Standard Methods for the Examination of Water and Wastewater

average weight. If volatile solids are to be determined, follow procedure in Section 2540E.

4. Calculation

(A = B) x 1000
sample volume, mL

mg total dissolved solids/L =

where:
A = weight of dried residue + dish, mg, and
B = weight of dish, mg.

5. Precision

Single-laboratory analyses of 77 samples of a known of 293 mg/L were made with a
standard deviation of differences of 21.20 mg/L.

6. Reference
1. SOKOLOFF, V.P. 1933. Water of crystallization in total solids of water analysis. Ind.
Eng. Chem., Anal. Ed. 5:336.
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2540 D. Total Suspended Solids Dried at 103-105°C

1. General Discussion

a. Principle: A well-mixed sample is filtered through a weighed standard glass-fiber filter
and the residue retained on the filter is dried to a constant weight at 103 to 105°C. The increase
in weight of the filter represents the total suspended solids. If the suspended material clogs the
filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease
the sample volume. To obtain an estimate of total suspended solids, calculate the difference
between total dissolved solids and total solids.

b. Interferences: See Section 2540A.2 and Section 2540B.1. Exclude large floating particles
or submerged agglomerates of nonhomogeneous materials from the sample if it is determined
that their inclusion is not representative. Because excessive residue on the filter may form a
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water-entrapping crust, limit the sample size to that yielding no more than 200 mg residue. For
samples high in dissolved solids thoroughly wash the filter to ensure removal of dissolved
material. Prolonged filtration times resulting from filter clogging may produce high results
owing to increased colloidal materials captured on the clogged filter.

2. Apparatus
Apparatus listed in Section 2540B.2 and Section 2540C.2 is required, except for evaporating
dishes, steam bath, and 180°C drying oven. In addition:

Aluminum weighing dishes.

3. Procedure

a. Preparation of glass-fiber filter disk: 1f pre-prepared glass fiber filter disks are used,
eliminate this step. Insert disk with wrinkled side up in filtration apparatus. Apply vacuum and
wash disk with three successive 20-mL portions of reagent-grade water. Continue suction to
remove all traces of water, turn vacuum off, and discard washings. Remove filter from filtration
apparatus and transfer to an inert aluminum weighing dish. If a Gooch crucible is used, remove
crucible and filter combination. Dry in an oven at 103 to 105°C for 1 h. If volatile solids are to
be measured, ignite at 550°C for 15 min in a muffle furnace. Cool in desiccator to balance
temperature and weigh. Repeat cycle of drying or igniting, cooling, desiccating, and weighing
until a constant weight is obtained or until weight change is less than 4% of the previous
weighing or 0.5 mg, whichever is less. Store in desiccator until needed.

b. Selection of filter and sample sizes: Choose sample volume to yield between 2.5 and 200
mg dried residue. If volume filtered fails to meet minimum yield, increase sample volume up to 1
L. If complete filtration takes more than 10 min, increase filter diameter or decrease sample
volume.

c. Sample analysis: Assemble filtering apparatus and filter and begin suction. Wet filter with
a small volume of reagent-grade water to seat it. Stir sample with a magnetic stirrer at a speed to
shear larger particles, if practical, to obtain a more uniform (preferably homogeneous) particle
size. Centrifugal force may separate particles by size and density, resulting in poor precision
when point of sample withdrawal is varied. While stirring, pipet a measured volume onto the
seated glass-fiber filter. For homogeneous samples, pipet from the approximate midpoint of
container but not in vortex. Choose a point both middepth and midway between wall and vortex.
Wash filter with three successive 10-mL volumes of reagent-grade water, allowing complete
drainage between washings, and continue suction for about 3 min after filtration is complete.
Samples with high dissolved solids may require additional washings. Carefully remove filter
from filtration apparatus and transfer to an aluminum weighing dish as a support. Alternatively,
remove the crucible and filter combination from the crucible adapter if a Gooch crucible is used.
Dry for at least 1 h at 103 to 105°C in an oven, cool in a desiccator to balance temperature, and
weigh. Repeat the cycle of drying, cooling, desiccating, and weighing until a constant weight is
obtained or until the weight change is less than 4% of the previous weight or 0.5 mg, whichever
is less. Analyze at least 10% of all samples in duplicate. Duplicate determinations should agree
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within 5% of their average weight. If volatile solids are to be determined, treat the residue
according to 2540E.

4. Calculation

(A — B) x 1000
sample volume, mL

mg total suspended solids/L. =

where:
A = weight of filter + dried residue, mg, and
B = weight of filter, mg.

5. Precision

The standard deviation was 5.2 mg/L (coefficient of variation 33%) at 15 mg/L, 24 mg/L
(10%) at 242 mg/L, and 13 mg/L (0.76%) at 1707 mg/L in studies by two analysts of four sets of
10 determinations each.

Single-laboratory duplicate analyses of 50 samples of water and wastewater were made with
a standard deviation of differences of 2.8 mg/L.
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2540 E. Fixed and Volatile Solids Ignited at 550°C

1. General Discussion

a. Principle: The residue from Method B, C, or D is ignited to constant weight at 550°C.
The remaining solids represent the fixed total, dissolved, or suspended solids while the weight
lost on ignition is the volatile solids. The determination is useful in control of wastewater
treatment plant operation because it offers a rough approximation of the amount of organic
matter present in the solid fraction of wastewater, activated sludge, and industrial wastes.

b. Interferences: Negative errors in the volatile solids may be produced by loss of volatile
matter during drying. Determination of low concentrations of volatile solids in the presence of
high fixed solids concentrations may be subject to considerable error. In such cases, measure for
suspect volatile components by another test, for example, total organic carbon (Section 5310).
Highly alkaline residues may react with silica in sample or silica-containing crucibles.

2. Apparatus
See Section 2540B.2, Section 2540C.2, and Section 2540D.2.

3. Procedure

Ignite residue produced by Method 2540B, C, or D to constant weight in a muffle furnace at
a temperature of 550°C. Ignite a blank glass fiber filter along with samples. Have furnace up to
temperature before inserting sample. Usually, 15 to 20 min ignition are required for 200 mg
residue. However, more than one sample and/or heavier residues may overtax the furnace and
necessitate longer ignition times. Let dish or filter disk cool partially in air until most of the heat
has been dissipated. Transfer to a desiccator for final cooling in a dry atmosphere. Do not
overload desiccator. Weigh dish or disk as soon as it has cooled to balance temperature. Repeat
cycle of igniting, cooling, desiccating, and weighing until a constant weight is obtained or until
weight change is less than 4% or 0.5 mg, whichever is less. Analyze at least 10% of all samples
in duplicate. Duplicate determinations should agree within 5% of their average weight. Weight
loss of the blank filter is an indication of unsuitability of a particular brand or type of filter for
this analysis.

4. Calculation
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(A — B) X 1000
sample volume, mL

mg volatile solids/L. =

(B — C) x 1000
sample volume, mL

Il

mg fixed solids/L

where:
A = weight of residue + dish before ignition, mg,
B = weight of residue + dish or filter after ignition, mg, and
C = weight of dish or filter, mg.

5. Precision

The standard deviation was 11 mg/L at 170 mg/L volatile total solids in studies by three
laboratories on four samples and 10 replicates. Bias data on actual samples cannot be obtained.

2540 F. Settleable Solids

1. General Discussion
Settleable solids in surface and saline waters as well as domestic and industrial wastes may
be determined and reported on either a volume (mL/L) or a weight (mg/L) basis.

2. Apparatus
The volumetric test requires only an Imhoff cone. The gravimetric test requires all the
apparatus listed in Section 2540D.2 and a glass vessel with a minimum diameter of 9 cm.

3. Procedure

a. Volumetric: Fill an Imhoff cone to the 1-L mark with a well-mixed sample. Settle for 45
min, gently agitate sample near the sides of the cone with a rod or by spinning, settle 15 min
longer, and record volume of settleable solids in the cone as milliliters per liter. If the settled
matter contains pockets of liquid between large settled particles, estimate volume of these and
subtract from volume of settled solids. The practical lower limit of measurement depends on
sample composition and generally is in the range of 0.1 to 1.0 mL/L. Where a separation of
settleable and floating materials occurs, do not estimate the floating material as settleable matter.
Replicates usually are not required.

Where biological or chemical floc is present, the gravimetric method (36) is preferred.

b. Gravimetric:

1) Determine total suspended solids as in Section 2540D.

2) Pour a well-mixed sample into a glass vessel of not less than 9 cm diam using not less
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