210,000 (Hepple, 1970)

211

T (organic
tetraalkyllead additives) (tetramethyllead)
(tetraethyllead) (alkyls
triethylmethyllead) (diethyldimethyllead)
(ethyltrimethyllead)

70 - B, '
1
(Halide) (scavenger)
1, 2-dihaloethanes

(Lawther et al, 1972) 1%



substances)

5 -

(resuspended)

2.1.2

50

fi

30

20

25°/.

(alkyllead)

(volatile

(vapour phase)

(particles)

5-50

(Harrison et al. 1981)

(atmospheric lifetime)



(Jenkin, 1980) ;24 - 50
[ 20% Chilko et al (1970)

50% 3 50

o

Key .

—  Theoretical (Chamberlain et.al. 1978)

X Little & Wiffen (1978)
A Hogbin & Bevan (1976)
® Bevan et al (1974)

Error Bars are 1.S.E (Standard Error)

Percentage of concentration at roadside
w
P o
1 L
o
L

10 50 100 150

Distance (m)

2.1
Daines et al (1970)
150
50% 10 30 250

2.2

(Harrison et al. 1981)



0.02 yg/mAh

Pb pug/m®

@

D

Los Angeles 3 yg/m'

: L]
_\,\.
.\ 58,000 vehicles daily
44,000 "o ®
» \.Q:
Se s 47,000 —
\.\.
19,800 o~
| | I | L
100 200 300 400 500
Distance (feet)
o fl 2.2
Waldron et al (1974)
2.1
1.1 yg/m?
0.21 yg/mA
0.10 yg/mA
(Mcmulluen et al. 1970)
* 3
Lancaster . 0.004 yglin
o.66 Yyg/rn® (Harrison et al. 1981)

11



(rush hour traffic) 10-25 yg/im

12

0.1 yg/m* (Lynn, 1976)

2.1
traffic volume (cars/hour) mean concentration (ygPb/m?)
500 4.6
820 4.8
2,150 1.6
1975 Rama Chandran (1976)
6.16 - 22.48 ygim”® 11 ygim™*

Asian Institute of Technology
(precipitation)

30

0.78 - 3.93f 30 0.186 -

(2525)
17
5.0651 yg/m
4.6436 ygimA

0.2501



| (2530) ,
f

| | 1 11500
15 - 2.1 1 110
035 ygim-*
I 0,

2.2.1

2.3

dusls

9 mmmls]‘\
topicat eaten J
ansrs. - g ] ‘e
/ eaten =
dusts ' ihaled
eaten /

absorbed by
\abso:bed

1001s
through

natural k skin
e > pcl'ol
taken with
oo & pica
poliuton /{ " pollution
ceramics >
anti knock

retining
smelling
toels

o hd o <
U 2.3 usawneRuyssawisalasureir ludanam

fiun Environmental and Man Vol. VI The Chemical Environment,

Lenihan and Fletcher, 1977



Kehoe (1964)

1 (yold)
100 500 yg/d

Lewis (1966)
100 2,000 yg/d IB

et al. 1981)

et al. 1977)

20 ygil

20 ygld (Dunham, 1972)

300

300 yg/d

(mg/l)(Harrison

(Moore



15

15 2
8 2
2.2
Chamberlain et al (1978) ,
1 Q-ig/m3)
15 20 yg/d
0.1 0.2 yg/m? 1.5 4 ygld
10 yg/m3
2.2 *
(y9)
M) @01 ygm* @05 yg/m3 @2.5 yg/m4i
8 hr. working
(light activity) 9.6 0.96 4.8 o

8 hr. nonoccupational
activity 9.6 0.96 4.8 24.0
8 hr. resting 3.6 &= 1.8 9.0

016023
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*of a "standard man" weighting 70 kg, 20 - 30 years old, .
173 cm. tall, and having a surface area of 1.8 m

Biologic Effect of Atmospheric Pollutants. Lead
Air orne Lead  Perspective, Donham, 1972.

2.3
2.3
Drinking water :
o Food "lead Alr lead.
Criterion malveek concentration concer}tratlon
g (pg/litre) (vg/m )
World Health
Organization 3 100
European Economic
Community Residential = 2
esidential =
(proposed directive) _ _
High traffic- 1
density = 8

Environment and Man Vol. VI : The Chemical Environment,
Moore et al. 1977.

(sofe drink)
0.02
( < 0.01 - 0.07) 1



fll 10 Y{ ] ' 0.10
0.72 : 500
60 yg/d
(WHO, 1977) I,
10 mg/l
0.483 £ 0.267 191,
1 2.6 (WHO, 1977)
Harrison et al (1981) 2.5
12.2 21
20 1

17

2.4



2.4

Daily Lead
Substance intake ﬁggcqwra-
substance
\
Food 2 kg 0.17 ppm
Water 1 kg 0.01 ppm
Urban air  \ ZomiHEHC €.3  gim3
Rural air 20 CUDIC g5 gmas
30 0.8

Tobacco smoke-ciga

: ?er
rettes crgarette

Lead
Ingested
Per day

(vo)

330
10
26

24

Fraction
Absorbed

0.05
0.1
0.4
0.4
0.4

Lead

Absorbed

Per
(y9)
17
1
10.4
0.4
9.6

day;

Environmental Pollution by Chemicals, Golin Walker,

1975

2.2.2.1



2.2.2.1 1

{
region)
15 244
68# 0.02
alveolar membrane 2
(Harrison et al. 1981)

(alveolar bed)

system)

0.05 0.1

30 = 10#

35#

?2J

0.09

(alveolar

ICRP Task Group on Lung Dynamics

0.1

Nazaki (1966)

1.0

(tracheobranchial

(2 207)



Jenkin (1980)
nasopharyngeal region

(pharynx)

(cilia-mucus transport)
(alveolar Led)

phagocytosis migatory macrophages

Baselt (igso)

7 22 pg% 7 14%

2.2.2.1 .2

(gastrointestinal system)

& (Rabinowitz et al. 1974; WHO, 1977)  Harrison et al (19s1)
13 18% Baselt (1980)

5 10%

2.2.2.2

20
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(extracellular fluid)

. '« (affinity) 2.4
2
(fetal life)
200
60 70
94 95% 1
0] ' (Barry, 1975)
Baselt (1980)
a’
so0 350 60 0%
(dense bone)
Robinowitz et al (1975)
(Lead Metabolism
Model) 3
pool 1
pool 2 pool 3
Pool 2 1 integumentary
structures alimentary tract secretions

biliary, pancreatic gastric secretions
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-

aietlary 2 pulmaonary intake
ntake

bone storage
90,'7,,'

kidneys

© red blood corpuscle

faeces

A lead

urine

2.4

Environmental and Man Vol. VI. The Chemical Envieronment,
Lenihan and Fletcher, 1977



BONE
~ 200 mg
lO4 days

Air 16 + 4 yg/d

Lead Metabolism Model

Diet 30 pg/d.

steady state

23

~7 ug/d 1 ~15 ug/d | 2
1.9 Q.1 nig 36 +54d ~5.6 mg 40 ds

~7 ug/d BLOOD ~2 pg/d | SOFT TISSUE
Bile, Hair

Urine 35 = 5 yg/d .
Sweat, nail

rl 12 yg/d.

steady state
{ 6) (Tola et al. 1973)
6 (Berlin, log3)

2.2.3

(exfoliation of skin)

Rabinowitz et al (1973)
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2.5 !
(ng)
Per day
Urine 36 76
Gastrointestinal secretions 8 16
Epithelial structures and sweat 4 8
2.3
I ,
7.0 28
100 (pg/100 ml) 2.6 '
(Hofreuter et al. 1961)
2.6 ' 16
Blood lead concentration yg/100 ml
Country Urban Rural
mean D mean D
Argentina 43 16 10 6 9 5
Chile 34 18 6 1 15
Czechoslovakia 20 20 8
Egypt 19 23 16 9 12 9
England 30 23 13



g 26 ()

Country

Finland

Holland

Israel

Italy

Japan

Peru

Poland

Sweden

Yugoslavia

United States
California

New York City

Ohio
New Guinea

Blood lead concentration pg/100 ml

17
58
46
26
32
32
32
14
30

21
105
20

Goldwater and Hoover, 1967

Urban
mean

28
15
16
13
YAl

-
12

9
15

19
iy
18

D

10
9
6
10
1

oy LW o> OO

18
10

29

13

44
16
16

20
28

Rural
mean

24
10
18

18

13

10

32

17

12
2

25



2.7 1 5 IM
Type of population ';'H’B‘E’grctgf
Suburban non-smokers, Philadelphia 9
Residents of rural California county 16
Comnuter non-smokers, Philadelphia 10
Suburban smokers, Philadelphia 14
Aircraft employees, Los Angeles 291
City employees, Pasadena 3B
Commuter smokers, Philadelphia 33
City Health Dept, employees Cincinnati 36
Policemen, Los Angeles 155
Resident down-town, non-smokers,
Philadelphia 1
Post-office employees, Cincinnati 140
Policemen, non-smokers, Philadelphia 3
Firemen, Cincinnati 191
All policemen, Cincinnati 123
Resident down-town smokers, Philadelphia 55
Policemen, smokers, Philadelphia &
Refinery gasoline handlers,
Cincinnati (1956) 8
Service station attendants,
Cincinnati (1956) 130
Traffic policemen Cincinnati 40
Tunnel employees, Boston 60

Traffic policemen Cincinnati (1956) 17

Lead in blood
y0/100 ¢
11.0
12.0
13.0
15.0
19.0
19.0
21.0
21.0
21.0

220
23.0
24.0
25.0
25.0
25.0
26.0

21.0

28.0
30.0
30.0
31.0

26
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2.1 ()

Type of population Number of Lead jn_blood

supj ect yg/100 g
Car drivers, Cincinnati 14 31.0
Car drivers, Cincinnati (1956) .45 33.0
Car park attendants, Cincinnati (1956) 481 34.0
Garage mechanics, Cincinnati (1956) 152 . 38.0

' Hammond, 1969

Waldron (1974)

(tool booth

collector) Boston
(Burgress et al. 1977) Lawther et al (1972)
? 50 22 66

28

29 yg/100 ml 16 HA ygs

1(.Dml

3

Tollerud et al (i980)
M assachusetts 167

3 80 yg/100 ml



Grobler (19s6)

R G le' —'" 1% — . PR

51.9 ygjE, 45.8 yg% 53.0 yg%

9.7 vygt 3.4 yg%

Farem et al (1982)
Tehran

68

2952 + 7.78 yg/100 ml

(p < 001)

/

Ahmed et al « 987)
Alexandia

4

) 72 Yo%

) 69 yg#

20 30 (23
050

28

20]. yg%,

228

21,74 + 5.63 yg/L00 ml

Egypt 45 '
68.28 + 13.22 Yo

31 40
5 60 (9

) 55 YyO#
) 65 yg#

(30 yg/0
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21 10
1 £55 ygy. 8 10 2 62 + 9.5 ygu
8 20 30 65.9 + 5.7 wgu 2
30 625 t 19 yo#
Rama Chandran (1976)
1 - 34 yg/100 g
20 /
6
18 yg/lm g
4 34 yg/100 g 16.3 yg/100 g
(6 32 yg/100 g) 17.3 yg/100 g
4 10.0 yg/100 g ( 12 yg/100 g)

. 2522 2



30

(Low Risk-Group)
53 , fHigh Risk-Group)
66
34.96 yg/s 2.07 ygr
53.08 ygs 2.65 yg/

(steady state)
1 3157 +4.39 yg/
32.83 +5.06 ygsr @ 5 )
38.67 +7.06 yg/ (6 10 ) 37.17 =265 yg/ (= 10 )
46.95 = 4.05 yg/
1 59.11 + 10.72 yg/
(L 5 ) 57.85  3.96 yg/ ( 10 ) 51.86 + 5.22 yg/ (> 10 )

(2525)
1)
(45 ygD) (43 yg/)
(31 yg/) (31 ygl)
27 ygl

24 ygl
20 Y/

2)

3)

4)



FOgE N b

'0 [%+1% «H0foTo. 00 50tk

(2530)

2519 - 250)

15.6

22.66 £ 8.6

, 500
10

53
5.98.
(p < 0.005)
59
4.12
(p < 0.005)

. 2522

AT

T §03 ' M

112

ASd1
16.16

14.70

1,000
22.68 pg%

3l



8.60
. 2520 480
8
50 118.5 ygw 72.12 yg%
9.4 95% (456 ) 82.0 you

Hofreuter et al (1o61)

, 471
21 yql100 ¢ 264
16 Y{s100 { Lehnert et al (1967) WHO (1977)
116
16.3 ygs100 ¢ 16.4
Y(Qs100
Mc Laughlin et al (1973)
Du Pont 4,000
191 yg% 19.9 yg%

19.3 yg%

(multiple regression analysis)

32
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Tola Nordman ( 977) 1 ,
?.1 ?.1 355
2,209
Tola Nordman
Grandjean et al (1981) Elindér et al (1983)
Grandjean 13.5
0.5 1-0 yg/lm mi Elinder
10 500 yg/L
0.5 )
Pocock (1983) 24

17°/.

Watanabe et al (1985)

2,500

10 (one-way



34

analysis of variance)

| | “ (airar ‘-1 tl 1"nrasi- IMITOI I Pm."" 1
2.4
2.8
2.8
Inorganic Organic
Adults Children
Abdominal pain Drowsiness Disturbance in sleep pattern
Constipation Irritability Nausea
Vomiting Vomiting Anorexia
Non-abdominal Gastrointestinal Vomiting
pain symptoms Vertigo and headache
Asthenia Ataxia Muscular weakness
Paraesthesiae Stupor Weight loss
Psychological Fatigue Tremor
symptoms Diarrhoea
Diarrhoea Abdominal pain
Hyperexcitability
Mania

Symptoms are listed in their order of frequency as presenting symptoms.

Lead Pollution Causes and Control, Harrison et al. 1981
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2.4.1 (Hame Synthesis) '
(biosynthesis

of haem) ! (haemoglobin)
3 ? (formation on the enzyme S-aminolaevulinic
acid dehydratase, S-ALAD) ,
2.4.2 (Central Nervous System)
2.4.3 (Peripheral Nervous System)
2.4.4 (Kidney)
2.5

metabolic intermediates

2.9 subclinical
: 3
2
2.9
| INTERFERENCE WITH HEVE SYSTHESIS II. LEAD ABSORPTION/DEPOSITION/
EXCRETION
Urinary index Index

O-Aminolevulinic acid (ALA) Blood lead

Coproporphyrin Urinary lead

Uroporphyrin Hair lead

Porphobilinogen Nail lead
Bone lead

| 105059-11
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2.9 ()

Hemopoietic index [11. OTHER TYPES OF INDICES
Blood ALA Electromyography
Erythrocyte ALA-dehydratase Serum proteins

activity Renal tubular function
Erythrocyte non-heme iron Endocrine function
Erythrocyte protoporphyrin Neurobehavioral function

Erythrocyte zinc protoporphyrin

Bone marrow sideroblasts

Reticulocytes (immature erythrocytes)
Punctate basophilia ('stipple’ cells)
Erythrocyte life span (increased fragility)
Hemoglobin-hematocrit

Blejer, 1976

(Nygaard et al. 1977; Sartor et al. 1980; Grunder
et al. 1982)

2.6

WHD (1977 1980) 2.10
2.11



2.10

Response

Haemopoietic system
decrease 8-ALA-D in erythrocytes

Increase protoporphyrin in erythrocytes

increase of ALA or coproporphyrin in urine

decrease of Hb
Peripheral nervous system
decreased motor conduction velocity
paralysis
Central nervous system
minor brain dysfunction
encephalophathia
non-specific symptoms
brain dysfunction in fetus and infant
Kidney
impaired function

chromosomal anomalies

Encyclopedia, Berlin, 1983.

Pb1B levels

5-10

20 -
35 -
30 -
60 -

40 -
> 80

> 50
> 80
> 50
> 30

> 60

- 30

25
45
40
80

50

37

(yg/100 ml)

(males)

(females)
(males)
(

females)

> 30 - 40



Biological index

Blood lead (ug/100 g)
Urinary lead (ug/100 ml)

Blood lead (ug/100 ml)
Urinary ALA (mg/100 ml)

Blood lead (ug/100 ml)
Urinary lead (ug/100 ml)

Blood lead (ug/100 ml)
Urinary lead (ug/100 all)

Normal Acceptable Excessive

1961 Kehoe Recommendations (Kehoe, 1961)

10-4 5 - 70 —
2-10 10 - 15
1967 Swedish Occupational Indices (Selander and Cramer, 1970)
< 50 50 - 70
& 15 15 25
1968 'British Statement' (Lane et al. 1968)
10*
YE
1971 AVA Biological Indices (Am.Med.Assoc., 1971)
< 40 40 - 60 60 - 100
<8 8-12 12 -2

Upper acceptable limit value

The Biogeochemistry of Lead in the Environment, Posner et al. 1978

Dangerous

91
> 20

> 10
> 2.5

100
20
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2.1
Spectrophotometric
Diphenylthiocarbazone
(id ml)
(NIOSH, 1977)
Atomic Absorption Spectrophotometry (AAS)
(Flame atomization)
sensitivity
(to ml )(Subramanian & Meranger,
1981) Electrothermal (Flameless) Atomic
Absorption Spectrophotometry Flame AAS
(Flameless non-flame atomization)
(Furnace atomization)
(graphite) sensitivity
Flame Atomization detection limit
[ ( )
( )

Electrothermal Atomic

Absorption Spectrophotometry
(Early et al. 1974), triton. X-100(Fernandez, 1975), chelation-extraction

(Eller et al, 1977) deproteinization (Brodie et
al. 1977) graphite tube Subramanian
Meranger (1981) | matrix
interference volatilization

Triton-.X-100ad’ charring

( 000C)
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(smoking) atomization
background beam

(volatile loss of analyte) charring
(organic matrix)
Subramanian Meranger

Fernandez (NHMHPOA matrix modifier
(thermal stability)
(NHMHPOA 850 *c
Nad
NHCl . Triton X100 non-ionic surfactant
(homogenaus
medium) (viscosity)

graphite tube

heparin, EDTA, Sodium fluoride, Sodium
oxalate, Sodium citrate
(NHY),HPON  Triton Xioo detection limit o.2 ygsi00 ml
sensitivity 0.15 ygsioo mly recovery 98.7 £ 3.9

Chelation-Extraction, nitric acid
deproteinization Triton X100 '

(NH.AHPOA Triton X100
(accuracy)
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