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Figure 2.1b. DAT A-BASED INVESTIGATING: Cadmium Leve ls in Human Blood

Ca dmium is a met allic ele ment used in a number of indust rie s – for
ex ample, in anti-cor rosio n coatings, in pig m e n t s , and in nickel-cad -
mium batt e rie s. Par tly as a res ult of its indust ria l us es and par tly be-
caus e of natur al processes, cadm ium is wid ely dis tributed throug h-
ou t the env ironm e n t, and low lev els are fou nd in mos t plants and an-
im als. As a con seque n ce, essentia l ly all hum ans are expos ed to cad-
mium on a daily basis – an int ake of rou ghly 50 µg per day, mainly
in the diet, is con sid ere d to be typical, alt hou gh mos t of this is be-
li eve d to be exc ret e d in the faeces wit hou t ab s orption. Cig arettes
cont ain traces of cadmium so that smoke rs usually hav e at lea st dou-
ble the expos ure of non -sm oke rs – respi rat ory abso rptio n of cad-
mium is appreciably more efficie n t than gastroi ntestin a l ab s orption.

Ca dmium is to xic. In the past, some workers in cadmium smel-
ters, who were expos ed to hig h leve ls of the vapour from mol ten cad-
mium , died from resp ira tor y fa ilu r e. In con trast to thes e re spi rat ory
ef fects of acute pois oning by ‘high’ lev els of cadmium , people who
have been expos ed to ‘in ter mediat e’ cadmium lev els , us u ally for rela-
tive ly long per iods, may exhibit imp aired ki dney function; a fe w
deaths due to kidn ey failu r e in such expos ed indivi d uals hav e been
att rib u t e d to ch ron ic ca dmium poi son ing.

In vie w of the known tox icity of cadmium and the long-ter m low-
leve l ex pos ure of the gen eral popula t ion, the re hav e been many inv es-
tigation s of cadmium lev els in hum an tis s ues starting in the 1950s, to
tr y to deter min e what is ‘n ormal’ and whether there is evi denc e that
this cadmium expos ure produces any wid e spre ad chron i c health ef-

fe cts. One tis s ue co mmonly use d to assess lev el of expos ure is
bloo d, becau se it is rela t ive ly st r aight-for ward to obtain blood sam-
ples from people. Unfor tun ately, nor mal cadm ium lev els in blood
are so low (1 ng/g or les s) that their accur ate mea s urement pos es
consid erable diffic ulties; many of the data in the olde r (e.g., 1975
and before) scie n tific lit e r ature are suspect, in that they are now con-
si dered to be sig n ific a n tly too hig h due to inaccur acy in the analyti-
cal methods use d to measure cadmium lev el.

One inv estig a t ion in the mid-1970s in the U.S. analys ed blood sam -
ples from 1,954 male milit ary recruit s ag ed 18-22 years; thes e subj ect s
we re drawn alm o st entirely from Chi c ago and adj acent are as of Illi-
nois and Indiana, and were con sid ere d to be a ‘r e pre sent ative’ group
of male adole scents and young adult s , both whit e and non -whit e,
fr om the are as of recruit ment. The sum mar y re sul ts of the inv esti-
gation were that the aver age bl ood cadmium lev el was 50 ng/g, the
medi an leve l wa s 35 ng/g, and the ra nge wa s fr om 50-300 ng/g.
Un for tun ately, it was subs equ ently realized that thes e high lev els
we re a res ult of conta mination of the blood samples by cadm ium
im pur ities in the gla s s cont aine rs in whi c h the samples were sto red
at −23oC prior to analys is. This was a seriou s matt e r becaus e, in the
mid-1970s when this wor k wa s done, thes e analys es repre sent e d
nearly half of all blood cadmium analys es car rie d ou t wo r ld-wid e
ov er about a 20-ye ar per iod. Eve n by the en d of the 1970s, blood
ca dmium analys es had been pub lis hed for only a to t al of bet ween
6,000 and 7,000 sub jects.

What were the data in this inve s tig a t ion?1

What was the main answer being sou ght ?

• Explain briefly why th ree (r ather than just one) num erical sum marie s of the data were giv en.

2

We re the data accurate?

• Whos e resp onsibility wa s the accur acy of the data?

• What are the conseq uen ces of inaccur ate dat a?

3

If the dat a ha d been accur ate, exp lain briefly what oth er fact or(s) wou ld affect their usef uln ess.4

If a histogra m of Cre ason et al.’s 1,954 obs ervation s of blood cadmium lev els were to be con str ucted, sugge s t a likely model
fo r it s shape; giv e re asons briefly for you r answe r.

5

What con d ition(s) in the inv estig a t ion mig ht hav e ma de it pos sib le to ext r act from the in dividua l data on blood cadmium lev-
el s the true value s which exi sted before the con tamination took place?

• Are thes e condition(s) likely to hav e occur red in practic e? Exp lain briefly.

6

REFERENCE: Cre ason, J.P., Ham me r, D.I., Colucci, A.V., Priest e r, L. and Dav i es, J. Blood Trace Met als in Milit ary Re-
cr uit s. Southern Medical Jou rnal 69(3): 289 -293 (1976).

1995 -04 -20

(cont inued overleaf )



Un ive rsity of Wat e r loo STAT 220 – W. H. Che rry

#2. 26

Figure 2.1c. DAT A-BASED INVESTIGATING: Lead Leve ls in Human Vertebr a an d Lu ng

Li ke cadmium des cribed in Fig ure 2.1 b, lea d is another tox ic met al
widely disperse d throug hou t the env ironm e n t, but there are two dif-
fe renc es fr om cadmium . First, the envi ron ment al dispersi on of lea d
is largely the res ult of human activities, not ably the use, sin ce the
1930s, of organ o-lea d co mpoun ds as anti-knock age n t s in gasoli ne
and, mainly in the U.S., the for mer widesprea d us e of lea d-base d
hous e and building paints; as an exa mple of more localized epi sodes
of lea d pollutio n, secon d ary lea d sm elt e rs in Toron t o have sometimes
been in the news in the last decade or so. Secon d, whe rea s ca d-
mium accumulat es primarily in the kidn ey (and secon d arily in the
live r), lea d accumulat es mainly in bone becaus e of its chemical sim i-
larity to calci u m. The maj ority of the hum an body bur den of lea d is
thus believe d to be immobilis ed in the bon e matr ix of the skele ton.

Li ke cadmium , le ad is to xic – the re is the conje cture that the de-
cli ne of the Roman aristocr acy, due to health problems, was broug ht
abou t by lea d pois oning from pewter drinking ves s els and othe r
us es of lea d su ch as wat e r pi pes, wat e r cont aine rs and lea d-base d
ceramic glazes in con tact wit h food and bev erage s. Inve s tig a t ion s
prompt e d by the modern conc e rn about pos sib le chron i c health ef-
fe cts of env ironm e n tal lea d have produ c e d good evi denc e that ch il-
dre n are par ticularly sus c eptib le to neurol ogica l damag e fr om lea d
(e.g., by ing estio n of paint flakes in old building s); the re has als o
been a long-st anding search for chron i c health effects in adults due
to the long-ter m low-lev el expos ure we all exper ienc e becaus e of
envi ron ment al pollutio n by lea d.

As par t of a Danish inv estig a t ion of lea d in hum an tis s ues from the
pa st (u sing skele ton s fr om archeol ogical discov eries) and the prese nt,
analys es were car rie d ou t of ver tebral samples obtaine d at autopsy
fr om 81 males and 38 fem ale s who had die d su ddenly. The respec-
tive aver age le ad lev els fou nd for the two sexes were about 0.9 and

0.7 µg/g wet (i.e., fre sh) bon e; thes e value s are les s than on e-fifth of
the ave r age s of aroun d 5 µg/g fou nd in sev eral other inv estig a t ion s in
Cana da, Jap an and the U.S., for exa mple. A qu estio n of interest is
whet her con tem porary skele tal lea d leve ls are re all y so much lowe r
in Dan es.

It tur ned out that the Danish ver tebral samples had been pre ser ved
in fo rmali n prio r to analys is. This technique is not re commende d in
trace -elem e n t inve s tig a t ion s; an earlie r large Ame rican study of lea d
leve ls in bon e, one of the few to use for malin pre ser vation, had
st res s ed that the for malin had to be ash ed and analys ed wit h the
bone samples. This was not done in the Danish wor k – the for malin
wa s si mply dis carde d after the bon es had been rem ove d fr om it for
analys is. It the refore seems likely that the low lea d leve ls in thes e
ve rtebral samples were cau sed by le ach i ng out of the maj or par t of
thei r le ad con tent by the for malin pre ser vative.

Tw o matt e rs of int e rest sub seque n tly arose in conne ction wit h thes e
low Danish ver tebral lea d leve ls. First, the work was awarded a
prize by the Unive rsity of Copenhage n. Secon d, the data were cit e d
as evi denc e that, in Denmark, the current envi ron ment al le ad lev els
fr om anti-knock addit ive s in gasoli ne were not of con cer n fr om a
public health perspective.

Tw o ye ars after the Danish wor k on ver tebra was pub lis hed, a sci-
entific paper repor ted le ad lev els in lu ng fr om a large group (146
ma les and 98 fem ale s) of Nor wegia n au topsi es; this inve s tig a t ion
also use d fo rma lin pre ser vation of tissue samples prior to analys is.
The ave r age lea d leve ls in thes e lu ngs were about 15-50 perc ent of
thos e fo und in sev en earli er studies in other cou ntr ies. Such de-
crea s ed lev els are reminiscent of the Danish ver tebral dat a and, in
vie w of the use of for malin, they sugge s t that this may be another
in stanc e of loss of lea d due to leaching.

What were the data in the Danish inv estig a t ion?1

What was the main answer being sou ght ?

• How was the answe r ex pre sse d in order to conve y it to people who rea d the pub lis hed repor t of the inv estig a t ion?

2

We re the data accurate?

• Whos e resp onsibility wa s the accur acy of the data?

• What are the conseq uen ces of inaccur ate dat a?

3

If the dat a ha d been accur ate, exp lain briefly what oth er fact or(s) wou ld affect their usef uln ess.4

Ap art from inclu ding the for malin in the analys es, is the re a way to recov er, from the in dividua l data on ver tebral lea d lev-
el s, the true value s which exi sted before the leaching took place?

5
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