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a solution that will yield a transmittance in the 35 - 60 per cent or 0.450 - 0.220 absorbance
range.

¢. Record for future reference the exact transmittance or absorbance reading of the po-
tassium chromate solution when the instrument is functioning properly. Initiate prompt
corrective measures when routine check readings depart from this figure.

d. Since the potassium chromate solution is relatively stable, prepare a minimum of
1-liter solution for use over an extended period of time. Discard the small quantity
needed for a routine check rather than risk the contamination that might occur by return-
ing the potassium chromate test solution to the original storage bottle.

4. General Procedure for Preparing Calibration Curve
4.1 Prepare the calibration curves for the colorimetric methods described in this man-

ual by observing the suggested guidelines for the wavelength, color filter, light path, and
concentrations presented in the following table.

Concentration
Colorimetric | Wavelength Light Path Range
Constituent Method nanometer Color Filter cm mg/l
Aluminum Aluminon 525 Green 1 0.05-1
Ammonia
Nitrogen Nessler 400-425 Violet 5 0.05-1
1 04 -5
Chlorine N, N-diethyl-p-
Residual phenylenedia-
mine (DPD) 515 Green 1 0.05-4
Orthotolidine-
arsenite 400 - 450 Violet 5 0.02-0.3
1 0.10-1.5
490 Blue-green 1 0.5 -7
Chlorine N, N-diethyl-p-
Dioxide Dphenylenedia-
mine(DPD) 515 Green 1 0.05-4
as chlorine
0.03-1.5
as chlorine
dioxide
Copper Cuprethol 435 Violet 1 0.05-1
Iron Phenanthroline 510 Green 5 0.01-0.08
1 0.10-0.4
Manganese Persulfate 525 Green 5 0.02-0.4
1 0.10-1.5
Phosphate Molybdenum
Blue 650 - 690 Red 5 0.04-0.5
1 0.3 -2
Silica Molybdosilicate 410 Violet 5 0.08-5
1 4 .25
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4.2 Since each colorimetric method has a well defined concentration range, narrow or
enlarge the concentration range to a certain extent by varying the wavelength or color fil-
ter and the dimensions of the light path. Beware of interfering colors that could nullify
such a step. Use a wavelength or color filter that preferably yields a straight calibration
line rather than a curved line. A curved line can be used if the curvature is not severe.

4.3 Using distilled water* and a standard solution of the constituent under examina-
tion, prepare at least five standards encompassing the lower and upper concentration
range and three equally spaced concentrations in between plus a reagent blank.

4.4 Add the reagents in the required sequence to develop the color in each standard.

4.5 Follow the exact steps that are performed in the analysis of the samples. Pay spe-
cial attention to proper spacing and timing of the standards and samples when color de-
velopment time is important for a correct result.

4.6 Pour an adequate volume of each developed standard into separate, clean, and
matched sample tubes, vials, or cuvettes that fit into the photometric instrument that is
available.

4.7 Adjust the instrument tc the correct wavelength or insert the most suitable color
filter into the designated slot.

4.8 After sufficient warm-up time, zero the instrument with distilled water or a reagent
blank prepared as specified for the constituent of interest. In the case of line-operated
laboratory models, allow the instrument to warm up prior to this stage and maintain on a
standby basis until ready to make measurements.

4.9 Note the absorbance or per cent of transmittance meter reading for each of the
standards. Adopt the correct eye position while making the reading. ‘

4.10 Make sure that the readings are made with the sample compartment tightly
closed.

4.11 Plot the instrumental readings versus concentration in one of two ways to obtain
the calibration curve:

a. Plot the absorbance versus concentration on ordinary coordinate gragh paper, or

b. Plot the per cent of transmittance on the logarithmic scale versus the concentration
on the linear scale of semilogarithmic graph paper.

¢. Draw a smooth curve connecting the points. A straight line starting from the zero
point on the graph indicates an ideal color system (conforming with Beer’s law) for pho-
tometric use. Such a curve isillustrated in the figure on page S-109. Although calibration
curves tend to deviate from straight lines at high concentrations of the sought constitu-
ent, other cause of deviation may originate in such instrumental factors as a broad band
width of the color filter, stray light due to light leaks, optical imperfections, or improper
optical alignment or maintenance.

The table on page S-110 permits the conversion of per cent of transmittance to absorb-
ance readings in the event that semilogarithmic graph paper is unavailable.

5. General Procedure for Unknown Water Samples

5.1 Handle unknown water samples by zeroing the instrument with one of the two fol-
lowing blanks as circumstances dictate:

a. Use distilled water as the blank when the water sample is clear and colorless.

b. Take for a blank a portion of the original untreated sample ihat contains natural
color or turbidity. Such a blank will often nullify the false photometric reading contribu-
ted by the natural color or turbidity.

*Filter distilled water through a 0.45-pm membrane fitler when interfering levels of turbidity (0.5 - 3.0 or more nephelometric tur-
bidity units) are present.
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1.0 2.000 26.0 .585 51.0 292 76.0 .119
1.5 1.824 26.5 577 51.5 288 76.5 .116
2.0 1.699 27.0 .569 52.0 .284 77.0 114
2.5 1.602 27.5 .561 52.5 .280 77.5 11
3.0 1.523 28.0 .553 53.0 276 78.0 .108
3.5 1.456 28.5 .545 53.5 272 78.5 105
4.0 1.398 29.0 .538 54.0 .268 79.0 .102
4.5 1.347 29.5 .530 54.5 .264 79.5 .100
5.0 1.301 30.0 523 55.0 .260 80.0 .097
5.5 1.260 30.5 516 55.5 .256 80.5 .094
6.0 1.222 31.0 .509 56.0 .252 81.0 .092
6.5 1.187 3t.5 .502 56.5 .248 81.5 .089
7.0 1.155 320 .495 57.0 244 82.0 .086
7.5 1.126 325 .488 57.5 .240 82.5 .084
8.0 1.097 33.0 482 58.0 .237 83.0 .081
8.5 1.071 33.5 475 58.5 .233 83.5 .078
9.0 1.046 34.0 .469 59.0 229 84.0 076
9.5 1.022 345 462 59.5 .226 84.5 073
10.0 1.000 35.0 456 60.0 222 85.0 071
10.5 .979 35.5 450 60.5 218 85.5 068
11.0 959 36.0 444 61.0 215 86.0 .066
11.5 .939 36.5 438 61.5 211 86.5 .063
12.0 921 37.0 432 62.0 .208 87.0 .061
12.5 .903 37.5 .426 62.5 .204 87.5 .058
13.0 .886 38.0 .420 63.0 201 88.0 .056
13.5 .870 38.5 414 63.5 197 88.5 .053
14.0 .854 39.0 409 64.0 194 89.0 051
14.5 .838 39.5 .403 64.5 191 89.5 .048
15.0 .824 40.0 .398 65.0 .187 90.0 046
15.5 .810 40.5 392 65.5 .184 90.5 .043
16.0 .796 41.0 .387 66.0 181 91.0 .041
16.5 .782 41.5 .382 66.5 177 91.5 .039
17.0 770 42.0 377 67.0 174 92.0 .036
17.5 AY) 42.5 372 67.5 171 92.5 034
18.0 145 43.0 367 68.0 .168 93.0 032
18.5 733 43.5 362 68.5 .164 93.5 .029
19.0 721 44.0 357 69.0 .161 94.0 .027
19.5 710 44.5 .352 69.5 .158 94.5 .025
20.0 .699 45.0 347 70.0 .155 95.0 .022
20.5 .688 45.5 342 70.5 152 95.5 .020
21.0 .678 46.0 337 71.0 .149 96.0 .018
21.5 .668 46.5 332 71.5 .146 96.5 .016
22,0 .658 47.0 328 72.0 143 97.0 .013
22,5 648 47.3 323 72.5 140 97.5 011
23.0 .638 48.0 319 73.0 139 98.0 .009
23.5 .629 48.3 314 73.5 134 98.5 007
24.0 .620 498 310 74.0 131 99.0 004
24.5 611 49.3 305 74.5 128 99.5 .002
25.0 .602 50.0 301 75.0 .125 100.0 .000
25.5 .594 50.5 297 75.5 122
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5.2 When the chemical reagents impart color or turbidity, treat a parallel volume of
distilled water in the same manner as the water sample. Instrumentally determine the
amount of color produced versus an untreated distilled water blank, convert the photo-
metric reading into mg/1 or pug/1 by reference to the calibration curve, and subtract the
mg/1 or ug/1 result from the value obtained on each water sample. Determine such a re-
agent blank when the reagents are first prepared and used, and at weekly intervals, uniess
subsequent contamination or reagent deterioration justifies greater frequency.

6. General Procedure for Standard Addition Confirmatory Check

The standard addition confirmatory check affords a means of eliminating suspicion
about the presence of interference and ascertaining the positive or negative nature of the
interference in infrequent or new samples on which the history is relatively unknown.

6.1 Measure three equal portions of the unknown water samplc.

6.2 To the first sample portion add a known amount of standard solution containing
the constituent being sought.

6.3 To the second sample portion add a known but larger amount of standard solu-
tion.

6.4 Leave the third sample portion unspiked.

6.5 Dilute all portions to the same volume with the unknown water sample.

6.6 Develop the color in all three portions as called for in the prescribed procedure.

6.7 Ifthe values on the two spiked sample portions are higher by the amount that was
artificially added, then the result on the original unspiked sample can be assumed to be
correct. If the recoveries exceed or fall short of the calculated amount by more than ex-
perimental error, the trouble may be attributed to an interference present in the unknown
sample itself.

7. Instrument Kits

Several manufacturers supply a kit that consists of the photometric instrument, pre-
calibrated transmittance or absorbance curves, and reagents for the determination of an
assortment of constituents. The instruments can operate from a battery or an alternating
current source. The kits are tailored to the capabilities of the particular instrument.

Careful attention should be paid to the chemical reagents supplied with the instru-
mental kit. Despite each manufacturer’s effort to offer stable reagent formulations,
chemical preparations may deteriorate with time. Periodic checks of the reagents are ad-
visable for verification of one or more points on the supplied calibration curves. Depar-
tures from the norm warrant thorough investigation since they may be caused by any one
or more of the following factors: (1) an improperly performed procedure, (2) a deterior-
ated reagent or standard solution, or (3) such instrumental defects as stray light leaks, op-
tical imperfections, or faulty optical alignment or maintenance.

Obviously, defective reagents and standard solutions should be discarded and fresh
stocks ordered or prepared. Exposure to sunlight or extreme heat or moisture may also
curtail the shelf life of reagents and standards, necessitating protective measures against
these destructive elements.

Standards are commercially available for various analyses as an aid to the analyst who
does not possess the facilities or necessary chemicals or who desires a quality control
check on the accuracy of his own work.
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Conductivity
1. Purpose of Test

Since the conductivity of drinking waters is often related to the concentration of the
dissolved mineral salts or filtrable residue, departures from the norm may signal changes
in the mineral composition of the raw water, seasonal variations in reservoirs, daily
chemical fluctuations in polluted rivers, or the intrusion of industrial wastes. However,
only experience with a given water supply will confirm this relevance of conductivity
measurements. Conductivity can also offer a valuable clue to the approximate size of an
unknown water sample that can be taken for a common chemical analysis. Most drinking
waters in the US exhibit a conductivity from about 50 to 1000 micromhos/cm at 25C with
highly mineralized water exceeding the latter figure. The custom of reporting conductivi-
ty values in micromhos/cm at 25C requires the accurate determination of each sample’s
temperature at the time of conductivity measurement.

2. Warning

Platinum electrodes should be cleaned and replatinized whenever instrumental read-
ings become erratic or indistinct, or when inspection reveals that some of the platinum
black has flaked off. Conductivity increases with temperature at a rate of approximately
2 per cent per degree Celsius, placing great importance on accurate temperature measure-
ment. Water containing substantial suspended matter is best settled before a conductivity
measurement is'attempted in order to minimize cell and electrode fouling. Oils, greases,
and fats can also coat the electrodes and affect the accuracy of the readings—a problem
that can be overcome by immersing the electrodes as needed in detergent solutions.

3. Apparatus

3.1 Self-contained conductivity instruments consist of a source of alternating current,
a Wheatstone bridge, a null indicator, and a conductivity cell. The null point is disclosed
by an alternating current galvanometer or a cathode-ray tube. Some instruments give
readings in ohms while others read directly in conductivity or conductance units of
micromhos/cm. Low-drain, solid-state circuitry has resulted in compact, battery-op-
erated, direct-reading conductivity meters suitable for field applications. Quality labor-
atory and field instruments are equipped for operation over a wide conductivity range.

3.2 The conductivity cell makes up one arm of the Wheatstone bridge, a device for
measuring electrical resistance. The cell contains a pair of rigidly mounted electrodes, the
design, shape, size, and position of which influence the numerical value of the cell con-
stant. The cell constant is determined by measuring the resistance of a standard 0.0100 M
potassium chloride solution at 25C. A cell constant in the 0.1 to 2.0 range is satisfactory
for the measurement of most drinking waters. The cell with a constant of 0.1 will yield
best results in the 1 to 400 micromhos/cm range while the cell with a constant of 2.0 will
function best in the 200 to 10 000 micromhos/cm range. Conductivity cells containing
platinized electrodes are available in either the pipet or the immersion form, suitable for
laboratory measurements. Electrodes constructed of durable common metals (stainless
steel among others) are widely used for continuous monitoring and field studies. For op-
timum performance, conductivity cells must be kept clean at all times and immersed in
distilled water when out of service for daily and weekly periods.

3.3 Thermometer covering the range of 23C to 27C and readable or estimable to the
nearest 0.1C. A 0 - 50C thermometer will serve the purpose.
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4. Reagents

4.1 Conductivity water:

Use this water for the preparation of the standard potassium chloride solution and all
sample dilutions. Prepare in one of the followiag two ways.

a. Pass distilled water through a mixed-bed deionizer, discarding the first 1000 ml of
flow, to produce a water of less than 1 micromho/cm conductivity. Such a deionizer can
. be purchased or constructed of a 25-cm column of glass tubing (1 - 2.5 cm in diameter)
that has been charged with 2 parts by volume of a strongly basic anion-exchange resin in
the hydroxyl form and 1 part by volume of a strongly acidic cation-exchange resin in the
hydrogen form. Use ion-exchange resins of analytical grade quality.

b. Re-distill distilled water in an all-heat-resistant distillation unit. Boil the re-distilled
water and cool to room temperature just before the preparation of the standard potas-
sium chloride solution. Prepare as described in the section Carbon Dioxide (Free), para-
graph 4.1, page 31.

4.2 Standard 0.0100 M potassium chloride solution:

a. Place approximately 2 g potassium chloride (KCl) in a weighing bottle or dish. Insert
in adrying oven operating in the temperature range of 110-130C, and dry for 2 hr or over-
night. Transfer the weighing bottle or dish to a desiccator and allow to cool to room tem-
perature.

b. On an analytical balance carefully weigh 0.7456 g potassium chloride (KCl). Care-
fully transfer the weighed chemical to a 250-ml beaker and dissolve in 100 ml conductivity
water.

c¢. Transfer the solution to a 1-liter volumetric flask, rinsing the beaker with three 100-
ml portions of conductivity water.

d. Dilute further to the 1-liter mark with a conductivity water. Stopper and mix tho-
roughly. Store in a glass-stopped heat-resistant bottle. Use this standard reference solu-
tion which has a conductivity of 1413 micromhos/cm at 25C to determine cell constants
between 0.1 and 2.0.

5. Determination of Cell Constant

5.1 Wash out the conductivity cell with at least three portions of standard 0.0100 M
potassium chloride solution.

5.2 Adjust the temperature of a fourth portionto 25C + 0.1C by immersion in a care-
fully controlled water bath or other means available in the laboratory.

5.3 Slowly and carefully submerge the electrodes in a sufficient volume of standard po-
tassium chloride solution so that the liquid level rises above the vent holes of the con-
ductivity cell and no air bubbles form or cling to the vital measuring surfaces.

5.4 Observe and record the temperature of the standard potassium chloride solution
to the nearest 0.1C.

5.5 Follow the manufacturer’s instructions in the operation of the instrument and the
measurement of the resistance.

5.6 Compute the cell constant by means of the following equation:

Resistance reading of standard potassium chloride solution x 0.001413
[(Temperature of standard potassium chloride solution - 25) x 0.02] + 1

Cell constant =

5.7 Determine the cell constant daily with standard potassium chloride solution be-
fore undertaking sample measurements. Repeat during the course of the day if extended
sample measurements are necessary. Record for future reference. When treated with
care, the cell constant should not change.
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6. Measurement of Sample Conductivity

6.1 Thoroughly rinse the conductivity cell with one or more portions of the water
sample. Use extrarinses to minimize solution or sample carry-over when the sample con-
ductivity differs by a factor of 5 or more from the conductivity of the standard potassium
chloride solution or preceeding water sample.

6.2 Adjust the temperature to 25C + 0.1C of the sample portion to be tested.

6.3 Slowly and carefully submerge the electrodes in a sufficient volume of water sam-
ple so that the water level rises above the vent holes of the conductivity cell and no air
bubbles form or cling to the vital measuring surfaces.

6.4 Observe and record the temperature of the water sample to the nearest 0.1C.

6.5 Follow the manufacturer’s instructions in the operation of the instrument and the
measurement of the resistance. Adopt the correct eye position while making the reading.
For best results, rinse, read, record, resample, read, and record so that two similar read-
ings are obtained.

6.6 Compute the sample conductivity by means of the following equation:

Sample conductivity
in micromhos/cm
at 25C =
Cell constant X 1 000 000

Resistance reading of sample X
[0.02 X (Sample temperature in degrees Celsius - 25) +]

6.7 If the conductivity of the sample exceeds the range of the instrument, dilute the
sample with conductivity water and repeat Steps 6.1 - 6.6.

6.8 Report conductivity values below 1000 micromhos/cm in whole aumbers and
above 1000 to three significant figures. When dilution is necessary, report the dilution
factor and the reading on the diluted sample as well.

Electrometric Method for pH
1. Purpose of Test

The pH of most natural waters falls within the 6.0 to 8.5 range. The electrometric
method of pH measurement excells the colorimetric indicator method in both accuracy
and freedom from such sample interferences as color, turbidity, chlorine, organic and
colloidal matter, and oxidizing and reducing agents. Solid state circuitry enables modern
pH meters to attain an accuracy of * 0.5 pH unit with the inexpensive models and better
than + 0.005 pH unit on the more accurate models. An accuracy of + 0.05 pH unit and
report of values to the first decimal are sufficient in most situations.

2. "Waining
Measurement errors can ensue from mechanical or electrical failure involving weak

batteries, cracked and aging glass electrodes, a plugged liquid junction in the reference
electrode, improperly filled reference electrodes, and fouling of the electrodes with oily,
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greasy, or precipitated materials. Damage can result from cleaning or wiping the glass
electrode with an abrasive or dirty tissue or cloth. Errors can occur when the temperature
of the buffer solutions and samples varies by more than 5C. Aeration and agitation
should be minimized during sample measurement in order to reduce carbon dioxide loss.
A change of 1 mg/1 carbon dioxide can significantly alter the pH of a low-residue water.

3. Apparatus

3.1 Instrument types available:

pH meters are marketed in simple and expanded-scale models, the latter being suited
for the measurement of pH and such additional ions as fluoride for which ion-selective
electrodes have been developed. The scales and circuitry of direct-reading ion-selective
meters similarly enable the measurement of both pH and supplementary ions. Features
present in quality line-operated pH meters include voltage regulation, calibration stabil-
ity, temperature compensation, and adaptability for titrimetric operations. Compact
battery-operated instruments are available for field determination of pH.

3.2 Component parts:

The major components of a pH meter consist of a sensing electrode and a reference
electrode which are connected to a high-impedance voltmeter capable of registering the
voltage (electromotive force) of the high-resistance electrodes. The sensing electrode is
usually constructed of a special glass whose voltage fluctuates with the pH of the water
sample. The standard calomel reference electrode provides a stable and constant
(+0.246) voltage against which the hydrogen-ion-selective glass electrode voltage can be
compared. The meter scale is graduated in pH units. with the more versatile models addi-
tionally incorporating a millivolt scale. Direct-reading ion-selective meters also possess
logarithmic scales suitable for ion-selective measurements, necessitating care in reading
the proper scale.

3.3 Electrodes:

a. Glass: Several hours of soak time of a new glass electrode or one that has dried after
prolonged standing may be needed to restore it to stable and reliable function. The tip of
the glass electrode should be immersed in water when out of service for daily or weekly in-
tervals. Manufacturers’ instructions should be followed in these matters. The normal pH
electrode performs best in the pH range of 1 through 9. The glass electrode exhibits a

slight error below a pH of 1.0. When the ordinary glass electrode must be used in the
alkaline range, a correction for the sodium error is made in the final result by reference to
a chart or calculations supplied by the manufacturer of the electrode. Special individual
electrodes are normally recommended in the pH range above 10 where sodium ions con-
- tribute a serious error, and for measurements at temperatures above 60C. The tips of the
glass electrodes should be inspected regularly for scratches or signs of abrasion that could
affect the response and linearity.

b. Reference: A sleeve-type standard calomel reference electrode can serve for both the
pH and fluoride measurements. When not in use, the tip of the electrode should be pro-
tected against damage with a rubber cap designed for this purpose. The proper liquid
~ levelin the electrode should be maintained by adding saturated potassium chloride solu-

tion to a point % in. below the filling hole. If necessary, the electrode should be shaken
vigorously to break up any crystals that may have compacted at the bottom of -the
electrode. The rubber sleeve covering the filling hole should be removed before making
any pH measurements.

¢. Combined: Conventionally, the sensing and reference electrodes are offered in sep-
arate distinctive units. However, the two electrodes have been combined into a single
common body for handling ease, ruggedness, the measurement of small sample volumes,

- and titrations.
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3.4 Temperature effect and compensation:

Temperature affects pH measurements in two important ways: (1) the electrodes
themselves vary in potential, and (2) the ionization in the sample may increase or de-
crease. In the first case the voltage change of the sensing electrode varies linearly with pH.
Atroom temperature, a change of one pH unit causes a voltage change of approximately
60 millivolts (mV). At 0C, the freezing point of water, the unit pH-voltage change de-
clines to 54 mV, and rises to 70 mV at 100C, the boiling point of water, The temperature
dial on a pH meter corrects for this variable voltage response. The more expensive pH in-
struments also embody an electrode slope control for correcting the nontheoretical res-
ponse, matching the sensitivity of the meter to the voltage from the electrodes. The se-
cond effect due to ionization is inherent in the sample and is denoted by setting down
both the temperature and the pH of each sample.

3.5 Operating precautions:

A pH meter must be standardized with a standard solution specifically prepared for the
purpose. Best results prevail when the standard buffer solution has a pH value approx-
imating that of the water sample. In the case of potable water samples that normally fall
within a neutral range, the phosphate standard solution (pH 6.9) offers a satisfactory
starting selection. A second and third buffer may be used .0 check the pH meter’s
linearity of response over the desired sample range. The pH 4 phthalate buffer and the
pH 9 borate buffer are satisfactory for this purpose. Careful rinsing of the electrodes to
remove all traces of the buffer is essential before the introduction of succeeding buffers
and subsequent sample measurement,

4. Reagents

4.1 Precautions in the preparation of standard buffer solutions:

a. Rely on chemicals that meet American Chemical Society specifications, or equal or
superior quality.

b. Dissolve all of the solid salts in distilled water during the preparation of the buffer
solutions.

c. Prepare the buffer solutions, which are used infrequently as the need occurs, to pre-
vent deterioration evidenced by mold growth or change in pH.

d. Store the buffer solutions in polyethylene bottles preferentially, or heat-resistant
glassware.

¢. For convenience, use commercially available buffer tablets, powders, or concen-
trates of tested quality that can be dissolved in distilled water and diluted to a specified
volume, often 100 ml; or the prepared standard buffer solutions stocked by reliable
chemica! supply houses.

f. Discard a buffer solution when mold growth becomes visible.

4.2 Distilled water for the preparation of standard buffer solutions:

Boil a sufficient volume of distilled water for 15 min and cool to room temperature
shortly in advance of the preparation of the following standard buffer solutions. Prepare
as described in the section, Carbon Dioxide (Free), paragraph 4.1, page 31.

4.3 Standard buffer solution, pH 6.86 at 25C:

a. Place 4 g each of potassium dihydrogen phosphate (also called potassium mono-
basic phosphate), [KH3PO4l, and disodium hydrogen phosphate (also called sodium di-
basic phosphate) [NagHPOg], in separate weighing bottles or dishes. Insert in a drying
oven operating in the temperature range of 110 - 130C, and dry the salts for 2 hr. Transfer
the weighing bottles or dishes to a desiccator and allow the salts to cool to room tempera-
ture,
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b. On an analytical balance separately weigh 3.388 g potassium dihydrogen phosphate
and 3.533 g disodium hydrogen phosphate. Transfer the weighed chemicals to a 500-ml
beaker and dissolve in 300 ml distilled water.

¢. Transfer the solution to a 1-liter volumetric flask with three 200-ml portions of dis-
tilled water, dilute to the 1-liter mark with distilied water, stopper, and mix thoroughly.

4.4 Standard buffer solution, pH 4.01 at 25C:

a. On an analytical balance, weigh 10.12 g potassium biphthalate (KHCgH404).
Transfer the weighed chemical to a 500-ml beaker and dissolve in 300 ml distilled water.

b. Transfer the solution to a 1-liter volumetric flask with three 200-ml portions of dis-
tilled water, dilute to the 1-liter mark with distilled water, stopper, and mix thoroughly.

4.5 Standard buffer solution, pH 9.18 at 25C:

On an analytical balance, weigh 3.80 g sodium borate decahydrate (also called borax)
[NayB407 ® 10H20]. Transfer the weighed chemical to a 500-ml beaker and dissolve in
300 ml distilled water.

b. Transfer the solution to a 1-liter volumetric flask with three 200-ml portions of dis-
tilled water, dilute to the 1-liter mark with distilled water, stopper, and mix thoroughly.

5. Standardization of pH Meter

5.1 Differences in the many makes and models of pH meters make it impossible to
provide detailed instructions for the correct operation of every instrument. Therefore,
follow the manufacturer’s instructions on the care and operation of the instrument and
accessories on hand. Observe the ensuing general precautions that apply in most in-
stances and that merit attention. Wet the new glass electrode and the calomel reference
electrode thoroughly and prepare for use in accordance with the manufacturer’s direc-
tions.

5.2 Rinse the pH and reference electrodes with distilled or deionized water.

5.3 Blot the wet electrodes dry. Use a soft cleansing-type tissue paper that will not
scratch or mar the glass surfaces of the electrodes.

5.4 Fill the beaker with the proper volume of pH 6.9 phosphate buffer solution.

5.5 Lower the electrodes into the solution so that the bulbs or sensing area of the
electrodes are completely submerged and free of entrapped and adhering air bubbles.

5.5 Read the temperature of the buffer solution with a thermometer.

5.7 - Adjust the temperature dial of the pH meter to the temperature of the buffer solu-
tion.

5.8 Turnonthe pH meter. Allow the instrument to warm up for a minute or more. In
the case of line-operated 'aboratory models allow the instrument to warm up prior to this
stage, and maintain on « ‘“‘standby’’ basis until ready to make readings.

5.9 With the proper control knob adjust the instrument to the pH value of the standard
buffer solution recorded in the table on page S-118. Be certain that the needle drift ceases
and that your eyes are properly focused on the scale before making the final setting.

5.10 Turn the instrument to ‘‘standby.”

5.11 Raisethe electrodes clear of the standard buffer solution, and replace the beaker
of standard buffer solution with a waste beaker.

5.12 Rinsethe electrodes with distilled water, and blot dry as described in paragraphs
5.2, 5.3. Remove the waste beaker.

5.13 Proceed to paragraph 5.14 or 5.6 depending on the accuracy desired, the stability
of the instrument, or the time available.

5.14 If time allows, check the linearity of electrode response on a second minimally,
and even a third, buffer solution. Choose the pH 4 phthalate buffer if the water samples
will fall below pH 7 or the pH 9 borate buffer if the samples will rise above pH 9.
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Variation of pH Values of Standard Buffer Solutions with Temperature

pH Value of Standard Buffer Solutions
Potassium Dihydrogen
Phosphate plus
Temperature Potassium Disodium Hydrogen Sodium

C biphthalate Phosphate Borate

0 4.003 6.984 9.464

5 3.999 6.951 9.395
10 3.998 6.923 9.332
15 3.999 6.900 9.276
20 4.002 6.881 9.225
25 4.008 6.865 9.180
30 4.015 6.853 9.139
35 4.024 6.844 9.102
38 4,030 6.840 9.081
40 4,035 6.838 9.068
45 4,047 6.824 9.038
50 4,060 6.833 9.011
55 4.075 6.834 8.985
60 4.091 6.836 8.962
70 4.126 6.845 8.921
80 4.164 6.859 8.885
90 4.205 6.877 8.850
95 4.227 6.886 8.833

5.15 Repeat the steps in paragraphs 5.4 - 5.12. Regard as acceptable a pH reading on
‘the second buffer solution which differs less than + 0.05 pH unit from the designated
value for the stated temperature in the table on page S-118. Enlarge the variance to 0.1
pH unit if a lesser accuracy is satisfactory, or replace the pH electrode. Repeat the stan-
dardization from paragraph 5.2 onward if the variation is unacceptable. Proceed to step
6.1 when instrument function is satisfactory.

5.16 Recheck the calibration during extended periods of sample measurements.

6. Determination of Sample

6.1 Turn on the instrument to ‘‘standby.”

6.2 Raise the eiectrodes from the standard buffer solution and replace the beaker of
buffer solution with a waste beaker.

6.3 Rinse the electrodes with distilled water, and blot dry. Also rinse with a small
amount of water sample, if available, in sufficient quantity. Remove the waste beaker.

6.4 Fill the clean beaker with the proper volume of water sample.

6.5 Lower the electrodes into the water sample so that the electrode sensing areas are
completely immersed and free of entrapped and adhering air bubbles.

6.6 Read the temperature of the water sample.

6.7 Adjust the temperature dial to the temperature of the water sample.

6.8 Turn on the pH meter.

6.9 Read the pH of the water sample on the scale directly. Be sure that the needle drift
ceases and the eyes are properly focused on the scale before making the final xeadmg

6.10 Turn on the instrument to ‘‘standby.”’

6.11 Repeat the steps in paragraphs 6.2 - 6.10 when additional water samples must be
determined.

L
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Electrode Method for Fluoride

1. Explanation of Test

A sensitive pH meter equipped with an expanded scale, or a direct-reading ion-selective
meter, provide a rapid means for determining fluoride through potential measurements.
The sensing unit consists of a solid-state fluoride electrode containing a lanthanum fluo-
ride crystal. The fluoride electrode paired with a sleeve-type standard calomel reference
electrzde are immersed in a water sample suitably buffered to pH 5.0 - 5.5 and stirring
initiated until a steady measurement is obtained on the appropriately calibrated logarith-
mic scale of a dirsct-reading instrument. In the case of a pH meter, a series of fluoride
solutions encompassing the range of interest (0.1 or 0.2 - 2.0 mg/I) must be prepared for
the purpose of plotting a millivolt-vs-concentration calibration curve. Measurements on
samples can be performed with a precision of + 0.05 mg/1:n the fluoride range of 1 mg/1.

2. Warning

The temperture dependence of the electrode makes it imperative to calibrate at a tem-
perature as close as possible to that which will prevail with the samples. The electrode re-
sponds to fluoride ion and is inert to the bound or complexed forms. Fluoride electrodes
differ in their behavior and sensitivity. Some may detect fluoride concentrations as low as
0.1 mg/1or less while others may respond only to the 6.2 mg/1level. Experience alone will
reveal the minimum fluoride concentration that can be determined confidently with the
electrode on hand.

3. Apparatus

3.1 Anexpanded scale pH meter or direct-reading ion-selective meter equipped with a
fluoride electrode and a sleeve-type standard calomel reference electrode. Check the in-
structions supplied with the fluoride electrode for the type of reference electrode recom-
mended since such a selection can be important.

3.2 Magnetic stirrer with a TFE-coated stirring bar.

3.3 Timer.

4. Reagents

4.1 Stock and standard fluoride solutions: Prepare as described in the section on Fluo-
ride, paragraphs 4.2 and 4.3 page 60.

4.2 Buffer solution:

a. Mcasure 500 ml distilled water into a 1-liter beaker.

b. With a 100-ml graduated cylinder, measure 57 ml concentrated acetic acid (also
called glacial acetic acid) and add to the 500 ml of distilled water. Mix thoroughly.

c. On a rough balance weigh 58 g sodium chloride (NaCl), and dissolve in the acetic
acid solution.

d. On an analytical balance weigh 4.0 g (1, 2-cyclohexylenedinitrilo)-tetraacetic acid,
also called 1, 2-cyclohexanediaminotetraacetic acid or CDTA, and dissolve in solution
(c). Alternatively, due to the cost of the CDTA, substitute if desired 12.0 g sodium citrate
dihydrate (Na3CgHsO7 © 2H20), and dissolve in solution (c).




S-120 Supplement toM12

e. Prepare a 6-N sodium hydroxide solution by weighing 48 g NaOH pellets on a rough
balance and carefv'ly dissolving in 150 ml distilled water. Cool this solution to room tem-
perature in a cold-tap water bath. Then transfer to a 200-ml graduated mixing cylinder or
volumetric flask, dilute to the mark with distilled water, stopper, and mix thoroughly.

f. Place the beaker containing solution (d) in a cold-tap water bath and add slowly,
while stirring, about 120 ml 6-N sodium hydroxide.

g. Determine the pH of a small portion of the neutralized solution with a pH meter.

h. Repeat the pH determination after small successive additions of sodium hydroxide
until the final pH falls into the desired 5.0 - 5.5 range. Approximately 125 ml sodium
hydroxide may be needed.

i. Transfer the resulting solution to a 1-liter volumetric flask, dilute to the mark with
distilled water, stopper, and mix thoroughly.

5. Procedure

5.1 Prepare three fluoride standards containing 0.5, 1.0, and 2.0 mg/1 by adding 2.5,
5.0, and 10.0 ml standard fluoride solution (1.00 ml = 10.0 ug F) to separate 100-ml
volumetric flasks.

5.2 Pipet 50 ml buffer solution into each flask, dilute to the 100-ml mark with distilled
water, stopper, and mix well.

5.3 Pipet 50 ml sample into a 100-ml volumetric flask, dilute to the mark with buffer
solution, stopper, and mix well.

5.4 Bring the standards and the sample to the same temperature, preferably room
temperature.

5.5 Transfer each standard and sample to separate 150-ml beakers.

5.6 If a direct-reading ion-selective meter is available, follow the manufacturer’s in-
structions for the operation and calibration of the instrument.

5.7 If apH meter is available, set for expanded scale measurement. Where applicable,
adjust the calibration control on some models so that the 1.0-mg/1 fluoride standard
reads at the center zero (100 millivolts).

5.8 Immerse the fluoride and calomel electrodes into each beaker and activate the
magnetic stirrer at medium speed. Do not begin the stirring process before the electrode
immersion because entrapped air around the sensor crystal at the bottom can produce er-
roneous readings or needle fluctuations.

5.9 Record the first measurement when the instrument reading becomes steady. Leave
the electrodes in the solution, and after 3 min take a final positive millivolt reading. Some
electrodes may require S min or mote to reach a stable reading with fluoride concentra-
tions below 0.5 mg/1. At higher fluoride levels the electrode response is usually faster.

5.10 Rinsethe electrodes with distilled water and blot dry after each sample and stan-
dard. Use a soft cleansing-type tissue paper that will not scratch or mar the glass surface
of the electrode.

5.11 Check the instrument reading of the 1.00-mg/1 fluoride standard frequently and
adjust the calibration control, if necessary, to restore the previous reading. Confirm the
reading after each unknown and also after each standard when preparing the standard
curve.

5.12 Prepare a fluoride calibration curve on two-cycle semilogarithmic graph paper
by plotting the millivolt readings on the vertical coordinate axis versus milligrams/liter
fluoride on the logarithmic axis. Convert the millivolt reading for each sample into fluo-
ride concentration by reference to the calibration curve.
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Amperometric Method for Residual Chlorine

1. Purpose of Test

The amperometric method is unaffected by the sample color and turbidity that might
invalidate a colorimetric determination. The titration is designed primarily for labora-
tory rather than field use, and requires more skill and care than the colorimetric methods.
Differentiation between free and combined available chlorine is possibly by pH adjust-
ment and the presence or absence of potassium iodide. Free chlorine can be determined at
a pH between 6.5 and 7.5 while the combined chlorine is titrated in the presence of the
proper amount of potassium iodide in the pH range of 3.5 - 4.5. The intermediate addi-
tion of a small amount of potassium iodide in the neutral pH range permits the estimation
of monochloramine content.

2. Warning

Smaller sample volumes or dilution are desirable for the measurement of residual
chlorine in excess of 2 mg/1. Control of pH is important for correct results, Above pH 7.5
the reaction with free chlorine becomes sluggish, below 6.5 some combined chlorine may
react even in the absence of iodide. At a pH less than 3.5 oxidized manganese reacts with
the titrant, while above 4.5 the titration for chlorine fails to reach completion. Analysis
must be undertaken immediately after sample collection, and performed away from
sunlight and without undue stirring to minimize chlorine loss.

3. Apparatus

3.1 Amperometric titrator:

The heart of the typical amperometric titrator consists of a two-electrode cell con-
nected to a microammeter and an adjustable potentiometer. Embodied in the electrical
circuit are a noble-metal electrode, a reference electrode of silver-silver chloride in a
saturated sodium chloride solution, and a salt bridge. A stirrer and a buret round out the
working units of the instrument.

3.2 Preparation of amperometric titrator:

For best results, observe the following housekeeping practices in the preparation and
operation of the apparatus.

a. If necessary, gently scrub all deposits and film off the noble-metal electrode with the
aid of a household scouring powder.

b. If plugging or improper flow of salt solution occurs in the salt bridge, empty the old
material from the cell and replace with fresh salt.

¢. Keep an adequate supply of solid salt in the reference electrode at all times. |

d. Remove the chlorine-consuming contaminants from the stirrer and the exposed
electrode system by immersion for several minutes in water containing 1 - 2 mg/I free
available residual chlorine, then add potassium iodide to the same water and continue
immersion for another 5 min.

e. Thoroughly rinse the sensitized electrodes and agitator with chlorine-demand-free
water or the sample to be tested. Should the chlorine concentration of the samples ap-
proximate 0.5 mg/1, condition the electrode system further by conducting two or more
titrations at the 0.5 mg/1 level until the titrations become reproducible.
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3.3 Glassware:

Satisfy the chlorine demand of all glassware to be used in the sampling and titration of
samples by subjecting the critical surfaces to a water containing 10 mg/1 or more residual
chlorine for at least 3 hr and then rinse with chlorine-demand-free water to remove the
residual chlorine traces.

4. Reagents

4.1 Phenylarsine oxide titrant:

Phenylarsine oxide powder is unavailable in a sufficiently purified form suitable for
the direct preparation of a standard solution by dissolving a specified weight of the solid
in a given volume. This situation leaves two options: (1) either purchase the standard
titrant from commercial sources, or (2) prepare and standardize the titrant as described in
the latest edition of Standard Methods. Handle this poison with extreme caution and par-
ticularly avoid taking into the mouth.

4.2 Phosphate buffer solution, pH 7:

a. On arough balance separately weigh 25.4 g anhydrous potassium dihydrogen phos-
phate (also called potassium monobasic phosphate) [KH2PO4)] and 34.1 g anhydrous di-
sodium hydrogen phosphate (also called sodium dibasic phosphate) [NagHPOy4]. Trans-
fer the weighed chemicals to a 500-ml beaker and dissolve in 300 ml distilled water.

b. Transfer the solution to a 1-liter glass-stoppered bottle with three 170-ml portions of
distilled water, and mix thoroughly.

¢. With a medicine dropper add 0.5 ml sodium hypochlorite solution containing 5 per
cent available chlorine {common household bleach). Stopper and mix thoroughly.

d. Set the closed bottle in a cool dark place, away from sunlight or heat, for several
days so that the chlorine can react completely with the ammonium contaminants that are
usually present in the phosphate compounds.

e. Remove the chlorine in the bottle in one of the two following ways:

1. Place the bottle in sunlight, indoors or outdoors, until all the chlorine disappears as
a result of photochemical activity. (The time required will vary from one day in summer
to one week in winter.)

2. Add sufficient dilute sodium sulfite (Na2S03) solution to reduce the chlorine con-
tent to a bare trace as shown by a very faint pink color produced with DPD reagent.

f. Transfer the contents of the bottle to a 1-liter graduated cylinder and dilute to the
1-liter mark with distilled water. Mix thoroughly by pouring back into the bottle.

g. Filter the solution if any precipitate has formed on standing.

4.3 Potassium iodide solution:

a. Flace 105 ml distilled water in a 250-ml flask and boil for 7-10 min. Cap the top of
the flask with a clean, small inverted beaker, and allow the water to cool to room temper-
ature. To hasten cooling, place the flask in a bath of cold running water.

b. On a rough balance weigh 5.0 g potassium iodide, (Kl). Transfer the weighed
chemical to the freshly boiled-and-cooled distilled water, and mix thoroughly.

c¢. Transfer the solution to a brown glass-stoppered bottle. Store in a dark and cool
place, preferably in a refrigerator. Discard the solution when a yellow color develops.

4.4 Acetate buffer solution, pH4:

a. Measure 400 ml distilled water into a 1500-ml] beaker.

b. With a 1000-ml graduated mixing cylinder, measure 480 ml concentrated acetic acid
(also called glacial acetic acid) and add to the 400 ml distilled water. Mix thoroughly.

¢. On arough balance weigh 243 g sodium acetate trihydrate (NaCoH307 ¢ 3H>O) and
dissolve in the acetic acid solution.

d. Transfer the solution to the 1-liter graduated mi»ing cylinder, dilute to the 1-liter
mark with distilled water, stopper, and mix thoroughly.
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5. Procedure

5.1 Fill the buret with phenylarsine oxide titrant. Record the liquid level in the buret by
reading at the bottom of the meniscus. Guard against a leaky valve or stopcock which can
result in the loss of titrant on standing.

5.2 Measure the appropriate sample volume for the indicated residua!l chlorine range:

Residual Chlorine Range Sample Volume
mg/l ml
0-2.0 200
2.1-4.0 100
4.1-8.0 50

5.3 Ifthe pH of the sample knowingly lies outside the range of 6.5 - 7.5, add  mlpH 7
phosphate buffer solution. Activate the stirrer.

5.4 Titrate with standard phenylarsine oxide titrant, watching the needle movement
on the microammeter scale. At the beginning of the titration expect a considerable
chlorine concentration to cause considerable needle variation. When the needle moves to
the end of the scale, return to midscale with the proper knob adjustment for easier ob-
servation and greater sensitivity. As the needie activity diminishes, indicating the ap-
proach of the end point, add smaller and smaller increments of titrant. At this stage re-
cord the buret readings before each titrant addition. Take as the endpoint the addition
that stops needle deflection. If necessary, deduct the final addition which is due to over-
titration.

5.5 Read the new buret level at the bottom of the meniscus, and calculate the volume
of titrant used by subtracting the initial buret reading (paragraph 5.1) from the present
reading.

5.6 Calculate the free available chlorine by multiplying the result found in paragraph
5.5 by the appropriate factor:

Sample Volume
mi Mutliply ml of Titrant by
200 1
100 2
50 4

5.7 Addexactly 1 ml potassium iodide solution to the sample. If necessary, reactivate
the stirrer.

5.8 Add 1 ml acetate buffer solution to the sample.

5.9 Repeat the titration procedure described in paragraph 5.4.

5.10 Read the new buret level at the bottom of the meniscus, and record the total
volume of titrant used in both the free available chlorine titration (paragraph 5.4, if
carried out) and the total available chlorine titration (paragraph 5.9). Multiply this total
by the appropriate factor given in paragraph 5.6.

5.11 Subtract the value in paragraph 5.6 from the value in paragraph 5.10 to obtain
the combined available chlorine.

CAUTION: Wash the electrodes, stirrer, and sample container thoroughly to remove
every trace of iodide from the apparatus before undertaking the next free available
chlorine determination. Confirm complete iodide removal by repeating the succeeding
free chlorine titration in duplicate and triplicate until acceptable results prevail.




S-124 Supplement toM12
Turbidity
1. Purpose of Test

Turbidimeters based on the nephelometric principle improve the reproducibility and
comparability that can be achieved between different laboratories in the measurement of
low turbidity.

Additionally, formazin polymer suspension provides a turbidity standard with more
reproducible light-scattering properties than the clay or turbid natural water standards
normally used for visual estimations.

2. Warning

The same handling precautions apply to turbidimeter and photometric apparatus. The
sample tubes should be clean both internally and externally, and discarded when scraich
and etch marks appear. Surfaces through which the light beam passes should be kept free
of fingerprints and smudges. A protective case may be needed for proper handling of the
tubes. Samples and standards should be thoroughly mixed prior to filling of the tubes,
and the bubbles allowed to escape before a reading is attempted. Tiny air bubbles can
masquerade as turbidity and contribute to a false high reading. When time is pressing,
removal of the tiny gas bubbles can be hastened by connecting the flask containing the
sample to a similar flask that serves as a trap and thence to a vacuum source. Air bubbles
can also be removed by placing the sample tube in a small ultrasonic bath for several sec-
onds; however, confirming evidence should be sought that the procedure is without ef-
fect on the turbidity in the particular situation.

A nephelometer fails to record activated carbon or other nonreflective particles as tur-
bidity, unlike a transmittance photometer that responds to the same materials at ade-
quate light-path lengths.

3. Turbidimeter

3.1 Principle of nephelometer:

Nephelometry involves the measurement of the light scattered in a specific direction
such as 90 deg from the incident light path. The measurement is accomplished by passing
a strong beam of light through the sample. The fine particles constituting the turbidiiy
scatter a portion of the light beam. The light scattered at right angles (or other selected
angle) to the beam reaches thie sensor and is converted to an electrical impulse which actu-
ates the meter. The intensity of light striking the sensor is proportional to the turbidity.
Obviously, no light is diverted to the photocell by a turbidity-free sample.

Photometric equipment operates on the transmittance principle, enabling turbidity de-
terminations above 10 turbidity units. A long light path enhances the sensitivity of photo-
metric measurement in the low range. For the most part, photometric devices have been
supplanted for low-level turbidity estimation by more sensitive turbidimeters based on
the nephelometric principle.

3.2 Design and applicability:

The photoelectric detector in a photometer and spectrophotometer is positioned to re-
ceive the direct light beam whereas the nephelometer’s sensor is located off to the side.
The sensor in both cases consists of a photocell or photomultiplier tube. Some turbidi-
meters are equipped with precalibrated turbidity scales, others may have adjustments for
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converting the scale values directly into turbidity units, while the remainder require the
preparation of a calibration curve. The manufacturer’s instructions for instrument oper-
ation should be observed. Turbidimeters frequently function over several turbidity
ranges extending from 0.5 or less to 1000. Since progressive errors can occur on sample
turbidities in excess of 40 nephelometric turbidity units (NTUs), the upper scales can pro-
vide guidance in estimating the dilution for bringing the readings within the working 40
NTU range. Best results are realized on samples devoid of coarse, rapid settling material.
A desirable practice is to check the instrument’s freedom from drift on all ranges before
complete faith is reposed in a solid scattering standard. Although dissolved color does
not ordinarily register as turbidity, intense color can cause low results.

3.3 Calibration:

Turbidimeters are calibrated against a formazin polymer suspension produced by the
mixing of hexamethylenetetramine and hydrazine sulfate solutions. The formazin sus-
pension is easily prepared as needed and yields reproducible and stable particle sizes and
shapes.

4. Reagents

4.1 Turbidity-free water: '

Remove the lint and floating debris from distilled water by passing the water through a
membrane filter having a pore size no greater than 0.1 um. Discard the first 200 ml of fil-
trate before collecting and saving the remainder in a thoroughly clean container. If the
filtration reduces the turbidity, use the filtered distilled water for the preparation of tur-
bidity standards below 1.0. If no change is observed, use the distilled water.

4.2 Hydrazine sulfate solution:

a. On an analytical balance, weigh 1.000 g hydrazine sulfate [(NH32)2 ¢ H2SO4].
Transfer the weighed chemical to a 100-ml beaker and dissolve in 50 ml distilled water.

b. Transfer the solution to a 100-ml volumetric flask with three 15-ml portions of dis-
tilled water, dilute to the 100-ml mark with distilled water, stopper, and mix thoroughly.

¢. Prepare the solution on a monthly schedule.

4.3 Stock hexamethylenetetramine solution:

a. On an analytical balance, weigh 10.000 g hexamethylenetetramine [(CH2)gN4l.
Transfer the weighed chemical to a 100-ml beaker and dissolve in 50 ml distilled water.

b. Transfer the solution to a 100-ml volumetric flask with three 15-ml portions of dis-
tilled water, dilute to the 100-ml mark with distilled water, stepper, and mix thoroughly.

¢. Prepare the solution on a monthly schedule.

4.4 Stock formazin polymer suspension:

a. With volumetric pipets, measure separately 5 ml stock hydrazine sulfate solution
and 5 ml'stock hexamethylenetetramine solution into a 100-m! volumetric flask. Do not
add additional water.

b. Mix the contents of the volumetric flask by swirling and allow to stand for 24 hr at
room temperature (25C + 3C).

c. Dilute the contents of the volumetric flask to the 100-ml mark with distilled water,
stopper, and mix thoroughly.

d. Prepare the suspension on a monthly schedule.

4.5 Standard turbidity suspension of 40 nephelometric turbidity units (NTUs).

a. With a volumetric pipet, measure 10 ml of the well-mixed stock formazin polymer
suspension into a 100-ml volumetric flask.

b. Dilute with turbidity-free water to the 100-ml mark, stopper, and mix thoroughly.

c¢. Prepare the suspension on a weekly schedule.

4.6 Dilute turbidity suspension of 2 nephelometric turbidity units (NTUs).
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a. With a volumetric pipet, measure 5 ml of the well-mixed standard turbidity suspen-
sion of 40 NTU (4.5) into a 100-ml volumetric flask.

b. Dilute with turbidity-free water to the 100-ml mark, stopper, and mix thoroughly.

¢. Prepare the suspension on a daily schedule.

5. Preparation of Turbidity Standards for Turbidimeter Calibration

5.1 Usethe40-NTU suspension (4.5) for the preparation of turbidity standards in the
4 through 40 NTU range and the 2-NTU suspension (4.6) for the preparation of turbidity
standards in the range below 2 NTU. Prepare the following turbidity standards in 100-ml
nessler tubes or volumetric flasks.

Volume of Suspension Needed in ml Volume of Turbidity-
Turbidity Standards 2-NTU 40-NTU Free Water Needed

NTU suspension suspension ml

0.05 2.5 97.5

0.1 5.0 93.0

0.5 25.0 75.0

1.0 50.0 50.0

1.5 75.0 25.0

2.0 100 0

4.0 10.0 90.0

6.0 15.0 85.0
10 25.0 75.0
20 50.0 50.0
30 75.0 25.0
40 100 0

5.2 Minimize particle settling by measuring as rapidly as possible the specified
volumes of well-mixed suspension with measuring pipets and/or buret into individual
100-ml nessler tubes or volumetric flasks.

5.3 Dilute with turbidity-free water to the 100-ml mark, stopper, and mix by inverting
each tube four times.

5.4 Let the air bubbles disappear before pouring the resulting standard into the tur-
bidimeter tube for the instrument reading.

5.5 Use these standards to check the accuracy of an instrument scale calibrated in
nephelometric turbidity units based on the formazin polymer suspension.

6. Measurement of Sample Turbidities Less Than 50 NTU

6.1 Shakethe sample container to distribute the turbidity evenly throughout the sam-
ple.

6.2 After the air bubbles disappear, pour the sample into the turbidimeter tube.

6.3 Read the turbidity directly from the calibrated instrument scale or form the pre-
pared calibration curve.

6.4 Warm a very cold sample to room temperature to prevent condensate formation
on the turbidimeter tube, and wait until all the supersaturated air bubbles have dissipated
by alternate shaking and standing before measuring the turbidity of very clear waters.

7. Msasurement of Turbidities Exceeding 40
7.1 Shake the sample container to mix the turbidity evenly throughout the sample.
7.2 Minimize particle settling by measuring as rapidly as possible the appropriate
sample volume for the indicated turbidity range:
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Sample Volume Turbidity Range
mi NTU
100 0.05- 40
50 41 - 80
25 8 - 160
10 170 - 360
5 370 - 800
2 850 -2000

Place the well mixed sample in a 100-ml nessler tube.

7.3 Dilute to the 100-ml mark with distilled water. Mix by inverting the tube four
times.

7.4 Let the air bubbles disappear before pouring the suspension into the turbidimeter
tube. Read the turbidity directly from the calibrated instrument scale or from the pre-
pared calibration curve.

7.5 Calculate the nephelometric turbidity units (NTUs) of the sample by multiplying
the result found in paragraph 7.4 by the appropriate factor:

Sample Volume
mi Multiply NTU Turbidity by

100 1
50 2
25 4
10 10

5 20
2 50

7.6 If cther sample volumes are taken for dilution, calculate the nephelometric turbid-
ity units by means of the following equation:

Determined turbidity in NTU of diluted sample

Turbidity X Final dilution volume in milliliter

in NTU =

Sample volume in milliliter taken for dilution

7.7 Record results to the nearest 0.05 in the range below 1.0; to the nearest 0.1 in the 1 -
10 range; to the nearest whole number in the 10 - 40 range; to the nearest 5 in the 40 -100
range; tothe nearest 10in the 100 - 400 range; to the nearest 50 in the 400 - 1000 range; and
to the nearest 100 above 1000. Since turbidity is not necessarily linear with dilution, re-
port the dilution factor and reading.






