Total Suspended Solids (TSS) are solids in water that can be trapped by a filter. TSS can
include a wide variety of material, such as silt, decaying plant and animal matter,
industrial wastes, and sewage. High concentrations of suspended solids can cause many
problems for stream health and aquatic life.
Total Dissolved Solids (TDS) are solids in water that can pass through a filter (usually
with a pore size of 0.45 micrometers). TDS is a measure of the amount of material
dissolved in water. This material can include carbonate, bicarbonate, chloride, sulfate,
phosphate, nitrate, calcium, magnesium, sodium, organic ions, and other ions. A certain
level of these ions in water is necessary for aquatic life. Similar to TSS, high
concentrations of TDS may also reduce water clarity, contribute to a decrease in
photosynthesis, combine with toxic compounds and heavy metals, and lead to an increase
in water temperature. TDS is used to estimate the quality of drinking water, because it
represents the amount of ions in the water. Water with high TDS often has a bad taste
and/or high water hardness, and could result in a laxative effect.
The U.S. Environmental Protection Agency sets a secondary standard of 500 mg/L TDS
in drinking water. Secondary standards are unenforceable, but recommended, guidelines
for contaminants that may cause cosmetic or aesthetic effects in drinking water. High
TDS concentrations can produce laxative effects and can give an unpleasant mineral taste
to water.
Hardness is measure of polyvalent cations (ions with a charge greater than +1) in water.
Hardness generally represents the concentration of calcium (Ca2+) and magnesium (Mg2+)
ions, because these are the most common polyvalent cations. Other ions, such as iron
(Fe2+) and manganese (Mn2+), may also contribute to the hardness of water, but are
generally present in much lower concentrations, particularly in surface waters. Waters
with high hardness values are referred to as "hard," while those with low hardness values
are "soft".
Hardness affects the amount of soap that is needed to produce foam or lather. Hard water
requires more soap, because the calcium and magnesium ions form complexes with soap,
preventing the soap from sudsing. Hard water can also leave a film on hair, fabrics, and
glassware. Hardness of the water is very important in industrial uses, because it forms
scale in heat exchange equipment, boilers, and pipes. Some hardness is needed in
plumbing systems to prevent corrosion of pipes.
Hardness mitigates metals toxicity, because Ca2+ and Mg2+ help keep fish from absorbing
metals such as lead, arsenic, and cadmium into their bloodstream through their gills. The
greater the hardness, the harder it is for toxic metals to be absorbed through the gills.
Because hardness varies greatly due to differences in geology, there are no general
standards for hardness. The hardness of water can naturally range from zero to hundreds
of milligrams per liter (or parts per million). Waters with a total hardness in the range of

0 to 60 mg/L are termed soft; from 60 to 120 mg/L moderately hard; from 120 to 180
mg/L hard; and above 180 mg/L very hard.
Nitrogen is required by all organisms for the basic processes of life to make proteins, to
grow, and to reproduce. Nitrogen is very common and found in many forms in the
environment. Inorganic forms include nitrate (NO3), nitrite (NO2), ammonia (NH3), and
nitrogen gas (N2). Organic nitrogen is found in the cells of all living things and is a
component of proteins, peptides, and amino acids.
Nitrate (NO3) is highly soluble (dissolves easily) in water and is stable over a wide range
of environmental conditions. It is easily transported in streams and groundwater.
Nitrates feed plankton, aquatic plants, and algae, which are then eaten by fish. Nitrite
(NO2) is relatively short-lived in water because it is quickly converted to nitrate by
bacteria. Excessive concentrations of nitrate and/or nitrite can be harmful to humans and
wildlife.
Phosphorus (P) is a nutrient required by all organisms for the basic processes of life.
Phosphorus is a natural element found in rocks, soils and organic material. Phosphorus
clings tightly to soil particles and is used by plants, so its concentration in clean waters is
generally very low. However, phosphorus is used extensively in fertilizer and other
chemicals, so it can be found in higher concentrations in areas of human activity. Many
seemingly harmless activities added together can cause phosphorus overloads.
Phosphorus exists in water in either a particulate phase or a dissolved phase. Particulate
matter includes living and dead plankton, precipitates of phosphorus, phosphorus
adsorbed to particulates, and amorphous phosphorus. The dissolved phase includes
inorganic phosphorus and organic phosphorus. Phosphorus in natural waters is usually
found in the form of phosphates (PO4-3). Phosphates can be in inorganic form (including
orthophosphates and polyphosphates), or organic form (organically-bound phosphates).
Organic phosphate is phosphate that is bound to plant or animal tissue. Organic
phosphates are formed primarily by biological processes. They are contributed to sewage
by body waste and food residues, and also may be formed from orthophosphates in
biological treatment processes or by receiving water biota. Organic phosphates may occur
as a result of the breakdown of organic pesticides which contain phosphates. They may
exist in solution, as loose fragments, or in the bodies of aquatic organisms.
Inorganic phosphate is phosphate that is not associated with organic material. Types of
inorganic phosphate include orthophosphate and polyphosphates. Orthophosphate is
sometimes referred to as "soluble reactive phosphorus (SRP)." Orthophosphate is the
most stable kind of phosphate, and is the form used by plants. Orthophosphate is

produced by natural processes and is found in sewage. Polyphosphates (also known as
metaphosphates or condensed phosphates) are strong complexing agents for some metal
ions.
Phosphates are not toxic to people or animals unless they are present in very high levels.
Digestive problems could occur from extremely high levels of phosphate.
In freshwater lakes and rivers, phosphorus is often found to be the growth-limiting
nutrient, because it occurs in the least amount relative to the needs of plants. If excessive
amounts of phosphorus and nitrogen are added to the water, algae and aquatic plants can
be produced in large quantities. When these algae die, bacteria decompose them, and use
up oxygen. This process is called eutrophication.
Alkalinity is a measure of the buffering capacity of water, or the capacity of bases to
neutralize acids. Measuring alkalinity is important in determining a stream's ability to
neutralize acidic pollution from rainfall or wastewater. Alkalinity does not refer to pH,
but instead refers to the ability of water to resist change in pH. The presence of buffering
materials help neutralize acids as they are added to the water. These buffering materials
are primarily the bases bicarbonate (HCO3-), and carbonate (CO32-), and occasionally
hydroxide (OH-), borates, silicates, phosphates, ammonium, sulfides, and organic ligands.
Waters with low alkalinity are very susceptible to changes in pH. Waters with high
alkalinity are able to resist major shifts in pH. As increasing amounts of acid are added to
a water body, the pH of the water decreases, and the buffering capacity of the water is
consumed. If natural buffering materials are present, pH will drop slowly to around 6;
then a rapid pH drop occurs as the bicarbonate buffering capacity (CO32- and HCO3-) is
used up. At pH 5.5, only very weak buffering ability remains, and the pH drops further
with additional acid. A solution having a pH below 4.5 contains no alkalinity, because
there are no CO32- or HCO3- ions left.
Levels of 20-200 mg/L are typical of fresh water. A total alkalinity level of 100-200
mg/L will stabilize the pH level in a stream. Levels below 10 mg/L indicate that the
system is poorly buffered, and is very susceptible to changes in pH from natural and
human-caused sources. Alkalinity may be determined by multiplying carbonate (CO3-2)
values by 1.67 to give alkalinity values in unit of mg L-1 CaCO3.
Turbidity is a measure of the cloudiness of water- the cloudier the water, the greater the
turbidity. Turbidity in water is caused by suspended matter such as clay, silt, and organic
matter and by plankton and other microscopic organisms that interfere with the passage
of light through the water (American Public Health Association, 1998). Turbidity is
closely related to total suspended solids (TSS), but also includes plankton and other
organisms.
Turbidity itself is not a major health concern, but high turbidity can interfere with
disinfection and provide a medium for microbial growth. It also may indicate the
presence of microbes (U.S. EPA Office of Water, Current Drinking Water Standards).

The U.S. Environmental Protection Agency’s (EPA) “Surface Water Treatment Rule”
requires systems using surface water (or ground water under the direct influence of
surface water) to (1) disinfect their water, and (2) filter their water or meet criteria for
avoiding filtration so that at no time can turbidity go above 5 nephelometric turbidity
units (NTUs). Systems that filter must ensure that the turbidity go no higher than 1 NTU
(0.5 NTU for conventional or direct filtration) in at least 95% of the daily samples in any
month.
Secondary Water Quality Standards
The USEPA has establsihed the National Secondary Drinking Water Regulations
(NSDWRs or secondary standards). These secondary standards are non-enforceable
guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth
discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA
recommends secondary standards to water systems but does not require systems to
comply.
Contaminant

Secondary Standard

Aluminum
Chloride
Color
Copper
Corrosivity
Fluoride
Foaming Agents
Iron
Manganese
Odor
pH
Silver
Sulfate
Total Dissolved Solids

0.05 to 0.2 mg/L
250 mg/L
15 (color units)
1.0 mg/L
noncorrosive
2.0 mg/L
0.5 mg/L
0.3 mg/L
0.05 mg/L
3 threshold odor number
6.5-8.5
0.10 mg/L
250 mg/L
500 mg/L

Zinc

5 mg/L

Table 1. Values for USEPA NSDWR standards
Within the Oak Orchard River Watershed, snapshot sampling revealed elevated levels of
sulfate at several locations.
Sulfate is a substance that occurs naturally in drinking water at various concentrations.
Health concerns regarding high sulfate concentrations in drinking water have been raised
because of reports that link it with an increased occurrence of diarrhea. Groups at
potential risk within the general population from the laxative effects of sulfate are those

that encounter an abrupt change from drinking water with low sulfate concentrations to
drinking water with high sulfate concentrations.
Sulfate in drinking water currently has a secondary maximum contaminant level (SMCL)
of 250 milligrams per liter (mg/L), based on aesthetic effects (i.e., taste and odor). This
regulation is not a Federally enforceable standard, but is provided as a guideline for
States and public water systems.

