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Organic pollutants
I. Sewage:

= Sewage from domestic, commercial, food-processing, and industrial sources
contains a wide variety of pollutants, including organic pollutants. Some of these
pollutants, particularly oxygen-demanding substances -oil, grease, and solids—
are removed by primary and secondary sewage- treatment processes. Others,
such as salts, heavy metals, and refractory(degradation-resistant) organics, are
not efficiently removed “see Table 7.4”.

= Disposal of Inadequately treated sewage can cause severe problems. For
example, offshore disposal of sewage, once commonly practiced by coastal
cities, results in the formation of beds of sewage residues. Municipal sewage
typically contains about 0.1% solids, even after treatment, and these settle out In
the ocean in a typical pattern, illustrated in Figure 7.4.



Table 7.4. Some of the Primary Constituents of Sewage from a City Sewage System

Constituent

Potential sources

Effects 1n water

Oxygen-demanding
substances
Refractory organics

Viruses

Detergents

Phosphates

Grease and oil

Salts

Heavy metals

Chelating agents

Solids

Mostly organic materials,
particularly human feces

Industrial wastes, house-
hold products

Human wastes

Household detergents

Detergents

Cooking, food processing,
imndustrial wastes

Human wastes, water
softeners, industrial
wastes

Industrial wastes, chem-
ical laboratories

Some detergents, indus-
dustrial wastes

All sources

Consume dissolved oxygen

Toxic to aquatic life

Cause discase (possibly cancer);
major deterrent to sewage recycle
through water systems

Esthetics, prevent grecase and o1l
removal, toxic to aquatic life

Algal nutrients

Esthetics, harmful to some aquatic
life

Increase water salinity

Toxicity

Heavy metal 1on solubilization
and transport

Esthetics, harmful to aquatic life
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Figure 7.4. Settling of solids from an ocean-floor sewage effluent discharge.



= The warm sewage water rises in the cold hypolimnion and is carried In
one direction or another by tides or currents. It does not rise above the

t
C

nermocline; instead, it spreads out as a cloud from which the solids rain
own on the ocean floor. Aggregation of sewage colloids iIs aided by

C

Issolved salts In seawater, thus promoting the formation of sludge-

containing sediment.

Another major disposal problem with sewage is the sludge produced as a

product of the sewage treatment process. This sludge contains organic
material which continues to degrade slowly; refractory organics; and
heavy metals. The amounts of sludge produced are truly staggering. For
example, the city of Chicago produces about 3 million tons of sludge
each year. A major consideration in the safe disposal of such amounts of

S

ludge Is the presence of potentially dangerous components such as

heavy metals.



Careful control of sewage sources IS needed to minimize sewage
pollution problems. Particularly, heavy metals and refractory organic
compounds need to be controlled at the source to enable use of
sewage, or treated sewage effluents, for irrigation, recycling to the
water system, or groundwater recharge.



Il. Soaps, Detergents, and Detergent Builders:

Soaps are salts of higher fatty acids, such as sodium stearate, C,,H,-COO"Na*.

The cleaning action of soap results largely from its emulsifying power and its
ability to lower the surface tension of water. This concept may be understood by
considering the dual nature of the soap anion. An examination of its structure
shows that the stearate ion consists of an Ionic carboxyl “head” and a long

hydrocarbon “tail”:

i
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In the presence of oils, fats, and other water-insoluble organic materials, the
tendency Is for the “tail” of the anion to dissolve in the organic matter,
whereas the “head” remains in aquatic solution. Thus, the soap emulsifies,
or suspends, organic material in water. In the process, the anions form
colloidal soap micelles, as shown in previous figure.

The primary disadvantage of soap as a cleaning agent comes from Its
reaction with divalent cations to form insoluble salts of fatty acids:

2C-H;:COO"Na* + Ca,* —» Ca(C;H3:CO,),(s) + 2Na*

These insoluble solids, usually salts of magnesium or calcium, are not at all
effective as cleaning agents. In addition, the iInsoluble “curds” form
unsightly deposits on clothing and in washing machines.



If sufficient soap Is used, all of the divalent cations may be removed by
their reaction with soap, and the water containing excess soap will have
good cleaning qualities.

This 1s the approach commonly used when soap Is employed with
unsoftened water in the bathtub or wash basin, where the insoluble
calcium and magnesium salts can be tolerated. However, in applications
such as washing clothing, the water must be softened by the removal of
calcium and magnesium or their complexation by substances such as
polyphosphates.



Although the formation of insoluble calcium and magnesium salts has
resulted In the essential elimination of soap as a cleaning agent for
clothing, dishes, and most other materials, it has distinct advantages
from the environmental standpoint. As soon as soap gets into sewage or
an aguatic system, it generally precipitates as calcium and magnesium
salts. Hence, any effects that soap might have in solution are eliminated.
With eventual biodegradation, the soap is completely eliminated from the
environment. Therefore, aside from the occasional formation of unsightly

scum, soap does not cause any substantial pollution problems.



Synthetic detergents have good cleaning properties and do not form

Insoluble salts with “hardness ions” such as calcium and magnesium. Such
synthetic detergents have the additional advantage of being the salts of
relatively strong acids and, therefore, they do not precipitate out of acidic

waters as insoluble acids, an undesirable characteristic of soaps.

The key Ingredient of detergents Is the surfactant or surface-active agent,
which act as a better cleaning agent. Surfactants concentrate at interfaces of

water with gases (air), solids (dirt), and immiscible liquids (oil).



They do so because of their amphiphilic structure, meaning that one part
of the molecule is a polar or ionic group (head) with a strong affinity for
water, and the other part is a hydrocarbon group (tail) with an aversion to
water. This kind of structure is illustrated below for the structure of alkyl

benzene sulfonate (ABS) surfactant:
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Until the early 1960s, ABS was the most common surfactant used In
detergent formulations. However, it suffered the distinct disadvantage of
being only very slowly biodegradable because of its branched-chain
structure. The most objectionable manifestation of the nonbiodegradable
detergents, Insofar as the average citizen was concerned, was the “head”
of foam that began to appear In glasses of drinking water in areas where
sewage was recycled through the domestic water supply. Sewage-plant
operators were disturbed by spectacular beds of foam which appeared

near sewage outflows and in sewage treatment plants.



Occasionally, the entire aeration tank of an activated sludge plant would be
smothered by a blanket of foam. Among the other undesirable effects of
persistent detergents upon waste-treatment processes were lowered surface
tension of water; deflocculation of colloids; flotation of solids;
emulsification of grease and oil; and destruction of useful bacteria.
Consequently, ABS was replaced by a biodegradable surfactant

known as linear alkyl sulfonate LAS.



LAS, a—benzenesulfonate, has the general structure illustrated at the top
of the next page where the benzene ring may be attached at any point on
the alkyl chain except at the ends. LAS is more biodegradable than ABS
because the alkyl portion of LAS is not branched and does not contain the

tertiary carbon which is so detrimental to biodegradability.
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Since LAS has replaced ABS in detergents, the problems arising from the
surface-active agent in the detergents (such as toxicity to fish fingerlings)
have greatly diminished and the levels of surface-active agents found in
water have decreased markedly.

Most of the environmental problems currently attributed to detergents do
not arise from the surface-active agents, which basically improve the

wetting qualities of water. The Dutl@ders added to detergents continued

to cause environmental problems for a longer time, however. Builders
bind to hardness ions, making the detergent solution alkaline and greatly
Improving the action of the detergent surfactant. A commercial solid
detergent contains only 10-30% surfactant.



In addition, some detergents still contain polyphosphates added to complex
calcium and to function as builders. Other ingredients Include iIon
exchangers, alkalies (sodium carbonate), anticorrosive sodium silicates,
amide foam stabilizers, soil-suspending carboxymethylcellulose, bleaches,
fabric softeners, enzymes, optical brighteners, fragrances, dyes, and diluent
sodium sulfate. Of these materials, the polyphosphates have caused the

most concern as environmental pollutants, although these problems have

largely been resolved.



Increasing demands on the performance of detergents have led to a
growing use of enzymes In detergent formulations destined for both
domestic and commercial applications. To a degree, enzymes can take
the place of chlorine and phosphates, both of which can have detrimental

environmental consequences. Lipases and cellulases are the most useful

enzymes for detergent applications.



