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ABBREVIATIONS -
Pb-B Blood lead concentration
Pb-U Urinary lead concentration
-Pb-H Lead content in hair
- Pb-A Concentration of air-suspended particulate lead
ALAD Erythrocyte 8-aminglevulinic .acid dehydratase
. ALA-U  Urinary §-aminolevulinic acid concentration-
LY Urinary coproporphyrin concentration
PBG PorphobiTinogen o
Hb ~ Hemoglobin concentration
PCY ~  Packed blodd cell volume
RBC ° Red blood cells
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in the areas of epidemiology and toxicology. Thus, lead poison-
1ng affecting children in the U.S.A. has introduced what -is pro—'
bably the most urgent prob]em in regard to the health hazards of
lead. Anassociation betwaen pica and lead poisoning in _cm}dren
was reported by Ruddock as early as in 1924, It has now been es-
tablished that the ingestion of ﬂakmg paints, crumbling plaster,
and putty with a 1ed content 1nduges the c11n1ca1 poisoning of
‘children Tiving. in ‘_y1ng building. On}y the case-f1nd1ng cain-
paigns conducted in ‘some American cities have revealed the tragic
’extens1veness of childhood poisoning. 1t has been stated that
between 1 to 2 percent af the slum-dwelling children in New York
and Ch1cago have unéuﬁpented lead poisoning (Ch1solm 1971, Guinee
1971).  According to an‘estTmate” the coricgntration of lead in the
blood of some 250 QIO’ ldren annually exceeds safe limits (Moore
1970).

By now, it has become common knowledge that environmental lead
polfution has been increasing during the entire period of industri-
alization, and that this is a result of neglect in the supervisipn‘
‘of industrial discharges, and the outcome of decomposition of in-
dustrial products {NAS 1972, WHO 1973 , Waldron and Stofen 1974).
Most of the increase has been attributed to the combustion praducts
of lead alkyls, used as anti-knock additives in gasoline (NAS 1972,
WHO 1973, Waldron and St&fen 1974),The lead content of the atmosphere
in several metropolitan areas has increased to a level that is
high enough to affect the absorption of lead by the inhabitants

and especially those who are exposed to exhaust gas (Hofreuter et
al. 1961, Ludwig et al. 1965, Thomas et al. 1967, Horiuchi 1970,
Lehnert et al. 1976)? It has similarly been shown that primary

and secondary lead smelteries may subject the surrounding popula-
tion to lead exposure which markedly exceeds that affecting the
population in general, resulting in increased lead absorption
(Oyanguren and Perez 1966, Djuri¢ et al. 1971, 1972, Nordman et

al. 1973, Kerin Z 1974, Martin et al. 1974).
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T. INTRODUCTION

1.7.Today's lead problem

From the historical standpoint, it is probable that Nicander has

the best claim to the discovery of a causal cannection between lead
and the symptoms of lead poisoning in the second century B.C. Al-
though this honor has often been credited to Hippocrates (370 B.C.)
(Aub 1926, Hunter 1969) this has been disputed by students of the
medical history of lead (Waldron 1973)., In the first century A.D.,
Pliny noted:that Tead poisening frequently occurred among ship-
builders; in the sixteemth century, Paracelsus termed lead pois-
oning “the miners” disease", and in 1839 Tanquerel des Planches
published an excellent study on 1200 cases of the disease (Hunter
1969). During the second half of the nineteenth century, and the
_first decades of ‘the twentieth, the incidence of occupational lead
poisoning was e-xtreﬂi?1y high, and a fatal outcome of such poisoning
was no rarity (-NHDW‘I;;‘E)]B, Hernberg 1975). Considerable improvements
in hygienic conditions in industry have b.reu.,cjjht about a change in
the character of occupational lead poisoning, despite the continu-
ously increasing industrial use of lead; nowadays, cases are seldom
severe, and the incidence has decreased significantly (Hernberg
1975). : ‘

One is traditionally apt to associate lead with the conception of
manifest lead poisoning, usually of occupational origin. Although
the significance of lead #s an occupati on‘a‘l poison is still accorded
major importance, since the mid-sixties both the directing of re-
search and scientific discussions concerned with the health impli-
cations of lead have been increasingly dominated by aspects of
public health. This has been the consequence of extensive studies
relating to environmental poUu‘ti,on_, along with the progress made
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berg and §ikkanen ]970, Stuik 1974, Seppaialnen et al. 1975). To
date, the sigmificance of these subclinical effects to man's hea!th
is unknown. Nevertheless, the governments -of several countries, in-
cluding West Germany and Sweden, have dlready decided substantially
to lower the maximum content of lead in gasoline with a view to re-
ducing;the'enviraﬂmental_éxppsure {Campell 1973).

Consequently, the current situation is more complicated than ever;
although the s1gn1f1cance of the subclinical effects of Tead to
man's health is still obscure, the presence of such responses must,
from the standpoint of pub11c health, be considered as undes1rab1e
for as Tong as they. have not been proven un- de1eter1ous. For pro-
tection of the most susceptxb]e individuals of the _community, those
groups of the general pop“at1on which may be sub;ected to undue -
environmenta] exposure shnu?d be monitored, and the total exposure
of these risk groups detaTmIned by the employment of screening
measures that are as sensitive as possible.

2.: LITERATURE REVIEW

2.1. Natural _sources of lead exgpsure

Lead, a ubiquitously~distributed metal, has always bgen present at
natural levels, that i5 at levels unaffected by man's activities.
The average lead content in the earth's crust is about 16 mg/kg,
with a variation from 6 to 20 mg/kg depending on the type of sub-
stance. Soils also have a content of about 16 mg/kg (de Treville
1964). The: ublqulty of ]ead further entails {ts presence in the
atmosphere, the sources being: silicate dust from natural soils,
volcanic halogen aerpsols, volcanic silicate smoke, forest fire
smoke, aerosolic sea salts and meteoric smoke (Pattersson 1965).
According to Pattersson's estimates, the contribution from these
natural sources results in an average concentration in the air of
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The detection of a number of subclinical lead-induced effects has .
also made a significant contribution to making attitudes more ori-
ented towards the domains of public health. The development of
maﬁa sepsitive techniques has enabled the detection -of subclinical
nedropathy, even when ‘the Pp-Bhas never exceeded the commonly ap-
plied safety l'amts in mdustry (Seppa]amen et a1, 1975). The
partial inhibition of ALAD activity has been demionstrated at blood- .-
~lead levels that are characteristic pf;the‘genenal population
{Hernberg and Ni~kk§nen 1970, Secchi et al. 1;971', L;a\uwe:rjys et al.
1973, Nordman et al. 1973). The significance of the partial in-
B hibition of erythrocyte ALAD 2 tivity is unknown. Sevéral author-
: ities have regarded it as unimportant to health. {Kehoe 1971, Ziel-
huis 1974); mevertheless, it has been demonstrated that the in-
hibition of erythros:yte ALAD  activity correlates mth a corres-
sponding 1nh1‘bi‘t’1"on‘ of the ALAD activity in other animal and human
tissues, such s lwer brain, kidney @nd bone marrow {(Gibson and
Goldberg 1970, Millar et al.. 1470, Secchi et al. 1974y, Recent
rep_orts. have mdm@ted that the accumulation of protoporphyrin
IX in erythrocytgs]]begins“at Pb-Blevels as low as 25 to 30 wg/
100 ml in women, and have further evidenced that women have @
higher -,sus_.ceptibiﬁr!ty to lead than have men in regard to proto-
porphyrin IX (Stuik and Zielhuis 1974, Stuik 1974, Roels et al.
" 1975).

Briefly, it may be said that the ¢hanged attitude ‘towards lead
problems arises from the circumstance that several groups of the
gengra‘i population are known to be exposed to environmental lead
levels-that raise the amouht absorbed. However, no agreement has
been reached as regards either the concentration of lead in bload
which can be considered as acceptable for the general population
(EPA 1972, Zielhuis 1974, Waldron 1974), or the concentration of
; lead in the ambient air at which the lead absorption begins to
L rise {EPA 1972, Tepper and Levin 1972). New and more sensitive

" methods have disclosed responses to Jow lead concentrations for-
merly regarded as consistent with a non-effect apprehension {Hern-
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in 1923; since then, the use of alkyl lead additives has under-
gone an ekp]oswe increase, as is evident from the calculations
of Murozumi and his colieagues, who estimated a combustion of
alkyl lead compounds in the Northern hemisphere in 1933 of  about
IOQGDQ‘tbns, against‘sbme 300.000 tons in 1966’(Murniumi et al.
1969). -The Tead. a]ky]s are responsible for an approxzmatnve 98%
of ﬁhe totaI 1ead e sions in the U.S.A (NAS 1972) The pollu~

The‘alr is clganed qy grav1tyb aggregatlon and prec1p1tat10n, w1th
rain atx1ng a8 thedma1n;c3eaner and thus contr1hut3ng to the lead
content of waters L soil. Accumulat1un takes pWace in plants,
'part1cular1y in the _a&y portions. This 1mp31es that leafy veg-
etables thes e{]ead with an opportun1ty to enter herbi-
vorous animals’and lan (HAS 1872, Hernberg 1975) Most investi- |
gators claim that 1§hd in the soil is taken up by plants only in
-an extremely small Qroport1on, and that the ch;ef source for up-
take by plants is ra1nfa11 (NAS 1972). 1t follows from this that
exceptional: concentrat1ons of lead in the air, in water and in
food may be faund 1n certa1n areas which are subjected to high
traff1c-dens1ty or yndustria] emission. Some cond1t1ons may en-
~hange the expusune éf fDod and, water, such as the use of Iead
piping and ]eadellngd tanks, which may contaminate tap-water to
even a dangeraus extent (Bacon et al. 1967, Beattie et al. 1972
b }; furthermore, the‘firing of earthenware glaze at tempera-
tures that are too low may allow of the release .of Tead into
acidic foods and bE?eréges; and constitute an important hazard

to the public health (Harris and Elsea 1967, Klein et al. 1970,
Y1ikahri and Toivonen 1973). The pnoductibn‘of illicit whiskey,
with Jeaded solderipg or discarded automobile radiators utilized
as condensers, has taused a great deal of concern, especially in
the U.S.A. ( Hughes 1966, Palmisano et al. 1969, NAS 1972).
Flaking paints, perﬁshing‘plaster, and the putty found in decay-
ing buildings, make%up a pediatric problem of vast dimensions in
the U.S.A., where in several states the legislation pertaining
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0.0005 - 0.0006 pg/m3; and in surface waters of around 0.0005 mg/
kg. These estimated figures gain support from investigators of
marine and arcti¢ atmospheres (Egoroy et al. 1970, Murozumi et al.
1969, Chow et al, 1969) ‘and from stﬁdiesAof the lead content of
ice sheets in the Northern polar regions (Murozumi et al. 1969)

. and deep waters of ‘the Mediterrangan and the Pacific (Tatsumoto

and Patterson 1963, Chow and Patterson 1966). However, in a man-
-made environitent’ the contribution from natural sources is so
minimal that it lacks importance.

2.2. Man-made sources of Zeaﬁfekpgsure

In this context, no full account needs to be given of the sources
of exposure; these have been reviewed in a number of exhaustive
monographs in recent years (Ziegfeld 1964, NAS 1972, WHO 1973,
Waldron and Stéfen 1974, Hernberg 1975), and only the most perti-
nent of these will be touched upon here. Man's total exposure ‘is
constituted by a background exposure derived from air, food and-
water, which is dependent upon geographic, socigeconomi¢ and other
factors, and a probable additional exposure arising from occupa-
tion, or from the ingestion of substances with a lead content.
Ambient air, soil and water afe'po]iuted as a consequence of in-
dustrial activity, through both manufacturing processes and the
decomposition of industrial products. Fly-ash from the burning
of coal in power stations, steel works-hnd factories contains up
to approximately 5 per cent of particles a few microns in diame-
ter. These have a Tead content of about 100 mg/kg (Pattersson
1965). It is well known that the emission from lead-processing
industrial undertakings such as secondary lead smelting plants,
storage battery plants, and even tetraethyl-lead manufacturing
plants, pollutes the surrounding air, watercourses and soil1{WHO
1973). 0Of all industrial products, the alkyl lead compounds are
regarded as being the mest important in regard to .environmental
pollution. Tetraethyl Tead was ‘introduced as an antiknock agent
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very high, and may exceed 20 yg/m° (Ludwig et al, 1965, Horiuchi
1970). Lead concentrations even higher than this have been meas~
ured in the surroundings of primary and secondary lead smelters
(Fugas et al. 1972, Martin et al. 1974). Unfortunately, the re-
sults reported by deferent authnrs are not easﬂy comparable,
_since: great d1fferen‘cqs‘ i ist between the kands of samphng eqmp-
ment , ‘the pmcedures 0
The first step towar
ing techniques has been
Communities (CEC 1972)

Although the lead concentrations that prevail at many work places
are often substantially higher than those in outdoor air.the prob-
Tem involved is ndt‘QQmpargb]g to that arising from outdoor air, -
pollution, as it concerns only healthy adults who are exposed for -
40 hours weekly; exposure for the general population, however,

. is continuous and alsp concerns pregnant women, children, old
people and disabled persons. Neverthe]ess, occupat1gna1 exposure
represents an additional 1load for many people

2.3.2. Lead in drinking water

As a rule, the daily intake from water is very much lower than
that from food (NAS 1972). The acceptable limit for lead con~
tent in drinking water has been fixed, by botﬁ WHO (Geneva 1963)
and the US Public Health Services, at 50 wg/1. Although most of
the values reported have been below this limit (McCabe et al.
1970, WHO 1973), extremely high values have also been established;
these have even resulted in manifest lead poisoning (Gajdos and
Gajdos-Torok 1972, Beattie et al. 1972 a, Bacon et al. 1967,
Heusgem .and De Graeve 1972},

The hazards to health that arise from drinking domestic water con-
taminated by lead have resulted -in serious debate, especially in
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to the use of lead-pigment indoor paints has been defective down
to the nineteen-seventies (ﬁA-S 1872). The use of indoor paints
with a Tead content exceedmg 2% was prohibited in Finland in 1929.
Fmaﬂy, the extenswe aisé of lead in industry sub.]ects a large

- proportion of industrial workers. to occupat1ona1 exposure. The
d\egr‘é_e*gf "expos e 15 ]arge]y ‘dependent upon the nature of the pro-
cess, the el ilies applied, and’ “the general hygienic
‘ It has récently been estimated ‘that
appmxmate}y 590 to: I-mm workers. in Finland are continuously ex-
posed to, the nsk of o upatwnaﬂ lead pmsomnga moregver, by
law, an. addt nal 20,000 workers should receive regular health
exami natmns byI reaspn of exp05ure to 1ead (Trﬂa and Hernberg -
1975).

In the assessment of man's total lead exposure, each of the
sources of exposure must be taken into account, and it has to be
borne in mind that, exposure to one of the sources may decrease the
TeveT of tolerance to another source.

2.3. Env1 rqnme_n;__a] exposure Jeygjv-s_

2.3.1. Lead in ambient air

On repeated occasions, it has been demonstrated that the concentra-
tign of lead in ambient air correlates with traffic density (NAS
1972, WHO 1973). For the most part rural monthly and annual con-
centrations are well be]ow 0 5 ug/m {Jost et al. 1972, CEC 1972,
Tepper and Levin 1972). The yearly and monthly means in resident-
ial areas of small and medium-sized c1t1es in the U. S.A., and also
in Europe, are usually around 1 ug/m 3 in large c1t1es, the fig-
ures are from 1 to 2 ug/m3, and rarely exceed 3 ug/m » as for in-
stance in Los Angeles {Ludwig et al. 1965, Horiuchi 1970, Tepper
and Levin 1972, Fugas et al. 1972, CEC 1972, NAS 1972, Chovin et
al. 1972). Short time values in busy metropolitan areas are often
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values calculated for J;é:‘pan&‘s,e adults have amounted to about 230
to 320 ug (Horiuchi 1970). A common and conspicuous feature of
these reports is the wide range indicated. Wide variations occur
in the wethods of sampling and m the .an"al_ytiuc_.ai methods, with con-
sequent reduction in the reliability of any intercomparison between
results. .

For natural reasons, plants are exposed to airborne lead pollution.
Althbugh it would seem that airborne lead could make only a slight
contribution to the edible portiens of most plants that grow in the
immediate .'proxim-itgy of highways, the content of the Jeafy portions
of plants is strongly correlated to the concentrations of lead in
air {NAS 1972). From the aspect of human exposure, leafy vegeta-
bles growing in polluted areas are of particular impart;ance, but’
it has been shown that roughly 50% of the lead is removable from
the 1‘ea§ﬁy p.o.kti,_ons by washing (NAS 1972). High values for lead
~content have been found ‘in plants growing in areas of exceptional

‘ leqd contamination resulting from lead mining and refining (Good-
man and Roberts 1971, Djuri€ et al. 1971, Kerin 1971).

No enrichment of lead occurs in the food chains of practical im-
portance to man, and no clear pattern can be derived from available
studies in regard to which kinds of food have the highest iead
content. Fresh meat, fruit, vegetables, and canned or bottled foods
have displayed rather high levels of lead content, although these
have only ra'r.ely exceeded 1.0 mg/l{_g (Lehnert et al. 1969, Horiuchi
1970, Tolan and Elton 1972). Milk deserves special attention, by
virtue of its making up a large proportion of infants' diet.
Several investigators have -reparted' considei-_ably higher levels of
lead in canned milk products than those in human breast or cow milk
(Lamm et al. 1873, Mitchell and Aldous 1974). Lead in breast milk
may be of importance if the mother is subjected to occupational
lead exposure; the elevated blood-lead level will as a conse-
quence increase both the prenatal exposure and the Tead excretion
via milk {Task Group pn Metal Accumulation 1973). Breast milk seems
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Great Britain, where lead piping is common in many residential
districts. Furthermore, it has been shown that the acidity and”
the salinity of water influence the degree of ;31umbb$o1vency Thus,
evidence gxists “that soft water with a low pH, i.e. below 7.8, dis-
plays. a mgher ‘—Iead\ content in over-mght tap-water than does hard
water of less. aci ’cy (Anonymous 1967 » Hﬂson 1966 !967 Reed and
- Talley 1967, Crs and Morris 1967, Heusgem et De Graeve 1972,
Goldberg 1974, : Burum 1973). Few datd mdmate any kind of
chemical transfoh & of Yead in water which vzou]d ‘corrgspond to
\ury, for 1nstance, Neveﬁ;he]ess, 2 regcent -~

o, S ot S b v

2.3.3. Lead in food

Food 15 usually the most important coniributor fo the total lead
-exposure of the general population. The results obtained from stu-
dies of the lead content in food have shown broad variations, even
as far as the same| foodstuffs are concerned (Kehoe 1961 a,
Schroeder and 8al a_%s.a 1961, Lehnert et al. 1969, Horiuchi 1970).
For the total ‘inta'iqe of food Kehoe {1961 a) arrived at an estimate
of about 300 :ug/d:af/, and has gained support from calculations made
by Harley (1970). 'In contrast to these studies, Tepper and

Levin (1972) calculated a mean of about 100 ng/day only, for

4 American adult womén A recent report from the U.5.A., moreover,

: : "* - has suggested an 1ntermed1ate value of 159 to 233 ug (Kolbye et al.
U 1974). Lehnert anh his colleagues (1969) have calculated a mean
uptake of 518 pg Pb/day for West~Germany (DBR) , and Vigliani and
Zurlo (1968) arrived at an estimate of 400-500 ug for Milan.
Thempson (1971) has. reported a range of 70-750 ug, and an average
of 274 yug 1 n five bersqns from the United Kimgdom; this is not

far from the average of 220 ug derived in Great Britain, by the
application of quite & different method (Tolan and Elton 1972).The
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8 percent. This figure is supported by more recent studies made

by means of stable isotope tracers {Rabinowitz et al. ]974), al-
though allowance must be made for the wide range of absorption

Arates repnrted by some 1uvest1gators (Hursh and Suomela }968,

The absarpt1on i furthermore, known to
eral dietary factors, it is, for examplg,
tein cantent {Milev et dl. 1970), a Tow
] and: irpn (Sh1wids and Mitchell 1941, Six and
} 70, 1972), and a low content of phosphorus [Goyer and
Manaffey 1972).

2.4.2. Distribution

Lead is distributed by the bleood stream where about 95 percent of
jt is bound to the erythrocytes; only a small -fraction remains

in the plasma. Of the total content of lead in man, about 90 per-
cent is bound to bone. Teeth have the highest .concentrations, and
Tong bones contain more lead than do flat ones (Schroeder and Tip-
ton 1968, Barry and Mossman 1970). 1In part, bone Tead is firmly
bound, with the probable indication of old deposits, and in part
more exchangeable, indicating comparatively recent deposits; the
latter may contribute to the biologically active pool of the body

‘burden (Task Group on Metal Accumulation 1973). In regard to the

soft tissues, the aorta, Tiver and kidney exhibit the highest con-
centrations (Schroeder and Tipton 1968, Barry and Mossman 1970).

"The concept of a higher susceptibility of the fetus to Tead is

widespread. The transplacental transfer of lead is well docu~
mented (Kehoe et al. 1933,Horiuchi et al. 1966, Harris and Holley
1972, Haas et al. 1972). ‘Haas and his coworkers (1972) found no
more " than small differences between maternal (16.9 ug/100 mi)and
fetal (15.0 ug/700 mi} blood lead levels in a series of 294 sets.
The transplacental passage should be taken into account when big-
Togical standards are being developed for lead. Lead also passes
the biood-brain barrier, although it does not accumulate in the

S
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to hold a lead content of about 0.01 - 0.02 ug/g under “normal®
‘circumstances { Murthy and Rhea 1971, Lamm et al. 1973).

1t has been reported that the lead content of wine ranges from
0.05 to 0.4 yg/ml [Zurlp and Griffini 1972, Truhaut et al. 1964,
Gounelle et al. 1967). This may be of importance in the scrutiny
of the differences ﬁéported in Pb-B levels From wine-drinking a7
countries (see:sstiioniz.s.J.).

2.4.  Metabolism of lead in Man

2.4.1. Absorption

Absorption occurs through the respiratory and the gastrointestinal
routes; in the lungs, absofptipn'is dependent upon the deposition,
mhcgéiliary clearance and alveolar clearance (Task Group on Lung
Dynamics 1966). Deposition is dependent upon the particle size
and respiratory volume. Maximal deposition takes place at a par-
ticle size of 1 m at & respiratory rate of 10 per minute. Forced
respiration diminishes deposition (Nozaki 1966). Through mucocili-
 ary clearance, particles, especially Targe -ones, are transported
to the pharynx and swallowed (Task Group on Lung Dynamics 1966).
The total absorption tﬁrough lungs amounts to some 30-40 percent
{Mehani 1966, Kehoe 1961b,Nozaki 1966). In reality, there are pro-~
pably even greater variations. of absorption in the general popula~
tion, provided that the shape of particles present in ambient air
15 taken properly into account (Lawther et al. 1972 a,b). .

For the general population,the absorption from the gastrointestinal
tract is of major importance, since food constitutes the chief

source of Jead exposure. An absorption of about 10 percent has
been rather widely accepted. To judge from the review by Karhau-
sen(1972) , a more appropriate value of absorption would be arpund
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2.5.1. iLead in blood

According to Pattersson's estimate of man's natural lead concentra-
tion in the blood of about 0.25 pg/100 ml {_1'9,66)., the man-made en-~
vironment has induced an increase ranging from 50 - 100 fold in the
Pb-8 levels. A great deal of data is available on the blood lead
levels of the g&nerai population. By far the major proportion of -
these studies’ have r ported that the Pb-B mean values for occupatio-
nal]y unexposed, rqrav and urban, populations range from 10 to 25

ug/ 100 wl (Hofreuter et al. 1961, Butt et al. 1964, Ludwig et al.

1965, Holmgyist 1966, Letnert et al. 1967, Goldwater and Hoover

1967, Lehnert et al. 1970, Horiuchi 1970, Hazeger- -Aransen 1971,

Tepper aqd Levin 1972, McLaughlin et al. 1973, McLaughiun and Stopps
1973,Tsuchiya et al, 1974) Studxes relating tu similar population

groups fram Northern Italy have consxstant?y disclosed somewhat
h1gher mean values, ranging: frqm 24 to 35 ug/IOQ ml (Zurlo et al.
1970, Secchi et al. 1971, Seqchiand Alessio 1914}. Haeger-Aronsen
(1971) reported 3 mean value of only § pg/100 w1 for 50 women
from Southern Sweden. In conirast, r tive1&¢ﬁigh mean values
have been: reported for both Finnish rural {24 ug/loo i1} and urban
{28 ug/lOQ ml) popu]atlon groups (Goldﬂater and Hoover 1967); how-
ever, this study was marked by methodobagxcal def1c1enc1es

-

As a rule, the Pb-B levels of urban populations, and of people
heavily exposed to exhaust gas, have been found higher than those
"of rural populations (Hofreuter et al. 1961, Ludwig et al. 1965,
Thomas et al. 1967, Lehnert et al. 1970, Horiuchi 1970, Secchi et
al. 1971, Waldron 1975). An increased lead absorption has also
been recorded in people living in the vicinity of lead smelters
(Secchi et al. 1971, Nordman et al. 1973, Martin et al. 1974).

No association has been established between Pb-B levels and age
{NAS 1972). The influence of cigarette smoking is not fully eval-
yated: -some ‘researchers have reported higher Pb-B levels for
smokers than those for non-smokers (Hofreuter et al. 1961, Ludwig

DUP040007235



13

prain to any large extent (Schroeder and Tipton 1963, Klein et al.
1970, Barry and Mossman 1970),

2.4.3. Excretion
Lead is eliminated extremely slowly from the organism, and pro-

bably has a biological half-time approximating ten years (Hernberg
1975). The renal and the gastrointestinal excretion routes are

the two most important. Gastrointestinal excretion occurs through .

secretion or the loss of lead from various glands, the loss by
shedding of epithelial cells, and through biliary excretion (Task
Group on Metal Accumulation 1973). Renal excretion occurs by

- glomerular filtration. Vostal (1963) has suggested the existence

of tubular reabsorption.

Minute amounts of lead are also excreted in milk, sweat, hair,
nails, and desquamating epithelium. From the standpoint of lead
balance within the organism, these can be ignored, although the
importance of lead excretion via the milk fed to the sucklings of
mothers subjected to occupational exposure has already been
emphasized (section 2.3.3.).

2.5. Concentratiors of lead in human tissqes

Schroeder and his colleagues have made extensive studies of the
lead content of various human tissues (Schroeder and Balassa 1961,
Tipton et al. 1963, 1965, Tipton and Cook 1963, Tipton and Shae-
fer 1964, Schroeder and Tipton 1968). Their results have been
corroborated by other investigators (Barry and Mossman 1970,
Horiuchi 1970). As only the lead in the blood and hair is per-
t%nent within the compass of a population study of the present
type, the review of the literature has beén confined to these,
with emphasis on the Tead in blood.

‘DUP040007236



16
2.5.2. lead in hair

As hair is a biopsy material available atraumatically a number of
researchers . have subjected it to analysis for lead {Schroeder and

Nason 1969). Hair is known to contain rather high concentrations

of 3ea,d-. The cpnt.enf@ seems to reflect total envi ronmental expo~

sure, when .__'jud-gexitent is based .upgr'f the differences found between e
lead in the hair of urban and rural populations (Hammer et al.

1971, 1972, Klevay and Forks 1973). Some studies have shown that

Tead in the hair is higher in subjects who are occupationally ex-

posed to lgad (Hasegawa et al. 1971, El-Dakhakhny et E1-Sadik

1972), .and in Wxaédﬁﬂoﬁigated children (Kopite et al. 1967, 19689).

2.6. Parameters reflecting lead absorption

Most investigators have accepted the concept that body lead depos-
jts dfffer with regard to stability. Thus, distinctions are drawn
between popls of easily exchangeable lead (blood, internal organs)
intermediate exchangeable (musc¢le, skin), and slow exchangeable
1g§d {bone) (Bolanowska et al. 1963, Pietrowski 1970, Zielhuis 1972).
As no direct method exists for measurements of the total body bur-
den of 1iving persons we are forced to employ indirect assays for
that purpose. There is no doubt that lead in the blood best de-
scripes the total exposure for a population group (Ziefhuis 1974),
but it fails to measure the total body burden. Nevertheless, it
correlates well with the rapidly exchanging lead pool which has
also been called the biologically available lgad {ZielThuis 1974).
Lead in urine has often been employed in eépidemiologic studies;
however, this measurement offers no advantage over Pb-B,as urinary
Tead is in fact excreted through glomerular filtration, and thus
merely reflects the level of 1ead in the blopd.

The biplegically available lead appears to be even more accurately
refiected by the urinary excretion of lead and heme precursors
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et al. 1965, Tepper and Levin 1972), while others have been
unable to confirm such an association {lLehnert et al. 1967, Jones
et al. 1972, McLaughlin and Stopps 1973). No doubt, most bramds
of cigarette contain Tead to a varying degree {Coghill and Hubbs
1957, Lehngrt et al. 1967). Probably, the amount is connected
with the former use of Tead arsenate 1nsect1c1des ‘in tobécco-grow-
ing districts (Pattersson 1965) Since the 1950's, the Téad arse-
nates have almast ent1re]y been rep}aced by arganzc 1nsec¢1c1des.
Accoriding to Lehpert g1967), the<amount of 1ead in a cxgarette R
ava1lab1e for ink }at1on is no more than 0.80 ug/Pb/c1garette,
wherefas most of the Tead remaifs in the ash (Kehoe 1961b,Lehnert
1867). Consequently the absorption is minimal, when compared with
that -absorbed from daily food, or from ‘u-rb'-an air.

It is known that men have higher Pb-B lavels than women (Hofreu-
ter et al. 1961, Ludwig et al. 1965, Thomas et al. 1967, Zurlo et
al. 1970, Haeger-Aronsen 1971, Tepper and Levin 1972, Secchi et
Alessio 1974). Apparently, the difference is not fully attributa-
ble to the higher hematocrit values of men (Tepper and Levin
1972). To date, no international agreement exists in regard to
biological standards for lead in the blood of the general popula-
tion. WNevertheless, a proposal, based on available literature,
has been formulated by Zielhuis (1974), with the total lead expo-
sure. taken into account. According to this biological guide, the
highest acceptablé individual value within a population group
should be 40 ug/100 ml, 98 percent should be below 35 ng/100 ml,
90 percent below 30 1ug/100 ml, and 50 percent below 20 ug/100 ml.
The Pb-B values of women should be corrected for the haematocrit
Tevel. Mbreover, the U.S, Enviropmental Protection Agency has
suggested a maximal individual value of 40 ug/100 mi, applicable
for adults and children; a maximum of 30 ug/100 ml has been pro-
posed For expectant mothers and the fetus, as well as for the new-
born (EPA 1972).
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son pro_éram has been undertaken between different laboratories,

and standardization of the Pb-H method is poor. So far, np agree-
ment has been achieved even %n regard to preparation of the hair
samples for 1zad: determination (Kopito et al. 1967, Hammer et al.
1872, Clarke and Wi Rfson, 1974), The wide range of lead content in

hair reported in the literature is undoubtedly largely attributable
to the poor standardization of the method. S

2.7. Parameters reflecting lead effects

The lead exposure can also be estimated indirectly by the measure-
ment of various parameters that reflect effects to the dose ab-
sorbed. ‘

Lead i_nriii bits the activity of certain enzymes involved in the heme
synthesis. This effect on the ‘e_nzymeﬁ results in a decline of
heme synthesis, inducing a subsequent increase of urinary excre-
tion of metabolites; furtheriiore, the level of the metabolites in
blood rises in severe lead exposure.é&-ALA dehydratase and ferro-
_ chelatase are the best known of the enzymes inhibited by lead.
~ Evidently, higher lead concentrations also inhibit ALA synthetase
and :copr_‘,oporphyrfi nogen decarboxylase (ﬁbyEr‘ and Rhyne 1973, Hern-
berg 1975). Of the metabplites, coproporphyrin III, and particu-
1arly ALA, have proved to be -extreme1y useful as diagnostic fests
in lead poisoning (Haeger-Aronsen 1960, 1971, Griggs
1964)., The accumulation of protoporphyrin IX in erythrocytes
always occurs at high levels of exposure (Haeger-Aronsen 1971,
Sassa ef al. 1973).

Lo

In comparison of the total exposure of various populati on groups
by using a parameter of effect, the validity of the test should
be high at Pb-B levels below 40 ug/ml, i.e., it must be as sensi-
tive, specific and reliable as possible. A succession of studies
has indicated that the ALAD assay is best adapted for this purpose.
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after the administration of a chelating agent {Selander et al.
1966, E1lis 1966, Teisinger et al. 1969). Chisolm and Mellits
(1974) have recently demonstrated that the arithmetic increase in
Pb=B Jevels of chﬂdren and adolescents resulted in an exponentza]

“increase of lead e reted fuﬁnwmg QaEBTA, this accordmgiy sig~

rate af mcrease in che1atab1e lead in the
tigsues. A similar re%twrtshlp betw;aen Pb~B and cheTataMe yri= o
ary lead had earlier been reported for adults (PFerovskd and
Teisinger 1970). The GaEDTA mobilization test has little value

in population studies as it is rather nmore cumbersome than the

Pb-B assay. '

nified an exponen

Use of the lead content in hair for the assessment of excessive
Tead exposure is well established -in literature (Kopito et al.
1967, 1969, Hasegawa et al. 1971, E1-Dakhakhny et E1-Sadik1972).
It ‘has been claimed that Pb-H is correlated with the total body
burden (Jaworowskvetai 1966)This opinion has been questioned by
Schroeder and T}pt[on {1968}, who noted that the lead content of
bones increases m{th increasing age, but found no corresponding
increase of Pb-H. “ The extent to which th.é Pb-H reflects the
biologically available lead is not clear (ZieThuis 1974). How-
ever, Pb-H seems to reflect the total external lead exposure of
& population ‘.gr-t)ud;f to a measurable extent, and may thus be of
importance for fm%ure population studies (Klevay and Forks 1973,
Hammer et al. 1971, 1972, Corridan '1'9714):.

The analytical procedures of a Pb-B assay are known to be vulner-
able to a number éf errors with respect te precision, accuracy
and reproducibility (Keppler et al. 197D, Weil 1971, Donovan
1971, Berlin.et al. 1972, 1974a,Browne et al. 1974). 1t has also
been stated that the variability between different laboratories
probably arises fkbm systematic errors {Berlin et al. 1974a). It
is thus easy to qq‘,lestion the comparison of the environmental ex~
posure for various population groups, and the reliability of wany
epidemiological studies. As for the Ph-H assay, no intercompari-
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however, it has been shown that the rise of these parameters does -

not begin until the Pb-B exceeds about 40 ug/100 ml (Selander et
Cramér 1970, Haeger-Aronsen 1971, Tola et al, 1973). As can be
com:iuded from:the Pb=B: values repgrted for groups of the general
pupuia*hdn (s ction 2. 5 1.3, the CP-y and ALA-U is of htﬂe

B ie?eEs of 40 - 50 ug/ ]Dﬂ m] Recent

15‘ apphes srﬂely to women;

test uf enV‘I mmtantal

ure (Sﬁmk 1974, Z1e1hu1s 1974, Roe]s
et al. 1975). .

the accumu]atwn 4% initiated even at
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The reliability of the method has been assessed in an <interlabora-
tory comparison study; this disclosed a precision and a reproduci-
bility of the ALAD assay that surpassed those of the Pb-B test

{Berlin et al. 1972, 1974 a,b). ALAD is also known to be a highly

speeific in-vivo-test, although sthyl alcghol exerts an inhibitive
effect (More et al. 1971). Many cations inhibit the activity of
ALAD in vitro; however; no evidence shows ‘that other heavy metals
1nhib1t D'in vuvo (Hernberg and Nzkkanen ¥972} Up to quife

24 Z1g]huls 1974)y hoﬂever, recent ev1dence
decrease is a thue in. vivo ‘effect (Roe]s et
jvity of the ALAD assay has been demonstrated
re et al. 1965, DeBruin 1968, Hernberg ‘and Nik-
et al. 1979, Haas et al. 1971, Haeger-Aronsen
hermdre, it dzsp1ays the closest correlation
to Pb ~8, as comparedrta any other b1achem1ca1 test (Te]a et al.
1973, Sa55a et all. 1973} The inhabttion probably starts already
at aboyt 10 = 20 19 Pb/100 m1 blipod. {Hernberg 1978}; morsover,

the sens1t1v1Qy ap?ears fo be hIgh enough to demonstrate Tow-grade
d1fferences of Tead absorption (Secch1 et al. 1971, 1972 Secchi
and Adess1o 1974, Cou1stpn et al: 1973 a,b, Nordman et al. 1973).
However, as has been pﬁ]hted out: by Stu1k (1974) , most data on
ALAD have been- de‘ Ved f?om exposed workers. At the beginning of
this study, the eXper1ence of the ALAD assay in population studies
was non-existent; - it has more recgntly'bgen suggested that the
ALAD test‘wbuidlprpﬁably be a suitable tool for surveying the en-
vir‘onmen‘cal expdsu’re‘ of the general population, and for discrimina-
ting between d1ffarences of exposure (Berlin et al. 1972, 1974 b).
This study has pruv1ded an oppartun1ty to elucidate the usefulness
of the ALAD assay #in the assessment of small a?terat1ons in total
environméntal Tead expdsure.

. Other parameters of effect that bear a fairly close correlation

to the Pb-B are the urinary excretion of ALA and coproporphyrin;
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4.  GENERAL DESCRIPTION OF THE MATERIAL

In the selection of population groups, special care was taken to
winimize the inter-individual variation within the groups by the
choice, d@s far as. rmssib]e, of Tocally stable populations of

‘rougmy s%mﬂar soc‘m—economu status, and not exposed to lead in

| study, surveying the
1ion to the field of work in Finland
(Tola and Hernberg 1975). The questi onnzire was specially de-
signed for the study, for the cambﬂatinn of information as re-
gards occupatmna hi tory (detaﬂed desicription of former and
pregent work and emp oxmént), preseut and past smoking habits,
eatmg habits, or1gln 0 househo ter, time spent daily out-

side districts or in trafﬁc, and.present medication.

The population groups were selected from rural, urban and -indus-
trial districts (Fig. 1),  Since sampling at the time involved
the  drawing of at least 20 ml of blood, 1t was decided not to

_include persons under 15 years of age. A summary of the entire

series is given in Table 1. The distributions of separate groups
by age and sex are indicated in Tables 4,8,22 and 34. '

The main rural population lﬁg»r.,qup was selected from -i:.he Pertunmaa
comfune, situated about 180 km north of Helsinki. In addition,

a diet survey was accomplished in Pertunmaa with respect to 23
households randomly selected from the original Pertunmaa sample.
In order to preclude misjudgement from possible unrecognized
special features of the.‘ Pertunmaa commune, the rural exposure was
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; | 3. OBJECTIVES OF THE PRESENT INVESTIGATION
‘ @-, The investigation had the following aims:

1. Determinatipn of the levels of Tead in the blood of occupa-
tionally-unexposed rural and urban populatien groups in Fin-

Tand. S . s
2. Study of the effects of varying concentrations of lead in the
ambient air upon blood-lead levels.. ' ,

3. Study of the effect of industrial lead-emitters on-the blood-
-lead levels of the surrounding population. '

4. Assessment of the total lead intake of a rural population
group. )

5. Evaluation of the usefulness of the erythrocyte A-ALAD assay
in population studies for discrimination between various ex- .
posure levels.

DUP040007244



24

Table 1. Total numbers of persons studied

 Males' | Females | Al

_Pertunmaa ] - A
Pb-B survey ’ 243 | 256 499 o

diet survey ‘ 3% | 36 71
Haapajdrvi-Pyhjarvi’ | - 93 93
Helsinki S R
* downtown 142 | 3 179

* suburban . 81 | 118
streetsweepers I oo 97
traffic policemen ‘ 28 - | 28
Tikkurila . P12z w0 293

Total series 692 | 686 1.378

A detailed description of separate groups will be given in con-
nection with corresponding studies.
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checked by the semctmn of ancther rura} group from Pyhdjdrvi and .-

Haapajdrvi conmunes, about 400 km north of Helsinki.

fig. 1. Location of the
districts surveyed.

Helsinki, the largest city of Finland, and the one with the high-
est traffic density, was selected to represent urban conditions.

The urban population groups were all selected from Helsinki, and

consisted of a downtown and a suburban group, with two additional
target groups of street-sweepers and policemen.

Fifteen kilometers north of Helsinki is the Tikkurila district,

a mixed residental and industrial area, and characterized by an
exceptional congregation of lead~utilizing industries. Two sec-
ondary lead smelters, two storage battery plants, and some smaller
foundries and a soldering workshop operate within the district.
These circumstances prompted the -incorporation of the Tikkurila
population into the study. The Tikkurila study has been reported
separately (Nordman et al. 1973).

ot
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on the filters as dust in sampling cycles of two weeks. The sam-
pling devices were placed at fixed sampling stations at a height
of 2.5 - 3.5 m.

The sampling continued at all sampling sites for one year, Al-
_though air sampTing at some -sampling sites was effected for more
than one year, the results reported here relate only to the period

- i from November 1971 tﬁrbUQh Detober 1972y the reliability of the -
R analytical techniques was not regarded as satisfactory before that.
o o Atmospheric Tead sampling was carried out in Pertunmaa and Hel-
sinki. ’ : _ ¥

. 5.1.3; Assessment of dietary lead intake

Many investigators have estimated the amount of lead ingested dai-
ly. As pointed out in section 2.3.3. they have obtained very va-
: riable -iﬂ'esult»s,; moreover, variations have occurred in the sam-

i pling strategy applied. The most accurate method is probably the
"double portion" method, with the food consumption being measured
hy exact weighing (Pekkarinen 1970). This method, which is labo-
rious and costly, has not proved popular among re_searcher‘s, ’

With preliminary data on air lead concentrations of Pertunmaa as -
basis, the assumption was made that almost the entire lead expo~
sure of the Pertunmaa population originated from dietary sources
with thé exception of possible occupational exposure that had te
be excluded. It consequently seemed worthwhile to study the exact
dietary -intake of the Pertunmaa population in relation to the
blood lead levels by application of thé "daible portion” methoed.
The procedure is described in detail in section 6.2.2.

3
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5.  METHODS: GENERAL

8.1. Assessment of environmental exposure

 The results of the jointly-planned dustfall lead survey in Tikku-
-rila, and the studies on air-suspended particulate lead in Pertun~

maa and Helsinki, were made available by the depariment of toxi-
cology and biochemistry of the Institute of Occupational Health.

§.1.1. Sampling of dustfall lead

“Dustfall lead, i.e., the proportion precipitated from the atinos-

phere through gravity, aggregation and rainfall, generally de-
scribes particles with a diameter exceeding 10 um. A dustfall
‘Jead survey was carried ouf in Tikkurila (Laamanen ‘and Ryhdnen
1971, Nowdman et al. 1973). The sampling was effected by means
of ‘collectors consisting of polyethene deposit gauges and bottles
mounted on plastic-coated, wooden supparting con-sﬁ-r-ucﬁ ons. The -
deposit gauge was a modified British Standard No. 1747 with an
orifice di:;meter of 300 mm,. The modification denctes an increase
of the depth to 320'mm, which has provén more efficient in winter-
~time. The collectors were placed at a height of 2.5 - 15 m, to
avpid the influence of surface dust.

»5.'1.2_. Sampling of air-suspended particulate lead

As a rule, air-suspended lead particles have a diameter of Tess -
than 10 . The sampling equipment for air-suspended particulate
matter comprised a holder with a membrane filter (Millipore AAWP
03700} with a pore diameter of 0.8 Wn, and a pump supplying an

air flow of about 10 1 per minute (Neuberger ¥ H 15). For meas-
urement of the terminal air fiow, each sampling device was fitted
with a gasometer (Nordgas, Stockholm). Air lead was collected
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5.4,  Analytical methods
5.4.1. Lead in blood

Every Pb-B determination was performed from duplicate samples;

© thus the reported results of each analysis denptes the average of

two parallel measurements. The duplicate samples were analyzed in
different runs. The method employed throughout was that of atomic s
absorption spectrophotometry (Perkin-Elmer 303), described by

Hesse] (1968). The method error of duplicate analyses -performed

at different periods rahged from 1.1 to 2.0 1g/100 wl. A series

of 26 dublicate samples analyzed unbeknown to the lsboratory per-

sonnel showed a meth d: error of 1 7 ug/ 100 m, j:he methnd error
heportg.d: by the 1a
The method was ¢
samples.

w}nys}y c_hecked hy the mtro‘du;,ctwn osf _s_pﬂged

During the period from July, 1972 to June 1973, the monthly de-
terminations of 3 spiked pig blood samples, to which 30 ug of lead
(Pb.CTZ) per 100 ml of blood had béen added (a total of 36 samples),
resulted in a mean value of 34.0 yug/100 ml1, a standard deviation
of 1.7, and a range of 20.5 - 37.7 pg/100 ml. During the same
period, a series of 12 human blood samples ;, to which had been
added the same amount (30 ug Pb/100 m1) of lead, were analyzed
monthly without the knowledge of the Taboratory staff. These gave
a mean of 46.7, a standard deviation of 3.6, and a range of 42.3

- 52.5 ug/100 ml. Unspiked duplicates were currently analyzed. The
mean estimated value of the added amount of lead was 31.4 ug/100
ml. -hiew spiked samples were pfepared once a month.

The accuracy of the Pb~B methad was further controlled within the
compass of an Inter-Scandinavian comparison program organized by
Doctors Gustav Weissglas, Ake Swensson and Lennart Sundell, Sweden.
Spiked and unspiked blood samples have been distributed to the
eight Scandinavian laboratories involved. The results of the in~
ter-laboratory comparison are presented in connection with the
studies concerned (Tables 6,24,25).
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5.2, Choice of paremeters of absorption and effect

 The Tead concentration in the blood was employed as a parameter
indicating lead absorption, and the erythrocyte ALAD activity as
a parameter of _effﬁc_t . The advantages and drawbacks of these,
and other pertinent biological variables indicative of lead ab-

sor_ptﬁ“ﬁn or effect, have a’?neadjf been discussed (sectioh 2.6. and .

2.7.).

5.3, Gollection of biological samples

AYl of the blped and distary samples collected for the determina--
tion of lead tontent were stored in lead-free polyethene flasks

or bottles which had been carefully washed with 10 percent nitric
acid, and repeatedly rinsed with demineralized, distiiled water.

Bldod samples were drawn from a cubital vein into lead-free flasks,

Only stainless steel syringes with polypropylene hubs were used.
The skin was cleaned with a 0.2 percent benzethone chloride solu-
tion containing 2.9 percent butanol and, as solvent, 68.9 pér.c_ent
isopropanol. An amount of 20 ml of blood was drawn from each per-~
son for Pb-B analysis; duplicate sampies were drawn from every
fifth, for storage and future analysis. The Pb-B flasks were
stored deep-frozen until analysis. Samples for ALAD determination
were drawn into heparinized test tubes of 10 ml capacity. Other-
wise, the test tubes were prepared analogously with the Pb-B
flasks. For determination of the hematocrit value -and the hemo-
globin concentration, 2.5 ml of blood was drawn into a-test tube
containing 4 mg of EOTA.
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5,4.5. Dustfall lead

The water-soluble fractions of the total dustfall were analyzed
for lead by the atomic absorption spectrophotometry methed. The
ashed samples were an-_ayly‘z,edm:by emission spectrography (Jdarrel Ash
Type 7101). The results obtained as micrograms per sample were

transformed into grani‘;:" per 100 n’ per month.

5.4.6. Llead in air

The air-suspended particulate matter obtained on the membrane
filters was analyzed for lead directly by X-ray fluorescence
spectrometry (Philips PW 1410). A Tithium-fluoride crystal (LiF
200}, and a wolfram anode tube were employed. The X-ray gener-
ator was set at 60 kV and 30mA. Lead was determined from the
alpha-Tine, 2-theta angle = 33.91. Measurement was effected three
times, each one extendi ng over a 20-second period. Background
was determined at a 2-theta angle of 34.50. (Kuronet unpublished,
Philips 1973, Grennfelt et al. 1971). The method was checked by
parallel determination with atomic absorption spectrophotometry.
The comparison is accounted for in Table 2. -

_5.4.7, Lead in food and beverages

A1l -samples of food and beverages, including the water samples,
wera analyzed by application of the same method. The samples
were evaperated, and then completely ashed at a temperature of
400-500°C. Afie’r the addition of hydrechloric acid (West and
Carlton 1952), the lead portion of the fully ashed samples was
extracted as the iodine complex with me'tﬁ_ﬂ isopropyl. ketone
{Talvitie and Garcia 1965). The final lead determinationm was
effected with an atomic absorption spectrophotometer. A com-
parative check on the method was carried out by K.H. Schaller,
M.D. at the University of Erlangen-Nirnberg, West Germany; the
results of this check are Tisted in Table 3.
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A series of duplicate samples were also analyzed twice a ygar in,
the Taboratory of the American Smelting and Refining Company
(ASARCO), Utah, U.S.A. These are accounted for in Tables 7 and
26. The samples of both the accuracy control programs were first
analyzed at the Institute of Occupational Health, and the results

* were passed to the reference Taboratories concerned before reports

of thejr results had been received. ‘

5.4,2. Evythrocyte A-ALAD activity

Erythrocyte A-ALAD activity was measured by a modified version of
the method of Bonsignore and his colleagues (Bonsignore et al.

1965, Nikkanen et al, 1972). Briefly, the modification involves

the use of the niore stable sodium phosphate buffer and a pH of

6.8, instead of the carbonate puffer and a pHof 7.0. The activ-
ity is expressed as micromols porphobilinogen (P8G) formed during
one hour of incubatjon at 37°C per liter of packed red blood cells
(RBL). The RBC vdllme was estimated from the hematocrit value
measured previ.o_us"]‘:yﬁ The method error from duplicate measurements
during different period ranged from 18.4 to 36.0 uymol PBG per liter
RBC. The values of the method error will be reported separately

in connection with ithe surveys concerned. Al1l of the ALAD assays
were made within 5 hours of sampling.

5.4.3. Hematocrit value

The hematocrit value was measured with an Adams Autocrit .ceni:ri—
fuge (CT _2-9_00). Duplicate blood samples were spun for 4 minutes
at 15,000 g. . S

5.4.4, Hemoglobin concentration

Blood hemoglobin was determi ned by the standard method, after con-
version to cyanmethemoglobin.

kg o
e 5.
-,
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Table 3. Accuracy check of-the lead-in-food assay, provided by
" the laboratoijy of the University of Erlangen-MNiirnberg.
Ashing performed at the Institute of Decupational
Health. Val;imsf, ‘expressed as ug/100 g.

Present
‘value

¥l s
“7  26.3
14.2 1 20
13.0 1~ 1ns :
, 7.5
8.5 14.8
©19.8 21.4
16.2 ‘ 24.3
18.2 11.5
: 11.5
16.7
12.5
. 21.4
9.7
14.4
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Liﬁl&_{ Comparison between X-ray fluorescence spectro-
metry and atomic absorption spectrophotometry.
Values expressed as micrograms per sample.

May < July 1973

R T

.. August 1973

G —

1

10
12
14
15
16
17

W o N M W N

13

261
26
2
460

1170,

1246
1035
105
12565
581
50
103
‘86
47
10
25
55

143

23
3
449

819

174
552
93
1172
633
55
132
87
52
22
34
73

18

18 -

20
21
22
23
24
25
26

520
165
62
32

7

- 22
37
24
202

566
205

51
37

19
33
20
198
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6.  ENVIRONMENTAL LEAD EXPOSURE OF A RURAL POPULATION

_ A study on dietary intake, exposure from ambient air, and blood
Tead levels. - :

This. investigation was. conducted in the Pertunmaa commune, about
180 kilometers north of Helsinki (see Fig. 1). The total area of
the commune is 474 square kilometers. In 1971 the number of in-
" . habitants was 3,510 (1,752 men and 1,758 wom'en')'x)-, 1e 7.4 in-
habitants per square kilometer. The vast majority of the popula-
tion earn their Tivelihoods as: small-farmers or farm 1aborers.
The industrial activity of the commune is restricted to a3 few
small work shops; no lead plant operates within the district.

In 1971, 562 automobiles, 497 of them gasoline driven, were re-
gistered in Pertunmaaxx). The population of Pertunmaa appeared
to be suitable for the purpose of siudying the daily lead intake
and blood lead Tevels of the general population liying in condi-
tions of a minimum of lead pollution of the ambient air.

6.2. Material and Methods

6.2.1. Blood 1ead survey

In the fall of 1970, a systematic family sampling was effected.
This sampling was undertaken in order to facilitate transportatijon
to the place of examination. Of the 653 persons initially in-

X)  gentral Statistical Office of Finland

*x) From: Automobiles and Highways in Finland 1971, Finnish Road
Association.
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5.5. Statistical treatment

The normality of the distributions of separate series was tested
by use of the Kolmogorov-Smirnov statistic for cumulative fre-

‘quencies. In 2]l but one series, a slight skewness was revealed,

Graphically 'as;‘seséed,_‘however, only the Tikkurila series disclosed
a skewness that demanded a normalizing logarithmic transformation. -

In view of the skewness of the Tikkurila series, the Kolmogorov- ”

-Smirnov-statistic was chosen f.p:r':' the testing of significance
between the Tikkupila series and others. As for all other groups,
the Welsh™s modification of the:Student t-test was applied in the
testing of significance of differences between the group values.
This procedure takes into account the difference in the variances
of the separate series by modifying the degree of freedom in the
calculated t-test statistic . The robustness of the t-test was
considered suffi to compensate for the slight skewness of
the distributions in a1l groups but for the Tikkurila group. This
consideration was supported by the results obtained by re-testing
the differences usiig the non-parametric Mann-Whitney U-test; the
procedure did not hﬁjﬁer the degiree of significance arrived at by
the parametric t-test.: Two~1:ai1ed p~values were computed through~
out.

The Pearson coefficient of correlation was applied in the measure-
ment of the degree of relationship between characteristics of-
population groups or between parameters of interest. The analysis
of variance was used in testing the effect of age on Pb-B levels.
The standard deviation of measurement error was calculated from

© the formula:

Ty =
- 2n
difference between duplicate measurements
number of pairs of duplicate measurements

ft

where d
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Table 5, Cigarette-smoking habits of the Pertunmaa
population

Cigarettes ~  »0 1020 . <10 cigar  non
daily _ . or smokers -
pipe ’

Males 10 42 43 6 142
Females - 1 18 - 237

M 10 43 61 $ 379

The collection of blood samples was carried out in the way de-
scribed earlier (sectionm 5.3.). On the same occasion the question-
nairgs were checked and completed. Blood samples were stored deep-
~frozen until analysis for lead. Hb and PCV was measured on the
day of sampling. '

PSRN TR SO UUTS IS, L NI, S L R RO A i )

T Both winter and summer samples .wer;g analyzed in the fall of 1971.

5o The winter blood samples were mixed with the summer samples, and
each run contained similar proportions of both. The inter-mixing
was done with a view to the avoidance of systematic¢ errors when
comparing ‘the seasonally differing groups.

The method error of 399 duplicate Pb-B measurements was 1.8 g/

100 ml. The results of the accuracy check of :the Pb-B method
carried out dumﬁ'n.g the corresppnding period at sevén other $Scandi-
navian laboratories, and at the laboratory of the American Smelti ng
and Refining Company ('ASQARCO),“ are illustrated in Table 6 and
Table 7, respectively.

i

1
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vited by letter to participate, 515 responded. Nine persons in
all were excluded because of slight possible occupational lead
exposure, and an additional 7 for technical reasons such as the
clotting of blood samples. - OF the 499 persons who constituted
the final series, 243 were males, and 256 females. The age dis-
tribution of the entire series is indicated in Table 4. On the
whole, the different age groups are of ‘éi’milér size, and the sexes
are equal 1y distributed. The oldest group, i.e., those over 65
years of age is, however, the smallest of both males and females.

3
Ky
A
1
i

-

.f"

Jable 4. Distribution of the Pertunmaa population by .ag.e' and

Sex

" Age  ‘Males  females ALl
15~24 51 49 100
25-34 35 32 Y/
35-44 50 _ 40 90
45-54 34 : -56 a0
_55-64 43 56 99
65 or more 30 . 23 53

1 Tota1 283 256 499

Cigarette-smoking habits are shown in Table 5. Smoking did not
appear to be as common 3 habit as anticipated; thus, only 19
fem_a]és were cigarette-smokers, none of them was a heavy smoker;
and 18 smoked less than 10 cigarettes a day. Only 10 of the
males reported that they smoked more than 20 cigarettes a day,
To disclose any possible seasonal fluctuations in Pb-8 levels,
approximately half (247 persons) of the group were examined be-
tween December 1970 and January 1971, and the other half {253
persons) during the period from June to August T971. The age
distribution and the cigarette-smoking habits of the winter and
) summer groups were identical with those of the entire series.

i
i
% : s
.
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6.2.2. Diet survey

Several different methods are available for the assessment of food
consumption, such as food accounts, interviews, Questionnaire and
weighing pracedures, a1l of which have certain advantages and draw-
backs. The method emplayed here was that of weighing; also known
in the literature as the recipe method (Wilson et al. 1964), the .’
exact or precise weighing (Pekkarinen et al. 1967) and the weighed
individual=inventory method (,Dufhi.n et al. 1957). It is the most
accurate method for the assessment of food consumption of individ-
uals or families (Pekkarinen 1870). A trained investigator super-
vised the weighing, which was done by herself and two students.
In advance, the participants received detailed i_,nfpmati}gn re-
garding the study personally from the same investigator, who em-
L phasized the importance of not altering the usual composition of
o meals. For the r@aso’n:.s of costs and feasibility, the recording
period had to be restricted to three (consecutive) days; earlier
reports had indicated reason to =,expé£::ﬂt considerable day-to-day
variation of dietary lead intdke (Thompson 1971), so that a longer
pe.‘r‘io_d wou'ld have :be_en preferable.

R e The subjects of the diet survey were randomly sampled from the

N orginal Pertunmaa family sample. The use of trained personnel for
the weighing eliminated possible misunderstandings, and thus made
random sampling possible. Thirty households were asked to partic-
jpate; of these, 23 representing a total of 71 indiyiduals res-
sponded. Of the 71 respondents (35 men and 36 women), 46 had also
participated in the former blood lead survey. The age and sex

- distribution is indicated in Table 8. Cigarette smoking was
rather uncommon: anly 13 were smokers, 3 of whom were women all
smoking less than 10 cigarettes a day; of the 10 male smokers
only one was a heavy smoker, viz. more than 20 cigarettes a day,
and 5 intermediate smokers, i.e., 10 to 20 cigarettes a day
{Table 9).
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Table 6, Inter-Scandinavian acturacy check of Pb-B determination
in fall 1971, Values expressed as ug/100 mi.

sample  Lead

© Mean of 8 Range of 8

ﬁrééent

Ro. added

30"
140
80

o N

n
1t

laboratories  laboratories

e s

4-17
4-18

136 - 118-155
93 - 79-101

‘valug

'43“

14

Table 7.. American accuracy check of Pb-8 determination in 1971.
Samples 1 and 6, 2 and 7, 4 and 8 are duplicates.
Values expressed as pg/100 mi.

| sample
1 No.

© value

- Prese
value

nt

[>T N - ) BS | JF SE FUIE Y -—l

21
29
22
17
4
8
23
16

v

22
21
16
16
19
22
16

X) pmerican Smelting and Refining Company, Utah, U.S.A.
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A1 of the household members were kept under individual survey.
Thus, al1 <items of food to which a single respondent helped him-
self were we’ighed separately before eating. The plate waste and
the discarded food were also welghed and the total amount con-
sumed. ca]cu'lated by % s means. Al snacks between meals were
weighed. The total umlaer of meals eaten outside homes was only
16, snacks'ingluded. Their share of the total lead intake could
not he,‘.me.a,s‘uraﬁ;. oiﬂ_}y estimated.

From each meal, one fifth of all food substances was collected
for ,ana‘lty;sis,; but only one samiple of water and other beverages
was taken from each household. The solid food substances in-
gested by every respondent were daily pooled, thoroughly homoge-
nized, transferred 't‘b Tead~free bottles,.and finally deep-frozen.
When homogemz‘mg. the precise amount of added demineralized

water was We1 ghed.

The food consumption survey was effected d_u,i'iﬂ_.g the period from
May 25th to June 23rd, 1972. Blood was sampled for lead analysis
from each participant in connection with the survey. The hemo-

globin concentration and the hematocrit value were determined on
the day of sampH ng, the Pb-B sampTes were inter;mixéd with the

rabﬂ]ty .between ur.ban and r.ura] Pb-»-B l-ev-el-s.

6.2.3. Lead in ambient air

Air-suspended particulate lead in Pertunmaa was monitored from
October 1971 to November 1972. The samples were collected at one
fixed sampling site.. Filters were placed at a height of about
2 meters. The equipment has been described in section 5.1..2. -
The samples of May 1972 had to be discarded following technical
failure in connection with the collection.
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Table 8. Distribution of diet survey respondents by

age and sex

 Age . Males Females
group

y

15-24
25-34
35-44
45-54
55-64

. 65 or more

BN N G
(2 Y-S V- NI -

4

16
16

A1l 35 36

71

'Table-g,':Cigaretfefsmoking habits of diet survey re-

spondents

Cigéréﬁfes '1>éd ' 10-20 <10

non-smokers

daily -

Males 1 5
" Females - - 3

25
33

a5 7

58

'DUP040007262
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6.3.2. Daily lead intake

The total daily lead intake through food and beverages of the 7]
respondents af the,ﬂigtany survey is illustrated in Table 11. A
mean intake of 204 ‘ngle/day was found. The standard deviation
of the mean value for the three ﬂgq‘ys was 67, and the range 89-360
ng- Pb/day. ‘Theﬁﬁeﬁn intake of men was. righer than that of women,
231 yg and 178 uga‘kegﬁectivgiy, The difference is statistically

-

S

significant
Igbje_li. Daily dietary lead intake of 71 persons on three con-
‘ sgcutive, day$ of saimpling. Values expressed as micro-
grams of lead.

 Day of sampling - | Mean of

i - ey three days
1 11 111
Males . 26 230 237 | 231
(N=35) SD 66 78 83 59

range 89 - 335 137 - 496 96 - 430|- - 119 - 360

-|Females | X 173 182 79 | 178
| (n=36) sb 64 77 82 64
range 73 - 352 81 - 387 46 - 404/ 89 - 305
Al F 199 206 208 204
(N=71) D 70 80 87 67 -

range 73 - 352 81 - 496 46 - 430 89 - 360

{t = 3.64, p<0.001). The contribution from beverages (Table 12)
_is small as compared to the lead ingestion through solid food
{Table 13), constituting about 15 percent of the total daily
amount ingested. The mean intake through beverages of men was
46 ug Pb/day and that of women significantly lower (t = 5.61,
p<0.001), i.e., 25 ug.Pb/day. The intra-individual day-to-day
variation was great. '
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6.3. Rgsg'}ts
6.3.1.Lead in ambient air

As had been expected, the lead content of the ambient éir in Per-
tunmaa was Tow throughout (Table 10). The highest monthly mean

value was recorded in February i;QZZ; and was 0,056 ug/m‘3 of air. -
The early mean value for the whole period from October 1971 to
September 1972 was only 0.025 u9/ﬁ3,.. Thus airbgrne lead could be
considered negligible as a contributor to the tfotal lead exposure

of the population of Pertunmaa; even a dai 1y inspiratory volume

of 20 m3, and an assumed 100 percent resorption follewing a maximal V
retention of 50 pércent would result in a daily resorbed amount of
Jead of no mofe than 0.25 ug. T “

:T.:abl_,e_l 10. Monthly and yearly mean concentrations of air-sus-
i : pended particulate lead in Pertunmaa. Values ex-
’ ] pressed as _ug/ma.

Monthly mean
1971
November . - 0.02
: December ' 0.02
fa72
January _ 0..06
February | 0.06
March 0.03
April 0.901
May - X)
June 1 0.02
July : 0.01
August o) 0.02
September ' 0.02
October ) -
Yéar?y mean - 0.025

X) Stro_ke denotes o‘ini‘_ss.ién of sampi.é -
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‘Tamg 14. lLead content .b,f drinking water and milk from twenty-
-three households. Values expressed as ug/kg.

 Mater Wik
X 2z 32
; sD , 6 6
. min. | 15 22 S
o " max. 41 |

Tabie 15, Lead content of some beverages. Le-ad determined
from pooled samples of ‘twenty-three households.
Values expressed as ug/kg.

ug Pb/kg
Coffee | 9
. Tea - . ‘B
. Beer; brand A -8
AT 8 ! 10
o c r 1
Home-brewed beer 1 24
Home-brewed mead 23
Lemonade = 15

No correlation could be established between the daily lead intake
and Pb-B levels of the 66 persons for whom blood samples were
available: The coefficients of correlations were r = 0.08 for
men, r = 0.05 for women and, for the entire series, r = 0.05. The
mean Pb-B of 33 ma]e:s"partii’cipating in the diet survey was 12.3
ug/100 ml; the corresponding value. for the 33 females was 7.9
1g/100 m1 (Table 28).
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Daily mean lead intake through beverages. Values

Table 12.
' expressed as micrograms of lead.
Ma}es ) Females A
{N=35) {N=36) (N=71)
% 46 25 3B
5D 20 "9 19
min. 19 4 4
| max. 116 47 116

Table 13.

Daily mean lead intake through solid food. Values
expressed as micrograms per day-.

 Males . Females ATl

- (N=35) (N=36) . | (N=T1)
X 185 153 169
sD 60 61 62
min. 79 A 71
max. 310 261 310

Each family under suryey had a private well.

Only 4 families
bought their milk from stores, whereas 19 families had their own

cows. The lead content of milk, water, three of the most fre-
quently used brands of beer, tea, coffee and home-brewed beer
and mead is accounted for in Tables 14-15. The lead content of
coffee and tea was surprisingly low as compared to the drinking

water,

DUP040007266
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15 and 64 years of age were considered (F = 2.07, p >0.1).

Jable 17 . Pb-B levels of Pertunmaa female population. Values
expressed as yg/100 ml,

Age' L N 53 Sb V : range

115 - 24 | 49 10.2 3.3 5 - 18
25 - 34 32 9.5 4.1 5- 28
35 - 44 ' 40 9.1 2.8 4 -7
|45 - 54 C5% | 10.0 3.1 5-18)
155~ 64 56 9.6 | 4.2 3 - 30
65 or more | : 23 8.3 2.9 4-15

lan | 26 96 | 35 | 3-30

‘The females revealed a distinct difference between summer and
winter Pb-B levels, the summer level being higher than the winter
level. The Pb-B level of the males was only slightly higher in
summer as compared to the winter level.

Jable 18. Seasonal influence on Pb-B levels of Pertunmaa popu-
lation. Values expressed as ug/100 ml

 Males  Females

w.infé_r; . 'S'LJhK.ﬁE‘Y‘ - Winter Sunﬁner -

X 11.8 12.4 ) 8.9 10.4
sp ] 4.5 4.4 3.0 3.8
N 113 130 : 133 123
t £1.05 -3.49 ‘
p >0.1 <0.001
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6.3.3. Blood lead survey

The Pertunmaa males displayed a mean Pb-B of 12.1 ug/100 ml (5.D,
4.5, range 2 - 35 yg[‘].ﬁbm’l); The lowest mean Pb-B value was found
in the dldest group (over 65 years), and the highest in:the young-
est group (15 - 24, years ), The difference between these two

groups was statistically significant (t = 2.55, p<0.05) (Table o
16). :
Table 16,  Pb-B levels of Pertunmaa male population. Yalues
expressed as ug/100 ml.
Males .
T : R Ea i—
|15 - 24 51 | 1.5 | 44 6 - 25
25 - 34 3B 12.3 4.5 5 - 21
3+ 84 50" 12.3 4.2 5 - 24
145 - 54 . 34 10.8 3.0 2+ 17
55 - 64 43 2.3 - 4.7 5 -25 ¢
|65 or more 30 10.5 5.5 4 - 35
: [an1 a3 | 124 4.5 2- 35

As tcompared to the males, the famales disclosed a lower mean Pb-B
value of 9.6 pg/100 ml (S.D. 3.5, range 3-30 ug/100 m1).The Towest
mean Pb-B of the feinales was similarly found in the oldest group,
and the highest ‘in the youngest group (Table 17).

However, no association between age and Pb-B was detectable for
the females (F= 1.25.-p >0.1). On the other hand, the males
displayed a decreasing mean Pb-B value with increasing age. This
correlation was statistically significant (F = 2.47, p<0.05).
The association was highly dependent on the oldest age group;
conséqueﬁﬂy-, the correlation disappeared when only men between
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validity of conclusions based upon the Pb-B levels obtained de-
pends to a large extent on the validity of the Pb-B measurement.
As was pointed out in an earlier content, the Pb-B assay is s_us?-
ceptible to many errors (Keppler et al. 1970, Berlin et al. 1972,
1974a). In this study, the precision of the Pb-B assay appeargd

1o be.on a high 1evel, with a method error of 1.8 u9/100 ml.
Appra1sed from the Inter«Scand1naV1an and the ASARCO comparison
program; the acouracy. qu also sat1sfggtory. The low values found
in Pertﬁnmaa ére to fﬂigh‘rather than too low as compared to the
reference. 33’30?‘&1:0]"1&5‘ the v‘aﬁd’ity of the Pb-B assay is further
exam;ned in the genera] ‘discussion,

One important tonéidérétion is that the Pb-B level of the 46 per-
sons who de11vered b1ood samples, both for the b]ood lead survey,
and for the d1et sur#ey, exhibited a s]1ght but stat1st1cally sig-
is 11ttlg reason to pelieve that the true Pb B 1evel of th15 graup
decre%sgd in about ohe year; it is more likely that the differ-
ence only descr1bes a systematical difference of the Pb-B tech-
nigques. In’ other words, desp1te the strict control of the Pb-B
method, a small systﬁmatlc error could not be avo1ded between the.
measurements, of the twq per1ods of analyzing. The preparation of
standards, still carfpied out every third month in 1971 but effect-
ed every month at thb time of the diet study. probably explains
the difference. The«measure of monthly preparation of new stand-
ards was taken afteruthg discovery that the Pb-B values of the
spiked pig bﬁaod.samﬁ]é§ (used as standards) decreased with in-
creasing storage $ﬁm§. ’SQch considerations should be borne in

mind when ev&]uatingﬁdéta in the literature reporting the presence.

or absence of time trends with respect to Pb-B Tevels in popula-
tion studies (Hor1uch1 1970, Tepper and Levin 1972, McLaugh}1n
et al. 1973). Howgvgr, it should be emphasized that the system-
atic error did not chfﬁse the results of the seasondl compari-
son of Pb-B levels because of the inter-mixing of samples.
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The difference between male and female mean Pb-B values was dis-

~ tinct (t = 6.91, p<0.001). The Pertunmaa material contained 108
pairs of husbands and wives. A comparison between Pb-B levels of
husbands and wives did not greatly alter the inter-sex Pb-B differ-
ence {t = 3.54, p<0.001). When the Tead content is referred to the
volume of packed hlood cells instead of the blood volutie, the in-

ter-sex difference is diminished, but still persists (Table 19). e

Table 19. Inter-sex differences of lead referred to whole blood
volume ‘and to packed blood cell volume. Values expres-
sed as 1g/100 m1 of blood and 1g/100 ml of packed blood cells.:

o Pb .conteﬁt o _‘ ' » 'Pb”cnn‘tent

. Pb-B.  _referred to PCV _ Ph-B referred to PCV
Males Femaj’es%“’ﬂaié,é Females |Husbands Wives [Husbands Wives
£ | 121 9.6 | 26.6 23.2| 1.4 95| 253 22.9
SD - 45 3.5 | 9.8 85| .40 4.0{ 9.0 9.9
) 243 256 | 239  255{ 108 108 107 107

e " 6,91 I 4 3.5 | 1.86

e | <0.001 | <0.001 | <0.001 | = 0.06

For the males, no significant difference was obtained between mean
Pb-B values of smokers and nonsmokers. The smokers had a mean value
of 12.8, and the nonsmokers 12.0 yg/100 ml {t = 1.36, p>0.1). As
the female cigarette siokers made up less than 10 percent of the
entire group, it was impossible to assess thé influence of cigarette
smoking on Pb-B levels within this particular group. .

6.4. Discussion

6.4.1. Blood lead levels

On the whole, the mean Pb-B values were lower than those generally
reported in the Iiterature, especially as regards the women. The
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Table 21. Pb-B levels of Pertunmaa males in relation to nature of

activity
— —T SD-
Pensioners | 20 | 103 | 3.5
-Farmers - 125 1.8 4.7
Students* f 22 bo12,7 " 3.3
Lumbermen™* 25 13.4 " 5.8
Others 51 1 12.7 3.8

®  Including 14 students spending 5 days a week in Heinola,
Joensuu or Lahti

X Including farmers doing Tumbering work in wintertime

6.4.2, Dietary lead intake

The daily ampunt of lead consumed was lower than that queted -in
some reports (section 2.3.3.); however, Telan and Elton (1972)
reported very similar values from Great Britain and Kolbye and his
co-workers (1974) have atso calculated a méan intake of the same
order of magnitude. ,By'combari;on, the value of 100 ug Pb/day
for American adult women seems very low (Tepper and Levin 1972).
Nevertheless, it must be emphasized that most estimates have been
reached by the use of different designs of study, and varying
analytical ﬁrocedures, The lack of standardization with respect
to methodology is a serious drawback which obscures any compari-
son of results.

In this study no relationship was detectable between the Pb-B and
the dietary lead intake. This was presumably due to the great
day-to-day variation; a longer recording period would probably
have disclosed the existence of such a relationship.
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: e L -=; Table 20. Differences between individual Pb-B levels obtained
3 : ) in Pertunmaa in 1971 and 1972

Males Females A1 |
N 23 23 4
A% ' -1.04 - -2.57 -1.86 )
45D - 2.12 ' 2.66 2.58 4
i t : -2.36 ~4.62 ~4.73
p ; <0.05 <0.001 <0.001

The figher Pb~B level for men than that for women corrgborates
. A the findings of most researchers (Hofreuter et al. 1961, Ludwig
AT e : et al. 1965, Tepper and Levin 1972), with few -eic.ep:ti;ons (Gold-

R S water and Hoover 1967). The higher Pb-B leve] of males existed
even after correction for hematocrit level, but dimitiished. The
distinct difference between the dietary lead intake of men and
that of women {section 6.4.2.) may account for part of the differ-
ence. Nevertheless, it is probable that the rather marked differ-
ence between the means of males and females of this series arose
partly from inter-sex differences with reference to activities.

The men of this study were over 75 percent manual laborers, most
of whom were farmers. It can be seeh from Table 21 that Pb-B
levels vary, depending on the kind of activity. The least active
group, i.e., that of pensioners, has the Towest mean Pb-B value,
and the lumbermen exposed to chain-saw exhaust display the highest
mean. In contrast, the women were almost exclusively housewives
or students. There 5 thus reason to believe that the association
between age and Pb-B Tevels, found in the male group only, was

an effect of variations with respect to environmental exposure

: - R rather than to age; furthermore, that the absence of a clear
G o seasonal variation for the males was due to the effect of slight

additional exposure, since small farmers arg frequently engaged
in 1umberjng.durihg fall and winter. These¢a3pect$ may account
for at least part of the reported decrease in the tissue levels
of on,people {Schroeder -and Tipton 1968).
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paratively low, and clearly below the 300 pg Pb/day which has
been cdnsidered as the representative mean intake. Since the
atmospheric, 1é1a.,d exposure is very low in Pertunmaa, the lead
Tevels, at least forw{:em‘en reflect the lead absorption from die~
tary ‘seurces. These Pb-B- Tevels are among the lowest ever re-

ported,

‘ T S /';.
The results indicate that the inter-mixture of samples is neces-
sary, even when they are all analyzed in the same laboratory.
Otherwise no giarantee exists. that systematic errors are avoided,
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Since the Tead exposure deri ved from ambient air was negligible,
particularly for the women, it may be postulated that the Pb-B
levels found represent the lowest levels to be expected in groups

‘of thé general population in indusirialized countries.

With the acceptance of an ovénaT]_ gastrointestinal. absorption of
8 percent (Waldron and Stéfen 1974), the daily average absorption
for the population surveyed would be 16 ug Pb/day, with a minimum
of 6 ug, and a maximum of 29 ug. The corresponding daily mean
for men would be 18 pg, and that for women 14 ug daily. Genera-
lization with regard to dietary habits of the Finnish population
is risky, since recent evidence has indicated the existence of
some dietary variations between Finnish urban and rural popula-
tions (Koskirien 1974). Although co-gperative chains distribute

most of the food consumed in Finland, the possibility of varia-

tions within the ¢ouutry with respact to mean Tead intake cannot
be excluded. ’ ’

6.4.3. Lead in ambient air
The Tow concentration of lead found in the ambient air of Pertun-

maa is in accord with the recent study on heavy Metal deposition
in Scandinavia (Riihling and Tyler 1973), which has reported a

wmodest lead content of mosses from Finland, as compared to sputh-

ern parts of Sweden and Norway. The concentrations in Pertunmaa
are of a similar order of magnitude as values reported earlier
from remote rural, non-industrialized areas, (CEC 1972) or even
somewhat Tower.

6.5. Conclusions

From an international point of view the Pb-B levels of the Per-
tunmaa population are low. The dietary lead intake is also com-
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mendable decisiens made with a view to the reduction of lead
pollution are largely based upon results obtained in American
population studies. However, the U.S.A. differs from Europe, and
from Scandinavia in particular, in many relevant respects, such
as. the previous use of lead pi}gment;s_', traffic densi ty; and the

* degree of industrialization. By reasoh of the lack of data from
Scandinavia, 'it‘was decided to study. the Pb-B levels in Helsinki
and the relationship betweén them, and to compare urban and rural-
condi ti.c:‘ri,s, | '

In 1972, Helsinki had about 510,000 residents, i.e., 2,900 in-
habitants per square kilpmet_er’x)-. At the time, the total number
of automobiles registered in Helsinki, according to the holder”s
domicile, was 110,000, of which 100,000 were gasoline-dri venxx-) .
However, the iphabitants of adjacent communes bordering on Helsin-
ki are to a large extent commuters working in the city. When
. these communes are taken into account, the totals rise to
730,000 people, and 140,000 gasoline-driven automibiles, respec~
tively. Finland has no statute pertaining to the maximum con-
‘tent of lead in gasoline. According fo the national refinery,
the addition of lead to gasoline has never exceeded 0.7 g/1
(personal communication, Neste Oy).

X)  gentral Statistical Dffice of Finland

xx) From: Automobiles and Highways in Finland 1973, Finnish
Road Association
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7. BLOOD LEAD LEVELS AND ERYTHROCYTE A-ALA DEHYDRATASE ACTIVITY
' DF SELECTEB POPULATION GROUPS IN HELSINKI

7.1. Introduction

It s now known that traffic increases the lead content of air
B A {Ludiwig.et al. 1965, Thomas et al. 1967, Tepper and Levin 1972,
5 Dbaines et al. 1972, CEC 1972, Gothe et al, 1973). Furthermore,
the 1sotop1c compgsition of lead aeroso1s in air indicates that
the decomposition products of lead alkyl are the main source of
the Tead in urban air (Chow aid Earl 1970), In close accord with
this, several studies have disclosed that exposure to exhaust
' gases increases the blood lead levels (Hofreuter et al. 1961,
Ludwig et al. 1965, Thomas et al. 1967, Lehnert et al. 1970,
Horiuchi 1970, Daines et al. 1972, Waldron 1975). However, it
! is still necessary to determine the concentrations of lead in
the air which will increase the lead absorption to a measurgble
extent. :

The U.S. Enviﬁonmenta]iProtection Agency, following a review of
studles on the subject, has declared that lead levels of around
2 ug/m of air induce a measurable increase in blood lead levels
among adults (EPA 1972). The existence of an association between
Pb-B Tevels and Tead concentrations has been supported by a con-
trolled 18-week chamber exposure study at about 3 ug/m3, which
resulted in a rise of blood lead levels {Coulston et al. 1973 b).
In contrast, Tepper and Levin (197?} have not found any relation-
ship between annual air lead concentrations, ranging from 0.14
t0 4,55 ug/m>, and blood lead Tevels.

Although it is impossible to draw any definite conclusions yet,
measures to Jower the content of lead in gasn]ine have been

adopted by a number of Governments (Campbel] 1973). However,
little is known about the Pb-B Tevels of Scandinavian populations,
and eveﬁ.iess about the probable hazards that arise from the pro-
bable alternatives replacing Tead (Bertin M. et al. 1974). The com-

~ DUP040007276



56-

1 7.2.2. Selection of population groups

The population groups under survey were selected from regions
surrounding the air sampling sites., Two main population groups
-~ were formed in Helginki: a downtown group derived from head post

office emplayees, who both worked and resided within the downtown

oo . area; -and a suburbdn group cgmpr‘i;sin.gvemﬂoyees, store clerks 7
e and clerical staff working and residing within the suburban dis-
o tricts concerned.

In addition, studies were made of two target groups with special

exposure patterns; these comprised 97 streetsweepers, all of whom
" had their working place in downtown districts, and 28 of a total
of 61 traffic-directing policemen operating at the time in Helsin-
ki. -

{o obtai.n contiol groups for the Helsinki series, two rural popu-
'ilati_on groups were selected: one was made up of the 33 men and 33
women parti cipéti:rig;in the Pertunmaa dietary survey (5 Pb-B samples
were 1ost). The other one was formed of 93 female post employees )
from Hagpajarvi and Pyhdjiarvi communes (Fig. 1). The rural coi-
- | . munes of Haapajdrvi .and Pyhdjérvi are both situated about 400
SN ' - kilometers north of Helsinki, with about 8,000 inhabitants and

less than 1,500 automobiles each. The numbers of inhabitants per

square kilemeter is 5.9 for Pyhdjdrvi, and 9.9 for Haapaj‘d-rvix)._,

The corresponding data for Pertunmaa are given in section 6.1.

‘Distributions by age and sex of the different groups are in-
dicated in Table 22,and the smoking habits in Table 23.

X)  Central Statistical Office of Finland
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7.2.  Material and methods

7.2.1. Aerometric sampling

The sampling of air-suspended particulate lead was effected at
four fixed sampling'sites. The downtown sampling site (1) was
situated ‘about 300 meters from the head post office, close to the
‘city railway station (Fig. 2.). Sampling site 2 was situated

in a mixed commercial, industrial. and residential area, sampling
site 3 in the: suburb of Pohgms-ﬂaa,ga, and sampling 4 in the sub-
urb of Otamenn. The equipment, and theé procedures for sampiing
and analysxs are described in sectmn 5;

g j,. A'H‘ samp]mg sﬂ:es 1n Helsmk’x. Samplmg 51te Na. 1=
downtown, Ho, 2 = mixed traffic-industrial-residential,
No. 3 = suburban of Pohjois-Haaga, No. 4 = suburban of
Otaniemi. A = Helsinki main incinerator, B = Tikkurila
lead emitters at a distance of about 10 km from sampiing
site No. 3, € = Haaga 3 Power station, D = lead pigment
plant. K : -
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.. v Table 23 Cigarette-smoking habjts of different urban and rural
: ' population groups.

813 afeié&és dai'i&- _ | ﬁ‘{:ﬁ‘_é'br_ Non-
>20 10—20 x"lﬁ'. cigars. smokers

‘Powntown i ) !
Males 17 42 13 6 | 6 |
Females 1 s 7 | - o2
A | 18 51 20 6 91

Suburban ’ - '
Males 4 9 6 2 16
Females 1 13 12 1 56

- Al ' 5 22 18 3 ‘ 72

Streetsweepers | . o o

Males | 12 20 8 2 44

Females - - 1 - - 10

Al 12 21 8 2 54

|Policemen o s |
. Males | 2 5 3 - 18

Haapajdrvi~ '

Pyhdjarvi i

| Females - 3 LT | 72

|Pertunmaa diet ' ‘

survey ]

Males 1 5 4 | - 25

Females. - | - - 3 | - . 33

A1 1 5 7 1 - | 58
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Table 24. Comparative Inter-Scandinavian check of Ph-B determina-
tion. Values expressed as ug/100 mi

"Rangé of 8 | Present !

Mean of 8 _
ahorats _laboratories | value_

1 ord

Spring | 1 ! w-1 . 17
1972 i S SR 9<% 7

- 5) 't 44 - 61 61 ’
8 8] ~ 93 - 93
87 - 80 - 94 _ 94

Spring | 7 . 5-13 : 12
1973 8 s 5-17 ; 12
] 26 [ 24 - 41 3]

40 38 - 51 ‘ 4
76 ! 74 -104 82

-Table 25. Inter-Scandinavian accuracy check of Pb-B dej;_efmi na«
-tion. Values expressed as ug/100mm]

' Cﬂ éﬁi.aied vames

Lead added | Mean of 8 | Range of 8 | Present
] laboratories{ Taboratories | value
Spring - 38.4 38 { 31-44 -44
| 1972 /A 2 | 67-78 78

| 7 72 { 65-1786 76
7 74 67 - 79 77

Spring | 18- {2 18 - 30 19
1 1973 | A - ! 29-40 - 32
] 68 72 { 66 -93" 70
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7.2.3. Collection of biological data

On choice of the time for collecting biclogical samples, attention
was focused upon;two determining factors. First, it was assumed
that the streetsweepers' springclean of the streets was finished
by the end of Apﬁ 1, and implied a maximum exposure to street dust.
$$c9hd1jy, the DQ%‘Sﬁbi lity of seasonal variation had to be excluded. ,
The streetSweepers were thus examined concomitantly with the down-
town group, half of the suburban group and the Pertunmaa (dietary
surve 3 group frdm‘t};a end of Mayfthr‘oufgh'th,e:end of June 1972,
and the Haapajd ‘ jdrvi group in Rugust 1972. For practical
reasons examinai of the other half of th,é_éubunhan group had

to be bb;st.ﬁari_ed :l_gntji_] dune 1973. The policemen were examined as -
early ‘as in November 1971, however. )

Blood samples were: collected , and Pb-B,ALAD, the Hb, and the
PCV , were determined in the manner described earlier (section
5}. "Pb-B samples were deep-frozen, and stored until all the
samples had been collected by June 1973.

7.2.4. Analytical methods

A1l of the Pb-B samples, except for those of the 29 pplicemen ,
were inter-mixed and analyzed in series made up by proporticnal
amounts -from each group, for the avoidance of systematic errors.
The method error from duplicate measurements was 1.1 ug/100 ml.
The results of the accuracy control program of the eight Scand-
inavian laboratories with reference to the time of analysis of
the Helsinki series are accounted for in Tables 24-25, and the
correspanding valuesbbtained in the comparison provided by the
ASARCO laboratory are given in Table 26. The ALAD assay showed
a method error from duplicate measurements of 18.4. ymol PBG per
titer RBC. The methods applied for the analysis of Pb-B, ALAD,
particulate lead in air, Hb and PCV have been described in
section 5.4.
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of 0.43 ug/mS;. Sg..aisona"i fluctuations are observable in monthly

3 means, with a tendency towards lower values during the summer
months, and achievement of the highest values in the autumn and
winter months. ) G

- . Table 27, Monthly and yearly mean values of air-suspended particu-
late lead in Helsinki: Values expressed as ug/:m3. Numbers
of sampling sites refer to areas as follows: 1 = down- '
town, 2 = mixed industrial-traffic-residential, 3 and

4 = suburban

PR——

mPer‘i‘dﬂ of | S ‘Sémlp]"i:'\g site No.
sampling. ' ] . 2 3 4

1971
Noyember . ' X) - 1.10 0.46
December - 2.20 1,300 { 1.40 0.76

1972 _
January 1.70 1.30 1.20 0.62

February - 1.80 | 0.97 ] 1.50 0.33
: March ' 1.20 - 1.20 | -
April 1.80 0.38 | 0.7 | -
e May 0.74 0.83 | 0.8 -
L= June 0.87 | -0.92 | 0.9 -
July 1 0.68 | 0.58 0.67 | 0.16
August 1.10 0.90 1.02 0.18
September 1 1.40 0.85 71.18 0.47
‘. October 155 1.00 1.13 0.52

LS onualmean | 1,82 | 090 | 1.05 | 0.43

- Xstroke denotes omission of sample

ey
S,
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Table 26, American accuracy check of Pb-B determination in 1972.
Values expressed as ug/100 ml. -

Sample  ASBRCO®) Present |  Sample  ASARCON)  present
| value . value : value value
1 2 12 14 43 53
2 2 1. 15 57 a7 |
3 I - T 16 . 43 56
4 70 . 86 17 8 9
5 54 . 73 T 7 7
6 66 74 . 19 - 8 8
T 57 B4 20 - - 10 8
8 64 77 21 15 S5
- 9 76 79 22 SR 13
10 64 7 23 6 9
o 54 63 1 2 i 12
|12 49 60 25 7. 8
13 - 57 72 ] 2 10 10
A X) american Smelting and Refining Company, Utah, U.S.A.

7.3, Results
7.3.1.Lead in air

Monthly and -annual mean vaiues for lead in urban and rural air are
listed in Table 27. The highest ‘annual mean value of 1.32 ug/m3
was measured at the Helsinki downtown sampling site; this dis about
50 times the rural yearly mean value of 0.025 ug/m’, The monthly
means at- this urban sampling site ranged from 0.68 to 2.20 ug/m3,,
while the rural monthly mean never exceeded 0.06 ug/-m3.. The sub-
urban sampling site 3 displayed a higher yearly mean than did
sampling site 2. ‘The Otaniemi sampling site had a yearly average

DUP040007284
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7.3.2. lead in blood

Table 28 lists the mean Pb-B values of the different population
groups, together with the standard deviations of the means and the
ranges. The:mqst conspicuous feature of the results is that no
subgroup disp}ayedfa mean Pb-B value exceeding 13.5 g/100 ml. The
highést mean: values were found in the groups of policemen and male -
streetswebpers, i.€., 13.5 and 13.3 1ug/100 ml of blood. respec -
~ tively. Both are h1gher than the means. of the other urban male
groups. When the ma]e streetsweepers Were tested far significance
againsf the maie dqwntnwn group, they yielded a t-value of 3.64,
correspondﬁng to a p—vaiue of <0, 001. The level of significance
was similar when tested -against the 5uburban males (t = 4.23,
" p <0.001). No staﬁ1staca11y significant d1fferences were found
’betwaen downtovin aﬁd suburban‘or rural maleés. The rural males had
higher Pb-B vaﬂues’than the suburban males (t = 2.31, p <0.05).
Throughout, the Pb-B values of the fgma]es were Tower than those of
the males. The‘higbes; mean was exhibited by the 11 female street-
-swe;}qp_érs; however, this group was small, and has consequently
DEthnmittgd from the statistical calculations. Surprisingly, the
sdbkrban females exhibited a mean value that somewhat exceeded
thOSe of the other fema1e groups. This diversity was statisti-
ca]]y s1gn1f1cant when tested against the downtown group (t = 2.74,
p <0.01), the Pertunmaa .group {t = 4,10, p <0.001), and the Haa-
paJarv1-PyhaJarv1 group (t = 2.84, p<0.81 ). Only insignificant
differences were apparent between downtown and rural females. For
elucidation of whether any dependence existed between the finding
of unexpectedly h1gh lead concentrations in air at suburban sampl-
ing site No. 3, and the h1gher Pb-B values of the suburban females,
a subdivision was made of the suburban group, Comparisons were
drawn between the p9pulathn Tiving within one kilometer of sampl-
ing site No. 3 {Pohjois-Haaga), and all of the other suburbanites
(Table 29). This cﬁmparfspn revealed that the mean Pb-B value
was higher for the ﬁohjoiﬁéHaaga graup than for the others, and
applied both to malés and to females. The arbitrarily-composed
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Table 31. Significance testing of differences between erythrocyte
ALAD activity Tevels of Helsinki target groups.

Males | Females

O

Streetsweepers vs. downtown |--~9.37 <0.001 | -6.37 <0.001 .
Streetsweepers vs. suburban -5.13 <0.001 | -5.59 <0.001 4
Downtown vs; suburban - | 1.51 >0.1 1.72 =0.08

Table 32. Correlations between erythrocyte ALAD activity and Pb-B
concentration after adjustment of the upper Pb-B limit
at- varying 'Teve’is, ¥ = mean v?iues of ALAD activity,
expressed as umol PBG/h/1 RBC. X = Pb-B mean values,
expressed as pg/100 ml.

Pb-B N | § x 1 r | p

<15 357 1050 10.3 -0.32 | < 0.001
<14 335 1056 10.0 -0.32 | <0.001
<13 306 | 1064 9.6 | -0.32 | < 0.00]
12 281 1078 9.3 | -0.27 | < 0.00
1 281 | 1097 8.9 ~0.20 | < 0.01

<10 197 | 1104 8.4 -p.23 | < 0.001
29 145 1135 7.8 -0.13 | > 0.05

No influence of age on the Pb-B levels or the ALAD activity was de+
tectable among any of the groups in question. This also applied to
cigarette smoking with ‘the exception of the streetsweepers' group,
in which @ difference of Pb-B mean values was found »beifween cigarette
~ smokers and nonsmokers over 45 years of age (Table 33). The differ-
ence was statistically significant at the 5-percent. level (t = 2,37).
The ALAD values showed a s1lightly smaller difference between smokers
and nonsmokers in the older group. No such differences were found

in the younger group, 44 years of ade of less. '
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group of "other suburban" females did not differ from downtown or

Haapajarvi-Pyhdjarvi females, but sti11 had a hi gher mean than the
Pertunmaa females. The Pb~B values among Pohjois-Haaga males and
females are of the same order of magnitude as the Pb-B values of

the streetsweepers.

Table 29. Lead in blood of suburbanites of Pohjois~Haaga, com-

pared to other suburbanites

Wales " Females
Poh_joi's'-ﬂ_éaga] IOthef{Sub?- 'Pohjoiés;—H:aééa Other sub-

e i, Mrbanites , . lrbamites
I 8 28 a7 5
X 13.1 10.0 10.9 9.2

sD 3.2 2.3 3.4 1.9
{ 2.56 , 2.41

p <0.05 : <0.05

7.3.3. Erythrocyte A-ALAD activity

The ALAD values are listed in Table 30. For methodological reasons,
the ALAD values of the policemen were omitted; these had been ana-
‘l,yz,ed‘ before the current modification of the ALAD assay was taken
into use. - The streetsweepers have significantly lower ALAD values
than the downtown and the suburban group, whereas only minimal
differences exist between the downtown and the suburban groups.

The results of significance testing between the groups are indi-
cated in Table 31. The males also had lower ALAD values than the
females (t = 5.55, p <0.001). In this series, the relationship
between ALAD -and Pb-B yielded a correlation coefficient of r =
~0.37 {p <0.001, N = 419, range 4-29-ug Pb/100 ml). Interestingly.
this negative correlation was sti 11 statistically significant when
all of the Pb~B values over 10 1g/100 ml were omitted from the
caleculations (r = -0.23, p <0.001, N = 197} (Table 32).
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from traffic. Dependent upon the wind direction, these sources
may have been: Helsinki main incinerator, at a distance of about
5 kiﬁonie'ters east of Pohjois-Haaga, the Tikkurila lead plants,
s1tuated about 10 kllometers north east of PQths-Haaga, a lead

: so the Tead smelteries in Tikkurila (sec-
t1on 7) may signifi contr‘lbute to the Helsinki Pb-A, and
espema‘lly to that of Peh.]ms-«Haaga

The Pertunmaa male group displayed Pb-B values exceeding thase of
the other male groups of the gengral population. This can scarce-
1y be attributed to dletary vaﬂat‘lons, since the mean of the Per-
tunmaa female Pb-B va;1ugs was, on the contrary, the 'Iowest of all
groups. However, the Pertunmaa ma]e group differs from the other
male _groups in pne respect: they are almpst exclusively workmen,
small freeholders and Tumbermen frequently using mechanical equip-
ment such as chaﬁ‘n saws. This structyral difference between the
groups was u-namjdam'ﬁe, The othér groups of the general popula-
tion has sgtisfahtor){ similar Structurgs-; they were locally stable,
) w,age-earm’vrjig ._g'réitps of approximately gi]ui valent ,sw_‘io_ecmomic
status, spending the entire day in the vicinity of the air sampl-
iing sites, and mostly working at ground fleor or first floor level.
‘There is 1ittle reason to believe that cumbersome random or sys-
tematic sampling:would have offered any advantage over the “chunk"
sampling enipi}oyei;l;, Although dietary differences wight exist be-
tween urban and ‘mra"ly groups, the possibility of systematical
differences within Helsinki i unlikely. The possibility that
the analytical techniques might entail systematic errors was coped
with by the intermixture of all samples, and the introduction of

. similar proportidns from'each group in the analytical runs.

It s probable that women are more suitable than men when it is a
matter of assessing differences between the envirommenta) exposure
of varying-populatipn groups. ~ Although special care was taken to

DUP040007288 -



1
i
1
67
Table 33. Effect of cigaretfe—smbking on Pb-B and erythrocyte
: ALAD activity ‘in Helsinki streetsweepers (Pb~B values
A .eXpPessed4as_ug/100 ml, ALAD as PBG/h/T RBC)
| 45 years of age . | >45 years of age |
| ;"Smokéfgfb':ﬂhﬁhsﬁokéfs" shiokers nongﬁbkérs;
X 12.9 12.5 | 149 12,2
SD 2.8 4.3 5.2 2.9
t 0.30 2.37
_ _ P >0.1 <0.05
ALAD- N 13 15 29 28
’ X . 814 846 751 852
5D 77 254 216 204
t -0.39 -1,82
p

>0.1 =0.08

7.4, Discussion

The most striking result obtained is the low level of Pb-B  found
in all the groups. As a whole, the mean values for the urban and
the rural population groups are about the lowest reported Pb-B
values for general populations. It is, however, difficult to

" achieve a satisfactory degree of comparability to other studies
in the absence of inter-mixing. The analytical valdidity of the
low values will be appraised in the “General Discussion”.

The absence of differences between rural and urban Pb-B levels
also arouses interest. No differences whatever were apparent
between the downtown and the two rural population groups. The
Pohjois-Haaga group exhibited unexpectedly high Pb-B values.

The Pb-A mean values of Pohjois-Haaga were also surpriginsiy
high, approximating to the downtown levels.’In all probability these
are attributable to at least -four lead-emitting Sources apart
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The ALAD assay proved useful in discrimination between separate
groups whose Pb-B levels differed to 2 small but measurable ex-
tent. The negative correlation between Pb-8 and ALAD appeared,
furthermore, to prevail at extremely low Pb-B levels. The ALAD
test i s d-_i-;g;_uased ih more déta'i;} “in ;.s.eéjcion' 10.3.

Ve 7.5. Conclusions

The Pb- B Jevels of all the groups. studfed were low, No differences

were observab]e between Pb-B Ievels of downtown and rural residents
'desp1te the fact that the Pb-A concentrat1ons in Helsinki were 50

‘ times as great The PohJOls-Haaga Pb-B levels were slightly higher

LT R *;f,j_= than the downtown levels, although s1m1]ar1ty was found in the Pb-A
DL TR ' concentrations. The difference may have originated in: 1) chance,
Qf,ié 2) higher exposure to dustborne lead for the Pohjois-Haaga popu-

) lation, or 3) different emitting sources producing particles with
d1fferent characterxstlcs {chemical composxt1on, shape, solubility)
which may affect the rate of absorption (Lawther et al. 1972 a,b).None-
theless, Helsinki traffic alone does not increase the Pb-B levels

- of the general popUIation to an extent that is significant in
practice. The ‘exposure to exhaust gas and dust of the traffic
policemen and the streetsweepers is fOllowed by =2 measurab]e in-
tcrease in Pb-B levels.
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exclude additiona%ZeXpesufg of occupational origin, men seem to .
be subjected to a higher risk of undergoing additional exposure,
probab1y thruugh work or leisure—t1me activities. The Pb-B values
of the Poh;a1s—Haaga females seem to indicate a measurable effect
of Pb-A amouut1ng to about 1 ug/m s whereas the downtown group
did npt exh1h1t any effect of this ktnd Nonethe]ess, it musi be
emphas1zed that tHe‘use of a few f1xed samp]xng dev1ces is an in-
sessment of the: exposurewof an entxre paopu~
lation group ] ore, in popu]atxon studies it is difficult
to cope wx_h interi fdua] arwatlons of d!ﬂtary Tead intake
that mask the n 'uence of 1ow 1ead conceutrat1ons in ambaent air.

The ffn&ing that the'sfreetsweebééE 'had‘ﬁather higher Pb-B8
va]ues is consistent with ear11er reports (Lehnert et al. 1970,
Lorant and Svobada 1973). '

. C%gqretie'smoking was not found to exert any effect upon Pb-B

within the groups of the general population. Only in the street-
sweepers” group over 45 years of age did the smokers show higher
Pb-B values than ronsmokers. No such difference was discernible
in the younger age group. The literatire is controversial on this
poinc, Some jnvgstigators have reported higher Pb-B levels for
smokers than for nonsmokers (Ho?feuter et al. 1961, Ludwig et al.
1965, Tepper and Levin 1872), while others have been unable to de-
tect such an effec; (Lehnert et al. 1967, Daines et al. 1972,
McLaughlin and Stopps 1973). It seems probable that in itself the
‘inhalation of tobacco .smoke does not have a measurable effect on -
Pb-B levels. The differences reported are probably attributable
to the ingéstion of particles from contaminated fingers. . The
occurrence of the difference in the older groups alene presumably
arose from hygienic differences between the age groups, a longer
period of lead accumulation, -and decreased mucociliary activity

of the smokers.
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Ly 8.2. Material and Methods

8.2.1.The Tikkurila area

Tikkurila is a mixed vesidential and industrial area, fifteen

kilometers north of Helsinki. Two secondary lead smelteries, two
storage-battery pigqt_;s, one bat!:é}'y’factory with a small foundry,
along with a ‘g‘roup of so’ldering workshops ., oberate within this

aréa (Fig. 3). The arable Tand close to lead smelter A (Fig. 3)
belongs to the. Govemment Agmcu’l tura1 Research Center, whose in-
vesti gators found 'm 1970 that the snow, and the needles of conifer
trees, had an exce “mna]]_y h1gh Tead content whmh markedly in-
creased as the sme ery was approached (Lakanen and Ervid 1971).

“.e,d‘ heavy lead pq]]utmn of the soil sur--
rounding the smeltery (Ervis and Lakanen 1973).

Smeltery A was founded in 1935. From 1950, whén the filters went
out of order, until 1970, the smoke discharged from the furnaces
was not purified. The amount emitted in 1970 was estimated by
the plant management to be 22 tons, expressed as metallic lead, :
on the basis of the amounts regained after the installation of
purification equipment <in 1971. This amount is equal to 25 per-
cent of the calculated total emission from Helsinki trafﬁc
(Mattssan and Jaakkola 1974)

8.2.2. Target population

Random sampling of the population over fifteen years of age, and
Tiving not further than four kilometers from either one of the
smelteries, was carried out in the spring of 1970. The 621 per- i
sons so selected were invited by letter to participate in the '
study; of these, 334 responded, and were examined between June
and November 1970. A1l those with even the slightest present or
previous occupational exposure to lead were excluded from the
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8. BLOOD LEAD LEVELS AND ERYTHROCYTE A-ALA DEHYDRATASE ACTIVITY. .
IN RESIDENTS AROCUND LEAD EMITTING INDUSTRIES -

It is well documented that lead smelteries contaminate the soil, ,
air, water, and plants around them (Alloway and Davies 1971, Kerin P
et al. 1972, Kerin 1974). When this study was planned, the data
1nd1cat1ng an increase 1n the lead absorption by people living in

such vi cinfties was scanty (Oyanguren et al. 1966). More recent ,
studies have repor’qed mcreased absorption 9n populations livi ng -;%‘;
near lead—emttmg nndustmes, as has hecome evident from rises '
in the Pb-B and Pb-u (Bauruc et a] 1971, ‘Secchi et al. 1971,

Martin et al. 1974,,Un1vers1ty of Toronto 1974) and from the in-

creased ‘4ead excretpon followi ng provocation with CaEDTA (Djurit

et al, 1972) Extr‘eme conditions have increased the excretion

of ALA—U into the urlne (Djurig et al. 1971). This is of partic-

'ular 1mportance, asi ALA-U is a parameter ‘of Tead toxicity. Further-
more, the increase Mn ‘this parameter does not become measurable '

until the Pb-B mses above 40-50 pg/100 ml {Selander and Cramér

1970, Tola et al. 1973) " No daj:a on ALAD of populations Tiving

near lead smelter1es were ava11able when the present study was

startedi However t¢‘qudge friom the negative correlation obtained

between Pb-B and ALAD of occupationally unexposed subjects [Hern-

berg and Nikkanen 1970), it seemed Tikely that the ALAD assay

would be -s_uffi,cientw sensitive to reflect the anticipated differ-

ences in Jead expdsﬂhg of the population Viving 4in an area

characterized by industrial lead poliution.
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Table 34. Distribution of the Tikkurila series by age and sex..

Age | Males | Females | Al
15-24 | & | 4

125 - 34 { 17 26 43
35 - 44 29 -39 68

%5 -5 | 24 - 58 .
| 55 - 64 20 | 25 z 45 <
: | 65 or more | 7 21 34

w1 [ @ | |
: Table 35. Cigarette-smoking habits of Tikkurila population

V._Ci_gar;ét_::tgs daﬂy 1 P‘IPEOY’  Nom-
>20 10-20 <10 - cigars smokers

_ Males - 11 21 14 ] 3 T 67
Females - 16 12 - ] 149
1 3 2 3 | 216

8.2.3. Methods

" The procedures of collecting biological samples and the analytical
methods have been described in section 5. Pb-B analyses from Tik~
kurila survey showed 2 method error of duplicate determinations of
2.0 ug/100 ml, The results of the Inter-Scandinavian accuracy
control of the Pb-B assay are listed in TabJe 6. The method con-
trol performed by the ASARCO Taboratories at the same period of
time is accounted for in Table 7. At that time new spiked stand-
ards were prepared every third month, The ALAD determinations
displayed a method error of duplicate analyses of 36 umol PBG per
Titer RBC. '

DUP040007295 .



73 .
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:Figf_B, The Tikkurila area. A and B = secondary lead smelteries,

C = battery factory with a small foundry, D = accumulator
plant, £ = soldeiring workshops, F = accumulator plant,

6 = Agricultural Research Center. The i§op1eth'numbers
are equivalent to monthly dustfall Jead within the marked
‘zones, expressed in grams per 100 mz,

study. In all, 16 persons were omitted for this reason, along with
a further 25 persons for other reasons such as clotting of the blood
sample, or their moving from the district, Of the remaining 293
persons, 121 were males, and 172 females. The age distribution is
presented in Table 34. In all, 30 males and 23 females were work-
ing outside the district, while 91 males and 149 females were both
residing and working within it. Of them, 12 males and 62 females,
mostly housewives and pensioners, spent the whole day at home. The
major part of the population studied (239 persons) was made up of
inhabitants-Tiving around smeltery A, The cigarette-smoking habits
are indicated in Table 35.
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0.07, p>0,1). 1If only the 59 subjects 1iving around smeltery A
and spending the whole day at home are included, the correlation
between Pb-8 and the distance is even stronger {r = -0.62, _
p <0.001), as is observable from Fig. 6. The correlation of ALAD

: mth the distance in 1;'5“"‘1{5 graup ‘was of the same magnitude as that
for ‘the entire population (r = 0.28, p <0.05).

8
[}

I Log y= 1.7649- 01913 Iog x2 0.1230
- rz=0,41 ' A
__P<0.001 -

Fb-B, ug/100mi
{Log. scale) -

X+2:SD

» ~ X
10}~ -

E I
T T ~~X-28D

=] I M IR A I I 2 T I I |f'l
100 500 1000 5000
DISTANCE FROM THE SOURCE, meters

(Log. scale)

Fig. 4. Correlation befcweén blood-lead concentration and distance

of habitation from the emitting source {smeltery A).
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The dustfall lead survey was effected in Tikkurila between October-
6th and November 6th.. The dustfall was sampled by 80 collectors,
spread over an area of 40 square kilometers. Arbitrary isopleths
for total leadfall were drawﬁ. and the Pb-B and ALAD results were
correlated to the so—formed zongs represent1ng vary1ng degrees of
Teadfall. The 1eadfa11 1sop’ieths are illustrated in Fig. 3.

“In the handling of the data, consideration had to be given to the
neighborhood of lead smelter B being sparsely inhabited, with
practically no settlement within one kilemeter of the chimney.
COnsequently, the 54 persons fmm tms ne1gborhood are included gt
merely in those calcu]ations in wh1ch the d1stance to the emitting '
source was not an essent1a1 feature. They have also been omitted
from the correlat1o%s between blood lead concentrat1ons and total
leadfalt.

Logarithmic transformation has been applied for caleculation of
the means and standard deviations in view of the skewness of the
distributions.

8.3. Results.

Lead smeltery A exerted a distinct effect on the Pb-B's of the
surrounding population; <this is apparent from the negative cor-
relation between those values and the distance of habitation from
the emitting source (r =-0.41, p <0.001) (Fig. 4). This effect
was more pronounced in the females {r = -0.49, p <0.001) than in
the males (r=-0.23, p <0,05). The increased average lead ab-
sorption in people living near the smeltery was accompanied by a
decrease in their erythroqyte‘ALAD activity. However, Fig. 5
indicates that the correlation with the distance from the source
was weaker than that for Pb-B {r = 0.21, p <0.01). The correla-
tion was, furthermore, almost entirely attributable to the fe-
males (r = 0.28, p <0.01}, since, on an average, the ALAD values
of the males were similar irréespective of where they lived (r =
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N € | Log y=1.8880-0.27421ogx ¢ 0.1203
o - r= -062
[< Ry Py
bl P<0.001
.5 50— e
= 4 1 '
a9 |
ad F .
‘ {+SD
10p-
. -8D
NS AU SO Y U T 5 SO TS PR BN |

TS} T— : :
100 500 1000-. o 5000
DISTANCE FROM THE SOURCE, meters
(Log. scale)

Fig. 6. Correlation between blood-lead concentration and dis-
tance of habitation from smeltery A, as concerns only
the 59 subjects who spent the whole day at home.

The means and standard deviations of the Pb-B's and ALAD activi-
.ties in the whole population have been tabulated in Tables 36 and
37, The mean Pb-B for men is higher than that for women (t = 7.02,
p <0.001}. A statistically significant negative correlation be-
came evident between the Pb-B and the ALAD values (Fig. 8). The

. correlation was of the same order of magnitude for males (r =
-0.32, p-<0.001) and females {r = -0.34, p <0.001). No relation-
ship was found between Pb-B and age. Smokers had slightly higher
Pb-B values than nonsmokers (Table 38 ). Only males are included
in view of the small -pumber of female smokers available.
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y=347.5+ 21365 log x£ 273.0
o ra021
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ALAD, jimol PBG/h/i.RBC
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Fig. 5. Correlation between erythrocyte ALAD activity and dis-
tance of habitation from the emitting spurce {smeltery A).

The results of the dustfall survey are presented in Fig. 3., in
which the isopleth numbers are equivalent to monthly dustfall lead
in grams per 100 mz. The dustfall lead markedly increases on the
lead smelteries being approached. A statistically significant
correlation is obtained when the Pb~B's of people 1iving in the
different zones, defined by the isopleths, are correlated with

the monthly dustfall lead within the corresponding zones (r =
0.32, p <0.001). The correlation is visualized in Fig. 7 .
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Table 36. Blood-1ead concen.trati_ons m 293 inhabitants of the
Tikkurila area. Values expressed as ug/100 ml.

: " S—— _..,i...v..,. o .

F45D

Males
{Females

121 181 | 13.6
172 143 ] 10.8

244
19.1

[Total

w3 | g | oms

21,5

Table 37. Erythrocyte ALAD activities -in 276 inhabitants of the

‘Tikkurila area. Values expressed as wmol PBG/h/1 RBC.

. _,_,A.i.“_“.

ngvi>' —

Males

Females

ns 948
161 1031

ol
284

[Total *

: 275 . S— .HQQSA -

281

T.a_b']:e 38 Effect of g:i;gahette-smo_kiﬁg on Pb-B Tevels of the

Tikkurila population. Values expressed

as ug/100 ml.

[§ >.ZO c1garettes ‘

T smokers
aday

Nonsmokers

T oo T o o=

1 46
21,4 19.1

e i e 2,43 ceeae-

= e 2 g o i S — <0.05 —

:_-.-;-u--iuﬁ-.‘ 1.75

SOSE—, )"

- o g o e e

o i o v e g e
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" " that the study was accomplished after the -installation of pyrifi=
: cation devices at smelter A; the Pb-A levels were thus presumably
even higher in 1970.

Moreover, the 11kkur11a survey d1sclosed higher Pb-8 values for

males than for fema]es. w1th1n thlS populat1on, however, the mag-

nitude of the d1fference may have been affected by certain fea- -
-"tures of the mater1a1 For 1nstance. smokers, and heavy smokers

in part1cu1ar, whg in th1s study d1sp1ayed slmght]y higher Pb-B

values than nonsmokers were mpre frequent among the men. Further-

more, tue mean dnstance to the em1tt1ng source {smeltery A) was

880 m far the femaIES, and on'ly 760 mfor the males. Bpth factors

wcu\d tend to 1ngrease the d]fferences between the Pb-B levels of

men gnd‘wgmen, Moreover, if lead content is referred to the PCV

instead of ta whole blaod, the 1nter-sex difference is diminished

from 18 (males) end!]4 (fema]esg ug/]oq ml. whole blood to. 39 and

34 ug/100 m] packed biood cells, respectively.

From the kesults obtained in this_study; it is obvious that the
e : lead pollution brigjnating from the lead smelteries may be suffi-
ciently heavy to Tncneeée'the Tead absorption of the surrounding
population to a measurable extent.
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8.4, Discussion

Both the dustfall lead and the Ph-B measurements confirm that under
certa1n cond1t1ons the popuiatlan 1iving around 2 lead smeltery
;may be subaected.to ]ead exposure that definitely exceeds “normal®
'rural or suburban leVels, and that the exposure is increased when
~ the em1tt1ng source is approached. The fact that a negative cor~ -
relation was demonstrab]e betwaen the distance of habitation and
Pb~B, 'stresses that smeltery A was a heavy po?]uter indeed, since
other c1rcumstauces tended to, weaken such 2 relat1onsh1p First,.
smg]tery A was not the -only spurce. of 1ead pollutien. Several 2
~ other 1ead-em1tt1ng piants are 1ocated in the district, and in
_add1t1on, h1ghway andAQrdlnary suburban traff1c contribute to the
tota1 amount of: pollution. 52cond1y, on]y part of the peop]e

spent most of their t1me at homg, or even within the district,

This was prqbabTy the more 1mportant factor, and explains why the
use of month1y dustfa]l lead. zones as a reference, instead of the
d1stance of ha, tat!on, did net greatly improve the correlat1on

The same explanation is apparently also valid in regard to females
having stronger. corre1at1ons than males between the Pb~B and the
distance of habvtatlon from smp]tery A; of the 59 persons Tiving
around that smeltery, andAspend1ng the wholé-day at home, 49 were
women. When consideration is limited only to those‘spending the
whole day at home, a substantial improvement is observable in the
correlation between Pb-B and the distance.

”

The increased lead exposure was nct'oniy eyident as a rise in Pb-B;
a partial inhibition of the ALAD activity was also demonstrable.
The dose response effect forr ALAD was not so marked as that for
Pb-B, however, and was demonstrable -in women only. For technical
reasons the Pb-A in Tikkurila ¢could not be measured. However, a
study conducted in 1973 on particulate lead 1n the air at Tikku-
rila showed a maximum monthly mean of 6.4 ug/m of air in the
vicinity of smeltery A. The mean concentration for six months

was 1,8 ug/m3 {Vornamo 1974}, It must, however, be emphasized
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9. COMPARATIVE RESULTS

The results obtained in the separate groups have been combined with
a view to the achigVement of greater clarity. Table 39 illustrates

the annual mean Pb- ~A levels of different rural and urban dir. sampl- |

ing sites. The downtown s,amphng site exhibited a yeariy mean 50
txmes as great as the rural mean. The Towest annual mean in Hel-
smk; was abtained at th_e suburban Otaniemi sampling si fe; this
value exceeded the rurdl mean to the extent of nearly 20 times.

Table 39. Annual mean conc‘entrat'inhs of ai r-suﬁpended particulate
lead at urban and rura} sampling sites. Values ex-
pressed as ugjm . He‘l._sm,h sampling site numbers refer
to areas as follows: 1-= downtown, 2 = mixed industrial-
-traffic-residential, 3 and 4 = suburban

Sampling site ' Annua] mean
Pertt}nm_a@ : ‘ 0.025
Helsinki 1 1.32

2. 0.90 .
3, 1 1.05
4 T 0.43

The cumulative percentage distribution of Pb-B values of men and
women are presented in Figs, 9 and 10, respectively. The female
streetsweepers have been omitted from the figure, in view of the
smallness of the group. The distribution curve of the Tikkurila
grbup shows the most apparent difference from all-the other groups,
‘throughout revealing Pb-B levels that exceeded, at a statistically
highly significant ]eve'l all of the Pb-B levels disclosed by the
other groups (Table 40). The testing of significance between the
groups was done by means of the Kolmogorov-Smirnov test, because
of the skewness of the Tikkurila distribution. In general, the
skewness of the distribution increases with increasing Pb-B values.
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o not been taken into account (Nozaki 1966), and the shape and the

chemical composition of particles may highly alter the figures of
absorption (Lawther et al. 1972 a, b). It can be seen from Table
41 that the total daily intake of lead is distinctly below the
n . provisional tolerable weekly intake of 3 mg per adult person pro-
posed by the Joint FAO/WHO Expert Committee on. Food: Additives (FAO/
WHO 1972 ). ' :

Tdble 41.  Daily lead intake and absorption at an annual mean air
lead concentration of 1.3 ug_/m3a Values expressed as
micrograms of lead.

| Daily intake | Daily absorption

Source 4Mea1‘n B Range R | '.Me'an “R,ange »

Food | 169 71-310 | 14  6-2

Beverages ) 35 4 - 116 3 trace® - 9
Air 0 - o33 7 4 - 12

TotaT | 228 86-459 | 24 1D -46

* Trace denotes <1 ug

The hematocrit values for all groups are given in Table 42. Ho
inter-group differences of statistical significance existed. The
mean hematocrit values for men ranged from 45.5 to 46.2 percent,
and those for women from 41.5 to 42.4 percent. The hemoeglobin
mean values (Table 43) varied between 14.4 and 15.5 g/100 ml for
men, and between 12.9 and 13.9 g/100 m] for women. The hemoglobin
values oF the Tikkurila males and females being significantly
Tower than the others was considered to be due to systematic errors
of the analyses; this group was the only one analyzed by non-
-professional laboratory personnel. A true difference between the
groups seems less intél]ig‘ibié, :

2. - . .
S, "

T <
.
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Table 40, Significance testing for the Tikkurila Pb-B levels as-

éompared-to other population groups.

" Males o Females
D P b p
Tikkurila vs.: - " ‘ 7

Streetsweepers | 54.3  <0.001 | 47.17 <0.05 \
Policemen 1 50.2 <0.001 - =
‘Downtown - 64.0 <0001 -} 71.0  <0.000
Suburban 74.3  <0.001 | 56.1  <0.001
Pertunmaa 57.9  <0.001 | 51.5 <0,001
Haapajirvi- . - - 70.1  <0.001
Pyhdjdrvi ' ’

The Helsinki downtown population was subjected to the highest con-
centrations of lead in ambient air. An attempt has been made to
estimate the total daily amount of 1eéh absorbed by this popula-
tion group, taking into account the lead inhaled from the air, and
ingested with food and beverages (Table 41). In view of the great
number of meals eaten outside homes, and the voluntary partici-
pation of entire households being a prerequisite, a dietary study
in Helsinki, idéntical with the Pertunmaa survey, was considered

“to be impracticable. Thus the assumption was made that no im-

portant differences existed between urban and rural dietary Tead
intake. A gastrointestinal absorption of 8 percent, and anAaverage
amount of inhaled lead reaching the blood stream of 37 percent at
a respiratory rate corresponding to a daily 15 m3 of air, were
applied. The Pb-A concentration used in the calculations. was 1.3
pg/ms. The .calculated mean absorption of about 24 pg Pb/day is
distinctly lower than the values obtained by Kehoe (19613} and
Schroeder and Tipten (1968). However, it should be emphasized
that the value conceals large inter-individual variations with
respect to absorption (Hursh and Suomela 1968); furthermore, the
degree of physical activity altering the respiratory volume has
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10.  GENERAL DISCUSSION

10.1. Validity of the Ph-B assay

When this study was begun, the Pb~B assay was known £o be vulner-
able to systematic errors. As interpretation of the results would
be completely dependent on the validity of the Pb-B assay, great

~care was taken to ensure its accuracy and precision throughout the

work (section 5.4.). The precision appeared to be on a high level
during all of the surveys. The metfiod error of duplicate measure-
nents~regpkted by the Taboratories (1.1 pg/100 ml), somewhat lower
than that noted for a set of 26 duplicate samples analyzed unbe-
known to the laboratory personnel (1.7 ug/100 ml), is consistent
with the findings of Berlin and his colleagues (1974a),who suggest-
ed that laboratories tended to reject outlying results when re-
porting. AjT.Qf the Pb-B values reported here were mean values

of two parallel determinations; if the discrepancy between dupli-
cate measurements exceeded 5 ng/100 ml, the analyses were repeated.
This procedure probably accounts for the differences referred to
above.

In regard to accuracy, it is observable from the Inter-Scandina-
vian comparison corresponding to the period of the Pertunmaa Pb-B

study (Table 6) that at the time our method showed somewhat higher

Pb-B values than did most of the other laboratories; our values
were systematically higher than the mean values of the‘a_ﬁartici—
paﬁing laboratories, and furthermore with several samples our
values-were the highest of all. The agreement between results
obtained by the ASARCO laboratories and those of the Institute
of Occupational Health was much closer than is usually found <in
inter-laboratory comparisons (Keppler et al, 1970, Berlin et al.
1972, 1974 a)(Tables 7 and 26). The accuracy control of the period
of the diet survey and the Helsinkj and Haapajirvi-Pyhdjdrvi
surveys also shows that our Pb-B values were slightly higher than
the mean of the Scandinavian laboratories and the ASARCO labora-
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‘_‘f@b]_e:_i}z. Hematocrit value of different urban and rural population
groups '

N ‘ X SD ) r.ar_xgé

Tikkurila . | :
Males . . . 113 .. 45,7 2.8 | 38-53
- Females 166 | 41.8 2.6 | 36-50 }
Helsinki _ _ -
' Males . 182 . 45.8 | 2.8 38-54
Females _ 121 41.8 | 2.5 | 33-29
Streefc_sweepers_ - . . ‘
Males 8 4.1 | 2.8 | 3852 |
Females ooom 42.2 2.1 38-46
Traffic policemen . | . ,, | : -
- Males . 28 46.2 3.2. 34-51
Pertunmaa o | .
.  Males ' 239 45.5 3.5 36-57
L 7 Fenales 254 m.8 | 3.5 | 27-57 |

¥

"T_a'bl‘_e 43, Hemoglobin concentration ~of' different urban and rural
population groups, Values expressed as g/100 ml.

N X SD range |

* Tikkurila
Males 13 4.4 | 1.0 111.3-16.6
Females 1 166 12.9 0.9 |11.0-16.2

Helsinki ] :
Males ] . 182 5.3 | 1.1 {11.9-18.0
Females 120 13.7 1.0 |11.3-15.9

Streetsweepers : | . )
Males . 85 15,4 1.0 [13.0-17.5
Females ST 13.9 | 0.6 [12.6-14.6

Traffic policemen ' .
Maies 1 28 14,7 1.2 {10.0-16.1

Pertunmaa | '
Males 240 15.0 1.2 |11.9-18.6
Females . 254 13.4 | 1.2 ] 6.3-17.7

- f
A 4
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within the biclogical guide proposed by Zielhuis (1974), and below
the maximum é}lowable individual values suggested by both Zielhuis

(1974) and the U.S. Environmental Protection Agency (1972) (See
section 2.5. 1') Only one person, 11v1ng at a dastance of 100 m
from phe ch1mney<pf‘one of the Tead smeiter1es, had a: Yalue that
exceeded the proposed limit of 40 ugi 00 ml. The narrow range ob-
tanned in this study was probably d to the snrupu]ous omission
of ail subqects thb possible gecupational exposure.

10.3. The ALAD assay in population studies

- The sensitivity of the ALAD test has been established by many in-
. vestigators (Bonsignore et al. 1965, DeBruin and-Hoolboom 1967,

Hernberg et al. 1970, Haas et al. 1971, Haeger-Aronsen et al.
1971, Millar et al. 1970, Tola 1973). Moreover, it has repeatedly
been shown that the specificity is high (Hernberg and Nikkanen
1972), and the accuracy and precision are good {Berlin et al.
1972, 1974 b), 1t has -been suggested that the ALAD assay, by
virtue of these characteristics, would be suitable for population
surveys (Hernberg et al. 1970, Berlin et al. 1972, 1974 b, Berlin
and Schaller 1974). Despite the exceptionally low Pb~B levels
found in the present study, the ALAD assay appeared to be suffi-
ciently sensitive for discrimination between most groups in-which
the Pb-B levels differed at a statistically significant level.
The ALAD test failed to reflect only the differences found be-
tween the downtown and the suburban females, and differences
between the two suburban groups (section 7.3.3.). When the study

“was initiated, no experience had been gained of ALAD from popula-

tion studies, but during its course some researchers reported on
their experience in population studies where the ALAD test has

been employed. Secchi and his colleagues, for instance, have

successfully applied the ALAD test in studies on varying popula-

.tion groups subjected to different degrées of environmental lead

exposure (Secchi et al. 1971, 1972, . Secchi and Alessio 1974).
The Pb-B levels of those population groups from Milan, or
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tor1es, although theiagreement was close, especially at low Pb-B
levels (Tables 24- I can be concluded that, if anything, the
values reported ‘ :e of Occupational Health were sys-
temat;ca]ly a Tittle h1gher than the mean values of the reference
1aboratcr1es

- 10.2. Blood lead Tevels in Finland o

The mean Pb-B levels found in the target groups selected to re-
present the Fisnish gdeneral population were throughout among the
'1owest éver reported {Hofreuter 1961, Ludwig et al. 1965, Holmqvist
1956 Lehnert et al. 1967, Horiuchi 1970, Tepper and Levin 1972),
together with values obtained for smaller groups from Southern
Sweden (Haeger-Aronsen et al. 1971) and Denmark (Nygaard et al.
1973). Goldwater and Hoover (1967) have also reported relatively
low values for some population groups. The low values reported
here can shafce]y be attributed to systematic Errpré,-since the
* values were too high rather than too ‘low, as compared to the

techniques of the reference laboratories.

The only population groups in which urban pollution became evident,
as reflected by elevated Pb-B values, were the streetsweepers and
the policemen, both of which experienced more exposure than other
populations. However, consistently with all other categories, the
streetsweepers® values were comparatively low; they were thus

only about one half of those ireported for streetsweepers in Frank-
furt a.M. (Lehnert et al. 1970) and Vienna (Lorant and Svoboda 1973).
The Pb-B values of i5 traffic PD]iceﬁEn in Stockholm have been
reported to be of similar order of magnitude (Gdthe et al. 1973).

The inhabitants of Tikkurila exhibited a distinctly higher lead
absorption, which was closely correlated to the distance of re-
$idence to the main source of emission.

Nevertheless, it can be concluded that all of the separate groups
surveyed displayed percentile distributions of their Pb-B values
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An important feature of the results was that the negative corre-
lation between Pb-B-and ALAD was statistically highly significant '
{p <0. 001), even at Pb-8 levels of 10 yg/100 ml or below. This
has a bear1ng upon the questlon of whether or not a threshold
exists for the 1nh1b1t10ry effect of Pb-B on ALAD act1v1ty. Both
the toncepthn of a thresho]d and that of a non-thrgsthd have
their gdvgcaﬁesy‘ qugv§r, whgther a threshold is obtained or not
seems to be a question OF the sensitivity and precision of the
methods applied. '

In the ccﬁpakison‘of épvﬁronmgnta] é{posure,the.Rb~B technique
applied currently is the most straightforward method, although it
calls for;aﬂyanced eqpipment and skilled peréonnel, On the other
hand, the ALAD assay is less expensive, Jess exacting and has a
higher inter-laboratory comparability than has the Pb-B method
(Befliﬂ et al. 1972, 1974a,b)The only important drawback of the
ALAD method is the lack of stability, which means that the ana-
lyses should be performed within five hours of sampiing (Nikkanen
et al. 1972). According to the experience gained in this study,
the ALAD assay appears to be a useful epﬁdemip]ogica] tool for
comparison of gnyirthental lead exposure in variouS‘populatjdns4

10.4. Preventive neeqs for Finland in the Tight of the present
study

The results presented here do not indicate any effect of traffic
alone on lead absorption by the general adult population. Although
the streetsweepers displayed an 1ncrease in absorption as did the
policemen, they cannot be ranked in the same category as the gener-
" -al population, as they are subjected to additional exposure to air-

and dustborne lead. Even so, the rise in absorption was very small.

The relatively higher Ph-B values of the Pohjois-Haaga group were
fmost probab1y attributable to additional exposure derived from

lead~emitting sources other than traffic. This opinion gains sup-
port from the study by Mattson and Jaakkola (1974), who calculated
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the rural neighborhoods of Milan, however, were higher than the
commonly reported levels for general populations {see section
2.5.1.). Also, Lob and his co-workers were able to discriminate
between a rural and an urban group of schoolboys by emplqyment of
the ALAD assay The mean Pb-B values nf the two groups were 18.9
for the rural, and 22.2 pgliﬁo ml for the urban group {Lob et al.
1972) In contrast, Kennedy and his col]eagues (1972) did not
dmsgoyer any‘rg]gtlcnsh1p between ALAD activities and Pb-B values
below 25 ug/100 ml. Valloton and his co11eagues {1973) could not

.estab11sh @ s1gn1f1cant correlat10n between Pb—B 1eveis and ALAD

activities in people unexposed th lead by profession; nejther did
Cou]ston s team find ‘any inhibition of ALAD in their 18-week
chamber exposure study at-3. 2 1g Pb/m of air,. although a distinct
e]evat1on of the Pb-8 1eve1s occurred However, in an identically
desidned study at 10,9 ug Pb/m of air, a distinct inhibition of
the ALAD activity was nated {Coulston et al. 1973 a, b ). These
seemlmg.dlscnepangjes are probably a;tr1bu¢ablg-tOfﬁéthodplqgica1
aSpé}:ﬁ::s_. Close correlation between Pb-B and' ALAD necessarily calls
for extremely high precision and-sensitﬁVity in both methods.
These aspects become even more imporﬁant when the raﬁge of varia-
tion is very narrow, as i§ the case in studies of the general po-
pulation. The validity aspects of the Pb-B have already been dis-~
cussed, and will not be repeated here. In regard to the ALAD
assay, the most importamt feature is standardization of the pH
value, which presypposes ‘a stable buffer, 'Furthermore, all of the
researchers referved to above used a pH of 7.0, which according to
Nikkanen and his co-workers {1972) is 1gss_sens1t1ye than the 6.8
employed here; however, the highest correlation coefficient was

found by Nikkanen.and his colleagues at a pH of 6.4. With a view -

to the cOmparabi]ity betwegn Jaboratories, it thus seems reason-
able to recommend the standardized ALAD assay suggested by Berjin
and Schaller (1974) for future population studies; the method
employs a pH of 6443 and has been specially developed to suit Jow-
-level exposure to environmental lead.
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Tead additives in gasoline cause impairment of the effectiveness
of such equipments; thus, further aspects favoring a reduction of

19?;3;). Regardiess. .of the .so}&tinn that is chosen, the reduction of
lead additives will be associated with high costs. The first ob-

vious step towards & reduction of atmospheric Tead pollution should
acngrdjngfi_y_ be directed towards 'Ehé nione easily controllable pollu- -

tion that Qr;:ijginat;éfs i lgadeprpg:essi‘ng plants, incinerators, power <
~stations and other coal-burning: manufacturing establishments.
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“a dispersion into the Helsinki air of about 10 kg Pb/h from traffic,
and a total of about 3 kg Pbsh from the Helsinki main incinerator
alone. '

Since in principle all surplus 1ead'ekpo§uré should be avoided, re-
duction of the 1aad.con;enta6f gasoline is a praiseworthy measure.
Nevertheless, thé results reported here indicate that the problem

K4

7
seems much less urgent in Finland than in countries with high popu-
Jation and traffic defisity. The elimimation or the reduction of

lead additives will lead to lower-gctane gasoline, or necessitate

the maintenance of octane ratings by someé substitute, or substi- ;ﬁ
tutes, for lead. | Lower-octane gascline requires lower compression
ratios, which signify a loss in engine performance, and an increase
in gasdline consumption; this is an undesirable consequence against
the background of .gngngy crises. A loss in ‘per'f‘crmance would in
particular affect the relatively small,nignly-tuned European cars.The
means to preserve the octane r'atings by other additives will thus
assume major impartance. The easiest and Teast costly way would

be that of incredsing the content of aromatic hydrocarbons (Boddy
1972, Campbell 1973).  Unfortunately, the coentent of aromatic
hydrocarbons in European fuel is already higher, for instance,than
that in the U.5.A.

The implications connected with an increased content of aromatic
hydrocarbons in gasoline are probably even more obscure than the
continued use of lead. Berlin, Gage and Johnson {1974) have re-
viewed the Tikely consequences of such an increase. An ‘increase
of . potentially carcinegenic polynuclear aromatic hydrocarbons in
ambient air would occur. Probably, an increase of toxic products,
such as eye-irritating ones, would take place as a result of the
photochemical reactivity of a number of hydrocarbons. 'More_over,
a subsequent increase in -the benzene content would introduce an
occupational risk for all -those involved in the handling of the
gasoline. Although the emission of hydrocarbons can partly be
controlled by the use of catalytic exhaust-treatment devices, the
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men displayed a mean of 13.5 ug/100 ml, indicating a slight in-
crease in the lead absorption.

‘No effect on Pb-B levels of traffic alene was detectable within

the general popyhatihn’. thus, no l.si:aj.isti cally significant differ-
ences were found between ﬁQWntoﬁn*and.rﬁrallcr suburban Pb-B levels.

The observation that the thjois-ﬂaagﬁ subufbanitiesudisciosed higher
Pb-B levels than did other suburbanities indicates that factors . 7
other than traffic should be borne in mind in assessment of the
efféct.qf traffic on Tead ‘absorption. :

The mean Pb-B of 293 inhabitants of the Tikkurila area, at a statis-

. tically highly significant level, exceeded the means of a1l the
other groups. A ‘d;iStim,:i' correlation was apparent between the dis~
tance of haﬁi;atipn from the emitting source  a secondary Tead
smeitery) and the Pb-B levels . The rise in Pb-B pn approaching
the emitter was accomparied by a decrease in the erythrocyte ALAD
activity. Similarly, there was established a correlation between
Pb-B levels and the monthly dustfall lead within the area.

The age per se was not found to have any relationship to the Pb-B
level. An effect of cigaretté-smgking pn Pb-B levels was estab-
“Tished only in the Tikkurila male population, and the streetsweep-
ers aged 45 years or more, indicating that probably factors other
than the inhalation of,cigarette smoke itself may explain the de-
tection of higher Pb-B values in smokers than 1in nonsmokers. Men
‘in each -.separa.té group had higher Pb-B levels than had women. This
difference was not entirely attributable to the higher hematocrit
value of men. The distinctly higher dietary-lead intake for men
than that for women probably accounts for part of the difference,

The usefulness of the ALAD assay was eva1uated~within'the‘cempass
of the Helsinki and Tikkurila surveys. The ALAD assay proved use-
ful and reliable in the discrimination between separate groups
whose Pb-B Tevels differed to a small but measurable extent. The
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11, SUMMARY

The Tevels of lead in the blood of the adult general population in

Finland were determined during the period June 1970 - June 1973.

The popu1atidﬁ gindps were sglected to represent varying degrees of

env1rnnmentai Tead expnsuwe. The poss1b111ty‘nf occupational ex-

posure to 1ead wasxscrupu]ous1y excluded. The rural population -

groups. were sampled 1n the commune of PertUnmaa, and the communes

of Haapajarvi and Pyhdjirvi; a]] the urban groups werg sampled in

Helsinki. In add1t10q, a survey was made of the population living

in Tikkurila, a dwstvact character1zed by its congregation of lead-

-tng plants. The concentrat1qns of air-sus~
;pendgd‘pérticu?a;_ lead were studied in Helsinki and PEFtunmaa, the
population groups we: 'sampled( from the geographic vi cm:ty of the
sampling sites. By the employment of a double portion method, and
a7recafding peribdﬁnf'thrée»ﬁays, the dietary lead intake was

~ assessed in 23 ritral Househollds in Pertunmaa. Care was taken to en-
suré the accuracyjénd recision of the analyt cal'methnds5'and‘the

r, by continuously checking the methods at

~utilizing manufgpt

Pb-B assay in par
experianced laboratories.

There was found a mean dietary lead dintake of the Pertunmaa popula~
tion amounting to 204 ug/day (range 89 - 360 ug/day). The mean in-
take of men was higher (231 ug/day) than that of women (178 ug/day).

The annual mean ;qncentration of lead in air 3n‘Hé1sinkﬁ‘rangéd
from 0.43 to 1.32 ug/m The currespondlng mean at the rural
sampling site (Pertunmaa) was 0.025 uglm

From an international standpoint, the Pb-B levels were low. The
highest mean Pb-B value in groups of the general population was
disclosed by the rural male group (12.3 ug/100 ml), and the lowest
by the female respondents of the diet survey (7.9 ug/100 ml). A
group compr?sing 86 male streetsweepers from Helsinki displayed a
Pb~B mean value of 13.3 ug/100 ml, and 28 traffic-directing police-
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negative correlation betwéen Pb-B and ALAD activity was faund to
prevail at a statistically significant level still at Pb-B levels
. of 10 ugﬁﬂﬂ ml or lower.
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