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INTERNATIONAL
Standard Test Method for
. . - - - . 1
Determination of Turbidity Below 5 NTU in Static Mode
This standard is issued under the fixed designation D 6855; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope ISO 7027 (The International Organization for Standardiza-

1.1 This test method covers the static determination of  tion) Water Quality—for the Determination of Turbidfty
turbidity in water (see 4.1). ;
1.2 This test method is applicable to the measurement o?' Termm_ol_ogy o ] )
turbidities under 5.0 nephelometric turbidity units (NTU). 3.1 Definitions—For definitions of terms used in this

1.3 This test method was tested on municipal drinkingméthod refer to '!'ermlnology D 1129.
water, ultra-pure water and low turbidity samples. It is the 3-2 Definitions:

user's responsibility to ensure the validity of this test method 3-2-1 calibration turbidity standare—a turbidity standard
for waters of untested matrices. that is traceable and equivalent to the reference turbidity

1.4 This standard does not purport to address all of theStandard to within statistica_l errors, including qommercially
safety concerns, if any, associated with its use. It is th@repared 4OOQ .NTU Formazin, stabilized formazin (see 9.2.3),
responsibility of the user of this standard to establish appro-2nd styrenedivinylbenzene (SDVB) (see 9.2.4). These stan-
priate safety and health practices and determine the applicadards may be used to calibrate the instrument.
bility of regulatory limitations prior to useRefer to the Note 1—Calibration standards may be instrument specific.

MSDSs for all chemicals used in this procedure. 3.2.2 calibration verification standards-defined standards
2. Referenced Documents used to verify the accuracy of a calibration in the measurement
. range of interest. These standards may not be used to perform
éllfzsg-ryersr;?:glirdshelatin to Wafer calibrations, only calibration verifications. Included standards
D 1192 Guide forgyE Ui megnt for Samoling Water and &€ opto-mechanical light scatter devices, gel-like standards, or
Steam in Closed an d?ﬁr’ts piing any other type of stable liquid standard.

D 1193 Specification for Reagent Water Note 2—Calibration verification standards may be instrument specific.
D 2777 Practice for Determination of Precision and Bias of 3.2.3 nephe|0metric turb|d|ty measurementhe measure-
Applicable Methods of Committee D19 on Wetter ment of light scatter from a sample in a direction that is at 90°
D 3370 Practices for Sampling Water from Closed Con-yith respect to the centerline of the incident light path. Units
duits are NTU (Nephelometric Turbidity Units); when 1SO 7027
D 5847 Practice for ertlng Qua“ty Control Specifications techno|ogy is emp|0yed units are in FNU (Formazin Nephe|o_
for Standard Test Methods for Water Analysis metric Units).
E 691 Practice for Conducting an Interlaboratory Study to 32 4 ratio turbidity measurementthe measurement de-
Determine the Precision of a Test Mettiod rived through the use of a nephelometric detector that serves as
2.2 Other Referenced Standards: . ~the primary detector and one or more other detectors used to
USEPA Method 180.1 Methods for Chemical Analysis of compensate for variation in incident light fluctuation, stray
Water and Wastes, Turbidity light, instrument noise, or sample color.

3.2.5 reference turbidity standard-a standard that is syn-

thesized reproducibly from traceable raw materials by a skilled

* This test method is under the jurisdiction of ASTM Committee D19 on Water analyst. All other standards are traced back to this standard.
and is the direct responsibility of Subcommittee D19.07 on Sediments, Geomor] he reference standard for turbidity is formazin (see 9.2.2).
phology, and Open-Channel Flow. 3.2.6 seasoning-the process of conditioning laboratory
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2 Annual Book of ASTM Standardgol 11.01. glassware with the standard to be diluted to a lower value. The

2 Annual Book of ASTM Standardgol 11.02.

4 Annual Book of ASTM Standardgol 14.02. —_—
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process reduces contamination and dilution errors. See Appen-6.3 Scratches, finger marks, or dirt on the walls of the
dix X2 for the suggested procedure. sample cell may give erroneous readings. Sample cells should
3.2.7 stray light—all light reaching the detector other than be kept scrupulously clean both inside and outside and dis-
that contributed by the sample. For example: ambient lightarded when they become etched or scratched. The sample
leakage, internal reflections and divergent light in opticalcells must not be handled where the light strikes them when
systems. positioned in the instrument well.
3.2.8 turbidimeter—an instrument that measures light scat- 6.3.1 Sample cell caps and liners must also be scrupulously
ter using a nephelometric detector. Examples include photcelean to prevent contamination of the sample.
electric nephelometers and ratio photoelectric nephelometers. 6.4 Ideally, the same indexed sample cell should be used
3.2.9 turbidity—an expression of the optical properties of afirst for standardization followed by unknown (sample) deter-
sample that causes light rays to be scattered and absorbednation. If this is not possible, then sample cells must be
rather than transmitted in straight lines through the samplenatched. Refer to the instrument manual for instructions on
Turbidity of water is caused by the presence of suspended andatching sample cells.
dissolved matter such as clay, silt, finely divided organic

. . . . . Note 3—Indexing of the sample cell to the instrument well is accom-
matter, plankton, other microscopic organisms, organic amdi.lli

shed by placing a mark on the top of the sample cell and a similar mark

and dyes. on the upper surface of the well so that the sample cell can be placed in
the well in an exact position each time.
4. Summary of Test Method Note 4—Sample cells can be matched by first filling with dilution

: PTI— ater (see 8.2). Allow the sample cell to stand for 5 to 10 min to allow for

4.1 The op_tlcal property expressed as tqrbldlty IS me.asuregubblefs to vac)ate the sample.pThis is followed by cleaning and polishing
by the Scatte”_ng effect that suspended part'CUI‘_ate mate”"f‘l ha\fﬁ‘e outside of the cell. Cells are then measured on the same turbidimeter
on light; the higher the intensity of scattered light, the higherang should read no different than 0.01 NTU.
the turbidity. In samples containing particulate material, the
manner in which sample interferes with light transmittance i
related to the size, shape and composition of the particles in t
water, and also to the wavelength of the incident light.

4.2 The method is based upon a comparison of the intensit}' Apparatus
of light scattered by the sample with the intensity of light 7.1 Two types of instruments are available for the nephelo-
scattered by a reference suspension. Turbidity values af@etric method, the nephelometer and ratio nephelometer (see
determined by a nephelometer, which measures light scattérigs. 1 and 2).
from a sample in a direction that is at 90° with respect to the 7.2 The resolution of the instruments should permit detec-

6.5 Condensation of optical elements or sample cells can
gad to severe errors in measurement.

centerline of the incident light path. tion of differences of 0.01 NTU or less in waters having
turbidities of less than 5.0 NTU. The instrument must measure
5. Significance and Use the range from=0.02 to 5.0 NTU. See 12.1 for calibration of

instruments. Calibration verification in the immediate range of

5.1 Turbidity is undesirable in drinking water, plant effluent . b ‘ d usi ble. defined verifi
waters, water for food and beverage processing, and for a |arq§gterest must be performed using acceptable, defined verifica-

number of other water-dependent manufacturing processeion standards (see 12.2).
Removal is often accomplished by coagulation, settling, and Note 5—Consult manufacturer's instructions for guidance associated
filtration. Measurement of turbidity provides a rapid means ofwith verification methods and verification devices.
process control for when, how, and to what extent the water 7 2 1 Consult the manufacturer to ensure that your instru-
must be treated to meet specifications. ment meets or exceeds the specifications of this method.

5.2 This test method is suitable to turbidity such as that 7 3 ppotoelectric Nephelometer

found in drinking water, process water, and high purity 731 Thisinstrument uses a light source for illuminating the

industrial water. sample and a single photodetector with a readout device to
indicate the intensity of light scattered at right angle(s) (90°) to
6. Interferences the centerline of the path of the incident light. The photoelec-

6.1 For this application, bubbles, color and large particlestric nephelometer should be designed so that minimal stray
although they cause turbidity, may result in interferences ifight reaches the detector in the absence of turbidity and should
measured turbidity as determined by this method. Bubblebe free from significant drift after a short warm-up period. The
cause a positive interference and color typically causes Bght source shall be a Tungsten lamp operated at a color
negative interference. Dissolved material that imparts a colotemperature between 2200 and 3000 K (USEPA Method
to the water may cause errors in pure nephelometric reading-80.1). Light Emitting Diodes (LEDs) or laser diodes in
s,unless the instrument has special compensating features defined wavelengths ranging from 400 to 900 nm may also be
reduce these interferences. Certain turbulent motions alsaesed if accurately characterized to be equivalent in perfor-
create unstable reading conditions of nephelometers. mance to tungsten using calibration and calibration verification

6.2 Color is characterized by absorption of specific wavestandards. If LEDs or laser diodes are used, then the LED or
lengths of light. If the wavelengths of incident light are Laser diode should be coupled with a monitor detection device
significantly absorbed, a negative interference will result unto achieve a constant output . LEDs and laser diodes should be
less the instrument has special compensating features. characterized by a wavelength of between 400 and 900 nm
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Figure 1 Photoelectric Nephelometer
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FIG. 1 Photoelectric Nephelometer
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FIG. 2 Ratio Photoelectric Nephelometer (Single Beam Design)

with a bandwidth of less than 60 nm. (Examples of LEDsone or more other detectors used to compensate for variation in
include: White light with a defined bandwidth and 86030 incident light fluctuation, stray light, instrument noise, or
nm per ISO 7027.) The total distance traversed by incidensample color. As needed by the design, additional photodetec-
light and scattered light within the sample is not to exceed 1Q@ors may be used to sense the intensity of light scattered at
cm. The angle of light acceptance to the detector shall bether angles. The signals from these additional photodetectors
centered at 90° to the centerline of the incident light path ananay be used to compensate for variations in incident light
shall not exceedt 10° from the 90° scatter path center line. fluctuation, instrument stray light, instrument noise and/or
The detector must have a spectral response that is sensitivegample color. The ratio photoelectric nephelometer should be
the spectral output of the incident light used. so designed that minimal stray light reaches the detector(s),
7.3.2 Differences in physical design of photoelectricand should be free from significant drift after a short warm-up
nephelometers will cause slight differences in measured valuggeriod. The light source should be a tungsten lamp, operated at
for turbidity even though the same suspension is used foa color temperature between 2200 and 3000 K (USEPA
calibrations. Comparability of measurements made using inMethod 180.1). LEDs and laser diodes in defined wavelengths
struments differing in optical and physical design is notranging from 400 to 900 nm may also be used. If an LED or a
recommended. To minimize initial differences, the following laser diode is used in the single beam design, then the LED or
design criteria should be observed (see Fig. 1). laser diode should be coupled with a monitor detection device
7.4 Ratio Photoelectric Nephelometer to achieve a consistent output. The distance traversed by
7.4.1 Ratio Photoelectric Nephelomete(see Fig. 2 for incident light and scattered light within the sample is not to
single beam design; see Fig. 3 for multiple beam design.) Thisxceed 10 cm. The angle of light acceptance to the nephelo-
instrument uses the measurement derived through the use ofheetric detector(s) should be centered at 90° to the centerline of
nephelometric detector that serves as the primary detector atide incident light path and should not exceed0° from the
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FIG. 3 Ratio Photoelectric Nephelometer (Multiple Beam Design)

scatter path center line. The detector must have a spectratatter off the surface of this sample cell, or wiped with

response that is sensitive to the spectral output of the incidemticohol. See the manufacturer's recommendations for sample

light used. The instrument calibration (algorithm) must becell preparation.

designed such that the scaleable reading is from the nephelo-7.6 Sample Chambers

metric detector(s), and other detectors are used to compensateZ.6.1 For those units not using sample cells, the sample is

for instrument variation described in 7.3.1. placed directly into the sample chamber. For those units, the
7.4.2 Differences in physical design of ratio photoelectricsample chamber must be the following:

nephelometers will cause slight differences in measured values 7.6.1.1 Be kept scrupulously clean. Scratches, fingerprints

for turbidity even when the same suspension is used foand dirt on the walls of the sample chamber may give

calibrations. Comparability of measurements made using inerroneous results. See the manufacturer’s recommendations for

struments differing in optical and physical design is notsample chamber maintenance.

recommended. To minimize initial differences, the following 7.6.1.2 Designed in such a way as to negate any influence

design criteria should be observed (see Figs. 2 and 3). from external light sources, and to minimize stray light
7.5 Sample Cells interference with readings.

7.5.1 The sample cells used_ |n. calibration and sampl%_ Purity of Reagents
measurement must be the following: ) ]

7.5.1.1 Clear, colorless glass or optically clear plastic, be 8-1 Purity of Reagents-Reagent grade chemicals shall be
kept scrupulously clean, both inside and out, and discardetsed inall test§.AII reagents ;hallconform to the specmcapons
when it becomes etched or scratched (see non mandatofif the Committee on analytical Reagents of the American
Appendix X1 for sample cell cleaning procedure). hemical Society, where such specifications are available.

7.5.1.2 Index marked so that repeated exact placements int08'1'1 ACS grade chemicals of high purity (99+ %) shall be

the instrument sample cell compartment for measurement ca ed in all tests. Unless otherwise indicated, it is intended that
be made. See 11.4.2 1 all reagents shall conform to the specifications of the Commit-

tee on Analytical Reagents of the American Chemical Society,

7.5.1.3 Handled \{vhere the light path dqes nqt pass .du”n%here such specifications are available. Other grades may be
measurement. Provision should be made in design to give the

sample cell a proper place in which to handle the cell during
calibration or Sa—_mple _me.asurem?nt p_rocedure- Instrument and7 reagent Chemicals, American Chemical Society Specificatibmerican
sample cell design criteria are given in 7.3.1. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
R listed by the American Chemical Society, sAealar Standards for Laboratory
.7'5'1'4 Th?. OUtSIde surface of a glass S.ample cell may bghemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
(?I|ed, using S'IFane C?I| anda S_Oft cloth, or alint free Iabc_)ratoryand National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
tissue to minimize imperfections that could cause light tomp.
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used providing it is first ascertained that the reagent is of 9.2.2.4 Allow the solution to stand for at least 24 h at25
sufficiently high purity to permit its use without lessening the 1°C. The 4000 NTU Formazin suspension develops during this

accuracy of the determination. time.
Note 6—Refer to product MSDS for possible health exposure con- Note 11—This suspension, if stored at 20 to 25°C in amber polyeth-
cerns. ylene bottles, is stable for 1 year; it is stable for 1 month if stored in glass
Note 7—(This is the ASTM Standard Footnote on Purity). at 20 to 25°C.

8.2 Reverse osmosis (RO) water is acceptable and preferredg'z'3 Stab(;liz?dbflormazin tur_bidity sftatr;da;ds (se_e BQ)E:
in this method. Standard dilution waters and rinse waters shaff'¢ Prepared stabie suspensions of the formazin polymer.
be prepared by filtration of Type Ill water (See Specification reparation Is limited 10 inverting the container to rg-sgspend
D 1193) through a 0.22 um or smaller membrane or oththe formazin polymer. These standards require no dilution and

suitable filter withi 1 h of use taeduce background turbidity. arg gsfds%i/g(;?gféja:jzm(stgz gggg)‘;lc;rje:epr{repare d stable

suspensions of copolymer microspheres which are used as

o ] o received from the manufacturer or distributor. These standards
9.1 Dilution and final rinsing water, see 8.2. exhibit calibration performance characteristics that are specific
9.2 Turbidity Standards-A standard with a turbidity of 1.0 to instrument design.

NTU is the lowest formazin turbidity standard that should be

produced on the bench. Preparation of formazin standards Sh?urbidimeters for the turbidity measurement of water or waste; they may

be performed by skilled laboratory personnel with experience,y he used for calibration verification. These two methods (sealed or
in quantitative analysis. Close adherence to the instructiongoiid examples) neglect the zeroing out of the sample cell prior to making
within this section is required in order to accurately preparevater measurement in the cell.

low-level turbidity standards. 9.2.5 Formazin Turbidity Suspension, Standard (40 NTU)
NoTe 8—Equivalent, commercially-available, calibration standardsAll labware shall be .season?d (see Appendlx_ X2). |_nvert 4000
may be used. These standards, such as stabilized formazin and styrenddiT U stock suspension 25 times to mix (1 s inversion cycle);
vinylbenzene (SDVB), have a specified turbidity value and accuracy. Sucimmediately pipette, using a Class A pipette, 10.0 mL of mixed
standards must be referenced (traceable) to formazin. Follow specifig000 NTU stock into a 1000-mL Class A volumetric flask and
manufacturer's calibration procedures. dilute with water to mark. The turbidity of this suspension is
9.2.1 All volumetric glassware must be scrupulously cleandefined as 40 NTU. This 40-NTU suspension must be prepared
The necessary level of cleanliness can be achieved by perforrieekly. _ . . o
ing all of the following steps: washing glassware with labora- 9.2.5.1 This suspension serves as the highest calibration
tory detergent followed by 3 tap water rinses; then rinse witrstandard that may be used with this method.
portions of 1:4 HCI followed by at least 3 tap water rinses; 9.2.6 Dilute Formazin Turbidity Suspension Standard (1.0
finally, rinse with rinse water as defined in 8.2. NTU)—Prepare this standard daily by inverting the 40 NTU
9.2.2 Reference Formazin Reference Turbidity Standard(S€e 9.2.5) stock suspension 25 times to mix (1 s inversion
4000 NTU—This standard is synthesized in the lab. cycle) and immediately pipet a volume of 40 NTU standard.
9.2.2.1 Quantitatively transfer 5.0 g of reagent grade hydra®\ll glassware shall be seasoned (see Appendix X2).
zine sulfate (99.5 %+ purity) (M, - H,SO,) into approxi- NoTe 13—The instructions below result in the preparation of 200 mL of
mately 400 mL of dilution water (see 8.2) contained in a 1-La formazin standard. Users of this method will need different volumes of
Class A volumetric flask; stopper and completely dissolve bythe standard to meet their instrument's individual needs; glassware and
swirling. reagent volumes shall be adjusted accordingly.
. : 9.2.6.1 Within one day of use, rinse both a glass Class A5.0
Note 9—To quantitatively transfer this powdered reagent, transfer the L pipett d | cl A 200 mL vol tric flask with
hydrazine sulfate into the flask containing the dilution water. Rinse th pipetie and a glass Llass _m volume r',c as, wi
weighing bowl with dilution water, adding the rinsings to the flask. Repeatl?‘boratory gla§sware detergent or 1l hY_drOCh|0“C acid solu-
the rinsing again adding the rinsings to the flask. tion. Follow with at least ten rinses with rinse water. Cap and

L store in a clean environment until use.
9.2.2.2 Quantitatively transfer 50.0 g of reagent grade 9.2.6.2 Using the cleaned glassware, pipet 5.0 mL of well-

hexamet.hyllenetetramine (99 %+ purity) in approximately 400mixed 40.0 NTU formazin suspension (see 9.2.5) into the 200
mL of dilution water (see 8.2) contained in a clean ﬂaSk’mL flask and dilute to volume with the dilution rinse water.

stopper and completely disgolve by swirling. Filter this SOIu'Stopper and invert (1 s inversion cycle) 25 times to mix. The
tion through a 0.2 pm filter into a clean flask. turbidity of this standard is 1.0 NTU.

9.2.2.3 Quantitatively transfer the filtered hexamethylene- g 5 7 Miscellaneous Dilute Formazin Turbidity Suspension
tetramine into the flask containing the hydrazine sulfate. D”L‘teStandard—Prepare all turbidity standards with values below
this mixture to 1 L using dilution water (see 8.2). Stopper andyg NTU daily. Standards: 40 NTU have a useful life of one
mix for at least 5 min, and no more than 10 min. week. All labware shall be seasoned (See Appendix X2). Use

9. Reagents

”NOTE 12—Sealed or solid samples should not be used to standardize

Note 10—To quantitatively transfer this liquid mixture, transfer the
hexamethylenetetramine into the flask containing the hydrazine sulfate——M ———

Rinse this flask two times using 50 mL aliquots of dilution water, adding 8 The boldface numbers in parentheses refer to the list of references at the end of
each rinsing to the flask containing the hydrazine sulfate. this standard.
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Class A glassware that has been cleaned per the instructionsrmatched. If the evaluation determines that a cell is corrupted,
9.2.1 and prepare each dilution by pipetting the volume of 4@liscard the cell. This check should be performed on a weekly
NTU (see 9.2.5) into a 100-mL volumetric flask and diluting to basis.
mark with dilution water (see 8.2). For example, prepare the 11.4.2.3 If a sample cell's condition is questionable, discard
solution so that 50.0 mL of 40 NTU diluted to 100 mL is 20.0 the cell and replace with a new sample cell.
NTU and 10.0 mL of 40 NTU diluted to 100 mL is 4.0 NTU.  11.5 Sample Preparation for Measurement
11.5.1 Rinse the clean sample cell or chamber twice with
the sample that is to be measured, and discard the rinsings.
11.5.2 Fill the sample cell or chamber to a level at which the
9.2.8 Stable low-level turbidity standards are commerciallytop air/liquid interface will not interfere with the subsequent
available. These standards, such as stabilized formazin amgading_ Follow manufacturer recommendations as to Samp|e
styrenedivinylbenzene (SDVB), have a specific turbidity valuecell or chamber filling.
and accuracy. Such standards must be traceable to the referenc@1 5.3 After the sample cell is filled, use a lint-free tissue to

Note 14—Refer to Appendix X3 for stability information of formazin
standards.

turbidity standard. remove all traces of dirt or fingerprints. Tissue alone does not
clean very dirty sample cells and one of the common nonabra-
10. Safety sive glass cleaners may be necessary.
10.1 Wear appropriate personal protection equipment at all 11.5.4 The cleaned sample cell is handled by its very top
times. and placed in an indexed manner in the instrument.

10.2 Follow all relevant safety guidelines. o o o

10.3 Refer to instrument manuals for safety guidelines whed2- Calibration and Calibration Verification
installing, calibrating, measuring or performing maintenance 12.1 Determine if the instrument requires any maintenance
with any of the respective instrumentation. such as cleaning the sample cell or sample chamber, etc.

10.4 Refer to all Material Safety Data Sheets (MSDSs) priof~ollow the manufacturer’s instructions for any required instru-
to preparing or using standards and before calibrating oment maintenance prior to calibration.

performing instrument maintenance. 12.2 Calibration:
12.2.1 Follow the manufacturer’s instructions for calibra-
11. Sampling and Sample Preservation tion and operation. Calibrate the instrument to assure proper

11.1 Collection of Sample-Collect the sample in accor- operation for the range of interest with appropriate standards.

dance with the applicable standard, Specification D 1192 and 1_2'2'2 The r(_alationship betV\_/een turbidity and rTepheIomet-
Practices D 3370. ric light scatter is known to be linear up to 40 NTU; therefore,

. . calibration standards ranging up to 40 NTU may be used for
11.2 Storage of SampleAnalyze the sample immediately. . - I )
Do not store the sample. this method. Verify linearity in the range of interest (or as close

. to the measurement range of interest as possible) using defined
11.3 Sample Handling-Samples should be measured EXPE-calibration or calibration verification standards with a known

d't'ou.SIY after collection to prevent changes in p?‘”'c'e Char'accuracy. (Consult manufacturer’s recommendations for guid-
acteristics due to temperature changes and settling. Tempe

: . : : €I%hce associated with verification methods and devices.)
ture can fiﬁeCt partlclgs_, by changing their be_ha_\nor or creating 12.2.3 Formazin-based calibration standards should be re-
new particles, if precipitates are created. Dilution water maysuspended through inversion (1 s inversion cycle) 25 times

dissolve particles or change their characteristics. Operatoﬁ‘%llowed by a 2 to 10 minwait to allow for bubble removal.

should draw samples only when turbidimeters are ready fOétandards of 40 NTU or below will remain suspended for up to

:Juprzirgitrlggt.e?(i)snboéigra;/g;j%%mple and allow it to sit while the30 min; standards greater than 40 NTU may require more
9 ) frequent re-suspension.

11.4 Other Important Sampling Techniques
11.4.1 Minimize agitation of samples as particles can be Note 16—A Calibration Turbidity Standard is a turbidity standard that

altered or air may be entrained into the sample. Gentlés traceable and equivalent to the reference turbidity standard to within

statistical errors, including commercially prepared 4000 NTU Formazin,

agitation or swirling is recommended to reduce particle Set'stabilized formazin, and styrenedivinylbenzene (SDVB). These standards

tling. _ . may be used to calibrate the instrument.
11.4.2 Sample cells should only be used with the instrumen-

tation for which they were intended.

11.4.2.1 Prior to each measurement, inspect the fille
sample cell and ensure that there are no bubbles in the samp
and that the cell is free of scratches.

12.2.4 Verify instrument calibration accuracy in the ex-
(E)ected measurement area using a calibration verification stan-
rd. The calibration verification standard used should have a
éfined value with known accuracy. The calibration verifica-
tion standard should allow the instrument to perform to within
Note 15—If degassing is necessary an un-intrusive procedure foits defined performance specifications. Verification should be
removing bubbles can be used. Examples include the application of gonducted at timely intervals between calibrations. (Consult
vacuum or the use _o_f an ultra-sonic bath. Caution must be exercised ngh~nufacturer’'s recommendations for guidance associated with
to alter the composition of the samples. verification methods and devices.)
11.4.2.2 Sample cells should be evaluated with a low 12.2.5 In case of verification failure, clean the instrument to
turbidity water (after cleaning) to determine if cells remainreduce stray light levels or contamination. Follow with a
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recalibration according to manufacturer’'s calibration instruc- 15.2.2 Follow the manufacturer’s instruction for calibration
tions, or at a minimum on a quarterly basis. and operation. Calibrate the instrument to assure proper opera-
12.2.6 Close adherence to the calibration procedure and tion for the range of interest with the appropriate standards.
the rinsin_g/seasoning techniques is very important to insure 15 » 3 Verify instrument calibration by analyzing calibra-
data quality. tion or calibration verification standards that are within the

mlfét zbg fglrlowerd toraSSlrJ][je g]ati?]tql;alrl]ty (sefe S?:t'lon 11”) na y sample determinations. The recommended frequency for
sam .Ie. cha%%izrscfnﬁs?be a alie((aj ée(:ee705)sa pie cells a etermining calibration verification is more than or equal to
P PP o 5 % of all samples determined for each batch of samples.

13. Procedure for the Measurement of Water Turbidity Note 18—Consult instrument or Standards manufacturers for recom-
13.1 Turbidity Less Than 5.0 NFJGently invert the mended and available sources for verification standards.

sample several times (1 s inversion cycle) to thoroughly 152 4 The values obtained upon analysis of calibration or

disperse any solids. Rinse a clean sample cell several times,jinration verification standards must fall within the accep-

with sample. Slowly fill the sample cell with sample and capi,ce |imits presented in the following table as determined

the cell. Clean outside surfaces of the sample cell (se ; - .
non-mandatory Appendix X1). Place the sample cell into th ?rooTtilir;g:taa(:]%zrr%tor standard deviatidg)(presented in Table

instrument at index and wait for 2 to 10 min for measuremen )
15.2.5 Alternative to 15.2.4:

to become stable. Record the stable reading.

15.2.5.1 The values obtained upon analysis of calibration or
14. Report calibration verification standards must fall within the accep-
tance criteria generated after sufficient data is generated for

14.1 Report results as follows: :
each of the standards, typically 20 to 30 results. Control charts

NTU Report to Nearest (NTU)

0.02* < NTU = 1.00 0.01 must be developed from the mean recovedyafid the standard
1.00 < NTU < 5.00 0.05 deviation §) of the percent recovery for the standards. These
Note 17—New developments may allow instruments to extend thisdata are used to establish upper and lower control limits as
range. follows:

. . Upper control limit = x = 3S
15. Quality Control/Quality Assurance Lower control limit = x + 35

15.1 In order to be certain that analytical values obtained 15252 Aft h five to t N
using this test method are valid and accurate within the e ereach live o ten new recovery measurements,

confidence limits of the test, the following QC procedures musP'® control limits must be calculated using the most recent 20
be followed when running the test. to 30 data points. If these calculated control limits exceed those
15.2 Calibration and Calibration Verification established in the method, corrective action must be taken. If

15.2.1 Determine if the instrument requires any mainte<c@libration cannot be verified because determinations of stan-

nance such as cleaning the sample cells or sample chambg@rds are determined to be outside acceptance limits, recali-
etc. Follow the manufacturer's instructions for any requiredbrate the instrument.
instrument maintenance prior to calibration. 15.3 Duplicate

TABLE 1 Final Statistical Summary for Turbidity in Standard Sample Surrogates
0.9 NTU 0.625 NTU  0.122NTU 0.262NTU  4.09NTU  0.50NTU 0.20 NTU  2.00 NTU

Sample ID Formazin A Formazin B StabiCalA  StablCal B StablCalC ~ SDVBA  SDVBB  SDVBC
True Conc, NTU 0.900 0.625 0.122 0.262 4.090 0.500 0.200 2.000
# of Retained Values 6 6 6 6 6 6 6 6
Mean recovery (XBAR), NTU 1.08367 0.67783 0.11878 0.23422 3.99900 0.57176 0.22594 2.11233
Recovery, % 120.41 % 108.45 % 97.36 % 89.40 % 97.78 % 114.35 % 112.97 % 105.62 %
Overall Standard Deviation (S,)* 0.01688 0.07285 0.01756 0.02443 0.08256 0.04759 0.02433 0.13128
Standard Deviation of Cell Averages (Sxgagr)”
Most Extreme Value 1.10833 0.80333 0.14333 0.26667 4.15333 0.63133 0.25667 2.28667
Single Operator Standard Deviation (S,)? 0.1547 0.0174 0.0089 0.0055 0.0477 0.0088 0.0053 0.0217
Analyst Relative Deviation, %€ 14.328 % 2.657 % 7.549 % 2.435% 1.219% 1.54 % 2.435% 1.03 %
Laboratory Standard Deviation (S,)” 0.1274 0.0742 0.0190 0.0248 0.0913 0.0481 0.0247 0.1325
Laboratory Relative Deviation, %< 11.8 % 10.9 % 16.0 % 10.6 % 23% 8.4 % 10.9 % 6.3 %

AThe S, is the laboratory standard deviation and was calculated using the Practice E 691 statistical package. This is the standard deviation of the means from triplicate
values. While not required by Practice D 2777, this information may still be useful to the users of this method. This was the standard deviation of the means of triplicate
observations among six laboratories.

B S, was calculated as the pooled within-laboratory standard deviation from triplicate observations among six laboratories, calculated in accordance with the
“repeatability” measure of Practice E 691. This is the exact equivalent of single operator precision as defined in Practice D 2777 when Youden pairs are not utilized.

€ Standard deviation divided by mean recovery (S/XBAR).

P's, was calculated in accordance with the “reproducibility” measure of Practice E 691. This is the equivalent of the overall standard deviation of Practice D 2777, which
describes the standard deviation of a single measurement among laboratories. Where S, < S, use S, as the reproducibility.
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TABLE 2 Final Statistical Summary for Turbidity in Real World Water Samples

Sample ID Combined Filter South Applied South Applied Raw Water Raw Waf[er Filtered Tap
Effluent to Filters to Filters #2 Deleware Schuykill

True Conc, NTU N/A N/A N/A N/A N/A N/A
# of Retained Values 6 6 6 6 6 6
Mean Recovery (XBAR), NTU 0.0444 0.2581 1.0139 3.5497 3.7807 0.0662
Recovery, % N/A N/A N/A N/A N/A N/A
Overall Standard Deviation (S,)* 0.00625 0.02480 0.04170 0.26323 0.19192 0.00927
Standard Deviation of Cell Averages (Sxgar)”
Most Extreme Value 0.03333 0.29000 1.06667 3.22333 3.53333 0.04900
Single Operator Standard Deviation (S,)? 0.0050 0.0092 0.0163 0.0541 0.0804 0.0055
Analyst Relative Deviation, %< 11.219 % 3.657 % 1.61% 1.52 % 2.13% 8.327 %
Laboratory Standard Deviation (S,)” 0.0075 0.0259 0.0438 0.2669 0.2028 0.0103
Laboratory Relative Deviation, %< 16.8 % 10.0 % 4.3 % 75% 54% 15.5 %

AThe S, is the laboratory standard deviation and was calculated using the Practice E 691 statistical package. This is the standard deviation of the means from triplicate
values. While not required by Practice D 2777, this information may still be useful to the users of this method. This was the standard deviation of the means of triplicate
observations among six laboratories.

B S, was calculated as the pooled within-laboratory standard deviation from triplicate observations among six laboratories, calculated in accordance with the
“repeatability” measure of Practice E 691. This is the exact equivalent of single operator precision as defined in Practice D 2777 when Youden pairs are not utilized.

€ Standard deviation divided by mean recovery (S/XBAR).

P's, was calculated in accordance with the “reproducibility” measure of Practice E 691. This is the equivalent of the overall standard deviation of Practice D 2777, which
describes the standard deviation of a single measurement among laboratories. Where S, < S, use S, as the reproducibility.

15.3.1 To check the precision of sample analyses, analyzeaperator and an instrument (turbidimeter). Testing was con-
sample in duplicate with each batch of samples. The reconducted over a two-day period.
mended frequency for determining precision is more than or 16 1.1 The collaborative Test Data included two groups of
equal to 5% of all samples determined for each batch ofamples: Standard turbidity sample surrogates and real world
samples. turbidity samples. Artificial Turbidity sample surrogates in-
%luded: Formazin (freshly prepared) at 0.90 and 0.625 NTU;
8tabilized Formazin at 0.122, 0.262, and 4.09 NTU; and
Styrenedivinylbenzene (SDVB) 0f 0.20, 0.50, and 2.0 NTU.
Real world turbidity samples included: Two river water
D 5847 for the critical values of at the 1 % significance samples denoted Raw Water Deleware and Raw Water

(99 % confidence) level (one-sided). Also, reference Practic?Chuyk'"; two settled vyater 'samples from a drinking water

D 5847 if necessary to see an example of how the calculatioR@nt (BWP); one combined filter effluent water sample from a

utilizes both the single operator standard deviatis) and the ~DWP; and one tap water sample. The real-world samples have

standard deviation of the duplicate sample analysis valgs (N0 assigned values. The true values for these samples are
15.3.2.2 The result fronB,)%/(So)? = (standard deviation of unknown and therefore an estimate of bias cannot be made for

sample rep$)(single operator standard deviatiéa)alculated ~these samples.

value versus (> or <) critical value from table. The result will 16.1.2 Each sample was measured in triplicate over the

determine if the duplicate values are acceptable. same period of time across all laboratories in an effort to
15.3.3 If the result exceeds the precision limit as derivedninimize sample changed due to their potential lack of

from the F test, the batch must be reanalyzed or the resultstability.

must be qualified with an indication that they do not fall within = 15 2 Results of this collaborative study may not be typical

the performance criteria of the test procedure. of results for matrices other than those studied.
15.4 Independent Reference Material (IRMjn order to 16.3 Precision and bias was determined in accordance to
verify the quantitative value produced by the test procedure :

analyze an IRM submitted as a regular sample to the IaboratograCtice D 2777 whenever possib!e. Final statistics for the two

at least once per quarter. The value of the IRM should be in th@"0UPS of samples can be found in Tables 1 and 2.

range of the determinations that the lab normally determines 16.4 Because Youden Pair samples were not feasible in this

during the analyses of samples. The value obtained must fafitudy, S, was calculated in accordance with the repeatability

within the control limits specified by the provider of the IRM. measure of Practice E 691. This is the exact equivalent of
single operator precision as defined in Practice D 2777 when

16. Precision and Bias’ Youden pairs are not utilized.

16.1 This Test method was tested on 7 laboratories that were 16.4.1 Only a statement of single operator precision is

assembled at a common site. Each laboratory consisted of aaquired. The modification of this study was allowed according
to section 1.3.2 in Practice D 2777.

16.4.2 The final statistical package utilized Practice D 2777

9 Supporting data have been filed at ASTM International Headquarters and ma(pr all ap_pl'cable calculation with one e?(ceptlon, which was
be obtained by requesting Research Report RR: D19-1172. Stathe Single Operator Standard Deviati§p,

found in Table 1 of this procedure by using a one-sifaest
at thea = 0.01 significance level.
15.3.2.1 Appendix X4 is the Table X2.1 from Practice
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APPENDIXES
(Nonmandatory Information)

X1. CLEANING AND MAINTENANCE OF TURBIDITY SAMPLE CELLS AND CAPS

X1.1 Introduction Note X1.2—Caps with Teflon liners are not damaged by the HCI

solution. If less chemical resistant liners are present on caps, this

X1.1.1 S_am_ple cells aer capg must be kept_ Scrupulous’lxrocedure can be completed by using several caps that are dedicated for
clean both inside and outside. This level of cleanliness must bgq rinsing.

established prior to cell matching process and maintained

, Y X1.2.10 After acid rinsing each cell 3 times, rinse the cells
h h h I king lif . . . Lo O
throughout the cell's working lifetime and caps 5 times with tap water and 5 times with 0.22 um
X1.2 Cleaning filtered DI water.

X1.2.1 Sample cells and caps must be examined prior to X1.2.11 Fill the cell with DI water, and place into a plastic
cleaning. All scratched, blemished, and scuffed cells should piest tube rack. | I dv f hi oy
discarded. All caps with liners that show signs of deterioration X1'|2'12 Slampe cells now are ready for matching, and/or
also must be discarded. Caps with teflon liners are reconi=aMP'€ analyses.
mended. .

X1.2.2 Prepare a 1 % solution of a liquid detergent such a%(1.3 Maintenance

Liqui-Nox. The quantity prepared should be sufficient to fill all  X1.3.1 Sample cells must be evaluated frequently (weekly
cells twice with this solution. evaluations are recommended) to determine if they remain

X1.2.3 Fill each cell to half of its capacity with the solution, Matched. Prior to the evaluation, all cells must be prepared as
cap each cell, and shake each cell vigorously for at least 1 mi€r X1.2 of this appendix.

Flush each cell and cap with tap water 5 times. X1.3.2 Fill a thoroughly clean container with sufficient 0.22
X1.2.4 Refill each cell to capacity with the solution, cap MM filtered DI water so that each cell can be filled 4 times.
each Ce”, and aIIOW to Stand for 2 h. ACCllmate the water so that |t |S at 20 to 25°C.

X1.3.3 Fill each cell with the water, degas the water by

Note X1.1—Plastic test tube racks should be used for storage of Ce”SpIaCing the cell into an ultrasonic bath for no more than 2 s.

X1.2.5 Uncap each cell, empty each, and flush each cell an@ap the cell, and wipe the outside of the cell dry with a lint free
cap with tap water 5 times making sure to rid each cell and cafissue to eliminate any moisture.
of any residual detergent solution. X1.3.4 Place the water filled clean and dry cell in an

X1.2.6 Fill each cell with deionized (DI) water that has beenindexed manner into the instrument and record the stable value.
filtered through a 0.2 um filter, and cap. Allow to stand for 1 h. X1.3.5 Repeat this process for each cell. If any cell is more

X1.2.7 Uncap each cell and empty. than 0.010 NTU from any other cell, replace it with a cell that

X1.2.8 Prepare a 1:4 hydrochloric acid (HCI) solution. is.

X1.2.9 Fill each cell to half of its capacity. Replace the cap X1.3.6 Continue with the evaluation of the cells until
and invert the cell 5 times (1 s inversion cycle). Uncap the cellsufficient cells are obtained that meet the 0.010 NTU criteria
and pour off the HCI solution to the next cell to be rinsed. and fulfill the analytical needs of the user.

X1.2.9.1 Repeat X1.2.9 for up to 10 cells, after which the X1.3.7 The cells passing the evaluation criteria now can be
HCI solution is discarded. The process is repeated for every 10sed for sample analysis.
cells. Each sample cell should be rinsed at least 3 times with X1.3.8 After sample determinations cells must be well
the HCI solution. rinsed with 0.22 um filtered DI water and stored filled.



8% D 6855 — 03
“afl

X2. PROCEDURE FOR SEASONING GLASSWARE WHEN PREPARING CALIBRATION STANDARDS

X2.1 Introduction X2.2.2 Rinse a small beaker with a small portion of the
X2.1.1 Seasoning is a procedure in which glassware i§tandard. Discard the rinsing to waste. Repeat this a second

conditioned immediately prior use in the preparation of turbid-time.

ity standards. Seasoning will reduce contamination and volu- X2.2.3 Fill the beaker with enough standard to accommo-

metric dilution errors and is a common practice in volumetricdate at least three times the volume required to prepare the

quantativequantitative analysis. The process involves rinsingilution. For example, if a 10 mL dilution volume is to be used,

the glassware twice with the specific standard that will bethen at least 30 mL of standard should be placed in the beaker.
diluted to prepare a standard of lower value. Seasoning should X2.2.4 Draw a small amount of the standard from the

be used when preparing any standard from the Stock 40 : - : :
NTU Formazin Standard. It is of primary importance to seaso??eaker Into the pipet. Swirl the standard around the pipet,

pipets used to prepare low-level turbidity standards, Seasoni making sure it co_ntacts all internal surfaces up to the draw line.

should be performed immediately before performing the actua en, discard this to waste.

volumetric dilution. Below is the general procedure that should X2.2.5 Draw up a second amount of standard from the

be used for seasoning a pipet. A similar practice should b&eaker up slightly past the fill line. Immediately discard to

applied when filling sample cells with sample immediately waste.

before analysis. X2.2.6 The pipet is now ready for volumetric draw of the
standard. There should be enough standard left in the beaker to

X2.2 Procedure . :

! use. This volumetric draw of the standard should take place

X2.2.1 Prepare the solution that is to be diluted. Forimmediately after the seasoning.

formazin, this involves mixing the standard immediately prior
to use.

X3. STABILITY OF FORMAZIN

X3.1 Stability studies of low level and high level formazin  X3.1.2 Table X3.2 summarizes the stability data collected
standards were conducted by ASTM members to support thier high level formazin standards.
formazin preparation instructions set forth in this document.

X3.1.1 Table X3.1 summarizes the stability data collected
for low level formazin standards.

19ASTM Low-Level Formazin Stability Study. ASTM, 100 Barr Harbor Drive, 11 ASTM High-Level Formazin Stability Study. ASTM, 100 Barr Harbor Drive,
West Conshohocken, PA 19428. West Conshohocken, PA 19428.

TABLE X3.2 Summary of High Level Formazin Stability
Formazin 20 NTU

Day 0.08 Day 1.00 Day 1.92 Day 6.92 Day 13.92 Day 28.79
Average 19.67 19.470 19.315 19.125 18.805 18.125
Std Dev 0.5630 0.52273 0.524982 9.521167 0.589096 0.60339
% Error versus -1.65 -2.65 -3.425 -4.375 -5.975 -9.375
Theoretical
Formazin 0.60 NTU
Day 0.08 Day 1.00 Day 1.92 Day 6.92 Day 13.92 Day 28.79
Average 0.61 0.592 0.591 0.586 0.569 0.533
Std Dev 0.0176 0.017515 0.019028 0.018961 0.017041 0.022104
% Error versus 1.091037 -1.26667 -1.52273 -2.41667 -5.18333 -11.2333
Theoretical

10



8% D 6855 — 03
“afl

TABLE X3.1 Summary of Low Level Formazin Stability

Change in the Measured Value versus Time Since Preparation

Standard 0.1 Days 1 Day 2.2 days 7.3 Days 13.1 Days 21 Days 28 Days 47 Days 61 Days 81.3 Days
0.1 -0.92 -1.61 0.0 -2.99 -5.06 -6.7 -8.05 -14.02 -20 -32.41
0.3 -0.74 0.0 3.31 3.23 -3.23 -5.38 -6.45 -14.81 -22.91 -44.5
0.5 -1.7 -1.7 -0.94 -2.21 -6.97 -5.53 -6.38 -85 -11.35 -11.44
20 0.00 -0.77 -0.51 -2.05 -4.6 -3.07 -3.07 -4.6 -4.86 -6.39

X4. CRITICAL VALUES OF F TABLE

X4.1 See Fig. X4.1.

11
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

13



