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Sumimary, §. I environniontal oxposure of tho general public to & considersble
oxtent takes plnce through variois routes of entry, quality standards for-one source
of exposure (e.g. air, food, water) will it protect public health adequately. This
is the ease for inorganio lead.

2. Biologically availablelend (lead in blood lovels) and parametors of subelinical
response may bo expected to bo foasible for indirect estimation of total environ.
wental exposura; the feasibility hos been studied

3. Lead in blood levels ("bB) in target groups of the genoral population portray
tho total eavironmental axposure to Pb for this gronp. Such groups should include
at least 50 aubjects, of samie sox, similar socio-cultural class, with narrow sge range,
aind proferably at high risk {exposure or susceptibility). ) i

4. Neilher average levels nor one maximum level, but the distribution of levels
in 989, of the target group should be taken as parameter of external exposure,
5. The maximum acceptablo individual level for adutla isPbB = 40 jig Pb/100ml;
becauso of incrensed uncertainty in regard to peegnanoy and developing nconate
this lovel should bo Jowered to PbB = 85 pg Pb/100 ml. )

8. Taking into account the mnximum acceptablo level of 35 ug Pb/100 ml in
989/, of subjects, and the normal variability of PbI levels ds ocoutring in practice,
the following distribution of PbB levels is proposed as biological quality gaide:
989, < 35.ig Pb/100 ml, 90% < 30 pg Pb/100 ml, 509 < 20 1ig Pb/100 mi. PbB
lovels in womnen shotld bo corrected to malo level on tho basis of hematoerite.:

7. If the geacral distribution of PbB lovels in a target group exceeds the pro-
posed guide, total oxposure in the environment studied is too bigh; action should
be undertaken dirceted at tho total environment. If the distribution only exceeds
the guide at high PbB lovels, o point source of external lesd exposure is probables
action should bo directed at this source. v

8. 1f in the envitonment tota} cxposuro to lead is too high, subsequent studies

‘should determing contribution through various routes and sourcos: quality stand.

ards for air, food, water may have to be iinposed; the same applies to emission
standards. )
9. Due attention to errors of mensarement of Pb in blood is necossary.
10. Tt is not yeb possible to propose & biological qunlity guide based upon Pb
in_urine or hair. ) ) o ]
“11, Tt is nob possible to propose & biological quality guide based upon ALAD-
‘aetivity in erythrosytos, neither on ALA-exoretion in urine.

* Part of this study was supported by a grant from Direction Healthi Protection,
Evrop. Econ, Conin., Luxombourg.
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sunli ide T¢ 4 in ) could entor govern-
2. 1 iological quality guide for leed in Zooa.a.o:.. r govern
. »Wg..mwwoaﬂmﬁwﬂwwo”mﬁsnﬂn pwmowm§~ quality atandord, if prevention of
.MH.% adverse effect on human health is aimed ot N
Key, words: Thorganio 1ead — Publio heolth —— Biologieal monitoring — Bio-
Togical guide. .
Environmontal Quality Standards and Guides
Environmentsl quality staniards bre tools for governments amo :MM%M”
ad maintain environmental quslity; they sro the ,o..;q.e.% o wsum.c:.
oot n meking, taking into sccotint scientific dats; economio p b
mem_wo&oéaama factors, eto. Environmental ..”._c,a__ﬁ. mw&&o“«m%o.
“Mghsmumgﬁo:m by scientific advisory ?.&mom. ..u..i_:q vmmaa —Mﬂ —
response curves (criteria), only taking Eﬁw ﬁnaﬂ_ﬁe% Ammar&m 719)
1 } { imals and matenal {4 s .
h ublioc health), plants, animals p: ma g {Ziel
mwﬂwﬁ%m and guides may bo issued ».e.mﬁ gﬁﬁ mo“q @Mw air quality
X A el meca ait, '
& noxious substance is ?.mﬁoa..:p: y v.nom . B
ugwwma may serve the objective of E.QSM«.:mv wsm_«r.. wmcwvwﬂ.wﬂm.w “.mm NMM
L ) Tt eurcelves $o human beings) is expo: : .
tariget (we will limit ourselves iman P ral pathwaye)
rious routes of entry {e.g. respiratory, oral, Qermia PUHTEJ,
wwﬁm”n ‘an air quality standard nor & ».onxm (water) a:&..a% ugan.w”jmw MMM
achieve adequate proteetion. The fotal environmental Toad has to bo't
into unb. . . . .
® H.“. o«ﬂw case of inorganic lead it is & well omﬂ&rmwo.m fact thet in n“-o
sphere-of public hicalth oral uptake may give a greater Sm.o_.,.@nsou 8 the
body burden than respiratory uptake. In industry namv:wwo.n% anv.omr-.o
js predominant, and in that case an air quality mgammﬁ H.Zwmzm_wa
allowable concentration, Threshold limit value) ..Bn.% serve z,.w. ....anﬁqo
of protecting health of workers, whereas in public health agﬁ.nmz upon
one single route of exposuro does not ussure adequate w.n.oaan«_ma., o
Ambient air quality standards therefore only serve »‘vw.dﬁooa,ﬁ. o.m
protecting public health if exposure takes place solely or uﬁg_aﬁ:@ by
way of uhaling ambient air. In the case of e.g. lead, cadmium, meroury,
ambient air quelity standards as such apparently do not achieve this
objective. An other approach has to be taken. ,
In this paper this alternative approach will be &ma..,.mmow. A wnow,oaﬂ
will be worked out for inorganic lead exposure; a similar approach
appears to be feasible for many other envifonmental pollutants.

Exposure — Response
In regard to exposure one should distinguish? A
1. External exposure: Concentration in air - duration of exposure;
presence in food, water, ste., on skin.

N e e -
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w Fxlernallond: Tho resl smount of agent offered to the body per
unit of time, taking into account respiratory volume, particle size, oral
uptake, skin penetration, ste. .

3. Internal load: The amouut presont in the body a3 consequence of
1 E.i 2and of elimination; inthe caseof inorganiolead to be distinguish-
m&. hito A..Eaﬁcs.ur? 1970): rapid oxchange pool {blood, soft: tissues);
555&58 exchange pool (musdles, skin); slow exchange pool {bone).
) A relationship exists between various parameters of exposure: lead
sn blood (PLBY indirectly reflocts external exposure and external load, and
it also indicates the intornal biologically available liad, the "resl” dose;
lead in urin (with or without Provocation) may serve the same purposes.

If the no-effect Jevel in the dosg-response relationship is excecded,

effects will oceur; effects of biological systems serve as parametors of
response; in case of lend: disturbed porphyrin synthesis, -obstipstion,
lead colie, onceplislopathia, disturbed mentol development, ete. Because
there exists a relationship betwoen internel load {particulatly rapid
..ﬁaw.g.mo pool} and offect (qualitative and quantitative), effects may
indirectly be vsed as grediciors of internal load, and of external exposure.

Soquence of Operation

ﬁmgcﬁ the ,p..;..B.w,S objective is to prevent adverse effects on public
health, parameters of response should first be taken into account; one
ara__E..n.mwoe..S.uc the dose-response reltionship. Dependent on the sc-
.mm.wowg__% of effects from the viewpoint of public health, the scceptabla
.Se..on.um._ or external dose should be determined, Buch & sequence of
operation is implied in establishing air quality guides for e.g. 8O,; partic.
:Eomu NO,, Oy, The fact - that Pb entors the body through various routes,
complicates the setting of guides, and consequently of standards, ‘
;Hn the case of inorganie leed vs & publio health jproblom, the sequence
of ‘operation should be: .

1. Detormine relationship betieen internal load and response (effécts.

2. Determine acceptability of reaponse {for oxtensive discussion of the seqence
of decisions to be taken sce Ziellinis, 1973).

3 Determine levelsof fead in blood {hair, teeth; urine, possibly after provocation
test) which correspond with no-effest-levels or ho-ndverso effect lovels. Thess levels
Topredent tho acceptable quality of biclogical systems, 6.g, expressed a8 Pb in blood
or Pb in utiine, and servo as biological qualily giides.

4. Determine relstionsliip between biological quality guides and tois! uptake
{pro tinit of time, and duration of exposure): acceptuble tolal external load.

_ 5. Determine contribution through various roules and to this acceptabl
totsl external load.

8. Dotermine various quality guides for main souroes of uptake: food, water, air.
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rmi i atribution of sourcea
4, Determine varions enission guides based wpon the contribution

, Determil s e

of emission to sources of uptake.

. Y .
8. Various ﬂﬁ-ﬂou become bnﬁ»&ﬂ*&un if —_ﬂ.m_g& b, ﬂﬂfﬁ_ﬁﬁcﬂgw ﬂ-_e—aa—.uﬂau

Contribution from Oral Uptake e
ion Agency (EPA) (1972) suggosted tha
751 Env. Protection bmo:.oi 1972) SO vod to
Fui Hﬂ Mru.om%m.wm“” of ir lead concentrations below 2 pug/m?® appea
.Wwﬁm._.o%omw they bosed this .m:.mmouﬂon““wowm.r food and water,
, . verago daily intake shrovgt nd wotet,
w.. o, ﬁﬂ”ﬂw Nﬂﬂwwo contribution of traffic oxhaust to sources O
2.an° . ‘

i y mY) dis-
%«.MWMW issucd embient air quality standards for lead (0.7 pg/m®)
rgunling uptako rongh ood T VOIS,

. o are strong indica ious

%moﬁ%mh..‘“wwwa wﬁ.ﬂmg wm&im_snu in ono region, between variou
differ cons
regional groups.

The average uptoke

he distribution cuives. S averag >
ﬁwr&wwﬂaag up to 400 pg Pbjday (Martin,

o5 ouh take into account tho tails
mnmmdw—m y MM.MMN::WM;@ is aboub 200 pgfPbjday,
I b tin, 1973); Thompson (1874}
found a range of 70760, o an average uptake of 518 pg
et al. (1909) calculated for Germany (FRG) nu.aw P %am o 400,500 i
Phjday; Vigliani and Zurle {1988) suggeste o Hﬁcoo:\m<ogms

bidey. Ziclhuis (1972a) calculated that within Western Burope aver
Fhjdu- h:w ﬁ_.m differed by o factor 2 (and individual uptakes. therefore
u rob } ) . . .

”W».”MM%MW ME%_ larger than 2) between various reglons. i

Considerable differences probably exist between (and also within)
Western Europe and USA in e.g:

1. relative contribution of Pb in paint,

2. relative presence of pica, o

3. —.Qaﬁqo.wo:«awﬁzou of Pb in wine, béverages, foodstuffs,

4. choice of foodstuffs. o

In Europé one can only use American data-on the relationship @quom:
tota] uptake — internsl Joad-— response, and not dita on'e s .Em.p.sgmm—%
between Pb in airand Pb in blood ; this may even be true in comparing
various European regions. o .

The group of experts on lead, convened by the Div. Sanitary Protec-
tion Eur. Econ, Comm. {1972, 1973), agreed that not enough knowledge
is available in regard to orel uptake (average and range) in 2.885
Europe; it proposed investigations to gather relevant data. ..Ea ¢con-
clusion of this must be that in such & situation adequate air quslity
guides and standards also cannot be recommended.

pg Phyday in 5 individunls in UK; Lehnert

1.
2. the group should reprosent high risk groups,
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The Uso of Biological Quality Guides

Parameters of internal load an
be used for indiroct monitoring o
there exists a clear relationship
{or response).

Biological quality guides (or standards) refer to soceptable levels of
parameters in biological specimen in selected groups of human subjocts;
they indirecily measure e acceplability of the macroenvironment, '

Groups of subjects five in & certain environment {region, area, city)
end are exposed to the agent under discussion through e.g. respiratory
and oral uptake. Tn addition some individuals may have & specific micro.
environment, duo to peculior food hiabits, environmental situations in
their house ‘or living {working) couditions; they may therefore excoed
the given ginide levels, not because the macro-environment for the whole
group excoéds acceptablo lovels, bub becauss te specific situation for
these singlo individuals is “abnormal”,

I within & group one or a fow individ
lovels, authorities should take action in regard to the micro-environment
of these individuals. If, however, the group as svch exceeds the guide level,
there exists an unaccoptable macro-environment specifio for the group
under discussion; this indicates o signal {ér action in regard to the total
environment - of the group.

As a matter of choice, one may take dwo as the percentage of ex-
coptionally exposed subjects within & group; B8Y%, of the group should
not exceed acceptable lovel,

Target Groups

Groups serving to monitor the ambient environment should be care.

fully composed:

d of response in huraen subjects niay
f total environmental exposure, becaise
botween external load and internal load

ual subjects exoced the guide

At least 50 subjoits, proforably about 100;

[ either in regard to exposure, or in

regerd to susteptibility; if these high risk groups do not exced guide levels,
'ono may concludo that the environment of other population groups will also be
aceeptabln (tho reverse is not necossarily true);

3. similar socinl-cnltural elass;

4. narrow age range, e.g. children 1—4 yeors, pregnant women 20--30 yoors,
traffic policomen 30—40 years:

5. same sex;

6. tho subjocts shiould live for the greater part of the day in the environment under

discussion.
Percentile Distribution
Even within target groups, as discussed befors, biological lovels of
expogure or response Will not be similar, due to difference in food uptake
{quantitative, qualitative), habits of playing {indoor-outdoor), suscepti-
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o environment and the suscepti-

ceters. Tho envirohment and Yhe ST
o even within a carefully composed

bility, rate of absorption,
should protect individunls lving

ility may differ for individual ,uazco.nm.
\ p . The macro-environment FhOW indi  ving
wﬁ.mﬂne mﬂ.cwm% Mrm.mn “normal variability” in Wey of rimw. pMMuM.%maf
_Sﬂm.‘?w:&w only disregarding about 29, of individuals with cle

ceptional exposure.

It is thercfore not allowed to propose only one acceptable level, no

; , ; o, a8 done by EPA
to bo exceeded in any Smign om a,w&eﬂﬂmmwwwhwwno :aao::«.uww one
uera) Hﬂo mizvisﬂﬂﬂa Wﬁw.mrﬂwxuom&am% all group mombers with
chooscs only one CCepLabie JOFE » sach asible, because
1 could bo increased. Such an approach is nob foasible, :
MM.MM““aMMW take into aceount the *normoal variability’ " betweon .?““ww
boings. Thercforo, & biological quality guide m,ran. give an ncoeptab o
distiibution of levels; it serves as a guide for & group-environment, an
not for » single individual miero-environmert. N .

The distribution of levels can be given as such, bub it is more appro-
printe to give the cumulative percentile distribution up to e.g. 50%
(median value), 90% and 98% of members of the target group:

If one has to propose biological guides for Xenobiotic agents, one
should also take into account that — due to insufficiently developed or
absent homoiostatio mochanisms — levels in blood and tissues show »
skewed distribution, e.g. blood lovels for Pb, Cd, Hg in contrast to levels
for Ca, Zn, Mg. This is another reason to use percentile distributions,
because with skewed distribution average (arithmetic) levels and standard
deviations do not give an adequate insight in the range of levels occurring.
Many literatire sources only present ‘e.g. arithmetic average, standard
deviation (not allowed in skewed distributions) and range; such data do
not present enovgh information on the group as such. Moreover, in
setting guides and standards the tails of the distribution (increased ex-
posurd or susceptibility) very often have to determine the acceptability
of exposure to the group as a whele (Zielhuis, 1972b).

Maximum Individual Aceoptablo Level of Yead in Blood

In the Amsterdim Symiposium on Environmental Health Aspects of
Lead (1972) the author discussed the question whether “an internal
chemical load es indicated by PbB levels up to 40 pg Pbf100 mi presents
any risk to public health” (Zielhuis, 1972a). The followirig conclusions
were drawn’: : .
1. The no-effect level of PbB in regard to increased excretion of 3

aminolaevulinio acid (ALA) in urine is about 40 yig Pb{100 ml {see

also NAS, 1572); . .
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2. there sro indications that the no-effect Jevel of PhB in regard to
decroased aotivity of ¢-ALA-dehydratase (ALAD) in erythrocytes is
5—16 pg I'b)100 ml;

3. the no-effect level of PbB in regard to increase of protoporphyrin in
erythrocytes (PPE) is at least 40 g Pb/100 ml; protoporyT

4. .«,.E.moc.m effects on orythrocytes (e.g. lifespan, Na+-K+-ATPuse activity
in membranes, Ktefflux), verious other biochemical effccts (eg.
immunobiological activity, alk. phosphatase, aminoaciduris, serum.
protein pattern), various clinical effects on kidney function, vasoular
tension, cerobrovascular incidents probably do nob appesr in subjects
who never exceedod PbB = 40 g Phyio0 mi.

Some of these conclusions merit furtiier discussion, -

Detrense of ALAD activily is apparent alveady with PbB < 40 pg
Pb/100'mi, with a high positive correlationship, Data of Schaller ¢f al.
(1071) suggest & no-cffect-level at PbB 515 yg Pbj/100 ml, but adequate
proof is not available. An important guestion is whother decressed ALAD
has any relovanco to health, ovon i fifo timo exposure. Some scientists
even doubt whether the decrease in ALAD determined in viléo necessarily
reflects an inhibition in-ivo: the analytical mothod requires haemolysis
of erythrocytes, Pb bound to membranes i3 liberated and may inhibit
ALAD, which becomes extracellular; ALAD in vivo hardly conies into
eontact with Pb; this could-explain the negative correlation between -
PbB and ALAD. If this hypothesis should hold truv, then decroase of
ALAD in vitro can niot be regarded as a purameter of rospoiise, but merely
as an indirect parsmeter of inbernal Josd. However, even if deorease of
ALAD should be regarded as an ‘effect, one should ‘determine whother
this effect is relevant for health (in broad sense: fitness, functional eca-
patity, “quelity of life”). NAS (1972} concludes in regard to decrease of
ALAD at PbB 40 pg Pb/100 m! that “its biologie significance is dubions,
becouse it is unacoompenied by eny detoctable effects on the biologic
function of intact man”. Only when PbB exceeds 40 pg Ph{100 ml de:
crease of ALAD may be significant in vivo, e.g. affecting ALA synthesis
and excretion. Some studies on ALAD activity in other tissues {(brain,
liver) have been performed; in rats Millar ¢ al, {1970 found a more or

less parailel decrease with ALAD in blood; however, st PbB 80 ug

Pb/100 ml ALAD in the brain was not significantly reduced, The physio-
logical significance of decreased activity of ALAD at & range of PbB
< 40-ug Pb/100 ml should be a topic for farther research; at this mo-
ment, there are no reasons to regard dectease of ALAD activity as such
ag an adverse offect on health, .

Effects on central nérvous sysiem, manifesting themselves in behav.
ioral changes are disoussed by NAS (1872): “existing studies, if not
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