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This Malaysian Standard, which had been approved by the Food and Agricultural industry
Standards Committee and endorsed by the Board of the Standards and Industrial Research
Institute of Malaysia (SIRIM) was published under the authority of the SIRIM Board in
August, 1994.

SIRIM wished to draw attention to the fact that this Malaysian Standard does not purport to include

all the necessary provisions of a contract.

The Malaysian Standards are subject to periodical review to keep abreast of progress in the
industries concerned. Suggestions for improvements will be recorded and in due course brought

to the notice of the Committee charged with the revision of the standards to which they refer.

The following reference relate to the work on this standard:
Committee reference:SIRIM 481/2/31
Draft for comment:D295 (ISC A)

- Amendments issued since publication

Amd. No. Date of issue Text affected
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FOREWORD

This Malaysian Standard was prepared by the Working Group on Natural Mineral Water under the
authority of the Food and Agricultural Industry Standards Committee.

It was felt necessary to prepare this Malaysian Standard because various quality requirements can
be followed by the natural mineral water producers in order to produce a consistent quality
product, thereby, creating a quality image of their products.

In the preparation' of this standard, the following publications were referred to:-

1.

CODEX STAN. 108-1981, Codex standard for natural minerél waters (European Regional
Standard).

Food Regulations 1985, Ministry of Health, Malaysia.
The Council of the European Communities (Directive on natural mineral waters), 1980.

National Health and Medical Research Council (Australia) Food Standard, 08 - Mineral
Water, 1990.

CAC/RCP 33-1985, Codex Alimentarius Volume K - Recommended International Code of
hygienic practice for the collecting, processing and marketing of natural mineral waters.
First edition.

Standard methods for the examination of water and wastewater. APHA (1989) 17th.
edition.

Iinternational Bottled Water Association (Model Bottled Water Regulation), 1991.

Guidelines for drinking water quality- Tables of guidelines values (unedited draft
manuscript) published by World Health Organization, November 1992.

The Natural Mineral Waters Regulations 1985, United Kingdom.

Due consideration has also been given to local conditions and practice.

(vi)
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SPECIFICATION FOR NATURAL MINERAL WATER

Scope

This Malaysian Standard is applicable to all bottled natural mineral waters offered for sale
as food. It does not apply to natural mineral waters sold or used for other purposes.

Description

Definition

Natural mineral water shall be groundwater which is obtained for human consumption from
subterranean water bearing strata through a spring, well, bore or other exit, with or without

the addition of carbon dioxide.

Characteristics. Natural mineral water is a water distinguishable from other drinking
water because:

It is characterized by its content of certain mineral salts and their relative proportions and
the presence of trace elements or of other constituents;

It is obtained directly from natural or drilled sources from underground water bearing
strata;

Of the constancy of its composition and the stability of its discharge and its temperature,
due account being taken of the cycles of natural fluctuations;

It is collected under conditions which guarantee the original bacteriological purity’;

It is bottled as close as may be practicable to the point of emergence of the source with
particular hygienic precautions;

It is not subjected to any treatment other than those permitted by this standard;

It is in conformity with all the provisions laid down in this standard.

* bacteriological count should not be more than the count in the source and shall not contain pathogenic
microorganisms.
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3.1

Supplementary Definitions
Naturally carbonated natural mineral water.

A ‘naturally carbonated natural mineral water is a natural mineral water which, after
possible treatment in accordance with Clause 4 and after replacement of its original gas
and after packaging, has the same content of gas from the source as at emergence of the
natural mineral water, taking into account the usual technical tolerance.

Non-carbonated natural mineral water

A ‘non-carbonated natural mineral water’ is a natural mineral water which, by nature and
after possible treatment in accordance with Clause 4 and after packaging,-does not
contain free carbon dioxide in excess of the amount necessary to keep the hydrogen
carbonate salts present in the water dissolved.

Decarbonated natural mineral water and natural mineral water fortified with carbon
dioxide from the source

A ‘decarbonated natural mineral water or a ‘natural mineral water fortified with carbon
dioxide from the source’ is a natural mineral water which, after possible treatment in
accordance with Clause 4 and after packaging, does not have the same carbon dioxide
content as at emergence.

Carbonated natural mineral water

A ‘carbonated natural mineral water is a natural mineral water which, after possible

treatment in accordance with Clause 4 and after packaging, has been made effervescent
by the addition of carbon dioxide from another origin.

Compositions

Natural mineral water in its packaged state shaill contain not more than the following

specified amount of the substances as listed in Table 1. The methods of test are also

indicated therein.
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Table 1. Composition requirements for natural mineral water

Substance Maximum amount Method of test
permitted (Appendix)

1. PHYSICAL

a. Total Dissolved Solids 1500 mg/¢ B
b. pH 6.5 to 8.5 c
c. Colour (Hazen Unit) 15 D
d. Turbidity (Nephelometric Turbidity Unit) 5 E
2. CHEMICAL

2.1 Certain Chemical Substances

a. Borate (calculated as H,BO;)

b. Flouride (calculated as F?) 30.0 mg/{ F
c. Nitrate (calculated as NO,) 1.5 mg/t G
d. Organic matter (calculated as O,) 45.0 mg/d H
e. Sulphide (calculated as H,S) 3.0 mg/{ I
f. Arsenic 0.05 mg/{ J
g. Barium 0.05 mg/f K
h. Cadmium 1.0 mg/{ L
i Copper 0.005 mg/} L
i Chromium (Cr®*) 1.0 mg/ L

0.05 mg/¢ L

k. Lead 0 0 L
L Manganese 05 mg

m M 2.0 mg/{ L

. ercury

n: Selenium 0.001 mg/¢ K
o. Zinc 0.01 mg/{ L
p 5.0 mg/d M
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Table 1. Composition requirements for natural mineral water (Contd.)

Substance Maximum amount Method of test
permitted (Appendix)
2.2 Chemical Contaminants
a. Cyanide (calculated as CN') 0.01 mg/{ N
b. Nitrites (calculated as NO,) 0.005 mg/t o
c. Mineral oil ‘ nil) p
d. Pesticides and Polychlorinated Biphenyis nil) Q
e. Phenolic Compounds nily * R
f. Polynuclear Aromatic Hydrocarbon nil) s
g. Surface Active Agent (as MBAS) nil) T
3. BACTERIOLOGICAL
a. Coliform Organism i. shall not exceed 10 ) u
{most probable number) Multiple tube 37°C. 48 h
ii. shall not be detectable ; uhipie fube =7
in 2 consecutive samples )
ii. shall not be detectabie )
in 95% of samples
throughout a year )
i. arithmetic mean of )
all monthly samples is 1 ) v
Y P )} Membrane filter
colony/100 m{ )
ii. not more than 4 )
colonies/100 ml in 2 )
consecutive samples )
b. Escherichia coli nil Vi
Membrane filter
c. Pseudomonas aeruginosa .
absent in 250 m{" v
Membrane filter
4, RADIOACTIVITY
a. Gross
b. Gross 3 0.1 B/l wW
c. Ra™® 1.0 B/t W
30.0 pCir X

* The presence of the contaminants shall not be detectable when tested, in accordance with the methods

prescribed in the appendices.
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Treatment and handling

Treatment

Natural mineral water méy only be subjected to cne or more of the following tfeatments:
separation from unstable constituents by decantation or filtration or by both n;ethods;
aeration;

deaeration:

carbonation;

decarbonation;

uliraviolet sterilization;

ozonge treatment;

pasteurization.

The treatments provided for in Clause 4.1.1 above may only be carried out on condition
that the mineral content of the water is not modified in its essential constituents which give
the water its properties.

Handling

No person shall transport any natural mineral water in bulk for the purpose of processing
or packaging.

Natural mineral water shall be obtained directly from the poirt of natural emergence or
artificial abstraction of the water and collected under conditions which guaraniee its
original bacteriological purity. '

Packaging and labeliing

Packaging

Natural mineral water shall be packaged as close as may be practicable to the point of
emergence of the source in accordance with good hygienic practice.
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5.2.1.6

5.21.7

5.2.1.8

5.2.2

6.1

Natural mineral water shall be packed in hermetically sealed containers which are suitable
for preventing the possible adulteration or contamination of the water.

For retail purposes, the volume of the package shall not be more than 5 litres and for
industrial purposes, the volume shall not be more than 25 litres.

Glass or plastic containers may be used but for recycling (for industrial use oniy),
containers shall be made from polycarbonate of size not less than 18 litres.

Labelling

There shall be writien on the label of each package containing natural mineral water:-

The words ‘natural mineral water’ or, where the product contains added carbon dioxide,
the words ‘carbonated natural mineral water’;

Name and address of the manufacturer and/or packer, or the owner of the rights of
manufacture or packing or the agent of any of them;

Amount of Total Dissolved Solids present in mg/¢;

Name of the mineral contents present and the amount in mg/¢ in which each is present;
pH value of the natural mineral water;

Code number identifying batch and date of manufacture;

Location of the source and the nature of source;

The statement ‘Not suitable for the preparation of infant food’ where the product contains
more than 200 mg/¢ NaCl.

No claims concerning medicinal or other beneficial effects relating to the health of the
consumer shall be made in respect of the properties of the product covered by the
standard.

Certification

Each container may, by arrangement with the Standards and Industrial Research Institute
of Malaysia be marked with the certification mark of SIRIM, provided the product conforms
to the requirements of this Malaysian Standard. However, before entering the scheme,
the manufacturers need to produce a licence of the source of the natural mineral water
from the Ministry of Health.
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Legal requirement
The product in all other aspects shall comply with the requirements of the legislations
currently in force in Malaysia.

Sampling and testing

Sampling shall be carried out in accordance with Appendix A and tests shall be carried
out as prescribed in the relevant appendices.

Wherever possible, the latest edition of the APHA test methods should be referred to.
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Appendix A

Sampling

A1, All bottles in a single consignment from a single batch of manufacture shall constitute a
lot. If a consignment is declared to consist of different batches of manufacture, the
batches shall be grouped separately and the bottles in each group shall constitute a
separate lot.

A2.  The number of bottles for the tests in this standard shall be selected at random. The total
number of bottles required from random sampling is divided into 3 sets as shown in Table
2.

Takle 2. Number of bottles
No. of bottles Total no. of bottles required for
in the lot
Testing Back-up Manufacturer
Laboratery Testing Sampie
Up to 1000 10 10 5
1001 to 5000 16 16 8
5001 and above 20 20 10
A3. Criterion for acceptance
A3.1 If on testing, the sample is found to conform to all the requirements specified in the

standard, the lot shall be accepted.



B1.

B2.

B2
B2.11
B2.1.2
B2.1.3
B2.2
B2.3

B2.4

B2.5
B2.6
B2.6.1
B2.6.2

B2.6.3

MS 1350 : 1994

Appendix B

Determination of Total Dissolved Solids”

Principle

A well-mixed sample is filtered through a standard glass fibre filter, and the filirate is
evaporated to dryness in a weighed dish and dried to constant weight at 180°C. The

increase in dish weight represents the Total Dissolved Solids.

Apparatus

Evaporating dishes. Dishes of 100 m¢ capacity made of one of the following materials:
Porcelain, 90 mm diameter.

Platinum - Generally satisfactory for all purposes.

High-silica glass*.

Muffle furnace for opération at 550 + 50°C.

Steam bath

Desiccator, provided with a desiccant containing a colour indicator of moisture
concentration. -

Glass-fibre filter disks** without organic binder.

Filiration apparatus. One of the following,. suitable for filter disk selected:
Membrane filter funnel

Goaoch crucible, 25 mg to 40 m¢ capacity, with Gooch crucible adapter.

Filtration apparatus with reserveir and coarse (40 to 60 ym) fritted disk as filter support.

“ APHA - 2540C. .

* Vycor, product of Corning Glass Works, Corning, N.Y., or equivalent.

**Whatman grade 934AH; Gelman type A/E; Millipore type AP40; or equivalent. Available in diameters of 2.2
cm to 4.7 cm.
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B2.8

03
o3

B3.1

B3.3

B3.4

t
e

Suction flask, of sufficient capacity for sample size selected.

Drying oven, for operation at 180 + 2°C.

Procedure
Preparation of glass-fibre filter disk

Insert disk with wrinkeld side up into filtration apparatus. Apply vacuum and wash disk

with three successive 20 mf volumes of distilled water. Continue suction to remove all
traces of water. Discard washings.

Preparation of evaporating dish

Heat ciean dish to 160 + 2°C for 1 h in an oven. Store in desiccator until needed. Weigh
immediately before use.

Selection of filter and sample sizes

Choose sample volume to yield between 2.5 and 200 mg dried residue. If more than 10
min are required to complete filtration, increase filter size or decrease sample volume but
do not produce less than 2.5 mg residue.

Sample analysis

Filter measured volume of well-mixed sample through glass-fibre filter, wash with three -
successive 10 m¢ volumes of distilled water, allowing complete drainage between
washings, and continue suction for about 3 min after filtration is complete. Transfer filirate
to a weighed evaporating dish and evaporate to dryness on a steam bath.

Dry for at least 1 h in an oven at 180 + 2°C, cool in a desiccator to balance temperature,
and weigh. Repeat drying cycle of drying, cooling, desiccating, and weighing until o
constant weight is obtained or until weight loss is less than 4% of previous weight or 0.5
mg, whichever is less.

Calculation

(A - B) x 1000

mg Total Disscived Soiids/f =
sample volume (m¢#)

where,
A is ihe weight (mg) of dried residue + dish;
B is the weight (mg) of dish.

10
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Appendix C
Determination of pH*
Principle

The basic principle of electrometric pH measurement is determination of the activity of
the hydrogen ions by potentiometric measurement using a standard hydrogen electrode
and a reference electrode.

Apparatus

pH meter consisting of potentiometer, a glass electrode, a reference electrode, and a

. temperature compensating device. A circuit is completed through the potentiometer

when the electrodes are immersed in the test solution.

Reference electrode consisting of a half cell that provides a constant electrode
potential. Commonly used are calomel and silver: silver-chloride electrodes.

Glass electrode

The sensor electrode is a bulb of special glass containing a fixed concentration of HCI
or a buffered chloride solution in contact with an internal reference electrode.

Beakers
Preferably use polyethylene or TFE (Teflon or equivalent) beakers.
Stirrer

Use either a magnetic, TFE coated stirring bar or a mechanical stirrer with inert plastic-
coated impeller.

Flow chamber

Use for continuous flow measurements or for poorly buffered solutions.

Reagents

General preparation

Calibrate the electrode system against standard buffer solutions of known pH. Because
buffer solutions may deteriorate as a result of mold growth or contamination, prepare
fresh as needed.

* APHA - 4500-H'B.

11
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Cc3.2

C3.3

C3.4

C4.

C4.1

C4.2

Saturated potassium hydrogen tartrate solution

Shake vigorously an excess (5 to 10 g) of finely crystalline KHC,H,O4 with 100 to 300

m¢ distilled water at 25°C in a glass-stoppered bottle. Separate clear solution from
undissolved material by decantation or filtration. Preserve for 2 months or more by

adding one thymol crystal (8 mm diameter) per 200 m¢ solution.

Saturated calcium hydroxide solution

Calcine a well-washed, low-alkali grade CaCO, in a platinum dish by igniting for 1 h at

1000°C. Cool, hydrate by slowly adding distilled water with stirring, and heat to boiling.
Cool, filter, and collect solid Ca(OH), on a fritted glass filter of medium porosity. Dry at

110°C, cool, and pulverize to -uniformly fine granules. Vigorously shake an excess of
fine granules with distilled water in a stoppered polyethylene bottle. Let temperature

come to 25°C after mixing. Filter supernatant under suction through a sintered glass
filter of medium porosity and use filtrate as the buffer solution. Discard buffer solution
when atmospheric CO, causes turbidity to appear.

Auxiliary solutions

0.1N NaoH, 0.1N HCI, 5N HCI (dilute five volumes 6N HCI with one volume distilled

~ water), and acid potassium fluoride solution (dissolve 2 g KF in 2 ml conc H,SO, and

dilute to 100 m¢ with distilled water).

Procedure

Instrument calibration

In each case follow manufacturer’s instructions for pH meter and for storage and
preparation of electrodes for use.

Sample analysis

Establish equilibrium between electrodes and sample by stirring sample to insure
homogeneity; stir gently to minimize carbon dioxide entrainment. For buffered samples
or those of high ionic strength, condition electrodes after cleaning by dipping them into
sample for 1 min. Blot dry, immerse in a fresh portion of the same sample, and read pH.

With dilute, poorly buffered solutions, equilibrate electrodes by immersing in three or four
successive portions of sample. Take a fresh sample to measure pH.

Report pH values to the nearest 0.1 pH unit.

12
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Appendix D

Determination of colour
(Visual comparison method)*

Principle

Colour is determined by visual comparison of the sample with known concentrations of
coloured solutions.

Apparatus

Nessler tubes, matched, 50 m¢ tall form.

pH meter, for determining sample pH (see Appendix C).

Preparation of standards

If a reliable supply of potassium chloroplatinate cannot be purchased, use chloroplatinic
acid prepared from metallic platinum. Do not use commercial chloroplatinic acid
because it 'is very hygroscopic and may vary in platinum content. Potassium
chloroplatinate is not hygroscopic.

Dissolve 1.246 g potassium chloroplatinate, K,PtCls (equivalent to 500 mg metallic Pt)
and 1.00 g crystallized cobaltous chloride, CoCl,.6H,0 (equivalent to about 250 mg

metallic Co) in distilled water with 100 m¢ conc HCI and dilute to 1000 ml with distilled
water. This stock standard has a colour of 500 units.

If K,PtCly is not available, dissolve 500 mg pure metallic Pt in aqua regia with the aid of
heat; remove HNO, by repeated evaporation with fresh portions of conc HCI. Dissolve
this product, together with 1.00 g crystallized CoCl,.6H,0, as directed above.

Prepare standards having colour of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, and 70 by

diluting 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, and 7.0 ml stock colour

standard with distilled water to 50 m¢ in nessler tubes. Protect these standards against
evaporation and contamination when not in use.

* APHA - 2120B.

13
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DA4.

D4.1

D4.2

D4.3

Ds.

D5.1

D5.2

D53

Procedure

Make the colour determination within a reasonable period because biological or physical
changes occurring in storage may affect colour. With naturally coloured waters these
changes invariably lead to poor results.

Estimation of intact sample

Observe sample colour by filling a matched Nessler tube to the 50 m¢ mark with sample
and comparing it with standards. Look vertically downward through tubes toward a white

or specular surface placed at such an angle that light is reflected upward thorugh the
columns of liquid. If turbidity is present and has not been removed, report as "apparent
colour". If the colour exceeds 70 units, dilute sample with distilled water in known
proportions until the colour is within the range of the standards.

Measure pH of each sample.

Calculation

Calculate colour units by the following equation:

A x50
Colour units = ~—-—--m-emmemme
B
where,
A is the estimated colour of a diluted sample;
B is the volume (m¢) of sample taken for dilution.

Report colour resuits in whole numbers and record as follows:

Colour Units Record to Nearest
1-50 1
51 - 100 5
101 - 250 10
251 - 500 20

Report sample pH.
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Appendix E

Determination of turbidity”

Principle

This Nephelometric method is based on 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 under the same conditions. The higher the intensity of scattered
light, the higher the turbidity.

Apparatus

Turbidimeter consisting of a nephelometer with a light source for illuminating the sample
and one or more photoelectric detectors with a readout device to indicate intensity of
light scattered at 90° to the path of incident light. Observe the following design criteria:

Light source

_ Tungsten-filament lamp operated at a colour temperature between 2200 and 3000°K.

Distance traversed by incident light and scattered light within the sample tube - Total not
to exceed 10 cm. .

Angle of light acceptance by detector. Centred at 90° to the incident light path and not
to exceed + 30° from 90°. The detector, and filter system if used, shall have a spectral
peak response between 400 and 600 nm.

Sample tubes, clear colourless glass.

Keep tubes scrupulously clean, both inside and out, and discard when they become
scartched or etched. Never handle them where the light strikes them. Use tubes with
sufficient extra length, or with a protective case, so that they may be handled properly.

Fill tubes with samples and standards that have been agitated thoroughly and ailow
sufficient time for bubbles to escape.

* APHA - 2130B.
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E3.

E3.1

E3.2

E3.2.1

E3.2.2

E3.2.3

E3.2.4

E3.3

E3.4

E3.5

Reagents

Turbidity-free water

Turbidity-free water is difficult to obtain. The following method is satisfactory for
measuring turbidity as low as 0.02 NTU.

Pass distilled water through a membrane filter having precision-sized holes of 0.2 ym;*
the usual membrane filter used for bacteriological examinations is not satisfactory. Rinse

collecting flask at least twice wtih filtered water and discard the next 200 ml.

Some commercial bottled demineralized waters are nearly particle-free. These may be
used when their turbidity is lower than can be achieved in the laboratory. Dilute samples
to a turbidity not less than 1 with distilled water.

Stock turbidity suspension.

Solution I. Dissolve 1.000 g hydrazine sulfate, (NH,),.H,SO,, in distilled water and dilute
to 100 m¢ in a volumetric flask.

Solution 1. Dissclve 10.00 g hexameth:ylenetetramine, (CH,)sN,, in distilled water and
dilute to 100 m¢ in a volumetric flask.

In @ 100 m¢ volumetric flask, mix 5.0 m¢ Solution | and 5.0 m¢ Solution {l. Let stand 24
h at 25 + 3°C, dilute to mark, and mix. The turbidity of this suspension is 400 NTU.

Prepare solutions and suspensions monthly.
Standard turbidity suspension

Dilute 10.00 m¢ stock turbidity suspension to 100 m¢ with turbidity-free water. Prepare
daily. The turbidity of this suspension is defined as 40 NTU.

Alternate standards

As an alternative to preparing and diluting formazin, use commercially available
standards such as styrene divinylbenzene beads** if they are demonstrated to be
equivalent to freshly prepared formazin.

Dilute turbidity standards

Dilute portions of standard turbidity suspension with turbidity-free water as required.
Prepare daily.

* Nuclepore Corporation, 7035 Commerce Circle, Pleasanton, Calif., or equivalent.
** AMCO-AEPA-1 Standard, Advanced Polymer Systems, 3696 C Haven Ave., Redwood City, Calif.
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Procedure

Turbidimeter calibration

Follow the manufacturer's operating instructions.

Measurement of turbidities less than 40 NTU

Thoroughly shake sample. Wait until air bubbles disappear and pour sample into
turbidimeter tube. When possible, pour shaken sample into turbidimeter tube and
immerse it in an ultrasonic bath for 1 to 2 s, causing complete bubble release. Read
turbidity directly from instrument scale or from appropriate calibration curve.
Measurement of turbidities above 40 NTU

Dilute sample with one or more volumes of turbidity-free water until turbidity falls
between 30 and 40 NTU. Compute turbidity of original sample from turbidity of diluted
sample and the dilution factor.

For example, if five volumes of turbidity-free water were added to one volume of sample

and the diluted sample showed a turbidity of 30 NTU, then the turbidity of the original
sample was 180 NTU.

Calculation

Ax(B+C)
Nephelometric Turbidity Units (NTU) =
C
Where,
A is the NTU found in diluted sample;
B is the volume (m¢) of dilution water,
C is the sample volume (m¢) taken for dilution.
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E6. Interpretation of results

Report turbidity readings as follows:

Turbidity Range Report to the Nearest
NTU NTU
0-1.0 0.05
1-10 0.1
10 - 40 1
40 - 100 5
100 - 400 10
400 - 1000 50
> 1000 100

18
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Appendix F

Determination of borate®

Principle
in the presence of boron, a solution of carmine or carminic acid in concentrated sulphuric

acid changes from a bright red to a bluish red or blue, depending on the concentration
of boron present.

Apparatus

Colorimetric equipment. One of the following is required:
Spectrophotometer, for use at 585 nm, with a minimum light path of 1 cm.
Filter photometer, equipped with an orange filter having a maximum transmittance near

585 nm, with a minimum light path of 1 cm.

Reagents

Store all reagents in polyethylene or boron-free containers.

Stock boron solution

Dissolve 571.6 mg anhydrous boric acid, H,BO,, in distilled water and dilute to 1000 ml;
1.00 m¢ = 100 yg B. Because H,BO, loses weight on drying at 105°C, use a reagent
meeting ACS specifications and keep the bottle tightly stoppered to prevent entrance of
atmospheric moisture.

Standard boron solution

Dilute 10.00 m¢ stock boron solution to 1000 m¢ with distilled water; 1.00 ml = 1.00 ug
B.

Hydrochloric acid, HCI, conc and 1 + 11.

Sulphuric acid, H,S0O,, conc.

* APHA - 4500-B C.
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F3.5

F4.

F4.1

F4.2

F5.

Carmine reagent

Dissolve 920 mg carmine N.F. 40, or carminic acid, in 1 | conc H,S0,. (If unable to zero
spectrophotometer, dilute carmine 1 + 1 with conc H,SO, to replace above reagent).

Procedure

Preliminary sample treatment

If sample contains less than 1 mg B/¢, pipet a portion containing 2 to 20 xg B into a
platinum dish, make alkaline with 1N NaOH plus a slight excess, and evaporate to

dryness on a steam or hot water bath. If necessary, destroy any organic material by

ignition at 500 to 550°C. Acidify cooled residue (ignited or not) with 2.5 ml 1 + 11 HCI
and triturate with a rubber policeman to dissolve. Centrifuge if necessary to obtain a

clear solution. Pipet 2.00 m¢ clear concentrate into a small flask or 30 ml test tube.
Treat reagent blank identically.

Colour development

Prepare a series of boron standard solutions (100, 250, 500, 750, and 1000 g¢g) in 100
m¢ with distilled water. Pipet 2.00 m¢ of each standard solution into a small flask or 30
m¢ test tube.

Treat blank and calibration standards exactly as the sample. Add 2 drops (0.1 ml) conc
HCI, carefully introduce 10.0 m¢ conc H,SO,, mix, and let cool to room temperature.

Add 10.0 m? carmine reagent, mix well, and after 45 to 60 min measure absorbance at
585 nm in a cell of 1 cm or longer light path, using the blank as reference.

To avoid error, make sure that no bubbles are present in the optical cell while
photometric readings are being made. Bubbles may appear as a result of incomplete
mixing of reagents. Because carmine reagent deteriorates, check calibration curve daily.

Calculation

49 B (in approx. 22 m¢ final volume)

mg B/f =
m¢ sample

expressed as borate (calculated as H,BO;) i.e.
H,B0, mg/¢ = mg B/f x conversion factor

where the conversion factor is H,B0,
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Appendix G

Determination of fluoride

Method 1*

Principle

The fluoride electrode is an ion-selective sensor. The key element in the fluoride
electrode is the laser-type doped lanthanum fluoride crystal across which a potential is
established by fluoride solutions of different concentrations. The crystal contacts the
sample solution at one face and an internal reference solution at the other. The fluoride
electrode measures the ion activity of fluoride in solution rather than concentration.
Fluoride ion activity depends on the solution total ionic strength and pH, and on fluoride
complexing species. Adding an appropriate buffer provides a uniform ionic strength

background, adjusts pH, and breaks up complexes so that, in effect, the electrode
measures concentration.

Apparatus

Expanded-scale or digital pH meter or ion-selective meter.
Sleeve-type reference electrode

Do not use fibre-tip reference electrodes because they exhibit erratic behavior in very
dilute solutions. '

Fluoride electrode.
Magnetic stirrer, with TFE-coated stirring bar.

Timer.

Reagents

Stock fluoride solution

Dissolve 221.0 mg anhydrous sodium fluoride, NaF, in distilled water and dilute to 1000
m¢g; 1.00 m¢ = 100 ug F.

* APHA 4500-F-C.
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G1.3.2

G1.3.3

G1.4

G1.4.1

G1.4.2

G1.4.3

Standard fluoride solution

Dilute 100 m¢ stock fluoride solution to 1000 m¢ with distilled water; 1.00 m¢ = 10.0 ug
F.

Fluoride buffer

Place approximately 500 m¢f distilled water in a 1 litre beaker and add 57 m¢ glacial
acetic acid, 58 g NaCl, and 4.0 g 1,2 cyclohexylenediaminetetraacetic acid (CDTA).* Stir

to dissolve. Place beaker in a cool water bath and add slowly 6N NaOH (about 125 mi)
with stirring, until pH is between 5.3 and 5.5. Transfer to a 1 litre volumetric flask and
add distilled water to the mark. This buffer, as well as a more concentrated version, is
available commerically. In using the concentrated buffer follow the manufacturer's
directions.

Procedure

Instrument calibration

No major adjustment of any instrument normally is required to use electrodes in the
range of 0.2 to 2.0 mg F/¢. For those instruments with zero at centre scale adjust
calibration centrol so that the 1.0 mg F7/¢ standard reads at the centre zero (100 mV)
when the meter is in the expanded-scale position. This cannot be done on some meters
that do not have a millivolt calibration control. To use a selective-ion meter follow the
manufacturer’s instructions.

Preparation of fluoride standards

Prepare a series of standards by diluting with distilled water 5.0, 10.0, and 20.0 m¢
standard fluoride solution, respectively, in three 100 .m¢ volumetric flasks. These
standards are equivalent to 0.5, 1.0, and 2.0 mg F7/¢.

Treatment of standards and sample

In 100 m¢ beakers or other convenient containers add by volumetric pipet from 10 to 25
ml standard or sample. Add an equal volume of buffer. The total volume should be

sufficient to immerse the electrodes and permit operation of the stirring bar. Bring
standards and sample to the same temperature, preferably room temperature.

* Also known as 1,2 cyclohexylenedinitrilotetraacetic  acid.
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G1.4.4 Measurement with electrode

G1.5

Immerse electrodes in the 0.5 mg F/¢ standard and measure developed potential while
stirring on a magnetic stirrer. Avoid stirring before immersing electrodes because
entrapped air around the crystal can produce erroneous readings or needle fluctuations.
Let electrodes remain in the solution 3 min (or until equilibrium is established) before
taking a final millivolt reading. A layer of insulating material between stirrer and beaker
minimizes solution heating. Withdraw electrodes, rinse with distilled water, and blot dry
between readings. Repeat measurements with increasing fluoride concentrations, then
with sample.

When using an expanded-scale pH meter or selective-ion meter, frequently recalibrate
the electrode by checking potential reading of the 1.00 mg F/¢ standard and adjusting
the calibration control, if necessary, until meter reads as before. Recalibrate after .
reading each unknown and also after reading each standard when preparing the
standard curve.

If a direct-reading instrument is not used, plot potential measurement of fluoride
standards against concentration on two-cycle semilogarithmic graph paper. Plot
milligrams F~ per litre on the logarithmic axis (ordinate), with the lowest concentration at
the bottom of the graph. Plot millivolts on the abscissa. From the potential
measurement for each sample, read the corresponding fluoride concentration from the
standard curve.

The known-additions method may be substituted for the calibration method described.
Follow the directions of the instrument manufacturer.

Selective-ion meters may necessitate using a slightly altered procedure, such as
preparing 1.00 and 10.0 mg F7/¢ standards or some other concentration. Follow the
manufacturer's directions. Commercial standards, often already diluted with buffer,
frequently are supplied with the meter. Verify the stated fluoride concentration of these
standards by comparing them with standards prepared by the analyst.

Calculation

Hg F
mg F/f = eeemmemeeeeeee
m¢ sample
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G2.

G2.1

G2.2

G2.21

G2.2.2

G2.23

G2.24

Method 2 (lon Chromatography)®
Principle

A water sample is injected into a stream of carbonate-bicarbonate eluant and passed
through a series of ion exchangers. The anions of interest are separated on the basis

. of their relative affinities for a low capacity, strongly basic anion exchanger (guard and

separator columns). The separated anions are directed onto a strongly acidic cation
exchanger (packed-bed suppressor) or through a hollow fiber of cation exchanger
membrane (fiber suppressor) or micromembrane suppressor bathed in continuously
flowing strongly acid solution (regenerant solution). In the suppressor the separated
anions are converted to their highly conductive acid forms and the carbonate-bicarbonate
eluant is converted to weakly conductive carbonic acid. The separated anions in their
acid forms are measured by conductivity. They are identified on the basis of retention
time as compared to standards. Quantitation is by measurement of peak are or peak
height.

Apparatus

lon chromatograph, including an injection valve, a sample loop, guard, separator, and
suppressor columns -or membrane suppressors, a temperature-compensated small-

volume conductivity cell (6 ul or less), and a strip-chart recorder capable of full-response
of 2 s or less. An electronic peak integrator is optional. Use an ion chromatograph

capable of delivering 2 to 5 m¢ eluant/min at a pressure of 1400 to 6900 kPa.

Anion separator column, with styrene divinylbenzene-based low-capacity pellicular anion-
exchange resin capable of resolving Br, CI, NOy, NO,, PO,*, and SO,*; 4 x 250 mm?*.

Guard column, identical to separator column except 4 x 50 mm,T to protect separator
column from fouling by particulates or organics.

Suppressor. Use either:

M Suppressor column, high-capacity cation-exchange resin capable of
converting eluant and separated anions to their acid: forms.t

(2) Fiber suppressor or membrane suppressor

§ Cation-exchange membrane capable of continuously converting eluant and
separated anions to their acid forms.

" APHA - 4110 B.

* Dionex P/N 030827 (normal run) or P/N 030831 (fast run), or equivalent.

T Dionex P/N 030825 (normal run) or P/N 030830 (fast run), or equivalent.

% No longer available commercially.

§ Dionex P/N 037072 (micro membrane-high capacity/low volume-suppressor), or equivalent.
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Reagents

Deionized or distilled water free from interferences at the minimum detection limit of

each constituent and filtered through a 0.2 ym membrane filter to avoid plugging
columns.

Eluant solution, sodium bicarbonate-sodium carbonate, 0.003M NaHCO,- 0.0024M
Na,COj;: Dissolve 1.008 g NaHCO, and 1.0176 g Na,CO, in water and dilute to 4 1.

Regenerant solution 1, H,SO,, 1N: Use this regenerant when suppressor is not a
continuously regenerated one.

Regenerant solution 2, H,S0,, 0.025N: Dilute 2.8 m¢ conc H,SO, to 4 ¢ or 100 m¢

regenerant solution 1 to 4 ¢. Use this regenerant with continuous regeneration-fiber
suppressor system.

Standard anion solutions, 1000 mg/¢: Prepare a series of standard anion solutions by

weighing the indicated amount of salt, dried to a constant weight at 105°C, to 1000 m¢.
Store in plastic bottles in a refrigerator; these solutions are stable for at least 1 month.

Verify stability.

Anioni Salt Amount g/t
cr NaCl 1.6485
Br BaBr 1.2876
NO; NaNO, 1.3707
NO, NaNO, 1.4998#
PO KH,PO, 1.4330
o) K,SO, 1.8141

| Expressed as compound.
# Do not oven-dry, but dry to constant weight in a desiccator.

Combined working standard solution, high range: Combine 10 m¢ of the CI, NOs', NO,,
and PO,> standard anion solutions, 1 me of the Br, and 100 m¢ of the SO,* standard

solutlons dilute to 1000 m¢, and store in a plastic bottle protected from li lght contains
10 mg/¢ each of CI, NO;, NOz, and PO,*, 1 m¢ Br7/¢, and 100 mg SO,%/¢. Prepare

fresh daily.

Combined working standard solution, low range: Dilute 100 m¢ combined working

standard solution, high range, to 1000 m¢ and store in a plastic bottle protected from
light; contains 1. 0 mg/¢ each CI, NO,, NO,, and PO,*, 0.1 mg Br7/¢, and 10 mg SO,/¢.

Prepare fresh daily.
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G2.3.8 Alternative combined working standard solutions: Prepare appropriate combinations
according to anion concentration to be determined. If NO,  and PO,* are not included,
the combined working standard is stable for 1 month.

G2.4 Procedure

G2.4.1 System equilibration

Turn on ion chromatograph and adjust eluant flow rate to approximate the separation
achieved in Figures 1 or 2 (2 to 3 m#¢/min).
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Figure 1. Typical inorganic anion separation using normal-run columns.
Conditions: 3 mM NaHCO./2.4 mM Na,CO; eluant; 2.0 m¢/min flow.
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Figure 2. Fast-run column separation.
Conditions: 2.8 mM NaHCQO,/2.3 mM Na,CO; eluant; 2.0 m£/min flow;
10 pe/t loop; 10 uS/cm full scale. Concentrations (mg/f): F~
3; CI, 4; NO,, 10; NPOZ, 25; Br, 10; NO,, 20; SO,*, 25.

28



G2.4.2

G243

G244

MS 1350 : 1994

Adjust detector to desired setting (usually 10 #S) and let system come to equlibrium (15
to 20 min). A stable base line indicates equilibrium conditions. Adjust detector offset

to zero out eluant conductivity; with the fiber or membrane suppressor adjust the
regeneration flow rate to maintain stability, usually 2.5 to 3 me/min.

Calibration

Inject standards containing a single anion or a mixture and determine approximate
retention times. Observed times vary with conditions but if standard eluant and anion
separator column are used, retention always is in the order CI, NO,", HPO,?, Br, NO,,,
and SO/, Inject at least three different concentrations for each anion to be measured
and construct a calibration curve by plotting peak height or area against concentration
on linear graph paper. Recalibrate whenever the detector setting is changed. With a
system requiring suppressor regeneration, NO, interaction with the suppressor may lead
to erroneous NO, results; make this determination only when the suppressor is at the
same stage of exhaustion as during standardization or recalibrate frequently. In this type
of system the water dip** may shift slightly during suppressor exhaustion and with a fast
run column this may lead to slight interference for CI. To eliminate this interference
analyze standards that bracket the expected result or eliminate the water dip by diluting
the sample with eluant or by adding concentrated eluant to the sample to give the same
HCO,/CO,* concentration as in the eluant. If sample adjustments are made, adjust
standards and blanks identically.

If linearity is established for a given detector setting, single standard calibration is
acceptable. Record peak height or area and retention time for calculation of the
calibration factor, F. However, a calibration curve will result in better precision and bias.

Sample analysis

Remove sample particulates, if necessary, by filtering through a prewashed 0.2 ym pore-
diam membrane filter. Using a prewashed syringe of 1 to 10 m# capacity equipped with
a make luer fitting inject sample or standard. Inject enough sample to flush sample loop

several times: for 0.1 m¢ sample loop inject at least 1 mg. Switch ion chromatograph
from load to inject mode and record peak heights and retention times on strip chart

recorder. After the last peak (SO,%) has appeared and the conductivity signal has
returned to base line, another sample can be injected.

Regeneration

For systems without fiber suppressor regenerate with 1N H,SO, in accordance with the
manufacturer's instructions when the conductivity base line exceeds 300 pS with the
suppressor column on line.

** Water dip occurs because water conductivity in sample is less than eluant conductivity (eluant is diluted by
water).
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G2.5 Calculations

Calculate concentration of each anion, in miligrams per liter, by referring to the
appropriate calibration curve. Alternatively, when the response is shown to be linear,
use the following equation:

C= HxFxD
where,
C is the mg anion/¢;
H is the peak height or area;
F is the response factor = concentration of standard/height (or area) of standard;
D is the dilution factor for those samples requiring dilution.
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Appendix H

Determination of nitrate®

Principle

Measurement of UV absorption at 220 nm enables rapid determination of NO;. Because
dissolved organic matter also may absorb at 220 nm and NO," does not absorb at 275
nm, a second measurement made at 275 nm may be used to correct the NO, value.
Sample filtration is intended to remove possible interference from suspended particles.

Acidification with 1N HCl is designed to prevent interference from hydroxide or carbonate
concentrations up to 1000 mg CaCQO,4/¢. Chloride has no effect on the determination.

Apparatus

Spectrophotometer, for use at 220 nm and 275 nm with matched silica cells of 1 cm
or longer light path. -

Reagents

Nitrate-free water

Use redistilled or distilled, deionized water of highest purity to prepare all solutions and
dilutions.

Stock nitrate solution

Dry potassium nitrate (KNQ,) in an oven at 105°C for 24 h. Dissolve 0.7218 g in water
and dilute to 1000 m¢, 1.00 m¢ = 100 pg NO,-N. Preserve with 2 m¢ CHCI,/¢. This
solution is stable for at least 6 months..

Intermediate nitrate solution

Dilute 100 m¢ stock nitrate solution to 1000 m¢ with water; 1.00 m¢ = 10.0 ug NO,-N.
Preserve with 2 m¢ CHCI,/¢. This solution is stable for at least 6 months.
Hydrochloric acid solution, HCI, 1N.

* APHA - 4500-NO, B.
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HA4.

H4.1

H4.2

H4.3

HS.

Procedure v

Treatment of sample

To 50 m¢ clear sample, filtered if necessary, add 1 m¢ HCI solution and mix thoroighly.

Preparation of standard curve

Prepare NO;™ calibration standards in the range 0 to 7 mg NO,-N/¢ by diluting to 50 ml
the following volumes of intermediate nitrate solution: 0, 1.00, 2.00, 4.00, 7.00 .... 35.0
mf. Treat NO; standards in same manner as samples.

Spectrophotometric measurement

Read absorbance or transmittance against redistilled water set at zero absorbance or
100% transmittance. Use a wavelength of 220 nm to obtain NO, reading and a
wavelength of 275 nm to determine interference due to dissolved organic matter.

Calculation

For samples and standards, subtract two times the absorbance reading at 275 nm from
the reading at 220 nm to obtain absorbance due to NO,. Construct a standard curve
by plotting absorbance due to NO, against NO,-N concentration of standard. Using
corrected sample absorbances, obtain sample concentrations directly from standard
curve.

NOTE. If correction value is more than 10% of the reading at 220 nm, do not use this method.
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Appendix |

Determination of organic matter

Closed reflux, Titrimetric method*
Principle

Most types of organic matter are oxidized by a boiling mixture of chromic and sulphuric
acids. A sample is refluxed in strongly acid solution with a known excess of potassium
dichromate (K,Cr,0;). After digestion, the remaining unreduced K,Cr,0O; is titrated with
ferrous ammonium sulphaté to determine the amount of K,Cr,O, consumed and the
oxidizable organic matter is calculated in terms of oxygen equivalent. Keep ratios of
reagent weights, volumes, and strengths constant when sample volumes other than 50

m¢ are used. The standard 2 h reflux time may be reduced if it has been shown that a
shorter period yields the same results.

Apparatus

Digestion vessels

Preferably use borosilicate culture tubes, 16 x 100 mm, 20 x 150 mm, or 25 x 150 mm,

with TFE-lined screw caps. Alternatively, use borosilicate ampules, 10 m¢ capacity, 19
to 20 mm diameter. '

Heating block, cas aluminium, 45 to 50 mm deep, with holes sized for close fit of culture
tubes or ampules.

Block heater or oven, to operate at 150 + 2°C.

NOTE. Severe damage of most culture tube closures from oven digestion introduces a potential source of
contamination and increases the probability of leakage. Use an oven for culture-tube digestion only when it
has been determined that 2 h exposure at 150°C will not damage the caps.

Ampules sealer

Use only a mechanical sealer to ensure strong, consistent seals.

* APHA - 5220 C.
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1.3

11.3.1

1.3.2

11.3.3

11.3.4

Reagents

Standard potassium dichromate digestion solution, 0.0167M

Add to about 500 m¢ distilled water 4.913 g K,Cr,O,, primary standard grade, previously
dried at 103°C for 2 h, 167 m¢ conc H,SO,, and 33.3 g HgSO,. Dissolve, cool to room
temperature, and dilute to 1000 m¢.

Sulphuric acid reagent

Add Ag,SO,, reagent or technical grade, crystals or powder, to conc H,SO, at the rate
of 5.5 g Ag,SO,kg H,SO,. Let stand 1 to 2 days to dissolve Ag,SO,.

Ferroin indicator solution

Dissolve 1.485 g, 1,10-phenanthroline monohydrate and 695 mg FeSO,.7H,0 in distilled

‘water and dilute to 100 m¢.

Standard ferrous ammonium sulfate titrant (FAS), approximately 0.10 M. Dissolve 39.2
g Fe(NH,),(S0O,),.6H,0 in distilled water. Add 20 m¢ conc H,SO,, cool, and dilute to
1000 m¢. Standardize solution daily against standard K,Cr,0O, digestion solution as
follows:

Add reagents according to Table 3 to a culture tube containing the correct volume of
distilled water substituted for sample. Cool tube to room temperature and add 0.05 to
0.10 m¢ (1 to 2 drops) ferroin indicator and titrate with FAS titrant.

Volume (m¢£) 0.0167M K,Cr,0, solution titrated
Molarity of FAS solution = x 0.10
Volume (m¢£) FAS used in titration

1

Table 3. Sample and reagent quantities for various digestion vessels

Digestion Sample Digestion Sulphuric Acid Total Final
Vessels me Solution Reagent Volume
m{ me m{
Culture tubes:
16 x 100 mm 2.5 1.5 3.5 7.5
20 x 150 mm 5.0 3.0 7.0 15.0
25 x 150 mm 10.0 6.0 14.0 30.0
Standard 10 mé¢ 2.5 1.5 3.5 7.5
ampules
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Sulfamic acid
Required only if the interference of nitrites is to be eliminated.
Potassium hydrogen phthalate (KHP) standard

Lightly crush and then dry potassium hydrogen phthalate (HOOCC,H,COOK) to constant
weight at 120°C. Dissolve 425 mg in distilled water and dilute to 1000 m¢. KHP has a
theoretical COD of 1.176 mg O,/mg and this solution has a theoretical COD of 500 ug
0O,/m¢. This solution is stable when refrigerated for up to 3 months in the absence of
visible biological growth.

Procedure

Wash culture tubes and caps with 20% H,SO, before first use to prevent contamination.
Refer to Table 3 for proper sample and reagent volumes. Place sample in culture tube
or ampule and add digestion solution. Carefully run sulphuric acid reagent down inside
of vessel so an acid layer is formed under the sample-digestion solution layer. Tightly
cap tubes or seal ampules, and invert each several times to mix completely.

CAUTION. Wear face shield and protect hands from heat produced when contents of
vessels are mixed. Mix thoroughly before applying heat to prevent local heating of
vessel bottom and possible explosive reaction.

Place tubes or ampules in block digester or oven pre-heated to 150°C and reflux for 2
h. Cool to room temperature and place vessels in test tube rack. Remove culture tube

caps and add small TFE-covered magnetic stirring bar. |f ampules are used, transfer
conents to a larger container for titrating. Add 0.05 to 0.10 ml (1 to 2 drops) ferroin
indicator and stir rapidly on magnetic stirrer while titrating with 0.10 M FAS. The end
point is a sharp colour change from blue-green to reddish brown, although the blue-
green may reappear within minutes. In the same manner reflux and titrate a blank
containing the reagents and a volume of distilled water equal to that of the sample.

Calculation

(A -B) x M x 8000
CODasmg O/t =

m¢f sample |
where,
A is the volume (m?) of FAS used for blank;
B is the volume (m¢?) of FAS used for sample;
M is the molarity of FAS.
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12.1

12.2

12.2.1

12.2.2

12.3

12.3.1

12.3.2
12.3.3

12.3.4
12.4

12.4.1

12.4.2

Closed reflux, Colorimetric method®

Principle. See Clause I11.1.

Colorimetric reaction vessels are sealed glass ampules or capped cuiture tubes. Oxygen
consumed is measured against standards at 600 nm using a spectrophotometer.

Apparatus

See Clause [1.2.

Spectrophotometer, for use at 600 nm with access opening adapter for ampule or 16,
20, or 25 mm tubes.

Reagents

Digestion solution

Add to about 500 me¢ distiled water 10.216 g K,Cr,0,, primary standard grade,
previously dried at 103°C for 2 h, 167 m¢ conc H,S0O,, and 33.3 g HgSO,. Dissolve,
cool to room temperature, and dilute to 1000 m¢.

Sulphuric acid reagent. See Clause 11.3.2.

Sulfamic acid. See Clause 11.3.5.

Potassium hydrogen phthalate standard. See Clause 11.3.6.
Procedure

Treatment of samples

Measure suitable volume of sample and reagents into tube or ampule as indicated in
Table 3. Prepare, digest, and cool samples, blank and one or more standards as
directed in Clause 11.4.

Measurement of dichromate reduction

Invert cooled samples, blank, and standards several times and allow solids to settle
before measuring absorbance. Dislodge solids that adhere to container wall by gentle
tapping and settling. Insert unopened tube or ampule through access door into light path
of spectrophotometer set at 600 nm. Read absorbance and compare to calibration
curve. Use optically matched culture tubes or ampules for greater sensitivity; discard
scratched or blemished glassware.

* APHA - 5220 D.
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Preparation of calibration curve

Prepare at least five standards from potassium hydrogen phthalate solution with COD
equivalents from 20 to 900 pg O,/¢. Make up to volume with distilled water; use same
reagent volumes, tube, or ampule size, and digestion procedure as for samples.
Prepare calibration curve for each new lot of tubes or ampules or when standards
prepared in 12.4.1 differ by = 5% from calibration curve.

Calculation

mg O, in final volume x 1000

CODasmgO,/f =
m¢ sample
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J1.2

J1.3

J1.3.1

J1.3.2

J2.

J2.1

J2.2

J2.3

Appendix J

Determination of sulphide
(Methylene Blue Method)*

Apparatus

Matched test tubes, approximately 125 mm long and 15 mm OD.

Droppers, delivering 20 drops/m¢ methylene blue solution. To obtain uniform drops hold
dropper in a vertical position and let drops form slowly.

If photometric rather than visual colour determination will be used, either:

Spectrophotometer, for use at a wavelength of 664 nm with cells providing light paths
of 1 em and 1 mm, or ' i

Filter photometer, with a filter providing maximum transmittance near 600 nm.

Reagents

Amine-sulphuric acid stock solution

Dissolve 27 g N,N- dimethyl-p-phenylenediamine oxalate* in a cold mixture of 50 m¢
conc H,SO, and 20 m¢ distilled water. Cool and dilute to 100 m¢ with distilled water.
Use fresh oxalate because an old supply may be oxidized and discoloured to a degree
that results in interfering colours in the test. Store in a dark glass bottle. When this
stock solution is diluted and used in the procedure with a sulphide-free sample, it first
will be pink but then should become colourless within 3 min.

Amine-sulphuric acid reagent

Dilute 25 m¢ amine-sulphuric acid stock solution with 976 m¢ 1 + 1 H,SO,. Storein a
dark glass bottle.

Ferric chloride solution

Dissolve 100 g FeCl;.6H,0 in 40 me¢ water.

* APHA-4500-S* D.
* Eastman catalog No. 5672 has been found satisfactory for this purpose.
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Sulphuric acid solution, H,SO,, 1 + 1.
Diammonium hydrogen phosphate solution
Dissolve 400 g (NH,),HPO, in 800 m¢ distilled water.
Methylene blue solution |

Use USP grade dye. The dye content should be reported on the label and should be

84% or more. Dissolve 1.0 g in distilled water and make up to 1 £. This solution will be
approximately the correct strength, but because of variation between different lots of dye,

standardize against sulphide solutions of known strength and adjust its concentration so
that 0.05 m¢ (1 drop) = 1.0 mg sulphide/¢.

Standardization - Put several grammes of clean, washed crystals of Na,S.9H,0 into a
small beaker. Add somewhat less than enough water to cover crystals. Stir occasionally
for a few minutes, then pour solution into another vessel. This solution reacts slowly
with oxygen but the change is unimportant within a few hours. Make solution daily. To
1 | distilled water add 1 drop of solution and mix. Immediately determine sulphide
concentration by the methylene blue procedure and by the iodometric procedure.
Repeat, using more than 1 drop Na,S solution or smaller volumes of water, until at least
five tests have been made, with a range of sulphide concentrations between 1 and 8
mg/¢. Calculate average percent error of the methylene blue result as compared to the
iodometric result. If the average error is negative, that is, methylene blue resuits are
lower than iodometric results, dilute methylene blue solution -by the same percentage,
so that a greater volume will be used in matching colours. if methylene blue results are
high, increase solution strength by adding more dye.

Methylene blue solution Il

Dilute 10.00 m/ of adjusted methylene blue solution | to 100 m¢.

Procedure

Colour development

Transfer 7.5 m¢ sample to each of two matched test tubes, using a special wide-tip pipet
or filling to marks on test tubes. Add to Tube A 0.5 m¢ amine-sulphuric acid reagent and
0.15 m¢ (3 drops) FeCl, solution. Mix immediately by inverting slowly, only once.

(Excessive mixing causes low results by loss of H,S as a gas before it has had time to
react). To Tube B add 0.5 m¢ 1 + 1 H,SO, and 0.15 m¢ (3 drops) FeCl; solution and
mix. The presence of S% will be indicated by the appearance of blue colour in Tube A.
Colour development usually is complete in about 1 min, but a longer time often is
required for fading out of the initial pink colour. Wait 3 to 5§ min and add 1.6 ml
(NH,),HPO, solution to each tube. Wait 3 to 15 min and make colour comparisons. [f
zinc acetate was used, wait at least 10 min before making a visual colour comparison.
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J3.2

J3.2.1

J3.2.2

Colour determination

Visual colour estimation - Add methylene blue solution | or II, depending on sulphide
concentration and desired accuracy, dropwise, to the second tube, until colour matches

that developed in first tube. If the concentration exceeds 20 mg/¢, repeat test with a
portion of sample diluted to one tenth.

With methylene blue solution |, adjusted so that 0.05 me (1 drop) = 1.0 mg S%/¢ when
7.5 m¢ of sample are used:

mg S%/¢ = no. drops solution 1 + 0.1 (no. drops solution 1)

Photonﬁetric colour measurement - A cell with a light path of 1 cm is suitable for

measuring sulphide concentrations from 0.1 to 2.0 mg/¢. Use shorter or longer light
paths for higher or lower concentrations. The upper limit of the method is 20 mg/l. Zero

instrument with a portion of treated sample from Tube B. Prepare calibration curves on
basis of colorimetric tests made on Na,S solutions simultaneously analyzed by the
iodometric method, plotting concentration vs. absorbance. A straight-line relationship
between concentration and absorbance can be assumed from 0 to 1.0 mg/l.

Read sulphide concentration from calibration curve.
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Appendix K
Determination of arsenic and mercury”

Principle

This hydride generation/atomic absorption sprectrometric method is applicable to ihe
determination of arsenic and mercury by conversion to their hydrides by sodium
borohydride reagent and aspiration into an atomic absorption atomizer.

The oxidation states of arsenic and mercury are instantaneously converted by sodium
borohydride reagent in acid solution to their volatile hydrides. The hydrides are purged
continuously by argon or nitrogen into an appropriate atomizer of an atomic absorption
spectrometer and converted to the gas-phase atoms. The sodium borohydride reducing
agent, by rapid generation of the elemental hydrides in an appropriate reaction cell,
minimizes dilution of the hydrides by the carrier gas and provides rapid, sensitive

determinations of arsenic and mercury.

CAUTION. Arsenic and mercury and their hydrides are toxic. Handle with care.

Apparatus

Atomic absorption spectrometer equipped with gas flow meters for argon (or nitrogen)
and hydrogen, As and Hg electrodeless discharge lamps with power supply, background
correction at measurement wavelengths, and appropriate strip-chart recorder. A good-
guality 10 mV/ recorder with high sensitivity and a fast response time is needed.
Atomizer. Use one of the following:

Boling-type burner head for argon (or nitrogen)-air entrained-hydrogen flame.

Cylindrical quartz cell, 10 to 20 cm long, electrically heated by externa! nichrome wire
to 800 fo 800°C.

Cyiindrical quartz cell with internal fuel rich hydrogen-oxygen (air) flame.

The sensitivity of quartz cells deteriorates over several months of use. Sensitivity
sometimes may be restored by treatment with 40% Hydrofluoric acid (HF).

CAUTION. HF js extremely corrosive. Avoid ail contact with exposed skin. Handle with
care.

T APHA - 3114 B.
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K2.3 Reaction cell for producing As or Hg hydrides

See Figure 3. A commercially available system is acceptable if it utilizes liquid sodium
borohydride reagents; accepts samples digested in accordance with Clauses K4.3, K4.4
and K4.5; accepts 4 to 6N HCI, and is efficiently and precisely stirred by the purging gas
and/or a magnetic stirrer.

Ruxitiary nitrogen Burner

o

A ey
A MR SRR AL

i
&

" Gas dispersion

Dropper

Rubber stopper &

Hydrogen Hitrogen

200-ml Berzelius beaker or
300-mL beaker

Figure 3. Manual reaction cell for producing As and Hg hydrides

42



K2.4

K2.5

Ka3.

K3.1

K3.2

K3.3

K3.4

K3.5

K3.6
K3.7
K3.8

K3.8

MS 1350 : 1994

Eye dropper or syringe capable of delivering 0.5 to 3.0 m¢ sodium borohydride reagent.
Exact and reproducible addition is required so that production of hydrogen gas does not
vary significantly between determinations. ,

Vent

Place a vent about 15 to 30 cm above the burner to remove fumes and vapours from the
flame. This precaution protects laboratory personnel from toxic vapours, protects the
instrument from corrosive vapours, and prevents flame stability from being affected by
room drafts. A damper or variable-speed blower is desirable for modulating air flow and
preventing flame disturbance. Select blower size to provide the air flow recommended
by the instrument manufacturer. In laboratory locations with heavy particulate air
pollution, use clean laberatory facilities.

Reagents

Sodium borohydride reagent
Dissolve 8 g NaBH, in 200 m¢ 0.1N NaOH. Prepare fresh daily.
Sodium iodide pre-reductant solution

Dissolve 50 g Nal in 500 m¢ water. Prepare fresh daily. Alternatively use an equivalent
Kl solution.

Sulphuric acid, 18N.

‘Sulphuric acid, 2.5N

Cautiously add 35 m¢ conc H,S0, to about 400 m¢ water, let cool, and adjust volume
to 500 m¢.

Potassium persulphate, 5% sclution

Dissolve 25 g K,S,0; in water and dilute to 500 m¢. Store in glass and refrigerate.
Prepare weekly.

Nitric acid, NHO,, conc.
Perchloric acid, HCIO,, conc.
Hydrochloric acid, HCI, conc.

Argon (or nitrogen), commercial grade.
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K3.10
K3.11

K3.11.1

K3.11.2

K3.11.3

K3.12

K3.12.1

K3.12.2

K3.12.3

K3.13

K3.13.1

Hydrogen, commercial grade.
Arsenic (lll) solutions.
Stock As(lll) solution

Dissolve 1.320 g arsenic trioxide, As,O,, in water containing 4 g NaOH. Dilute to 1 ¢;
1.00 m¢ = 1.00 mg As(lll). :

Intermediate As(lll) solution

Dilute 10 m¢ stock As solution to 1000 m¢ with water containing 5 m# conc HCI; 1.00 m¢
= 10.0 pg As(lll).

Standard As(lll) solution

Dilute 10 m¢ intermediate As(lll) solution to 1000 m¢ with water containing the same
concentration of acid used for sample preservation (2 to 5 m¢ conc HNO,); 1.00 m¢ =
0.100 pg As(lll). Prepare diluted solutions daily.

Arsenic(V) solutions.

Stock As(V) solution

Dissolve 1.534 g arsenic pentoxide, As,O;, in distilled water containing 4 g NaOH. Dilute
to 1 ¢; 1.00 m¢ = 1.00 mg As(V).

Intermediate As(V) solution

Prepare as for As(lll) above; 1.00 m¢ = 10.0 pg As(V).

Standard As(V) solution

Prepare as for As(lll} above; 1.00 m¢ = 0.100 pyg As(V).

Organic arsenic solution.
Stock organic arsenic solution

Dissolve 1.842 g dimethylarsinic acid (cacodylic acid), (CH,),AsOOH, in water containing
4 g NaOH. Dilute to 1 ¢, 1.00 m¢ = 1.00 mg As.

NOTE. Check purity of cacodylic acid reagent against an intermediate arsenic standard (50 to 100 mg As/l)
using flame atomic absomtion.
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Intermediate organic arsenic soluton

Prepare as for As(lll) above; 1.00 m¢ = 10.0 yg As.
Standard organic arsenic solution |

Prepare as for As(lll) above; 1.00 m¢ = 0.100 pg As.
Stock mercury solution -

Dissolve 1.354 g mercuric chloride, HgCl,, in about 700 m¢ water, add 10 ml conc HNO,,
and dilute to 1000 m¢ with water; 1.00 mf = 1.00 mg Hg.

Standard mercury solutions

Prepare a series of standard mercury solutions containing 0 to 5 pg/f by appropriate
dilution of stock mercury solution with water containing 10 m¢ conc HNO,/¢. Prepare

standards daily.

Procedure

Apparatus setup

Either see Figure 3 or follow manufacturer’'s instructions. Connect inlet of reaction cell
with auxiliary purging gas controlled by flow meter. Before using the hydride
generation/analysis system, optimize operating parameters. Aspirate dilute aqueous
solutions of As and Hg directly into the flame to facilitate atomizer alignment. Align
quartz atomizers for maximum absorbance. Aspirate a blank until memory effects are
removed. Establish purging gas flow, concentration and rate of addition of sodium
borohydride reagent, solution volume, and stirring rate for optimum instrument response
for the chemical species to be analyzed. If a quartz atomizer is used, optimize cell
temperature. If sodium borohydride reagent is added too quickly, rapid evolution of
hydrogen will unbalance the system. If the volume of solution being purged is too large,
the absorption signal wili be decreased. Recommended wavelengths are 193.7 nm and
253.6 nm for As and Hg, respectively. :

Instrument calibration standards

Transfer 0.00, 1.00, 2.00, 5.00, 10.00, 15.00, and 20.00 m¢ standard solutions of As(lil)
or Hg to 100 m¢ volumetric flasks and bring to volume with water containing the same
acid concentration used for sample preservation (commonly 2 to 5 mf conc HNO,/¢).

This yields blank and standard solutions of 0, 1, 2, 5, 10, 15 and 20 ug As or Hg/?.
Prepare fresh daily.
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K4.3

K4.4

K4.5

Preparation of samples and standards for total recoverable arsenic and mercury

Add 50 m¢ samplé, As(lll), or Hg standard to 200 m¢ Berzelius beaker. (Alternatively,
prepare standards by adding 100 pg/¢ standard As or Hg solutions directly to the beaker
and dilute to 50 m¢ in this beaker). Add 7 m¢ 18N H,SO, and 5 m¢ conc HNO,. Add

a small boiling chip or glass beads if necessary. Evaporate to SO, fumes. Maintain
oxidizing conditions at all times by adding small amounts of HNO, to prevent solution
from darkening. Maintain an excess of HNO, until all organic matter is destroyed.
Complete digestion usually is indicated by a light-coloured solution. Cool slightly, add
25 m¢ water and 1 m¢ conc HCIO, and again evaporate to SO, fumes to expel oxides
of nitrogen.

CAUTION. Handle HCIO, carefully.

Monitor effectiveness of digestion procedure used by adding 5 m¢ of standard organic
arsenic solution or 5 mf of a standard mercury solution to a 50 m¢ sample and
measuring recovery, carrying standards through entire procedure. To report total

recoverable arsenic as total arsenic, average recoveries of cacodylic acid must exceed

80%. Alternatively, use 100 m¢ microkjeldahi flasks for the digestion of total recoverable
arsenic or mercury, thereby improving digestion effectiveness. After final evaporation

of SO, fumes, dilute to 50 m¢ for arsenic measurements or to 30 m¢ for mercury
measurements.

Preparation of samples and standards for total arsenic and mercury

Add 50 m¢ sample or standard to a 200 m¢ Berzelius beaker. Add 1 m¢ 2.5N H,SO,
and 5 ml 5% K,S,0,. Boil gently on a pre-heated hot plate for approximately 30 to 40

min or until a final volume of 10 m¢ is reached. Do not let sample go to dryness.
Alternatively heat in an autoclave at 121°C for 1 h in capped containers. After manual
digestion, dilute to 50 m¢ for subsequent arsenic measurements and to 30 m¢ for
mercury measurements. Monitor effectiveness of digestion by measuring recovery of As
or Hg as above. If poor recovery of arsenic added as cacodylic acid is obtained,

reanalyze using double the amount of K,S,0,.
Determination of arsenic with sodium borohydride

To 50 mi digested standard or sample in a 200 m¢ Berzelius beaker (see Figure 3) add
5 m¢ conc HCl and mix. Add 5 m¢ Nal pre-reductant solution, mix, and wait at least 30
min.

NOTE. The Nal reagent has not been found necessary for certain hydride reaction cell designs if a 20 to 30%
loss in instrument sensitivity is not important and variables of solution acid conditions, temperatures, and
volumes for production of As(V) and arsine can be controlled strictly. Such control requires an automated
delivery system.
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Attach one Berzelius beaker at a time to the rubber stopper containing the gas
dispersion tube for the purging gas, the sodium borohydride reagent inlet, and the outlet
to the atomizer. Turn on strip-chart recorder and wait until the base line is established
by the purging gas and all air is expelled from the reaction cell. Add 0.5 ml sodium
borohydride reagent. After the instrument absorbance has reached a maximum and
returned to the base line, remove beaker, rinse dispersion tube with water, and proceed
to the next sample or standard. Periodically compare standard As(lll) and As(V) curves
for response consistency. Check for presence of chemical interference that suppress

instrument response for arsine by treating a digested sample with 10 pg/l As(lll) or As(V)
as appropriate. Average recoveries should be not less than 90%.

Determination of mercury with sodium borohydride

To 30 m¢ digested standard or sample, or to 30 m¢ undigested standard or sample in
200 m¢ Berzelius beaker, add 15 m¢ conc HCIl and mix. Heat for a pre-determined
period at 90 to 100°C. Alternatively autoclave at 121°C in capped containers for 60 min,
or heat for a pre-determined time in open {est tubes using a 90 to 100°C hot water bath
or an aluminium block digester. Check effectiveness of the selected heating by

demonstrating equal instrument responses for calibration curves prepared. Attach
Berzelius beakers, to the purge apparatus. For each, turn on the strip-chart recorder

and wait until the base line is established. Add 0.50 m¢ sodium borohydride reagent.
After the instrument absorbance has reached a maximum and returned to the base line,

remove beaker, rinse dispersion tube with water, and proceed to the next sample or
standard. Check for presence of chemical interferences that suppress mercury hydride

instrument response by treating a digested sample with 10 yg Hg/¢. Average recoveries
should be not less than 90%.

Calculation

Construct a standard curve by plotting peak heights or areas of standard versus
concentration of standards. Measure peak heights or areas of samples and read
concentrations from curve. If sample was diluted (or concentrated) before sample
digestion, apply an appropriate factor. On instruments so equipped, read concentrations
directly after standard calibration.
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Appendix L

Determination of barium, cadmium, chromium, copper, lead,
manganese and selenium®

Determination of barium, cadmium, chromium, copper, lead,
manganese and selenium

Principle

Electrothermal atomic absorption spectroscopy is based on the same principle as direct
flame atomization but an electrically heated atomizer or graphite furnace replaces the
standard burner heat. A discrete sample volume is dispensed into the graphite sample
tube (or cup). Typically, determinations are made by heating the sample in three or
more stages. First, a low current heats the tube to dry the sample. The second, or
charring stage, destroys organic matter and volatilizes other matrix components at an
intermediate temperature. Finally, a high current heats the tube to incandescence and,
in an inert atmosphere, atomizes the element being determined. Additional stages
frequently are added to aid in drying and charring, and to clean and cool the tube
between samples. The resultant ground-state atomic vapour absorbs monochromatic
radiation from the source. A photoelectric detector measures the intensity of transmitted
radiation, which is inversely proportional to the quantity of ground-state atoms in the
optical path over a limited range.

Apparatus

Atomic absorption spectrometer, consisting of a light source emitting the line spectrum
of an element (hollow-cathode lamp or electrodeless discharge lamps), a device for
vaporizing the sample (usually a flame), a means of isolating an absorption line
(monochromator or filter and adjustable slit), and a photoelectric detector with its
associated electronic amplifying and measuring equipment.

Lamps
Use either a hollow-cathode lamp or an electrodeless discharge lamp (EDL). Use one
lamp for each element being measured. Multi-element hollow-cathode lamps generally

provide lower sensitivity than single-element lamps. EDLs take a longer time to warm
up and stabilize.

* APHA - 3113 A.
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Graphite furnace

Use in electrically heated device with electronic control circuitry designed to carry a
graphite tube or cup through a heating program that provides sufficient thermal energy
to atomize the elements of interest. Furnace heat controllers with only three heating
steps are adequate only for fresh waters with low dissolved solids content. For salt
waters, brines, and other complex matrices, use a furnace controller with up to seven
individually programmed heating steps. Fit the furnace into the sample compartment of
the spectrometer in place of the conventional burner assembly. Use argon as a purge
gas to minimize oxidation of the furnace tube and to prevent the formation of metallic
oxides. Use graphite tubes with L'vov platforms to minimize interferences and to
improve sensitivity.

Readout

Most instruments are equipped with either a digital or null meter readout mechanism.
Most modern instruments are equipped with microprocessors capable of integrating
absorption signals over time and linearizing the calibration curve at high concentrations.

Sample dispensers

Use microlitre pipets (5 to 100 wp£) or an automatic sampling device designed for the
specific instrument.

Place a vent about 15 to 30 cm above the burner to remove fumes and vapours from the
flame. This precaution protects laboratory personnel from toxic vapours, protects the
instrument from corrosive vapours, and prevent flame stability from being affected by

room drafts. A damper or variable speed blower is desirable for modulating air flow and

preventing flame disturbance. Select blower size to provide the air flow recommended
by the instrument manufacturer. In laboratory locations with heavy particulate air
poliution, use clean laboratory facilities.

Cooling water supply
Cool with tap water flowing at 1 to 4 £/min or use a recirculating cooling device.

Membrane filter apparatus

Use an all-glass filtering device and 0.45 ym membrane filters.
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L1.3.5

Reagents

Metal-free water

Use metal-free water for preparing all reagents and calibration standards and as dilution
water. Prepare metal-free water by deionizing tap water and/or by using one of the
following processes, depending on the metal concentration in the sample: single
distillation, redistillation, or sub-boiling. Always check deionized or distilled water to
determine whether the element of interest is present in trace amounts.

CAUTIONS. /fthe source water contains Hg or other volatile metals, single or redistilled
water may not be suitable for trace analysis because these metals distill over with the
distilled water. In such cases, use sub-boiling to prepare metal-free water.
Hydrochloric acid, HCI, 1 + 1 and conc.

Nitric acid, HNO,, 1 + 1 and conc.

Matrix modifiers:

Ammonium nitrate, 10% (w/v): Dissolve 100 g NH,NO, in water. Dilute to 100 m¢ with
water.

Ammonium phosphate, 40%: Dissolve 40 g (NH,),HPO, in water. Dilute to 100 m¢ with
water.

Calcium nitrate, 20000 mg Ca/¢: Dissolve 11.8 g Ca(NQ,),.4H,0 in water. Dilute to 100
m¢ with water.

Nickel nitrate, 10000 mg Ni/¢: Dissolve 49.56 g Ni(NO,),.6H,0 in water. Dilute to 1000
m{ with water.

Phosphoric acid, 10% (v/v): Dilute 10 m¢ conc H;PO, to 100 m¢ with water.

For preparation of other matrix modifiers, see references or follow manufacturers’
instructions.

Standard metal solutions

Prepare a series of standard metal solutions in the optimum concentration ranges by

appropriate dilution of the following stock metal solutions with water containing 1.5 m¢
conc HNO,/¢:
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Barium

Dissolve 0.1516 g BaCl, (dried at 250° for 2 h), in about 10 m¢ water with 1 me¢ 1 +

1 HCl. Add 10.0 m¢ 1 + 1 HCI and dilute to 1000 m¢ with water; 1.00 m¢ = 100 ug
Ba.

Cadmium

Dissolve 0.100 g cadmium metal in 4 m¢ conc HNO,. Add 8.0 m¢ conc HNO, and
dilute to 1000 m¢ with water; 1.00 m¢ = 100 pg Cd.

Chromium
Dissolve 0.1923 g CrO, in water. When solution is complete, acidify with 10 m£ conc
HNO, and dilute to 1000 m¢ with water; 1.00 m¢ = 100 ug Cr.

Copper

Dissolve 0.100 g copper metal in 2 mf conc HNO,, add 10.0 m¢ conc HNO, and dilute
to 1000 m¢ with water; 1.00 m¢ = 100 pg Cu.

Lead

Dissolve 0.1598 g lead nitrate, Pb(NQ,),, in @ minimum amount of 1 + 1 HNO,, add
10 m¢ conc HNO,, and dilute to 1000 m¢ with water; 1.00 m¢ = 100 yg Pb.

Manganese

Dissolve 0.1000 g manganese metal in 10 mf conc HCI mixed with 1 ml conc HNO,.
Dilute to 1000 m¢ with water; 1.00 m¢ = 100 pyg Mn.

Selenium(lV) solutions:
Stock Se(1V) solution

Dissolve 2.190 g sodium selenite, Na,SeO,, in water containing 10 m¢ HCI and dilute
to 1 £; 1.00 m¢ = 1.00 mg Se(lV).

Intermediate Se(IV) solution

Dilute 10 m# stock Se(1V) to 1000 m¢ with water containing 10 m¢ conc HCI; 1.00 m¢
= 10.0 pyg Se(lV).

Standard Se(lV) solution

Dilute 10 m¢ intermediate Se(lV) solution to 1000 m¢ with water containing the same
concentration of acid used for sample preservation (2 to 5 m¢ conc HNQO;). Prepare

solution daily when checking the equivalency of instrument response for Se(lV) and
Se(VI); 1.00 m¢ = 0.100 pg Se(lV).
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L1.3.5.8

L1.3.5.8.1

L1.3.5.8.2

L1.3.5.8.3

1.1.3.6

L1.3.7

L1.4

L1.4.1

L1.4.1.1

Selenium(VI) solution:
Stock Se(VI) solution

Dissolve 2.393 g sodium selenate, Na,SeQ,, in water containing 10 m¢ conc HNO,.
Dilute to 1 £; 1.00 m¢ = 1.00 mg Se(Vl).

Intermediate Se(VI) solution

Prepare as for Se(lV) above; 1.00 m¢ = 10.0 pg Se(Vi).

Standard Se(V!) solution

Prepare as for Se(lV) above; 1.00 m¢ = 0.100 g Se(VI).

Chelating resin

100 to 200 mesh* purified by heating at 60°C in 10N NaOH for 24 h. Cool resin and
rinse 10 times each with altemating portions of 1N HCIl, metal-free water, 1N NaOH,

and metal-free water.

Metal-free seawater (or brine)

-Fill a 1.4 cm ID x 20 cm long borosilicate glass column to within 2 cm of the top with

purified chelating resin. Elute resin with successive 50 m¢ portions of 1N HCI, metal-
free water, 1N NaOH, and metal-free water at the rate of 5 m#¢/min just before use.
Pass salt water or brine through the column at a rate of 5 m¢/min to extract trace
metals present. Discard the first 10 bed volumes (300 m¢) of eluate.

Procedures

Sample pre-treatment

Before analysis, pre-treat all samples as indicated below. Rinse all glassware with 1
+ 1 HNO,; and water. Carry out digestion procedures in a clean, dust-free laboratory
area to avoid sample contamination.

Dissolved metals - For samples requiring selenium analysis add 3 m¢ 30% hydrogen
peroxide and an appropriate concentration of nickel before analysis. For all other

metals no further pre-treatment is required except for adding an optional matrix
modifier (see Table 4).

* Chelex 100, or equivalent, available from Bio-Rad Laboratories, Richmond, Calif.
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Table 4. Potential matrix modifiers for electrothermal atomic absorption spectrometry

Element Matrix modifiers for Matrix modifiers
interference removal as enhancers
Cd NH,H,PO, & Mg(NO,),,
(NH,)HPO, & Mg(NO,),, (NH,)SO,, HNO,, (NH,),S,0,
Mg(NO,),
Cr NH,NO,, ascorbic acid -
Cu NH, H,PO,, (NH,)HPO,, Mg(NO,),, MgSO,, LaNO,
Pb NH,NO,, ascorbic acid, oxalic acid, phosphoric acid, -

HNO,, LaCl, (NH,),EDTA
Ascorbic acid, Mg(NQ;),, NH,NO,

Mn Ni(NO,),, Ni(NO,), & Mg(NO,),, Ni(NO,), & Cu(NO,),, -
Se AgNO,, (NH,);Mo,0,,, Fe(NO;), -

Fe(NQO,); & Cu(NG,),

L1.41.2

1L1.4.1.3

L1.4.2

SOURCE: SLAVIN, W. 1984. Graphite Furnace AAS - A Source Book. Perkin-Elmer Corp., Norwalk,
Conn. Courtesy of the Perkin-Elmer Corporation.

Total recoverable metals (Ba, Cd, Cr, Cu, Pb, Mn) - Quantitatively transfer digested

sample to a 100 m¢ volumetric flask, add an appropriate amount of matrix modifier (if
necessary, see Table 4) and dilute to volume with water.

Total recoverable metals (Se) - Transfer 100 m¢ of shaken sample, 1 m¢ conc HNO,,
and 2 m¢ 30% H,O, to a clean, acid-washed 250 m¢ beaker. Heat on a hot plate
without allowing solution to boil until volume has been reduced to about 50 mi.
Remove from hot plate and let cool to room temperature. Add an appropriate
concentration of nickel (See Table 4), and dilute to volume in a 100 ml volumetric flask
with water. Simultaneously prepare a digested blank by substituting water for sample
and proceed with digestion as described above.

Instrument operation

Mount and align furnace device according to manufacturer’s instructions. Turn on
instrument and strip-chart recorders. Select appropriate light source and adjust to
recommended electrical setting. Select proper wavelength and set all conditions
according to manufacturer’s instructions, including background correction. Background
correction is important when elements are determined at short wavelengths or when
sample has a high level of dissolved solids. In general, background correction is
usually not necessary at wavelengths longer than 350 nm. Above 350 nm deuterium
arc background correction is not useful and other types must be used.
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L1.4.3

Select proper inert- or sheath-gas flow. In some cases, it is desirable to interrupt the
inert-gas flow during atomization. Such interruption results in increased sensitivity by
increasing residence time of the atomic vapour in the optical path. Gas interruption
also increases background absorption and intensifies interference effects. Consider
advantages and disadvantages of this option for each matrix when optimizing
analytical conditions.

To optimize graphite furnace conditions, carefully adjust furnace temperature settings
to maximize sensitivity and precision and to minimize interferences. Follow
manufacturer's instructions.

Use drying temperatures slightly above the solvent boiling point to provide enough
time and temperature for complete evaporation without boiling or spattering.

The charring temperature must be high enough to maximize volatilization of interfering
matrix components yet too low to volatilize the element of interest. With the drying
and atomization temperatures set to their optimum values, analyze a standard at a

series of charring temperatures in increasing increments of 50 to 100°C. When the
optimum charring temperature is exceeded, there will be a significant drop in

sensitivity.  Plot charring temperature versus sample absorbance: the optimum
charring temperature is the highest temperature without reduced sensitivity.

Select atomization temperature by determining the temperature providing maximum
sensitivity without significantly eroding precision. Optimize by a series of successive
determinations at various atomization temperatures using a standard solution giving
an absorbance of 0.2 to 0.5.

Instrument calibration

Prepare standards for instrument calibration by dilution of the metal stock solutions.
Prepare standards fresh daily.

Prepare’ a blank and at least three calibration standards in the appropriate

concentration range (See Table 5) for correlating element concentration and
instrument response.

54



MS 1350 : 1994

Table 5. Detection levels and concentration ranges for electrothermal

atomization atomic absorption spectrometry

Estimated detection Optimum concentration

Element Wavelength limit range
nm walt palt

Bat 553.6 2 10-200

Cd 228.8 0.1 0.5-10
Cr 357.9 5-100
Cu 3247 1 5-100
Pbt 283.3 1 5-100
Mn 279.5 0.2 1-30
Se* 196.0 2 5-100

L1.4.4

L1.4.4.1

1 Pyrolytic graphite tubes utilized.

1 The more sensitive 217.0 nm wavelength is recommended for instruments with background correction
capabilities.

* Gas interrupt utilized.

Match the matrix of the standard solutions to those of the samples as closely as
possible. In most cases, this simply requires matching the acid background of the
samples. For seawaters or brines, however, use the metal-free matrix (L1.3.7) as the
standard solution diluent. In addition, add the same concentration of matrix modifier
(if required for sample analysis) to the standard solutions.

Inject a suitable portion of each standard solution, in order of increasing concentration.
Analyze each standard solution in triplicate to verify method precision.

Construct an analytical curve by plotting the average peak absorbencies or peak areas
of the standard solution versus concentration on linear graph paper. Alternatively, use
electronic instrument calibration if the instrument has this capability.

Sample analysis

Analyze all samples except those demonstrated to be free of matrix interferences
(based on recoveries of 85% - 115% for known additions) using the method of
standard additions. Analyze all samples at least in duplicate or until reprodtcible
results are obtained. A variation of < 10% is considered acceptable reproducibility.
Average replicate values.

Direct determination - Inject a measured portion of pre-treated sample into the
graphite furnace. Use the same volume as was used to prepare the calibration curve.
Dry, char, and atomize according to the pre-set program. Repeat until reproducible
results are obtained. ‘
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L1.4.4.2

L1.5

L1.5.1

Compare the average absorbance value or peak area to the calibration curve to
determine concentration of the element of interest. Alternatively, read results directly
if the instrument is equipped with this capability. If absorbance (or concentration) or
peak area of the most concentrated sample is greater than absorbance (concentration)
or peak area of the standard, dilute sample and reanalyze. If very large dilutions are
required, another technique (e.g., flame AA or ICP) may be more suitable for this
sample. Large dilution factors magnify small errors on final calculation. Keep acid
background and concentration of matrix modifier (if required) constant. If sample is
diluted with water, add acid and matrix modifier to restore the concentration of both
to the original. Alternatively, dilute the sample in a blank solution of acid and matrix
modifiers.

Proceed to Clause L1.5.1 below.

Method of standard additions - Refer to Clause L1.4.3 above. The method of
standard additions is valid only when it falls in the linear portion of the calibration
curve. Once instrument sensitivity has been optimized for the element of interest and
the linear range for the element has been established, proceed with sample analyses.

Inject a measured volume of sample into furnace device. Dry, char or ash, and
atomize samples according to pre-set programme. Repeat until reproducible results
are obtained. Record instrument response in absorbance or concentration as
appropriate. Add a known concentration of the element of interest to a separate
portion of sample so as not to change significantly the sample volume. Repeat the
determination.

Add a known concentration (preferably twice that used in the first addition) to a
separate sample portion. Mix well and repeat the determination.

Plot average absorbance or instrument response for the sample and the two portions
with known additions on the vertical axis with the concentrations of element added on
the horizontal axis of linear graph paper. Draw a straight line connecting the three
points and extrapolate to zero absorbance. The intercept at the horizontal axis is the

concentration of the sample. The concentration axis to the left of the origin should be
a mirror image of the axis to the right.

Calculations

Direct determination:

pgmetal/le = CxF
where,

C is the metal concentration (ug/f) as read directly from the instrument or from
the calibration curve;

F is the dilution factor.
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1L.1.5.2 Method of additions:

pg metal/f = CxF

where,
C is the metal concentration (ug/f) as read from the method of additions plot;
F is the dilution factor.

L2. Determination of chromium (Colorimetric method)*

L2.1 Principle

This procedure measures only hexavalent chromium (Cr®*). Therefore, to determine
total chromium convert all the chromium to the hexavalent state by oxidation with
potassium permanganate. The hexavalent chromium is determined colorimetrically
by reaction with diphenylcarbazide in acid solution. A red-violet colour of unknown
composition is produced. The reaction is very sensitive, the molar absorptivity based
on chromium being about 40000 Ig* cm™ at 540 nm. To determine total chromium,
digest the sample with a sulphuric-nitric acid mixture and then oxidize with potassium
permanganate before reacting with the diphenylcarbazide.

L2.2 Apparatus

L2.2.1 Colorimetric equipment
One of the following is required:
L2.2.1.1  Spectrophotometer, for use at 540 nm, with a light path of 1 cm or longer.

L2.21.2  Filter photometer, providing a light path of 1 cm or longer and equipped with a
greenish yellow filter having maximum transmittance near 540 nm.

L2.2.2 Separatory funnels.

125 m¢, Squibb form, with glass or TFE stopcock and stopper.
L2.3 Reagents

Use redistilled water to prepare reagents.

* APHA - 3500 D.

57



MS 1350 : 1994

L2.3.1

L2.3.2

L2.3.3
L2.3.4
L2.3.5
L2.3.6
L2.3.7
L2.3.8
L2.3.9

L2.3.10

L2.3.11

L2.3.12

L2.3.13

L2.3.14

L2.3.15

Stock chromium solution
Dissolve 141.4 mg K,Cr,0, in water and dilute to 1000 m¢; 1.00 m¢ = 50.0 yg Cr.
Standard chromium solution

Dilute 10.0 m¢ stock chromium solution to 100 m¢; 1.00 m¢ = 5.00 uyg Cr.

Nitric acid, HNO;,, conc.

Sulphuric acid, H,SO,, 1 + 1.

Methyl orange indicator solution.

Hydrogeh peroxide, H,0,, 30%.

Redistilled water. Distilled water redistilled in all-glass apparatus.
Ammonium hydroxide, NH,OH, conc.

Potassium permanganate solution. Dissolve 4 g KMnO, in 100 m¢ water.
Sodium azide solution

Dissolve 0.5 g NaN, in 100 m¢ water.

Diphenylcarbazide solution

Dissolve 250 mg 1,5-diphenylcarbazide (1,5-diphenylcarbohydrazide) in 50 m¢
acetone. Store in a brown bottle. Discard when solution becomes discoloured.

Chloroform, CHCI,. Avoid or redistill material that comes in containers with metal or
metal-lined caps.

Cupferron so/ution

Dissolve 5 g CgH;N(NO)ONH, in 95 m¢ water.
Phosphoric acid, H,PO,, conc.

Sulphuric acid, H,SO,, 0.2N

Dilute 17 me¢ 6N H,SO,, to 500 m¢ with water.
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Procedure

Preparation of calibration curve

To compensate for possible slight losses of chromium during digestion or other
analytical operations, treat chromium standards by the same procedure as the sample.

Accordingly, pipet measured volumes of standard chromium solution (5 pg/m¢#) ranging
from 2.00 to 20.0 m¢ to give standards for 10 to 100 g Cr, into 250 m¢ beakers or
conical flasks. Depending on pre-treatment used in Clause L2.4.2 below, proceed with

subsequent treatment of standards as if they were samples, also carrying out
cupferron treatment of standards if this is required for samples.

Develop colour as for samples, transfer a suitable portion of each coloured solution
to a 1 cm absorption cell, and measure absorbance at 540 nm. As reference, use
distilled water. Correct absorbance readings of standards by subtracting absorbance
of a reagent blank carried through the method.

Construct a calibration curve by plotting corrected absorbance values against
micrograms chromium in 102-m¢ final volume.

Treatment of sample

If sample has been filtered and acidified and only hexavalent chromium is desired,
proceed to Clause L2.4.5. |f total dissolved chromium is desired and there are
interfering amounts of molybdenum, vanadium, copper, or iron present, proceed to
Clause L2.4.3. If interferences are not present, proceed to Clause L2.4.4.

Removal of molybdenum, vanadium,- iron, and copper with cupferron

Pipet a portion of digested sample containing 10 to 100 yg Cr into a 125 ml sepratory
funnel. Dilute to about 40 m¢ with distilled water and chill in an ice bath. Add 5 mi
ice-bold cupferron solution, shake well, and let stand in ice bath for 1 min. Extract in

separatory funnel with three successive 5 me portions of CHCI,; shake each portion
thoroughly with aqueous solution, let layers separate, and withdraw and discard CHCI,

extract. Transfer extracted aqueous solution to a 125 mf conical flask. Wash
separatory funnel with a small amount of distilled water and add wash water to flask.

Boil for about 5 min to volatilize CHCI, and cool. Add 5 m¢ HNO, and sufficient H,SO,
to-have about 3 m¢ present. Boil samples to the appearance of SO, fumes. Cool
slightly, carefully add 5§ m¢ HNO,, and again boil to fumes to complete decomposition
of organic matter. Cool, wash sides of flask, and boil once more to SO, fumes to
eliminate all HNO,. Cool and add 25 m¢ water.
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L2.4.4

L2.4.5

L2.5

Oxidation of trivalent chromium

Pipet a portion of digested sample with or without interferences removed, and

containing 10 to 100 pg Cr, into a 125 m{ conical flask. Using methyl orange as
indicator, add conc NH,OH until solution is just basic to methyl orange. Add 1 + 1

H,SO, dropwise until it is acidic, plus 1 mf (20 drops) in excess. Adjust volume to
about 40 m¢, add a boiling chip, and heat to boiling. Add 2 drops KMnO, solution to
give a dark red colour. If fading occurs, add KMnO, dropwise to maintain an excess
of about 2 drops. Boil for 2 min longer. Add 1 m¢ NaN; solution and continue boiling
gently. If red colour does not fade completely after boiling for approximately 30 s, add
another 1 mf NaN, solution. Continue boiling for 1 min after colour has faded
completely, then cool. Add 0.25 m¢ (5 drops) H,PO,.

Colour development and measurement

Use 0.2N H,SO, and a pH meter to adjust solution to pH 1.0 + 0.3. Transfer solution

to a 100 m¢ volumetric flask, dilute to 100 m¢, and mix. Add 2.0 m¢
diphenylcarbazide solution, mix, and let stand 5 to 10 min for full colour development.

Transfer an appropriate portion to a 1 cm absorption cell and measure its absorbance
at 540 nm. Use distilled water as reference. Correct absorbance reading of sample
by subtracting absorbance of a blank carried through the method (see also note
below). From the corrected absorbance, determine micrograms chromium present by
reference to the calibration curve.

NOTE. If the solution is turbid after dilution to 100 miin Clause L2.4.5 above, take an absorbance reading
before adding carbazide reagent and correct absorbance reading of final coloured solution by subtracting
the absorbance measured previously.

Calculation
g Cr (in 102 m¢ final volume) .
mg Cr/¢ = x 100
AxB
where,
A is the volume (m¢) of original sample;
B is the volume (m¢) of portion from 100 m¢ digested sample.
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Appendix M

Determination of zinc”

Apparatus

Atomic absorption spectrometer and associated equipment. See Clause L1. 2 1.
Use burner head recommended by the manufacturer.

Reagents

Air, cleaned and dried through a suitable filter to remove oil, water, and other foreign
substances. The source may be a compressor or commercially bottled gas.

Acetylene, standard commercial grade. Acetone, which always is present in
acetylene cylinders, can be prevented from entering and damaging the burner head
by replacing a cylinder when its pressure has fallen to 689 kPa (100 psi) acetylene.

Metal-free water. Use metal-free water for preparing all reagents and calibration
standards and as dilution water. Prepare metal-free water by deionizing tap water
and/or by using one of the following processes, depending on the metal concentration
in the sample: single distillation, redistillation, or sub-boiling. Always check deionized
or distilled water to determine whether the element of interest is present in trace
amounts.

CAUTION. If the souce water contains Hg or other volatile metals, deionized and
single- or redistilled water may not be suitable for trace analysis because these
metals distill over with the distilled water. In such cases, use sub-boiling to prepare
metal-free water.

Calcium solution

Dissolve 630 mg calcium carbonate, CaCO,, in 50 m¢ of 1 + 5 HCI. If necessary, boil
gently to obtain complete solution. Cool and dilute to 1000 m¢ with water.

Hydrochloric acid, HCI, 1%, 10%, 20%, 1 + 5, 1 + 1, and conc.
Lanthanum solution

Dissolve 58.65 g lanthanum oxide, La,0;, in 250 m¢ conc HCI. Add acid slowly until
the material is dissolved and dilute to 1000 m¢ with water.

* APHA - 3500-Zn B.
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M2.7
M2.8

M2.9

M2.10

M3.

M3.1

Hydrogen peroxide, 30%.

Nitric acid HNO,, 2%, 1 + 1, and conc.

Aqua regia

Add 3 volumes conc HCI to 1 volume conc HNO,.
Zinc

Dissolve 0.100 g zinc metal in 20 m¢ 1 + 1 HCl and dilute to 1000 m¢ with water; 1.00
m¢ =100 pg Zn.

Procedure

Instrument operation

Because of differences between makes and models of atomic absorption
spectrometers, it is not possible to formulate instructions applicable to every
instrument. See manufacturer's operating manual. In general, proceed according to
the following: Install a hollow-cathode lamp for the desired metal in the instrument
and roughly set the wavelength dial at 213.9 nm. Set slit width according to
manufacturer's suggested setting for the element being measured. Turn on
instrument, apply to the hollow-cathode lamp the current suggested by the
manufacturer, and let instrument warm up until energy source stabilizes, generally
about 10 to 20 min. Readjust current as necessary after warmup. Optimize
wavelength by adjusting wavelength dial until optimum energy gain is obtained. Align
lamp in accordance with manufacturer’s instructions.

Install suitable burner head and adjust burner head position. Turn on air and adjust
flow rate to that specified by manufacturer to give maximum sensitivity for the metal
being measured. Turn on acetylene, adjust flow rate to value specified, and ignite
flame. Let flame stabilize for a few minutes. Aspirate a biank consisting of either
deionized water or an acid solution containing the same concentration of acid in
standards and samples. Zero the instrument. Aspirate a standard solution and adjust
aspiration rate of the nebulizer to obtain maximum sensitivity. Adjust burner both
vertically and horizontally to obtain maximum response. Aspirate blank again and
rezero the instrument. Aspirate a standard near the middle of the linear range.
Record absorbance of this standard when freshly prepared and with a new hollow-
cathode lamp. Refer to these data on subsequent determinations of the same
element to check consistency of instrument set-up and aging of hollow-cathode lamp
and standard.
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The instrument now is ready to operate. When analyses are finished, extinguish flame
by turning off first acetylene and then air.

Standardization

Select at least three concentrations of each standard metal solution (prepared as in
Clause M2.10 above) to bracket the expected metal concentration of a sample.
Aspirate blank and zero the instrument. Then aspirate each standard in turn into
flame and record absorbance.

Prepare a calibration curve by plotting on linear graph paper absorbance of standards
versus their concentrations. For instruments equipped with direct concentration
readout, this step is unnecessary. With some instruments it may be necessary to
convert percent absorption to absorbance by using a table generally provided by the
manufacturer.

Analysis of sample

Rinse nebulizer by aspirating water containing 1.5 m¢ conc HNO,/¢. Atomize biank
and zero instrument. Atomize sample and determine its absorbance.

Calculations

Calculate concentration of zinc ion, in micrograms per litre by referring to the
appropriate calibration curve prepared according to Clause M3.2. Alternatively, read
concentration directly from the instrument readout if the instrument is so equipped.
If the sample has been diluted, multiply by the appropriate dilution factor.
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N1.

N2.

N2.1

N2.1.1

N2.1.2

N3.

N3.1

N3.2

Appendix N

Determination of cyanide
(Colorimetric Method)*

Principle

CN in the alkaline distillate from preliminary treatment is converted to CNCI by
reaction with chloramine-T at pH < 8 without hydrolyzing to CNO™.

CAUTIONS. CNCI is a toxic gas; avoid inhalation.
After the reaction is complete, CNCI forms a red-blue dye on addition of a pyridine-
barbituric acid reagent. If the dye is kept in an aqueous solution, the absorbance is

read at 578 nm. To obtain colours of comparable intensity, have the same salt
content in sample and standards.

Apparatus

Colorimetric equipment

One of following is required:

Spectrophotometer, for use at 578 nm, providing a light path of 10 mm or longer.
Filter photometer, providing a light path of at least 10 mm and equipped with a red

filter having maximum transmittance at 570 to 580 nm.

Reagents

Chiloramine-T solution

Dissolve 1.0 g white, water-soluble powder in 100 m¢ water. Prepare weekly and
store in refrigerator.

Stock cyanide solution

Dissolve approximately 1.6 g NaOH and 2.51 g KCN in 1 ¢ distilled water.
CAUTION. KCN is highly toxic; avoid contact or inhalation.

* APHA - 4500-CN E.
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Standardize against standard silver nitrate (AgNQ,) titrant using 25 mi KCN solution.
Check titre weekly because the solution gradually loses strength; 1 ml = 1 mg CN-.

Standard cyanide solution

Based on the concentration determined for the KCN stock solution (clause N3.2)
calculate volume required (approximately 10 m¢) to prepare 1 ¢ of a 10 ygg CN/m¢
solution. Dilute with the NaOH dilution solution. Dilute 10 m¢ of the 10 yg CN/m¢
solution to 100 m¢ with the NaOH dilution solution; 1.0 m¢ = 1.0 yg CN". Prepare
fresh daily and keep in a glass-stoppered bottle.

CAUTION. Toxic; take care to avoid ingestion.

Pyridine-barbituric acid reagent

Place 15 g barbituric acid in a 250 m¢ volumetric flask and add just enough water to
wash sides of flask and wet barbituric acid. Add 75 m¢ pyridine and mix. Add 15 m¢
conc hydrochloric acid (HCI), mix, and cool to room temperature. Dilute to mark with

water and mix. This reagent is stable for up to month; discard if a precipitate
develops.

Sodium dihydrogen phosphate, 1M

Dissolve 138 g NaH,PO,.H,0 in 1 ¢ distilled water. Refrigerate.

Sodium hydroxide dilution solution

Dissolve 1.6 g NaOH in 1 ¢ distilled water.

Procedure

Preparation of calibration curve

Prepare a blank of NaOH dilution solution. From the standard KCN solution prepare
a series of standards containing from 0.2 to 6 pyg CN" in 20 m¢{ solution using the
NaOH dilution solution for all dilutions. Treat standards in accordance with Clause
N4.2 below. Plot absorbance of standards against CN™ concentration (micrograms).

Recheck calibration curve periodically and each time a new reagent is prepared.
On the basis of the first calibration curve, prepare additional standards containing less

than 0.2 and more than 6 yg CN™ to determine the limits measurable with the
photometer being used.

65



MS 1350 : 1994

N4.2

NS5.

Colour development

Adjust photometer to zero absorbance each time using a blank consisting of the NaOH
dilution solution and all reagents. Take a portion of absorption liquid such that the CN°

concentration falls in the measurable range, and dilute to 20 m¢ with NaOH dilution
solution. Place in a 50 m¢ volumetric flask. Add 4 m¢ phosphate buffer and mix
thoroughly. Add 2.0 m¢ chloramine-T solution and swirl to mix. Immediately add 5
ml pyridine-barbituric acid solution and swirl gently. Dilute to mark with water; mix well

by inversion.

Measure absorbance with the photometer at 578 nm after 8 min but within 15 min
from the time of adding the pyridine-barbituric acid reagent. Even with the specified
time of 8 to 15 min there is a slight change in absorbance. To minimize this,
standardize time for all readings. Using the calibration curve and the formula in
Clause N5 below, determine CN™ concentration in original sample.

Calculations

AxB
CN, mg/f = e
CxD
where,
A is the g CN" read from calibration curve (50 m¢ final volume);
B is the total volume (m¢) of absorbing solution from the distillation;
C is the volume (m¢£) of original sample used in the distiliation;
D is the volume (m¢) of absorbing solution used in colorimetric test.
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Appendix O

Determination of nitrites
(Colorimetric Method)*

Principle

Nitrite (NO,) is determined through formation of a reddish purple azo dye produced
at pH 2.0 to 2.5 by coupling diazotized sulfanilamide with N-(1-naphthyl)-
ethylenediamine dihydrochloride (NED dihydrochloride). The applicable range of the
method for spectrophotometric measurements is 10 to 1000 g NO,-N/¢. Photometric

measurements can be made in the range 5 to 50 yg N/¢ if a 5 cm light path and a
green colour filter are used. The colour system obeys Beer's law up to 180 pg N/|
with a 1 cm light path at 543 nm. Higher NO, concentrations can be determined by

diluting a sample.

Apparatus

Colorimetric equipment
One of the following is required:
Spectrophotometer, for use at 543 nm, providing a light path of 1 cm or longer.

Filter photometer, providing a light path of 1 cm or longer and equipped with a green
filter having maximum transmittance near 540 nm.

Reagents

Nitrite-free water

If it is not known that the distilled or demineralized water is free from NO,, use either
of the following procedures to prepare nitrite-free water:

Add to 1 ¢ distilled water one small crystal each of KMnO, and either Ba(OH), or
Ca(OH),. Redistill in an all-borosilicate-glass apparatus and discard the initial 50 m¢

of distillate. Collect the distillate fraction that is free of permanganate; a red colour
with DPD reagent indicates the presence of permanganate.

* APHA - 4500-NO, B.
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03.1.2

03.2

03.3

034

03.5

03.5.1

03.5.2

Add 1 m¢ conc H,50, and 0.2 m¢ MnSO, solution (36.4 g MnSO,.H,0/100 m¢ distilled
water) to each 1 ¢ distilled water, and make pink with 1 to 3 m¢ KMnO, solution (400
mg KMnO /¢ distilled water). Redistill as described in the preceding paragraph.

Use nitrite-free water in making all reagents and dilutions.
Colour reagent

To 800 m¢ water add 100 m¢ 85% phosphoric acid and 10 g sulfanilamide. After
dissolving sulfanilamide completely, add 1 g N-(1-naphthyl)-ethylenediamine

dihydrochloride. Mix to dissolve, then dilute to 1 ¢ with water. Solution is stable for
about a month when stored in a dark bottle in refrigerator.

Sodium oxalate, 0.025M (0.05N)
Dissolve 3.350 g Na,C,0,, primary standard grade, in water and dilute to 1000 m¢.
Ferrous ammonium sulphate (FAS) 0.05M (0.05N)

Dissolve 19.607 g Fe(NH,), (SO4)2.6H20 plus 20 m¢ conc H,SO, in water and dilute
to 1000 m¢, Standardize as follows:-

Dilute 10.0 m¢ standard K,Cr,O, to about 100 m¢. Add 30 m¢ conc H,SO, and cool.
Titrate with FAS using 0.10 to 0.15 m¢ (2 to 3 drops) ferroin indicator.

Volume (m¢) of 0.0417M K,Cr,O, solution titrated
Molarity of FAS sclution = x0.25
Volume (m£) of FAS used in titration

Stock nitrite solution

Commercial reagent-grade NaNO, assays at less than 99%. Because NO, is oxidized
readily in the presence of moisture, use a fresh bottle of reagent for preparing the
stock solution and keep bottles tightly stoppered against the free access of air when
not in use.

Preparation of stock solution - Dissolve 1.232 g NaNQO, in water and dilute to 1000
m¢{; 1.0 m¢ = 250 pg N. Preserve with 1 mg¢ CHCL,.

Standardization of stock nitrite solution - Pipet, in order, §0.00 ml standard 0.05M
KMnO,, 5 m¢ conc H,SO,, and 50.00 m¢ stock NO,™ solution into a glass-stoppered
flask or bottle. Submerge pipet tip well below surface of permanganate-acid solution
while adding stock NO, solution. Shake gently and warm to 70 to 80°C on a hot
plate. Discharge permanganate colour by adding sufficient 10 ml portions of standard
0.025M Na,C,0,. Titrate excess Na,C,0, with 0.06M KMnO, to the faint pink end
point. Carry a water blank through the entire procedure and make the necessary
corrections in the final calculation as shown in the equation below.
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If standard 0.05M ferrous ammonium sulphate solution is substituted for Na,C,0,, omit
heating and extend reaction period between KMnO, and Fe** to 5 min before making
final KMnO, titration.

Calculate NO,-N content of stock solution by the following equation:

(BxC)-(DxE)]x7

A =
F
where,
A is the mg NO,-N/m¢ in stock NaNO, solution;
B is the total volume (m¢) of standard KMnQO, used;
C is the normality of standard KMnO,;
D is the total volume (m¢) of standard reductant added;
E is the normality of standard reductant;
F is the volume (m¢) of stock NaNO, solution taken for titration.

Each 1.00 m¢ 0.05M KMnO, consumed by the NaNO, solution corresponds to 1750
g NO,-N.

Intermediate nitrite solution

Calculate the volume, G, of stock NO, solution required for the intermediate NO,
solution from G = 12.5/A. Dilute the volume G (approximately 50 m¢) to 250 m¢ with
water; 1.00 m¢ = 50.0 yg N. Prepare daily.

Standard nitrite solution

Dilute 10.00 m¢ intermediate NO, solution to 1000 m¢ with water; 1.00 m¢ = 0.500 ug
N. Prepare daily.

Procedure

Storage of sample

Never use acid preservation for samples to be analayzed for NO,. Make the
determination promptly on fresh samples to prevent-bacterial conversion of NO, to
NO, or NH,. For short-term preservation for 1 to 2 days, freeze at -20°C or store at
4°C.

Removal of suspended solids

If sample contains suspended solids, filter through a 0.45-gym-pore-diameter
membrane filter.
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04.3 Colour development

If sample pH is not between 5 and 9, adjust to that range with 1N or NH,OH as

required. To 50.0 m¢ sample, or to a portion diluted to 50.0 m¢, add 2 m# colour
reagent and mix.

04.4 Photometric measurement
Between 10 min and 2 h after adding colour reagent to samples and standards,

measure absorbance at 543 nm. As a guide use the following light paths for the
indicated NO,-N concentrations:

Light Path Length NO,-N
cm ug/t
1 2-25
5 2-6
10 <2
Os. Calculation
05.1 Prepare a standard curve by plotting absorbance of standards against NO,-N

concentration. Compute sample concentration directly from curve.
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Appendix P
Determination of mineral oil
Partition - Gravimetric method"

Principle
Dissolved or emulsified oil and grease is extracted from water by intimate contact with
trichlorotrifiuoroethane. Some extractables, especially unsaturated fats and fatty acids,

oxidize readily; hence, special precautions regarding temperature and solvent vapour
displacement are included to minimize this effect.

Apparatus

Separatory funnel, 1 ¢, with TFE* stopcock.
Distilling flask, 125 m¢.

Water bath.

Filter paper, 11 cm diameter.t

Reagents

Hydrochloric acid, HCI, 1 + 1.

Trichlorotrifluoroethanet (1,1,2-trichloro-1,2,2-trifluoroethane), boiling point47°C. The
solvent should leave no measurable residue on evaporation; distill if necessary. Do
not use any plastic tubing to transfer solvent between containers.

Sodium sulfate, Na,SO,, anhydrous crystal.

* APHA - 5520 B.

* Teflon or equivalent.

T Whatman No. 40 or equivalent.
T Freon or equivalent.
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P1.4

P1.5

P2.

P2.1

P2.2

Procedure

Collect about 1 £ of sample and mark sample level in bottle for later determination of

sample volume. Acidify to pH 2 or lower; generally, 5 m¢ HCI is sufficient. Transfer
to a separatory funnel Carefully © rinse sample bottle with 30 mf
trichlorotrifluoroethane and add solvent washings to separatory funnel. Preferably

shake vigorously for 2 min. However, if it is suspected that a stable emulsion will
form, shake gently for 5 to 10 min. Let layers separate. Drain solvent layer through
a funnel containing solvent-moistened filter paper into a clean, tared distilling flask.
If a clear solvent layer cannot be obtained, add 1 g Na,S0, to the filter paper cone
and slowly drain emulsified solvent onto the crystals. Add more Na,SO, if necessary.

Extract twice more with 30 m¢ solvent each but first rinse sample container with each
solvent portion. Combine extracts in tared distilling flask and wash filter paper with

an additional 10 to 20 m¢ solvent. Distill solvent from distiling flask in a water bath
at 70°C. Place flask on a water bath at 70°C for 15 min and draw air through it with
an applied vacuum for the final 1 min. Cool in a desiccator for 30 min and weigh.

Calculation

If the organic solvent is free of residue, the gain in weight of the tared distilling flask
is mainly due to oil and grease. Total gain in weight, A, of tared flask less calculated
residue, B, from solvent blank is the amount of oil and grease in the sampile:

(A - B) x 1000

mg oil and grease/f =
m¢ sample

Partition - Infrared method"
Principle

Although the extraction procedure for this method is identical fo that of Method P1,
infrared detection permits the measurement of many relatively volatile hydrocarbons.
Thus, the lighter pertroleum distillates, with the exception of gasoline, may be
measured accurately. Adequate instrumentation allows for the measurement of as
little as 0.2 mg oil and grease/?.

-Definitions

A "known oil" is defined as a sample of oil and/or grease that represents the only
material of that type used or manufactured in the processes represented by a
wastewater. An "unknown oil" is defined as one for which a representative sample of
the oil or grease is not available for preparation of a standard.

* APHA - 5520 C.
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Apparatus

Separatory funnel, 1 ¢, with TFE* stopcock.
Infrated spectrophotometer, double beam, recording.
Cells, near-infrared silica.

Filter paper, 11 cm diameter.t
Reagents

Hydrochloric acid, HCI, 1 + 1.
Trichlorotrifluoroethane. See Clause P1.3.2.
Sodium sulphate, Na,SO,, anhydrous, crystals.

Reference oil. Prepare a mixture, by volume, of 37.5% isc-o: :
hexadecane, and 25% benzene. Store in sealed container to prevent evaporition.

Procedure

Refer to Method P1 for sample collection, acidification, and extraction. Colléct

combined extracts in a 100 m¢ volumetric flask and adjust final volume to 100 m¢ with
solvent.

Prepare a stock solution of known oil by rapidly transferring about 1 m¢ (0.5 to 1.0 g)
of the oil or grease to a tared 100 m¢ volumetric flask. Stopper flask and weigh to
nearest milligram. Add solvent to dissolve and dilute to mark. If the oil identity is

unknown (Clause P2.2) use the reference oil (Clause P2.4.4) as the standard. Using
volumetric techniques, prepare a series of standards over the range of interest. Select
a pair of matched near-infrared silica cells. A 1 cm path-length cell is appropirate for
a working range of about 4 to 40 mg. Scan standards and samples from 3200 cm”
to 2700 cm™ with solvent in the reference beam and record resuits on absorbance
paper. Measure absorbances of samples and standards by constructing a straight
base line over the scan range and measuring absorbance of the peak maximum-at
2930 cm™ and subtracting base-line absorbance at that point. If the absorbance
exceeds 0.8 for a sample, select a shorter path length or dilute as required. Use
scans of standards to prepare a calibration curve.

* Teflon or equivalent.
T Whatman No. 40 or equivalent.
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P2.6 Calculation

A x 1000
mg oil and grease/f =
m¢ sample
where,
A is the weight (mg) of oil or grease in extract as determined from calibration

curve.
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Appendix Q

Determination of Pesticides and Polychlorinated Biphenyls
(Liquid-liquid Extraction Gas Chromatographic Method 1)’

Principle

A measured volume of sample is extracted with methylene chloride. The extract is
dried and exchanged to hexane during concentration. If other determinations having
essentially the same extraction and concentration steps are to be performed, a single
sample extraction is sufficient. The extract is separated by gas chromatography and
the compounds are measured with an electron capture detector.

The method provides procedures for magnesia-silica gel column clean-up and
elemental sulphur removal to aid in the elimination of interferences. When clean-up
is required, sample concentration levels must be high enough to permit separate
treatment of sub-samples. Chromatographic conditions appropriate for the
simultaneous measurement of combinations of compounds may be selected.

Storage

Collect samples in 1 £ amber glass bottles fitted with a screw cap lined with TFE. Foil
may be substituted for TFE if the sample is not corrosive. If amber bottles are not
available, protect samples from light. Wash and rinse bottle and cap liner with
acetone or methylene chloride, and dry before use.

[f residual chlorine is present, add 80 mg sodium thiosulphate per litre of sample and
mix well. Ice all samples or refrigerate at 4°C from time of collection until extraction.

Extract samples within 7 days of collection and analyze completely within 40 days of
extraction.

if samples will not be extracted within 72 h of collection, adjust pH to the range 5.0

to 9.0 with NaOH or H,S0,. Record volume of acid or base used.

Apparatus

Separatory funnel, 2 ¢, with TFE stopcock.

* APHA - 6630 C.
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Q3.2

Q3.3

Q3.4

Q3.5
Q3.6

Q3.7

Q3.8

Q3.8

Q3.10

Q3.11

Q3.11.1

Q3.11.2

Q3.11.3

Drying column, chromatographic, 400 mm long x 19 mm ID, with coarse frit filter disk.

Concentrator tube, Kuderna-Danish, 10 m¢f, graduated.¥ Check calibration at
volumes used. Use ground-glass stopper to prevent evaporation.

Evaporative flask, Kuderna-Danish, 500 m£.§ Attach to concentrator tube with
springs.

Snyder column, Kuderna-Danish, three-ball macro.l
Vials, 10 to 15 m¢, amber glass, with TFE-lined screw cap.

Boiling chips, approximately 10/40 mesh. Heat to 400°€ for 30 min or extractin a
Soxhlet extractor with methylene chloride.

Water bath, heated, with concentric ring cover and temperature control to + 2°C. Use
bath in a hood.

Analytical balance.

Chromatographic column, 400 mm long x 22 mm ID, with TFE stopcock and coarse
frit filter disk.*

Gas chromatograph,”™ An analytical system complete with gas chromatograph
suitable for on-column injection and all required accessories inciuding syringes,
analytical columns, gases, and strip-chart recorder. Prefetably use a data system for
measuring peak areas.

Column 1, 1.8 m long x 4 mm ID, glass, packed with 1.5% SP-2250/1.95% or
equivalent. Supelcoport (100/120 mesh) or equivalent. This column was used to
develop the detection limit and precision and bias data presented herein.

Column 2, 1.8 m long X 4 mm ID, glass, packed with 3% OV-1 on Supelcoport
(100/120 mesh) or equivalent.

Detector, electron-capture. This detector was used to develop the detection limit and
precision and bias data presented herein.

I Kontes K-570050-1025 or equivalent.
§ Kontes K-570001-0500 or equivalent.
| Kontes K-503000-0121 or equivalent.
* Kontes K-42054 or equivalent.

** Gas chromatographic methods are extremely sensitive to the materials used. Mention of trade names

by Standard Methods does not preciude the use of other existing or as-yet-undeveloped products that give
demonstrably equivalent results.
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Reagents

Reagent water

Reagent water is defined as a water in which an interferent is not observed at the
MDL of the constituents of interest. Generate reagent water by passing tap water
through a carbon filter bed containing about 0.5 kg activated carbon§ or by using a
water purification system.| "

Alternatively, prepare reagent water by boiling water for 15 min, Subsequently, while

maintaining the temperature at 90°C, bubble a contaminant-free inert gas through the
water for 1 h. While water is still hot, transfer it to a narrow-mouth screw-cap bottle

and seal with a TFE-lined septum and cap.

Sodium hydroxide solution, NaOH, 10N: Dissolve 40 g NaOH in reagent water and
dilute to 100 m¢. ‘

Sodium sulphate, Na,SO,, granular, anhydrous. Purify by heating at 400°C for 4 h
in a shallow tray.

Sodium thiosulphate, Na,S,0,.5H,0, granular.

Sulphuric acid, H,SO,, 1+ 1: Slowly add 50 m¢ conc H,SO, to 50 m¢ reagent water.
Acetone, hexane, isooctane, methylene chloride, pesticide quality or equivalent.
Ethyl ether, nanograde redistilled in glass if necessary. Demonstrate before use

freedom from peroxides by means of test strips.# Remove peroxides by procedures

provided with the test strips. After clean-up, add 20 m¢ ethyl alcohol preservative per
litre of ether.

Magnesia-silica gel,** 60/100 mesh. Purchase activated at 1250°F and store in the

dark in glass containers with ground-glass stoppers or foil-lined screw caps. Beéfore

use, activate each batch for at least 16 h at 130°C in a foil-covered glass container,
let cool.

Mercury, triple-distilled.

Copper powder, activated.

§ Filtrasorb-300, Calgon Corp., or equivalent.
I Milipore Super-Q or equivalent.

# E.Merck, EM Science Quant or equivalent.
** Florisil or equivalent.
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Q4.1

Q4.12

Q4.12.1

Q4.12.2

Stock standard solutions

‘Prepare from pure standard materials or purchase as certified solutions. Prepare by

accurately weighing about 0.0100 g of pure material, dissolve in isooctane and dilute

to volume in a 10 m¢ volumetric flask; 1 y£ = 1.00 pg compound. When compound
purity is assayed to be 96% or greater, use the weight without correction to calculate

concentration of the stock standard. Use commercially prepared stock standards at
any concentration if certified by-the manufacturer or by an independent source.

Transfer stock standard solutions into TFE-sealed screw-cap bottles. Store at 4°C
and protect from light. Check stock standard solutions frequently for signs of

degradation or evaporation, especially just before preparing calibration standards.
Replace stock standard solutions after 6 months, or sooner if comparison with check
standards indicates a problem.

Calibration standards

Prepare standards appropriate to chosen means of calibration.

External standards

Prepare at a minimum of three concentration levels for each compound by adding
volumes of one or more stock standards to a volumetric flask and diluting to volume
with isooctane. Prepare one standard at a concentration near, but above, the MDL

(see Table 6) and the others to correspond to the expected range of sample
concentrations or to define the working range of the detector.

Internal standards

Prepare at a minimum of three concentration levels for each compound by adding
volumes of one or more stock standards to a volumetric flask.

To each calibration standard, add a known constant amount of one or more internal
standards, and dilute to volume with isooctane. Prepare one standard at a
concentration near, but above, the MDL and the others to correspond to the expected
range of sample concentrations or to define the working range of the detector.
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Table 6. Chromatographic conditions and method detection limits*

Retention Time
Compound min - Method Detection

Limit
Column 1 ‘ Column 2 it
«-BHC 1.35 1.82 0.003

Y -BHC 1.70 2.13 nd

8 -BHC 1.90 1.97 nd
Heptachlor 2.00 3.35 0.003
S-BHC 2.15 2.20 0.009
Aldrin 2.40 4.10 0.004
Heptachlor epoxide 3.50 5.00 0.083
Endosulfan | 4.50 6.20 0.014
4,4-DDE 5.13 7.15 0.004
Dieldrin 5.45 7.23 0.002
Endrin 6.55 8.10 0.006
4,4-DDD ‘ 7.83 9.08 0.011
Endosuifan 1l 8.00 8.28 0.004
4,4-DDT 9.40 11.75 0.012
Endrin aldehyde 11.82 9.30 0.023
Endosulfan sulphate 14.22 10.70 0.066
Chlordane mr mr 0.014
Toxaphene mr mr 0.24

PCB-1016 mr mr nd

PCB-1221 mr mr nd

PCB-1232 mr mr - nd
PCB-1242 mr mr 0.065

PCB-1248 mr mr nd

PCB-1254 mr mr nd

PCB-1260 mr mr nd

Coilumn 1 conditions: Supelcoport (100/120 mesh) coated with 1.5% SP-2250/1.95% SP-2401 packed in a 1.8 mlong x

4 mm ID glass column with 5% methane/95% argon carrier gas at 60 m¢/min flow rate. Column temperature held
iscthermal at 200°C, except for PCB-1016 through PCB-1248 at 160°C.

Colemn 2 conditions: Supelcoport (100/120 mesh) coated with 3% OV-1 packed in a 1.8 m long x 4 mm 1D glass column
with 5% methane/95% argon carrier gas at 60 mé/min flow rate. Column temperature held isothermal at 200°C for the
pesticides; at 140°C for PCB-1221 and 1232; and at 170°C for PCB-1016 and 1242 to 1268.

*mr = multiple peak response.
nd = not determined.
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Q4.13

Q5.

Q5.1

Quality control (QC) check sample concentrate

Obtain a check sample concentrated containing each compound at the following
concentrations in acetone: 4,4-DDD, 10 pyg/m¢; 4,4'-DDT, 10 pyg/m¢; endosulfan Il,

10pg/me; endosulfan sulphate, 10 wpg/me; endrin, 10 wpg/m¢; any other single
component pesticide, 2 yg/m¢. If this method will be used only to analyze for PCBs,
chlordane, or toxaphene, the QC check sample concentrate should contain the most

representative multicomponent compound at a concentration of 50 gg/m¢ in acetone.
If such a sample is not available from an external source, prepare using stock

standards prepared independently from those used for calibration.

Procedure

Separatory funnel extraction - Normally use a sample volume of 1 ¢. For sample

volumes of 2 ¢, use 250, 100 and 100 m¢£ volumes of methylene chloride for the serial
extraction of the base/neutrals and 200, 100 and 100 m¢ volumes of methylene
chloride for the acids.

Mark water meniscus on side of sample bottle for later determination of sample

volume. Pour entire sample into a 2 ¢ separatory funnel. Pipet 1.00 ml surrogate
standard solution into separatory funnel and mix well.

Add 60 me¢ methylene chioride to sample bottle, seal, and shake for 30 s to rinse inner
surface. Transfer solvent to separatory funnel and extract sample by shaking for 2

min with periodic venting to release excess pressure. Let organic layer separate from
water phase for a minimum of 10 min. If emulsion interface between layers is more
than one-third the volume of the solvent layer, use mechanical techniques to complete
phase separation. The optimum technique depends on the sample, but may include
stirring, filtering emulsion through glass wool centrifuging or other physical methods.
Collect methylene chloride extract in a 250 m¢ Erlenmeyer flask.

Add a second 60 m¢ volume of methylene chloride to sample bottle and repeat
extraction procedure, combining extracts in the Erlenmeyer flask. Perform a third
extraction in the same manner.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10 m#£ concentrator
tube to a 500 m¢ evaporative flask.
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Pour combined extract through a solvent-rinsed drying column containing at least 10
cm anhydrous Na,SO, or more and collect extract in concentrator. Rinse Erlenmeyer
flask and column with 20 to 30 m¢ methylene chioride to complete transfer.

Add one or two clean boiling chips to the evaporative flask and attach a three-ball

Snyder column. Pre-wet Snyder column by adding about 1 m# methylene chloride to
the top. Place K-D apparatus on a hot water bath (60 to 65°C) in a hood so that
concentrator tube is partially immersed in the hot water and entire lower rounded

surface of flask is bathed with hot vapour. Adjust vertical position of apparatus and
water temperature as required to complete concentration in 15 to 20 min. At proper
rate of distillation the column bails actively chatter but the chambers are not flooded
with condensed solvent.

After extracting and concentrating with a three-ball Snyder column, increase

temperature of hot water bath to about 80°C. Momentarily remove Snyder column,
add 50 m¢ hexane and a new boiling chip, and reattach Snyder column. Concentrate
extract as before but use hexane to pre-wet column. Complete concentration in 5 to

10 min.

Remove Snyder column and rinse flask and its lower joint into the concentrator tube

with 1 to 2 m¢ hexane. Preferably use a 5 m¢f syringe for this operation. Stopper
concentrator tube and store refrigerated if further processing will not be done

immediately. If extract is to be stored longer than 2 days, transfer to a TFE-sealed
screw-cap vial. If extract requires no further clean-up, proceed with gas
chromatographic analysis. If further clean-up is required, follow procedure of Clause
Q5.2 before chromatographic analysis.

Determine original sample volume by refilling sample bottle to mark and transferring
liquid to a 1000 m¢ graduated cylinder. Record sample volume to nearest 5 ml.

Clean-up and separation

Use either procedure below or any other appropriate procedure. The magnesia-silica
gel column allows for a select fractionation of compounds and eliminates polar
interferences. Elemental sulphur, which interferes with the electroncapture gas
chromatography of certain pesticides, can be removed by the technique described
below.

Magnesia-silica gel column clean-up - Place a weight of magnesia-silica gel (nominally
20 g) predetermined by calibration (Clause Q5.4.3), into a chromatographic column.
Tap column to settle gel and add 1 to 2 cm anhydrous Na,SO, to the top. Add 60 m¢
hexane to wet and rinse. Just before exposure of the Na,SO, layer to air, stop elution
of hexane by closing stopcock on column. Discard eluate. Adjust sample extract

volume to 10 m¢ with hexane and transfer it from K-D concentrator tube onto column.
Rinse tube twice with 1 to 2 m¢ hexane, adding each rinse to the column. Place a
500 m¢ K-D flask and clean concentrator tube under chromatographic column. Drain
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Q5.2.2

Q5.3

column into flask until Na,SO, layer is nearly exposed. ‘Elute column with 200 ml 6%

ethyl ether in hexane (v/v) (Fraction 1) at a rate of about 5 m¢/min. Remove K-D flask
and set aside. Elute column again, using 200 m¢ 15% ethyl ether in hexane (v/v)
(Fraction 2), into a second K-D flask. Elute a third time using 200 m¢ 50% ethy! ether
in hexane (v/v) (Fraction 3). The elution patterns for the persticides and PCBs are

shown in Table 7.

Concentrate fraction for 15 to 20 min as in Clause A5.1, using hexane to pre-wet the

column, and set water bath temperature at about 85°C. After cooling, remove Snyder
column and rinse flask and its lower joint into concentrator tube with hexane. Adjust

volume of each fraction to 10 m¢ with hexane and analyze by gas chromatography,
Clauses Q5.3 through Q5.5 below.

Sulphur interference removal - Elemental sulphur usually will elute entirely in Fraction
1 of the magnesia-silica gel column clean-up. To remove sulphur interference from

this fraction or the original extract, pipet 1.00 m¢ concentrated extract into a clean
concentrator tube or TFE-sealed vial. Add 1 to 3 drops of mercury and seal. Mix for

15 to 30 s. |If prolonged shaking (2 h) is required, use a reciprocal shaker.
Alternatively, use activated copper powder for sulphur removal. Analyze by gas
chromatography.

Gas chromatography operating conditions
Table 6 summarizes the recommended operating conditions for the gas
chromatograph and gives retention times and MDLs that can be achieved under these

conditions. Examples of separations obtained with Column 1 are shown in Figures 4
to 13:
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Table 7. Distribution of chlorinated pesticides and PCBs into magnesia-silica
gel column fractions

Recovery by Fraction*
Compound %
1 2 3
Aldrin 100 - _
i e : )
P - ) -
y-BHC
Chiordane 100 - _
4,4-DDD 100 - -
4,4-DDE 89 - -
4.4-DDT 98 - -
Dieldrin 100 - -
Endosulfan | 0 100 -
Endosulfan 11 37 64 -
Endosulfan sulphate 0 7 91
Endrin 0 0 106
Endrin aldehyde 4 96 -
Heptachlor 0 68 26
Heptachlor epoxide 100 - -
Toxaphene 100 - -
PCB-1016 S6 - -
PCB-1221 97 - -
PCB-1232 97 - -
PCB-1242 95 4 -
PCB-1248 97 - -
PCB-1254 103 - _
PCB-1260 90 - -
95 - -

* Eluant composition:
Fraction 1 - 6% ethyl ether in hexane
Fraction 2 - 15% ethyl ether in hexane
Fraction 3 - 50% ethyl ether in hexane
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Figure 4. Gas chromatogram of pesticides.
Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 200°C; detector:
electron capture.
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Figure 5. Gas chromatogram of chlordane.
Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 200°C; detector:
electron capture.
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Figure 6. Gas chromatogram of toxaphene. Figure 7. Gas chromatogram of PCB-1016.

Column: 1.5% SP-2250/1.95% SP-2401 on Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 200°C; detector: Supelcoport; temperature: 160°C; detector:
electron capture. electron capture.
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Figure 8. Gas chromatogram of PCB-1221.

Column: 1.5% SP-2250/1.95% SP-2401 on

Supelcoport; temperature: 160°C; detector:
electron capture.
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Figure 9. Gas chromatogram of PCB-1232.
Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 160°C; detector:
electron capture. ,
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Figure 10.Gas chromatogram of PCB-1242.
Column: 1.5% SP-2250/1.95% SP-2401 on

Supelcoport; temperature: 160°C; detector:
electron capture.
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Figure 12.Gas éhromatogram of PCB-1254.

Column: 1.5% SP-2250/1.95% SP-2401 on

Supelcoport; temperature: 200°C; detector:
electron capture.
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Figure 11.Gas chromatogram of PCB-1248.
Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 160°C; detector:
electron capture.
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Figure 13.Gas chromatogram of PCB-1260.
Column: 1.5% SP-2250/1.95% SP-2401 on
Supelcoport; temperature: 200°C; detector:
electron capture.
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Q5.4

Q5.4.1

Q5.4.2

Q5.4.3

Calibration
Calibrate system daily by either external or internal procedure.

External standard calibration procedure - Prepare standards as directed in Clause
Q4.12.1 and follow procedure of Clause Q5.5. Analyze each calibration standard
according to procedure for samples, and tabulate peak height or area responses
versus concentration in standard. Prepare a calibration curve for each compound.
Alternatively, if the ratio of response to concentration (calibration factor) is a constant
over the working range (< 10% Relative Standard Deviation, RSD), assume linearity
through the origin and use the average ratio or calibration factor in place of a
calibration curve.

Internal Standard calibration procedure - Prepare standards as directed in Clause
Q4.12.2 and follow procedure of Clause Q5.5. Analyze each calibration standard

according to procedure for samples, adding 10 p¢ of internal standard known-addition
solution directly to the syringe. Tabulate peak height or area responses against

concentration for each compound and internal standard, and calculate response
factors (RF) for each compound as follows:

(ANC,)
RF = wemeeem-

(ANC)
where,
A, is the response for compound to be measured;
A, is the response for internal standard;
C, is the concentration of internal standard;
C. is the concentration of compound to be measured.

Use average RF if Relative Standard Deviation (RSD) is less than 35%.

Verify working calibration curve, calibration factor, or RF on each working day by
measuring one or more calibration standards. If the response for any compound

varies from the predicted response by more than + 15%, repeat test using a fresh
calibration standard. Alternatively, prepare a new calibration curve for that compound.

Magnesia-silica gel standardization - Gel from different batches or sources may vary
in adsorptive capacity. To standardize the amount used, use the lauric acid value,
which measures the adsorption from a hexane solution of lauric acid (mg/g gel).
Determine the amount to be used for each column by dividing 110 by this ratio and
muitiplying the quotient by 20 g.

Before using any clean-up procedure, process a series of calibration standards

through the procedure to validate elution patterns and the absence of interferences
from the reagents.
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Sample analysis

If the internal standard calibration procedure is used, add internal standard to sample

extract and mix thoroughly immediately before injecting 2 to 5 yf sample extract or
standard into gas chromatograph using the solvent-flush technique. Smaller (1.0 y£)
volumes may be injected if automatic devices are used. Record volume injected to

nearest 0.05 p¢ and resulting peak size in area or peak height units.

Identify compounds in sample by comparing peak retention times with peaks of
standard chromatograms. Base width of retention time window used to make
identifications on measurements of actual retention time variations of standards over
the course of a day. To calcuate a suggested window size, use three times the
standard deviation of a retention time for a compound. Analyst's experience is
important in interpreting chromatograms.

If the response for a peak exceeds the working range of the system, dilute extract and
reanalyze.

If peak response cannot be measured because of interferences, further clean-up is
required.

Calculation

Determine concentration of individual compounds. If the external standard calibration
procedure is used, calculate amount of material injected from peak response using
calibration curve or calibration factor determined previously. Calculate sample
concentration from the equation:

Concentration, gg/f = -——eemmmmmemmmmmeee

where,

A is the amount (ng) of material injected;
Vi is the volume (uf) of extract injected;
V, is the volume (u?f) of total extract;

Vv, is the volume (m¢) of water extracted.
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Q6.2

If the internal standard calibration procedure is used, calculate concentration in sample
using the response factor (RF) determined above and the equation:

(A (1)

Concentration, pyg/f =

(AJ(RF)(V,)
where,
A, is the response for compound to be measured;
A, is the response for internal standard;
IR is the amount (pg) of internal standard added to each extract;
Vv, is the volume (¢) of water extracted. :

For multicomponent mixtures (chlordane, toxaphene, and PCBs) match peak retention
times in standards with peaks in sample. Quantitate every identifiable peak unless
interference with individual peaks persists after clean-up. Add peak height or peak
area of each identified peak in chromatogram. Calculate as fotal response in sample
versus total response in standard.
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Appendix R

Determination of Phenolic Compounds

Direct Photometric method®
Principle
Steam-distillable phenolic compounds react with 4-aminoantipyrine at pH 7.9 + 0.1 in

the presence of potassium ferricyanide to form a coloured antipyrine dye. This dye
is kept in aqueous solution and the absorbance is measured at 500 nm.

Apparatus

Photometric equipment

Spectrophotometer equipped with absorption cells providing light paths of 1 to 5 cm
for use at 500 nm.

pH meter.

Reagents

Prepare all reagents with distilled water free of phenols and chlorine.
Stock phenol solution

Dissolve 1.00 g phenol in freshly boiled and cooled distilled water and dilute to 1000
m¥.

CAUTION. Toxic; handle with extreme care. Ordinarily this direct weighing yields a
standard solution; if extreme accuracy is required, standardize as follows:

To 100 m¢ water in a 500 m# glass-stoppered conical flask, add 50.0 m¢ stock phenol

solution and 10.0 m¢ bromate-bromide solution. Immediately add 5 m¢ conc HCI and
swirl gently. If brown colour of free bromine does not persist, add 10.0 m¢ portions
of bromate-bromide solution until it does. Keep flask stoppered and let standard for

10 min; then add approximately 1 g Ki. Usually four 10 m¢ portions of bromate-
bromide solution are required if the stock phenol solution contains 1000 mg phenol/¢.

* APHA - 5530 D.
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R1.3.1.2

R1.3.1.3

R1.3.2

R1.3.3

R1.3.4

R1.3.5

- R1.3.6

R1.3.7

Prepare a blank in exactly the same manner, using distilled water and 10.0 mi
bromate-bromide solution.  Titrate blank and sample with 0.025 M sodium
thiosulphate, using starch solution indicator.

Calculate the concentration of phenol solution as follows:

mg phenol/¢ = 7.842 [(A x B) -C]

where,

A is the volume (m¢) of thiosulphate for blank;

B is the volume (m¢) of bromate-bromide solution used for sample divided by
10;

C is the volume (m¢£) thiosulphate used for sample.

Intermediate phenol solution

Dilute 10.0 m¢ stock phenol solution in freshly boiled and cooled distilled water to
1000 m¢; 1 m¢ = 10.0 pg phenol. Prepare daily.

Standard phenol solution

Dilute 50.0 m¢ intermediate phenol solution to 500 m¢ with freshly boiled and cooled
distilled water; 1 m# = 1.0 gg phenol. Prepare within 2 h of use.

Bromate-bromide solution

Dissolve 2.784 g anhydrous KBrO, in water, add 10 g KBr crystals, dissolve, and dilute
to 1000 m¢.

Hydrochloric acid, HCI, conc.

‘Standard sodijum thiosulphate titrant, 0.025 M

Dissolve 6.205 g Na,S5,0;.5H,0 in distilled water. Add 1.5 m¢ 6N NaOH or 0.4 g solid
NaOH and dilute to 1000 m¢. Standardize with bi-iodate solution.

Starch solution

Dissolve 2 g laboratory-grade soluble starch and 0.2 g salicyclic acid, as a
preservative, in 100 m¢ hot distilled water.
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Ammonium hydroxide, NH,OH, 0.5N. Dilute 35 m¢ fresh, conc NH,OH to 1 ¢ with
water.

Phosphate buffer solution

Dissolve 104.5 g K,HPO, and 72.3 g KH,PO, in water and dilute to 1 ¢. The pH
should be 6.8. :

4-Aminoantipyrine solution
Dissolve 2.0 g 4-Aminoantipyrine in water and dilute to 100 m¢. Prepare daily.
Potassium ferricyanide solution

Dissolve 8.0 g K,Fe(CN), in water and dilute to 100 m¢. Filter if necessary. Store in
a brown glass bottle. Prepare fresh weekly.

Chloroform, CHCI,.
Sodium sulphate, anhydrous Na,SO,, granular.

Potassium iodide, Kl, crystals.

Procedure

Place 100 m¢ distillate, 6r a portion containing not more than 0.5 mg phenol diluted

to 100 m¢, in a 250 m¢ beaker. Prepare a 100 m¢ distilled water blank and a series
of 100 m¢ phenol standards containing 0.1, 0.2, 0.3, 0.4, and 0.5 mg phenol.

Treat sample, blank, and standards as follows: Add 2.5 m¢ 0.5N NH,OH solution and

immediately adjust to pH 7.9 + 0.1 with phosphate buffer. Add 1.0 m¢ 4-
Aminoantipyrine solution, mix well, add 1.0 m¢ K,;Fe(CN), solution, and mix well.

After 15 min, transfer to cells and read absorbance of sample and standards against
the blank at 500 nm. Plot absorbance against micrograms phenol concentration.
Construct a separate calibration curve for each photometer and check each curve
periodically to insure reproducibility.
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R1.5 Calculation

R1.5.1 Use of calibration curve

Estimate sample phenol content from photometric readings by using a calibration
curve constructed as directed in Clause R1.4.2.

mg phenol/? = —A x 100
' B
where,
A is the weight (mg) of phenol in sample, from calibration curve;
B is the volume (m¢) of original sample.

R1.5.2 Use of single phenol standard.

Cx D x 1000
mg phenol/¢ =
ExB
where,
C is the weight (mg) of standard phenol solution;
D is the absorbance of sample;
E is the absorbance of standard phenol solution.
R2. Gas-Liquid Chromatographic method®

R2.1 Principle

This method specifies a single gas-liquid chromatographic column for the separation
of phenolic compounds and a flame-ionization detector for their measurement. The
peak area of each component is measured and compared with that of a known
standard to obtain quantitative results. Elution of characteristic phenols occurs in the
following order: (1) o- chlorophenol, (2) phenol and o-cresol, (3) m- and p-cresol, (4)
2,3-, 2,4~ 2,5, and 2,6- dichlorophenols, (5) m- and p-chlorophenols, and (6) 3,4-
dichlorophenol.

* APHA - 5530 E.
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Apparatus®

Gas chromatograph, equipped with a hydrogen flame-ionization detector: A
commercial or custom-designed gas chromatograph with a column oven capable of

isothermal temperature control to at least 210 + 0.2°C. A unit for temperature
programming will facilitate elution of a mixture of phenolics of wide boiling-point range.

Temperature programming is optional.

Recorder, to measure chromatographic output at a full-scale range of 1 mV with a
response time of 1 s.

Chromatographic column

Purchase columns or prepare in the laboratory. Variations in column loading, length,
diameter, support size, treatment, etc., are possible. Three columns are cited in this
procedure. Moadifications may alter elution time and sensitivity.

Polyethylene glycol (Carbowax 20M™). A 3.2 mm by 3 m stainless steel column
packed with 60/80 mesh white diatomaceous earth (Chromosorb W™) (acid-washed
and hexamethyldisilazane-treated) coated with 20% by weight of polyethylene glycol
TPA (terephthalic acid).

Free Fatty Acid Phase, 1.5 m: A 3.2 mm by 1.5 m stainless steel column packed with
70/80 mesh white diatomaceous earth (Chromosrb W) (acid-washed) coated with 5%
by weight Free Fatty Acid Phase (FFAP)**.

Free Fatty Acid Phase, 3 m: A 3.2 mm by 3 m stainless steel column packed with
60/80 mesh screened (Chromosrb T™) coated with 10% Free Fatty Acid Phase. The
screened TFE is a fluorocarbon-6 product; it melts at 327°C and may begin to fuse
above 250°C. It is available from suppliers of gas-chromatographic materials.

Syringe, 10 uf.

Reagents

Carrier gases

Research-grade N, or He of highest purity.

* Gas chromatographic methods are extremely sensitive to the materials used. Mention of trade names by
"Standard Methods" does not preclude the use of other existing or as-yet-undeveloped products that give
demonstrably equivalent results.

** Availble from Varian Aerograph, Walnut Creek, Calif. 94598.
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R2.3.2

R2.3.3

R2.3.4

R2.4

R2.4.1

R2.4.2

R2.4.3

Hydrogen, for use with the flame-ionization detector; obtain by using a hydrogen
generator, or from a high-purity tank supply.

Water, redistilled deionized

Treat ordinary distilled water by both redistillation and deionization. Test treated water
in the chromatograph to assure freedom from "ghost" peaks.

Phenolic compounds. Use research grades of high purity.

CAUTION. Toxic; handle with extreme care. Prepare highest-purity compounds by
redistillation or recrystallization, or by using a preparatory gas-chromatographic
instrument. The following phenolic compounds are suggested: o-chlorophenol, m-
chlorophenol, p-chiorophenol, o-cresol, m-cresol, p-cresol, 2,3-dichlorophenol, 2,4-
dichlorophenol, 2,5-dichlorophenol, 2,6-dichlorophenol, 3,4-dichlorophenol, and phenol.
Prepare 100 mg/¢ solutions in redistilled deionized water.

Procedure

Preparation of chromatograph

Install packed column in chromatograph, using suitable fittings. Use antigelling thread
fubricant.

Check for leaks

Test for leaks at approximately 103 kPa above operating pressure by shutting off the
downstream end of the system and pressurizing from the carrier gas supply. Shut off
cylinder valve and observe pressure gauge. If not drop occurs in 10 to 15 min,
consider system to be tight. Locate minor leaks with aqueous soap solution but do
so with caution, because soap solution entering the system may cause extraneous
peaks or affect system stability. Do not use soap for leak-testing near the ionization
detector.

Column conditioning

Before use, condition columns for at least 24 h at temperatures 30 to 50°C above
expected operating temperature. Do not exceed maximum allowable temperature for

either packing or substrate. Disconnect column at end near detector base to avoid
depositing volatiles on detector during conditioning. Adjust carrier gas flow to 20 to

40 m¢/min for a 3.2 mm diameter column. Occasionally inject 3 to 5 p¢ water during
conditioning to aid elution of impurities.
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After conditioning, connect column to flame-ionization detector. Adjust H, flow to the
detector to about 25 mé@min for a 3.2 mm diameter column. Adjust air-flow as
specified for the instrument being used and ignite H, flame at detector. Adjust column

temperature to desired level and carrier gas flow rate to 20 to 40 m¢/min. Observe
recorder base line.

When a base-line drift is mo longer apparent, column is ready for use.

When the series of anallyses is completed and column is to be removed and stored,
seal or cap ends.

R2.4.4 Operating conditions far analysis
Typical operating candiions are summarized in Table 8. If these operating
parameters are varied, 'econcile analytical and calibration test variations in calculating
results. For example, eifiter N, or He may be used as carrier gas; recorder chart
speeds of approximately 76 cm/h commonly are used; sample sizes of 3 to 5 u¢
usually are injected.
Table 8. Typical operating conditions for chromatographic column
Yatue for column no. [Described Coiumn and Packing]
. -
Operating Condition 1 2 3
[R2.2.3.1] [R2.2.3.2] [R2.2.3.3]
Carrier gas He He N,
Carrier gas flow, mi/min 25 35 60
Temperature, °C
Injection port 250 205 250
Column 210 147 188
H, flow to detector, m¢/min 25 25 30
Chart speed, cm/h 30 30 30
Sensitivity, mV 1 1 1
Electrometer range 1 0.1 1
Attenuation 1 1 1
Sample volume, w? 1 1 1
Results - + t

* See Figures 14 and 15.
T See Figure 18.
T See Figures 16 and 17.

97




MS 1350 : 1994

- <@
3 S 2 ]
= c - c
= o c o
2 g - 2 2
o S o 3 -‘; 2
) 2 ad A& °
- - c A hed
5 Gl{gco | =+ S
2 JHia - A (&
Iy ooy E o~ e A
g /\
=

o} Time. Min ~—— 3C

Figure 14. Analyses were made with 3 m x 3.2 mm stainless steel column coated with 20%
Carbowax-terepthalic acid on 60/80 mesh diatomite, HMDS treated. Column temperature was
210°C, and injection temperature, 250°C. H, and He flow rates were each 20 m#/min at
electrometer range 1 and attenuation |, with chart speed at 30 cm/h, 1 mV full-scale response, and
1 ¢ sample of approximately 100 mg/¢ solutions of each phenolic. Peak A is for o-chlorophenoi;
B, phenol; C, m-cresol; D, 2,4-dichlorophenol; E, p-chlorophenol.
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Figure 15. Analyses were made with 3 m x 3.2 mm stainless steel column coated with 20%
Carbowax-terepthalic acid on 60/80 mesh diatomite, HMDS treated. Column temperature was
210°C, and injection temperature, 250°C. H, and He flow rates were each 20 m¢/min, at
electrometer range 1 and attenuation I, with chart speed at 30 cm/h, 1 mV full-scale response, and
1 pf sample of approximately 100 mg/¢ solutions of each phenolic. Peak A is for o-cresol; B, p-
cresol; C, 2,6-dichlorophenol; D, 2,3-dichlorophenol; E, m-chlorophenol.
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Figure 16. Analyses were made with 3 m x 3.2 mm stainless steel column coated with 10%

polyester on 60/80 mesh fluorocarbon resin medium. Column temperature was 188°C, and
injection temperature, 250°C. Flow rates for N, were 60 mé/min. for H,, 30 m¢/min, at

electrometer range 1 and attenuation |, with chart speed at 30 cm/h, 1 mV full-scale response, and
1 £ sample of approximately 100 mg/¢ solutions of each phenolic. Peak A is for o-chlorophenol;
B, phenol; C, m-cresol; D, 2,4-dichlorophenol; E, p-chlorophenol.
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Figure 17. Analyses were made with 3 m x 3.2 mm stainless steel column coated with 10%

polyester on 60/80 mesh fluorocarbon resin medium. Column temperature was 188°C, and
injection temperature, 250°C. Flow rates for N, were 60 m¢/min. for H,, 30 mf¢/min, at

electrometer range 1 and attenuation |, with chart speed at 30 cm/h, 1 mV full-scale response, and -
1 p¢ sample of approximately 100 mg/¢ solutions of each phenoclic. Peak A is for o-cresol; B, p-
cresol; C, 2,6-dichlorophenoi; D, 2,6-dichiorophenol; E, m-chlorophenol.
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Analyses were made with 1.5 m x 3.2 mm stainless steel column coated with 5%

polyester on acid-washed 70/80 mesh diatomite. Column temperature was 147°C. Flow rates for
He were 35 m¢/min, for H,, 25 me#/min, at electrometer range 0.1 and attenuation 1, with chart

speed at 30 cm/h, 1 mV full-scale response; for 1 yf sample. Peak A is for o-chlorophenol, 10.4
mg/¢; B, phenol, 9.3 mg/¢; C, m-cresol, 10.7 mg/¢; D, 2,4-dichlorophenol, 10.7 mg/¢; E, p-
chlorophenol, 11.2 mg/e. '

R2.4.5

Method of compound identification

Compound identification is based on retention time - the time that elapses from
introduction of sample until peak maximum is reached. Compare retention times of
sample peaks with those of known standards obtained under the same operating
conditions. When several related materials are eluted at the same time, reanalyze
sample with a different column that produces a better separation or supplement the
chromatographic procedure with spectrographic analyses. If necessary, trap the
various sample components as they emerge from the system and analyze them by
other appropriate methods.

To determine retention time of phenol, cresols, and mono- and dlchlorophenols take
the following steps:

With the column at operating conditions, and using a 10 u¢ syringe, inject in turn a 1
pe sample of a 100 mg/¢ aqueous solution of each phenolic compound. Adjust
intrument attenuation so that peak height is near 50% of full scale. Mark injection

point on recorder chart. Measure retention time in minutes to at least two significant
figures.

To eliminate errors induced by ghosting, inject distilled water after each sample. Set
electrometer range and attenuation at maximum sensitivity during water washing. -
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Inject same volume of water as that used for sample. Repeat water injections until
a steady base line free of ghosts has been attained, then inject the next sample.

Make triplicate determinations for each phenolic compound and record average
retention value. (Mixtures of phenols having different retention intervals may be
injected simultaneously to expedite standardizations).

CAUTION. Flush injection syringe used for calibration with each new sample at least
three times before injecting into the chromatograph.

Calculate retention of all compounds relative to phenol. The relative retention times
with approximate chromatograph calibration factors are shown in Table 9 for two
columns. These calibration values are presented for information only. Determine and
regularly recheck calibration values for each column and phenolic material used.

Table 8. Chromatographic retention times

Phenolic Boiling Relative Calibration Relative Calibration
Compound Point Retention Factor*t Retention Factortt

°C ng/in. ng/in.

Phenol 182 1.0 45.2 1.0 28.8
o-Cresol 192 1.0 51.0 1.0 27.0
m-Cresol 203 1.3 51.9 1.3 30.5
p-Cresol 202 1.3 513 1.3 31.3
o-Chlorophenol 176 0.8 86.7 0.6 44.8
m-Chiorophenol 214 3.6 106 3.6 454
p-Chlorophenol 217 3.6 125 3.6 48.5*
2,3-Dichiorophenol - 1.8 16.5 1.9 46.8
2,4-Dichlorophenol 210 1.8 117 1.9 55.3
2,5-Dichlorophenoi 210 1.8 113 1.9 50.4
2,6-Dichlorophenol 220 1.6 71.5 1.5 50.0
3,4-Dichlorophenol 254 - - 1.5 43.0*

R2.4.6

* Column 1 [R2.2.3.1].
T Calibration in ng (10 g)/in. at chart speed of 90 in./h, 1 mV response, range 1, attenuation 1.
F Column 2 [R2.2.3.3] at 188°C. ‘ ’

Calibration and standardization
The area under the peak of the chromatogram is a quantitative measure of the amount
of corresponding compound. To calibrate, select phenolic concentration range desired

(for example, 1 mg/¢ or 10 mg/¢) and prepare fresh solutions of each compound in
redistilled deionized water.
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R2.4.7

R2.5

R2.5.1

R2.5.2

R2.5.3

With the column at equilibrium operating conditions, inject measured volumes (e.g.,

© 3 pf) of standard solutions, using the previously described procedure and observing

all precautions. Continue until at least three peaks are obtained that deviate by no

more than + 1% in area at the same attenuation. Adjust attenuation to keep the peak
on scale and preferably with a height of close to 50% of full-scale.

Measure the peak area for each standard by triangulation, or mechanical or electronic
integration. If peak overlapping or other interaction between sample components is
anticipated, inject into the column prepared mixtures of standards representing the
phenolic compounds expected. Measure the peak areas as for the pure compounds.
Express results as nanogrammes .per unit area.

Sample treatment

With the column at operating conditions, inject 1 to 3 ¢ sample into the injection port.
Determine retention times of phenols in the sample. If necessary, adjust attenuation

to keep the highest peak on scale for the major phenolic component. Make triplicate
determinations at identical column and instrument conditions; flush as required to
eliminate artifacts. Characterize and measure peak areas obtained. Average results
of triplicate determinations.

Calculation

Characterize each peak by a retention time. Report supplementary tests, such as
infrared and ultraviolet used in characterizing trapped fractions.

For those peak areas representing two or more phenolic compounds, use an average
value of the calibration obtained with the standards in the calculation or measure the
area as a given material, with the notation in the results that other components have
comparable elution intervals and may be represented.

Calculate concentration of each component by the equation:

AxB
Phenolic compound(s), mg/¢ = --—--C—----
where,
A is the area (cm?) of sample peak;
B is the calibration factor (ng/cm?);
C is the sample volume (uf).
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Appendix S

Determination of Polynuclear Aromatic Hydrocarbons
(Liquid-liquid Extraction Chromatographic Method)*

Principle

A measured volume of sample is extracted with methylene chloride. The extract is
dried, concentrated, and separated by the high-performance liquid chromatographic
(HPLC) or gas chromatographic (GC) method. Ultraviolet (UV) and fluorescence
detectors are used with HPLC to identify and measure the PAHs. A flame ionization
detector is used with GC.

Apparatus

Separatory funnel, 2 £, with TFE stopcock.
Drying column, chromatographic, 400 mm long x 19 mm ID, with coarse frit filter disk.

Concentrator tube, Kuderna-Danish, 10 m¢, graduated.t Check calibration at
volumes used. Use ground-glass stopper to prevent evaporation.

Evaporative flask, Kuderna-Danish, 500 m¢.§ Attach to concentrator tube with
springs.

Snyder column, Kuderna-Danish, three-ball macro.|
Snyder column, Kuderna-Danish, two-ball micro.#
Vials, 10 to 15 m¢, amber glass, with TFE-lined screw cap.

Boiling chips, approximately 10/40 mesh. Heat to 400°C for 30 min or extract in a
Soxhlet extractor with methylene chioride.

Water bath, heated, with concentric ring cover and temperature control to + 2°C. Use
bath in a hood.

* APHA - 6440 B.

1 Kontes K-570050-1025 or equivalent.
§ Kontes K-570001-0500 or equivalent.
| Kontes K-503000-0121 or equivalent.
# Kontes K-569001-0219 or equivalent.
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Balance, analytical, capable of accurately weighing 0.0001 g.

Chromatographic column, 250 mm long x 10 mm ID with coarse frit filter disk at
bottom and TFE stopcock.

High-performance liquid chromatograph (HPLC)

An analytical system complete with column supplies, high-pressure syringes,
detectors, and compatible stripchart recorder. Preferably use a data system for
measuring peak areas and retention times.

Gradient pumping system, constant flow.

Reverse phase column, HC-ODS Sil-X, 5 ym particle diameter, in a 25 cm x 2.6 mm
ID stainless steel column.t This column was used to develop MDL and precision and
bias data presented herein.

Detectors, fluorescence and/or UV. Use the fluorescence detector for excitation at
280 mm and emission greater than 389 nm cutoff.§ Use fluorometers with dispersive
optics for excitation utilizing either filter or dispersive optics at the emission detector.
Operate the UV detector at 254 nm and couple it to the fluorescence detector. These
detectors were used to develop MDL and precision and bias data presented herein.

Gas chromatograph.l An analytical system complete with temperature-programmable
gas chromatograph suitable for on-column or splitless injection and ali required
accessories including syringes, analytical columns, gases, detector, and stripchart
recorder. Preferably use a data system for measuring peak areas.

Column, 1.8 mlong x 2 mm ID glass, packed with 3% OV-17 on Chromosorb W-AW-
DCMS (100/120 mesh) or equivalent.

Detector, flame ionization.

I Perkin Eimer No. 089-0716 or equivalent.

§ Corning 3-75 or equivalent.

| Gas chromatographic methods are extremely sensitive to the materials used. Mention of trade names
by Standard Methods does not preclude the use of other existing or as-yet-undeveloped products that give
demonstrably equivalent results.
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Reagents

Reagent water

Reagent water is defined as a water in which an interferent is not observed at the
MDL of the constituents of interest. Generate reagent water by passing tap water
through a carbon filter bed containing about 0.5 kg activated carbon* or by using a
water purification system.™

Sodium thiosulphate, Na,S,0,.5H,0, granular.

Cyclohexane, methanol, acetone, methylene chloride, pentane, pesticide quality
or equivalent. '

Acetonitrile, HPLC quality, distilled in glass.

Sodium sulphate, Na,SO,, granular, anhydrous. Purify by heating at 400°C for 4 h
in a shallow tray.

Silica gel, 100/200 mesh desiccant.# Before use, activate for at least 16 h at 130°C
in a shallow glass tray, loosely covered with foil.

Stock standard solutions

Prepare from pure standard materials or purchase as certified solutions. Prepare by
accurately weighing about 0.0100 g of pure material, dissolve in pesticide-quality

acetonitrile and dilute to volume in a 10 m¢ volumetric flask; 1 wf = 1.00 g
compound. When compound purity is assayed to be 96% or greater, use the weight

without correction to calculate concentration of the stock standard. Use commercially
prepared stock standards at any concentration if certified by the manufacturer or by
an independent source.

Transfer stock standard solutions into TFE-sealed screw-cap bottles. Store at 4°C
and protect from lightt Check stock standard solutions frequently for signs of
degradation or evaporation, especially just before preparing calibration standards.
Replace stock standard solutions after 6 months, or sooner if comparison with check
standards indicates a problem.

Calibration standards

Prepare standards appropriate to chosen means of calibration.

** Millipore Super-Q or equivalent.

# Davison, grade 923 or equivalent.
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External standards

Prepare at a minimum of three concentration levels for each compound by adding
volumes of one or more stock standards to a volumetric flask and diluting to volume
with acetonitrile. Prepare one standard at a concentration near, but above, the MDL
and the others to correspond to the expected range of sample concentrations or to
define the working range of the detector.

Internal standards

Prepare at a minimum of three concentration levels for each compound by adding
volumes of one or more stock standards to a volumetric flask.

To each calibration standard, add a known constant amount of one or more internal
standards, and dilute to volume with acetonitrile. Prepare one standard at a
concentration near, but above, the MDL and the others to correspond to the expected
range of sample concentrations or to define the working range of the detector. See
Table 10 for MDLs.

Table 10. High-performancé liquid chromatography conditions and method detection limits

Compound Column Capacity Method Detection
Retention Time Factor Limit
min K ug/r”
Naphthalene 16.6 12.2 1.8
Acenaphthylene 18.5 13.7 2.3
Acenaphthene 20.5 15.2 1.8
Fluorene 21.2 15.8 0.21
Phenanthrene 22.1 16.6 0.64
Anthracene 23.4 17.6 0.66
Fluoranthene 24.5 18.5 0.21
Pyrene 25.4 19.1 0.27
Benzo(a)anthracene 28.5 21.6 0.013
Chrysene 29.3 222 0.15
Benzo(b)fluoranthene 31.6 24.0 0.018
Benzo(k)fluoranthene 329 25.1 0.017
Benzo(a)pyrene 33.9 25.9 . 0.023
Dibenzo(a,h)anthracene 35.7 . 27.4 0.030
Benzo(ghi)perylene 36.3 27.8 0.076
Indeno(1,2,3-cd)pyrene 374 28.7 0.043

HPLC column conditions: Reverse phase HC-ODS Sil-X, 5 ym particle size, in a 25 cmx 2.6 mm ID stainless steel column.
Isocratic elution for 5 min using acetonitrile/water (4 + 8), then linear gradient to 100% acetonitrile over 25 min at 0.5
m¢fmiin flow rate. If columns having other internal diameters are used, adjust flow rate to maintain a linear velocity of 2

mmys.

* The MDL for naphthalene, acenaphthylene, acenaphthene, and fluorene were determined using a UV detector. All others
were determined using a fluorescence detector.
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Quality control (QC) check sample concentrate

Obtain a check sample concentrate containing each compound at the following
concentrations in acetonitrite: 100 pg/m¢ of any of the six early-eluting PAHs
(naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, and

anthracene); 5 pg/m¢ of benzo(k)fluoranthene; and 10 pyg/m¢ of any other PAH. If
such a sample is not available from an external source, prepare using stock standards

prepared independently from those used for calibration.

Procedure

Extraction

Mark water meniscus on side of sample bottle for later determination of volume. Pour

entire sample into a 2 ¢ separatory funnel. Pipet 1.00 m¢ standard solution into
separatory funnel and mix well. Add 60 m¢ methylene chloride to sample bottle, seal,
and shake for 30 s to rinse inner surface. Transfer solvent to separatory funnel and

extract sample by shaking for 2 min with periodic venting to release excess pressure.
Let organic layer separate from water phase for a minimum of 10 min. If emulsion

-interface between layers is more than one-third the volume of the solvent layer, use

mechanical techniques to complete phase separation. The optimum technique
depends on the sample, but may include stirring, filtering emulsion through glass wool,
centrifuging, or other physical methods. Collect methylene chloride extract in a 250
m¢ Erlenmyer flask.

If the emulsion cannot be broken (recovery of less than 80% of the methylene
chloride, corrected for water solubility of methylene chloride) in the first extraction,
transfer sample, solvent, and emulsion into extraction chamber of a continuous
extractor and proceed as described in Clause S4.2 below.

Add a second 60 m¢ volume of methylene chloride to sample bottle and repeat
extraction procedure, combining extracts in the Erlenmeyer flask. Perform a third

extraction in the same manner. Serially extract acidified aqueous phase three times

with 60 m# portions of methylene chloride. Collect and combine extracts in a 250 mi
Erlenmeyer flask and label combined extracts as the acid fraction.

‘For each fraction, assemble a Kuderna-Danish (K-D) concentrator by attaching a 10

m¢ concentrator tube to a 500 m¢ evaporative flask. Pour combined extract through
a solvent-rinsed drying column containing at least 10 cm anhydrous Na,SO, or more

and collect extract in concentrator. Rinse Erlenmeyer flask and column with 20 to 30
m¢ methylene chloride to complete transfer.
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Add one or two clean boiling chips to the evaporative flask and attach a three-ball

Snyder column. Pre-wet Snyder column by adding about 1 m¢ methylene chioride to
the top. Place K-D apparatus on a hot water bath (60 to 65°C) in a hood so that
concentrator tube is partially immersed in the hot water and entire lower rounded

surface of flask is bathed with hot vapour. Adjust vertical position of apparatus and
water temperature as required to complete concentration in 15 to 20 min. At proper
rate of distillation the column balls actively chatter but the chambers are not flooded

with condensed solvent. When the apparent volume of liquid reaches 1 m¢, remove
K-D apparatus and let drain and cool for at least 10 min.

Remove Snyder column and rinse flask and its lower joint into the concentrator tube
with 1 to 2 m¢ methylene chloride, preferably using a 5 m¢ syringe.

Add another one or two clean boiling chips to concentrator tube for each fraction and
attach a two-ball micro-Snyder column. Pre-wet Snyder column by adding about 0.5

m¢ of methylene chioride to the top. Place K-D apparatus on a hot-water bath (60 to
65°C) so that concentrator tube is partially immersed in hot water and continue
concentrating as directed above without further solvent addition until apparent volume

of liquid reaches about 0.5 m{. After cooling, remove Snyder column and rinse flask
and its lower joint into the concentrator tube with approximately 0.2 m¢ acetone or
methylene chloride. Adjust final volume to 1.0 m¢ with solvent. Stopper concentrator
tube and store refrigerated if further processing will not be done immediately. If

extract is to be stored longer than 2 days, transfer to a TFE-sealed screw-cap vial and
label base/neutral or acid fraction as appropriate.

Determine original sample volume by refilling sample bottle to mark and transferring
liquid to a 1000 m¢ graduated cylinder. Record sample volume {o nearest 5 m¢.

Continuous extraction

Mark water meniscus on side of sample bottle, and determine sample volume later as
described in Clause S4.1 above. Transfer sample to continuous extractor and, using

a pipet, add 1.00 m¢ surrogate standard solution and mix well. Add 60 m¢ methylene
chloride to sample bottle, seal, and shake for 30 s to rinse inner surface. Transfer

solvent to extractor. Repeat rinse with an additional 50 to 100 m¢ portion methylene
chloride and add rinse to extractor.

Add 200 to 500 m¢ methylene chloride to distilling flask, add sufficient reagent water
to ensure proper operation, and extract for 24 h. Let cool and detach distilling flask.

Dry, concentrate, and seal extract as in Clause S4.1 above.

Charge a clean distilling flask with 500 m¢ methylene chloride and attach it to
continuous extractor. Extract for 24 h. Dry, concentrate, and seal exiract as in

Clause S4.1 above.
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After extraction, concentrate by adding one or two clean boiling chips to the
evaporative flask and attach a three-ball Snyder column. Pre-wet Snyder column by

adding about 1 m¢ methylene chioride to the top. Place K-D apparatus on a hot water
bath (60 to 65°C) in a hood so that the concentrator tube is partially immersed in the
hot water, and the entire lower rounded surface of flask is bathed with hot vapour.

Adjust vertical position of apparatus and water temperature as required to complete
the concentration in 15 to 20 min. At proper rate of distillation the column balls
actively chatter but the chambers are not flooded with condensed solvent. When the

apparent volume of liquid reaches 1 m¢, remove K-D apparatus and let drain and cool
for at least 10 min.

Remove Snyder column and rinse flask and its lower joint into concentrator tube with

1 to 2 m¢ methylene chloride. Preferably use a 5 m¢ syringe for this operation.
Stopper concentrator tube and store refrigerated if further processing will not be done

immediately. [f extract is to be stored longer than 2 days, transfer to a TFE-sealed
screw-cap vial and protect from light. If sample extract requires no further cleanup,
proceed with gas or liquid chromatographic analysis (Clauses S4.5 through S4.8
below). If sample requires further cleanup, first follow procedure of Clause S4.4
before chromatographic analysis.

Determine original sample volume by refilling sample bottle to mark and tranferring
liquid to a 1000 m¢ graduated cylinder. Record sample volume to nearest 5 m¢.

Cleanup and separation
Use procedure below or any other appropriate procedure.

Before using silica-gel cleanup technique, exchange extract solvent to cyclohexane.

Add 1 to 10 m¢ sample extract (in methylene chioride) and a boiling chip to a clean
K-D concentrator tube. Add 4 m{ cyclohexane and attach a two-ball micro-Snyder
column. Pre-wet column by adding 0.5 m¢ methylene chloride to the top. Place
micro-K-D apparatus on a boiling (100°C) water bath so that concentrator tube is
partially immersed in hot water. Adjust vertical position of apparatus and water

temperature so a to complete concentration in 5 to 10 min. At proper rate of
distillation the column balls actively chatter but the chambers are not flooded. When

apparent volume of liquid reaches 0.5 m¢, remove K-D apparatus and let drain and
cool for at least 10 min. Remove micro-Snyder column and rinse its lower joint into

concentrator tube with a minimum amount of cyciohexane. Adjust extract volume to
about 2 m¢.

To perform silica-gel column cleanup, make a slurry of 10 g activated silica gel in
methylene chloride and place in a 10 mm ID chromatographic column. Tap column
to settle silica gel and elute with methylene chloride. Add 1 to 2 cm anhydrous
Na,SO, to top of silica gel. Pre-elute with 40 m¢ pentane. Elute at rate of about 2
m¢/min. Discard eluate and just before exposure of Na,SO, layer to the air, transfer

all the cyclohexane sample extract onto column using an additional 2 m¢£ cyclohexane.
Just before exposure of Na,SO, layer to air, add 25 m¢ pentane and continue elution.
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Discard this pentane eluate. Next, elute column with 25 mf methylene
chloride/pentane (4 + 6) (v/v) into a 500 m¢ K-D flask equipped with a 10 m¢
concentrator tube. Concentrate collected fraction to less than 10 m¢ as in clause
S4.1. After cooling, remove Snyder column and rinse flask and its lower joint with

pentane.
Reconcentration
Concentrate further as follows:

For high-performance liquid chromatography - To extract in a concentrator tube, add

4 m¢ acetonitrile and a new boiling chip. Attach a two-ball micro-Snyder column and
concentrate solvent as in Clause S4.1 (but set water bath at 95 to 100°C). After
cooling, remove micro-Snyder column and rinse its lower joint into the concentrator

tube with about 0.2 m¢ acetonitrile. Adjust extract volume to 1.0 m¢.

For gas chromatography - To achieve maximum sensitivity with this method,

concentrate extract to 1.0 mg. Add a clean boiling chip to methylene chloride extract
in concentrator tube. Attach a two-ball micro-Snyder column. Pre-wet column by

adding about 0.5 m¢ methylene chloride to the top. Place micro-K-D apparatus on a
hot water bath (60 to 65°C) and continue concentration as in Clause S4.4. Remove
micro-Synder column and rinse its lower joint into concentrator tube with a minimum

amount of methylene chloride. Adjust final volume to 1.0 m¢ and stopper concentrator
tube.

Operating conditions

High-performance liquid chromatography - Table 9 summarizes the recommended
operating conditions for HPLC and gives retention times, capacity factors, and MDLs
that can be achieved under these conditions. Preferably use the UV detector for
determining naphthalene, acenaphthylene, acenapthene, and fluorene and the
fluorescence detector for the remaining PAHs. Examples of separations obtained with
this HPLC column are shown in Figures 19 and 20.
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$4.6.2 Gas chromatography - Table 11 summarizes the recommended operating conditions
for the gas chromatograph and gives retention times that were obtained under these
conditions. An example of the separations is shown in Figure 21.

Table 11. Gas chromatographic conditions and retention times

Compound Retention Time
min
Naphthalene 4.5
Acenaphthylene 104
Acenaphthene 10.8
Fluorene 126
Phenanthrene 15.9
Anthracene 15.9
Fluoranthene 19.8
Pyrene 206
Benzo(a)anthracene 247
Chrysene 247
Benzo(b)fluoranthene 28.0
Benzo(k)fluoranthene 28.0
Benzo(a)pyrene . 29.4
Dibenzo(a,h)anthracene 36.2
Indeno(1,2,3-cd)pyrene 36.2
Benzo(ghi)perylene 38.6

GC column conditions: Chromosorb W-AW-DCMS (100/120 mesh) coated with 3% OV-17 packed in a 1.8
x 2 mm ID glass column with nitrogen carrier gas at 40 mi/min flow rate. Column temperature held at
100°C for 4 min, then programmed at 8°C/min to a final hold at 280°C.
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Figure 21. Gas chromatogram of polynuclear aromatic hydrocarbons
Column: 3% OV-17 on Chromosorb W-AW-DCMS; program: 100°C for 4 min, 8°C/min to 280°C;
detector: flame ionization.
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Calibration
Calibrate system daily using either external or internal standard procedure.
External standard calibration procedure

Prepare standards as directed in Clause 83.8.1 and follow either procedure of Clause
S4.8 below.

Analyse each calibration standard according to procedure for samples, and tabulate
peak height or area responses versus concentration in standard. Prepare a calibration
curve for each compound. Alternatively, if the ratio of response to concentration
(calibration factor) is a constant over the working range (< 10% relative standard
deviation, RSD), assume linearity through the origin and use the average ratio or
calibration factor in place of a calibration curve.

Internal standard calibration procedure

Prepare standards as directed in Clause S3.8.2 and follow either procedure of Clause
S4.8 below.

Analyse each calibration standard according to the procedure for samples, adding 10

e of internal standard known-addition solution directly to the syringe. Tabulate peak
height or area responses against concentration for each compound and internal

standard, and calculate response factors (RF) for each compound as follows:

(A)) (Co)
RF = oo —
(As) (C.)
where,
A, is the response for compound to be measured;
A is the response for internal standard;
Ci is the concentration of internal standard;
C, is the concentration of compound to be measured.

Use average RF if RSD is less than 35%.

Verify working calibration curve, calibration factor, or RF on each working day by
measuring one or more calibration standards. If the response for any compound

varies from the predicted response by more than + 15%, repeat test using a fresh
calibration standard. Alternatively, prepare a new calibration curve for that compound.

Before using any cleanup procedure, process a series of calibration standards through

the procedure to validate elution patterns and the absence of interferences from the
reagents.
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Sample analysis

High-performance liquid chromatography - If the internal standard -calibration
procedure is being used, add internal standard to sample extract and mix thoroughly.

Immediately inject 5 to 25 pyf sample extract or standard into HPLC using a high-
pressure syringe or a constant-volume sample injection loop. Record volume injected

to nearest 0.1 u¢ and resulting peak size in area or peak height units. Re-equilibrate
HPLC column at initial gradient conditions for at least 10 min between injections.

Identify compounds in sample by comparing peak retention times with peaks of
standard chromatograms. Base width of retention time window used to make
identifications on measurements of actual retention time variations of standards over
the course of a day. To calculate a suggested window size use three times the
standard deviation of a retention time for a compound. Analyst's experience is
important in interpreting chromatograms.

If the response for a peak exceeds the working range of the system, dilute extract with
acetonitrile and reanalyze.

If peak response cannot be measured because of interferences, further cleanup is
required.

Gas chromatography - If the internal standard calibration procedure is used, add
internal standard to sample extract and mix thoroughly immediately before injecting

2 to 5 yf sample extract or standard into gas chromatograph using the solvent-flush
technique. Smaller (1.0 p¢) volumes may be injected if automatic devices are used.
Record volume injected to nearest 0.05 yf and resuiting peak size in area or peak
height units.

ldentify compounds in sample by comparing peak retention times with peaks of
standard chromatograms. Base width of retention time window used to make
identifications on measurements of actual retention time variations of standards over
the course of a day. To calculate a suggested window size, use three times the
standard deviation of a retention time for a compound. Analyst's experience is
important in interpreting chromatograms.

If the response for a peak exceeds the working range of the system, dilute extract and
reanalyze.

_ If peak response cannot be measured because of interferences, further cleanup is

required.
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Calculation

Determine concentration of individual compounds. [f the external standard calibration
procedure is used, calculate amount of material injected from peak response using
calibration curve or calibration factor determined previously. Calculate sample
concentration from the equation:

(A) (V)
Concentration, pyg/f = ---—-—-m—m—--

(V) (V)
where,
A is the amount (ng) of material injected,
Vi is the volume (u?) of extract injected;
Vi is the volume (u¢) of total extract;
V, is the volume (m¢) of water extracted.

If the internal standard calibration procedure is used, calculate concentration in sample
using the response factor (RF) determined above and the equation:

(Ag) (1)

Concentration, pg/t =

(A[s)(RF)(Vo)
where,
A, is the response for compound to be measured;
A, is the response for internal standard;
I is the amount (ug) of internal standard added to each extract;
v, is the volume (¢) of water extracted.

Report results in pg/¢ without correction for recovery.
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Appendix T

Determination of Surface Active Agent
(Anionic Surfactants as MBAS)*

Principle

Methylene blue active substances (MBAS) bring about the transfer of methylene blue,
a cationic dye, from an aqueous solution into an immiscible organic liquid upon
equilibration. This occurs through ion pair formation by the MBAS anion and the
methylene biue cation. The intensity of the resulting blue colour in the organic phase
is a measure of MBAS. Anionic surfactants are among the most prominent of many
substances, natural and synthetic, showing methylene blue activity. '
This method is relatively simple and precise. It comprises three successive
extractions from acid aqueous medium containing excess methylene biue into

chloroform (CHCI,), followed by an aqueous backwash and measurement of the blue
colour in the CHCI, by spectrophotometry at 652 nm.

Apparatus

Colorimetric equipment
One of the following is required.
Spectrophotometer, for use at 652 nm, providing a light path of 1 cm or longer.

Filter photometer, providing a light path of 1 cm or longer and equipped- with a red
colour filter exhibiting maximum transmittance near 652 nm.

Separatory funnels

500 m¢, preferably with inert TFE stopcocks and stoppers.

Reagents

Stock LAS solution

Weigh an amount of the reference material* equal to 1.00 g LAS on a 100% active

basis. Dissolve in water and dilute to 1000 mg; 1.00 m¢ = 1.00 mg LAS. Store in a
refrigerator to minimize biodegradation. If necessary, prepare weekly.

* APHA - 5540 C.
* Asuitable reference material can be obtained from U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio 45268.
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Standard LAS solution

Dilute 10.00 m¢ stock LAS solution to 1000 m¢ with water; 1.00 m¢ = 10.0 yg LAS.
Prepare daily.

Phenolphthalein indicator solution, alco-holic.
Sodium hydroxide, NaOH, 1N.

Sulphuric acid, H,SO,, 1N and 6N.
Chloroform, CHCIL,.

CAUTION. Chloroform is foxic and a suspected carcinogén. Take appropriate
precautions against inhalation and skin exposure.

Methylene blue reagent
Dissolve 100 mg methylene blue* in 100 m¢ water. Transfer 30 m¢ to a 1000 m¢

flask. Add 500 m¢ water, 41 m¢ 6N H,SO,, and 50 g sodium phosphate, monobasic,
monohydrate, NaH,PO,.H,0. Shake until dissolved. Dilute to 1000 m¢.

Wash solution

Add 41 m¢ 6N H,SO, to 500 m¢ water in a 1000 m¢ flask. Add 50 g NaH,PO,.H,0
and shake until dissolved. Dilute to 1000 m¢.

Methanol, CH,OH.

- CAUTION. Methanol vapours are flammable and toxic; take appropriate precautions.

Hydrogen peroxide, H,0,, 30%.
Glass wool. Pre-extract with CHCI; to remove interferences.

Water, distilled or deionized, MBAS-free. Use for making all reagents and dilutions.

Procedure

Preparation of calibration curve

Prepare a series of 10 separatory funnels with 0, 1.00, 3.00, 5.00, 7.00, 9.00, 11.00,
13.00, 15.00, and 20.00 m¢ standard LAS solution. Add sufficient water to make the
total volume 100 m¢ in each separatory funnel. Treat each standard as described in

* Filtrasorb-300, Calgon Corp., or equivalent.
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T4.2

T4.3

T4.4

T4.41

T4.4.2

T4.4.3

Clause T4.4 and T4.5 following, and plot a calibration curve of absorbance vs.
micrograms LAS taken, specifying the molecular weight of the LAS used.

Sample size

For direct analysis of waters, select sample volume on the basis of expected MBAS
concentration:

Expected MBAS Concentration Sample Taken
mg/l . me
0.025 - 0.080 400
0.08 - 0.40 250
04 -20 100

If expected MBAS concentration is above 2 mg/¢, dilute sample containing 40 to 200
#g MBAS to 100 m¢ with water.

Peroxide treatment

If necessary to avoid decolourization of methylene blue by sulphides, add a few drops
of 30% H,0.,.

lon pairing and extraction

Add sample to a separatory funnel. Make alkaline by.dropwise addition of 1N HaOH,
using phenolphthalein indicator. Discharge pink colour by dropwise addition of 1N
H,SO,.

Add 10 m¢ CHCI, and 25 m¢ methylene blue reagent. Rock funnel vigorously for 30
s and let phases separate. Alternatively, place a magnetic stirring bar in the
separatory funnel; lay funnel on its side on a magnetic mixer and adjust speed of
stirring to produce a rocking motion. Excessive agitation may cause emulsion
formation. To break persistent emulsions add a small volume of isopropy! alcohol (<

10 m¢); add same volume of isopropy! alcohol to all standards. Some samples require
a longer period of phase separation than others. Before draining CHCI, layer, swirl

gently, then let settle.

Draw off CHCI, layer into a second separatory funnel. Rinse delivery tube of first
separatory funnel with a small amount of CHCI;. Repeat extraction two additional
times, using 10 m¢ CHCI, each time. If blue colour in water phase becomes faint or
disappears, discard and repeat, using a smaller sample.
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Combine all CHCI, extracts in the second separatory funnel. Add 50 ml wash solution
and shake vigorously for 30 s. Emulsions do not form at this stage. Let settle, swirl,
and draw off CHCI, layer through a funnel containing a plug of glass wool into a 100

m¢ volumetric flask; filtrate must be clear. Extract wash solution twice with 10 ml
CHCI, each and add to flask through the glass wool. Rinse glass wool and funnel with

CHCI,. Collect washings in volumetric flask, dilute to mark with CHCI,, and mix well.
Measurement

Determine absorbance at 652 nm against a blank of CHCI,.

Calculation

From the calibration curve (Clause T4.1) read micrograms of apparent LAS (mol wt
___) corresponding to the measured absorbance.

ug apparent LAS
mg MBAS/? =

m¢ original sample

Report as "MBAS, calculated as LAS, mol wt __".
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u1.1

u1.2

U1.2.1

Appendix U

Determination of coliform organism (Multiple Tube Method)*

Presumptive phase

Use lauryl tryptose broth in the presumptive portion of the multiple-tube test. Lactose
broth may be used as an alternative medium provided that it has been demonstrated
not to increase the frequency of false positives nor mask coliforms present in drinking
water samples. |If the medium has been refrigerated after sterilization, incubate
overnight at 37°C before use. Discard tubes showing growth and/or bubbles.

Reagents and culture media
Lauryl tryptose broth

Tryptose 200g
Lactose 5049

Dipotassium hydrogen phosphate, K,HPO, 2.75¢g
Potassium dihydrogen phosphate, KH,PO, 2759

Sodium chloride, NaCl 504
Sodium lauryl sulphate 01g
Distilled water 1¢

Add dehydrated ingredients to distilled water, mix thoroughly, and heat to dissolve,

pH should be 6.8 + 0.2 after sterilization. Before sterilization, dispense sufficient
medium, in fermentation tubes with an inverted vial, to cover inverted vial at least

partially after sterilization. Alternatively, omit inverted vial and add 0.01 g/l bromcresol
purple to presumptivé medium to determine acid production, the indicator of a positive
result in this part of the coliform test. Close tubes with metal or heat-resistant plastic
caps.

Make lauryl tryptose broth of such strength that adding 100 mi or 10 ml portions of
sample to medium will not reduce ingredient concentrations below those of the
standard medium. Prepare in accordance with Table 12.

* APHA - 9221 B.
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Table 12. Preparation of lauryl tryptose broth

Amount of Volume of Medium + Dehydrated Lauryl Tryptose
Inoculum Medium in Tube Inoculum Broth Required -

m? m¢ m¢ glt

1 10 or more 11 or more 35.6

10 10 20 71.2

10 20 30 53.4
100 50 150 106.8
100 35 135 137.1
100 20 120 213.6

Close tubes with metal or heat-resistant plastic caps.

u1.2.2 Lactose broth
Beef extract 30g
Peptone 5049
Lactose 5049
Distilled water 1¢
Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. pH should
be 6.9 + 0.2 after sterilization. Before sterilization, dispense in fermentation tubes of
such dimensions that the liquid in the inoculated tube will cover the inverted vial at
least partially after sterilization. Alternatively, omit inverted vial and add 0.01 g/¢
bromcresol purple to presumptive medium to determine acid production, the indicator
of a positive result in this part of the coliform test. Close tubes with metal or heat-
resistant plastic caps.
Make lactose broth of such strength that adding 100 m¢ or 10 m¢ portions of sample
to medium will not reduce ingredient concentrations below those of the standard
medium. Prepare in accordance with Table 13.
Table 13. Preparation of lactose broth
Amount of Medium in Volume of Medium Dehydrated Lactose.
Inoculum Tube Inoculum Broth Required

m¢e m¢ m¢ gt

1 10 or more 11 or more 13.0

10 10 20 26.0

10 20 30 18.5

100 50 150 39.0

100 35 135 50.1

100 20 120 78.03
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u1.3

U1.3.1

U1.3.2

ui.4

u2.

uz.1

Procedure

Arrange fermentation tubes in rows of five tubes each in a test tube rack. The
number of five tube rows and the sample volumes selected depend upon the quality

and character of the water to be examined. For potable water use five 10 m¢ portions
or ten 10 m¢ portions. Shake sample and dilutions vigorously about 25 times.
Inoculate each tube of the set of five with replicate sample volumes (in increasing

decimal dilutions, if decimal quantities of the sample are used). Mix test portions in
the medium by gentle agitation.

Incubate inoculated tubes at 37 + 0.5°C. After 24 + 2 h shake each tube gently and
examine it for gas or acidic growth (distinctive yellow colour) and, if no gas or acidic

growth has formed, reincubate and reexamine at the end of 48 + 3 h. Record
presence or absence of gas or acid production. If the inner vial is omitted, growth

with acidity signifies a positive presumptive reaction.
Interpretation

Production of gas or acidic growth in the tubes within 48 + 3 h constitutes a positive
presumptive reaction. Submit tubes with a positive presumptive reaction to the
confirmed phase (Clause U2).

The absence of acidic growth or gas formation at the end of 48 + 3 h of incubation
constitutes a negative test. An arbitrary 48 h limit for observation doubtless excludes

occasional members of the coliform group that grow very slowly.
Confirmed phase

The confirmed phase is outlined in Figure 22.

rlnocu!are lauryl tryptose broth fermentation tubes and incubate 24 = 2 h at 35 = 0.5°C. J

(M ‘ { @
Gas or scidity produced. No gas or acidic growth. Incubate

Transfer 10 S,
bnl‘liun( additional 24 h {total 48 = 3 h).

green lactose bile broth.
Incubaie 43 = Jhat
35 = 0.5°C.

R | | |

@ ®) @ ® ©

Gas No gas Gas produced. Acidic growth. No gas or
produced. produced. Confirm Confirm as actdic growth
Coliform Negative test. as in (1). in (1). produced.

3roup Coliform Negative test.
confirmed. group absent. Coliform

group absent.

Figure 22. Schematic outline of confirmed phase
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Reagents and culture media

Brilliant green lactose bile broth

Peptone 10.0g¢g
Lactose 10.0 g
Oxgall 20.0g¢g

Brilliant green 0.0133 g
Distilled water 1 ¢

Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. pH should

be 7.2 + 0.2 after sterilization. Before sterilization, dispense, in fermentation tubes
with an inverted vial, sufficient medium to cover inverted vial at least partially after

sterilization. Close tubes wth metal or heat-resistant plastic caps.
Procedure

Submit all primary tubes showing any amount of gas or acidic growth within 24 h of
incubation to the confirmed phase. [f active fermentation or acidic growth appears in

- the primary tube earlier than 24 h, transfer to the confirmatory medium, preferably

without waiting for the full 24 h period to elapse. If additional primary tubes show
acidic growth at the end of a 48 h incubation period, submit these to the confirmed
phase.

Gently shake or rotate primary tube showing gas or acidic growth to resuspend the
organisms. With a sterile metal loop 3 mm in diameter, transfer one loopful of cuiture
to a fermentation tube containing brilliant green lactose bile broth or insert a sterile
wooden applicator at least 2.5 cm into the culture, promptly remove, and plunge
applicator to bottom of fermentation tube containing brilliant green lactose bile broth.
Remove and discard applicator. Repeat for all other positive presumptive tubes.

Incubate the inoculated brilliant green lactose bile broth tube for 48 + 3 h at 37 +
0.5°C.

Formation of gas in any amount in the inverted vial of the brilliant green lactose bile

broth fermentation tube at any time within 48 + 3 h constitutes a positive confirmed
phase. Calculate the MPN value from the number of positive brilliant green lactose

bile tubes as described in Clause U2.4 below.
Computing and recording of MPN

Record the number of positive findings of coliform group crganisms resulting from
multiple-portion decimal-dilution plantings as the combination of positives and
compute in terms of the Most Probable Number (MPN). The MPN values, for a
variety of planting series and results, are given in Tables 14 and 15. Included in
these tables are the 95% confidence limits for each MPN value determined.
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The sample volumes indicated in Tables 14 and 15 relate more specifically to finished
waters.

Table 14. MPN index and 95% confidence limits for various combinations of
positive and negative results when five 10 m¢ portions are used

No. of Tubes Giving MPN 95% Confidence Limits (Approximate)
Positive Reaction Out Index/100 m¢
'of 5 of 10 mf each Lower Upper

0 <22 0 6.0
1 2.2 0.1 12.6
2 5.1 0.5 19.2
3 9.2 1.6 29.4
4 16.0 33 529
5 >16.0 8.0 Infinite

Table 15. MPN index and 95% confidence limits for various combinations of
positive and negative results when ten 10 ml portions are used

No. of Tubes Giving MPN 95% Confidence Limits (Approximate)
Positive Reaction Out Index/100 m¢
of 10 of 10 ml each Lower Upper
0 <11 0 3.0
1 1.1 0.03 5.9
2 2.2 0.26 8.1
3 3.6 0.69 10.6
4 5.1 13 13.4
5 8.9 2.1 16.8
6 8.2 3.1 21.1
7 12.0 43 27.1
8 16.1 59 36.8
9 23.0 8.1 _ 59.5
10 > 23.0 13.5 infinite
us. Completed test
U3.1 To establish definitively the presence of coliform bacteria and to provide quality
control data, use the completed test on all positive confirmed tubes (see Figure
23).
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Us.2

Us.2.1

uU3.2.2

Us.2.2.1

Us.2.2.2

Us.2.2.3

us.2.2.4

u3.3

U3.3.1

Culture medium and reagents

Nutrient agar

Peptone 50¢g
Beef extract 30g
Agar 15.0 G
Distilled water 1¢

Add ingredients to water, mix thoroughly, and heat to dissolve. pH should be 6.8 +
0.2 after sterilization. Before sterilization, dispense in screw-capped tubes. After

sterilization, immediately place tubes in an inclined position so that the agar will
solidify with a sloped surface. Tighten screw caps after cooling and store in a
protected, cool storage area.

Gram-stain reagents

Ammonium oxalate-crystal violet (Hucker’s)

Dissolve 2 g crystal violet (30% dye content) in 20 m¢ 95% ethy! alcohol; dissolve 0.8
g (NH,),C,0,.H,0O in 80 m¢ distilled water; mix the two solutions and age for 24 h
before use; filter through paper into a staining bottle.

Lugol's solution, Gram’s modification

Grind 1 g iodine crystals and 2 g Kl in a mortar. Add distilled water, a few millilitres
at a time, and grind thoroughly after each addition until solution is complete. Rinse
solution into an amber glass bottle with the remaining water (using a total of 300 ml).

Counterstain

Dissolve 2.5 g safranin dye in 100 m¢ 95% ethyl alcohol. Add 10 mf to 100 m¢
distilled water.

Acetone alcohol

Mix equal volumes of ethyl alcohol (95%) with acetone.

Procedure

Using aseptic technique, streak one LES Endo agar (Clause V1.2.1) plate from each
tube of brilliant green lactose bile broth showing gas, as soon as possible after the
observation of gas. Streak plates in @ manner to insure presence of some discrete
colonies separated by at least 0.5 cm. Observe the following precautions when
streaking plates to obtain a high proportion of successful isolations if coliform
organisms are present: (a) Use a sterile 3 mm diameter loop or an inoculating needle
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slightly curved at the tip; (b) tap and incline the fermentation tube to avoid picking up
any membrane or scum on the needle; (c) insert end of loop or needle into the liquid
in the tube to a depth of approximately 0.5 cm; and (d) streak plate for isolation with
curved section of the needle in contact with the agar to avoid a scratched or torn
surface. Flame loop between second and third quadrants to improve colony isolation.

Incubate plates (inverted) at 37 + 0.5°C for 24 + 2 h.

The colonies developing on LES Endor agar are defined as fypical (pink to dark red
with a green metallic surface sheen); atypical (pink, red, white, or colourless colonies
without sheen) after 24 h incubation; or negative (all others). From each plate pick
one or more typical, well-isolated coliform colonies or, if no typical colonies are

* present, pick two or more colonies considered most likely to consist of organisms of

the coliform group, and transfer growth from each isolate to a single-strength lauryl
tryptose broth fermentation tube (U1.2.1).

If needed, use a colony magnifying device to provide optimum magnification when
colonies are picked from the LES Endo agar plates. When transferring colonies,
choose well-isclated colonies and barely touch the surface of the colony with a flame-
sterilized, air-cooled transfer needle to minimize the danger of transferring a mixed
culture.

Incubate secondary broth tubes (lauryl tryptose broth with inverted fermentation vials

inserted) at 37 + 0.5°C for 24 + 2 h; if gas is not produced within 24 + 2 h reincubate
and examine again at 48 + 3 h. Microscopically examine Gram-stained preparations
from those 24 h nutrient agar slant cultures corresponding to the secondary tubes that

show gas.

Gram-stain technique - The Gram stain may be omitted from the completed test for
potable water samples only because the occurrences of gram-positive bacteria and
spore-forming organisms surviving this selective screening procedure are infrequent
in drinking water.

Various modofications of the Gram stain technique exist. Use the following
modification by Hucker for staining smears of pure culture; include a gram-positive
and a gram-negative culture as controls.

Prepare separate light emulsions of the test bacterial growth and positive and
negative control cultures on the same slide using drops of distilled water on the slide.
Air-dry and fix by passing slide through a flame and stain for 1 min with ammonium
oxalate-crystal violet solution. Rinse slide in tap water and drain off excess; apply
Lugol’'s solution for 1 min.

Rinse stained slide in tap water. Decolourize for approximately 15 to 30 s with
acetone alcohol by holding slide between the fingers and letting acetone alcchol flow
across the stained smear until the solvent flows colourlessly from the slide. Do not
over-decolourize. Counterstain with safranin for 15 s, rinse with tap water, blot dry
with absorbent paper or air dry, and examine microscopically.
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us.4

Gram-positive organisms are blue; gram-negative organisms are red. Results are
acceptable only when controls have given proper reactions.

Interpretation

Formation of gas in the secondary tube of lauryl tryptose broth within 48 + 3 h and
demonstration of gram-negative, nonspore-forming, rod-shaped bacteria from the agar

culture constitute a positive result for the completed test, demonstrating the presence
of a member of the coliform group. If no gas is produced in the secondary tube of

lauryl tryptose broth within 48 + 3 h, adjust original MPN result calculated from the
confirmed test accordingly (Clause U2.4).
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Appendix V

Determination of coliform organism and E.coli
and Pseudomonas aeruginosa
(Membrane Filter Procedure)

Standard total coliform membrane filter procedure®

Apparatus

Sample bottles

Sterilizable bottles of glass or plastic (made of non-toxic materials such as
polypropylene) of any suitable size and shape.

Dilution bottles
Sterilizable bottles of glass or plastic closed with glass stoppers or screw caps.
Pipets and graduated cylinders

Before sterilization, cover opening of graduated cylinders with metal foil or a suitable
paper substitute.

Containers for culture medium

Use clean borosilicate glass flasks pre-sterilized to reduce bacterial contamination.
Any size or shape of flask may be used, but Erlenmeyer flasks with metal caps, metal
foil covers, or screw caps provide for adequate mixing of the medium contained and
are convenient for storage.

Culture dishes

Use sterile borcsilicate glass or disposable plastic petri-dish type. Wrap clean, glass
culture dishes before sterilization, singly or in convenient numbers, in metal foil if
sterilized by dry heat, or suitable paper substitute when autoclaved. Because glass
and some disposable plastic culture dishes have loose-fitting covers, take precautions
during incubation to prevent possible loss of moisture by evaporation with resultant
drying of medium and to maintain a humid environment for optimum colony
development.

Disposable plastic dishes that are tight-fitting and meet the specifications noted above
also may be used. Suitable sterile plastic dishes are available commercially.

* APHA - 9222 B.
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vV1.1.7

Filtration units

The filter-holding assembly (constructed of glass, autoclavable plastic, porcelain, or
stainless steel) consists of a seamless funnel fastened to a base by a locking device
or held in place by magnetic force. The design should permit the membrane filter to
be held securely on the porous plate of the receptacle without mechanical damage
and allow all fiuid to pass through the membrane during filtration.

Separately wrap the two parts of the assembly in heavy wrapping paper, sterilize by
autoclaving, and store until use. Alternatively treat unwrapped parts by ultraviolet
radiation before reusing units during a filtration series. Field units may be sanitized
by igniting methyl alcohol orimmersing in boiling water for 5 min. Do not ignite plastic
parts. Sterile, disposable field units may be used.

For filtration, mount receptacle of filter-holding assembly in a 1¢ filtering flask with a
side tube or other suitable device (manifold to hold three to six filter assemblies) such

- that a pressure differential (34 to 51 kPa) can be exerted on the filter membrane.

Connect flask to an electric vacuum pump, a filter pump operating on water pressure,
a hand aspirator, or other means of securing a pressure differential (138 to 207 kPa).
Connect a flask of approximately the same capacity between filtering flask and
vacuum source to trap carry-over water.

Membrane filter

Use membrane filters with a rated pore diameter such that there is complete retention
of coliform bacteria. Use only those filter membranes that have been found, through
adequate quality control testing and certification by the manufacturer, to exhibit: full
retention of the organisms to be cultivated, stability in use, freedom from chemical
extractables that may inhibit bacterial growth and development, a satisfactory speed

of filtration (within 5 min), no significant influence on medium pH (beyond + 0.2 units),
and no increase in number of confluent coionies or spreaders compared to control

membrane filters. Use membranes grid-marked in such a manner that bacterial
growth is neither inhibited nor stimulated along the grid lines when the membranes
and entrapped bacteria are incubated on a suitable medium. Preferably use fresh
stocks of membrane filters and if necessary store them in an environment without
extremes of temperature and humidity. Obtain no more than a year's supply at any
one time.

Preferably use pre-sterilized membrane filters for which the manufacturer has certified
that the sterilization technique has neither induced toxicity not altered the chemical
or physical properties of the membrane. If membranes are sterilized in the laboratory,

autoclave for 10 min at 121°C. At the end of the sterilization period, let the steam
escape rapidly to minimize accumulation of water of condensation on filters.
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Absorbent pads consist of disks of filter paper or other material certified for each lot
by the manufacturer to be of high quality and free of sulphites or other substances
that could inhibit bacterial grwoth. Use pads approximately 48 mm in diameter and

of sufficient thickness to absorb 1.8 to 2.2 m¢ of medium. Pre-sterilized absorbent
pads or pads subsequently sterilized in the laboratory should release less than 1 mg

total acidity (calculated as CaCO,) when titrated to the phenolphthalein end point, pH

8.3, using 0.02N NaOH and produce pH levels of 7 + 0.2. Sterilize pads
simuitaneously with membrane filters available in resealable kraft envelopes, or

separately in other suitable containers. Dry pads so they are free of visible moisture
before use. See sterilization procedure described for membrane filters above.
Forceps

Smooth-tipped, without corrugations on the inner sides of the tips. Sterilize before
use by dipping in 95% ethyl or absolute methy! alcohol and flaming.

Incubators

Use incubators to provide a temperature of 37 + 0.5°C and to maintain a high level
of humudity (approximately 90% relative humidity). -

Microscope and light source

Count colonies on membrane filters using a magnification of 10 to 15 diameters and
a cool white fluorescent light source adjusted to give maximum sheen discernment.
Optimally use a binocular wide-field dissecting microscope. Do not use a microscope

illuminator with optical system for light concentration from an incandescent light
source for discerning coliform colonies on Endo-type media.

Materials and culture media

LES Endo agar

Yeast extract 12 g
Casitone or trypticase 3.749
Thiopeptone or thiotone 3.79
Tryptose 7549
Lactose 94g

Dipotassium hydrogen phosphate, K,HPO, 33g
Potassium dihydrogen phosphate, KH,PO, 10g

Sodium chloride, NaCl 3749
Sodium desoxycholate 01g
Sodium laury! sulphate 0.05¢g
Sodium sulphite, Na,S0O, 16 g
Basic fuchsin 08g
Agar 15.0 g
Distilled water 1¢
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Rehydrate in 1 ¢ distilled water containing 20 m¢ 95% ethanol (which controls
background growth and coliform colony size). Bring to a near boil to dissolve agar,

then promptly remove from heat and cool to 45 to 50°C. Dispense in 5 to 7 m¢
quantities into lower section of 60 mm glass or plastic petri dishes. [f dishes of any

other size are used, adjust quantity to give an equivalent depth. Do not expose piates

to direct sunlight; store in the dark at 2 to 10°C and discard unused medium after 2
weeks.

M-Endo medium*

Tryptose or polypeptone 10.0g
Thiopeptone or thiotone 50¢g
Casitone or trypticase 5049
Yeast extract 1.5¢g
Lactose 125¢
Sodium chloride, NaCl 5.0¢g

Dipotassium hydrogen phosphate, K,HPO, 4375 g
Potassium dihydrogen phosphate, KH,PO, 1.375 g

Sodium lauryl sulphate 0.050 g
Sodium desoxycholate 0.10 g
Sodium sulphite, Na,SO, 210g
Basic fuchsin 1.05¢g
Agar 15.0¢g
Distilled water 1¢

Rehydrate in 1 ¢ distilled water containing 20 m¢ 25% ethanol. Heat to near boiling
to dissolve agar, then promptly remove from heat and cool to below 50°C. Do not
sterilize by autoclaving. Final pH should be between 7.1 and 7.3.

Séo':e finished medium in the dark at 2 to 10°C and discard any unused medium after

Liquid medium (without agar) and absorbent pads may be used if pads are certified
free of sulphite.

Coliform definitions

All organisms that produce a red colony with a metallic sheen within 24 h incubation

at 37°C on an Endo-type medium are considered members of the coliform group.
The sheen may cover the entire colony or may appear only in a central area or on the

periphery. The coliform group thus defined is based on the production of aldehydes
from fermentation of lactose.

* Dehydrated Difco M-Endo Broth MF (No. 0749), dehydrated BBL m-Coliform Broth (No. 11119), or
equivalent may be used provided 1.5% agar is added in preparation.
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Procedures

Selection of sampie size

Size of sample will be governed by expected bacterial density, which in drinking water
samples will be limited only by the degree of turbidity or by the non-coliform growth
on the medium (Table 16).

Table 18. Suggestied sampie volumes for membrane filier fotal coliform test

Volume (X) to be filtered

Drinking water
Swimming pools
Wells, springs
Lakes, reservoirs
Water supply intake
Bathing beaches
River water
Chlorinated sewage
Raw sewage

Water source m{
100 50 10 1 0.1 0.01 0.001 0.0001
X
X
X X X
X X X
X X X
X X X
X % X X
X X X
X X X X -

Vi.4.2

An ideal sample volume will yield about 50 coliform colonies and not more than 200
coionies of all types. Analyze drinking waters by filiering 100 to 500 m¢{ or more, or

by filtering replicate smaller sample volumes such as duplicate 50 m{ or four
replicates of 25 m¢# portions. Analyze other waters by filtering three different volumes
(diluted or undiluted), depending on the expected bacterial density. When less than

20 m¢ of sample (diluted or undiluted) is to be filtered, add approximately 10 m¢
sterile dilution water to the funnel before filtration. This increase in water volumes

aids in uniform dispersion of the bacterial suspension over the entire effective filtering
surface.

Filtration of sample

Using sterile forceps, place a steriie membrane filter (grid side up) over porous plate
of receptacle. Carefully place matched funne!l unit over receptacle and lock it in
place. Filter sample under partial vacuum. With filter still in place, rinse funnel by

filtering three 20 to 30 m¢ portions of sterile dilution water. Upon completion of final
rinse and the filtration process disengage vacuum, unlock and remove funnel,

immediately remove membrane filter with sterile forceps, and place it on selected
medium with a rolling motion to avoid entrapment of air. Insert a sterile rinse water

sample (100 m¢) after filtration of a series of 10 samples to check for possible cross- -
contamination or contaminated rinse water. Incubate the contrcl membrane culture

under the same conditions as the sample.
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V1.4.3

Use sterile filtration units at the beginning of each filtration series as a minimum
precaution to avoid accidental contamination. A filtration series is considered to be
interrupted when an interval of 30 min or longer glapses between sample filtrations.
After such interruption, treat any further sample filtration as a new filtration series and
sterilize all membrane fiiter holders in use. Decontaminate this equipment between
successive filtrations by using an ultraviolet (UV) steriiizer, flowing steam, or boiling
water. In the UV sterilization procedure, a 2 min exposure to UV radiation is
sufficient. Do not expose membrane-filter culture preparations to random UV radiation
leaks that might emanate from the sterilization cabinet. Eye protection is
reccmmended; either safety glasses or prescription-ground glasses afford adequate
eye protection against stray radiation from a UV sterilization cabinet that is not light-
tight during the exposure interval. Clean UV tube regularly and check it periodically
for effectiveness to insure that it will produce a 99.9% bacterial kill in @ 2 min
exposure.

Enrichment technique

Place a sterile absorbent pad in the upper half of a sterile culture dish and pipet

enough enrichment medium (1.8 to 2.0 m¢ laury! tryptose broth - see Clause U1.2.1)
to saturate pad. Carefully remove any excess liquid from absorbent pad. Aseptically

place filter through which the sample has been passed on pad. Incubate filter, without

inverting dish, for 1.51t0 2 h at 37 + 0.5°C in an atmosphere of at least 90% relative
humidity. g :

If the agar-based medium is used, remove enrichment culture from incubator, lift filter
from enrichment pad, and roll it onio the agar surface. Incorrect filter placement is
at once obvious, because patches of unstained membrane indicate entrapment of air.
Where such patches occur, carefully reseat filter on agar surface. If the liquid
mediurm is used, prepare final culture by removing enrichment culture from incubator
and separating the dish halves. Place a fresh sterile pad in bottom half of dish and

saturate it with 1.8 to 2.0 m¢ of final M-Endo medium. Transfer filter, with same
precautions as above, t0 new pad. Discard used enrichment pad.

With either the agar or the liquid medium, invert dish and incubate for 20 to 22 h at
37 + 0.5°C. Proceed to Clause V1.4.5 below.

Alternative single-step direct technique

If the agar-bassd medium is used, place prepared filter directly on agar as described
in preceding section and incubate for 22 to 24 h at 37 + 0.5°C.

if liquid medium is used, place a pad in the culture dish and saturate with 1.8 to 2.0

ml M-Endo medium. Place prepared filier directly on pad, invert dish, and incubate
for 22 to 24 at 37  0.5°C.
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Counting

The typical coliform colony has a pink to dark-red colour with a metallic surface
sheen. The sheen area may vary in size from a small pinheat to complete coverage
of the colony surface. Count sheen colonies with the aid of a low-power (10 to 15
magnifications) binocular wide-field dissecting microscope or other optical device, with
a cool white fluorescent light source directed from above, and as nearly perpendicular
as possible to the plane of the filter. Colonies that lack sheen may be pink, red,
white, or colourless and are considered to be non-coliforms. The total count of
colonies (coliform and non-coliform) on Endo-type medium has no relation to the total
number of bacteria present in the orginal sample. However, a high count of non-
coliform colonies may interfere with the maximum development of coliforms. An

aerobic incubation at 37°C for 24 h for some groundwater samples may suppress
non-coliform colonies but must be carefully evaluated to instre no loss of coliform

recovery.
Coliform verification

Typical sheen colonies may be produced occasionally by non-coliform organims.
Verify by a test for lactose fermentation or by using alternative procedures involving
either a rapid (4 h) test of two key biochemical reactions or a muiti-test system for
speciation.

Lactose fermentation - Transfer growth from at least 10 sheen colonies counted as
coliforms to lauryl tryptose (See Clause U1.2.1) and briiliant green lactose bile broth

(See Clause U2.2.1) tubes. Incubate at 37 + 0.5°C and examine for gas production
at 24 and 48 h. If only the lauryl tryptose tube from a particular colony produces gas,

transfer growth from the positive tube to another brilliant green lactose bile broth tube
and retest. Gas production in brilliant green lactose bile broth within 48 h verifies total
coliform organisms and excludes false positive results. Ideally pick at least 10 non-
sheen-producing colonies to determine that false negatives do not occur.

Alterantive biochemical tests - These tests require using isolated (more than 2 mm
apart) and pure colonies. If a mixed colony is suspected, streak growth on M-Endo
medium and pick an isolated colony before proceeding to Clause V1.4.5.3 or Clause
V1.4.5.4 or use the fermentation tube method described in Clause V1.4.5.1 above.
Proceed to Clause V1.4.6.3 or Clause V1.4.6.4.

Rapid test - Perform the cytochrome oxidase (CO) test for indophenol ahd o-

nitropheny!-B-D-galactopyranoside (ONPG) test for 8-D-galactosidase. A kit for these
tests is available commercially. A negative CO and positive ONPG test verify the

colony to be a coliform.
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V1.4.6.3.1 Cytochrome oxidase test
a. Reagents:
(1 Media
Use either nutrient agar or tryptic soy agar plates to streak cultures and preduce
isolated colonies. From these obtain the inoculum for oxidase testing on impregnated
filter paper. Do not use any medium that includes a carbohydrate in its formulation.

Use only tryptic soy agar if reagent is dropped on colonies.

Tryptic soy agar.

Tryptone 15.0 ¢
Soytone 5049
Sodium chloride, NaCl 5.0 g
Agar 156.0 g
Distilled water 1¢

pH should be 7.3 + 0.2 after sterilization.

(2) Tetramethyl-paraphenylenediaminedihydrochloride, 1%aqueoussolution,
freshly prepared or refrigerated for no longer than 1 week. Impregnate a filter
paper strip* with this solution. Alternatively, prepare a 1% solution of
dimentylparaphenylenediamine hydrochloride. Single-use reagent ampules,
commercially available, are convenient and economical but use them with
caution. When the reagent is to be dropped directly on colonies, use tryptic
soy agar plates because nutrient agar plates give inconsistent results; when -
smearing a portion of a picked colony on reagent-impregnated filter paper, do
not transfer any medium with the culture material.

b. Procedure

Remove some of a colony from agar plate with a nichrome or platinum wire, a .
wooden or plastic applicator stick, or a glass rod and smear on the test strip. Do not
use iron or other reactive wire because it will cause false positive reactions. A dark
purple colour that develops within 10 s is a positive oxidase test. Test positive and
negative cultures concurrently. If the liquid reagent is used, drop it on colonies on the
culture plate. Oxidase-positive colonies develop a pink colour that successively
becomes maroon, dark red, and finally, black.

* Whatman No. 1 or equivalent.
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ONPG test - Prepare monosodium phosphate solution, 1.0M, by dissolving 6.9 g
NaH,PO,.H,0 in 45 m¢ reagent water, adding 3 mf 30% NaOH and adjusting to pH

7.0. Dilute to 50 m¢ and store in refrigerator. Prepare ONPG solution by dissolving
80 mg o-nitrophenyl-B-D-galactopyranoside (ONPG) in 15 m¢ water at 37°C and

adding 5 m# 1M NaH,PO, (solution should be colourless). Store in a refrigerator.
Before using warm a portion sufficient for the number of tests to be done to 37°C.

Emulsify a large loopful of growth from each 18 to 24 h slant culture in a 10 x 75 mm
fermentation tube or spot plate. Add one drop toluene to each tube or well and shake

well. Let tubes stand for 5 min. in 37°C water bath. Add 0.25 ml buffered ONPG
solution to each tube and reincubate in 37°C water bath. Read tubes or spot plates
at 0.5, 1, and 24 h. A positive result is development of yellow colour.

Multi-test systems - Inoculate from the colony into a commerically available multi-test
system that includes lactose fermentation and/or CO and ONPG tests.

Calculation of coliform density

Report coliform density as (total) coliforms/100 m¢. Compute the count, using
membrane filters with 20 to 80 coliform colonies and not more than 200 colonies of

all types per membrane, by the following equation:

coliform colonies counted x 100

(Total) coliform colonies/100 mf =

m¢ sample fillered

For verified coliform counts, adjust the initial count based upon the positive verification
percentage and report as "verified coliform count per 100 mg".

number of verified colonies
Percentage verified coliforms = x 100
total number of sheen colonies

Fecai coliform membrane filter procedure’
Niaterials and culture medium

M-FC medium.

Tryptose of biosate 10.0 g
Proteose peptone No. 3 or polypeptone 5.0 g

* APHA - 9222.
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Yeast extract 30g¢
Sodium chloride, NaCl 50g
Lactose 12.5g
Bile salts No. 3 or bile salts mixture 15¢
Aniline blue 01g
Distilled water 1¢

Rehydrate in distilled water containing 10 m¢ 1% rosolic acid in 0.2N NaOH*. Heat
to near boiling, promptly remove from heat, and cool to below 50°C. Do not sterilize
by autoclaving. Dispense 5 to 7 mf quantities to 50 x 12 mm petri plates and let
solidify if agar is used. Final pH should be 7.4. Store finished medium at 2 to 10°C
and discard unused medium after 2 weeks.

Culture dishes

Use tight-fitting plastic dished because the MF cultures are submerged in a water bath
during incubation. Enclose groups of fecal coliform cultures in plastic bags or seal
invidual dishes with waterproof (freezer) tape to prevent leakage during submersion.
Specifications for plastic culture dishes are given in Clause V1.1.5 above.

Incubator

The specificity of the fecal coliform test is related directly to the incubation
temperature. Static air incubation is undesirable because of potential heat layering
within the chamber and the slow recovery of temperature each time the incubator is
opened during daily operations. To meet the need for greater temperature control use

a water bath or a heat-sink incubator. A temperature tolerance of 44.5 + 0.2°C can
be obtained with most types of water baths that also are equipped with a gable top

for the reduction of water and heat losses. A circulating waler bath is excelient but
may not be essential to this test if the maximum permissible variation of 0.2°C in
temperature can be maintained with other equipment.

Procedure

Selection of sample size

Select volume of water sample to be examined in accordance with the information in
Table 17. Use sampie volumes that will yield counts between 20 and 60 fecal
coliform colonies per membrane.

When the bacterial density of the sample is unknown, filter several decimal volumes
{o establish fecal coliform density. Estimate volume expected to yield a countable
membrane and select two additional quantities representing one-tenth and ten times

this volume, respectively.

* Rosolic acic reagent will decompose if sterilized by autoclaving. Store stock solution in the dark at 2 1o
10°C and discard after 2 weeks or sooner if its colour changes from dark red to muddy brown.
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Table 17. Suggested sample volumes for membrane filter fecal coliform test

Volume (X) to be filtered

Sewage treatment plant, secondary effluent X
Farm ponds, rivers
Stormwater runoff
Raw municipal sewage
Feedlot runoff

Water source ml
100 50 10 1 0.1 0.01 0.001
Lakes, reservoirs X X
Wells, spring X X
Water supply intake X X
Natural bathing waters X X

X X X X X
X X X X X
xX X X X
x

V2.2.2

V2.2.3

V2.2.4

V2.2.5

Filtration of sample

Follow the same procedure and precautions as prescribed under Clause V1.4.2
above.

Preparation of culture dish

Place a sterile absorbent pad in each culture dish and pipet approximately 2 ml M-FC
medium, prepared as directed above, to saturate pad. Carefully remove any excess
liquid from culture dish. Place prepared filter on medium-impregnated pad as
described in Clause V1 above.

As a substrate substitution for the nutrient-saturated absorbant pad, add 1.5% agar
to M-FC broth.

Incubation

Place prepared cultures in waterproof plastic bags or seal petri dishes, submerge in
water bath, and incubate for 24 + 2 h at 44.5 + 0.2°C. Anchor dishes below water
surface to maintain critical temperature requirements. Place all prepared cuitures in
the water bath within 30 min after filtration. Alternatively, use an appropriate,
accurate solid heat sink incubator.

Counting

Colonies produced by fecal coliform bacteria on M-FC medium are various shades of
blue. Pale yellow colonies may be atypical E. coli; verify for gas production in
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V2.3

V3.
V3.1

V3.2

V3.2.1

mannitol at 44.5°C. Non-fecal coliform colonies are gray to cream-colowred.
Normally, few non-fecal coliform colonies will be observed on M-FC medium because

of selective action of the elevated temperature and addition of rosolic acid salt
reagent. Count colonies with a low-power (10 to 15 magnifications) binocular wide-
field dissecting microscope or other optical device.

Calculation of fecal coliform density

Compute the density from the sample quantities that produced MF counts within the
desired range of 20 to 60 fecal coliform colonies. This colony density range is more
restrictive than the 20 to 80 total coliform range because of larger colony size on M-
FC medium. Calculate fecal coliform density as directed in Clause V1.5 above.
Record densities as fecal coliforms per 100 m¢.

Membrane filter technique for Pseudomonas aeruginosa®
Apparatus

See clause Vi.l.

Culture media

M-PA agar. This agar may not be available in dehydrated form and may require
preparation from the basic ingredients.

L-lysine HCI 50¢g
Sodium chloride, NaCl 5049
Yeast extract 20g
Xylose 25g
Sucrose 125¢
Lactose 125¢
Phenol red 0.08 g
Ferric ammonium citrate 08¢
Sodium thiosulfate, Na,S,0, 6.8g
Agar 16.0 g
Distilled water 1¢

Adjust to pH 6.5 + 0.1 and sterilize by autoclaving. Cool to 55 to 60°C; readjust to
pH 7.1 + 0.2 and add the following dry antibiotics per liter of agar base: sulfapyridine,*
176 mg; kanamycin,t 8.5 mg; nalidixic acid, 37.0 mg; and cycloheximide,§ 150 mg.

After mixing dispense in 3 ml quantities in 50 x 12 mm petri plates. Store poured
plates at 2 to 10°C. Discard unused medium after 1 month.

* APHA - 9213 E.

* Nutritional Biochemicals, Cleveland, Ohio.

T Bristol-Myers, Syracuse, N.Y.

i Calbiochem, La Jolla, Calif.

§ Actidione, Upjohn Company, Kalamanzoo, Mich., or equivalent.
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Modified M-PA agar. To M-PA agar add 1.5 g MgSO,.7H,0/¢ and reduce
concentrations of Na,S,0, to to 5 g/¢ and xylose to 1.25 g/¢ (adding 0.1 g sodium
desoxycholate is optional).

Milk agar (Brown and Scott Foster Modification):

Mixture A:

Instant nonfat milkl 100 g
Distilled water 500 m¢
Mixture B:

Nutrient broth 125 ¢
Sodium chioride, NaCl 2.5 g
Agar 15.0 g
Distilled water 500 m¢

Separately sterilize Mixture A and B; cool rapidly to 55°C; aseptically combine
mixtures and pour into 100 x 15 mm petri plates, about 20 m¢ plate.

Procedure

Presumptive tests

Filter 200 m¢ or smaller portions of natural waters or up to 500 ml of swimming pool
waters through sterile membrane filters. Place each membrane on a poured plate of

modified M-PA agar sc that there is no air space between the membrane and the
agar surface. Invert plates and incubate at 41.5 + 0.5°C for 72 h.

Typically, P. aeruginosa colonies are 0.8 to 2.2 mm in diameter and flat in
appearance with light outer rims and brownish to greenish-black centers. Count
typical colonies, preferably from filters containing 20 to 80 colonies. Use a 10 to 15
power magnifier as an aid in colony counting.

Confirmation fests
Use milk agar to confirm a number of typical and atypical colonies. Make a single
streak (2 to 4 cm long) from an isolated colony on a milk agar plate and incubate at

35 + 1.0°C for 24 h. P. aeruginosa hydrolyzes casein and produces a yellowish to
green diffusible pigment.

I Carnation or equivalent.
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V3.4 Interpretation and calculation of density
Except as noted above, confirmation is not required routinely. In the absence of

confirmation, report results as "presumptive". Calculate and record as the number of
P. aeruginosal250 m¢g.
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Appendix W

Determination of Gross « and Gross 8

Method 1 (Counting method)"™
Selection of counting instrument

The thin-window, heavily shielded, gas-flow, anticoincidence-circuitry proportional
counter is the recommended instrument for counting gross alpha and beta
radioactivity because of its superior operating characteristics. These include a very
low background and a high sensitivity to detect and count an alpha and beta radiation
range that is reasonable but not so wide as that of internal proportional counters.

Apparatus

Counting pans, of metal resistant to corrosion from sample éoiids or reagents, about
50 mm diameter, 6 to 10 mm in height, and thick enough to be serviceable for one-
time use. Stainless steel planchets are recommended for acidified samples.

Thin end-window proportional counter, capable of accommodating a counting pan.
Alternate counters

Other beta counters are internal proportional and Geiger counters:

Membrane filter,* 0.45 ym pore diameter.

Gooch crucibles.

Counting gas, as recommended by the instrument manufacturer.

Reagents

Methyl orange indicator solution.

Nitric acid, HNG,, 1N.

Clear acrylic solution. Dissolve 50 mg clear acrylic’ in 100 m¢ acetone.

T APHA - 7110 B

* Type HA, Millipore Filter Corp., Bedford, Mass., or equivalent.
* Lucite or equivalent.
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Ethyl alcohol, 95%.

Conducting fluid.¥ Prepare according to manufacturer's directions (for internal
counters).

Standard certified cesium 137 or strontium 50-yttrium 90 solution.§

Standard certified americium 241,§ plutonium 239,§ or natural uranium solution.§
For natural uranium, use material in secular equilibrium.

Reagents for wei-combustion procedure.
Nitric acid, NHO,, &N.

Hydrogen peroxide solution. dilute 30% H,0, with an equal volume of water.
Procedure

Total sample acitivity.

For each 20 cm? of counting pan area, take a volume of sample containing not more
than 200 mg residue for beta examination and not more than 100 mg residue for
alpha examination. The specific conductance test helps o select the appropriate
sample volume. '

Evapcrate by either of the following technigues.

Add sample directly to a tared counting pan in small increments, with evaporation at
just below boiling temperature. This procedure is not recommended for large
samples.

Flace sample in a borosilicate glass beaker or evaporating dish, add a few drops of
methyi crange indicator solution, add 1N HNO, dropwise to pH 4 to 8, and evanorate
on a hot plate or steam bath to near dryness. Avoid baking solids on evaporation
vessel. Transfer to a tared counting pan with the aid of a rubber policeman and
distilled water from a wash bottle. Using a rubber policeman, thoroughly wet walls of
evaporating vessel with a few drops of acid and tranfer washings to counting pan.
(Excess alkalinity or mineral acidity is corrosive to aluminium counting pans).

Complete drving in an oven at 103 to 105°C, cool in a desiccator, weigh, and keep
drv until countea.

T Anstac 2M, Chemical Development Corporation, Danvers, Mass., or equivalent.

§ Pesticide and Radiation Quality Assuraqce Branch, Environmental Monitoring systems Laboratory, P.O.
Box 15027, Las Vegas, Nev. 89114.
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Treat sample residues having particles that tend to be airborne with a few drops of
clear acrylic solution, then air-and oven-dry and weigh.

With a thin end-window counter count alpha and/or beta acitivity.

Store sample in a desiccator and count for decay if necessary. Avoid heat treatment
because it will increase the escape rate of gaseous daughter products.

Activity of dissolved matter

Proceed as in Clause W1.4.1.1 above, using a sample filtered through a 0.45 ym
membrane filter.

Activity of suspended matter.

For each 10 cm? of membrane filter area, take a volume of sample not to exceed 50
mg suspended matter for alpha assay and not to exceed 100 mg for beta assay.

Filter sample through membrane filter with suction; then wash sides of filter funnel
with a few millilitres of distilled water.

Transfer filter to a tared counting pan and oven-dry.

If sample is to be counted in an internal counter, saturate membrane with alcohol and
ignite. (When beta or alpha acitivity is counted with another type of counter, ignition
is not necessary provided that the sample is dry and ftat). When burning has
stopped, direct flame of a Meker burner down on the partially ignited sample to fix
sample to pan.

Cool, weigh, and count alpha and beta acitivities.

If sample particles tend to be airborne, treat sample with a few drops of clear acrylic
solution, air-dry, and count. '

Alternatively, prepare membrane filters for counting in internal counters by wetting
filters with conducting fluid, drying, weighing, and counting. (Include weight of
membrane filter in the tare).

Activity of suspended matter (a/temate)

If it is impossible to filter sewage, highly polluted waters, or industrial wastes through
membrane filters in a reasonable time, proceed as follows:

Determine total and dissolved activity by the procedures given in Clause W1.4.1 and
W1.4.2 and estimate suspended acitivity by difference.
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Filter sample through an ashless mat or filter paper of stated porosity. Dry, ignite,
and weigh suspended fixed residue. Transfer and fix a thin uniform layer of sample
residue to a tared counting pan with a few drops of clear acrylic solution. Dry, weigh,
and count in a thin end-window counter for alpha and beta activity.

Calculation and reporting

Alpha activity. Calculate alpha activity, in picocuries per litre, by the equation

net cpm x 1000

Alpha =
222 ev
where,
e is the calibrated overall counter efficiency (see Clause W1.5.2 below);
v is the volume (m¢) of sample counted.

Express the counting error in picocuries per sample size by dividing picocuries per
sample by sample size expressed in appropriate units.

Calibration of overall counter efficiency

Correct observed counting rate for geometry, back-scatter, and self-absorption
(sample absorption).

Although it is useful to know the variation in these individual factors, determine overall
efficiency by preparing standard sample sources and unknowns.

For measuring mixed fission products or beta radioactivity of unknown composition,
use a standard solution of cesium 137 or strontium 90 in equilibrium with its daughter
yttrium 90.

Prepare a standard (known disintegration rate) in an aqueous solution of sample
solids similar in composition to that present in samples. Dispense increments of
solution in tared pans and evaporate. Make a series of samples having a solids
thickness of 1 to 10 mg/cm? of bottom area in the counting pan. Evaporate carefully-

to obtain uniform solids deposition. Dry (103 to 105°C), weigh, and count. Calculate
the ratio of counts per minute to disintegrations per minute (efficiency) for different

weights of sample solids. Plot efficiency as a function of sample thickness and use
the resulting calibration curve to convert counts per minute (cpm) to disintegrations
per minute (dpm).

If other radionuclides are to be tested, repeat the above procedure, using certified

solutions of each radionuclide. Avoid unequal distribution of sample solids,
particularly in the 0 to 3 mg/cm? range, in both calibration and sample preparation.

146



W1.5.2.3

W1.8.3

S 1350 : 1994

For alpha calibration, proceed as above, using a standard solution of natural uranium
salt (not depleted uranium), plutonium 239, or americium 241. Recount alpha
standard at the beta operating voltage and determine alpha amplification factor
(Clause W1.5.3 below). Report calibration standard used with results.

Beta activity

Calculate and report gross beta activity and counting error in picocuries or nanocuries
per litre of fluid according to Clauses W1.5.1, above, and W1.5.4, below.

To calculate picocuries of beta activity per litre, determine the vélue of e in the above
equation as described in Clause W1.5.2, above.

When counting beta activity in the presence of alpha activity by gas-flow proportional
counting systems (at the beta plateau) alpha particles also are counted. Because
alpha particles are more readily absorbed by increased sample thickness than beta
particles, alpha/beta count ratios vary. Therefore, prepare a calibration curve by
counting standards (americium 241 or plutonium 239) with increasing solids thickness,
first on the alpha plateau, then on the beta plateau. Plot the ratios of the two counts
against mg/cm? thickness, determine the alpha amplification factor (M), and correct
the amplified alpha count on the beta plateau for the sample.

net cpm on beta plateau
M =

net cpm on alpha plateau

If significant alpha activity is indicated by the sample alpha plateau count, determine
beta activity by counting the sample at the beta plateau and calculating:

B - AM

Beta, pCi/f =~

222xDxV
where,
B is the net beta counts at the beta plateauy;
A is the net alpha counts at the alpha plateau;
M is the alpha amplification factor (from ratio plot),
2.22  is the cpm/pCi;
D is the beta counting efficiency;
|4 is the sample volume, (£).

Some gas-flow proportional counters have electronic discrimination to eliminate alpha
counts at the beta operating® voltage For these instruments the aloha amplificalion
factor will be less than 1. -
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Where greater precision is-desired, for example, when the count of alpha activity at
the beta plateau is a substantial fraction of the net counts per minute of gross beta
activity, the beta counting error equals (E,? + £,?)"?, where E, is the alpha counting
error and E, the gross beta counting error.

Counting error

Determine the counting error, E (in picocuries per sample), at the 85% confidence
level from:

where o(R) is cuiculated as shown in Section 7010G, using ¢, = £, (in minutes); and
e, the counter efficiency, is defined and calculated as in Clause W1.5.2.

Miscellaneous information to be reported

In reporting radioactivity data, identify adequately the sample, sampling station, date
of collection, volume of sample, type of test, type of activity, type of counting
equipment, standard calibration solutions used (particularly when counting standards
other than those recommended in Clause W1.5.2 are used), time of counting
(particularly if short-lived isotopes are involved), weight of sample solids, and kind and
amount of radioactivity. So far as possible, tabulate the data for ease of interpretation
and incorporate repetitious items in the fable heading or in footnotes. Unless
especially inconvenient, do not change quantity units within a given table. For low-
level assays, optimally report the counting error to assist in the interpretation of
resuits.

Method 27
Principle

A sample of water is evaporated and tne residue is transferred to a planchet for
counting gross alpha and gross beta or beta-gamma activities.

Apparatus
Internal proportional counter, capable of receiving and maintaining good electrical
contact with counting pans; complete with pre-amplifier, scaler, timer, register,

constant voltage supply, counting gas equipment, and counting gas.

* Radioassay procedures for environmental. samples, U.S. Department of Health, Education and Welfare,
Public Health Service
Publication No. 999-RH-27, (1967).
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Planchets or counting pans, corrosion-resistant metal, about 50 mm in diameter, 6-10
mm in height, and thick enouhg to be serviceable for one-time use. (Stainless steel
or aluminum pans are satisfactory, depending on the kind of sample and reagents
added).

Beaker

Oven, at 100°C.

Desiccator

Reagents

Lucite. 0.5 mg/m¢ fn acetone (UHU glue: 0.25 mg UHU/m¢{ in acetone).
Nitric acid, HNO,, 3N.

Procedure

Measure into a beaker a volume of sample containing normally 2 to 5 ¢ and
evaporate to near dryness.

With distilled water, transfer the concentrate to a tared metal planchet.
Using a rubber policeman, wash beaker walls with a few drops of nitric acid.
Combine washings with water rinsings in the planchet, and evaporate to dryness.

Flame planchet to dull red; cool, and weigh. If the residue flakes, treat it with 5 to 10

drops of lucite (UHU) solution and dry in an oven at 100°C to constant weight (= 10
min).

Store the sample in a desiccator until it is to be counted.

Count the gross alpha and the gross beta activity in an internal proportional counter.
Operate the counter according to the manufacturer’s instructions.
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W2.5

Ww2.5.1

w2.5.2

Calculation
A
Gross alpha activity (Bg/f) = —m-mmemmmeeemeee-
BxCxD
where,
A is the net alpha count rate (cpm); '
B is the efficiency (cpm/Bq) for counting alpha activity in sample;
C is the volume (¢ of sample;
D is the correction factor for self-absorption in the sample.
A
Gross beta activity (Bg/?) = ——=—memmememeeme, :
BxCxD
where,
A is the net beta count rate (cpmy;
B is the efficiency (cpm/Bq) for counting gross beta activity;
C is the volume (£) of sample;
D is the correction factor for self-absorption.
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Appendix X

Determination of Ra?*

Method 1 (Emanation method)”
Principle

Radium in water is concentrated and separated from sample solids by coprecipitation
with a relatively large amount of barium as the sulphate. The precipitate is treated
to remove silicates, if present, and to decompose insoluble radium compounds, fumed
with phosphoric acid to remove sulphite (SO,*), and dissolved in hydrochloric acid
(HCI). The completely dissolved radium is placed in a bubbler, which is than closed
and stored for a period of several days to 4 weeks for ingrowth of radon. The bubbler
is connected to an evacuated system and the radon gas is removed from the liquid
by aeration, dried with a desiccant, and collected in a counting chamber. The
counting chamber consists of a dome-topped scintillation cell coated inside with silver-
activated zinc sulphide phosphor; a transparent window forms the bottom (Figure 24).
The chamber rests on a photomultiplier tube during counting. About 4 h after radon
collection, the alpha-counting rate of radon and decay products is at equilibrium, and
a count is obtained and related to radium 226 standards similarly treated.

The counting gas used to purge radon from the liquid to the cdunting chamber may
be helium, nitrogen, or aged air.

Apparatus

The de-emanation assembly is shown in Figure 24, and its major components are
described in Clauses X1.2.1.2 - X1.2.2.5.

Scintillation counter assembly with a photomultiplier (PM) tube 5 cm or more in
diameter, normally mounted, face up, in a light-tight housing. The photomultiplier
tube, preamplifier, high-voltage supply, and scaler may be contained in one chassis;
or the PM tube and preamplifier may be used as an accessory with a proportional
counter or a separate scaler. A high-voltage safety switch should open automatically
when the light cover is removed, to avoid damage to the photomuiltiplier tube.

Use a preamplifer with a variable gain adjustment. Equip counter with a flexible
ground wire attached to the chassis and to the neck of the scintillation cell by an
alligator clip or similar device. Ascertain operating voltage by determining a plateau
using ??Rn in the scintillation cell as the alpha source; the slope should not exceed
2%/100 V. Calibrate and use counter and scintillation cell as a unit when more than
one counter is available. the background-counting rate for the counter assembly
without the scintillation cell in place should be 0.00 to 0.03 cpm.

* APHA - 7500-Ra C.
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X1.2.1.2

Scintillation cells, Lucas-type, preferably having a volume of 95 to 140 m¢, made in
the laboratory, or commercially available.*

<« Scintillation Cell

e Manome:eﬂ/

~ | g—_g:g;)\ «- Vacuum Source
== ?f-' Capillary T-Tube
B, Vacuum Rubber Tubing
{or equiv.)
Thermometer Capiliary
Anhydrous Magnesium
Perchiorate
Ascarite
? Counting Gas from Pressure
»}-_L Regutator
L/
!‘rﬁ
! |«———— Radon Bubbler
-
U Y

Figure 24. De-emanation assembly

* William H. Johnston Laboratories, 3617 Woodland Ave., Baltimore, Md. 21215
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Radon bubblers, capacity 18 to 25 m£.T Use gas-tight glass stopcocks and a fritted
glass disk of medium porosity.+ Use one bubbler for a standard *?Ra solution and
one for each sample and blank in a batch.

Manometer, open-end capillary tube or vacuum gauge having volume that is small
compared to volume of scintillation cell, 0 to 760 mm Hag.

Gas purification tube, 7 to 8 mm OD standard-wall glass tubing, 100 to 120 mm long,
constricted at lower end to hold glass wool plug; thermometer capillary tubing.

Sample bottles, polyethylene, 2 to 4 ¢ capacity.
Membrane filters.§

Gas supply. Helium, nitrogen, or air aged in high-pressure cylinder with two-stage
pressure regulator and needle valve. Helium is preferred.

Silicone grease, high-vacuum.
Sealing wax, low-melting.l
Laboratory glassware

txcepting bubblers, decontarinate all glassware before and between uses by heating

for 1 hin EDTA decontaminating solution at 90 to 100°C, then rinse in water, 1N HCI,
and again in distilled water to dissolve barium (radium) sulphate, Ba(Ra)SO,.

Removal of previous samples from bubblers and rinsing is described in Clause
X1.5.1.17. More extensive cleaning of bubblers requires removal of wax from joints,
silicone grease from stopcocks, and the last traces of barium-radium compounds.

Platinum ware

Crucibles (20 to 30 m¢) or dishes (50 to 75 m¢), large dish (for flux preparation), and
platinum-tipped tongs (preferably Blair type). Clean platinum ware by immersion and

rotation in a molten bath of potassium pyrosulfate, remove, cool, rinse in hot tap
water, digest in hot 6N HCI, rinse in distilled water, and finally flame over a burner.

T Available from Corning Glass Works, Special Sales Section, Corning, N.Y. 14830.
I Corning or equivalent.

§ Type HAWP, Millipore Filter Corp., Bedford, Mass., or equivalent.

I Pyseal, Fisher Scientific Co., Pittsburgh, Pa., or equivalent.
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X1.3

X1.3.1

X1.3.2

X1.3.3

X1.3.4

. £1.3.8

Reagents

Stock barium chloride solution
Dissolve 17.79 g BaCl,.2H,0 in distilled water and dilute to 1 £; 1 m¢ = 10 mg Ba.
Dilute barium chloride solution

Dilute 200.00 m¢ stock barium chloride solution to 1000 mf as needed; 1 mf = 2.00
mg Ba. Let stand 24 h and filter through & membrane filter.

Optionally, add approximately 40000 dpm of "**Ba to this solution before dilution.
Take account of the stable barium carrier added with the **Ba and with the diluting
solution, so that the final barium concentration is near 2 mg/¢. The use of "**Ba
provides a convenient means of checking on the recovery of ?°Ra from the sample.
Use the BaCl, solution containing "*Ba in steps described in Clauses X1.5.1.3,
X1.5.2,8, and X1.5.3.3. Do not use in X1.3.4 below; instead, use a separate dilution
of stock BaCl, solution for preparing **Ra standard solutions.

Acid barium chloride solution

To 20 ¢ conc HClin a 1¢ volumetric flask, add dilute BaCl, solution to the mark and
mix.

Stock radium 226 solution

Take every precaution to avoid unnecessary contaminaticn of working area,
equipment, and glassware, preferably by preparing *°R4 standards in a separate area
or room reserved for this purpose. Obtain a gamma ray standard containing 0.1 yg
2%Ra as of date of standardization. Using a heavy glass rod, cautiously break neck
of ampule, which is submerged in 300 m{ acid BaCl, solution in a 600 m{ beaker.
Chip ampule unit until it is thoroughly broken or until hole is large enough to give
complete mixing. Transfer solution to a 1 volumetric flask, rinse beaker with acid
BaCl, solution, dilute to mark with same solution, and mix; 1 mZ = approximately 100
pg 2604

Determine the time in years, f, since the NIST standardization of the original **Ra
solution. Calculate pCi *®Ra/ml as:

pCi *®Ra = [1 - (4.3 x 107)(£)1[100][0.990]
Intermediate radium 226 sotution
Dilute 100 m¢ stock radium 226 solution to 1000 m¢ with acid BaCl, salution; 1 m¢

= approximately 10 pCi **Ra.
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Standard radium 226 solution

Add 30.0 m¢ intermediate radium 226 solution to a 100 m# volumetric flask and dilute
to mark with acid BaCl, solution; 1 m¢ = approximately 3 pCi **Ra and contains about

2 mg Ba. See Clause X1.3.4 above for correction factors.
Hydrochloric aci(:f, HCI, conc, 6N, 1N, and 0.1N.

Sulphuric acid, H,S0,, conc and 0.1N.

Hydrofluoric acid, HF, 48%, in a plastic dropping bottle. (CAUTION).
Ammonium sulphate solution

Dissolve 10 g (NH,),SO, in distilled water and dilute to 100 m¢ in a graduated
cylinder.

Phosphoric acid, H,PO,, 85%.

Ascarite, 8 to 20 mesh.

Magnesium perchlorate, anhydrous desiccant.
EDTA decontaminating solution

Dissolve 10 g disodium ethylenediaminetetraacetate dihydrate and 10 g Na,CO, in
distilled water and dilute to 1 £ in a graduated cylinder.

Special reagents for total and suspended radium.

Flux

Add 30 mg BaSO,, 65.8 g K,CO,, 50.5 g Na,CO;,, and 33.7 g Na,B,0,.10H,0, to a
500 m¢ platinum dish. Mix thoroughly and heat cautiously to expel water, then fuse
and mix thoroughly by swirling. Cool flux, grind in a porcelain mortar to passa 10 to
12 mesh (or finer) screen, and store in an airtight bottle.

Dilute hydrogen peroxide sofution

Dilute 10 m¢ 30% H,0, to 100 m? in a graduated cylinder. Prepare daily.

Calibration of scintillation counter assembly

Test bubblers by adding about 10 m¢f distilled water and passing air through them at

the rate of 3 to 5 m? (free volume)/min. Air should form many fine bubbies rather
than a few large ones; the latter condition indicates non-uniform pores. Do not use

bubblers requiring excessive pressure to initiate bubbling. Fritted-glass disks of
medium porosity (Clause X1.2.1.3) usually are satisfactory.
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X1.4.2

X143

X1.4.4

X1.4.5

X1.4.10

Apply silicone grease to stopcocks of a bubbler and, with gas inlet stopcock closed,
add 1 m¢ stock BaCl, solution and 10 m¢ (30 cPi) standard radium 226 solution, and
fill bubbler two-thirds to three-fourths full with additional acid BaCl, solution.

With bubbler in a clamp or rack, dry joint with lint-free paper or cloth, warm separate
parts of the joint, apply sealing wax sparingly to the male part, and rnake the
connection with a twisting motion to spread the wax uniformly in the ground joint. Let
cool. Establish zero ingrowth time by purging liquid with counting gas for 15 to 20
min according to Clause X1.4.10 below and adjust inlet pressure to produce a froth
a few millimeters thick. Close stopcocks, record date and time, and store bubbler,
preferably for 3 weeks or more (with most samples) before collecting and counting
2Rn. A much shorter ingrowth period of 16 to 24 h is convenient for a standard
bubbler. Obtain an estimate of **Rn present at any time from the B columns in Table
18.

Attach scintillation cell as shown in Figure 24;# substitute a glass tube with a stopcock
for bubbler so that the compressed gas can be turned on or off conveniently. Open
stopcock on scintillation cell, close stopcock to gas, and gradually open stopcock to
vacuum source to evacuate cell. Close stopcock to vacuum source and check
manometer reading for 2 min to test system, especially the scintillation cell, for ieaks.

Open stopcock to counting gas and cautiously admit gas to scintillation cell until
atmospheric pressure is reached.

Centre scintillation ceil on photomultiplier tube, cover with light-tight hood and, after
10 min, obtain a background counting rate (preferably over a 100 to 1000 min period,

depending on concentration of *?*Ra in samples). Do not expose phototube to
xternal light with the high voltage applied.

Repeat Steps X1.4.4 through X1.4.6 above for each scintillation cell.

If the leakage test and background are'satisfactory, continue ca!ibrétion

With scintillation cell and standard bubbler (Clause X1.4.3) on vacuum frain, open
stopcock on scintillation cell and evacuate scintillation cell and purification system
(Figure 24) by opening stopcock to vacuum source. Close stopcock to vacuum
source. Check system forleaks as in Step X1.4.4 above.

Adjust gas regulator (diaphragm) valve so that a very slow stream of gas will flow with
the needle valve open. Attach gas supply to inlet of bubbler.

# The system as described and shown in Figure 24 is considered minimal. In routine work, use manifold
systems and additional, more precise needle valves. An occasional drop of solution will escape from the
bubbler; provide enough free space beyond the outlet stopcock to accommodata this liquid, preventing its
entrance into the gas-purifying train.
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Table 18. Factors for decay of radon 222, growth of radon 222 from radium 226,
and correction of radon 222 activity for decay during counting

Factor for Decay of Radon 222

Factor for Growth of Radon
222 from Radium 226

Factor for Correction
of Radon 222 Activity
for Decay during

Time Counting
A=e* B=1-¢* C=At(1-e%)

Hours Days Hours Days Hours
0.0 1.0000 0.000 00 1.600
0.2 0.9985 0.001 51 1.601
0.4 0.9970 0.003 01 1.001
0.6 0.9955 0.004 52 1.002
0.8 0.8940 0.006 02 1.003
1 0.9925 0.8343 0.007 52 0.1657 1.004
2 0.9850 0.6960 0.014 99 0.3040 1.008
3 0.9776 0.5807 0.022 40 0.4193 1.011
4 0.9703 0.4844 0.029 75 0.5156 1.015
5 0.9630 0.4041 0.037 05 0.5959 1.019
6 0.9557 0.3372 0.044 29 0.6628 1.023
7 0.9485 0.2813 0.051 48 0.7187 1.027
8 0.9414 0.2347 0.058 61 0.7653 1.031
9 0.9343 0.1958 0.065 69 0.8042 1.034
10 0.9273 0.1633 0.072 72 0.8367 1.028
11 0.9203 0.1363 0.079 69 0.8637 1.042
12 0.9134 0.1137 0.086 62 0.8863 1.045
13 0.9065 0.0948 0.093 49 0.8052 1.080
14 0.8997 0.0791 0.100 31 0.9209 1.084
15 0.8929 0.0660 0.107 07 0.9340 1.088
16 0.8862 0.0551 0.1138 0.9449 1.082
17 0.8795 0.0459 0.1205 0.8541 1.0€8
18 0.8729 0.0383 0.1271 0.9617 1.C89
19 0.8664 0.0320 0.1336 0.9680 1.073
20 0.9598 0.0267 0.1402 0.9733 1.077
21 0.8534 0.0223 0.1466 0.9777 1.081
22 0.8470 0.0186 0.1530 0.9814 1.085
23 0.84086 0.0155 0.1594 0.9845 1.089
24 0.8343 0.0129 0.1657 0.9871 1.083
25 0.8280 0.0108 0.1720 0.9892 1.087
26 0.8218 0.0090 0.1782 0.9910 1.101
27 0.8156 0.0075 0.1844 0.9925 1.105
28 0.8095 0.0063 0.1905 0.8937 1.109
29 0.8034 0.0052 0.1966 0.9948 1.113
30 0.7973 0.0044 0.2027 0.9956 1.118
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Table 18. Factors for decay of radon 222, growth of radon 222 from radium 226,
and correction of radon 222 activity for decay during counting (Cont.)

Factor for Decay of Radon 222 | Factor for Growth of Radon Factor for Correction
222 from Radium 226 of Radon 222 Activity
Time i for Def:ay during
Counting
A=e* B=1-e* C=at{1-¢e%)
Hours Days Hours Days Hours
31 0.7913 0.0036 0.2087 0.9964 1.122
32 0.7854 0.0030 0.2146 0.9970 1.126
33 0.7795 0.0025 0.2205 0.9975 1.130
34 0.7736 0.0021 0.2264 0.9979 1.134
35 0.7678 0.0018 0.2322 0.9982 1.138
36 0.7620 0.0015 0.2380 0.9985 1.142
37 0.7563 0.0012 0.2437 0.9988 1.146
38 0.7506 0.0010 0.2494 0.9990 1.150
39 0.7449 0.0008 0.2551 0.9991 1.154
40 0.7393 0.0007 0.2607 0.9993 1.159
41 0.7338 0.0006 0.2662 0.9994 1.163
42 0.7283 0.0005 0.2717 0.9995 1.167
43 0.7228 0.0004 0.2772 0.9996 1.171
44 0.7173 0.0003 0.2827 0.9997 1.175
45 0.7120 0.0003 0.2880 0.9997 1.179
46 0.7066 0.0002 0.2934 0.9998 1.184
47 0.7013 0.0002 0.2987 0.9998 1.188
48 0.6960 0.0002 0.3040 0.9998 1.192
49 0.6908 0.0001 0.3092 0.9999 1.196
50 0.6856 0.0001 0.3144 0.9999 1.201
51 0.6804 0.0001 0.3196 | 0.9999 1.205
52 0.6753 0.0001 0.3247 0.9939 1.209
53 0.6702 0.0001 0.3298 0.9999 1.213
54 0.6652 0.0001 0.3348 0.9999 1.218
55 0.6602 : 0.0000 0.3398 1.0000 1.222
56 0.6552 0.0000 0.3448 1.0000 1.226
57 0.6503 0.0000 0.3497 1.0000 1.231
58 0.6454 0.0000 0.3546 1.0000 1.235
59 0.6405 0.0000 0.3595 1.0000 1.239
60 0.6357 0.0000 0.3643 1.0000 1.244
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Note time as beginning of an approximately 20 min de-emanation period. Very
cautiously open bubbler outlet stopcock to equalize pressure and transfer all or most
of the fluid in the inlet side arm to bubbler chamber.

Close outlet stopcock and very cautiously open inlet stopcock to flush remaining fluid
from side arm and fritted disk. Close inlet stopcock.

Repeat Steps X1.4.8 and X1.4.14 above, four or five times, to obtain more nearly
equal pressures on the two sides of bubbler.

With outlet stopcock fully open, cautiously open inlet stopcock so that gas flow
produces a froth a few millimeters thick at surface of bubbler solution. Maintain flow
rate by gradually increasing pressure with regulator valve and continue de-emanation
until pressure in cell reaches atmospheric pressure. Total elapsed time for the de-
emanation should be 15 to 25 min.

Close stopcocks to scintillation cell, close bubbler inlet and outlet, shut off and
disconnect gas supply, and record date and time as the ends of the #?Rn ingrowth
and de-emanation periods and as the beginnings of decay of *?Rn and ingrowth of
decay products.

Store bubbler for another ?*Rn ingrowth in the event a subsequent de-emanation is
desired (Table 22). The standard bubbler may be kept indefinitely.

Four hours after de-emanation, when daughter products are in virtual transient
equilibrium with *2Rn, place scintillation cell on photomultiplier tube, cover with light-
tight hood, let stand for at least 10 min, then begin counting. Record date and time
counting was started and finished.

Correct net counting rate for ,,,Rn decay (Table 18) and relate it to picocuries **Ra
in standard bubbler (see Clause X1.6.1). Unless the scintillation cell is physically
damaged, the calibration will remain essentially unchanged for years. Occasional
calibration is recommended.

Repeat Steps X1.4.8 through X1.4.18 above on each scintillation cell.

To remove **?Rn and prepare scintillation cell for reuse, evacuate and cautiously refill
with counting gas. Routinely, repeat evacuation and refilling twice, and repeat
process more times if the cells have contained a high ?Rn activity. (Decay products
with a half-life of approximately 30 min will remain in the cell. Do not check
background on ceils until activity of decay products has had time to decay to
insignificance).
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X1.5

X1.5.1

X1.5.1.1

X1.5.1.2

X1.5.1.3

X1.5.1.4
X1.5.1.5
X1.5.1.6
X1.5.1.7

X1.5.1.8

X1.5.1.9

X1.5.1.10

X1.5.1.11

X1.5.1.12

. X1.5.1.13

Procedure

Soluble radium 226.

Using a membrane filter, filter at least 1¢ sample or a volume containing up to 30 pCi
#°Ra and transfer to a polyethylene bottle as soon after sampling as possible. Save
the suspended matter for determination by the procedure described in Clause X1.5.2
below. Record sample volume filtered if suspended solids are to be analyzed as in
the procedure for **Ra in suspended matter.

Add 20 m? conc HCl/¢ of filtrate and continue analysis when convenient.

Add 50 m¢ dilute BaCl, solution, with vigorous stirring, to 1020 m¢ acidified filtrate

[Clause X1.2 preceding] in a 1.5¢ beaker. In each batch of samples include a reagent
blank consisting of distilled water plus 20 m¢ conc HCI.

Cautiously, with vigorous stirring, add 20 m¢ concn H,SO,. Cover beaker and let
precipitate overnight.

Filter supernate through a membrane fiiter, using 0.1N H,SO, to transfer Ba-Ra
precipitate to filter, and wash precipitate twice with 0.1N H,SO,.

Place filter in a platinum crucible or dish, add 0.5 m¢ HF and 3 drops (0.15 ml)
(NH,),SO, solution, and evaporate to dryness.

Carefully ignite over a small flame until carbon is burned off; cool. (After filter is
charred a Meker burner may be used).

Add 1 me¢ H;PO, with a calibrated dropper and heat on hot plate at about 200°C.
Gradually raise temperature and maintain at about 300 to 400°C for 30 min.

Swirl vessel over a low Bunsen flame, adjusted to avoid spattering, while covering the
walls with hot H,PO,. Continue to heat for a minute after precipitate fuses into a clear
melt (just below redness) to insure complete removal of SO,.

Fill cooled vessel one-half full with 6N HCI, heat on steam bath, then gradually add
distilled water {o within 2 mm of top of vessel.

Evaporate on boiling steam bath until there are no more vapours of HCI.

Add 6 me¢ 1N HCI, swirl, and warm to dissolve BaCl, crytals.

Close gas inlet stopcock, add a drop of water to the fritted disk of the fully greased
and tested radon bubbler, and transfer sample from platinum vessel to bubbler with

a medicine dropper. Use dropper to rinse vessel with at least three 2 ml portions of
distilled water. Add distilled water until bubbler is two-thirds to three-fourths full.
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Dry, wax if necessary, and seal joint. Establish zero ingrowth time as instructed in
Clause X1.4.3 preceding. '

Close stopcocks, record date and time, and store bubbler for %2Rn ingrowth,
preferably for 3 weeks for low concentrations of radium 226.

De-emanate and count *?Rn as instructed for calibrations in Clauses X1.4.9 through
X1.4.18, with sample replacing standard bubbler.

The sample in the bubbler may be stored for a second ingrowth or it may be
discarded and the bubbler cleaned for reuse. (A bubbler is readily cleaned while in

an inverted position by attaching a tube from a beaker containing 100 m¢ 0.1N HCI
to the inlet and attaching another tube from outlet to a suction flask. Alternately open

and close outlet and inlet stopcocks to pass the acid rinse water sequentially through
the fritted disk, accumulate in the bubbler, and flush into the suction flask. Drain
bubbler with the aid of vacuum, heat ground joint gently to melt wax, and separate
joint. More extensive cleaning, as indicated in Clause X1.2.1.11 above, may be
necessary if the bubbler contained more than 10 pCi **Ra).

Radium 226 in suspended matter.

Suspended matter in water usually contains siliceous materials that require fusion with
an alkaline flux to insure recovery of radium. Dry suspended matter (up to 1000 mg:
inorganic material) retained on the membrane filter specified in Clause X1.5.1.1 above
in a tared platinum crucible and ignite as in Clause X1.5.1.7.

Weigh crucible to estimate residue.
Add 8 g flux/g residue, but not less than 2 g flux, and mix with a glass rod.

Heat over a Meker burner until melting begins, being careful to prevent spattering.
Continue heating for 20 min after bubbling stops, with an occasional swirl of the
crucible to mix contents and achieve a uniform melt. A clear melt usually is obtained
only when the suspended solids are present in small amount or have a high silica
content.

Remove crucible from burner and rotate as melt cools to distribute it in a thin layer
on crucible wall.

When cool, place crucible in a covered beaker containing 120 m¢ distilled water,
20 m¢ conc H,S0O,, and 5 m¢ dilute H,0, solution for each 8 g flux. (Reduce acid and
H,O, in proportion to flux used). Rotate crucible to dissolve melt if necessary.

When melt is dissolved, remove and rinse crucible into beaker. Save crucible for Step
X1.5.2.10 below.
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X1.5.2.8

X1.5.2.9

X1.5.2.10

X1.5.2.11

X1.5.3

X1.5.3.1

X1.5.3.2

X1.5.3.3

X1.5.3.4

X1.5.3.5

X1.5.3.6

Heat solution and slowly add 50 m¢ dilute BaCl, solution with vigorous stirring. Cover
beaker and let stand overnight for precipitation. (Precipitation with cool sample
solution also is satisfactory).

Add about 1 m¢ dilute H,0, and, if yellow colour (from titanium) deepens, add more
H,O, until there is no further colour change.

Continue analysis according to Clauses X1.5.1.5 through X1.5.1.16.

Calculate result as directed in Clauses X1.6.1 and X1.6.2, taking into account that the

suspended solids possibly were contained in a sample volume other than 1¢ [see
Clause X5.1.1]. ’ :

Total radium 226.

Total #®Ra in water is the sum of soluble and suspended ?*Ra as determined in
Clauses X1.5.1 and X1.5.2 preceding, or it may be detemined directly by examining

the original water sample that has been acidified with 20 m¢ conc HCI/¢ sample and
stored in a polyethylene bottle.

Thoroughly mix acidified sample and take 1020 m¢ or a measured volume containing
not more than 1000 mg inorganic suspended solids.

Add 50 m¢ dilute BaCl, solution and slowly, with vigorous stirring, add 20 ml conc
H,S0,/¢ sample. Cover and let precipitate overnight.

Filter supernate through membrane filter and transfer solids to filter as in Clause
X1.5.1.5 preceding.

Place filter and precipitate in tared platinum crucible and proceed as in Clauses
X1.5.2.2 through X1.5.2.10 above but with the following changes in the procedure
given in Clause X1.5.2.8: Omit adding dilute BaCl, solution, digest for 1 h on a steam
bath, and filter immediately after digestion without stirring up BaSO,. (If these
changes are not made, filtration will be very slow).

Calculate total radium 226 concentration as directed in Clauses X1.6.1 and X1.6.2.
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Calculations

Calculate the **Ra in a bubbler, including reagent blank, as follows:

R, - R, 1 1 Aty

*®Rain pCi = X X X

R, 1-e™ e 2 1-e*3

where,

A is the decay constant for ?’Rn, 0.00755/h;

t, is the time interval (h) allowed for ingrowth of *Rn;

t is the time interval (h) between de-emanation and counting;

ty is the time interval (h) of counting;

R, is the observed counting rate of sample in scintillation cell, cph;

R, is the (previously) observed background counting rate of scintillation cell with
counting gas, cph;

R, is the calibration constant for scintillation cell [i.e., observed net counts per
hour, corrected by use of ingrowth and decay factors (C/AB from below) per
picocurie of Ra in standard];

or:

(R, - R C

®Rain pCi = X

R. AB

where,

A is the factor for decay of **’Rn (see Table 17);

B is the factor growth of ??Rn from **Ra (see Table 17);

c is the factor for correction of ?*Rn activity for decay during counting (see

Table 17).

For non-tabulated times, obtain decay factors for *Rn by multiplying together the
appropriate tabulated "day" and "hour" decay factors, interpolating for less than 0.2
h if indicated by the precision desired. Obtain radon 222 growth factors for non-
tabulated times most accurately, especiaily for short periods (e.g., in calibrations), by
calculation from #*Rn decay factors given in Column A and using formula given in
heading for Column B (of Table 17). Linear interpolations are satisfactory for routine
samples. Obtain the decay-during-counting factors by linear interpolation for all non-
tabulated times.

In calculating cell calibration constants, use the same equation, but picocuries of Ra
is known and R, is unknown.
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X1.6.2

X2.

X2.1

X2.2

X2.2.1
X2.2.2
X2.2.3
X2.2.4
X2.2.5

X2.2.6

Convert the activity into picocuries per litre of soluble, suspended, or total *Ra by the
following equation:

(D-E) x1000
25Ra, pCile =
mf sample
where,
D is the pCi **Ra found in sample;
E is the pCi #°Ra found in reagent blank.

Method 2 (Precipitation method)*

Principle

Barium carrier is added to the water sample and radium is coprecopitated with barium
sulphate from solution containing ethylenediamine tetraacetate. The precipitate is
converted to the carbonate which is then dissolved in nitric acid. Radium daughter
products are extracted from this solution into thenoyltrifluoroacetone. Barium sulphate
is reprecipitated, weighed for determination of carrier recovery, and counted for total
radium alpha activity. :

Although all radium isotopes will be detected if present, the probability of including
significant amounts of radium isotopes other than radium 226 in an analysis of

drinking water is low. These other isotopes are more apt to occur in industrial wastes
from the mining and milling of uranium and thorium.

Apparatus

Desiccator

Heat lamp (infra-red)

lnt?rnal proportional alpha counter (see Clauses W2.2.1 and W2.2.2).
Magnetic stirrer

pH meter

Separatory funnel, 60 m¢ capacity.

* H. Amano and A. Kasai, Determination of Ra-226 and Rn-222 in environmental water (1), comparison
between the Alpha-Beta coincidence method and integral counting method using a liquid scintillation
counter, J. Radiant. Res, 24, 84, (1983). M.B. Cooper and M.J. Wilks, An analyticai method for Ra-226
in environmental samples by the use of liquid scintillator counting, ARL/TRO 40, (1981).
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X2.3

X2.3.1
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X2.3.4
X2.3.5
X2.3.6
X2.3.7

X2.3.8

X2.4

X2.4.1

X2.4.2

X2.4.3

X244

X2.4.5
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Beaker
Centrifuge
Reagents

Ammonium acetate buffer, pH 4.6

Ammonium sulphate, (NH,),SO,, 50% wiv

Carrier solution: Ba* as barium nitrate, Ba(NO,),, 20 mg Ba*? per ml

Disodium ethylenediamine tetraacetate (EDTA), Na,C,sH,,O,N,-2H,0, 10% wiv
Nitric acid, HNO,, concentrated (16N)

Sodium carbonate, Na,CO,, 3N

Sulphuric acid, H,S0,, 2N

2-thenoyitrifluoroacetone (TTA), 10% wiv in benzene

Procedure

To a 250 m¢ water sample in a 460 m{ beaker add 2 m¢ 50% ammonium sulphate,

20 m¢ 10% EDTA, and 1.0 m¢ of barium carrier solution. Adjust the pH to 4.6 using
a pH meter. Mix for 5 min with a magnetic stirrer.

Allow the precipitate to settle, and decant or aspirate the supernate to waste. Using

a wash bottle of distilled water, transfer the precipitate to a 40 m¢ centrifuge tube and
dilute to 40 m¢. Mix the contents; then centrifuge, and decant the supernate to waste.

Add 25 m¢ 3N Na,CO, to the precipitate. Heat in a water bath for 10 min, stirring
occasionally. Centrifuge, and decant the supernate to waste.

Dissolve the precipitate in several drops of 16N nitric acid. Using ammonium acetate

buffer, transfer the solution to a 60 m¢ separatory funnel and dilute to about 30 m¢
with buffer.

NOTE. If the precipitate does not dissoive completely, centrifuge the buffered solution, decant the
supernate to a clean separatory funnel, and repeat Clause X2.4.3 on the precipitate, combining the
dissolved precipitates in Clause X2.4.4.

Add 5 m¢ TTA reagent to the separatory funnel, and shake for 5 min. Transfer the
aqueous phase to a 40 m¢ centrifuge tube.
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X2.4.6

X2.4.7

X2.4.8

X2.4.9

X2.5

X2.5.1

X2.6

Add several drops of 2N H,SO, to the aqueous solution. Centrigure, and decant the
supernate to waste.

Add 40 m¢ distilled water, and mix. Centrifuge, and decant the supernate to waste.
Using a minimum volume of distilled water, transfer the precipitate to a tared counting
dish such as a stainless steel planchet. Distribute the precipitate uniformly, and dry
under a heat lamp.

Cool to room temperature in a desiccator to achieve constant weight. Weigh the

precipitate, and count its alpha activity in an internal proportional alpha counter within
24 h of precipitation.

Calculation

A

Total radium activity (pCi/f) =

BxCxDxE
where,
A is the net alpha count rate (cpm);
B is the sample volume (£);
C is the efficiency (cpm/pCi) for counting alpha activity in the barium precipitate;
D is the barium recovery, computed by dividing the weight of precipitate

obtained in Clause X2.4.9 by the weight of barium sulphate precipitated from

1 me of carrier solution;
is the correction factor I-e* for ingrowth of radium 226 daughters, where t is

the time in hours from separation of radium to the time of counting.

m

Evaluation of data

The calculation of total radium activijty corrects for daughter product activity grown in
from radium 226 only. If ?’Ra or **Ra are present in the sample, they will be in
equilibrium with their daughter products and the calculated value of total radium
activity will be high.

Improved sensitivity and precision may be obtained for soft waters by evaporating a

larger sample to a volume of about 250 m¢ as long as the concentrate is not turbid
when acidified slightly.
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