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GEMS
Global Environment Monitoring System

GEMS is the collective effort to monitor the world environment in order to protect
human health and preserve essential natural resources. The co-ordination centre for
GEMS was established within the United Nations Environment Programme in 1975,
but the scope of GEMS extends beyond projects supported by UNEP. In over 30
international monttoring projects implemented by UNEP, World Health Organization,
World Meteorological Organization, United Nations Food and Agriculture Organiza-
tion, United Nations Educational, Scientific and Cultural Organization and other
United Nations and inter-governmental organizations, national activities in countries
worldwide are strengthened and united under the GEMS umbrella. Quality and
comparability of data are stressed to provide useful input for assessments of
environmental conditions. The monitoring covers climate, health, terrestrial natural
resources, the oceans and long-range transport of pollutants. The monitoring
and assessments are conducted to guide the rational management of our world
environment.

This report illustrates the results of the component of GEMS which addresses the
problems of global pollution in relation to human health. The GEMS health-related
monitoring projects are conducted by the World Health Organization with support
from UNEP and in co-operation with other UN agencies and national health and
environmental centres.




INTRODUCTION

Through the Global Environment Monitoring System (GEMS), WHO and UNEP have now been
actively involved in health-related monitoring of environmental quality for almost ten years. This is
being done by monitoring air and water quality, food contamination, and human tissues and fluids.
One of the objectives is to compile and analyze environmental quality data on a global basis; the others
are to improve and harmonize measurement methodologies among countries, increase the validity and
accuracy of measurements, and support the development of national programmes. During the past ten
years, there have been considerable achievements in each of these areas.

A series of regular reports of the monitoring data has been issued in each of these areas. There are
now some 20 such publications. This report draws upon these individual publications to summarize
what has been learned from this programme about the levels and trends in environmental quality in
relation to human health on a global basis.

There is a need for this type of information. Pollution of air, water and food, which may adversely
affect human health, occurs in every country. And it is not just exposures from local releases that are of
concern. Pollutants may come from neighbouring or distant countries, having been transported
through the atmosphere, by major rivers or in food shipments. The common nature of pollution
problems as well as the widespread extent of affected regions makes international collaboration the
obvious approach towards solutions. Shared data and information promotes awareness of issues,
provides perspective on problems, suggests the need for effective control strategies, and points to
progress in achieving a healthier environment.

The results quoted here are based on the data supplied by the Member States participating in these
projects. While the geographical coverage of monitoring is increasing, there are still large areas of the .
globe for which information on environmental quality for global analysis is missing. It should also
be appreciated that the number of measurement points is extremely limited, and that precise
characterization of the pollution situations in individual rivers, cities or countries, or comparison
among them, on the basis of these data alone is not possible. However, great care has been taken in
selecting the measurement points, harmonizing measurement methods, and carrying out inter-
laboratory quality assurance exercises to control the validity of the global data base. The results can
therefore be used to indicate on global or regional scales the relative severity and trends in environmental
pollution affecting human health.

The results presented here mostly cover the decade 1975-84. In a global monitoring programme it
is not possible to include more recent information. The data from national authorities become available
only some time after they have been collected, and more time is then required for them to be compiled,
verified and analyzed centrally. Only in rare situations, however, does environmental quality change
drastically over a year or two. The results presented here are therefore a reasonable description of
today’s situation.

The implementation of these global projects has been made possible by the active support of
Member States. In fact, many of the technical functions of these projects have been carried out by
national institutions. For example, the U.S. Environmental Protection Agency is responsible for
operating the air quality data centre, and the Canada Center for Inland Waters serves as the global data
centre for water quality. Centres for quality assurance are in Japan and the United States (water
quality), and in Sweden and the United Kingdom (food contamination). Other national institutions in
such countries as Brazil, India and Kenya assist in various ways to facilitate the operation of these
projects.

A wider, and more detailed global assessment of pollution and health data is also under way. It will
include data from sources other than GEMS, and will cover more pollutants and more countries.
When completed, the report will be reviewed by a committee of experts designated by participating
countries from all regions before publication in 1988.



AIR POLLUTION

The GEMS/Air monitoring project was begun in 1973 and has gradually increased in size to about 50
countries and approximately 170 monitoring sites. Since 1980 its size has changed little, except for the
occasional addition of a new participating country. The GEMS/Air monitoring stations are in urban
areas where pollution levels are the highest and most threaten human health. Figure 1 shows the
current network of monitoring stations.

Figure 1. Location of GEMS/Air monitoring stations.
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The GEMS/Alr cities were selected to provide as broad a global coverage as possible. The cities were
also chosen to represent difterent climatic conditions, levels of development, and pollution situations.

In most cities, there are three GEMS/Air monitoring stations: one located in an industrial zone, one
in a commercial area and one in a residential area. The data obtained from these stations permit a
reasonable evaluation of minimum and maximum levels, and of long-term trends of average
concentrations.

Although there are many air pollutants of concern, only two have been measured so far — sulphur
dioxide and suspended particulate matter. The combustion of coal, wood and oil, and various industrial
activities, give rise to these pollutants. Suspended particulate matter also arises from other human
activities such as dust raised by vehicular traffic. These pollutants constitute a major part of the urban air
pollution problem in many places, are more extensively measured than other air pollutants, and have
been shown to affect human health adversely (acting synergystically when both are present at the same
time) in concentrations currently existing in many places. These pollutants, therefore, act as good
indicators of urban air pollution problems. More recently, nitrogen dioxide and lead, pollutants
associated largely with motor vehicular exhaust, have been added to the GEMS/Air project, but few data
are so far available.

Sulphur dioxide and suspended particulate matter data are now available for the period from 1973 to
1984. To characterize the current global air pollution situation in cities, the average values for 19801984
are used, since data for any one year may not be representative of the longer term conditions. For trends,
however, the data for the entire period from 1973 to 1984 are employed. In reporting and evaluating air
quality information, two measures are usually used — the annual average, which represents the overall air
quality situation during the year, and the 98th percentile, which provides information on the air quality
during the “worst” days in the year.
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Urban air quality on average

A five-year (1980-1984) summary of the annual averages for sulphur dioxide (SO,) and suspended
particulate matter (SPM) for most of the cities in the GEMS/Air network is presented in figures 2 and 3.
These illustrate clearly the variability in air quality among the different cities, and within the cities
themselves. The large variation among cities is due to the type, number and location of sources of these
pollutants, the degree of air pollution control employed, and the general meteorological conditions and
topographical features which influence atmospheric dispersion. The variability of air quality levels
within a city, as indicated by the length of the bars, is due both to the differences in air pollution levels in
different parts of the city and the changes from one year to the next.

Figure 2 Summary of the annual SO, averages in GEMS/Air cities, 1980-1984.
Shown is the range of annual values at individual sites and the composite five-year average for the city.
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The general severity of air pollution problems may be judged by comparing the observed air
quality concentrations with health-based guidelines established by WHO for these two pollutants'. In
the case of sulphur dioxide the WHO guidelines specify that levels of up to the range of 40-60 ug/m’
are, in general, not harmful to health, while above these levels effects on health can occur with
increasing frequency and severity as the concentrations increase. For gravimetrically determined
suspended particulate matter, the WHO guidelines specify levels of 60-90 ug/m® as the range above
which effects may begin to occur.

Figure 3. Summary of the annual SPM averages in GEMS/Air cities, 1980-1984.
Shown is the range of annual values at individual sites and the composite five-year average for the city.
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Air quality levels exceed the WHO guidelines for both pollutants in many cities. This may cause
increased respiratory ill effects among adults and children, and may also result in increased lower
respiratory tract illness, particularly in children.! In some cities the guidelines are exceeded consistently,
while in others they are exceeded for some sites in some years, but not all.

There is no general geographic pattern as to the severity of sulphur dioxide pollution. In all of the
regions (developed and developing) there are cities which have both low and high levels of sulphur
dioxide. For suspended particulates, however, the cities with the highest concentrations tend to be in the
developing regions. In at least some cases this is partially caused by much higher levels of naturally
occurring dust.

'WHO (1979). Sulphur oxides and suspended particulate maiter. Environmental Health Criteria Document No. 8, World Health
Organization, Geneva, Switzerland.
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Urban air quality on high pollution days

Air quality is influenced considerably by the weather, and some weather conditions are conducive for
short-term higher levels of pollution to develop. When this occurs the adverse health effects on
populations can become more pronounced, particularly for the susceptible groups, such as the elderly
and asthmatics. To protect such individuals against periodic high levels, WHO has also established
guidelines: 100-150 ug/m® for sulphur dioxide and 150-230 ug/m’ for suspended particulate matter.
These are expressed in terms of the 98th percentile, meaning that these levels should not be exceeded
more than 2 percent of the time or seven days in any one year.

Table 1. Air quality in terms of number of high pollution days.
Air quality conditions Number of cities
(98th percentile) Sulphur dioxide Suspended particles*
* The number of cities for
which values are reported is
Acceptable 20 10 smaller than those for SO,
Marei 11 because some of the cities use
rginal ? other methods, mainly smoke
Unacceptable 23 22 measurements, which have not
been included in this analysis.

Table 1 shows the number of cities with acceptable, marginal and unacceptable air quality in terms
of the number of “high air pollution days”. This situation is far from satisfactory. Almost half of all the
cities concerned exceed the short-term guideline established by WHO for health protection, and about
another 20 percent fall in the range termed “marginal air quality”. If these two categories are added
together, some 60-70 percent of the cities need increased air pollution control.

Estimation of populations exposed

Since ‘the cities of the network were selected to achieve global representativeness in terms of
regional distribution, climatic conditions, level of development and population size, a rough
approximation of global urban populations which may be “at risk” from sulphur dioxide and
suspended particulate matter air pollution can be obtained from the available GEMS/Air data. A total
population of 1.8 billion is used in this calculation, as representing the estimated global urban
population in 1980 in cities of similar size to those monitored (cities greater than 200,000 population).’
Combining this number with annual average concentrations gives the results shown in table 2.

Table 2. Estimates of populations residing in urban areas of given air quality.

Air quality conditions Number of persons (millions)

(annual average) Sulphur dioxide Suspended particles
Acceptable 625 (35%) 350 (20%)
Marginal 550 (30%) 200 (10%)
Unacceptable 625 (35%) 1250 (70%)

Over 600 million people live in urban areas where average sulphur dioxide pollution exceeds WHO
recommended guidelines. For suspended particulate matter, the situation is worse; more than one
billion people may be living in areas where the particulate pollution exceeds the WHO recommended
limits. A somewhat similar picture is obtained if only the data for “high air pollution” days are
considered.

' U.N. (1980). Urban, rural and city populations, 1950-2000 assessed in 1978. Doc. ESA/P/WP.66, Population Division, Dept.
of Int. Econ. and Soc. Affairs, United Nations Secretariat.



Trends

Trends in annual levels of air quality can be estimated statistically if there are sufficient and
representative data for a given urban area for a period of at least five years. Such data are available for
30 cities in the GEMS/Air network.

Figure 4. Distribution of trends in air quality in GEMS/Air cities, 1973-1984.
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Figure 4 shows that, in general, air quality is being improved in more areas than where it is growing
worse. Improvement in air quality is more common in the industrialized countries than in developing
ones. In Asia there is a higher percentage of stations that report “no change” or a worsening trend than
in the European and American regions. For sulphur dioxide levels, for example, the developing
countries in Asia for which trends could be calculated show an average annual increase in
concentrations of the order of 10 percent. The biggest improvements, on the other hand, are seen in
Europe and North American cities where over the past 10 years sulphur dioxide levels have been
declining at an average rate of approximately 5 per cent per year.



WATER POLLUTION

The GEMS/Water monitoring project was launched in 1977 and the current network consists of a total
of 344 stations comprising 240 river stations, 43 lake stations and 61 groundwater stations (see figure
5). While some stations are located in remote areas to indicate background levels of water quality, most
are near industrial and urban centres. Since complete coverage of water resources would be an
unrealistically ambitious goal of a global monitoring network, stations were established only on major
or regionally representative water bodies to show water quality with reference to the chief water uses,
such as water supply for a city. Monitoring long-term trends in water quality at a few representative
locations is therefore one of the prime objectives of the project. Data began to be collected in 1978, and
the available data base now covers a six-year span from 1979 to 1984.

Figure 5. The GEMS/Water monitoring netwbrk.

22
<32

The GEMS/Water project provides for the collection of data on more than 50 different measures of
water quality. They include certain basic measurements such as dissolved oxygen, biochemical oxygen
demand (BOD), faecal coliforms and nitrates as well as measurements of chemical substances in water
such as heavy metals and organic trace contaminants. There are vast differences among countries in
the types of measurements of water quality which are made and are reported. While most countries
measure many of the “basic” variables, the number of countries in which measurements are also made
on individual chemical substances is much more limited.

The present state of the world’s rivers is summarized statistically in table 3 which presents the
median and the 90th percentile values for the most common measurements of water quality. Of
particular concern is the 90th percentile value, which indicates the level of water quality that is
exceeded in 10 percent of the river monitoring stations. For example, an oxvgen deficit of 30 percent
or more is present in 10 percent of the GEMS/Water rivers (which is undoubtedly due to the heavy
organic load discharged into these rivers). Poor ecological status of aquatic life in the rivers is the
direct consequence and water uses are restricted in those places.



Table 3. Global water quality of rivers

Number of rivers Median Value in worst
Variable monitored value 10% of rivers @
Conductivity (in uS/cm) 224 250 900
pH 232 7.6 -
Temperature (in °C) 24 16 -
Suspended solids (in mg/1) 137 35 250
Biochemical oxygen demand (BOD, in mg/1) 190 3 6.5
Chemical oxygen demand (COD, in mg/l) 127 18 44
Oxygen deficit (in %) 227 10 30
Nitrates (in mg/1) ® 230 0.7 9.0
Phosphates (in mg/l) © 82 0.025 0.2

(a) Corresponding to the 90th percentile value
(b) On the basis of nitrogen content
(e) On the basis of phosphorus content

Pollution by sewage

The presence of organic material in water, as measured by means of indicators such as BOD and
chemical oxygen demand (COD), is generally a good measure of pollution by sewage, although certain
naturally occurring organic substances such as humic acids are also reflected in these measurements.
At high values of BOD or COD, however, there is no doubt about the presence in river water of vast
quantities of sewage, mostly untreated. It is known from national statistics that much of the municipal
sewage in the developing countries receives little or no treatment. This reduces oxygen levels in rivers
(see table 3). In most of the industrialized countries, on the other hand, national laws prescribe full
mechanical and biological treatment of all domestic waste water before discharge into water courses.
As a consequence, organic pollution levels are within acceptable limits in spite of high population
densities in the major river basins.

A more direct and sensitive measure of pollution by sewage is by the counting of indicator
organisms such as faecal coliforms in the water sample. Information on faecal coliforms is available for
about half the rivers in the network (see table 4). It shows that sewage pollution in rivers is a problem
in all regions, although to a varying degree. The lower figures for North American rivers are due to
stringent waste water treatment, generally lower population density and high dilution rates in the large
rivers such as the Colorado and Mississippi. The much higher population concentrations in Europe,
for example, in the Rhine river basin, result in greater faecal coliform counts in spite of the substantive
sewage treatment practised throughout the region.

Table 4. Faecal coliforms in GEMS rivers
Number of faecal Number of rivers in each region*
coliforms per 100 ml Central & South
North America America Europe Asia and Pacific
8 0 1 1
10
4 1 3 2
100
8 10 9 14
1,000
3 9 11 10
10,000
0 2 7 2
100,000
0 2 0 3
Total number of rivers 23 24 31 32

*No data from Africa reported
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In terms of health risks, the high coliform counts in European rivers may have rather little
significance since essentially all municipal water supplies there are treated and disinfected. This is not
the case for large parts of Asia, and Central and South America. As a result, high coliform counts in
these regions are undoubtedly a contributing factor to the high morbidity and mortality rate of infants,
due to diarrhoeas and other symptoms resulting from gastro-intestinal infections. Values for Africa are
not yet reported under GEMS/Water, but what information is available confirms a similar pattern of
bacteriological water quality and disease distribution. Faecal pollution has also been found through
high counts of coliforms and streptococci in more than two-thirds of the groundwater monitoring
stations, mainly situated in developing countries.

Nutrients in water

Certain chemicals present in water are essential to metabolism and growth of aquatic organisms.
These nutrients are naturally present as a result of surface run-off, erosion, residues from biota,
etc., although considerable quantities are now also added by human activity. The two most
important sources are municipal waste water and run-off from agricultural areas fertilized by
manure and chemicals. Overloading of water bodies with nutrients leads to eutrophication (algal
blooms) with detrimental consequences to oxygen balance, organic loads, fisheries and suitability
for drinking-water.

In the GEMS/Water monitoring network, the two most significant nutrients — nitrogen and
phosphorus — are well above natural levels. Nitrate concentrations are seven times higher than the
average for unpolluted rivers (0.1 mg/l on the basis of nitrogen content). For the highest 10 percent
of the rivers, the concentrations range from 9 to 25 mg/l, levels which are in excess of the WHO
guideline value for nitrates in drinking water (10 mg/l on the basis of nitrogen content). This is of
particular importance if the waters are used in the raw state for public supply.

The median phosphate level in GEMS/Water rivers is 2.5 times the average for unpolluted
rivers. The worst 10 percent of rivers carry from 0.2 to 2 mg/l phosphorus, between 20 and 200
times higher than the average for unpolluted rivers.

The European rivers have the highest average nutrient levels — some 45 times higher than the
natural background (table 5). As a result, eutrophication, which used to be a dominant feature only
in lakes and reservoirs, is now endemic in many river stretches in central Europe. Apart from
ecological and aesthetic damage, eutrophication brings with it increasing difficulties and costs for
waterworks which have to produce safe, palatable drinking water.

Table 5. Level of nitrogen in GEMS rivers

World region Ammonia (ug/l)* Nitrates (ug/1)*
All GEMS rivers 70 250
outside Europe

European GEMS rivers 210 4,500
Natural average for 15 100
unpolluted rivers

*On the basis of nitrogen content
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Chemicals in water

About 20 other variables, mostly chemicals, are monitored because they are of particular significance
to water used for drinking and public supply. For acceptability of these substances in drinking water,
WHO has recommended concentration limits in the form of guideline values which “represent the
level (a concentration or a number) of a constitutent that ensures an aesthetically pleasing water and
does not result in any significant risk to the health of the consumer™'. In figure 6 a comparison is made
between the observed levels of these substances in water and the WHO guideline values, in terms of
the percentage of monitoring stations at which these guidelines were exceeded.

Figure 6. Water quality at GEMS/Water stations exceeding WHO guideline values for drinking water.
GEMS/Water WHO guideline Percentage of stations in excess

variables* value 0% 50% 100%
Acidity (pH)** 6.5

Sodium (Na)** 200 mg/1

Sulphate (SO )** 400 mg/l

Iron (Fe)** 0.3 mg/l

Manganese (Mn)** 0.1 mg/l

Fluoride (F) 1.5 mg/l

Arsenic (As) 0.05 mg/l

Chromium (Cr) 0.05 mg/l

Copper (Cu)** 1 mg/l

Cadmium (Cd) S ug/l

Mercury (Hg) 1 ngl/l

Lead (Pb) 50 pg/l

Aldrin and Dieldrin 0.03 ug/l

*Other chemicals monitored by GEMS/Water but rarely exceeding WHO guideline values include nitrate, zinc, cyanide,
selenium, PAH, DDT and DDE.

**WHO guideline value set for aesthetic quality only.

For some of the substances on the WHO list, guideline values were established for their potential
impact on the aesthetic quality of drinking water (affecting taste, odour or appearance). For these,
there were relatively few stations where the recommended WHO guidelines are being exceeded.
Acidity was recorded at about one quarter of all monitoring stations, with a few places where the pH of
water was below 5 (very acidic).

There are a few locations in these areas where sodium and sulphate levels are high, probably as a
result of the natural soil and rock composition. Similarly, the fact that guideline values for iron and
manganese are often exceeded is largely due to natural causes which nonetheless detract from the
quality of the water for public supply if not adequately treated. Effective iron removal technology is
available but is not always used, particularly in rural areas.

The presence of fluorides and arsenic in waters used for drinking water supply are of health concern
if the concentrations are too high. In the GEMS/Water network, the guideline values for these two
chemicals are exceeded at very few locations. Where they are, however, the levels recorded were high
(fluorides up to 6.6 mg/l and arsenic up to 0.4 mg/l). Excessive fluoride levels in several regions of the
world (South America, Rift Valley in East Africa, Central Asia) have been observed within

' WHO 1984 Guidelines for drinking water quality, Vol 1, Recommendations. World Health Organization, Geneva,
Switzerland.
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GEMS/Water and other monitoring programmes to be high enough to cause dental and sometimes
even skeletal fluorosis. Endemic fluorosis in some tropical areas has been linked to a number of factors
including malnutrition and calcium deficiency but high fluoride levels in drinking water appear to be
the predominant factor. Arsenic has been held responsible for skin cancer due to high levels in

groundwater in some areas of Central and South America. One of these groundwater aquifiers is
included in GEMS/Water.

Although the data compiled on heavy metals such as cadmium, mercury and lead are, as yet, too
few to draw firm conclusions, there are indications of pollution by heavy metals in a number of rivers
in the Americas and in Asia. Lead and cadmium in particular are present at levels exceeding the
drinking water guideline values in about a quarter of stations where these metals are monitored.

The use of agricultural pesticides has grown dramatically in recent years and many of them persist
for long periods in water. Although the number of GEMS/Water stations reporting pesticide
concentrations is still small, for a few monitoring stations on rivers and lakes the values are
considerably higher than the amounts tolerable in drinking water.

When comparing the levels of toxic substances in surface and groundwaters with the guideline
values for drinking water quality, it has to be borne in mind that water usually (at least in larger cities)
undergoes treatment before being distributed to the consumers. Lead, for example, present in
suspended form, can be readily removed by conventional treatment. Other heavy metals and
pesticides can be effectively eliminated by chemical flocculation/filtration processes and activated
carbon absorption, respectively. In most developing countries, particularly in rural areas where
pesticides are used massively, this is rarely done.

Trends

Although it is too early for data in GEMS/Water to be used to evaluate trends in water quality at 1ts
monitoring stations, some comment on future conditions is warranted. Freshwater in rivers, lakes and
in the ground is a finite resource which is diminishing in relation to the demands for drinking water
supply, irrigation, industry and other competing consumers. Even assuming that per caput water
consumption will remain unchanged, the quantity of water available per caput is decreasing rapidly.
Table 6 compares the per caput river flow for the five major world regions in 1970 and in the year
2000. The already limited water availability in Europe will be only slightly reduced, whereas in Asia,
because of high population increases, it will be almost halved and be even less than in Europe today.
The average water availability per caput in Africa will be reduced to about the European level with
catastrophic depletions in the dry areas of the continent. Deterioriation in water quality is already a
major consequence of the reduction in the per caput availability of water during the dry seasons in
many African countries. Clearly, sewage, industrial waste water and drinking water supplies will have
to be extensively treated and disinfected, as they are in European countries today.

Table 6. Availability of water resources for human uses.

World region Mean annual flow of rivers Per caput river flow (m'/vear)
(m*/sec) 1970 2000
North America 191,000 19,000 15,000
South America 336,000 54,400 26,000
Africa 136,000 12,000 5,500
Europe 100,000 4,800 3,950
Asia 435,000 6,550 3,550
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FOOD CONTAMINATION

The GEMS/Food monitoring project implemented by WHO, FAO and UNEP began in 1976 with the
participation of 13 countries. By 1980 the countries involved had grown to 21 and by 1987, to 35
countries (see figure 7). Each of the participating countries submits data on the concentrations of
agreed contaminants in individual foods and in total diets. The available data cover the period from
1977 10 1983. Mostly the data submitted to GEMS/Food are representative for the whole country. In a
few countries, only selected regions or cities are monitored.

Figure 7. Participating countries in GEMS/Food project [EH

Nineteen contaminants are covered by the GEMS/Food project including selected pesticides,
industrial chemicals and naturally occurring toxins. Pesticide residues in food are of priority concern
and the available data cover eight of the most prevalent organochlorine pesticides in the environment
such as DDT, aldrin, dieldrin and five organophosphorus pesticides including malathion and
parathion. The industrial chemicals included in the GEMS/Food data base are PCBs, lead and
cadmium, all major potential contaminants of food. Mercury and tin have recently been added, but
the data available are limited. At present, aflatoxins are the only naturally occurring toxins covered by
the project.

Microbial contamination of food is not covered by the project. It is the main cause of food-borne
diseases in many countries, but national surveillance programmes do not generally lend themselves to
a global review.

The review of food contamination on a global basis, at least for the present, is hampered by a
number of factors. These are:

(i) the disparity between countries in the number and types of foods, and the contaminants which
are monitored. Not all countries submit data on all contaminants in all foods; nor is this available
for all years covered by the project.

(ii) the vast number of individual foods monitored makes it difficult to present the data in a summary

fashion or to draw conclusions from it. The current data base includes information on over 400
individual foods.
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(iii) most of the data available currently has come from the developed countries which are
participating in the project, limiting the possibilities for a global review of the situation.

Nevertheless, the available information can provide an indication of the nature, severity and in some
cases, trends in food contamination.

Pesticides in foods

Organochlorine pesticides were, in the past, widely used in agriculture and forestry and continue to be
used in public health programmes to control vector-borne diseases such as malaria, yellow fever and
sleeping sickness. DDT is the best known; others include aldrin, dieldrin, hexachlorocyclohexane
(HCH), lindane and hexachlorobenzene. Because of their potential toxicity and the ability to persist in
the environment and accumulate in animals and humans, their use in many industrialized countries
has been banned or severely restricted for 15 years or more. In those countries, the pesticides’
presence in foodstuffs is a residue from past usage.

Organophosphorus pesticides covered by GEMS/Food consist of diazinon, fenitrothion, malathion,
parathion and parathion-methyl. These compounds are used in a wide variety of agricultural and
non-agricultural applications including control of lice, flies, mosquitoes and other insects.

The concentrations of pesticide residues in foods are illustrated in figure 8. In this figure
information is presented on the observed levels in terms of the 90th percentile (meaning that 10
percent of all samples exceed the values cited) for selected pesticides and selected foods. The pesticides
included are those which are most monitored; the food groups inciuded are those with, usually, the
highest pesticide residues.

Global “averages” of pesticides in foods are of little practical use. The concentrations of individual
pesticides in foods vary greatly not only from country to country and from year to year, but also from
one specific food item to another within the same food group. They can even vary substantially from
one food sample to the next within the same region of a country. The information in figure 8 was
included to illustrate in a general sense the presence and variability of pesticide residues in the
different types of food and not to establish any global averages.

Figure 8. Pesticide residues in foods, 1980-1983
Range of 90th percentile values of concentrations (ug/kg) in participating countries.
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The higher concentrations of the organochlorine pesticides occur mainly in foods of animal origin
such as fish, milk and meat. Where their use has not been restricted, they are also found at times in
fruits, vegetables and cereals. Organophosphorus pesticides, on the other hand, are less stable in the
environment and are more easily metabolized in animals. Consequently, their residues occur mostly in
fruits, vegetables and cereals but not in foods of animal origin. High levels in fruits and vegetables
generally indicate the improper application or misuse of these pesticides.

Industrial chemicals in foods

A substantial amount of data has been amassed on the concentrations in foods of polychlorinated
biphenyls (PCBs), lead and cadmium. PCBs are widely distributed in the environment as a result of
their industrial applications, which in many countries have now been curtailed. Lead occurs naturally
in the environment, but levels are increasing through its use in storage batteries, as an additive in
motor fuels and as solders in food canning, to name but a few of its industrial and commercial uses.
Cadmium, too, is discharged into the environment by many industries (mining, and metal and plastics
manufacturing) and agricultural (phosphate and sewage sludge based fertilizers) activities.
Information on the presence of PCBs, lead and cadmium in foods is given in figure 9.

Figure 9. Industrial chemicals in foods, 1980-83.
Range of 90th percentile values of concentrations (ug/kg) in participating countries.
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PCBs occur in milk, including human milk, and other foods and bioaccumulate in aquatic
organisms. The highest levels are often found in fish. The highest concentrations have been measured
in the industrialized countries where their use has been the most pronounced.

The highest levels of lead occur mainly in canned foods, the source being the lead soldered side
seams in cans. GEMS/Food data show substantially higher levels of lead in canned foods than in fresh
foods. For cadmium, the highest levels are found, in roughly decreasing order, in animal kidneys and
liver, shellfish and in some staple foods such as cereals and potatoes.

Natural toxins in food

Aflatoxins are a group of substances produced by the growth of certain moulds and are a particular
problem in tropical areas where their formation is enhanced by the high temperatures and humidity.
There is ample evidence that aflatoxins are highly carcinogenic in animals and that their ingestion
increases the risk for primary liver cancer in man.

Aflatoxins in food have been measured in 16 participating countries. The foods at highest risk are
nuts and cereals, and the results of monitoring show that relatively high concentrations are sometimes
observed, but most samples are at or below the detection limits.
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Contaminants in total diet

Measurements of contaminants in total diet provide the best estimates of human exposures and of the
potential risks to health, if any. Such measurements are now made in a number of countries through
analyses of foods representing average diets. The risks to consumers may then be evaluated by
comparison with toxicologically acceptable intake levels.

Information on contaminants in total diets has been collected by GEMS/Food for over five years.
The number of countries where such measurements are made is still small, but is increasing. In 1983,
a total of eleven countries were providing total dietary intake data to GEMS/Food.

An overview of the situation, in the countries for which total dietary intake data are available, is
shown in figure 10 where levels of seven contaminants in the total diet are compared to the established
“acceptable levels”'. The results are presented in terms of average level and 90th percentile (the latter
represents the level which is exceeded in 10 percent of the samples).

The results show that the average and the 90th percentile for all seven contaminants and in
all reporting countries are within the established guidelines. For four of the contaminants, lindane,
malathion, DDT, and heptachlor, the measured levels in comparison with the guidelines are very
low, constituting less than 10 percent of the acceptable levels. For aldrin-dieldrin, lead and
cadmium, the levels are higher, with the 90th percentile values being at about 60-70 percent of the
guideline values.

Figure 10. Total dietary intake of contaminants.
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iAcceptable levels are expressed for pesticides as Acceptable Daily Intake (ADI) and for heavy metals as Provisional Tolerable
Weekly Intake (PTWI). Both denote levels where risks to consumers are minimal.
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