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Lead Toxicity – Brief General Overview

Lead Toxicity
• Lead (Pb) is a soft, silvery white or gray-black metal.
• It is malleable, ductile, and dense and is a poor conductor

of electricity.
• It is ubiquitous in the environment
• It has no known biological role in humans or animals
• Serious problem in developing countries (extractive

industries)
• Anthropogenic activities are the main sources of

exposure

(The Guardian, 2017 – Kabwe, Zambia)
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3Toxicokinetics of lead: Absorption, Distribution, Metabolism, and 
Excretion

Circulates in blood (35 days) 
and excreted in feces and 

urine

Ingestion Inhalation

Pb Pb

Lead Exposure RouteLead Toxicity
• Pb has a half-life of 35 days in

the blood
 Disseminated to various

organs.
 It accumulates in bones for

decades.
• Negatively impacts pregnancy

outcomes of mothers.
• Trans-placental exposure effects

include:
 preterm labour, abortions,

stillbirth, low birth weight.
• Fatal cases of Pb toxicity have

been reported in humans. Accumulates in soft tissues and 
bone for decades



4Toxic Effects of Lead

 Hematologic Effects

 Affect HEME synthesis by inhibition of ALAD activity

 Affect the brain by multiple mechanisms
 Act as a surrogate for calcium and/or 

disrupt calcium homeostasis
 A 2- to 4-point IQ deficit for each μg/dL 

increase in BLL 

 Neurological and Developmental Effects

 Cause lead nephrotoxicity which lead to renal 
failure

 Often damage is not detected until it’s too late

 Renal and hepato-Toxicity

Current CDC reference level = 3.5µg/dLChildren

Developing fetus

Most at risk 

Pregnant women
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KAMPAI Project Summary and ZA.ZINAMBO Project Plans 6
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7 Capital of Zambia’s Central Province
 230,000 population size

Kabwe town is known as:

Kabwe

Sunday 28 May 2017

 Long history of Pb-Zn mining; from 1902 to 1994

www.worstpolluted.org/projects

POST ON: : February 12, 2015
KABWE IN TOP 10 MOST POLLUTED TOWNSTailings dump

(Black mountain)



Women and children crushing 
stones to sell as gravel 

Children playing on lead contaminated soilsScavenging for lead on tailings dump 

Exposure factors in the vicinity of the mine in Kabwe

Lead contaminated central canal 
– annual flooding

Houses less than 500m away from 
tailings dump
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Pre-KAMPAI: lead poisoning in children (first human report)

Yabe et al. 2015. Chemosphere: 19, 941–947
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 Human health risk assessment and socio-
economic impact of lead pollution in Kabwe
Household blood Pb concentration

variations
 Childhood Pb exposure through breast milk
 Pb metabolism (urine and feces) in

infants/children
 Assessing biomarkers of exposure and effect
 Cognitive assessment – IQ analysis
 Assessing effects of Pb on Quality of Life
 Neurodevelopmental impact assessment of

Pb exposure in children
 Socio-economical impact assessment of Pb

pollution

KAMPAI Project 2016 - 2022: Output Two Objectives 10

ZMERIP (Treatment)
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1000 households

Father Mother < 4 years 
old 

≥ 4 years 
old

Human Risk assessment    
Urine and fecal Pb analysis    
Quality of Life    
Neurodevelopmental impairment  
Milk lead levels and correlations  

Blood
 Urine
 Fecal
 Breast milk

Current trends of blood lead levels in Kabwe, Zambia

 Measured lead contamination among household members in Kabwe communities to characterize the
town’s burden of disease.

 This in turn would help define interventions to mitigate Pb exposure and alleviate adverse health
outcomes.

KAMPAI broad surveillance - 2017 



12Study sites
Blood samples were collected from:
 40 Standard Enumeration Areas (SEAs)
 13 clinics
 About 1250 participants

Pb analysis

Venous blood

Collected at each health center by 
laboratory technicians and nurses

 Ethical clearance by UNZABREC & MOH
 Written informed consent obtained from parents

July-August, 2017

Wind direction



Current trends of blood lead levels in Kabwe, Zambia 13



Current trends of blood lead levels in Kabwe, Zambia

Summary - Blood Lead Levels
(BLLs):
Ranged from LOD to 162 µg/dL
There was significant difference among
BLLs based on area
Distance from the mine and wind
direction were key factors in exposure
levels
Only about 30 % had BLL below the
CDC reference level (current level is 3.5
µg/dL)
A high peak in children around the age
of 2 years and lower BLL in older children

14



Assessing BLLs in Mothers, Infants, breast milk and isotope ratios 15



Pb Levels in Breast milk Samples – below acceptable limits

WHO’s Acceptable Pb levels
in breastmilk: 2 to 5 µg/L

Breastmilk All Kasanda Makululu Chowa Katondo Bwacha

Mean (N) 0.51 (417) 0.89 (81) 0.70 (102) 0.55 (57) 0.22 (93) 0.22 (84)

Range 0.01 – 5.1 0.01 – 5.0 0.11 – 3.9 0.14 – 4.2 0.04 – 5.1 0.05 – 1.8



Similar isotope ratio value → Same Pb source

206Pb

234U

207Pb 208Pb

235U 232Th

• Lead has four stable, naturally occurring isotopes (Pb-Irs): 204Pb (1.4%), 206Pb 
(24.1%), 207Pb (22.1%) and 208Pb (52.4%).

• Pb isotope ratios; 207Pb/206Pb, 208Pb/206Pb) are not affected to a measurable extent 
by physico-chemical fractionation processes.

• Pb-IRs are different depending on Pb source
→ Natural tracer of Pb

Background: Source identification by Pb isotope ratio analysis 17



Stable Pb isotope ratios
Multi Collector MC-ICPMS 
To clarify source of exposure

Stable Pb isotope ratios and biomarkers

MC-ICPMS: Neptune Plus
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• BLLs in infants were higher than mothers
• A positive correlation between BLLs of paired Mothers and Infants (p < 0.01, ρ = 0.6)
• Pb isotope ratio analysis showed similar trends for infants blood, feces, soil and Kabwe galena
• Pb isotope ratios for mothers’ blood and milk were different from the galena and soil but similar to infants blood

BLLs in Mothers and Infants and Isotope Ratio Analysis 19



 G150 (N=5, 150km from mine)
 G30 (N=5, 30km from mine)
 G0 (N=5, around mining area)

Sentinel animal for tracing Pb sources using Pb-IRs analysis 

 BC (N=5, broiler chicken)
 FRC (N=10, free range chicken)
(*both group were from around mining area)

Blood, liver, kidney, lung, spleen,
brain, bone, feces, stomach/gizzard
contents, etc.

Goat Chicken

Environmental samples (eg. soil)

Analysis of Pb level and Pb-IRs using ICP-MS

Dissection

Drying and Microwave digestion

 S150 (N=6, 150km from mine)
 S30 (N=2, 30km from mine)
 S0 (N=19, around mining area)

Soil

can be regarded as the dominant source of Pb

20



Sentinel animal for tracing Pb sources using Pb-IRs analysis 21
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1. The values of Pb-IRs in goat with high Pb level reflected those in soil (similar 
isotopic fingerprints revealed pollution source)
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Assessing the Clinical Impact of Pb Exposure in Kabwe Residents

Objectives of the study

• The study analyzed various hepatic and renal function

parameters.

• This was the first study to analyze the widespread association of

exposure to Pb and other metals with clinical parameters in humans in

Africa.

• The aim was to establish the health impact of Pb poisoning in Kabwe and

to facilitate the implementation of possible countermeasures.

23



Assessing the clinical impact of Pb exposure in Kabwe residents

Azotemia – Hepatic disorder?

Hepatic disorder?
Renal disorder?

Preliminary findings:

24



Assessing the Impact of Pb Exposure and Maternal Characteristics on 
Neurodevelopmental (ND) Outcomes in Children

Brochin-et-al-2008-GUJHS-5-2

Background
• Trans-placental transfer of Pb is well known
through syncytiotrophoblast.

• Increased mobilization of Pb from bones
(endogenous source)
Pregnancy, lactation and calcium deficiency

• Pb transfer peaks at 12-14 weeks gestation
fetal production of 1,25-dihydroxyvitamin
D

• Pre- and perinatal exposure results in higher
brain Pb levels than postnatal exposure.
Under-developed blood-brain barrier in
early life.
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Assessing the Impact of Pb Exposure and Maternal Characteristics on 
Neurodevelopmental (ND) Outcomes in Children

Brochin-et-al-2008-GUJHS-5-2

Background
• Exposure to Pb during prenatal and postnatal

development can cause serious
neurocognitive damage.

• Social environmental factors alter
susceptibility to the cognitive effects of Pb.

Objectives
• Assess the impact of childhood Pb exposure

on neurodevelopmental outcomes.
• Assess the influence of maternal

characteristics on neurodevelopmental
outcomes in selected exposed communities of
Kabwe, Zambia
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Assessing the Impact of Pb Exposure and Maternal Characteristics on 
Neurodevelopmental (ND) Outcomes in Children
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Assessing the Impact of Pb Exposure and Maternal Characteristics on 
Neurodevelopmental (ND) Outcomes in Children

Lead Levels /  
Maternal 

Characteristics  

Covariates

Behavior/
language

Motor 
functions

Neurodevelopmental outcomes

Cognitive 
functions

Maternal Characteristics
 Age
 Marital status
 Education level
 Income level
 Breast feeding duration

28



Impact of Pb Exposure on ND Outcomes in Children
38
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There was a negative correlation between BLLs and ND scores

Blood lead levels and ND scores
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Impact of Pb Exposure (Locations) on ND Outcomes in Children

0 10 20 30 40 50 60

Makululu

Chowa

Kasanda

Bwacha

Mahatma

Neurodevelopmental Scores in selected 
townships of  Kabwe

Personal Social

Problem Solving

Fine Motor

Gross Motor

Communication

There were significant differences in ND scores by the location.*except FM 
domain* 
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World Bank funded project (ZMERIP) collaboration
 Treatment of the target children with BLL above 45 µg/dl is currently underway
 Environmental remediation programs under ZMERIP are already underway

Further assessments
 Children below the age of 3 years – Neurodevelopmental Impairment Assessment
 School going children above the age of >3 - IQ, ADHD, etc.
 Lead (Pb) exposure and birth outcomes in pregnant mothers (PhD student – in progress)

Conclusions, Recommendations and Work in Progress

Take-home message
 Blood lead levels in communities near the Pb mine in Kabwe are alarming
 Lead in levels in human breast milk are generally low
 Free range chickens could be an important source of Pb in Kabwe
 Children in Kabwe are mainly exposed to Pb through their mother’s blood and from the soil
 Pb toxicity in Kabwe affects liver, kidney, hematopoietic system
 Dogs in Kabwe can be used as sentinel animals for Pb biomonitoring
 Hot spots that require urgent remediation are Kasanda, Mutwewansofu and Makululu
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KAMPAI Project - Remediation Options  

 Developed engineering and agricultural
environmental remediation approaches
applicable to mining and residential
areas
 Measures to prevent the spread of

lead from mine tailings to residential
areas

 Environmental remediation of
residential areas already
contaminated with lead

 Prevention of exposure to lead from
diet and other sources

 Screening of the population for lead
poisoning and provision of health
intervention.
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 Kabwe 
communities

 Children
 Families
 Ministry of Health
 Health centers
 Government 

offices

End of 
part 1
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Research Plan: Assessments of Arsenic and 
Lead Contamination in Tsumeb and Rosh 

Pinah, Namibia: a Multidisciplinary and One 
Health Approach
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ZA.ZINAMBO PROJECT
(Zambia – Zimbabwe – Namibia – Botswana) + Japan
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Research Site Identification – Why Tsumeb?
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Location
North-central, about 440 km, north of Windhoek

Population
About  19,000 residents (unverified)

Mining / smelting history
Mining - Anglo-German company (1903)
Tsumeb smelter – processes copper from Tsumeb 

and other mines (DPM)
Lead and Copper (Arsenic as byproduct)

Important  Agricultural Region
High annual rainfalls (> 550 ml annually)
Intensive agriculture (maize, fruits, vegetables)
 Part of the "Golden Triangle", or “Maize Triangle"



Why are we interested in Arsenic (and Lead)?

Arsenic Toxicity
Arsenic is toxic - Acute poisoning causes nausea,

vomiting, abdominal pain, and diarrhea
Chronic exposure affects the skin
Hyperpigmentation, hyperkeratosis e.g., in the

hands and feet
Arsenic is a carcinogen - affects numerous organs
Workers and residents in the vicinity of smelters

are most vulnerable
Lung, urinary tract and skin cancer are reported

at levels in drinking water around and above 50
µg/L

Encephalopathy and peripheral neuropathy may
occur.

Guha Mazumder DN. Chronic arsenic toxicity & human
health. Indian J Med Res. 2008 Oct;128(4):436-47.
PMID: 19106439.

Int J Environ Health Res. 2007 Apr;17(2):141-9. doi:
10.1080/09603120701219154. PMID: 17616870.



Does Arsenic Pollution occur in Tsumeb?

38

The Namibia Custom Smelter (NCS or the Tsumeb
smelter) processes complex Cu concentrates from
Bulgaria and Peru
These are contaminated with As

Drop in As demand - produced As is stored on-site
Environmental contamination (Pb, Cd & As) reported
Soil contamination - over 13,000 mg/kg were

recorded in the vicinity of the smelter
Plant contamination - As, Pb and Cd exceeded WHO

limits in marula fruits, pumpkins, chilies and tomatoes
NO scientific data for Animal and Human exposure.
Conflicting reports of As exposure in Tsumeb https://bankwatch.org/blog/health-reports-confirmed

widespread-over-exposure-to-toxic-arsenic-at-tsumeb-smelter-in-
namibia

2012 – construction phase (Tsumeb, Namibia2012 – dumping (Tsumeb, Namibia2013 – dumping (Tsumeb, Namibia



Arsenic Pollution in Tsumeb - Media Reports

39

https://bankwatch.org/blog/health-reports-confirmed-widespread-over-exposure-
to-toxic-arsenic-at-tsumeb-smelter-in-namibia (22 December 2015)
http://www.thevillager.com.na/articles/93/-Tsumeb-copper-miners--suffer-from-

arsenic--effects/ (2017?)
https://ww2.namibian.com.na/tsumeb-residents-demand-compensation-from-

dundee-for-alleged-water-contamination/ (24 August 2023)
https://www.namibian.com.na/rosh-pinah-children-suffer-chronic-lead-exposure/

(13 July 2023)
https://www.namibian.com.na/ministry-investigates-lead-exposure-among-rosh-

pinah-children/ (25 July 2023)

https://bankwatch.org/blog/health-reports-confirmed-widespread-over-exposure-to-toxic-arsenic-at-tsumeb-smelter-in-namibia
https://bankwatch.org/blog/health-reports-confirmed-widespread-over-exposure-to-toxic-arsenic-at-tsumeb-smelter-in-namibia
http://www.thevillager.com.na/articles/93/-Tsumeb-copper-miners--suffer-from-arsenic--effects/
http://www.thevillager.com.na/articles/93/-Tsumeb-copper-miners--suffer-from-arsenic--effects/
https://ww2.namibian.com.na/tsumeb-residents-demand-compensation-from-dundee-for-alleged-water-contamination/
https://ww2.namibian.com.na/tsumeb-residents-demand-compensation-from-dundee-for-alleged-water-contamination/
https://www.namibian.com.na/rosh-pinah-children-suffer-chronic-lead-exposure/
https://www.namibian.com.na/ministry-investigates-lead-exposure-among-rosh-pinah-children/
https://www.namibian.com.na/ministry-investigates-lead-exposure-among-rosh-pinah-children/


Assembled Research Team (UNAM) - One Health Concept
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Regional Coordinator (ZAZINAMBO)
 John Yabe (Veterinary Medicine)

National Coordinator (Namibia)
Yvonne Hemberger (Public Health,  Vet. Med)

School of Agriculture & Fisheries Science
Soil Science, Crop Science

School of Science
Environmental Science

School of Engineering and the Built Environment 
Mining  Engineering, Metallurgical Engineering,

School of Medicine 
School of Allied Health Sciences 
Government ministries
Other stakeholders



Research Facilitation – MOU (UNAM and Hokkaido University)
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