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Environment.al Lead in The Netherlands

Status report on the overall situation in The Netherlands,
and appraisal of lead exposure in custom offícers and policemen

ac a highway frorrtier st.ation.

R<rbert Guicherit x^)

Peter E" Joosting x)
Jan de Vríes xx)

The TNO Research fnstiËute for Public Health Engineering has performed

a number of studíes on lead Ín the environment. These comprise pollution paL,terns

in urban, ruralr and residential areas, as well as along highways, ín tunnels,
and at fronl-ier crossin,gs,

Besídes the lead content in petrols, raífi^rater¡and drinkíngwater is
measured rather regularly too"

Results will be presented as frequency díst.ríbutions, as r^rel1 as in t.erms

of daíly, weekly and seasonal trends, The ínfluence of meteorologíca1 para-
meters, traffic density, and samplÍng locat.íon wí11 be díscussed.

A number of'"observations has been made at the Dutch-German frontier sta-
t,ion 'rBergh Autowegtt (híghway E 36).

Because of complaints Íssued by members of the personnel on duÈy, attention
r^ras not paid only to the uptake of lead, but rather t.o an appraisal of the
working condítíons in generai and especially the pattern of exposure to various
components of vehicle exhaust under normal and extreme conditions. Five tímes

a group of about fífteen people r¡ras screened for a.o. lead content of t,he

b1-ood, concentration of6 -amino levu1ínic acid (¿l,A) and coproporphyrÍn in
urÍne, and t.he activiËy of the enzyme AlA-dehydraÈase ín erythrocytes.

Although there exist.s a seasonal fluctuation Ín traffíc densíty on the
spoË, no clear-cut. trend could be found in Ëhe lead exposure parameters. A

great.er part of the investígated persorrs demonst,rated phenomena of íncreased
lead uptake (decrease of AlA-dehydratase actívity).

x) TNO Research TnstituÈe for Publíc Health Engíneering, Delft, The Netherlands
xx) Medícal Servíce of The Netherlands Government, The Hague, The Netherlands
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Sect.ion A

Introduct íon

almost all of the

gasoline exist. in
country.
Average concentratíons of lead in some brands of gasoline and t,heír
content are given in Table 1. Beca.use lead additíon t,o gasolíne is
on many factors no trends should be deduced from the table.

Exhaust from gasoline-fueled vehÍcles acccunt,i iLr
lead '- n -i,in NeLhe;-'i.an-,-'s "

No standards for maximum concentratíon of lead ín

airborn

thi s

aromatíc

dependent

Lead alkyl compounds are íntroduced inLo t,he atmosphere by evaporat,ion from

gasolíne t.anks, from carburator vents.and during fillÍng at service staEions.
The lead alkyl compounds are converted in the internal combusËíon engíne Lo

lead particulates, lead oxídes, lead halídes, lead oxyhalogenaÈes, and com-

plex lead- ammonia-halogen compounds.

70-80% of that lead ís ei.iitted as particulates jl;:ornthe tailpípe. It can be

estimated t.hat over Lgl I;,2.5.L03 tons of lead were emiÈted into the atmosphere.

The lead-halogen compounds are cor¡verted inËo lead oxides, lead carbonaÈes,,and

lead sulphates by photolysísumicrodíffusion r-f halogens and ot,her chemical

reactions in the atmosphere.

The percent.age of lead in exhaust ís just as the other toxíc comporient,s occur-

ring ín exhaust gas, among other things, dependent on the time-velocity re-
latíonship of the drivíng pattern. For stagnanL traffic, CO-leve1s are rela-
tively hígh, whíle lead-leve1s are relatively 1ow. For free-flowing traffíc
just the opposite is the case"

Over relatíve1y long periods, however, a correlatíon between these two pollu-
t,ants, of which the source is identícal, may be expected.

Atmospheríc survei1 lance

There are presenLly some surveillance programs for deÈermining anorganic lead

in ambient air in the Netherlands. These are carríed out by the Research Tn-

stitut,e for Public Health Engíneeríng TNO, the munícipalities of Rotterdam,

Amsterdam"and The Hague, and finally the Ser:ice of Envirorunental Hygíene of
Ehe ttzaan -â''ea" 

Results of very -
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Results of very many measurements carried oui ín the NeËherlands can be

found in a report drafted by the European Cornnauníty which will be present,ed

at. thís conference.

ResulËs of some measurements carried out by lNO ín 197A and 1971 are pre-
sented ín Table 2" Tt is int.erest.íng to note that, aË least in Èhe rtrestern

part of The Netherlands, rtremote stat.ionsrt, which are statíons locat.ed

away from important traffíc movements (e.g. No. 11 and No. 13), are still
considerably influenced by surrounding urban areas and híghways.

The average lead concentratíon varíes with t.he season; values ín wínÈer

are usually higher t.han surmner values. This, however, may vary wíth samplíng

locality. For sites located very near traffic arteries or in tunnels, there
seems to be a very close correlation between traffic density and lead con-

centratíon, and levels are far less influenced by other paramet.ers.

A frequency distribution of data obtaíned at the monit.oríng stat,ions in
the residentíal area and the centre of The Hague is given in fíg. 1.

Apart from the aforementíoned observations, specíal surveys are carried
out. These ínclude:

- 9grvsy: - r9s35 gils- !Ï-'9 - 
g3i 1y- grer'9- 9 I_.rb9 _ I 939- e9199r!r3! i9l:

These are conducËed at several localítíes and since t968, on a rouÈine

basis, near Delft at abouÈ l-50 m west. of the national highway No. 13

runnÍng from The Hague to Rotterdam.

For 1968 and 1969 the trend of the lead concentration over the week

ín the summer and winter seasons ís gÍven in fig. 2. From the graphs

of fig. 2 Llne difference ín average corrcentration betr,qeen summer and

wÍnter season is quíte apparent. This is caused by meteorologícal
differences between the trnro seasons and not by differences in t.raffic
density as follows from traffic counts.

In fig" 3 the average lead concentratíon as a function of the wind

directíon ís given for the same st.at.ion. The highest concentrations
occur when east.ern wind directíons prevaí1. Thís means that lead levels
are considerably ínfluenced by the nearby highway, runníng east of the
measuring station.

- Measurements in tunnels -
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Measurements in tunnels.

Fig. 4 gives the daíly t.rend of the lead concentration in a tunnel
with separate ducEs near Amsterdam. The t.otal length of the tunnel is
about 1300 m of which about 600 m is covered. During rush hours traffíc
íntensit.y amounËs to over 2000 cars hr-l.
Maximum hourly lead concentratíons up to Z2 p"g/m3 'hrere recorded.

- Yggggrgggr-r!t-39*:-þgr9er-9r9:9 iI,g::
Because of complaints issued by members of the personnel on duty, a

survey of the 1evel of aír pollutior¡ t.o which the officÍals were ex-

posed, was carríed out in L969 and 1970"

Results of this survey will be discussed more ín detaíl in sectíon B

of this paper. Lead measurements showed that, dependent on the traffíc
íntensíty and prevailíng meteorological condit.íons, lead concentratíons
ranged from 5 - 20 p,g/n3. Ma*ima up to lt p"g/m3 (two hour average) were

recorded.

Surmnarizíng T¡re may staÈe that in big cíties ín The Netherlands people may

be exposed to lead levels of ( 1 - Z p,g/*3 over longer periods of tÍme.
Exposure over short,er periods to concentratíons of up to 8 ¡,r,g/m3 í" r1"o
possíble. Special groups of the populatíon, such as chauffeurs, non resi-
dents travelling by car, polÍcemen, border personnel, streetmakers, and

tunnel workers may be exposed to much higher concentratíons.

The influence of highvrays on t.he immediate surroundings

Preliminary evidence from 1ímíted st,udies of crops growing near highways

suggests that lead residues decrease exponentially with the dÍstance from

the highway.

Líttle research has been done on thís subject in The Netherlands.

Results of some investigatíons on lead contamination of grass, as might

occur along highways, ís gíven in Table 3.

- Grass whích has -
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Grass which has not or hardly not been cont,amÍnated seems t,o have a lead
content of 5 mg/kg dry weight,.

Along highways the lead content may be 8-70 times as híghr whiLe the lead
content of grass growing on the middle bank of the highway may even be 100

times as high,
Even at a dístance of more than 150 m from the highway lead contaminatíon of
the grass caused by the traff.ic is still noticable. It, concerns lead residues
whích can be removed for the greater part by washing the grass r^ríth detergents.

There also seems Ëo be an accumulation of lead ín soíls in the vicíníty of
highways as can be seen ín the same table.
The uptake and mobíLization of lead by plants through their rooÈsysËem, how-

ever, remains a poínt of discussion.

The lead content of water

'il:e lead content of rainwat,er is usually low í.e. 10 t¡g/ -,- or Less.

There are rhoweveq índicaËíons that the l-ead content is influenced by adjacent
ttaf.fic arteries.
Results of measurements are gíven in Table lr .
The ratío of non r^rat,er soluble lead to non \^rater solubLe part,ículaËes in the
samples amounted to 0r05%.

The lead cont,ent of untreat,ed surface hraters ¡rhích served as drínking r^rater

supply ís gÍven in Table 5. It has been est,imated Ëhat each year the ríver
Rhine transporËs near Lobith a lead burden of 1500-2600 tons.

Tn reservoírs and treaËment plants the lead conËent generally does not exceed

a 5 p"g/ I level" From Ëhis we may conelude that most lead in surface wat,ers is
n¡n-soluble lead t.hat is removed by filtraÈíon.
For surveillance programs most samples are taken from or near hraLer plants.
Although- after the Second ÌJorld Ï{ar, lead pipes have not been used any more

ín exterior and interior plumbíng, the water quality of drinkíng r¡rat,er as Ëhe

consumers get it frornLll¿ La.pT,1ay be quir:edifferent from t,hat which the wat,er

plants produce.

- For this reason -
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For thís reasor!Èsamples Eaken from consumersr t,aps would more reflect t,he

real lead levels of drínkíng ïrater whích is consumed by the publÍc. Although
the Research Tn,stítute for Publíc Health Engineeríng TNO is more interested
in ambient air quality daL.a, lead l"evels of tap samples have been determined

on a límÍted scale .€or the weslern par:t of The Netherlands"
For post.-war houses lead levels ranged from 17-62 Vgl t with an average of
20'p"g/1, Rameau (tl¡O-t¡ieuws ?2196S) also mentíoned levels of. 29 pg/l for an-

other part of The Netherlands"

For p.re-war houses with lead pípes still in use, l.evels of 60-300 pg/1 with
maxíma up Lo 1000 ¡i,g/i can be found"

The use of lead pipes ís generally relatively harmless wiLh most r^raLer supplíes,
although soft waters are known to be very corrosive, especíally wíth respect

to lead plumbing.

Lately there seems to exist vague plans to buíld central r^rater softening planËs

in order to combat Ì,üater pollut.íon by phosphates. If thís wíl1 be effectualed,
there is the possíbílity that lead levels in drinkingvrater, especíally for
older houses wíth lead pipes, will become a problem"

AbsorptLon_and excEetiol of l_eaj!_Þl adults líving_in the Þig cities
Under: orciir:.ary circr,,'.,lstanc:es a,--c,.lL 10% of the lead ingested daily ís absorbed

f::om the gastroinlest.inal lract, Prom the irihaled lead 30-50% is absorbed"

Although no data are available for the average lead contenL of food ín The

Netherlands, a value of 150 pg/kg would probably be a ríght guess. Cígarette
smoking contributes to an in,creased body burden of lead, since tabacco also

contaíns some l.eade í.ê. up to about l ftg/ cígarette" Although most lead re-
maÍns ir¡ the ash of the cigarettee our experíment.s have shor¡n thaÈ about

0"7 pB of lead/cigarette is ínhaled by cigarette smoking.

Based on t.hese values an estímatíon of lead absorptíon for adults living ín
the big cities ín The Netherlands is gíven in Table 6.

It is interesting to note that for non.-smokers onLy 307. of the absorbed lead

comes from inhalat.ion of contai:rinatedambíent air, For smokers thís figure
amourlts to about. 50%.

Because the bíolr:gÍcal half-life time for the body as a whole is estimated at
1460 days,,Lhís means that the greater part of absorbed lead indeed accumulates

in the body, especíaily in the bon.es" Thís amounLs to about.10 mg/year"



Pb-content (in g fb/L) and aromaÈíc conLenÈ (Ín % glv) of some brands of

gasollne sold in the Netherlands

Pb-contenl L969 197I t972 (Êebruary/March)

Chevron

BP

ESSO

Shel I

* 0.70 0.70

0.46 A.44 0.44

0.78 0.75 0.70

0.67 0.47 0.33

AromaLic content
of samples
Febr/March 1972

Chevron BP ESSO SheLL

Benzene

Toluene

Ethyl benzene

p * m-Xylene

o-Xylene

other aromatics

2.0 2.0 2.4

8.4 8.8 8.2

2.3' 2.4 2.5

7.t 7,3 7.1

2.8 3.0 3.1

9. 3 11 .3 9.0

!

4.2 14.1 .3.5

10.9 10.B 11.1

3.1 2,8 2.7

7.7 7.2 7.3

3.1 3.0 3.0

3.8 3.9 3.7

5.2 , 5.4' 5.7

l+.2 4,2 4.t
!.6 1.9 1.8

2,8 3.1 2,7

2.! 2.4 2.3

18.6 16.9 L7.t

2.6 ; 2.6: 2.9

9.3 ; 9.3 10.2

2,2 2.2 2.O

B.g 8.8 8.2

3.5 3,6 3.2

5.7 5.6 6.4

Total 3L.9 34. B 32 . 3 32.8 31.8 31.3 3/+.5 33.9 33.7 32.t 32.! 32.9

lable 1.



Monthly average and maxfmum dally average lead concentratlon (pglrn3) for several localltles

1970

StaÈ1on
No. J r Ìt A

!

I M J J A S o N D

1

2

6
7

I
t2
13

1.2(3.4)
0.5(1.5)

1.2(I+.2,
0.4(1.5)

o.g(2.5)
0.2(0.6)

1,1 (2.9 )
0.3(0.7 )

1.4(3.7)
0.3(0.8)

1.1(2,6)
0.3(o.g)

1.0( 2. 8)
0,4(0.6)

1.6(5.5I
0.5(1.9)
1.0(2.6)
o. g (2.0)
0.5(1.8)
0.3(1.0)
0.3(0.8)

1.4(5.1)
0.4(1.6)
1,2(2.6)
0.6(1.7)
0.3 ( 1 .5)
0.3(1.2)
0.3(1.1 )

1.3(5.01
0.4(1.3)
t.t(2.7)
0.4(1.0)
0.4(1 t4)*

It

1.6(4.9)
0.4(1.5)
1.1(1 .7 )
0,3 (0.9 )
0.4(1. )

)Ê

)t

1 The Hague
2 The Hague
6 A¡nsterdarn
7 BletswiJk
I Gouda
9 Hefnenoord

10 Pfershil
tt $t^rl jen

o

(centre)
(Resfdentlal area)
(chrtsrlaan Huygensstr. )

L97L

12 Leeuwendorp
13 | s Heerenhoek
14 Delfr (zutd Polder)

SÈat,fon i , i!.,
No. i

AMt' M J J A ù No D

1 2,3(7.8) 1.2(3.8)11.2(3.3)it.4(4.t)
2 t 0.6(1.7):O.4(1.1)iO.g(0.7)'0.3(0.9)
6 1 L.5(2.7)1,2(2,5)l àç l+ i0.5(1,2)
7, 0.5(1.2),0.5(1.7)10.3(1.1):0.3(1.1)
I i 0.6(t.o)j0.4(1.3)10.2(0.8)lo.e(t.t)
9 i ++ | x I * :0.4(1.1)
10 | x I x lx .0.3(o.e)
11 I x I x I x '0.4(2.0)
t4 I 0.9 10.6 lo.a ro.4

t.4(3 .2)
0.3(0. 7 )
0.5(0.9)
0 . 4(0,9 )
0.3(0.5)

IF
)f
*

0.6

a.7 (2.4)
o. 2 (0.6 )
#r tÊ

0.3 (0. B)
0. 2 (0. 4)
0.3(o, 7)
0.3 (0.5)
0.3(0.8)
0.3

0.3(1.1)
0.3 (0. ó )
#ç ât

0.3(0.6)
0.2(0.6)
o,4(0. B)
0.3 (0.6 )
0.2 (0. ¿|)

0.5

0.4( 1 . 1)
0.3 ( 1. 4)
0.6(1.1)
0. 4(0.9 )
0.2(0.3)
0. 3(0. B)
0.3(0.7)
0. 2 (0. 4)
0.4

1.5(3.1)
0.5( 1.3)
0. B(1 . B)
0.6(1.3)
0.4(o. g )
0.6( 1.3)
0.4( 1.O)
0.3(0.7)
0.7

I.4(3.2)l 1.2(5.ó)
0.6(1.8)i0.4(7,2)
1.1(3.1)i0.8(1.6)
0.6(1.q)l 0.5(1.5)
lr )ç lx lt

o.6(2.0)10.4(1.3)
0.5(1.2)ir.4(1.2)
0.4(1.0)10.3(0.9)
0.7 10.4

1.5(5.2)
0.5( 1. 5)
l+ åÊ

0.5(1.2)
ìt åÊ

0.5( 1.5)
0.5(1.3)
0.3(1 .o)
0.4

lable 2

* no data avalLable



Lead conÈenL of grast(mglkg dry weight) and lead cont,ent of solls (rng/kg)

along htghways

Locality tlighway
E36N

grase so1l

AmsÈerdam-
scheweg

grass so11

llt ghway Arnhem-E¡n¡er i ch
near Èhe Dutctr-German
border cróssfng

t969 1970
graF-soll !ñ-sa

National hlgtrway
noo t3
Aecent near Ðe1fe

grasa

Htglnray Gronl.ngen
DelfziJl (Ten PosÈ)

grasÊ

Mlddl.e bank

Slde bank

25 m dlstaace
50 m dlstance

70 m dlstance

130 ¡¡ dl.stance

160 n dfsÈance

550 130*

135 365

110 40

38 27

lo8 43à( 376 380 348

75 200 2A2

ó1

36

350 30-60

JA^ Data from J.Th. Raúeeu T!|0-ñ{euws 23 (1968) 54

lable 3



Lead contc¡rt of ralnuater (f¡g/L)

. ïo data avalleblç

Locallty ìlov.
r71

Dec.
r7l

Febr'
,72

ltrrch
r72

Aprll
r72

llay
t72

&rne
t72

Dclft (10)

Delfr (11)

D+lfc (12)

Nfeuwe watemag (l)
l{lctnre Wat,enreg (2}

lflaurre ll¡tenreg (7)
notÈerd$r (3)

Zul,d-llol landge el1. (3)

Tfestl¿nd (10) '

20

10

90

10

10

10

30

2û

30

50

10

20

¿ú

10

10

10

10

10

<10
60

a

10

10

30

10

2A

10

<10
60

<10
<10

70

<10
<10
<1Ó

3û.

20

50

<10
2A

<10
<10
<10

20

10

1Û

2A

10

10

10

20

10

10

2A

10

10

10

<10
10

<10
<10

frbls 4



Lead coRtent of urrÈreated rtver:watcr fn pg/L

* D"a" fron Thc Natfonal lnstf Ëute for Publtc Heal'th

Rlver Saruplfng stta Tear. pb )Ê

Lek

IêK

îh€ H*rr Mcus¿

The Otd Meuse

fhe Old Meuse

Rhtne

Jutpba*a

BargmbachL

HontngerdlJlr

Bercrpleet
ûud Þeyerland

t{lJoegen

't9671 t968

1967 I 1968

1961

1968

1967 I t96S

197 1

18-ó4
15-40

33

<4-7
23-49
29-78

leble 5.



Ingeatlon and abeorptlon of lead

Substrncs Dally
lntake

Pb concen-
tratfon

Pb lnt¡ke
þ8ld¡y

Pb ebeorbed
øA

Pb absorbed
pg/d8y

Food

hlater

tfrbaa ¡lr

2ke
TL

20 rn3

150 ps/tre

20 ¡:,g,lL

1 t¡g/t3

300

20

2û

5

10

40

15

2

I

îou¡1 ?5 rrg

Snokers 30 clgarettes per day 21 40 I

lote1 33 tg

Table 6



Cumulative frequency disLríbution of 24-hour measuremenLs over 1971. Fig. L

,' Pb',
'ps/nJ
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Section B

Inlroduction
In north-west Europe highway E 36 represent.s t.he artery Èhat connects

Holland with the Ruhr-area ín Germany" BoEh cosrnercial and private
traffic along that route belong t.o the most dense of their kind" tr'Ihere

the road crosses the Dutch-German frontier a large customs offíce is
sit.uat.ed beLween the main art.ery and a number of sidings that are re-
served for goods traffíc" In both dírections three lanes are avaílable
for passenger control" This arrangement ís not. unnecessary if one

imagines the densiÈy of traffic on high days (ín the order of 2000 per

hour and direction), Although the barrier, the sídíngs and the buíldings
cover a large surface area, t.he local micro-climate Ís somewhat ín-
fluenced by a wall of wood and small elevatíons in the terrain, sur-

rounding the place to more than half extent.

fn the years 1969 and I97O a number of measurements on Èhe spot has

been made in the frame of an ínventory of atmospheríc pollutíon by

motor vehícle exhaust under varyíng condit.ions and at different locat-
ions. ComponenËs thaÈ have been estimated are OECD st.andard smoke,

carbon monoxide, lead, nitrogen dioxíde, aldehydes, saturated and non-

-saturated (C" ooo Cr.) as well as polynuclear hydrocarbons.¿+

In 1970 the five appraisals of the staËe of air pollutíon r4rere combíned

wíth a screening of a small numbêr of customs officers and policemen

who wished to participate as volunt.eers aft,er both parties had expressed

wishes to an appraisal of the local situatíon from the health poínt of
view. Notwithstanding the great int.erest of both groups, only a very

sma1l contigent. has particípated. Duríng the season motívation faded,

wliilsrcontínuity of particípatíon was further inÈerfered by absence

(holidays) and moving workshífts. So the gathered data repre'sent a far
from optimal mixture of t.ransversal and longítudinal approach.

In thís paper only the parameters refering t.o lead exposure will be

dealt wíth.
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Subiects

The group examined consisted af 29 cust.oms offícers and 16 policemen"

Of these 45 persons the participatíon patÈern r^ras as follows: once at
any examination: 18; twice: 18; three tímes: 6 and four t.imes: 3. This

amounts to a total number of 84 observat.ions. The distribution of the

number of part,icipations over the five examinat.ions was random. The

number of participants per examination was 20, 2t, 77r 11 and 15 res-
pectively" The screeníng took place during the morning shíft (6 - 14h)

at. intervals of about 8 weeks from March through November ¡ 1970.

Because of subjective complaints the work regimen for both customs

offícers and policemen is fract.ioned" Cusloms offÍcers are on duty
at, the barrier each time for one hour, with two hours interval, during
which they perform clerical work or duties at a distance from the focus

of pollutíon. Policemen represent only a small group in comparíson so

that ri:eir scheme of acÈivitíes is more comprehensive and confíned to
dutíes on the spot." Their regímen is 50% outdoor service and 50% in-
doors in their office, next to the main art.ery.

Exposure could be expressed in terms of the product of the measured

concentratíons of lead ín the aír in the near surroundings of the

officers on duty, and the percentage of time that they are active on

the spot. For fhe polícemen the exposure pattern ís consistent, for
customs officers it varies¡ â,o" in dependence of age, the young per-
formíng a more íntensíve barrier service than the elder ones do.

The persons Ì¡rere examined by an indust,rial health offícer (J.d.V") at
their first particípatíon. Each tíme they gave also a subjective
apprecíation of theír health condition by means of a score (range 0 -
100 7.) "

Blood and urine samples were collected during the morning shifts, be-

trnreen 6 and 11- aomo Most. people had previously voided their bladder at
about 5 âomo
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Lead ct¡ncenLrations :itr the atmosphere htere esiimated by means of an

AISI-smr'kÊ $i¿lmpler wíth hrhatman paper: f ilter, The apparatus was locat-

ed on the edge of the maín lane i.n use, near Eo the officers on duty,

i.n dependence of the climatic condÍtj.cns" Every hour a sample was t.aken,

durÍrrg 24 hcrursr each time. The lead conLent of the samples was determ-

ined by atomic absorptÍon specÈromet,ry (Sikker and Den Tonkelaar, l97t).

Human lead parameLers

A límiredr:umberof bíological parameters, related Èo the uptake of

lead ín Èhe human br:dyr was est.i.mated.

In blood: haemoglobin (ub), haemat,ocrit value (Ht), lead(PbB) and

activity of aminol.aevulinic acíd-dehydrase (41,4-D)o In urine: copro-

-porphyrine (Cptl) and aminolaevulínic acíd (AIAU).

PbB was determined'spectrophctometríca1ly according to an inversed

dithizone methcd"

Assay of ALA-D in whole blood was made by direcÈ colorimetric estimat-

ion of the amount of porphyrobí1ínogene produced from added Ai,A after
íncubatíon for one hour (Bonsignore, Cali.ssano and Cartosegna, 1965)"

The acLÍvities reporced were caculated from the formula:

E : 1000 x !2"5 (460 - oo) * TJtr

ALAU was det-ermined by lhe method of Mauzerall and Grani.ck (t9S0).

CPtl by the methori r¡f Zondag and Van Karnpen (fgSO). Both compounds were

estimafed in t,erms of wejghU per grâm creat.iníne and calculated per

1i ter o f uri-ne "

&eqg!!, " _9"4_g_!ntg_ç.:É

The cincen'-ratír^ns r:f lead in the aLmosphere demonstrated a def inice
seascrral pat.t"er¡r. The t i've sampl ing days thraugh t-l'¡e season yielded

the f r: llcwirig dve:rages t,'ver: B hr:l:rs during the morning shif e:
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uarch(1) uav(2) 'luly(3) september(4) November(5)
a

Pb ¡¡g/m3 616 r2'B 10 '0. 
2,8 2'4

Duríng the nights, previous to the respective morning shifts' the

concentrations r^rere considerably lower" There htas a weak correlation

wíth the number of passing vehicles (no¿ sígnifícant) and there was

some correspondence between the number of passing vehicles per hour

and the recorded lead in the atmosphere. It may be assumed that part

of these discrepancies can be attributed Èo unstable micro-climate

conditions on the spot.

on the basis of est.imates of the upt.ake of carbon monoxíde¡ simultan-

uously made among non-smokers, it can be postulated that the recorded

lead levels in the aír are between 507" and 1007' of the concentraÈions

actually inhaled by personnel on duty. Taking a correcLion factor of

thís order into account the only slat,ement could be that the exposure

levels under the working conditions remaín far below concentrations

regularly met in industry. once, at anoËher occasionr a concentratíon
?

or. 7I þg/m- has been recorded during Lwo early morning hours at the

occasir¡n of an exodus of holiday-makers when the barríers were opened

to give free passage Ëo a column of many kilomeËers length' Ïn compar-

able sense, the second and third examination Ïepresent days of relaËÍve-

ly high traffic densíty, but they are also representative for the over-

all increase of traffic during the surmner'

The exposure parameter (Pb pg1*3 times percentage of Ëime on duty at

the barríer) shows Lo be correlated with some of the human lead para-

met.ers (table 1 and Fígures t * 4)" The exposure ranges from

2"4 ¡¡,g/m3 x 5% to 72.8 *glm3 x 50%" lt is assumed that every personnal

observation represent.s a sample which could display the balance at that

time between seasonal mean exposuÏe aL one hand and bodily upÈake and

excretion cf lead on the oËher'
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Tt is most interesl-ing Lo observe that at exposures which are still

very modest, a clear-cut relaLionship exists betl,\¡een lead uptake and

CPU excretiolrs, whereas ALAU excretion does not bear any relevancy.

Further! ALA-Ð activity does noE discriminate between the varying ex-

posures" But what one should observe loor is the fact that ALA-D

act.ivity was reduced to a 1evel below fr"L of. Èhe normal value

(tf: + 13 units) found among non-exposed men (De Bruin and Hoolboom,

1967). At the atmospheric levels of lead, found at, the barrier and'

in consequence, at much lower concentraLions in the area where cust,oms

of f ícers and poli.cemen are coÍlmonly performing their duties, the PbB

neither exhibits a signíf,ic.ant relationship Èo possíble uptake of lead¡

if the latt.er is well represented by the exposure parameter. The more

astonishing is it that. a rather rough parameter, like Hb conËent of

the blood in this case, gíves an indícation of response to lead ex-

posure, a sign that is strengthend by the sígnifícant negatÍve correlat-

ión with Ht value.

Table 2 refleets the differences according to the regression formulae

between extreme groups, wíth minímum and maximüñ êxposllrê. It is clear

t.hat CPU can indeed be used to discriminate beËween groups t^tith díffer-

ent exposures in thís low range of concentrations and exposure tímes.

TABL.B 2.

Exireme group values according to regression formulae

i E*po"u"" cPUlHb HT

mi.nimum

mean

maximum

16 r0

15, B

L5r5

48 r0

47 15

46,4
,7

74

18

i¡r

20

29,4

:54irl
I

Legend: table 1
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Table 3 and FÍgures 5 - 11" display, the (non-)exístence of Ínterrelat-
íonshíps beLween the various parameLers. All correlatíons and regress-
ions were calculated. Only a límited number of these, thaÈ could be of
interest from a theoret,ical or practical point of view, are Þhorrn in
the table. Those missíng have correlatíon coeffícients in the order of
ZêtO o

Although the exposure parameter does not correlat,e too well with a

number of biological lead parameters (table 1), there exists various
ínterrelationshíps between the latter (table 3)" But the mutual relat-
ionships are not uníversa1. Multiple regression or facËor analysÍs
could have revealed the most signífícant of these parameËers in view

of íts predíctive capacity for the others. Thís has not, been done. But

lookíng at the data in Table 3 iË is temptÍng to postulate ËhaL both

CPU and AI,A-D are sensitive signs of an exposure to lead in dependence

of the PbB content. But, the missing relat.ion between CPU and A,IA-D in-
dicates that each bears its own significance and does mean something

different. A conclusion could be that ínt.erference of AIA-D actívíty
at these low PbB levels does not at all influence CPU excretion, the

latter being a phenomenon that, stands on íls own" Thís ebservation is
stressed by the fact that neither AI,AU and CPU are correlated sígnific-
antly, whereas Af,A-D and ALAU well display an interdependency (as would

be expected). Further there remains an indicatíon of Ht dependeney on CPU.

Conclusíon could be that ALA-D is a still too sensitive parameÈer to

díscriminate between dífferences ín the uptake of lead at. exposure

levels that are corünon ín people who are regularly exposed t,o mot,or-

vehícle exhaust, CPU remains t.o have more díscriminating capacity and

ís a useful tool for screening purposes. On the other hand reflects
ALA-D rather well PbB contenL¡ which ís an indicat,or of the body burden

or the level at which the body keeps the balance between uptake and

excretion 
"
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This aspect of ALA-D' as an indjcator of steady state or level of

balance, is forwar:ded in a. very recent con¡rnunication by Hernberg a.oo

(I972). They put the question how accurately ALA-D can predict PbB in

a definite lead balance, steady state or body burden. The regression

of Pbts on ALA-D is very poor ín our case, so that it must be concluded

that PL'B does predict pretty well ALA-D activity but AIA-D has no pre-

dicti.ve capacity as Ëo PbB ín the range PbB < 4O Pg/t00 *1.

Another phe-nomenon, Èhat could be obserr¡ed in the longítudinal study

of persons examined more than once, bears on the int,ra-índividual

fluctuation of the lead parameters. The above clearly indicates the

significance of inter- and intra-individual fluctuat.íons of exposure

through Èhe seasono But what about the reflectíon of day by day

changes in the exposure pattern and uptake of lead?

At the planned date. in July a mass exodus r^ras expected on the basis

of defíníÈe holÍday schedules, as these are practized in The Nether-

lands for some occupational groups" Therefore a second examinatÍon

of the same personnel was performed four days later, after the week-

end. Prime interest Ì^ras the behaviour of ALA-D activÍty.

In contrast to r^¡hat seemed predíctable and, by the way, was expected,

the flux of hrcliday-makers aÈ that time spread itself over a number of

days, probably on account of an intensive propaganda not to leave at

earlj.est convenienceo So the \n¡eek-end and the four days between both

examinations hrere relatível.y quÍet" I,rIe had hoped to be able to de-

monstrate a decrease of AI,A-D activity by intensive exposure during

the exodus"

But our primary disappointment turned into satisfaction as \^te l^¡ere

confronted with the data of rhe small group of nine recidivists that

showed a significant -lncr:ease (0,02 < P < 0.05) of AI,A-D activity after

four clays of c,nly intermedi.ate Lraffic density (nigure tZ). No exact

data ate avaj-lable" Our impr:essicn arrd conclusion are based on state-

ments by local st-aff "
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This observation indicates that at these exposure levels, resulting in

PbB corrcentrations in the order of 15--20 p,gl t00ml' AIA-D actívity

still is in rather: quickly reversible equilibrium with the body burden

of lead. One should take into account the fact thaf the regimen of

activity of the examined personnel is not directly comparable with

workers in inclustry so that ít ís not wise to Ëranslate the exposure

parameteï into terms that are applicable to other wcrking condítions"

Yet it can be postulated that the observed phenomena will scarcely be

met in practíce and that Èhese are typícal for an occupation like the

job of cust.oms officers or policemen on duty in lane traffic.

To some extent the findings are comparable with early exposure data

presented by Hernberg aoo. (t912) irt their study on the Lime course

of ALA-D inhibition.

Finally, in view of the appreciatíon of the environmental conditíons

from the occupatíonal health point of view, it musÈ be said Èhat no

s)mptons or sígns ¡nrere observed t,hat could bear relevance as to lead

being the specific agent that evokes the complaints forwarded by the

staff. A significant correlatíon, indeed, was found between exposure

and number and inËensi.Ly of a.o" the following s)¡mptoms: general weak-

ness, apathy, tiredness, dry throat, bad taste, coughing or respiratory

distress, nervousness and a feeling of inadequate approach to the public.

But all of these fit well to the whole amalgam of environmental condit-

ions that exerts a definite stress" Although each agent or component

ín the atmosphere r^ras far below industrial threshold f.imit values, one

should not forget that carbon monoxide, nitrogen dioxíde, lead, hydro-

-carbons, noise and the riecessity of maíntaining a high level of alert-

ness hidderr by poker-face and politeness, all togelher carry an

íntensive workload" The contribuÈíon and ¡he consequences of lead ex-

posure are probably r:ather sma11"
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So, ín conclusion, the sígnificance of lead uptake by the examined

personnel can only be estimated by means of comparison with criËería
and guídes from other sources" In Table 4 some of these are presented.
Checking these wiÈh the mean group data leads to the conclusíon that,

the lead uptake is wíthin the boundaríes of what is estímat,ed as nor-
ma1 or below the upper 1ÍmíE of normal.

YeË, the findÍngs may raíse some questions as to the vital significance
of the observed changes ín sensitive parameters as CPU and ALA-D

activíty among population groups wíth border-line exposures,
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TABLE 1

CORRELATION BETWEEN EXPOSURE (X )II.¡O LEAD PARAMETERS (V )

x y n xts yts r P

EXPOSURE Hb 76 197.5 * 191.3 15.8 * 0.8 -0.173 0.05 < p < 0.1

id. Ht 76 197.5+191.3 t7.5*2.3 -0.220 0.025<p<0.05

id. CPU 1 63 183 .2 *,18?.6 18.i + 13.1 +0.101 p << 0.005

id. CPU 2 63 183.2 t 1826 29.t, *,23.t, +0.439 p<< 0.005

id. ALAU 1 67 189.4 r 188.8 1.78 * 0.92 - 0.048 n.s.

¡d. ALAU 2 67 189.4 t 199.8 3.21 + 3.69 - 0.063 n.s.

id. ALA-D 59 206.¿ * 207.7 t7.9 + 13.7 - 0.040 n.s.

¡d. PbB 7L 201.5 t 192.3 17.1 * 12.1 + 0.070 n.s.

LEGENq: Hb lN g/100mt, Ht lN o/o, cPU 1 lN pg/g CREATININE,

cPU 2 lN pg/t, ALAU 1 lN mg/g CREATININE, ALAU 2 lN mg/[r

ALA -D tN E lml. RBC , PbB lN pg/too mt, ExPosuRE lN TERMS OF

o/o TIME x pg Pb/m3; n.s. MEANS NON SIGNIFICANT, p Þ)0.05



TABLE 3

INTERRELATIONS OF A NUMBER OF LEAD PARAMETERS

ï* s y+ s

PbB

PbB

PbB

PbB

PbB

CPU 1

CPU 2

CPU 1

CPU 2

ALA-D

ALA-D

ALA- D

ALA- D

CPU 1

CPU 2

ALAU 1

ALAU 2

ALA- D

Ht
Ht
ALAU 1

ALAU 2

ALAU 1

ALAU 2

CPU 1

CPU 2

16.7

16.7

16.9

16.9

14.6

18.7

29.t

19.0

29.7

Lt .7

17.7

48.0

48.0

61

61

65

65

57

63

63

60

60

50

50

52

52

*12.7 19.0*13.2 +0.319

+ 12.7 29.8 * 23.6 + 0.230

r 12.6 1.8 * 0.9 + 0.210

* 12.6 3-2 * 3.7 +0.051

* 6.6 48.1 * 13.2 - 0.275

Ê 13.1 47.5 * 2.2 -0.194
+ 23.t, 47.6 r 2.2 -A.242
+ 12,9 1.7 + 0.9 +0.044

* 22.9 2.7 t 1.8 +0.165

*14.6 1.6* 0.9 -0.306
+ 14.6 2.7 *. 1.9 -0.262
* 1t,.1 17.6 t 13.8 -0.001
+ 11.1, 28.1 *, 21,.5 + 0.039

< 0.01

< 0.05

0.0 s

n.s.

< 0.025

< 0.1

0.025

n. s.

n.s.

< 0.05

< 0.05

n. s.

n. s.

LEGEND: Hb lN g/lOOmt, Ht lN olo,CPU 1 lN rrg/g CREATININE,

CPU 2 lN pg/t,ALAU1 lN rng/g CREATININE, ALAU 2lN mg/t,
ALA-D rN E/rt RBC, PbB lN pg/tOOm[, EXPOSURE lN TERMS

OF o/oT|ME x pg Pb/m3;n.s,MEANS NON SIGNIFICANT, P(<0.05



TABLE 4

Comparison of, guídes and f indings

Críteria PbB CPU ALAU AJ"A -D Pb-ajr
r¡e/100mL u,elL ms/L E/h/mlRBC u,e/m-

Sweden 1967

Arnsterdam 1968

1.5

150

50

70 300 L0

Brit.Med.J. L968 40(80) 150(500) 6(20)

Selander a.o.1970 40 6

Srankovíê ß71 40(60) 90( 180) 4.5( 10)

de Bruln a.o.7967

Haeg.Arons a.o.t97 I
11q{-13

1.2t!32

Findlngs hoc.loco t7+t2 29+23 3.2+3,7 48+14 <3

Legend: Numbers refer to safe upper limits. Figures ín brackets
lndicate slightly abnormal environmenËal exposure.
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