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A repont claming that an outbreak of lead poisoning had occur-
red among inhabitants of an area in Tokyo with heavy vehicular
traffic aroused immense public concern. In order to provide evi-
dence that there is no reason for such concern an extensive study
into the relationship between lead in air and its biological effects
on Tokyo inhabitants has been carried out. The paper also reports
on other less extensive studies in Japan on the same topic. These
studies carried out on 3500 Tokyo inhabitants, on 100 inhabitants
of the Fukuoka city and on 56 residents of Okinawa gave results
similar to the major study.

About 2300 policemen were examined for hematocrit, red cor-
puscle count, hemoglobin, blood lead level, urine lead level and
delta-aminolevulinic acid (ALA) in urine, and interviewed about
smoking, dninking and drug practices. The concentration of lead
in air was monitored at ten sampling stations in Tokyo and one
on an offshore Japanese island in the Pacific.

The overall mean atmospheric lead concentration was 0.65
ug/m?. The means of blood lead levels were from 16.8—18.7 ug/ 100
ml depending on the areas of employment and residence. The
mean lead levels in urine were 7.8—12.2 ug/l.

Except for the pollution orniginating from a fixed source of lead
there is no evidence in Japan that lead in the atmosphere would
affect biological responses in human, particularly blood lead
levels.

In 1970 a newspaper quoted a report by a general practitioner in Tokyo
which claimed that an outbreak of lead poisoning had occurred among
inhabitants of a heavily congested area in Tokyo. According to the report
the highest blood lead level in this area was 130 (g/100 g.
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Although the report was subsequently refuted by a competent labor-
atory, a number of Japanese, believing to suffer from lead poisoning,
visited local health departments. As a result, approximately 3,500 people
were biologically tested in Tokyo for possible poisoning by ambient lead.
More recently, Kodama and coworkers (1) reported the results of their
study on inhabitants of Kyushu Island and Okinawa. The number of
subjects in this study was rather small. A 1972 report by Okutani and
Harada (2) refers to an episode of possible health effects by lead which
was being emitted from the smoke stacks of an iron works.

None of these reports, however, explored the possible effects of chronic
exposure to low lead levels in heavily congesied areas by measuring
biological responses in apparently healthy individuals who live or work
in a large urban community and its suburbs. Consequently, Tsuchiya
and coworkers (3) undertook such a study in 1971, the results of which
were published elsewhere (4). The present paper will deal primarily with
the latter study, but will also give a brief overview of the three studies
mentioned previously.

Prior to the study carried out by our group, general population was
considered suitable for such an investigation. Later it proved unsatisfac-
tory because many who were selected as subjects refused to participate.
Only those who believed that lead in the air actually had deleterious
health effects would consent to investigation. As a result, we selected
policemen as subjects of the study, since this virtually guaranteed full
cooperation on the part of the participants. The specific objectives of
the study were:

a) to determine the lead concentration levels in the ambient atmos-
phere of the Tokyo Metropolitan Area (TMA) and to measure their dif-
ferences according to geographical area, season and other factors.

b) to measure the levels of lead and other relevant physiobiochemical
responses in the blood and urine of apparently healthy persons in TMA.

¢) to examine whether or not these measurements have any relation-
ship to exposure to lead at various levels in the atmosphere of their
residences, working places and working conditions.

d) to investigate the relationships between the biological measure-
ments, on one hand; and food, smoking habit and age on the other, in
the study of population.

e) to determine the interrelationships among the measurements of
apparently healthy persons living in one of the largest urban commu-
nities in the world.

MATERIALS AND METHODS

Since this study has two distinct aspects (aerometric and biological)
each will be described separately.
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Aerometric studies

For the sake of convenience, it was decided to establish ten air sam-
pling stations in various parts of the Tokyo Metropolitan Area. Utilizing
selected police stations as the actual sampling sites was advantageous
for many reasons. For example, about 88 police stations are widely
distributed over the Tokyo Metropolitan Area; thus, it was possible to
select police stations to coincide exactly with the study design. Another
advantage was that complete cooperation was promised by police autho-
rities at the ontset of the study. An outer island police station was also
selected as representative of an area without air pollutants. This station,
Hachijo Island Police Station, is situated on an island approximately
300 kilometers south of Tokyo. Figure 1 shows the locations of the eleven
sampling stations, with overall means of atmospheric lead (ug/m3) in
brackets.
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Fig. 1. Locations of air sampling sites and overall mean concentrations of
lead in air (ug/m?): Average Pb concentration in the air

Air sampling was accomplished with a high-volume sampler, contin-
wously for 24 hours during three days per work week. High-volume
samplers were installed on the roof of each of the eleven police stations.
The staticn buildings were all two-story, with the exception of the head-
quarters which was a six-story building. All samplers were in operation
over a thirteen month period from September 1971 through September
1972.

After the air was sampled, all filter papers were weighed after drying
for two hours in an oven at 120°C. A portion of the filter paper was
punched to obtain several discs measuring 2 X 2 cm. These discs were
immersed in 1 N HNO; and heated at 100 °C for 30 minutes. Finally the
solution was analysed by the polarographic method.




160 K. Tsucurya
S - il s

Biological studies

The subjects for the biological studies were selected from police offi-
cers engaged in patrol, traffic control, and traffic desk duties. All the
Hachijo Island Station Police participated, since althogether there were
only 24 policemen,

Table 1

Number of traffic and patrol policemen in Tokyo and those sampled
in the study

-

Dut No. of Allocated size Actual No.
y policemen of sample sampled
Patrol duty 11,304 1,500 1,908
Traffice control duty 3,590 1,000 —
Desk duty 876 500 351
Hachijo 1. 24 24 24
Total 15,794 3,024 2,283

Table 1 shows the sampling scheme of about 3,000 policemen selected
from a total of 15,794 police officers. The purpose and significance of
the study were explained to those who were chosen as subjects. All had
to fill in a questionnaire and were interviewed about age, place of work
and residence, type of duty, number of years living in the place of resi-
dence, number of years of smoking, number of cigarettes smoked per
day, number of years of smoking before quitting, number of years of
smoking since quitting, type of breakfast (Japanese or Western), drink-
ing habits, how often fish, vegetables and sweets were eaten, and about
the frequency of using vegetable oil and water.

Blood and urine samples were collected from a total of 2,283 policemen
in August and September 1971. A few milliliters of blood from each per-
son were used for the hematological study by a Technicon Analyser.
The remaining ten milliliters of blood and urine specimens from spot
samples were stored in a deep freezer. Lead in blood and urine was
measured by the mixed-colour dithizone methode., The hematological
study included the measurements of hematocrit, red corpuscles, and
hemoglobin.

RESULTS
Aerometric results

Figure 2 shows the overall average of aerometric data from the total
eleven sampling stations, while Figure 3 shows this data from the ten
sampling stations in Tokyo (except Hachijo Island). The general seasonal
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Fig. 3. Lead and dust concentrations by month

distribution indicates a higher concentration of lead during the months
of October through January. Lead concentration was about 1 ug/ms?
during these months but about 0.5 pg/md during the rest of the year.
However, there were considerable variations in the seasonal pattern
according to site. For example, larger variations were observed in the
daily concentration at downtown sites than those of the suburbs. There
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was one site called Honden which presented extraordinarily large fluc-
tuations, reaching a maximum of 10 4g/m?® and a minimum of 0.2 ug/ms.
It was suspected that there may have been an industrial firm near the
Honden station which periodically emitted lead into the air.

In general, however, the acrometric data showed higher concentrations
of lead in the central areas of Tokyo than in the suburbs, Lead concen-
tration in the air was about 1.0 ©g/m3 in the central areas, about 0.4
1&/u® in the suburbs, about 0.2 ug/md on the outskirts of Tokyo, and
approximately 0.02 wg/m3 in the Hachijo area. This data is shown in
Table 2.

Table 2
Overall mean concentrations* of lead and dust in air by sampling site, T okyo
e TR = SR
Sampling site Pb Dust
Sept. 1971 — Sept. 1972 FEP] station) (Mg/mY)  (ug/m?)
-_—
Center of Tokyo Headquarters 0.783 174
Atago 0.798 181
Shibuya 0.998 190
Arakawa 1.011 218
Honden 1.302 227
Ogikubo 0.746 154
i e T R o
Suburb of Tokyo Tanashi 0.507 143
Machida 0.399 140
Hachioji 0.426 155
Itsukaichi 0.198 86.6
Island (remote) Hachijo 0.024 494
S
Average 0.654 156.0

* Unweighted means

Finally, as shown in Table 3 there was a very close relationship be-
tween lead concentration and the amount of dust in the air at the time
of the study. According to this data I believe dust is an important source
of lead in the atmosphere.

Biological results

Table 4 shows the mean value of the biological measurements of Tokyo
policemen according to place of work, residence, and type of duty.
Nearly all individual measurements were within »normal« ranges. How-
ever, there were ten persons with blood lead levels exceeding 40 ,,g/100
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Table 3
Overall mean concentrations® of lead and dust in air by month, Tokyo

e AR SR L e

Including Excluding

Moath Year Hachijo Island Hachijo Island

= Pb Dust Pb Dust

(ug/m®) (ug/m?) (ug/m?) (ug/m®)
e ——————
Sept. 1971 0.67 106 0.73 114
Oct. 0.90 150 0.99 162
Nov. 1.03 206 1.13 224
Dec. 1.00 222 1.07 239
Jan. 1972 0.97 191 0.97 191
Feb. 0.59 180 0.59 180
Mar. 043 170 0.47 162
Apr. 0.52 163 0.67 176
May 043 155 047 162
June 0.58 142 0.64 152
July 048 107 0.52 113
Aug. 0.61 134 0.51 142
Sept. 043 125 0.47 132
e i e e R
* Unweighted means
Table 4

Mean value of the biological measurements of Tokyo policemen by place of
work, residence, and type of duty

Pl&g?f‘f Residence Duty

Measurements Hachijo *? B z

g % 2B 7 -

S .

N T A T

i 8 33 8 E 8
Ht % 46.3 459 45.7 457 45.7 453%%* 458
Rc in 10,000 484.1 489.4 485.5 485.6 485.6 477.0%** 4879
Hb g/dl 15.7 157 154 154 15.4 15:2%*** 154
PbB ug/100g 170 16.8* 18.4 17.2*% 18.7 17.8 18.1
ALA mg/l 2.28 2.11% 1.93 1.97 1.95 1.87 1.98
PbU ug/l 87.8 12.1 12.0 11.6** 123 111 %% 12,2

e o s e s e

* Difference by place of work, p <0.01

#% Difference by place of residence, p < 0.01
*+% Difference by type of duty, p < 0.01
#x%* Difference by type of duty, p < 0.05

J
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ml, three with ALA of more than 6 ,g/l, and one with a urine level of
more than 80 ,g/l. As shown in Table 4 the blood lead level in the po-
licemen from the City center was significantly higher than that in sub-
urban policemen, according to place of work as well as residence. There
Was no difference by type of duty. However, {he average blood lead level
in Hachijo was slightly higher than that in the suburbs. The maximum
difference of the average was only 1.9 /100 g.

Figure 4 shows the trend of blood lead. There is a general tendency
for a little higher blood lead level in the city than in the suburbs. On the
contrary, urine lead reveals a somewhat different pattern than that for
blood lead, as shown in Figure 5.
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Fig. 4. Mean values and 95 percent confidence intervals of PbB of Tokyo
policemen by place of work, residence and type of duty

Figure 6 shows ALA in urine by place of work, residence, and type of
duty. It is interesting to note that the ALA values for Hachijo Island
and the suburbs as places of work are higher than the other factors
considered in this study.
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Fig. 5. Mean values and 95 percent confidence intervals of PbU of Tokyo
policemen by place of work, residence and type of duty

As shown in Figure 7, hemoglobin reveals quite a similar pattern to
{hat of ALA. It seems that a higher ALA in urine may be an indication
of increased hematopoiesis, relating to the age factor.

Table 5 shows the mean values of biological measurements by age.

Hematocrit values were significantly higher in the policemen under
30 than in those over 40. However, lead in urine and blood did not dis-
close any difference by age. ALA values were higher in the younger
groups, although no statistically significant difference was observed.

Table 6 shows the mean value of biological measurements in relation
to smoking habits. Although there was no statistically significant dif-
ference according to the number of years of smoking, there was a ten-
dency towards a slightly higher blood tead level in those who had been
smoking for a long period of time as well as in those who smoked a
larcer number of cigarettes per day.
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Fig. 6. Mean values and 95 percent confidence intervals of ALA of Tokyo
policemen by place of work, residence and type of duty

Table 5
Mean values of the biological measurements of Tokyo policemen by age
== = =
Age
M tS e ——— -
FEPRERIIE Less than 30 30—39 40 & over

Ht 46.3%* 46.0%* 451

Rc 499.3%* 489.0%* 4738

Hb 15.6%* 15.5%* 15.1

PbB 18.2 174 18.2

ALA 2.12 1.98 1.82

PbU 121 11.7 11.9

e T e . —

** For below 30, at least one contrast is P < 0.01
For 30—39 years, the contrast with 40 & over is P < (0.01
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Table 6

Mean values of the biological measurements of Tokyo policemen by present

smoking habits

B e e
No. of years ¢ of smoking Number of cigarettes
2 3
: : g =
=} = i
2 g : i :
=] °) = = ] = =) =) o]
: ® § .91 2 & 1 4 %
= 8 - i7e) = = 3 = Q b=
Ht 454 464 464 460 453 45.2 45.8 46.2 459
Rc 4907 501.5 4934 4855 473.1 4839 4840 4864 4342
. 153 15.6 15.6 154 152 152 154 155 154
17.6 18.1 18.2 18.0 18.3 17.5 18.3 18.2 18.7
1.90 2.23 2.01 1.90 1.87 1.88 2.00 2.02 1.87
114 124 11.6 121 122 11.8 11.8 127 12.7

e
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Table 7 deals with drinking habits. Heavy drinkers, ie., those who
drink about 700 milliliters or more of sake per day, obviously have a
higher blood level than the other groups. It is not known whether or
not this observation was made by chance.

Table 7

Mean values of the biological measurements of Tokyo policemen by drinking
habits

e S on
el 'ON- » «

ClI‘lIlk auy 1 »GO« 2 »Go« 3 »GO« & over
Ht 45.2 45.8 45.6 45.7 45.7 47.5
Rc 4854 491.7 479.6 474.4 473.2 492.0
Hb 152 15.4 154 13.3 154 15.8
PbB 179 18.0 18.3 18.4 17.8 226
ALA 1.97 2.03 1.83 1.87 1.98 1.60

PbU 12.0 12.1 1.7 11.8 11.0 10.3

Remarks: 1 »Go« = 180 ml

There were no differences in most of the values measured which could
be associated with the degree of consumption of selected food items.

As chown in Table 4, when subjects are divided by type of duty
only, all hematological indicators, but no lead indicators, revealed
statistically significant differences, showing higher values for the out-
door workers. However, outdoor duty policemen are, on the average,

Table 8 shows the correlation matrix between biological measurements
and age in the entire sample. As can be expected, the correlation be-
tween hematological measurements is very high. Among lead indica-
tors, the correlations are not as significant. Even between the two lead
levels — blood and urine — the correlation was only 0.10. However, it is
significant in the sense that it is different from the zero correlation.
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Table 8
Correlation matrix among the biological mesasurements and age total sample

Ht Rc Hb PbB ALA PbU Age
1.000 A79** 928** 108 029 —.008 —.206%*
1.000 T66%% 09457 033 —.0306 —.351%
1.000 A16%* 066+ —.060 —.232%*

1.000 —.038 1037 016
1.000 321 —.142%F

1.000 —.012

1.000

* P <0.05
** P < 0.01

Although positive correlations of hematological measurements with
lead in blood are significantly different from the zero correlation, the
actual correlation does not exceed 0.116. This is a reasonable finding be-
cause most lead in blood is found to be bound to the red cells.

EOJ ) ( Urine 17 10ug/?
Means.+SD- | glood 18+ 5ug/100g
504
"o
@D
S
= 409
T
‘5 .
-g .
S 301 . r=0.025
[es] .
= . . . .
- . :.. . ..
'5 204 =.'.l..:.¢ 3.. ee o s
3 (el = @ :
. ‘ (1] = » Ll
L .. . .
101 : :
. .
T T T T T T Al T
10 20 30 40 50 60. 70 80

Lead in Urine (ug/ )

Fig. 8. Correlation between blood lead and urinary lead concentration
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Figure 11 shows the five zones into which Tokyo was divided in the
present study. The density of human and automobile populations in-
creases as the zone number ascends. Furthermore, in the study of the
association between the air lead concentration of various zones and the
blood lead level of the subjects, an attempt was made to divide Tokyo
into small segments in order to secure homogeneous samples for ob-
cervation. Figure 12 shows the locations of the nine areas which corre-
spond to the sampling station.

Mountar

yamanashi Prefecture

Fig. 11. Fire zones established in Tokyo and Hachijo Island for study of land
exposure

Area 1

Kanagawa Pref.

Hachijo Island

Fig. 12. Map showing the locations of aerometric stations and ared
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Figure 13 shows a scatter diagram of blood lead levels and air lead
toncentrations according to zone and area along with those from the
»Seven City Lead Study« by Tepper and Levin in USA, (5). It seems

Japanese data show a somewhat positive correlation between air lead
level and blood lead level. Nevertheless, if one or two points are omit-
ted from the figure, our data are very similar to those of the »Seven
City Lead Study«. Therefore, one may be led to believe that this is a
chance correlation, a belief which is supported by other observations in
our study as well.

@ SevenCity Lead Study Tepper and Levin (197.2)
I S stud .
2/ 100 X Zone by. the present stu Y Present study (1974)
mg/ g A AArea by the present study |
5 i Py
0.02F X
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i °
I °
0 OIJ—
0 1.0 2.0 3.0 40 Lgm

Lead in Air
Fig. 13. Blood lead levels and corresponding mean air lead levels

CONCLUSION

In conclusion, the overal mean atmospheric lead concentration as
determined in our study was 0.65 48/m? which is far less than the levels
observed in U.S. cities, There was a clear tendency toward increases in
the lead concentrations as the site moved toward the center of the city.
The island of Hachijo revealed a leve] less than 4 percent of the Tokyo
average. There were higher concentrations during the fall/winter months
and higher variations in the City center than in the suburbs. There was
a high degree of parallelism between the concentrations of lead and
dust in the air. In general, higher lead proportions were observed during
the time and in the area of higher dust concentrations.
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All the biological measurements Were within normal ranges. In general,
lead indicators differed significantly by place of work or residence, but
the hematological measurements differed significantly by age and many
other variables. The blood lead levels increased with urbanization. The
difference was not large, but it was statistically significant. Hachijo
Island showed much lower mean urine lead levels than the Tokyo areas
in spite of the same levels of lead in blood.

There are several other factors related to the level of lead in blood and
urine, such as smoking habit, type of duty (outdoor or indoor), and the
amount of water and vegetables consumed. However, the association of
{hese factors with blood and urine lead levels became noticeable only
among older persons. The reason for this observation cannot be ex-
plained.

In any case, these variables accounted for only small portions of the
total variations in lead indicators according to the multiple regression
analysis, thus suggesting complex bio1ogical-environmental interactions
with lead levels in blood and urine. By adding hematological measure-
ments as independent variables, there were some small increases in the
proportions of lead in blood and lead in urine variations explained.

Although hematological measurements were highly correlated, there
were either no correlations or very small correlations among lead indi-
cators. The performance of ALA measurements frequently resembled
that of hematological measurements when analyzed by the factors con-
sidered in our study. The overall correlation coefficient between ALA
and blood lead level was not significant. The ALA test may be a good
indicator tor the measurement of lead exposure only when such ex-
posure is extremely high, as in occupational exposure; otherwise it may
simply represent the activity of hematosyntheses.

In conclusion the present study revealed that the blood lead level is
associated with many variables and factors. A higher blood lead levels
observed in urban areas cannot be explained only by a higher lead con-
centration in the urban area in Tokyo where the overall average was
about 1 yg/m? through 13 months from September 1971 to September
1972.

REVIEW OF ADDITIONAL STUDIES ON LEAD LEVELS IN JAPAN

In 1971 and 1972 some Tokyo inhabitants who were concerned about
possible health cffects of lead — whether or not they were actually
affected by lead in the ambient air — came to local health departments
in Tokyo to receive a detailed health examination. All the data collected
by the. health centers were statistically analysed by Tsuchiva and co-
workers (3) and reported to the government of Tokyo in 1972. There
were no observations which showed a possible relationship between the
lead level in the ambient air and that in blood. The biological measure-
ments in this study were carried out by the Tokyo Metropolitan Institute
of Health Laboratory and the Occupational Health Service Center
Laboratory.
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Table 9 shows the averages of blood lead and urine lead by sex accord-
ing to the health center data. The blood lead leve] in males was higher
than in females, males having almost 15 1g/100 g and females about
11 4g/100 g. The mean levels of blood lead by ward were from ap-
proximately 9 1&/100 g to almost 17 1g/100 g, and that of lead in urine
from approximately 6 g/l to 22 ug/l on the average. This indicates that
the values are rather arbitrary and the data obtained are insufficient
for any scientific evaluation. Even the observation in which correlations
between blood lead level and distance from the main street with heavy
traffic are drawn up resulted in a negative conclusion regarding the

Table 9

Levels of blood lead, urinary lead, urinary coproporphyrins and AALA in urine
of Tokyo inhabitants

PbB 1g/100g PbU ug/1 Copro ug/l AALA ug/l

b /A ) & 5 = 5 a
= s 3 &% = & 54
B e *k - el B A
Total for 1970 & 71 13.06 7.56 12.39 10.18
Male 1498 798 13.12 1026
Female 1122 664 1170 10.06
*k *% e
For 1970 1212 631 1206 919 5000 3967
Male 1372658 1289 959 5437 4426
Female 1038 550 1115 865 4494 3204
dk * *%
For 1971 1406 856 12.73  11.10 1.84 090
Male 1652 920 1339  11.00 198 096
Female 1201 747 1218 11.16 172 0.83

R
* Significant difference between male and female (p < 0.05)
** Significant difference between male and female (p < 0.01)

The study recently reported by Kodama and coworkers (1) covered
about 100 residents of both sexes and compared blood lead levels in a
- heavy traffic section and a suburban area of Fukuoka City on Kyushu
Island. The atmospheric lead levels were 5.65 ug/ms to 1.33 ,g/ms along

the roaside, and less than 1.0 4g/M? in the residential area. The arith-



Arr anxp Popuration Leap LEVELS IN JapaN 175

—_— e —————— SR —

metic mean lead levels in the blood of men and women near traffic in-
tersection were 149 .g/100 g and 10.0 .g/100 g respectively, and in
{he suburban area they were 12.1 4g/100 ml for men and 10.6 ;g/100 ml
for women. The difference between the geometric mean lead levels in
the two groups was not significant. On the contrary, on the island of
Okinawa, according to Kodama and coworkers (1) the atmospheric lead
concentration was less than 1.0 yg/m?, but the average concentration of
lead in blood was 18.8 /100 g and 144 ,g/100 g in 28 men and 28
women respectively.

Another study reported recently by Okutani and Harada (2) is related
to higher exposure to lead in air. Several among twenty school children
who lived within 300 meters from a factory where steel was produced
from iron scraps had more than 40 g/ 100 ml of lead in their blood. The
authors estimated that the lead concentrations in the air about five years
prior to their investigation could have been about 60 to 70 pg/ms. How-
ever, it was only 20 yg/m? at the time of the study, because the factory
had improved the condition of the smoke stacks so that the pollution
evel was not as high as it had been. They reported that, in general, the
children showed a higher level of blood lead than the adults. In this area
of high exposure, they reported increased ALA in urine values in some
inhabitants.

There are only a limited number of studies in Japan which show a
dose-effect relationship between lead levels in air and in blood. How-
ever, when the few available data are reviewed there is no evidence that
there is a dose-effect relationship between blood lead level and lead
concentration in air of up to about 2 yg/m?. 1t seems that if there is any
difference on a group basis in blood lead levels, living habits such as
food consumption, cigarctte smoking, and other unknown factors would
be more important in influencing the level of blood lead than the at-
mospheric lead would be if it were less than a few micrograms per cubic
meter.
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SazZetak
ISPITIVANJE KONCENTRACIJA OLOVA U ZRAKU I U LJUDIMA U JAPANU

U lipnju 1970. godine u japanskom tisku pojavili su se izvjestaji u kojima
se javljalo o masovnim otrovanjima olovom u ljudi koji zive u jednoj cetvrti
Tokija s gustim prometom. To je bio povod da se provedu temeljita istragi-
vanja sa svrhom utvrdivanja mogucih odnosa mivoa olova u zraku i organizmu
$ jedne strane i moguéih udinaka tog olova na ljudima.

Za ova su istraZzivanja odabrana 2283 policajca iz Tokija i s jednog malog
otoliéa 300 km od Tokija gdjc je promet vrlo slab. Laboratorijski testov;
ukljucéivali su mjerenja hematokrita, eritrocita hemoglobina, te olova u krvj
i mokradi i delta-aminolevulinske kKiseline u mokra¢i. Posebnim upitnikom od
svih ispitanika uzeti su podaci o navikama pusenja, pijenja alkohola i uzima-
nja lijekova.

U toku 13 mjeseci uzimani su uzorci zraka na 11 mjesta u Tokiju kao i na
sp%menutom otoc€icu, i to kontinuirano po 24 sata tijekom 3 uzastopna dana u
tjednu.

Rezultati su pokazali da je prosjeéna koncentracija olova u zraky bila
0,65 ug/m3, Osim u rijetkih iznimaka, srednja koncentracija olova u krvi kre-
tala se od 16,8 do 187 «g/100 m] ovisno o podrucju rada ispitivane skupine
policajaca. Samo je u desetorice ispitanika nivo olova u krvi premasio
40 1g/100 ml. U mokradi je koli¢ina olova iznosila prosje¢no 11,1 odnosno
122 ug/l (a samo je u tni osobe koncentracija bila visa od 18 u©g/l). Koncen-
tracija delta-aminolevulinske kiseline u mokradi bila je otprilike 2 mg/l, i to
nesto visa u policajaca koji su radili u pregradima i na otoéiéu bez prometa,
Korelacija izmedu atmosferskog olova, olova u krvj j delta-aminolevulinske
kiseline u mokraéi bila je vrlo slaba.

U zakljuCku se moze istaknuti da osim u sludajevima kada onecigéen je oko-
line uslijedi iz nekog poznatog Jjakog izvora nema dokaza da bi olovo u zraku
proizvelo u Japanu ikakve biologke ucinke u opéoj populaci ji.

Istrazivanja drugih autora provedena na 3500 stanovnika Tokija te ncka
dmgg istraZivanja na manjim skupinama eksponiranih osoba, potkrepljuju ove
navode.

DISCUSSION FOLLOWING THE PAPER

WILLIAMS: If one takes industrial experience that exposure to the old TLV
of 200 ug Pb/m3 for 40 hours a week produces a mean blood lead of 70 wg/100
ml., then eposure to an air lead of 4 ug/m3 in a City street would be expected
to produce a blood level elevation of 1—4 ug/100 m1 depending on length of
exposure.

TSUCHIYA: I believe that such an »extrapolation« should not be applied
for a biological phenomenon. The association between two parameters in bio-
logical phenomenon is not linear, in general. Even if a high correlation coef-
ficient is shown in a higher exposure, for example, between blood lead and
ALA in urine, the latter stays almost normal until blood Pb increases up to
40 to 50 /100 ml. In addition, »industrial exposure« should be remembered
to be quite different from »general population exposurec.

ZIELHUIS: From health point of view it is more important to study the
percentile distribution of biological parameters than average levels. Is there
any relation between lead in air and % subjects with PbB > 20, >25, > 30
ug/100 m1?
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TSUCHIYA: I know such a type of statistical procedure. But, according to
our preliminary examination it was found that the distribution had fitted to
snormal distribution«. Therefcre, the same result will be obtained, if the
method you suggest is applied to our data.

BERLIN: Population blood lead levels in the Japanese study are reported
as arithmetic means while in the »Seven City« study geometric means were
used. These different approaches are justified in view of the differences in
population distributions but render direct comparison difficult. By presenting
the results as frequency distributions the problem would be solved and one
would also have better information on the abnormally high levels measured,
of particular significance from the public health point of view.

TSUCHIYA: My answer to your question is almost the same as response
to Dr. Zielhuis’ question. Since our data showed a »normal distribution« curve,
we used anithmetic means. However, we can recalculate our data according to
your suggestion.

FUGAS: Although I do agree that at low concentrations of lead in air the
possible differences in blood lead due to differences in air lead exposure are
masked by the variations in oral lead intake. An additional reason for the
lack of meaningful differences may be the fact that the actual inhalation
exposure are often lower than estimated from the outdoor air lead comcen-
trations.

Our earlier investigation has shown for instance that traffic policemen
exposed in the average to 8.5 ug/m? while on duty, have an actual weighted
average exposure 1o lead in air of 2.5 wg/m? since they live in a suburb with
about 0.5 ug/m? of lead in air.




