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Chapter 2

SOLIDS

Section 1: SOLIDS INTRODUCTION

The term “solids” is generally used when referring to any material suspended or dissolved in wastewater that can be physically isolated either through filtration or through evaporation.

Solids can be classified as either filterable or nonfilterable.  Filterable solids may either be settleable or nonsettleable.  Solids can also be classified as organic or inorganic.

“Filterable” solids are so small that they will pass through a standard laboratory filter, while “nonfilterable” solids are large enough to be captured on a standard filter pad.  The nonfilterable solids are termed “settleable” if the solids settle out in a standard laboratory settling container within a specified period of time.  They are called “non-settleable” if they fail to settle out within that time period.  If solids are “organic”, the material is carbon-based and will burn.  “Inorganic” solids, on the other hand, are mineral based and generally will not burn.   Any material that was at one time living (for example:  body wastes, starches, sugars, wood, bacteria and cotton) are all organic while limestone, iron and calcium are inorganic.

The amount of solids in wastewater is frequently used to describe the strength of the waste.  The more solids present in a particular wastewater, the stronger that wastewater will be.  If the solids in wastewater are mostly organic, the impact on a treatment plant is greater than if the solids are mostly inorganic.

Normal domestic wastewater contains a very small amount of solids when compared to the amount of water that carries it, generally less than 0.1%.  This can be misleading, however, because it may take only a very small amount of organic residue to create large pollution problems.  The number and severity of pollution problems will depend on the type of solids that are involved.

As a general rule, large quantities of organic solids will create more pollution problems than will the same quantity of inorganic solids.  Therefore, not only is it important to know how much solids are present in the waste, but also the type of solids that are present.  The test procedures for solids provide essential information about the level and type of solids coming into the treatment plant and whether the solids are actually being removed in the plant processes.





Section 2: GLOSSARY

Filtration:  Removal of suspended matter by passing a sample through a porous matrix (such as a filter pad) that prevents particles from getting through.

Fixed Solids:  Those solids (total, suspended or dissolved) which remain after ignition for 15‑20 minutes at 550 +/‑50°C.  These are also commonly referred to as ash.  In general, fixed solids are made up of inorganic material.

Settleable Slids:  The term applied to the material settling out of a sample within a one hour period.  Settleable solids may include floating material depending on the technique used in the test.

Supernatant:  Liquid removal from settled sludge. Supernatant commonly refers to the liquid between the sludge on the bottom and the scum on the surface of a settling beaker.

Total Dissolved Solids:  This term refers to those solids which will pass through a standard glass fiber filter.

Total Suspended Solids:  Those solids which will not pass through a standard glass fiber filter.  This includes both those solids that will settle or float in the clarifier and the lighter non‑settleable (colloidal) solids.

Total Solids:  The term applied to the material left in a dish after evaporation of a sample and its subsequent drying in an oven at a defined temperature.  Total solids include “Total Suspended Solids” and “Total Dissolved Solids”.

Volatile solids:  Those solids which are lost during ignition (by burning) for 15‑20 minutes at 550 +/‑50°C.  In general, volatile solids are made up of organic material.




Section 3: PURPOSE FOR SOLIDS DETERMINATIONS

The purpose of solids determinations is to measure the amount of solid material in wastes and process streams, generally to try to define the “strength” of those wastes.  Since wastewater treatment involves the removal of both filterable and nonfilterable solids, it is important to identify both influent as well as effluent levels of solids in order to determine loadings on the plant as well as to calculate plant efficiency.

Specifically, solids analyses are important for the following:

Influent wastewater: To determine strength of loading to the primary and secondary treatment processes, and to determine the correct type of treatment required.  For example, settleable solids require a settling tank for treatment, while dissolved organic solids require secondary (or biological) treatment.  The solids tests provide essential information about the types of solids coming into the treatment plant.

Process Streams in a treatment plant: To determine the level of solids available within the plant for treatment of incoming wastewater, or specifically to determine the level of organic matter (representing microbial mass) within the plant.  For example, an activated sludge tank would be tested for volatile suspended solids to determine the level of organic “microbial mass” that will be available to treat dissolved organic waste in incoming waste.

Effluent wastewater: To determine compliance with NPDES or other permitting requirements as well as to calculate treatment efficiency.




Section 4: SAFETY AND HYGIENE

Two areas of concern related to safety when performing solids determinations are broken glassware and heat produced from the drying oven and muffle furnace.

Laboratory glassware, including the evaporating dishes, filter funnels, and gooch crucibles, can break very easily leaving sharp pieces of glass.  If glassware is broken, do not pick up broken glass by hand.  Use a broom and dust pan and always deposit broken glassware in a puncture-proof container labeled “sharps”.

The drying oven used for solids testing operates at 103°C (for total suspended solids and total solids) and at 180°C (for dissolved solids), while the muffle furnace used for volatile solids operates at 550°C.  Obviously, glassware and crucibles coming out of this equipment will be VERY HOT and should be handled only with tongs or asbestos mitts.  EXTREME CAUTION MUST BE EXERCISED WHEN USING THE MUFFLE FURNACE.  Special furnace tongs and insulated gloves are highly recommended.

Be very careful when placing crucibles or evaporating dishes into the drying oven.  Do not touch the sides of the oven or trays, as this will burn hands.  Do not get too close to an open furnace, as skin can be burned and hair singed. Allow crucibles to cool on a surface that will not break, melt or crack.  When removing crucibles from a muffle furnace, place them into an oven at 103°C to “cool down” from 550°C.  When removing crucibles from a 103°C oven, avoid placing hot crucibles directly onto a counter, but use a ceramic desiccator for this purpose.

Hygiene is just as important as safety.  Be sure to wash hands thoroughly before eating or smoking.  Clean up all spills completely.  For some small sample volumes you may need to pipette samples.  Never pipette by mouth, always use pipette bulbs.




Section 5: SAMPLE COLLECTION 

Samples used for solids determinations can be either grab or composite.  The type of sample used will depend on the monitoring requirements, plant operating procedures and the testing and sample storage capabilities of individual plants.  Whichever type is used, samples should be representative of the plant’s flow.

SAMPLE PRESERVATION

Because biological activity will continue after a sample has been taken, changes may occur during handling and storage.  Both the characteristics and the amount of solids may change.  To reduce this change in samples taken for solids determinations, keep all samples at 4°C.  DO NOT ALLOW SAMPLES TO FREEZE.  Although samples may be kept in this manner for up to 48 hours for settleable solids and up to 7 days for other solids tests, it is highly recommended that testing begin within 24 to 36 hours of sample collection.

SAMPLE CONTAINERS

Special sampling devices and storage containers are not necessary for solids testing.  Sampling devices should draw from well‑mixed areas of tanks and/or pipes, be made of resistant materials that will not rust or corrode, be capable of taking samples that are proportional to the plant’s flow, and be easily and thoroughly cleaned.  A long‑handled aluminum dipper attached to a wooden handle, or an equivalent device, is acceptable for collecting samples.

Storage containers should be made of corrosion resistant material (such as plastic) which can stand repeated refrigeration.  These containers should have leak‑proof tops.

CONTAINER PREPARATION AND CLEANING

All sample collection containers should be cleaned thoroughly on a regular basis (preferably at the end of each day’s sampling) with soap and water and rinsed well.  They should also be acid cleaned on a regular basis.  This will prevent buildup (such as grease and scum) from contaminating samples.

Between sample collections, the sampling containers should be rinsed thoroughly and allowed to dry.  This is especially important for containers used for samples which are high in solids and/or grease content.  It is recommended that each collection point have its own sampling container.  One sampling container should not be used throughout the plant.  If separate containers are not possible, be sure to clean sampling containers thoroughly between collections.

Sample storage containers should also be cleaned thoroughly between samples.  It is recommended that they be acid cleaned on a regular basis to prevent residue buildup which occurs over time.  It is also recommended that each sample storage container be labeled and used for one purpose.  For example, if influent and effluent samples are taken, always use the same storage containers for influent and do not use a container for influent one day and effluent the next.

SAMPLE NOTES

Samples must be taken from sampling points that provide well-mixed, representative samples.  For composite samples, individual sample volumes must be proportional to the flow rate at the time the sample is taken and immediately refrigerated at 4°C.

When pouring a sample into a graduated cylinder, it should be mixed or stirred well and poured in such a manner that the solids will not settle out before pouring is completed.  Large solids, such as pieces of wood, should be removed from the sample.  DO NOT blend samples prior to the total suspended solids test or prior to the volatile total suspended solids test, since blending will change the size (and filterability) of the solids.




Section 6:  APPROVED METHODS

The approved methods for total solids, total dissolved solids, total suspended solids, fixed and volatile solids, and settleable solids are specified in the Federal Register (40 CFR Part 136) “Guidelines Establishing Test Procedures for the Analysis of Pollutants.”

The parameter method and temperature if applicable are noted below


Parameter
Procedure
Temperature °C


Total Solids
Gravimetric
103‑105 


Total Dissolved Solids
Gravimetric
180


Total Suspended Solids
Gravimetric
103‑105


Volatile Solids
Gravimetric
550


Settleable Solids
Volumetric (Imhoff Cone) 




Quiz 2.1

1.
What three types of solids make up the suspended solids in wastewater?

2.
Approximately what percent of wastewater is made up of solids?

3.
Why must solids samples be preserved by refrigeration if they cannot be analyzed immediately?

4.
What can cause losses or gains in weight of solids during the drying process of the various solids tests?

Section 7: TOTAL SOLIDS ANALYSIS

DESCRIPTION OF TEST

A well‑mixed sample of wastewater is evaporated in a weighed dish and dried to a constant weight at 103‑105°C.  The increase in weight of the dish and solids compared to the empty dish represents the total solids (TS).

EQUIPMENT AND REAGENTS

FOR TOTAL SOLIDS ANALYSIS

EQUIPMENT

1.
Evaporating dishes, 100 mL capacity, constructed from porcelain, platinum, or high‑silica glass

2.
Drying oven, for operation at 98 and 103‑105°C

3.
Desiccator, with indicating desiccant

4.
100 mL graduated cylinders

5.
Analytical Balance, 160‑200 g capacity, capable of weighing to 0.0001 g (0.1mg) *

6.
Dish tongs

REAGENTS

1.
Distilled Water


(
See Appendix B for a description of the proper care and operation of an analytical balance.

LABORATORY PROCEDURE

FOR TOTAL SOLIDS ANALYSIS

Preparation of Evaporating Dish

1.
If volatile solids are to be determined, ignite a clean evaporating dish at 550 +/‑50°C for 1 hour.  If only total solids are to be determined, heat a clean dish for 1 hour at 103‑105°C.

2.
Remove dish from muffle furnace or drying oven and place in a desiccator until needed.

3.
Weigh the cooled dish immediately before use.

Sample Analysis Procedure

1.
Select a sample volume that will yield between 2.5 and 200 mg.

2.
Mix sample well and measure into a graduated cylinder to the selected volume.

3.
Pour the measured volume into the preweighed dish.

4.
Rinse any residue from the graduated cylinder into the evaporating dish with a small amount of distilled water.

5.
Evaporate to dryness in a drying oven at 98°C.

NOTE:  If the selected volume exceeds the capacity of the evaporating dish, repeat steps 2‑5 in the same dish after evaporation until the selected volume has been evaporated.  Also, when evaporating in a drying oven, the temperature should be lowered to approximately 98°C to prevent splattering.

6.
Dry evaporated dish and residue for at least 1 hour at 103‑105°C.

7.
Remove dish from drying oven and cool in a desiccator to room temperature.

8.
Weigh dish and residue and record weight.

9.
Repeat steps 6-8 until a constant weight is obtained or until the weight loss is less than 0.5 mg or 4% of previous weight.

NOTE:  For most wastewater samples, drying to constant weight can be accomplished in one step.  The cycle of drying, cooling and weighing to achieve constant weight should be performed at least one time for each sample source to establish the drying time for that source.  The established drying time should be documented and maintained in the laboratory’s permanent records.

CALCULATIONS
FOR TOTAL SOLIDS ANALYSIS


Example.  Assume the following data:

Volume of sample = 75 mL

Evaporating dish weight (tare) = 35.4323 g

Evaporating dish plus solids = 35.4739 g


1.
35.4739 g ‑ 35.4323 g = 0.0416 g


2.
0.0416 g x 1,000 mg/g = 41.6 mg


3.
41.6 mg/75 mL = 0.555 mg/mL


4.
0.555 mg/mL x 1,000 mL/L = 555 mg/L

INTERFERENCES

WITH TOTAL SOLIDS ANALYSIS

Wastewater samples which contain high concentrations of calcium, chloride, magnesium or sulfate can rapidly absorb moisture from the air.  Such samples may need to be dried for a longer period of time, cooled under proper desiccation and weighed rapidly in order to achieve a reasonable constant weight.

Large, floating particles or submerged flocculent materials should be excluded from the samples, unless there is a reason to include them in the final result.  Visible oil or grease floating on the surface of the sample should be dispersed prior to volume measurement.

Excessive solids in the sample may leave a residue which may form a water trapping crust.  To guard against this problem, the selected sample volume should produce no more than 200 mg of residue.

SOURCES OF ERROR

WITH TOTAL SOLIDS ANALYSIS

Potential errors in solids testing include the following:

1.
The temperature at which the sample is dried, as well as the time period used for the drying can affect the results of solids determinations.  Weight losses due to volatilization of organic material, entrapped water, water of hydration and gases produced by chemical decomposition during heating, and weight gains due to oxidation, are dependent on temperature and time of heating.

2.
Results for samples with high oil or grease content may be questionable due to the difficulty of drying to constant weight in a reasonable time.

3.
Sampling for settleable and filterable solids is difficult due to the tendency of the solids to settle out while collecting and/or splitting a sample.

The following list of precautions can help to increase the reliability of test results:

1.
Samples need to be measured accurately, weighed carefully, and dried and cooled completely.

2.
Check and regulate oven and furnace temperatures frequently to maintain the desired temperature range.

3.
Use an indicator drying agent in the desiccator that changes  color when it is no longer functional.  Check this desiccant daily and change or regenerate the desiccant when necessary.

4.
Keep desiccator cover greased with the appropriate type of lubricant in order to seal the desiccator and prevent moisture from entering the desiccator as the test glassware cools.

5.
Check ceramic glassware for cracks and glass fiber filter for possible holes.  A hole in a glass fiber filter will cause solids to pass through and give inaccurate results.

6.
Follow recommendations in Appendix B on care and operation of analytical balances.

PRECISION AND ACCURACY

WITH TOTAL SOLIDS ANALYSIS

Precision and accuracy data for this parameter will vary from analyst to analyst and between laboratories.  Standard Methods (Reference #1, Appendix A) gives a 6.0 mg/L standard deviation of differences from a single‑laboratory duplicate analysis of 41 samples of water and wastewater.




Quiz 2.2

1.
What equipment, apparatus or instrumentation is required to perform the total solids test?

2.
What can interfere with the total solids test?

3.
Given the information below, calculate the total solids of the samples:


Sample #1:  Influent


Sample Volume:  50 mL


Tare & Solids Weight:  37.2835 g


Tare Weight:  37.259 g


Sample #2:  Effluent


Sample Volume:  75 mL


Tare & Solids Weight:  38.4496 g


Tare Weight:  38.4325 g

Section 8: TOTAL DISSOLVED SOLIDS ANALYSIS

DESCRIPTION OF TEST

A well‑mixed wastewater sample is drawn through a glass fiber filter with a specific pore size range.  The filtered wastewater is evaporated in a weighed dish, then dried to constant weight at 180°C.  The increase in weight of the dish and solids compared to the empty dish represents the total dissolved solids (TDS).

EQUIPMENT AND REAGENTS

FOR TOTAL DISSOLVED SOLIDS ANALYSIS

EQUIPMENT

1.
Evaporating dishes, 100 mL capacity constructed from porcelain, platinum, or high‑silica glass

2.
Drying oven, for operation at 178‑182°C

3.
Desiccator, with indicating desiccant

4.
Graduated cylinders (100, 250, or 500 mL)

5.
Analytical Balance, 160‑200 g capacity, capable of weighing to 0.0001 g (0.1 mg).*

6.
Dish tongs

7.
Gooch crucibles, 25‑40 mL capacity

8.
Glass fiber filter discs, without organic binder, 2.4 cm to 9.7 cm (Reeve Angel type 934AH; Gelman type A/E; Millipore type AP40)

9.
Filtration apparatus, membrane filter funnel assembly, or filter flasks, sufficient to hold selected sample volume

10.
Crucible holders or funnel support

11.
Vacuum pump or aspirator

12.
Crucible tongs

13.
Forceps, smooth‑tipped

14.
Steam bath

REAGENTS

1.
Distilled water


*
See Appendix B for a description of the proper care and operation of an analytical balance.

FOR TOTAL DISSOLVED SOLIDS ANALYSIS

Preparation of Filter Apparatus

1.
Place glass fiber filter disk in filtration assembly with rough (wrinkled) side up.

2.
Apply a vacuum and rinse the filter disk with three separate 20 mL portions of distilled water.

3.
When all traces of water have been removed, discontinue suction.

4.
Discard rinse filtrate from filter flask.

Preparation of Evaporating Dish

1.
If volatile solids are to be determined, ignite a clean evaporating dish at 550 +/‑50°C for 1 hour.  If only total filterable solids are to be performed, clean dish with laboratory detergent, rinse with distilled water, and dry in oven at 178-182°C for at least one (1) hour.

2.
Remove dish from muffle furnace or drying oven and place in desiccator until needed.

3.
Weigh the cooled dish immediately before use.

Selection of Sample and Filter Sizes

1.
Select a sample volume which will yield between 2.5 and 200 mg of residue.

2.
If filtration time exceeds 10 minutes, increase the filter area or decrease sample volume to reduce filtration time.  Do not adjust if this produces less than 2.5 mg residue.

Sample Analysis Procedure

1.
Mix sample well and pour into a graduated cylinder to selected volume.

2.
Pour selected volume into filtration apparatus and apply vacuum.

3.
Draw sample through glass fiber filter into clean filter flask.

4.
Rinse measuring device into filtration apparatus with three successive 10 mL portions of distilled water.  Allow complete drainage between rinsings.

5.
Continue suction for three minutes after filtration of final rinse is completed.

6.
Transfer all filtrate to evaporating dish.

7.
Rinse vacuum flask with a measured volume of distilled water and add rinse water to evaporating dish.

8.
Evaporate sample to dryness on a steam bath.  

NOTE:  If selected sample filtrate volume with rinsing exceeds the capacity of the evaporating dish, add successive amounts of the filtrate to the same dish after evaporation until all of the filtrate and rinsings have been evaporated.

9.
Dry the evaporated dish and residue for at least 1 hour at 180 +/‑2°C.

10.
Remove dish from drying oven and cool in a desiccator to room temperature.

11.
Weigh dish and residue and record weight.

12.
Repeat steps 9-11 until a constant weight is obtained or until weight loss is less than 0.5 mg or 4% of previous weight.

13.
For most wastewater samples, drying to constant weight can be accomplished in one step.  The cycle of drying, cooling, and weighing to achieve constant weight should be performed at least one time for each sample source to establish the drying time for that source.  The established drying time should be documented and maintained in the laboratory’s permanent records.

CALCULATIONS

FOR TOTAL DISSOLVED SOLIDS ANALYSIS
A.
To determine the value of total solids in mg/L, the following calculation should be used:


1.
Subtract the tare weight (the weight of the prepared evaporating dish alone) from the weight of the evaporating dish and dried filtrate.  This gives the weight of the dry dissolved solids in grams.


2.
Multiply the weight in grams by 1,000 mg/g to change to milligrams (mg).


3.
Divide by the sample size (in mL).


4.
Multiply the weight of the dry dissolved solids (in mg) by 1000 mL/L to convert the sample size from mL to L.

NOTE:  Do not include rinsings in sample volume.

B.
Example.  Assume the following data:


Volume of sample = 50 mL


Evaporating dish weight (tare) = 35.4329 g


Evaporating dish plus dry solids = 35.4498 g


1.
35.4498 g ‑ 35.4329 g = 0.0169 g


2.
0.0169 g x 1,000 mg/g = 16.9 mg


3.
16.9 mg/50 mL = 0.338 mg/mL


4.
0.338 mg/mL x 1,000 mL/L = 338 mg/L

INTERFERENCES

WITH TOTAL DISSOLVED SOLIDS ANALYSIS

Wastewater samples which contain high concentrations of calcium, chloride, magnesium, or sulfate can rapidly absorb moisture from the air.  Such samples may need to be dried for a longer period of time, cooled under proper desiccation and weighed rapidly in order to achieve a constant weight.

Samples with high concentrations of bicarbonate require additional drying at 180°C to ensure that all of the bicarbonate is converted to carbonate.  Excessive solids in the sample may leave a residue which may form a water trapping crust.  To guard against this problem, the selected sample volume should produce no more than 200 mg of residue.

PRECISION AND ACCURACY

WITH TOTAL DISSOLVED SOLIDS ANALYSIS

The results of this test may not agree with the theoretical calculated values obtained by using the mineral content of the sample.  Drying at 180°C, however, produces more accurate results than drying at other temperatures.  Precision and accuracy data for this parameter will vary between analysts and between laboratories.  Standard Methods (Reference #1, Appendix A) gives a 21.20 mg/L standard deviation of differences from single‑laboratory analyses of 77 samples of a known 293 mg/L dissolved solids prepared solution.




Quiz 2.3

1.
What equipment, apparatus, or instrumentation is required to perform the total dissolved solids test?

2.
What can interfere with the total dissolved solids test?

3.
Given the information below, calculate the total dissolved solids of the samples:


Sample #1:  Influent


Sample Volume:  50 mL


Tare & Solids Weight:  36.5647 g


Tare Weight:  36.5415 g


Sample #2:  Effluent


Sample Volume:  50 mL


Tare & Solids Weight:  36.9638 g


Tare Weight:  36.9573 g

Section 9: TOTAL SUSPENDED SOLIDS ANALYSIS

DESCRIPTION OF TEST

A well‑mixed measured sample is poured into a filtration apparatus and, with the aid of a vacuum pump or aspirator, drawn through a preweighed standard laboratory glass fiber filter.  After filtration, the glass fiber filter is dried at 103‑105°C, cooled, and reweighed.  The increase in weight of the filter and solids compared to the filter alone represents the total suspended solids (TSS).

EQUIPMENT AND REAGENTS

FOR TOTAL SUSPENDED SOLIDS ANALYSIS

EQUIPMENT

1.
Filtration apparatus, membrane filter funnel assembly or Gooch crucible, 25‑40 mL capacity

2.
Glass fiber filters, 2.4 cm to 4.7 cm, without organic binder (Reeve Angel type 934A, 984H, Gelman type A, or equivalent)

3.
Filter flasks

4.
Forceps, smooth‑tipped

5.
Crucible holders or funnel support

6.
Crucible tongs

7.
Graduated cylinders (100, 250, or 500 mL)

8.
Aluminum pans, 47 cm diameter, disposable

9.
Vacuum pump or aspirator

10.
Drying oven, for operation at 103‑105°C

11.
Analytical balance, 160‑200 g capacity, capable of weighing to 0.0001 g (0.1 mg) *

12.
Desiccator with indicator drying agent

REAGENTS

1.
Distilled Water


*
See Appendix B for description of the proper care and operation of an analytical balance.

LABORATORY PROCEDURE

FOR TOTAL SUSPENDED SOLIDS ANALYSIS

Preparation of glass fiber filter disks

1.
Place a glass fiber filter disk in filtration assembly (membrane filter funnel or clean Gooch crucible) with rough (wrinkled) side up.

NOTE:  Do not handle the glass fiber filters.  Use forceps to remove filters from storage box and to insert in filtration apparatus.  Discard any filters that are torn or contain holes.

2.
Apply a vacuum and rinse the filter disk with three separate 20 mL portions of distilled water.

3.
When all traces of water have been removed, discontinue vacuum.

4.
Discard rinse filtrate from filter flask.

5.
If volatile solids are to be determined, ignite filter (or entire Gooch/filter assembly) at 550 +/‑50°C for 15 minutes.

NOTE:  If membrane filter funnel assembly and large sized glass fiber filters are used, place filter in a ceramic dish during ignition, then transfer to an aluminum dish for cooling and weighing.

6.
If performing only total suspended solids and not volatile suspended solids, dry filter or Gooch/filter assembly in an oven at 103‑105°C for 1 hour.
NOTE:  If Gooch crucibles are used as the support for the glass fiber filter, the entire assembly (Gooch crucible and glass fiber filter) should be dried, cooled and weighed.  If a membrane filter funnel assembly is used, the glass fiber filter should be placed on a suitable support (aluminum dish) during drying and weighing.  Either method is acceptable.

7.
Cool in a desiccator to room temperature.

8.
Weigh glass fiber filter and support.

9.
Repeat steps 6-8 until a constant weight is achieved or until weight loss is less than 0.5 mg.

10.
Generally, drying the glass fiber filter to constant weight can be accomplished in one step.  The cycle of drying or igniting, cooling and weighing to achieve constant weight should be performed at least one time to establish a drying time for the preparation of the glass fiber filters.  The established drying time should be documented and maintained in the laboratory’s permanent records.

11.
Store prepared glass fiber filters in a desiccator until needed.

12.
Reweigh glass fiber filter and support immediately before use and record weight.

Selection of Sample and Filter Sizes

1.
Select a sample volume which will yield between 2.5 and 200 mg of residue.

2.
If filtration time exceeds 10 minutes, increase filter area or decrease sample volume to reduce filtration time.  Do not adjust if this produces less than 2.5 mg residue.

3.
For samples with non‑homogenous or extremely high solids concentrations (such as raw wastewater or mixed liquor), use a larger filter to ensure a representative sample volume can be filtered.  For the analysis of mixed liquor or other heavy samples whose results are not intended for NPDES compliance reporting, filter paper may be used with a filtration apparatus such as a buchner funnel.

Sample Analysis Procedure

1.
Place filtration apparatus with weighed filter in filter flask.

2.
Mix sample well and pour into a graduated cylinder to the selected volume.

3.
Apply suction to filter flask and seat filter with a small amount of distilled water.

4.
Pour selected volume into filtration apparatus.

5.
Draw sample through filter into filter flask.

NOTE:  If sample filtrate is to be used for the total dissolved solids test, the filter flask must be clean and free of any soluble residue.

6.
Rinse graduated cylinder into filtration apparatus with three successive 10 mL portions of distilled water, allowing complete drainage between each rinsing.

7.
Continue suction for three minutes after filtration of final rinse is completed.

8.
Dry filter in an oven at 103‑105°C for at least 1 hour.

NOTE:  If Gooch crucible is used as the support for the glass fiber filter, the entire assembly (crucible and filter) should be dried, cooled, and weighed.  If a membrane filter funnel assembly is used, the glass fiber filter should be placed on a suitable support (aluminum dish) during drying and weighing.

9.
Cool filter in desiccator to room temperature.

10.
When cool, weigh the filter and support.

11.
Repeat steps 8 - 10 until the weight loss is less than 0.5 mg or 4% of the previous weight.  For most wastewater samples, drying to constant weight can be accomplished in one step.  The cycle of drying, cooling and weighing to achieve constant weight should be performed at least one time for each sample source to establish the drying time for that source.  The established drying time should be documented and maintained in the laboratory’s permanent records.

CALCULATIONS

FOR TOTAL SUSPENDED SOLIDS ANALYSIS

A.
To determine the value of total suspended solids in mg/L, the following calculation should be used:


1.
Subtract the tare weight (the weight of the filter and support before sample is filtered) from the weight of the glass fiber filter, support and dried sample.  The result is the weight of the dry solids in grams.


2.
Multiply the weight in grams by 1,000 mg/g to change to milligrams (mg).


3.
Divide by the sample size (in mL).


4.
Multiply the weight of the dry solids (in mg) by 1,000 mL/L to convert the sample size from mL to L.

NOTE:  Do not include rinsings in sample volume.

B.
Example.  Assume the following data:


Volume of sample = 100 mL


Support and filter weight (Tare) = 1.6329 g


Support and filter plus dry solids = 1.6531 g


1.
1.6531 g ‑ 1.6329 g = 0.0202 g


2.
0.0202 g x 1,000 mg/g = 20.2 mg


3.
20.2 mg / 100 mL = 0.202 mg/mL


4.
0.202 mg/mL x 1,000 mL/L = 202 mg/L

INTERFERENCES

WITH TOTAL SUSPENDED SOLIDS ANALYSIS

Large, floating particles or submerged flocculent materials should be excluded from the samples unless there is a reason to include them in the final result.

Excessive solids on the filter may leave a residue which can form a water trapping crust.  To guard against this problem, the selected sample volume should produce no more than 200 mg of residue.

Filtration time should be several minutes at the most.  Longer than recommended filtration times caused by filter clogging may produce higher results because of excessive solids caught on the filter.

PRECISION AND ACCURACY

WITH TOTAL SUSPENDED SOLIDS ANALYSIS
Precision and accuracy data will vary from analyst to analyst and between laboratories.  Standard Methods (Reference #1, Appendix A) gives a 2.8 mg/L standard deviation of differences from a single‑laboratory duplicate analysis of 50 samples of water and wastewater.




Quiz 2.4

1.
What equipment, apparatus, or instrumentation is required to perform the total suspended solids test?

2.
What can interfere with the total suspended solids test?

3.
Given the information below, calculate the total suspended solids of the samples:


Sample #1:  Influent


Sample Volume:  75 mL


Tare & Solids Weight:  16.4567 g


Tare Weight:  16.4415 g


Sample #2:  Effluent

Tare & Solids Weight:  16.3698 g


Sample Volume:  250 mL

Tare Weight:  16.3671 g

Section 10: FIXED AND VOLATILE SOLIDS ANALYSIS

DESCRIPTION OF TEST

Solids remaining after the analysis for total solids, total dissolved solids or total suspended solids are ignited at 550 +/‑50°C to a constant weight.  The results are called Total Volatile Solids (TVS), Dissolved Volatile Solids (DVS) and Total Volatile Suspended Solids (TVSS).  The weight loss as a result of the ignition represents the volatile portion of the solids.  The difference in weight of the ash and support vessel remaining after ignition compared to the empty vessel represents the fixed solids.
EQUIPMENT
FOR FIXED AND VOLATILE SOLIDS ANALYSIS

The equipment for the fixed and volatile solids tests includes all of the apparatus and supplies necessary to perform total solids, total dissolved solids or total suspended solids tests with the following additional items:

1.
Muffle furnace, capable of operating at 550 +/‑50°C

2.
Ceramic dishes for TSS

3.
Furnace tongs

4.
Insulated gloves

LABORATORY PROCEDURE

FOR FIXED AND VOLATILE SOLIDS ANALYSIS

Preparation of Vessels: TVS or TDVS:

1.
Evaporating dishes (as used for the total solids and total dissolved solids determinations) are cleaned and ignited for at least 1 hour at 550 +/‑50°C in a Muffle furnace.

2.
Partially cool by transferring to a 103°C oven, and cool to room temperature in a desiccator.

3.
Weigh the evaporating dish immediately before testing samples.

Preparation of Vessels:  TVS or TDVS:

1.
A new glass fiber filter and clean Gooch crucible is placed on a suitable ceramic support and ignited for at least 20 minutes at 550 +/‑50°C in a Muffle furnace.

2.
Partially cool by transferring to a 103°C oven, and cool to room temperature in a desiccator.

3.
Weigh the Gooch assembly with filter immediately before testing samples.

Sample Analysis Procedure
1.
Complete all steps for either the total solids, total dissolved solids or total suspended solids determination using apparatus prepared for volatile solids determinations.

2.
Place weighed dish or crucible plus solids in a Muffle furnace at 550 +/‑50°C for 15 to 20 minutes.

3.
Allow dish or crucible plus ash to cool partially in air, then allow to cool to room temperature in desiccator.

4.
Weigh evaporating dish plus ash or glass fiber filter and gooch crucible plus ash.

5.
Repeat steps 2 - 4 until weight loss is less than 4% of previous weight.

6.
For most wastewater samples, igniting to constant weight can be accomplished in one step.  The cycle of igniting, cooling and weighing to achieve constant weight should be performed at least one time for each sample source to establish the normal ignition time for that source.  The established ignition time should be documented and maintained in the laboratory’s permanent records.

CALCULATIONS
FOR FIXED AND VOLATILE SOLIDS ANALYSIS

A.
To determine the value of the fixed solids, use the following calculation:


1.
Subtract the tare weight of the evaporating dish or glass fiber filter and support from the weight of the evaporating dish plus ash or the glass fiber filter and support plus ash.  The result is the weight of the ash (fixed solids) in grams.


2.
Multiply the weight in grams by 1,000 mg/g to change to milligrams (mg).


3.
Divide by the sample volume (in mL).


4.
Multiply the weight of the ash (in mg) by 1,000 mL/L to convert the sample size from mL to L.

B.
Example.  Assume the following data:


Volume of sample = 100 mL


Support and filter weight (tare) = 1.6329 g


Support and filter plus ash = 1.6360 g


1.
1.6360 g ‑ 1.6329 g = 0.0031 g


2.
0.0031 g x 1,000 mg/g = 3.1 mg


3.
3.1 mg/100 mL = 0.031 mg/mL


4.
0.031 mg/mL x 1,000 mL/L = 31 mg/L

C.
To determine the value of volatile solids, use the following calculations:

1.
Subtract the weight of the evaporating dish or glass fiber filter and support plus ash from the weight of the evaporating dish or glass fiber filter and support plus dried solids.  This gives the weight of the solids lost as a result of ignition (volatile solids).


2.
Convert the weight from grams to mg by multiplying by 1,000 mg/g.


3.
Divide by the sample volume (in mL).


4.
Multiply the weight of volatile solids by 1,000 mL/L.

D.
Example.  Assume the following data:

Volume of sample = 100 mL


Support and filter plus dried solids = 1.6531 g


Support and filter plus ash = 1.6360 g


1.
1.6531 g ‑ 1.6360 g = 0.0171 g 


2.
0.0171 g x 1,000 mg/g = 17.1 mg


3.
17.1 mg /100 mL = 0.171 mg/mL


4.
0.171 mg/mL x 1,000 mL/L = 171 mg/L

E.
Fixed and Volatile Solids can also be determined by difference if either is known and a total solids value is available, as follows:


Assume the following data:


Total Suspended Solids (TSS) = 202 mg/L


Total Volatile Suspended Solids (TVSS) = 171 mg/L


1.
TSS‑TVSS = Total Fixed Suspended Solids (TFSS)


2.
TFSS = 202 mg/L ‑ 171 mg/L = 31 mg/L

INTERFERENCES

WITH FIXED AND VOLATILE SOLIDS ANALYSIS

Loss of volatile matter during drying may produce negative errors in the volatile solids test.  Considerable errors may occur when determining low levels of volatile solids in the presence of high fixed solids concentrations.  The individual constituents of the volatile portion should be determined by another method in this case (i.e. total organic carbon).

PRECISION AND ACCURACY

WITH FIXED AND VOLATILE SOLIDS ANALYSIS

Precision and accuracy data will vary from analyst to analyst and between laboratories.  Standard Methods (Reference #1, Appendix A) gives a standard deviation of 11 mg/L at 170 mg/L total volatile solids for four samples tested at three laboratories.




Quiz 2.5

1.
What additional equipment, apparatus or instrumentation is required to perform the volatile solids test?

2.
What can interfere with the volatile solids test?

3.
Given the information below, calculate the volatile and fixed solids for the sample:


Sample:  Influent


Sample Volume:  75 mL


Tare & Solids Weight:  35.9534 g


Tare & Ash Weight:  35.8713 g


Tare Weight:  35.8452 g

Section 11: SETTLEABLE SOLIDS ANALYSIS

DESCRIPTION OF TEST

The solids in a wastewater sample which will settle if the sample is allowed to remain undisturbed for one hour can be measured and reported on a volume/volume basis.  This volumetric procedure is most commonly used for settleable solids determinations on influent wastewater (using an Imhoff cone) and mixed liquor (using a settleometer or large flat bottomed beaker).  In this volumetric procedure, the amount of settleable solids are visually measured and reported as mL/L.

EQUIPMENT

FOR SETTLEABLE SOLIDS ANALYSIS

1.
Imhoff Cone

2.
Mallory Settleometer or 1 L beaker

3.
Imhoff Cone Support

4.
Stirring Rod, at least 45 cm long

LABORATORY PROCEDURE

FOR SETTLEABLE SOLIDS ANALYSIS

Volumetric Test for Influent Wastewater Samples

1.
Mix sample well and pour into Imhoff cone to the 1,000 mL mark.

2.
Allow solids to settle for 45 minutes.

3.
Gently stir the sample along the sides of the cone with a stirring rod.

4.
Allow the solids to settle for an additional 15 minutes.

5.
Record the volume of settleable material in the bottom of the cone. 

NOTE:  If there are pockets of clear water in the settled material, subtract the estimated volume of the pockets from the volume of the settled matter.

30 Minute Volumetric Test for Mixed Liquor Samples

1.
Mix sample well and pour into Mallory type of Settleometer or into a 1 L beaker to the 1,000 mL mark.

2.
Allow solids to settle, recording solids level at 5 minute increments.

CALCULATIONS
FOR SETTLEABLE SOLIDS ANALYSIS

The recorded measurements of settled solids in mL is divided by the total volume of the sample used.  For Influent wastewaster using an Imhoff cone, measurements of solids in mL are reported as mL/L.

For mixed liquor samples using a Mallory Settleometer or a 1,000 mL beaker, values are reported directly as mL/L.

NOTE:  Although a Mallory Settleometer total volume is greater than 1 L, the graduations that are used to read settled sludge are in mL/L.

PRECISION AND ACCURACY

FOR SETTLEABLE SOLIDS ANALYSIS

There is no available precision and accuracy data available at this time for the settleable solids test.




Quiz 2.6

1.
What equipment, apparatus or instrumentation is required to perform the settleable solids test by the volumetric procedure?

Section 12:  SOLIDS TESTING INTERPRETATIONS

Solids testing can be performed on many types of samples, but in treatment plants the most common sample results are from influent and treated effluent wastewater as well as mixed liquor process wastes.

Normal domestic wastewater will vary from one locality to another and, as a result, the average solids results will vary from one plant to another. Inadequate grit removal from the influent, groundwater infiltration, stormwater and industrial wastes will tend to increase the inorganic portion of the solids and will also increase the total amount of suspended solids.  Depending on the type of treatment and loading, the amount of suspended solids can vary with changes in the seasons, or even at different times of the day.

Because common wastewater treatment processes are designed to remove TSS and not TS, total solids in treated effluent generally vary depending on the total solids of the influent.  However, treated effluent TS results may actually be greater than influent TS due to chemical addition in the plant which may add TS to the wastewater.

The removal rate or efficiency is calculated as a percentage as follows:

{[Influent - Effluent] / Influent} x 100 = % Removal

For example:

Influent TSS = 250 mg/L

Effluent TSS = 15 mg/L

1.
250 mg/L - 15 mg/L = 235 mg/L

2.
235 mg/L / 250 mg/L = 0.94 mg/L

3.
0.94 mg/L x 100 = 94%

Mixed liquor solids will vary depending on the type of process utilized and the desired F/M ratio of the plant, but are generally in the 2,000 mg/L to 6,000 mg/L range.  Volatile solids results of the mixed liquor are used as to estimate the mass of organisms present in the aeration tanks, and the levels will vary depending on the age of the solids under aeration.

The following charts give some common ranges for TSS results and possible removal efficiencies for various types of treatment.

Sample
Common Ranges, mg/L

Influent
Weak 
< 150
400+ Strong

Primary Effluent
Weak 
<60
150+ Strong

Secondary Effluent
Good 
10 -
60+ Bad

Tertiary Effluent
Less than 3

Activated Sludge



Mixed Liquor (MLSS)
1,000 - 5,000

Return or waste sludge
2,000 - 12,000

Digester Supernatent
3,000 - 10,000

Sludge
20,000 - 60,000

Type of treatment
Possible removal ranges

Primary Treatment
40% ‑ 60%

Intermediate Treatment
60% ‑ 75%

Secondary Treatment
75% ‑ 95%

Tertiary Treatment
greater than 95%

The results from the total suspended solids determination will have a general correlation with several other tests. However, a change in the results of the total suspended solids test will not necessarily be followed by a change in the BOD or COD results.

Attention to the results of the total suspended solids test over time and to the presence of any significant changes made on frequently collected samples from designated and established locations in the plant will help to ensure maintenance of efficient biological treatment and a well stabilized final effluent.




Section 13:  QA/QC

A Quality Assurance/Quality Control program is required by the NPDES permit.  Quality Assurance (QA) is a set of operating principles that must be followed during sample collection and analysis.  Lab bench sheets must be maintained that document when the sample was collected, how it was preserved and what results were obtained.

Quality Control (QC) includes any testing which is done to prove that the results are reliable.  One of every ten samples analyzed should be a Quality Control check.  This may include duplicate samples, spike samples, reagent blank analyses and known QC samples obtained from outside sources.

Duplicate sample analysis involves analyzing the same sample twice and comparing the results.  The closer the results, the more accurate the analysis.  Results should not differ by more than 10%.  Spike sample analysis involves adding known amounts of analyte to a sample and calculating the percent recovery.  These are discussed further in Chapter 10.

In solids testing, duplicate samples should be run on every tenth sample.  Quality Control samples containing known amounts of total, dissolved, suspended or volatile solids are available from chemical manufacturers. 




Answers to Quizzes
Quiz 2.1

1.
What three types of solids make up the suspended solids in wastewater?
Floatable, Settleable and Colloidal.

2.
Approximately what percent of wastewater is made up of solids?
0.1%  -  one tenth of  one percent.

3.
Why must solids samples be preserved by refrigeration if they cannot be analyzed immediately?

Biological activity could continue in the sample producing changes in solids characteristics and amounts.

4.
What can cause losses or gains in weight of solids during the drying process of the various solids tests?

Losses:  volatilization of organic material, entrapped water, water of hydration and gases formed by chemical reactions during heating; 

Gains:  oxidation during heating.

Quiz 2.2

1.
What equipment, apparatus or instrumentation is required to perform the total solids test?


a.
steam bath; 


b.
drying oven (103‑105°C);


c.
desiccator; 


d.
analytical balance; 


e.
evaporating dishes; 


f.
100 mL graduated cylinders; and, 


g.
dish tongs.

2.
What can interfere with the total solids test?

a.
high concentrations of calcium, chloride, magnesium, or sulfate; 


b.
large floating materials or submerged flocculent particles; 


c.
visible oil or grease; and, 


d.
excessive sample solids.

3.
Given the information below, calculate the total solids of the samples.
Sample #1:  Influent

Sample Volume:  50 mL

Tare & Solids Weight:  37.2835 g

Tare Weight:  37.2591 g

Sample #2:  Effluent

Sample Volume:  75 mL

Tare & Solids Weight:  38.4496 g

Tare Weight:  38.4325 g

Sample #1 TS = 488 mg/L, Sample #2 TS = 228 mg/L

Quiz 2.3

1.
What equipment, apparatus or instrumentation is required to perform the total dissolved solids test?


a.
steam bath; 


b.
drying oven (180°C);


c.
desiccator; 


d.
analytical balance; 


e.
evaporating dishes; 


f.
100, 250, or 500 mL graduated cylinders; 


g.
dish tongs; 


h.
glass fiber filter disks (2.4 or 4.25 cm); 


i.
filtration apparatus (membrane filter supports or Gooch crucibles); 


j.
filter flasks; 


k.
vacuum source;and, 


l.
crucible tongs or forceps.

2.
What can interfere with the total dissolved solids test?

High concentrations of calcium, chloride, magnesium or sulfate; High concentrations of bicarbonate; and excessive sample solids.

3.
Given the information below, calculate the total dissolved solids of the samples.

Sample #1:  Influent

Sample Volume:  50 mL

Tare & Solids Weight:  36.5647 g

Tare Weight:  36.5415 g

Sample #2:  Effluent

Sample Volume:  50 mL

Tare & Solids Weight:  36.9638 g

Tare Weight:  36.9573 g

Sample #1 TDS = 464 mg/L, Sample #2 TDS = 130 mg/L

Quiz 2.4

1.
What equipment, apparatus, or instrumentation is required to perform the total suspended solids test?


a.
drying oven (103‑105°C); 


b.
desiccator; 


c.
analytical balance; 


d.
100, 250, or 500 mL graduated cylinders; 


e.
dish tongs; 


f.
glass fiber filter disks (2.4 or 4.25 cm); 


g.
filtration apparatus (membrane filter support or Gooch crucibles); 


h.
filter flasks; 


i.
vacuum source; and,


j.
crucible tongs or forceps.

2.
What can interfere with the total suspended solids test?

Large floating particles or submerged flocculent material; and excessive sample solids

3.
Given the information below, calculate the total suspended solids of the samples.

Sample #1:  Influent

Sample Volume:  75 mL

Tare & Solids Weight:  16.4567 g

Tare Weight:  16.4415 g

Sample #2:  Effluent

Sample Volume: 250 mL

Tare & Solids Weight:  16.3698 g

Tare Weight:  16.3671 g

Sample #1 TSS = 203 mg/L, Sample #2 TSS = 10.8 mg/L

Quiz 2.5

1.
What additional equipment, apparatus or instrumentation is required to perform the volatile solids test?


a.
the equipment, apparatus, and instrumentation for the TS, TDS and TSS tests 


b.
muffle furnace (550 +/‑50°C); 


c.
furnace tongs; 


d.
insulated gloves; and,


e.
ceramic dishes (for 4.25 cm glass fiber filters).

2.
What can interfere with the volatile solids test?

Loss of volatile matter during the drying procedures; and low levels of volatile solids in high concentrations of fixed solids.

3.
Given the information below, calculate the volatile and fixed solids for the sample.

Sample:  Influent

Sample Volume:  75 mL

Tare & Solids Weight:  35.9534 g

Tare and Ash Weight:  35.8713 g

Tare Weight:  35.8452 g

Volatile solids = 1095 mg/L (76%), Fixed solids = 348 mg/L (24%)

Quiz 2.6

1.
What equipment, apparatus or instrumentation is required to perform the settleable solids test by the volumetric procedure?


Imhoff cone; Imhoff cone support; and Stirring rod, 45 cm.
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NOTES:

APPENDIX B

Care of an Analytical Balance

One of the most delicate pieces of equipment found in a wastewater treatment plant laboratory is the analytical balance. Extreme care must be taken in handling this type of balance. It should be placed in a part of the room away from doors, windows, ventilator registers, sample refrigerators, etc. to prevent temperature variations.  The balance should be placed on a secure, well‑built table or bench to reduce problems from vibrations (which can be caused by someone walking past the balance).  The weighing mechanism is very delicate and must be operated with care to prevent dulling the knife edges.  Doors to the weighing pan should be left closed and weights returned to zero when the balance is not in use.  It is very important to keep the weighing pan and the weighing area clean and free from grease, scum, and spilled chemicals.  Clean spills off of the pan immediately to prevent corrosion.  It is highly recommended that a high quality camel hair brush be used to dust off the weighing pan and inside the weighing portion of the balance.  Do not use coarse towels or rags.

APPENDIX C

Sample Bench Sheets

These sheets may be reproduced and used in your lab as bench sheets or feel free to create your own.  Your NPDES permit specifies that all records must be maintained for at least 3 years (this includes bench sheets).

Facility Name: 

Total Solids Analysis  (mg/L)

sample collection date: ______ time: ______ by: ______

sample location: _______________________________

analysis run date: _____ time: ______by: ______

preservative used: ______

sample volume (mL): ______

method used: __________________________________


Sample #1
Sample #2
Sample #3

weight of dish + dried solids (g)




subtract tare weight of evaporating dish (g)




weight of total solids (g)




x 1,000 mg/g




divided by sample volume (mL)




x 1,000 mL/L




Comments:

Facility Name: 

Total Dissolved Solids Analysis  (mg/L)

sample collection date: ______ time: ______ by: ______

sample location: _______________________________

analysis run date: _____ time: ______by: ______

preservative used: ______

sample volume (mL): ______

method used: __________________________________


Sample #1
Sample #2
Sample #3

weight of dish + dried filtrate (g)




subtract tare weight of evaporating dish (g)




weight of dissolved solids (g)




x 1,000 mg/g




divided by sample volume (mL)




x 1,000 mL/L




Comments:

Facility Name: 

Total Suspended Solids Analysis  (mg/L)

sample collection date: ______ time: ______ by: ______

sample location: _______________________________

analysis run date: _____ time: ______by: ______

preservative used: ______

sample volume (mL): ______

method used: __________________________________


Sample #1
Sample #2
Sample #3

weight of filter + dried solids (g)




subtract tare weight of filter (g)




weight of suspended solids (g)




x 1,000 mg/g




divided by sample volume (mL)




x 1,000 mL/L




Comments:
Facility Name: 

Fixed Solids Analysis  (mg/L)

sample collection date: ______ time:______ by:______

sample location: _______________________________

analysis run date: _____ time: ______by: ______

preservative used: ______

sample volume (mL): ______

method used: __________________________________


Sample #1
Sample #2
Sample #3

weight of evaporating dish + ash (g)




subtract tare weight of evaporating dish (g)




weight of fixed solids or ash (g)




x 1,000 mg/g




divided by sample volume (mL)




x 1,000 mL/L




Comments:
Facility Name: 

Volatile Solids Analysis  (mg/L)

sample collection date:______ time:______ by:______

sample location:_______________________________

analysis run date:_____ time:______by:______

preservative used:______

sample volume (mL):______

method used:__________________________________


Sample #1
Sample #2
Sample #3

weight of evaporating dish + dried solids (g)




subtract dry weight of evaporating dish + ash (g)




weight of solids lost (volatile solids)  (g)




x 1,000 mg/g




divided by sample volume (mL)




x 1,000 mL/L




Comments:
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