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Extension question:
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(a)…

Station 1 =

Station 2 =

Station 3 =

(b) …..




(c) …..



(d) ….
4. Advantages & disadvantages of chemical, physical and biological water pollution monitoring
 Reading: (1) Genn p. 196 – 198 (parts); (2) the passage below
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4.1 Complete the table below:
	Method
	Advantages:
	Disadvantages:

	Physical test methods:







	
	

	Chemical
test methods:








	
	

	Biological
test methods:

































	(at least 5)
	(at least 6)




5 Details of water testing methods:

5.1 Use of the oxygen dissolved spectrophotometer:
Study the extract usage notes and then answer the questions that follow:

1. What are the principles used to measure dissolved oxygen with a oxygen dissolved spectrophotometer ?



2. When using the oxygen dissolved spectrophotometer  explain what precautions it is necessary to observe when handling sample cuvettes:



3. What it meant and what could or should you do if the LCD display indicates:
1. - - - 



1. S I P



1. Z E R O

4. It is important not to shake the cuvet and cause bubbles to generate in the sample; why is this?







5. What are the units that the concentration of dissolved oxygen are measured in?







6. Draw out flow chart to show how you would test a water sample for dissolved oxygen using a oxygen dissolved spectrophotometer 
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Trent biotic index

This index of water quality was developed in 1964 for use by the Trent
River Authority. While it has now been largely superseded by other, more
powerful, biotic indices its ease of use makes it convenient for us to study.
The basic concept underlying this, and other biotic indices, is that stream
animals disappear following pollution by biodegradable organic pollutants
in the order shown in Fig 4 . Thus stoneflies are most sensitive to organic
pollution like sewage while oligochaetes are the least sensitive. In fact, the
key variable is the reduction in oxygen levels in the water following pollu-

tion by biodegradable organic pollutants.
W M
n”’g \“0‘.

1 Stonefly nymph 2 Flattened mayfly nymph 3 Caseless caddis fly larva
(up to 30 mm) (up to 16 mm) (up to 26 mm)

4 Swimming mayfly nymph 5 Freshwater nymph 6 Water louse
€.9. Baetis rhodanii (up to 20 mm) (up to 12 mm)
(up to 11 mm)

7 Blood worm (or midge larva) 8 Rat-tailed maggot 9 Tubifex tubifex
(up to 20 mm) (up to 55 mm inc. tube) (up to 40 mm)

Fig 1 The effect of organic pollution on different invertebrates. Species are affected in the order
shown by the numbers. Stoneflies are very sensitive; annelids like Tubifex and rat-tailed
maggots are the least sensitive.

To calculate the Trent biotic index:

e Collect macro invertebrates with a hand net using ‘kick” - -. . .. and
hand sampling from the stream.

© The animals collected are then identified to the appropriate level, either
species, genus, family or even higher taxa (Table4 ). Thus in your

sample you need to identify each known species of flatworm
(Platyhelminth) but simply identify worms as being annelids, with the
exception of members of the genus Nais which need to be identified
separately.

After identification you then count the total number of groups you have
identified from your sample, say 15. You then turn to Table 4 and
work down the column headed 11-15 (in bold in the table) answering the
questions on the left. Thus if your sample contained two or more species
of Plecoptera (stonefly nymphs) then the biotic index is 9. If no stoneflies
and no Ephemeroptera (mayfly) nymphs were present but you found one
species of Trichoptera (caddis fly) nymph then the Trent biotic index is 7.
® Clean streams score an index close to 10, dropping to lower values
with increasing organic pollution and therefore lower oxygen content,
reaching an index of 1-2 for heavily polluted streams.
Note that the Trent biotic index does not take into account the relative
abundance of the organisms involved. So simply one stonefly nymph in a

sample will be given the sarhe weight as twenty.
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—™AE 4 : The Trent biotic index.

The term ‘Group’ used for purpose of the biotic index means any one of the species included in the following list

of organisms or sets of organisms.

Each known species of Plathyhelminthes (flatworms)
Annelida (worms excluding genus Nais).

Genus Nais (worms)

Each known species of Hirudinea (leeches)

Each known species of Mollusca (snails)

Each known species of Crustacea (hog louse, shrimps)

Each known species of Plecoptera (stone-fly)
Each known genus of Ephemeroptera
(may-fly, excluding Baetis rhodanii)

Baetis rhodanii (may fly)

Each family of Trichoptera (caddis-fly)

Each species of Neuroptera larvae (alder fly)

Family Chironomidae (midge larvae except Chironomus Ch. thummi)
Chironomus Ch. thummi (blood worms)

Family Simulidae (black-fly larvae)

Each known species of other fly larvae

Each known species of Coleoptera (beetles and beetle larvae)

Each known species of Hydracarina (water mites)

Total number of groups present

Biogeographical region:
Midlands, England

Biotic Indices

0-1 2-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45

Plecoptera More than one species - 7 8 9 10 11 12 13 14 15
nymphs present One species only = 6 7 8 9 10 11 12 13 14
Ephemeroptera More than one species* - 6 7 8 9 10 11 12 13 14
nymphs One species only* = 5 6 7 8 9 10 11 12 13
Trichoptera More than one speciest - 5 6 7 8 9 10 11 12 13
larvae present One species onlyt 4 4 5 6 7 8 9 10 11 12
Gammarus present All above species absent 3 4 5 6 4 8 9 10 11 12
Asellus present . All above species absent 2 3 4 5 6 7 8 9 10 11
Tubificid worms and/
or Red Chironomid All above species absent 1 2 3 4 5 6 7 8 9 10
larvae present
All above types Some organisms such as
absent Eristalis tenax not 0 1 2 - - - - - - -

requiringdissolved

oxygen may be present

* Baetis rhodanii excluded

t Baetis rhodanii (Ephem.) is counted in this section for the purpose of classification
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Comparing sites using the Trent biotic index
This exercise requires you to classify sites as being polluted or
unpolluted using the Trent biotic index.

Table 1 Invertebrates found in kick samples taken from three
stations in a stream. Station 1 is the highest sampling
point on the river, station 3 the lowest.

Species Station

1 2 3
Baetis rhodani (Eph) 15 12 3
Ecdyonurus sp. (Eph) 3 1
Rhyacophila sp. (M 4
Hydropsychidae sp. (¢ 1 1
Gammarus pulex © 8 8
Asellus aquaticus © 14 14 17
Chironomus sp. (Ch) 37 37 37
Limnaea peregra M) 1 1 1
Dicranota sp. (43 1 1
Tubifex tubifex (Tub) 28 26 9
Erpobdella sp. @) 1 1 1
Hydrachna sp. (Hyd) 7. 1
Nais sp. (A) 42

S e e O U TR O E  dts T o ) AR
Eph = Ephemeroptera, T = Trichopter, C = Crustacean, M = mollusc,

F = other flies, Tub = Tubificid, L = leech, Ch = Chironomid,

Hyd = Hydracarina, A = annelid.

Table 1 gives some data on invertebrates found in kick samples taken
from three stations in a stream.

(a) Calculate the Trent biotic index for each of the stations.

(b) Which station is the heaviest polluted and which the least?

(c) What sort of material could be polluting the streams? -

(d) Where does it enter the stream?
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The basic idea behind biological monitoring is that clean, unpolluted water
contains a characteristic assemblage of organisms, including stonefly
nymphs (larvae), Gammarus pulex (the freshwater shrimp), mayfly nymphs
and the larvae of caddis flies. These are indicator species for clean water
and a community of animals which contains these species will be an indi-
cator ‘community for clean water. Organic pollution, for example, will
change this community. Species which are sensitive to organic pollution
will disappear or their numbers will be reduced. Species tolerant of organic
pollution, for example blood worms, rat-tailed maggots and tubificid
worms, will become more common. If we can measure and quantify these
changes then we can use organisms to monitor pollution. The organisms
most commonly used are macro invertebrates.

Advantages of biological monitoring include:

e Detecting intermittent pollution. For example, consider a chemical plant
discharging, say, copper into a stream. The discharge occurs once a week
first thing on a Tuesday morning. You take your water sample for
chemical analysis on a Friday morning. By then the stream has washed
away the contaminant and your sample does not show the presence of
copper. However, the animals present in the stream will be affected by
the discharge. Some species will disappear so the composition of the
community changes. This change will be detectable for weeks, perhaps
months, . :

¢ Chemists cannot hope to analyse routinely a water sample for the 1500+
known pollutants. Biologists, however, may detect changes in the aquatic
community which suggest that pollution is occurring. The chemists can
then begin a screening procedure to look for the pollutants producing the
observed change. For example, in 1969 a large number of sea birds
died unexpectedly in the Irish Sea. The birds contained large amounts
of PCBs. This biological early warning provided the first clues that
(i) chemical industries were discharging effluents containing PCBs into
inshore water (ii) PCBs could damage this environment.

® Chemicals which occur in low concentrations in the water may be
accumulated in the bodies of organisms. For example, in one study,
water in Lake Windermere had a lead concentration of 45 g dm™ (=45
ppb) while the phytoplankton had a lead concentration of 278 mg g™ dry
weight, a.concentration factor of some 5000. Such accumulation could be
useful in detecting the presence of pollutants in water where the
concentration in the water itself is too low to be measured with available
technology.

Disadvantages include:

e The natural variation in faunal assemblages. For example, stonefly
nymphs (larvae) play an important part in biotic indices designed to

monitor organic pollution (see later). However, these animals are not
abundant in lowland rivers. This is not because such rivers are polluted
but rather that stoneflies prefer upland rivers rich in dissolved oxygen.

® Species which may be sensitive to one pollutant may be tolerant of
another. For example, stonefly nymphs cannot tolerate organic pollution
but can tolerate quite high concentrations of heavy metals. So the
presence of a species does not confirm that the water is totally
unpolluted. Rather it tells us that the water is not polluted in a particular
way.

® Macro invertebrates show an incredibly patchy distribution in stream
beds. This means that one sample may collect very few invertebrates
while another may collect a lot. If only one or two samples are taken at
each site then some groups may be under-represented simply by chance,
not because they are not present.

e The need for taxonomic expertise on the part of the operators.




