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‘9ll516!  4.2 Oxygen demand and Organic Carbon 1
: 4

oaa6l6~~~lnq~~lPn3~aJ

B O D , C O D T O C
waste iI,??/LI img!Ll lIIX/Ll BODITOC CODITOC

Chemxal”
Chemlcalh
Chemical”
Chemical
Chemical
Chemlcnl  refinery
Petrochemical
Chemical
Chemical
Chemical
Chemical
Chemical
Chemvxil
Chemical
Nylon polymer
Petrochemicai
Nylon polymer
Olefin process,ng
Butadiene processmg
Chemical
Synthetic  rubber

- - 4.260 6 4 0 - 6.65
- 2.410 370 6.60
- 2,690 420 6.40
- 5 7 6 122 4.72

24,000 41.300 9,500 2.53 4.35
- 5 8 0 1 6 0 3.62
- 3.340 900 3.32
850 1.900 5 8 0 1.47 3.28
7 0 0 1 .400 450 1.55 3.12

8,000 17.500 5,800 1.38 3 02
60,700 78.000 26,000 2.34 3.00
62,000 143.000 48,140 1.28 2.96

165 ,000 58,000 2.84
9,700 15,000 5.500 1.76 2.72
- 23.300 8,800 - 2.70
- - - 2.70
- 112.600 44.000 - 2.50
- 3 2 1 133 - 2.40
- 3 5 9 1 5 6 - 2.30
- 350,000 160.000 2.19
- 192 1 1 0 1.75
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TU = lOO/LC50  nis NOEL

Acidity High acidity may be caused by industrial

pollution or acid mine drainage

volumetric

Alkalinity May affect water treatment, buffering or

algal activity

volumetric
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Aluminium

Ammonia

Arsenic

Barium

Beryllium

Boron

Bromide

Cadmium

Calcium

Carbon dioxide

Chloride

Chlorine

Chromium (VI)

Copper

Cyanide

Fluoride

Hardness

Due to water treatment, buffering AA, ICP

Due to algal activity or pollution Spectrophotometry

Toxic pollutant

Toxic pollutant

Toxic pollutant

Toxic to plants

Spectrophotometry, AA, ICP

AA, ICP

AA, ICP, fluorimetry

Spectrophotometry, ICP

Due to contamination with sea-water or

industrial waste

Spectrophotometry: potentiometry,

ion chromatography

Toxic pollutant AA, ICP

Present in hard water; may be increased by AA, ICP

water treatment

May be increased by bacterial action or

corrosion

Volumetric

Saline water contamination Volumetric, electrochemical, ion

chromatography

Added during water treatment

Toxic pollutant

Toxic pollutant

Spectrophotometty

AA, ICP, spectrophotometry

AA, ICP

Spectrophotometry, potentiometry,

ion chromatography

May be added during water treatment, toxic Spectrophotometry, potentiometry,

at high concentrations ion chromatography

Important water quality factor, may be

affected by water treatment

AA, volumetric
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L e a d

Lithium

Magnesium

Manganese

Mercury

Methane

Nitrate

Nitrite

Nitrogen

(albuminoid)

(organic)

Oil and grease

Organic carbon

Organic

contaminants

Oxygen

Oxygen demand

(biological,

(chemical)

9 6

Toxic pollutant

May indicate pollution

Hardness

Water quality (staining)

Toxic pollutant

Due to anaerobic bacterial action

Encourages algal growth; may be toxic

Toxic pollutant

Proteinaceous material

Organic pollution indicator

Industrial pollution

Organic pollution indicator

Organic pollution indicator

Water quality indicator

Water quality and pollution indicators

AA, ICP, voltammetry

AA, ICP, flame photometry

AA, ICP

AA, ICP,

Flameless atomic absorption

Combustible gas indicator

Spectrophotometry, ion

chromatography

Spectrophotometry, ion

chromatography

Spectrophotometry

Cjravimetry

Oxidation - CO2 measurement

Activated carbon adsorption

Volumetric, electrochemical

Microbiological - volumetric

Chemical oxidation - volumetric
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PI’

Phenols

Phosphate

Phosphorus

(hydrolysable)

Potassium

Selenium

Silica

Silver

Sodium

Strontium

Sulphate

Sulphide

Sulphi te

Tannin, lignin

Vanadium

Water quality and pollution indicator

Pollutants

Productivity,  pollution

Water quality and pollution indicator

Productivity,  pollution

Toxic pollutant

Water quality indicator

Pollutant

Water quality indicator, may arise from

saline contamination

Water quality indicator

Water quality indicator; may arise from

pollution

Water quality indicator; may arise from

pollution

Water quality indicator; acts as an oxygen

scavenger

Water quality indicators, pollutants

Water quality indicator, pollutant

Potentiometry

Distillation - spectrophotometry

Spectrophotometry

Spectrophotometry

AA, ICP, flame photometry

Spectrophotometry, neutron

activation

Spectrophotometry. ICP

AA, ICP

AA, ICP, flame photometry

AA, ICP, flame photometry

Ion chromatography

Spectrophotometry, volumetric,

ion chromatography

Volumetric, ion chromatography

Spectrophotometry

ICP
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m1md  4.3 (9iFl)

Zinc Water quality indicator, pollutant

Surfactants Pollutants

AA, ICP

Spectrophotometry
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1. ailSdS:flfJIJ  organohalogen 6b~~fll~~"OlWl:~l?llfl  organohalogen %‘I489

H’M~EIXJ  (Sa8J~9PJl~Sl'U~~~W4~~~~  organochlorine, PCBs,  chlorophenols,

chlorobenzenes, chloroanillines, chlorinated solvent I&?: chlorinated hydrocarbon

2. a1sds:flsu

organophosphorous)

3. Ii=mds::nau

organophosphorous (Sau~serlajl,,,,,flS,-lnw

organotin
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4.2 ~CJWZU%  (Heavy Metals)

4.2.1 lltd9%Jl(Sources)
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4.3.3 HiM%%VMJ  ( Effects)

“eutrophication”

CH 762 107



4.4.1 Wl4dS3oll  ( Sources)

.
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Oxygen-demanding substances

Refractory organics

Viruses

Mostly organic materials,

particularly human faeces

Industrial wastes, household

products

Human wastes

Detergents Household detergents

Phosphates Detergents

Grease and oil Cooking, food processng,

industrial wastes I

Salts Human wastes, water softeners,

industrial waste

Heavy metals Industrial wastes, chemical

laboratories

Chelating agents Some detergents, industrial

wastes

Solids All sources

Consume dissolved oxygen

Toxic to aquatic life

Cause disease (possibly cancer);

major problem in sewage

recycling through the  water

system

Foaming adversely affects visual

appearance, prevent grease and

oil removal, toxic to aquatic life.

Algal nutrients

Adversely affects visual

appearamce,  to;ic  to aquatic life

Increase water salinity

Toxicity

Heavy metal ion solubilisation

and transport

Affects visual appearance,

harmful to aquatic life.
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4.4.2 fl13%3Ti1~~  (Analysis)
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Mn2+ + 20H- + MWW2 (4.1)

. Mn(OH)2 f l/2 02 + Mn02 + 2H20 (4.2)

Mn02 + 21-  + 4H+ + Mn2+ + I2 + 2H20 (4.3)

S2032-+12 + s40b2-+21- (4.4)

fmKf%lnls  (4.2),(4.3) 6bW: (4.4) d&TalaJt%J?kdI%0
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l/2 02 + H20 -t  2e + 20H- (4.5)

Pb + 20H- + PbO  + H20 +2e- (4.6)

/
Lead anode00r0CI

Oxygen-permeable
membrane

Potasslum  hydroxide
solutlon  saturated
wltn  potassium
hydrogencarbonate

Silver  cathode

I’di 4.2 Mackereth Cell
\

0-rtng

4.4.2.2 Biochemical Oxygen Demand (BOD)
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Total organic matter

Biodegradable

Non-biodegradable

L

30D

I-

4.4.3 H~fl%%VlPI ( Effects)
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4.5.2 fll%%Fl%l~~  ( Analysis)

4.5.3 W~fR~o7ll  ( Effects)
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4.6.1 llH&hl(Sources)
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. .

Intended pathway
for pest ic ide-

Actual pathways
of pcstlcidc  m ,
the  environment

.

jI./q 4.9 The actual pathways of pesticides in the environment, including living

organisms. (The intended pathway of pesticides is shaded)
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0

carbotillan

>dq  4.14 Carbamic acid and three insecticidal carbamates

5. fJlhJ~~~~~d%=lnw  Bipyridillium herbicides ( Jdd 4.15 )

a& 4.15 The two major bipydillium herbicides (cation forms)

6. Trizine herbicides ( Jdq 4.16 )
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A t r a z i n e Metrabuzin (SencoP)

J9]d  4.16 Structures of atrazine and metrabuzin

7. i!.lld%lUa"Pl~w"Vd3~~~~  Chlorophenoxyacid herbicides ( JdA 4.17 )

a. el
2.4-Dichlorophenoxyacetic 2,4.5-Trichbrophenoxyacetic
acid (and esters). 2,4-D acid (and estexs). 24.5-T

CH 762

I& 4.17 Chlorophenoxyacetic herbicides

129



Jd+ 4.18 Structures of propsnil, alachlor and trifluralin

4.7.2 fIl%"aFl%l~~  ( Analysis)
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4.7.3 W~~I%%:P~PI ( Effects)
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DDT
In waccr

o.omx  ppm

DDT
in algae
and planer

0.04 ppm

$4 4.19 Bioaccumulation of DDT

DDT
in plant-
carn~g  fish
0.2-l.?  ppm
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4.8 Polychlorinated biphenyls (PCBs)

4.8.1 IIHhhL&l  ( Sources)

$4 4.20 General formula for polychlorinated biphenyls (iefr,  where X may range

from 1 to 10) and a specific S-chlorine congener  (right)
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4.10 ~~~%JsJ”odP’l~~d  ( Radionuclides)

4.10.1 M4a’AlI  ( Sources)

138 CH 762



CH 762 1 3 9



140 CH 762





142 CH 762











1. Windscale, UK ( 1957 )

2. Three Mile Island, USA ( 1979 )
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4.10.3 WtlfKMlpI  ( Effects)
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Radionuclide Half-Ufe Source

‘4C

‘*Si
40 K

22bRa

*‘“Pb

“‘Th

234Th

WSr

‘311

“‘CS

140Ba

“Zr

14’Ce

‘?Sr

vo
s4Mn

“Fe

2J9PU

5730ym

3 o o y

1.4 x IO9 y (Pa)

1620~

21Y

75,200 y

24 d

28 Y (PI
8d

3OYW

l3d

65 d

33 d

51 d

5.25 Y (PI
31oy

2.7 Y m

24,300~

cosmic irradiation of ‘%

cosmic irradiation of 40Ar

0.0 1% of natural potassium

from decay of 238U

from decay of 238U

from decay of 23sU

from decay of *‘sU

from reactor and weapons &ion;  these are the most important

fission products because of their high yields and biological activity

from reactor and weapons fission, listed in order of decreasing

fission yield

from non-fission neutron reactions in reactors

from 56Fe  and “Fe by reaction with neutrons in weapons hardware

from neutron capture by 23sU  in reactors and weapons
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