
المجلد السادس عشرالمجلة الصحية لشرق المتوسط
العدد الأول

82

Biological activity resulting from exposure to aquatic 
environmental genotoxic pollutants in northern 
Egypt
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ABSTRACT We estimated pollution in Lake Edku and the Mediterranean Sea, El-Maadiya Region, with 3 aromatic 
amines (1-naphthylamine, 2-naphthylamine and benzidine) in the muscle tissue of fish. There were marked 
seasonal variations in the aromatic amine levels. We also determined oxidative stress (blood glutathione, and 
catalase activity) and genotoxic effects (chromosomal aberrations and urinary metabolites) in fishermen from 
each area. The fishermen suffered from oxidative stress and had high levels of the urinary metabolite sulfanilamide 
[mean (μg/mg creatinine): Lake Edku 20.7, Mediterranean 14.5, controls 5.3]. Frequencies for total chromosomal 
aberrations were significantly raised in the peripheral blood lymphocytes of fishermen in both areas [frequency 
(per 100 metaphases ): Mediterranean 67, Lake Edku 45, controls 14].
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النشاط البيولوجي الناجم عن التعرُّض للملوثات البحرية البيئية السامة للجينات في شمال مصر
عزيزة سعد، أماني السيقالي، سهى خوليف، إيمان خليل، حنان محروس، ابتسام مهدي الزبيدي، هاني قاسم

 1-naphthylamine) هي  أروماتية  أمينية  مركبات  ثلاثة  المعدية،  منطقة  في  المتوسط،  والبحر  إدكو  بحيرة  في  الباحثون  قاس  الخلاصة: 
naphthylamine, benzidine-2) في أنسجة عضلات السمك. وكان هناك تباين موسمي واضح في مستويات المركبات الأمينية الأروماتية. كما 

حدد الباحثون الإجهاد التأكسدي (غلوتاثيون الدم، ونشاط إنزيم الكاتلاز) والتأثيرات السامة على الجينات (تغير المتقدرات، والمستقلبات البولية) 
لد الصيادين في كلا المنطقتين. وتبين أن الصيادين عانوا من إجهاد تأكسدي ومستويات مرتفعة من المستقلبات البولية للسلفانيلاميد (المتوسط 14.5 
دُّ به  تَ عْ و20.7 ميكروغرام لكل ملي غرام مقارنة بـ 5.3 ميكروغرام لكل ملي غرام لد الشواهد). وارتفع تكرار إجمالي تغيرات المتقدرات على نحو يُ
إحصائياً في خلايا لمفاويات الدم الطرفية بين الصيادين في كلتا المنطقتين (67 و45 لكل 100 طورٍ تالٍ مقارنة بـ 14 لكل 100 طورتال لد الشواهد).

Activité biologique résultant de l’exposition à des polluants génotoxiques en milieu aquatique dans le nord de 
l’Égypte

RÉSUMÉ Nous avons réalisé une estimation de la pollution dans le lac Edkou et en Méditerranée (région d’El-
Maadiya), sur la base de trois amines aromatiques (1-naphthylamine, 2-naphthylamine et benzidine) dans les 
tissus musculaires de poissons. Nous avons constaté de fortes variations saisonnières des niveaux d’amines 
aromatiques. Nous avons également déterminé le stress oxydatif (glutathion sanguin et activité de la catalase) 
et les effets génotoxiques (aberrations chromosomiques et métabolites urinaires) chez les pêcheurs de chaque 
région. Ces pêcheurs souffraient de stress oxydatif et présentaient des niveaux élevés de sulfanilamide, un 
métabolite urinaire [moyenne (μg/mg de créatinine) : lac Edkou 20,7, Méditerranée 14,5, témoins 5,3]. La 
fréquence des aberrations chromosomiques totales était significativement plus élevée dans les lymphocytes 
circulants des pêcheurs des deux régions [fréquence (pour 100 métaphases) : Méditerranée 67, lac Edkou 45, 
témoins 14].
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Introduction

The development of modern industry 
causes increasingly serious pollution 
in the environment where we live, 
constituting a catastrophic health risk, 
including for cancer [1]. Pollution of 
the aquatic environment is one of the 
worst legacies of development of the 
20th century [1] and marine coastal ar-
eas are particularly impacted by human 
activities [2]. Aquatic ecosystems serve 
as a sink for pollutants, which bind to 
sediment and tend to accumulate in the 
tissues of aquatic organisms [3]. The 
concentrations of these compounds in 
the fresh tissues of aquatic organisms 
are several orders of magnitude higher 
than those found in the environment. 
Moreover, due to their lipophilic na-
ture, organic compounds tend to bio-
accumulate in fatty tissues [2].

Aromatic amines are environmen-
tal pollutants found in lakes, rivers and 
soil; they represent one of the most 
important classes of industrial and envi-
ronmental chemicals. Many have been 
reported to be powerful carcinogens 
and/or haemotoxicants [4]. Their me-
tabolites, N-hydroxy arylamines and 
nitro soarenes, react with DNA, proteins 
and glutathione; the resulting damage 
to biomolecules is often responsible for 
the toxic or genotoxic effects [5]. 

In Egypt the coastal areas around 
El-Maadiya and Lake Edku are the main 
recipients for a number of pollutants 
from agriculture as well as industrial 
drainage. 

The biomarker of exposure to 
these pollutants is the measurement 
of urinary metabolites. This enables 
the determination of the internal dose 
of pollutants and provides important 
information for biomonitoring of oc-
cupational and environmental human 
exposure [6]. 

Living beings are protected from 
reactive oxygen species (ROS) by sev-
eral defence mechanisms, including glu-
tathione, which has many antioxidant 

functions, such as control of the protein 
redox status and defence against free 
radicals and oxygen toxicity [7]. Most 
of these functions oxidize reduced glu-
tathione (GSH) to the disulfide form 
(GSSG), the concentration of which is 
an index of oxidative stress [8]. Catalase 
is a haeme-containing enzyme which 
is localized in most mammalian cells 
exclusively in peroxisomes [9]. Human 
erythrocytes with a high catalase content 
provide a general defence against toxic 
concentrations of hydrogen peroxide, 
while the lower the catalase activity in 
red cells, the more effective the action 
of the oxidizing agents [10]. Oxidative 
stress may result in damage to criti-
cal cellular macromolecules, including 
DNA, lipids, and proteins [11]. Oxida-
tive DNA damage may participate in 
ROS-induced carcinogenesis [12]. A 
common form of damage is the forma-
tion of hydroxylated bases of DNA, 
which is considered an important 
event in chemical carcinogenesis [12]; 
this adduct formation interferes with 
normal cell growth by causing genetic 
mutations and altering normal gene 
transcription [12].

According to INCHEM guidelines, 
“Somatic mutations, either genetic or 
chromosomal, are not transmitted to 
the offspring of an exposed individual. 
However, increases in the frequency of 
these mutations may contribute to an 
increase in the frequency of acquired 
disorders, for example, cancer. There 
is, therefore, a clear need to develop 
and apply methods to study exposed 
populations at risk of increased levels of 
somatic or germinal mutations” [13]. 

Thus, the aim of this study was to 
estimate some aromatic amines in the 
flesh of fish taken from Lake Edku and 
the Mediterranean Sea at El-Maadiya 
and to investigate oxidative stress and 
chromosomal aberrations as biological 
markers reflecting the genotoxic effects 
of aquatic environmental pollutants in 
local fishermen.

The Mediterranean costal area of 
the north-eastern Egypt was selected 
for this study because it is the recipient 
of extensive agricultural and industrial 
wastes. The fresh water lake, Lake Edku, 
lies in the north of the Nile Delta, west of 
the Rosetta branch of the Nile between 
long 30° 8' 30" N and 30° 23' 100" E 
and is connected to the Mediterranean 
Sea through Boughaz El-Maadiya, a 
narrow, shallow channel. The hydro-
graphic and biological characteristics 
of the water in El-Maadiya connec-
tion depend on the water exchange 
between Abu-Qir Bay and Lake Edku. 
Great amounts of industrial wastes are 
discharged into the bay through Tabia 
pumping station. These wastes come 
from about 36 factories in a cultivated 
area extending from Kafr El-Dawar 
to Alexandria. Tabia pumping station 
pumps the highly polluted water of El-
Amia Drain, which receives the drain-
age from El-Behira district as well as the 
industrial wastes of the factories. These 
waste discharges originate from 5 main 
activities: the fertilizer industry, the pes-
ticides industry, textile manufacturing, 
the paper industry and food processing 
and canning.

Methods

This study was carried out over the 
period 2002–2004. Males living in El 
Maadiya region were invited to take 
part in the study and about 60% of those 
we contacted agreed to participate. The 
study group comprised 102 male sub-
jects with an average age of 38 (standard 
deviation 13) years; they were classified 
into 2 groups: non-fishermen, (n = 20) 
with low fish eating habits (healthy con-
trol group) and fishermen (n = 82). The 
fishermen were divided into 2 groups: 
Mediterranean Sea fishermen (n = 55) 
and Lake Edku fishermen (n = 27).
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Determination of aromatic 
amines in fish flesh
We followed the method of Diachenko 
[14] for the determination of selected 
industrial aromatic amines in fish. Sam-
ples of Tilapia sp. and Claris sp. were 
collected from Lake Edku, and samples 
of Mugil sp. and Siganus rivulatus from 
the Mediterranean Sea in El-Maadiya 
region during the 4 seasons (winter, 
spring, summer and autumn). The flesh 
of the fish was separated and the skin 
removed. The fish flesh was dried in 
an incubator at 37–40 °C for 2–7 days 
depending on the size of the fish. After 
drying, a mechanical grinder was used 
to grind the fish to powder form. 

The fish powder was digested with 
aqueous NaOH and extracted with 
benzene. The extract was washed with 
diluted acid and cleaned up using 
silica gel column chromatography. The 
amines were separated, and quantita-
tively determined by gas chromatog-
raphy–mass spectrometry using a fully 
automated mass spectrometer (Agilent 
model HP6890) equipped with HP-
data system to acquire and process all 
GC-MS data. A gas chromatograph 
(Agilent) was interfaced to the mass 
spectrometer and fitted with a capillary 
column (model HP19091S-433) with 
HP-5 on 5% phenyl methyl siloxane, 
with nominal length 30 m, nominal 
diameter 250 μm and nominal film 
thickness 0.25 μm.

Blood analyses
The participants were requested to fast 
for 6 hours. Samples of peripheral blood 
(10 mL) were collected by a physician 
by venepuncture in heparinized tubes 
at the Medical Research Institute in 
Alexandria. The blood samples were 
processed immediately.

Blood glutathione content was de-
termined using 0.2 mL of whole blood 
according to the method of Beutler E, 
Duron O, Kelly BM [15]. DTNB rea-
gent was obtained from Sigma Chemi-
cal Company and optical density was 

measured at 412 nm using a PRIME 
automatic photometer (BPC BioSED 
srl, Italy).

Erythrocyte catalase activity was 
determined according to the method 
of Donald and  Hugo [16]. The con-
centrated haemolysate was diluted 
500 times (v/v) with phosphate buffer 
immediately before carrying out the 
assay (in duplicate) to determine hae-
moglobin content using the method of 
Drabkin [17]. The enzyme activity level 
was measured at 412 nm. 

Determination of urinary 
sulfanilamide 
Early morning urine samples were col-
lected from those participants who had 
abnormal levels of blood glutathione 
(< 35 mg/dL) and/or erythrocyte 
catalase activity (< 805 U/g Hb) to 
detect urinary metabolites of aromatic 
amines (sulfanilamides) according to 
the method of Hayashi M, Amino G, 
Uchida MS [18].

Cytogenetic analysis 
Blood culture for chromosome aberra-
tions was carried out according to the 
methods described by Smerhovsky Z 
et al. [19]. One hundred metaphases 
were counted and scored for structural 
chromosomal aberrations according to 
the International System for Human 
Cytogenetic Nomenclature (ISCN).

Statistical analysis
The data obtained were statistically 
analysed using SPSS, version 10. One 
way analysis of variance was used to 
compare between the levels of the dif-
ferent parameters in the study groups. 
A difference was considered significant 
at P < 0.05.

Results

Oceanographic data
The pollution status of Lake Edku and 
the Mediterranean Sea (El-Maadiya 
region) was studied by estimating the 

levels of 1-naphthylamine, 2-naphthyl-
amine and benzidine in the muscle 
tissue of 4 types of fish: Tilapia sp. and 
Claris sp. from Lake Edku and Mugil sp. 
and Siganus rivulatus from the Mediter-
ranean Sea. 

High concentration of 1-naphthyl-
amine and benzidine were found in 
Tilapia sp. in summer (Table 1) while 
high concentrations of 2-naphthyl-
amine were found in spring. In Claris sp. 
the concentration of 1-naphthylamine 
was high in all seasons except spring, 
and high concentrations of 2-naph-
thylamine and benzidine were found in 
spring and summer (Lake Edku). 

Elevated levels of all 3 aromatic 
amines were found in autumn in Mugil 
sp., the 3 aromatic amines were found 
in elevated levels in Siganus revulatus in 
all 4 seasons (Mediterranean Sea).

Biochemical data

Statistical analysis between groups 
(1-way ANOVA) showed a signifi-
cantly lower blood glutathione level in 
both groups of fishermen compared 
with the control group (P < 0.001) 
(Table 2). Erythrocyte catalase activ-
ity was significantly lower in both the 
fishermen groups compared with the 
control group (P < 0.001) (Table 2). 
Significantly higher urinary sulfanila-
mide levels were seen in both fishermen 
groups compared with the control 
group (P < 0.001) (Table 2). 

There was a significant negative cor-
relation between urinary sulfanilamide 
(μg/mg creatinine) and blood glutath-
ione (mg/dL) content in the studied 
groups (r = –0.549, P = 0.004) (Figure 
1, available in online version). There 
was also a significant negative corre-
lation between urinary sulfanilamide 
(μg/mg creatinine) and erythrocyte 
catalase enzymatic activity (U/g Hb) (r 
= –0.523, P = 0.006) (Figure2, available 
in online version). 
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Cytogenetic results
Table 3 compares the frequencies of 
different types of chromosomal aberra-
tions in each group. Chromosome-type 
exchanges, chromosome-type breaks 
plus exchanges, chromosome-type 
aberrations, total breaks plus exchanges 
as well as total chromosomal aberra-
tions were significantly increased in 
both fishermen’s groups compared 
with the control group (P = 0.003, P 
= 0.001, P < 0.001, P = 0.001, P = 0.001 
respectively). There was a highly signifi-
cant negative correlation between total 
chromosomal aberrations “excluding 
gaps” (/100 metaphases) and blood 
glutathione content in the studied 
groups (r = –0.648, P < 0.001) (Figure 
3, available in online version). There 
was also a significant negative correla-
tion between total chromosomal aber-
rations excluding gaps and erythrocyte 
catalase enzymatic activity (r = –0.672, 
P < 0.001) (Figure 4, available in online 
version). Finally, there was a signifi-
cant positive correlation between total 
chromosomal aberrations excluding 
gaps and urinary sulfanilamide in the 3 
groups (r = 0.488, P = 0.011) (Figure 5, 
available in online version). 

Discussion

Concentrations of the 3 studied aro-
matic amines were highly elevated in 
Claris sp. compared with Tilapia sp. 
Additionally, Tilapia sp. was free from 
all 3 aromatic amines in winter and 
autumn, while Claris sp. was free from 
2-naphthylamine and benzidine in 
winter and autumn. The variation may 
be related to the feeding habits or the 
greater body size and body fat content 
of Claris sp. [20].

In addition, a marked elevation in 
concentrations of the 3 studied aro-
matic amines was detected in Siganus 
revulatus, while in Mugil sp., the pollu-
tion occurred only in autumn. This may 
be due to the feeding habits and species 

Table 1 Concentration of aromatic amines in flesh of 4 fish species from Lake Edku 
and the Mediterranean Sea according to season

Species & season 1-Naphthylamine 
(µg/kg dry weight)

2-Naphthylamine 
(µg/kg dry weight)

Benzidine
(µg/kg dry weight)

Tilapia sp.a

Winter – – –

Spring – 932 –

Summer 2801 – 934

Autumn – – –

Claris sp.a

Winter 1060 – –

Spring – 3476 2812

Summer 4019 3221 952

Autumn 3480 – –

Mugil sp.b

Winter – – –

Spring – – –

Summer – – –

Autumn 1713 1286 650

Siganus revulatusb

Winter 3213 2048 1347

Spring 3765 953 618

Summer 2742 2989 1185

Autumn 5541 2148 975
aFrom Lake Edku. bFrom the Mediterranean Sea, El-Maadiya region.

Table 2 Oxidative stress markers in the blood of a healthy control group and 2 
groups of fishermen from El-Maadiya region

Oxidative stress marker Controls
(n = 20)

Mediterranean 
Sea fishermen 

(n = 55)

Lake Edku 
fishermen 

(n = 27)

Glutathione (mg/dL whole 
blood)

Mean 39.95 34.36 34.41

SD 2.96 5.63 6.16

SE 0.66 0.76 1.19

Rangea 35–44 25–46 19–45

Erythrocyte catalase activity 
(U/g Hb)

Mean 974.00 661.00 589.30

SD 92.20 146.90 117.12

SE 20.62 19.81 22.54

Rangeb 1163–805 933–352 858–329

Urinary sulfanilamide (µg/mg 
creatinine) (n = 9) (n = 13) (n = 6)

Mean 5.3 14.5 20.7

SD 3.1 9.4 9.65

SE 1.0 2.5 3.9

Rangec 0.5–9.9 4.1–35.1 6.1–33.1
aF = 8.634, P < 0.001; bF = 56.294, P < 0.001; cF = 4.278, P = 0.024 (1-way analysis of variance).
SD = standard deviation; SE = standard error; Hb = haemoglobin.
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differences. These finding are in agree-
ment with the results of other studies 
which found that the mean concentra-
tion of pollutants in the sea animals 
varied according to species, season and 
area [21,22]. High levels of genotoxic el-
ements in fish can confirm the pollution 
of sea water and the possibility of the 
presence of genotoxic elements [23].

The biochemical results of this 
study shows that the fishermen groups 
of Lake Edku and El-Maadiya region of 
the Mediterranean Sea were suffering 
from oxidative stress, which manifested 
in a significant decrease in the levels 
of both whole blood glutathione and 
erythrocyte catalase enzymatic activity 
compared with the control group. A 
significantly high level of the urinary 
metabolite sulfanilamide was found in 
both fishermen groups in comparison 
with the control group. Sulfanilamide 
stimulates the formation of methaemo-
globin in red blood cells; this may be a 
result of exposure to pollutants such as 
aromatic amines and pesticides during 
recreational activities as well as high 
consumption of polluted fish [24].

Oxidative stress may result in dam-
age to critical cellular macromolecules, 

including DNA, lipids, and proteins 
[11]. Oxidative DNA damage may 
participate in ROS-induced carcino-
genesis [12]. A common form of dam-
age is the formation of hydroxylated 
DNA bases, which are considered an 
important event in chemical carcino-
genesis [12,25]. This adduct formation 
interferes with normal cell growth by 
causing genetic mutations and altering 
normal gene transcription.

To counteract oxidative stress, the 
human body has evolved various defence 
mechanisms [26]. Antioxidants, which 
scavenge the reactive oxygen species prior 
to their interaction with cellular compo-
nents are the first line of defence against 
exogenous oxidative stress [26]. If a large 
amount of the toxic substance is present 
then the detoxication mechanisms are 
overwhelmed. Excess superoxide is pro-
duced, reduced glutathione and NADPH 
are depleted and hydroxyl radicals and 
singlet oxygen are formed [27].

Chromosomal analysis of periph-
eral human lymphocytes is the most 
widely used method for biomonitoring 
human exposure to genotoxic chemi-
cals. In our study, the frequency of 
chromosomal aberrations in fishermen 

exposed to benzidine was significantly 
higher than in the control group. Data 
on the chromosomal effect of human 
exposure to benzidine is, however, 
scarce. Mirkova and Lalchev observed 
a statistically significant increase in 
frequency of chromosome aberrations 
in lymphocytes of workers exposed 
to benzidine compared to a control 
group [28], an observation in accord-
ance with our own findings. In con-
trast to our study, the main type of 
aberration observed in the Mirkova 
and Lalchev study [28] was chromatid 
breaks, whereas the main type of aber-
rations we observed was chromosome 
exchanges. The presence of dicentric, 
rings and chromatid exchanges in our 
study confirms the very high dose of 
benzidine to which these fishermen 
have been exposed, and demonstrates 
the mutagenic effect of benzidine on 
the lymphocytes. 

The chromosomal aberration assay 
has also been shown to be a convenient 
test for somatic risk assessment. Clear 
evidence has been presented that an 
enhanced frequency of chromosomal 
aberrations correlates with an increased 
incidence of cancer in epidemiological 

Table 3 Chromosomal aberrations in a healthy control group and 2 groups of fishermen from El-Maadiya region

Chromosomal aberration Controls 
(n = 6)

Mediterranean Sea 
fishermen (n = 13)

Lake Edku fishermen 
(n = 7)

ANOVA

Freqa Mean (SD) Freqa Mean (SD) Freqa Mean (SD) F P

Chromosome-type gap 0 0 2 0.002 (0.004) 3 0.004 (0.005) 2.13 0.141

Chromosome-type break 0 0 6 0.005 (0.008) 6 0.010 (0.011) 1.94 0.167

Chromosome-type exchange 4 0.007 (0.008) 39 0.030 (0.014) 27 0.040 (0.020) 7.79 0.003
Chromosome-type break + 
exchange 4 0.007 (0.008) 45 0.035 (0.016) 33 0.047 (0.023) 9.95 0.001

Chromosome-type aberration 4 0.007 (0.008) 47 0.036 (0.016) 38 0.051 (0.022) 12.11 < 0.001

Chromatid-type gap 10 0.017 (0.010) 19 0.015 (0.011) 7 0.010 (0.010) 0.69 0.512

Chromatid-type break 0 0 0 0 0 0 – –

Chromatid-type exchange 0 0 1 0.001 (0.003) 0 0 0.48 0.625

Chromatid-type break + exchange 0 0 1 0.001 (0.003) 0 0 0.48 0.625

Chromatid-type aberration 10 0.020 (0.010) 20 0.015 (0.012) 7 0.010 (0.010) 0.72 0.499

Total breaks + exchanges 4 0.007 (0.008) 46 0.035 (0.015) 33 0.047 (0.023) 10.74 0.001

Total aberrations 14 0.023 (0.005) 67 0.052 (0.020) 45 0.061 (0.002) 8.86 0.001
a Freq = frequency of chromosomal aberrations/100 metaphases.
ANOVA = analysis of variance; SD = standard deviation.
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surveys and is of predictive value for 
subsequent cancer risk [29–32]. We 
found an elevated level of the herbicide 
metabolite sulfanilamide in the urine of 
both groups of fishermen. There was a 
negative correlation between sulfanila-
mide and both glutathione and catalase 
activity.

Our study also demonstrated a high 
frequency of chromosomal aberrations 
in the peripheral blood lymphocytes 
of both fishermen groups. There was 
a positive correlation between sulfani-
lamide and chromosomal aberrations, 

and a negative correlation between 
chromosomal aberrations and both 
glutathione and catalase activity were 
found. Therefore, it may be considered 
that oxidative stress and sulfanilamide 
contribute to the induction of chromo-
somal aberrations, and a consequential 
serious effect on human health.

Conclusion

Our findings emphasize that the pol-
lution of El-Maadiya region induces 

a panic oxidative stress in fishermen 
in the vicinity of this area. The risk will 
persist because of the decrease in the 
levels of antioxidant glutathione and 
catalase enzyme activity in the blood of 
fishermen. 

These f indings indicate that 
oxidative biomarkers in combination 
with other types of biomarkers (chro-
mosomal aberrations) can be useful 
in the large scale for environmental 
monitoring.
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Principles for modelling dose-response for the risk assessment of chemicals

This volume, Principles for modelling dose-response for the risk assessment of chemicals, is part of the ongoing review of the 
underlying scientific bases for decision-making in chemical risk assessment by International Programme on Chemical 
Safety. It involves specific consideration of the area of dose–response assessment in the evaluation of information from 
toxicological studies in animals and from human clinical and epidemiological studies. It covers toxicants with threshold 
effects and those for which there may be no practical threshold, such as substances that are genotoxic and carcinogenic. 
The discussions are concerned with that subset of cause–effect relationships commonly referred to as dose–response 
models, which are typically used to characterize the biological effects of intentional (e.g. drugs and nutrients) and 
unintentional (e.g. contaminants) exposure to chemicals.

This report is intended primarily to provide descriptive guidance for risk assessors in using dose-response modelling 
in hazard characterization. It will also provide mathematical modellers with an appreciation of issues to be considered 
when modelling in the context of the risk assessment process. Risk managers will be able to obtain a general 
understanding of the applications and limitations of dose-response modelling. For both risk assessors and risk managers, 
some considerations for communicating the results of risk assessments that use dose-response modelling are presented

Further information about this and other WHO publications can be found at: http://www.who.int/bookorders/
anglais/home1.jsp?sesslan=1
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