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Turbidity of Water
This standard is issued under the fixed designation D 1889; 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.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope 3. Terminology
1.1 This test method covers the determination of turbidity in 3.1 Definitions: The terms turbidity, and nephelometric
water and wastewater. turbidity are defined in Terminology D 1129. For definitions of

1.2 This test method is applicable to the measurement ofther terms used in this test method, refer to Terminology
turbidities in the range from 1.0 to 40 nephelometric turbidity D 1129.

units (NTU). 3.2 Definitions of Terms Specific to This Standard:
1.3 Higher turbidities may be measured using this test 3.2.1 turbidity— an expression of the optical properties of a
method by serial dilution to applicable range. sample that causes light rays to be scattered and absorbed

1.4 This test method was tested on municipal drinking waterather than transmitted in straight lines through the sample.
and final effluent discharges. It is the user’s responsibility to(Turbidity of water is caused by the presence of suspended and
ensure the validity of this test method for waters of untestedlissolved matter such as clay, silt, finely divided organic
matrices. matter, plankton, other microscopic organisms, organic acids,

1.5 This standard does not purport to address all of theand dyes.)
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-4- Summary of Test Method
priate safety and health practices and determine the applica- 4.1 Nephelometric Turbidity
bility of regulatory limitations prior to useRefer to all material 4.1.1 Photoelectric NephelometerThe photoelectric
safety data sheets (MSDS) prior to preparing or using standardephelometer operation is based on instrumental comparison of
and before calibrating or performing instrument maintenancethe intensity of light scattered by the contained static water

sample under defined conditions to the intensity of light

2. Referenced Documents scattered by a reference standard in the sample container. The
2.1 ASTM Standards: higher the intensity of scattered light, the higher the turbidity of
D 1129 Terminology Relating to Water sample.

D 1192 Specification for Equipment for Sampling Water 4.1.2 Calibrated Slit Turbidimete~The calibrated slit tur-
and Steam in Closed Condtits bidimeter operation is based on a visual comparison of the
D 1193 Specification for Reagent Water intensity of light scattered by the contained static water sample
D 2777 Practice for Determination of Precision and Bias ofunder defined conditions to the intensity of light scattered by a
Applicable Methods of Committee D-19 on Water reference sample in the same container, the higher the intensity
D 3370 Practices for Sampling Water from Closed Con-of scattered light the higher the turbidity of sample.
duits® 4.1.3 Nephelometric Turbidity Standards
2.2 EPA Standard: 4.1.3.1 Styrene-divinylbenzene (SDVB) polymer standard

EPA 180.1 Determination of Turbidity by Nephelométry  (see Section 12). These standards are used as received from the
manufacturers or distributor.

4.1.3.2 Formazin polymer preparation and dilution methods
are given in 8.2.2-8.2.4.

1 This test method is under the jurisdiction of ASTM Committee D-19 on Water

and is the direct responsibility of Subcommittee D19.07 on Sediments, Geomor; P
phology, and Open-Channel Flow. 5. Slgmflcance and Use

Current edition approved July 10, 2000. Published October 2000. Originally 5.1 Turbidity in water is caused by the presence of sus-
published as D 1889 - 61. Last previous edition D 1889 <99 pended and dissolved particles of gas, liquid or solids of
Annual Book of ASTM Standardéol 11.01. . . K S . . .

3 Available from Environmental Protection Agency, Environmental Monitoring _organlc or inorganic matter. Turb|d|ty is undesirable in drink-

and Support Laboratory, Cincinnati, OH 45268. ing water, plant effluent waters, water for food and beverage
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processing, and for a large number of other water-dependent <« [F
manufacturing processes. Removal of suspended matter is
accomplished by coagulation, settling, and filtration. Measure-

ment of turbidity provides a rapid means of process control for .Dq

when, how, and to what extent the water must be treated to

meet specifications. Methodology for the correlation of a <__I_
sample NTU to the number or volume of suspended particles is ST

now under evaluation. Specific gravity estimates would then
give rapid NTU correlation to the weight concentration of
suspended matter. |

5.2 This test method is suitable for 1.0 to 40.0 NTU
turbidity such as that found in drinking water and process
water.

K’
-
~ ot

6. Interferences

6.1 Floating or suspended large particles and entrained air
bubbles will give false or unstable readings. Certain turbulent
motions also create unstable reading conditions of nephelom-

eters. _V
6.2 Dissolved material that imparts a color to the water may D

cause serious errors in nephelometric reading unless t
instrument has special compensating features.

6.3 Scratches, finger marks, or dirt on the walls of the B—bulb
sample cell may give erroneous readings. Cells should be kept  1—cell
scrupulously clean both inside and outside and discarded when — s—slit
they become etched or scratched. The cells must not be handled  D—dial

where the light strikes them when indexed in the instrument P—calibrated plate
ST—sample cell

well.
. ) o E—eye pi
6.4 Cuvette used must be indexed first for standardization Fs_ezierge;ﬁs
followed by unknown (sample) determination. Indexing should L—light paths

be done according to manufacturers’ recommendations. FIG. 2 Calibrated Slit Turbidimeter

7. Apparatus

7.1 Two types of instruments are available for the nephelo: ithin thei licabl f 40.0 NT
metric method, the photoelectric nephelometer and the cali\élvg |(I)r\1,vtailroagg L((:)af 8&%‘?8 fom 0.05t0 40.0 NTU, to ranges

b:ztc(iagic?rl:t ;l#\r(;)Iilg;g?i\r/ig:I?H;na?geF{?éczlzéc?nOtZa%gEatSrrt?i?jti?r 7.2 The sensitivity of the instruments should permit detec-
P y Ytion of differences of 0.1 NTU or less in waters having

turbidities between 1.0 and 10.0 NTU. The instruments should
measure the ranges from 1.0 to 10.00 NTU and 1.0 to 40.0
~— Light Source NTU. Linear calibration charts should be made with the
additional ranges from 0.05 to 0.10 and 0.05 to 10.0 NTU if
possible. Either of the two accepted standards, SDVB or
¥ =~—— Light Path Formazin, (8.2.1 or 8.2.2) can be used for this calibration. See
11.1 for calibration instruments.
7.3 Photoelectric Nephelometer
7.3.1 Thisinstrument uses a light source for illuminating the
sample and one or more photoelectric detectors with a readout

< >-=—— Lens

Phofomelectric | £ T St device to indicate the intens_itylof Iight_ scattered at right ang!es
Detector (90°) to the path of the incident light. The photoelectric
. Light Windows (3) nephelometer should t_)e so designed that_ I_ittle stray light
Porticle Scattered =] Liauid Somol reaches thg de_t_ector(s). in the absence of turbidity and should be
Light (50 Y D:] [ 1quie>amPie free from significant drift after a short warm-up period.
‘ T ~_ 7.3.2 Differences in physical design of photoelectric
Sample Cell nephelometers will cause differences in measured values for
90°v turbidity, as will aging of a turbidimeter, even though the same
‘ suspension is used for calibrations. To minimize initial differ-
Light Exit ences, the following design criteria should be observed (see
FIG. 1 Photoelectric Nephelometer Fig. 1).
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7.3.2.1 Light Source— Tungsten lamp operated at a color made to check cell cleanliness and other instrument optics,

temperature between 2200 and 3000 K. such as lamp operation.
7.3.2.2 Distance traversed by incident light and scattered 7.4.2.2 Because the eye is used to detect the null-point, the
light within the sample, total not to exceed 10 cm. observer can compensate and disregard the presence of sample

7.3.2.3 Angle of Light Acceptance to the Detecter color and extraneous debris.
Centered at 90° to the incident light path and not to exceed
+30° from the 90° scatter path center line. 8. Reagents

7.3.3 The sample tube used in calibration and sample
measurement must be the following:

7.3.3.1 Clear, colorless glass, be kept scrupulously clean

8.1 Dilution and final rinsing water, see 9.2.
8.2 Turbidity Standards
' 8.2.1 SDVB turbidity standards are prepared sealed stable

both inside and out, and discarded when it becomes etched glrjspensions of styrene divinylbenzene which are opened and

scratched. .
7.3.3.2 Index marked so that repeated exact placements in%'dc’ ed as received from the manufacturer.

the instrument cuvette well for measurement can be made. Note 2—Sealed or solid samples will not standardize nephelometers
7.3.3.3 Handled where the light path does not pass duringr the turbid_ity measurement of water or waste. These two methods
measurement. Provision should be made in design to give t Qaled or sqlld examples) neglect th(_e zeroing out of sample tube (cuvette)
tube a proper place in which to handle the tube during®"®" '© Making water measurement in the tube.
calibration or sample measurement procedure. Instrument and8.2.2 Formazin Turbidity Suspension, Steel stock tur-
sample tube design criteria are given in EPA 180.1. bidity suspension for Formazin polymer is prepared by reacting
7.4 Calibrated Slit Turbidimeter hydrazine sulfate with hexamethylenetetramine under carefully
7.4.1 This instrument uses principles based on the Tyndaliontrolled conditions. (See EPA 180.1.)
effect. A beam of light passing up through the sample is 8.2.2.1 Solution Dissolve 1.00 g of hydrazine sulfate
compared to the light scattered upward by suspended particl¢gNH ),H,SO ,] in dilution water and dilute to mark in a
in the turbid solution which has been illuminated from the side100-mL volumetric flask.
at 90°. 8.2.2.2 Solution I Dissolve 10.0 g of hexamethylenetet-
7.4.2 As shown in Fig. 2, light from the bulB, is reflected  ramine in dilution water and dilute to mark in a 100-mL
to illuminate the turbid solution in the cell;, from the side. volumetric flask.
Light scattered upward by the suspended particles in the 8.2.2.3 Into a third 100-mL volumetric flask, pipet 5.00 mL
solution is seen through an eye piece as the outer portion of & Solution | and with a clean pipet add 5.00 mL of Solution II.
circular split field (as in Fig. 3). Light also passes through a dialvix the two solutions and allow to stand for 24 h at 253°C.
operated adjustable slit, S, and is reflected upward through thgfter reaction, dilute to mark with water and mix. The freshly
sample. In the eye piece this light is seen as the center circul@fixed turbidity of this solution is 400 NTU. This 400 NTU
field. Depending on the amount of light permitted through thestock has to be prepared monthly.
adjustable slit, the center field will appear higher or darker than g 2 3 Formazin Turbidity Suspension, Standard (40 NFU)
the outer portion, as shown in Fig.&§(and Fig. 3€). The  pjpet 10.0 mL of mixed 400 NTU stock into a 100-mL
operator turns the dial controlling the slit until the entire field yolumetric flask and dilute with water to mark. The turbidity of
is of uniform brightness as shown in Figb®(Dial calibration  thjs suspension is defined as 40 NTU. This 40 NTU suspension
charts should be based on at least five concentration levelgas to be prepared weekly.
(across the 1.0 to 40 NTU range) of prepared SDVB or g2 4 pilute Formazin Turbidity Suspension Standard
Formazin. 40 NTU has been selected by EPA as the maximuiBrepare dilute turbidity suspension below 4.0 NTU daily.
concentration or turbidity that is the upper limit of linearity for Those above 4.0 NTU have a useful life of one week. Prepare
measuring instruments even though there are some instrumedscn dilution by pipetting the volume of 40 NTU into a
that are linear above 40 NTU. 100-mL volumetric flask and diluting to mark with water; so
Note 1—Caution: Care should be exercised if Formazin standardiza-that 50.0 mL of 40 NTU diluted to 100 mL is 20.0 NTU and
tion is used as Formazin has a rapid settling rate, so sample should 8.0 mL of 40 NTU diluted to 100 mL is 4.00 NTU.
remixed at least every 15 min. 8.2.4.1 To prepare dilute suspensions having turbidities of
7.4.2.1 From this prepared chart slit dial reading can bd®SS than 1.0 NTU use an appropriate volume of 4.0 NTU
translated into NTU values. Prior to unknown water sample>USPension in a 100-mL volumetric flask and dilute to mark.
determination, a single standard point determination should bBreépare dilutions below 4.0 NTU daily.
Note 3—Standards below 1.0 NTU are difficult to prepare accurately.

Refer to specific manufacturer instructions to determine if such a standard
is needed.

9. Purity of Reagents

9.1 Reagent grade chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all reagents shall

@ (b) (© conform to the specifications of the Committee on Analytical
FIG. 3 Eye Piece Fields (Calibrated Slit) Reagents of the American Chemical Society, where such
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1o ~——Set NTU
8 —
Table
2 T NTU NTU
z Standard Instrument
LZJ 6 Valuve Reading
&35 10.0 10.0"
b k 8.0 8.1
@)
hhd 6.0 6.3
g 4 |-
i 4.0 4.7
=
S - 2.0 2.8
2 =
! *Insfrument adjusted to read this value
0 A I . | A | L | L
0 2 4 6 8 10

INSTRUMENT READING NTU
FIG. 4 Linear Calibration LC-10

specifications are availabfeOther grades may be used pro- 10.3 Preparation of Sample-Bring the sample to room
viding it is first ascertained that the reagent is of sufficientlytemperature and shake sample vigorously for at least 1 min. Let
high purity to permit its use without lessening the accuracy ofthe sample stand 2 to 3 min to allow air bubbles to disappear,
the determination. then gently invert the sample several times or swirl mix before
9.2 Unless otherwise indicated references to water shall bexamination.
understood to mean reagent water conforming to reagent water
Type 1l Specification D 1193. 11. Calibration
9.2.1 Standard dilution waters shall be prepared by filtration o ) )
of Type Il through a 0.2 to 0.22 pm membrane or other 11.1 Follow the manufacturer’s operating instructions. Cali-

suitable filter withn 1 h of use taeduce background turbidity brate the instrument range of interest with standards (see

to less than 0.05 NTU. SDVB and Formazin standards). If the instrument control dial,
meter, or output digital reading is already in NTUs, this
10. Sampling and Sample Preservation procedure and curve will check the accuracy of the instrument

10.1 Collection of Sample-Collect the sample in accor- output. Use at least three standard concentrations (NTU) to
dance with the applicable standard, Specification D 1192 angalibrate each instrument range. Photoelectric nephelometers
Practices D 3370 or EPA 180.1 for EPA compliance. have a calibration adjustment. Set this adjustment to equal the

10.2 Storage of Sample-Determine the turbidity on the day high value of standard for the range of interest. Read the
the sample is taken. If this is not feasible, store the sample istandards used for the calibration of the range in the same tube
the dark for up to 24 h and refrigerate at 4°C if possible, but das was the high level adjustment. Note and graph the instru-
not freeze. Prolonged storage is not recommended becausermaént value for each standard (instrument reading versus
irreversible changes. standard value). See Fig. 4 as an example. For daily use of the

instrument, one standard in the use range will be all that is
required to set the calibration adjustment at the graph reading

““Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-fOr that value. The aging drift characteristics of each instrument
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed hyill determine the recalibration requirement.

the American Chemical Society, see “Reagent Chemicals and Standards,” by Joseph - . s
Rosin. D. Van Nostrand Co. Inc., New York, NY, and the “United States Ll.1.1 Clean the cell after filling with turbidity standard or

Pharmacopeia.” test water samples as follows:
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11.1.1.1 Rinse the clean dry cell twice with the suspension TABLE 2 Bias Results
with which it is to be filled. True concentration, C 0.92 4.50 18.66
11.1.1.2 Fill the cell to a level to where the top air-liquid Mean response, X 0.972 4410 1857
interface will not interfere with the subsequent reading. Checlfias= x -¢ 0.052 0.0% - 009
. - Total standard deviation, St 0.091 0.361 0.292
manufacturer recommen_da_tlons as to 9el| filling. Number of labloperators contributing 8 8 8
11.1.1.3 After the cell is filled, tissue is then used to remove usable data, n
all traces of dirt or fingerprints. Tissue alone does not cIear?“:‘ie‘r;‘i:g"/"g“/e\'/n) 162 071 0.87
very dirty cells and one of the common nonabrasive glasiiical tvalue from Table X3.8 of 2.365 2.365 2.365
cleaners may be necessary. Practice D 2777 -
11.1.1.4 The cleaned cell is handled by its very top and$Dbias significant is & critical £2 no no no

placed in an indexed manner in the instrument.
11.2 Calibration Steps
11.2.1 Warm up the instrument according to manufacturer’'s . .
instructions P g 12.1.1 Warm up the instrument according to the manufac-
11.2.2 Rinse a clean, dry, scratch-free index marked ceflf€r's Instructions. _
with the highest concentration of the standard for the instru- 12:1.2 Rinse a clean, dry, scratch-free index marked (a felt
ment range setting or range of interest, and then fill. Alwayd?€n dot) cell with a turbidity standard (SDVB or Formazin)

clean the exterior of the cell after filling in any of the following With @ value (NTU) in the range of interest. Fill the cell with
procedures. this turbidity standard. Clean the cell’s exterior.

11.2.3 Place the cell in the instrument in an oriented manner 12.1.3 Place the filled clean cell in an indexed manner in the
ready for reading of turbidity. instrument and read the value. It will be an NTU reading for

11.2.4 For photoelectric nephelometrics, set the calibratioffhotoelectric types and a dial reading for slit types nephelom-
adjustment for the labeled value of SDVB turbidity standard or€ters.
the diluted value of Formazin standard. For slit type nephelom- 12.1.4 From the calibration curve for this instrument's
eters plot the adjusted dial reading at null or uniform fieldrange, determine the required reading for the turbidity standard
brightness versus NTU value of turbidity standard. in cell.

11.2.5 Remove the sample cell and discard the first turbidity 12.1.4.1 Move calibration adjustment to give the photoelec-
standard. Rinse and fill the cell with a different concentratiortric nephelometer the required NTU reading.
of turbidity standard and place the cell in the instrument in an 12.1.4.2 The slit dial reading determined from the calibra-
oriented manner. Without moving the photo-electric calibrationtion curve for the turbidity standard in the cell should be within
adjustment, make a reading. Plot this instrument NTU reading % of the dial reading. If not, reclean the cell and recalibrate.
against the NTU value of the turbidity standard. For the slit 122 Measurement of Water Turbidity

type nephelometer again plot the adjusted dial reading at null 15 5 1 Turbidity Less Than 40 NTYShake the sample to

versus NTU value of the turbidity standard. thoroughly disperse the solids. Allow air bubbles to disappear,
11.2.6 Repeat for at least one more turbidity standard NTUYnen proceed.

value which should cover the turbidity range of interest. The 12.2.2 Turbidity Exceeding 40 NT4W-Dilute the sample

greater thhe nlgrrt;?_er C}f rt]urbidli_tg standard values used, g one or more equal volumes of reagent water until turbidity
greater the reliability of the calibration. . . ._is below 40 NTU after mixing and degassing. Then treat this
11.2.7 Make the plot of instrument reading or dial Settingjess than 40 NTU turbidity in accordance with 12.2.1. The

verségs turb(ifit?/ standard kl:!TUhvalue to WT.Ere agy_ instrument, gty of the original sample can then be computed based on
reading or dial setting within the range calibrated Is correcteqition data and original sample volume (variations of particle
to values relative to the turbidity standard values. The plot of;, . an affect dilution).

T e st o Snder) 1223 afercaltration heck rausiment,erpy e cel
usable range should be made Sée Fig. 4 for an example of do not change cells fo_r measurement) of turbidity standard and
linear calibration curve ' ' rfhse the empty cell with the water sample to be tested.

| 12.2.3.1 The measured NTU value of the water sample is

determined using the instrument value and the appropriate

12. Procedure . .
. . ) calibration curve.
12.1 Standardize the instrument with one value (NTU) of

turbidity standard in the measurement range of interest. 13. Report

13.1 Report results as follows:
TABLE 1 Final Statistics “

True concentration, C 0.92 450 18.66 1.0%20.0 Report to N%ﬁeSt (NTU)
Meanlesponse’ X 0.972 4.410 18.57 10.0-40 1.0
Bias, 7 -C 0.052 -0.090 -0.09 40-100 5.0
Total standard deviation, Sy 0.091 0.361 0.292 100-400 10
Single-operator standard deviation, S, 0.044 0.174 0.181 400—-1000 50

>1000 100

A Represent three concentrations of NTU.
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14. Precision and Bias® short-term calibration mixture but the results might not be

14.1 Under the allowances made in 1.5 of Practice DAPPlicable to this collaborative test study. _
2777-86, these precision and bias data do not meet existing 14-4 SDVB are stable and can be accurately quantitated by

requirements for interlaboratory studies of Committee D19 tesgravimetric procedures. Linear calibration of each instrument

methods. was performed prior to collaborative study, involving ten
14.2 Round-robin data for this test method were obtained bjaPoratories and three nephelometric turbidity unit (NTU)

the use of SDVB standards. EMSL (Environmental Monitoring'€VelS- _ o

and Support Laboratory, EPA, Cincinnati, Ohio) examined this 14.5 Table 1 shows the required statistical treatment of the

data for its statistical significance. For other matrices, thes&!rbidity round-robin test for nine laboratories and three

data may not apply. concentrations of NTUs and one laboratory’s results were
14.3 Formazin was not used in the round-robin test becausgatistically rejected.

of its short term stability. Formazine can be used as a fresh 14.6 Table 2 shows that the bias of all NTU levels is
insignificant for the round-robin test.

15. Keywords
S Supporting data are available from ASTM Headquarters. Request RR: D19- 1_5-1 calibration; measurement; nephelometric turbidity; tur-
1129. bidity standards

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

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).



