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Environmental Protection

Water Pollution and Disposal

1.1 Reading A: Introduction to Water Pollution
Indicators: BOD, COD & Heavy Metals

BOD & COD

Biochemical Oxygen Demand, BOD, as it is commonly abbreviated, is one of
the most important and useful parameters (measured characteristics) indicating the
organic strength of a wastewater. BOD measurement permits an estimate of the
waste strength in terms of the amount of dissolved oxygen required to break down
the wastewater. The specifics of the analysis are discussed in detail in Standard
Methods for the Examination of Water and Wastewater. The BOD test is one of

the most basic tests used in the wastewater field. It is essentially a measure of the
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biological and the chemical component of the waste in terms of the dissolved
oxygen needed by the natural aerobic biological systems in the wastewater to
break down the waste under defined conditions. Generally the BOD test is carried
out by determining the dissolved oxygen on the wastewater or a diluted mixture at
the beginning of the test period, incubating the wastewater mixture at 20°C, and
determining the dissolved oxygen at the end of 5 days. The difference in dissolved
oxygen between the initial measurement and the fifth day measurement represents
the biochemical oxygen demand.

While BOD describes the biological oxidation capacity of a wastewater, it
is not a measure of the total potential oxidation of the organic compounds
present in the wastewater. A number of chemical tests are used to measure this
parameter, either in terms of the oxygen required for virtually complete
oxidation, or in terms of the element carbon. Probably the most common test
for estimating industrial wastewater strength is the Chemical Oxygen Demand
(COD) Test. COD test is a measurement of the oxygen-depletion capacity of a
water sample contaminated with organic waste matter. Specifically, it
measures the equivalent amount of oxygen required to chemically oxidize
organic compounds in water.COD 1is used as a general indicator of water
quality and is an integral part of all water quality management programs.
Additionally, COD is often used to estimate BOD (Biochemical Oxygen
Demand) as a strong correlation exists between COD and BOD, however COD
is a much faster, more accurate test.

A test which measures carbon and which is being used to a greater extent in
measuring wastewater strength is the TOC (Total Organic Carbon) test where the
carbon is oxidized by catalytic combustion to carbon dioxide and the carbon

dioxide is measured.
Heavy Metals

The main threats to human health from heavy metals are associated with
exposure to lead, cadmium, mercury and arsenic. These metals have been
extensively studied and their effects on human health regularly reviewed by

international bodies such as the WHO.
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Cadmium compounds are currently mainly used in re-chargeable nickel-
cadmium batteries. Cadmium emissions have increased dramatically during the
20th century, one reason being that cadmium-containing products are rarely
recycled, but often dumped together with household waste. Cigarette smoking is a
major source of cadmium exposure. In non-smokers, food is the most important
source of cadmium exposure. Recent data indicate that adverse health effects of
cadmium exposure may occur at lower exposure levels than previously
anticipated, primarily in the form of kidney damage but possibly also bone effects
and fractures. Many individuals in Europe already exceed these exposure levels.
Therefore, measures should be taken to reduce cadmium exposure in the general
population in order to minimize the risk of adverse health effects.

The general population is primarily exposed to mercury via food, fish being a
major source of methyl mercury exposure, and dental amalgam. The general
population does not face a significant health risk from methyl mercury, although
certain groups with high fish consumption may attain blood levels associated with
a low risk of neurological damage to adults. Since there is a risk to the fetus in
particular, pregnant women should avoid a high intake of certain fish, such as
shark, swordfish and tuna; fish (such as pike, walleye and bass) taken from
polluted fresh waters should especially be avoided.

The general population is exposed to lead from air and food in roughly equal
proportions. During the last century, lead emissions to ambient air have caused
considerable pollution, mainly due to lead emissions from petrol. Children are
particularly susceptible to lead exposure due to high gastrointestinal uptake and
the permeable blood-brain barrier. Blood levels in children should be reduced
below the levels so far considered acceptable, recent data indicating that there
may be neurotoxic effects of lead at lower levels of exposure than previously
anticipated. Although lead in petrol has dramatically decreased over the last
decades, thereby reducing environmental exposure, phasing out any remaining
uses of lead additives in motor fuels should be encouraged. The use of lead-based
paints should be abandoned, and lead should not be used in food containers. In

particular, the public should be aware of glazed food containers, which may leach
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lead into food.

Exposure to arsenic is mainly via intake of food and drinking water, food
being the most important source in most populations. Long-term exposure to
arsenic in drinking-water is mainly related to increased risks of skin cancer, but
also some other cancers, as well as other skin lesions such as hyperkeratosis and
pigmentation changes. Occupational exposure to arsenic, primarily by inhalation,
is causally associated with lung cancer. Clear exposure-response relationships and

high risks have been observed.

New Words

1. parameter [pa'reemite] n. &4k, A3, A=
2. aerobic [ea'roubik] adj. & &.49; 3 EME Y E4Y
3. dilute [dai'lu:t] adj. ###ey; Ky
4. incubate ['inkjubeit] vt. #4k; 3K, BH; BB E vi. AL, BRER
n. BREY
. oxidation [oksi'deifan] n. &AL
.virtually ['va:tfusli]adv. % £, JUF; ERLE
. correlation [kora'leifen]n. #8X, XIk; FMAEZX %
. catalytic [keeta'litik] adj. Ak R ML &, ALHEIAE A &Y
.nickel [nikal] n. 4%&; #£T; Z 58T vt. AT
10. anticipate [een'tisipeit] vt. T8, #A%; L&, #k; RAT1EA
11. fracture ['freekt[o] n. 2KZ, BFZ; F4r vi. A, B vt 18R
12. amalgam [8'maelgem] n. RE&2&, KiF; RE
13. neurological [\njuara'lodzikl] adj. A2 R 69, WL F Ly
14. swordfish ['so:dfif ] n. £ &
15. tuna ['tjuina]n. &40 &, 44 &
16. pike [paik] n. B4TH; F; #HKF&; Kk, KFEL vi. AFHF
17. walleye [wa:lai] n. A J2 G 52, #HL
18. bass [beis] n. & &; FIKF; 1KF3; BAT ad). KF49
19. ambient [eembisant] adj. B B &9; shF49; L6y n. B E KR
20. susceptible [sa'septabl] adj. &z ® ey, HREHE; FiF ... 49
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21. gastrointestinal [,geestrauin'testinl] adj. & 549

22. permeable [p3:miabl] adj. 48:&it4Yy; HHEMH

23. neurotoxic [\njuarau'toksik] adj. &% 4742 4%

24. glazed [gleizd] adj. KR &9; HakiHed, Eilhhey; RiFLibey v. L
#h (glaze #9id K598 ) ; E VA

25. hyperkeratosis [\haipakera'tousis] n. Afbid/Z; BRA R @I0E %

26. pigmentation [pigman'teifan]n. $&; &FER, RAME

Exercises

Task 1 Reading Comprehension. Please read the text carefully and
answer the following 5 questions.

1. What does the parameter BOD indicate?

2. How does BOD measurement estimate the waste strength?

3. What is the most common test for estimating industrial wastewater
strength?

4. What does COD test measure?

5. What are the four kinds of heavy metals which pose the main threats to
human health?

Task 2 Translation. Please translate the following English words or

phrases into Chinese.

1. BOD 6. dissolved oxygen
2.COD 7. contaminate
3.TOC 8. oxidation

4. heavy metal 9. diluted

5. household waste 10. neurological

Task 3 Translation. Please translate the following English sentences into
Chinese.

1. BOD measurement permits an estimate of the waste strength in terms of
the amount of dissolved oxygen required to break down the wastewater.

2. It is essentially a measure of the biological and the chemical component of

)
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the waste in terms of the dissolved oxygen needed by the natural aerobic
biological systems in the wastewater to break down the waste under defined
conditions.

3. Additionally, COD is often used to estimate BOD (Biochemical Oxygen
Demand) as a strong correlation exists between COD and BOD, however COD is
a much faster, more accurate test.

4. Cadmium emissions have increased dramatically during the 20th century,
one reason being that cadmium-containing products are rarely re-cycled, but often
dumped together with household waste.

5. In particular, the public should be aware of glazed food containers, which

may leach lead into food.

1.2 Reading B: Sewage Treatment Technology

Treatment of sewage is essential to ensure that the receiving water into
which the effluent is ultimately discharged is not significantly polluted. However,
the degree of treatment required will vary according to the type of receiving water.
Thus, a very high degree of treatment will be required if the effluent discharges to
a fishery or upstream of an abstraction point for water supply. A lower level of
treatment may be acceptable for discharges to coastal waters where there is rapid
dilution and dispersion.

Sewage treatment involves:

* The removal of solids by physical screening or sedimentation.

* The removal of soluble and fine suspended organic pollutants by
biological oxidation and adsorption processes.

Both forms of treatment produce sludge as by-products and these have to
be treated and used or disposed of in an economical and environmentally
acceptable way.

The following describes a typical sewage treatment sequence which is
illustrated in Figure 1. In practice, there are many process variations employed

according to locality and the standard of effluent required.
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1.2.1 Preliminary Treatment

Screening

Large solids (plastics, rag, toilet paper residues) are removed first by
mechanical screens. Traditionally, screening was used to remove only large
solid material (> 25~30mm) in order to protect downstream operations.
Nowadays, much finer screens (6bmm mesh) are commonly employed to
remove smaller inert solids. The material retained (‘screenings’) is usually
washed to remove faecal matter and then compressed for disposal to landfill or
to an incinerator.

This diagram shows a typical sewage treatment process.

Inlet from sewer

By-products

Large solids.
rags, plastics

Grit, stones,
sand

Temporary
stormwater
storage

Primary sludge

"y Secondary
iological (biological)
Treatment sludge
Tertiary Tertiary
Treatment sludge

JL

| Discharge to receiving l

Grit removal

At the next preliminary stage, fine mineral matter (grit and sand), originating
mainly from road runoff, is allowed to deposit in long channels or circular traps.

The retained solids are removed and usually sent to landfill for disposal.

Unit 1 Water Pollution and Disposal K
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Storm water diversion channel

At times of rainstorms, the flow of sewage into the works may be too
high to be accommodated by the downstream treatment stages. In these
circumstances, some of the flow may be diverted at this point to storm tanks
where it is stored temporarily before returning it for treatment when the flow
subsides.

At times of rainstorms, the flow of sewage into the works may be too high to
be accommodated by the downstream treatment stages. In these circumstances,
some of the flow may be diverted at this point to storm tanks where it is stored
temporarily before returning it for treatment when the flow subsides. In extreme
rainfall events an overflow of effluent from the storm tanks may pass directly to a

watercourse.

1.2.2 Primary Treatment

Primary sedimentation

The sewage passes into large sedimentation tanks to provide a quiescent
settlement period of about 8 hours. Most of the solids settle to the bottom of the
tanks and form a watery sludge, known as ‘primary sludge’, which is removed for
separate treatment. The sewage remaining after settlement has taken place is

known as ‘settled sewage’.
Secondary (biological) treatment

Settled sewage then flows to an aerobic biological treatment stage where it
comes into contact with micro-organisms which remove and oxidise most of the
remaining organic pollutants.

At smaller works, the biological stage often takes the form of a packed bed
of graded mineral media through which the sewage trickles and on the surfaces of
which the micro-organisms grow. At most larger works, the sewage is mixed for
several hours with an aerated suspension of flocs of micro-organisms (known as
the activated sludge process). As well as removing most of the polluting organic

matter, modern biological treatment can, where necessary, remove much of the
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nitrogen and phosphorus in the sewage, thus reducing the nutrient load on the

receiving waters.
Final settlement

Following secondary (biological) treatment, the flow passes to final
settlement tanks where most of the biological solids are deposited as sludge
(secondary sludge) while the clarified effluent passes to the outfall pipe for
discharge to a watercourse. In the case of the activated sludge process, some of
the secondary sludge is returned to the aeration tanks for further contact with the
sewage. The secondary sludge from biological treatment also requires separate
treatment and disposal and may be combined with the primary sludge for this
purpose.

Tertiary treatment

In circumstances where the highest quality of effluent is required, a third
(tertiary) stage of treatment can be used to remove most the remaining suspended
organic matter from the effluent before it is discharged to a watercourse. Tertiary
treatment is effected by sand filters, mechanical filtration or by passing the

effluent through a constructed wetland such as a reed bed or grass plot.
1.2.3 Sludge Treatment

The following outlines the more common types of sludge treatment
employed, of which various combinations are used according to the end product

required.
Primary consolidation

As a first stage of treatment, sludge is passed through stirred tanks or
subjected to centrifugation to reduce its water content and volume by up to 50 per
cent. The separated liquor is returned to the sewage flow for treatment and the

consolidated sludge passes forward for further processing.
Anaerobic digestion

Anaerobic digestion (AD) has been practised for more than 150 years. It is

not new but still has huge unrealised potential if regulations did not inhibit

Unit 1 Water Pollution and Disposal <&
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co-digestion of wastes. In this process, consolidated liquid sludge is retained in an
airtight tank (digester) and maintained at 35 deg. C for 12~20 days. Under the
anaerobic conditions in the tank, various pathogens break down about half of the
sludge organic matter and convert it into a gas containing about 65 per cent
methane.

The gas is used to heat the digester and, in some cases, also to fuel gas
engines to generate electricity. The sludge resulting from anaerobic digestion is
much less offensive in odour than the untreated raw sludge and, with certain
restrictions (Reference 2), is generally suitable for use in agriculture in liquid or
solid form. Further consolidation of sludge after digestion, to reduce its volume, is

a common practice.
Mechanical dewatering

Either untreated or digested sludge may be converted from a liquid to a
sludge ‘cake’ by treating it first with a conditioning chemical which releases
much of the water initially bound to the organic matter. Much of the free water
is then removed from the sludge in a filter press, a belt filter or a centrifuge.
The resultant sludge cake will have only 20 per cent of the volume and weight
of the original sludge, thereby reducing subsequent handling and transport

costs. The conversion of sludge to a solid form is essential prior to its disposal
to landfill.

Incineration

This involves the burning of sludge at 850~900 deg. C to destroy its organic
content and to leave a smaller residue of mineral ash for final disposal, usually to
landfill. Incineration is only suitable for large sewage works and is used when the
option of agricultural use of the sludge is not practicable. The process is carried
out under closely controlled conditions and is subject to strict environmental
regulation (the EU Waste Incineration Directive) to ensure that ambient air quality

1s not compromised by the combustion gases.
Thermal drying

Some sewage works in the UK employ thermal drying systems to convert the

o 22 BESIMEEWISE / Professional English of Safety, Health & Environment



