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SECTION I LESSONS

Lesson 1

WHAT IS POLLUTION?

Pollution can be defined as an undesirable change in the physical, chemical, or bio-
logical characteristics of the air, water, or land that can harmfully affect health, sur-
vival, or activities of humans or other living organisms. Note that under this definition
pollution does not necessarily have to cause physical harm. It may merely interfere with

human activities. For example, a lake may be considered polluted if it can not be used
for boating activities.

The problem with defining pollution is specifying what constitutes “undesirable
change”, which requires value judgement. Any alternation of the environment probably
has some desirable effect on humans or other living organisms. The same alternation,
however, may be judged favorably by some; or, the undesirable effect may be consid-

ered acceptable when compared with the favorable effect.

For example, chemicals spewed into the air or water from an industrial plant may
be harmful to humans and other organisms living near the plant. However, if expensive
pollution controls are required, the plant may be forced to shut down. Thus workers
who would lose their jobs may feel that the risks to them from contaminated air and wa-

ter are not as serious as the benefits of having jobs.

Similarly, an affluent country may ban the use of DDT as a pesticide because of a
judgement that the risks (especially to non human organisms ) outweigh the benefits.
At the same time, a country with insufficient food production or a country where malari-
a affects much of the population may decide that the advantages of using DDT to kill

crop pests or malaria-carrying mosquitoes outweigh risks of its undesirable effects.

Value judgements about short-term versus long-term risks can also cause contro-
versy. Building a worldwide network of nuclear power plants may provide electricity for
the present human generation, but it compels future generation to handle and store the

radioactive wastes product for hundreds of thousands of years.

Thus, we see that the determination of desirable versus undesirable effects of an
environmentally altering activity is a very difficult and highly controversial process. The

nature of tragedy, as the philosopher Hegel pointed out long time ago, is the conflict
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not between right and wrong but between right and right. Although defining pollution

is a difficult, controversial process, it must be done in order to control pollution.

New Words

1 desirable adj. HEK, SABEN, RIFH

2 survival n. TR, EFE

3 alteration n. R, WA, A

4 spew . PR, ®E, WL, Bl

5 affluent adj. £ER, EHH

6 ban v. ik, WM&

7 pesticide n. RBH, £&ZE

8 malaria n. JEHR

9 mosquito n. BF

10 versus prep. Xt, 5

11  controversy n. wHF ik, #He

12 compel v. B, |a

13  radioactive adj. At R

14  tragedy n. R, A

15  conflict n. wzE, 34, FE, HK

Phrases and Expressions

1 interfere with 588, Fi#t

2 interferein  FE, FMW

3 compare with  Heeos i

4 compare to HA4E, L

5 hundreds of thousands of years  J|,+F 4
Exercises

1. Give an example of environment pollution leading to long-term risk to humans.

2. Do you agree with “a lake may be considered polluted if it can not be used for
boating activities”?

3. Put the following into English.

ARETH HFEER HRAE REWESR TEZH NME KR Kb
SREH R
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Lesson 2

TYPES OF POLLUTION

From a biological viewpoint we can recognize two major types of pollutants:
degradable and non-degradable. A degradable pollutant can be decomposed, removed,
or consumed and thus reduced to acceptable levels either by natural process or by hu-
man-engineered systems (such as sewage treatment plants), as long as the system is not
overloaded. There are two classes of degradable pollutants: rapidly degradable and
slowly degradable. Rapidly degradable pollutants, such as human sewage and animal
and crop wastes, can normally be decomposed rather quickly. The decomposing process-
es can be overloaded, however, so that the rate of breakdown is slowed. For example, a
rapidly flowing river can normally cleanse itself of some human sewage fairly quickly.
The decomposing processes can be overwhelmed by too much raw, untreated sewage

from a large city or a number of small cities or farms.

Slowly degradable pollutants, such as DDT and some radioactive materials, decom-
pose slowly but eventually are either broken down completely or reduced to harmless
levels. For example, it typically takes about 4 years for DDT in soil to be decomposed
to 25 percent of the original leve] applied. Some radicactive materia‘ls that give off harm-
ful radiation, Such as iodine-131, decay to harmless levels in a few minutes or hours and
are rapidly degradable pollutants. Others, such as strontium-90 produced by nuclear
bomb blasts, can persist at harmful levels for decades, and plutonium-239 produced by
nuclear power plants, remains at harmful levels for thousands to hundreds of thousands
of years. Slowly degradable pollutants are often synthetic compounds, such as DDT and
plastics. Because they are artificial substances, nature usually has not evolved processes
for breaking them down. Potentially harmful persistent pollutants must either be com-

pletely prevented from reaching the environment or controlled so that they do not accu-

mulate to harmful levels.

Non-degradable pollutants are not broken down by natural process. Examples of
non-degradable pollutants are mercury, lead and some of their compounds and some
plastics. Like slowly degradable pollutants, non-degradable pollutants must be either

prevented from entering the air, water, and soil or kept below harmful levels by re-

moval from the environment.
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degradable
non-degradable
decompose
consume
sewage

fairly
overwhelm

raw
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eventually

—
(=]

iodine

[
[y

strontium

[
[y]

plutonium

—
w

artificial

—
>

evolve

—
(S}

persistent

giveoff K

auto-pollution

- W N

adj.
adj.

ad’U-

Vs

adj.

adv.

n.

n.

n.

adj.

U

adj.

prevent from [H il
BETR

automobile exhaust gas

New Words

AR, FIPERER
A FEIRE, RETREMGAY
i, () R, () mK
W3, Wk

5K

SEah

B&, EH

B OCRED, & D
BE, %T

Bt

i)

£

ATH, AKRE

R, kKRR, itk
BlthAY, FEAR

Phrases and Expressions

REES

Exercises

1. Give some examples of degradable pollutants and non-degradable pollutants from

a biological viewpoint.

2. DDT takes about 4 years in soil to be decomposed to 25 percent of original level ap-
plied. Do you agree with that “DDT is a degradable pollutant”? Why?
3. Put the following into English.

IERE MR Bk RAHSRY AYESE AEKT
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Lesson 3

NATURAL WATER AND WATER POLLUTION

Natural waters cannot be easily defined, but they can be described in terms of the
physical, chemical and biological conditions present. The physical condition should con-
sist of clean water with an ambient temperature, and freedom from most suspended
solids, coloration, surface scum or foam, obnoxious odor, and taste. The chemical con-
dition should ensure that there is adequate oxygen, a correct balance of dissolved chemi-
cal nutrients to support life, and an absence of excessive organic matter and toxic sub-
stances. Biologically, most natural waters contain a range of microorganism, plants,
and animals that exist in a balanced ecological state. All ponds, lakes, streams, and
rivers are ecosystems, where the biological population exists within the physicochemical
environment. Each ecosystem has its own organization, comprising biological nutrition-
al cycles for the continued survival of the species constituting the food web within the
system.

A.S. Wisdom gave a legal definition of pollution in 1956, as “the addition of some-
thing to water which change its natural qualities, so that the riparian owner does not get

the natural water of the stream transmiited to him” .

Any change that takes place within the ecosystem caused by the introduction of ex-
ternal may be regarded as pollution. Natural pollution can occur, perhaps caused by leaf
fall or dead animals, whereby toxins are introduced into the water and these change the
ecological balance and the physicochemical conditions. Other forms of pollution are in-
troduced by human activities, and the effects may range from slight to heavy. Slight or
natural pollution produces no visible and abnormal effect upon the water, which is to be
absorbed. This means that the ecosystem quickly readjusts, and returns to its natural
state with little or no effect upon the water or the life forms. Slight pollution occurs in

many natural waters and is not an environmental problem.

Water is a basic natural resource required by all human beings, and by the modern
technological society in which they live. Man requires a minimum body intake of water
that varies from 2. 8 to 13 liters per head per day dependihg upon the climate and the
temperature. Water is normally taken into the body in food and drink, and the intake
must balance the body loss resulting from breathing, sweating, and excretion of urine

and feces. If there is no intake of water into the body, death can ensue within 10 days.
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Water is also essential to man for maintaining personal body hygiene and freedom from

disease.

In addition to personal use, water is required for many other purposes and these can

be classified into five main user categories.

Public water supplies provided by ten Regional Water Authorities (WAS) in Eng-
land. Two thirds of these supplies is used by domestic households for drinking, cook-
ing, dishwashing, general cleaning, laundering, personal washing and bathing, lavato-
ry flushing, car washing, and garden watering. Another one third is used by industry,

commerce and trade premises.

Industrial water supplies provided by the WAS or obtained by direct abstraction.
Various industrial processes require large quantities of water for cooling purposes,
steam raising, material processing, and the disposal of waste. Water is also used as a

fluid carrier for processing materials such as paper fibers, or crushed ore.

Cooling water is used in large quantities for the generation of electricity by power

stations. This water is usually abstracted from rivers, lakes, and estuaries.

The agricultural industry uses comparatively small quantities of water for dairy pro-
cessing, animal hygiene, stock watering, and land irrigation. The horticultural industry
uses water for land irrigation, glasshouse watering, and washing marketable vegetable

crops.

Water is also required for amenity and recreational purposes. This category differs
from the pervious four because water is not abstracted from the hydrological cycle. The
so-called water space includes streams, rivers, reservoirs, estuaries, canals, and coastal
waters. It is used for all types of water sports, such as swimming, fishing, boating,

sailing, skiing, and as a means of transportation for pleasure or commercial purposes.

The amount of water used is usually described as water consumption. All water ab-

stracted or drawn from the hydrological cycle is eventually returned to it after use.

New Words
1 ambient adj. FER: FHEA/Y
2 suspended adj. BT/
3 scum n. R B
4 foam n, Kk
5 obnoxious adj. iTRE
6 odor n. KR
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7 ensure v. Bt RIE

8 adequate adj. RUM: BEK: M BB
9 absence n, Bz GUE

10 excessive adj. TER: 228
11  pond n, L yE :

12  comprise v, 8% af

13 legal adj. BRLER: BER: A%
14 riparian adj. FaBuE:D]

15  external n. SR

16  whereby adv. £/

17  toxin n. HBE BR

18  induce v. i B

19  abnormal adj. R AHLNA
20  readjust v, BFEE; BiEE
21  excretion n. Hedtts HEMtYy

22  urine n. R

23 feces n, #E: HMH

24  hygiene n. BAE

25  domestic adj. FEy KEM: BAK
26  household n, Fi s Kk

27  laundering n, ¥ (KRR

28 lavatory n, Y=

29  commercial adj. Ay

30  premise n. BE

31 irrigation n. FE

32  horticultural adj. EZH

33  marketable adj. BETGHER
34  amenity n. i

35 recreational adj. KRIERY; BRARK
36  category n, s JuBk

37  reservoir n, IKEE

38  estuary n, o

39 canal n, prey )

40  coastal adj. BiBR: BEY

Notes to the Text

1. Any change that takes place within the ecosystem caused by the introduction of
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external may be regarded as pollution. &#i%3: (M HIINEAEZFIENESTREREAT
B ZEALERFT LA RIS 3.
2. Public water supplies provided by ten Regional Water Authorities (WAS) in

England. Z#%30: EXRHE2L, AMKEH 10 MK KERERE.
Exercises

1. Give some examples of water utilization.
2. Try to give a definition of water pollution.
3. Put the following into English.

Kik HNR OWW S ¥E O KE MIE EHE sEK HTK Bk R
KOBRAK #BK #ok FK O BEK gk ik wRK
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Lesson 4
OXYGEN IN WATER

Without dissolved oxygen at an appreciable level, many kinds of aquatic organisms
can not exist in water. Dissolved oxygen is consumed by the degradation of organic mat-
ter in water. Many fish kills result not from the direct toxicity of pollutants, but from
oxygen deficiency as a result of its consumption in the biodegradation of the pollutants.
For example, heavy rains after a prolonged dry period may wash a large amount of ma-
nure and other wastes from cattle feedlots into a stream and ultimately into a reservoir.
As the wastes are degraded, the dissolved oxygen level in the water may go to such low
values that fish in the reservoir die. Thus the fish die from suffocation, rather than
from a direct toxic effect of the pollutant.

Oxygen comprises 20. 95% by volume of clean, dry air and most elemental oxygen
in water comes from the atmosphere. Therefore, the ability of a body of water to re-
oxygenate itself by contact with the atmosphere is an important characteristic. Oxygen
is produced by the photosynthetic action of algae. Oxygen production by algae is really
not an efficient means of oxygenating a water however, because some of the oxygen
formed by photosynthesis during the daylight hours must be paid back at night when the

algae consume oxygen in their metabolic processes. When the algae die, the degradation

of their biomass consumes oxygen.

The solubility of oxygen in water depends upon water temperature, the partial
pressure of the oxygen in the atmosphere, and the salt content of the water. The calcu-
lation of oxygen solubility as a function of partial pressure is discussed in next section
where it is shown that the solubility of oxygen in water at 25°C in equilibrium with air at
atmospheric pressure is only 8. 32 mg/L.. Thus water in equilibrium with air cannot con-
tain a high level of dissolved oxygen compared to many other solute species. If oxygen-
consuming process are occurring in the water the dissolved oxygen level may rapidly ap-
proach zero unless some efficient mechanism for the re-aeration of water is operative,
such as turbulent flow in a shallow stream or air pumped into the aeration tank of an ac-
tivated sludge secondary waste treatment facility.

If organic matter of biological origin is represented by the formula CH,0, the con-

sumption of oxygen in water by the degradation of organic matter may be expressed by
the following reaction:

CHzO + 02= COz‘l‘ Hzo
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The weight of organic material required to consume the 8.3 mg of O, in a liter of
water in equilibrium with the atmosphere at 25°C is given by substituting into equation,
which yields a value of 7. 8 mg of CH,O. Thus the microorganism-mediated degradation
of only 7 or 8 mg of organic material can completely consume the oxygen dissolved in
one liter of water initially saturated with air at 25°C. The depletion of oxygen to levels
below those which will sustain aerobic organisms requires the degradation of even less
organic matter at higher temperatures, where the solubility of oxygen is less, or in a
water not initially saturated with atmospheric oxygen. Furthermore, there is no “chemi-
cal sink” for oxygen in water, unlike the case of CO, which, when utilized by algae, can

be obtained from the reaction:
2HCO3™ = CO,+ H,0 + CO;*~

There are no chemical reactions that replenish dissolved oxygen and, except for

oxygen provided by photosynthesis, it must come from the atmosphere.

The temperature effect on the solubility of gases in water is especially important in
the case of oxygen. The solubility of oxygen in water decreases from 14. 74 mg/L at 0°C
to 7. 03 mg/L at 35°C.

New Words
1 appreciable adj. HBERR
2 organism n. £, FYlE
3 deficiency n. gz, 55
4 degradation n. vin T3
5 biodegradation . YRR i
6 prolong v, MK, B
7 manure n. 2%, Ex
8 cattle n. g, #nO, x&
9 feedlot n. W, AL
10 ultimately adv. BEH
11  suffocation n. =5, 93t
12 re-oxygenate v, H5E
13 algae n. G
14  metabolic adj. ALK, IR
15  biomass n. EYR
16 mechanism n. VIESR
17 re-aeration n, BRK
18  turbulent adj. MRy, HERE



