2 - bt.s Jp-methoxyphenyll 
ethane). 

Toxaphene 
chlor1nated 

(C
1
.,1110c1.-Technlca1 o. 006 

camphene, 91-69 
percent chlorine). 
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( b) Chlorophe11oxys · 
2,4 • D, (2,4-D1C'hlorophenoxy..ce- O 1 

tic nc!d). 
2,4,5-TP Sil vex (2.4,5-Tr!chloro- 0. 01 

pbeuoxyproplonlc acid). 

§ J .j 1.13 ~axinium t"ontnminnnt Jc,·ele 
for turbidity. 

The maximum contaminant levels tor 
turbidity a.re applicable to both commu
nity water .systems and non-community 
water systems using surface water 
isources tn whole or In part. The maxi
mum contaminant levels !or turbidity 
1n drink.Ing water, measured at a repre-
6entattve "ntry point<s> to the distribu
tion syste.u. are: 

<al One turbidity unit <TCl. as de
termined by a monthly average pursuant 
to § 141.22, except that ftve or !ewer 
turbidity units may be allowed If the 
supplier of wat~r can demonstrate to the 
State that the higher turbidity does not 
do any of the following: 

< ll Interfere with disinfection; 
(2\ Prevent maintenance of an effec

tive dls!nfec'tant agent throughout the 
distribution system; or 

<3J Interfere with microbiological 
determinations. 

1 bl Fl\·e turbidity uni t.s based on an 
average for tw•J consecuti\'e days pursu
ant. to § 14 l.22. 
§ l.ll.l.t !\foximum mil'rubiologi .. al <'Oil· 

tuminanl le\'(-1 .. 
The maxim11m contaminant levels for 

coliform bacteria, applicable to com
munity water systems and non-com
munity water systems, are as follows: 

(al When the membrane filter tech
nique pursuant to § 141.2l<al is used. 
the number of coliform bacteria shall 
not exceed any of the following: 

< 1 l One per 100 milliliters as the 
arithmetic mean of all samples examined 
P<'r month pursuant to ~ 141.21 <b1 or 
(C); 

12l Four per 100 millillter.s in more 
than one sample when less than 20 are 
examined per month; or 

<3) Four per 100 milliliters in more 
than fh·e percent of the samples when 
20 or more are examined per month. 

<bl Ill When the fermentation tube 
method and 10 mlllillter standard por
tions pursuant to § 141.2lla \ are used. 
coliform bacteria shall not be pre.sent in 
any of the following: 

I! 1 more than 10 percent of the por
tions In any month pursuant to § 141.21 
<bl or <c>; 

(Ii) three or more portions In more 
than one sample when le.ss than 20 sam
ples are examined per month; or 

I iii I three or more portions in more 
than ftve percent of the .samples when 
20 or more •;amples are examined per 
month. 

<2i When the fermentation tube 
method and 100 milliliter standard por
tions pursuant to § 141.2l(aJ are used, 
coliform bacteria shall not be present In 
any of the following: 

(!) more than 60 percent of the por
tions In any month pursuant to § 141.21 
•b> or <c>: 

<11 l five portions In more than one 
sample when less than ftve samples are 
examined per month; or 
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<iii) ftve portions In more than 20 
percent of the samples when ftve or more 
samples are examined per month. 

<cl For community or non-community 
systems that are required to sample a.t a. 
rate of less than 4 per month, complt
ance with paragraphs <a), <bl<ll, or 
<bl <2i of thL~ section shall be based upon 
sampling during a 3 month period, ex
cept that, at the discretion of the State, 
compliance may be based upon sampling 
during a one-month period. 

Subpart C-Monitoring and Analytical 
Requirements 

§ 141.21 Microbiologic:.11 conluminant 
1nmpling and nnalytical rcqulre
mcn11. 

Ca) Suppl!ers of water tor community 
water systems and !'\on-community water 
systems shall analyze for collform bac
teria for the purpose ot determinlng 
compliance with § 141.14. Analyses shall 
be conducted 1n accordance with the an
alytical .recommendations set forth in 
"Stmdard Methods for the Examination 
of Water and Wastewater." American 
Public Health Association. 13th Edition, 
pp. 662-688. except that a standard sam
ple size shall be employed. The standard 
sample used In the membrane filter pro
cedure shall be 100 milliliters. TI1e stand
ard sample u;,ed in the 5 tube most 
probable number • MPN J procedure c fer
mentation tube method 1 shall be 5 ttmes 
the standard portion. The .standard por
tion Is either 10 milliliu•rs or 100 milli
liters ac; de.,cribed in ~ 141 .14 ( b • ;rnd •cl. 
The samples shall be taken at points 
which are representative of the condi
tions within the distrib1.:t1on system. 

<bl The supplier of water for a com
munity water system shall take coliform 
density samples itt regular time lnter
\'als. and in number proportionate to the 
population served by the system. In no 
event shall the frequency be less than as 
set forth below: 

Popult>tbn ,ervedc 

2S lo l .O~<J 

:.fiJi:mum number of 
samples ru:r month 

l.rlOl to 2,500 .. . 
2.!>0: to 3.300 ... .. 
3.301 lo 4,100 • 
4.!01 l.O 4.9·JO ... . 
4.~lOt to b.800 .. . 
5.8:)1lo6.700 ...... . •.•••.• __ _ 
G,701 to l,t>OO .......... . 
1.e:.1 to 6.~oo .••. 
6.501to9,'100 .• •• . ............ . 
0,401to10,300 .................... . 
10,301 to 11,100 .......... ----------
11,l•ll lo 12,000... . •••......... 
12,0(;1 lo 12.900 ............... . 
12.001 to 13.700 •.. 
13.701 to 14,600 •••••••...... 
14,601 to 15.500 .. 
16,501 to :6,300 .....•••••........• 
16,301 to 17 .200 ........••••••••.... 
17.201 b 18.!00 ----- -----· •. - -
18.101 to 18,900 __ ..••••.. ------
18,901 to rn soo ...... . 
19,801 to 20,700 •••••..... 
20.701 tc 21,500. ---······' --------
21 ,f>O 1 to 'J2 ,300 ..................... . 
22 ,:110 I to 2 3 .200 .•.••• _ ..... _ _ _ __ •• 
23201 to 24,000 ......•••••. --------
24,001lo24,900 .......•••••. 
24,901 w 25,000. ------------------
25,001 ~o 28,000 ........ .. 

l 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
lS 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2:J 
2-t 
25 
26 
27 
28 
29 
30 

28,001 to 33.000 ....... ----------· • 
33,001 to 37,000 ..............•.•.• 
37,001 to 41,000 ••••••••••••........ 
41,001to46,000 .......•••••••••••.• 
46001 lo 50,000 ............•••.••.• 
60.001 to 54,000. -·------··---------
64.001 to !i9.000 ..................... . 
69.001 to 64,000 •.•.•......•..•••••• 
64.001 to 70.0CO ..••••.•..• ··--------
70.UOl to 76,0CO ...... ·········-----
76,001 to 83.000 .... ------------·---83.00l to 90.000 ___________________ _ 

90,00I to 96.000 -···········-------
96.001 to l:l,000 .. ---········------
ll!.OOI to 130.000 ....•••••••••••••• 
130,001 to 160,000 .....••••••••••••• 
160 001 to rno.ooo_ .. ·--------------
190.001 t<> 220,000 ••••••••••••..••.• 
220,001 to 250000. ·····-·····-----
250,001 to 290.000 ........•••••••••• 
290,00! to 320.000 ••.•.....••.•••••• 
320 001 to 360.000 ••••••••••.... ___ _ 
360,001 to 410,000 ...•••••••••••.•.. 
4:0.00: to 4~0.0CO .......••••••••••• 
450,001 to 600.000 ..•• -------·····--
&00,00l to 5!>0.000 ................. . 
1150,00l to 500 000 ...•••••••••.•.••• 
600 UOl to 660.000 ......•••••••••••• 
660.001 to '120.000 ..••..•••..••••••• _ 
720,001 to 780.000 ···--------------
78:),001 to 010 000 ....•••••••••..... 
8-t0,001 lo ~10.000 ••......•••••••••• 
910.UOl to 970.000 ..••••..........•• 
u·rn.ocit to 1.o:;oooo ... -------·-·--
1.05;i ~01 to u~n.ooo .............. . 
1.140 JOl to l.230.000 •.. ·--------
1.23') <'.Ol t1·, 1.320 (100 ....•.••••••• _. 
t,J2<'.:~n1 ~o t.420.0oo _________ ,. ____ _ 
1.420,001 ~o !,.~20000_. ______ .. _,,. __ _ 

l..'>20.001 t<> l.G3'10()0 .............. . 
l tJ:lO.cJOl lu I :;:n 0<)0 •• • • • • . ... . 
l,7,"\0,001 l<i I 8~'l 8fl0 .............. . 
l.R<>0.001 to l.~JiOO'>O •.•••••••••• 
I (')70.COI h :!,OC:O C!JO ••••........ 
2.n1>0.~Jq1 t<; ~.Xi.) r:no ___ _ 
2:.no,co1 to ~L:l:o,ooo _____ ... ________ _ 
2 .. ~10.001 to :!,750000 ............. . 
2.7c>0.001 ta :J.0'.!0 OflO ••...•.......• 
3 020.001 to a.:J~OJ)OO. --· ------·--·-
:1.a20.001 r.o :3.»20.000 ... . 
.1620,001 tc 3960000 ............... . 
3fl60,C01 to ~.:JFJ'.lilO ................ . 
4 :ll<J110J to 4.GOO.COO 
4.tl:J0,001 or nwre 

595il 

35 
40 
45 
60 
55 
60 
66 
70 
75 
80 
85 
90 
95 

100 
110 
t:l() 
130 
140 
160 
160 
170 
180 
190 
200 
210 
220 
230 
:140 
:150 
260 
270 
260 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
460 
490 
f>-00 

Ba.~ed on a hl<;tr;ry of no coliform bac
tt~rial contamination and on a sanitary 
surn•y by the State .;howin6 the water 
:-yswm to be supplied solely by a pro
tec•.erl i:round water sourc:e and free of 
samtan: defect.,, a community water sys~ 
tern ,t:rvir.g :!:> to 1.000 persons, with 
written permi:,si<m from the State. may 
red1Jce !.hls sampling frequency except 
that in no cuoc sh:tll i~ be reduced to less 
than unc Per quarter. 

«· 1 The ~unilier •;i water for a non
community wate1· :oy:;t•·m :;hall ;;ample for 
coliform bacteria in each calendar quar
ter durini? which the system provides 
water t.o the public.. Such sampling shall 
begin within two yenrs after the effective 
date of this part. If the Stat.e, on the 
basis of a sanil.a.ry survey, delermlrtes 
that some other frequ1~ncy is more appro
priatt~. that frequency shall be the fre
quency required under these regulations. 
Such frequency shall be confirmed or 
changed on the basis of subseciuent 
surveys. 

( d 1 • l) WhCTJ the coliform bacteria in a 
i;ingle sample exceed four per 100 milli
liters 1 § 141.14<al l, at least two consecu
tive d>i.ilY check samples shall be collected 
and examined from the same sampling 
point. Addltiooal check .samples shall be 
coll<•eted daily. or aL a frequency estab-
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llshed by the State, until the result.! ob
tained from at least two consecutive 
check snmples show less than one coli
form bacterium per 100 mUIU1tera. 

121 When coliform bacteria occur In 
three or more 10 ml portions of a slnale 
sample It 141.141bl <ll l, at least two 
consecutive dally check samples shall be 
collect.ed and examined from the same 
sampl1na point. AddlUonal check samples 
ahall be collected daHy, or at a frequency 
established by the State, untll the result.a 
obtained from at least two consecutive 
check samples show no positive tubes. 

13> When coliform bacteria occur In all 
rive of the 100 ml portions of a single 
sample If 1U.14<b> 121 >, at lea.st two 

'dally check samples shall be collected 
and examined from the same sampllns 
point. Additional check samples shall be 
collected dally, or at e. freQuency estab
lished by the State, until the result.a ob
tained from at least two consecutive 
check samples show no positive tubes. 

<41 The location at which the check 
samples were taken pursuant to para
graphs <d> Cl>. 121. or 13) or this section 
shall not be eliminated from future sam
pling without approval of the State. The 
result.<! from all coliform bacterial analy
ses perfonned pursuant to this subpart, 
except those obtained from check sam
ples and special purpose samples. shall be 
used to determine compliance with the 
maximum contaminant level tor coliform 
bacteria. as established In § 141.14. Check 
samples shall not be Included In calculat
ing the total number of samples taken 
each month to determine compliance 
with t 141.21 lbl or <c>. 

<e> When the presence of coliform 
bacterta In water taken trom a particular 
sampling point has been confirmed by 
any check samples examined as directed 
in paragraphs ldl Ill, 12>, or 131 of thls 
section, the supplier of water shall re
port to the State within 48 hours. 

<t> When a maximum contaminant 
level set forth In paragraphs <a>, <b> or 
Cc> or t 141.14 ls exceeded, the supplier 
of water shall report to the State and 
not.tty the public as prescribed In I 141.31 
and t 141.32. 

<g> Special purpose samples, such as 
those taken to determine whether dis
infect.Ion practices following pipe place
ment, replacement, or repair have been 
suftlclent. shall not be used to determine 
compliance with § 141.14 or t 141.21 <b> 
or <c>. 

Chl A supplier of water or a com
munity water system or a non-com
munity water system may, with the 
approval of the State ar.d based uoon a 
sanitary survey, aubstltute the use of 
chlorine residual monitoring for not more 
than 75 percent of the samples required 
to be taken by paragraph <bl of this 
.sect.ton, Provided, That the supplier of 
water takes chlorine residual samples at 
polnb which are representaUve of the 
conditions within the dlstrtbutlon sys
tem at the frequency of at least four tor 
each substituted mlcrobloloilcal sample. 
There shall be at lea.st dally determina
tions of chlortne residual. When the sup
plier of water exerclses the opt.Ion pro
vided Jn this paragraph <h) of this 
section, he shall maintain no less than 
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0.2 mg/I tree chlorine throughout the 
public water distribution system. When a 
particular sampling point haa been 
shown to have a tree chlorine residual 
leas than 0.2 mg/I, the water at that loca
tion shall be retested as soon as prac
ticable and in any event within one hour. 
It the original analysis 1s connrmed, this 
fact shall be reported to the State within 
48 hours. Also, It the analysis ls con
firmed, a sample for coliform bacterial 
analysis must be collected from that 
sampling point as soon 88 practicable and 
prefel'ably wlthln one hour, and the re
sult.a of such analysis reported to the 
State within 48 hours "after the results 
are known to the supplier of water. 
Analyses for residual chlorine shall be 
made In accordance with "Standard 
Methods for the Examination of Water 
and Wastewater." 13th Ed., pp. 129-132. 
Compliance with the maximum con
taminant levels tor coll!orm bacteria 
shall be determlr.ed on the monthly mean 
or quarterly mean basis speclfted In 
1141.14, Including those samples taken 
a.s a result of failure to maintain the re
quired chlorlr.e residual level. The State 
may withdraw Its approval of the use or 
chlorine residual substitution at any 
time. 
§ l .J 1.22 Turhidity ~umpling and an· 

al, 1in1l r(><111irNnl'nl!k 

<al Samples shall be taken by suppl1ers 
of water for both community water sys
tems and non-community water systems 
at a representative entry polntfs) to the 
water distribution system at least once 
Per day, for the purpose of making tur
bidity measu1·emcnts to determine com
pliance with § 141.13. The measurement 
shall be made by the Nephelometrlc 
Method In accordance with the recom
mendations set forth In "Standard Meth
ods for the Examination of Water and 
Wastewater," American Public Health 
Association, 13th Edition, pp. 350-353, or 
"Methods !or Chemical Analysis of 
Water and Wastes," pp. 295-298, En
vironmental Protection Agency, Offlce of 
Technology Transfer, Washington, D.C. 
20460, 1974. 

<b> Il the result of a turbidity analysis 
Indicates that the maximum allowable 
limit ha.s been exceeded, the sampling 
and measurement shall be confirmed by 
resampllng 88 soon as practicable and 
preferably wlthln one hour. It the repeat 
sample conftrms that the maximum al
lowable limit has been exceeded, the sup
plier of water bhall report to the State 
within 48 hours The repeat sample shall 
be the sample used for the purpose or 
calculating the monthly average. It the 
monthly average of the dally samples 
exceeds the maximum allowable limit, or 
It the average or two samples taken on 
consecutive days exceeds 5 TU, the sup
plier of water shall report to the State 
and notify the public as directed in 
§ 141.31 and t 141.32. 

<c) Sampling for non-community 
water systems shall begin within two 
years after the effective date or this part. 

(dl The requirements of this I Ul.22 
shall apply only to public water systems 
which use water obtained In whole or In 
part from surface sources. 

§ 141.23 fnorgunic d1c-mical 1oampli11g 
11nd 1111111) lit•1tl rt"juiremenh. 

(a) Analyses tor the purpose of de
termining compUa,nce with § 141.11 are 
required as follows: 

( 1) Analyses tor all community water 
systt>ms utUlzlng surte.ce water sources 
shall be completed within one year fol
lowing the effective date ot this part. 
These nnalyse11 shall be repeated at 
yearly Intervals. 

12> Analyses tor all community water 
systems utllizlni only ground water 
sources shall be completed within two 
years following the effective date of this 
part. These analY<JeS shall be repeated 
at three-year Intervals. 

131 For non-community water systems, 
whether supplied by surface or tiround 
water sources, analyses for nitrate shall 
be completed within two years following 
the etrectlve date or this part. These 
analyses shall be repeated at Intervals 
determined by the State. 

lb) I! the result of e.n analysis made 
pursuant to paragraph <al Indicates that 
the level or any contaminant listed In 
§ 141.11 exceeds the maximum contam
inant level. the supplier of water ehall 
report to the State within 7 days and 
Initiate three additional analyses at the 
same sampling point within one month. 

<cl When the average of tour analyses 
made pursuant to paragraph (bl of this 
section. rounded to the same number or 
significant ftgures as the maximum con
taminant level !or the substance In Ques
tion. exceeds the maximum contaminant 
level. the supplier of water shall notify 
the State pursuant to § 141.31 and give 
r.otice to the public pursuant to~ 141.32. 
Monitoring after public notification shall 
be at a frequency deslgnat.ed by the State 
and shall continue until the maximum 
contaminant level has not been exceeded 
In two successive samples or until a mon
itoring schedule as a condition to a 
variance. exemption or enforcement ac
tion shall become eft'ectlve. 

<d) The provisions or paragraphs lb) 
and (c) of this section notwithstanding, 
compliance with the maximum contam
inant level tor nitrate ehall be determined 
on the basis of the mean of two analyses. 
When a level exceeding the maximum 
contaminant level tor nitrate ls found, 
a second analysis shall be lnltlat.ed within 
24 hours, and Jr the mean of the two 
analyses exceeds the m~ximum contam
inant level, the supplier or water shall 
report his ftndings to the State pursuant
to § 141.31 and shall notify the public 
pursuant to~ 141.32. 

<e> For the initial analyses required 
by paragraph <a> <l>, 12) or 13> of this 
section, data for surface waters acquired 
within one year prior to the etrectlve date 
and data tor ground waters acquired 
within 3 years prior to the el!ectlve date 
of this part may be sub:itltut.ed at the 
discretion of the State. 

<t> Analyses conduct.ed to determine 
compliance with § 141.11 shall be made 
In accordance with the following 
methods: 

(I l Al'senlc ··Atomic Abso1·ptlon Meth
od, "Methods for Chemical Analysis o! 
Water and Wastes." pp. 95-96, Environ-
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mental Protection Agency, omce of 
Technology Transfer, Washington, D.C. 
20460, 1974. 

<2> Darium-Atomic Absorption Meth
od, "Standard Methods for the Exami
nation of Water and Wastewater." 13th 
Edition, pp. 210-215, or "Methods for 
Chemical Analysis of Water and Wastes,'' 
pp. 97-98, Environmental Protection 
Agency, Offlce of Technology Transfer, 
Washington. D.C. 20460, 1974. 

(3l Cadmium-Atomic Absorption 
Method, "Standiird Methods for the Ex
amination ol Water and Wastewater," 
13th Edition, pp. 210-215. or "Methods 
for Chemical Analysis or Water and 
Wastes," pp. 101-103, Environmental 
Protection Agency, OJilce of Technology 
'I':'an.sfer, Wash.Jngton, D.C. 20460, 1974. 

<4> Chromium-Atomic Absorption 
Method, "Standard Methods !or the Ex
amination o! Water and Wastewater." 
13th Edition, pp, 210--215, or "~iethods 
tor Chemical Analysis of Water and 
Wastes," pp. 105-106, Environmental 
Protection Agency, Office of TeclUloJogy 
Transfer. Washington, D.C. 20460, 1974. 

<5> Lead-Atomic Absorption Method, 
''Standard ~iethods for the Examina
tion of Water and Wastewater," 13th 
Edition, pp. 210-215, or "Methods for 
Chemical Analysis of Water Rnd Wastes," 
pp. 112-113, Environment.al Protection 
Agency, Office of Technology Tramfer, 
Washington, D.C. 20460, 1974 

<6l Mercury-Flameless Atomic Ab
sorption Method. 'Methods for Chemical 
Analysis of Wa tc:r and Wa~tes," Pll 118-
126, Environmental Prn:ect.ion At~2ncy, 
Office of Technolor,v Transfer. Wa.;h
ington. D.C. 20460. 19'14. 

1 7 l Nitrate-Brucme Colorimetric 
Method. "Standard Methods for the Ex
amination of Water R11d Wastewater," 
13th Edition. pp. 461-464, or Cadmium 
Reduction :'vtethod, "Methods !'or Chemi
cal Analnis of Watn and Wa,tes," 
pp. 201-206. Environmental Protectil'n 
Agency, Office of Technolor;y Tram!er, 
Washmgton, D.C. 20460, 1974. 

<Sl Selenium-Atomic Ab;orption 
Method. ·'Methods for Chemical Ar:alysis 
of Wat.er and Wastes," p. 145, 1<:1:viron
mental Protection Agency, Office of 
Technology Tran:;fer, Wa~hinf~ton. DC. 
20460, 1974. 

19l Silver-Atomic Ab~orption Meth
od. "Standard Methods for the Ex
amination of ·,vater and Wastewater", 
13th Edition. pp. 210-215. or "Methods 
for Chemical Analysis of Water 1rnd 
Wastes". p. 146. EnvironmPntal Protec
tion Agency. Office oi Technology Trans
fer, Washington, DC. 20460, 1974. 

< 10> Fluoride -Electrode Mc:hod. 
"Standard Methods for the Examination 
of Wat.:r and Wastewa t1~r", 13th Edition, 
pp. 172-174. or ":'.'v1ethods for Chemical 
Analysis of Watrr and Wastes." pp. 65-
67. Environmental Protection A~ency, 

omce of Technology Transfer. Wash
ington, D.C. 20460, 1974. or Colorimetric 
Method with Preliminary Distillation, 
"Standard Methods for ihc Examination 
of Water and Wastewater," 13th Edition, 
pp. 171 -172 and 174-176. or "MethcctE for 
~hemical Analysis of Water and 
Wastes," pp. 59-60, Environmental Pro-
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tection Agency, omce o! Technology 
Transfer, Washington, D.C. 20460, 1974. 

§ H 1.2-1 Organic cl1emiral ~ampling 
and analytical r«'•1uir<'menls. 

<a) An analysis of substances for the 
purpose of determlnh:g compllanc.e with 
§ 141.!2 shall be made as follows: 

< ll l•'or all community water systen'~ 
utilizing surface water sources, an;-ilyse,<; 
shall be completed within one year fol
lowing the effective date of this part. 
Samples analyzed shall be collecU!d dur
ing the period of the year designated by 
the State as the period when contami
nation by pesticides is most likely to 
occur. These analyses ~hall be repeated 
at lnte1-vals specifted by the State but 
in no event less frequently thirn ?. t thffc 
yeR r intervals. 

t2> For community water H:;tems 
utilizing only ground water so:1rces. 
analy:;es $hall be completed by tlwsc sn
tems speclfted by the St.ate. 

<bl If the result or an RnRlY~is mn<lc 
pursuant to paragraph 1al of thl~ sec
tion indicates that the Jevrl of any con
tamin:uit ll$ted in ~ 141 l 2 exceeds the 
maxirr.um contanii1:nnt levi;>l, the W;J
pller of \\llter 1:hall report to the State 
wlthin 7 days an:l ini\i:1te three addi
ti1x1al anr.ly.ses within one month. 

<cl When the aver:1gc· of four analyses 
made p~trsuant to para;.;raph <bl of this 
sf'ction. rounded to the ~ame number of 
;,igniflcant ftgures as the maximum eon
t:.min:u1t lrvel for thP $1lb't•ince !n qut·~
tiun. c-xceeds the maximmn contaminant 
levr!, thP ~uppiirr of \\:\ t•T ~hall rrport 
to tlH' State pur~· w nt to ~ H 1.3 l and gi\'c 
not:r:e to the p::hlic pur,;u:1nt to~ 14l:J2 
~Ion1tori:": after p11'Jli<' nnt.it1c:1tio:: si:all 
be at a frl'qtH:nC'y desii;nated by thf' State 
::u:d ,-;]J;1lJ cvnt:r.ue unt:I th•' ni;1x1mum 
cm: tan: ina n t ll'vel La,; not bPen rxccedcd 
u1 t\\'O ~u~·rr(:•:i\·e ~.,n1p!P' O! ·.:~~tiJ a 
m~rn•tf>r;ng ."chc·.~t1l·~ :is :1 ('i;:Jditl•lll to H 
\'a:·:,UH t'. eXf~1nption or Pn~t:rc·•·!;v'n: :~1_·

tion shall beceme f·ffed,'.r 
\d) For the initial anaiv~,1:~ rc-qu1~·ed 

by para~raph ia1 !11 and 12· of this 
sc:C"tion, data for ~urfa('(• watc•r acqw:·t·d 
within oi:e year prior to the effertl\'(' 
date of this part .rnd d:lta to1· ~round 
watn acquired with111 three ye:i:c pr«•: 
t:> the effective d:tte of tl:1s 1u:·: ::1.tv lw 
sub:,ti~utrd a~ thf' ::h'l'' •ion ~f rhe f>t·.ltt' 

lel Anaiyses made to urtc:·m:ne c<H11-
plia1H'e \\'lth &l4112 1 a• ~ll.11! bP m:1de 
in accordance '<':ith "1'1t'tllnd for 0:·::;1nP
clllorine Pestk:dPs in J1<c1u\l rial Er:J1.;
e11t..~... ~1DqARl., Env1ron111e:1tal Pro
t.eclion Agenn'. Cil:t'innati, Ohio. No\·em
ber :!8. 1973. 

tfl Analy~C'-' m:1de to (!<:t•':·in:ne com
pliance with ~ 141.l:l(b' ~hali be ron
duc.ted in accordan('e with "Meth<.Jds for 
Chlorini\ted Plwnoxy Acjd Herhic:des In 
Industrial Effluents," l\1DQAHL, En
vV;)nmf'ntal Protection Avency, Cincin
nati. Ohio, NovembE'r 28. tn3. 

§ l ·l 1.27 Alt<'rnnti\'f' ;innl) 1i .. ..1I l<'t'h. 
ni•1uc~. 

\Vit;1 tl:e writll'n pt•rm1c,;i;1n of the 
St:itf', ('oncurred in by the Adrninistra
to:· 0f the U.S. F:nrlrcnmen!.al Protec
tion /1;-.e1:c,v, <111 itllfn:ative analytical 

technique may be employed. An alterna
tive technique shall be aceeptable only 
If it is substantially equivalent to the 
prescribed test in both precision and ac
.curncy a..s It relates to the determination 
or compliance wlth nny maximum con
taminant level. The u~e o! the alt.erna
Live a11alytlcal technique sha11 not de
crease the frequE'ncy of monitoring re
quired by this part. 

!l I 11.28 ;\1,prmc·J luhoralorir~. 

For the purpo~e o! de':.erm!nlng com
p:10.nce with ~ 141.21 through ~ 141.27, 
samples may be cmsldered only JC they 
ha\'e been analyzed by a laboratory ap-
11r.;ve<l by the St 'lt•~ except that meas
u1 ements for turbi<!tt\' and Cree chlorine 
re::idu,il may be pe:·fo!·rned by any per
son ac~ptab:e t::> tlle State. 

§ I 11.29 Monitor in~ of romf't:uli"' puh
lic· ~·ntt·r ~,·~tt·ui~. 

\V!:Pn n ;:ul:llc V.:c1ler system supplies 
".later to one or more ctl:cr pub:ic water 
<,l'b' e:ns, the i"tate may mcdlfy the monl
·Vi:::f{ rec;uirem,•nts im;:osed by this 
i;;.>1 '. to the extent th:1t t!ie inte:-connec
:l)n CJ: the .sysf'm~ jwif:es treating them 
r' a : inere ~ystem for monito1·ing pur
;:u-f'" t.ny mcc1if:f'd moi:itoring shall be 
rond:1drd Pll!";uant to a schedule speci
fied by tile St.ate ar:d concurred In by the 
Admini.,tra!or of the V.S En\'ironm~ntfil 
Prole<'tio!l Agenry. 

~ubpart 0-Reporting, Public MotifitatioR 
and Record Keeping 

§ I 11.31 Hqltli lint: n'•111iremcn1~. 
1 :t • r_~:_..._t".:pt. \, lit1 rt' d. <LJrtt·1· repor.:i,\g 

l'<'n::;d l5 !-Jlt'Ctf:c<! in this part. the 
supJ>lit:r of wat1•:· .<hall ff JJPrt to the State 
111tlti1: 40 clay:, fclJy,1 int; a test. measure
mc:it n!' ;11::1 ly· 1:, l'< qwn •l t<J be n~ade l>y 
tll!s part. the r< ·U'.t. Pf lil.ll test. meas-

ih• ·rhp :~1.!~ 1 ; l1r·r nf \'_;!h!· :-.~1::ili report 
l•) t:1e ~tate '1l. Hid~: .;n hour.-; :he fa1lur~ 
to 1·omply 11 !th :tlly pr:mary d:~ikir.r, 

\'.:•l<'r r<';:ul:1~i in • i1wLidi1:i-: f<i!lure to 
r·o~np7y \\ l~h rn<1nito1 !1~g rPCJ'.1ireme1!~-"·' 
,;,.pt .oi th in thi" ;·.!_rt. 

• 1·' Tl:e ~L;rpiitr "'r "" ;1 •er i.< not re
<111: ·« d 'o «q;orta1::il1l:•;ll r1•sults lo the 
!-~L;t··' ill ca'=CS ,,,·}lf'rt.' a State laboratory 
::: rf.i::~:s the ·.11.a!_v:'i.< ai:d report..~ the 
H"·\:l:·, to the St;1te r.:f:re whlch would 
ll •:u«dly recc11e .-:u,.~: n•Jtlliccttion tr0m 
th" .··:111;:lier. 

~ Ii I .;~2 Pultlic Jl•ttifj~·.1,ion. 

Id i If a t'('lllll:UIH:y \\<l(<?r ~ystcm raJIS 
lo c1m1ply 11 ~til an rl!>!'lir.1ble maximum 
'">1•t.uni:1ant l1·wi (:>t:1l.li~lwd in Subpart 
B. f:11J..; to comply \\ i•h an applicable 
l!'iting p1·0c;:·cl11re estab!i.,hrd In Subpart 
C of this part, is r:r:rnt.rd a variance or 
an cxtm;1tion fr<'li• an a;~plicable maxi
mum rontammant lev•'l. Luis to comply 
\\'!t!1 the rrquir<?ment,~ o: any schedule 
prescribed pursuant !,;) a variance or ex
emption, or fails to perform any moni
toring required pur1,1iant to Section 1445 
i' al of the A('t, the supplier of water Sh!1ll 
notify persons .served by the system ol 
the fai!i;re or i<rant by lntlu>ion o'! a no
tiCl' in the first ~et of water bills of the 
~yst"m i~sued after the failure or grant 

FEOUAL REGISTER, VOL. 40, NO, 248-WEONESOAY, OECEMBUI 24, 1975 



59574 

and ln any event by wrltt.en notice within 
three months. Such notice shall be re
peated at leaat once every three months 
ao long aa the system's failure continues 
or the variance or exemption remaln.8 1n 
etrect. If the system Issues water bllls less 
frequently than quarterly, or d~ not 
Issue water bills. the notice shall be made 
by or supplemented by another form of 
direct mall. 

(b) U a community water aystem hu 
failed to comply with an applicable max
imum contaminant level. the supplier of 
water shall notify the public of such !all
ure, In addition to the notlncatlon re
QuJred by paragraph <a> of this section. 
u follows: 

< l > By pubUcatlon on not le&11 than 
three consecutive days In a newspaper or 
newspapers ot general circula tlon In the 
area served by the eystem. Such notice 
shall be completed within fourteen days 
after the supplier of water leanu of 
the !allure. 

<2> By furnishing a copy of the notice 
to the radio and television stations serv
ing the area served by the syastem. Such 
notice shall be furnished within seven 
days after the supplier of water learns 
of the failure. 

<c> U the area served by a community 
water system Is not served by a dally 
newspaper of general circulation. noti.ft
catlon by newspaper required by para
graph <bl ot this section shall Instead be 
given by publication on three consecutive 
weeks In a weekly nPwspaper or general 
circulation serving the area. If no weekly 
or dally newspaper of general circula
tion aerves the area. notice shall be given 
by posting the notice In post omces with
in the area served by the system. 

<dl If a non-community water sys
tem Co.its to comply with an applicable 
maximum contaminant level established 
Jn Subpart B of thl<; pr.rt falls to comply 
with an applicable testing procedure 
established In Subpart c or this part, ie 
granted a variance or an exemption from. 
an applicable maximum contamlnl\llt 
level. falls to comply with the require
ment of any schedule prescribed pursu
ant to a variance or exemption or falls to 
perform any monitoring required pursu
ant to Section 14451a> of Lhe Act, the 
supplier or water shall given notice of 
such failure or grant to the persons 
served by the system. The form and man
ner of such notice 5hall be prescribed by 
the State. and shall insure that the 
public using the s,.stem ls adequately ln
fo1·med of the failure or grant. 

<e> Notices given pursuant to this sec
tion shall be written In a manner reason
ably designed to inform fully the users 
of the system. The notice shall be con
spicuous and shall rot U5e unduly tech
nical language, unduly small print or 
other methods which would frustrate the 
purpose of the notice. The notice shall 
disclose all material facts r.cgard!ng the 
subject Including the nature of the prob
lem and. when appropriate, a clear state
ment that a primary drinking water 
regulation has been violated and any pre
ventive measures that should be taken by 
the publlc. Where appropriate. or where 
designated by the State, blllngual notice 
shall be given. Notices may include a bal-

RULES AND REGULATIONS 

anced ell:planatloo of the eliDiftcance or 
aeriou.mesa t.o the pub11c heal\h of the 
subject of t.be not.Ice, a faJr explanat.loo 
of steps taken by the syatem to correct 
any problem and the resultli of any addl
t.lonal sampling. 

m Not.Ice to the pubUc required b,. 
thia section may be given by the State on 
behalf or the supplier of water. 

Cgl In any Instance In which nott.nca
tlon by mall 18 required by paragraph <a> 
or this section but noti.ftcatlon by news
paper or t.o radio or televla1on stat.Ions 
18 not required by paragraph Cb) of this 
section, the State may order the supplier 
of water to provide notlficatlon by news
paper and to radio and televl.slon stations 
when circumstances make more 1.mmedi· 
ate or broader notice appropriate t.o 
protect the public health. 
§ 141.33 Rttord maintenan~e. 

Any owner or opera.tor of a puollc 
water system asubJect t.o the provl.slons of 
this part shall retRln on its preml.sea or 
at a convenient location near it.a prem
ises the following recorda: 

<al Records of bacteriological analyses 
made pursuant to this part shall be kept 
for not less than 5 years. Records of 
chemical analyses made pursuant to this 
part shall be kept for not less than 10 
years. Actual laboratory reports may be 
kept, or data may be transferred to tab
ular summaries. provided that the fol
lowlni Information ls included: 

( 1 > The date. place. and time or sam
pling, and the name of the person who 
collected the sample; 

<21 Identi.ftcatlon of the sample as to 
whether it was a routine dlstributlon 
system sample. check sample, raw or 
process water sample or other special 
purpose sample; 

i3l Date of analysis; 
<41 Laboratory and person re~ponsible 

for performing analysis; 
<5> The analytical technique/method 

used; and 
<6> The result..~ of the analysis. 
<bl Records of actlnn taken by the 

system to corrl'ct violations of primary 
drlnklni water regulations shall be kept 
for a period not leM than 3 years after 
the last action taken with respect to the 
particular violation Involved. 

Cc) Coples of any written reports, 
summaries or communications relating 
to sanitary surveys of the system con
ducted by the system Itself. by a private 
consultant, or by any local. State or Fed
eral agency, shall be kept for a period 
not less than 10 years after completion 
of tl1e sanitary survey Involved. 

<d> Records concerning a variance or 
exempUon granted to the system ashall 
be kept for a period ending not less than 
5 years following the expiration of such 
variance or exemption. 
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