Standard M ethods for the Examination of Water and Wastewater

2540 SOLIDS#(1)*

2540 A. Introduction

Solids refer to matter suspended or dissolved in water or wastewater. Solids may affect water or
effluent quality adversely in anumber of ways. Waters with high dissolved solids generally are of
inferior palatability and may induce an unfavorable physiological reaction in the transient
consumer. For these reasons, alimit of 500 mg dissolved solids/L is desirable for drinking
waters. Highly mineralized waters also are unsuitable for many industrial applications. Waters
high in suspended solids may be esthetically unsatisfactory for such purposes as bathing. Solids
analyses are important in the control of biological and physical wastewater treatment processes
and for assessing compliance with regulatory agency wastewater effluent limitations.

1. Definitions

“‘Total solids'’ isthe term applied to the material residue left in the vessel after evaporation
of asample and its subsequent drying in an oven at a defined temperature. Total solids includes
“*total suspended solids,”’ the portion of total solids retained by afilter, and ‘‘total dissolved
solids,”” the portion that passes through the filter.

Thetype of filter holder, the pore size, porosity, area, and thickness of the filter and the
physical nature, particle size, and amount of material deposited on the filter are the principal
factors affecting separation of suspended from dissolved solids. *‘ Dissolved solids'’ isthe
portion of solids that passes through afilter of 2.0 nm (or smaller) nominal pore size under
specified conditions. ‘* Suspended solids’ is the portion retained on the filter.

“‘Fixed solids'’ is the term applied to the residue of total, suspended, or dissolved solids after
heating to dryness for a specified time at a specified temperature. The weight loss on ignition is
called *‘volatile solids.”” Determinations of fixed and volatile solids do not distinguish precisely
between inorganic and organic matter because the loss on ignition is not confined to organic
matter. It includes |osses due to decomposition or volatilization of some mineral salts. Better
characterization of organic matter can be made by such tests as total organic carbon (Section
5310), BOD (Section 5210), and COD (Section 5220).

‘* Settleable solids'’ is the term applied to the material settling out of suspension within a
defined period. It may include floating material, depending on the technique (Section 2540F.3b).

2. Sources of Error and Variability

Sampling, subsampling, and pipeting two-phase or three-phase samples may introduce
serious errors. Make and keep such samples homogeneous during transfer. Use special handling
to insure sample integrity when subsampling. Mix small samples with a magnetic stirrer. I
suspended solids are present, pipet with wide-bore pipets. If part of a sample adheres to the
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sample container, consider thisin evaluating and reporting results. Some samples dry with the
formation of acrust that prevents water evaporation; special handling is required to deal with
this. Avoid using a magnetic stirrer with samples containing magnetic particles.

The temperature at which the residue is dried has an important bearing on results, because
weight losses due to volatilization of organic matter, mechanically occluded water, water of
crystallization, and gases from heat-induced chemical decomposition, aswell as weight gains due
to oxidation, depend on temperature and time of heating. Each sample requires close attention to
desiccation after drying. Minimize opening desiccator because moist air enters. Some samples
may be stronger desiccants than those used in the desiccator and may take on water.

Residues dried at 103 to 105°C may retain not only water of crystallization but also some
mechanically occluded water. Loss of CO,, will result in conversion of bicarbonate to carbonate.

Loss of organic matter by volatilization usually will be very sight. Because removal of occluded
water ismarginal at this temperature, attainment of constant weight may be very slow.

Residues dried at 180 + 2°C will lose aimost all mechanically occluded water. Some water of
crystallization may remain, especialy if sulfates are present. Organic matter may be lost by
volatilization, but not completely destroyed. Loss of CO, results from conversion of bicarbonates

to carbonates and carbonates may be decomposed partially to oxides or basic salts. Some
chloride and nitrate salts may be lost. In general, evaporating and drying water samples at 180°C
yields values for dissolved solids closer to those obtained through summation of individually
determined mineral species than the dissolved solids values secured through drying at the lower
temperature.

Torinse filters and filtered solids and to clean labware use Type |11 water. Special samples
may require a higher quality water; see Section 1080.

Results for residues high in oil or grease may be questionable because of the difficulty of
drying to constant weight in a reasonable time.

To aid in quality assurance, analyze samplesin duplicate. Dry samples to constant weight if
possible. This entails multiple drying-cooling-weighing cycles for each determination.

Analyses performed for some special purposes may demand deviation from the stated
procedures to include an unusual constituent with the measured solids. Whenever such variations
of technique are introduced, record and present them with the results.

3. Sample Handling and Preservation

Use resistant-glass or plastic bottles, provided that the material in suspension does not adhere
to container walls. Begin analysis as soon as possible because of the impracticality of preserving
the sample. Refrigerate sample at 4°C up to the time of analysis to minimize microbiological
decomposition of solids. Preferably do not hold samples more than 24 h. In no case hold sample
more than 7 d. Bring samples to room temperature before analysis.

4. Selection of Method
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Methods B through F are suitable for the determination of solids in potable, surface, and
saline waters, as well as domestic and industrial wastewaters in the range up to 20 000 mg/L.
Method G is suitable for the determination of solids in sediments, as well as solid and

semisolid materials produced during water and wastewater treatment.
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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 avolume (mL/L) or aweight (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 aglass vessel with a minimum diameter of 9 cm.

3. Procedure

a. Volumetric: Fill an Imhoff cone to the 1-L mark with awell-mixed sample. Settle for 45
min, gently agitate sample near the sides of the cone with arod 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 generaly isin 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 usualy are not required.

Where biological or chemical floc is present, the gravimetric method (3b) is preferred.

b. Gravimetric:

1) Determinetotal suspended solids asin Section 2540D.

2) Pour awell-mixed sampleinto a glass vessel of not lessthan 9 cm diam using not less
than 1 L and sufficient sampleto give a depth of 20 cm. Alternatively use a glass vessel of
greater diameter and alarger volume of sample. Let stand quiescent for 1 h and, without

disturbing the settled or floating material, siphon 250 mL from center of container at a point
halfway between the surface of the settled material and the liquid surface. Determine total
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suspended solids (milligrams per liter) of this supernatant liquor (Section 2540D). These are the
nonsettleable solids.

4. Calculation

mg settleable solids/L = mg total suspended solids/L - mg nonsettleable solids/L

5. Precision and Bias
Precision and bias data are not now available.

6. Bibliography
FISCHER, A.J. & G.E. SYMONS. 1944. The determination of settleable sewage solids by weight.
Water Sewage Works 91:37.
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
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