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1. Scope

1.1 This test method covers the detection of water and
wastewater contaminants which inhibit chemiluminescence.

1.2 This test method may be applied to ambient waters
including but not exclusively river water and water from
sewage treatment plants. It is the responsibility of the user of
this standard to ensure the validity of the test method for waters
of untested matrices.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

D1129 Terminology Relating to Water

D1192 Guide for Equipment for Sampling Water and Steam
in Closed Conduits?

D1193 Specification for Reagent Water

D2777 Practice for Determination of Precision and Bias of
Applicable Test Methods of Committee D19 on Water

D3370 Practices for Sampling Water from Closed Conduits

D3856 Guide for Good Laboratory Practices in Laborato-
ries Engaged in Sampling and Analysis of Water

D4210 Practice for Intralaboratory Quality Control Proce-
dures and a Discussion on Reporting Low-Level Data®

D5847 Practice for Writing Quality Control Specifications
for Standard Test Methods for Water Analysis

3. Terminology

3.1 Definitions—For definitions of other terms used in this
test method, refer to D1129 Terminology Relating To Water.
3.2 Definitions of Terms Specific to This Standard:

! This test method is under the jurisdiction of ASTM Committee D19 on Water
and is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for
Organic Substances in Water.

Current edition approved March 10, 2001. Published May 2001. DOI: 10.1520/
D6592-01.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn. The last approved version of this historical standard is referenced
on www.astm.org.
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3.2.1 chemiluminescence—the generation of light by a
chemical reaction.

3.2.2 luminometer—an instrument capable of measuring
light emitted during a luminescent reaction, over a wide range
of wavelengths.

3.2.3 photodiode—a semiconductor light sensor that gener-
ates a current or voltage when illuminated by light.

4. Summary of Test Method

4.1 This analytical test method is an enhanced chemilumi-
nescent method based on the procedure of Whitehead et al.*
Luminol is oxidized by a complex formed between an oxidant
and peroxidase (HRP) to form a luminol radical. This decom-
poses via an endoperoxide intermediate to form the excited
state 3-aminophthalate dianion which decays to its ground state
with the emission of light. The presence of enhancers results in
a steady output of luminol radicals during the reaction (see Fig.
1). Contaminating substances (such as sewage, silage effluent,
heavy metals, detergents, cyanides and pesticides containing
organic residues) react with the assay reagents by scavenging
radicals from the luminol or enhancer radicals, or by inhibiting
the catalytic action of HRP. This results in a reduction of light
output to a degree which is proportional to the amount of
contaminant present. Light output is measured using a portable
luminometer, which detects light by means of a silicon photo-
diode.

5. Significance and Use

5.1 This test method was developed for the purpose of
screening for contamination in water. It is used for the analysis
of waste water, process water and environmental water. Results
of testing performed in the pulp and paper industry, sewage
treatment plants and river water systems are presented in
Appendix X1.

4 Whitehead T.P. Thorpe G., Lane M., Watson A., Billings C. in Bioluminescence
and Chemiluminescence: status report, Szalay A.Z, Kricka L.N. and Stanley PE.
Wiley 1993, pp. 425-429.
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FIG. 2 Example Graph of Light Output vs Time for the
Chemiluminescent Reaction

5.2 This method is not suitable for determining the precise
concentration of specific analytes.

5.3 This test method may be used to develop trend data,
which can be useful in assessing the performance characteris-
tics of treatment process or changes in the raw water.

6. Interferences

6.1 Particulate Matter—Samples containing a high degree
of particulate matter® can interfere with the test. Particulate or
suspended matter may be removed by centrifugation or mem-
brane filtration if components of interest are not altered.

7. Apparatus

7.1 A hand-held portable luminometer with key pad and
LCD display capable of measuring light output over a 4 minute
period, and integrating the result. See Fig. 2.

8. Reagents

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available.

8.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean Reagent Grade Water
conforming to Specification D1193 Type II. Other reagent
water types may be used, providing it is first ascertained that
the water is of sufficiently high purity without adversely
affecting the precision and bias of the determination.

8.3 Buffer—Borate buffer, pH 8.5.°

8.4 Enzyme Reagent—Reagent containing peroxidase.® En-
zyme reagent is prepared for use by diluting 100ul of enzyme
reagent with 1 ml of borate buffer.

8.5 Signal Reagent—Consisting of luminol, enhancer and
oxidant.® The signal reagent is prepared for use by reconstitut-

> Greater than 8000 NTU.

© Exact composition of reagents is proprietary information and is covered by a
patent. Reagents suitable for use and prepared under patent license are available
from Randox Laboratories Ltd., 55 Diamond Road, Crumlin, Co. Antrim, N.
Ireland. Interested parties are invited to submit information regarding the identifi-
cation of an alternative(s) to this patented item to the ASTM Headquarters. Your
comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend.
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ing with an appropriate volume of borate buffer, section 8.3, as
detailed in section 10.3.

8.6 Reference Sample—The Reference Sample consists of
Reagent Grade Water conforming to Specification D1193 Type
1L

8.7 Quality Control Sample—The Quality Control Sample
(QCS) is a solution of known composition with a known
inhibition level. A suggested QCS is phenol, Smg/L in reagent
water (55 % inhibition).

9. Sampling

9.1 Collect all samples in accordance with Specification
D1192 and Practice D3370, as applicable.

9.2 Samples must be collected in glass or plastic containers
that are clean and free from artifacts and or interferences. The
suitability of the containers should be demonstrated for each
new lot by performing a container blank.

9.3 Preserve samples by cooling to 4°C for up to 24 h after
sampling. If it is necessary to hold samples for longer than 24
hours, it is the responsibility of the user of the test to determine
the maximum holding time for individual samples.

10. Calibration

10.1 The instrument is calibrated using Reagent Grade
Water as the Reference Sample in the procedure detailed in
section 10.4.

10.2 Switch on the luminometer and allow a warm-up time
in accordance with manufacturer’s instructions.

10.3 Reconstitute a vial of signal reagent with 5 ml of borate
buffer, pH 8.5, using a pipette. Carefully remove the stopper
from the reagent vial and add the buffer solution. Replace the
stopper and mix the vial contents by inverting the vial several
times. Prepare a 1 + 10 dilution of enzyme reagent by diluting
100 ul of enzyme reagent with 1 ml of borate buffer.

10.4 Set reference light level.

10.4.1 Adjust the luminometer to measure the reference
light output level in accordance with the manufacturer’s
instructions.

10.4.2 If the luminometer has an appropriate menu, select
“Reference”, ensuring that the chamber lid is closed, and enter
appropriate information as per the LCD screen prompts.

10.4.3 Add a 100 pl aliquot of reconstituted signal reagent
and 1000 pul of reagent water to a high optical precision cuvette,
suitable for use in a luminometer. Mix the contents of the
cuvette by gentle agitation.

10.4.4 Add 20 pl of diluted enzyme reagent to the cuvette
and mix the contents by gentle agitation.

10.4.5 Insert the cuvette into the open luminometer chamber
and close the chamber lid. Initiate measurement of light output
according to luminometer manufacturer’s instructions.” Light
output should be measured over a period of 4 minutes, and the
area under the curve should be integrated to determine the
result.®

7 Procedures 10.4.4 and 10.4.5 must be performed over a period not exceeding 5
seconds.

8 A luminometer capable of measuring light output over a period of 4 minutes
and calculating the integral of the result is available fj Randox Laboratorieg Ltd.,
Diamond Road, Crumlin, Co. Antrim, N. Ireland. ocu m enis
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TABLE 1 Overall Interlaboratory Precision (St), Recovery and Bias Data for the Chemiluminescent Detection Method

Overall
No. of No. of True Mean Percent Standard
Reported Retained Value Recovery Recovery Bias Deviation Sample
Values Values (%) X (%) (%) (%) (St) Composition

9 8 23 14.50 63.04 -36.96 7.31 Potassium Hydrogen Phthalate
10210 mg/L

9 8 47 41.75 88.83 -11.17 4.65 Cadmium 102 mg/L

9 8 47 41.38 88.03 -11.97 4.66 Phenol 3 mg/L

9 7 47 50.43 107.29 7.29 2.99 Potassium Hydrogen Phthalate
12250 mg/L

9 8 48 43.38 90.36 -9.64 4.75 Cadmium 102 mg/L

9 7 50 50.71 101.43 1.43 3.25 Phenol 3.5 mg/L

9 8 50 54.63 109.25 9.25 4.10 Phenol 3.5 mg/L

9 7 52 45.57 87.64 -12.36 4.08 Calcium 1000 mg/L

9 8 55 41.50 75.45 —24.55 10.38 Phenol 5 mg/L

9 7 55 61.57 111.95 11.95 4.54 Iron 20.2 mg/L

9 8 55 52.25 95.00 —5.00 5.92 Phenol 5 mg/L

9 8 55 46.50 84.55 -15.45 5.48 Magnesium 1.94 mg/L

9 8 55 56.00 101.82 1.82 7.27 Iron 20.2 mg/L

9 8 57 42.88 75.22 —24.78 7.32 Magnesium 243 mg/L

9 8 61 58.75 96.31 -3.69 3.01 Phenol 7.5 mg/L

9 8 62 54.63 88.10 -11.90 5.18 Phenol 2.5 mg/L + Potassium
Hydrogen Phthalate 511 mg/L

9 8 69 60.63 87.86 -12.14 3.58 Chromium 20.1 mg/L

9 8 69 61.50 89.13 -10.87 3.42 Chromium 20.1 mg/L

9 8 73 70.13 96.06 -3.94 3.98 Phenol 2.5 mg/L + Chromium
10.05 mg/L

9 7 75 73.29 97.71 -2.29 2.87 Phenol 10 mg/L

Mean 91.75 -8.25 5.28 (pooled St)

QC sample—phenol 5 ppm

10.4.6 If the luminometer is capable of saving the result,
follow the manufacturer’s instructions in order to do so.
Remove cuvette.

11. Procedure

11.1 Adjust the luminometer to measure the test light output
level in accordance with the manufacturer’s instructions. If the
luminometer has an appropriate menu, select “Test”, ensuring
that the chamber lid is closed, and enter appropriate informa-
tion as per the LCD screen prompts.

11.2 Add a 200 pl aliquot of test sample to a cuvette
containing 100 pl of reconstituted signal reagent and 800 ul of
reagent water.

11.3 Gently mix the contents of the cuvette, and initiate the
reaction by adding 20 ul of diluted enzyme reagent.

11.4 Insert the cuvette into the open luminometer chamber
and close the chamber lid. Initiate measurement of light output
according to luminometer manufacturer’s instructions. Light
output should be measured over a period of 4 minutes, and the
area under the curve should be integrated to determine the
result.

11.5 If the luminometer is capable of saving the result,
follow the manufacturer’s instructions in order to do so.
Remove cuvette.

12. Calculation

12.1 The reaction produces maximum light output where no
contamination is present, as represented by the Reference
Sample. Light output is calculated as the area under the curve
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and expressed as the percentage inhibition compared to the
light output from a Reference Sample.

Reference:
240
REF = nRE: 1 nRi (1)
where:
nR = a reading from the ADC (Analogue-Digital Con-
verter).

Test (4 minute reading):

240
Tdmin = (1-(( S, nTi)/REF)) X 100 % 2)
nT =1

where:
nT = a reading from the ADC. Result is expressed as %
inhibition of the integrated results.
A rapid 2 minute value may be obtained from the following
formula:

T2min = (1-(nR 2/nR ) X 100 % 3)

where:

nR,,, = the reading from the ADC for the Reference
Sample at two minutes, and

nT;,, = the reading from the ADC for the Test Sample at
two minutes. The result is the % inhibition at two
minutes from the initiation of the reaction.

12.2 The instrument displays the percentage of inhibition
result. If this figure is greater than 75 %, dilute the test sample
with reagent water, and re-test.
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