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INTRODUCTION 

The activities in this set of experiments provide practical, first hand 
experience in the observation of chemical processes which occur in the 
environment. A variety of techniques are used which have wide application 
in governmental laboratories, industry and research . This experience will 
provide a sound basis for complementary theoretical courses in Environmental 
Chemistry. 

The objectives of this course of experiments are: 

1. To develop a practical understanding of some of the basic chemical 
processes which occur in the environment. 

2. To gain experience in the collection, collation and interpretation of 
data on environmental pollution. 

3. To gain experience in the techniques used in Environmental Chemistry. 

4. To develop skills in reporting chemical information on the environment. 

The experiments have been divided into five parts. The first part, 
Bioohemioal Processes in Aquatic Systems, is basically concerned with the 
transformations of carbon, nitrogen, phosphorus and energy in aquatic 
systems. This gives a practical basis for discussion of a wide variety of 
aspects of Environmental Chemistry including photosynthesis, respiration, 
biogeochemical cycling, primary production, plant nutrients, water quality, 
eutrophication and waste water-treatment. This part also provides the 
fundamental knowledge to develop further studies in the biological aspects 
of aquatic ecosystems. 

In Part 2, Toxic Substances in the Environment, a wide assortment of environ
mental contaminants are considered in terms of their behaviour and occurence 
in various sectors of the environment. This section introduces gas chromato
graphy, atomic absorption spectroscopy, thin layer chromotography, column 
chromatography and techniques for the measurement of atmospheric contaminants. 
It also includes a bioassay experiment in which the techniques for measurement 
of the toxicity of a substance are outlined. On this basis the environmental 
properties of insecticides, heavy metals, petroleum compounds and atmospheric 
contaminants can be discussed and developed. 

In many ways Part 3 Food Additives and Contaminants is similar to Part 2 
but is specifically concerned with food and the occurrence of foreign 
substances which result from deliberate additions or other processes. 

The role of chemical substances in controlling and regulating the behaviour 
of animals and plants in natural ecosystems is a rapidly developing area of 
research. The relationships uncovered are generally too complex to lend 
themselves to short term student experiments. Part 4 Chemical Ecology thus 
includes only one experiment which is illustrative of the type of intractions 
involved in Chemical Ecology. This experiment leads to discussion of 
allelochemicals, pheromones, chemical defence substances and so on. 
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1.1 PHOTOSYNTHESIS, RESPIRATION AND BIOCHEMICAL OXYGEN DEMAND 

INTRODUCTION 

The chemical beginnings of life are thought to have taken place in simple 
photocatalyzed reactions within the primitive atmosphere of the Earth. By 
processes of continual combination and decay, the basic types of molecules 
produced built up over long periods of geological time to produce the 
Earth's living ecosystem. Today, the photochemical production of living 
organisms and their death and decay continues in the highly complex cycle 
of photosynthesis and respiration. 

Photosynthesis includes the photochemical and associated processes that 
occur in green plants and some bacteria following the absorption of light. 
These processes can be simply represented as the use of light energy with 
carbon dioxide and water to form glucose and oxygen: 

6CO2 + 6H2O + light energy ^^lo^^phyll ^^Ηΐ2θ6 + 6O2 (Equation 1.1.1) 

This reaction involves the chemical reduction (addition of hydrogen) of 
carbon dioxide to produce the carbohydrate and oxygen, with the chlorophyll 
acting as a catalyst. The organisms which can manufacture organic substances 
from inorganic compounds and energy in this way are described as "auto
trophs". 

While Equation 1.1.1 is a reasonably accurate representation of the overall 
photosynthetic process for the production of glucose, plants also contain 
a variety of additional substances. Other carbohydrates, such as cellulose, 
protein and fats, are produced in the photosynthetic manufacture of plants. 
More complex equations, some involving nitrogen, phosphorus and other 
substances, are thus required to express the overall reaction in these 
cases. In all cases the transformation from the reactants, water, carbon 
dioxide and other substances, to the products, plant matter, is a highly 
complex process not completely understood. 

Perhaps the most obvious and arresting feature of plants are their colours, 
ranging from green in most terrestrial species to orange and red in aquatic 
species. Chlorophyll, specifically chlorophyll-a, is the dominant pigment 
and plays the major role in photosynthesis. The absorption of the blue and 
red components of white light and the reflection of the yellow and green 
wavelengths gives chlorophyll its characteristic green colour (Fig. 1.1.1). 

The presence of other pigments, generally referred to as accessory pigments, 
in plants is important in that the intermediate wavelengths may be absorbed. 
These accessory pigments do not participate directly in photosynthesis, but 
instead collect light energy in the wavelengths not absorbed by chlorophyll-
a (i.e. yellow and green) and transmit the light energy to chlorophyll-Ú:. 
These accessory pigments are particularly important to aquatic plants since 
water strongly absorbs the longer wavelength (red) radiation. 

The photosynthetic manufacture of plant materials, which can be later used 
by higher organisms as food, is described as primary production. The 
amount of primary production is affected by a number of factors such as 
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Fig. 1.1.1 These Absorption Spectra show that chlorophyll-a 
(solid line) and chlorophyll-2? (broken line) strongly absorb 
blue and red light. The green, yellow and orange wavelengths 
lying between the peaks are reflected and give both pigments 
their familiar green colour. 

It is noteworthy that a limited number of autotrophs may obtain energy from 
sources other than sunlight energy. In most cases such organisms derive 
energy from the oxidation of inorganic substances. However, the overall 
role of these organisms in major ecosystems is insignificant. 

Whereas photosynthesis is unique to plants, all organisms respire. 
Respiration comprises the oxidation of carbohydrates and other organic 
compounds to release the stored energy, usually with the formation of 
carbon dioxide and water. Glucose is the main foodstuff in respiration, 
and its overall stoichiometry of reaction is essentially the reverse of 
Equation 1.1.1. 

Ce^i^Oe + 6O2 6CO2 + 6H2O + 673 kcal (Equation 1.1.2) 

Apart from carbohydrates, the major oxidizable materials in the natural 
environment are lipids and proteins. In mammals and a number of other 

quantity of solar radiation, efficiency of absorption of solar radiation, 
availability of water etc. (see Table 1.1.1). Solar energy not absorbed is 
converted into heat and ultimately irradiated into space. 
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It is important in water quality control then, to have a measure of the 
potential oxygen uptake that accompanies the bacterial consumption of 
organic material in a waste discharge. This is the basis of the Biochemical 
Oxygen Demand (BOD) test. In this test, waste waters are diluted, seeded 
with some common bacteria if necessary, and incubated for a standard time 
of 5 days to allow aerobic biodegradation to take place. The measured drop 
in dissolved oxygen over that period is termed the BOD for the particular 
sample. The BOD of stream water itself can be measured to assess levels 
of pollution. 

In practice, BOD values may range up to 5000 mg/1 of oxygen for very 
polluted streams or raw effluents (Table 1.1.2). This is far in excess 
of the dissolved oxygen capacity of 7-14 mg/1 for natural waters. To 
determine BOD values then, it is normal procedure to carry out tests on 
samples diluted to varying extents with uncontaminated water, so that 
one or more of the mixtures will give a measurable dissolved oxygen 
consumption of 4-6 mg/1. 

TABLE 1.1.2 Typical BOD Values for some Waters and 
Waste Waters 

BOD (mg/1) 

Unpolluted streams <1 
Heavily polluted streams >10 
Secondary treated sewage 

effluent 5 - 1 0 
Raw sewage and industrial 

effluents 300 - 5000 

A theoretical oxygen demand can be calculated on the basis of the complete 
chemical oxidation of the organic material. Taking the example of glucose 
(Equation 1.1.2), it can be calculated that 180g of glucose reacts with 192g 
of oxygen, a ratio of 1:1.07 w/w. Similarly, in the case of sucrose the 
equation is: 

C12H22O11 + I2O2 I2CO2 + IIH2O + energy (Equation 1.1.3) 

Thus 332g of the carbohydrate consumes 384g of oxygen, a ratio of 1:1.16. 
Even higher specific oxygen uptakes will occur with more highly reduced 
carbonaceous materials such as starch and fats. 
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Fig. 1.1.3 Water samples are run from a sampling device 
used to collect water at depth. Analyses for dissolved 
oxygen are subsequently carried out in the laboratory. 

OBJECTIVES 

The main objectives are: 

1. to measure the dissolved oxygen content of water samples 

2. to measure semi-quantitatively the relative rates of respiration and 
photosynthesis of some freshwater algae 

3. to account for the pH changes in water containing respiring and 
photosynthesizing algae 

4. to calculate the theoretical oxygen demands of some solutions of 
simple organic compounds 

5. to carry out a BOD analysis of some polluted water. 
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where Ρ is the dilution factor (1, 0.25 or 0.10). Ignore measurements 
where D2 <1 mg/1 (insufficient dilution) or Οχ -D2 <2 mg/1 (too much 
dilution). 

dilute to one litre; this should form a test solution containing about 3-4 
mg/1 of glucose. 

2. Prepare test solutions using sucrose and starch in place of glucose. 
With starch, the weighed sample will have to be ground to a thin paste with 
a mortar and pestle before making up a suspension in water. 

3. Take four thoroughly cleaned BOD bottles (make sure that the bottles 
have been cleaned with detergent and well rinsed with warm water). Fill 
three with the test solutions of carbohydrate and fill the fourth with 
dilution water. Measure the dissolved oxygen in each of the solutions. Top 
up the BOD bottles if necessary, making sure that no air bubbles are trapped 
inside. Seal the bottles and incubate at 20^C for one week. The standard 
period for BOD incubation is 5 days, but here 7 days is suggested to fit 
more readily laboratory timetabling. 

4. After 7 days, remeasure the dissolved oxygen. Calculate the BOD in 
terms of oxygen consumed using the equation: 

BOD (mg/1) = Di - D2 

where D^ and D2 are the initial and final dissolved oxygen contents respectively 
The BOD of the diliition water should be negligible (<0.5 mg/1). 

5. Calculate the concentrations of the test solutions of carbohydrate. 
Calculate the theoretical oxygen demand for each carbohydrate solution as 
outlined in the Introduction and assuming that starch has the emperical 
formula C 5 H 1 0 O 5 , 

Biochemical Oxygen Demand of Polluted Water 

Polluted water may be high in oxygen-demanding wastes and thus it may be 
necessary to dilute before BOD analysis. Several dilutions should be made 
so that at least one has a 7-day dissolved oxygen drop in the measurable 
range of 4-6 mg/1. 

1. Aerate the polluted water sample. Fill a BOD bottle, measure the 
dissolved oxygen and incubate at 200C for a week. Similarly prepare and 
incubate two other BOD bottles containing polluted water that has been 
diluted 1:4 (25%) and 1:10 (10%) with dilution water. 

2. After incubation, remeasure the dissolved oxygen. Calculate the BOD 
of the polluted water using the equation: 

BOD (mg/1) = ^1 
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Effects of Aquatic Plants on the pH and Oxygen Content of Water 

1. Obtain about two litres of pond water containing unicellular green 
algae. Filter off the algae by pouring the water through a piece of plankton 
net. Transfer the algae to about one litre of BOD dilution water and mix 
well. 

2. Take about 50 ml of the new algae suspension and measure its pH with a 
meter. Discard this portion. 

3. Fill two BOD bottles with the algae suspension. Measure the dissolved 
oxygen in the contents of one bottle and record this as the initial dissolved 
oxygen for both. Seal both bottles and light-proof one by wrapping in 
aluminium foil. 

4. Place both bottles in a brightly sunlit position. Place both in a 
wide shallow tray filled to about 20 cm with water so as to thermostat the 
bottles. 

5. After about 1 hour, remeasure the pH and dissolved oxygen in both 
algal mixtures. Record the changes that have occurred. 

QUESTIONS 

1. What are the main causes of the varying dissolved oxygen levels in the 
five small test aquaria? How is it possible for aquatic plants to cause 
oxygen "supersaturation" in water? 

2. Which process, respiration or photosynthesis, is faster in green 
plants? Do your results illustrate this? 

3. Why does the pH of water containing aquatic plants change depending on 
whether or not there is light? Use chemical equations in your answer. 
What are the major forms of dissolved inorganic carbon in water? 

4. Comparing the BOD's against the theoretical oxygen demands for glucose, 
sugar and starch, what can be deduced regarding the biodegradability of 
these carbohydrates? 

BIBLIOGRAPHY 

Connell, D.W. (1975), Water Pollution - Causes and Effects in Australia^ 
Queensland of University Press, Brisbane. 

Higgins, I.J. and Burns, R.J. (1975), The Chemistry and Microbiology of 
Pollution^ Academic Press, London. 

Odum, E.P. (1971), Fundamentals of Ecology^ 3rd Ed., Saunders, 
Philadelphia. 
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and the fixation of carbon as described in Equation 1.2.1. Another parameter 
is the amount of chlorophyll in the water, a measure of the amount of viable 
algae present. 

TABLE 1.2.1 General Characteristics Often Used to Classify 
Aquatic Areas 

Parameter Oligotrophic Eutrophic 

Aquatic plant production low high 
Aquatic animal production low high 
Aquatic plant nutrient flux low high 
Oxygen in the bottom layers present absent 
Depth tend to be tend to be 

deeper shallower 

(Adapted from Lee (1970), Eutrophioation, University of Wisconsin 
Water Resources Centre, Eutrophication Information Program, 
Occasional Papers No. 2) 

TABLE 1.2.2 Guidelines for Classifying Water Bodies According to 
Primary Productivity, Nutrient and Chlorophyll-a Content 

Classification Primary 
Productivity 
(mgC/m2/day) 

Total Ρ 
(mg/1) 

Chlorophyll-a 
(yg/i) 

oligotrophic 0 - 136 <0.01 0.3 - 2.5 
mesotrophic 0.01 - 0.03 1 - 15 
eutrophic 410 - 547 >0.03 5 - 140 

(Loosely based on VoUenweider R.A. (1971), Scientific 
Fundamentals of the Eutrophication of Lakes and Flowing 
Waters with Particular Reference to Nitrogen and Phosphorus 
as Factors in Eutrophication^ OECD, Paris.) 

OBJECTIVES 

The main objectives are: 

1. to determine the phosphorus content, productivity, and chlorophyll 
content of a body of water 
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2. to use the above parameters to assess the trophic status of the body 
of water. 

MATERIALS 

Dissolved oxygen meter Ammonium persulphate 
water sampler 18 Μ sulphuric acid 
spectrophotometer 2 Μ hydrochloric acid 
BOD bottles 2 Μ sodium hydroxide 
filter assembly Phenolphthalein 
pipettes acetone-water (9:1) 
measuring cylinders combined reagent - this is 
volumetric flasks prepared fresh by mixing 
centrifuge vials 50 ml of 2 Μ sulphuric 
test tubes acid, 5 ml of potassium 
centrifuge (optional) antimony tartrate hemhydrate 
blender (optional) solution (1.37g per 500ml), 

15 ml of 4% ammonium molybdate 
and 30 ml of 0.1 Μ ascorbic 
acid solution, mixed in the 
order given. 

PROCEDURE 

Ideally, a natural body of water should be studied in this activity. If 
this is not practical, a water tank or large aquarium stocked with an algal 
culture may be used. The tank should be placed in an open, sunny position, 
and filled with dechlorinated water. Secondary treated sewage effluent 
provides a good source of nutrients to encourage algal growth. 

Phosphorus 

The total phosphorus content is determined by firstly performing an oxidative 
acid digestion to convert the various forms of phosphorus to orthophosphate 
ion (POi+^~). The orthophosphate is then reacted with ammonium molybdate, 
potassium antimonyl tartrate and ascorbic acid to produce the coloured 
substance, molybdenum blue. 

1. If the water sample contains significant particulate matter, homogenize 
in a blender for 2-3 minutes. 

2. Measure 100 ml into a 250 ml conical flask. Place 100 ml of distilled 
water in a separate flask - this will serve as a control. 

3. Add 1 ml of 18 Μ sulphuric acid, 0.8 g of ammonium persulphate, and 
boil gently for 1% hours. Keep the volume to 25-50 ml with distilled 
water. 

4. Cool, add one drop of Phenolphthalein, and neutralize to a faint pink 
colour with 2 Μ sodium hydroxide solution. 

5. Just discharge the pink colour by dropwise adding 2 Μ hydrochloric 
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H2O -y CH2O + O2) holds: 
12 Daily Pn (mg C/m^/day) = Daily Pn (mg 02/in^/day) χ 

Fig. 1.2.2 Some field equipment used in the assessment of 
eutrophication: a cylinderical water sampler equiped with 
trapdoors and cord; filter assembly and pump; a pair of 
light and dark bottles, several of which may be connected 
in series; plastic sample bags. (Photo: John Watson) 

Chlorophyll-g 

An estimate of the green plant matter in a water body can be obtained by 
measuring the chlorophyll-a content of the water body. The chlorophyll-a 
content is determined by extraction of the pigment into acetone followed by 
the measurement of its visible absorbance. 
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1. Filter 100-500 ml of the water sample through a glass-fibre filter. 
Record the volume filtered. 

2. Roll the filter into a cigarette shape, and place it in a small vial 
or centrifuge tube. 

3. Add 10 ml of 90% acetone, or enough to cover the filter. Record the 
volume. Stopper the vial, and store in the dark at 4^C for 24 hours. 

4. Centrifuge the extract if it is cloudy. 

5. Transfer some of the extract to a 1 cm glass cuvette. Measure the 
absorbance at 665 and 750 nm. Subtract the 750 nm value from the 665 nm 
value. The 750 nm value serves to correct for any turbidity. 

6. Add one drop of 2 Μ hydrochloric acid to the cuvette. Mix, and stand 
for 1 minute. Remeasure the absorbance at 665 and 750 nm and subtract the 
values. The remaining figure is taken as the absorbance due to pigments 
other than chlorophyll-a. 

7. Calculate the chlorophyll-a concentration using the formula: 

Chi-a (yg/l) = 29(A-A ) χ vol. extract (ml) 
^ ^ a^ vol. sample (1) 

where A is the corrected absorbance at 665 nm before acidification and A 
is the corrected absorbance at 665 nm after acidification. 

QUESTIONS 

1. What is the trophic status of the water body according to the results 
for (a) phosphorus, (b) productivity, and (c) chlorophyll-a? 

2. Why is phosphorus a common limiting nutrient? What are the main 
sources of phosphorus in aquatic areas? 

3. What are some other main limiting nutrients apart from phosphorus, in 
order of importance? What are their major sources? 

4. The estimation of daily productivity involved several major assumptions. 
What are some of these? 

BIBLIOGRAPHY 
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of Water and wastes^ USEPA Technology Transfer EPA-625-/6-74-003a, Washington. 

VoUenweider, R.A. (Ed.) (1974), A Manual on Methods for Measuring Primary 
Production in Aquatic Environments^ IBP Handbook No. 12. Blackwell Scientific, 
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3. To remove substances which have an undesirable impact on the environment 
such as plant nutrients. 

The objectives in any specific case are influenced by such factors as: 

Economic resources available 
The particular environment into which discharges are made 
Possible reuse of the effluent water 
Uses which are made of the aquatic environment into which discharges 
are made. 

To meet the objectives and to relate them to the factors outlined above, 
sewage can be treated to a variety of degrees of purification. As a general 
rule the treatment procedures can be divided into 3 main classes depending 
on the degree of purification achieved. 

1. Primary Treatment - Removal of solids and sludge prior to discharge. 

2. Secondary Treatment - Primary treatment plus aeration and treatment by 
the activated sludge technique to remove the substances giving B.O.D. 
Other processes based on aeration can be used for secondary treatment also. 

3. Tertiary Treatment - Secondary treatment plus removal of inorganic 
nitrogen and phosphorus salts which act as plant nutrients. 

A general description of the treatment techniques used today is outlined 
below: 

Sewage Farm/Land Disposal 

This method usually consists of a preliminary screening and discharge of 
the liquid waste onto farm land. Aerobic degradation occurs, but run-off 
water into adjacent waterways can be comparatively high in B.O.D. Agricultural 
products produced in this way may be required to pass certain public health 
tests. 

Lagoons, Stabilisation or Oxidation Ponds 

These are simply large ponds usually about 1-2 m deep where sewage is 
discharged and held for periods up to several months. Aerobic degradation 
occurs as a result of exposure to air and, in addition, sunlight stimulates 
the growth of algae which help provide oxygen for the respiration process. 
This can be an effective treatment process depending on residence times of 
the sewage and weather conditions. 

Primary Treatment 

This process consists of screening of the sewage and removal of sludge in a 
sedimentation tank. The liquid discharge is usually high in B.O.D. but 
populations of microorganisms can be destroyed by chlorination (see Fig. 
1,3.2) . 
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Fig. 1.3.3 A modern secondary sewage treatment plant 
utilising (1) sedimentation tanks (2) anaerobic digesters 
(3) electricity generation plant using methane from the 
anaerobic digesters (4) biological filters (5) oxidation 
ponds (6) laboratory (Photo: South Australian Government). 

Secondary Treatment by Activated Sludge 

An outline of primary treatment followed by secondary treatment is shown in 
Fig. 1.3.2. In this method the B.O.D. and solids contents of the sewage 
are reduced to low levels, usually the B.O.D. is less than 10 mg/1 and the 
suspended solids less than 20 mg/1. The undigestable sludge produced is 
usually disposed of in land fill. It is noteworthy that the methane produced 
in this process can be used to maintain the anaerobic digestor at an optimum 
temperature, usually above atmospheric temperatures. In many plants the 
methane is also used in electricity generation to run pumps, etc, in the 
plant. 

Septic Tanks 

A septic tank can be attached to individual homes which are not served by 
sewerage systems. This consists of an underground tank which accepts 
sewage and aerobic degradation then occurs. The purified wastewater is 
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discharged into the ground through sub-surface drains. After a period of 
operation the accumulated sludge in the tank should be removed. The efficiency 
of this process is related to the capacity of the ground to accept wastewater. 

Secondary Treatment by Trickling or Biological Filters 

With this method the sewage is primary treated then pumped to a filter. 
The filter consists of a bed of stones usually 1-3 m deep onto which the 
primary treated sewage is discharged at a slow rate by a rotating arm or 
other method. Bacteria and a variety of other organisms grow on the bed 
and aerobically degrade the sewage as it passes through. (See Fig. 1.3.3) 

Tertiary or Advanced Wastewater Treatment 

All of the treatment methods described above result in the production of 
waste-water containing nitrogen and phosphorus salts. These substances may 
stimulate excess plant growth and cause eutrophication (see Section 1.2). 
In many situa-tions there is a need to remove these salts and produce a 
very high quality effluent. A wide range of techniques can be used ranging 
from extensions of the biological methods to physico-chemical methods such 
as adsorption, distillation and osmosis. 

OBJECTIVES 

The main objectives are: 

1. to observe the sewage treatment methods used 

2. to assess the chemical changes used in sewage treatment 

3. to observe the end products of sewage treatment 

4. to consider the environmental effects of sewage treatment. 

QUESTIONS 

In writing up this activity there is no need to give a detailed description 
of the plant or its operation. However, the following questions should be 
answered: 

1. Write idealised chemical equations for the degradation of carbohydrates 
occurring in various parts of the plant e.g. 

(a) the activated sludge - aeration tanks 
(b) the sludge digestion tanks 

2. What happens to the methane produced in the plant? 

3. Is this plant a primary, secondary or tertiary treatment plant? What 
are the basic treatment processes carried out in the plant? 

4. What types of substances occur in the effluent from the plant and what 
is their possible environmental impact? 
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5. What possible uses could be made of the effluent from the plant? 

6. What kind of substances are in the undigestible sludge? 

7. What possible uses could be made of the undigestible sludge usually 
produced as a dried solid? Are there difficulties in its disposal? 

8. What important substances and processes are monitored during the 
plant's operations? 

BIBLIOGRAPHY 

Dugan, P.R. (1975), Biochemical Ecology of Water Follution, Plenum Press, 
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Higgins, I.J. and Burns, R.G. (1975), The Chemistry and Microbiology of 
Pollutioriy Academic Press, London 



PART 2 

Toxic Substances in the Environment 
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2.1 INSECTICIDES IN CIGARETTE SMOKE 

INTRODUCTION 

During the three decades since the second world war, millions of tonnes of 
pesticides have been distributed in the environment to control plant and 
insect pests. Residues of these pesticides or their breakdown products 
occur worldwide, contaminating air, water, soil, plants, animals and man 
himself. 

The main groups of pesticides are insecticides, herbicides and fungicides 
with minor groups of rodenticides, avicides, molluscicides, acaricides, 
nematocides, bactericides and antivirals. Taking the insecticides, these 
are classified into subgroups, according to their structure and function as 
outlined below. 

The Organochlorine or Chlorinated Hydrocarbon Insecticides 

Examples are DDT, dieldrin, aldrin, DDD, heptachlor, lindane, and DDE: 

DDT DDD 

CI 

CH2 CCI2 

CI 
CI 

Aldrin 

CCl 

DDE 
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Organophosphorus Insecticides 

Organophosphorus insecticides are generally derivatives of phosphoric acid 
or the sulphur analogues of phosphoric acid: 

0 or S 
Rl-0\ll 

^P-O(or S)—R3 
R2-0"^ 

The groups Ri, R2 are usually the same, most often the alkyl groups CH3 
or CH3CH2. The type of R3 group is much more varied, and includes alkyl, 
aryl and heterocyclic groups and their derivatives. The variety of chemical 
types which can be used as this group accounts for most of the diversity in 
organophosphorus insecticides. 

Organophosphorus insecticides often encountered are malathion, a common 
garden insecticide, and dichlorvos, a volatile compound that is the active 
ingredient of "pest strips": 

CH30. I 

">P—SCHCO2CH2CH3 

CH2CO2CH2CH3 

Malathion 

Carbamate Insecticides 

CH3 

CH3 0 ^ 
0CH2=CCL2 

Dichlorvos 

Carbamate insecticides are based on the chemical group: 

0 

R^O-C-NC:^ 

Carbaryl is a well known example: 

CHq 

Carbaryl 
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Inorganic Insecticides 

These are usually compounds of arsenic or mercury. Lead arsenate, PbHAsO^, 
is an example. 

The use of organochlorine insecticides, particularly DDT, has declined in 
recent years due principally to long-term deleterious effects. Residues of 
organochlorine insectidices are very persistent, and are accumulated in the 
fatty tissues of predatory animals. Deaths and the lack of breeding success 
in predators such as hawks and falcons have been attributed to the accumm-
ulation of these residues, and there is a possible risk to man. Nowadays, 
shorter-lived pesticides are more commonly used, such as organophosphosus 
compounds and, to a lesser extent, organocarbamate compounds. These alter
native pesticides are far less persistent, although they often have higher 
mammalian toxicity. 

The analysis of pesticide residues in environmental samples almost invariably 
involves some form of chromatographic separation. Thin layer chromotography, 
or TLC, is a simple and rapid means of separation used where qualitative 
identification is needed. In this case a glass plate is usually coated 
with an absorbent such as finely powdered silica gel so that a thin layer 
is formed. The insecticide mixture is absorbed onto the silica gel as a 
spot. The plate is stood with the lower portion immersed in a bath of 
solvent which moves then through the layer by capillary action. The insecticide 
components move at different rates depending on their affinity for the 
absorbent. After drying, the new position of the insecticides can be 
viewed either under UV light or by spraying with certain chromogenic (colour-
forming) reagents. 

A quantitive value can be placed on the movement of a separated compound on 
a TLC plate. This is termed the R^ value, and is defined as: 

^ _ distance the spot travels from the origin 
f distance the solvent front travels from the origin 

The R^ value is characteristic for a particular compound, and is influenced 
by chromatographic conditions such as the nature, of the absorbent powder 
thickness and particle size, the mobile solvent, and the temperature. 

OBJECTIVES 

The main objectives are: 

1. to extract pesticides from cigarette smoke 

2. to separate and identify some of the pesticide components using column 
and thin layer chromatography. 

MATERIALS 

Side-arm filter tubes Cigarettes 
aluminium foil dichloromethane 
pasteur pipettes hexane 
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disposable glass vials 
fluorescent TLC plates, 

silicagel G F 2 5 U , 5x20cin 
glass capillary tubing 
developing tanks 
U.V. viewer 
chromatography atomizers 

acetone 
anhydrous sodium sulphate 
Florisil, 60-100 mesh, 5% 

deactivated 
glass wool 
0.5% o-toluidine in 

ethanol 
2% 4-(nitrobenzyl) pyridine 

in acetone 
10% tetraethylenepentaamine 

in acetone 
standard solutions of DDT, 
DDE, and dichlorvos in 
hexane, 100 yg/ml 

PROCEDURE 

A cigarette is "smoked" in such a way that the smoke is passed through a 
solvent which traps much of the volatile tars and pesticide residues. The 
residues are "cleaned-up" or separated from interfering substances such as 
fats, tars and colouring material by smale-scale column chromatography 
prior to TLC analysis. 

1. Place about 10ml of dichloromethane in a side-arm filter tube. Join a 
cigarette to a pasteur pipette and fit in the filter tube as shown in Fig. 
2.1.1. 

2. Use a mild vacuum to draw air at a gentle rate through the cigarette. 
Light the cigarette and allow it to burn down. 

3. When the "smoking" is complete, evaporate off the dichloromethane 
using a warm water bath and a stream of dry air. A pale brown, sticky 
residue will remain. 

4. Make up a small chromatography column using a pasteur pipette. Push a 
small plug of glass wool to the narrow section of the pipette, then add 
Florisil to form a column about 5 cm long. Top the Florisil with about 1 
cm of anhydrous sodium sulphate granules. At least 1 cm of the top of the. 
pastuer pipette should remain empty. 

5. Rinse the column with about 5 ml of hexane and discard the waste. 
Dissolve the sticky residue in about 1 ml of hexane and transfer this to 
the top of the column. 

6. Elute the column with about 4 ml of hexane and collect the effluent in 
a small glass vial. Further elute the column with 10% acetone in hexane, 
collecting the new effluent in a second glass vial. Evaporate off the 
solvents in a stream of air with warming. The two glass vials contain 
residues or organochlorines and organophosphates, respectively. 

The insecticide residues are chromatographed on silica-gel thin layer 
plates using weakly polar solvents as the mobile phase. DDT, DDE and 
dichlorvos are used as reference standards, but other insecticides may be 
used if they are more appropriate for the samples chosen. 
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Fig. 2.1.1 Sidearm test tube, Pastuer pipette, plastic 
tube connector, aluminium foil plug and dichloromethane 
used for collecting pesticide residues in cigarette 
smoke. (Photo: John Watson). 

7. Trace the outline of a TLC plate on a blank page, 
row of three dots about 3 cm from the bottom edge. 

?!ark on the page a 

8. Add 1-2 drops of hexane to the first vial containing the organochlorine 
residues. Take this solution up into a short length of glass capillary 
tubing. With a quick movement, touch the tip of the capillary onto the TLC 
plate in the spot corresponding to the first dot on your diagram. Blow on 
the small stain to dry. Repeat this touch-and-blow procedure till all the 
residue solution is applied. 

9. Use a fresh piece of capillary to spot DDT standard on the place 
corresponding to the second dot on your diagram. Similarly spot DDE standard 
in the place corresponding to the third dot. 
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10. Place the TLC plate in a tank containing hexane to a depth of 1 cm. 
Let the solvent run for about 15 cm. Remove the plate, quickly mark the 
position of the solvent front, and dry in air, 

11. View the place under short-wave u.v. light. Dark, non-fluorescent 
patches will indicate the new positions of the DDT and DDE spots. The 
organochlorine spots can be shown more permanently by spraying with o-
toluidine solution then u.v. irradiating for about 10 minutes when brown 
spots will appear. Copy the pattern of spots onto your diagram. 

12. In a similar way, spot the organophosphorus residues onto a fresh TLC 
plate. Spot dichlorvos standard alongside. Develop the plate in a tank 
containing hexane - acetone (4:1). Dry the plate at lOOOC for 2 minutes, 
then spray with 4-(4-nitrobenzyl)-pyridine solution. Redry, then over-
spray with 10% tetraethylenepentaamine in acetone. Let the plate stand 
for about 30 minutes in air, when the organophosphates will appear as blue 
spots against a white background. 

QUESTIONS 

1. What are the R^ values of the insecticides tested? Use the chro
matographic results to place the insecticides in an order of polarity. 

2. What insecticides were identified? 

3. DDT was once widely applied to tobacco crops. What are some of the 
pesticides in use today, both in the field and in the curing and storage? 

4. What are the LD50 C^^it) and the acceptable daily intake (humans) for 
dichlorvos? 
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SOURCE MILLIONS OF TONNES/YEAR 

Marine transportation 
and off-shore oil 
production 2.41 
Industrial and municipal 
waste 0.6 
Land run-off 1.9 
Natural seeps 0.6 
Atmospheric rain-out 0.6 

TOTAL 6.11 

(From: Joint Group of Experts on the Scientific Aspects 
of Marine Pollution (GESAMP) (1977), Impact of Oil on the 
Marine Environmenty Rep. Stud. No. 6. Food and Agriculture 
Organisation, Rome). 

Petroleum Hydrocarbons 

The refining and cracking of petroleum, and to a much lesser extent the 
destructive distillation of coal, serve as the world's major sources of 
hydrocarbon products. As well as being of importance as fuels, these substances 
form the basic components for the synthesis of such materials as synthetic 
rubber, plastics and many pharmaceuticals. Fuels, such as automobile 
spirit, kerosene, diesel and fuel oil, as well as lubricating oils, ae 
among the most common hydrocarbon substances discharged into aquatic areas. 

Hydrocarbons can be simply classified into three main groups according 
their structure: 

(a) The Alkanes or '^Saturated" Hydrocarbons. These substances are usually 
the major components of petroleum. Examples are hexane and 2,2-dimethyl-
propane: 

2.2 GAS CHROMATOGRAPHIC INVESTIGATION OF VOLATILE HYDROCARBONS 

INTRODUCTION 

Of all the waterbome pollutants petroleum oils are the most obvious. Oil 
slicks and tarry residues are now common throughout the world's waterways. 
There is little doubt that the bulk of these pollutants have originated 
from the extraction use and transport of petroleum products. Table 2.2.1 
gives a summary of the estimates of quantities and sources of petroleum 
discharges to the oceans. 

TABLE 2.2.1 A Recent Estimate of Petroleum Hydrocarbons 
Entering the Oceans 
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CH3-CH2-CH2-CH2-CH2-CH3 

n-hexane 

CH3 

C H 3 —C — CH3 
CH3 

2,2-dimethylpropane 

Because of the strength of the C-C and C-H bonds, the alkanes are relatively 
resistant to degradation by most chemical and biological agents. The 
alkanes exhibit a very low level of toxicity towards biota. Solubility in 
water is of a very low order due to the low polarity of the molecule. 

(b) The Alkenes and Alkynes or "Unsaturated" Hydrocarbons. The term 
unsaturated arises from the lower H:C ratios than those for the alkanes, 
which is caused by the presence of double and triple bonds carbon-carbon. 
Examples are propene and ethyne: 

CH3-CH=CH2 

propene 

H-CEC-H 

ethyne (acetylene) 

Multiple bonds are susceptible to disruption, and accordingly the unsaturated 
hydrocarbons are more easily degraded by environmental agents such as 
atmospheric oxygen, ultravoilet light and biotic metabolism than are the 
alkanes. The toxicity and water solubility are generally higher for the 
alkenes and alkynes than for the alkanes. 

(c) The Arenes or Aromatic Hydrocarbons. These hydrocarbons contain one or 
more six-membered chains of carbon atoms. They are unsaturated in that they 
have H:C ratios lower than those for the alkanes. Unlike the alkenes and 
alkynes, however, the additional C-C bonds form as a continuous link 
connecting all the carbon atoms in the chain. Two examples are: 

Benzene (CßHe) Naphthalene (C I Q H S ) 

This group exhibits markedly different properties to the other two. Some 
members are moderately soluble in water, most are toxic and several members 
are highly carcinogenic. Although common constituents of petroleum they 
are almost invariably in lower proportion than the other two groups. 

Investigation of Petroleum Hydrocarbons Using Gas Liquid Chromatography 

Petroleum hydrocarbons can occur in water, sediments and aquatic biota. 
Since they are usually of low water solubility and high fat solubility, 
concentrations in water are very low whereas the fatty tissues of animals 
and plants can contain relatively high concentrations. 
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The most widely used technique for analysing petroleum hydrocarbons is 
gas liquid chromatography commonly described as gas chromatography. Gas 
chromatography is a technique for separating mixtures of volatile substances 
into individual components. It depends on the individual components moving 
at different speeds when carried through a packed tube or column by an 
inert gas. The column is usually l-3m long and several millimetres in 
diameter, packed with an inert porous solid such as diatomaceous earth, 
and coated with a nonvolatile liquid. Some liquid coatings in use are 
silicone rubbers, greases, waxes, oils, carbowaxes, and dialkyl phthalates. 

The nonvolatile liquid plays a major role in the separation process. The 
speed that individual substances move through the coilumn depends principally 
on the partition of the substance between the gas and the liquid phases. 
Substances where the partition favours the liquid phase will be retained 
for longer times in the column than those where the gas phase is favoured. 

Fig. 2.2.1 shows diagramatically the design of a gas Chromatograph. It 
consists essentially of the column, usually made of metal or glass tubing, 
encased in a heating oven. At one end is the injection port and at the 
other a detector, both also heated. The output from the detector is usually 
fed to a chart recorder. 

Carrier gas inlet Column Gas outlet 

Injector 
port Recorder 

Fig. 2.2.1 A diagrammatic illustration of a gas 
Chromatograph. 

In practice, a small volume, about 1 yl, of the mixture or a solution of 
the mixture is injected into the gas Chromatograph. This is immediately 
volatilized and the vapours swept along the column by the carrier gas, 
usually an inert gas such as helium, nitrogen or argon. After separation 
on the column, the components then pass through a detector sensitive to the 
effluent substances. One such detector is the thermal conductivity detector, 
a device which senses the difference in thermal conductivity between the 
carrier gas and the carrier gas plus a separated component. Thus, as each 
component passes, the detector emits a signal which is transmitted to the 
recorder. The recorder trace displays a series of peaks, each peak 
corresponding to a different compound which has passed through the detector 
(see Fig. 2.2.1). The area of the peaks can be used to estimate the 
quantitative composition of the mixture. The time required for a compound 



TOXIC SUBSTANCES IN THE ENVIRONMENT 39 

where Ν - number of plates 

t - retention time r 
t - time for a substance (such as air) which 
^ does not interact with the column components 

to move through the column 

W - peak width at the base 

Gas chromatography separates chemically similar compounds according to 
their volativity. Thus, in a homologous series such as the aliphatic 
hydrocarbons hexane, heptane, octane and nonane, the hydrocarbons will 
exhibit a regular increase in retention time in the carbon number sequence 
of Cg, Cy, Ce, and Cg. In practice, a direct relationship holds between the 
carbon number (or molecular weight) of the hydrocarbon and the logarithm of 
its retention time, as shown in Fig. 2.2.3. This sort of relationship is 
important as it allows interpolation or extrapolation to obtain retention 
times of members of the homologous series which may not be available. 

OBJECTIVES 

The main objectives are: 

1. to operate a simple gas Chromatograph 

2. to determine the retention times of some pure hydrocarbons 

3. to separate and identify the components of a mixture of volatile hydrocarbons. 

to pass through a column is known as its retention time (t^), which under 
constant conditions is always the same and is characteristic of the compound. 
However the retention time does vary under different conditions including 
such factors as: 

(a) the nature of the liquid phase 
(b) the concentration of the liquid phase on the solid support 
(c) the column temperature 
(d) the flow rate of carrier gas 
(e) the type of carrier gas 
(f) the dimensions of the column. 

By suitably adjusting these variables it is usually possible to optimise 
the efficiency of separation of a mixture. Fig. 2.2.2 shows an example of 
different separation efficiencies of two substances. Examination of the 
figure indicates that the width of the peaks recorded is a significant 
factor in efficiency. Column efficiency is usually measured in terms of 
theoretical plates which derives from the use of distillation columns to 
separate mixtures. In distillation columns the larger the number of plates 
the greater the efficiency of separation. In a gas chromatography column, 
the efficiency can be calculated using the following expression: 

Ν = 16(t^ - t^)2 
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Fig. 2.2.2 Hypothetical gas/chromotograms of two compounds 
under different conditions of column efficiency. 
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Fig. 2.2.3 Plot of retention time of hydrocarbon versus 
carbon number for the alkanes. 
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MATERIALS 

Gas chromotograph (thermal conductivity Hydrocarbon standards of 
detector with liquid phase such pentane, hexane, heptane, 
as SE30 or Apiezon M) octane, decane, cyclohexane 

plastic rulers and isooctane 
1 or 5 yl syringe mixtures of volatile 

hydrocarbons 

PROCEDURE 

1. Set up a gas Chromatograph according to the following conditions: 

injection, column and detector temperatures at 120-150^0 
helium flow rate at 30ml/min using a soap bubble meter 
recorder at 1 mV full scale, chart drive at about 
3 cm/min. 

2. Adjust the GC attenuator to its most sensitive setting. A flat pen 
trace will indicate that the temperatures and gas flows are stabilized. 

3. Inject 1 yl of hexane and quickly mark in the injection point on the 
recorder trace. If the recorder peak goes off scale, rechromatograph 1 yl 
of hexane using a higher attenuation setting. 

4. Chromatograph 1 yl volumes of pentane, heptane, octane, decane, 
cyclohexane and iso-octane. Note down the necessary details on the recorder 
paper. Calculate the retention times of each hydrocarbon using the recorder 
speed and the distance of the peak maxima from the injection points. 

5. Plot the carbon numbers of the hydrocarbons against the logarithm of 
their retention times. Fit the points to a straight line. 

An unknown mixture of hydrocarbons is chromatographed to identify its compon
ents. Petrol, or a combination of the standard hydrocarbons, makes a useful 
mixture. 

6. Chromatograph 1 yl of the hydrocarbon mixture. Identify the components 
by matching the peak positions after the injection point with those of the 
hydrocarbon standards. Not all peaks in the mixture may be able to be matched 
with the limited numbers of standard hydrocarbons used. 

7. Calculate the concentrations of the identified components using either 
relative peak area or relative peak height. For a given hydrocarbon, the 
recorder peak area is taken as proportional to the amount of hydrocarbon 
injected, so that the amount in a mixture is given by; 

- x , ! . j j ^ T Λ peak area in mixture He m mixture (yl or yg) = He m standard (yl or yg) χ ^eak area in standard 

Suitable corrections have to be made if the injection volumes or attenuator 
settings are changed. The area under a peak maybe obtained by assuming a 
triangular shape and taking the product of peak height χ peak width at half 
height. 
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QUESTIONS 

1. What is the composition of the hydrocarbon mixtures examined? 

2. What are the boiling points of the hydrocarbon standards used? 
Is there any connection between the boiling points and the retention times 
of the hydrocarbons? 

3. What is the efficiency of the gas chromatography column used? 
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2.3 TOXICITY OF COPPER IONS TO AQUATIC ORGANISMS 

INTRODUCTION 

A variety of toxic substances are discharged into the environment where 
they may exert harmful effects on organisms. Environmental toxicology is 
broadly concerned with the effects of air and water pollutants, residues in 
food and biota and industrial hygiene. 

Toxic substances have two important aspects to their action. Firstly the 
physiological impact of the substance on organisms and secondly the concentra
tion in the environment, or dose administered to the organism, which causes 
that effect. This concept includes the basic principle that harmful effects 
are related to dose or concentration and below a certain minimum there will 
be no harmful effects. 

These principles are illustrated by the hypothetical data plotted in Fig. 
2.3.1. This indicates the lethal response of a uniform population of an 
organism when subject to increasing doses or environmental concentrations, 
over a set period. Below a concentration of 1 no mortalities are observed, 
but between concentrations of 1 to 2.5 the most susceptible individuals in 
the population succumb. Most of the population is affected by concentra
tions between 2.5 and 5, but some individuals are very resistant and it 
needs concentrations above 5 to cause mortality. So in any uniform population 
there will be a Gaussian distribution in terms of susceptibility to a toxic 
agent. It is expected that each agent will have a dose response curve 
characteristic of that substance. 

Proportion 
of 

Population 
Exhibiting 
Mortality 

Fig. 2.3.1 Hypothetical lethal response curve of an 
animal population exposed to a toxicant. 

Further examination of Fig. 2.3.1 shows that we can obtain a numerical 
measure of toxicity from the data. The concentration or dose which causes 
mortality to 50% of the organisms, LC50 and LD50 respectively, represents 
toxicity to the "average" organism and an estimate can be made of standard 
deviation. Often the Lethal Concentration and Lethal Dose are jointly 
referred to as the Tolerance Limit (TL) as this eliminates the need to 
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consider the difference between a dose and exposure to a concentration. 
Toxicity to 84% (LCsî ) or toxicity to 16% (LC^g) of the organisms can be 
also calculated if necessary. 

It is important to note that within the same species a variety of factors 
may influence the measured toxicity. These include such characteristics as 
age, sex, size, general physical condition and environmental conditions. 

Table 2.3.1 indicates the range of toxicities exhibited by a variety of 
substances towards mammals. This can be used to classify the toxicity of 
a substance according to a scale such as that illustrated in Table 2.3.2. 

TABLE 2.3.1 Approximate LD50* of a Number of Chemical 
Agents for a Variety of Mammals 

Agent LD50 (mg/kg body weight) 

ethyl alcohol 10,000 
sodium chloride 4,000 
morphine sulphate 900 
DDT 100 
nicotine 1 
tetrodotoxin 0.10 
"dioxin" (TCDD)* 0.001 

*(From: Loomis, T.A. (1974), Essentials of Toxicity^ 2nd 
Edn., Lea ξ Febiger, Philadelphia, p.18) 

TABLE 2.3.2 General Classification of the Toxicity 
of Substances 

Classification LC50 LD50 
(mg/kg body weight 
or concentration) 

extremely toxic <1 
highly toxic 1 50 
moderately toxic 50 - 500 
slightly toxic 500 - 5,000 
practically non-toxic 5,000 - 15,000 
relatively harmless >15,000 

(From: Loomis, T.A. (1974), Essentials of Toxicity^ 2nd 
Edn., Lea ^ Febiger, Philadelphia, p. 19) 

*2,3,7,8-tetrachlorodibenzo-p-dioxin 
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Aquatic toxicology tests, or bioassays, are conducted to evaluate the 
toxicity of specific materials or effluents, to determine permissable 
effluent discharge rates, to establish the relative sensitivity of various 
aquatic organisms, and to identify effects of physical and chemical variables 
such as temperature and pH on toxicity. 

Two sorts of bioassay may be identified. One is the chronic, sub-lethal 
test, which examines responses in essential life processes such as growth, 
reproduction and changes in blood composition. The other is the acute-
lethality test, where the measured response is death. Chronic tests are 
sometimes long-term while acute tests may take only a few days. With all 
tests the test organisms should be as uniform in all characteristics as 
possible and the environmental conditions should be constant during the 
test period. 

Simple static bioassays can be carried out in aquaria containing the test 
organisms with different concentrations of the toxicants. This procedure 
suffers from the disadvantages of a gradual loss of toxicant through 
absorption by the organisms, and other mechanisms, as well as additional 
toxic effects due to the wastes produced by the test organisms. More 
accurate and consistent results are obtained using "flow-through" aquaria. 
In this method the liquid in the aquaria is continually replaced by a 
controlled inflow of fresh water and toxicant in the correct concentration. 
Flow-through bioassays require complex equipment and also chemical monitoring 
to check the toxicant concentration, therefore the following experiment 
uses the static procedure. 

The choice of test organism is of critical importance. Organisms selected 
should be important from an ecological, commercial and recreational viewpoint 
in the area where the test results apply. For practical reasons, they 
should be easily obtainable in large numbers. But it is important to 
remember that the conditions of the laboratory bioassay may differ from 
that in the natural environment. For example the organism may have a 
restricted area for movement in which factors such as dissolved oxygen, 
temperature, salinity, pH and so on may differ from the test conditions. 
In addition the size, age, sex and physical condition of the test organisms 
may not be representative of the natural population. Thus there is a need 
for caution in applying the results of bioassays to natural populations. 

The chosen toxicant for this study is copper, as copper sulphate. Although 
traces of copper are essential to living organisms higher concentrations 
are toxic. Levels of 0.5 ppm in water are lethal to may algae, whilst most 
fish succumb to a few parts per million. Major sources of copper pollution 
are mining operations, industries such as electroplating works, and the use 
of copper compounds as algicides and fungicides. 

OBJECTIVES 

The main objectives are: 

1. to recognize the principles of a toxicological bioassay 

2. to carry out a simple, small-scale static bioassay 

3. to calculate 24- and 96-hr L C 5 0 figures from mortality data. 
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* A satisfactory organism should be suitable for collection or breeding in 
large numbers; of the smallest size which allows observation and handling 
and should exhibit a clear death point. Government regulations and 
conservation needs should be obeyed. 

?4ATERIALS 

volumetric flasks, 100 and 500 ml copper sulphate 
pipettes, 1 and 10 ml shrimp or other suitable aquatic 
5 litre pickling jars (5) organism* (about 80) 
aquarium pump and tubing 
analytical balance 

PROCEDURE 

The bioassay covers about 5 days. It requires monitoring on frequent 
occasions and so adequate plans should be made ahead. Also, the test 
species must be collected and acclimatized in the laboratory, usually for a 
period of about one week. Native shrimp may be collected by dipnets and 
traps in local streams. Alternatively, brine shrimp eggs (Artemia salina) 
may be bought in an aquarium store and the shrimp cultivated in the laboratory. 

First, a preliminary assay is conducted to determine the order of magnitude 
of copper concentration that is toxic to the shrimp. 

1. Ensure that there is an adequate supply of dilution water. Tap water 
must be thoroughly dechlorinated by air scrubbing. If the tap water is 
hard, it should be diluted with an equal part of deionized water. Ensure 
also that the shrimp have been acclimatized to the dilution water. The 
shrimp should not be fed for one day before the test. 

2. Clean and rinse thoroughly five 5 litre jars. Fill with dilution 
water and add copper sulphate solution to reach the following concentrations: 
0, 0.01, 0.1, 1 and 10 mg/1 as copper. The zero copper water will serve as 
a control. 

3. Place two shrimp in each jar, selecting shrimp that are of similar 
size and the same sex. Observe the shrimp for a few minutes, and replace 
those that show obvious signs of damage through handling. 

4. After 24 hours have elapsed, note the mortalities. There should be no 
deaths in the control. Ideally, there should be a copper concentration at 
and above which there is 100% mortality and below which there is zero 
mortality. 

A detailed assay should be conducted to span a range of copper concentrations 
from that causing zero mortality to that causing complete mortality. 
Concentrations following a logarithmic series are most appropriate and may 
be taken from the following list: 

1.0, 1.8, 3.2, 5.6, 10, 18, 32, etc. 

Thus a tenfold range may require five concentrations. 
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ANALYSIS OF DATA 

Several methods are used to analyse bioassay data. One method is illustrated 
below with a set of mortality data for groups of 10 shrimp exposed to five 
copper concentrations for 4 days (see Table 2.3.3). The percentage mortality 
in each test group is plotted against the copper concentration for each 
observation time. Fig. 2.3.2 illustrates the plot for the 14-hr observation. 

TABLE 2.3.3 Shrimp Mortality Data 

Copper Number of tests animals surviving 
concen after: 
tration 

mg/l 30min, . 2, 4, 14, 24hr, 2, 3, 4day; 

10 9 7 4 2 0 0 0 0 0 
5.6 10 9 7 5 2 1 1 0 0 
3.2 10 10 9 7 5 4 3 2 2 
1.8 10 10 10 9 8 7 6 5 5 
1.0 10 10 10 10 10 10 9 9 9 

Fig. 2.3.2 shows that the data may be fitted to a sigmoid curve. This type 
of curve is expected of natural populations. Most shrimp behave close to 
the "average", and succumb to a narrow range of toxicant concentration. 
However, a few shrimp display particular sensitivity or resistance to the 
toxicant. 

5. Fill several 5 litre jars with dilution water. Adjust the copper 
concentrations to the required values, leaving one jar to serve as a 
control. 

6. Stock each tank with ten shrimp of the same sex and roughly the same 
size as used in the preliminary assay taking care not to injure them in the 
process. 

7. Run the assay for 96 hours (four days).. Do not feed the shrimp over 
this time. Record the shrimp mortalities at known time intervals. A 
convenient set of intervals is: 

15, 30, 70 minutes, 
2, 4, 8 and 14 hours, 
1, 2, 3 and 4 days. 

Other, more convenient sets of intervals may be chosen. 

8. Remove the shrimp as soon as they die, even if this is between the 
chosen observation times. Shrimp should be considered dead if there is no 
respiratory or other movement, or no response to gentle prodding. 
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Fig. 2.3.2 Plot of mortality versus toxicant concentration 
at 14 hours. Note the logarthmic scale for the concen
tration. The dashed curve would fit ideal figures. The 
solid line is better fitted to data for a limited number 
of animals which behave similarly to the average organism. 
From the solid line is obtained a 14-hr LC50 of 3.2 mg/1 
of Cu. 

In practice, it is easier to fit a straight line to experimental data. 
Fig. 2.3.2 shows that a straight line can be fitted to the points closest 
to the 50% median, ignoring the points for 0 and 100% mortality. From this 
line can be read off the 14-hr L C 5 0 of 3.2 mg/1 of Cu. 

Other L C 5 0 values may be estimated for each observation time. These values 
are plotted against time as the experiment progresses, to obtain a "toxicity 
curve" as shown in Fig. 2.3.3. From this curve can be read off the 24-
and 96-hr L C 5 0 which in this case are 2.5 mg/1 and 1.8 mg/1 of copper, 
respectively. 
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Fig. 2.3.3 Plot of LC50 versus observation time. This 
plot should be drawn as the bioassay proceeds. In this 
case, deaths are still occurring at 96 hours. Longer 
experiments may indicate a concentration at which acute 
lethality ceases, a "threshold lethal concentration". 

QUESTIONS 

1. What is the LC5Q at 24 hours and 96 hours for the test organisms under 
the conditions used? 

2. What are the government regulations for copper concentrations in 
aquatic areas? How do these compare with the LC50 clata obtained from your 
experiment? 

3. What is meant by "threshold lethal concentration"? Can you estimate a 
threshold lethal concentration for copper from your bioassay data? 
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4. What is meant by synergysm and antagonism in terms of pollutant 
bioassay? How does water hardness influence the toxicity of dissolved 
copper. 
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2.4 LEAD IN HOUSEHOLD PAINT 

INTRODUCTION 

Lead has an extensive history in human experience. Lead has been mined and 
worked for thousands of years. Its widespread early use is accounted for 
by its ease of refinement from natural ores and its properties of ductility 
and high resistance of corrosion. The history of health hazards associated 
with its use in equally extensive. Lead poisioning, or plumbism, was first 
described by the Greek poet-physician Nicander more than 2000 years ago. 

The toxicology of lead is well understood today. It is absorbed by two 
major routes, the alimentary and the respiratory. Under normal conditions, 
more then 90% of lead retained in the body is in the skeleton. The remainder 
is excreted back into the gut in the bile and is also excreted in urine, 
sweat, hair and nails. Lead is highly cumulative and only a small amotmt 
needs be mobilized to add appreciably to the amount in the soft tissue 
pool. Lead stores in bone can persist for months and even years so that 
acute lead poisioning can occur long after exposure to abnormal amounts or 
lead has ceased. 

Lead poisoning results from the high levels of lead in the soft tissues. 
Acute lead poisoning is possible if the concentration in blood rises above 
about 0.8 ppm. It most often strikes the blood, kidney and nervous system, 
and can result in anaemia, chronic nephritis and convulsions. Lower levels 
of lead poisioning can lead to such chronic effects as malaise, muscle 
aches, headache plus mild anaemia and shortened erythrocyte life spans. 

Modern sources of lead contamination are widespread. They range from lead 
mining and smelting operations, battery manufacture, to automobile emissions 
(see Table 2.4.1). A particularly insidious source of contamination is the 
use of lead pigments in paint. These pigments include lead Chromate (red, 
orange), lead oxide (red) and lead sulphate (white). 

TABLE 2.4.1 Average Content of Lead in U.S. Gasoline 

Gasoline Concentration 
(g/gallon ) 

1970 1971 

regular 2.43 2.22 
premium 2.81 2.67 
low lead § no lead 0.75 0.75 

(From: Waldbott, G.L. (1978), Health Effects of Environmental 
Pollutants^ C.V. Mosby, St. Louis, p. 143) 

In most countries government regulations severely limit the use of lead 
pigments in paint. This stems from the connection found between the high 
incidence of lead poisioning in children and the widespread use of lead-
based paint on wooden homes. Children with the habit of eating non-food 
items (pica) were picking up flakes of lead paint. Many older buildings 
are still coated with lead containing paints. Some children have suffered 



52 EXPERIMENTS IN ENVIRONMENTAL CHEMISTRY 

acute poisoning from drinking the rainwater caught on building surfaces. 

The estimation of lead in environmental samples is commonly performed using 
atomic absorption spectroscopy (A.A.S.). This technique exploits the 
ability of atoms to emit and absorb light at certain discrete wavelengths. 
Fig. 2.4.1 is a schematic diagram of an atomic absorption spectrometer. It 
includes a hollow cathode or vapour discharge lamp containing the metal of 
interest. The sample being investigated, usually in solution in water, is 
drawn into a high temperature flame where it is atomized. The light from 
the lamp passes through the flame where it is partially absorbed by the 
excited atoms. The attenuated radiation then passes a slit into a mono-
chromator which selects the particular radiation band. Finally, the light 
intensity is measured by a conventional photomultiplier tube and amplifier. 

Amplifier 
Flame . \ 

Slit D M Τ ι , Κ λ J l 1 PM Tube 

I \^ Coll 
Lamp Collimator p̂ K 

Sample Meter 

Fig. 2.4.1 Schematic diagram of an atomic absorption 
spectrophotometer. 

OBJECTIVES 

The main objectives of this activity are: 

1. to identify basic principles of atomic absorption spectroscopy 

2. to work up environmental samples for A.A.S. analysis of lead 

3. to determine the lead content of the sample using a standard curve. 

MATERIALS 

Atomic absorption spectrophotometer Concentrated nitric acid 
muffle furnace stock solution of lead, 
hot plate 1000 yg/ml 
volumetric pipettes, 1,2,5 ^ 10 ml samples of paint 
graduated pipette, 10 ml 
volumetric flasks, 100 ml 
centrifuge 

PROCEDURE 

The following method is applied to housepaint scrapings. However, other 
pigmented specimens may be used, such as pencil enamel or coloured confec
tionary wrappings. Several specimens should be examined so as to obtain a 
range of samples. 
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1. Weigh duplicate samples of about 0.2 g of paint scrapings into two 
small silica crucibles. Use a third crucible for a blank determination. 
Weigh whole wrappers if these are chosen. 

2. Carefully ignite and ash in a muffle furnace set to reach a miximum 
temperature of 600OC over 1 hour. 

3. Remove each crucible and allow to cool. Add 2 ml of concentrated 
nitric acid, then warm gently on a hotplate. 

4. Transfer the mixture into a 100 ml volumetric flask, rinsing the crucible 
thoroughly with mineralized water. Make up to the mark with mineralized water, 
shake and let stand. If the solution remains excessively cloudy, centrifuge 
a portion for 5 minutes. 

5. Aspirate the solution into the atomic absorption spectrophotometer set 
at 217.0 nm and using continum background correction. Record the absorbance. 
If the meter is off-scale, dilute the sample with 2% nitric acid till an 
absorbance is obtained. With no interferences, the absorbance for the blank 
should be negligable. 

6. Dilute the stock solution of lead to obtain several standard solutions 
of 5 - 25 ppm Pb in 2% nitric acid. Measure their absorbance, then plot a 
standard curve of absorbance versus lead concentration to obtain a straight line. 

7. Read off the lead concentration of the sample solutions. Calculate the 
lead content of the original paint samples and express as microgram per gram. 

QUESTIONS 

1. What is the range of lead concentrations found in the samples? 

2. What is the "acceptable" lead content for the samples analysed? (Use as 
a guide the Health Acts, the Food and Drug Regulations, or any other state, 
national or international standards). Does your investigation indicate 
compliance with these levels? 

3. Certain sequestering agents are administered to counter lead poisoning. 
What are some common agents, and how do they act? 
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TABLE 2.5.1 Trace Substances Which Occur in Air 

Substance Natural background Concentration in 
concentration, yg/m^ polluted air, yg/m^ 

Methane 1000 1500 - 2500 
Non-Methane 

Hydrocarbons 3 50 - 500 
Carbon Monoxide 100 2500 - 10^ 
Sulphur Dioxide 5 100 - 2000 
Nitrogen Dioxide 2 100 - 1500 
Ozone 30 100 - 1500 

The air pollutants examined in this activity are nitrogen oxides, carbon 
monoxide and oxidants. The first two are produced in combustion processes, 
while oxidants are formed by photochemical reactions that take place in the 
atmosphere. 

Nitrogen oxides are often termed NO^ to represent the combined contributions 
of nitrogen monoxide and nitrogen dioxide, NO and NO2. Although vast quan
tities are produced by natural biological reactions, the resultant concen
trations are low due to the wide dispersal. High local concentrations are 
formed from nitrogen and oxygen in the atmosphere at elevated temperatures 
such as those that accompany the burning of fossil fuels. Automobile exhausts 
contribute significantly to atmospheric levels of NO^, the primary emission 
being nitrogen monoxide: 

N2 + O2 2N0 

2.5 ATMOSPHERIC POLLUTANTS 

INTRODUCTION 

The air we breathe can be described as a colourless, odourless mixture of gases 
composed of 78% Nitrogen, 21% Oxygen, 0,3% Carbon Dioxide and about 0.7% rare 
gases such as Krypton, Xenon and Argon. In addition there are highly variable 
amounts of water present either as vapour or as droplets and many other 
chemical substances in trace amounts. Substances present in the air are 
regarded as pollutants if they are present in concentrations toxic to man, 
animals or plants, have an odour or in some other way irritate our senses; 
obscure visibility or damage property. 

Table 2.5.1 lists some pollutant gases with a comparison between their con
centration in a natural environment and a polluted zone. As well as these 
gases, which are largely the products of combustion, there are other sub
stances such as heavy metals, halogens or organic halogen compounds, and 
particulate matter. The natural background concentrations are averages over 
longer times, whereas the maxima in polluted areas are peak values during 
episodes of extreme pollution. The polluted areas show concentrations of 
most trace substances approximately two orders of magnitude higher than the 
natural background. Table 2.5.2 summarises some air quality criteria 
recently set by the U.S.A. and W.H.O. for several of these pollutants. 
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Once formed, nitrogen monoxide is slowly oxidized to the dioxide, the period 
of oxidation being 4-6 days: 

2N0 + 02-^ 2N02 

Nitrogen dioxide has a sharp, irritating odour, is toxic and can dissolve 
in water to form a solution of nitric acid: 

3NO3 + H2O -> 2HNO3 + NO 

A most important feature of nitrogen dioxide is its role as a precursor in 
photochemical smog. Under the action of strong sunlight, nitrogen dioxide 
dissociates forming highly reactive atomic oxygen: 

NO2 + sunlight NO + 0 

This reactive species is involved in a complex series of reactions involving 
oxygen, hydrocarbons, nitrogen oxides as well as other compounds: 

0 + O2 O3 

CH3 

CH 
O3 + II - > 

CH 
I partly 
R burnt 

hydrocarbon 

CH3 

CH + other oxygen 
containing 
products 

CH3 

CH 

photochemical 
free radical reactions 

CH3 

C-0—0' 
II 
0 
CH3 

C — 0 — 0 — N O 2 N02 

0 
peroxyacetylnitrate 

(PAN) 

Although very simplified, these equations illustrate the formation of several 
pollutants such aldehydes, ozone and PAN. Aldehydes can condense to form 
aerosols, which limit visibility and are toxic. Ozone and PAN are members 
of a group of oxidants which are extremely toxic to plants, cause oxidative 
damage to many materials such as fabrics, plastics and rubber, and are very 
powerful lachrymators or eye irritants. 

On a mass basis, carbon monoxide is by far the most important atmospheric 
pollutant in zones of high pollution. Sources of carbon monoxide pollution 
are almost entirely the incomplete combustion of carbonaceous material. 
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100 160 (Ihr) 80 10'+(8hr) 75 (year) 
(year) (year) 

4x10''(Ihr) 250 (24hr) 
190-320 60 (8hr) 60 lO'' (8hr) 40 (year) 
(Ihr) (year) 

120 (Ihr) 4x10^(Ihr) 

*yg/m^ - figures in parentheses are exposure times. 

Worldwide, there are much larger natural sources. Methane produced by the 
decomposition living matter can react with hydroxyl radicals to form methyl 
radicals and water: 

CHit + .OH -> .CH3 + H2O 
Ψ (several steps) 

CO 

This series of reactions produces an estimated 80% of the carbon monoxide 
in non-urban atmospheres. 

The principal detrimental effect of carbon monoxide on humans and animals is 
the interference with oxygen transfer through the body. By forming a very 
stable complex with haemoglobin (Hb) in the red blood cells, carbon monoxide 
displaces oxygen and prevents the latter from being carried through the blood
stream: 

Hb02 + CO t COHb + O2 (K ~ 210) 

The normal level for carboxyhaemoglobin (COHb) in the blood is about 0.5%, 
For concentrations of carbon monoxide below 100 ppm in the inhaled/exhaled 
air the equilibrium level of COHb follows roughly the following equation: 

% COHb in blood = 0.16 χ /"ppm CO; + 0.5 (Equation 2.5.1) 

The percentage of heamoglobin immobilised by a wider range of atmospheric 
concentrations of CO is shown in Fig. 2.5.1. 

The analysis of nitrogen oxides and oxone in air may be conveniently performed 
using "wet" colourmetric methods. Both involve drawing the air sample through 
colour-forming reagent solutions. For nitrogen dioxide, hydrolysis to nitrate 
and the subsequent reaction with sulphanilic acid and N-(1-naphthyl)ethylene-
diamine in acid medium yeilds a pink coloured azo-dye complex. Ozone reacts 
with iodide ion in neutral buffer solution according to the reaction: 

O3 + 31" + H2O I3" + 20H" + O2 (Equation 2.5.2) 

The triiodide ion liberated has an intense yellow colour. 

TABLE 2.5.2 Some National and International Air 
Quality Criteria* 

NO2 Oxidants SO2 CO Particulates 
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Other gases may interfere with these colourimetric determinations. With ozone 
in particular, reducing gases such as sulphur dioxide and hydrogen sulphide 
will negatively interfere. Triiodide ion will also be liberated by other 
oxidants such as PAN, peroxy compounds, organic nitrites, and halogens. 
Because of the non-specific nature of the iodide method, the result obtained 
is usually given as Total Oxidants, with concentration units in terms of ozone 
which is normally the most abundant atmospheric oxidant. 

i 

200 400 600 800 1000 
Carbon Monoxide in Air, ppm 

Fig. 2.5.1 Equilibrium Percentage of Haemoglobin 
immobilized by carbon monoxide over a range of ambient 
CO concentrations. 

OBJECTIVES 

The main objectives are: 

1. to determine the ambient levels of nitrogen dioxide and photochemical 
oxidants by wet chemical methods 

2. to determine the carbon monoxide of content human breath. 

f^ATERIALS 

InterScan CO analyzer or equivalent 
calibration gas, σ. 50 ppm CO 
air sampling trains 
plastic bags 
spectrophotometer 
pipettes 
volumetric flasks 

Buffered KI oxidant absorbing 
reagent 

(13g KH2PO1,, 14.2 g Na2HP0^, 
10 g KI in one litre of 
distilled water) 

standard 0.05M iodine solution 
potassium permanganate phosphoric 
acid sulphuric acid 
solution 
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Standard (1.08 g/1) NaN02 
solution 

NO2 absorbing reagent 

PROCEDURE 

Total Oxidants 

The total oxidant concentration of ambient air is determined by reaction with 
buffered potassium iodide solution and the measurement of released iodine at 
352 nm. If reducing gases such as SO2 interfere significantly with the assay, 
the air sample can be pretreated according to the method outlined by Perry 
and Young (see Bibliography). 

1. Set up an air sampling train so as to contain one midget sampling 
impinger. 

2. Place 10 ml of oxidant absorbing reagent into the midget impinger. To 
prepare the absorbing reagent, dissolve successively 13.6 g of KH2POÍ+, 14.2 g 
of Na2HP0i+ and lOg of KI in one litre of demineralized water. The reagent 
should be kept for at least one day before use and is stable for several 
weeks if stored refrigerated in a dark glass bottle. 

3. Draw air at 1-2 litres per minute through the sample impinger. Stop 
after about 30 minutes, and record the volume of air sampled. 

4. Let the exposed absorbant solution stand for a further 30 min, then place 
some of the exposed reagent in a 1 cm cuvette and measure the optical 
absorbance at 352 nm. Use unexposed reagent as the reference. 

5. Prepare some calibration iodine solution of the oxidant measurement. 
Take 2 ml of standard 0.05 Μ iodine solution and dilute to 100 ml with dimin
eral ized water. Take 5 ml of this solution and further dilute to 100 ml with 
oxidant absorbing reagent. This provides a calibration iodine solution 
equivalent to 1.92 yg of ozone per ml according to the stoichiometry of 
Equation 2.5.2. 

6. To obtain a range of values, add graduated volumes of the calibration 
solution to a series of 10 ml volumetric flasks and dilute to the mark with 
absorbing reagent. Aliquots of 2, 4 and 6 ml are convenient. Read the 
optical absorbances at 352 nm and plot them against ozone concentration in 
yg per 10 ml of absorbing reagent. The plot should be linear passing 
through the origin. 

7. Read off the total O3 content of your sample from the calibration curve. 
The oxidant concentration in the air sample is given by 

Oxidant (μ2/π.3) = total yg O3 per 10 ml of absorber 

volume of air sampled in cubic metres 

Nitrogen Oxides 

The colourimetric method is specific for nitrogen dioxide only. It may be 
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Fig. 2.5.2 Commercial gas sampler comprising battery 
driven vacuum pump, rotameter, air velocity controls and 
two glass midget impingers. The oxidant solution (dark) 
is prevented from contaminating the aborder reagent by 
a glass-fibre filter. (Photo: John Watson). 

extended to include the contribution from nitric oxide if the air is first 
drawn through an oxidising solution that converts NO to NO2. 

1. Arrange an air sampling train so as to contain one or two midget samp
ling impingers. A convenient arrangement is shown in Fig. 2.5.2. 

2. If NO is to be measured as well as NO2, fill the first impinger with 
20 ml of freshly prepared acidic potassium permanganate solution (about 
0.5 g of KMnOit 20 ml of a mixture of 10 ml of 18 Μ H2SO1+ and 100 ml of 
60% H3PO1,). 

3. Place 25 ml of NO2 absorbant reagent in the second impinger. The absor
bent reagent is made by dissolving 10 g of sulphanilic acid, 0.1 g of N-
(l-naphthyl)-ethylmediamine dichlorohydrate, 20 ml of propan-l-ol, and 
making up to 2 litres with demineralized water. The absorbant reagent should 
be stored in dark bottle and should be free of any pink colour. 
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4. Sample air at 1-2 litres per minute until a noticeable pink colour has 
developed. 

5. After sampling, let stand for 15 minutes for colour development. 
Measure the optical absorbance at 550 nm against an absorber reagent reference. 
If the absorbance is too high, dilute using reagent solution. 

6. Prepare a calibration solution using sodium nitrite in place of NO2. 
It has been found empirically that 0.72 mole of NaN02 gives the same colour 
as 1 mole of NO2, so that 1.08 g of NaN02 is equivalent to 1 g of NO2. 

7. Obtain the standard solution containing 1.08 g of dry NaN02 per litre. 
Dilute 10 ml to one litre with demineralized water to obtain a solution where 
1 ml contains the equivalent of 10 yg of NO2. Transfer 0.5, 1, 1.5 and 2 
ml volumes of this dilute solution to a series of 25 ml volumetric flasks 
and make up to the marks with absorbant reagent. 

8. Let the colour develop for 15 minutes, then read the absorbances at 
550 nm. Plot the absorbance versus yg of NO2 per 25 ml of absorber reagent, 
to obtain a straight line passing through the origin. 

9 . Read off the NO2 content of your sample solution from the calibration 
curve. The NO2 or NO^ concentration in air is then given by: 

NO Γ /m̂ ") = in 25 ml of absorber 
2 î Vg J - YQimne Q£ ^ir sampled in cubic metres 

Carbon monoxide in human breath 

Carbon monoxide is conveniently measured using a commercial electrochemical 
monitor, such as the InterScan COtector or its equivalent. 

1. Allow the CO monitor sufficient warm-up, then set the internal elec
trical zero. Calibrate the instrument against a suitable standard, about 
50 ppm in synthetic air. 

2. Collect breathe samples in plastic bags, then connect to the inlet 
tube. Record the values obtained. 

3. Estimate the carboxyhaemoglobin content of each subject's blood using 
Equation 2.5.1. 

QUESTIONS 

1. What are the concentrations of oxident and nitrogen oxides found? 

2. What range of carboxyhaemoglobin concentrations were found in the blood 
of subjects examined? If there are large variations what is the cause? 

3. How do your data for nitrogen and oxides and oxidants conform to local 
standards or those set down by the World Health Organization or the U.S. 
Environmental Protection Agency? 
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4. What are the standards for CO in air? What are the carboxyhaemoglobin 
levels at which the first signs of CO poisoning appear? 
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3.1 AFLATOXINS IN GROUNDNUTS 

INTRODUCTION 

Aflatoxins are a group of toxic fluorescent compounds produced by fungal 
growth on foods. Fungi of the genus Aspergillus are the main toxin producers, 
including the common mould, Aspergillus flavus. 

Several aflatoxins have been identified, including a group of difuranocoumarin 
derivatives which are denoted as Bj, B 2 , G^ and G2: 

^0-" "OCH3 

Aflatoxin Bj 

^0·" ^ -OCH3 

Aflatoxin B2 

Aflatoxin Gi Aflatoxin G2 

The notation Β and G refers to the blue or green fluorescence shown by the 
toxins. Aflatoxins B2 and G2 are dihydro derivatives of Bj and Βχ, respec
tively. Of this group, Aflatoxin B2 is the most common in naturally contam
inated foods. 

The current interest in the aflatoxins stems largely from their association 
with diseases in animals and man. For example, in 1960, about 100,000 turkeys 
in Britain died of acute poisoning, apparently due to their being fed on grain 
contaminated with A. flavus. Heavy aflatoxin contamination has been found in 
food samples taken from parts of Africa and South-East Asia, areas where there 
is a high incidence of liver cancer among the population. Experimental studies 
with rats have show aflatoxins to be extremely potent liver carcinogens, 
Aflatoxin B^ being the most potent of all known substances. 
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TABLE 3.1.1 Aflatoxin Limits in Different Countries 1976 

Country- Commodity Aflatoxin 
limit (ug/kg) 

Canada nuts and their derived products 15* 
France animal feed 700 
India food 30 

groundnut flour for food use 120 
groundnut cake (export) 60-120 

Japan all foods 10 
groundnuts cake for animal feed mixes 1000 

Netherlands foods and feeds 5 
Poland all foods and feeds 5 
Rhodesia groundnuts 25 

animal feed 50-400 
Sweden all foods, particularly Brazil nuts. 

groundnuts, groundnut butter. 5 
raw materials for further processing 

in Sweden 20 
U.K. confect ionery groundnuts 50 

groundnut flour for animal feeds 0-500^ 
USA confectionery groundnuts 20 

all foods and animal feeds 20- 25^ 
produce for processing into mixed 

feed 50 
EEC complete feed for cattle, sheep and 
countries goats (with the exception of dairy 

animals, calves and lambs) 50 
complete feed for pigs and poultry 

(with the exception of infant pigs. 
chicks, ducklings and turkeys) 20 

animal feed supplements for dairy 
animals 20 

other complete feeds 10 

^Aflatoxin Βχ, 

Notal Aflatoxins Bi,B2,Gi and G2 

^EEC limits may apply 

Adapted from: Anon (1977), Conference on Mycotoxins^ FAO/WHO/UNEP, 
Nairobi, Kenya. 
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Aflatoxin contamination is a problem with commodities such as nuts and grains, 
particularly if the conditions during harvest or storage are warm and moist. 
Peanuts and peanut products have been the most widely studied, but aflatoxins 
have been detected in a wide variety of foods. These foods include brazil 
nuts, pistachio nuts, almonds, walnuts, pecans, filberts, cottonseed, copra 
corn, grain, sorghum, rice and figs. 

Many countries have established regulatory limits for aflatoxins in susecp-
tible foods, and most such limits have been set close to or at the limit of 
analytical detection, reflecting the view that there is no known safe level 
of hiMan exposure. Table 3.1.1 lists some limits for human food and animal 
feed. 

OBJECTIVES 

The main objectives are: 

1. to assay for the presence of aflatoxin in groundnuts using solvent 
extraction and column chromatography 

2. to identify the aflatoxin using thin layer chromatography. 

MATERIALS 

Blender Raw groundnuts 
culture tubes, 18 χ 150 mm sodium chloride 
filter funnel zinc acetate 
pastuer pipettes or disposble acetic acid 

plastic minicolumns (available from methanol 
Applied Science Laboratories, Inc.) hexane 

filter paper 9 cm chloroform 
U.V. viewer, 360nm acetone 
TLC plates, non-fluorescent silica gel florisil § alumina (optional) 
glass vial and cap mixed aflatoxin standard 
graduated pipettes, 3 § 10 ml (Bi and Gi, 1 yg/ml) 
microsyringes, 10 and 100 yl B2 and G2 , 0.2 yg/ml 
chromatography tank trifluoroacetic acid 

PROCEDURE 

A rapid preliminary assay is performed by extraction/cleanup of the sample 
with solvent partition, small-scale column chromatography. If the presence 
of aflatoxins is indicated by their characteristic fluorescence, thin layer 
chromatography is then used to identify individual compounds. 

CAUTION: Aflatoxin concentrates are very hazerdous and should he handled with 
protective gear in fume cupboards. Contaminated materials and spillage should 
he swahhed with 5% NaOCl solution. 

1. Blend 100 g of nuts with 200 ml of methanol-water (80:20), 100 ml of 
hexane and 4 g of sodium chloride at high speed for 1 minute. Centrifuge for 
10 minutes to allow the mixture to separate. 
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2. Filter 10 ml of the methanol-water phase into a culture tube using fast 
filtering paper. Add 10 ml of mixed salt solution (60 g sodium chloride, 
60 g zinc acetate and 1.5 ml glacial acetic acid in 400 ml of distilled water). 
Cap the tube and shake vigorously for 5-10 seconds. 

3. Filter 15 ml of the mixture through a 9 cm glass-fibre filter into a 
second culture tube. Add 3 ml of chloroform, cap the tube, and shake the 
contents for 10 seconds. Allow the two layers to separate. 

4. Prepare a small chromatography column using a Pasteur pipette. Plug 
the base of the pipette with a 5 cm wad of cotton wool. Add Florisil to make 
a column 15 mm long. Form a level surface, then add alumina to a depth of 
15 mm. Firmly plug the top of the column with another wad of cotton wool. 
Alternatively, prepacked disposable plastic aflatoxin assay minicolumns are 
available commercially from Appied Science Laboratories, Inc, 

5. Pipette 1 ml of the chloroform layer on to the top of the minicolumn 
and draw through by applying vacuum. After the chloroform has been drawn 
through, elute with 12 ml of methanol using the vacuum. Continue applying 
vacuum for another 2 minutes, till all the methanol has evaporated from the 
column. 

6. View the minicolumn under long-wave U.V. light (360 nm) . A blue fluor
escent band at the Florisil-alumina interface indicates the presence of 
aflatoxins. 

Samples proving positive in the preliminary assay can be treated via thin 
layer chromatography to identify the aflatoxin components present. 

7. Place 1 ml of the chloroform solution formed as above in a small glass 
vial. Evaporate off the solvent with warming under a gentle stream of air. 
Cap the vial with a hollow polyethylene stopper. 

8. Add 0.1 ml of chloroform to the vial via a microlitre syringe. Shake 
vigorously to dissolve.. Pierce the polyethylene stopper to accommodate the 
needle of a 10 yl syringe. 

9. Spot 10 yl of the solution at about 4 cm from the bottom edge of a 5x20 cm 
TLC plate. Spot alongside 5 yl of the mixed aflatoxin standard (Bj, B2, 
Gl, G;^). 

10. Develop the plate in a tank containing 50 ml of acetone-chloroform (1 
+ 9). When the solvent front has run 12-14 cm above the origin, remove the 
plate and allow the solvent to evaporate at room temperature. 

11. View the plate under long-wave U.V. light. There should be a pattern of 
four fluorescing spots for the standard mixture. In order of descending 
they are Bj, B2, Gj and G2. Note the small colour difference, the bluish 
fluorescence of "B" contrasting with the slightly green of the "G" aflatoxins. 
Identify aflatoxins in the food extract by comparision. 

Some food samples contain compounds with fluorescent and chromatographic 
properties similar to that of B2. In the analysis of such samples, a 
chemical confirmatory test should be carried out. 
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12. Divide a silica gel TLC plate into two halves by scoring a vertical line. 
On one half of the plate, spot 10 yl of sample solution and 5 yl of standard. 
Place one drop of trifluoroacetic acid on each of these two spots and let it 
react for 5 minutes. Blow warm air on the bottom of the plate for about 10 
minutes to dry. 

13. Place sample and Bj standard spots on the other half of the plate but do 
not add trifluoroacetic acid or heat. Develop the chromatogram (15 + 85). 

14. Examine the developed plate under U.V. light. Unreacted aflatoxins should 
appear near the top on the side with no trifluoroacitic acid. A blue fluor
escent derivative should appear at R^ a quarter that of Bi with trifluoroacetic 
acid. ^ 

QUESTIONS 

1. Which aflatoxins were detected in the samples examined? 

2. Aflatoxins other than substituted coumarins are known. What is the 
structure of Patulin and from which mould is it formed? 
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3.2 FOOD ADDITIVES 

INTRODUCTION 

A variety of chemical substances are added to foods to improve their flavour, 
appearance, nutritive value and keeping qualities. These additives are 
classed according to their function and usage as preservatives, antioxidants, 
colours, flavours, sweeteners, emulsifiers, acidulants, aerators, humectants, 
free-running agents, vitamins and minerals. Two of these classes, preser
vatives and colours, are under investigation in this activity and are 
discussed below. 

1. Preservatives 

Benzoic acid and its sodiiam salts are among the most widely used antibacterial 
agents used in foods. Many berries (e.g. raspberries) contain appreciable 
amounts (up to 0.05%) of benzoic acid as part of their natural composition. 

COOH 
Benzoic Acid 

These additives are permitted by about thirty countries throughout the world 
for use in a great variety of foods, particularly soft drinks. Long-term 
tests with rats have shown that no accumulation in the body occurs. The body 
excretes benzoic acid as hippuric acid within 9-15 hours of eating food 
containing it. 

Sorbic Acid is naturally present in some fruits and is a selective growth 
inhibitor for certain moulds, yeasts and bacteria. It is often used in place 
of benzoic acid, and is added to cheeses, pickles, fish products, cordials 
and carbonated drinks. 

CH3-CH=CH-CH=CH-COOH 

(2,4-hexadienoic acid) 
Sorbic acid 

Sulphur dioxide, SO2 , is unique in being a most effective inhibitor of the 
deterioration of dried fruits and fruit juices. It is used also as an anti
oxidant and antibrowning agent in wine making. Sulphur dioxide destroys the 
vitamin, thiamine, and so its use in major sources of this vitamin, such 
as meat, is not permitted. 

2. Colours 

Coloured substances are added to foods to make them appear more attractive. 
Some colours have a natural origin, such as turmeric, a yellow dye that is 
extracted from the root of an East Indian herb. However, most food colour 
additives are synthetic coal-tar dyes, many of which have been found to be 
carcinogenic. It is interesting to note that the list of permitted red dyes 
has halved in the last 30 years. Opinions as to which dyes are safe vary 
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from country to country, and even from region to region within a country. 

A typical example of a synthetic coal-tar dye is Orange B, which is often 
used to colour orange skins: 

NaOaS 

SOaNa 

OC2H5 

Orange Β 

The coal-tar designation comes from the presence of aromatic rings. It is 
in these rings and in the diazo (-N=N-) link that the coal-tar dye struct
urally resembles many known carcinogens. 

OBJECTIVES 

The main objectives of this activity are: 

1. to quantitatively determine the preservative content of certain foods 
using titrimetry or ultra-violet spectroscopy 

2. to separate and identify the colour additives of foods using paper 
chromatography. 

MATERIALS 

UV spectrophotometer 
burette, 25 ml 
separating funnel, 100 ml 
pipettes 
volumetric flask, 100 ml 
beakers 
IVhatman No. 1 chromatography paper 
measuring cylinder 
developing tank 
hair drier 
hotplate 
steambath 

Soft drink 
jelly beans 
phosphoric acid, 10% 
starch iodide paper 
sulphuric acid, 2M 
sodium hydroxide, 2M, O.OIM 
diethyl ether 
ammonia solution 
colour standard 
butan-l-ol 
ethanol 
starch solution 
iodine solution, O.OOIOM 
food dye solutions 

PROCEDURE 

Sulphur Dioxide in Soft Drink 

A preliminary test for sulphur dioxide should be carried out on about 20 ml 
of degassed soft drink in a small conical flask. 
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1. To the soft drink, add about 1 ml of phosphoric acid and heat the 
mixture till boiling. 

2. Hold a piece of moistened starch-iodide paper in the vapours. Sulphur 
dioxide is indicated by a bleaching action. 

Sulphur dioxide is determined quantitatively by the redox reaction with iodine 
solution: 

SO2 + I2 + H2O SO3 + 21" + 2H"*" 

3. Place 100.0 ml of degassed soft drink in a conical flask. Add about 5 ml 
of 2M sodium hydroxide, and stand for about h hour. 

4. Add about 1 ml of fresh starch solution and 10 ml of 2M sulphuric acid. 
Titrade immediately with O.OOIOM iodine solution till a permanent blue 
colour is formed. 

5. Express the sulphur dioxide concentration as milligrams per litre of 
soft drink. 

Benzoic Acid/Sorbic Acid in Soft Drink 

Benzoic or sorbic acids are determined by measurement of ultra-violet 
absorbance after firstly extracting with ether. 

1. Place 25 ml of degassed soft drink in a 100 ml separating funnel. Mix 
in a few drops of 2M hydrochloric acid, 

2. Extract the mixture with three portions of diethyl ether, using volumes 
of 50, 25 and 25 ml. Combine the extracts, and wash twice with 15 ml portions 
of water, 

3. Dry the ether extract by swirling with anhydrous sodium sulphate. 
Decant off, rinsing the residue with 20 ml of ether. 

4. Evaporate the extract almost to dryness on a steam bath. Completely 
dry in a stream of air, 

5. Dissolve the residue in 100 ml of Ο,ΟΙΜ sodium hydroxide in a volumetric 
flask, 

6. Record the ultraviolet spectrum of the solution from 190 to 270 nm 
against a sodium hydroxide blank. In dilute sodium hydroxide solution, 
benzoic acid has a maximum at 200 nm (ε = 130 M"^ cm~^), while sorbic acid 
has a maximum at 254 nm (ε = 2,48x10^ M'^ cm"^). 

7. Calculate the concentration of either benzoic or sorbic acid in the 
sodium hydroxide using Beer's Law: 

A = zlz 

where A is the absorbance, c is the concentration (M), Ä is the curvette 
width (cm), and ε is the extinction coefficient (M~^ 1~^) 
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8. Express the preservative concentration as milligrams per litre of 
soft drink. 

Food Colours in Jelly Beans 

(Note: The colouring in soft drink may be used as an alternative). 

Identification of food colours is performed by firstly extracting the dye 
into butanol. The extracted dye is then analyzed by paper chromatography 
against colour strandards. 

1. Add about 25 ml of warm water to 3-6 jelly beans of each colour. Use 
enough jelly beans to obtain a good depth of colour. Allow to stand for 
about 20 minutes or till they look white. Do not let stand for too long 
or too much sugar will be extracted with the colours. 

2. Allow the coloured solution to cool, then transfer to a 100 ml separating 
funnel. Add 25 ml of butanol, about 1 ml of 10% phosphoric acid, then shake. 
Allow the layers to separate. Run off the organic layer into a small beaker, 
then evaporate off the solvent on a steam bath and using a stream of air. 

3. Take up each dye residue in 1 or 2 drops of 1% ammonia solution to 
obtain the solutions needed for chromatography. 

4. Spot each colour onto the chromatography paper at about 3 cm from the 
bottom edge. Spot in a stream of warm air so that the spots do not get 
too large. 

5. Spot weak solutions of reference dyes on to the same paper. Dry the 
paper at 105oc for a few minutes. 

6. Roll the paper into a cylinderical form and staple the ends about one-
third of the way in from the end. Staple the paper in such a way that the 
ends do not meet - otherwise the solvent will flow more rapidly at that point 
and form an uneven front (see Fig. 3 . 2 . 1 ) . 

7. Develop the chromatogram using the solvent system butanol:ethanol: 
2% ammonia ( 3 :1 .2 ) . Leave for Ih hours or until the solvent has run about 
15 cm. 

8. After drying the paper, identify the food dyes by matching the spot 
colours and positions with those of the reference dyes. 

QUESTIONS 

1. What concentrations of sulphur dioxide, benzoic/sorbic acid were found? 

2. For the foods studied, what levels of preservatives are allowed by the 
local food and drug regulations? Are the observed figures below these levels? 

3. What food dyes were identified in the jelly beans? 

4. What food dyes are permitted by the food and drug regulations? Are these 
food dyes water of fat soluble? 
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Fig. 3.2.1 Developed paper chromatogram of food dyes. Shown 
are a developing tank and a recommended way of rolling 
the paper (Photo: John Watson). 
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3.3 ERUCIC ACID CONTENT OF BREAD 

INTRODUCTION 

Erucic acid, or 13-docosenoic acid, is a mono-unsaturated fatty acid with a 
22-member carbon chain. It is found in the oil of the rapeseed plant, Brassiaa 
napa, where it can make up to 50% of the total fatty acid content. Erucic acid 
has been implicated in the causation of heart lesions and other biochemical 
abnormalities in experiments with laboratory animals. Because of this toxicity 
the use of rapeseed oil in such foods as margarine, vegetable shortenings and 
salad oils has been restricted. 

CH3(CH2)7CH=CH(CH2)1iCOOH Erucic acid 

Because of its viscosity, stability and non-stick properties, rapeseed oil has 
found wide use as a releasing agent in the baking industry. The oil is applied 
either to the container or to the dough surface to permit easy removal of the 
bread after baking. However, chemical studies have shown that this practice 
causes contamination of the bread with erucic acid. Most of this contamination 
is contained in the bottom, side and end surfaces in contact with the container. 

The analysis for fatty acids is routinely carried out by first transesterifying 
the fat (triglycerides) to form the fatty acid methyl esters. This transes-
terification is usually carried out by a methanolic sodium hydroxide, boron 
trifluoride treatment: 

fat (tjriglyoeride), 

CH5OOCR 

CH-OOCR 
¿H2-OOCR 

CHjOH/NaOH 

glyaerol 

CH2-OH 

CH-OH + 
CHo-OH 

fatty acid salt 

3R.C00" Na* 
\ CH3OH/BF3 

3R.COOCH3 

methyl estere 

The methyl esters so produced are relatively volatile, and are well suited to 
gas chromatographic analysis using flame ionization detection. With this type 
of detection the gases emerging from the column are burnt in a small hydrogen 
flame between two plates at a high electric potential difference. Ions and 
radicals are formed in the flame, causing a small electric current to flow 
which is amplified and recorded. Flame ionization detection is very sensitive 
for C-C and C-H containing compounds. 

OBJECTIVES 

The main objectives are: 

1. to extract and transesterify the fatty acids in some bread samples. 

2. to identify and quantify some of the fatty acids using a flame-ionization 
gas Chromatograph. 
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MATERIALS 

Flame-ionization gas Chromatograph 
mortar and pestle 
separating fimnels, 250 ml 
beakers, 100 ml 
graduated tubes, 50 ml 
measuring cylinders, 50 and 10 ml 
filter funnel 

Chloroform 
methanol 
0.5 Μ methanolic sodium hydroxide 
solution 
14% (w/v) of BP3 in methanol 
hexane 
saturated brine 
anhydrous sodium sulphate 
crystals 

standards of erucic acid, palmitic 
acid and oleis acid, 100 yg/ml 
in hexane, as the methyl esters. 

PROCEDURE 

The analysis normally require two laboratory sessions. The first session 
can be devoted to separation of the lipids, transesterification, and extrac
tion of the methyl esters. A selection of samples (2 - 3) should be chosen 
for analysis. The procedure outlined applies to bread samples. However, 
other samples such as margarine and salad oil may be similarly treated, 
omitting the lipid separation steps 1-3. 

1. Weigh a suitable portion of bread. Dry in an air oven at 103^C, then 
grind to a powder in a mortar and pestle. 

2. Weigh out duplicate portions (about 20 g) of the ground bread. Grind 
each portion to a thin paste with 30 ml of chloroform/methane1 solution 
C2 : 1, v/v). 

3. Filter the slurry through a tight plug of cotton wool into a small 
beaker, using chloroform to complete the rinsing. Warm the filtrate under 
a stream of dry air to remove the solvent. 

4. Add 5 ml of O.S Μ methanol ic sodivim hydroxide solution too the lipid 
extract, and boil gently on a steam bath for 3 minutes. Cool, add 5 ml 
of 14% BF3 methanol solution, then boil for a further 2 minutes. 

5. Transfer the crude solution of methyl esters to a 250 ml separating 
funnel. Add 30 ml of hexane; 20 ml of saturated brine, and shake vigorously. 
Leave stand, then run off the aqueous layer. Wash the hexane once with 30 
^l of water. 

6. Run off the organic layer into a small beaker containing some anhydrous 
sodium sulphate then, after thorough mixing, decant the liquid into another 
beaker. Evaporate to about 5 ml, transfer to a graduated tube, then 
complete the evaporation. Make ΐφ the residue to 5 ml with hexane and add 
a few grams of anhydrous sodium sulphate. 

7. Set up the gas Chromatograph using the following conditions: 

2 m X 3 mm column packed with 0.3% OV-101 on 100 - 120 Chromosorb WAW 
column temperature 230^C 
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inlet and detector temperatures,245^0 
and detector temperature, 245°C 
carrier gas, N2 at 30 ml/min. 

8. Use a syringe to inject 0.5 ml of hexane into the vial containing the 
methyl ester residues. Shake to dissolve. Chromatograph 1 yl volumes of 
this sample solution. 

9. Inject 1 yl volumes of the erucic acid, palmitic acid and oleic acid 
methyl ester standards. Identify the corresponding peaks in the sample 
chromatogram. Calculate the concentrations of these acids and express as 
milligrams per gram of bread or oil. 

QUESTIONS 

1. What are the erucic acid concentrations of your bread or oil samples? 

2. What standards or recommendations cover erucic acid in foods? How 
do your results compare with these? 

3. What are some other commonly occurring C22 fatty acids with one double 
bond? 
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3.4 DDT IN HWIAN MILK 

INTRODUCTION 

The metabolism of DDT in a variety of organisms has been extensively 
investigated, particularly with insects. However, the fate and effects 
of DDT with man are not so well understood and are the subject of considerable 
debate. It is well known that the immediate lethal toxicity of DDT with 
man is low but the possible longer term effects have not been intensively 
studied. 

The information available indicates that DDT administered orally accumulates 
in bile, brain, blood and the liver and is slowly eliminated in the urine 
and faeces as principally DDA (bis-(p-chlorophenyl)acetic acid). A simplified 
portion of the degradation pattern of DDT in mammals is shown in Fig. 3.4.1 

DDT and its metabolites also tend to accumulate in the fatty tissues of 
animals. In addition a number of investigations have shown that these 
substances bio-magnify, i.e. they exhibit increasing concentrations in a food 
chain in relation to trophic level. Man is an omnivore but exhibits many 
of the characteristics of a top carnivore. It therefore could be expected 
that the fatty tissues of man would often exhibit comparatively high 
concentrations of DDT and metabolites (see Tables 3.4.1 and 3.4.2). 

TABLE 3.4.1 DDT Residues in the Fatty Tissues of Man 

COUNTRY DDT (ppm) 

India (Delhi) 26 
Israel 19 
Hungary 12 
USA 12 
Czechoslovakia 10 
Canada 6 
France S 
Italy 5 
Denmark 3 
United Kingdom 3 
West Germany 2 

(From: Third Report of the Research Committee on Toxic 
Chemicals, Agricultural Research Council, London, 1970; 
there is some evidence to suggest that these concentrations 
may have reduced in some cases in recent years). 

A common technique used in analysing for chlorinated hydrocarbon insecticides 
involves the use of gas chromatography (see Section 2.2) with the electron 
capture detector. The electron capture detector is very sensitive to the 
chlorinated hydrocarbons and can detect them in very low concentrations. 
In principle the detector has a small radioactive electron source which 
produces a standing current across the effluent gases from the gas chromatog-
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raphy column. When the carrier gas only emerges, a constant signal is 
produced and is recorded as a straight line on the recorder chart, but when 
another substance is contained in the carrier gas some of the electrons may 
be absorved, resulting in a reduction in the current produced and giving a 
corresponding signal on the recorder, Halogenated compounds are very efficient 
at absorbing electrons and so give large signals compared to other substances. 
Fig. 3.4.2 is an example chromatogram of mother's milk extract. 

CI J 

DDE 

i 
Further 
Degradation 

DDA 

Fig. 3.4.1 Simplified Pattern of the Metabolism of DDT 
in !1ammals. 
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DDT 10 0.3% 
DDE 43 1.49 
Dieldrin 0.7 0.02S 
Hexachlorobenzene 3.3 0.11 
PCB .30 0.93 

(Adapted from G. Westoo and K. Noren, Organochlorine 
Contaminants in Human Milk, Stockholm, 1966-1977. Airibio, 7 
62 (1978). 

OBJECTIVES 

The main objectives of this activity are: 

1. to isolate and purify the DDT residues in human milk 
2. to identify and quantify the pesticide residues by gas chromatography 
with the electron capture detector. 

MATERIALS 

Electron capture gas Chromatograph Potassium oxalate 
Rohrig extraction tube methanol 
separating funnel, 250 ml diethylether 
chromatography column, 40 χ 2 cm petroleum spirit, 60-7S^C 
beakers hexane 
centrifuge tubes anhydrous sodium sulphate 
pipette, 10 ml Florisil, deactivated 5% 
graduated cylinder, 25 ml (w/w) with water 

standard solutions of 
DDT, DDE, dieldrin and 
dichlorvos 

PROCEDURE 

The analysis normally requires two laboratory sessions. The first can be 
devoted to the separation and purification of the pesticide residues, while 
the second can be used for the chromatographic analysis. 

Isolation of Pesticide Residues 

The first part of the residue separation requires extraction of the 
contaminated milk fat from the whole milk sample. 

TABLE 3.4.2 Average Levels of Organochlorine 
Residues in Human Milk of Swedish Women, 1976-1977 

yg/kg mg/kg, 
whole milk milk fat 
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1. Pipette 10 ml of mothers milk into a Rohrig extraction tube. Add 
about 1 g of potassium oxalate and shake the contents of the tube. Add 1 g 
of potassium oxalate to a second tube and carry this through the analysis 
to assess the system blank, 

2. Mix in 10 ml of methanol. Add 25 ml of diethyl ether and shake vigorously 
to extract the fat. Add a further 25 ml of petroleum spirit and shake 
again. 

3. After settling, decant the ether-petrol layer into a 250 ml separating 
funnel containing 60 ml of deionized water. 

4. Repeat the diethyl ether-petroleum spirit extraction twice more using 
25 ml of each solvent each time. Add the new extracts to the separating 
funnel. 

5. Shake the combined extracts in the separating funnel, then run off the 
water layer. Wash the remaining organic layer twice with deionized water, 
discarding the washings. 

6. Run off the organic layer into a dry beaker containing some anhydrous 
sodium sulphate. Swirl, and decant the liquid into another, tared beaker. 

7. Concentrate and dry the extract under a stream of clean dry air. 
Weigh the residual milk fat concentrate. 

The insecticide residue is now contained in the milk fat concentrate from 
which it can be separated by column chromatography: 

8. Sorb the milk fat concentrate onto a 2 χ 25 cm column of Florisil 
(deactivated 5% w/w with water) topped with 1 cm of anhydrous sodium 
sulphate. Use a minimum volume of hexane to transfer the concentrate and 
do not allow air to enter the column packing. 

9. Elute twice with 50 ml portions of 6% diethyl ether-petroleum spirit. 
Collect the combined effluents in a beaker and evaporate to a small volume 
in a stream of dry air. Continue the evaporation in a centrifuge tube. 

Chromatographic Analysis 

The final part of the analysis requires gas chromatography. For this, an 
electron-capture gas Chromatograph needs to be set up with the necessary 
column, gas flow and temperatures. A suitable set of conditions are as 
follows: 

4 mm X 2 m column of 1.5% OV.17/1.95% SP-2401 on 100-120 Chromosorb WAW 
column temperature, 175-183<^C 
detector and injection port, 213°C 
carrier gas nitrogen at 30 ml min ^. 
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s 
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Time 

Fig. 3.4.2 Electron-capture gas chromatogram of 
mother's milk extract. Note that most of the DDT has 
metabolised to DDE and DDD. Often the total DDT content 
CDDT § metabolites) of samples is quoted in the 
literature. 
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1. Make up the pesticide extract to 2.0 ml with hexane. Inject 1 μ1 into 
the gas Chromatograph and record the chromatogram. 

2. Chromatograph 1 yl volumes of DDT, DDD, DDE, dieldrin and dichlorvos 
standards. Use concentrations so that the peaks are roughly the same size 
as those for the extract. 

3. Identify the pesticide residues in the human milk. Calculate their 
concentrations, and express the values as microgram per gram of milk fat 
extract. 

QUESTIONS 

1. What are the quantities and identity of chlorinated hydrocarbon 
insecticides in the sample examined? 

2. How does the pesticide content of the human milk fat compare with the 
tolerances set for cows milk set by the state or national food and drug 
regulations? 

3. What is the estimated daily pesticide intake of babies fed on breast 
milk? Ifow does this compare with the acceptable daily intake set by the 
WHO? 

4. Comment on factors likely to effect the levels of DDT in the sample 
you have examined. 
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PART 4 

Chemical Ecology 
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4.1 CHEMICAL DEFENCE OF THE MONARCH BUTTERFLY 

INTRODUCTION 

Ecology is the study of the interactions of animals and plants and how they 
relate to their abiotic environment. Chemical ecology is that particular 
branch of ecology which is concerned with the study of how animals and 
plants interact with their chemical environment. Such interactions can 
take the form of the release or secretion of substances in natural associations 
of plants and animals which influence the behaviour, growth, other charac
teristics of other organisms in the group. 

Plants have evolved a wide variety of chemicals that influence other 
organisms. Those substances which affect other plants are termed allelo
chemicals. Examples of allelochemicals are juglone, produced by certain 
eucalyptus species, and cineole, a terpenoid released from leaves of the 
Californian mint or sagebrush. Both of these chemicals inhibit the growth 
of other plants in the immediate vicinity of the parent plant, so reducing 
competition for nutrients and sunlight. 

CHq 

CH3 CH3 OH 

Cineole Juglone 

Plants also produce substances that influence the behaviour of insects. 
These substances include alkaloids, tannins, glycosides, terpenes, and 
organic acids. Such substances do not appear to play any metabolic role in 
the plant and are termed secondary plant substances. The role of these 
secondary plant substances is varied, ranging from insect attraction in the 
case of volatile compounds emitted by flowers to defense in the case of 
compounds which are toxic to foraging animals. 

Insects have developed chemicals for a variety of purposes including defense 
from predators and communication with other insects. Defense chemicals 
often have irritant properties to deter potential predators, and include 
organic acids, aldehydes, quiñones and terpenes. For example, benzoquinone 
and related substances are used by beetles of the family Tenebrionidae 
(darkling beetles). These beetles have a gland in their tail which they 
can extrude covered with the repellent compounds. Chemicals which permit 
communication between animals of the same species are termed pheremones. 
Some pheremone chemicals are 6,8- nonadecadiene (sex attractant, gypsy 
moth), formic acid (alarm substance ants) and phenylacetic acid, (trail 
marking, mongolian gerbil) 
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CH3 (CH2) Í ; C H = C H - C H = C H - (CH2) 5CH3 

6,8-nonadecadiene 

HCOOH 

Formic acid 

χ 
^ ^ ^ ) — C H 2 - C 0 0 H 

Phenylacetic Acid 

Benzoquinone 

Secondary plant substances have sometimes played an important role in the 
coevolution of plant and animal species. A well-known example is the 
animal-plant system composed of the monarch butterfly, Danaus plexippus, 
and plants of the genus Asolepias, commonly known as milkweeds. The 
Asolepias plants produce a complex of steriods known as cardiac glycosides. 
These substances are vertebrate toxins and confer a certain immunity to the 
plant from herbivores. However, at some time in the past, the monarch 
butterfly evolved the ability to use Asolepias plants as hosts for its 
larvae. The feeding larvae store and concentrate these toxins, so that they 
and the subsequent adult butterfly are conferred with protection from 
predators such as birds. The cardiac glycosides have a powerful emetic 
effect on birds, so that a bird feeding on the insect will soon vomit. 
Birds apparently soon learn to recognize the brightly coloured butterfly and 
its larvae as unsatisfactory prey. 

The cardiac glycosides are so named because of their action on heart muscle. 
They belong to group of C23 steroids known as cardenolides: 

»Butenolide 

/Steroid Nucleus 

a Cardenolide 
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The cardenolides are characterized by the presence of a five-m^bered 
butenolide ring attached to the steroid nucleus, while other substituents 
around the nucleus contribute to the variation in the compounds. In nature, 
the cardenolides most commonly occur as glycosides where the substituent R 
is one.or a series of linked sugar groups. Plants usually produce mixtures 
of these glycosides, two examples of which are ouabain and digitoxin: 

(Digitoxose)3 Rhamnose 
Digitoxin Ouabain 

OBJECTIVES 

The main objectives are: 

1. To determine the total cardiac glycoside content of Monarch larvae, and 
their host plant, Aeolepuie spp. 

2. To observe that the cardiac glycoside content of the lavae is derived 
from the food plant and increases with larval growth. 

MATERIALS 

beakers 
buchner funnel 
sonifier or mortar and pestle 
separating funnels 
pipettes 
spectrophotometer 

monarch lavae 
Asolepias leaves 
chloroform 
methanol 
ethanol 
petrolexim spirit 
diethyl ether 
ouabain 
sodium hydroxide solution, IM 
sodium carbonate 
solution, 2M 

3,S-dinitrobenzoic acid 
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PROCEDURE 

Samples of Monarch larvae and milkweed plant may be collected during the 
warmer periods of the year in North and South America, Australia and 
South-East Asia. The larvae are about S-SO mm long and have prominent 
white, yellow and black lateral stripes (Fig. 4.1.1) About 20 of the 
larger individuals representing those in the final or 5th instar should be 
collected along with 50-100 of the younger larvae. Young larvae tend to 
inhabit the young, growing shoots of the milkweed while the older larvae 
prefer the larger, more mature leaves. P^φae or adult butterflies may be 
collected in place of the larger larvae. 

Both plants and larvae are treated by solvent extraction to remove the car
diac glycosides. Plant extracts require some cleanup by solvent partition 
to remove interfering pigments. 

Fig. 4.1.1 Lava of the monarch butterfly feeding on 
leaves of milkweed plant (Photo: Dudley Nott). 

1. Divide the larvae into two groups. One group should contain 20 of the 
larger larvae, preferably in the fifth instar if this can be recognized. 
The other group should contain smaller individuals, <35 ran, in earlier 
instars and in sufficient number so that the total weight is 10-20 g. 
Weigh both groups of lavae. 

2. Crush each group in 30 ml of chloroform-methanol (2:1) in a 100 ml 
beaker and heat till boiling. Cool, then filter the mixture through a 
small Büchner funnel, rinsing with 10 ml of solvent. 

3. Evaporate the filtrate under a stream of air with warming. Dissolve 
the residue in 10 ml of ethanol and store till the colourimetric assay. 

4. Weigh out about 200 g of fresh Asolepias leaves and air dry at 60^C 
for 48 hours. Grind to « 0.5 ram using either a mill or a mortar and 
pestle. Weigh 5 g of the powdered leaf and mix with 100 ml of ethanol-
water (2:1). Sonify for 10 minutes with an ultrasonic cell disrupter. If a 
sonifier is not available, mascerate with a mortar and pestle and let the 
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QUESTIONS 
sample, (g) 

1. What concentrations of cardiac glycosides were found? Are there any 
systematic relationships related to the ecology of the insects? 

2. Other plants, besides Asolepius, produce cardiac glycosides. What are 
these plants, and what major toxins do they produce? Do they have any 
ecological role? 

mixture stand for 24 hours. Filter through a fast filter paper, rinsing 
the beaker and residue with 50 ml of ethanol-water. Discard the residue. 

5. Extract the filtrate three times with 50 ml volumes of petroleum 
spirit in a 250 ml separating funnel. The petroleum layers contain fatty 
substances and are discarded. Evaporate the aqueous alcohol layer to about 
20 ml under a stream of dry nitrogen with warming. 

6. Extract the concentrate in a 100 ml separating funnel with two volumes 
each of 50 ml ether, 40 ml chloroform, and 30 ml chloroform-ethanol (3:2). 
Keep the extracts separate. Wash each extract twice with 50 ml volumes of 
2 Μ Na2C03 solution then twice with 50 ml of water to remove acids. 

7. Evaporate the organic extracts under nitrogen with warming. Dissolve 
each extract in 10 ml of ethanol and store till the colourimetric assay. 

The colourimetric determination is based on the reaction of the active meth^ 
ylene group in the butenolide ring. Roughly the same colour intensity is 
given by various cardiac glycosides, so that the method allows for quantit
ative estimation of the gross cardiac glycoside content. A commercially 
available glycoside such as ouabain or digitoxin can be used as a standard. 

8. Place 1.5 ml of the ethanolic sample solution in a small test tube. 
Add 1 ml of 2% 3,5-dinitrobenzoic acid in ethanol and 0.5 ml of IM aqueous 
sodium hydroxide solution. Quickly mix the solutions and transfer to a 
1 cm cuvette. Read the absorbance at 565mm against a reference mixture 
containing ethanol in place of the 3,5-dinitrobenzoic acid solution. The 
pink colour that develops is not stable and fades after about 4 minutes. 
Record the maximum absorbance reached in this time. 

9. Prepare a standard solution of 1 mg/ml of ouabain in ethanol. Pipette 
0.2, 0.4, 0.6 and 0.8 ml volumes into a series of test tubes and make up 
to 1.5 ml with ethanol. Treat each with the colourimetric agent as above 
and measure the absorbances against a reference containing ethanol in 
place of ouabain solution. Plot the absorbances against mg of ouabain 
to obtain a straight line passing through the origin. 

10. Read off from the standard curve the cardiac glycoside content of the 
sample solutions. Calculate the glycoside concentration of the lavae or 
leaf samples using the equation: 

e.g. concentration (mg/g as ouabain) = mg ouabain per 1.5ml χ χ 
1.^ mass ox 
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Field Survey 
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5.1 STREAM POLLUTION 

INTRODUCTION 

Most major cities contain a limited number of large waterways such as bays, 
harbours, and rivers together with a network of small urban streams. During 
the growth of the cities, many streams have been enclosed or otherwise con
verted into drains. In addition, these streams have been subject to an 
increasing pollution load from contaminated urban run-off water, industrial 
operations, and other activities. 

In recent years ther has been increasing interest in urban streams with 
the streams and adjacent land being used as parks and natural recreation 
areas by city dwellers. Polluted streams represent a health risk and also 
contaminate the larger bays and waterways, reducing their value for fishing, 
swimming and aquatic sports. 

An investigation of stream pollution should include a survey where various 
physical and chemical characteristics of the stream are measured. These 
measurements may then be used to assess if the water quality meets certain 
criteria for human use and for the maintenance of aquatic life. As well, 
the survey should look for any changes in these characteristics over time or 
place, so that possible links can be made with influencing factors such as 
water flow, climate, surrounding land use, and the input of effluents and 
wastes. 

OBJECTIVES 

The main objectives are: 

1. to evaluate the quality of the water of an urban creek in terms of 
requirements for the maintenance of aquatic life 

2. to identify and evaluate natural and man-made factors influencing 
water quality over the total length of the creek. 

SURVEY PLANNING 

Mapping 

Aerial and topographical maps of the stream and its catchment should be 
obtained. From these maps, major features of land use and sources of point 
discharges such as factories and sewage plants can be identified. A series 
of test and sampling sites should be selected so that they are connected with 
these features; in particular where point discharges are known or suspected, 
sites up- and downstream should be selected in order to assess the effect of 
these discharges on water quality. The sites should be checked for ease of 
access and suitability. 

Timing 

Long-term water quality surveys are not appropriate for small groups of 
students. Because water flow and water use change with time, a rapid survey 
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TM 
V/hirl-paks , or their equivalent. 

should be planned to assess the water quality along a stream over a limited 
time period. Also, many streams are tidally influenced for many kilometres, 
and in these cases the survey should be conducted at a fixed point in the 
tidal cycle. A factor to be taken into account with tidal streams is the 
tidal "lag" or the time difference in the tidal cycle between the mouth and 
a place upstream. Because of this lag, it is often more practicable to begin 
a rapid survey at the stream's mouth. 

Field and Laboratory Tests 

Twelve tests are suggested to be included in the survey. The list is not 
exclusive, but covers parameters which have an important bearing on water 
quality. Furthermore, the tests are relatively straightforward, and can be 
attempted by small groups of students on large numbers of water samples within 
a reasonable time. 

At least four tests should be carried out at each site in the field survey. 
These tests are: 

1. Temperature measurement 
2. Dissolved oxygen measurement 
3. Conductance and/or salinity measurement 
4. pH measurement 

In addition, more complex field tests and laboratory analysis of field samples 
may include the measurement of: 

5. Phosphorus content 
6. Biochemical oxygen demand 
7. Chlorophyll-a 
8. Suspended solids 
9. Oil and grease in sediments 
10. Ammonia 
11. Available chlorine 
12. Streamflow and discharge 

SAflPLE COLLECTION AND STORAGE 

Only in some instances will it be possible to perform a measurement in situ, 
and many tests require a water sample to be taken. Standard practice is to 
take a measurement or a water sample from about 15 cm below the surface in 
mid-stream. Large, floating material should not be included in the sample. The 
collected sample may either be tested on site or stored for later laboratory 
analysis. Table 5.1.1 summarizes some procedures for sampling and storage. 
In general, a sample is used to rinse and fill a precleaned container, which 
is then sealed and cooled to about 4°C in a portable ice-box. Glass and 
plastic containers may be used, but sterile, disposable, sealable plastic 
bags* are increasingly popular. 

CAUTION: Students should exercise care in handling polluted waters as these 
are often a health hazard. 
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TABLE 5.1.1 Recommendations for Sampling and 
Preservation of Samples 

Measurement Vol. Req. 
(ml)* 

Preservative f̂ aximum 
holding 
time 

Temperature 1000 Det. in eitu^ nil 
Salinity 100 Cool, 4°C 24 hr. 

Det. in eitu^ 
pH 25 Cool, 4°C 6 hr. 

Det. in aitu^ nil 
Dissolved 
oxygen - Det. in situ nil 

BOD 1000 Cool, 4°C 6 hr. 
Turbidity 100 Cool, 4°C 7 days 

Det. in situ^ nil 
Residues 250 Cool, A?C 7 days 
Phosphorus 50 Cool, 4̂ C 7 days 
Ammonia 400 Cool, 4°C 

HaSOî  to pH < 2 24 hr. 
Available 
chlorine 1000 Cool, 4®C <6 hr. 

Chlorophyll 350 Cool, 4°C 6 hr. 
Oil and Grease 1000 Cool, 4̂ C 24 hr. 

HaSOî  to pH < 2 

^his is the minimum recommended volume for one determination. 

Samples cannot be held and the measurements must be made near 
the site if not in situ. 
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FIELD AND LABORATORY TESTS 

Temperature, Dissolved Oxygen, Conductance or Salinity, and pH 

Some commercial instruments are available that measure several or all of the 
above parameters. These parameters should be measured in situ» 

Measurements of conductance are usually expressed in micro- or millimho 
per centimetre, y/cm or m/cm (the equivalent S.I. units are micro- and 
milliseimens, yS and mS). Some instruments also have a salinity scale 
expressed in parts per thousand (ppt); this scale may be used for estuarine 
or seawaters with salinities greater than 2ppt, and usually is not applicable 
to freshwaters. Values in conductance units may be converted to salinity 
units (>2ppt) using Fig. 5.1.1. 

Dissolved oxygen meters are normally calibrated against air-saturated fresh 
water. A correction then has to be made for measurements in saline water. 
Some instruments have this facility built-in, but, where this is absent, 
correct the saline water value using the equation: 

(D.O. of saline water air saturated at measurement temp) 
D.O. (corr) =(D.O. of fresh water air saturated at measurement temp ) 

X meter reading of saline water sample 

The dissolved oxygen values of air saturated saline and fresh waters are 
given in Table 1.1.1. 

Phosphorus, Biochemical Oxygen Demand, and Chlorophyll-g 

Essentially the procedures described in Sections 1.1 and 1.2 apply 
here. For orthophosphate and chlorophyll-a analysis, it is advisable 
to filter the water sample on site: the filtrate is stored for 
orthophosphate analysis, and the filter is stored with 10 ml of 90% 
acetone-water in a glass vial for chlorophyll-α analysis. 

Suspended Solids 

Materials. Membrane filter kit, GF/C glass-fibre filter disc, measuring 
cyclinder, dessicator. 

Procedure. 1. Rinse several glass-fibre filter discs with distilled water 
using a membrane filter apparatus. Dry the discs at 105^0 for 1 hr. Allow 
to cool for 2 hr in a dessicator containing silica-gel, then weigh each 
filter disc. 

2. Filter 100-500 ml of water sample through a glass-fibre disc, recording 
the volume used. Rinse with distilled water. Redry the disc at 105°C for 
1 hr, cool in a dessicator, and reweigh. 

Oil and Grease in Sediments 

This determination covers petroleum ether extractable materials such as 
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Fig. 5.1.1 Conversion between specific conductance 
(millimho/cm) and salinity (parts per thousand) for 
diluted seawaters at several temperatures. 
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non-volatile hydrocarbons, oils, fats, waxes, soaps and similar materials. 
It is not applicable to hydrocarbons that volatilize below 70°C. 

Sampling Sediment is collected with either a benthic grab or a PVC tube 
pushed into the sediment. About 500g is transferred to a weighed, petroleum 
rinsed jar. About 5 ml of 4 Μ sulphuric acid are added to prevent 
deterioration. 

Materials. Wrist shaker, 250 ml separating funnel, steambath, 250 ml 
conical flasks, dessicator, petroleum ether, 4 Μ sulphuric acid, siliconized 
filter paper. 

Procedure. 1. Reweigh the sample jar to obtain the weight of sediment. 
Add sufficient distilled water to form a slurry, shake, and check with 
pH paper that the mixture has pH <2. Add sulphuric acid if necessary. 

2. Add 100 ml of petroleum ether to the mixture. Shake on a mechanical 
shaker for 10 min, then decant off the organic layer into a 250 ml separating 
funnel. Repeat the extraction with a further 50 ml of petroleum ether. 

3. Add 100 ml of distilled water to the combined extracts and shake. Run 
off and discard to lower agueous layer. Rewash with a further portion of 
water. 

4. Weigh a 250 ml conical flask (predried in a dessicator for 2 hr). Filter 
the organic extracts into the flask through a siliconized filter paper. 
Evaporate off the solvent on a 70°C steambath with the air of a stream of air. 
Cool the flask for 2 hr in a dessicator and reweigh. Express the residue 
mass as mg per kg of wet sediment. 

Ammonia 

Ammonia can be determined potentiometrically using a selective ion electrode 
and a millivoltmeter. In this method, the sample is made basic to convert 
ammonium ions to dissolved ammonia which is in turn detected by the gas-
sensing specific ion electrods. 

Materials. Ammonia electrode and millivolt meter, magnetic stirrer, 250 
ml beaker, pipettes, 10 Μ sodium hydroxide, 1000 mg/1 Ν solution (3.60 g 
of ammonium chloride per litre of distilled water). 

Procedure. 1. Prepare a series of standard solutions containing 0.1-1.0 
mg/1 Ν by diluting the stock ammonium chloride solution with distilled 
water. 

2. Place 100 ml of the lowest concentration standard in a 250 ml 
beaker. Insert the electrode and stir the solution. Add 1 ml of 10 Μ 
sodium hydroxide solution. Check pH paper that the mixture has a pH >11. 
Within three minutes the reading should reach a maximum and then decrease 
Record the maximum value. 

3. Repeat this procedure with the remaining standards, going from the 
lowest to the highest concentration. Use semi-logarithmic graph paper to 
plot the ammonia concentration in mg of Ν per litre on the log axis 
versus electrode potential in mV on the linear axis. A straight line 
should be obtained. 
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4. Follow the procedure of 2 using 100 ml of sample. Read off the ammonia 
concentration of the sample from the standard curve. 

Available Chlorine 

The determination based on the action of chlorine on potassium iodine solution 
which liberates iodine, (CI2 + 21" 2C1" + I2) and the titration of 
the released iodine with standard sodium thiosulphate solution (S2O3" + 12·^ 
H2O -> S2O3" + 21' + 2H ). 

ffiterials. Burette, 1000 ml conical flask, O.IM sodium thiosulphate solution 
C.2S.5g Na2,S203, SH2O in 1 litre distilled water + 1 ml CHCI3), potassium 
iodide, starch solution, glacial acetic acid. 

Procedure. 1. Dilute the 0.1 Μ sodium thiosulphate solution to 0.01 Μ 
with distilled water. 

2. Place 900 ml of water sample into a 1 litre conical flask. Add about 
5 ml of glacial acetic acid and about 1 g of potassium iodide. Stir, and 
titrate with 0,01 Μ thiosulphate solution till the brown colour of iodine is 
almost discharged. Add 1 ml of starch solution and titrate till the blue 
colour is discharged. 

3. Run a blank titration using 900 ml of distilled water in place of the 
water sample. Correct the titre for the blank, and calculate the available 
chlorine content of the water sample using the equation. 

ri r««/i^ Corr. titre χ 35.45 ^ 1000 CI (mg/1) = ^ X - γ -

Streamflow 

The velocity of a stream is the rate of water movement past a given point. 
The flow or diaoharge of the stream is the total amount of water transported 
past a given point in unit time, and is usually expressed in cubic metres 
per second. 

An approximate value for the discharge of a stream may be calculated by the 
velocity-area method. In this method, the discharge is given by the product 
of the cross-sectional area of the stream and the average water velocity. 
The area is determined by measuring the cross-sectional profile of the stream 
channel, and a rough estimate of the velocity is taken as 0.8 times the 
mid-stream surface velocity. 

The point velocity of water will vary from bank to bank and from surface 
to bottom. A more accurate way of applying the velocity-area method 
involves integration of the velocity over the flow section. Referring to 
Fig. 5.1.2, the cross section is divided into several segments. The average 
velocity of each segment is taken as roughly the measured velocity at 5/lO^h 
the depth of water in the middle of the seament. The discharge of each 
segment can then be determined, and the sum of these discharges taken as the 
flow of the stream. 
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Fig. S.1.2 Profile of a stream obtained by depth measure
ments at several points. Flow measurements at 0.6 depth 
are taken at each point. Segments (shaded and unshaded) 
can then be constructed in order to estimate the discharge 
of the stream. 

Materials. Propeller flowmeter and counter, surveying staff, weighted 
graduated lines, measuring tape. 

Procedure. 1. Stretch a measuring tape between the banks of the stream. 
At every l-2m, whichever is more appropriate for the width of the stream, 
estimate the depth of the water using either a surveying staff of a 
graduated line. At each point, use a flowmeter to measure the water velocity 
in metres per second at 0.6 depth above the bed of the stream. 

2. Draw up a cross-sectional profile of the stream on squared paper. 
Connect the points showing the depth of the stream bed with straight lines. 
Divide the cross section into segments as shown in Fig. S.1.2. 

3. Estimate the area of each segment in square metres by counting squares 
in the diagram. Multiply this figure by the 0.6 depth velocity to obtain the 
discharge of each segment. Total the discharges of the segments to obtain 
the flow of the stream in cubic metres per second. 

PRESENTATION OF THE REPORT 

Although there is no fixed format the following items should be included 
in the report: 

1. Table of Contents. This should be explicit and brief. 

2. Introduction. In this you should describe the reasons for the study, 
incorporating at least: 

(a) previous similar studies 
(b) the nature of the study area 
(c) the nature of the water quality parameters studied 
(d) the aims of the study. 
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3. Results, This section should summarize numerical results and include 
observations. The result should be presented in tables and/or graphs. 
Sufficient text should be included so as to identify the results. Notes 
should be made on the precision of the results as well as on any significant 
variations that can be connected with the methods used. 

4. Discussion. This should cover the significance of your findings in 
relation to water quality and the use made of the stream. The discussion 
may include: 

(a) a sketch map of the stream showing the sampling sites and adjacent major 
developments 
(b) graphs showing the variation in the water quality parameters along 
the stream's length 

(c) comparisons against recommended water quality criteria 
(d) any relationships between the parameters 
(e) identification of some factors that influence water quality 
(f) estimates of the diluting capacity of the stream. 

5. Conclusions, This section may include general comments on the standard 
of water quality, and guidelines for future investigations and water 
management. 

6. Experimental Procedures, These should be identified and very briefly 
outlined. Details should only be given in the cases of procedures not des
cribed elsewhere or where there are substantial modification. Known procedures 
should be referenced. 

7. References,, References to personal communications and published 
material should be indicated in the text. These references should be collected 
at the end of the report in the order in which they appeared in the text or 
alphabetical order of authors. 
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