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Zafar Fatmi
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2011
PTWI 25 ng/kgBW/week

18. 29 pg/kgBW/week

JECFA

8. 12 pg/kgBW/week

8 7
PTWI
5 30
0.67 pg/dL
0.81 pg/dL 1.19 pg/dL
8.87 ng/dL 7.01 pg/dL 15.28 ng/dL
14. 52 pg/dL
12. 52 pg/dL 20. 17 pg/dL
4.01 pg/dL 2. 83 pg/dL 10. 84 pg/dL
10 pg/dL
2 5
6. 15 ng/kgBW/week 16.68
ng/kgBW/week 1. 45 pg/kgBW/week
4. 28 pg/kgBW/week
1. 22 ng/kgBW/week 2.71
ug/kgBW/week 3.90 ug/kgBW/week 7.59
ng/kgBW/week
2

PTWI 15 ng/kgBW/week
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2. 08 ug/kgBW/week

4. 46 pg/kgBW/week 1.49
ng/kgBW/week 5. 81 ug/kgBW/week
PTWI 1 13
1.25 pg/L
3.03 ng/L WHO
0.01 mg/L 10 pg/L 13
3
7 8
8-0HdG
105 70 12 42
Bayley 111

FAO/WHO JECFA
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USEPA (2012)  Standard Operating Procedure for an In Vitro
Bioaccessibility Assay for Lead in Soil
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HPLC-1CP-MS
EDXRF
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Bioaccessibility Assay for Lead in Soil

134 61 6
41 40 1
0

20

46 Khairpur 21

US EPA (2012)

(MC-1CPNS)

ng/kgBW/Week | ng/kgBW/Week | ng/kgBW/Week
31 1.8+ 0.8 4.7+ 3.6 0.89+ 0.61
31 4.2+ 1.4 20.0+ 13.0 4.0+ 1.5
16.3+ 9.1 1.4+ 0.7 0.74+ 0.43
29.9+ 18.8 4.5+ 2.0 2.7 1.3
10 20
112 pg/3 45 ng/3

Standard Operating Procedure for an In Vitro

p. 26
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27

89 16 105 100 74 174
81 13 94 100 72 172
89 17 106 52 40 92
85 16 101 103 61 164
103 81 184
87 16 103 75 64 139
87 17 104 7 9 16
87 17 104 64 42 106
86 14 100
87 15 102 65 47 112
88 17 105 65 47 112
65 25 90 66 44 110
88 17 105 62 0 62
66 14 80
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3 4 5
3
ng/kgBW/week
N(GM) | GM | GSD | N(M) | Median Range
Mother Diet 102 0.98 | 1.88 102 0.89 0.30 | 7.97
House-dust 84 0.17 | 1.72 104 0.13 0.00 | 0.87
Child Diet 105 2.70 | 1.83 105 2.66 0.28 | 13.64
House-dust 104 0.70 | 2.78 104 0.83 0.02 | 3.82
Mother Child Diet House-dust
N(GM): GM: GSD:
N(M) Median Range
4
ng/kgBW/week
N(GM) | GM | GSD | N (M) | Median Range
Mother Diet 87 1.01 | 1.87 87 0.94 0.32 | 7.97
House-dust 82 0.17 | 1.73 87 0.16 0.00 | 0.87
Child Diet 88 2.71 | 1.86 88 2.67 0.28 | 13.64
House-dust 87 0.74 | 2.56 87 0.85 0.02 | 3.13
5
ng/kgBW/week
N(GM) | GM | GSD | N(M) | Median Range
Mother Diet 15 0.83 | 1.92 15 0.75 0.30 | 3.47
House-dust 2 0.13 | 1.05 17 0.00 0.00 | 0.14
Child Diet 17 261 | 1.72 17 2.57 0.97 8.56
House-dust 17 0.54 | 3.96 17 0.79 0.02 | 3.82

p. 31




mg/

0. 98 ug/kgBW/week

2.70 pg/kgBW/week

JECFA

Japan
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w
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PTWI
(withdrawn, JECFA 2011)

-
(3]

Lead intake (pg/kg bw/week)
) S

2.70
0.98

Mother Child

PTWI 25 pg/kgBW/week [JECFA, 2011]

1 2011
PTWI 25 ng/kgBW/week
PTWI
30
60 mg/
0. 17 pg/kgBW/week 0.70 pg/kgBW/week
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6 7
ng/kgBW/week
N(GM) | GM | GSD | N (M) | Median Range
Mother Diet 103 8.12 | 1.91 103 8.01 2.01 | 44.34
Child Diet 102 18.29 | 2.19 102 17.14 1.76 | 171.93
ng/kgBW/week
N(GM) | GM | GSD | N(M) | Median Range
Mother Diet 63 8.21 | 1.79 63 8.05 2.61 | 32.57
Child Diet 62 15.35 | 2.13 62 14.66 1.76 | 111.77
ng/kgBW/week
N(GM) | GM | GSD | N(M) | Median Range
Mother Diet 40 7.99 | 2.10 40 7.54 2.01 | 44.34
Child Diet 40 23.99 | 2.13 40 20.83 | 7.59 | 171.93
8.12
ug/kgBW/week 18. 29 ng/kgBW/week

p. 33
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2
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2
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0.67 pg/dL 0.81 pg/dL  1.19 pg/dL

8.87 pg/dL 7.01 pg/dL 15.28 pg/dL

9 ug/dL
N GM Median
Japan Mother 105 0.67 0.64
Cord 66 0.81 0.73
Child 106 1.19 1.19
Pakistan Mother 107 8.87 9.83
Cord 100 7.01 8.79
Child 94 15.28 15.93
Japan Pakistan
Mother Cord Child
N GM Median
20.00
g 15.28
2 15.00
g 10.00 8.87
° ’ 7.01
o
° 500
= 0.67 0.81 1.19
0.00 — — 1

Pb Pb Pb Pb Pb Pb
Japan Pakistan Japan Pakistan Japan Pakistan
Mother Cord Child
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10 5

10 ug/dL

N GM Median

Karachi Mother 66 14.52 14.79
Cord 61 12.52 12.69

Child 52 20.17 20.11

Gambat Mother 41 4.01 3.90
Cord 39 2.83 2.96

Child 42 10.84 10.52

Karachi Gambat
14. 52 pg/dL 12. 52 pg/dL 20. 17 pg/dL
4.01 pg/dL 2.83 pg/dL

10.84 ug/dL

Surveillance for Elevated Blood Lead Levels Among Children
United States, 1997-2001  http://www.cdc.gov/mmwr/preview/mmwrhtml/ss5210
al.htm 10 pg/dL

2 50 pg/dL 5

p. 37
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11 12
13
11
ng/kgBW/week
N GM GSD Median Range
Mother tAs 102 6.15 2.16 6.4 1.03 73.8
iAs 102 1.45 1.77 1.38 0.47 6.75
Child tAs 105 16.68 1.86 17.17 3.68 57.39
iAs 105 4.28 1.6 4.11 1.54 20.42
Mother Child tAs i1As
N: GM: GSD:
Median Range
12
ng/kgBW/week
N GM GSD Median Range
Mother tAs 87 5.96 2.13 6.60 1.03 45.23
iAs 87 1.49 1.76 1.49 0.47 6.75
Child tAs 88 16.23 1.89 17.08 3.68 57.39
iAs 88 4.38 1.60 4.30 1.54 20.42
13
ng/kgBW/week
N GM GSD Median Range
Mother tAs 15 7.41 2.35 6.36 1.58 73.80
iAs 15 1.23 1.82 1.10 0.63 4.93
Child tAs 17 19.25 1.69 18.60 10.26 57.12
iAs 17 3.79 1.59 3.71 1.75 7.56

p. 39




16. 68 ng/kgBW/week

4. 28 pg/kgBW/week

6. 15 pg/kgBW/week

1. 45 ng/kgBW/week

Japan Japan
100 _ 30
As s |iAs
% 804 geometric mean ; 251 geometric mean
g 2
E £
o] g-’ 20.
£ 60 = PTWI
(o2} .
= £ 45  (withdrawn, JECFA 2011)
o =
® 40 g
E g 10-
= 16.68 ©
» 20 2 4.28
1S 5_
< 6.15 > 145
o
£
0 - - 0 . :
Mother Child Mother Child
6
PTWI 15 ng/kgBW/week [JECFA, 2011]
6
2011 JECFA PTWI
15 pg/kgBW/week 1
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Hijiki in Japanese diet

IAs

25

20

geometric mean

PTWI (withdrawn, JECFA 2011)
15

Inorganic arsenic intake (ug/kg bw/week)

10 7.59
3.90
5{ 1.22 2.71
0 T T T r
Mother Mother Child Child
- hijiki - hijiki
7
PTWI 15 pg/kgBW/week [JECFA, 2011]
7
1.22 ng/kgBW/week
2. 71 ng/kgBW/week 2 3.90
ug/kgBW/week 7.59 ng/kgBW/week 2

PTWI

p. 41



14 15 16

14
ng/kgBW/week
N GM GSD Median Range
Mother tAs 103 2.08 2.19 1.99 0.36 20.65
iAs 103 1.49 2.34 1.29 0.33 20.89
Child tAs 102 5.81 2.72 3.33 0.52 183.36
iAs 102 4.46 2.60 5.34 0.54 188.13
15
ng/kgBW/week
N GM GSD Median Range
Mother tAs 63 1.44 1.62 1.48 0.36 3.46
iAs 63 0.94 1.53 0.95 0.33 1.98
Child tAs 62 3.53 1.77 3.65 0.54 11.20
iAs 62 2.57 1.66 2.75 0.52 9.09
16
ng/kgBW/week
N GM GSD Median Range
Mother tAs 40 3.74 2.27 3.27 0.90 20.65
iAs 40 3.05 2.39 2.67 0.74 20.89
Child tAs 40 12.57 2.52 11.62 2.09 188.13
iAs 40 10.47 2.65 10.26 1.77 183.36
2.08 ug/kgBW/week
5.81 ng/kgBW/week
1.49 ug/kgBW/week 4.46 nug/kgBW/week

p. 42




Arsenic intake (pg/kg bw/week)
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Pakistan diet
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10 ng/L

10
WHO

13

Arsenic concentration (pg/L)

Pakistan
Arsenic in drinking water

60
As
50; geometric mean
40
30
20
10 ppb
10
1.25 3.03
Karachi Gambat
ug/L
0.01 mg/L 10 ppb
10
1.25 pg/L 3.03 ng/L
WHO
13

PTWI

0.01 mg/L
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17 12
4.57 pg/L 3.65 pg/L 5.13 pg/L

1.07 pg/L 0.94 pg/L  1.90 ng/L

17 ng/L
N GM Median
Japan Mother 105 4.57 4.45
Cord 66 3.65 3.66
Child 106 5.13 4.75
Pakistan  Mother 107 1.07 1.38
Cord 100 0.94 0.92
Child 94 1.90 1.96
Japan Pakistan
Mother Cord Child
N GM Median

Blood Arseniclevel (ug/L)
©C =2 N W A~ O O
8 8 8 8 8 8 8

5.13
457
3.65
1.90
1.07 0.94
As As As As As

As
Japan Pakistan Japan Pakistan Japan Pakistan
Mother Cord Child

12
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Bayley

Cognitive

FM(Fine Motor)

start point

Language

16 days

12 months 16days

42 months 15 days
Motor
RC Receptive Communication
EC Expressive Communication

GM Gross Motor

start point start point

42 months 15 days

Scaled Score 12
7

17 Scaled Score
Cognitive RC EC FM GM
88 9.7 10.4 8.4 10.9 8.7
17 11.2 9.9 8.6 13.6 8.8
105 10.5 10.1 8.5 12.3 8.8
Cognitive RC EC FM GM
Karachi 48 10.6 8.6 7.9 10.1 9.3
Gambat 26 8.6 7.9 7.1 8.9 8.0
74 10 8.4 7.5 9.7 8.7

RC: Receptive Communication, EC: Expressive Communication

FM: Fine Motor, GM: Gross Motor

Bayleylll

SS

start point

SS

p. 48



16

Cognitive Japan
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RC Japan
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EC Japan
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FM Japan
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p. 53
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50

23.8
27 30
50
18 20
PTWI 15
ug/kgBW/week [JECFA,2011] 1
18
Pb intake
(ug/kgBW/week) = 4, | %
o ANB(A) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
A 3 8.7 7.7 7.7 13.3 8.7
1<Pb intake<2 26 99 10.1 8.4 1.5 9.0
2<Pb intake<3 31 10.3 10.2 8.5 10.9 8.8
3<Pb intake<4 25 9.9 10.7 8.8 11.6 9.0
4<Pb intake<5 3 8.7 10.3 8.3 9.7 8.0
5<Pb intake<6 5 9.5 9.8 8.3 11.4 8.7
6<Pb intake<7 6 10.0 11.2 8.7 10.3 7.3
7<Pb intake<14 5 9.7 10.5 8.5 10.8 8.4
&t 104
19
iAs intake _ w
(ug/kgBW/week) AR = AHL(N) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
<2 5 10.4 10.8 9.6 12.6 10.0
2<iAs intake<3 20 10.2 1.2 8.6 11.7 8.6
3<iAs intake<4 24 9.6 9.3 8.4 11.3 9.3
4<jAs intake<5 19 98 9.7 8.2 11.9 9.1
5<iAs intake<6 11 9.0 8.8 7.5 10.7 8.5
5<iAs intake<? 8 11.1 1.5 9.3 12.1 8.0
T<iAs intake<8 8 10.9 12.1 8.4 11.4 8.4
8<iAs intake<12 8 10.1 10.5 8.6 1.7 8.8
15< 1 10.0 10.0 7.0 9.0 7.0
&&t 104

p. 54



20

As intake
(ng/kgBW/week) X AH(N) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
<10 24 9.7 10.1 8.3 11.8 9.3
10<As intake <20 36 10.1 10.6 8.5 11.8 8.8
20<As intake<30 27 10.0 10.4 8.7 10.8 8.4
30<As intake<40 7 9.7 9.7 7.9 8.9 8.3
40<As intake<50 6 10.7 11.3 8.5 13.0 9.5
50<As intake<60 4 10.3 9.5 7.8 11.5 7.0
=1 104
21 23
25 ng/kgBW/week
15 ng/kgBW/week
21
Pb intake
(ug/kgBWiweek) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
Pb intake<25 44 105 85 7.8 9.9 9.1
25<Pb intake 20 9.5 7.9 72 9.3 8.3
total 64| 10 84 75 9.7 8.7
22
iAs intake
(ug/kgBWiweek) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
iAs intake<15 56 10.3 8.5 7.6 9.9 8.8
15<iAs intake 8 6.9 6.5 6.5 79 79
total 64 10 8.4 7.5 9.7 8.7
23
As intake
(MglkgBWiweek) SS(Cog) SS(RC) SS(EC) SS(FM) SS(GM)
<10 51 10.4 8.6 7.7 9.9 8.9
10<Ag intake <0 7 8.9 7.6 6.9 10.0 7.7
20<As intake<30 5 7.4 6.8 6.8 8 8.8
30<As intake<40 0
40<As intake<50 1 2 2 1 2 1
50<As intake<60 0
total 64 10 8.4 7.5 9.7 8.7

p. 55
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Colbboraton between Jchi M edical University & Asashkawa M edical
Uniersity, Japan and Dwebn of Envionmental Health Scences,
Departm entofCom m unity Health Scences,Aga Khan Unwersity

Objpctwes:

e To determine the total exposure of arsenic and lead among children, newborn
and pregnant women in urban and rural population of Pakistan.
o Determine the source and proportion of exposure for lead from food
and air (source apportionment).
e To validate the food frequency questionnaire with the food group eaten by
urban and rural population.
e To determine the biomarker of effects (searching for new biomarkers of
effects).
o0 Epigenetic difference in cord bloods due to exposure to heavy metals.

Comparison studies:

e To compare heavy metal (arsenic and lead) exposure (total intake) among
urban and rural population in Pakistan.

e To compare the biomarkers of effects (as above) among and between Pakistani
and Japanese population with the differential exposure.
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htroducton:

Metals and elements in food are of interest because of their potentials on human
health risk. Some are known to be harmful to health (1). Lead is a known neurotoxin,
particularly for young children. Its exposure during pregnancy and early childhood is
harmful for neuropsychological development of the children (2). Inorganic arsenic is
human carcinogen. Several non-carcinogenic adverse health effects of arsenic have
also been identified (3, 4). Arsenic is not mutagenic, however affect the genes through
epigenetic mechanism. While some other elements, such as copper, chromium,
selenium and zinc are essential to health but they may be toxic at high levels of
exposure. Heavy metals (arsenic and lead) exposure in food and also through air
pollution lead to long term health effects among those exposed to these in their
childhood. Lead is still the leading heavy metal with the highest global burden,
especially for developing countries like Pakistan (5, 6). The underground water in
Pakistan is heavy contaminated with Arsenic. The same water is used for agriculture
and lead to further exposure through vegetable and fruits (7).

The health risk of heavy metals can be assessed by comparing estimates of dietary
exposures with the Provisional Tolerable Weekly Intakes (PTWIs) and Provisional
Maximum Tolerable Daily Intakes (PMTDIs) recommended by the FAO/WHO Joint
Expert Committee on Food Additives (JECFA) as a part of the United Nations.

Malnutrition including under and over nutrition is an enormous public health problem
worldwide, particularly in developing countries. Malnourished pregnant women and
young children have devastating health effects in the shape of immediate and future
burden of diseases. Malnutrition has several level of determinants from food
production and agriculture to availability, cost and access to food, and also most
importantly the choice and preparation/cooking of food. All of the above lead
differential distribution of calorie intake, macro and micronutrient availability in the
food.

Therefore, it is imperative to know the calorie intake, macronutrients distribution and
its proportion in the local cuisine. Food frequency questionnaires (FFQ) are often used
to determine the calories, macro and micronutrients in the food, based on recall.
However, FFQ is subjective in nature and has its limitation in nutritional assessment (8).
Food basket surveys and market basket surveys has also been done (9, 10). Also, even
if the food types, amount and frequency is reliably recalled, the processing (cooking) of
food itself make changes which are beyond assessment by FFQ and food basket
surveys.
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Therefore, it is important to have an objective assessment of calorie intake, macro and
micronutrient intake, especially for pregnant women and young children. The
information will not only do the objective assessment of intake of calories, macro and
micronutrients among pregnant and breastfeeding women and children in Pakistan but
provide intervention options for improving nutritional status for the most vulnerable
and important population subgroup where the burden of malnutrition is the largest.

Lead levels in environment and exposure is steadily decreasing in Pakistan. However, it
is still very high from the health standards (11, 12). Millions of people living along river
Indus are affected by arsenic through drinking groundwater. Total intake assessment
of heavy metals such as arsenic in rural population and lead in urban areas among
children and breastfeeding mothers in Pakistan will determine the future burden of
disease among the population. All of this information may lead to policy formulation
regarding food and heavy metal monitoring in Pakistan.

M aterebkand M ethods:

Study site: The study will be conducted at two sites in Pakistan (and urban location in
Karachi and a rural Gambat taluka, Khairpur, province of Sindh, Pakistan).

Karachi is a megacity and the population is exposed to high levels of lead due to air
and soil pollution. The population living along River Indus is exposed to high level of
arsenic through underground drinking water.

Study population: Three individuals of the same family will be recruited, including:

e Women
e Newborn (1-3 months old), and
e Young child (2-5 year old)

Sample size: A total of 100 families, 50 each from urban and rural location will be
recruited for sampling. A small sample of 25-30 individuals, are appropriate for
objective exposure assessment studies. Our sample of 50 at each location will also
allow any subgroup analysis of high and low exposed population.

[Note: A total of 100 (50 each in Northern Japan — under Asahikawa Medical University
- and Central Japan — lJichi Medical University) families will be recruited for
comparative studies].
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Samples and Sampling Methods:

1.

Biological samples:

e Hair samples: A sample 60-100 hairs from different places from the scalp
base will be collected from the women for determining arsenic and lead
exposure.

Collection method: Hair samples will be collected by using gloves and will
be kept in arsenic-free polyethylene bags with zip-lock before analysis.

o Nail samples: All nails of both palms and soles. We will determine arsenic
and lead levels for exposure assessment.

Collection method: Nail samples will be collected using gloves and kept in
arsenic-free polyethylene bags with zip-lock before analysis.

e Placenta: It will be collected at the time of delivery. A sample of placenta
will be cut (measuring 1x1 in diameter) from the fetal side and will be kept
in polythene arsenic-free bags with zip-lock.

e Blood of pregnant women: 5ml blood will be collected by venipuncture.

e Cord blood for newborn: 8 ml blood will be collected from the cord.

e Blood of young child (sibling) (2-5 years old): 5 ml blood will be collected by
venipuncture.

e Urine of breastfeeding women: Morning void urine samples of the
breastfeeding women (60 ml) will be collected.

e Breast milk as newborn feed: One time breast milk sample of 30-50 ml will
be collected for measurement of persistent organic pollutants (POPs), lead
and arsenic.

Food duplicate samples:

Food duplicates for three-days for the young child (2-5 year old), breastfeeding
women and one-time breast milk (as food duplicate for newborn) will be
collected from the family. ‘Food duplicate’ means the same amount of
duplicate food which is eaten by the individuals.

Collection method: Solid food will be collected for breakfast, lunch, dinner and
snack in steel (arsenic and lead-free) containers separately for mother and child.
Liquid food and water (total drinking water) will also be separately collected in
plastic bottles for both child and mother.

Air and dust samples: Dust and air samples will be collected for 24 hours from
the living rooms of the child (where the child spends most of his time in the
home).
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Collection method: Dust will be collected for one day using vacuum cleaners.
Air samples will be collected using low-volume samplers on 47mm glass filters.

4. Water sample: A sample of first-run tap or well water will be collected from the
drinking water source for the household.

5. Lead contents in household items: Lead levels in household utensils, paint, dust,
toys and furniture will measured using Niton handheld XRF analyzer. Spot
samples will be collected. Correlation between lead levels in household items
and food lead and blood levels will be done.

Sampling procedures in a household:

A total three days will be spent and sampling will be done in one household (Day 0 to
Day 2). An additional day (Day 3) will be kept for correction for any error in sampling.
Sampling will be done on weekdays for three consecutive days. Sampling will not be
done on any holiday.

Day 0: The sampling will start at 10:00 am in the morning. The monitoring time would
be the same for each household. One-hour variation in start time is acceptable for
different households. A total of 72 hours of drinks and food would be collected for the
study subjects starting 10:00 am.

During the first visit, consent will be taken from the mother and assent for the child.
The study objectives and sampling details will be explained to the mother. Mothers will
be advised about the food diary and keeping records of food and drinks taken by her
and the child. Sampling utensils will be provided to the mother with ice-box for
keeping the food and drinking samples. Urine sample container will also be provided to
the mother to collect it the following morning. Incentives for cooperation and for the
provision of food duplicate will be explained to the mother and provided during the
last visit.

Tap or well water samples (500 ml) will be collected in a separate container. Air
sampling will be explained and air sampler will be installed during the first visit in the
house for 24 hours.

Dietary History Questionnaire (DHQ) and Food Frequency Questionnaire (FFQ) will be
administered to the mother and young child during the first visit.

Day 1: All food samples for Day O will be collected in the morning during the second
visit and utensils will be provided for second day. Morning void urine sample will also
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be collected. Air samples and equipment will be collected from household. Food diary
will be checked and completed with the help of the mother.

Day 2: All food samples for Day 1 will be collected in the morning during the third visit
to household and utensils for Day 2 will provide. Food diary will be checked and
completed with the help of the mother.

Day 3: All food samples for Day 2 will be collected in the morning during the fourth
visit to the household. Food diary will be checked and completed.

Any error in sampling will be corrected by doing an additional day of sampling.
Sam pE m easurem entand processing (fed and Bboratory):

Weighing and measurement of food items: Solid food items will be categorized into
common food groups and weighed. Liquid food intake will measured in liters.

Food sample processing: All food samples will be brought to a hired kitchen in ice-box
and will be processed daily. All solid food will be broken into small pieces with the help
of food processor and will be grinded using a grinder. [Note: Only eatable parts of the
solid food will be grinded and the rest will be discarded. For example bones, seeds of
fruits etc. will be discarded]. All liquid food will also be mixed with the solid food and
grinded together. The whole sample will be poured into big mixture tank for
homogenization. A sample of 35-40 ml will be collected in duplicate in sterile arsenic-
free bottles, for Japan and Pakistan, after stirring the paste to make it homogenous.

Sample for freezing and dispatch: All samples will be kept frozen at -20 °C in a
refrigerator before dispatch.

Laboratory analyse:

Laboratory analysis for As and Pb levels for all the samples will be conducted at Jichi
Medical University in Japan.

Exposure measurement for arsenic (As) and lead (Pb) will be conducted using atomic
absorption spectrophotometry (AAS) Non-radioactive isotope profiles of Pb in house
dust and food duplicates and the biological samples from some subjects will also be
analyzed for Pb source apportionment.

To assess body burden of As and Pb will be conducted by measuring the metal
concentrations in the biological samples such as hairs, nails, blood, breast milk and
urine. Whole blood and placenta samples will be processed to extract DNA using
Qiagen kits.
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Urine samples will also be analyzed for 8-OHdG concentration and Delta
aminolevurinic acid concentration.

Statstralanalyse:
The analysis will be done based on the following objectives:

e To determine the health effects due to arsenic and lead exposure

e To determine correlation between surma use of mother and child and blood
lead levels of mother and child.

e To determine correlation between utensils, household dust, paint, toys and
blood lead levels of mother and child.

e To determine the effect of arsenic and lead on child development (follow-up of
the cohort using Bayley’s scale).

e To determine the total sodium intake of young child, newborn and pregnant

women.
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Sub-Agreement

(Health Science Research Grant from Ministry of Health, Labor and Welfare
Japan: Grant Title; Health risk assessment of dietary intake of lead and ar senic)

This Sub-Grant Agreement (“Sub-Agreement”) is made on a collaborative research
project between Jichi Medical University, (Jichi Medical University is a private
university in Shimotsuke, Tochigi, Japan, Address: 3311-1 Yakushiji, Shimotsuke,
Tochigi Prefecture 329-0498, Japan. Phone: +81 285-44-2111) (hereinafter referred to
as "JMU") of the one part and Aga Khan university, a body corporate, established under
the laws of Pakistan by virtue of President Order No. 3 of 1983, having a campus at
Stadium Road, Karachi, Pakistan (hereinafter referred to as "the AKU") of the other part.

WHEREAS, under the Ministry of Health, Labor and Welfare, Japan (hereinafter
referred to as “MHLW?”) a grant was awarded to JMU in pursuance of a proposal and
JMU is further awarding a grant to AKU in this regard to do work as defined in the
scope of work attached as Annexure A.

AND WHEREAS, the AKU has agreed to perform the work required to be performed
by the AKU for the purposes of the Project and as specified and described in the
proposal.

NOW THEREFORE the parties agree to enter into this Grant Agreement on the
following terms and conditions:
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1. Scope of Work and Remuner ation

The AKU shall perform work as specified and particularly described in the annexure A
and for performing such work JMU will pay to the AKU a maximum amount of
¥714,600 (hereinafter referred to as the "Grant Funds). AKU shall carry out work
between the period 01 January, 2014 to 31* March, 2014 and Grand Funds to be
disbursed by JMU to the AKU shall be in line with the Budget Annexed herewith and
marked as Annexure "B". It is agreed that the AKU shall ensure that all the work
required to be performed by the Sub recipient as per the proposal, shall be performed in
a manner as set out in the proposal and/or under this Agreement.

Deliverables

receiving date Payment Schedule Contingent Upon

100% within 30 days of signing of the
¥714,600 agreement and upon submission of an
invoice by the AKU

Total ¥714,600

AKU to fill the Bank Wire Transfer Information form (Annexure "D") attached along
with this Agreement and send to JMU.

2. Reporting

AKU is required to submit brief technical reports to JIMU specifying the work done upto
the point of that deliverable and submitting an invoice of the amount due. Reports
should be submitted electronically to the attention of Dr. Fujio Kayama via email
(kayamaf(@jichi.ac.jp) and (Mrs. Kyoko Isaoka) via email (keiri3@jichi.ac.jp) as per
above deliverables table.

AKU also agrees to submit such other reports as JMU may reasonably request from
time to time.

3. Record Maintenance and | nspection:

The AKU agrees to maintain adequate records for the Project (both technical and
financial) and shall make them available to JMU (physically or electronically), as and
when required, to enable it to easily determine how the Grant Funds were expended. All
expenses should be based on the approved budget. The Foundation and/or JMU reserve
the right to disallow inappropriate expenses or those not relevant to the Project. All
records and systems should be maintained on generally accepted International
Accounting Standards prevailing in the country of AKU.

4. | ndemnity:
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a. AKU will indemnify JMU, its directors, trustees, officers, employees,
contractors, staff, and agents for any and all damages, costs, expenses and other
liabilities, including reasonable attorney’s fees and court costs, arising out of the AKU’s
performance of the Services to the extent that any such claim is caused by its negligence,
recklessness, willful misconduct, failure in performing its obligations, or any breach of
any warranty or representation under this agreement.

b. JMU will indemnify the AKU, its directors, trustees, officers, employees,
contractors, and agents for any and all damages, costs, expenses and other liabilities,
including reasonable attorney’s fees and court costs, to the extent that any such claim is
caused by JMU’s negligence, recklessness, willful misconduct, failure in performing its
obligations, or any breach of any warranty or representation under this Sub-agreement.
JMU also agrees to indemnify AKU for any defects in any sample as mentioned in the
Materials Transfer Agreement. The material is of an experimental nature and is
provided without warranty of fitness for any purpose, or any other warranty or
representation, whether express or implied.

5. Approvals and standar ds:

AKU will obtain all the necessary approvals from its relevant Governing Body and its
ethical review committee. JMU also warrants that it has obtained approvals from its
necessary Governing bodies regarding this project and grant.

6. Use of Grant Funds;

Grant Funds shall be used for the purposes of the scope of work stipulated under this
Agreement. JMU will pay fixed amounts at the completion of each deliverable and this
amount of (state amount) will not be exceeded in any circumstances except by written
consent of JMU.

7. Political Campaign / L obbying Activity:

Grant funds shall not be used by the AKU to influence the outcome of any election for
public office or to carry on any voter registration drive. There is no agreement, oral or
written, permitting the Grant funds to be directed to or earmarked for lobbying activity
or other attempts to influence local, state, federal, or foreign legislation. AKU’s
strategies and activities, and any materials produced with grant funds, will comply with
applicable local, state, federal, or foreign lobbying law. AKU agree to comply with
lobbying, gift and ethics rules applicable to the Project under local, state, federal or
foreign law.

8. Assignment:
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This Agreement or any of the rights or obligations under this Agreement shall not be
assigned without JMU’s prior written consent. An assignment includes (a) any transfer
of the Project or any part thereof: (b) an assignment by operation of law, including a
merger or consolidation, or (c) the sale or transfer of all or substantially all of AKU’s
assets. This assignment does not include outsourcing non-research related activities to
third parties eg. Transportation related to the project.

9. Force Majeure

Both parties understand and agree not to hold any other party responsible and
accountable in case either party fails to fulfill its obligations and responsibilities
because of reasons including Acts of God, war, floods, terrorism, riots, government
restriction or such other reason being beyond the control of either Party.

10. Disputes:

In the event of any controversy or claim arising out of or relating to any provision of
this Sub-Agreement or any breach thereof, the parties will try to settle such conflict
amicably between themselves. Further they may resort to arbitration if things are not
settled bilaterally.

11. Intdlectual Property Rights:

Both AKU and JMU will promptly disclose to each other all inventions, discoveries,
improvements, designs, processes, formulations, products, computer programs, works
of authorship, databases, mask works, trade secrets, and know how (whether or not
patentable or subject to copyright or trade secret protection) first conceived or reduced
to practice during the performance of the services under this Sub-Agreement. The
ownership of any of the aforesaid intellectual property rights created jointly during the
performance of this Agreement, shall vest jointly between JMU and AKU. The parties
will jointly file application for the purposes of seeking protection and/or registration of
the intellectual property rights created during the performance of this Sub-Agreement
and the cost for seeking such protection and/or registration shall be borne jointly by the
parties in equal proportion. The ownership of any of the aforesaid intellectual property
rights created solely by AKU during the performance of this Sub-Agreement, shall vest
in the AKU. The ownership of any of the aforesaid intellectual property rights created
solely by JMU during the performance of this Sub-Agreement, shall vest in JMU.

12. Publication

AKU and its investigators shall be free to publish, present or use any of the results
arising from the performance of the Research under this Sub-Agreement for their own
instructional, research or publication objectives, provided that such use does not
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disclose any of JMU's Confidential Information as described in ARTICLE 15 hereof
other than as required to communicate an scientifically appropriate description of the
methods and results of the Research. This publication also allows identification of JMU
as a part of the publication process. At least thirty (30) days prior to submission of any
publication or presentation the AKU and the Investigator shall submit any proposed
publication or presentation to JMU for review and comment. Expedited reviews for
abstract presentations may be arranged if mutually agreeable to the parties. Upon notice
of JMU to the AKU that JMU reasonably believes that patent applications should be
filed prior to any publication, then publication will be delayed until such applications
have been filed the delay not to exceed 90 days unless by mutual agreement of JMU, the
AKU and the AKU's Project Director. Except as specifically agreed to in this
Agreement, neither party will use the other party’s name in for advertising, for other
commercial purposes, or otherwise, without appropriate written permission, unless
required by law or government regulation.

13. Confidentiality:

Except with the prior written consent of JMU, the AKU shall ensure that it will not at
any time communicate to any third party any confidential information disclosed to the
AKU for the purposes of this Sub-Agreement or discovered by the AKU in the course
of the work performed under this Sub-Agreement nor shall the AKU make public any
information as to the recommendation formulated in the course of or as a result of work
performed under this Sub-Agreement. The information required to be kept confidential
includes amongst others the information pertaining to JMU, Foundation and their
respective staff, employees, faculty etc as well as well as any data relating to the
subjects or their medical tests or their results thereof that the AKU may come across
during the completion of its activities under this Sub-Agreement.

Since the services involve substances or materials supplied by AKU (hereinafter
referred to as “AKU’s Materials”), the JMU agrees to treat AKU’s Materials and all
information concerning AKU’s Materials as Information. JMU will return all unused
AKU’s Materials to AKU at the completion of the Services, except samples which it
can destroy as per mutual agreement between AKU and JMU. AKU agrees to provide
the JMU all Information in its possession concerning AKU’s Materials that is
reasonably necessary for safe and proper handling of AKU’s Materials for performance
of the Services.

14. Termination:

If (a) JMU is not reasonably satisfied with AKU's performance under this Agreement or
the content of any written report from AKU as required under this Grant Agreement, or
(b) AKU fails to comply with any term or condition of this Agreement, JMU has the
right at its discretion to terminate this Agreement. Due intimation will be provided by
JMU to AKU and proportionate payment will be made for deliverables already provided
by AKU.

S7-5



AKU

15. Entire Agr eement; Amendment.

This Sub-agreement constitutes the entire agreement and supersedes any prior oral or
written agreements or communication between the two parties regarding its subject
matter. The provisions of this Sub-agreement are severable so that if any terms or
provision is found for any reason to be invalid, illegal, or unenforceable, such finding
shall not affect the validity, construction, or enforceability of any remaining terms or
provision. This Sub-agreement may be amended or modified only by a mutual written
agreement (modification) of the parties.

16. Warranty Disclaimer and Limitation of Liability

Except for a party’s indemnification obligations above and obligations regarding
Information, in no event will either party’s liability to the other for any costs, expenses,
or damages, regardless of the form of action, whether based on contract, tort, negligence,
strict liability, products liability or otherwise, ever exceed the amount paid to the AKU
hereunder. Under no circumstances will either party be liable to the other for loss of use
or profits or other collateral, special, consequential or other damages, losses, or
expenses.

IN WITNESS WHEREOF, the Parties have signed and subscribed to this Sub-
agreement through their authorized representatives.

FOR AND ON BEHALF OF AKU FOR AND ON BEHALF OF JMU
UNIVERSITY

{Name of Authorized Signatory} {Name of Authorized Signatory}
{Title} {Title}

AKU’S INVESTIGATOR JMU’S INVESTGATOR

Dr Zafar Fatmi Dr Fujio Kayama

Associate Professor Professor

Department of Community Health Sciences Department of Environmental &

Preventive Medicine, School of
Medicine

S7-6



AKU

ANNEXURE A

Following is a brief outline of the scope of work of the AKU:

e Provide technical and logistic support on ground in Pakistan for facilitation of
the overall study objectives.

e Collect process and store specimens before shipping to JMU, of food for three
days from 50 households each from urban and rural location (for women, her
newborn and young child under-5 years) (as described in the proposal).

e Collect process and store specimens before shipping to JIMU, of blood, placenta,
cord blood, hairs and nails samples from above study participants.

e Ship the specimens through mail in appropriate condition.
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ANNEXURE B

BUDGET
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ANNEXURE
BANK ACCOUNT INFORMATION
Request for Payment via Wire Transfer
INSTRUCTIONS:
1 Please complete this form and returned.

Bank information for fund transfer.

Account Title

Account No

Currency Account:

Name of Bank:

Bank Address

Swift Code:

ABA Chips:

Any other information that facilitates the funds transfer:

Intermediary Bank if any:

Swift Code:

ABA Chips:

Any other information that facilitates the funds transfer:
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0 Pb As iAs
kgl
[ng/g] [ng/g] [ng/g]
S01-001 59 4588 5.69 37.60 9.81
S01-002 53.6 4772 5.64 17.18 7.18
S01-003 53 4470 6.83 28.81 7.88
S01-004 66 6584 7.86 6.96 4.41
S01-005 58.8 4344 7.74 134.28 7.77
S01-006 59 6600 2.06 19.36 4.65
S01-007 45.5 5548 4.37 158.86 4.21
S01-008 69.2 5555 4.45 19.47 3.26
S01-010 57 5443 4.51 38.75 5.97
S01-011 66 4587 3.80 45.14 16.40
S01-012 53.6 5067 3.73 41.73 19.10
S01-013 60 6528 8.72 36.01 4.19
S01-015 57.1 5099 4.56 47.34 5.00
S01-016 53.4 5162 4.30 24.60 4.89
S01-017 65.8 5301 28.87 28.04 11.86
S02-001 71.5 6001 2.56 83.05 9.07
S02-002 97 6982 9.22 35.96 4.74
S02-003 61.5 4688 5.50 38.82 9.62
S02-004 50 5595 6.83 64.92 20.10
S02-005 54 5354 11.12 67.05 11.60
S02-006 58.3 6383 3.97 84.13 4.93
S02-007 56.8 2555 6.40 53.36 12.26
S03-001 52.6 3444 13.81 41.28 5.07
S03-002 89 6900 3.53 49._61 11.90
S03-003 58 1631 7.66 56.34 13.75
S03-005 51.7 2381 12.46 22.58 8.59
S03-006 61 5795 3.86 24.89 5.39
S03-007 63.8 5100 3.71 33.09 20.60




S03-008 60.5 3990 7.24 52.52 13.55
S03-009 67 4328 5.67 43.80 7.60
S03-010 74.6 5316 3.98 13.67 5.93
S03-011 65.2 4165 3.65 7.00 4.45
S03-012 79.8 2995 7.26 128.88 17.39
S03-013 59 3888 8.43 13.90 5.36
S03-014 59.5 4837 3.87 28.33 8.78
S03-015 70 6598 9.86 100.81 14.76
S03-016 65.4 2812 28.00 45.65 11.10
S03-017 57.2 5709 14.88 32.91 3.84
S03-018 67.9 5766 2.69 12.59 3.51
S03-019 58 4993 3.94 20.77 5.09
S03-020 68.9 8672 4.19 83.02 10.70
S03-021 57.6 1663 11.02 23.39 6.46
S03-022 53.5 5432 2.87 52.86 12.20
S05-002 65 5014 8.27 47.30 11.70
S05-003 54.1 3145 7.18 11.65 5.65
S05-004 56 3851 5.88 86.65 24.65
S05-005 60 5141 3.57 31.66 9.36
S05-006 63.2 7695 4.27 11.81 5.70
S05-007 63.1 4030 34.09 15.86 4.89
S05-008 70.4 6586 3.17 37.79 3.24
S05-009 50.4 4511 3.93 69.10 14.66
S05-010 75.5 7521 3.61 29.01 12.00
S05-011 71 4316 11.90 18.33 3.83
S05-012 50 6467 2.41 71.67 6.80
S05-013 61.1 3990 3.12 10.73 7.87
S05-014 49.2 5496 11.94 40.92 25.90
S05-015 56.3 4237 6.81 78.19 3.54
S05-016 55 5653 12.86 15.13 6.33
S05-017 69 5460 5.04 36.49 12.43
S05-019 72.5 3558 4.07 26.47 7.87
S05-020 61.6 5638 5.99 39.41 20.05
S05-021 59.6 3260 4.33 27.72 13.18
S05-022 51.1 6575 6.25 9.82 4.35




S06-001 57.4 6098 3.50 45.21 4.42
S06-002 50 7117 1.19 20.15 6.02
S06-003 58.1 3346 9.74 22.46 10.85
S06-004 66.8 4745 12.04 6.08 4.03
S06-005 58.3 4911 4.82 59.34 5.81
S06-006 59.5 6490 3.39 26.18 11.55
S06-007 61.5 4962 5.67 22.42 8.23
S06-008 64.5 3816 3.63 20.53 13.72
S07-001 69 5275 7.03 54.00 20.39
S07-002 60.5 5974 3.24 30.50 5.78
S07-003 68.7 3534 2.56 20.52 4.63
S07-004 50.7 4590 2.32 31.91 17.33
S07-005 69.1 7607 3.08 18.64 7.43
S07-006 68.6 4599 2.22 63.47 8.58
S07-007 56 5170 2.79 43.04 6.76
S07-008 60.5 5809 3.73 46.08 4.86
S07-009 51.8 4615 2.20 19.17 8.81
S07-010 81 5685 2.92 15.97 9.65
S07-011 61.7 3723 14.52 10.92 4.83
S07-013 73.8 6759 2.10 37.90 4.26
S07-014 66.4 3892 8.25 36.18 5.75
S07-015 57.7 6540 30.15 27.83 7.96
S08-001 57.2 5611 2.35 42.30 13.10
S08-002 58.6 5050 3.26 18.61 7.76
A01-001 55.2 6555 12.48 20.86 3.57
A03-002 52.8 4637 3.62 66.48 6.66
A03-005 59.5 3122 4.70 38.65 5.14
A03-006 79.3 2906 3.46 56.97 17.80
A03-008 49.4 4047 4.95 80.70 25.70
A03-010 71.7 6048 4.40 7.98 3.37
A03-011 50.5 3625 9.44 36.56 6.85
A03-012 61 4884 3.80 64.68 3.64
A03-013 62.2 4627 3.80 37.06 5.22
A03-015 42 2405 10.47 552.28 11.90
A03-016 53.8 6023 2.79 18.89 4.23




A03-017 51.1 6773 3.89 26.34 12.30
A03-018 58 5024 6.34 31.34 5.76
A03-019 62.2 4321 1.97 52.32 4.11
A03-020 72.9 4753 2.59 20.92 7.20
0 Pb As iAs
kgl
[ng/g] [ng/g] [ng/g]
S01-001 12 2192 3.38 45.79 11.60
S01-002 11 3073 5.49 16.73 7.87
S01-003 15 3007 2.70 15.62 8.63
S01-004 12.8 3810 5.36 13.60 5.24
S01-005 13 2642 7.59 93.96 10.19
S01-006 12 3711 3.74 7.76 3.64
S01-007 10 2506 5.40 76.61 4.80
S01-008 14 3732 2.93 13.20 5.79
S01-010 11 2616 3.10 37.58 6.53
S01-011 14 2670 13.23 34.38 17.38
S01-012 11.7 2142 30.71 29.79 17.18
S01-013 11 3158 5.01 57.40 5.54
S01-015 11.5 3452 7.39 30.20 4.52
S01-016 12.8 3363 3.83 16.75 5.33
S01-017 12.3 2092 4.95 36.08 7.13
S02-001 14.9 3200 6.98 53.66 7.28
S02-002 13 3974 3.72 18.17 4.58
S02-003 11.5 1949 5.80 46.52 13.70
S02-004 13.5 3630 5.73 80.19 12.30
S02-005 14 2267 7.27 53.63 7.72
S02-006 10.5 3069 5.11 29.21 8.52
S02-007 15.7 2187 4.33 28.03 9.16
S03-001 10.9 2028 5.62 9.70 3.48
S03-002 13.6 3260 7.01 39.10 8.58




S03-003 12 1316 8.39 60.08 9.15
S03-004 14 3436 5.30 15.26 4.91
S03-005 12.8 1767 10.80 38.63 14.53
S03-006 13 2779 3.34 45.75 6.40
S03-007 11.8 3247 0.44 13.07 7.22
S03-008 11 2546 11.37 47.03 11.10
S03-009 12.5 2408 5.79 41.53 9.73
S03-010 12 3747 0.89 11.13 4.95
S03-011 12.5 2961 6.09 9.80 4.26
S03-012 10 2150 3.78 44.94 14.70
S03-013 15 2042 8.89 17.41 6.88
S03-014 10.4 2728 4.07 65.90 33.36
S03-015 11 2955 10.67 36.65 11.19
S03-016 9 2037 2.28 28.94 9.42
S03-017 12.5 2113 8.06 24.17 5.85
S03-018 10.8 3135 10.36 19.68 4.02
S03-019 11.3 3037 2.89 22.93 4.71
S03-020 11.9 3004 3.59 53.03 7.93
S03-021 13.1 2347 5.35 13.21 3.98
S03-022 11.7 3234 20.92 53.12 17.20
S05-002 9 2462 10.09 32.85 10.90
S05-003 10 1797 2.69 11.66 5.84
S05-004 11 2358 6.00 44.77 16.09
S05-005 11 3874 3.85 35.34 9.69
S05-006 14.2 4276 3.25 22.90 5.28
S05-007 10.5 2744 3.91 16.11 5.42
S05-008 12.3 2568 11.78 28.23 3.53
S05-009 10.8 5097 2.15 26.55 8.33
S05-010 16 5008 6.63 12.26 5.45
S05-011 10.8 4361 2.83 6.06 4.34
S05-012 10.9 3453 2.08 77.62 6.20
S05-013 11.8 4311 6.48 9.41 4.67
S05-014 10.7 2930 2.82 22.40 5.35
S05-015 14.1 3600 10.32 65.65 4.34
S05-016 13.5 3674 4.19 9.67 7.01




S05-017 10.5 2749 2.12 16.44 9.94
S05-019 15.7 3974 3.53 22.77 6.05
S05-020 11.6 3337 2.96 25.52 13.10
S05-021 12.6 1725 3.28 25.04 11.07
S05-022 9.2 3403 3.11 22.12 7.57
S06-001 10 3884 2.77 28.87 4.93
S06-002 9.1 5531 1.24 23.14 8.07
S06-003 10.8 2208 6.87 7.40 7.94
S06-004 11.7 2811 3.80 29.12 8.50
S06-005 10.5 3173 7.07 36.17 6.78
S06-006 17 3439 5.84 26.87 10.80
S06-007 11.5 2842 5.86 23.54 3.70
S06-008 11 2304 2.90 17.46 18.28
S07-001 14.2 3228 8.33 42.82 14.90
S07-002 10.6 2971 4.89 14.59 4.47
S07-003 9.5 2089 4.45 13.97 10.60
S07-004 10.6 3273 2.66 14._05 8.06
S07-005 9.8 4216 2.69 12.37 6.32
S07-006 14.4 3266 1.96 49.33 8.46
S07-007 10.6 1919 9.34 51.21 19.65
S07-008 9.2 2513 4.64 69.52 9.03
S07-009 12 3089 2.27 15.93 7.23
S07-010 13.6 3095 2.53 31.97 11.10
S07-011 11.5 3423 7.47 5.30 3.94
S07-013 11.5 2995 22.45 42.43 6.95
S07-014 13.2 2054 4.14 35.87 6.98
S07-015 10.8 3683 3.29 22.69 10.70
S08-001 12.3 3140 11.24 37.07 6.71
S08-002 14 2572 3.28 15.01 5.94
A01-001 7.6 3314 6.19 20.73 3.81
A02-001 14.1 2373 4.74 54.21 7.64
A02-003 12.5 4060 3.16 53.15 8.71
A02-004 11.8 3450 4.72 77.35 6.52
A02-005 12.1 3260 4.07 16.29 3.25
A02-006 13.8 2771 7.35 23.54 7.21




A02-007 9.5 3232 3.45 26.07 8.97
A02-008 10.3 2502 2.81 65.20 8.90
A02-009 9.5 3517 3.74 18.73 7.42
A02-010 14.4 3335 15.81 23.40 11.30
A02-011 10.7 2678 6.39 12.86 6.34
A02-012 10.5 1114 3.90 75.08 22.60
A02-013 12.8 3130 2.31 18.07 3.13
A03-001 13.5 3500 3.38 28.29 4.39
A03-009 12 3992 3.20 31.61 4.00
A03-013 11.1 2744 2.72 24.84 5.04
A03-014 14.8 2800 6.59 21.60 3.76
D Pb As iAs
kgl
[ng/g] [ng/g] [ng/g]
K01-001 53 3077 94.99 15.39 4.56
K01-002 59 2286 147.43 24.92 16.01
K01-003 70.5 2238 210.42 9.86 5.32
K01-004 53 2669 90.79 19.58 8.93
K01-005 97 1185 183.56 13.94 6.69
K01-006 75 1385 107.01 4.34 3.52
K01-007 67 3592 50.02 9.21 5.43
K01-008 73 3155 115.60 11.11 7.79
K01-009 74 3265 61.66 22.01 9.80
K01-010 56.5 2339 87.39 10.68 5.18
K01-012 50 3165 219.67 11.30 5.08
K01-013 44 2430 143.42 12.00 5.12
K01-014 53 1034 220.48 19.23 8.47
K01-016 42 2302 193.67 24.82 12.91
K01-019 56.7 3051 77.07 18.35 8.72
K01-020 58.5 1302 50.13 13.69 8.84
K01-021 37.6 2189 82.78 16.07 12.66
K01-022 73 1991 240.70 34.63 22.85




K01-023 63 2194 46.12 11.00 8.71
K01-024 54 2913 65.92 9.91 8.30
K01-025 54 3000 78.48 16.16 12.80
K01-026 52 2273 75.79 17.44 8.15
K01-027 53 2732 53.26 13.20 9.70
K01-034 59 1158 75.63 15.03 10.52
K01-035 72 2837 50.77 24.16 7.04
K01-040 43 1493 92.56 11.01 9.02
K01-042 56 2265 47.22 20.85 7.87
K01-045 54 1235 79.60 27.28 16.66
K01-046 77 3547 56.43 10.93 7.00
K01-049 64 3679 84.02 13.09 9.39
K01-050 71 2952 36.96 11.90 5.36
K01-051 47 1078 127.85 11.46 6.94
K01-052 50 794 104.23 13.61 10.32
K01-053 65 2098 76.89 11.82 9.47
K01-054 63 2786 51.56 8.81 7.08
K01-063 59 2583 79.11 22.29 13.63
K01-065 56 1922 84.94 10.00 6.65
K01-066 47 2236 67.59 8.90 6.53
K01-067 45 707 394.29 12.74 9.91
K01-070 47 3591 45.12 11.15 7.64
K01-071 60 2243 39.17 12.88 5.84
K01-074 64 1559 51.50 12.00 10.20
K01-075 49 2317 46.21 16.71 11.24
K01-081 62 1556 147.78 9.10 6.76
K01-082 63 2516 57.64 12.25 8.47
K01-083 45 1158 60.10 1461 8.86
K01-085 43 1461 104.19 12.85 8.83
K01-088 34 1413 50.89 13.12 9.88
K01-089 55 1653 181.34 8.49 6.36
K01-090 58 2403 73.37 13.29 9.26
K01-092 40 2601 125.30 12.55 7.93
K01-093 62 3241 36.02 10.91 7.79
K01-094 46 2078 86.64 9.90 6.39




K01-096 49 2689 50.73 18.80 7.12
K01-200 46 1535 139.19 12.04 8.15
K01-201 46 2322 211.07 11.30 8.71
K01-205 65 3220 147.69 12.14 7.01
K01-206 68 2339 99.85 10.21 6.31
K01-207 54 3792 82.61 15.74 7.49
K01-210 41 3189 61.50 13.77 8.72
K01-211 54 4089 115.39 14.59 6.65
K01-212 49 3541 101.51 8.48 6.23
K01-213 50 2444 161.62 14.43 8.50
G01-101 46 1823 39.39 14.55 9.63
G01-104 74 1521 41.98 42.51 28.74
G01-105 49 3687 20.12 11.11 8.86
G01-107 57 1901 77.59 71.05 63.48
G01-109 51 2318 82.44 25.70 21.01
G01-110 58 1359 77.62 19.24 16.30
G01-112 43 1400 211.26 122.90 104.93
G01-114 28 2615 24.46 8.89 7.39
G01-115 55 1758 75.24 19.89 15.27
G01-116 44 2833 295.13 32.51 22.96
G01-118 60 1254 56.87 16.03 12.90
G01-119 60 2039 107.97 99.22 67.31
G02-142 46 2676 104.54 21.15 16.00
G03-143 41 2515 111.04 19.15 9.52
G01-149 38 2157 87.56 24.45 18.11
G01-150 40 952 104.00 86.71 79.76
G01-152 34 1337 37.69 11.12 9.66
G01-154 53 1706 165.66 39.29 29.96
G01-157 57 2700 351.53 7.80 6.41
G01-158 29 1544 66.03 16.22 13.61
G01-160 39 1249 54.01 39.85 27.70
G01-166 52 1598 263.86 64.74 44.22
G01-167 28 2034 135.61 36.70 27.52
G01-168 46 1207 130.81 54.32 46.07
G01-169 46 1618 90.92 68.63 53.92




G01-173 59 1420 59.75 19.53 14.51
G01-175 39 2396 45_.52 85.06 81.57
G01-180 48 2082 53.49 148.90 151.21
G01-181 56 2255 317.89 12.26 9.56
G01-184 26 2535 41.80 30.64 24.88
G01-185 48 2052 93.52 21.83 17.28
G01-186 28 2406 47.35 52.59 46.01
G01-187 58 2136 62.31 50.77 42.77
G01-188 51 1881 55.92 24.66 18.39
G01-190 36 2117 55.36 18.88 12.33
G01-191 65 1953 77.51 47.41 32.17
G01-192 29 1627 204.34 43.65 36.55
G01-193 59 2374 52.93 15.61 12.50
G01-194 43 1781 147.82 4499 32.61
G01-195 65 3078 28.79 19.48 17.90
0 Pb As iAs
kg]
[ng/g] [ng/q] [ng/q]
K01-001 8 1785 47.39 9.71 5.01
K01-002 11 1428 115.08 21.54 14.70
K01-003 10 1470 23.54 10.43 8.10
K01-004 9 1311 36.50 8.12 4.36
K01-005 13.5 1893 37.57 5.29 2.84
K01-006 10 231 145.48 10.25 8.94
K01-008 12.5 1870 79.89 12.91 9.70
K01-009 10 2371 59.09 18.06 8.66
K01-010 10.0 2274 89.43 10.81 4.88
K01-012 10.0 1415 121.58 13.16 6.02
K01-013 12.0 996 141.60 14.60 5.82
K01-014 9.0 693.5 71.26 19.81 10.30
K01-016 9.0 1190 194.08 26.62 13.10
K01-019 10.0 2116 23.08 6.78 5.20
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K01-020 12 760 29.57 8.20 7.74
K01-021 9 988 64.33 10.16 8.59
K01-022 12 1189 243.94 35.64 21.61
K01-023 12 832 53.96 13.87 11.71
K01-024 9 1992 39.53 11.92 10.10
K01-025 11 1598 100.38 8.91 7.10
K01-026 11 1772 32.07 8.11 5.13
K01-027 9 2544 47.73 15.51 12.30
K01-028 8 1093 142.07 14.78 13.60
K01-034 10 268 90.54 18.21 13.44
K01-035 10 1681 43.73 13.63 5.45
K01-040 12 1158 66.99 9.04 7.78
K01-042 10 1380 34.97 22.01 8.16
K01-045 10 1046 58.14 24.36 14.24
K01-046 9 2009 30.96 4.72 3.12
K01-050 10 1969 19.40 10.33 7.35
K01-051 11 221 37.23 5.80 5.56
K01-052 6 805 101.11 16.80 11.67
K01-053 9 1034 76.58 14.23 10.19
K01-054 10 1620 41.47 6.69 5.39
K01-063 10 1462 25.20 19.94 12.68
K01-065 14 1202 121.05 8.06 6.75
K01-066 10 1181 61.59 9.55 6.12
K01-067 9 524 820.28 13.73 10.80
K01-070 11 2143 46.83 8.12 5.28
K01-071 9 715 64.02 10.31 8.89
K01-074 10 764 60.75 11.69 9.49
K01-075 10 1454 33.42 12.40 9.10
K01-081 14 677 87.68 6.93 4.54
K01-082 10 2052 10.36 4.62 4.43
K01-083 9 683 33.76 9.10 7.49
K01-085 11 934 51.20 10.07 7.67
K01-088 9 727 40.10 14.28 10.31
K01-089 10 999 80.16 12.97 9.37
K01-090 11 830 17.35 8.54 7.43
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K01-092 7 848 43.57 8.00 5.21
K01-093 14 1945 29.77 10.27 8.65
K01-094 11 934 90.48 11.93 7.89
K01-096 11 1432 62.05 18.21 9.08
K01-200 8 575 152.10 11.40 6.33
K01-201 9 803 52.48 7.00 6.32
K01-205 11 956 20.17 13.39 8.27
K01-206 8 1702 104.57 7.41 4.65
K01-207 11 932 62.88 8.81 5.81
K01-210 10 1703 52.99 13.28 8.61
K01-211 13 2583 24.85 6.68 6.12
K01-212 11 2852 40.63 4.46 4.11
K01-213 9 803 55.71 6.12 4.67
G01-101 7.6 1850 29.62 12.51 9.95
G01-103 6 387 66.41 11.05 8.91
G01-104 7 717 32.09 22.72 18.00
G01-107 16 1425 62.79 43.92 40.10
G01-109 20 1160 95.38 34.37 29.74
G01-110 9 1689 39.31 20.89 18.90
G01-112 9 1202 167.14 127.05 98.93
G01-114 10 1130 28.78 11.19 9.06
G01-115 8 744 40.25 14.51 10.70
G01-116 10 1743 247.37 31.47 23.30
G01-118 4 861 37.31 18.03 15.60
G01-119 11 1359 48.52 83.14 70.60
G02-142 9 2487 85.18 23.13 18.10
G03-143 10 1959 25.35 13.72 6.42
G01-149 8 1420 89.25 18.00 14.90
G01-150 10 680 95.31 79.58 68.89
G01-152 9 797 67.22 21.61 16.11
G01-154 13 947 54.56 39.41 32.65
G01-157 10 1699 31.98 7.26 5.70
G01-158 6 828 98.11 19.66 15.30
G01-160 7 977 47.78 34.66 23.73
G01-166 10 944 125.51 69.08 52.04
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G01-167 4 2296 128.37 35.10 26.74
G01-168 12 1099 123.78 50.96 43.11
G01-169 7 1067 102.29 70.40 58.09
G01-173 7 857 62.98 19.50 15.69
G01-175 4 1993 53.01 82.53 83.24
G01-180 4 1837 54.83 144 .30 139.85
G01-181 7 1586 286.97 12.00 9.51
G01-184 5 1372 47.74 31.63 27.15
G01-185 10 1300 99.62 21.70 17.30
G01-186 11 1715 49.11 51.13 46.63
G01-187 10 1348 73.11 52.48 49.89
G01-188 10 1093 66.92 26.83 19.36
G01-190 10 1481 64.71 18.61 13.70
G01-191 7 1279 96.82 45.65 31.77
G01-192 9 1489 126.33 36.49 31.72
G01-193 11 1618 60.35 16.33 12.58
G01-194 10 1629 74.52 43.03 32.72
G01-195 8 2484 28.91 19.25 19.20
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29 5 ml 1ml
(TOPwave, analytik jena Japan)

(Pb) (As) (iAs)
Pb As ICP-MS

iAs HPLC-ICP-MS
ICP-MS
a)

1000 mg/L
As( ) NMIJ CRM7912-a
1 p S/cm

Ultrapur-100
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b)

1mL 50 ng/mL
5 ng/mL 50 mL
c)
5mL As(C )
1mL 50 ng/mL
5 ng/mL 50 mL 0 0.04
0.1 0.2 0.5 1 2 4 8 ng/mL 0 0.06 0.1 0.2 0.5 1 2
4 8 ng/mL
d)
ICP
<ICP >
Agilent 7500ce [ ]
1600 W
( ) 15 L/min
( ) 0.70 L/min
( ) 4 mL/min
208(C ) 75¢( ) 205( ) 128(
)
a)
As( )100 mg/L
As( ) NMIJ CRM7912-a
( 1 p S/cm )
Ultrapur-100
1-
25 % TAMAPURE-AA TMAH
25 %
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b)

2g 10mL
2
10 20 mL
5mL
20 mL
pH 3
0.45 pm
c)
As( ) As( )
0.5 1 2 5
2.5 % 1 mL
d)
HPLC-1CP-MS
HPLC

pH 3

Agilent 1200 Series [

CAPCELL PAK C18 MG

10 mmol/L 1-

4 mmol/L

20 u L
0.75 mL/min
I1CP-MS

0.05

Agilent 7500ce [

1600 W
(

sC )

) 15 L/min
) 0.70 L/min
) 4 mL/min

S8-16

4.6 mml.D.x 250 mm S-5 pm [

0.3 mol/L 2mL 100
, 2320% g
10 mL
(2320x g 10 )
10 ng/mL 50 mL
0.3 mol/L 5 mL
50 mL
1
4 mmol/L
pH3.0
1



1D+Mw 1D+Cw

Pb As
ID
ml ml [ng/ml] [ng/ml]
S01-001 1035 1111 0.00 0.18
S01-002 1114 472 0.84 0.81
S01-003 606 0 1.93 0.26
S01-005 2293 865 0.00 0.23
S01-007 1135 319 0.00 0.46
S01-008 1082 547 0.65 0.61
S01-011 2500 1186 0.00 0.23
S01-012 234 68 0.00 0.20
S01-013 1159 0 0.86 0.35
S01-015Mw 2909 - 0.18 0.62
S01-015Cw - 816 0.20 0.66
S01-016 2511 1032 0.02 0.49
S01-017Mw 1477 - 0.00 0.58
S01-017Cw - 383 0.00 0.19
S02-001 7350 1589 0.00 0.35
S02-003 1457 121 0.00 0.01
S02-004 194 0 0.00 0.96
S02-005 849 822 0.00 0.06
S02-006 1295 113 0.29 0.22
S02-007 1827 727 0.31 0.76
S03-001 973 548 0.00 0.28
S03-002 895 271 0.00 0.85
S03-003Mw 1481 - 2.23 0.08
S03-003Cw - 991 1.83 0.08
S03-004 - 106 0.00 0.37
S03-005Mw 513 - 0.02 0.83
S03-005Cw - 723 0.00 1.01




S03-006Mw 1729 - 0.57 0.72
S03-006Cw - 723 0.19 0.60
S03-008 822 421 0.00 1.10
S03-009 405 0 2.46 0.14
S03-011 0 166 0.01 0.18
S03-012 926 852 0.00 0.38
S03-013 2007 1211 2.34 0.34
S03-015 1675 710 0.00 0.22
S03-016 4162 251 0.19 0.84
S03-017 291 1553 0.00 1.23
S03-019 0 74 4.86 0.68
S03-020 356 6 0.14 0.69
S03-021 1154 0 0.04 0.69
S05-002 1266 195 0.29 0.14
S05-003 1624 0 0.04 0.14
S05-004 2545 1069 0.00 0.11
S05-005 0 174 0.00 0.28
S05-008 2662 933 0.16 0.22
S05-010 431 336 0.08 0.12
S05-011 1690 271 0.11 0.34
S05-012 713 297 0.27 0.22
S05-013 1485 355 0.31 0.32
S05-014 359 0 0.41 0.21
S05-015 2015 1794 0.01 0.26
S05-016 122 0 0.07 0.45
S05-017Mw 3267 - 0.18 0.31
S05-017Cw - 2719 0.01 0.26
S05-019 2348 0 0.01 0.42
S05-020 1094 639 1.14 0.34
S05-021 1687 914 0.00 0.42
S06-001 1671 0 0.04 0.23
S06-003 2702 1171 0.02 0.33
S06-004 2860 1049 0.01 0.21
S06-006 1549 1043 0.02 0.22
S06-007 2237 590 0.00 0.55




S06-008 2716 985 0.06 0.37
S07-001 2207 928 0.17 0.31
S07-002 1258 289 0.81 0.03
S07-003 943 432 0.37 0.52
S07-004 935 524 0.00 0.97
S07-006 1777 1454 0.00 1.69
S07-007Mw 757 - 0.32 0.92
S07-007Cw - 2011 0.09 0.25
S07-008 543 0 0.24 3.35
S07-009Mw 200 - 0.00 1.05
S07-009Cw - 166 0.08 2.23
SO07-014Mw 2056 - 0.14 0.93
S07-014Cw - 1314 0.19 0.86
S08-002 885 1384 0.01 0.33
A01-001Mw 829 - 0.23 0.53
A01-001Cw - 391 0.45 0.56
A02-001 - 568 0.29 0.47
A02-003 - 107 0.00 2.96
A02-004 - 593 0.01 0.49
A02-005 - 564 0.14 0.19
A02-006 - 609 0.11 0.40
A02-007 - 239 0.01 7.42
A02-008 - 1856 0.01 0.02
A02-009 - 1168 0.49 0.35
A02-010 - 1021 0.10 2.43
A02-011 - 279 0.01 0.23
A02-012 - 66 0.18 0.52
A02-013 - 907 0.01 0.52
A03-002 2121 - 0.08 0.23
A03-006 239 - 0.30 0.25
A03-008 1723 - 0.06 0.25
A03-009 - 399 0.02 0.37
A03-010 783 - 0.25 0.37
A03-011 2443 - 0.13 2.14
A03-012 543 - 0.44 0.27




A03-013 1180 306 0.00 0.25
A03-014 - 707 1.21 0.76
A03-015 1485 - 2.21 0.08
A03-017 260 - 0.11 0.59
A03-018 2382 - 0.29 0.31
A03-019 694 - 0.33 0.24
Pb As
ID
ml ml [ng/ml] [ng/ml]

K01-001Mw 3000 - 4.02 2.69
K01-001Cw - 800 0.72 2.17
K01-002 2900 2050 0.00 1.31
K01-003Mw 3000 - 0.32 2.60
K01-003Cw - 250 0.39 2.69
K01-004Mw 2300 - 0.02 1.22
K01-004Cw - 870 0.02 0.85
K01-005Mw 3380 - 1.27 2.29
K01-005Cw - 2090 0.91 2.24
K01-006Mw 3000 - 0.07 1.88
K01-006Cw - 1100 0.04 1.46
K01-007 2000 - 0.07 1.61
K01-008Mw 2000 - 0.00 1.71
K01-008Cw - 2150 0.08 1.52
K01-009Mw 3000 - 0.02 1.22
K01-009Cw - 1810 0.00 0.57
K01-010Mw 3000 - 2.19 1.90
K01-010Cw - 660 0.61 2.18
K01-012Mw 3000 - 0.89 2.01
K01-012Cw - 660 0.84 2.07
K01-013Mw 6500 - 0.62 2.21
K01-013Cw - 1850 0.59 4.26
K01-014Mw 2125 - 0.87 2.48
K01-014Cw - 520 0.73 2.22




K01-016Mw 3350 - 1.06 1.55
K01-016Cw - 1690 1.36 1.45
K01-019Mw 3000 - 0.00 1.28
K01-019Cw - 740 0.00 1.32
K01-020 2000 1600 0.09 2.78
K01-021 1302 300 0.58 1.60
K01-022 3000 1800 0.09 0.18
K01-023 2200 2200 0.06 2.42
K01-024 2350 1550 0.09 2.55
K01-025 3000 1550 0.04 2.44
K01-026 2460 2350 0.07 2.18
K01-027Mw 2350 - 0.03 1.55
K01-027Cw - 1680 0.00 2.24
K01-028 - 1055 0.04 1.30
K01-034 3000 1200 0.05 1.26
K01-035 3000 0 0.04 1.35
K01-040 2700 2100 0.06 2.44
K01-042 3000 1800 0.03 0.21
K01-045 3000 1200 0.09 0.19
K01-046 3000 900 0.06 0.47
K01-049 3000 - 0.04 1.49
K01-050 2400 2100 0.05 1.24
K01-051 2600 1100 0.07 1.13
K01-052 3000 3000 0.07 0.90
K01-053 3000 1500 0.04 1.16
K01-054 3000 3000 0.03 1.67
K01-063 2400 1500 0.01 0.52
K01-065 600 500 0.03 0.16
K01-066 3000 1500 0.02 0.55
K01-067 1000 1900 0.67 2.16
K01-070 3050 1830 0.02 2.06
K01-071 3000 1330 0.07 0.47
K01-074 2100 1900 0.12 0.93
K01-075 3000 2080 0.08 2.30
K01-081 2500 1900 0.06 0.61




K01-082 3000 1430 0.06 2.56
K01-083 3000 1400 0.08 2.29
K01-085 3000 1000 0.02 1.13
K01-088 3000 2000 0.04 2.29
K01-089 3000 1200 0.15 2.02
K01-090 3000 1250 0.05 1.98
K01-092 2700 600 0.07 1.87
K01-093 3000 2100 0.07 1.07
K01-094 2050 1400 0.04 1.20
K01-096 2000 3000 0.30 1.37
K01-200 2500 1400 0.06 0.22
K01-201 2800 2000 0.06 2.24
K01-205 3000 950 0.05 1.26
K01-206 2400 1800 0.02 0.26
K01-207 3500 1250 0.02 0.90
K01-210 3000 1500 0.09 1.91
K01-211 3000 1000 0.07 1.89
K01-212 3000 810 0.08 1.96
K01-213 2600 1775 0.61 2.12
G01-101 3000 1400 0.01 0.46
G01-104Mw 1500 - 0.00 51.53
G01-104Cw - 2000 0.00 20.91
G01-105 3000 - 0.00 0.31
GO1-107Mw 3000 - 0.01 14.69
G01-107Cw - 2100 0.00 6.40
GO1-109Mw 3000 - 0.00 3.68
G01-109Cw - 1500 0.00 3.76
GO1-110Mw 3000 - 0.00 3.27
G01-110Cw - 950 0.00 7.89
GO1-112Mw 3000 - 0.00 41.39
G01-112Cw - 2500 0.00 20.14
G01-114Mw 3000 - 0.00 0.32
G01-114Cw - 1800 0.00 0.24
GO1-115Mw 3000 - 0.07 0.13
G01-115Cw - 820 0.06 0.13




GO1-116Mw 3000 - 0.01 2.28
G01-116Cw - 1350 0.01 1.66
GO1-118Mw 3000 - 0.00 1.16
G01-118Cw - 3000 0.00 1.59
GO1-119Mw 3000 - 0.00 16.98
G01-119Cw - 1400 0.00 16.33
G02-142Mw 3000 - 0.04 0.87
G02-142Cw - 2800 0.00 1.37
G03-143 3000 3000 0.00 0.72
G01-149 3000 3000 0.01 0.39
G01-150 3000 2050 0.00 16.49
G01-152 3000 2450 0.00 2.53
G01-154 3000 2450 0.01 3.22
G01-157 3000 1480 0.01 0.28
G01-158 3000 1900 0.00 0.35
G01-160 3000 1490 0.00 0.23
G01-166 3000 2250 0.00 5.99
G01-167 3000 850 0.00 0.92
G01-168 3000 2750 0.01 13.09
G01-169 3000 1200 0.05 11.25
G01-173 3000 570 0.02 0.40
G01-175 2400 430 0.04 20.36
G01-180 3000 1500 0.00 38.29
G01-181 3000 450 0.00 0.99
G01-184 3000 1550 0.01 6.32
G01-185 2750 930 0.00 5.52
G01-186 3000 430 0.00 8.11
G01-187 3000 620 0.02 10.89
G01-188 3000 1950 0.11 4.94
G01-190 2700 650 0.04 0.84
G01-191 2800 900 0.05 23.47
G01-192 3000 450 0.01 15.33
G01-193 460 3000 0.02 3.56
G01-194 3000 660 0.00 10.45
G01-195 3000 330 0.00 6.25




Oooagad

a

1CP-MS
ICP

(Pb) (As)

1CP-MS

Agilent 7500cx [
1600 W
15.0 L/min
0.90 L/min
0.90 L/min
0.25 L/min

He 4.5 mL/min

208( ) 75(
)

) 205(TI

) 71 (Ga



Pb As iAs
ID
[M 9/kg-BW/week] | [M g/kg-BW/week] | [ g/kg-BwW/week]
S01-001 1.03 6.83 1.79
S01-002 1.21 3.61 1.53
S01-003 1.40 5.68 1.56
S01-004 1.83 1.62 1.03
S01-005 1.33 23.17 1.36
S01-006 0.54 5.05 1.21
S01-007 1.24 45.23 1.22
S01-008 0.86 3.67 0.63
S01-010 1.00 8.63 1.33
S01-011 0.62 7.34 2.68
S01-012 0.82 9.21 4.22
S01-013 2.25 9.16 1.08
S01-015 0.97 9.94 1.12
S01-016 0.97 5.60 1.16
S01-017 5.43 5.30 2.26
S02-001 0.50 16.35 1.86
S02-002 1.55 6.04 0.80
S02-003 0.98 6.90 1.71
S02-004 1.78 16.96 5.26
S02-005 2.57 15.51 2.69
S02-006 1.03 21.50 1.27
S02-007 0.69 5.66 1.34
S03-001 2.11 6.32 0.79
S03-002 0.64 8.99 2.17
S03-003 0.64 3.70 0.91
S03-005 1.34 2.45 0.94
S03-006 0.89 5.56 1.24
S03-007 0.69 6.17 3.84
S03-008 1.11 8.12 2.12
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S03-009 0.89 6.60 1.15
S03-010 0.66 2.27 0.99
S03-011 0.54 1.04 0.66
S03-012 0.64 11.30 1.53
S03-013 1.48 2.16 0.85
S03-014 0.73 5.37 1.67
S03-015 2.17 22.18 3.26
S03-016 2.84 4.70 1.24
S03-017 3.47 7.68 0.91
S03-018 0.53 2.50 0.70
S03-019 0.79 4.17 1.02
S03-020 1.23 24.39 3.15
S03-021 0.74 1.61 0.47
S03-022 0.68 12.52 2.89
S05-002 1.50 8.52 2.11
S05-003 0.98 1.59 0.78
S05-004 0.94 13.92 3.97
S05-005 0.71 6.33 1.87
S05-006 1.21 3.36 1.62
S05-007 5.08 2.36 0.73
S05-008 0.71 8.27 0.73
S05-009 0.82 14.43 3.06
S05-010 0.84 6.74 2.79
S05-011 1.69 2.62 0.56
S05-012 0.74 21.64 2.06
S05-013 0.49 1.65 1.22
S05-014 3.12 10.67 6.75
S05-015 1.20 13.75 0.64
S05-016 3.08 3.63 1.52
S05-017 0.95 6.77 2.33
S05-019 0.47 3.06 0.93
S05-020 1.33 8.43 4.30
S05-021 0.55 3.57 1.71
S05-022 1.88 2.95 1.31
S06-001 0.87 11.22 1.11
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S06-002 0.40 6.69 2.00
S06-003 1.31 3.05 1.49
S06-004 2.00 1.03 0.69
S06-005 0.95 11.66 1.14
S06-006 0.86 6.68 2.95
S06-007 1.07 4.27 1.60
S06-008 0.51 2.87 1.93
S07-001 1.27 9.66 3.66
S07-002 0.79 7.03 1.33
S07-003 0.32 2.48 0.57
S07-004 0.49 6.78 3.70
S07-005 0.79 4.79 1.91
S07-006 0.35 10.03 1.44
S07-007 0.61 9.30 1.49
S07-008 0.84 10.39 1.16
S07-009 0.46 3.99 1.84
S07-010 0.48 2.62 1.58
S07-011 2.04 1.54 0.68
S07-013 0.45 8.10 0.91
S07-014 1.14 5.02 0.85
S07-015 7.97 7.36 2.11
S08-001 0.54 9.68 3.00
S08-002 0.66 3.75 1.57
A01-001 3.47 5.80 1.01
A03-002 0.75 13.65 1.39
A03-005 0.57 4.73 0.63
A03-006 0.30 4.87 1.52
A03-008 0.95 15.45 4.93
A03-010 0.87 1.58 0.67
A03-011 1.60 6.36 1.39
A03-012 0.72 12.09 0.69
A03-013 0.66 6.44 0.92
A03-015 1.58 73.80 1.60
A03-016 0.73 4.93 1.10
A03-017 1.20 8.15 3.81
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A03-018 1.31 6.36 1.19
A03-019 0.33 8.49 0.67
A03-020 0.39 3.18 1.10
Pb As iAs
ID
[M 9/kg-BW/week] | [M g/kg-BW/week] | [ g/kg-BW/week]
S01-001 1.44 19.56 4.98
S01-002 3.66 10.99 5.21
S01-003 1.26 7.31 4.04
S01-004 3.72 9.45 3.64
S01-005 3.60 47.82 4.87
S01-006 2.70 5.60 2.63
S01-007 3.16 44 .83 2.84
S01-008 1.88 8.27 3.66
S01-010 1.72 20.85 3.62
S01-011 5.89 21.49 7.78
S01-012 13.12 17.22 7.34
S01-013 3.36 38.45 3.71
S01-015 5.21 21.26 3.27
S01-016 2.35 13.68 3.36
S01-017 1.96 17.55 2.84
S02-001 3.50 28.63 3.74
S02-002 2.66 12.96 3.27
S02-003 2.29 23.56 5.42
S02-004 3.60 50.31 7.72
S02-005 2.75 25.91 2.93
S02-006 3.49 23.87 5.82
S02-007 1.44 12.12 3.06
S03-001 2.44 4.39 1.54
S03-002 3.92 21.91 4.84
S03-003 2.50 18.78 2.36
S03-004 3.04 8.74 2.82
S03-005 3.48 19.76 4.81

S10-4




S03-006 1.68 22.85 3.22
S03-007 0.28 8.39 4.64
S03-008 6.14 25.50 6.09
S03-009 2.60 22.43 4.37
S03-010 0.65 8.11 3.61
S03-011 3.37 5.42 2.36
S03-012 1.90 22.62 7.45
S03-013 3.27 6.01 2.25
S03-014 2.49 49.84 20.42
S03-015 6.69 28.57 7.05
S03-016 1.22 15.34 5.03
S03-017 3.18 13.77 2.66
S03-018 7.02 13.33 2.72
S03-019 1.89 15.16 2.96
S03-020 2.12 32.68 4.67
S03-021 2.24 6.26 1.66
S03-022 13.49 34.26 11.09
S05-002 6.45 20.98 6.96
S05-003 1.13 4.89 2.45
S05-004 3.00 25.76 8.07
S05-005 3.16 31.62 7.97
S05-006 2.28 16.09 3.71
S05-007 2.39 9.83 3.30
S05-008 5.77 16.62 1.76
S05-009 2.37 29.24 9.17
S05-010 4.84 8.96 3.99
S05-011 2.67 5.73 4.11
S05-012 1.56 57.39 4.60
S05-013 5.55 8.04 4.00
S05-014 1.80 1431 3.42
S05-015 6.15 48.97 2.66
S05-016 2.66 7.78 4.45
S05-017 1.30 12.43 6.23
S05-019 2.09 14.80 3.58
S05-020 2.13 17.17 8.84

S10-5




S05-021 1.05 9.59 3.61
S05-022 2.69 19.09 6.53
S06-001 2.51 26.16 4.47
S06-002 1.76 32.82 11.44
S06-003 3.28 4.92 3.87
S06-004 2.13 24.70 4.81
S06-005 4.99 26.10 4.78
S06-006 2.76 12.72 5.13
S06-007 3.38 13.64 2.20
S06-008 1.43 13.19 9.01
S07-001 4.45 22.76 7.95
S07-002 3.25 9.54 2.92
S07-003 2.32 9.08 5.50
S07-004 1.92 12.13 5.92
S07-005 2.71 12.41 6.34
S07-006 1.04 34.06 4.87
S07-007 3.99 39.83 8.41
S07-008 2.96 44.31 5.76
S07-009 1.37 9.64 4.41
S07-010 1.34 16.98 5.89
S07-011 5.19 3.68 2.74
S07-013 13.64 28.59 4.22
S07-014 1.55 16.46 2.73
S07-015 2.62 18.06 8.51
S08-001 6.69 22.08 4.00
S08-002 1.41 8.26 2.62
A01-001 6.35 21.16 3.94
A02-001 1.89 24.68 3.04
A02-003 2.40 40.34 6.66
A02-004 3.22 57.12 4.51
A02-005 2.57 10.26 2.06
A02-006 3.46 13.16 3.42
A02-007 2.74 21.13 7.56
A02-008 1.60 47.97 5.05
A02-009 3.37 21.12 6.51

S10-6




A02-010 8.56 13.05 6.51
A02-011 3.73 10.45 3.71
A02-012 0.97 18.60 5.60
A02-013 1.32 10.40 1.87
A03-001 2.04 17.12 2.66
A03-009 2.48 2456 3.13
A03-013 1.57 14.35 2.92
A03-014 3.04 12.33 1.75
Pb As iAs
ID
[M 9/kg-BW/week] | [M g/kg-BW/week] | [ g/kg-BwW/week]
K01-001 13.40 2.44 0.97
K01-002 13.33 2.40 1.60
K01-003 15.62 0.99 0.65
K01-004 10.67 2.43 1.17
K01-005 5.34 0.58 0.38
K01-006 4.62 0.36 0.33
K01-007 6.26 1.26 0.79
K01-008 11.66 1.23 0.90
K01-009 6.35 2.38 1.12
K01-010 8.71 1.27 0.74
K01-012 32.57 1.95 1.03
K01-013 18.70 2.31 1.42
K01-014 10.12 1.11 0.62
K01-016 24.96 3.46 1.94
K01-019 9.68 2.46 1.25
K01-020 2.61 0.93 0.68
K01-021 11.29 2.31 1.85
K01-022 15.33 2.22 1.47
K01-023 3.75 1.09 0.90
K01-024 8.31 1.51 1.30
K01-025 10.18 2.41 1.98
K01-026 7.74 2.02 1.07

S10-7




K01-027 6.41 1.75 1.33
K01-034 3.47 0.84 0.63
K01-035 4.67 2.35 0.78
K01-040 7.51 1.25 1.09
K01-042 4.46 1.99 0.77
K01-045 4.26 1.48 0.91
K01-046 6.07 1.22 0.80
K01-049 11.27 1.92 1.42
K01-050 3.59 1.25 0.62
K01-051 6.85 0.76 0.52
K01-052 3.87 0.63 0.51
K01-053 5.79 1.01 0.84
K01-054 5.32 1.09 0.92
K01-063 8.08 2.33 1.44
K01-065 6.80 0.80 0.54
K01-066 7.51 1.07 0.81
K01-067 1449 0.58 0.48
K01-070 8.05 2.30 1.67
K01-071 3.42 1.18 0.56
K01-074 2.94 0.75 0.65
K01-075 5.11 2.17 1.57
K01-081 8.66 0.59 0.45
K01-082 5.38 1.43 1.07
K01-083 3.62 1.23 0.89
K01-085 8.26 1.20 0.88
K01-088 4.94 1.74 1.43
K01-089 12.74 0.85 0.70
K01-090 7.10 1.52 1.13
K01-092 19.02 2.20 1.50
K01-093 4.40 1.45 1.07
K01-094 9.14 1.17 0.80
K01-096 6.52 2.54 1.04
K01-200 10.85 0.96 0.66
K01-201 24 .87 1.65 1.35
K01-205 17.08 1.54 0.95

S10-8




K01-206 8.02 0.84 0.53
K01-207 13.54 2.71 1.36
K01-210 11.18 2.82 1.91
K01-211 20.40 2.82 1.42
K01-212 17.13 1.71 1.33
K01-213 18.51 1.90 1.23
G01-101 3.64 1.42 0.96
G01-104 2.01 4.48 3.82
G01-105 3.53 1.99 1.60
G01-107 6.04 7.33 6.74
G01-109 8.74 3.23 2.73
G01-110 4.24 1.45 1.29
G01-112 16.05 16.07 14.71
G01-114 5.33 2.02 1.69
G01-115 5.62 1.50 1.15
G01-116 44 .34 5.25 3.81
G01-118 2.77 0.92 0.76
G01-119 8.56 9.85 7.32
G02-142 14.20 3.00 2.30
G03-143 15.89 2.86 1.49
G01-149 11.66 3.31 2.47
G01-150 5.78 7.70 7.32
G01-152 3.46 1.54 1.41
G01-154 12.44 3.38 2.68
G01-157 38.85 0.90 0.74
G01-158 8.20 2.10 1.78
G01-160 4.04 3.02 2.11
G01-166 18.92 5.45 3.98
G01-167 22.99 6.45 4.89
G01-168 8.01 5.32 4.81
G01-169 7.47 7.34 6.14
G01-173 3.36 1.15 0.86
G01-175 6.53 15.12 14.62
G01-180 5.41 20.65 20.89
G01-181 29.87 1.27 1.02

S10-9




G01-184 9.51 8.67 7.36
G01-185 9.33 2.92 2.46
G01-186 9.49 12.57 11.25
G01-187 5.36 5.68 4.99
G01-188 4.83 2.80 2.26
G01-190 7.60 2.74 1.84
G01-191 5.44 5.68 4.61
G01-192 26.75 9.41 8.48
G01-193 4.97 1.53 1.24
G01-194 14.29 6.05 4.85
G01-195 3.18 2.83 2.65
Pb As iAs
ID
[M 9/kg-BW/week] | [M g/kg-BW/week] | [ g/kg-BwW/week]
K01-001 24.84 5.56 3.11
K01-002 34.86 7.09 5.02
K01-003 8.10 3.73 2.94
K01-004 12.41 2.95 1.67
K01-005 12.62 2.54 1.74
K01-006 7.85 0.93 0.86
K01-008 27.92 5.11 3.99
K01-009 32.69 10.24 5.03
K01-010 47.54 6.07 2.92
K01-012 40.27 4.66 2.31
K01-013 27.64 4.36 2.66
K01-014 12.91 3.86 2.15
K01-016 60.48 8.85 4.68
K01-019 11.40 3.58 2.80
K01-020 4.40 2.08 2.01
K01-021 16.52 2.73 2.32
K01-022 56.43 8.30 5.06
K01-023 8.75 3.28 2.93
K01-024 20.45 7.18 6.24

S10-10




K01-025 34.04 3.82 3.21
K01-026 12.09 4.13 3.02
K01-027 31.48 11.20 9.09
K01-028 45.30 5.11 4.74
K01-034 5.68 1.49 1.19
K01-035 17.15 5.35 2.14
K01-040 15.11 3.03 2.75
K01-042 11.27 7.17 2.71
K01-045 14.21 6.00 3.53
K01-046 16.14 2.57 1.73
K01-050 8.93 5.35 3.98
K01-051 1.76 0.54 0.52
K01-052 31.73 6.30 4.70
K01-053 20.54 4.26 3.18
K01-054 15.70 3.70 3.21
K01-063 8.60 6.98 4.51
K01-065 24.25 1.63 1.36
K01-066 16.98 2.82 1.88
K01-067 111.77 2.93 2.53
K01-070 21.29 4.49 3.20
K01-071 11.89 2.07 1.81
K01-074 10.88 2.50 2.10
K01-075 11.38 5.32 4.20
K01-081 9.91 0.98 0.71
K01-082 4.98 3.07 2.98
K01-083 6.01 2.44 2.16
K01-085 10.15 2.23 1.76
K01-088 7.58 3.88 3.13
K01-089 18.73 3.59 2.75
K01-090 3.07 2.03 1.83
K01-092 12.33 2.64 1.85
K01-093 9.68 3.71 3.18
K01-094 17.94 2.72 1.92
K01-096 19.04 6.40 3.63
K01-200 25.53 2.00 1.15

S10-11




K01-201 10.96 2.62 2.48
K01-205 4.10 2.97 1.93
K01-206 51.92 3.81 2.44
K01-207 12.44 1.98 1.39
K01-210 21.09 5.95 4.09
K01-211 11.53 3.44 3.18
K01-212 24.59 3.04 2.82
K01-213 11.88 2.25 1.95
G01-101 16.83 7.26 5.81
G01-103 10.00 2.09 1.77
G01-104 7.67 19.37 18.24
G01-107 13.05 11.09 10.29
G01-109 12.91 5.31 4.68
G01-110 17.21 11.09 10.22
G01-112 52.09 52.65 43.88
G01-114 7.59 3.05 2.49
G01-115 8.75 3.18 2.35
G01-116 100.61 13.32 10.00
G01-118 18.74 11.83 10.61
G01-119 13.99 28.82 25.20
G02-142 54.92 15.91 12.66
G03-143 11.59 6.77 3.44
G01-149 36.97 7.79 6.51
G01-150 15.12 20.52 18.82
G01-152 13.89 6.07 4.94
G01-154 9.28 8.12 6.97
G01-157 12.68 2.98 2.36
G01-158 31.59 6.59 5.19
G01-160 15.56 11.40 7.84
G01-166 27.65 18.36 1461
G01-167 171.93 47.47 36.27
G01-168 26.45 17.89 16.21
G01-169 36.40 29.54 25.16
G01-173 18.00 5.65 4.56
G01-175 61.64 101.05 101.88

S10-12




G01-180 58.76 188.13 183.36
G01-181 151.71 6.49 5.18
G01-184 30.58 24.82 21.96
G01-185 30.22 7.78 6.45
G01-186 17.86 19.34 17.70
G01-187 23.00 18.08 17.27
G01-188 17.12 9.09 7.18
G01-190 22.37 6.56 4.86
G01-191 41.29 26.50 20.59
G01-192 48.77 15.87 14.03
G01-193 20.72 7.87 6.59
G01-194 28.32 17.96 14.05
G01-195 20.94 1455 14.51

S10-13




<30

1/2

30 mg/ 60 mg/
ID
[ppm] [ o/kg-BW/week] | [M g/kg-BW/week]
S01-001Hd 36.6 0.130 1.283
S01-002Hd 41.1 0.161 0.785
S01-003Hd 49.7 0.197 0.696
S01-004Hd 59.7 0.190 0.979
S01-005Hd 147.2 0.526 2.377
S01-006Hd 32.4 0.115 0.567
S01-007Hd 70.7 0.326 1.485
S01-008Hd 44.9 0.136 0.674
S01-010Hd 106.0 0.391 2.024
S01-011Hd 1.2 0.004 0.018
S01-012Hd 51.7 0.203 0.928
S01-013Hd 70.6 0.247 1.348
S01-015Hd 37.0 0.136 0.676
S01-016Hd 34.5 0.136 0.566
S01-017Hd 50.7 0.162 0.866
S02-001Hd 74.4 0.219 1.049
S02-002Hd 31.1 0.067 0.502
S02-003Hd 46.4 0.159 0.848
S02-004Hd 24.0 0.101 0.373
S02-005Hd 131.0 0.509 1.965
S02-006Hd 89.3 0.322 1.786
S02-007Hd 234.0 0.865 3.129
S03-001Hd 29.3 0.117 0.567
S03-002Hd 26.9 0.063 0.415

S11-1




S03-003Hd 32.2 0.117 0.564
S03-004Hd 1.2 0.004 0.017
S03-005Hd 1.2 0.005 0.019
S03-006Hd 37.9 0.130 0.612
S03-007Hd 34.4 0.113 0.612
S03-008Hd 47.5 0.165 0.907
S03-009Hd 82.1 0.257 1.379
S03-010Hd 24.5 0.069 0.429
S03-011Hd 35.7 0.115 0.600
S03-012Hd 27.4 0.072 0.575
S03-013Hd 52.4 0.187 0.734
S03-014Hd 49.7 0.175 1.004
S03-015Hd 96.2 0.289 1.837
S03-016Hd 45.8 0.147 1.069
S03-017Hd 58.3 0.214 0.979
S03-018Hd 155.0 0.479 3.014
S03-019Hd 56.9 0.206 1.057
S03-020Hd 21.4 0.065 0.378
S03-022Hd 73.3 0.288 1.316
S05-002Hd 39.8 0.129 0.929
S05-003Hd 92.4 0.359 1.940
S05-004Hd 31.7 0.119 0.605
S05-005Hd 110.0 0.385 2.100
S05-006Hd 40.6 0.135 0.600
S05-007Hd 23.2 0.077 0.464
S05-008Hd 56.9 0.170 0.971
S05-009Hd 55.2 0.230 1.073
S05-010Hd 92.8 0.258 1.218
S05-011Hd 28.7 0.085 0.558
S05-012Hd 53.4 0.224 1.029
S05-013Hd 53.9 0.185 0.959
S05-014Hd 41.9 0.179 0.822
S05-015Hd 35.2 0.131 0.524
S05-016Hd 73.9 0.282 1.150
S05-017Hd 106.0 0.323 2.120

S11-2




S05-018Hd 25.2

S05-019Hd 45.4 0.132 0.607
S05-020Hd 47.6 0.162 0.862
S05-021Hd 33.4 0.118 0.556
S05-022Hd 19.4 0.080 0.443
S06-001Hd 27.4 0.100 0.575
S06-002Hd 71.5 0.300 1.650
S06-003Hd 78.2 0.283 1.521
S06-004Hd 36.4 0.114 0.653
S06-005Hd 24.2 0.087 0.485
S06-006Hd 31.5 0.111 0.389
S06-007Hd 61.9 0.211 1.134
S06-008Hd 31.7 0.103 0.605
S07-001Hd 74.6 0.227 1.103
S07-002Hd 46.2 0.160 0.915
S07-003Hd 48.5 0.148 1.072
S07-004Hd 62.9 0.261 1.246
S07-005Hd 16.5 0.050 0.354
S07-006Hd 57.1 0.175 0.833
S07-007Hd 49.8 0.187 0.991
S07-008Hd 37.3 0.129 0.849
S07-009Hd 44.9 0.182 0.786
S07-010Hd 1.3 0.003 0.019
S07-011Hd 98.0 0.334 1.789
S07-013Hd 52.9 0.151 0.966
S07-014Hd 97.5 0.308 1.551
S07-015Hd 26.3 0.096 0.511
S08-001Hd 24.9 0.091 0.425
S08-002Hd 35.0 0.125 0.525
A01-001Hd 36.9 0.140 1.020
A02-001Hd 24.3 0.362
A02-003Hd 1.3 0.021
A02-004Hd 1.2 0.021
A02-005Hd 28.8 0.500
A02-006Hd 51.6 0.785

S11-3




A02-007Hd 12.4 0.274
A02-008Hd 51.2 1.043
A02-009Hd 47.3 1.046
A02-010Hd 57.0 0.831
A02-011Hd 77.8 1.527
A02-012Hd 77.2 1.544
A02-013Hd 49.3 0.809
A03-001Hd 43.0 0.669
A03-009Hd 218.0 3.815
A03-013Hd 39.5 0.133 0.747
A03-014Hd 35.8 0.508

S11-4




<0.0133 ppb <0.0033 ppb
<LO0Q
As Pb
ID
(b o/L] [b g/dL]
S01-001Mb 6.80 1.02
S01-002Mb 3.26 0.74
S01-003Mb 4.26 1.28
S01-004Mb 3.69 0.76
S01-005Mb 9.07 1.05
S01-006Mb 9.20 1.06
S01-007Mb 8.71 1.22
S01-008Mb 6.74 0.58
S01-010Mb 3.89 0.40
S01-011Mb 6.74 0.65
S01-012Mb 5.64 0.56
S01-013Mb 5.18 0.82
S01-015Mb 4.74 0.54
S01-016Mb 4.91 0.97
S01-017Mb 3.91 0.26
S02-001Mb 6.86 0.64
S02-002Mb 6.15 1.17
S02-003Mb 7.10 0.79
S02-004Mb 5.67 0.58
S02-005Mb 10.12 0.73
S02-006Mb 6.30 0.67
S02-007Mb 5.01 0.52
S03-001Mb 4.36 0.44
S03-002Mb 6.36 0.43
S03-003Mb 4.85 0.35
S03-004Mb 5.84 0.81
S03-005Mb 4._45 0.39

S12-1




S03-006Mb 4.60 0.65
S03-007Mb <LOQ 1.05
S03-008Mb 3.29 0.16
S03-009Mb 5.43 0.37
S03-010Mb 5.42 0.73
S03-011Mb 3.36 0.52
S03-012Mb 3.50 1.08
S03-013Mb 2.95 0.54
S03-014Mb 7.90 0.85
S03-015Mb 5.04 0.44
S03-016Mb 4.07 1.06
S03-017Mb 5.09 0.76
S03-018Mb 3.13 0.40
S03-019Mb 4.29 3.42
S03-020Mb 3.73 0.39
S03-021Mb 3.51 0.88
S03-022Mb 4.28 0.58
S05-002Mb 5.78 0.57
S05-003Mb 4.41 0.63
S05-004Mb 4.43 0.71
S05-005Mb 6.60 0.62
S05-006Mb 3.33 0.61
S05-007Mb 3.48 0.77
S05-008Mb 4.49 0.70
S05-009Mb 2.77 0.57
S05-010Mb 4.35 1.04
S05-011Mb 3.08 0.88
S05-012Mb 7.34 0.23
S05-013Mb 5.43 0.54
S05-014Mb 4.72 0.63
S05-015Mb 2.92 0.48
S05-016Mb 3.47 0.48
S05-017Mb 5.33 0.68
S05-018Mb 3.54 0.69
S05-019Mb 5.80 0.62

S12-2




S05-020Mb 4.91 0.98
S05-021Mb 3.66 0.38
S05-022Mb 5.19 0.94
S06-001Mb 5.02 0.42
S06-002Mb 3.61 0.34
S06-003Mb 4.66 0.88
S06-004Mb 2.38 0.37
S06-005Mb 4.27 0.27
S06-006Mb 4.40 0.60
S06-007Mb 3.07 0.45
S06-008Mb 4.98 0.62
S07-001Mb 3.77 0.70
S07-002Mb 2.94 0.80
S07-003Mb 4.47 0.61
S07-004Mb 4.97 0.57
S07-005Mb 4.27 0.83
S07-006Mb 4.49 0.57
S07-007Mb 7.11 1.08
S07-008Mb 3.20 0.46
S07-009Mb 5.30 0.41
S07-010Mb 3.37 0.53
S07-011Mb 3.30 0.64
S07-013Mb 5.53 0.75
S07-014Mb 13.63 0.65
S07-015Mb 5.22 0.65
S08-001Mb 4.72 0.61
S08-002Mb 3.01 0.76
A01-001Mb 4.09 0.90
A03-002Mb 5.00 0.60
A03-003Mb 2.72 1.82
A03-005Mb 3.15 7.68
A03-006Mb 3.64 0.54
A03-008Mb 4.67 0.49
A03-010Mb 2.70 0.53
A03-011Mb 3.87 0.61

S12-3




A03-012Mb 6.72 0.66
A03-013Mb 3.40 0.81
A03-015Mb 4.29 0.99
A03-016Mb 3.13 0.40
A03-017Mb 4.02 0.68
A03-018Mb 4.43 0.74
A03-019Mb 7.10 0.86
A03-020Mb 4.27 5.35
As Pb
ID
[ o/L] [b g/dL]
S01-010Ub 5.02 1.02
S01-011Ub 6.37 0.67
S01-012Ub 5.32 0.66
S01-013Ub 12.37 5.82
S01-017Ub 4.73 1.05
S02-005Ub 11.66 2.66
S02-006Ub 13.89 1.19
S02-007Ub 10.40 3.09
S03-001Ub 4.68 0.94
S03-003Ub 4.19 0.41
S03-004Ub 6.23 0.89
S03-005Ub 5.32 0.32
S03-007Ub 4.52 0.86
S03-008Ub 5.34 0.75
S03-009Ub 4.92 1.12
S03-010Ub 6.53 0.99
S03-012Ub 7.37 0.82
S03-014Ub 7.45 0.73
S03-015Ub 6.24 0.97
S03-016Ub 5.38 0.66
S03-018Ub 9.23 0.84
S03-019Ub 7.56 1.52

S12-4




S03-021Ub 5.51 1.66
S03-022Ub 5.74 0.87
S05-002Ub <L0Q 0.61
S05-003Ub <L0Q 0.46
S05-004Ub 8.58 0.37
S05-005Ub 4.90 0.54
S05-006Ub <L0Q 0.68
S05-007Ub <L0Q 1.82
S05-008Ub <L0Q 0.69
S05-009Ub <L0Q 0.49
S05-010Ub 5.30 0.57
S05-011Ub <L0Q 0.82
S05-013Ub <L0Q 0.49
S05-014Ub <L0Q 0.63
S05-015Ub <L0Q 0.83
S05-016Ub <L0Q 0.45
S05-017Ub <L0Q 0.45
S05-018Ub <L0Q 0.65
S05-019Ub <L0Q 0.72
S05-020Ub <L0Q 0.70
S05-021Ub 3.62 0.48
S05-022Ub <L0Q 5.75
S06-001Ub <L0Q 1.40
S06-002Ub <L0Q 1.08
S06-005Ub <L0Q 1.06
S06-006Ub <L0Q 0.95
S06-007Ub <L0Q 0.34
S06-008Ub <L0Q 0.49
S07-001Ub <L0Q 0.62
S07-002Ub <L0Q 1.05
S07-003Ub <L0Q 0.55
S07-004Ub <L0Q 0.60
S07-005Ub <L0Q 0.35
S07-006Ub <L0Q 0.57
S07-007Ub <L0Q 0.90
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S07-008Ub <L0Q 0.69
S07-009Ub <L0Q 0.52
S07-010Ub <L0Q 0.62
S07-011Ub <LOQ 0.41
S07-013Ub <L0Q 0.86
S07-014Ub 4.05 0.69
S07-015Ub <L0Q 1.08
S08-001Ub <L0Q 0.73
S08-002Ub <L0Q 3.75
A01-001Ub 2.84 0.53
As Pb
ID
[ o/L] [b g/dL]
S01-001Ch 4.99 0.94
S01-002Ch 3.17 0.96
S01-003Ch 2.87 1.31
S01-004Ch 2.89 1.91
S01-005Ch 14.52 1.47
S01-006Ch 7.21 1.68
S01-007Ch 4.00 1.05
S01-008Ch 3.68 1.01
S01-010Ch 3.12 2.53
S01-011Ch 5.43 1.04
S01-012Ch 3.67 1.16
S01-013Ch 4.16 1.49
S01-015Ch 3.26 0.97
S01-016Ch 5.13 1.06
S01-017Cb 8.72 0.69
S02-001Ch 4.09 1.25
S02-002Ch 5.75 1.65
S02-003Ch 5.98 1.23
S02-004Ch 14.12 1.50
S02-005Ch 7.75 0.95
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S02-006Ch 6.79 1.54
S02-007Ch 4.56 0.91
S03-001Ch 3.04 0.85
S03-002Ch 2.91 0.90
S03-003Ch 3.96 1.12
S03-004Ch 6.73 1.20
S03-005Cb 4.80 0.86
S03-006Ch 4.11 1.23
S03-007Cb 4.58 1.01
S03-008Ch 4.84 1.20
S03-009Ch 4.13 0.95
S03-010Cb 5.18 0.88
S03-011Ch 4.32 1.03
S03-012Ch 5.11 1.95
S03-013Ch 3.10 0.91
S03-014Ch 4.92 1.55
S03-015Ch 4.47 0.82
S03-016Ch 4.74 1.19
S03-017Cb 4.49 1.86
S03-018Cb 3.37 1.44
S03-019Cb 4.59 1.85
S03-020Cb 3.02 1.05
S03-021Ch 4.35 2.81
S03-022Ch 10.82 0.93
S05-002Ch 4.49 1.61
S05-003Ch 5.30 1.41
S05-004Ch 4.68 0.50
S05-005Ch 4.87 1.76
S05-006Ch 5.60 1.28
S05-007Ch 2.87 1.88
S05-008Ch 5.44 1.91
S05-009Cb 2.91 1.27
S05-010Cb 11.36 5.73
S05-011Cb 2.76 1.67
S05-012Cb 6.51 0.77
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S05-013Ch 4.08 1.24
S05-014Ch 4.89 1.41
S05-015Ch 3.17 1.39
S05-016Ch 3.24 1.28
S05-017Ch 4.95 0.83
S05-018Ch 4.99 1.58
S05-019Cb 5.81 0.84
S05-020Cb 10.25 1.05
S05-021Cb 5.76 0.76
S05-022Ch 13.91 1.72
S06-001Ch 3.54 0.76
S06-002Cb 14.84 0.43
S06-003Ch 2.87 1.93
S06-004Ch 5.58 1.13
S06-005Ch 12.73 0.70
S06-006Ch 9.38 1.29
S06-007Ch 4.10 2.26
S06-008Ch 4.31 1.77
S07-001Cb 4.50 1.64
S07-002Cb 4.76 1.24
S07-003Cb 3.91 1.47
S07-004Cb 4.82 1.27
S07-005Ch 6.80 0.85
S07-006Ch 5.57 0.85
S07-007Cb 7.91 0.90
S07-008Ch 7.95 0.75
S07-009Ch 5.36 1.00
S07-010Ch 3.25 1.11
S07-011Ch 5.11 1.15
S07-013Ch 3.86 1.20
S07-014Cb 46.01 1.75
S07-015Cb 4.31 0.85
S08-001Cb 4.35 0.61
S08-002Ch 5.20 0.73
A01-001Cb 3.75 0.79
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A02-001Cb 5.95 1.28
A02-003Cb 7.34 1.02
A02-004Cb 9.41 1.18
A02-005Cb 6.74 2.49
A02-006Ch 3.77 1.30
A02-007Cb 10.44 0.86
A02-008Ch 3.55 0.53
A02-009Ch 5.32 1.10
A02-010Ch 3.18 1.79
A02-011Cb 4.25 0.76
A02-012Cb 7.39 1.26
A02-013Cb 3.45 1.40
A03-001Cb 4.02 1.57
A03-013Cb 3.93 1.18
As Pb
ID
(b o/L] [b g/dL]
K01-001Mb 6.02 14.01
K01-002Mb <L0Q 31.97
K01-003Mb 5.56 12.09
K01-004Mb 5.30 11.38
K01-005Mb 5.91 16.71
K01-006Mb 5.93 17.44
K01-007Mb 6.89 15.48
K01-008Mb 5.79 11.50
K01-009Mb 5.74 20.40
K01-010Mb 5.25 11.21
K01-011Mb 6.27 16.32
K01-012Mb 6.23 50.12
K01-013Mb 7.93 24.42
K01-014Mb 5.29 11.15
K01-015Mb 5.28 24 .06
K01-016Mb 6.58 49.32
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K01-017Mb 5.76 9.44
K01-018Mb 5.97 17.21
K01-019Mb 7.41 13.53
K01-020Mb 5.82 12.12
K01-021Mb 5.78 10.07
K01-022Mb 2.80 24.21
K01-023Mb <LOQ 7.80
K01-024Mb <LOQ 13.95
K01-025Mb 19.20 14.73
K01-026Mb <LOQ 20.67
K01-027Mb 5.81 17.09
K01-028Mb 5.78 16.20
K01-033Mb <LOQ 22.34
K01-034Mb <LOQ 17.11
K01-040Mb <LOQ 16.06
KO1-042Mb <LOQ 17.72
K01-045Mb <LOQ 19.82
K01-046Mb <LOQ 17.83
K01-049Mb <LOQ 23.57
K01-050Mb <LOQ 14.31
K01-051Mb <LOQ 13.18
K01-052Mb <LOQ 14.46
K01-053Mb <LOQ 7.38
K01-054Mb <LOQ 1441
K01-063Mb <LOQ 18.52
K01-065Mb <LOQ 14.10
K01-066MB <LOQ 15.17
K01-067Mb <LOQ 38.91
KO1-070Mb <LOQ 22.01
KO1-074Mb <LOQ 6.28
K01-075Mb <LOQ 16.64
K01-081Mb <LOQ 21.36
K01-082Mb <LOQ 9.56
K01-083Mb <LOQ 12.99
K01-085Mb <LOQ 3.33
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K01-088Mb <L0Q 8.51
K01-090Mb <L0Q 8.42
K01-092Mb <L0Q 12.23
K01-093Mb <L0Q 8.81
K01-094Mb <L0Q 11.51
K01-096Mb 0.59 5.72
K01-200Mb <L0Q 9.83
K01-201Mb <L0Q 20.06
K01-205Mb 0.93 9.12
K01-206Mb 0.56 18.16
K01-207Mb <L0Q 17.86
K01-210Mb <L0Q 7.96
K01-211Mb <L0Q 15.79
K01-212Mb 2.98 9.49
K01-213Mb <L0Q 14.85
G01-101Mb <L0Q 2.42
G01-104Mb <L0Q 3.39
G01-105Mb <L0Q 1.93
G01-107Mb 2.90 3.50
G01-109Mb <L0Q 2.09
G01-110Mb <L0Q 4.58
G01-112Mb 2.90 4.32
G01-114Mb <L0Q 3.23
G01-116Mb <L0Q 3.98
G01-118Mb <L0Q 19.55
G01-119Mb 5.82 4.57
G01-120Mb <L0Q 9.49
G01-152Mb <L0Q 6.52
G01-154Mb <L0Q 5.50
G01-156Mb <L0Q 3.04
G01-157Mb <L0Q 7.36
G01-158Mb <L0Q 5.74
G01-159Mb <L0Q 2.64
G01-160Mb <L0Q 1.75
G01-161Mb 3.75 1.44
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G01-162Mb 3.47 2.54
GO1-166Mb 3.66 2.86
GO1-167Mb <L0Q 5.73
G01-168Mb <LOQ 7.46
GO1-169Mb <L0Q 3.90
G01-173Mb <LO0Q 5.36
GO1-175Mb 6.32 2.41
G01-176Mb <L0Q 6.74
G01-180Mb 7.11 3.65
G01-181Mb <L0Q 3.06
G01-184Mb 2.76 2.16
G01-185Mb <L0Q 4.89
G01-186Mb 3.67 2.93
G01-187Mb 2.24 5.63
G01-188Mb 2.64 4.98
GO1-190Mb <L0Q 3.13
GO1-191Mb 3.28 4.67
G01-192Mb <LO0Q 3.41
G01-193Mb <L0Q 2.15
G01-194Mb 2.22 9.73
G01-195Mb <L0Q 6.85
As Pb
ID
[ o/L] [b g/dL]
K01-001Ub <LOQ 9.41
K01-002Ub <L0Q 35.70
K01-003Ub <L0Q 5.54
K01-004Ub <L0Q 13.42
K01-006Ub <LO0Q 11.78
K01-007Ub <LO0Q 15.87
K01-008Ub <L0Q 8.03
K01-009Ub <L0Q 16.02
K01-010Ub <L0Q 8.94
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K01-012Ub <LOQ 43.00
K01-013Ub 0.39 18.06
K01-014Ub <LOQ 8.93
K01-016Ub 2.86 34.52
K01-019Ub 2.47 12.93
K01-020Ub <LOQ 11.22
K01-021Ub <LOQ 9.98
K01-022Ub <LOQ 23.59
K01-023Ub <LOQ 6.37
K01-024Ub <LOQ 9.35
K01-025Ub <LOQ 11.97
K01-026Ub <LOQ 15.87
K01-027Ub <LOQ 14.38
K01-028Ub <LOQ 14.30
K01-033Ub <LOQ 11.81
K01-034Ub <LOQ 1415
K01-040Ub <LOQ 14.31
K01-042Ub <LOQ 16.07
K01-045Ub <LOQ 25.99
K01-046Ub <LOQ 17.03
K01-049Ub <LOQ 1487
K01-050Ub <LOQ 16.13
K01-051Ub <LOQ 9.21
K01-052Ub <LOQ 14.03
K01-053Ub <LOQ 6.85
K01-054Ub <LOQ 12.69
K01-063Ub <LOQ 1455
K01-065Ub <LOQ 14.63
K01-066Ub <LOQ 12.52
K01-067Ub <LOQ 42.91
K01-070Ub <LOQ 19.10
K01-074Ub <LOQ 4.84
K01-075Ub <LOQ 12.87
K01-081Ub <LOQ 16.79
K01-082Ub <LOQ 8.04
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K01-083Ub <L0Q 9.74
K01-085Ub <L0Q 4.44
K01-088Ub <L0Q 9.32
K01-090Ub <L0Q 10.63
K01-092Ub <L0Q 10.89
K01-093Ub <L0Q 8.65
K01-094Ub <L0Q 8.52
K01-096Ub <L0Q 5.44
K01-200Ub <L0Q 8.53
K01-201Ub <L0Q 16.69
K01-205Ub <L0Q 6.74
K01-206Ub <L0Q 14.62
K01-207Ub 2.84 17.07
K01-210Ub <L0Q 11.06
K01-211Ub <L0Q 11.94
K01-212Ub 2.29 12.57
K01-213Ub <L0Q 13.68
G01-101Ub <L0Q 1.95
G01-104Ub <L0Q 1.79
G01-105Ub <L0Q 0.57
G01-107Ub <L0Q 2.35
G01-109Ub <L0Q 2.64
G01-110Ub <L0Q 3.01
G01-112Ub <L0Q 1.09
G01-114Ub <L0Q 1.68
G01-116Ub 2.21 2.32
G01-118Ub <L0Q 15.26
G01-119Ub 5.99 3.49
G01-120Ub <L0Q 5.83
G01-152Ub <L0Q 3.84
G01-156Ub <L0Q 1.94
G01-157Ub 2.31 2.96
G01-158Ub 13.60 4.83
G01-159Ub <L0Q 5.86
G01-160Ub <L0Q 3.62

S12-14




GO1-161Ub 4.21 1.29
G01-162Ub 3.34 2.62
GO01-166Ub 7.50 2.37
GO1-167Ub 8.76 4.30
GO1-169Ub <L0Q 3.16
G01-173Ub <LO0Q 3.94
G01-175Ub 6.00 2.91
G01-176Ub 2.39 5.87
G01-180Ub 8.90 3.38
G01-181Ub <L0Q 2.29
G01-184Ub <L0Q 1.15
G01-185Ub 7.53 4.03
G01-186Ub 3.97 1.15
G01-187Ub 2.88 4.78
G01-188Ub 2.60 3.40
GO1-190Ub <L0Q 2.03
G01-191Ub 2.66 3.85
G01-192Ub <LO0Q 1.70
G01-193Ub <L0Q 1.37
G01-194Ub 2.86 5.73
G01-195Ub <L0Q 7.18
As Pb
ID
[ o/L] [b g/dL]
K01-001Ch <LOQ 21.71
K01-002Ch <L0Q 36.19
K01-003Ch <L0Q 14.05
K01-004Ch <L0Q 25.34
K01-005Ch <L0Q 13.90
K01-007Ch <L0Q 28.30
K01-010Ch <LO0Q 11.85
K01-013Cb 0.51 24.52
K01-014Cb <L0Q 18.75
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K01-016Cb 1.57 52.14
K01-019Ch <L0Q 13.40
K01-020Ch <L0Q 11.83
K01-022Cb 7.90 41.00
K01-023Cb <L0Q 17.58
K01-024Cb <L0Q 22.02
K01-025Ch <L0Q 20.58
K01-026Ch <L0Q 14.42
K01-027Ch <L0Q 19.04
K01-028Ch 3.23 24.70
K01-034Ch <L0Q 24.67
K01-035Ch <L0Q 16.20
K01-040Ch <L0Q 20.83
K01-042Cb <L0Q 25.39
K01-045Ch 2.20 34.26
K01-046Ch <L0Q 20.87
K01-049Ch <L0Q 17.41
K01-050Ch <L0Q 23.46
K01-051Ch <L0Q 14.67
K01-052Ch <L0Q 19.63
K01-054Ch <L0Q 15.05
K01-063Ch 3.61 33.20
K01-066Ch <L0Q 13.69
K01-070Ch <L0Q 26.62
K01-081Cb <L0Q 29.00
K01-082Cb <L0Q 13.96
K01-083Cb <L0Q 14.61
K01-085Ch <L0Q 8.28
K01-088Cb <L0Q 14.25
K01-089Ch <L0Q 11.61
K01-090Ch 2.67 29.45
K01-092Ch <L0Q 18.04
K01-093Ch 2.67 12.76
K01-094Ch <L0Q 17.82
K01-096Ch 4.37 41.11
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K01-200Ch <L0Q 15.38
K01-201Ch <L0Q 44.77
K01-205Ch <L0Q 10.19
K01-206Ch <L0Q 30.75
K01-207Ch <L0Q 24.81
K01-210Ch 2.92 16.96
K01-212Cb <L0Q 22.31
K01-213Cb <L0Q 24.02
G01-101Ch <L0Q 3.21
G01-103Ch <L0Q 27.70
G01-104Ch 3.36 9.26
G01-105Ch <L0Q 4.62
G01-107Ch 6.85 10.58
G01-109Ch 3.80 9.48
601-110Ch <L0Q 12.30
G01-114Ch <L0Q 7.06
G01-115Ch <L0Q 9.18
G01-116Ch 2.80 15.88
G01-118Ch 3.16 11.71
G01-119Ch 11.41 15.31
G01-142Ch 3.01 13.38
601-143Ch <L0Q 4.03
G01-149Ch <L0Q 22.13
G01-150Ch 4.22 9.12
601-152Ch 2.61 3.52
G01-156Ch 2.98 10.47
G01-158Ch <L0Q 7.42
G01-159Ch 2.36 2.59
G01-160Ch <L0Q 15.98
G01-161Ch <L0Q 5.39
G01-162Ch 3.64 6.69
G01-166Ch 2.53 31.39
G01-167Ch 4.20 7.79
G01-168Ch 7.61 46.66
G01-169Ch 4.35 10.80
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G01-173Cb 3.98 15.77
G01-176Ch 2.61 8.09
G01-180Ch 11.69 16.18
G01-181Ch <LOQ 25.14
G01-184Ch 2.23 6.52
G01-185Ch 2.38 20.01
G01-186Cb 4.11 7.45
G01-187Cb 3.22 27.59
G01-188Cb 2.43 7.78
G01-190Ch 2.10 16.74
G01-191Cb 4.36 16.73
G01-192Cb 2.61 17.43
G01-193Ch <LOQ 8.71
G01-194Ch 4.01 14.12
G01-195Ch <LOQ 9.52

S12-18




Rev Environ Health. 2016 Mar 1;31(1):33-5. doi: 10.1515/reveh-2015-0046.

Title:

Exposure assessment of lead from food and airborne dusts and biomonitoring in pregnant mothers,
their fetus and siblings in Karachi, Pakistan and Shimotsuke, Japan.

Authors:

Kayama F, Fatmi Z, Ikegami A, Mizuno A, Ohtsu M, Mise N, Cui X, Ogawa M, Sakamoto T,
Nakagi Y, Yoshida T, Sahito A, Naeem S, Ghias K, Zuberi H, Tariq K, Kobayashi Y, Nohara K.
Abstract:

AIM: Exposure assessment of lead (Pb) and Arsenic (As) from food, water, and house dust intake
were assessed among pregnant women, their children and fetuses in Pakistan and Japan, as well as
their body burden of the metalsin their blood.

METHOD: Fifty families which included a pregnant woman, a fetus and the 1-3-year-old siblings
were recruited in Karachi and Khairpur in Pakistan, and Shimotsuke and Asshikawa in Japan,
respectively. Their dietary exposure to Pb and As was measured in 3-day food duplicates and
drinking water by ICP-MP. Pb in house dust and respirable dust was evaluated with an energy
dispersive X-ray fluorescence spectrometry. Non-radioactive isotope Pb profiles of blood specimens
will be compared with those of the exposure origins, such as food duplicates, respirable house dust,
the soils nearby, and gasoline.

RESULTS: Judging from the data collected and analyzed so far, contribution from dietary intake is
highly correlated to higher body burden of Pb among Pakistani mothers. Additional data analyses
will reveal the status of Pb and As body burden in Pakistani mothers, fetuses and their siblings, and
causal sources of high body burden is delineated by Pb isotope profile analysis of different sources
of Pb exposure.

PMID: 26953701
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The negative health effects of heavy metal elements are public health concerns, especially lead
influence fetus in its mother's body. The lead concentrations in Pakistani pregnant women's nails
were measured to estimate the lead exposure, and 13 nail samples were high lead concentrations. In
Pakistan, eye area cosmetics such as Surma is one of the important source of lead pollution. Total 30
cosmetic samples were collected in Pakistan and determined the lead contamination. Lead content as
the metal composition of four Surma products were more than 96%. From the SEM observations,
Surma containing lead was made from a powder of galena. Moreover, leaded Surma was composed
of inhalable particles, classified PM10, that was able to deposit in the respiratory system. Relative
bioavailability of lead in the Surma was determined by the in vitro bioaccessibility assay, and the
mean was 5.2%. This result was represented that if pregnant woman (assuming a body weight of 60
kg) take in only 29 mg leaded Surma in a week, it will exceed the former PTWI. The correlation
between leaded Surma and lead contaminated nails was confirmed by lead isotope ratios analysis,
and leaded Surma was involved with lead contaminated nails of Pakistani pregnant women. These
results were suggested that leaded Surma is important in lead contamination of pregnant women's

nails in Pakistan.
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Abstract:

In this study, we determine the total exposure of lead and arsenic among pregnant women and young
children having great sensitivity from environment. This study is conducted both in Japan and
Pakistan. Pregnant women having young child (1-3.5 years old) are being recruited for sampling. In
Pakistan, as exposure group, 50 each are recruited from urban location in Karachi and a rural
Gambat Taluka, Khairpur, province of Sindh. In Japan, as comparison group, 90 are recruited near
Shimotsuke area under Jichi Medical University and 10 are recruited in Asahikawa under Asahikawa
Medical University. We are collecting their nails, blood, urine, placenta, cord blood, while food
duplicates for three-days for the young child and pregnant woman are being collected from the
family. Furthermore, dust is being collected for 2 weeks using paperless vacuum cleaners and
questionnaire to survey life environment during pregnancy. Young children are studied through the
use of Bayley III scales of infant and toddler development to effect assessment. I will report the

result of Bayley III in Japan, and discuss how life style influences a child’s development.
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Title:

External Lead Contamination of Women's Nails by Surma in Pakistan: Is the Biomarker Reliable?
Authors:

Akihiko Ikegami, Mai Takagi, Zafar Fatmi, Yayoi Kobayashi, Mayumi Ohtsu, Xiaoyi Cui, Nathan
Mise, Atsuko Mizuno, Ambreen Sahito, Aneeta Khoso, Fujio Kayama.

Abstract:

Adverse health effects of heavy metals are a public health concern, especially lead may cause
negative health impacts to human fetal and infantile development. The lead concentrations in
Pakistani pregnant women’s nails, used as a biomarker, were measured to estimate the lead exposure.
Thirteen nail samples out of 84 nails analyzed contained lead higher than the concentration (13.6
ng/g) of the fatal lead poisoning case, raising the possibility of an external contamination. Eye
cosmetics such as surma are recognized as one of the important sources of lead exposure in Pakistan.
We collected in Pakistan 30 eye cosmetics made in Pakistan, Saudi Arabia and western countries. As
the metal composition analysis by energy dispersive X-ray fluorescence spectrometry revealed that
some surma samples contained lead more than 96%, the surma might contaminate the nail specimen.
Scanning electron microscopy observations showed that lead-containing surma consists of fine
particle of galena (ore of lead sulfide) in respirable dust range (less than 10 pm). In addition, relative
in vitro bioavailability of lead in the surma was determined as 5.2%. Thus, lead-containing surma
consists of inhalable and bioavailable particles, and it contributes an increased risk of lead exposure.
Moreover, the relationship between the surma and the lead-contaminated nails by lead isotope ratios
analysis indicated the potential of lead contamination in nails by surma. These results suggest that
lead in the nails were derived both from body burden of lead and external contamination by
lead-containing surma. Therefore, nail is not suited as a biomarker for lead exposure in the countries
using surma, because we may overestimate lead exposure by surface lead contamination in nail by

surma.
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Lead Isotopes Ratio (LIR) Analysis and Source Apportionment of Lead among Pregnant Women,
Newborns and Children in Pakistan

Authors:

Zafar Fatmi, Ambreen Sahito, Akihiko Ikegami, Atsuko Mizuno, Xiaoyi Cui, Nathan Mise, Mai
Takagi, Yayoi Kobayashi, Fujio Kayama.

Abstract:

Lead has been controlled in petrol since 2001 in Pakistan. However, high blood lead levels have
been reported among newborns and young children in recent surveys. Different sources of lead
exposure including surma (eye cosmetics) have been implicated for lead exposure in studies in
Pakistan; however these studies used weak methodology. We objectively assessed using lead isotope
ratio (LIR) analysis methodology for possible sources of lead exposure among pregnant women (in
turn newborn) and young children (1-3 years) in megacity, Karachi, Pakistan. Of the total 23,
selected high and low lead level samples based on pregnant women's blood levels were collected,
where simultaneously blood from cord blood (for newborn) and 1-3 year old child was also collected
from the same family. In addition, three-day food duplicate samples for women and young child,
house-dust, drinking water, respirable dust and petrol and engine lubricant from the surrounding gas
stations were analyzed for lead content. All these samples were correlated using LIR to determine
the important sources of exposure for lead in this population. Food is the most important contributor
for lead exposure among pregnant women and young children. LIR of food and blood sample
contains similar isotopes as that in petrol. Therefore, past contamination of environment by petrol
emission is contributing to contamination of food, either directly or indirectly through agricultural
sources. Food protection and agricultural practices need to improve to reduce further exposure to the
population in the near term. Further studies are needed to identify routes of contamination of food in

this population.
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