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Background -Mining areas in Zambia-

B The rapid economic progress in Africa has contributed to the
problem of environmental pollution.

B Major economic activity in Zambia is mining, and this is mainly
done in the Copperbelt region (Cu-Co) and Kabwe (Pb-Zn).

N, D

AR AT e R A A A N M S UL o o
B g e B ey R

Mining wastes are directly discarded int‘d"the
Kafue River in the Copperbelt region.

Mine in Kabwe



Background -Kabwe City-

places in the world’ (Blacksmith Institute, 2014).

B Kabwe city re-ranked among ‘the 10 most polluted

B However, no studies have been done to assess metal
pollution levels in edible tissues of chicken and

cattle from Kabwe.

B No recent study Is conducted in human.

Scrap metal
scavenging-at mine
e ¥
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The purpose of the study Is

To assess the metal pollution levels In
soil, domestic animals and children In

Kabwe.

Clarify 1f soil Pb contamination Is
source for animals and human, using

Stable Pb isotopes.
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Outline of PAST study Pb pollution in
chndren?
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SOI| samplmg Iocatlon in Kabwe (n 101 May 2009)
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mg/kg dry—wt

Zn, Pb and Cu concentrations in Kabwe soils

100000

10000 5

Zn, Cu and Pb

1000 - concentrations
in soil
1 exceeded the
0 FAO Limits.
1 .
Zn Pb Cu
Zn Pb Cu
Range 5-91,000 9 - 51,000 2 -5,000
Median 610 280 40
FAO Limits 500 150 100



Cd and As in Kabwe soil

140+ & S &
120+
100 -

Cd and As
concentrations

also exceed the
FAO Limits.

mg/kg dry—wt
=
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Cd As
Cd As
Range 0.01 - 140 0.04 - 140
Median 1 7
FAO Limits 1.6 18

Itai-itai disease (public hazard in Japan)
— Soil Cd: 25-50 ppm



GIS (Geographic Information System) analysis

High concentration metals

. cd | Low
' i I
I
I
N I
= [
Pb-Zn s
i =
mine —
I
]
[
]
I
|
I
e |
High
< Diffusion from mine
Southern part is more
contaminated than Northern part.
Occurred naturally -




Outline of PAST study

Pb & Cd

contamination
inchicken
“‘i«a - 2009~2011
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contamination

in cattle




N
/
e
0 150km
—)
Kafue River >
Kapiri MEosh'!)
Kabwe
@
Mumbwa |~ pino
Mine
Mazabuka
Siavonga (BB 2n)

Lake Kariba



Regional difference of Pb in cattle liver in Zambia

KKKKK

Siavonga

> higher levels of
Pb in the liver

Chibombo

> Pb levels were
similar to Kabwe

Other towns
> Lower Pb levels
Asterisk: p <0.001
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Regional difference of Cd in cattle kidney in Zambia

Kabwe ,
» Higher levels of * Kidney Cd
Cd in kidneys
Chibombo

> Cd levels were
similar to
Kabwe

Other towns
> Lower Cd levels

Asterisk: p <0.001
(Dunettee test)

mg/kg dry—wt

Kabwe Chlbombo Kapiri Mazabuka Mumbwa Siavonga




mg/kg (wet weight)

High Pb and Cd levels in muscle and offal

of Free-range chickens (n=17) in Kabwe
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Pb and Cd comparison in liver of

Broiler (n=32) and Free-range (n=17) in Kabwe
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Free- ' '
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Outline of PAST study Pb pollution ir
children?
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Human sample collection from Kabwe mine area
was done in May 2012

B \We collected samples
from local communities
around Pb-Zn mine.

B 0-7 years old children
were main participants.
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Blood Pb concentration in children in Kabwe

Blood Lead Levels Associated with Adverse Health Effectg

Children ‘n‘

Lead Concentration in Blood
(ng/dL)

L ]
'nl Adults

4 Hemoglobin Synthesis

4 Vitamin D Metabolism

4 Nerve Conduction Velocity

T Erythrocyte Protoporphyrin
itamin D Meta

Developmental Toxicity
11Q, gHearing, jSrowth

lism(?)

Transplacental Transfer —*

Concerned level by CDC

Death —* <+— Encephalopathy
*— Nephropathy
Encephalopathy —* _
Nephropathy —* *+— Frank Anemia
Frank Anemia —
Colic —* +— Male Reproductive Effects
-‘—

l

!

L

5

Note: T= increased function and =1 decreased function.

Fig. 1. Blood-lead levels associated with adverse health effects.

dHemoglobin Synthesis and
Female Reproductive Effects

+— INerve Conduction Velocity

*+— Elevated Blood Pressure

*+—qErythrocyte Protoporphyrin {men)

5 pg/dL in human blood, Pb

causes toxicological effects on
human (especially risk is high for

children).

Source: ATSDR, 1992



Blood Pb concentrations (ug/dL)

Kasanda (n=100)
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Blood Pb concentration

BPh: Kasanda vs Makululu

(Male and female analyzed separately )

Male Female
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O —_—
400 o L § 300
.|_l
© 250
3001 © |5 200
2 o
200 8 3  150- © T
o 0
.@. _ 1007
1l
0 ’r“'{'f? S 50
) —
; W& L = @ . T
Kasanda Makululu Makululu

Kasanda was significantly higher in both male
and female.



Sex difference (boys vs. girls)

Blood Pb (pg/dL)

Kasanda
(No difference)

500+
O e
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O —
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Blood Pb (pg/dL)

4004
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Blood Pb (pg/dL)

Correlation between Age & blood Pb

450 -
* Fit each mean value

400- . = Linear Fit

250 (BLL = 107.8 - 9.5*Age, p < 0.0001)
* = Polynominal Fit, Degree=2

400- . [BLL = 103.5 - 9.4*Age + 0.92*%(Age-4.2)"2,

p < 0.0001]

250-

200- . *
. L ]
L

1501

1001

sl
0

1 2 3 4 5 6 7
(N=24) (N=39) (N=20) (N=38) (N=33) (N=35) (N=34)

Age (sample size)



Summary of PAST Study Pb pollution in
m 1P o _children

Permissible limit o Permissible limit
(Offal: 0.5, muscle: 0.1) -~ Q (Liver: 0.5, Kidney: 1.0)
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contamination
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ontamination in cattle
d diffusion
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Research activities
JUNE 17t ~ JULY 7th 2016



Exposure Pathway ?
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High Pb and Cd levels in muscle and offal

of Free-range chickens (n=17) in Kabwe
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Eggs of Village Chicken

Commerecial Control s:ite Mining area
(Nakoli) (Mutwe Wansofu)
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* Pb exposure?
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Lecture of LEADCARE
by Dr. Jack (Pure Earth) in Kabwe

LeadCare'll

ONLY

* 1 Drop of Blood
* 3 minutes

* Blood Pb level
* Less invasive

>




Measured Blood Pb
on SITE (Kabwe)

e 25 Chickens
-—

« 85 Cattle I
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Co-Operation
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Pure Earth ~Director of Research”
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Richard Fuller President and Founder
Karti Sandilya Senior Advisor

David Hanrahan Principal Technical Advisor
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Pure Earth “Chowa area Remediation™

Gordon Binkhorst




KAMPAI PROJECT - OUTPUT 2



Objectives

Main objective

Assess lead (Pb) concentrations, stable Pb isotope
ratios and levels of selected biomarkers as well as
establish the health and socio-economical impact
Pb contamination in Kabwe

Specific objectives

Measure blood Pb concentrations in children and pregnant
mothers in communities around the mine in Kabwe

Measure Pb concentrations in breast milk

Measure biomarkers to determine the effects of Pb exposure
Neurodevelopment assessment of Pb exposure in children
Assess the e
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Blood Pb concentrations in children, maternal

blood and breast milk

* Lead crosses the placenta

> Maternal and umbilical cord placenta
blood Pb levels have a strong
correlation

> Blood Pb levels of the infantis | pp*?
similar to that of the mother Movement

e Milk Pb levels

> Pb levels in breast milk increase umbilical
with level in maternal blood cord

» Concentrations in breast milk
indicates prenatal exposure

* Fetuses and infants are at the Brochin-et-al-2008-GUJHS-5-2
highest risk of Pb neurotoxicity




Blood Pb measurements

Lead Care |l

|ICP-MS

* Blood lead analysis will be conducted annually
* Impact of remediation measures will be evaluated




Stable Pb isotope ratios and
biomarkers

e Stable Pb isotope ratios
» |ICP-MS
» To clarify source of exposure
* Blood biochemistry
» COBAS Ready - blood chemical analyzer
» To determine health effects
* Plasma/Urine biomarker

» HPLC-UV
» To determine markers of exposure and effect




Neurodevelopment Assessment

* Children under 3 years of age

» Infants and their mothers will be followed up for a
period of 48 months at birth and thereafter every
year

»The Ages and Stages Questionnaire (ASQ) will be
used to measure the cognitive, motor, language
and behaviour of infants from one to 42 months
of age




Neurodevelopment Assessment: 3-18 years old

Zambia Child Assessment Tool (ZamCAT)

» For preschool children to assess language, cognition and fine
motor skills

Neuropsychological Assessment Tool (NEPSY)

» For 3-16 year old to assess subtle central nervous system
deficits (social, academic and behavioural difficulties)

Universal Nonverbal Intelligence Test (UNIT)

» For 5to 17 year old to assess general intelligence using
nonverbal means

Kaufman's Assessment Battery for Children (KABC-I1)

» For 7 through 18 year old to assess cognitive and mental
processes (Sequential Processing, Simultaneous processing,
Learning and Planning Ability)




Economic impact assessment

e Economic assessment is a new area in this

field

* The impact of lead in Kabwe will be
“quantitatively” estimated to establish a

model for new assessment system




Ethical Considerations

* The following specific standards will be upheld:
» Ethical clearance will be sort from UNZABREC and MOH
» Written informed consent will be obtained from parents

» Minimum risk will be upheld in the drawing of biologic
samples by the local medical personnel

» Samples (cord blood, breast milk, blood, hair and urine)
will be disposed off according to stipulated guidelines

» The presence of the parent/caregiver during the
neurodevelopmental testing will also be a requirement

» Respondents will be assured of confidentiality of the
results

» Parents/guardians of affected children will be referred for
further assessment and therapy for the child




