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Nickel concentration of blood, urine
and sweat after oral administration

Ore B. CxrusrrrisENt, FLrLvon \tóllr.nr, Luurrlr Airorulsxo: .rro VeRxtR L..\cEssox!

I Department of Dermatology',  University of Lund, \ f  almó
!Health Service Deparirncnt. SAAB-Scania. Linkóping, Sweden

Healthy volunteers without nickel hypersensit ivi ty werc given 5.6 mg nickel oral ly. The
nickel cLìncentration was assayed in urine, serum and sauna-provocated sweat from hands
and trunk before and after nickel ingestion. The nickel concentrat ion in serum increased
in all subjects, and in most cases in urine, but not decisively' in su'eat.

Ke.v words; Nickel - oral provocation - serum - swea[ - urine.

Received lor publ icat ion February 12, 1979

Patients * ' i th a contact al lergy to nickel

o f ten develop a chron ic  hand eczema of  the

pompholy'x type (Christensen & lvf ól ler

1975a). We have earl ier shorvn that this

eczema may f lare after oral ingestion of

the antigen (Christensen & Móller l97ib),

and this has latel l '  been confirmed (Kaaber

et  a l .  1978) .  Resul ts  o f  three recent  s tud ies
(Nfenné & Thorboe 1976, Kaaber et al.

1978,  de Jongh & Spru i t  1978)  speak in

favnr of a posit ive correlat ion betrveen ec-

zematous activi ty and urinary excretion of

nickel.  I t  therefore seemed warranted to

establ ish the relat ionship i f  any between
oral ly administered nickel on the one hancl

and nickel levels of body f luids on the

other .  Thus,  in  the present  s tudy,  the n icke l

concentrat ion in blood, urine and sweat was

assayed in  hca l thy  sub jects  a f ter  ora l  in -
gestion of a nickel salt .

Mater ia l  and Methods

There were l6  heal th l '  vo lunteers ,  l0  fe-

males and s ix  males,  agec l  20- ,3 ,5  years .  w i th

0105-1873/79i050i l  2-O5S02.50i0 t)

no history of metal hypersensit ivi ty. lvforn-

ing urine was col lected and a venous blood

sarnple taken.I{ands and wrists were washed

for 3 min in a 5 ml Phisohexo-tap water

solut ion, and r insed thoroughly rvith 300

ml  d is t i l led,  de ion ized water  (DDW).  The

hands * er; then air dried and dressed in

poly'ethylene plast ic gloves (Dispos-A-

glove'91 for col lect ing srveat. For the same

purpose a l5-l  plast ic bag was applied

against breast and abdomen. The experi-

menta l  sub ject  was seated in  a  75"C dry

sauna bath for 30 min. The srveat produced

was col lected b1' puncturing the plast ic bag

with Paster-rr pipettes; cel l- free supernatant

was obtained bi '  centr i fugation.

Each subject rvas then given a capsule

conta in ing 25 mg n icke l  su l fa te  (NiSO{.

6HjO) in lactose r.i"ith a nickel content of

5.6 mg. After 2 h the procedure with blood

sampling, hand uash and plast ic appl ica-

t ion was repeated and after a further .- i  h

the subject \À'as seated in the sauna bath for

another 30 min of sweat col lect ion. Al l

ur ine vo ic led up to  7  h  a f ter  n icke l  ingest ion
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Spectrometer:
Mode Sing le  bcam

Spectral lamp Nickcl hol low' cathotie

LamP current 7-8 m 'A'

Photomul t iP l ier  R 372

Slicl  width 0'3 nm

Wave length 232'0 nm

Recording Peak height u' i th recorder

Scale exP. x 5

Flameless samPler:
Type Rectangular graPhite tube

with microboats

Mode Automatic

Pressure AtmosPheric

Purge gas .\rgon

Cas flow rate 20SC FH

Tab le  / .  Ten tPera tu r t  P rog ran l
for  5  min anc l  a i ter  that ,  up tc l  700 C for "

I  n t i nu t c .  
' f hc  

u r i nc  anc l  s *e  a l  san rp l cs  wc rc

t reated s inr i la r ly '  e . \cept  for  a  f  ina l  tc rnpera-

turc  o f  5-50 'Cl .  Pr ior  to  pre-ash ing o[  the

ur ine samples,  5  3 l  o i  conc '  HNO'  (supra

pure) r las aclt lecl in or<ier to el iminate salt

effects.

Af ter the pre-ashing treatment the

graphite boats on the probe plate were

taken ou l  and lc f t  for  a  couple  o f  minutes

to cool. The graphite boats with the pre-

asheci samples lvere placecl in the graphite

o! 'en and the temperature program pre-

sented in Table I rvas run'

Alt  samples were assal 'ed in clupl icate

and mean l 'alues of the t*o resuits were

accepted. The reproducibi l i t l '  of these as-

savs  was  !  5 l o -

Resul ts

The ttr inary excretíon of nickel before anrl

a f ter  ora l  adrn in is t ra t ion o f  n icke l  su l fa te

is shorvn in Table 2. One subject did not

vo id  any '  ur ine dur ing the 7-h observat ion

t ime .  Among  the  o the r  l 3  sub j cc t s  n i ne  ex -

cretec l  n ìore n icke l  a f ter  the ingcst ion than

before.

In  the l2  sub jects  in  *h ich b lood sample: ;

rvere obtainei l  beflore ancl after nickel ad-

min is t ra t ion,  the n icke l  concent ra t ion in

serum increased in  a l t  cases af ter  ingest ion

(T 'ab le  2) .  The mean concent ra t ion beforc

n icke l  ingest ion uas 4 '9  t tg ,1 l  ( range 2-12)

and after 23.6 ttgf l  (range 6-67') '

Thc  n i ckc l  concen t r l t i L ì n  and  samp le

vojumes crf swear are also given in Table 2'

In the 3-h stucl;-,  s* 'eat srrnples from the

trunk * 'ere obtaineci in al l  cases before antl

a f ter  n icke l  ac lmin is t ra t ion '  From the hanc ls

s*eat  cou l t l  be co l lec tec l  bc forc  and af ter

n icke l  admin is t ra t ion in  on ly '  e ight  o f  l i

sub jects .  
- l 'he 

n ickc l  concent r l t ic rn  in  s* 'c l t '

f rom t runk as *c l l  as  f rom h lnds '  c i id  not

shorv an5" tenclenci '  to incrcesc after nickcl

ingcst ion.  1n gcner l i '  thc  n ickc l  concent r i ' I -

Indicated
20-600

1

temperature ( "C) :

600-1325 1325 1325-2700 2100

4 8 0 2

was sampled together'  Al l  bloocl '  ur ine and

sweat was col lected in acid-w'ashed con-

tainers.

In  another  exper iment  n icke l  provocat ion

was carr ied out  in  s ix  sub jects  as ebore but

the second s* eat col lect ion \\ 'as delal 'ed

unti l  6 h. Blood ancl urine \"ere not sampleci

in this studY'.

For al l  the absorption r ireasurements the

Inst rumentat ion Laborator l '  Inc  ( IL)  l5 l

single'beam atomic ahsorption spectro-

photorneter \ \ 'as used alclng s i th an II-

Modet 555 Flameless Sampler'  To record

the absorbances a str ip chart recorder

(Phil ips) rvi th a response t ime of 0'2 sec

ful l  scale * 'as used.

The samples \\ 'ere pre-ashed in an or-

dinary laboratorS' oven. An al iquot of 30 1t l

serum,  sweat  or  ur ine sas d i rect l l '  p laced

in graphite rnicroboats (IL) ancl l6 boats

with samples r lere kxated on a probe plate

marJe of  t i tan iunt  r r  i th  apprcpr i : r te  d imcn-

sions for the laboratorl '  o\cn'

The serum s lmples \ \ere  prehcuted at

l 00oc  f o r  5  m in ,  150 "C  fo r  2  m in '  l l 0 'C
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tion in han.l sw.eat was highcr than that inabdornínal srvear.
In the 6.5_h stud1,, the nickel concentra_

tion in trunk sweal tvas somewhat higherthan after 3 h. Nickel .*.r*, ,on did notincrease after provocation, either from thetrunk or from the hands. On the whole, theindividual variat ion in nickel .on.ourrurion
and sweat volume was great.

Two rancrom sampres . i  5 mr phi.s'hex
conta ined 0.32 and 0.75 ug n icke! ,  respec_tively. Four random ,r.pl. ,  ; I ,  100 mlr inse water ( inclucl ing nickel in phisohex)
contained l l4 ancl I  I  I  i ,g ni. . t . i  (subject
no.  3) ,  35 and 34 pg nícke l  (sub ject  no.  5) .

Discussion

Normally, urinarl .  excretion of nickel varies
between 2.5 and 7.9 itq,2l h, ((rs variarion
apparent ly  be ing due to  enr i ronnrenta l  ex_posure (McNeel l ,  e t  a l .  1972,  Spru i r  & Bon_gaar ts  1977,  Nlenné er  a l .  I9 ;S) .  Roughly
the same amount was recordccl in our stuciyperformed on morning urine samples. Afteroral administrat ion of nickel suifate, theexcretion increased in nine of the 12healthy subjects stucl iei l .  These results agreewith rhose of Menné er ul i ,nr*t,  whofound an increased nickel excretion in al lof 13 patients wittr  psoriuri .  o, Ieg ulcer.Coìverse ly ,  Kaaber  e t  a i .  (197g)  obsen.ed

diminishing urinary excrerion of nickel inpatients on a low nickel diet.
Also blood levels of nickel vary withenvironrnental exposure. Nornral r.alues of1.64.6 FBll  have been publishecl (I fcNeell ,

: ,  11.  
1972,  Spru i t  & Bongaar , ,  i l r r l  rvh ichis fair ly close to the mcan concentrat ion

found in  our  heal thy ,  sub jects .  In  a i l  sutsjec ts  the serurn n icke l  concent ra t ion in-creased af ter orui ingcstion, the averageincrease be ing ahout  l ivg  1 i rnc,5 .
I t  i s  known  fha t  n i cke I  i s  exc re ted  a l soin  swea t  (Hohnadc l  e t  a l .  t gZ l ) .  . t t r i _  . , , ^our  sanìp l ing techniquc and rhcrc l r ,

volurncs dif fereel somcwhat fronr those ofHohnac lc l  e t  a l .  (1973) ,  w.e reg is teret l  aboutthe same n icke l  concent ra t ion in  srveatfrom a similar
t *,o s t Lr d i es,, ;:,1 :";'" 

'i:j,, 
:::'' l;.,T., :,1;va lues  has  been  g ree t .  The  amoun t  o f  n i cke lin hand s\r.s2g

rhat rrom rhe ffi_-'ffi:it,iliÌ,ì'^J::
with  the fact  that  han i j  , * "o ,  usual ly ,  isntore concentratecl than that from the bociy.(r 'an He1'ningen & \\rgin.1. 1952;.

Certain amount.s of nickei were foun<t inthe solut ions usecl for hancl *ort.  fhis cannot, horvsvgs, explain the regional r j i f fer_
ence s ince Bang pedersen 

;  a l .  (1g74)
found 3 min of hantl ,uuri, 

-rufficient 

toremove nickel frorn the skin surface.
There was no increase of ,ru.ut nickelfrom hancJs or trunk J t>r 6.5 h aftcr ora[ingesr ìon.  A l though n icke l  is  normal lS,  ex_creted in borh u

o'erroad i, ou, iou'j[:"::t .:ì::i: i"'::fl
Comparing the nickel levels in t fre rhreebody f luicls studied, that of , .ru", mosrregularly ref lected the oral intake. i t  isthus recommendecl  that  serum i r . t  . ,  befol lowecl in further prclv.ocation studies.
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