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SUMMARY REPORT 
 
Participants: A. MUHAMMAD (BGD), J. DUTRA-DE-OLIVEIRA (BRA), M. LLANOS (CHI),     
J.-X. WANG (CPR), D. KUMAR (IND), A. MAKOKHA (KEN), B. ATTRASSI (MOR), S.Y. CHO 
(ROK), L.B.D. TRAN (VIE). 
 
N. MOKHTAR (Scientific Secretary) 
Section of Nutritional and Health- Related Environmental Studies, Division of Human Health, 
Department of Nuclear Sciences and Applications, International Atomic Energy Agency, 
P.O. Box 100, A-1400 Vienna, Austria. 
 
 
2nd RCM held in Santiago de Chile, Chile, 17-21 November 2003 (E4.30.14. / RC-866.2.) 
 
 
INTRODUCTION 
 
Rapid industrialization in developing world has led to a rise in unwanted chemical levels in 
air, soil and water. This situation, coupled with changing life styles, has become a serious 
cause of concern with special reference to public health and ecosystems. 
 
In the past few years research work in the area of pollutants and nutrient interactions and its 
impact on human health is gaining importance and drawing the attention of nutritionists and 
public health personnel. Therefore, efforts are being made to develop sensitive methods of 
measuring pollutants and nutrients both in the environment and biological systems. However 
the quantitative evaluation of the impacts on health is still in its infancy and therefore far from 
satisfaction. To monitor the interaction between environmental pollution and nutritional 
status, some indicators exist such as breast milk used for real time monitoring (RTM). It has 
been demonstrated that the presence of pollutants in breast milk has a negative impact on 
growth and morbidity rates in nursing infants. Placenta can also be employed as a dual 
indicator for RTM, reflecting the pollutant and nutrient status in both mother and fetus. 
Similarly other non-invasive indicators such as urine and saliva and less invasive ones, as 
whole blood have commonly been used to monitor some pollutants e.g toxic metals. On the 
other hand, hair, adipose tissue (to monitor organic pollutants), and hard tissues such as bone 
and teeth (to monitor selected elements particularly Pl, Sr, Ur, etc.) have been used as Long 
Term Monitoring (LTM) specimen. In this context, the International Atomic Energy Agency 
(IAEA) is actively contributing through coordinated research project mechanisms to the 
development of isotopic techniques applicable for pollution-nutrition interactions. 
 
This CRP is based on the recommendations of a consultants’ meeting on: “Nuclear Analytical 
and Isotope Techniques for assessing nutrition-pollution interactions”, NAHRES-62. 
 
This report summarizes the main activities of the second RCM held 17-21 November 2003 
(E4.30.14, RC-866.2.), INTA, Universidad de Chile,  Santiago de Chile, Chile. 
The countries participating to this meeting are: India, Korea, Bangladesh, Kenya, China, 
Brazil, Vietnam, Chile, and Morocco. 
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1. OVERALL OBJECTIVES 
 
To provide a scientific basis for better assessment of selected pollutants and nutrients in 
biological samples with a view to elucidate their interactions and the impact on human health. 
Results of this study will enhance the existing body of knowledge on nutrition-pollution 
interactions mechanisms and can be used to develop preventive strategies. 
 
2. SPECIFIC OBJECTIVES 
 

• Use of non-invasive specimens (e.g. breast milk, blood, hair, urine, placenta, 
eventually adipose tissue for organic pollutants) as indicators to monitor the 
interaction between the environmental pollution (both organic and inorganic) and 
nutritional status. 

• Development of protocols to assess the health impact of environmental conditions on 
populations living under the risk of malnutrition. 

• Validated procedures for chemical analysis in selected environment and nutritional 
specimens for research in the pollutant-nutrition interaction. 

 
3. EXPECTED RESEARCH OUTPUTS (RESULTS) 
 

• Harmonized protocols and procedures for sampling and analyses; 
• Compiled data on toxic element levels for environmental monitoring 
• Determination of impact of pollutants exposure on nutrients levels  
• Understand mechanisms and interactions of pollutants and nutrients 
• Publications of the study results in an IAEA TECDOC, and in peer-reviewed journals 

by participants. 
• Strengthen capacity building in developing countries. 

 
4. ACTION PLAN (ACTIVITIES) 
 
4.1. Core research activities: 
 

• Identification of the study areas and population groups. 
• Collection of information on food consumption patterns of the population groups 

under study (e.g. through questionnaires). 
• Development of harmonized protocols and validation of analytical methodologies  
• Collection and analysis of biological indicators, and  
• Evaluation of possible relationships between human exposures and biological 

indicators for the pollutants and the nutritional status as judged by body weight, and 
height for age in children (National Center for Health Standards) and Body Mass 
Index (BMI), and trace metals profile. 

 
4.2. Achievements 
 
Table 1 provides a compilation of the progress made by the individual countries on the core 
research activities as given in 4.1: 
 
4.3. Supplementary activities 
 

• Comparison of present and previous data on relevant parameters. 
• Possible production and distribution of laboratory intercomparison samples 
• Potential distribution of RM’s for analytical method validation 
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TECHNICAL ASPECTS 
 
5. SELECTION OF STUDY AREAS 
 
Most of the participants have selected their sites based on all or any of the following criteria: 
 

• History and/or present status of pollution/malnutrition 
• Pilot studies 
• Identification of highly polluted sites 
• Medical indications 

 
5.1. Criteria for the selection of an appropriate sampling site 
 

• Sampling (biological samples, blood, soil, foods, etc.) sites have been selected so that 
representative results can be obtained. 

• Appropriate reference sites, on population groups have been identified, where 
applicable. 

 
5.2. Questionnaire for selecting population groups 
 
Questionnaires were prepared by individual participants in accordance to their requirements 
for data collection on dietary intake and medical history 
 
6. MEETING RECOMMENDATIONS 
 
6.1. Database management and documentation 
 
The sampling, analysis and calibration data as well as standards used must be continuously 
evaluated for their reliability. A database should be maintained in each participating 
laboratory. Software used must be authenticated and preferably be compatible within the 
overall framework. Multivariate statistics (e.g. cluster analysis) may be used to sort the data to 
identify similarities/generalities 
 
6.2. Recommended QA/QC procedures for the analysis 
 

• Each participant should continuously follow available guidelines for analytical quality 
assurance and analytical quality control during the whole analytical process. 

• Certified Reference Materials (CRMs), having the same or similar matrix composition 
and analyte level, should be analysed in parallel to the samples and/or for linking them 
to in-house reference materials. 

• Analytical quality control measures should continuously be pursued through in-house 
reference materials linked to CRMs, intercomparison of two or more independent 
analytical methods, using the self-verification principle in NAA  or other possible 
approaches. 

• Proficiency testing (PT) will been carried out. Materials will be provided by the 
IAEA.  

• The wide diversity of research interests amongst all participants requires a large 
variety of in-house standards. Participants should provide information on their 
relevant standards and where possible make them available for distribution to 
interested participants  
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6.3. QA for data reporting and evaluation 
 

• Results should be accompanied by an uncertainty evaluation  
• In-house software for data treatment should be validated. 
• Appropriate statistical evaluation should be carried out following the examination of 

the distribution of data. 
 
 
7. COUNTRY PRESENTATIONS 
 
Bangladesh 
Biomonitoring of arsenic and lead in health indices (hair, blood, etc.) and their interactions 
and impacts on the nutritional status of Bangladesh population 
M. Ali and M.A. Rahman 
 
The concentrations of some trace micronutrients  (Ca, Fe, Cu and Zn) and pollutants (As and 
Pb) in scalp hair of 124 normal subjects (71 males and 53 females, average age 29 years) and 
110 chronic arsenism patients (62 males and 48 females, average age 27 years) were 
determined by energy dispersive x-ray fluorescence spectrometry. The aim of this 
investigation was to use scalp hair as a possible bio-indicator of trace element abnormality 
and to determine whether or not differences in their levels might occur due to this chronic 
arsenic poisoning. The results showed differences in micronutrients (Ca, Fe, Cu and Zn) 
content in the hair between the two sex groups. The patient group also reflected lower 
contents of trace micronutrients than that of normal group. The female hair contains higher 
quantity of Ca, Fe, Cu and Zn nutrients than that of male hair irrespective of age. The low Ca 
and Zn contents in the hair of arsenic poisoning group may possibly be linked with arsenic 
poisoning as evidenced from this study. 
 
Brazil 
Mother’s milk micronutrient composition and the presence of pollutants and micronutrients in 
mother’s milk from rural and urban environment 
J.E. Dutra-de-Oliveira 
 
Breast milk is the best source of nutrients for infants from birth to 4 - 6 months of life. It is at 
the same time the place where pollutants, toxic substances such as mercury, arsenic as well as 
agro-toxics can be found when mothers are exposed to them through water, air and food. 
 
This work is a review of analyses of mother’s milk from several parts of Brazil. There is a 
wide range variation on their concentration. Some heavy metals such as Hg if found in fish 
and mothers milk in the Amazon regions. Pesticide pollutants were shown to be present in 
mother’s milk in these studies. The results also showed the presence of alcohol in mother’s 
milk from rural areas in a pilot study. There is a need for a study of nutrient and pollutants 
interaction on the same milk sample. 
 
Breast milk has to be considered a practical and useful study sample to show nutrition 
pollution relations. Its nutritive value for infants and mineral value use as well as the 
possibility to follow up studies can make it one of the best choices for nuclear techniques 
analysis. 
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China 
Application of isotopic and nuclear techniques to determine the composition of human 
placenta and cord blood in the study of interaction between essential and toxic trace elements 
Ji-Xian Wang 
 
For a better understanding of interactions between frequently encountered toxic trace 
elements in environment and nutritional trace elements and development of strategies to 
reduce ill effects in pregnant woman and fetus, a study of application nuclear technique to 
determine the composition of placenta and cord blood as dual biological indicators is 
proposed to assess the interactions between nutritional and pollution elements and identify the 
ill effects caused by the deleterious interactions. The main objective of the study is to try to 
explore the interaction between nutritional elements and toxic elements and ill effects caused 
by the deleterious interaction and develop more targeted strategies. This report details the 
quality assurance and quality control methods that will be applied during the study. In 
addition to these measures, it is expected that IAEA will provide or circulate standard 
reference materials (SMRs) or and blind samples to each participant. These QA measures will 
enable the results obtained by participants to be easily compared or combine. 
 
 
Chile 
Oxidative Stress and antioxidants in placentas of women with low birth weight neonates. 
Correlation with toxic and essential trace elements 
Ana María Ronco and Miguel Llanos 
 
Rationale: Since some essential trace elements are cofactors for several antioxidant enzymes, 
balance between essential and toxic metals may be related to enzymatic defence mechanism 
against oxidative damage. All these parameters may reflex a balance of nutrition-pollution 
factors. Thus, highly polluted environments may result in low activity of antioxidant enzymes 
conducing to placental dysfunction associated to foetal growth restriction.    
 
Objective: To analyse content of essential (Fe, Cu Zn and Se) and toxic (As, Pb, and Cd) 
elements in placentas from mothers delivering normal (control) and low birth weight neonates 
(LBW) and correlate its concentration with oxidative stress parameters and foetal growth. 
 
Methods: Ions concentrations were analysed by AAS (Cu and Cd) and NAA (Fe, Se, Zn, Pb 
and As). Oxidative stress parameters (TAS, TBARS, GSH) were analysed by 
spectrophotometry after chemical reactions producing chromogenic compounds. Antioxidant 
enzymes Superoxide dismutase (SOD) and Glutathion peroxidase (GPx) were kinetically 
determined by evaluating transformation rate of epinephrine and NADPH to adrenochrom and 
NADP+ respectively.  
 
Results: Placentas from mothers related to LBW neonates had lower Fe concentrations and 
higher levels of toxic elements (Cd, Pb and As) when compared to normal control placentas. 
Nevertheless, no correlation was found between any measured element and neonate birth 
weight. No differences were observed in oxidative stress parameter except total  glutathion 
concentration, which was increased in LBW-related placentas, constituting perhaps a quick 
reactive defence mechanism against detrimental effects of reactive oxygen species (ROS). 
Preliminary studies performed in both groups, demonstrated that protective enzymes activity 
(GPx and SOD) against oxidative damage caused by ROS, were not significantly different. 
Nevertheless, placentas involved in adequate for gestation age neonates showed a tendency to 
present higher SOD activities. More determinations will be necessary to establish a possible 
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correlation between these activities and neonatal birth weight   
 
Conclusions:  
a) There is no any significant relationship between oxidative stress parameters of placentas 

and neonatal birth weight, with the exception of total glutathion, which is very high in 
LBW.  

b) LBW-related placentas showed significantly higher levels of all toxic elements measured 
than normal birth weight-related placentas (NBW) 

c) Low concentrations of iron were consistently found in LBW-related placentas in 
comparison to NBW-related placentas.  

 
Future goals:  
a) To look for a possible correlation between the affected essential element (Fe) and toxic 

elements  (Pb, Cd or As).  
b) To look for correlation between essential/toxic elements ratios in placentas and neonatal 

birth weight  
c) Determinations of Hg concentration in LBW and NBW-related placentas. 
d) Determinations of some steroid hormones. suspected to be targets for imbalance between 

essential and toxic elements that could act as biomarker of nutrition-pollution interaction. 
 
 
India 
Role of nutrients in environmental toxicity 
B. Dinesh Kumar 
 
Metals have been used since time immemorial for medicinal and other purposes. Among 
those oldest known metals Lead, Mercury, cadmium, Aluminum and Arsenic are still 
considered indispensable because of their wide spread use in medicinal, automobile industry 
and in defense hardware. Since past two decades, global concern about the toxic effects of 
metals like Pb, Cd etc., particularly through environmental exposure, is steadily increasing 
due to its long term consequences on public health (3&4). Prevalence of malnutrition further 
compounds the problem and complicates the evaluation of risks with heavy metals like lead 
on human health. The present investigation is being undertaken with the following aims and 
objectives  
 

1. To assess the blood lead levels and identify the extent of lead toxicity among the 
various   occupational groups, children and pregnant women. 

2. To assess socioeconomic and nutritional status to correlate it with the lead toxicity and 
its impact on function 

3. To develop intervention strategies viz. nutrient supplementation and education for 
prevention of lead toxicity. 

 
The tissue samples will be analysed include: blood lead by Lead care system, and other heavy 
metals - mercury by ICPMS. Placenta and cord blood will be analysed by ICPMS samples. 
Approximately 500 samples from pregnant women and 500 children will be analyzed. 
Results of preliminary work: 
* 70% of pregnant women were from urban centers, and 52% were residing in Berri. 
* Houses - Around 52% painted whitewash, 26% painted with paint. 
* The clinical signs with 48% pale conjunctive. 
* Preliminary results show variation in blood lead levels of 3-30 µg/dL followed by high 
selenium level. 
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The determination of heavy metal concentrations (Pb, Cd, Hg, As in blood, and that of  
nutrients (Se, Zn, Fe). Blood samples will be taken from 500 pregnant mothers and 500 
children. The placental and cord blood levels in pregnant women will be analysed too. This 
work will be completed in the next one year. 
 
 
Kenya 
Use of isotopic and nuclear techniques in the study of iron-lead interactions in placenta and 
cord blood on subjects living in heavily polluted areas of Kenya. 
A.O. Makokha 
 
There is heavy pollution caused by a high volume of motor vehicle traffic in the urban centres 
of Nairobi and Thika. These vehicles use leaded fuel. The main objective of this study was to 
determine the extent of lead levels in kenyan staple foods, and in placenta and cord blood, and 
its implication on nutritionasl and human health. Determination of lead was done in the staple 
foods (maize, beans, tomatoes, kales and spinach), placenta and cord blood. The lead was 
determined using Atomic Absorption flame Emission spectrophotometer. The iron status of 
the mothers was estimated by determination of haemoglobin levels. There were high lead 
levels in the foods. The lead levels in maize and tomatoes ranged from  44.0 to 174.4 µg /100 
g nd  40 to 162.5 µg /100 g respectively. The levels in beans and kales were  48.3 to 236.5, 
and  58.6 to 475.8 µg /100 g Respectively. These lead levels were above the maximum 
recommended levels by WHO in the respective foods. The lead levels in placenta and cord 
blood were also very high, and above that expected of healthy subjects. determination of 
haemoglobin levels in cord blood showed that about 50% of the mothers were anaemic. It is 
expected that more samples will be taken from more mothers for lead and haemoglobin 
analysis. Then correlation between lead levels and iron status will be done. 
 
 
Morocco 
Impact of water pollution by Hg, Cd and Pb on nutritional status of children in the North West 
of Morocco. 
B. Attrassi 
 
In this paper we’ll describe and elucidate nutritional problems of the Gharb population of 
Morocco especially children relating to the environmental pollution. Indeed, the north west 
region of Morocco represent a zone where meet all sewages charged of heavy metals and 
other pollutants coming from different industries and human activities as well (agricultural, 
textiles, tanneries, paper-mills…).  
 
We have chosen randomly about 400 children from 4 districts near downstream the Sebou 
river. Regarding the nutritional situation of the Gharb population, our survey indicated that 
stunting (27.9%), anaemia (28.7%), and weight deficiency (12.5%) are the most known 
nutritional problems. The main causes of these nutritional problems are poor nutritional intake 
as well as poor socio-economic situation. Otherwise, the objective of our study is to establish 
a relationship between these nutritional disorders and environmental pollution. This 
relationship deserves to be solved especially in this region.  
 
In this fact, we have studied the interaction between nutrition (micronutrients heavy metals: 
Fe, Zn, Cu) and toxic heavy metals such as Cd and Pb in blood and urine of children living in 
Gharb region of Morocco. 
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A rapid and simple analytical procedure was used for the determination of Fe, Cu and Zn 
trace amounts in blood by total-reflection X-ray fluorescence technique. The accuracy of 
measurements has been investigated by using certified materials. Samples of blood and urines 
containing less than 50 ppb of heavy metals have been examined by atomic absorption 
spectrometry.  
 
The concentration of Cu in blood was found to be normal in all samples (@ 1 ppm) which 
ruled out any interaction between this element and the others. On the other hand, amounts of 
Fe and Zn are very variables, suggesting an interaction between Fe and Zn. On the other hand, 
statistical treatment of data suggests that concentration of lead becomes important and 
interaction between this metal and iron can lead to anaemia. 
 
The proportion of metal in blood and urine revealed that heavy metals elimination by urinary 
way doesn't take place at the same speed. Our results show that lead is the most excreted with 
a rate of K= 9.5 x 10-2 followed-up successively by copper (K=7 x 10-2), zinc (K=1.85 x 10-
2) and iron (K= 0.061 10-2). 
 
Exam of food habits permitted us to conclude that this accumulation of heavy metals comes 
from vegetables cultivated on soils having accumulated a great quantity of heavy metals from 
waters of irrigation. Consequently, vegetables constituting the food habit basis of the target 
population accumulate a large spectre of essential (Fe, Zn and Cu) and toxic heavy metals (Pb 
and Cd). 
 
Korea 
Duplicate diet study of Korean geriatric population by neutron activation analysis 
Seung Yeon Cho 
 
Minerals and micronutrients are very important components in diets. Both their deficiency 
and excess may cause serious human health problems. The samples were collected from 30 
old adults who are over 60 years old living in Seoul using Duplicate Diet method. Duplicate 
Diet method is most accurate method for estimating micronutrients intakes and exact copy of 
the foods eaten preferably weighed, to replicate the diet consumed by an individual. Hair 
samples were also collected from the same adults. 
 
Samples were analyzed by NAA(Neutron Activation Analysis) after sampling and sample 
preparation such as homogenization, freeze-drying, etc.. and for quality control of the 
analytical method the SRM(Standards Reference Materials)'s from NIST were analyzed.  
 
Analytical results were classified into three groups such as macro elements(Ca, K, Mg, Na) 
and minor elements(Cr, Fe, Mn, Se, Zn) and toxic elements(Al, As, Hg). Analytical results for 
daily intake of geriatric population in Korea were shown that except Na, Cr every macro and 
minor elements were lower than RDA, IAEA study.  Results for distribution of macro and 
minor elements in hair were shown that Mg, Zn, Cr, K were similar to Korea reference and 
Na, Fe, Mn and Se were lower than Korean reference but Ca was very high comparing to 
Korea reference values.  Toxic elements such as Al, As, Hg were higher than Korea reference 
values. 
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Vietnam 
Application of isotopic and nuclear techniques in the study of nutrition-pollution interactions 
and their impact on the nutritional status of children subject in Vietnamese population 
Tran Bang Diep 
 
Beside problems on quality, sanitation and safety of food, the increase in environmental 
pollution created by anthropogenic socio-economic activities have caused harmful effects on 
public health, especially on children. The application of nuclear techniques such as neutron 
activation analysis (NAA), radiochemical neutron activation analysis (RNAA) and atomic 
absorption spectrometry (AAS) is expected to understand and to evaluate the effects of 
environmental pollution on the nutritional status of children already exposed to marginal 
malnutrition.  
 
Samples of placentae including placentae of low weight newborns group and placentae of 
control group were collected for determination of nutritional elements and pollutants. The 
mean concentration of the most elements in human placenta for the control group (weight ³ 
2.5 kg) is nearly within the same range of reference work. The concentration of the pollutants 
is higher and concentration of the nutritional elements is lower in the low weight newborns 
group (weight < 2.5 kg) in comparison with the control group.  The mean ratios of pollutants 
and nutrients such as Cd /Zn, Hg/Se and Pb /Ca were evaluated for both groups. All these 
ratios in placenta of the low weight newborns are higher than that of the healthy group. It 
shows evidence of some nutrition-pollution interaction, which may lead to the more severe 
situation of malnutrition in low- weight newborns. The process of the interaction is evaluated 
by quantity R. Mercury is considered as the most active pollutant while calcium is the most 
active nutrient among the interested elements in process of the interaction.  
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Summary on updated information on the CRP activities 
 

Country Objective Subjects Nutrients Toxic 
elements 

Biological 
matrix 

Methods  Main results 

Bangladesh Arsenic in and 
Fe, Cu, Zn, Ca in 
hair 

110 arsenic 
subjects and 
124 normal 
subjects 

Ca, Fe, 
Zn, Cu 

As and Pb Hair and 
blood 

XRF High As low Ca, 
Fe, Zn in hair 
samples and high 
Pb in blood 

Brazil Review 
pollutants in 
breast milk 

Mothers Fe, Zn Pesticide, 
Hg 

Breast 
milk 

AAS Presence of 
pesticide in milk 

Chile Correlate toxic 
and essential 
elements in 
placenta Assess 
oxidative damage  

20 pregnant 
normal birth 
weight and 
20 LBW  

Zn, Se, Fe, 
Cu 

Pb, As, 
Cd 

Placenta ASS 

NAA 

Bio-
chemical 
markers 

Low Fe in LBW 
group with high 
Pb, Cd and As 

China Interaction toxic 
elements with 
nutrients 

Mothers 
n=120 

Zn, Fe, 
Ca, Cu, Se 

Cd, As, 
Pd 

Placenta, 
cord 
blood, 
maternal 
blood 

AAS, 
ICPMS 

Not completed yet 

India Assess blood 
lead levels in 
relation to 
nutrients  

500 pregnant 
women and 
500 children  

Se, Fe, Zn Pb Blood, 
cord 
blood, 
placenta 

AAS, 
ICPMS 

Under process 

Kenya Interaction 
between Pd and 
Fe 

20 pregnant 
women 

Fe Pb Foods, 
cord 
blood, 
placenta 

AAS High Pb in food, 
cord blood, 
placenta and low 
Hb levels 

Korea Assessment of 
Toxic elements 
& nutrients in 
Korean foods and 
human hair  

30 elderly > 
60 years 

Fe, Se, Zn, 
Cu 

As, Hg, 
Al, Cd 

Foods and 
hair 

NAA High lead and low 
micronutrients 
levels in human 
diet &hair 

Morocco Interaction 
between toxic 
elements and 
micronutrients 

Children  

6-16 years  

n= 300 

Fe, Zn, Cu Pb, Cd,  Food, soil, 
water, 
blood 

XRF, 
AAS 

High Fe, Zn in soil 
and food with low 
Hb in blood 

Vietnam Interaction 
between 
pollutant and 
nutrients  

Placentas 
from normal 
weight and 
from LBW 

Ca, Se, 
Zn, Cu 

Hg, Cd, 
Pb, As 

Placenta NAA, 
AAS 

- Cd, Hg, Pb are 
high in LBW 
infants 

- Zn, Se were low 
in LBW group 
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Standard methodology and quality assessment 

COUNTRY     METALS TISSUES PROCEDURE QCA

BANGLADESH Ca, Fe, Cu, Zn, 
As, Pb 

Hair, blood in adult XRF, LEAD CARE Orchard leaves (NIST-SRM-1571) 
Pine needles (NIST-SRM-1575) 

BRAZIL Fe, Zn, Hg Milk AAS ---- 

CHILE Zn, Se, Fe, Ca, 
Pb, Cd 

Placenta AAS, NAA Poplar leaves (GBW07604) – NIST 
Citrus leaves (1572) – NIST 
Peach leaves (1547) – NIST 
Liquen IAEA-336 
Dorm-2 dogfish muscle for Cd determinations 

CHINA Zn, Fe, Cu, 
Ca, P, Se, Cd, 
Pb 

Placenta, cord blood, 
urine, maternal blood 

AAS, ICP-MS GBW 08551 and GBW 080193 for placenta analysis 
GBW 09132, GBW 09133, GBW 09134 and GBW 09131 for mother blood and cord blood 
analysis 

INDIA Fe, Zn, Se, Pb, 
Cd, Hg, A 

Blood, cord blood, 
placenta 

AAS, ICP-MS, LEAD 
CARE 

Rhodium (2ppm) 
Multi Element reference standard (NIST – Standard Reference Material – 3171a and 3172b) 

KENYA Fe, Pb Food, soil, cord blood AAS EMISSION Commercial lead standards of lead nitrate (Pb(NO3)2 
Iron: 100 ppm of iron solution 
Wako Pure Chemical Industries Ltd., Japan 

MOROCCO Fe, Zn, Cu, Pb, 
Cd 

Food, soil, cord blood XRF, AAS, ICP-MS Lyophilised animal blood, A-13, AQCS, IAEA 

PERU      DORM-2 Dogfish muscle
DOLT-3 Dogfish liver 
Both from the National Research Council Canada NRC-CNRC 

VIETNAM Zn, Ca, Se,
Hg, Cd, Pb 

 Placenta AAS, RNAA NIST-SRM 1548a (Total diet) 
NIST-SRM 1571 (Orchard leaves) 
NIST-SRM 1572 (Citrus leaves) 
NIST-SRM 1575 (Pine needles) 
IAEA-155 (Whey Powder) 
IAEA-140/TM (Seaweed – Fucus Sp.) 

11 



 

 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PART II: 
COUNTRY REPORTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 



 

TRACE ELEMENTS IN HAIR OF NORMAL AND CHRONIC ARSENISM 
SUBJECTS: A CASE-CONTROL STUDY 
 
M. ALI AND M.A. RAHMAN 
 

 Atomic Energy Centre, 4, Kazi Nazrul Islam Avenue, P.O. Box No. 164, Ramna, 
 Dhaka 1000, Bangladesh 
 

Abstract 
 

The concentrations of some trace micronutrients (Ca, Fe, Cu and Zn) and pollutants (As and Pb) in scalp 
hair of 124 normal subjects (71 males and 53 females, average age 29 years) and 110 chronic arsenism 
patients (62 males and 48 females, average age 27 years) were determined by energy dispersive x-ray 
fluorescence spectrometry. The aim of this investigation was to use scalp hair as a possible bio-indicator 
of trace element abnormality and to determine whether or not differences in their levels might occur due 
to this chronic arsenic poisoning. The results showed differences in micronutrients (Ca, Fe, Cu and Zn) 
content in the hair between the two sex groups. The patient group also reflected lower contents of trace 
micronutrients than that of normal group. The female hair contains higher quantity of Ca, Fe, Cu and Zn 
nutrients than that of male hair irrespective of age. The variations of the Ca, Fe, Cu, Zn and As content of 
hair with age were investigated. The trace element concentrations in hair of both male and female donors 
did not show any regular dependence on age. The low Ca and Zn contents in the hair of arsenic poisoning 
group may possibly be linked with arsenic poisoning as evidenced from this study. The high As and low 
Ca and Zn content in the hair of chronic arsenicosis patients is reported as of particular interest in the 
investigation of this arsenic poisoning health effects. The average concentration of arsenic in hair of a 
patient group drinking contaminated water is 13.2 mg/kg where the normal levels are <3.0 mg/kg. The 
male patients contain higher As concentration (14.7 mg/kg) than female (11.7 mg/kg) patients. The 
frequency distributions of the elements with respect to age, sex, diseased state and locality are presented 
and the results are compared with the data reported in the literature.  

 
 
1. INTRODUCTION 
 
The growing trend around the world to drink water from underground sources is causing a 
global epidemic of arsenic poisoning. Natural contamination of drinking water from 
underground sources by arsenic has become a major water quality problem in many countries 
of the world, particularly in the Bengal Delta Plains (Bangladesh; West Bengal, India; and 
Vietnam). [1-5] Tens of thousands of people have developed clinical symptoms of chronic 
arsenic poisoning and many have died. Hundreds of millions are now thought to be at serious 
risk. The latest evidence comes from the Bengal Delta Plains in Bangladesh, one of the most 
densely populated countries in the world. 
 
Groundwater arsenic pollution in Bangladesh was first detected by M. Ali through his Ph.D. 
work in 1993 [6]. The patients suffering from chronic arsenic poisoning in Bangladesh was 
also first diagnosed by the same person in collaboration with a medical team by analyzing hair 
arsenic in 1995 [7]. Since then, the extent of arsenic poisoning among the Bangladeshi people 
exposed to contaminated water is expanding with time to more populations at more new 
locations. 
 
In a recent study of arsenic in drinking water and in scalp hair by EDXRF: A major recent 
health hazard in Bangladesh [5] signifies a strong correlation between cumulative arsenic 
exposure from drinking arsenic contaminated shallow tube-well water and prevalence of 
varying degrees of chronic arsenism among the Bangladeshi population is widespread. It is 
already an established fact that millions of Bangladeshis are suffering from arsenicosis- the 
clinical syndrome of varying degrees ranging from spotted melanosis (skin pigmentation at 
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the primary stage) and keratosis (thiekening of skin of palm/foot at the secondary stage) up-to 
the gangrene and cancer at the last stage. More than 95% patients of arsenicosis, however, 
suffer from most common symptoms at clinical phase are arsenical skin lesious of broad 
spectrum. 
 
Trace elements play an important role in human health and nutrition. Literature review 
indicates that micronutrient nutrition i.e. deficiencies of certain essential elements like 
calcium, iron, copper, zinc, and vitamins, etc. may lead to increased body burden of toxic 
elements such as arsenic, lead, cadmium, mercury, etc. and the supplementation of former 
may mitigate the toxic effects of the later. It is an established fact that there exist interaction 
between nutrients (Ca, Fe, Cu, Zn, etc.) and environmental pollutants (As, Pb, Cd, Hg, etc). 
 
There are known instances of inter-element interactions of Pb and anaemia due to iron 
deficiency, Hg and Fe, As and Se, Se and I, Cd and Zn, among others. It is thus very clear that 
nutrition; especially micronutrient nutrition may have a very important role in the 
detoxification of arsenic toxicity. Nutrition priorities are identified separately from pollution 
under various initiatives, but until now there is very little information available on nutrition-
pollution interrelationships. The area of nutrition-pollution interactions and the deleterious 
health effects resulting from these interactions are in its state of rapid growth, which needs 
extensive research to be matured. 
 
In rural areas of Bangladesh, the intake of a number of essential trace elements (Ca, Fe, Cu 
and Zn) [6] and vitamins are below the recommended levels. Infections are another obstacle 
for health, development and survival of rural people in this country. The severity of the 
arsenic poisoning situation among the rural poor in Bangladesh may likely to be aggravated 
due to their existing poor nutrition and infection. Under this situation, the arsenic-affected 
victims in rural areas representing the largest segment of the country are in urgent need of 
protection and multi-factorial interventions to prevent malnutrition, infection and chronic 
arsenic toxicity. However, there is no study to obtain data about the situation, particularly 
reflecting the interaction of trace micronutrients (Ca, Fe, Cu and Zn) and arsenic poisoning in 
the country. The aim of the present work is to report levels of some micronutrients in human 
scalp hair of Bangladesh normal rural population to establish baseline information and then to 
find out how they correlate their levels in chronic arsenism conditions. The results of this 
study will contribute to better understanding of the interactions of elevated arsenic with Ca, 
Fe, Cu and Zinc nutrition and to develop proper remedial measures of chronic arsenic 
poisoning. To the best of our knowledge, work on hair trace elements of normal and chronic 
arsenism patients in Bangladesh population has not yet been reported.  
 
2. MATERIALS AND METHODS 
 
2.1. Selection of subjects 
 
Three clinical types of 110 chronic arsenism patients (62 males and 48 females, average age 
27 years) confirmed by hair arsenic concentration greater than 3.0 mg/kg were selected for 
this study. 124 apparently healthy adults (71 males and 53 females, average age 29 years) 
were selected as control, matching socio-economic status with the study population residing 
in arsenic hot spot areas in rural Bangladesh. Screening was done by history of drinking 
arsenic contaminated water for more than 6 months. The patients were clinically diagnosed by 
skin manifestations such as melanosis, leukomelanosis, keratosis, hyperkeratosis, etc. and 
confirmed by hair arsenic contents >3.0 mg/kg. Pregnant women and lactating mothers were 
excluded from the study. 
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2.2. Sampling and sample preparation 
 
The samples were collected from individuals to be at risk of arsenic exposure residing in 
arsenic hot spot areas of Bangladesh. The peoples from arsenic hot spot areas visited to 
different hospitals in Dhaka were referred to our laboratory for diagnosis of chronic 
arsenicosis before any treatment was initiated. After filling a questionnaire regarding socio-
demographic information, the scalp hair was collected from each of them. About, 5 g of hair 
was cut from the closest distance of the scalp and from different sites around the head with 
stainless steel scissors. The samples were kept in clean paper envelopes in a vacuum 
desiccator until preparation for analysis.  
 
All peoples, both male and female with history of exposure to arsenic contaminated water and 
arsenical skin manifestations including hair arsenic concentration >3.0 mg/kg were grouped 
as patient and the normal group was free from clinical features of chronic arsenicosis with 
normal hair arsenic contents. 
 
The hair samples were washed according to the procedure described by the International 
Atomic Energy Agency (IAEA) [8] to remove external contaminants. The washed samples are 
then charred in an electric oven at 180oC for about 1 hour and finely powdered them in an 
aluminum carbide mortar according to the prescribed procedure reported earlier [6]. 
 
From the homogeneously mixed powdered material of both samples and standards (Orchard 
leaves, NIST-SRM 1571; Human hair, GBW 09101; Human hair, IAEA-086), a 100-mg 
portion of the fine residue was pressed into 1-mm thick and 1 cm diameter pellet with hand 
press pellet maker for x-ray analysis. The ready made pellets from each sample and standard 
were then put into clean dry small plastic petridishes and preserved in a vacuum desiccator 
until irradiation. 
 
2.3. Analytical method 
 
The components of an energy-dispersive radioisotope induced x-ray spectrometer developed 
in AECD laboratory for this purpose consists of a primary x-ray source, sample holder, an x-
ray detector, a multi-channel analyzer (MCA) and associated NIM electronics for data 
acquisition and processing. A microcomputer is dedicated to this system for on-line XRF data 
analysis. 
 
The source of primary x-rays for excitation of characteristic x-rays is a high intensity 109Cd 
annular sealed x-ray source. The sample holder is simply a receptacle to hold the sample. The 
excitation source is a ring type construction, which is ideal for the Si(Li) detector. The sample 
is directly irradiated from the source. The source holder is made of pure aluminum and 
different sample holders can be used for different samples depending on their forms, shapes 
and sizes. The overall experimental setup for this system is illustrated in (Fig. 1). In the 
present setup, the relative distance of source from the detector and source from the sample can 
be changed to obtain a desired optimum source-sample-detector geometry condition for 
analysis. This setup also provides an easier sample handling provision. By this experimental 
setup the medium-atomic number element K-lines from about potassium to molybdenum can 
be measured precisely. The targets were positioned on the top of the source and the source 
was placed upon the detector as shown in (Fig. 1).  
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2.4. Spectra evaluation and quantitative analysis 
 
The characteristic x-rays were detected with a 30 mm2 Ortec Si(Li) detector having the 
detector resolution of 170 eV at 5.9 keV. All characteristic X-rays were analyzed with a 1024 
multichannel analyzer (Canberra Series 35+) and other NIM electronics, mostly from Ortec 
and Canberra. 
 
AXIL (analysis of x-ray spectra by iterative least squares), a computer code was used for 
fitting the experimental RIXRF spectra. All peak areas were integrated using this FORTRAN 
software AXIL [9] on a Pentium II (IBM Compatible) professional computer. This code after 
evaluating the continuous background uses a non-linear least squares fitting algorithm to 
adjust a model spectrum to the experimental one yielding thus the intensities of the x-ray 
lines. This fitting procedure has been featured to account for: inter-element interferences; 
matrix effects due to self-attenuation of the emitted x-rays; pile-up and escape peaks. Thus, 
the AXIL-QXAS program provides an analysis report of the net peak intensities (corrected for 
background, peak shape, peak overlap, etc) of the different elements analyzed after 
performing a number of functions. The reduced chi square values range from 1 to 5 and the 
computation time required for fitting of an x-ray spectrum is around 100 secs. Once the x-rays 
intensities are extracted from the experimental spectra, the quantitative analyses are 
performed by using the well-known relations giving the x-rays yield. 
 
In case of quantitative RIXRF analysis, the net intensity data in AXIL Saved Results (ASR) 
files are then used in AXIL-QXAS analysis procedure of direct comparison of count rates to 
perform quantitative analysis, provided that standards and unknown are of similar analyte 
concentration and matrix composition. This procedure calculates sensitivities as a smooth 
function of the atomic number. This eliminates small errors in individual results, and more 
importantly, calculates (by interpolation) sensitivities for elements for which no standard were 
available. 
 
Finally, the analysis of unknown samples proceeds by selecting the corresponding ASR files 
of unknown samples and entering some additional information about sample weight, 
measuring time, sample composition, etc. The results of the quantitative analysis are shown 
on the screen; they can be printed on the printer or saved in an analysis report file. In this 
process, a computation time of less than 2 minutes is required for a thick sample analysis, 
which contains 10-15 elements. Typical RIXRF spectra of scalp hair sample obtained from an 
arsenic patient (Fig. 2a) and from an arsenic patient who is lead contaminated too (Fig. 2b) 
are shown graphically. 
 
2.5. Matrix effect 
 
The biological matrix mainly consists of very light elements such as H, C, N, O, S, etc., which 
contribute negligible absorption and no enhancement of the analyte fluorescence. 
Nevertheless, matrix effects in the present study was efficiently controlled by using 
appropriate biological reference materials having the same form as the sample(s) and as 
nearly as possible the same analyte concentration and matrix composition. For homogeneous 
thick targets of light biological matrices, the main disadvantage of matrix effects are both 
predicted and corrected by careful calibration, computation and processing whole analysis 
under all identical conditions. The interfering effects to similar standards and samples are 
presumably homogeneously distributed and cancel out each other producing good results 
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3. RESULTS AND DISCUSSION 
 
3.1. Concentration calibration and validity of the method 
 
In order to determine concentration of elements in hair samples, a calibration curve as shown 
in (Fig. 3) was constructed from the NIST orchard leaves standard (SRM-1571). The 
calibration curve as shown in Fig. 3 was constructed from the average peak areas obtained 
from the irradiation of five 100 mg standard pellets prepared in the same way as the sample 
pellets. Using this curve, the concentration of an element  ‘CE’ in mg/kg in a given hair 
sample is obtained from the following expression: 
 

CE =  (YE / SE) x 1 / D ----------------- (ii) 
 
Where, CE = Concentration of arsenic in mg/kg; YE = X-ray yield of an element in sample in 
counts/second; SE = Calibration factor (sensitivity) of an element in counts/ppm/second; D = 
Ratio of wet weight to the dry weight of the sample and (1/D) = Conversion factor of the 
estimated concentration from dry state of the sample to the wet state. 
 
The standard orchard leaf material was used as such without further treatment. The treatment 
of the samples at 180±50C as has been mentioned earlier in sample preparation is not expected 
to affect at least the concentration of elements studied in this work. The hair sample material 
has moisture content of about 12%. 
 
The mortar blank was negligible. In the present calibration, the matrix of the standard was 
assumed to be similar to that of the sample on the ground that in all biological matrices, the 
predominant components are H, C, O, N, S, etc. This assumption has been verified 
experimentally [5,6], where it has been shown that the multi-element orchard leaf standard 
can be used to analyze different biological specimens to obtain results with about 10% 
accuracy. 
 
From the above discussion, we may conclude that the use of this x-ray yield curve as shown 
in Fig. 3 for the analysis of elements in hair tissues is justified and correct. 
 
3.2. Minimum Detection Limit (MDL) 
 
The minimum detection limit of this method depends generally on matrix elements and 
experimental conditions. 
 
The detection limit of XRF is determined by the relation Ip ≥ 3(IB) 1/2; where Ip is the counts 
of a characteristic x-ray peak and IB is the counts of continuum x-rays covered by FWHM of 
the peak. This relation means that a characteristic x-ray peak should be larger than three times 
the background fluctuation to be identified as a characteristic x-ray peak. Using this relation, 
the minimum detection limit (MDL) of elements in hair matrix is estimated from the relation 
of MDL = [(3 x IB 1/2) / IP] x C, where, C is the concentration of the element, IP is the net peak 
area of the element, and IB is the net background area under the element photo peak. Under 
the present experimental conditions, EDXRF offers the detection limit of Ca: 395, Fe: 9.5, 
Cu: 4.1, Zn: 3.0, As: 2.5, and Pb: 3.5 mg/kg in this study without pretreatment of the sample 
material. The results on the MDL of the technique indicates that a fairly reliable estimate of 
elements can be made without employing any pre-concentration technique except oven drying 
of the sample for a short period of time. 
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3.3. Distributions of trace elements in hair 
 
The concentrations of Ca, Fe, Cu, Zn, As and Pb in scalp hair of normal and chronic arsenism 
groups are given in Table 1 with the level of these elements among male and female subjects 
given separately. In hair of normal subjects the elements were distributed in the following 
order: 
 
Ca > Zn > Fe > Cu > Pb > As 
 
However, in chronic arsenism subjects the concentration of these elements did not follow in 
this order. Arsenic was at a higher level than lead, showing the following order: 
 
Ca > Zn > Fe > Cu > As > Pb 
 
The data in Table 1 shows the range, arithmetic mean, geometric mean, and median for the 
data. The large standard deviations in the results of different groups are due to the large 
variations in the individual results of the same group. It is evident from Table 1 that both 
normal and patient female contains higher amount of Ca, Fe, Cu and Zn micronutrients. The 
reverse is true in case of arsenic concentrations. This finding indicates that our rural females 
are in better trace element nutritional status than males irrespective of age. It is evident from 
comparison between normal and patient group that there is correlation of diseased conditions 
with nutritional status. Calcium and zinc nutrition has been found lower under chronic 
arsenism conditions. 
 
The distribution of the number of hair samples obtained from both normal and chronic 
arsenism subjects according to age groups are shown in (Fig. 4). It is seen that both male and 
female of age group between 19-29 years are most suffering from arsenic toxicity. The 
frequency distributions of the concentrations of Ca, Fe, Cu, and Zn in hair of normal and 
chronic arsenism population groups are shown in (Figs. 5-8). In these distributions Ca in 
normal and patient male, and Zinc in normal male show nearly normal distribution but the rest 
of all show skewed distribution. 
 
3.4. The results obtained for different elements are discussed below 
 
Calcium: In the case of calcium, difference was observed between the normal mean of 1603 
mg/kg and the patient mean of 1451 mg/kg. According to MineraLab data [10] the normal 
range is 200-600 mg/kg. (Fig. 5) shows the frequency distribution of the concentration of 
calcium in hair of normal and chronic arsenism male and female subjects. As can be seen, 
most of the normal and patient male had concentrations of calcium in hair between 700 and 
1200 mg/kg, patient male and normal female had higher frequency in the the group of 1200 
and 1700 mg/kg. 
 
Iron: The mean concentration of iron among healthy controls was 102 mg/kg and arsenism 
people it was 96.7 mg/kg. These values are in normal range (15-175 mg/kg) with respect to 
normal values cited in the literature.[11] The frequency distribution of iron data showed in 
(Fig. 6) present that most of the normal and patient group falls in the concentration range of 
25-65 mg/kg. Most of the normal male and female group belongs to the concentration range 
of 65 -105 mg/kg group. 
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Copper: The mean concentration of copper in the normal group is 37.3 and in the patient 
group is 35.3 reflecting no difference between the two groups. The frequency distribution of 
copper between the normal and patient groups (Fig. 7) indicate that most of the normal and 
patient groups belong to the concentration ranges between 25-40 mg/kg. The normal Cu 
concentration is within 7 to 40 mg/kg according to reference value [11]. So, both of our 
population groups are in the normal range. 
 
Zinc: The mean concentration of hair zinc is 215 mg/kg in control group whereas it is 193 
mg/kg in patient subjects. There is small difference between the two values indicating low in 
patient group. The normal zinc hair value [11] is 150-250 mg/kg indicating our values are in 
normal range. The frequency distribution of zinc in hair of normal and patient groups (Fig. 8) 
showed that both normal and patient male and and patient female have higher populations in 
concentrations between 160-220 mg/kg. 
 
Arsenic: The frequency distribution of arsenic in hair of Bangladeshi population under 
chronic arsenism conditions is shown in (Fig. 9). From this chart, among all 110, chronic 
arsenism subjects, 61 (55%) subjects consist of 32 males and 29 females were found to 
contain hair arsenic concentrations in the range of 3-13 mg/kg; 40 (36%) subjects consist of 
24 males and 16 females were found to contain hair arsenic concentrations in the range of 13-
23 mg/kg; and 6 (5%) subjects consist of 3 males and 3 females were found to contain hair 
arsenic concentrations in the range of 23-33 mg/kg. The remaining 3 (3%) subjects consist of 
3 males were found to contain hair arsenic concentrations in between 33 and 53 mg/kg. From 
this observation, we may state that the number (62) of male subjects suffering from chronic 
arsenism is significantly higher than the number (48) of female subjects. It is evident from 
Table 1 that the estimated arsenic level in the hair of arsenic patients ranges from 3.0 mg/kg 
to 53 mg/kg, the normal levels [5,7,10] are somewhere below 3.0 mg/kg. According to Guinn 
and Demiralp, [12] arsenic concentrations above 100 mg/kg are often encountered in hair 
sections of arsenic poisoning cases. From the present study, the average concentration of 
arsenic in patient hair is 13.2 (Table 1) mg/kg that indicates alarming public health hazards in 
Bangladesh arising from drinking arsenic contaminated water.  The average concentration of 
arsenic in patient hair of Bangladesh (13.2 mg/kg) is observed much more higher than West 
Bengal, India mean value of 8.44 mg/kg [13]. 
 
Frequency distribution of arsenic patients among different districts in Bangladesh is presented 
in Table 10. Out of a large number of contaminated districts only 7 districts have patients with 
arsenic pollution in this study. From the present findings it has been observed that the arsenic 
affected patients are more in the districts of Noakhali > Chandpur > Laxmipur > Faridpur > 
Munshiganj compared to those of other districts (Fig. 10). Frequency distribution of age 
among arsenic patients is given in (Fig. 4). The age distribution shows that, the arsenic 
affected patients are found to be more within the adult age group of 19 to 29 years compared 
to children, adolescent and other adult age groups. The males are more affected to arsenical 
diseases (60%) compared to those of the females (40%) so far investigated. This may be due 
to higher consumption of drinking water by this group than others. The major health hazards 
due to arsenic toxicity in Bangladesh are from drinking arsenic contaminated groundwater. 
 
Lead: The mean concentrations of Pb in normal and patient hair are found to be 10.6 and 10.7 
respectively. These are within the reference value [11] (20-30 mg/kg) indicating that the 
population studied here are free from the influence of Pb contamination in excess of the 
normal level. 
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4. CONCLUSIONS 
 
In this study, a significantly higher level of arsenic in scalp hair of chronic arsenism people 
was observed compared with that of normal healthy subjects. The difference in the levels of 
Ca, Fe, Cu and Zn were small but may be significant which may be justified through student 
t-test. Although chronic arsenism is a disease of long-term arsenic toxicity, the roles of Ca and 
possibly of Fe, Cu and Zn in arsenic toxicity deserve further attention.  
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TABLE I. TRACE ELEMENT CONCENTRATION IN HAIR OF NORMAL AND CHRONIC 
ARSENISM SUBJECTS. 
 

Concentration, mg/kg dry hair Subjects 
 

Statistical 
parameters Ca Fe Cu Zn As Pb 

Range 265-3184 
(63) 

40.0-212 
(69) 

10.0-86.8 
(71) 

40.0-385 
(70) 

- 3.1-16.3 
(42) 

AM∗ 1450±644 93.2±43.5 32.1±12.1 188±56 <3.0 8.42±3.33 
GM** 1301±1.65 84.0±1.58 30.0±1.45 179±1.37 - 7.69±1.58 

NM 

Median+ 1381±150 88.3± 9.5 29.9±5.40 181±21 - 8.74±1.53 
Range 502-3501 

(44) 
54.5-235 

(53) 
18.1-98.1 

(53) 
94.9-494 

(50) 
- 3.1-23.1 

(35) 
AM 1755±700 111±49 42.5±17.1 241±97 <3.0 12.7±5.38 
GM 1614±1.54 102±1.52 39.7±1.43 222±1.50 - 11.3±1.69 

NF 

Median 1631±2002 98.9±20 37.7± 8.5 229±25 - 12.3± 2.1 
Range 465-2647 

(45) 
34-212 

(54) 
14.1-80.3 

(55) 
81.8-294 

(55) 
3.74-52.7 

(62) 
3.1-17.1 

(38) 
AM 1351±533 83.5±39.2 32.3±10.2 189±50 14.7±9.81 8.31±3.86 
GM 1250±1.50 75.8±1.54 30.9±1.35 183±1.33 12.1±1.87 7.36±1.68 

PM 

Median 1283± 155 69.3±12.0 30.5±6.5 190±23 12.6±2.62 8.28±1.43 
Range 543-3235 

(39) 
27.9-234 

(42) 
20.1-94.2 

(45) 
79.8-368 

(43) 
3.00-31.4 

(48) 
3.84-22.8 

(36) 
AM 1550±739 110±41 38.2±14.2 197±69 11.7±6.88 13.1±4.99 
GM 1384±1.63 103±1.49 36.1±1.39 186±1.42 9.73±1.88 12.1±1.52 

PF 

Median 1325±145 108±16 37.1±5.25 183±21 9.91±2.51 11.5±1.46 
 

NM: Normal male. NF: Normal female. PM: Patient male.  PF: Patient female. 
AM: Arithmetic mean. GM: Geometric mean. *: Uncertainties are the Std. deviation. 
**:  Uncertainties are the Geom.. Std. deviation. +: Uncertainties are due to counting statistics. The values in parentheses 
indicate the number of samples with detectable concentration. 
 

 
 
FIG. 1. The schematic diagram of the Radioisotope-induced X-ray Fluorescence (XRF) method. 
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FIG. 2a. A typical RIXRF spectrum of scalp hair sample of an arsnic patient. 

 
FIG. 2b. A typical RIXFR spectrum of scalp hair sample of an arsenic patient who is lead 
contaminated too. 
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FIG. 3. X-ray yield curve for concentration calibration constructed from NIST orchard leaves 
standard SRM 1571. 
 

 
 
FIG. 4. Grouping of hair samples according to age in normal and chronic arsenism subjects. 
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FIG. 5. Frequency distribution of calcium in hair of normal and chronic arsenism subjects. 
 

 
 
FIG.6. Frequency distribution of iron in hair of normal and chronic arsenism subjects. 
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FIG. 7. Frequency distribution of copper in hair of normal and chronic arsenism subjects. 
 
 

 
 
FIG. 8. Frequency distribution of zinc in hair of normal and chronic arsenism subjects. 
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FIG. 9. Frequency distribution of arsenic in hair of Bangladeshi population under chronic arsenism 
conditions. 
 

 
 
FIG. 10. Frequency distribution of arsenic patients among different districts in Bangladesh. 
 

29 



 

 
 
 

 



 

MOTHER’S MILK MICRONUTRIENT COMPOSITION AND THE 
PRESENCE OF POLLUTANTS AND MICRONUTRIENTS IN MOTHER’S 
MILK FROM RURAL AND URBAN ENVIRONMENT 
 
J.E. DUTRA DE OLIVEIRA, J. SÉRGIO MARCHINI, J. GARROFE DÓREA 
 
Medical School of Ribeirão Preto, Department of Medicine, Laboratory of Mass 
Spectrometry, University of São Paulo, Brazil 
 
Abstract 
 
The objective of this work was to determine the presence of organic pollutant and micronutrients in 
Brazilian breast milk composition, looking specifically on their impact in human nutrition. Further 
review of our local and recent literature was accomplished. Ethanol, a possible milk pollutant, was 
shown to be present in a few samples of breast milk in a small community. Alcohol intake is a local habit 
of some low socio-economic Brazilian population. It is also called the attention for the use of nuclear 
methods to measure mirconutrients both in breast milk as well as other biological samples (foods, diets, 
blood, hair and nails) in health and disease. In Brazil, as in a great majority of developing countries, one 
of the major micronutrient deficiencies is of iron. The planned study of next year is the effect of extra 
iron offered to the mother during pregnancy and lactation and follows its effect on iron excretion in the 
breast milk. 

 
 
1. SCIENTIFIC BACKGROUND 
  
At the beginning of 2002 the Section of Nutritional and Health-Related Environmental 
Studies of the International Atomic Energy Agency (IAEA) organized the First Research Co-
ordination Meeting (RCM) for the Co-ordinated Research Project (CRP called a meeting on 
the use of isotope and nuclear techniques in the study of nutrition-pollution interaction related 
to health and nutrition in developing countries. 
 
The stated objective of the meeting was to provide a scientific basis to use nuclear technology 
for better assessment of selected pollutants in the environment (air, food, water, soil) with a 
view of elucidating their impacts on human health and nutrition. Results of this study would 
enhance the existing body of knowledge to develop preventive and control strategies. 
 
A specific objective was to determine the extend in which pollutants in the environment due 
to anthropogenic acitivity would affect human nutrition and health, with specific reference to 
trace elements and protein energy malnutrition in children, pregnant women and others. 
 
As a representative of the Clinical Nutrition Group of the Medical School of Riberião Preto, 
University of São Paulo, Brazil we participated in this first meeting and presented data on 
breast milk composition and the presence of organic pollutants on it. Breast milk is the best 
and complete supply of nutrients to the newborn and infants, including the micronutrients. At 
the same time it is known that pollutants, heavy metals and pesticides, can be excreted on it. 
An additional advantage of using human milk as matrix, is that it is easily available 
everywhere. The use of nuclear and related techniques to measure milk composition and 
contamination is known and available, but its use is restricted. 
 
Brazilian data on breast milk shows its composition and variation on major nutrients, fatty 
acids, immunoglobulin in colostrums and mature milk. Micronutrients as iron, zinc, copper, 
calcium, phosphorus, selenium, etc were also measured in adolescent and adult nursing 
mothers. Values found were analysed and compared in different age groups and also in low 
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and high socio-economic level mothers. Recent reviews on iron, selenium and iodine in 
human milk have been published by Dorea, the Brazilian specialist in this area. The relation 
and inter relation of the micronutrients among themselves or with pollutants has not been 
adequately studied. 
 
The presence of toxic heavy metals, as mercury in fishes, in milk and hair of mothers living in 
the gold mining Amazon region has been reported. Residues of organochlorine were also 
shown in the milk of Brazilian nursing mothers living in rural and urban environment in 
several parts of the country. A recent study carried out at Brazilian University Hospitals 
showed that 46% of their toxic deaths were related to pesticides. 
 
Ethanol, a possible milk pollutant, was shown by our group to be present in a few samples of 
mother’s milk in a small community. Alcohol intake is a local habit of some low socio-
economic Brazilian population. It is shown to contribute to their daily low caloric intake. 
 
Besides the work shown by us at the first meeting on the presence of micronutrients and of 
pollutants in breast milk, measurement of the same and other micronutrients and pollutants in 
foods, diets, blood, hair and nails, have been published in our country. They will be reported 
here. 
 
Placenta and cord blood have not been studied in Brazil. The same is true concerning the 
effects of micronutrient and pollutants on undernutrition and micronutrient deficiencies, as 
iron deficiency and anaemia. This last problem is the main micronutrient problem in the 
country. But certainly it would be useful to have a better understanding of the presence, 
mechanisms, action or interactions of the different micronutrients and pollutants on this 
problem, as well as to further discuss the subjects, samples and methods through which their 
normality or abnormalities could be evaluated by nuclear and related methods and results 
followed by preventive actions. 
 
Nuclear methods certainly open the opportunity to measure micronutrients and toxic heavy 
metals not only in biological samples, but also in samples of soil, plants, diets, etc. Results 
obtained in Brazil in some of these samples, through neutron activation analysis, were carried 
out in Brazil. Some results from these studies are shown: 
 
1.1. Diets 
 
1.1.1. Nutrient and toxic elements in different Brazilian regional diets 
 
Concentration of 19 elements was evaluated in some diets from different parts of Brazil by 
Instrumental and Radiochemical Neutron Activation Analysis. The diet from a median class 
group had a nutrient value similar to the ones recommended by WHO and the RDA. The one 
from low socio-economic group living in the same town showed a low contend of nutrients. 
The intake of toxic elements (As, Br, Cd, Hg and Sb) was shown to be within WHO tolerable 
levels. Diets from 2 cities of the Amazon region had Hg concentration close to the WHO 
upper limits. It is of interest to note that previous analysis of fish and breast milk from the 
same region had high Hg concentration. Herbivorous fish had a positive correlation between 
Hg and selenium but in other species of fish the same correlation was negative: greater 
amount of mercury low content of selenium (Table I). 
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1.1.2. Mineral constituents of University Students groups by INAA 
 
Concentration of 15 elements was determined simultaneously in diets of student groups from 
two universities from São Paulo consisting of 9 women and 10 men. Their daily average 
intake is shown in the annex table. The daily intake of Ca, Se and Zn in both groups and iron 
in the women group appeared to be below the RDA recommendations. For Na and Cl the 
daily intakes were higher than the recommended values by RDA (Table I). 
 
1.1.3. Essential and trace elements in nurseries of Juiz de Fora, Minas Gerais 
 
Diets offered to preschool children in 3-day care centres from the city were collected and 
analysed by instrumental neutron activation analysis. Concentrations of 16 elements were 
measured. The daily dietary intake values were compared to the RDA. Based on this 
reference Ca, Fe, Se and Fe were found to be deficient. Mg and Mn were comparable to the 
RDA and Cl and Na concentrations were higher compared to their RDA. For the other 
elements measured, there are no RDA’s for children (Table II). 
 
 
2. NORMAL AND CYSTIC FIBROSIS CHILDREN – NAIL CLIPPINGS 
 
Neutron activation analysis was used to determine trace elements in nail clipping and to make 
a comparison between the results obtained from healthy children samples and those with 
cystic fibrosis disease (CFD). The findings indicate that fingernails from the CFD group 
present higher concentrations of Cl, Cr, K and Na than those found in the control group. On 
the other hand, the lowest concentration for Cr was found in the CF group. For the Al, As, Cr, 
Fe, Mg, Mn, Se and Zn elements there were no differences between the results obtained for 
the CF and control groups (Table II). Data is also available in the toenails of the same 
children. 
 
 
3. COMMENTS 
 
It seems to us of importance to point out and discuss that nuclear and related methods should 
be used in nutrition, not only related to measure toxic substances but also nutrients and 
mainly micronutrients. It can bring out a micronutrient profile in health and disease as well as 
point out the relationship of the nutrients among themselves and in different samples. 
 
The use of nuclear technology to measure nutrient and toxic substances in environment, 
water, soil, food, diets and in various biological samples is certainly and advanced tool to be 
used and a great support to find and prevent problems related to nutrition and health. The 
influence of water, soil and fertilizers on the composition of local food besides its genetic 
background is becoming clearer and useful to understand the relationship between the 
micronutrients. This certainly is of importance on the prevention and treatment of nutritional 
and health problems. 
 
Further review of several Brazilian studies called also our attention to the question, possibility 
and importance to analyze micronutrients in different matrices; this could bring out 
information on the actual nutritional, biochemical and metabolic profile of an individual or of 
a community. Blood, urine, hair, placenta, cord blood, breast milk, diets and perhaps biopsies 
can be used for studies. Factors as access, collection of one or several samples, storage, 
transport, methodology etc. should be taken in consideration. There is no doubt that some of 
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them are better than others. It is also of importance that these studies should be carried out not 
only at community level but also in hospitalised patients. Presence and disturbances of their 
micronutrients profile can be of importance for diagnosis and treatment of diseases. 
 
 
4. FUTURE WORK 
 
Our work will be going on micronutrients and the presence of pollutants, looking specifically 
for the interactions between micronutrients and heavy metals. At the same time and on the 
perspective that nuclear methods, because of their high sensibility, accuracy and simultaneous 
determination of several nutrients in the same and different samples (blood, urine, breast 
milk, and tissues), we will look for the use of these methods on the diagnosis and prevention 
of marginal and sub clinical nutritional deficiencies. In Brazil as in a great majority of 
developing countries for example, the major micronutrient deficiency is of iron. Then one of 
our future works is to continue efforts on this area. We are planning to study next year, the 
effect of extra Fe offered to the mothers during pregnancy and lactation and follow its effects 
on iron excretion in breast milk. It will be monitored by nuclear and related methods. Extra 
iron in breast milk, even in small amounts, will certainly be of importance on the prevention 
of iron deficiency and/or iron anemia in infants. It could also bring our attention to the 
relation of other micronutrients and/or pollutants on this picture. 
 
TABLE I: CALCULATED DAILY DIETARY INTAKE MICRONUTRIENTS AND TOXIC 
ELEMENTS IN BRAZILIAN DIETS. NAA ANALYZED. 
 
 

 
 
 
TABLE II: TRACE ELEMENTS IN HUMAN NAIL CLIPPINGS IN CHILDREN WITH CYSTIC 
FIBROSES DISEASE. NAA ANALYSED. 
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WITH LOW BIRTH WEIGHT NEONATES. CORRELATION WITH TOXIC 
AND ESSENTIAL TRACE ELEMENTS 
 
MIGUEL LLANOS SILVA 
 
Institute of Nutrition and Food Technology (INTA), University of Chile, Santiago de 
Chile, Chile 

 
Abstract 
 
Objective: To analyse content of essential (Fe, Cu Zn and Se) and toxic (As, Pb, and Cd) elements in 
placentas from mothers delivering normal (control) and low birth weight neonates (LBW) and correlate 
its concentration with oxidative stress parameters and foetal growth. 
Methods: Ions concentrations were analysed by AAS (Cu and Cd) and NAA (Fe, Se, Zn, Pb and As). 
Oxidative stress parameters (TAS, TBARS, GSH) were analysed by spectrophotometry after chemical 
reactions producing chromogenic compounds. Antioxidant enzymes Superoxide dismutase (SOD) and 
Glutathion peroxidase (GPx) were kinetically determined by evaluating transformation rate of 
epinephrine and NADPH to adrenochrom and NADP+ respectively.  
Results: Placentas from mothers related to LBW neonates had lower Fe concentrations and higher levels 
of toxic elements (Cd, Pb and As) when compared to normal control placentas. Nevertheless, no 
correlation was found between any measured element and neonate birth weight. No differences were 
observed in oxidative stress parameter except total  glutathion concentration, which was increased in 
LBW-related placentas, constituting perhaps a quick reactive defence mechanism against detrimental 
effects of reactive oxygen species (ROS). Preliminary studies performed in both groups, demonstrated 
that protective enzymes activity (GPx and SOD) against oxidative damage caused by ROS, were not 
significantly different. Nevertheless, placentas involved in adequate for gestation age neonates showed a 
tendency to present higher SOD activities. More determinations will be necessary to establish a possible 
correlation between these activities and neonatal birth weight   

 
1. SUMMARY 
 
Low weight at birth (LWB) constitutes a serious problem in developing countries because of 
its potential risks of post natal health problems. The percentage of infants born with LWB in 
developing countries is within the range of 15 to 50 %. At present, in Chile, the mean 
percentage is about 5 %, although some variance still prevails in different areas.  
 
Although there are multiple factors contributing to neonates born with LWB, we are 
interested in those factors involving placental dysfunction. It is suggested that mothers having 
children with LWB could have an impairment of placental protection mechanisms. This 
impairment may result in elevated levels of toxic trace elements and/or decreased levels of 
essential elements. This condition may negatively influence antioxidants protective 
mechanisms, a situation leading to oxidative damage with detrimental effect on placental 
functionality. The magnitude of the proposed damage would contribute to LWB, very likely 
due to foetal growth restriction. In this study we collected placentas from mothers releasing 
normal and LWB neonates at gestational ages between 37 and 40 weeks, an appropriate 
period to get full foetal development. Placentas were evaluated for essential and toxic 
elements using AAS or NAA methods. In addition, concentrations of compounds associated 
to oxidative stress were evaluated by biochemical methods. Results demonstrated that 
placentas related to LBW neonates had significantly higher concentration of Pb, Cd and As 
when compared to normal group placentas. Conversely, essential element levels, like Fe and 
Se were lower in LBW group placentas. In regard to oxidative damage, LBW group placentas 
showed higher levels of total glutathione than normal group. TBARS and TAS levels of LBW 
group, although higher than those found in normal group, were not significantly different. 
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These results suggest that during foetal development, the augmented levels of toxic elements 
concomitant with decreased levels of essential elements may result in potential risk of 
placental oxidative stress. Although defence mechanisms, such as glutathione levels, are 
elevated in these placentas, still prevails some damage possibly related to intrauterine growth 
restriction, resulting in small neonates (weight and length) for gestational age.  
 
 
2. SCIENTIFIC BACKGROUND OF THE PROJECT 
 
The overall incidence of low birth weight (LBW) in developing countries is 16.4%. This 
represents approximately 14 million births, globally constituting a major public health 
problem. It is not only a significant cause of infant mortality and morbidity, but it also affects 
quality of life throughout the life cycle. There are several factors contributing to a LBW: 
maternal infection, malnutrition before and during pregnancy, cigarette smoking, placental 
dysfunction, hypertension, environmental exposure; all of them interacting, thus, being 
extremely difficult to establish the contribution of each in isolation of the others.  
In this proposal we studied some aspect of nutrition- pollution interaction and their impact on 
the foetus birth weight. We wanted to know if an imbalance between toxic and essential trace 
elements could produce oxidative damage in placentas, and as a consequence, neonates with 
LBW.  
 
There are several reports indicating the importance of essential trace elements in the growth 
and development of the foetus. However, there are trace elements, like heavy metals, which 
are regarded as agents leading to an impairment of human health. In our biological model, 
exposure to these agents could alter growth and foetus development. Although placenta acts 
as a barrier of some toxic elements avoiding them to be transferred to the foetus (e.g. Cd,), it 
does not have a restrictive-barrier type effect to protect against other heavy metals (e.g. Pb) 
transference to neonates. (Li et al., 2000, Romero et al, 1990). 
 
Heavy metals are known reproductive toxic agents. Recently, it was found in Swedish women 
that lead (Pb) was a negative predictor of childbirth weight, length and head circumference, 
indicating that lead might have negative influence on growth in children even at very low 
exposure levels (Osman et al., 2000). Also, studies conducted in INTA with smoking mothers 
found that cigarette consumption reduced birth weight (Salazar et al, 1998). Smoking 
increases blood and tissue Cd levels, and maternal exposure to Cd during pregnancy has been 
linked to low foetal birth weight, which may be attributed to placental damage and/or 
dysfunction in nutrient transport (Reichrtova et al., 1998) that would compete with Zn. A 
recent study from an industrialised city found that Cd was detected in almost all placentas 
samples, lead in 22 % of them, and mercury in 28% (Zadorozhnaja et al, 2000) 
 
Exposure to other toxic elements like arsenic (As) has been demonstrated to enhance 
oxidative damage causing adverse health effects in pregnant women (Tabacova et al, 1994). 
Oxidative stress is produced by oxygen toxicity at molecular level, which is attributed to the 
action of oxygen free radicals on different cellular components. Oxygen free radicals are 
counteracted by defence mechanisms and damage occurs as soon as those protections become 
insufficient. Free radical reactions are propagated chain reactions, and cellular molecules 
(especially lipids and proteins) are very susceptible to be oxidised in vivo and in vitro.  
 
Reactive oxygen species (ROS) pose a serious threat to maternal and foetal health during 
pregnancy. However, there is little information on the oxidative damage caused by ROS and 
its protection during prenatal life. It has been recently reported, that, non-enzymatic 
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protection scavenger increased with advancement of pregnancy, and that there is gradual 
suppression of lipid peroxides formation with the progress of gestation to protect the foetus 
against oxygen toxicity (Qanungo and Mukherjea, 2000). Thus, at the time of parturition the 
presence of a protective mechanism against oxygen toxicity in the feto-placental system has 
been recently reported (Qanungo et al, 1999).  
 
Although increased superoxide generation is associated with the pathogenesis of pre-
eclampsia, it is still unknown if a dysfunction of protection systems against free radicals are 
involved or correlated with LBW. Since several factors contribute to LBW, it is assumed that 
placentas will be not appropriately functioning. In this regard, it is expected that placentas 
from LBW neonates could have increased levels of free radicals compared with placentas 
from normal neonates. The human foetal-placental unit being in the environment of the 
materno-foetal circulation is very susceptible to damage due to the presence of reactive 
oxygen species (Feher et al., 1985). 
 
There are a few reports showing that smoking during pregnancy increases the risk of 
oxidative damage and induces not only intrauterine foetal growth retardation, but also causes 
disturbances in postnatal growth and development (Laskowska-Klita et al, 2001). An 
association between combined exposure to smoking and living in smelter areas with lower 
placental glutathione antioxidant protection has been found, demonstrating that pregnant 
women with both exposures may be at higher risk of oxidative damage (Tabacova et al, 
1994).  
 
High levels of toxic elements such as those produced by pollutant agents, and cigarette, could 
be contributing, to increase levels of oxidative stress in placenta. The elevated levels of toxic 
elements could contribute to increase oxidative stress, due to an imbalance of toxic-essential 
trace elements. This situation could be related to the status of enzymatic protective systems 
like glutathione peroxidase (Se-GPx) and superoxide dismutase (Cu/Zn SOD) which require 
essential elements as cofactors. GPx requires Se and SOD activity is reduced if Cu/Zn levels 
are insufficient (Feher et al 1985). Also cellular GSH is an adequate marker of antioxidants 
status, since it is the substrate of GPx. GPx is a member of a family of enzymes whose 
function is to detoxify organic peroxides or hydrogen peroxide by reducing them to alcohols 
or to water respectively. These enzymes protect the cell from oxidative damage particularly 
by preventing lipid peroxidation. The SOD enzymes are metalloproteins whose function is the 
dismutation of superoxide radical into hydrogen peroxide and oxygen, and have been widely 
recognized as providing a defence system, which is essential for the survival of aerobic 
organisms 
 
This study was performed in placental tissues of mothers delivering neonates having birth 
weights between 1,000 - 2,500 g, with gestational age between 37 and 40 weeks. Placentas of 
mothers having neonates weighing more than 3,000 g constituted our normal control group.  
Most of low birth weight neonates should constitute cases of IUGR. Nevertheless, this 
condition was not documented since several criteria should be included which are not relevant 
to this study. 
 
2.1. Hypothesis 
 
Placentas from mothers with LBW neonates show detrimental changes on trace elements-
dependent protective systems to oxidative stress. This is due to an environmental exposure 
imbalance to toxic and essential trace elements (nutrients-pollutants interaction). 
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3. SUBJECTS AND METHODS 
 
3.1. Subjects 
 
Group A: Placentas from mothers whose neonates had birth weights over 3000g and over 
  36 weeks gestational age at birth (n=20). 
Group B: Placentas from mothers whose neonates had over 36 weeks gestation with  
  birth weights between 1000 and 2500 g (n=20). 
 
Placentas were collected in Hospital Sotero del Rio (South-Eastern area of Santiago) 
immediately after delivery. Placentas were weighted and placed in a plastic bag in a freezer at 
–70ºC until analysed. The clinical history of the patients was registered as well as the fetal 
weight and size.  
 
3.2. Methods 
 
3.2.1. Preparation of placental tissues 
 
Immediately after birth, placentas from normal term pregnancies delivered vaginally or by 
cesarean section were obtained. There were no maternal records of diabetes, hypertension or 
other significant illness. All mothers had normal nutritional status. Frozen placentas were 
transported to the laboratory and partially thawed. Samples were washed thoroughly with 
physiological serum to eliminate excess of blood. Each partially thawed placenta was 
separated in two representative halves (Iyengar and Rapp, 2001); one piece was lyophilised 
for ions determination and the second was maintained at –70ºC until determination of 
oxidative stress parameters.  
 
3.2.2. Ion determinations 
 
The half of placenta was lyophilised for 32 hrs (Christ Delta 1-20 KD) with the following 
program: -25ºC- -20ºC (1.03 mbars)- -10ºC – 20ºC (0.02 mbars)- 30ºC. Then, lyophilised 
tissue was grinded and homogenised. Samples were measured in triplicate. Percentage of 
humidity was considered for final calculations. 
 

Zinc, Copper and Iron determination (µg/g dry wt) 
Zn, Cu and Fe levels were determined by acetylene flame atomic absorption spectrometer 
Perkin-Elmer Mod 2280 using Varian Techtron Model AA-6. Final results are expressed in 
µg/g of dry weight. Known amounts of Zn, Cu and Fe in 0.5 M nitric acid were used as 
references.  
 
Cadmium determination (ng/g dry wt) 
Homogenised samples were read in an atomic absorption spectrometer (AAS 5 E-A) with 
graphite furnace for solid samples Carl Zeiss Technology. Final results are expressed in ng/g 
of dry weight. Reference sample: Dorm-2 dogfish, muscle. Cd concentration of: 0.0443 ± 
0.008 µg/g. 
 

Selenium and As determination (µg/g dry wt) 
Selenium and As were determined by Neutron Activation Analysis, using the Reactor of the 
Nuclear Energy Commission 
 
Lead determination (ng/g dry wt) 
Lead was determined by Atomic Absorption Spectrophotomtry at the Nuclear Energy 
Commission. 
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3.2.3. Oxidative stress parameters 
 
Preparation of placental tissue
Frozen placenta was partially thawed and homogenised in phosphate saline buffer. Then, 
sample was centrifuged and homogenate was used for GSH, TBARS and TAS determination 
 
Determination of Placental Total Glutathione (GSH)
Total glutathione (reduced: GSH and oxidized: GSSG) were determined. A 
spectrophotometric was utilized. The method was reported by Tietze (Tietze, 1969) and is 
based on the DTNB reduction by the TPNH- glutathione reductase system using the total 
GSH contained in the samples as substrate.   
Reaction was initiated by the addition of TPNH (the cofactor for glutathione reductase) 
results in a rate of color  development that is evaluated at 412 nm. 
 
Determination of Placental Lipid Peroxidation (TBARS) 
The assay for lipid peroxides by the thiobarbituric acid reaction (TBARS) reported by 
Lapenna was used (Lapenna et al., 2001). This is a method based on the colorimetric reaction 
of thiobarbituric acid (TBA) with malondialdehide (MDA), a secondary product of lipid 
peroxidation, formed during incubation with tissue homogenates.  
 
Determination of Placental Total Antioxidant Status (TAS)
Total antioxidant status was measured as previously reported (Miller et al., 1993). The assay 
relies on the ability of antioxidants in the tissue to inhibit the oxidation of ABTS (2,2`-Azino-
di-[3-ethylbenz-thiazoline sulphonate] to ABTS  by metmyoglobin (a peroxidase). The 
amount of ABTS was monitored by reading the absorbance at 600 nm to a degree, which is 
proportional to their concentration. 
 
 
4. RESULTS 
 
In Table 1, the characteristics of mothers at birth are shown. Although there are not 
differences in weight, mother´s height is significantly lower in those having LBW neonates. 
Also, mother’s weight at delivery is lower in mothers whose children have LBW, but results 
are not significant. Mother’s physical characteristics are important to consider in determining 
birth weight of their children, since they could be related with infant´s genetic growth 
potential in uterus. Although there are multiple factors considered as constitutional 
determinants playing important roles in foetal growth as maternal age, parity, maternal height 
and pre-pregnancy maternal weight, in this study, only maternal height was relevant (Table 1) 
 
As expected, infants with LBW have significant lesser birth weight, height and cranial 
circumferences compared with normal infants (Table 2). It has been considered that a 
gestational age between 36-40 weeks is appropriate to get a full infant maturation. In the 
present study, although all infants were within this range, the LBW group had about one week 
less spending time in uterus. Although this time was significantly different to normal 
children, one week may not give account for the dramatic differences observed in birth 
weight. 
 
In relation to essential elements, placentas from LBW neonates showed significant lower 
levels of Fe and Se in comparison to those placentas from control group (Table 3). 
 
It is important to mention that all toxic trace elements were significantly elevated over the 
levels showed by control group (Table 4). Cd, As and Pb were higher in LBW in comparison 
to control group. 
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It is worth to note here that in lead determination, three samples of placentas from LBW 
group showed extremely high levels of this element and for this reason, were not included in 
the statistical analysis. These samples had: 1.7, 3.2 and 32 µg/g dry weight respectively and 
may constitute a sort of hidden lead intoxication. In spite of the exclusion of these samples, 
the LBW group had still significantly higher lead levels content.  
 
In relation with oxidative stress parameters, only GSH content was significantly different 
between two groups (Table 5). Group LBW had higher total GSH levels.  
 
 
TABLE 1. CHARACTERISTICS OF MOTHERS DELIVERING NORMAL AND LOW WEIGHT 
BIRTH NEONATES. 
 
 
Maternal Characteristics 

 
Control 
(n=20) 

 
LBW 
(n=20) 
 

 
p 
 

Age (years) 
 

26.2  ± 6 27.8 ±7.0 0.8 

Body weight at delivery (Kg) 72.7 ±   6.8 
 

61.5 ±12  0.1 

Height (cm) 
 

159.2 ± 5 151.3 ± 4.7 0.001 

BMI at delivery (Kg/m2) 
 

27.9 ± 3.2 26 ± 5 0.7 

Parity 
 

1.4 ± 1.3 1.1 ± 1.4 0.5 

PLACENTA WEIGHT (G)           603 ± 177 
 
 

450 ± 93  1.0 

BMI: Body Mass Index 
Mean ± SD; Friedman ANOVA (Significantly different at p< 0.05) 
 
 
TABLE 2. CHARACTERISTICS OF NORMAL AND LOW WEIGHT NEONATES AT BIRTH 
 
Newborn status Control 

(n=20) 
LBW 
(n=20) 

p 

Birth weight          (g)    
                           

3490 ± 310  2300 ± 218 0.00001 

Birth height        (cm) 
 

50.2 ± 1.4 44.9 ± 2.2 0.00001 

Cranial circumference (cm) 34.4 ± 1.0 31.9 ±  1.1 0.008 
 

Gestational age (weeks) 
 

39.7 ± 0.76 38.2 ±1.21 0.03 

Intrauterine growth  
 

AGA SGA  

Mean ± SD; Friedman ANOVA (Significantly different at p< 0.05) 
AGA. - ADEQUATE FOR GESTATIONAL AGE. 
SGA. - Small for gestational  
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TABLE 3. ESSENTIAL TRACE ELEMENTS IN PLACENTAS RELATED TO NORMAL AND 
LOW WEIGHT BIRTH NEONATES. 
 

Condition 
 

Fe 
(µg/g dry weigth) 

Zn 
µg/g dryweigth 

Cu 
(µg/g dry weigth) 

Se 
(µg/g dry weigth) 

 
Control 
n=20 

 

597 ±  29 

 

 
52.7 ±  2 

 

 
6 ± 0.2 

 

 
0.87 ± 0.04 

 

 
LWB 
n=20 

 
504 ± 32* 

 

 
51.1± 2.5 

 

 
5.8 ± 0.3 

 

 
0.61 ± 0.04* 

 
 Mean  ± SEM;  * p< 0.01 (Friedman ANOVA)  

 
TABLE 4. TOXIC TRACE ELEMENTS IN PLACENTAS RELATED TO NORMAL AND LOW 
BIRTH WEIGHT NEONATES. 
 

Condition 
 

Cd 
(µg/g dry weigth) 

As 
 (µg/g dry weigth)

Pb 
(µg/g dry weigth) 

 
Control 
n=20 

 
0.023 ± 0.002 
 

 
< 0.18 ± 0.02 
 

 
0.04 ± 0.009 
 

 
LWB 
n=20 

 
0.05 ± 0.006* 
 

 
< 0.29 ± 0.009 
 

 
0.21 ± 0.04* 
n=17*** 

              Mean  SEM;  * p< 0.01 (Friedman ANOVA) 
*** Note. - Three samples were not considered to analyze  
data, because their extremely high content of Pb. 

 
 
TABLE 5. OXIDATIVE STRESS PARAMETERS IN PLACENTA FROM NORMAL AND LBW 
NEONATES. 
 
Condition   GSH      TBARS   TAS 
   (nmol/g wet tissue)       (nmol/g wet tissue)  (µmol/g wet tissue) 

Control 
 

3* 0.16 ± 0.03+ 0.21 ± 0.04&

LBW 
 

44* 0.19 ± 0.07+ 0.23 ± 0.03&

* Median; Mann-Whitney  p< 0.005 
+ Mean ± SD; Friedman ANOVA  p=0.3 
& Mean ± SD; Friedman ANOVA  p=0.2 
GSH:      Total Glutathione  
TBARS:  Thiobarbituric acid reactive species (marker of lipid peroxidation) 
TAS:       Total Antioxidant Status  
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5. COMMENTS AND CONCLUSIONS  
 
During pregnancy trace elements are indispensable for life maintenance not only for the 
mother but also for the foetus. Although essential trace elements are necessary, at the same 
time these elements could manifest toxicity if present in excessive amounts. There is also 
another group of elements leading to manifestation of toxic symptoms from the early stage of 
development because the body does not posses effective defence mechanisms. Since placenta 
is the main environment where the foetus is developed during pregnancy, it is expected that 
defence mechanisms may be mainly present at placental level. Metal elements homeostasis is 
fundamental for feto-placental unit development due to it key role as cofactors in several 
enzymatic systems. In this sense, one of the main defence mechanisms against detrimental 
effect of oxygen reactive species (ROS) is constituted by Se and Cu/Zn-dependent enzymes. 
It is then expected that an imbalance of essential and toxic elements may result in placental 
dysfunction due to oxidative damage. This situation may in turn be involved in intrauterine 
growth restriction finally leading to low weight birth neonates and still unknown 
consequences during post-natal development.  
 
In the present study we have found that all measured toxic trace elements were present in 
higher concentration in placentas related to the LBW neonates than in the normal group 
placentas. Conversely, some essential elements like Se and Fe showed lower levels in LBW 
placentas when compared to the normal group. Toxic elements may be involved in excessive 
production of ROS in placenta with a chance of reaching foetal tissues. If, in addition to this 
situation Se concentration is low, glutathione peroxidase activity which protects cells from 
ROS damage, may be ineffective due to its dependence of appropriate intracellular Se 
concentration. Therefore, it is highly possible that decreased Se concentration may indirectly 
lead to a chronic accumulation of ROS able to produce time-accumulative oxidative damage 
in the foetal-placental unit. We are at present evaluating activity of this enzyme together with 
the activity of Superoxide dismutase to support a more clear and accurate explanation about 
this point. 
 
In regard to the evaluation of oxidative damage parameters, TBARS (a marker of lipid 
peroxidation) and TAS (a marker of total antioxidant status) levels of LBW group placentas, 
although higher than those found in normal group, were not significantly different. 
Nevertheless, LBW group placentas showed higher levels of total glutathione than normal 
group, a finding that may be considered a sort of an additional adaptation effort of those 
placentas to avoid detrimental effects of oxidative damage.  
 
These results suggest that during foetal development, the augmented levels of placental toxic 
elements concomitant with decreased levels of some essential elements may result in 
potential chronic risk of oxidative stress involving the whole foetal-placental unit. Although 
defence mechanisms, such as glutathione levels, are elevated in LWB group placentas, it may 
still prevail a chronic level of oxidative damage. This situation may be responsible for 
restricted foetal development, finally resulting in low weight and length neonates at term. 
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Abstract 
 
For a better understanding of interactions between frequently encountered toxic trace elements in 
environment and nutritional trace elements and development of strategies to reduce ill effects in pregnant 
woman and fetus, a study of application nuclear technique to determine the composition of placenta and 
cord blood as dual biological indicators is proposed to assess the interactions between nutritional and 
pollution elements and identify the ill effects caused by the deleterious interactions. The main objective 
of the study is to try to explore the interaction between nutritional elements and toxic elements and ill 
effects caused by the deleterious interaction and develop more targeted strategies. This report details the 
quality assurance and quality control methods that will be applied during the study. In addition to these 
measures, it is expected that IAEA will provide or circulate standard reference materials (SMRs) or and 
blind samples to each participant. These QA measures will enable the results obtained by participants to 
be easily compared or combine 

 
1. INTRODUCTION 
 
For a better understanding of interactions between frequently encountered toxic trace 
elements in environment and nutritional trace elements and development of strategies to 
reduce ill effects in pregnant woman and fetus, a study of application nuclear technique to 
determine the composition of placenta and cord blood as dual biological indicators is 
proposed to assess the interactions between nutritional and pollution elements and identify the 
ill effects caused by the deleterious interactions. The main progress since the first RCM and 
the detailed work plan for coming year are presented here. 
 
 
2. MAIN RESEARCH PROGRESS 
 
2.1. Selected the survey site 
 
2.1.1. Survey site 
 
Based on the history and present status of pollution a highly polluted site-Luo-Qiao township, 
Da-Ye county, Hu Bei province was identified as the survey site. 
 
2.1.2. Generally situation 
 
Da-Ye county is located at 29°40’16”-30°15’45” N and 114°31’33”-115°20’42” E, total area 
is 1566.3 km2. Luo-Qiao township is located the middle-east part of Da-Ye county. It is the 
highly polluted area caused by irrigate with wastewater of Da-Ye nonferrous metal smeltery.  
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2.1.3. Source of pollution 
 
The smeltery was set up in 1960. The main product is crud cupper. The raw and processed 
material is cupper concentrate. The amount of drain off wastewater is about 1000´104 m3 per 
year from the smeltery. 
The main pollutants in the wastewater are Cd, Cu, Pb the contents of Cd, Cu, Pb, in the 
wastewater are 0.23mg/L, 0.3mg/L, 0.12mg/L respectively are 45 times, 3 times and 1.2 
times over the standard of quality for irrigate water separately. 
 
2.1.4. Soil pollution status 
 
A pilot study was carried out for determination the soil pollution status. 16 soil samples were 
collected and analyzed from the study area according to the protocols of appendix 3 of first 
RCM. The results are list in table 1. 
 

TABLE 1. SOIL POLLUTION LEVEL (MG/KG) AND PERCENTAGE OF TOTAL AREA 
 

Pollution status (% of total area) 
Element Range Mean  

Light Middle Heavy Very heavy 
Cd 1.4—26.5 6.9 -- -- 36.7 63.3 
Cu 60.5—1876.0 468.4  25.5 42.6 31.9 
Pb 36.8—124.3 69.4 100 -- -- -- 
As 18.9—98.7 44.2 49.1 35.8 15.1 -- 

 

2.1.5. Estimated rice pollution status 
 

Based on the soil pollution level the rice pollution levels were estimated by using the regress 
formula of relationship between soil level and rice level. 
 
TABLE 2. RICE POLLUTION STATUS (MG/KG) 
 

Element  Range  Mean  National limits  Times of limits 
Cd 0.5~8.9 2.3 0.2 >10 
Cu 9.5~294.5 73.5 10.0 >7 
Pb 0.8~3.5 1.8 0.4 >4 
As        0.4~3.7 1.5 0.7 >2 

 
 
2.1.6. Si-Ke township, Da-Ye country was selected as the control site. It is northeast of Luo-
Qiao Township, upper hand windward of Da-Ye nonferrous metal smeltery and never irrigate 
plough with wastewater of the smeltery. The social-economic status and life style of the 
resident are the same with that of Luo-Qiao Township. 

 

2.2. Selected study subjects 
 
Pregnant women who is 20~35 years old and live in the survey site (polluted area or control 
area) at least 15 years were selected as the study subjects not including those who have 
exposed to occupational cadmium, have taken Ca and Fe agents and Vit. D and hormones, 
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and have certain diseases such as chronic hepatopathy, chronic nephrosis and metabolic 
diseases et al. 
 
2.3. Epidemiological study 
 
A questionnaire of epidemiological survey and food consumption survey was developed for 
interview the selected pregnant woman (Annex 1). Sixty cases of pregnant women (30 cases 
in pollution area, 30 in control area) who were chosen for the study were interviewed 
according to the designed questionnaire. 
 
2.4. Medical observation 
 
2.4.1. Developed a health and physical examination table (Annex 2) and 60 pregnant women 
mentioned above were examined including the total body weight and height measurement 
before childbirth at hospital, and the findings were recorded. 
 
2.4.2. The newborn status were observed and recorded during the childbirth course according 
to the designed infant status table (Annex 3). 
 
2.4.3. Biological samples collection and processing: 
Blood and urine samples were collected before childbirth and cord blood and placenta 
samples were collected after childbirth from the 60 pregnant women in the hospital according 
to the Appendix 6 of the first RCM: Sampling protocol. 
 
2.4.4. Biological sample analysis for observing the illness effects: 
Urinary total protein, β2-microglobuline and creatinine were detected for part of the pregnant 
women to observe the renal tubular dysfunction. The results obtained were entered into the 
excel file. 
 
2.5. Elements analysis 
 
2.5.1. Analytical methods 
 
Based on the facilities available and the results of validation by Certified Reference Materials 
(CRMs) the analysis methods were selected for various elements as shown in the table 3. 
 
 
TABLE 3. ANALYTICAL TECHNIQUES AND ELEMENTS DETERMINED 
 

Methods Elements 

Inductive Coupled Plasma-Mass Spectrometry (ICP-MS) Cd, Cu, P 

Flame Atomic Absorption Spectrometry ( FAAS) Ca, Fe, Zn 

Fluorescence Spectrometry (AFS) As, Se 

Graphite Furnace Atomic Absorption Spectrometry ( GFAAS) Pb 
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2.5.2. Quality assurance and quality control (QA/QC) measures   
 
2.5.2.1. Development of a standard procedure 
 
A standard procedure covering all aspects of the study starting with sampling, sample 
collection and sample preparation and ending with sample analysis and result reporting. 
Particular points of emphasis is avoiding cause external contamination and lose determined 
elements in sampling, sample preparation and chemical analysis. 
 
2.5.2.2. Validation of analysis methods 
 
Validated the analysis methods using the Certified Reference Materials (GBW 08551 and 
GBW 080193 for placenta analysis, GBW 09132, GBW 09133, GBW 09134 and GBW 
09131 for mother blood and cord blood analysis). The results show there is a good agreement 
between the measured values and certified values. The discrepancies for both were within 
±10% (Table 4 and Table 5). 
 
TABLE 4   MEASURED VALUES AND CERTIFIED VALUES OF CRMS FOR PLACENTA 
(ΜG/G) 
 

Measured values Uncertainty Certified values Uncertainty Ratio 
Reference Material Elements 

                            X 
S %       X 

S % % 

Cd 0.068 0.002 2.94 0.067 0.004 5.97 101.5 
Pb 0.54 0.02 3.70 0.54 0.04 7.41 100.0 
As 0.045 0.007 15.56 0.044 0.008 18.18 102.3 
Ca 200.9 3.3 1.64 197 14 7.11 102.0 
Fe 1110.1 15.5 1.40 1050 80 7.62 105.7 
Cu 17.61 0.76 4.32 17.2 1.0 5.81 102.4 
Se 0.96 0.04 4.17 0.94 0.05 5.32 102.1 

GBW08551 
Pig liver power 

Zn 178.13 2.10 1.18 172 8 4.65 103.6 
GBW080193 

Bovine liver powder 
P* 1.28 0.02 1.56 1.30 0.04 3.08 98.5 

 
TABLE 5.  MEASURED VALUES AND CERTIFIED VALUES OF CRMS FOR BLOOD 
(MATERNAL AND CORD) 
 

Measured values Uncertainty Certified values Uncertainty Ratio 
Reference Material Elements 

               X 
S % 

       X 
S % % 

GBW09133 
 Whole blood Cd 

(ng/g) 4.11 0.19 4.56 

4.22 0.33 

7.82 97.4 
GBW09134 

 Whole blood 
Cd (ng/g) 

8.87 0.09 0.98 
8.84 0.49 

5.54 100.3 
GBW09132 
 whole blood Pb (ng/g) 107.43 7.40 6.89 

112 12 
10.71 95.9 

GBW09131 
 bovine blood serum 

Ca (µg/ml) 
85.14 3.47 4.07 

94 16 
17.02 90.6 

 Cu (µg/ml) 0.67 0.05 6.87 0.66 0.08 12.12 101.5 
 Fe (µg/ml) 1.48 0.07 4.42 1.57 0.22 14.01 94.3 
 Zn (µg/ml) 0.68 0.04 5.35 0.66 0.08 12.12 103.0 

GBW08551 
 pig liver powder 

As (µg/g) 
0.039 0.003 7.19 

0.044 0.008 
18.18 88.6 

 Se (µg/g) 0.93 0.03 2.73 0.94 0.05 5.32 98.9 
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For analysis of element phosphorus in blood and various elements in urine the suitable CRMs 
have not been available, the standard addition method was used to validate the analytical 
method by detection of recovery rate (Table 6 and Table 7). The average recovery rate of P in 
blood is 96.4%, for Cd, Pb, As, Ca, Fe, Zn, Cu, Se, and P in urine samples is 104.5%, 
103.8%, 104.3%, 100.0%, 92.7%, 93.3%, 106.3%, 112.3%, and 103.7%, respectively.  The 
validation analysis results clearly showed the adequacy and reliability of the analytical 
methods used in our study. 
 
TABLE 6. RECOVERY RATE OF P IN MATERNAL BLOOD  
 

No. of sample Measured value of 
sample  (ng/ml) 

Standard addition  
(ng/ml) 

Measured value of 
sample with standard 

addition  (ng/ml) 

Recovery rate% 

SK001 120.0 100 207.0  87.0 
LQ001  83.5 100 180.0  96.5 
YS008 117.0 100 217.0 100.0 
YS009 125.0 100 227.0 102.0 

 
TABLE 7. RECOVERY RATE OF STANDARD ADDITION FOR VARIOUS ELEMENTS IN 
URINE SAMPLE   
 

Elements No. of sample Measured value 
(ng/ml) 

Standard 
addition 
(ng/ml) 

Measured value of 
sample with standard 

addition  (ng/ml) 

Recovery 
rate(%) 

Cd YS008 0.26 0.30 0.61 116.0 
 YS009 0.61 1.0 1.54 93.0 

Pb YS008 2.8 5.0 8.70 118.0 
   10.0 12.30 95.0 
 YS009 2.0 5.0 7.0 100.0 
   10.0 12.2 102.0 

As YS008 4.33 4.0 8.67 108.5 
 YS009 2.22 2.0 4.25 101.5 
   4.0 6.34 103.0 

Ca SK002 0.22 0.25 0.47 100.0 
 SK006 0.32 0.50 0.79 94.0 
 LQ003 0.21 0.25 0.50 116.0 

Fe SK006 0.25 0.25 0.50 100.0 
 LQ001 0.15 0.25 0.39 92.0 
   0.50 0.58 86.0 

Zn YS008 0.06 0.1 0.15  90.0 
   0.2 0.26 100.0 
 YS009 0.08 0.1 0.17  90.0 

Cu YS008 6.39 2.0 8.67 114.2 
 YS009 7.06 2.0 9.23 108.4 

Se YS008 3.62 4.0  8.00 109.5 
   8.0 12.80 114.8 
 YS009 3.56 4.0  7.96 110.0 
   8.0 12.75 114.9 

P YS008 26.4 20 47.3 104.5 
   40 68.5 105.3 
 YS009 23.9 20 44.6 103.5 

   40 64.5 101.5 
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2.5.2.3. Internal quality control: 
 
During the element analysis phase internal quality control measures were adopted by parallel 
analysis using CRMs mentioned above and duplicate sample, and retention of a sample 
aliquot for reanalysis, if necessary. The results of parallel analysis of duplicate samples are 
listed in Table 8~11, the agreements are also quite good. 
 
TABLE 8. PARALLEL ANALYSIS OF ELEMENTS IN MATERNAL BLOOD 

Elements No. of sample 
Concentrations of elements in parallel 

samples Ratio (%) CV (%) 

Cd (ng/ml) YS008  0.74 0.86 116.2 10.6 
 YS009  4.68 4.45  95.1 3.6 

Pb (ng/ml) SK001  56.1 53.1  94.7 3.9 
 YS008  82.0 82.4 100.5 0.3 

As (ng/ml) SK001  1.80 1.83 101.7 1.2 
 YS009  23.0 23.0 100.0 0.0 

Ca (µg/ml) YS008  62.1 60.6  97.6 1.7 
 YS009  62.1 64.2 103.4 2.4 

Fe (µg/ml) SK001 363.2 353.6  97.4 1.9 
 YS008 302.8 307.2 101.5 1.0 

Zn (µg/ml) SK001  6.70  6.94 103.6 2.5 
 YS008  6.95  7.38 106.2 4.2 

Cu (µg/ml) SK001  1.14  1.13  99.1 0.6 
 SK006  1.20  1.30 108.3 5.7 

Se (ng/ml) SK001  92.0  85.2  92.6 5.4 
 YS008  80.4  73.6  91.5 6.2 

P (µg/ml) SK001 300.0 305.0 101.7 1.2 
 YS008 292.8 298.8 102.0 1.4 
 YS009 313.5 326.6 104.2 2.9 

 

TABLE 9.  PARALLEL ANALYSIS OF ELEMENTS IN MATERNAL URINE SAMPLES 
Elements No. of sample Concentrations of parallel 

sample 
Ratio (%) CV (%) 

Cd (ng/ml) YS008 1.80  2.78  64.6 30.3 
 YS009 6.84  6.84  100.0 0.0 

Pb (ng/ml) YS008 78.2  73.9  105.8 4.0 
 YS009 56.9  56.9  100.0 0.0 

As (ng/ml) YS008 90.0  89.6  100.4 0.3 
 YS009 45.2  44.4  101.8 1.3 

Ca (µg/ml) LQ009 96.07  96.17  99.9 0.1 
 YS018 429.44  431.35  99.6 0.3 

Fe (µg/ml) SK002 0.36  0.35  102.3 2.0 
 YS018 0.39  0.36  106.8 5.7 

Zn (µg/ml) YS008 1.35  1.64  82.7 13.7 
 YS009 0.96  1.01  95.7 3.6 

Cu (µg/ml) YS008 0.52  0.48  107.1 5.7 
 YS009 0.31  0.28  112.5 7.2 

Se (ng/ml) YS008 10.07  9.13  110.2 6.9 
 YS009 8.96  9.90  90.5 7.0 

P (µg/ml) YS008 598.6  579.0  103.4 2.4 
 YS009 524.2  540.2  97.0 2.1 
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TABLE 10.  PARALLEL ANALYSIS OF ELEMENTS IN CORD BLOOD OF NEWBORN 

 
Elements No. of sample 

Concentrations of elements 
 in parallel samples Ratio (%) CV (%) 

Cd (ng/ml) SK001  1.41  1.31  92.9 5.2 
 YS001  0.59  0.62 105.1 3.5 

Pb (ng/ml) YS004  41.7  41.0  98.3 1.2 
 YS010  49.0  47.6  97.1 2.0 

As (ng/ml) SK018  3.75  4.46 118.9 12.2 
 YS004  3.50  3.50 100.0 0.0 

Ca (µg/ml) SK001  56.2  51.1  90.9 6.7 
 SK015  56.2  60.7 108.0 5.4 

Fe (µg/ml) SK001 571.9  576.9 100.9 0.6 
 YS012 450.8  455.8 101.1 0.8 

Zn (µg/ml) SK001  3.03   3.23 106.6 4.5 
 YS012  3.33   3.28  98.5 1.1 

Cu (µg/ml) SK001  0.56   0.53  94.6 3.9 
 YS012  0.49   0.44  89.8 7.6 

Se (ng/ml) SK018 372.4  395.2 106.1 4.2 
 YS010 137.4  128.2  93.3 4.9 

P (µg/ml) SK001 303.2  288.7  95.2 3.5 
 YS008 300.3  318.7 106.1 4.2 
 YS009 321.2  308.1  95.9 2.9 
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TABLE 11. PARALLEL ANALYSIS OF ELEMENTS IN PLACENTA SAMPLE 
Elements No. of 

sample 
Concentrations of elements in 

parallel samples (µg/g) Ratio (%) CV (%) 

Cd SK001 0.17 0.14 82.4 13.7  
 LQ002 0.65 0.64 98.5 1.1  
 YS008 0.13 0.15 115.4 10.1  

Pb SK001 0.24 0.27 112.5 8.3  
 LQ002 0.28 0.24 85.7 10.9  
 YS008 0.40 0.42 105.2 3.4  

As SK001 0.017 0.011 65.0 30.3  
 LQ002 0.032 0.033 103.0 2.2  
 YS008 0.039 0.037 94.9 3.7  

Ca* SK001 17.3 16.9 97.7 1.7  
 LQ002 2.11 2.02 95.7 3.1  
 YS008 13.6 14.1 103.7 2.6  

Fe SK001 399.2 390.2 97.7 1.6  
 LQ002 302.9 286.5 94.6 3.9  
 YS008 425.0 410.2 96.5 2.5  

Zn SK001 75.2 75.2 100.0 0.0  
 LQ002 64.0 67.1 104.8 3.3  
 YS008 74.3 79.2 106.6 4.5  

Cu SK001 4.55 4.72 103.7 2.6  
 LQ002 4.01 4.39 109.5 6.4  
 YS008 5.16 5.98 115.9 10.4  

Se SK001 1.01 1.32 130.7 18.8  
 LQ002 1.57 1.58 100.6 0.4  
 YS008 1.01 1.00 99.0 0.7  

P* SK001 19.04 19.30 101.4 1.0  
 LQ002 9.73 9.60 98.7 1.0  
 YS008 16.71 17.32 103.7 2.5  

 

2.5.2.4. Reporting results 
 
For reporting the analytical results in standard format the threefold as much as the standard 
deviation of the analytical blank was taken as Limit of Detection (LoD) and tenfold of 
standard deviation of the analytical blank was taken as Limit of Quantity (LoQ). 

 
[X]<LoD: Region of questionable detection, 
LoD<[X]<LoQ: Region of less certain quantity,  
[X]>LoQ: Region of quantity, Expressed as X±S. 

 
The detection limits of various elements are listed in Table 12. 
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TABLE 12.  DETECTION LIMITS OF VARIOUS ELEMENTS 
 

Elements Limits Elements Limits Elements Limits 
Cd 0.007ng/ml Pb 0.57ng/ml As 0.03ng/ml 
Ca 0.1ng/ml Fe 0.01ng/ml Zn 0.003ng/ml 
Cu 0.011ng/ml Se 0.25ng/ml P 3.39ng/ml 

 
2.6. Elements detection 
 
Up to now, almost one-third of the collected samples were determined and a whole set of 
analysis results (4 kind of samples and 9 elements) of the 18 study subjects were obtained and 
entered into the excel file for further analysis (Annex 4). For some elements such as Cd, Cu, 
Se, Zn the detected results were obtained from 44 cases of subjects. The chemical analysis is 
on going. 
 
 
3. ASSESSMENT OF THE PROGRESS 
 
For assessment of the progress towards achieving objective, based on the available data the 
following tow tentative statistical analyses were carried out: ① Effect of environmental 
exposure to cadmium on pregnancy outcome and fetal growth, ② Effect of zinc, copper, 
and selenium on placenta cadmium transport. 

 
The preliminary results of ① show that Cd level of maternal blood in polluted area is 
fluctuate from 0.8 to 25.2µg/L. The geometric mean is 3.08µg/L. It is significantly higher 
than that in control area (Table 13). Whether polluted area or control area the Cd levels of 
cord blood are all significantly lower than those of maternal blood (matching t=3.48, P<0.01 
and t=10.26, P<0.01). The ratio between of cord blood Cd and maternal blood Cd for the tow 
areas is 0.04~0.88 and 0.01~0.97 respectively. It means placenta have a screen function for 
protection Cd from maternal blood transport to neonatal cord blood. The Cd content of 
placenta in polluted area is 0.08~3.97µg/g(dry weight) and 0.08~0.33µg/g(dry weight) in 
control area. There is a significant different (t=3.29, P<0.01) between the tow areas.  

 
TABLE 13. CD EXPOSURE LEVELS OF PREGNANT WOMEN AND FETUS IN POLLUTED 
AREA AND CONTROL AREA. 

 
Polluted area Control area 

Index of exposure 
Cases GM±GSD a Cases GM±GSD a

t P 

Maternal blood Cd (µg/L) 24 3.08±1.95 20 1.49±1.21 3.49 0.0017 
Cord blood Cd (µg/L) 24 0.59±1.30 20 0.34±1.21 2.47 0.018 
Placenta Cd (µg/g)* 24 0.39±1.42 20 0.14±1.05 3.29 0.0026 

* Dry weight 
a  GM±GSD�Geometric mean±geometric SD 

 
Rates of premature delivery and neonatal asphyxia in cadmium-polluted area were 20.8% and 
29.2% respectively, which were both higher than those in control area (10.0% and 15.0% 
respectively) but did not reach significance level. Neonatal birth height and birth weight of 
cadmium-polluted area were 47.88±4.15cm and 3,283±462g respectively, which were both 
lower than control area (50.65±2.41cm and 3,610±751g respectively). And neonatal birth 

55 



 

height was significantly lower than control area (t'=2.76 P<0.01). Multiple linear regressions 
indicated that cord blood cadmium was significantly negatively associated with neonatal birth 
height. Each log increase in cord blood cadmium was associated with 2.10 cm decrease in 
neonatal birth height (Table 14).  

 
TABLE 14.  MULTIPLE LINEAR REGRESSION ANALYSIS ON INFLUENCE FACTORS OF 
NEONATAL BIRTH HEIGHT. 

 

Factors 
Slanting egression 

coefficient 
Standard slanting regression 

coefficient t P 
Log concentration of cord blood 

Cd (µg/L) -2.1021 -0.2319 -1.77 0.084 

Maternal age (years) 0.3431 0.3461 2.56 0.015 
 Maternal height of (cm) -0.09374 0.009974 0.075 0.94 
 Maternal weight before 
d li t l (k )

0.01416 0.02591 0.19 0.85 
Gestation weeks 1.0361 0.6415 4.52 0.0001 

 

The preliminary results of ② show that Zn, Cu and Se level in maternal blood are very 
various (Table 15) 

 
TABLE 15.  ZN, CU AND SE LEVEL OF MATERNAL BLOOD  

 
Nutrition elements Cases Region Median Geometric mean Geometric SD 
Blood Zn (mg/L) 44 4.62~16.10 7.46 7.60 1.26 
Blood Cu (mg/L) 44 0.83~2.01 1.21 1.25 1.29 
Blood Se (µg/L) 44 36.3~850.2 119.4 120.8 1.9 

 
For study the potential interaction between nutritional elements Zn, Cu, Se and toxically 
element of Cd and potential effects of Zn, Cu and Se on placenta Cd transport, the Zn, Cu and 
Se levels of maternal blood were divided into three stratification (normal, lower and higher) 
according to the reference value of Zn, Cu, Se in human blood suggested by Iyengar. 
Variance analysis and multiple linear regressions indicated that placental Cd significant 
higher in lower maternal blood Zn group than those in normal and higher Zn group (F=4.22, 
P<0.05). Placental Cd significant lower in lower maternal blood Se group than those in 
normal and higher Se group (F=4.88, P<0.05). And lower maternal blood cupper was 
significantly associated with higher neonatal cord blood cadmium (Table 16, Table 17). It 
means nutritional elements, such as copper, selenium, and zinc may affect placental cadmium 
transport.  
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TABLE 16. EFFECTS OF ZN, CU AND SE IN MATERNAL BLOOD ON CD PLACENTA 
TRANSPORT 

 
Index Stratification Cases 

Cd of maternal blood
GM±GSDa

Cd of cord blood 
GM±GSDa

Cd of placenta 
GM±GSDa

<6.0 5 3.32±3.17 0.35±2.38 0.54±3.46b

6.0~7.0 12 2.23±2.14 0.33±2.34 0.22±2.44 
Zn of maternal 

blood 
 (mg/L) 

>7.0 27 1.90±1.81 0.38±2.65 0.18±1.93 
<1.0 7 2.75±1.54 0.61±1.45 0.28±1.63 

1.0~1.4 28 1.84±1.83 0.33±2.39 0.17±2.04 
Cu of maternal 

blood 
 (mg/L) 

>1.4 9 2.76±3.05 0.32±2.90 0.31±3.67 
<90 18 1.70±1.60 0.40±2.36 0.14±1.49c

90~130 9 2.13±1.79 0.28±2.36 0.23±2.14 
Se of maternal 

blood 
 (µg/L) 

>130 17 2.60±2.50 0.37±2.75 0.29±2.80 

      a  GM±GSD: Geometric mean and SD 
      b  F=4.22  P<0.05 

c  F=4.88  P<0.05 
 

TABLE 17. MULTIPLE LINEAR REGRESSION ANALYSIS OF EFFECTS OF ZN, CU AND SE 
OF MATERNAL BLOOD ON PLACENTA CD TRANSPORT 

 
Cause variables Independent variable B SEa STBb t P 

 Maternal age (years) 0.0269 0.0121 0.3148 2.23 0.012 
High level of Se (>130µg/L) 0.1704 0.1104 0.2693 1.54 0.13 
Low level of Cu (<1.0mg/L) 0.2141 0.1226 0.2478 1.75 0.088 
Low level of Se (<90µg/L) -0.1444 0.1115 -0.2303 -1.30 0.20 

Cd of maternal  
blood (lg) 

High level of Zn (>7.0mg/L) -0.1341 0.0858 -0.2118 -1.56 0.13 
Cd of maternal blood
(lg) 

0.3453 0.1817 
0.2706 1.90 0.064 

Cd of cord 
 blood (lg) 

Low level of Cu (<1.0mg/L) 0.2203 0.1570 0.1997 1.40 0.17 
Cd of maternal blood (lg) 0.9416 0.0903 0.7928 10.4 0.0001 

Low level of Zn (<6.0mg/L) 0.2666 0.0895 0.2249 2.98 0.0048 
Low level of Se (<90µg/L) -0.0954 0.0589 -0.1280 -1.62 0.11 

Cd of placenta 
 (lg) 

Maternal age (years) -0.0100 0.0083 -0.0982 -1.20 0.24 
a Standard error of partial regression coefficient 
b Standard partial regression coefficient 

 
The tentative analysis of limited data clearly shows that our study objective could be 
achieved. It can provide knowledge for better understanding of interactions between toxic 
trace elements in environment and nutritional trace elements and development of strategies to 
reduce ill effects in pregnant women and fetus. And it can prove that placenta also cord blood 
can be used as dual biological indicator to monitor environmental pollution and nutritional 
status and identify the ill effects of pregnant women and fetus. 
 

4. DETAILED WORK PLAN FOR COMING YEAR 
 
4.1. To completed the epidemiological survey and food consumption survey by interview 
pregnant women who were chosen for the study according to the designed questionnaire 
(Annex 1). It means another 60 pregnant women will be interviewed. 
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4.2. To carry out the health and physical examination for the 60 pregnant women before 
childbirth and observe and record the newborn status during the childbirth course at hospital 
(Annex 2 and 3). 
 
4.3. To completed the collection of biological samples according to the guidelines (Appendix 
6 of the first RCM-sampling protocols). 
 
4.4. To process and analyze the collected biological samples by the validated methods 
according to the QA/QC measures and more than half of the collected samples will be 
analyzed during the coming year. 
 
4.5. To set up database and select appropriate procedures for data statistical analysis.  
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Abstract 
 
Metals have been used since time immemorial for medicinal and other purposes. Among those oldest 
known metals Lead, Mercury, cadmium, Aluminum and Arsenic are still considered indispensable 
because of their wide spread use in medicinal, automobile industry and in defense hardware. Since past 
two decades, global concern about the toxic effects of metals like Pb, Cd etc., particularly through 
environmental exposure, is steadily increasing due to its long term consequences on public health (3&4). 
Prevalence of malnutrition further compounds the problem and complicates the evaluation of risks with 
heavy metals like lead on human health. 

 
1. INTRODUCTION 
 
Metals have been used since time immemorial for medicinal and other purposes. Among 
those oldest known metals Lead, Mercury, cadmium, Aluminum and Arsenic are still 
considered indispensable because of their wide spread use in medicinal, automobile industry 
and in defense hardware. (1&2) 
 
Since past two decades, global concern about the toxic effects of metals like Pb, Cd etc., 
particularly through environmental exposure, is steadily increasing due to its long term 
consequences on public health (3&4). Prevalence of malnutrition further compounds the 
problem and complicates the evaluation of risks with heavy metals like lead on human health.  
 
NIN is working on the problem of lead toxicity, its assessment and prevention for the past one 
decade with specific reference to haemaopoeitic toxicity and renal damage in various 
occupational groups of population and children. The preliminary investigations have also 
indicated the role of nutritional status and nutrients in prevention and treatment of lead 
toxicity. (3&4)  
 
The present investigation is being undertaken with the following aims and objectives: 
 
2. AIMS AND OBJECTIVES 
 
2.1. To assess the blood lead levels and identify the extent of lead toxicity among the various 
occupational groups, children and pregnant women. 
2.2. To assess socioeconomic and nutritional status to correlate it with the lead toxicity and its 
impact on function 

2.3. To develop intervention strategies viz. nutrient supplementation and education for 
prevention of lead toxicity. 
 
3. METHODOLOGY  
 
The two major groups of population viz. Children (between 5-18 years), pregnant women 
from high, moderate, mild risk areas of lead exposure are being selected randomly using 
appropriate statistical procedures. The clinical history of subjects, nutritional profile and 
socioeconomic status are assessed. The blood samples are analyzed for the presence of heavy 
metals viz. lead, cadmium, zinc, mercury, iron etc.  
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4. STUDY DESIGN 
 
The following groups of children (aged between 5-18 years) and pregnant women have been 
enrolled in the study. To ensure appropriate representation from various traffic and industrial 
zone a selection criteria has been developed. 

 
S.No Subjects  Selection of areas  

Heavy traffic  Seunderabad / Narayanaguda 
Moderately mild traffic Safilguda/ Malkajgiri 1 Children (50)  
Mild traffic  Ghatkesar/ Banjara Hills   

2 Pregnant women 
(50)  

Government General 
Hospital & ESI 
Hospital 

Pregnant women from various 
economic groups coming to 
Government General Hosptial & 
ESI  hospital , Hyderabad  

 
 
4.1. Clinical Examination / Nutritional and socioeconomic profile   
 
- The subjects (Pregnant women & children) have been enrolled in the study after educating 
them on the importance of the study (Annexure I) and obtaining the consent as per the 
institutional ethical committee requirements (Annexure II). The following information has 
been collected in pre-tested schedule (Annexure III & IV).  
 
- The information on socio-economic and demographic profiles of the households has been 
recorded in the standardized schedule. 
 
- Assessment of nutritional status has been recorded using weight and height for age 
(percentage of NCHS standards) indices by the trained investigator.   
 
- Apart from routine clinical examinations of the study population, the specific signs and 
symptoms of heavy metal poisoning are also recorded. 
 
4.2. Hematological examination 
 
Estimation of hemoglobin (Hb%) has been done by routine laboratory procedures. The 
peripheral smear examination has been done in all subjects. Presence of anemia as well as 
morphological changes in RBC if any, are looked into using Romauowsly stained smears 
(Leishman stain)    
   
4.3. Estimation of blood lead levels 
 
The blood lead levels have been determined at the field level by using Anode stippling 
voltammeter (ASV) -Lead Care meter supplied by ESA, USA. The procedure involves 
collection of blood samples (20ul in a capillary tube) and mixing with reagent supplied by the 
kit for the analysis on a Lead Care meter. 
 
4.4. Determination of heavy metal concentration 
 
The heavy metals levels viz. lead, arsenic, cadmium, mercury, selenium, iron, fluoride, zinc 
are estimated in whole blood & cord blood .300 ul of blood samples has been digested with 
sub-boiled nitric acid in a closed microwave digestion system. 50 ul of the processed sample 
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is subjected for analysis on Inductive coupling mass spectroscopy (ICP / MS) at the Center 
for compositional characterization of materials(CCCM)-BARC, Hyderabad. 
 
 
5. RESULTS 
 
The metal ion concentrations (Refer Annexure I) were found to be in the normal range in the 
selected subjects who have no history of occupational exposure. In order to analyse the 
samples the Multi element standards obtained from certified laboratories are subjected for 
analysis along with samples. 
 
Fifty pregnant women belonging to low and middle income group reported to be from 
different exposure levels and in the last trimester have been enrolled in the study.  
 
 
6. RESULTS- (MARCH 03-25TH AUGUST 03) 
 
The data on 10 subjects with no history of occupational exposure or any disorders have been 
enrolled in the study to standardize the procedures for estimation of Heavymetal levels using 
ICP-MS techniques and testing of the schedules. In 15 pregnant women and 20 children the 
Lead levels have been monitored by Lead care meter (Annexure I). 
 
The screened pregnant women were from low socio-economic group with a family size of 3-8 
members /family. There were no abnormal clinical and Nutritional parameters .The BMI of 
the subjects ranged between 17.3 – 25.6 kg/m2. The hemoglobin levels were found to be in 
the range of 6-12gm%. The clinical symptoms viz body aches, nausea & vomiting, dryness of 
throat and oedema in 7% of cases were observed. Irritability, headache, abdominal 
discomfort, anorexia were recorded in 14% of cases.  The specific symptoms of Lead toxicity 
viz pale conjuctiva (60 %), fatigue (20%), pigmented tongue (40%), puffiness of face (26.6%) 
were seen.  The   obstetric history was found to be normal in majority of the cases. The blood 
lead levels in pregnant women is found to be between 1.7 – 65 ug/dl as measured by lead care 
meter. In 30% of the cases lead levels were above 10 ug/dl and in one case it was abnormally 
high. The cord blood lead levels were found to be between 1.5-34.8 ug/dl. With more than 70 
% of the samples showing lead levels above 10 ug/dl. However the detailed heavy metal 
analysis is being carried out by ICP-MS technique. 
 
The preliminary investigations in 20 samples of children residing in mild, moderate and heavy 
traffic areas selected randomly indicated the lead levels between 2.7 – 32.4 ug/dl. The 
hemoglobin levels were between 9 – 14 gm %. Further systematic sampling is in progress.    
 
 
7. CONCLUSIONS 
 
1. The heavy metal concentrations in the subjects with no history of occupational exposure 
and any disease were found to be in normal range. 
2. The limited observations in pregnant women suggest high Lead levels in 30 % of cases 
followed by elevated cord blood levels in 70%.  
3. The lead levels in children indicate high exposure to lead in heavy traffic/industrial areas 
are needs in depth study.   
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8. WORK IN PROGRESS 
 
The correlations between Nutritional status, Clinical observations and Heavy metal 
concentrations in larger sample size (Pregnant women 50 Nos, Children 60 Nos) are being 
investigated.  Since the cord blood Lead level concentrations are found to be high , efforts are 
being made to monitor Lead and other Heavy metal levels(Pb, Cd, Hg, As, Se, Fe) in 
Placenta, Milk and colostrum samples in 20 subjects. The infant Lead levels will be 
monitored by pin prick sample using anode strippling voltameter. 
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ANNEXURE – I 

(Heavy metal concentration in blood samples) 

 

      

      

 Subject/Particulars General population @ Pregnant women* Children  

  No. of subjects  10 15  20  

 Age 43.66±4.64 22.40±2.24 14.80±1.02  

 Height _ 153.58±4.78 154.70±6.76  

 Weight   - 51.38±6.57 44.12±7.86  

 Gravida NA 2.20±1.06 NA  

 Para NA 1.26±1.06 NA  

 Hb% - 11.2±1.78 11.45±2.06  

 Pb(ug/dl) 16.21±1.81 14.20±6.3 10.12±7.38  

 As(ug/dl) 5.36±2.79 * *  

 Se(ug/dl) 26.48±5.45 * *  

 Cd(ug/dl) 0.17±0.08 * *  

 Mg(ug/dl) 2569.50±353.63 * *  

 Ca(ug/dl) 2701.40±223.0 * *  

 Cu(ug/dl) 111.72±12.26 * *  

 Zn(ug/dl) 457.22±187.9 * *  
  @  subjectes investigated upto 20th August, 2003.    
   *   The blood samples on ICPMS are being analysed. Values are express in  
        in Mean ± SD     
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ANNEXURE – II 

CONSENT FORM FOR SUBJECTS PARTICIPATING IN CLINICAL TRIAL 
 
Study Title:  “Role of Nutrients in Environmental Toxicity” 
 
Study Number:  
 
Subject Initials:  ___________________ Subject Name : ______________________ 
 
Date of Birth :  ___________________   Study Doctor’s Name : ________________ 
 
1. I confirm that I have read and understood the information sheet of the above study and 
 have had the opportunity to ask questions.    [ ]    
 
2. I understand that my participation/participation of my son/Daughter/ward is voluntary and 

that I am free to with draw at any time, with out giving any reason , without my medical 
care or legal rights being affected.       
          [ ] 

 
3. I understand that others working on the sponsor’s behalf, the ethics committee and the 

regulatory authorities will need my permission to look at my health records both in respect 
of the current study and any further research that may be conducted in relation to it,even if 
I with draw. I agree to this access. However , I understand that my identity will not be 
revealed and confidentiality of information will be maintained. 
          [ ] 
 

4.   I agree not to restrict the use of any data or results that arise from this study[       ] 
  
5.    I agree to take part in the above study.     [ ] 
 
Signatory section: 
 
Signature of the subject/Legal Representative:__________Date:____/____/____ 
 
Subject Name: _______________________________ 
 
Signature of the Doctor: ________________________Date: ____/____/_____ 
 
Study Doctor’s name: _____________________________ 
 
Signature of the witness: _____________________ Date: ____/____/_____ 
 
Witness Name: _____________________________ 

 
Signature of Parents/Guardian:__________________________ 
(in case of minor below 18 years) 
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ANNEXURE – III 
 

National Institute of Nutrition 

ICMR, Hyderabad-500007,India 
Role of Nutrients in Environmental Toxicity  

Supported by 
International Atomic Energy Agency, 

Wagramer Strasse5,Vienna,Austria. 
 

 
1. Schedule No.    : 1    Lead : _____µg/dl  
 

Date of survey    : __ __/ __ __/ __ __ 
 DD/MM/YY 
 
2. District     :  __ 

1.Rangareddy 2. Hyderabad 
3.Medak 
 

3. Type of Area    :  __ 
 1.Rural  2. Urban 
 
 Name of Village/Locality :__________________ 
 
4. Hospital code    :  __ 

1. Govt.General/Materninty Hospital   
2.    Community Health center 
3. Primary Health Center 
4. Private Nursing Home  

______________________________________________________________________ 

  
 SUBJECT’S PROFILE: 
 

Name :  ______________  
 
 Name of the husband : _______________ 
 
5 -6. Age ( Years)      : __ __  
 
 Address and Telephone no.: _______________ 
     _______________ 
     _______________ 
7.  Type of Area      : ___ 
       1. Urban Industrial   2. Urban Non-Industrial    
       3. Rural Industrial    5. Rural Non-Industrial      

6. Remote rural        7. Any other   
 
8-9. Duration of stay in present area (in completed years)  : __  __ 
 
10. Major Occupation     : __ 

1. House wife 2. Service   
3. Agr.Labour 4. Bangle Ind. Labour  
6.Street vendor 7. Non Agri. labour 
8. others (specify ______________) 

11. community       : __ 
 1. SC  2. ST 3. BC  4. Others(specify__________)  
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Particulars of Housing : 
 
12. Type of house      : __ 

1. Pucca  2. Semi Pucca 3. Thatched  
4. Others (specify ____________)  

 
13. Type of Wall coating     : __ 
      1.Painted  2. White wash  3. cow dung 

4. others (specify _________)  
 
14.    Source of Drinking water     : __ 
         1.  Open Well     2. Tube Well    3. Tap 
         4.   Tank/Pond   5  .River   6. Any other(specify______) 
 
15.    Drainage System      :  __ 
         1. Open  2. Under Ground   
         3.  Any Other(specify_____________) 4. None 
 
16. House hold Demographic & Socio Economic Particulars : 
 

S.No Name Relationship 
with Head 

Age Sex Literacy Occupation 

       

       

       

       

       

       

       

      Codes: Sex:  1. Male  2. Female 
  Relationship : 1.Spouse  2. Son/Daughter 3. Son-in-Law/Daughter-in –Law 

4.Grand children  5. Brother/Sister  
 6. Father in Law/Mother in Law 7. Others 

   Literacy        :  1.Illiterate 2. 1st –4th class  3. 5th -8th  class  4.  9th –12th class 
              5.Degree /diploma  6.  P.G and others 7. N.A(children<5years)  

 
17. Personal Habits: 
 

Habit Status 
1. Yes 2. No 

Duration(yrs) Quantity/Frequenc
y/Day 

Smoking __ __ __        __ __ 

Drug Abuse __ __ __        __ __ 

Tobacco Chewing __ __ __        __ __ 

Alcoholic beverages __ __ __        __ * 

Gutkha __ __ __        __ __ 

    *Frequency : 1. Daily (>four times a week) 
2. 2-3 times/week 
3. once a week 
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House hold Cooking  Practices: 

 
18. Dietary Habits     :  __ 

1. Veg    2. Non-Veg daily 
3. Non-Veg twice a week  
4. Non veg thrice a week 
5. Ovovegetarian 
 

19. Type of  Staple Food      :  __ 
1. Wheat  2. Rice 3. Jowar 4. Maize  
5.     Ragi  
 

20. Type of cooking Utensils    :  __ 
1.  Clay   2. Stainless Steel   3.  Aluminium 
4.  Brass with Tin coat  5. 2+3   6. Other 

 
Nutritional Profile: 

 
 
Nutritional Status: 
 
21-24.  Height(cms)     : __ __ __ . __ 
 
25-27.  Weight(kgs)     : __ __ . __ 
 
 
Biochemical status: 
 
28-30.  Haemoglobin Level (g/dl)    : __ __ . __ 
 
31-33. Serum Albumin  (g/dl)    : __ . __ __ 
   
 
34. Clinical signs of Lead Toxicity : 

 
S.No Physical Status 

1.Yes 2. No 
Duration 
(In years) 

Any 
Medication 
1.Yes2. No 

Remarks 

1 Skin changes  ___ ___ ___  ___  

2 Hair changes  ___  ___ ___  ___  

3 Any other 
abnormality 

 ___  ___ ___  ___   

 
35-40. Nutritional deficiency signs : __ __ 
       __ __ 
       __ __ 
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41.  History of Morbidity: 

 
 
S.no Disease Morbidity 

1.Yes 2. No 
Present Treatment 
1. Yes 2. No 

Use of any Ayurvedic 
Bhasmas 
1. Yes ( specify) 2. No 

1 CoronaryArtery  
disease/Hypertension 

   

2 Cerebral Stroke    
3 Diabetes    
4 Allergic disorder    
5 Fractures of Bones    
6 Fever    
7 Diarrhoea    

8 Dysentry    

9 Upper respiratory 
Infection 

   

10. Wt. Loss    
11. Convulsions    

12. Memory loss    

13. None    

 
Clinical Examination: 
 
42-47.  Blood Pressure (mm/ Hg)   :  Systolic :  __ __ __ 
        Diastolic: __  __ __  
 
48. Jaundice     :  __ 

 1. Present  2. Absent  
 
  
49. Liver     :  __ 

1. Enlarged  2. Normal  
 
50.  Knee jerk    :  __ 

1.Normal 2. Sluggish 3. Exaggerated 
 

51.  Plantar reflex    :  __ 
1.Flexar   2. Extensor 

 
52. Foot Drop    :  __ 
 

53. Wrist Drop    :  __ 

54. Pale conjunctiva    :  ___ 

55. Pigmented Tongue   :  ___ 

56. Fiar lead line (Black)   :  ___ 

57. Skin rashes    :  ___ 

58. Ataxic gait    :  ___ 

59. Meningeal irritation   :  ___ 

60. Fracture     :  ___ 

61. Oedema     :  ___ 
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62. Puffiness of face    :  ___ 

63. Convulsions    :  ___  

64. Slurred speech    :  ___ 

65. Malaena     :  ___ 

66. Tremors     :  ___ 

67. Dysuria     :  ___ 

68. Pyuria     :  ___ 

69. Retention of urine   :  ___ 

70. Haematuria    :  ___ 

*(52-70: 1. Yes  2. No ) 

 Obstetric history 
 
71-72. Gravida     :   __ __ 
 
73-74. Para     :  __ __ 
 
75. Abortions    :  ___ 
 
76. Still Birth    :  ___ 
 
77-78.  No. of Live Children   :  __ __ 
 
79. Type of Delivery    :  ___ 

1. Normal  2. Forceps  3. Caesarian     
 

80-82. Weight (first trimester)(kgs)  :  __ __ . __ 
 
83-85. Weight before Delivery(kgs)  :  __ __ . __ 
 
86-88. Weight after 24 hours of delivery  :  __ __ . __ 
 
89-90. Birth weight within 24 hours  :  __ . __ 
 

      
SIGNS AND SYMPTOMS 

 
 

Symptoms       (1. Yes  2. No)       
         

91.  Anorexia     ___  

92.  Dryness of throat/    ___  

 burning sensation     

93.  Metallic taste     ___  

94.  Nausea & Vomiting    ___  

95. Abdominal discomfort    ___ 

96. Abdominal colic     ___  

97.  Diarrhoea     ___      

98.  Head ache     ___   

99.  Arthralgia     ___ 

100.  Body aches     ___   
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101.  Fatigue      ___ 

102.  Irritability     ___ 

103.  Insomnia     ___ 

    
Coding key for Nutritional deficiency: 

 
00 . NAD 
01. Oedema 
02. Emaciation 
03. Night Blindness 
04. Conjunctival Xerosis 
05. Bitot spots 
06. Angular Stomatitis 
07. Glossitis 
08. Spongy bleeding gums 
09. Goitre 
10. others(specify___________) 
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ANNEXURE – IV 
 

NATIONAL INSTITUTE OF NUTRITION 
(Indian Council of Medical Research) 

HYDERABAD 
SCHEDULE FOR CHILDREN 

 
1. Schedule no.      : 2   
        

Date of survey      : __ __/ __ __/ __ __ 
 DD/MM/YY 
 
2. District      :  __ 

1.Rangareddy 2. Hyderabad 
3.Medak 
 

3. Type of Area      :  __ 
 1.Rural  2. Urban  3. Semi Urban  
 
 Name of Village/Locality: __________________ 
 
4-5. School code      :  __ __ 

1. Government 2. Private 
____________________________________________________________________________ 

 
SUBJECT'S PROFILE: 

  
 Name : _____________ 
 
 Name of the Father/mother:_____________ 
 
7. Sex       : __ 
 1. Male  2. Female 
  
8-13 Date of Birth       :  _ _  _ _  _ _   
 
14-15. Age in Years      : __ __  
 

 
Address and Telephone no.    
 _______________ 

  _______________ 
  _______________ 
 
16 Community      : __ 
 1. SC  2. ST 3. BC  4. Others  
 
Particulars of Housing : 
 
12. Type of house      : __ 

1.Pucca  2. Semi Pucca 3. Thatched  
4. Others (specify ____________)  
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13. Type of Wall coating     : __ 
      1.Painted  2. White wash  3. cow dung 

4. others (specify _________)  
 
14.    Source of Drinking water    : __ 
         1.  Open Well     2. Tube Well    3. Tap 
         4.   Tank/Pond   5. River   6. Any other(specify______) 
 
15.   Drainage System     :  __ 
         1. Open  2. Under Ground   
         3.  Any Other(specify_____________) 4. None 
 
16. House hold Demographic & Socio Economic Particulars : 
 
 

S.No Name Relationship 
with Head 

Age Sex Literacy Occupation

       
       
       

       
       

       
       

       
       
       

  
  Codes: Sex:    1. Male  2. Female 
  Relationship :  1.Spouse  2. Son/Daughter 3. Son-in-Law/Daughter-in –Law 

4.Grand children  5. Brother/Sister  
 6. Father in Law/Mother in Law 7. Others 

   Literacy        :   1.Illiterate 2. 1st –4th class  3. 5th -8th  class  4.  9th –12th class 
               5.Degree /diploma  6.  P.G and others 7. N.A(children<5years) 

 
Personal Habits : 

 
24. Distance to School (km)     :  ___  
 
25. Mode of Reaching School    : __ 

1. By Walk  2. Private Transport 3. Public Transport 
 
26. Play Habits      : __ 
       1.Play at Back yards 2. play ground 3. Park 
 4.Street  5. with play toys in home 6. Others 
        
 
27.  Type of Play Field     : __ 
       1.Grass    2. Soil    3. Roads  4. Others 
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28. Vehicular Traffic near the play ground   : __ 

1. Light  2. Moderate  3. Heavy 4. N.A 
 

29.  Industries near school / Home   : __ 
  1. Yes(specify:______________) 2. No   
 

House hold Cooking  Practices: 
 
29. Dietary Habits      :  __ 

1.Veg    2. Non-Veg once a day 
3.Non-Veg twice a week  
4. Non veg thrice a week 
5. Once in 15 days 6. Ovovegetarian 

 
30. Type of  Staple Food       :  __ 

2. Maize  2. Wheat  3. Rice  4. Jowar 
5.     Ragi  
 
 

31. Type of cooking Utensils    :  __ 
1.  Clay   2. Stainless Steel   3.  Aluminium 
4.  Brass with Tin coat  5. 2+3 6. Others 

 
Nutritional Profile: 

 
 

Nutritional Status: 
 
32.   Height(cms)      : __ __ . __ 
 
33.  Weight(kgs)      : __ __ . __ 
 
34.   Haemoglobin Level (g/dl)    : __ __ . __ 
 
35. Serum Albumin  (g/dl)     : __ __. __ 
 
36. stippling of RBC     : __ 
 
37. Chemical signs of Lead Toxicity : 

 
S.No Physical Status Duration Any 

Medication 
Remarks 

1 Skin changes     

2 Hair changes     

3 Any other 
abnormality 

    

 
37-38. Nutritional deficiency signs   : __ __ 
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Clinical Examination: 
  
39-44.   Blood Pressure (mm Hg)   :Systolic : __ __ __ 
        Diastolic:  __ __ __ 
 
45. Jaundice      :  __ 

 1. Present  2. Absent  
 
46. Liver       :  __ 

1. Enlarged  2. Normal  
 
47.  Knee jerk      :  __ 

1.Normal 2. Sluggish 3. Exaggerated 
 

48.  Plantar reflux      :  __ 
1.Flexar   2. Extensor 

 
49. Foot Drop & Wrist Drop    :  __ 
 

 
SIGNS AND SYMPTOMS 

 
Symptoms   (1. Yes  2. No)        Duration 

       
 
50.  Anorexia    ___  
51.  Wt. loss    ___  
52.  Dryness of throat/   ___  

burning     
53.  Metallic taste    ___  
54.  Nausea & Vomiting   ___  
55.  Abdominal discomfort   ___  
56.  Diarrhoea    ___      
57.  Puffiness of face   ___ 
58.  Head ache    ___  
59.  Convulsions    ___  
60.  Slurred speech    ___ 
61.  Memory Loss    ___ 
62.  Haematuria    ___ 
63.  Malaria    ___ 
64.  Arthralgia    ___ 
65.  Body aches    ___ 
66.  Fatigue     ___ 
67.  Irritability    ___ 
68.  Insomnia    ___ 
69.  Tremors    ___ 
70.  Dysuria / Pyuria   ___ 
71.  Retention of urine   ___ 
72.  Haematuria.    ___ 
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SIGNS     
73.   Pale conjunctiva   ___ 

74.   Pigmented Tongue   ___ 

75.   Fair lead line (Black)   ___ 

76.   Skin rashes    ___ 

77.   Ataxic gait    ___ 

78. Meningeal irritation   ___ 

79.  Fractures    ___ 

80.   Puffiness of face   ___ 

81. Oedema    ___ 

 

     

key: 
 
Coding key for Nutritional deficiency: 
 
00 . NAD 
11. Oedema 
12. Emaciation 
13. Marasmus 
14. Night Blindness 
15. Conjunctival Xerosis 
16. Bitot spots 
17. Corneal Xerosis 
18. Keratomalacia 
19. Corneal Scar 
20. Angular Stomatitis 
21. Glossitisss 
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USE OF ISOTOPIC AND NUCLEAR TECHNIQUES IN THE STUDY OF 
IRON-LEAD INTERACTIONS IN PLACENTA AND CORD BLOOD ON 
SUBJECTS LIVING IN HEAVILY POLLUTED AREAS OF KENYA 
 
ANSELIMO O. MAKOKHA 

 
Jomo Kenyatta University of Agriculture and Technology, Food Science Department 
P.O. Box 62000, Nairobi, Kenya 

 
Abstract 
 
There is heavy pollution caused by a high volume of motor vehicle traffic in the urban centres of Nairobi 
and Thika. These vehicles use leaded fuel. The main objective of this study was to determine the extent 
of lead levels in kenyan staple foods, and in placenta and cord blood, and its implication on nutritionasl 
and human health. Determination of lead was done in the staple foods (maize, beans, tomatoes, kales and 
spinach), placenta and cord blood. The lead was determined using Atomic Absorption flame Emission 
spectrophotometer. The iron status of the mothers was estimated by determination of haemoglobin levels. 
There were high lead levels in the foods. The lead levels in maize and tomatoes ranged from  44.0 to 
174.4 µg /100 g nd  40 to 162.5 µg /100 g respectively. The levels in beans and kales were  48.3 to 236.5, 
and  58.6 to 475.8 µg /100 g Respectively. These lead levels were above the maximum recommended 
levels by WHO in the respective foods. The lead levels in placenta and cord blood were also very high, 
and above that expected of healthy subjects. determination of haemoglobin levels in cord blood showed 
that about 50% of the mothers were anaemic. It is expected that more samples will be taken from more 
mothers for lead and haemoglobin analysis. Then correlation between lead levels and iron status will be 
done. 

 
 
1. INTRODUCTION 
 
Environmental pollutants arise from many sources, and exposures may occur through 
different routes. Some pollutants of particular concern are air bone substances primarily 
suspended particles, sulphur dioxide, nitrogen oxides, ozone and carbone monoxide and lead. 
The environmental risk is less clear in developing countries where many of the obvious and 
and immidiate threats such as fecal contamination or lack of water have beeen virtually 
eliminated (UNEP, 1999).  
 
Lead is an environmental and public health hazard of global proportions, yet, the global 
dimensions of lead poisoning remain poorly understood due to persisting lack of information. 
Leaded petrol (gasoline) causes more widespread human exposure to lead than any other 
single source (Ellen, 1996). This is particularly the case in countries such as Kenya, where the 
major transport system is by motor vehicles (CBS, 1991). Many of these  vehicles emit heavy 
fumes, which pollute the environment near the roads. When the leaded fuel is burned, it emits 
very fine particles of lead into the air, where they can remain suspended for weeks. These 
particles are easily absorbed through the lungs while some of the particles settle on soil, 
water, vegetation and food and are ingested through these sources (UNEP, 2000). 
 
The main target for lead toxicity is the nervous system, both in children and adults. Children 
are particularly vulnerable to lead poisoning because their nervous and digestive systems are 
developing. They absorb up to 50 % of lead taken into their bodies, compared to 10-15 % in 
adults. Further, they may receive three times the dose of adults due to their lager surface area 
to volume ratio (WHO/FAO, 1995). Children’s blood lead levels tend to increase rapidly from 
6 to 12 months of age, and tend to peak at 18 to 24 months of age. Children also do have the 
propensity to explore the surfaces through their mouth (Needleman et al., 1996). Growing 
evidence suggests that lead in a child’s body even in small amounts can cause disturbances in 
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early physical and mental growth, and later in the intellectual functioning and academic 
achievements. Urban children in developing countries are most at risk. Children abuse 
substances, which may contain lead. For example children who live and work in the streets 
sometime sniff leaded gasoline (Schwartz, 1994). It was estimated in 1994 that over 80 % of 
those children between three and five years and 100% under the age of two had lead levels 
exceeding the threshold of 10µg/dl of blood (Richard et al., 2003). 
 
Suitability of specimens from human subjects for monitoring pollutants is a much debated 
issue (Iyengar et al, 1998).  Adipose tissue and liver have been recognised as accumulators of 
lipophylic constituents, particulalry organochlorines pesticides (NRC, 1991). Blood, urine, 
breast milk and hair have been explored as RTM specimens. Tissue and body fluids from 
human subjects that may be used as biomonitors and are obtained under practical conditions 
fall into two groups: those requiring invasive procedures (e.g whole blood and adipose tissue: 
and others amenable to non-invasive procedures (e.g breast milk, urine, hair  and placenta) 
(Iyengar G.V, and Rapp A, 2000).  
 
According to Guzelian et al. (1992), there is enough evidence on record to show that the 
developing fetus and the newborn are particulaly vulnarable when exposed to toxic situations. 
Although the placenta principal role is to nurture the foetus, the same processes that aid 
transport of nutrients can also act as pathways to toxic constituents due to chemical 
similarities. With some of the nutrient metabolites, or simply as a result of passive diffusion 
(Iyengar and Rapp 2001). 
 
Placenta is a disk shaped  temporary organ found only in eutherian mammals. It is formed by 
the fusion of maternally and embryonically derived tissues  inside the uterus facilitating the 
foetus to make functional contact with the maternal compartment (Iyengar G.V, and Rapp A, 
2000). Ordinarily, the maternal and foetal tissue do not mix, as a thin layer of placental tissue 
separates them (the difusion barrier). The placenta has two ends, the foetal end and the 
maternal end. The maternal part supplies arterial blood for the space known as lacunae 
situated between the villi and receives venus blood from these lacunae (Iyengar G.V, and 
Rapp A, 2000). 
 
There is also evidence of the role of lead in the interaction of heavy metals with dietary 
macronutrients. Exposure to lead toxicity often worsens the problem of Iron Deficiency 
Anaemia (IDA). Such a situation is likely to be prevalent in countries such as Kenya, where 
anemia levels have reached crisis proportions. The overall prevalence of mild and severe 
anemia in the country is 19.2 % and 54.2 % respectively. This varies across the country as 
follows: lake basin 91.2%-94.3%, western highlands 49.7%-92.1%, coastal and semi arid 
lowlands 79.9%-97.9%, dry humid and semi arid midlands 57.6%-71.7 % and mid west 
highlands 27.1%-56.0% (WHO, 2001, CBS, 2001, GoK/UNICEF, 1998, GoK/UNICEF, 
1999). There also exists disparity within the different population sub groups, with children 
below 3 years, pregnant and lactating women being the most adversely affected. Among the 
mothers, one out of every two is affected irrespective of pregnancy status, but severe anemia 
is dominant among the pregnant mothers. Studies in other countries have shown a synergistic 
relationship between HIV prevalence and prevalence of anaemia (USAID, 2001).  
 
1.1. Justification 
 
Thika and Nairobi are the most industrialized towns in Kenya. This one condition has caused 
an upsurge of rural-urban migration in search of employment in areas where industries are 
situated. The overall outcome is a build-up of a heavy population density around these 
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industries. Many people living around the industries stay in slum areas where they live under 
conditions of poverty due to lack of employment or under employment. High incidences of 
malnutrition in the same slum areas are prevalent. Many people cannot afford a nutritious 
meal due to high food costs and their low purchasing power (NCPD/CBS, 1984). 
 
The grave hazards of environmental lead pollution on human health are well established. Lead 
has been linked to adverse neurological, neurobehavioral and developmental effects, 
particularly in in children Infants and young children are high risk groups of environmental 
exposure to lead, as they ingest and retain more lead than adults (WHO, 1987). 
 
The major transport system in Kenya is by motor vehicles, most of which, are purchased 
second hand. The roadworthiness of these vehicles is questionable because the regulatory 
measures in the country are not strictly enforced. For instance, most vehicles emit heavy 
fumes, which pollute the air and foods near the roads. Numerous investigations have reported 
high levels of lead content in vegetation sampled near major highways (Finkelman, 1996., 
Isabela, 1997). Perhaps, not surprisingly, there is good correlation between average traffic 
counts and average soil and plant lead content at sites close to the roadside. An inverse 
relationship between distance from the road and lead content has been observed in various 
plants and vegetables in other countries (Isabela, 1997). Further, lead levels in fuels in Kenya 
are not regulated and there is little documented data on the lead pollution either in the air or in 
human blood-despite the widespread pollution problems. In additon, contamination of water 
for drinking or cooking by lead from piping can be appreciable and may often exceed 
tolerable intakes for children or infants unless the water is alkaline or neutral (UNEP, 2000). 
 
Although about 80% of the population live in the rural areas, there has been a sustained rural 
to urban migration in search of employment, as most of the manufacturing industries are 
based in the urban areas. The majority of these migrants do not secure jobs which can 
guarantee a decent living, and they end up living in slum areas, where they are exposed to 
unsanitary living conditions (UNEP, 2000). 
 
The severity of food insecurity among the urban poor in Kenya is, therefore, likely to be 
exacerbated by enviromental pollution which compromises food safety. It has been reported 
that in such conditions, enviromental pollutants such as lead may have a debilitating effect on 
already nutritionally compromised individuals. Individuals, particularly children, with iron 
deficiency anaemia may absorb more lead than those who are not iron deficient. A 
combination of iron deficiency such as that observed in Kenya, and lead toxicity can, 
therefore, have a devastating effect on them. The inter-element interractions between lead and 
iron are, therefore, among the nutrient toxicant interactions that have become of great concern 
(WHO, 1987). 
 
Despite the well established severity of the consequences of lead poisoning, and the explicit 
policy of the government on phasing out leaded petrol, there is very little data on the 
magnitude of lead contamination levels in the environment in Kenya. Such information is 
required for advocacy in minimizing lead pollution. There is also very little information on 
the rate of replacement of leaded petrol or the hindrances, if any, that have been encountered 
in the exercise. 
 
This study was therefore designed to bring out the corelation between the environmental lead 
polution and health of subjects living in highly polluted areas of Kenya. The project was  
expected to avail information on the extent of lead contamination in staple foods and soil in 
Kenya and iron-lead interactions. The data generated will enhance awareness among  
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stakeholders on the severity of lead on food and water safety, and consequently human health.  
The  information will be disseminated to policy makers with the objective of influencing 
positive intervention policies on heavy metal pollution in Kenya.  
 
1.2. Hypothesis 
 
 Motor vehicle pollution is a leading cause of lead contamination in Kenya 
 There are high lead levels in soils and staple foods sold around the Nairobi Central 

Business District, Thika CBD and along Thika-Nairobi high-way 
 Lead pollution decreases with increasing distance from the urban centre of Thika and 

Nairobi and Thika-Nairobi highway. 
 There are high lead levels in maternal and foetus blood for mothers who live in locations 

of heavy motor vehicle pollution. 
 
1.3. Study objectives 
 
1.3.1. Overall objective 
 
The main objective of this study was to determine the extent of lead levels in Kenyan staple 
foods, and in placenta and cord blood, and its implication on nutritional and human health 
status. 
 
1.3.2. Specific objectives 
 
The specific objectives of the study were to: 

• To establish Pb levels in staple foods sold around Nairobi and Thika urban centers. 
• To establish Pb levels in Placenta and cord blood from mothers from Thika District 

hospital. 
• To correlate exposure to lead pollution with human health in Kenya. 
• To provide data that can be used in raising awareness about the prevalence of lead 

pollution and its adverse impact on human health in Kenya. 
 
 

2. MATERIALS AND METHODS 
 
2.1. Experimental design 
 
The study was carried in an area of high volume motor vehicle traffic. These included the 
uban areas of Nairobi, the capital city of Kenya and Thika, an industrial city. The Nairobi - 
Thika highway was also considered an area of high volume of motor vehicle traffic. For 
comparison the project area also included areas of low low volume of motor vehicle traffic. 
For cord blood and placenta samples, 20 mothers were randomly selected during the month of 
July at Thika district Hospital.  The placenta and cord blood were analysed for lead levels. 
Maternal blood was also analysed for haemoglobin levels. Staple food ingredients were 
collected from six sampling zones with proximity to motor vehicle volume. Laboratory 
analysis of the samples was then performed to determine the lead levels in the placenta and 
cord blood, food, and water soil air samples. Analysis of data was done to correlate the 
incidence of the lead in placenta, cord blood, soil and staple food from different zones. A desk 
study will be also done to correlate the incidence of these heavy metals in foods with human 
health and disease conditions. 
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2.2. Study areas 
 
The project area was Nairobi and Thika urban centers and the highway connecting the two. 
The area was chosen because of relatively high vehicular traffic. The project area was divided 
into 6 zones according to estimated motor vehicle traffic. 

 
Zone 1: Nairobi CBD an area with very high volume of motor vehicle traffic (high risk areas) 
Zone 2 and 3: Thika CBD and Thika-Nairobi highway respectively are areas of high motor 
vehicle traffic (High risk areas).  
Zone 4: Nairobi residential areas with medium volume of motor vehicle traffic.  
Zone 5 and 6: Rural areas (2 km distance from the highway) and Ithanga a rural area far from 
Nairobi and Thika CBD and from Thika-Nairobi highway with very low volume of traffic 
(low risk areas).  
 
• For food samples, five samples were taken randomly from different sites in each zone.  
• A total of 20 placentas and cord blood samples were obtained from Thika District 

Hospital and analyzed for lead content. 
 

2.3. Medico-legal and ethical considerations 
 
The study was conducted after approval by the Ministry of Health ethical committee. All the 
rights of patients whose samples were used were respected.  

 
2.4. Selection of subjects 
 
Stratified random sampling procedures was used to select a sample of expectant mothers, 
Stratification was based on the geographical location (estates and distance from the Nairobi 
CBD and Nairobi Thika highway). The purpose of stratified sampling was to guarantee 
desired representation of the relevant sub-groups of the two risk areas. The respondents were 
selected during the normal antenatal clinics days in the hospital. The samples were collected 
over the period of one month.  A semi structured interview schedule was used to obtain 
relevant background information. These questions solicited for information regarding 
demographic data, food access and food intake pattern, access to iron supplements etc. The 
researcher administered the questionnaire to the expectant mothers after delivery. Health 
records were evaluated of the subjects to obtain such details as blood pressure. Hb content 
was determined at the hospital. 
 
2.5. Sampling and sample preparation 
 
2.5.1. Staple foods  
 
The food samples were purchased from the markets in target areas. The samples were then 
stored under refrigeration until analysis. The sampling procedure was random within each 
study location. Sample preparation for analysis was done according to the IAEA protocols, 
1997. 
 
2.5.2. Placenta and cord blood 
 
Sampling of placenta was done at Thika District Hospital. During the sampling exercise, 
adequate care was taken putting into considerations all the pre-sampling factors as well as the 
integrity of the sampled material to represent the placental tissue. Four anatomic segments 
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were sampled as outlined by Manci and Blackburn (1987): one Para central near the umbilical 
cord, two from the central part of the placenta and one from the periphery of the placenta. The 
cord blood was obtained from the cord veins immediately after parturition. 
The cord blood and placenta were then transported to JKUAT at 40C and stored under 
refrigeration prior to analysis. Maternal haemoglobin content was determined at the hospital 
laboratory.  
 
2.6. Elemental analysis and quality control  
 
The lead in the food, placenta and cord blood samples was determined using a Shimadzu 
Atomic Absorption Flame Emission Spectrophotometer Model AA-6200. (AOAC, 1984; 
Osborne and Voogt, 1978).  Commercial lead standards were used as reference. 
 
2.7. Statistical analysis 
 
Statistical analysis of data was done using analysis of variance (ANOVA) of the lead levels in 
soil and staple foods from the different sampling areas. Comparison of means was done to 
establish whether there were significant differences in levels due to location. Similarly, a 
comparison of mean lead levels in placenta and cord blood was done to establish if there were 
significant differences in lead levels between mothers from different locations. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Lead content in foods 
 
3.1.1. Lead content in tomatoes (Lycopersicon esculentum) 
 
The analytical results for lead levels in tomatoes are summarized in Table 1. Tomato from 
Nairobi CBD had lead levels ranging from 156.2 µg/100 g to 168.6 µg/100 with a means of 
162.3 µg/100 g. Tomato from Nairobi residential areas had lead level values ranging from 
66.0 to 169.2 µg/100 g with a mean of 104.7 µg/100 g. Mean lead levels in tomatoes collected 
from Juja area was 126.5 µg/100 g with values ranging from 104.7 to 145.2 µg/100 g. 
Tomatoes from Thika CBD had mean lead levels of 131.9 µg/100 g with values ranging from 
92.6 to 161.6 µg/100 g. while Ithanga had tomato lead levels ranging from 24.2 to 62.0 
µg/100 g and a mean of 40.0 µg/100 g. 

 

84 



 

TABLE 1: MEAN1 AND RANGE OF LEAD LEVELS (MG/100G) IN TOMATO FROM THIKA 
AND NAIROBI 

 
Source Mean  Range 

Min 

 

Max 

Nairobi CBD2
162.3±4a 156.2 168.6 

Nairobi residential 104.7±42b 66.0 169.2 

Juja 126.5±11ab 104.7 145.2 

Thika CBD2
131.9±38ab 92.6 161.6 

Ithanga3
40.0±10c 24.2 62.0 

1Each mean is an average of five analyses done in triplicates.  
Means within columns followed by different letters are significantly different (p< 0.01) from each other.  
2Central Business District 
3Ithanga: a village 40 km from Thika town and approximately 80 km from Nairobi city. 

 
Tomatoes purchased from Nairobi CBD, Thika CBD, Juja, and Thika Nairobi High-way had 
significantly (p < 0.01) higher lead levels than those sampled from Ithanga and Nairobi 
Residential areas. Tomato samples from Nairobi CBD and Juja did not differ significantly    
(p < 0.01) in their lead levels). Most tomatoes sold in Nairobi are grown in the rural areas of 
Murang’a, kinangop, Nyeri, Nyahururu and other food growing regions of the country. A very 
dismal percentage comes from urban agriculture. Therefore any contamination is likely to 
occur post-harvest during transportation, handling and marketing. The mean lead levels in 
tomatoes ranged from a maximum of 162 µg/100 g in Nairobi CBD to a minimum of 40.0 
µg/100 g in Ithanga, a village located 90 km from Nairobi. These results are consistent with 
those obtained by Leelhaphunt N et al (1994), where lead levels of 210 µg/100g were 
recorded in tomatoes purchased from Thailand markets. However, these figures are much 
higher than those reported by Denmark National Food Agency 1995. This is due to the 
successful phase out of leaded gasoline in the European countries. All the zones had mean 
tomato lead levels above the recommended Codex Alimentarius Commission minimum 
(1999) levels in fruits of 30 µg/100g. 
 
The high lead levels in NCBD, along Thika Nairobi highway markets and Thika CBD is 
attributable to use of leaded petrol (gasoline).  Acoording to Ellen (1996), Leaded gasoline 
causes more widespread human exposure to lead than any other single source. This is 
particularly the case in countries such as Kenya, where the major transport system is by motor 
vehicles (CBS, 1991). When the leaded fuel is burned, it emits very fine particles of lead into 
the air, where they setle on vegetables as they are vended along the streets and next to busy 
highways. Some of  the particles settle on soil where they later contaminate the food when the 
dust is blown by wind (UNEP, 2000). 

85 



 

3.1.2. Lead content in Spinach ( B. oleracea) 
 
Results for lead levels in various spinach samples collected from different zones are shown in 
Table 3. Spinach from Nairobi CBD had mean lead levels of 453.6 µg/100 g with values 
ranging from 380.9 to 544.1 µg/100 g. Spinach sampled from Nairobi residential estates had 
lead levels ranging from 118.9 to 168.1 µg/100 g and a mean of 148.0 µg/100 g. Spinach from 
Juja area had lead levels ranging from 210.5 to 246.2 µg/100 g with a mean of 223.9 µg/100 g 
while those from Thika CBD had mean lead levels of 162.5 µg/100 g with values ranging 
from 103.5 to 258.0 µg/100 g while those from Ithanga had mean lead levels of 60.0 µg/100 g 
with values ranging from 44.2 to 85.6 µg/100 g. 
 
Lead levels in spinach samples from Nairobi CBD* were significantlly higher (p<0.01) than 
lead levels in spinach samples from other zones. Spinach sampled from Juja had significantly 
higher lead values (p<0.01) than those from Nairobi residential areas. Ithanga. There was no 
significant difference (p<0.01) between lead levels in spinach from Juja  and Thika CBDs. 
Similarly, there was no significant difference (p<0.01) between spinach samples from Nairobi 
residential estate and that from Thika CBD. Spinach sampled from areas with high levels of 
traffic had significantly higher lead levels than those from areas with less volume of traffic. 
 
There was a progressive decline in spinach lead levels as the distance from high traffic 
volumes increased. This results are consistent with studies done by Leelhaphunt, et al  (1994) 
in which lead levels of 650 (µg/100g were found in vegetables. Numerous investigations have 
also reported high levels of lead content in vegetables sampled near major highways 
(Tyroller,1988). Perhaps, not surprisingly, there is good correlation between average traffic 
counts and average soil and plant lead content at sites close to the roadside. An inverse 
relationship between distance from the road and lead content has been observed in various 
soils and vegetables (Tyroller,1988).  The contents of Lead reported in this study are 
generally higher than the permissible levels by FAO/WHO/CAC (1999) in vegetables.  This is 
30 µg/100g dry weight. 
 
3.1.3. Lead concentration in kale (B. oleracea var. acephala) 
 
Data for lead levels in various kale samples collected with proximity to traffic counts are 
shown in Table 3. Kale from Nairobi CBD recorded mean lead levels of 475.8 µg/100 g with 
values ranging from 286.7 to 572.7 µg/100 g. Kale sampled from Nairobi residential estates 
had lead levels ranging from 123.9 to 171.8 µg/100 g and a mean of 150.5 µg/100 g. Kale 
from Juja area had lead levels ranging from 244.7 to 301.7 µg/100 g with a mean of 267.4 
µg/100 g. kale from Thika CBD had mean lead levels of 210.6 µg/100 g with values ranging 
from 79.6 to 310.4 µg/100 g while those from Ithanga had mean lead levels of 58.6 µg/100 g 
with values ranging from 16.7 to 74.4 µg/100 g. 
 
Kale from Nairobi Central Business District had significantly (p< 0.01) higher kale lead levels 
than the levels from other zones. In turn, the kale lead levels from Juja and Thika CBD were 
significantly higher than those of samples from Ithanga and Nairobi residential areas. Kale 
lead levels in Ithanga were significantly lower from those from Nairobi CBD, Nairobi 
residential estates, Juja and Thika CBD 
 

                                                 
* Central Business district 
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TABLE 2: MEAN1 AND RANGE OF LEAD LEVELS IN LEAFY VEGETABLES  (MG/100G) 
THIKA AND NAIROBI 
 
Source/Sample Mean  Range 

Min 

 

Max 

Nairobi CBD2 

Spinach 

Kale 

 

453.6±6a 

475.8±86a

 

380.9 

286.7 

 

544.1 

572.7 

Nairobi residential 

Spinach 

Kale 

 

148.0±18c 

150.5±18cd

 

118.9 

123.9 

 

168.1 

171.8 

Juja 

Spinach 

Kale 

 

223.9±14b 

267.4±21b

 

210.5 

244.7 

 

246.2 

301.7 

Thika CBD2 

Spinach 

Kale 

 

162.5±58bc 

210.6±89bc

 

103.5 

79.6 

 

258.0 

310.4 

Ithanga3 

Spinach 

Kale 

 

60.0±15d 

58.6±10d

 

44.2 

16.7 

 

85.6 

74.4 
1Each mean is an average of five analyses done in triplicates.  
Means within columns followed by different letters are significantly different (p< 0.01) from each other.  
2Central Business District 
3Ithanga: a village 40 km from Thika town and approximately 80 km from Nairobi city. 
 
 
3.1.4. Lead concentration in African Leafy Vegetables (ALVs). 
 
Lead levels in Cucurbita pepo and Amaranthus hybriders leaves varieties sampled three sites 
ranged from a maximum of 693.5 µg/100g in vegetables grown next to the Thika Nairobi 
highway to a minimum of 66.0 µg/100g in vegetables grown in JKUAT farm, two kilometers 
away from the highway. Vegetables grown in Muchatha, a village aproximately 200 m from 
the highway had mean lead levels of 484.3 µg/100g. Lead levels in vegetables grown next to 
the highway were significantly higher (p < 0.01) from vegetables growing on JKUAT farm, 
approximatyely 2 km away. There appeared to be a decreasing trend in vegetables lead levels 
with distance from the high way.  These results are consistent with those reported by 
Leelhaphunt et al (1994) in a Thailand study where they found mean lead levels of 680 
µg/100 g in Celery cabbage, 388 µg/100 g in Chinese cabbage and 1080 µg/100 g in egg 
plant. In the same study, Lead levels were also high in broccoli, 984 µg/100 g. However, lead 
levels were relatively lower in tomatoes, 184 µg/100 g and green kidney beans, 197 µg/100 g. 
The contents of Lead reported in this study are generally higher than the permissible levels by 
FAO/WHO/CAC (1999) in vegetables of 30 µg/100 g dry weight. 
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TABLE 3: MEAN1 AND RANGE OF LEAD LEVELS (µG/100G) IN SOME SELECTED AFRICAN 
LEAFY VEGETABLES VEGETABLES FROM SELECTED SITES AROUND JUJA 
 

Source  

Mean  

Range 

Min 

 

Max 

Thika-Nairobi highway 
693.5±75a 156.2 168.6 

2Muchatha 484.3±40b 432.3 521.5 

3JKUAT farm 66.0±8c 53.7 72.9 

1Each mean is an average of five analyses done in triplicates.  
Means within columns followed by different letters are significantly different (p< 0.01) from each other.  
2Muchatha is aresidential area adjacent to Thika Nairobi high-way. 
3JKUAT farm is approximately 1.5 KM from the the highway and approximatel 600 m from 
 
 
3.1.5. Lead concentration in maize (Zea mays)  
 
Results for lead  levels in maize from the various sampling zones are shown on Table 4. 
Maize from Nairobi CBD had mean lead levels of 174.4 µg/100 g with values ranging from 
141.7 to 191.0 µg/100 g. Maize sampled from Nairobi residential estates had lead levels 
ranging from 59.6 to 145.6 µg/100 g and a mean of 82.2 µg/100 g. Maize from Juja area had 
lead levels ranging from 114.7 to 251.2 µg/100 g with a mean of 196.1 µg/100 g. Maize from 
Thika CBD had mean lead levels of 236.5 µg/100 g with values ranging from 92.2 to 247.0 
µg/100 g while those from Ithanga had mean lead levels of 44.0 µg/100 g with values ranging 
from 6.8 to 63.7 µg/100 g. 
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TABLE 4: MEAN1 AND RANGE OF LEAD LEVELS (µG/100G) IN MAIZE AND BEANS FROM 
THIKA AND NAIROBI  
 

Source  

Mean  

Range 

Min 

 

Max 

Nairobi CBD2 

Maize 

Beans 

 

174.4±20ab 

236.5±9.3a

 

141.7 

224.1 

 

194.0 

247.0 

Nairobi residential 

Maize 

Beans 

 

88.3±3.9c 

110.0±29bc

 

59.6 

82.3 

 

145.6 

158.9 

Juja 

Maize 

Beans 

 

196.1±5a 

197.8±5.5a

 

114.7 

114.0 

 

251.2 

262.9 

Thika CBD2 

Maize 

Beans 
 

 

119.5±9bc 

119.0±4ab

 

92.2 

54.7 

 

247.0 

175.2 

Ithanga3 

Maize 

Beans 

 

44.0±24c 

48.3±10c

 

6.8 

14.7 

 

63.7 

60.7 

1Each mean is an average of five analyses done in triplicates.  
Means within columns followed by different letters are significantly different (p< 0.01) from each other.  
2Central Business District 
3Ithanga: a village 40 km from Thika town and approximately 80 km from Nairobi city. 
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Lead levels in maize from Juja and Nairobi CBD were not significantly different (p<0.01). 
Similarly, The mean maize lead levels in samples from Nairobi CBD were not significantly 
different from those of Thika CBD. However, Maize lead levels from Juja and Nairobi CBD 
were significantly (p< 0.01) higher than those from Nairobi residential estate, and Ithanga.  
Maize lead levels were highest in Juja. This was followed in a decreasing order by Thika 
CBD, Nairobi CBD, Nairobi residential. Maize grains from Ithanga had the least lead levels.   
 
The maize lead levels in this study are very high compare to studies done in other parts of the 
world. According to Yang et al (1994), cereals in china had lead levels of 6.3 µg/100 g. In 
Denmark, The National Food Agency established lead levels of 3.3 µg/100 g in Cereals 
(National Food Agency of Denmark, 1992, Andersen et al., 1996). Both studies had lead 
levels way below those established in this study. Another study by Urieta et al (1996) found 
mean lead levels of 2.0 µg/100 g in cereals from Spain. In the United Kingdom, Ysart et al 
(1994) found mean lead levels of 2.0 µg/100 g in cereal products. In Poland, Krelowska-Kula 
in 1991 found lead levels of 6.7 µg/100 g in cereals while Saponer- Postrunzic et al (1996) 
from the republic of Croatia found mean lead levels of 7.6 µg/100 g in cereals.  
 
Srinkanth et al  (1995) in an Indian study found mean lead levels of 20.5 µg/100 g in rice. 
Another study by Leelhaphunt et al (1994) in Thailand found mean lead levels of        570 
µg/100 g in baby corn. The Thailand study showed lead levels, which was similar to those 
observed in this study. However, these other studies did not indicate the proximity of samples 
from traffic volume. The contents of Lead reported in this study are generally higher than the 
permissible levels by FAO/WHO/CAC (1999) in cereal.  This is 20 µg/100g dry weight. 

 
3.1.6. Lead concentration in beans  ( P. Vulgaris ) 
 
Results for lead levels in various bean samples from different zones are shown in Table 6. 
Beans from Nairobi CBD had mean lead levels of 236.5 µg/100 g, with values ranging from a 
minimum of 224.1 to a maximum of 247.0 µg/100 g. Beans sampled from Nairobi residential 
estates had lead levels ranging from 82.3 to 158.9 µg/100 g and a mean of 110.0 µg/100 g. 
Beans from Juja area had lead levels ranging from 114.0 to 262.9 µg/100 g, with a mean of 
197.8 µg/100 g. Beans from Thika CBD had a mean lead level of 119.0 µg/100 g with values 
ranging from 54.7 to 175.2 µg/100 g while those from Ithanga had a mean lead level of 48.3 
µg/100 g with values ranging from a minimum of  14.7 to a maximum of 60.7 µg/100 g. 

 
Lead levels in beans were similar in samples obtained from Nairobi CBD, Juja and Thika 
CBD (P < 0.01).  Bean lead levels in Nairobi CBD and Juja were significantly higher            
(p < 0.01) than those from Ithanga and  Nairobi residential estate. Nairobi CBD had the 
highest bean lead levels followed by Juja and Thika CBD. Ithanga had the least lead levels. 
The contents of Lead reported in this study are generally higher than the permissible 
maximum levels by FAO/WHO/CAC (1999) in pulses.  This is 20 µg/100g dry weight. 

 
Lelhaphunt et al (1994) in a Thailand study found varying lead levels in various bean 
varieties. In kidney beans, 118.3 µg/100 g, mung beans, 241.2 µg/100 g, cow peas. 223.9 
µg/100 g, jobs tears, 214.5 µg/100 g, soy bean 211.5 µg/100 g and peanuts, 219.5 µg/100 g. 
The values reported by Leelhaphunt et al (1994) are similar to those observed in this study. 
Other studies by Zhang et al (1998) in China, found lead levels of 3.1 µg/100 g in soybean, 
and 2.6 µg/100 g in pulses. These levels are way below those established in this study (48.3 
µg/100 g in Ithanga and a maximum of 236.5 in NCBD). Muler and Anke  (1995) in a 
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German study found mean lead levels of 2.2 µg/100 g in white bean. Urieta et al (1996) found 
levels of 1.0 µg/100 g of lead in a Spain study. It is important to note that phasing out of 
leaded gasoline in European countries has successfully been implemented as compared to 
Kenya and other developing countries (UNEP, 2000). 
 
3.2. Lead content in placenta and cord blood 
 
Data for lead levels in placenta and cord blood is shown on table 2. Lead levels in placenta 
ranged form 29 µg/100 g to 210 µg/100 g with a mean of 99.35. Levels of lead in cord blood 
ranged from 1µg/dl to 124 µg/dl with a mean of 39.7 µg/1dl.  Our results are consistent with 
those obtained by Thieme etal (1986) in a Munich study where they found lead levels of 50 
µg/100g and 3.81µg/dl in placenta and cord blood respectively.  However the cord blood lead 
levels are way below those found in this study.  
 
Placental led levels were highest in subjects living next to busy highways or in Thika Central 
Business District (210 (µg/100g in Jamuhuri, an estate in Thika CBD and 198 from Cirio 
Delmonte, a farm next to Thika). Lowest levels were registered in subjects living far from 
Thika town and major highways such as 33 µg/100g from Rwathe, approximately 35 km from 
Thika town and 29 from  Makongeni, an estate approximately 6 km from Thika CBD. 
 
Other studies by Baranowska (1995) found lead levels of 50 µg/100g and 3.8 µg/dl 
respectively from placenta and cord blood in an intensely industrial upper Silestian region. As 
in this study, these investigations established higher lead levels in placenta than cord blood. 
The placenta has been used as a biological marker because levels of Pb in the environment are 
reflected in the placenta. However, in terms of protecting the fetus, the barrier factor is 
insufficient. Baghurst et al (1991) observed in Port Pirie South Australia that there is 
considerable inter individual variation in efficiency of transfer of lead from maternal to 
placental tissue. 
 
In a study conducted in former Yugoslavia, placenta samples ranging from low, mid and high 
Pb exposure were found to be 75, 150 and 450 % higher, respectively compared with no 
known additional sources of exposure. In a Zambian study, the mean blood lead levels were 
412 and 370 ng/ml for mothers and infants, respectively (Clark, 1977).  According to Iyengar 
and Rapp (2000) high intake of Pb through drinking water and by exposure to elevated urban 
Pb in the urban environment have also been shown to moderately Pb burdens in maternal 
blood and placenta as well as the blood Pb of the new born (or cord blood). This confirms 
efficient transfer of lead through placenta  (Tsuchiya et al., 1984).  
 
The joint FAO/WHO Expert committee on food additives recomends that the weekly intake 
of lead should not exceed 25 µg/kg of body weight per week for adults, children and infants 
(WHO/FAO, 1995). Contamination of water for drinking or cooking by lead from piping can 
be appreciable and may often exceed tolerable intakes for children and infants unless the 
water is neutral or alkaline (UNEP, 2000).  Soils overlying lead containing mine deposits or 
subject to industrial or urban pollution can contain up to 4000 mg/kg instead of the normal 
0.1-2.0 mg/kg (WHO, 2001). According to the WHO (2001), the maximum lead 
concentration should be 10 µg/dl of blood. Blood lead concentration of An ammount of 45 
µg/dl demands that treatment begin within 48 h. More than 70 µg/dl presents a medical 
emergency while over 120 µg/dl is highly toxic and potentially lethal (WHO/FAO, 1995). 

91 



 

3.3. Hemoglobin (Hb) level in maternal blood 
 
Hemoglobin levels ranged from a minimum of 6.0 to a maximum of 14.2 with a mean of 11.1 
g/dl. Birth weight ranged form a minimum of 2.7 kg to a maximum of 3.4 kg with a mean of 
3.1 kg. There was an inverse relationship between placental lead levels and Hemoglobin 
levels in subjects where supplementation with iron folate tablets had not been done suggesting 
a possible lea-iron interaction. Among the subjects where supplementation had not been done, 
relatively low lead levels of 50 µg/100 g coincided with high hemoglobin levels of 12.3 g/dl. 
Similarly high lead levels of 156 µg/100 coincided with low Hemoglobin levels (8.0 g/dl). 
Diet also impacts on hemoglobin levels. 
 
Anaemia prevalence was higher (Hb below 11 g/dl) among non-supplemented subjects (53.8 
%) compared to only 28.57 % in subjects where supplementation with iron folate tablets had 
been done.  The supplemented cases with low haem levels were also characterized with high 
placenta lead levels. 
 
The anemia of lead poisoning results from two basic defects: shortened erythrocyte life span 
and impairment of haem synthesis (WHO/FAO, 1995). Although the incidence of IDA has 
been observed to be high in Kenya (GoK/UNICEF 1999), no study has been undertaken to 
link the anemia to lead poisoning.  
 
During pregnancy, a substantial amount of iron is deposited in the placenta and fetus. This 
results in an increased need of about 700-850 mg in the body iron over the whole pregnancy 
period (Linkages, 2001). The increase is distributed as follows, fetal iron 270 mg, placental 
iron 80 mg, partum and intrapartum losses 250 mg, hemoglobin and tissue expansion 200 gm, 
maintenance during amenorrhea 190 mg and postpartum involution iron 200 mg (Linkages, 
2001). Although iron requirements increase in pregnancy, pregnant women do not often 
consume or absorb proportionately sufficient iron and vitamin C, hence the high risk of IDA. 
Other factors that affect the levels of anemia include, age, food intake, parity, twin pregnancy 
and the number of multiple pregnancies (Micronutrient Initiative, 1996). Lactation also 
predisposes the mother to IDA due to iron loss through breast milk. Due to these 
physiological and other biological aspects such as menstrual blood loss, women are more 
vulnerable to IDA than men (Linkages 2001, Micronutrient Initiative, 1996). 
 
3.4. Maternal blood pressure 
 
Blood pressure levels are shown on Table 2. Diastolic blood pressure ranged from a minimum 
of 70 to a maximum of 80 with a mean of 72.5 mmHg. Systolic blood pressure on the other 
hand ranged from 110 to 130 mmHg with a mean of 116.5 mmHg. All the subjects were 
within the normal range of 110/70 to 130/80 mmHg. However there was a general trend of 
increasing blood pressure with placenta -lead levels. Lead levels were directly and 
significantly associated with elevated systolic and diastolic blood pressures.  
 
Only 40 % of the subjects were on the lower level of systolic blood pressure of 110 mmHg 
compared to 55 % with 120 mmHg and 5 %with 130 mmHg on the upper side. 
Epidemiological studies have indicated an association between an elevated body burden of 
lead and increased blood pressure in adults. Recent studies have shown that systolic blood 
pressure increases by about 0.133-0.267 kPa (1.5-1.3 mm Hg) for every doubling of blood 
lead in women and 0.200-0.400 kPa (1.5-3.0 mm Hg) in men. (Yip et al., 1981, Tyroller, 
1988). An Increased incidence of high blood pressure has been cited in this country, no link 
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has been made associating it with lead poisoning. Other problems associated with lead are 
kidney failure, cancer and delayed puberty in girls (Sherry et al., 2003). 
 
3.5. Birth weight 
 
Data on birth weight is given on table 2. Birth weight ranged from 2.7 kg to 3.4 kg with a 
mean of 3.1 kg. The impact of lead poisoning on birth weight was marked though not very 
pronounced given the diverse diet patterns. According to Tong et al., (1996), A pregnant 
mother exposed to lead can pass it through her body, harming the fetus and causing stillbirth, 
miscarriage, low birth weight or premature birth.  Richer et al. (1999) studied the relationship 
between the concentration of Pb in placenta of women with intrauterine fetal growth 
retardation. They detected in control group significantly lower Pb levels (1.13 µg/100 g) in 
placental tissue. The IUGR had higher levels of Pb (1.52 µg/100 g). Higher age is associated 
with higher placenta lead levels (Iyengar and Rapp, 2000).   
 
Intrauterine growth retardation presents an increased risk of morbidity and mortality to 
newborns. According to Kalinka et al., IUGR is multi-factorial and may include maternal 
infection, malnutrition, placental dysfunction, hypertension, preeclampsia, smoking and 
environmental exposure. Nutrition may significantly influence the course of pregnancy 
especially in groups with high exposure to toxic metals, particularly lead and cadmium 
(Bencko et al.,1995). 
 
In a Swedish study, placental concentration of lead ranged from 0 130 ng/g. Lead levels in 
cord blood were the same as in maternal blood (11ng/g). According to this study, cord blood 
Pb was a negative predictor of birth weight, length and head circumference. The results 
showed that Pb easily crossed the placental barrier (Osman et al., 2000) 
 
3.6. Gestation period 
 
Gestation period ranged from 36 weeks to 40 weeks two days with a mean of 39 weeks, 1 day 
(Table 5). No pre-term delivery was observed contrary to a recent Spain research, where 
prenatal exposure to lead was found to result in an increased risk of preterm delivery and low 
birth weight. According to Khera et al. (1980), elevated placenta Pb concentration and still 
births occurrence has been seen in cases studied around the stoke-on-Trent area in the UK. In 
His study, Khera et al. (1980) foung high Pb levels in a cohort of occupationally exposed 
women employed in pottery, lithography, and painting jobs. Therefore, pregnant women must 
be protected from exposure to Pb in foods, drinking water as well as other emission sources. 
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TABLE 5. PB, HB, BIRTH WEIGHT, BLOOD PRESSURE AND GESTATION PERIOD OF A COHORT OF MOTHERS FROM THIKA DISTRICT HOSPITAL 
Subject 

ID 

Placenta Pb 

(µg/100g) 

Cord blood 

(µg/dl) 

Hb (g/dl) Birth weight 

(Kg) 

Systolic blood 

pressure (mmHg) 

Diastolic blood 

pressure (mmHg) 

Supp. With iron 

tabs 

 

Age 

Gestation 

(Weeks) 

001          33 26 8.6 2.9 110 70 no 20 39’5

002          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

       

96 48 9.2 3.2 110 70 no 23 36

003 30 24 12.3 2.7 120 70 no 25 40’2

004 56 16 6.0 2.7 120 80 no 18 40

005 32 21 13.8 3.6 110 70 no 29 39

006 89 25 9.8 3.4 110 70 no 24 40

007 210 124 11.2 3.0 120 80 yes 21 39

008 68 27 10.6 3.0 110 70 no 42 40

009 41 27 12.8 3.0 120 80 no 22 39

010 81 37 12.2 2.8 120 70 no 18 40’1

011 165 60 12.4 2.8 120 70 yes 25 40

012 69 37 10.6 3.0 110 70 yes 26 41

013 83 56 9.2 3.4 130 80 yes 23 39

014 156 34 8.0 3.7 120 70 no 27 40

015 29 15 10.6 3.2 110 70 no 25 40

016 198 83 11.7 2.9 110 70 no 20 36

017 131 21 12.2 3.2 120 70 yes 22 38’2

018 145 82 14.2 2.8 120 70 yes 24 38

019 125 30 13.2 3.2 120 70 yes 24 39

020 50 1 12.3 2.7 120 80 no 23 39

Mean 99.35±67.8 39.7±28.3 11.1±2.0 3.1±0.3 116.5±5.72 72.5±4.33 24.05 39’1

Range          29-210 1-124 6.0-14.2 2.7-3.4 110-130 70-80 18-42 36-40’2
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Abstract 

 
In this paper we’ll describe and elucidate nutritional problems of the Gharb population of Morocco 
especially children relating to the environmental pollution. Indeed, the north west region of Morocco 
represent a zone where meet all sewages charged of heavy metals and other pollutants coming from 
different industries and human activities as well (agricultural, textiles, tanneries, paper-mills…).  
We have chosen randomly about 400 children from 4 districts near downstream the Sebou river. 
Regarding the nutritional situation of the Gharb population, our survey indicated that stunting (27.9%), 
anaemia (28.7%), and weight deficiency (12.5%) are the most known nutritional problems. The main 
causes of these nutritional problems are poor nutritional intake as well as poor socio-economic situation. 
Otherwise, the objective of our study is to establish a relationship between these nutritional disorders and 
environmental pollution. This relationship deserves to be solved especially in this region.  
In this fact, we have studied the interaction between nutrition (micronutrients heavy metals: Fe, Zn, Cu) 
and toxic heavy metals such as Cd and Pb in blood and urine of children living in Gharb region of 
Morocco. 
A rapid and simple analytical procedure was used for the determination of Fe, Cu and Zn trace amounts 
in blood by total-reflection X-ray fluorescence technique. The accuracy of measurements has been 
investigated by using certified materials. Samples of blood and urines containing less than 50 ppb of 
heavy metals have been examined by atomic absorption spectrometry.  
The concentration of Cu in blood was found to be normal in all samples (@ 1 ppm) which ruled out any 
interaction between this element and the others. On the other hand, amounts of Fe and Zn are very 
variables, suggesting an interaction between Fe and Zn. On the other hand, statistical treatment of data 
suggests that concentration of lead becomes important and interaction between this metal and iron can 
lead to anaemia. 
The proportion of metal in blood and urine revealed that heavy metals elimination by urinary way doesn't 
take place at the same speed. Our results show that lead is the most excreted with a rate of K= 9.5 x 10-2 
followed-up successively by copper (K=7 x 10-2), zinc (K=1.85 x 10-2) and iron (K= 0.061 10-2). 
exam of food habits permitted us to conclude that this accumulation of heavy metals comes from 
vegetables cultivated on soils having accumulated a great quantity of heavy metals from waters of 
irrigation. Consequently, vegetables constituting the food habit basis of the target population accumulate 
a large spectre of essential (Fe, Zn and Cu) and toxic heavy metals (Pb and Cd). 
 
 

 
1. INTRODUCTION 
 
Over the past decade there has been growing concern about the links between health and the 
damage that humans are doing to the physical environment [1]. The health of individuals and 
populations is determined by many factors acting alone or together, often in complex 
interplay. Information on the determinants of health is particularly important because it can 
help explain trends in health and why some groups have better or worse health than others. 
This knowledge can then guide the nature and focus of preventive activities. 
 
The strong association between health, social, economic and environmental factors has 
become increasingly recognised and documented. However, the mechanisms behind that 
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association are less clear. Much of the research on health focuses on the observation that 
people in poor circumstances have worse health than those in more advantaged conditions. 
Social and economic disadvantages (e.g. poor education, unemployment and few assets) tend 
to occur together, and magnify the negative effects on health [2-4]. In recent years a variety of 
xenobiotics, such as heavy metals, has been shown to interact with micronutrient intake [5]. 
This situation increase the rate of malnutrition in population and people will be predisposed to 
toxicity from nonessential metals.  
 
Moroccan’s present social, economic and physical environment generally provides access to 
good-quality food and water, housing and places for recreation as well as education and 
employment. Despite this, some Moroccan such as the population living in old districts, 
peripheral regions and in rural has generally poor social and economic conditions and poor 
health. In addition, significant changes to Moroccan’s physical environment have been at 
considerable cost to resources such as soil, rivers, aquifers and biodiversity [6-7]. Otherwise, 
material released into north-west Moroccan’s rivers and the Atlantic ocean contributes to 
environmental issues that could have significant population health impacts. 
 
Research on health and nutritional profile of the population, living in the polluted 
environment is needed; there is an urgent need for action since the use of waste water for 
agriculture irrigation is increasing due of the frequent droughts during the last years. Within 
this paper we want to understand the relationship between nutritional status of children and 
environmental issues. 
 
In the present paper, the AAS and TXRF method in combination with microwave assisted 
high-pressure wet digestion was used for analysis of Fe, Cu, Zn, Cd and Pb in children blood 
and urine. A relationship between nutritional elements and nonessential was established. It 
has become apparent that total reflection X-ray fluorescence analysis (TXRF) is a suitable 
method for biological and clinical chemistry. It is practicable for the screening and 
biomonitoring of biological specimens. 
 
 
2. EXPERIMENTAL 
 
2.1. Investigation zone  
 
The zone of our survey is localised in the north west of Morocco, called Gharb region (fig. 1). 
This region covers 40 000 km² and the yearly precipitations are on average 500 mm. The 
inhabitant's number reached 1 625 082 in 1994 and will pass to 2 100 000 in 2005 [8].  
 
The regional economy is based mainly on the agricultural activity that use 53.3% of actives 
people; this rate is more higher that the national average (40%). The other sectors are 
especially trade (11.3%) and industry (9.9%) [8]. 
 
The Sebou River, the ground water and the lagoon system are the main water supplies in this 
region. The waste water in this region is removed through one unique drainage system used 
for waste water from domestic activity, industrials, hospitals, and rainwater. 
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Moreover, the region of the Gharb receives at the same time waste water from other big 
Moroccan cities (Fez, Meknes, Sidi Kacem). This water is also carried along the Sebou River 
(600 km length) (Fig. 1). All these effluents are charged with heavy metals, resulting from 
many industrial activities such as iron and steel industry, chemicals industries tannery, textile, 
petrochemistry, paper- making industry… 
Pb, Cd and Hg are the main pollutants of this water.   
 

 

 

North west 
region  

Investigation Zone 

Principal cities polluters of Sebou river are indicated by   
 

FIG. 1:  Geographical localization of the investigation zone. 
 
 
2.2. Field work: socio-economic, environmental and nutritional data relating to the 
target population 
 
During the first stage of this work, we have identified the target population. A sample of 
school-age children (6-16 years) has been selected randomly from urban and rural areas 
downstream the Sebou river. The method of sampling chosen is by clusters (4 districts, 2 
schools and 2 classes by school (25 children by classes and a total of 400 children). The 
proportion of 50% of girls will be respected.  
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Samplings of blood and urine have been collected in two tubes: in dry tube with two drops of 
nitric acid for heavy metals analysis (stored at –85 °C) and in an other tube with anticoagulant 
(EDTA) for biological analysis. 
 
In addition a questionnaire have been made for collecting data on socio-economic status of 
each children (income) as well as nutritional habits (meat, fresh vegetable and fruit, cereal, 
milk and some drinks such as tea).  
 
2.3. Biological analyses of blood and urine  
 
Biological analysis of blood (Haemoglobin, Hematocrite, White blood cells, Red globules, 
Concentration of Hb/red globule, Average volume of globules…) have conduced using 
automaton (High Cell). After biological analysis of blood, we have discarded all samples that 
have shown an infection in order to ovoid any confusion with anaemia due to infection. We 
have kept at the end 306 samples.  
 
For urines we have collected samples of 24 hours because urines during day changes. Much 
of this variability can be compensated by adjustment of the concentration based on the level 
of creatinine in the urine.  
 
We have measured creatinine by colorimetric method (492 nm) using reagent 1 (picric acidic, 
17.5 mmol/l) and reagent 2 (sodium hydroxide 1.6 mol/l) [9].  
 
2.4. Determination of Heavy metals in blood and urine 
 
2.4.1. TXRF measurement and analytical control 
 
To determine the concentrations of the elements Fe, Cu, Zn, Cd and Pb in the blood samples 
and urine, a TXRF apparatus performed with a 2 kW power Seifert X-ray generator and a 
fine-focus X-ray tube with a molybdenum anode operating at 30 mA and 50 kV was used. X-
ray beam was monochromatized using a multilayer (W/C) cristal. The fluorescent X-rays of 
the sample was detected by a Si (Li) detector having a resolution of 165 eV at 5.9 keV and 
analysed by a Camberra S100 multi-chanel analyser card coupled to a computer for data 
storage and analysis.  
 
The blood samples were digested using a pressure controlled microwave accelerated reaction 
system (Mars 5 CEM). 3 ml concentrated HNO3 and 1 ml H2O2 were added to the samples (≈ 
5 g of blood) and heated for 15 min. After cooling, 10 µg Sr as internal standard was added to 
each solution, making up with deionized water to 10 ml. 25 µl of these solutions were placed 
onto quartz-glass reflectors. The solvents were allowed to dry to a thin film under an IR lamp 
and measured for 1000 s with Mo excitation. 
 
In order to demonstrate the reliability of the analytical procedure, the concentrations of Pb, Cd 
Fe, Cu and Zn in the certified reference material (Lyophilised animal blood, A-13, AQCS, 
IAEA) were determined and the certified values were compared with the measured values. 
The results are given as recovery rates and are listed in table 1. Generally speaking, the 
measured values do not deviate significantly from the certified values. 
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TABLE 1. EXAMINATION OF ACCURACY BY ANALYSIS OF CERTIFIED REFERENCE 
MATERIAL (LYOPHILISED ANIMAL BLOOD, A-13, AQCS, IAEA). 

 

 

Element Certified value (confidence interval) Measured value Recovery rate/%

Fe 

Cu 

Zn 

2,4 g/kg              (2,2 - 2,5) 

4,3 mg/kg           (3,7 - 4,8) 

13 mg/kg             (12 - 14) 

2,15 ± 0,04 g/kg 

3,39 ± 0,26 mg/kg 

10,68 ± 0,14 mg/kg 

90 

79 

82 

2.4.2. AAS measurement  
 
We have also proceeded to dosage of trace heavy metals by atomic absorption spectrometry 
(AAS) after mineralization. Atomisation was conduced using graphite oven with an automatic 
system and auto sampler injection to measure trace heavy metals. 
 
2.5. Determination of Heavy metals in water, soil and vegetable 
2.5.1. Samples preparation 
 
•  Water: 
 For each sample, two polyethylene bottles are filled, after sufficient rinsing, with water 
from 0.1 m below the water surface. Then, 100 ml of water are filtered on 0.45 micrometer 
filter and preserved with 0.5 ml of HNO3. Samples are kept cool (4-5 °C) until analysing.  
100 ml of water was digested with 4 ml of nitric acid at 200°C/20 min. After cooling, 5.4 g of 
H3BO3 have been added. Each sample is prepared in triplicate. 
 
• Soil: 
In this work, we are limited to environment of plant roots. Samples of soil are taken from first 
30 centimetres. They are collected in PE-bags and stored dry until further treatment. 0.5 g of 
dry soil have been digested at 200°C/20 min, using a solution of : 1 ml áqua regia + 6 ml of 
fluorhydric acid + 1 ml of H2O2. After cooling, 2.7 g H3BO3 have been added and the mixture 
has been adjusted to 50 ml. Each sample is prepared in triplicate 
 
• Food: 
Representative samples of foods taken from prospected region in PE-bags have been  Kept 
dry. Digestion has been achieved into H2SO4-HNO3-H2O2 : 1-3-3 ml/g, during 12 min at 
200°C then adjusted until 100 ml with demineralised water. Each sample is prepared in 
triplicate 
 
2.6. Statistical treatment of data 
 
We have used some statistical software as Epi-Info to assess stunting level (HAZ) and weight 
deficiency (WAZ). 
Otherwise, anthropometric parameters (income) and food habits have been coded from 1 to 5 
according to the repetition frequency.  
Matrix of data has been treated by STATISTICA software to establish the strength of links 
between social, environment and nutritional problems.  
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3. RESULTS  
 
To interpret the interaction between nutrition and pollution, we have judge necessary to 
understand environmental situation in which our children are living. The investigated region 
is in fact not exposed in the same way to different shapes of pollution. In the same way the 
social level is very variable according to districts. Figure 2 shows that prevalence of weight 
deficiency is closely linked to income of children’s family investigated. It goes from 13.2% 
for families at weak income until 0% for comfortable families (fig. 2A). On the other hand the 
relation between stunting and families income doesn't seem obvious (fig. 2B).  
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FIG. 2. Prevalence of weight deficiency (A) and stunting (B) according to monthly income of the 
children’s family. 
 
Many problems are present in the survey region, the most significant were malnutrition, poor 
water, sanitation and hygiene. 
 
In front of this situation and in order to reduce at maximum all false interpretation of the risk 
of the pollution on the health of children, particularly anaemia owed to parasites or a bacterial 
infection, we have discard all children that suffer of an infection or carry an hematophage 
parasite.  
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Our results shows that stunting represent 27.9%, anaemia 28.7%, and weight deficiency 
12.5%. The main causes of these nutritional problems are poor nutritional intake as well as a 
poor socio-economic situation (fig. 2). 
 
The high prevalence of growth retardation is characterized by an extremely low income and a 
low consumption of milk, fresh vegetable and meat (table 2).  
 
 
TABLE 2: FOOD HABITS OF CHILDREN INVESTIGATED  

 
Percentage of food consumption  

             Meat  fresh vegetable Cereal  Milk  Tea  
           and fruit  

Every day    34.3  42.8  100.0  44.1  91.5 
2 at 3 times per week  50.7  47.1      0.0  37.3  06.2  
1 time per week   10.5  08.8      0.0  12.7  01.3 
Rare     04.5  01.3      0.0  05.9  01.0 
 
 
 
In the same way, haemoglobin is strongly linked on the one hand to HAZ and WAZ and on 
the other hand to food habits in ascending order : cereal, tea, meat, fresh vegetable-fruit and 
milk (fig.3).  
 

Linkage Distance
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FIG. 3. Euclidean distances between anthropometrical parameters Hb and food habits. 

 

To establish a relationship between these nutritional disorders and environmental issues, we 
have kept 306 samples of blood and urine in order to examine their content in non essential 
heavy metals (Pb and Cd) and essential heavy metals (iron, copper and zinc).  
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Through results of this study, relating to the interaction between nutrition and pollution, we 
present a rapid method for screening blood and urine samples that contain an abnormal 
concentration of heavy metals. Analysis has concerned Pb, Cd, Fe, Cu and Zn elements.  

 
A typical TXRF spectrum of a digested blood sample, measured with the Mo excitation 
device, is shown in Fig. 4. 
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IG. 4. Typical TXRF spectrum of a blood sample, measured with the Mo excitation device 

his population of children, for which the decision of survey has been motivated by the 
existence of environm ing from industry of 
textile, tanner ar from being saf Indeed, 
AAS analysis showed that, among 306 blood specimens submitted for analysis, 20 samples 
have already a concentration higher than 50 ppb, some of them can reach 65 ppb (table 3). 
 
TABLE 3. INTERVAL AND  OF HEAVY METALS CON ION IN BLOOD 
AND U CHILDREN 
 

Heavy ncentration in blood and u

Energy [keV]

 

F
(measuring time 1000 s). 

 
T

ental risk factors (pollution by wastewaters com
y and paper-mills)[7], is f e from lead contamination. 

AVERAGE
(B EN 6 AND 16 YEARS). 

CENTRAT
RINE OF ETWE

 me ls cota rine 
in total bloo

 
in urine (µ eatinine) d (ppm) g/  crg

Interval 22.1 - 607 0 – 4.8 Fe 
average 391.1 0.24 
Interval 3.6 - 261 0.1 – 2.36 Zn 
average 30.2 0.56 
Interval 0.6 – 1.56 0 –0.31 Cu 
average 1 0.07 
Interval 0.5 – 6 x 10-3 - Cd 
average 2.7 x 10-3 - 
Interval 5 – 65 x 10-3 0 – 24 x 10-3Pb 
average 23.92 x 10-3 2.27 x 10-3
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For copper, 100% of results are normal (≅ 1 ppm). On the other hand, amounts of iron and 
zinc are very variables. For zinc, its concentration in blood varies between 3.6 and 261 ppm: 
152 blood samples from 306 (49.7%) are higher than the normal (15 ppm). Thus, we can see 
that 21.24% >50 ppm and 3.6% >100 ppm. Blood samples presenting a deficit in zinc 
constitute 21.9%. For iron, 36.9% of samples are outside the normal with only 4.2% slightly 
superior to the normal, but 32.7% are inferiors to 400 ppm .  

 
These results suggest that the iron rate lower to the normal is one of the main reasons of 
anaemia observed in the region investigated (28.7%). Moreover iron-zinc interaction is 
probably one of causes of weak absorption of iron rather than its bioavailability. The high 
concentrations of zinc in the most samples examined reinforce our hypothesis (table 3). 
The proportion of metal in blood and urine revealed that heavy metals elimination by urinary 
way doesn't take place at the same speed. Our results show that lead is the most excreted with  
a rate of K= 9.5 x 10-2 followed-up successively by copper (K=7 x 10-2), zinc (K=1.85 x 10-2) 
and iron (K= 0.061 10-2). 
 
Anaemia statute of our target population is a complex phenomenon making intervene several 
component of order socio-economic, environmental, nutritional…  
Figure 5 illustrates this interaction in the Gharb region of Morocco. It shows that axis F1 
detains especially information opposing parameters of children’s growth WAZ and HAZ to 
food (Meat, vegetables, milk), income and B-Zn. Cereals and tea, daily consumed by 
children, are rather attached to F2 axis.  
Otherwise, F2 axis opposes a unity grouping Hb, B-Fe, B-Cu, U-Fe, U-Zn, U-Cu to lead in 
blood (B-Pb) and urine (U-Pb). 
 
These results suggest that iron has a double interaction; first with lead according to F2  axis 
then with zinc according to F1 axis.  
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FIG. 5. Principal component analysis in F1, F2 plan (Marked loadings are >70%), showing the 
determination of profiles of anaemia of a population of children (6-16 years) according to the socio-
economic parameters (Income), food consumption (tea, milk, vegetable, cereal and meat) and metal 
concentration in blood (B) and urine (U).  
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We concluded, through biological analysis results that all population living in the Gharb 
region of Morocco is exposed in the same way to pollution by heavy metals principally zinc 
and lead. No relation between district and heavy metals contamination seems to be obvious. 
Large scale contamination conceals the local contamination.  
 
Otherwise, our investigation was focused on the level of contamination of target environment 
(water and soil) and the most consumption foods in the region.  

 
If drinking water is under surveillance of competent authorities, on the contrary, irrigation 
water undergoes no quality control. In our region, cultures are irrigated directly from Sebou 
river or from wells waters, sometimes from Fouarat lake waters. In any case, almost all 
sources of water are constantly in exchange. It proves to be that chemical quality is very 
variable and characterized by a high concentration of iron. It is also important to note that, 
Fouarat lake presents a very advanced pollution degree. These concentrations reach 9.27 ppb 
for Cd and 5.08 ppb for Pb (table 4). This contamination is especially owed to the 
contamination of lake by direct dismissals of wastewaters in this site (table 4).  
 
TABLE 4. HEAVY METAL CONCENTRATIONS IN WATER (SITES RESTING ON THE 
MAAMORA’S AQUIFER) 
 

Sites 

Fouarat Lake Well Sewage 

Heavy metal 
concentration 

in water 
 (in µg/l) 

 
L1 L2 L3 L4 W1 W2 W3 W4 S 

Cu 0 0 0 0 11.67 ± 1.5 10 ± 1 0 13.67 ± 1.5 24.67 ± 1.5 

  Zn 
22.23 ± 2.5 19 ± 2.65 31 ± 3.6 19.7 ± 1.5 8.67 ± 2.3 22 ± 2.6 0 11.67 ± 2.1 56.67 ± 6.1 

Fe  1067 ± 125.8 2183 ± 161 2200 ± 70 4517 ± 76.4 453.3 ± 5.8 900 ± 100 136.7 ± 5.3 1800 ± 200 7467 ± 57.7 

Pb  3,48 ± 0.2 3.02 ± 0.3 4.43 ± 0.5 5,08 ± 0.2 2,37 ± 0.1 1,71 ± 0.1 0 2.13 ± 0.2 26.51 ± 2.2 

Cd 6.01 ± 1.3 7.71 ± 0.2 9.27 ± 2.2 12.28 ± 3.2 1.62 ± 0.2 2.11 ± 0.2 0 1.41 ± 0.2 23.73 ± 3.2 

 
Consequently, soils irrigated by water coming from local wells contain big quantities of heavy 
metals ((in µg/g), Cu: 26.4, Zn: 176 and especially Pb: 22.1, Cd: 31.1 and Fe: 41318) (table 
5). It is obvious that these quantities are reached following an accumulation during previous 
years.  
 
This contamination of soils is today at the origin of high concentration observed at the level of 
cultures. We note that the level of contamination is variable according to cultures and metals:  
 

• for Zn and Cu we find : Courgettes >Turnips > Cabbages > Tomatoes > Potatoes.  
• for Fe: Turnips > Cabbages > Courgettes > Potatoes > Tomatoes 
• for Pb and Cd:  Potatoes > Courgettes > Turnips > Cabbages = Tomatoes 
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TABLE 5. HEAVY METAL CONCENTRATIONS IN SOIL AND THE MAIN VEGETABLES 
AND FRUITS CULTIVATED IN THE GHARB REGION OF MOROCCO  
 

Samples of fruit and vegetable Heavy metal 
concentration (in 
µg/g dry weight) 

 
Soil Tomatoes Potatoes Courgettes Cabbages Turnips 

Cu 26.4 ± 4.5 12.5 ± 1.3 3.4 ± 0.5 16.9 ± 4.4 4.1 ± 0.8 15.7 ± 3.1 

Zn     176 ± 39 26.6 ± 3.1 21.8 ± 3.2 60.3 ± 4.6 42.7 ± 2.5 52.1 ± 2.1 

Fe  41318 ± 17288 80.4 ± 18.7 98.4 ± 20.2 312.2 ± 12.7 890.3 ± 17.7 9139 ± 266 

Pb  22.1 ± 3.2 3.0 ± 0.5 19.1 ± 2.3 12.03 ± 3.2 3.1 ± 1.5 09.1 ± 1.5 

Cd 31.1 ± 2.1 2.2 ± 1.0 15.2 ± 4.4 14.31 ± 3.8 2.2 ± 1.1 10.2 ± 1.4 

 

4. DISCUSSION 
 
Our results show that Gharb region of Morocco, as it’s the case of all developing countries, 
knows several difficulties to promote health of populations, especially the one of the child 
school age. The situation is more complex with discoveries today of a high interaction 
between micronutrients and pollution by heavy metals.  
 
As it has been demonstrated before by Bour et al. (2000) [10], the main problems met in 
Morocco are anaemia (28.7%), stunting (27.9%) and weight deficiency (12.5%). We 
emphasize here that these problems are linked to poor nutritional intake and poor socio-
economic situation (fig. 2). 
 
Nutritional problems observed among children are indeed, doubles; on one side 32.7% of 
blood samples have an iron concentration lower to the normal and on the other side higher 
concentrations of zinc in blood among 49.7% of children let suggest that problems of anaemia 
are linked to difficulties of intestinal absorption rather than its bioavailability. This hypothesis 
is reinforced by the presence of a high quantity of iron in the main vegetables consumed in 
our region (table 5). Otherwise, Principal component analysis revealed that Pb-Fe interaction 
could exist (Fig. 5). 
 
In 1985, Marks [11] has already demonstrated that a variety of additional xenobiotics showed 
an interaction with the heme biosynthetic pathway, namely, halogenated aromatic 
hydrocarbons, pesticides, sulfides, and a variety of metals. Moreover, different xenobiotics 
(e.g., dihydropyridines and compounds containing unsaturated carbon-carbon bonds) interact 
with the prosthetic heme of cytochrome P-450 forming novel N-alkylporphyrins. 
 
In recent years authors [5] could confirm that micronutrients interact with toxic metals at 
several points in the body: absorption and excretion of toxic metals; transport of metals in the 
body; binding to target proteins; metabolism and sequestration of toxic metals; and finally, in 
secondary mechanisms of toxicity such as oxidative stress. 
 
Lonnerdal (1996) and O’Dell (1989) [12-13] have demonstrated that when two chemically 
similar ions are present in the intestinal lumen the one having molar excess will tend to 
exclude the other. Interference of iron and zinc absorption is predominantly observed [14-15]. 
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In this order of ideas 65Zn must reduce the absorption of 59Fe and anaemia can happen even 
though concentration of iron is normal. In our case 49.7% of blood samples have a 
concentration of zinc higher than the normal. More again, some samples pass 100 ppm. 
 
We note that all surface waters of the region investigated are not in general protected from 
chemical pollution. If drink water is under control, on the contrary production of vegetables 
and fruits escape the control. The situation is all the more serious than waters of irrigation are 
polluted by domestic and industrial wastewaters. In the region investigated, as it’s the case of 
the most developing countries, it is especially problems linked to the management and 
treatments of liquid and garbage that accentuate the chemical pollution of the environment 
and affect extensively health of populations in particular that of children’s. Thus, soils have 
accumulated during previous years a big amount of heavy metals. Today accumulation factor 
is between 2.6 and 46 (Cu; 2.6, Zn; 8, Pb; 13, Cd; 14.7 and Fe; 46). 
 
Consequently, heavy metal concentrations in cultures reflect chemical composition of soil. 
However, cultures don't accumulate heavy metals in the same way: Zn and Cu are especially 
accumulated by courgettes and turnip, iron is accumulated preferentially by turnip and 
cabbages then by courgettes, whereas Pb and Cd are especially accumulated by potatoes, 
courgettes and turnip. 
We note that food habits of the target population cover vegetables that accumulate a large 
spectre of essential and toxic heavy metals.  
 
 
5. PLANS FOR FUTURE WORK  
 
5.1. Study of nutrition pollution interaction among teenagers population:  role of chromium in 
the interaction between toxic heavy metals and nutrient heavy metals. This proposition is 
motivated currently by a high pollution by chromium in the Gharb region of Morocco. 
 
5.2. Study of protective capacities of soil towards Maâmora’s aquifer: concentration of heavy 
metals will be determined in every fraction of soil according to depth. 
 
5.3. Collection of water and sediments samples according to depth. 
 
5.4. Laboratory analyses: determination of heavy metals concentration in water, sediments 
and blood by AAS and other laboratory techniques such as X fluorescence. 
 
5.5. Analysis of results using statistical capabilities of our university (Mathematics 
departments): some statistical software such as Epi-Info and STATITCF, will permits to 
understand the interaction between different parameters. 
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Abstract 

 
In order to determine the possibility contamination of lead and cadmium in pregnant women living in the 
mining-smelting city of La Oroya in Peru, lead and cadmium concentrations were assessed in maternal 
blood (pre-birth), umbilical cord blood and placental tissue. Forty deliveries with normal evolution were 
evaluated between October 2002 and January 2003. Samples were analyzed by atomic absorption on a 
graphite furnace at the Peruvian Institute of Nuclear Energy (IPEN) laboratories. Results are summarized 
as follows: a) Mean lead concentrations in maternal blood (MB), umbilical cord blood  (UCB) and 
placental tissue (PT) were 27.23 ug/dL, 18.48 ug/dL and 363.97 ug/100g, respectively; b) Mean cadmium 
concentrations in MB, UCB and PT were 8.82 ug/dL, 12,0 ug/dL and 104,44 ug/100g, respectively; c) 
The correlation coefficient between lead concentration in maternal blood and umbilical cord was 0.122; 
d). The correlation coefficient of cadmium concentration between MB and UCB was 0.223; e). The 
correlation coefficient of lead concentration between MB and PT was 0.189; f). The correlation 
coefficient of cadmium concentration between MB and PT was 0.633. Trans-placental transport of lead 
was 67.84% (27,23 ug/dL in MB vs. 18.48 ug/dL in UCB); whereas in the case of cadmium, the 
concentration in UC (12,00ug/dL) was greater than in MB (8.82 ug/dL.). These results could indicate that 
the placenta acts as a barrier trapping lead and cadmium. This barrier is efficient for lead since the 
concentration in cord blood is inferior to maternal blood but it is less efficient for cadmium.  

 
 
1. INTRODUCTION 
 
Exposure to pollution of heavy metals, especially lead (Pb) and cadmium (Cd), is almost 
tragic in populations living in metallurgic areas. The mother-child pair is one of the highest-
risk groups, due to the transfer of these metals via the placenta. As a result, children are 
condemned to suffer the consequences of this problem, which creates a hidden and permanent 
obstacle for the socio-economical development of these populations.   
 
Lead enters the organism mainly via air breathing, ingestion of contaminated water and food 
and through skin contact. Concentrations of lead in blood reflect recent exposure, while the 
concentrations in hair and bones reflect chronic toxicity.  Lead and cadmium deposit in the 
placenta, and reflect exposure to these metals during pregnancy.  Lead is stored in bones for 
up to 10 years, freeing itself especially during pregnancy and breastfeeding (Corey and 
Galvao, 1989).  
 
Lead contamination is related to a number of health problems, among them growth and 
psychomotor retardation and hearing, hematopoyetic, SNC and peripheral, urinary, hepatic, 
gastrointestinal, cardiovascular and endocrinal systems alterations. Furthermore, different 
cancers, neurological damages, and cognitive and behavior alterations have been reported due 
to lead toxicity (Corey y Galvao, 1989). In pregnant women, it causes abortions, premature 
births and prenatal deaths (Andrews et al., 1994).  For these reasons in 1991 the U.S. Control 
and Disease Prevention Center determined that the maximum safety value in blood for 
children and pregnant women was 10 ug Pb/dL (CDC, 1991, 1995). 
     
Blood lead concentrations around 10-35 ug/100dL have been reported in healthy populations 
(Corey and Galvao, 1989), which is within the permitted range (SSA, 1994; CDC, 1995); 
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while at high exposures, witch can exceed 90 ug/dL, it accumulates in different tissues such as 
hair, nails, sweat, and milk (Corey and Galvao, 1989). Lead has been found at the placenta at 
concentrations between 5-60 ng/g, on a wet base, and thus it seems to be a thin barrier to this 
metal (Iyengar and Rapp, 2001b). In Poland, a concentration of 2,56 ug of lead per dL of 
blood was reported in labor women, while the concentration in the umbilical cord (UCB) was 
2,01 ug/dL, which translates into a trans-placental gradient of 78.5% (Durska et al. 2002). 
Other researchers have estimated trans-placental gradients of 90%  (Bellinger et al., 1987; 
Erikson, 1998). Nevertheless, these gradients could be different under chronic toxicity 
conditions in high Andean areas. Furthermore, it appears that lead concentrations in UCB is 
inversely proportional to childbirth weight. (Lopez et al., 2000). 
 
A study conducted in young adults living in different cities of Peru reported high blood lead 
levels in the capital city of Lima (269+47 ug/L), and in some Andean cities, such as 
Huancayo (224+47 ug/L), Oroya (348+40 ug/L) and Yaupi (140+27 ug/L) (Ramirez et al., 
1997). 
 
Another study in La Oroya, with pregnant women and children under three years of age 
reported blood lead concentrations of 39,49 and 41.81 mg/dL, respectively (UNES, 2000). 
 
Regarding cadmium, the main routes of contamination are through air (50% of 0,1 mu 
particles are retained in the lungs) (PAHO, 1987) and through consumption of contaminated 
food and water.  It appears that food absorbs cadmium and retains it (Copius and Copius, 
1989).  Smokers are the most exposed due to the amount of cadmium in cigarettes (1-2 ug) 
(Gomez and Lizano, 1977). Air cadmium concentrations should be <1 ug/m3 (OPS, 1987), but 
in contaminated areas it can reach concentrations that are up to 30 times higher. Usual 
contamination sources are coal and petroleum burning, although the metallurgic industry also 
contaminates the air when they smelt rock to extract Pb, Zn and Cu. And residual water can 
reach the nearby rivers and contaminate farmlands (EHC, 1992). Cadmium in blood should 
not exceed concentrations above 10ug/L (WHS, 1987). However, metallurgic workers could 
have concentrations of more than 1000 mg/L.  Cadmium concentrations in the placenta are in 
the order 1-6 ng/g (on a wet base), pointing out that this organ is a very efficient barrier and 
thus newborns are virtually free of cadmium (PAHO, 1987; Nakano et al., 1989).  It has been 
observed that cadmium contamination is greater in women. It appears that women have higher 
absorption rates of cadmium due to their low Fe storage; which can be observed in people 
with Itai-itai disease (Vahter et al., 2002).  High concentrations of cadmium in the human 
body cause severe stomach and lungs alterations, which could cause death due to respiratory 
insufficiency. In the long run, low exposures can produce kidney damage, pulmonary 
emphysema, lung cancer, hypertension, and damage to liver, testicles, and to the immune and 
nervous systems (OPS, 1987). Acute intoxication causes abdominal pain, nausea and diarrhea, 
whereas chronic intoxication causes alterations in renal tubules, which simulates the 
Fanconi’s syndrome (OPS, 1987). A Study done in 1977 on occupationally exposed adult 
workers living in the same area of the present study and furnace workers of the Metallurgical 
Mining Center in La Oroya showed cadmium blood concentrations of 6,48+5,12 ug/% and 
12.96 ug%, respectively (Gomez and Lizano, 1977).  
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La Oroya is a city with approximately 40,000 inhabitants in (INEI, 1993), which lies near 
poly-metal refining and smelting plants.  Approximately 8000 women at fertile age are 
exposed to lead and other heavy metals, which could be transmitted to the fetus during 
pregnancy.  Although the problem is an old one, Peru does not have studies which have 
assessed lead concentrations in maternal and neonatal blood, as well as in the placenta in 
populations under very high pollution and altitude conditions (3750 masl). That is why this 
study, part of a set of  studies by the Food Safety and Nutritional Institute and the Post-
Graduate Program of Public Nutrition of the UNALM, along with the information gathered in 
coordination with different cooperating sources (IAEA, IPEN), will allow us to have a better 
understanding of the dynamics of these relationships under the indicated conditions.   
 
 
2. STUDY GOALS  
 
According to the Research Contract with IAEA, the following goals were accomplished 
during the first year of the study:  
  
• Selection of the Hospital in the Mining Area to provide the facilities for the study 
• Staff training 
• Selection of 40 pregnant women to participate voluntarily in the study. 
• Samples Collection: maternal blood, umbilical cord blood, placental tissue, colostrums 
 and breast milk.  
 
The following goals have been accomplished during the second year  
 
1. Processing of 120 samples (defrosting, drying and grinding) of maternal blood, umbilical 
cord blood and placental tissue from 40 patients.  
 
2. Determinations of lead and cadmium concentration in pre-delivery maternal blood, 
placental tissue and umbilical cord blood from 40 deliveries with normal evolution at the 
Hospital II ESSALUD of La Oroya, by atomic absorption spectrophotometry. 
 
 
3. MATERIALS AND METHODS  
 
3.1. Study location and duration  
 
Sample collection was carried out at Hospital II ESSALUD of La Oroya, province of Yauli, 
Junin. The biggest metallurgical center of the country is located in this city, which has copper, 
zinc, and lead smelting facilities which belong to a private company.  The city is located at 
3730 meters above sea level and it has two well-known areas, Old Oroya (where the smelting 
industry is located) and New Oroya (where the refinery is). Refined metals (Cu, Pb, Zn, Ag, 
Au, Cd, In, Bi, Sb, As, Se, Te), as well as sub-products (sulfuric acid, sodium bisulfite, copper 
sulfate, powdered zinc, arsenic trioxide, iron sponge, tar, cresols, etc.) and a number of high 
degree pollution residues (acid and base effluents, lixiviation residues, slag, gases and volatile 
powders, etc.) are obtained at the metallurgical center.  
 
The sample collection stage took 4 months, from October 2002 to January 2003. Sample 
processing was carried out between January and February 2003, after which the coded 
samples were handed to the Chemical Analysis Laboratory of the Nuclear Energy Institute of 
Peru (IPEN) for analysis. 
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3.2. Study Design  
 
The design corresponds to a prospective cross-sectional study, in which the evaluation of the 
40 deliveries and sampling collection were completed in only one stage. Colostrums and milk 
samples were collected 48 hours and 15 days after birth, respectively.   
 
A. Study Population  
 
Pregnant women with normal pregnancies (>37 weeks) who resided for at least one year in 
the city of La Oroya and who were attended at the Hospital II of ESSALUD (which attends 
90% of the births in the city). 
 
B. Study Sample  
 
The study sample included all pregnant women who wanted to participate voluntarily in the 
study and who were controlled during pregnancy at the Hospital II of ESSALUD of La Oroya 
from October to December 2002. We had projected for that period a total of 55 deliveries, 
which represented 25% of the births attended annually in La Oroya.  Inclusion criteria to the 
study included: normal pregnancy (> 37 weeks), living for at least one year in La Oroya, no 
diabetes, hypertension, nephropathy, renal insufficiency, epilepsy, pregnancy toxemia, STD’s 
or genetic abnormalities, no physical or mental impairment to communicate or cooperate and 
voluntarily accepting to be part of the study.  A total of 40 cases which complied with the 
study criteria were evaluated at the end of the study. The participants were informed about the 
procedures and objectives of the study and a signed consent of participation was obtained. 
 
3.3. Collection of biological samples  
 
The survey started with a screening of all patients admitted for delivery to the OB-GYN ward 
at Hospital II of La Oroya.  Maternal blood samples (10 ml) were taken before delivery. After 
the reception of the newborn, 10 ml of blood of the umbilical cord was taken while the 
placenta was in-uterus. All blood samples were collected using 10ml heparinized tubes. After 
collection, all samples were coded and frozen. After the placenta was obtained it was dried 
with sterile gauze and four 50-grams samples (1 from each quadrant) were obtained, weighed 
using a precision scale with an approximation of 0,0001g and then frozen in sterile bags, 
following the method described by Iyengar, et al. (2001a). Once a week all samples were sent 
to the City of Lima where were kept frozen until the fieldwork was completed. 
 
3.4. Samples preparation and chemical analysis  
 
The maternal and umbilical cord blood samples as well the placental tissue samples were 
unfrozen, dried and grinded, following the recommendations of Iyengar et al. (2001a, 2001b, 
2001c). The drying was done by a conventional method, placing the samples in a Petri dish 
and heating them in a stove for 6 hours at 70°C (AOAC, 1980). The dried samples were 
primary grinded using glass rollers, and after the procedure, placed in a double paper bag for 
manual pressure grind. The final grinded samples were storage in 5 ml glass bottles 
(previously washed with de-ionized water). Then all samples were taken to the Chemical Lab 
of the IPEN to determine the concentrations of lead and cadmium, using the atomic 
absorption spectrophotometry technique with a Graphite furnace (Iyengar, 1997, 2991a, 
2001c). The results obtained from this method are given in units of parts per billion (ppb). A 
camera and photographic films were used to document the study. 
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3.5. Statistical Analysis  
 
Atomic absorption results (annex 1), in ppb, were first transformed to ug/L and then analyzed 
statistically (annex 2) using different computer programs (SPSS, Excel and Minitab). 
  
 
4. RESULTS  
 
4.1. Mean Lead and cadmium concentration  
 
Mean lead and cadmium concentrations in maternal and umbilical cord blood, and placental 
tissue are presented in Table 1.  
 
TABLE 1. MEAN LEAD AND CADMIUM CONCENTRATION IN MATERNAL AND 
UMBILICAL CORD BLOOD AND PLACENTAL TISSUE 
 

40 .50 60.20 27.24 15.9229
40 20.00 1542.00 364.0 314.5207
40 .80 45.90 18.48 13.0123
40 .04 21.70 8.828 6.9915
40 1.20 394.00 104.45 108.8506
40 .18 94.10 12.01 17.8103

Concentrations 

MB lead (ug/dL) 
PT lead (ug/100g)
UCB lead (ug/dL)
MB cadmium (ug/dL)
PT cadmium (ug/100g)
UCB cadmium (ug/dL) 

N Min Max Mean 
Stand
Dev 

 
 
 
4.2. Lead and cadmium Trans-placental transference  
 
Regarding the trans-placental transport of lead and cadmium in pregnant women of La Oroya, 
it was 67.84% for lead (27,24 ug/dL in maternal blood vs. 18.48 ug/dL in umbilical cord 
blood) whereas for cadmium, the concentration in the umbilical cord blood was greater (12.00 
ug/dL) than in the maternal blood (8.82 ug/dL). These findings could indicate that the 
placenta acts as a barrier trapping lead and cadmium. This barrier is efficient for lead since the 
concentration in cord blood is inferior to maternal blood but it is less efficient for cadmium.  
 
4.3. Regression Analysis 
 
The regression curves that adjusted better to the evaluated variables were quadratic. This is 
shown in Table 2. The details of the analysis are shown in Annex 2. In Annex 3 partial 
information on mineral contents on samples by neuron activation is presented. This 
information has not being analyzed    
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TABLE 2. REGRESSION ANALYSIS OF DIFFERENT VARIABLES EVALUATED 
 

Independe
nt Variable 

Dependent  
Variable Regression Equation  Variability 

Coefficient  

Pb MB Pb UCB Y = 7.017854 + 0.65434X - 0.006433X2 0.122 

Pb MB Pb Plac Y = -41.480253 + 28.393207X - 0.371966X2 0.189 

Pb Plac Pb UCB Y=14.198557 + 0.016499X - 
0.00000754034X2 0.035 

    
Cd MB Cd UCB Y = -0.256369 + 4.080891X - 0.189182X2 0.223 

Cd MB Cd Plac Y = -8.461626 + 14.130577X - 0.093881X2 0.633 
Cd Plac Cd UCB Y = 7.183942 + 0.114045X - 0.000316X2 0.068 

     MB : maternal blood                 Plac: placental tissue              UCB: umbilical cord blood 
 
The analysis shows that:   
 

1. 12,2% of the observed variability of lead concentration in umbilical cord blood is due 
to lead concentration in the maternal blood. 

2. 18,9% of the observed variability of lead concentration in the placenta is due to lead 
concentration in maternal blood. 

3. 3.5% of the observed variability in the lead concentration in the umbilical cord blood 
is due to concentration of lead in the placenta. 

4. 22,3% of the observed variability of cadmium concentration in umbilical cord blood 
of this due to cadmium concentration in maternal blood. 

5. 63,3% of the observed variability in the cadmium concentration in placenta is due to 
concentration of cadmium in maternal blood. 

6. 6,8% of the observed variability in the cadmium concentration in umbilical cord blood 
is due to cadmium concentration in the placenta. 

 
The percent distribution of lead and cadmium concentrations in the different samples 
evaluated, as well as the quadratic regression curves generated for each of the cases are 
presented in Graphs 1, 2, 3, and 4. 
  
Regarding the regression curves for lead, it can be observed that the higher the concentration 
of lead in maternal blood, the greater the concentration of lead in the placenta and in the 
newborn. Similar tendency is observed for cadmium, but only in the relationship between 
maternal blood and placental concentrations.  
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FIG. 1. Frequency histograms of lead concentrations in maternal blood, placental tis  umbilical cord blood. 
 

   
FIG. 2. Frequency histograms of cadmium concentrations in maternal blood, placenta
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FIG. 3.  Quadratic regression curves of the different concentrations of lead in the evaluated samples. 
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FIG. 4.  Quadratic regression curves of the different concentrations of cadmium in the evaluated samples. 
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5. CONCLUSIONS UP TO DATE 
 
Considering the conditions under which the study was conducted and based on the results 
obtained, we can give the following preliminary conclusions: 
 
The concentrations of lead and cadmium in the blood of newborns have a direct relationship 
to the concentrations of these minerals in maternal blood. Likewise, the concentrations of lead 
and cadmium in placental tissue are directly related to the concentrations of these minerals in 
maternal blood.  
 
Three point five percent (3,5%) of the variability observed in umbilical cord blood lead 
concentration level is due to lead concentration level in the placenta. Twelve point two 
percent (12,2%) of the variability observed in the umbilical cord blood lead concentration is 
due to the lead concentration level in maternal blood. Eighteen point nine percent (18,9%) of 
the observed variability in placenta lead concentration is due to lead concentration in maternal 
blood. Sixty three point three percent (63,3%) of the variability observed in cadmium 
concentration in the placenta is due to cadmium concentration level in maternal blood. 
Twenty two point three percent (22,3%) of the variability observed in the concentration of 
cadmium in umbilical cord blood is due to cadmium concentration in maternal blood. Six 
point eight percent (6,8%) of the variability observed in cadmium concentration in umbilical 
cord blood is due to cadmium concentration in the placenta. 
 
Regarding the trans-placental transport, it was observed that in the case of lead it was 67,84%, 
while cadmium freely passed the placental barrier. 
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ANNEX 1. LEAD AND CADMIUM CONCENTRATIONS IN MATERNAL BLOOD, UMBILICAL CORD BLOOD AND PLACENTAL TISSUE SAMPLES 
 
Method: Atomic Absorption on a Graphite furnace - Peruvian Institute of Nuclear Energy 
General Division of Promotion and Development- Chemistry Department IPEN 
Report: 994  

    
 Maternal Blood Blood umbilical cord Placental tissue Maternal blood Blood umbilical cord Placental tissue 

Nº Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb 
mother ppb ppb ppb ppb ppb ppb ug/dL ug/dL ug/dL ug/dL ng/g ng/g 

2             1.20 69.00 4.20 91.00 1.70 51.00 0.12 6.90 0.42 9.10 1.70 51.00
3             0.60 106.00 5.40 23.00 8.60 100.00 0.06 10.60 0.54 2.30 8.60 100.00
5             0.70 91.00 2.20 29.00 9.50 110.00 0.07 9.10 0.22 2.90 9.50 110.00
6             1.10 294.00 6.10 68.00 6.20 158.00 0.11 29.40 0.61 6.80 6.20 158.00
8             4.60 189.00 4.30 33.00 8.40 170.00 0.46 18.90 0.43 3.30 8.40 170.00
9             0.50 5.00 3.20 56.00 6.90 180.00 0.05 0.50 0.32 5.60 6.90 180.00

10             0.60 153.00 2.20 20.00 1.20 53.00 0.06 15.30 0.22 2.00 1.20 53.00
11             0.40 116.00 4.10 31.00 2.10 20.00 0.04 11.60 0.41 3.10 2.10 20.00
12             3.20 311.00 1.80 17.00 2.10 40.00 0.32 31.10 0.18 1.70 2.10 40.00
13             5.70 51.00 2.30 184.00 2.00 66.00 0.57 5.10 0.23 18.40 2.00 66.00
14             131.00 259.00 98.00 459.00 192.00 200.00 13.10 25.90 9.80 45.90 192.00 200.00
16             136.00 285.00 941.00 259.00 219.00 1542.00 13.60 28.50 94.10 25.90 219.00 1542.00
17         16.00    150.00 251.00 160.00 259.00 173.00 433.00 15.00 25.10 25.90 173.00 433.00
18         14.60 31.00   146.00 373.00 146.00 310.00 198.00 1132.00 14.60 37.30 198.00 1132.00
19             144.00 363.00 129.00 377.00 87.00 224.00 14.40 36.30 12.90 37.70 87.00 224.00
20        34.80     135.00 348.00 118.00 228.00 191.00 472.00 13.50 11.80 22.80 191.00 472.00
21         6.50    144.00 602.00 65.00 240.00 137.00 251.00 14.40 60.20 24.00 137.00 251.00
22             204.00 357.00 101.00 135.00 136.00 357.00 20.40 35.70 10.10 13.50 136.00 357.00
24             169.00 465.00 96.00 188.00 133.00 558.00 16.90 46.50 9.60 18.80 133.00 558.00
25         10.10    208.00 486.00 101.00 268.00 199.00 573.00 20.80 48.60 26.80 199.00 573.00
27             153.00 542.00 112.00 406.00 276.00 571.00 15.30 54.20 11.20 40.60 276.00 571.00
31        40.30     124.00 403.00 55.00 99.00 253.00 470.00 12.40 5.50 9.90 253.00 470.00
33           193.00 590.00 60.00 140.00 134.00 197.00 19.30 59.00 6.00 14.00 134.00 197.00
35             217.00 574.00 47.00 150.00 394.00 457.00 21.70 57.40 4.70 15.00 394.00 457.00
36     201.00        84.00 262.00 457.00 85.00 557.00 8.40 26.20 45.70 8.50 201.00 557.00
38 140.00 26.10  3.40  607.00 261.00 53.00 34.00 286.00 607.00 14.00 5.30 286.00
39         4.60    132.00 218.00 46.00 118.00 232.00 885.00 13.20 21.80 11.80 232.00 885.00
41   69.00  200.00  15.00  6.90  200.00  150.00 178.00 102.00 874.00 17.80 10.20 874.00
42  264.00  90.00  379.00 4.90  4.10  217.00 379.00 49.00 41.00 217.00 26.40 9.00
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43       15.00  9.00    3       15.00  9.00    150.00150.00 383.00383.00 90.0090.00 233.00233.00 165.00165.00 548.00548.00 38.3038.30 23.3023.30 165.00165.00 548.00548.00
44      238.00 6.30      63.00 429.00 279.00 233.00 17.00 42.90 27.90 23.30 17.00 238.00
45            245.00 95.00 296.00 301.00 389.00 20.00 245.00 9.50 29.60 30.10 38.90 20.00
47             89.00 386.00 289.00 414.00 24.00 200.00 8.90 38.60 28.90 41.40 24.00 200.00
48             52.00 92.00 468.00 412.00 21.00 167.00 5.20 9.20 46.80 41.20 21.00 167.00
50         42.00 180.00 190.00 241.00 5.00 202.00 4.20 18.00 19.00 24.10 5.00 202.00
54             55.00 141.00 224.00 299.00 5.00 235.00 5.50 14.10 22.40 29.90 5.00 235.00
55           49.00 88.00 7.50 224.00 3.10 105.00 4.90 8.80 0.75 22.40 3.10 105.00 
56             43.00 206.00 5.00 194.00 3.50 325.00 4.30 20.60 0.50 19.40 3.50 325.00
57 39.00      3.90 6.70 0.65 0.80 3.00 277.00 67.00 6.50 8.00 3.00 277.00
58   12.00 2         330.00 25.00 161.00 45.00 4.40 330.00 2.50 16.10 1.20 24.50 4.40

Mean 88.24 272.38 120.07 184.78 104.44 363.98 8.82 27.24 12.01 18.48 104.44 363.98 

Min 0.40 5.00 1.80 8.00 1.20 20.00 0.04 0.50 0.18 0.80 1.20 20.00 
Max 217.00 602.00 941.00 459.00 394.00 1542.00 21.70 60.20 94.10 45.90 394.00 1542.00 
SD 69.91 159.23 178.10 130.12 108.85 314.52 6.99 15.92 17.81 13.01 108.85 314.52 

 
 
 
 
 

Reference Sample DORM 2: 

CRM Cert Pb Cert  Cd CHEM Pb CHEM Cd Detection limits  (ppb)
Dorm 2 ppb 65 +/- 7 43 +/- 8 68 44 Pb 1

Cd 0.1
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ANNEX 2. 

 

QUADRATIC REGRESSION BETWEEN THE LEVEL OF LEAD AND THE MATERNAL BLOOD AND 
THE BLOOD OF THE UMBILICAL CORD  

Adjusted R Square    .07454 

 

               DF   Sum of Squares      Mean Square 

F =       2.57068       Signif F =  .0901 

PBSM                .654340     .466235    .800700     1.403  .1688 

 

 
QUADRATIC REGRESSION BETWEEN THE LEVEL OF LEAD IN THE PLACENTA AND THE 
BLOOD OF THE UMBILICAL CORD 
 
Dependent variable. PBSCU             Method.. QUADRATIC 
Listwise Deletion of Missing Data 
Multiple R           .18761 
R Square             .03520 
Adjusted R Square   -.01696 
Standard Error     13.12218 
 
 
            Analysis of Variance: 
               DF   Sum of Squares      Mean Square 
Regression      2         232.4157        116.20787 
Residuals      37        6371.0940        172.19173 
 
F =        .67487       Sign if F =  .5154 
 
 
-------------------- Variables in the Equation -------------------- 
 
Variable                  B        SE B       Beta         T  Sig T 
PBPLAC              .016499     .018655    .398791      .884  .3822 
PBPLAC**2   -7.54033753E-06  1.3562E-05   -.250690     -.556  .5816 
(Constant)        14.198557    4.547605                3.122  .0035 

Regression equation :  Y = 14.198557 + 0.016499X - 0.00000754034X2

 
 

 
Dependent variable.. PBSCU             Method.. QUADRATIC 
Listwise Deletion of Missing Data 
Multiple R           .34929 
R Square             .12200 

Standard Error     12.51795 
 

            Analysis of Variance: 

Regression      2         805.6464        402.82320 
Residuals      37        5797.8634        156.69901 
 

 
 
-------------------- Variables in the Equation -------------------- 
 
Variable                  B        SE B       Beta         T  Sig T 

PBSM**2            -.006433     .007390   -.496620     -.870  .3897 
(Constant)         7.017854    6.313279                1.112  .2735 

Regression Equation :  Y = 7.017854 + 0.65434X - 0.006433X2
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QUADRATIC REGRESSION BETWEEN THE LEVEL OF LEAD IN THE MATERNAL BLOOD AND 
THE PLACENTA  
 
Dependent variable.. PBPLAC            Method.. QUADRATIC 
Listwise Deletion of Missing Data 
Multiple R           .43483 
R Square             .18907 
Adjusted R Square    .14524 
Standard Error    290.78433 
 
            Analysis of Variance: 
 
               DF   Sum of Squares      Mean Square 
Regression      2         729452.6        364726.28 
Residuals      37        3128554.4         84555.52 
 
F =       4.31345       Signif F =  .0207 
 
-------------------- Variables in the Equation -------------------- 
 
Variable                  B        SE B       Beta         T  Sig T 
PBSM              28.393207   10.830353   1.437431     2.622  .0126 
PBSM**2            -.371966     .171676  -1.187979    -2.167  .0368 

 

 

            Analysis of Variance: 

 

CDSM**2            -.093881     .274020   -.117536     -.343  .7338 

 

(Constant)       -41.480253  146.653641                -.283  .7789 

Regression equation :  Y = -41.480253 + 28.393207X - 0.371966X2

 
 
QUADRATIC REGRESSION BETWEEN THE CONCENTRATION OF CADMIUM AND THE MATERNAL 
BLOOD AND THE PLACENTA  

Dependent variable.. CDPLAC            Method.. QUADRATIC 
Listwise Deletion of Missing Data 
Multiple R           .79586 
R Square             .63339 
Adjusted R Square    .61358 
Standard Error     67.66485 
 

 
               DF   Sum of Squares      Mean Square 
 
Regression      2        292684.05        146342.03 
Residuals      37        169405.71          4578.53 
 
F =      31.96265       Signif F =  .0000 

-------------------- Variables in the Equation -------------------- 
 
Variable                  B        SE B       Beta         T  Sig T 
 
CDSM              14.130577    5.341181    .907608     2.646  .0119 

(Constant)        -8.461626   20.399062                -.415  .6807 

Regression equation :  Y = -8.461626 + 14.130577X - 0.093881X2

 
REGRESSION EQUATION BETWEEN THE CONCENTRATION OF CADMIUM AND THE MATERNAL 
BLOOD AND BLOOD FROM THE UMBILICAL CORD  
Dependent variable.. CDSCU             Method.. QUADRATIC 
 
.Listwise Deletion of Missing Data 
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Multiple R           .47261 
R Square             .22336 
Adjusted R Square    .18138 
Standard Error     16.11435 
 
 
            Analysis of Variance: 
               DF   Sum of Squares      Mean Square 
Regression      2        2763.2141        1381.6071 
Residuals      37        9607.8765         259.6723 
 
F =       5.32058       Signif F =  .0093 
 
-------------------- Variables in the Equation -------------------- 
 
Variable                  B        SE B       Beta         T  Sig T 
 
CDSM               4.080891    1.272000   1.601964     3.208  .0028 
CDSM**2            -.189182     .065258  -1.447545    -2.899  .0063 
(Constant)         -.256369    4.858027                -.053  .9582 
 
Regression equation :  Y = -0.256369 + 4.080891X - 0.189182X2

 
 
 
QUADRATIC EQUATION BETWEEN THE CONCENTRATION OF CADMIUM IN THE PLACENTA AND 
THE BLOOD FROM THE UMBILICAL CORD 
 
Dependent variable.. CDSCU             Method.. QUADRATIC 
Listwise Deletion of Missing Data 
Multiple R           .26016 
R Square             .06768 
Adjusted R Square    .01729 
Standard Error     17.65571 
 
            Analysis of Variance: 
 
               DF   Sum of Squares      Mean Square 
Regression      2          837.303        418.65173 
Residuals      37        11533.787        311.72398 
 
F =       1.34302       Signif F =  .2735 

-------------------- Variables in the Equation -------------------- 

Variable                  B        SE B       Beta         T  Sig T 

CDPLAC**2          -.000316     .000250   -.567296    -1.261  .2152 

 

 

 

 

 
 

 

 

CDPLAC              .114045     .073615    .697006     1.549  .1298 

(Constant)         7.183942    4.198212                1.711  .0954 

Regression equation:  Y = 7.183942 + 0.114045X - 0.000316X2 
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Annex 3

 
 
 
 
 
 
 
 
 
 

Instituto Peruano de Energia Nuclear 
Dirección General de Promoción y Desarrollo 

Departamento de Química 
                     INFORME DE RESULTADOS DE LAS MUESTRAS DE CONTAMINACION MATERNO INFANTIL  

   
Método empleado  Activación Neutrónica     

          
   Cs    Se  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       

Muestra Ce Cr Co Fe Hg Rb Zn
  m g        g g/K mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/K

02S         48 0.5 <0.03 0.02 2087 0.10 7 0.9
03S  7.8       

          
          
         50 

02U          
         
       7  
   0.05    0.
         
   <0.03       
          
          
          
          
         65 
       9   
       9   
          
          

         

 0.04 2163 <0.05 8 0.7 23
4505S 0.2 0.05 2055 0.06 12 0.7

06S
08S

0.1 0.2 <0.03 <0.02 2198 0.10 10
9

0.6 29
0.4 <0.03 0.08

<0.02
1904 0.22

0.10
0.6

0.2 <0.03 2258 10 0.9 29
03U  0.04 2184

2305
0.15 8 0.8

0.
29

05U 0.6  0.05
0.06

0.07
0.10

7 62
06U 4.1 2167

1870
11 7 35 

08U 0.24 0.08 9 0.6 44 
02P 2.2 0.09 418 0.14 12 1.8 63
03P 1.0 0.03 0.05 233 0.08 4 1.6 70
05P 8.6 0.03 0.19 354 0.15 12 1.5 85
06P 1.1 0.04 0.21 361 0.11 12 1.3 70
08P 0.7 0.02 0.47 370 0.15 8 1.1 66
09P 0.04 0.17 716 0.08 10 1.4
10P <0.03 0.10 498 0.13 1.4 66
11P <0.03 0.06 664 0.22 1.3 60
12P 1.7 0.05 0.05 666

324
0.15 15 1.6 66

13P 0.03 0.16 0.07 15 1.4 83
 

Nota: Los elementos que no han sido detectados, los espacios estan en blanco,     
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Abstract 

 
One day duplicate diet samples of 30 Korean geriatric populations over 60 years old were collected. 
Samples were analyzed by NAA (Neutron Activation Analysis) after sample preparation such as 
homogenization and freeze-drying. SRM(Standards Reference Materials) from NIST were analyzed for 
quality control of the analytical method. 
 
Analytical results were classified into two groups such as macro elements (Ca, K, Mg, Na) and minor 
elements (Cr, Fe, Mn, Se, Zn).  Analytical results for daily intake of geriatric population in Korea were 
showed that macro and minor elements were lower than RDA and literature except Na.  

In conclusion, NAA is proved to be a sensitive analytical method useful for performing both qualitative 
and quantitative multi-elemental analysis of macro and minor elements in diet or biological materials. 

 
 
1. INTRODUCTION 
 
Health status of geriatric population can be affected more by malnutrition of micronutrients 
than the other age groups. Average span of life of Korean geriatric population become long 
and their population ratio is around 10% of total population and expect to be 20% in 2020[1]. 
 
Minerals and micronutrients are very important components in diets [2]. Both their deficiency 
and excess may cause serious human health problems specially to geriatric and pediatric 
population. The samples were collected from over 60 years old adults living in Seoul using 
Duplicate Diet method [3]. Duplicate Diet method is most accurate method for estimating 
micronutrients intakes and exact copy of the foods eaten preferably weighed, to replicate the 
diet consumed by an individual. 

Samples were analyzed by NAA (Neutron Activation Analysis) after sampling and sample 
preparation such as homogenization [4], freeze-drying, etc. [5,6]. and for quality control of 
the analytical method the SRM(Standards Reference Materials)'s from NIST were analyzed. 
 
 
2. EXPERIMENTAL 
2.1. Sample Preparation 
 
Immediately after the completion of the initial blending of the prepared one day Korean 
geriatric duplicate total diet in a blender with titanium blades, an analytical sub-sample 
representing about 20% of the total diet was withdrawn using a large plastic spoon and placed 
in a container for freeze-drying.  Samples were initially frozen at -80 for 3 hours and freeze-
dried for 30 hours at the same temperature.  Weight loss of 18 samples after freeze-drying is 
listed in Table 1. Freeze-dried samples were ground well to get sample homogeneous for the 
analysis.  Samples were stored in polyethylene vials at 2 - 4 for short-term storage and in a 
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Teflon™ vial at below -15   for long term storage to avoid absorption or evaporation which 
may cause a change of elemental concentrations. 
 
 
TABLE 1. MOISTURE REMOVAL RATE BY FREEZE-DRYING OF DUPLICATE DIET. 
 

 Wet (g) Dry (g) Moisture (g) Removal (%) 

1 267.40 53.62 213.78 79.95 

2 176.11 22.58 153.53 87.18 

3 234.59 31.86 202.73 86.42 

4 217.90 37.91 179.99 82.60 

5 177.07 29.36 147.71 83.42 

6 185.05 34.38 150.67 81.42 

7 167.00 31.48 135.52 81.15 

8 142.79 31.56 111.23 77.90 

9 177.34 29.06 148.28 83.61 

10 174.43 39.52 134.91 77.34 

11 

300.51 

66.72 

372.23 

  

362.37 69.44 292.93 80.84 

12 287.81 35.17 252.64 87.78 

13 279.30 39.53 239.77 85.85 

14 53.02 247.49 82.36 

15 359.92 52.78 307.14 85.34 

16 419.84 353.12 84.11 

17 430.22 57.99 86.52 

18 353.81 67.61 286.20 80.89 

Mean  83.03 
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2.2. Neutron Activation Analysis 
 

 

Samples were irradiated with thermal neutrons from the HANARO research reactor (20 MW) 
at the Korea Atomic Energy Research Institute. The Pneumatic Transfer System (PTS) was 
used for sample irradiation.  Samples were irradiated at the same geometrical position to 
minimize the geometry error. For neutron flux monitoring, activation wire (Reactor Exp. Inc., 
R/X activation wire, 99.99% purity) such as Au, Cu, and Mn were used to monitor the 
thermal neutron flux (Φt = 1.7x1013 cm-2·s-1). Samples were allowed to decay for an 
appropriate time to ensure satisfactory detection limits.  Analytical condition is described in 
Table 2. 
 
TABLE 2. ANALYTICAL CONDITION OF DUPLICATE DIET BY NAA   
 

 Short-lived Nuclides Long-lived Nuclides 

Sample Weight 5∼20 mg 100∼300 mg 

Irradiation Time 1∼2 min 3 hr 

Cooling Time 
1st :  3∼5 min 

2nd : 30∼60 min 

1st : 5∼10 day 

2nd : 14∼21 day  

Counting Time 
1st : 200∼300 sec 

2nd : 700∼1000 sec 

1st : 1000 sec  

2nd : 4000 sec 

Target Element Ca, Mg, Mn, Zn Cr, K, Na, Fe, Se, Zn 

 
 
2.3. Radioactivity Measurement 

Gamma-ray spectra and activity for the irradiated samples were obtained with the following 
equipment. The crystal of the high purity germanium semi-conductor detector (EG&G 
ORTEC, GMX-25190P) was surrounded with a 10 cm thick lead shielding box (75x90x90 
cm) with its inner wall lined with 0.1 cm Cd and Cu plate to reduce the influence of the 
external radiation.  Gamma-ray interactions with surrounding material were also considered. 
The detector is a coaxial type with 25% relative efficiency and 1.9 keV resolution (FWHM) at 
1332 keV (60Co) and a peak to Compton ratio of 45:1. The detector was connected to a 
personal computer and a 8K-multichannel analyzer (EG&G ORTEC, 919A MCB, Maestro-II) 
to complete the γ-ray spectrometer for activity measurement and data analysis.  Energy and 
efficiency calibrations were done with the radioactive multinuclide reference source (NEN 
Products Inc., NES-602, 1" diameter disc type) certified by NIST. The dead time of detector 
was maintained under 5% as much as possible. Decay and pile up correction were done 
automatically. 
 
2.4. Data Treatment 
 
Concentrations of elements were calculated with a new graphical programme, POWER NAA, 
coded with LabView version 5.0 for rapid and simple data treatment after obtaining the γ-ray 
spectrum under the preset analytical condition. The program is run with the counting 
condition, automatic identification of nuclides and their γ-ray energies, decay time correction 
for short half-life nuclides in order to calculate activities, elemental concentrations, counting 
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errors and detection limits. Elemental concentration was calculated from peak area which is 
measured by γ-ray activity along with the related nuclear data [7,8]. 
 
 
3. RESULTS AND DISCUSSION 
 
Four biological reference materials such as NIST SRM 1548(total diet), NIST SRM 
1567a(wheat flour), NIST SRM 1547(peach leaves) and NIST SRM 1566a(oyster tissue) 
were analyzed mainly by instrumental neutron activation analysis for quality control. The 
elemental concentrations, relative standard deviations, and relative errors to certified values 
were calculated. After the repetitive analysis (5 times), the relative standard deviations were 
within 10% except for Fe(12.4%) in SRM 1548, Rb(11.7%) and V(23.9%) in 1567a, 
Ce(14.4%) and La(15.7%) in 1547 and V(12.9%), Rb(15.8%) and Sc(10.8%) in 1566a.  The 
relative errors to certified values are within 5% except for K(7.2%) and Zn(10.9%) in 1548, 
Mn(10.2%) and Rb(7.9%) in 1567a, Cl(13.2%), Fe(9.3%) and Rb(5.8%) in 1547 and 
Cd(5.4%), Cl(7.6%), Co(5.7%), Cr(6.6%), Cu(7.2%), K(10.2%) and Zn(23.1%) in 1566a. 
Analytical results of elemental distribution in Korean total diet and four Korean representative 
foodstuffs are listed in Table 3-6.  
 
 
TABLE 3. ANALYTICAL RESULT OF TOTAL DIET, NIST SRM 1548 BY NAA 
       (unit: ppm) 
 
 

This Work 
Relative 
Error(%) Element 

Certified 
Value(S.D.%) 

Range Mean(S.D.%)  

  

Fe   

Na  6352～6605  

3.10～3.49  

5.25 (0.4)  

4.92 (3.32)  

0.95  

3.36  

  

Ca  

Cl   

K  

Mg  

Mn  

Se   

Zn   

Al   

Cs   

Rb  

Sn   

  

    

1676～1765  

8210～8883  

30.4～36.4  

5049～5958  

521～568  

5.00～5.39  

0.24～0.27  

32.5～36.3  

32.6～37.7  

0.0141～0.0149  

4.78～5.01  

  

1735 (0.08)  

8460 (5.63)  

34.2 (12.4)  

5621 (1.28) 

551 (5.98)  

6460 (2)  

0.26 (4.9)  

34.2 (7.89)  

34.4 (10.4)  

0.014 (5.5)  

3.29 (8.31)  

  

0.31  

2.76  

4.83  

7.24  

0.94  

4.79  

10.9  

  

  

  

1740 (4)  

8700 (5)  

32.6 (11)  

6060 (5)  

556 (5)  

5.2 (8)  

6250 (4)  

0.245 (2)  

30.8 (4)  

[33]   

[0.014]   

[4.8]   

[3.6]    

  
 [   ] : reference value 
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TABLE 4. ANALYTICAL RESULT OF WHEAT FLOUR, NIST SRM 1567A BY NAA 
      (UNIT: PPM) 
 

This Work 
Element 

Certified 
Value(S.D.%) Range Mean(S.D.%)

Relative 
Error(%) 

Al  

Ca 

Cu  

Fe  

K 

Mg 

Mn 

Na 

Rb  

Se  

Zn  

Cl  

Co  

1.3 

V  

5.7 (22) 

191 (2) 

2.1 (10) 

14.1 (4) 

1330 (2) 

400 (2) 

9.4 (5)  

6.1 (13) 

0.68 (4) 

1.1 (18)  

11.6 (3) 

[565]  

[0.006] 

[0.011] 

5.25～5.99 

178～200 

2.01～2.27 

12.9～15.1 

1239～1303 

401～414 

8.42～8.48 

6.13～6.36 

0.66～0.78 

1.10～1.19 

12.0～12.2 

528～547 

0.0058～0.0062

0.0138～0.018 

5.72 (8.09)  

188 (5.04)  

2.14 (8.40) 

14.3 (0.69)   

1271 (3.56)  

405 (2.15)  

8.45 (0.18)  

6.25 (1.35) 

0.73 (11.7)  

1.15 (3.26)  

12.2 (1.11)  

535 (0.08) 

0.006 (4.69)  

0.0154 (23.9)

0.3   

1.47 

1.86 

1.7 

4.46 

10.2 

2.42 

7.92 

4.39 

4.71 
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TABLE 5. ANALYTICAL RESULT OF PEACH LEAVES, NIST SRM 1547 BY NAA 
      (UNIT: PPM) 
 

This Work 
Element 

Certified 
Value 

(S.D.%)  Range Mean(S.D.%)
Relative 
Error(%) 

Al  
Ba  
Ca  
Cl  
Fe  
K  

Mg 
Mn 
Na  
Rb  
Sr  
V  
Zn  
Br  
Ce  
Co  
Cr  
La  
Nd  
Sc  
Sm 
Tb  
Th  

249 (3)   
124 (3)  

15600 (1)  
360 (5)   
218 (6)  

24300 (1) 
4320 (2) 

98 (3)  
24 (8)  

19.7 (0)  
53 (8)  

0.37 (8)  
17.9 (2)  

[11]   
[10]   

[0.07]   
[1]    
[9]    
[7]    

[0.04]   
[1]    

[0.1]    
[0.05]   

242～253 

124～129 

14720～15210 

306～322 

234～242 

23090～23190 

238 (2.35)  

13.2 

4150～4450 

93.7～96.7 

22.4～23.4 

18.9～22.1 

47.3～54.2 

0.34～0.38 

16.8～18.7 

10.5～12.0 

9.19～11.7 

0.071～0.076 

1.16～1.20 

9.44～12.0 

6.84～7.69 

0.045～0.054 

1.14～1.22 

0.10～0.11 

0.049～0.0548 

249 (2.61)  
126 (2.63)  

14950 (0.95) 
312 (1.02)  

23137 (0.12) 
4307 (2.79)  
95.1 (2.23)   
22.8 (2.98)  
20.9 (8.89)  
51.7 (9.38)  
0.37 (6.06)   
17.7 (2.64)  
11.4 (2.37)  
10.8 (14.4)  

0.074 (3.92)  
1.18 (1.14)  
11.1 (15.7)  
7.22 (5.29)  

0.050 (6.85)  
1.19 (3.87)  
0.11 (3.98)  

0.051 (0.42) 

0.05 
1.8 

4.17 

9.25 
4.79 
0.31 
2.95 
5.15 
5.84 
2.44 
0.97 
1.21 

 

134 



 

TABLE 6. ANALYTICAL RESULT OF OYSTER TISSUE, NIST SRM 1566A BY NAA 
      (UNIT: PPM) 
 

This Work 
Element 

Certified 
Value 

(S.D.%)  Range Mean(S.D.%)
Relative 
Error(%) 

Ag 

Al 

As 

Ca 

Cd 

Cl  

Co 

Cr 

Cu 

Fe 

K 

Mg 

Mn 

Na 

Se 

V 

Zn 

Au 

La 

Rb 

Sc 

Sm 

1.68 (9) 

202.5 (6) 

14 (9) 

1960 (10) 

4.15 (9) 4.37 (0.58)  

8290 (9) 

0.57 (19) 

1.43 (32) 

66.3 (6) 

539 (6) 

7900 (6) 

1180 (14) 

12.3 (12) 

4170 (3) 

2.21 (11) 

4.68 (3) 

830 (7)  

[0.01]  

[0.3]   

[3]   

[0.06]  

[0.06]  

1.55～1.78 

193～213 

13.7～15.2 

1857～1983 

4.36～4.39 

7501～7932 

0.60～0.61 

1.47～1.57 

60.7～62.4 

529～570 

6720～7726 

1139～1204 

11.8～12.3 

4047～4271 

2.20～2.48 

4.13～4.97 

1004～1034 

0.013～0.017 

0.29～0.30 

2.76～3.46 

0.059～0.069 

0.058～0.061 

1.66 (4.51)   

204 (2.42) 

14.4 (3.63)  

1936 (4.6)  

7656 (3.66)  

0.60 (1.8) 

1.52 (4.92)  

61.5 (1.93) 

552 (3.5)  

8.45 (0.18)  

1165 (0.85)   

12.0 (2.77)  

4185 (3.19)  

2.30 (8.12)  

4.57 (12.9)  

1022 (2.08)   

0.015 (6.27) 

0.30 (0.91) 

3.11 (15.8)  

0.066 (10.8) 

0.059 (1.32) 

1.07   

0.84   

3.05   

1.22  

5.4  

7.64   

5.7   

6.6   

7.2   

2.39   

10.2  

1.24   

2.28  

0.35  

4.01  

2.26  

23.1   
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Daily intake of micro-elements by Korean geriatric population is listed in the Table 7. The 
data are compared with RDA values [9]. Ca intake is only 34% of RDA value. Also some 
important micronutrients intakes are much lower than RDA values such as Cr (24%), 
Fe(57%), Se(49% for male) and Zn(50%).  However Na intake is 525% of RDA values.  High 
Na intake can be explained by their high consumption of salted food such as Kimchi which is 
Korean representative foodstuff, salted soup, fish and etc. 
 
TABLE 7. COMPARISON OF DAILY DIET INTAKE BY KOREAN GERIATRIC POPULATION 
WITH RDA [9] AND THE LITERATURE [10] VALUES. 
       (UNIT: MG/DAY) 
 

Element  This Work  RDA Literature 

Ca 407 1200 320 ∼ 920 

K 1807 2000 2300 ∼ 3900 

Mg 
Male : 192 

Female : 245 
Male : 420 

Female : 320 
190 ∼ 420 

Na 2625 

0.048 

Se 

Male : 7.6 

500 3500 ∼ 6900 

Cr 0.2 - 

Fe 5.68 10 8.1 ∼ 30 

Mn 4.2 5 2.2 ∼ 8.6 

Male : 0.034 
Female : 0.044 

Male : 0.07 
Female : 0.05 

0.034 ∼ 0.133 

Zn 
Female : 6.0 

Male : 15 
8.3 ∼ 14 

Female : 12 
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FIG. 1. Elemental Distribution in Duplicate Diet Compared with RDA Values 
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FIG. 2. Nutritional Elements Distribution in Hair of Geriatric Population Compared with Korean 
Reference Values 
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FIG. 3. Toxic Elements Distribution in Hair of Geriatric Population Compared with Korean 
Reference Values.  
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4. CONCLUSION 
 
Minerals and micronutrients are very important components in diets. Both their deficiency 
and excess may cause serious human health problems. The collected samples were prepared 
over 60 years old adults in Seoul during a period of one day using Duplicate Diet method. 
Duplicate Diet method is most accurate method for estimating micronutrients intakes and 
exact copy of the foods eaten preferably weighed, to replicate the diet consumed by an 
individual. 
 
Analytical results can be classified into two groups such as macro elements (Ca, K, Mg, Na) 
and minor elements (Cr, Fe, Mn, Se, Zn). Analytical results for daily intake of geriatric 
population in Korea were showed that except Na every macro and minor elements were lower 
than RDA and IAEA study. This shows that micronutrients intake of Korean geriatric 
population is not well balanced and need to be corrected or guided. 
 
In conclusion, NAA is proved to be a sensitive analytical method useful for performing both 
qualitative and quantitative multi-elemental analysis of macro and minor elements in diet or 
biological materials. 
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Abstract 

 
Beside problems on quality, sanitation and safety of food, the increase in environmental pollution created 
by anthropogenic socio-economic activities have caused harmful effects on public health, especially on 
children. The application of nuclear techniques such as neutron activation analysis (NAA), radiochemical 
neutron activation analysis (RNAA) and atomic absorption spectrometry (AAS) is expected to 
understand and to evaluate the effects of environmental pollution on the nutritional status of children 
already exposed to marginal malnutrition.  
 
Samples of placentae including placentae of low weight newborns group and placentae of control group 
were collected for determination of nutritional elements and pollutants. The mean concentration of the 
most elements in human placenta for the control group (weight ³ 2.5 kg) is nearly within the same range 
of reference work. The concentration of the pollutants is higher and concentration of the nutritional 
elements is lower in the low weight newborns group (weight < 2.5 kg) in comparison with the control 
group.  The mean ratios of pollutants and nutrients such as Cd /Zn, Hg/Se and Pb /Ca were evaluated for 
both groups. All these ratios in placenta of the low weight newborns are higher than that of the healthy 
group. It shows evidence of some nutrition-pollution interaction, which may lead to the more severe 
situation of malnutrition in low- weight newborns. 

 
 
1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 
 
Pollution in a large context encompasses all those determinants, both anthropogenic and non-
anthropogenic. Rapid and uncontrolled industrial growth in Vietnam induces environmental 
pollutants as a significant factor affecting human health. Lead, chromium, cadmium, mercury, 
arsenic and other heavy metals form a major group of pollutants generated by human activity. 
They have a profound influence on growth and development in infants and children and on 
the utilization of essential nutrients.  
 
Biomonitoring has now been accepted as a powerful tool to assess the impact of pollutants on 
human health. Real-time monitoring (RTM) and long-term monitoring (LTM) have provided 
analytical techniques to study the interaction between environmental pollution and nutrition, 
as well as the health status [1]. 
 
The report presents the results of determination of some nutrients (Ca, Zn, Se, Cu) and 
pollutants (Pb, Cd, Hg, As) in human placenta (RTM) by RNAA and AAS techniques.   
 
The investigation carried out in Hanoi shows that in such large cities, where hunger and 
under-nutrition are not prevalent and quality of child feeding has improved, the effects of 
environmental pollutants are considered to be the major contributory factors causing 
malnutrition in children. According to the statistical data in the last three months of 2001 the 
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total malnourished children under 5 years of age in Hanoi was 28,720 (about 17%) and the 
count of low birth weight baby was 2,393 (4.15%) of total children surveyed [2]. 
 
In this study the main subjects are newborns with placenta as dual bioindicator. The study was 
conducted in two hospitals. These babies were divided into 2 groups based on their body 
weight: Low weight newborns group (weight < 2.5 kg) and control group (weight ≥ 2.5 kg). 
 
 
2. METHOD 
2.1. The method for sampling and sample preparation for compositional analysis 
 
An abundant review of sampling and sample preparation of placenta and the other biological 
monitors were introduced [3-7]. The following procedures are proposed for sampling and 
sample preparation for placenta in our work: 

 
• Collecting entire placenta immediately after delivery (including umbilical cord); 

• 

• 
 

• 

• 

• Keeping the samples (0.5g) in sealed polyethylene bags until analyzed.   

• Standard Reference Material (SRM) were obtained from the National Institute of 
Standard and Technology (NIST) and used for quality control. Single-element 
solutions standard (1000µg.ml-1) of mercury, selenium, arsenic, cadmium, copper, 
calcium, lead and zinc were obtained from Spex CertiPrep, Inc. (Metuchen, NJ, USA) 
and Merck (Germany). 

• 

• 

• 

• 

Washing with deionized water; 

Transferring placenta into clean polyethylene (PE) bags and storing at -200C. Further 
preparatory work is to be carried out in the clean laboratory; 

• Thawing, gently squeezing to remove excess blood; 

• Washing carefully again with ethanol and wiping with fibre - free tissue; 

Collecting multiple pieces from three components: cord (detached at point of entry to 
the placenta), membrane and placenta body; 

Drying with filter paper in vacuum oven - dry at 500C to constant weight; 

• Grinding to maximize the uniformity of the sample in a quartz mortar; 

 
2.2. Application of RNAA and AAS techniques for determination of nutrients and 
pollutants in placenta 
 
2.2.1. Reagents 
 
The following reference samples and reagents were used: 

Hydrochloric acid (density 1.12g/cc), nitric acid (density 1.4g/cc), sulfuric acid 
(density 1.84g/cc), sodium thiosulfate etc.; 

Solution of Ni(DDC)2 in CCL4;  

Solution of Zn(DDC)2 in CCL4; 

Solution of Pb(DDC)2 in CCL4. 
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2.2.2. Irradiation 
 
Quantity weight of 0.5g of each sample was sealed in PE bags for irradiation. Samples and 
standards were irradiated simultaneously in rotation system at the Dalat nuclear reactor 
(TRIGA MARK) with thermal power 500kW at thermal neutron flux of 2x1012n. cm-2.sec-1 

for 20 hours for mercury, selenium, arsenic, cadmium and for 15 minutes for copper. 

 

 

2.2.4. RNAA for determination of arsenic and cadmium  
 

 

 

 

2.2.3. RNAA for determination of mercury and selenium  

After irradiation, the samples were cooled for 10-14 days. Each sample after removing the PE 
bags was transferred to a flask containing carries of stable mercury (100µg) and selenium 
(10mg) fitted with a flux condenser system. 10ml of nitric acid (density 1.4g/cc) and 0.5ml 
sulfuric acid (density 1.84g/cc) were added. After soaking the sample in acid for 20 minutes, 
it was digested on a hot plate using slow heating until the solution became clear. Generally it 
took 6-8 hours for complete digestion. The cooled solution was added with 10ml water. Then 
Hg was extracted with two portions (10ml and 5ml) of the Ni(DDC)2 in CCL4 reagent in a 
separator funnel for 2 minutes. The drained organic fractions were combined in PE bottles and 
counted for 279.2 KeV gamma rays of 203Hg (T1/2 = 46.6 days) by using a Multichannel 
Analyzer with a HPGe detector (Fig.1), the resolution at 60Co 1332 KeV gamma rays was 
about 2 KeV.  

The water fraction was heated until dryness to destroy HNO3 and 10ml 5N HCl was added. 
The element Se was precipitated by addition of about 2g Na2SO3. The precipitate was filtered 
and washed several times with 5ml 5N HCl. 75Se (T1/2 = 119.7 days) was measured at 264.7 
KeV and 279.5 KeV gamma rays by using the multichannel analyzer with the HPGe detector 
(Fig.2). 
 

After few days of radioactive decay, the samples and standards were transferred in different 
beakers and then 100µg stable As and Cd were added. The mixtures were dissolved in 5ml of 
nitric acid (density 1.4g/cc) and 0.5ml of sulfuric acid (density 1.84g/cc). After soaking the 
sample in acid for 20 minutes, it was digested on a hot plate using slow heating until the 
solution became clear. Generally it took 3-4 hours for complete digestion. The cooled solution 
was treated with 3ml of urea and 3.5ml of 1M HCl. Cadmium was then extracted twice into 
6ml portion of 0.5M Zn(DDC)3 solution in CCL4. For low-level Cd determination, the 
radionuclides 114Cd - 115m In were separated from the organic phase by stripping with 5ml of 
6M HCl. The gamma rays of 336 KeV from 115mIn in aqueous phase were counted for 1000 
sec on the HPGe detector.  

Arsenic was extracted into 10ml of toluene from the above aqueous phase following addition 
of 5ml of 9M H2SO4 and 3ml of 5M KI. Gamma rays of 76As in toluene phase formed from 
the nuclear reaction 75As (n, γ) 76As (T1/2= 1.07 d) were counted for 300 sec on the HPGe 
detector (Fig.3). 
 
2.2.5. RNAA for determination of copper 

After few hours of radioactive decay, sample digestion was carried out following similar steps 
of method in (2.2.4). Generally it took 3-4 hours for complete digestion. The cooled solution 
then was added with 10ml water. The sample solutions were adjusted to pH = 1-2 by 
ammoniac solution (1:2). At this point copper was extracted with 20ml Pb(DDC)2 in CCl4 and 
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511 KeV gamma rays of 64Cu from the nuclear reaction 63Cu (n, γ) 64Cu (T1/2 = 12.7 hours) 
were counted for 300 sec on the HPGe detector (Fig.4). 
 
2.2.6. AAS for determination of calcium, lead, and zinc  
 

 

One gram of each sample was placed in 250ml beaker and dissolved in 10ml nitric acid 
(density 1.4 g/cc) and 1 ml sulfuric acid (density 1.84 g/cc). After soaking the samples in acid 
for 20 minutes, it was digested on a hot plate using slow heating until the solution became 
clear. Generally it took 8-10 hours for complete digestion then it was heated to dryness. 
Added with 4ml HNO3 (1:1), the mixture solution was transferred to 25ml measuring flask 
and diluted with water to make 25ml. Standard conditions for elements of interest in AAS 
method are showed in Table 1. 

TABLE 1: STANDARD CONDITIONS FOR CALCIUM, LEAD AND ZINC ANALYSIS BY AAS 
METHOD 
 

Element Wave length, nm 

 

Light source Flame type 

Ca      422.7 and 239.9  

 

 
Hollow cathode lamp Nitrous oxide-acetylene flame 

 
Pb     217.0 and 283.3  

 
Hollow cathode lamp Air-acetylene flame 

Zn 
 

              213.9  Hollow cathode lamp Air-acetylene flame 
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TABLE 2: CONCENTRATION OF TRACE ELEMENTS IN HUMAN PLACENTA 
 

        
Concentration, 

mean ± S.D. (µg/g) 
by this work 

Concentration, mean ± S.D. (µg/g)  
Element 
 

Method Basis 
Weight 
≥ 2500g 
(n=20) 

Weight 
< 2500g 
(n=40) 

                       Reference 
[6, 7]  

 
Pb 
 
 
Cd 
 
 
Hg 
 
 
As 
 
 
 
Ca 
 
 
 
Zn 
  
 
 

 
RNAA 

 

 

Dry 
 

 0.030              Tsuchiya et al., 1984 

Se 
 
 
Cu 
 
 

 
AAS 
 
 
RNAA/ 
AAS 

 
 
RNAA 
 
 

AAS 
 
 
 
AAS 
 

  
RNAA 
 
 
RNAA 

 

 
Dry 

 
 

Dry 
 
 

Dry 
 
 
 

Dry 
 
 
 

Dry 
 
  
 

Dry 
 

 
Dry 

 
0.340 
± 0.270 
 
0.034 
± 0.009 
 
0.176 
± 0.111 
 
0.16 
± 0.006 
 
 
3550 
± 4887 
 
 
53.3 
± 6.4 
 
 
0.776 
± 0.590 
 
8.7 
± 3.9 

 
0.469 
± 0.464 
 
0.036 
± 0.013 
 
0.370 
± 0.939 
 
0.165 
± 0.06 
 
 
2300 
± 918 
 
 
46.9 
± 8.4 
  
 
0.674 
± 0.316 
 
10.7 
± 6.5 

 
 0.350              Khera et al., 1980 
 0.500              Baranowska, 1995 
 

 0.110              Baranowska, 1995 
 
 0,185              Tsuchiya et al., 1984 
 
 
 0.069 ± 0.071  Ward et al., 1984 
 0.062               Sriramachari et al.,      1997  
 
 
5188 ± 5358    Scharamel et al., 1988 
4014 ± 111      Watanabe et al., 1997 
 
 
 58 ± 10          Alexiou et al., 1977 
 69 ± - 4.2       Riemschneider et al., 1978 
 
 
1.7                   Iyengar et al., 1978 
1.18                 Schramel et al., 1988 
 
7.2*                 Iyengar et al., 1978 
7.06                 Riemschneider et al., 1978 
 

* Average ratio used for convection dry/wet = 6.   
 
 
3. RESULTS AND DISCUSION 
 
60 samples of placentae including 40 placentae of low weight newborns group and 20 placentae of 
control group were collected for determination of nutritional elements and pollutants. The items of 
sampling protocol such as delivery time, age of the placenta, weight of newborn, maternal occupation, 
residence (rural/ urban), dietary and smoking habits (living in smoking environment or not), water 
supply system (central/ local)... were taken into account. The concentration of trace elements in 
human placenta is shown in Table 2. 
 
Note that the mean concentration of the most elements in human placenta for the control group 
(weight ≥ 2.5 kg) is nearly within the same range of reference work. The average concentration of 
the pollutants is higher and concentration of the nutritional elements is lower in the low weight 
newborns group (weight < 2.5 kg) in comparison with the control group. However, the effect is 
not clear for As and Cu. 
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The results show that the sensitivities of the used methods are suitable for subjects. The decision 
limits Lc for the different elements of interest in specimens such as human placenta are 
determined in unit of g/g and Lc =3√B, where B is a background of the given detector (Table 3 ). 
 
The mean ratios of pollutants and nutrients such as Cd/Zn, Hg/Se and Pb/Ca are evaluated for 
both groups (Table 4). Note that, all these ratios in placenta of the low weight newborns are 
higher than that of the control group. It may serve as an evidence of some nutrition-pollution 
interaction, which leads to the more severe situation of malnutrition in low- weight newborns. 
 
 
TABLE 3: DECISION LIMITS Lc FOR ELEMENTS OF INTEREST IN HUMAN PLACENTA  
 
        Elements                                   Lc, g/g                              Methods 
 
 

 

 

 

 

 

 

 

Pb                                        5x10-8                                 AAS 

Cd                                           10-9                                 RNAA 

Hg                                           10-10                                RNAA 

 As                                           10-8                                  RNAA 

 Ca                                            10-7                                 AAS 

 Zn                                        5x10-8                                 AAS 

 Se                                             10-10                               RNAA 

 Cu                                            10-9                                 RNAA 
 
________________________________________________________________________ 

 
 
 
TABLE 4: RATIO OF THE POLLUTANTS TO NUTRITIONAL ELEMENTS IN HUMAN 
PLACENTA 

 
 
Ratio of elements                      Control group              Low weight newborn group 
_________________________________________________________________________ 
 

 

Cd/Zn                                              6.38x10-4                             7.68x10-4 
 
Hg/Se                                              0.227                                   0.550 

Pb/Ca                                              9.58x10-5                             2.04x10-4  
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4. DISCUSSION AND CONCLUSION 
 
The analytical methods such as RNAA and AAS are suitable for determining content of the 
main nutritional elements and pollutants in human placenta and for evaluating the mean ratios 
of the interested elements. The results show that the mean concentration of the most elements 
in human placenta for the control group is nearly within the same range of the reference work. 
Generally, the concentration of the pollutants (excepting As) is higher and concentration of 
the nutritional elements (excepting Cu) is lower in the low weight newborns group in 
comparison with the control group. 

 
The higher ratios of pollutants to nutrients such as Cd/Zn, Hg/Se and Pb/Ca in placenta of the 
low weight newborns in comparision with the control group can be regarded as an indicator 
fact of malnutrion of children. It shows that normally the human placenta acts as a barrier to 
toxic metals [3]such as Cd, Hg and Pb. However for the malnurished group, there is a lack of 
some nutrients such as Zn, Se and Ca, therefore the role of barrier may be weakened and in 
results the concentration of the pollutants is over the normal levels. The systematically higher 
values of these ratios show that there is some nutrition-pollution interaction, which may lead 
to the more severe situation of malnutrition in low weight newborns. 
 
 
5. BRIEF ON PLANS FOR FUTURE WORK 
 
The malnourished children at ages from one to 12 months are the subjects of the follow study. 
Breast milk, urine (Real Time Monitoring) and hair (Long Time Monitoring) are planned to 
be used for the nutrition-pollution interaction. The same methods as INAA, RNAA and AAS 
will be used for the study. 
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FIG. 1. Gamma spectrum of Hg in placenta sample after radiochemical separation. 
 
 
 

 
 
FIG. 2. Gamma spectrum of Se in placenta sample after radiochemical separation. 
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FIG. 3. Gamma spectrum of As in placenta sample after radiochemical separation 
 
 

 
 
FIG. 4. Gamma spectrum of Cu in placenta sample after radiochemical separation 
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APPENDIX 1: AGENDA OF THE MEETING 
 

SECOND RESEARCH CO-ORDINATION MEETING (RCM) FOR THE CO-
ORDINATED RESEARCH PROJECT (CRP) on: 

 

"Application of isotopic nuclear techniques in the study of nutrition-pollution 
interactions and their impact on the nutritional status of human subjects in 

developing country populations” 
(E4.30.14, RC-866.2.) 

 
AGENDA 

MONDAY, 17 NOVEMBER 2003 

  9:00 –   9:30 Registration 

  9:30 – 10:00 Opening of the meeting 
Representatives of INTA, Universidad de Chile 
N. Mokhtar, Nutritional and Health-Related Environmental Studies 
Section, IAEA 
Administrative arrangements for the meeting 
Election of the rapporteur 
Adoption of the agenda 

10:00 – 10:30 Coffee break 

10:30 – 12:30 SESSION 1: PROJECT REPORTS 
Chair: J.E. Dutra-de-Oliviera 
 

Chile (Miguel Llanos): 
Oxidative stress and antioxidants in placentas of women with low birth weight neonates; 
correlation with toxic and trace elements. 

 
China  (Ji-Xian Wang): 

Application of isotopic and nuclear techniques to determine the composition 
of human placenta and cord blood in the study of interaction between 
essential and toxic trace elements  

12:30 –13:30 Luncheon 

 
 
 
13:30 – 15:30 SESSION 2: PROJECT REPORTS (continuation) 
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Chair: Ji-Xian Wang 
Vietnam  (Dai Nghiep Tran): 

Application of isotopic and nuclear techniques in the study of nutrition-pollution 
interaction and their impact on the nutritional status of children subject in Vietnamese 
population 

 
Bangladesh  (Muhammad Ali): 

Biomonitoring of arsenic and lead on health indices (hair, blood, etc.) and 
their interactions and impacts on the nutritional status of Bangladesh 
population  

15:30 – 16:00 Coffee break 

16:00 – 17:00 SESSION 3: PROJECT REPORTS (continuation) 
 

Chair: Seung Yeon Cho 
Brazil  (J.E. Dutra-de-Oliveira): 

Micronutrients composition and the presence of pollutants in mother’s milk from rural 
and urban working environment 

TUESDAY, 18 NOVEMBER 2003 

  9:00 – 10:00 SESSION 4: PROJECT REPORTS (continuation) 
 

Chair: Dai Nghiep Tran 
Kenya  (A. Makokha):  

Application of isotopic and nuclear techniques in the study of iron-
lead interactions in cord and placenta blood on subjects living in 
heavily polluted areas of Kenya 
 

Morocco  (B. Attrassi): 
Impact of water pollution by Hg, Cd, and Pb on nutritional status of children in the 
Northwest of Morocco 

 

10:00 – 10:30 Coffee break 
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10:30 – 12:30 SESSION 5: PROJECT REPORTS (continuation) 
Chair: M. Llanosi 

India   (D. Kumar): 
Role of nutrient in environmental toxicity 

. 

12:30 –13:30 Luncheon 

13:30 – 15:30 SESSION 6: PROJECT REPORTS (continuation) 
Chair: A. Makokha 

Korea  (Seung Yeon Cho): 
Application of isotopic and nuclear techniques in the study of nutrition-pollution interactions 
and their impact on the nutritional status of Korean pediatric populations 

15:30 – 16:00 Coffee break 

16:00 – 17:30 SESSION 7: GENERAL DISCUSSION (see separate list of topics) 
Chair: J.E. Dutra-de-Oliviera 

• Summaries (highlights) of individual projects 

WEDNESDAY, 19 NOVEMBER 2003 

  9:00 - 12:30 SESSION 8: GENERAL DISCUSSION (continuation) 
Chair: D. Kumar 
 

• Updating specific research objective of CRP 
• Assessing the outputs 
Coffee break as appropriate 

12:30 –13:30 Luncheon 

13:30 – 17:30 SESSION 9: GENERAL DISCUSSION (continuation) 
Chair: Ji-Xian Wang 

• Assessing activities 
• Overall assessment of progress towards achieving objective 
• Adjusting proposed work plan until next RCM 
• Technical aspects 
 
Coffee break as appropriate 
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THURSDAY, 20 NOVEMBER 2003 

  9:00 – 12:30 SESSION 10: GENERAL DISCUSSION (continuation) 
Chair: (Muhammad Ali) 

• Technical aspects (continuation) 
Coffee break as appropriate 

12:30 –13:30 Luncheon 

13:30 – 17:30 SESSION 11: GENERAL DISCUSSION (continuation) 
Chair: Seung Yeon Cho 
 

• Main scientific/technical conclusions from the meeting 
• Organisational aspects 
• Formulation and drafting of conclusions and recommendations 
• Drafting of the Meeting Report 
Coffee break as appropriate 

FRIDAY, 21 NOVEMBER 2003 

  9:00 – 12:30 SESSION 12: GENERAL DISCUSSION (continuation) 
 

Chair: B. Attrassi 
• Drafting of the Meeting Report (continuation) 
• Drafting of the Meeting Report (continuation) 
Coffee break as appropriate 

12:30 –13:30 Luncheon 

13:30 – 15:30 SESSION 13: CONCLUDING SESSION 
 

Chair: Muhammad Ali 
 

• Discussion and approval of the Meeting Report 
 
• CLOSING OF THE MEETING 
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