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DETERMINATION OF NICKEL IN URINE AND BLOOD SERUM
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In this work a determination of nickel in urine and blood serum samples by electrothermal atomic absorption
spectrometry is performed using the IUPAC reference method with several modifications. These modifications refer
to the concentration of the sample and to the instrumental parameters. Nickel is extracted as bis-(1-pyrrolidinecarbo-
dithioato)nickel(II) complex in 4-methyl-pentane-2-one (methyl isobuthyl ketone, MIBK) as a solvent. Samples are
first digested with mixture of acids (HNO;, H,SO,4, HCIO,) up to 200 °C to remove the organic matter. The residue is
then adjusted to pH 7 and ammonium pyrrolidine dithiocarbamate (APDC) solution is added. The bis-(1-pyrroli-
dinecarbodithioato)nickel(I) complex is extracted in MIBK. The concentration of nickel extracted in MIBK is meas-
ured by electrothermal atomic absorption spectrometry. The method was tested with standard additions of nickel to
samples of urine and serum and satisfactory results were obtained for the recovery values. Determinations of nickel
concentration performed on 70 samples of urine and 68 samples of serum from workers exposed to nickel compounds
showed that in the most cases nickel concentrations are slightly higher than the ones found in the control group. This
fact indicates the need of permanent control and action to protect the workers from the acute or chronic intoxication

with nickel and its compounds.
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INTRODUCTION

Nickel is a ubiquitous trace metal and occurs
in soil, water, air and in the biosphere. It is used for
a wide variety of purposes in modern industry and,
because it is a constituent of stainless steel, virtu-
ally every individual in the industrialized world is
in daily contact with the metal. Nickel is an aller-
genic and in some of the compounds a carcinogenic
element. High risks of lung and nasal cancer have
been reported in nickel refinery workers employed
in the high-temperature roasting of sulfide ores and
in processes of electrolysis and hydrometallurgy
[1]. Because of this, the need for reliable analytical
procedures for monitoring nickel in human body
fluids, tissues and excreta has been emphasized
during past two decades.

Several methods for nickel analysis in bio-
logical materials by atomic absorption spectrome-
try (AAS) have been reported [2-10]. They can be

classified into two groups: direct determination by
flameless AAS [2-5] and determination that in-
volves preliminary wet or dry ashing and extraction
step before flameless AAS [6-10]. Different chelat-
ing agents are recommended for complexing nickel
before extraction, such as: dimethylglyoxime [6],
furildioxime [7] and ammonium pyrrolidine dithio-
carbamate — APDC [8-10].

Methods for nickel analysis in biological ma-
terials are reviewed in a paper published by the TU-
PAC Subcommittee on Environmental and Occupa-
tional Toxicology of Nickel with emphasis on pre-
liminary steps for oxidation or removal of organic
matter, pre-concentration and separation proce-
dures, instrumental techniques for quantitation of
nickel and reference values for nickel concentra-
tions in human body fluids, tissues and excreta
[11]. Electrothermal atomic absorption spectrome-
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try — ETAAS, is recommended as currently the
most sensitive, convenient and reliable technique
for determining nickel in biological materials. This
Committee also recommended a reference method
for analysis of nickel in serum and urine by
ETAAS [12] including acid digestion and extrac-
tion of nickel as bis-(1-pyrrolidine-

carbodithioato)nickel(I) complex in 4-methyl-
pentane-2-one (methylisobutyl ketone, MIBK).

In this work the modified IUPAC reference
method was used for nickel analysis in samples of
blood serum and urine from workers occupationally
exposed to nickel and its compounds.

EXPERIMENTAL

Apparatus

A Perkin-Elmer Model 1100B Atomic Ab-
sorption Spectrometer equipped with a deuterium
background corrector and an HGA-700 graphite
furnace were used. Nickel hollow cathode lamp
was used as a source, argon as an inert gas. The
graphite tubes used in the furnace were pyrolyti-
cally coated. The instrument parameters are given
in Table L.

Table I
Operation parameters of the atomic absorption
spectrometer
Wavelength 231.8 nm
Slit width 0.2 nm
Hollow cathode light current 25 mA
Integration time 5s

Calibration mode Absorbance, peak height

Background correction Deuterium lamp

Gas Argon

Reagents and solutions

Acid digestion mixture. 120 ml of nitric acid,
40 ml of sulfuric acid and 40 ml of perchloric acid
are placed successively into a glass-stoppered boro-
silicate glass bottle (250 ml capacity) and thor-
oughly mixed. Ultra-pure acids are essential.

Concentrated ammonium hydroxide solution-
ultra-pure.

Bromothymol blue indicator solution. 20 mg
of bromothymol blue (certified reagent) and 1 ml of
dilute ammonium hydroxide solution are placed
into a screw-cap polyethylene drop-dispenser bottle

(60 ml capacity). The contents are diluted to 50 ml
with ultra-pure water.

4-Methyl-pentane-2-one — ultra-pure.

Ammonium pyrrolidinedithiocarbamate
(APDC) and its solution. APDC was synthesized
by a method described elsewhere [13]. Its solution
is prepared by dissolving 0.5 g APDC in 25 ml of
ultra-pure water and the solution is then extracted
three times with 1.4 ml portions of MIBK. The last
washing is analyzed by electrothermal AAS to ver-
ify that it contains no detectable nickel.

Potassium phosphate buffer (1 mol/l, pH = 7).
17 g anhydrous KH,PO, and 21.8 g anhydrous
K,HPO, are placed into a 250 ml volumetric flask
and dissolved in ultra-pure water. The solution is
then transferred in a 250 ml separatory funnel, 5 ml
APDC solution is added and the mixture is ex-
tracted three times with 10 ml portions of ultra-
pure chloroform. The last washing is analyzed by
electrothermal AAS to verify that it contains no
detectable nickel.

Nickel stock solution and calibration solu-
tions. 1 g of nickel metal is weighed and trans-
ferred into 1000 ml volumetric flask. Nickel is dis-
solved in small volume of HNO; (1:1) and diluted
to volume with 1 % (vol.) HNOs. Calibration solu-
tions with concentrations: 1, 2, 4, 5, 10, 20, 30, 40
and 50 pg Ni/l are prepared by diluting this solu-
tion with ultra-pure water in volumetric flasks.

Procedures

Urine. 10 ml samples of urine are first di-
gested with 5 ml of mixture of acids in screw-cap
glass erlenmeyer flasks (50 ml capacity) on a sand
bath (half an hour at 110 °C and one hour at 250
°C) to remove the organic matter. The residue (col-
orless, volume approximately 1 ml-corresponding
to the volume of H,SO,) is then dissolved in 2 ml
of water, bromothymol blue solution is added and
pH is adjusted to neutral with 2 ml of phosphate
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buffer and a few drops of concentrated ammonium
hydroxide solution (light blue-green colour). Then
1 ml of APDC solution is added and the bis-(1-
pyrrolidinecarbodithioato) nickel(Il) complex is
extracted in 1 ml of MIBK. 50 ul of each extract is
then introduced in the graphite furnace for analysis.

Serum. The procedure for serum analysis is
similar to that for urine, differing from it only in

the sample volume (5 ml) and the volume of the
APDC solution (0.5 ml) and MIBK (0.5 ml).

The same procedure is used for the standard
calibration solutions. 10 ml of each standard solu-
tion is treated in the same way as the samples of
urine for nickel analysis in urine. 5 ml of each stan-
dard solution is treated as the samples of serum for
nickel analysis in serum.

RESULTS AND DISCUSSION

Optimal conditions for the ETAAS determina-
tion of nickel extracted as bis-(1-pyrrolidinecarbo-
dithioato)nickel(Il) complex in MIBK were estab-
lished by extensive testing. The time-temperature
programme is given in Table II. The dependence of
the absorbance of nickel on different charring and
atomization temperatures is given in Fig. 1 and Fig.
2, respectively. Temperature of 1400 °C is chosen
as optimal charring temperature because it’s the
highest temperature (necessary for complete char-
ring of the sample introduced in the furnace) at
which the highest absorbance of nickel is meas-
ured. It’s higher than the temperature proposed in
the reference method (1000-1200 °C) [12]. Tem-
perature of 2400 °C is chosen as optimal atomiza-
tion temperature because it’s the lowest tempera-
ture at which maximal absorbance of nickel is
measured. The atomization temperature we used is
lower than the proposed in the reference method
(2600-2700 °C).

Table II

Time-temperature programme for HGA-700
for nickel analysis

Step  Temperature Ramp time  Time Gas flow

°C S S ml'min”'
Dry 90 10 20 300
120 1 10 300
Char 1400 5 30 300
Atomize 2400 0 5 50
Clean 2650 1 3 300
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Fig. 1. Dependence of the absorbance of nickel
on different charring temperatures
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Fig. 2. Dependence of the absorbance of nickel
on different temperatures of atomization

The interference of sodium, potassium, cal-
cium and magnesium, present in the samples in
considerably higher concentrations than nickel, was
studied. Solutions with the same concentration of
nickel but with various concentrations of the inter-
fering elements (similar to those in samples) were
prepared and the absorbance of nickel was meas-
ured. No interference from these elements on ab-
sorbance of nickel was found.

The extraction of nickel was investigated us-
ing different volumes of MIBK. 1 ml of MIBK was
found to be the optimal volume for nickel analysis
in urine (sample volume 10 ml) and 0.5 ml of
MIBK for nickel analysis in serum (sample volume
5 ml). In this way, tenfold concentration of the
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nickel content in samples can be achieved, which
enables determination of lower concentrations than
the reference method (2 ml sample volume and 0.7
ml MIBK) [12].

This method, modified in the instrumental
conditions and sample treatment, was tested with

Table III

standard additions of nickel to samples of urine and
serum. The results are given in Table III. It can be
seen that the recovery values are satisfactory and
the method can be used for determination of nickel
in samples of urine and serum.

Results of determination of nickel in urine and serum by method of standard additions

y(Ni) Urine, y(Ni) / pg-I™ R (%) Serum, y(Ni) / pg-1™* R (%)
added/ug'l’l calculated determined calculated determined
- - 0.60 - - 2.80 -
2 2.60 2.58 99.23 4.80 4.86 101.25
4 4.60 4.62 100.43 6.80 6.67 98.08
10 10.60 10.90 102.83 12.80 13.34 104.21
20 20.60 21.18 102.81 22.80 22.06 96.75

A calibration curve (for organic solutions con-
taining up to 20 ng Ni) was prepared using the pro-
posed extraction procedure for standard nickel so-
Iutions. The standard deviation (SD) for 1.0 ng
nickel was 0.01 ng and the relative standard devia-
tion for this method ranged from 1.0-3.5 %. The
detection limit of the method, calculated as 3 SD of
the blank, was found to be 0.10 pg/l.

Table IV

After establishing the optimal instrumental pa-
rameters and testing the method, analyses of nickel
in 70 samples of urine and 68 samples of serum of
workers occupationally exposed to nickel com-
pounds were performed. At the same time the quan-
tity of total and respiratory dust in the working area
and their nickel content was measured. These re-
sults are given in Table I'V.

Results from the nickel determination in urine and blood serum of subjects occupationally exposed
to nickel compounds and data about nickel content in working area

Deptl Dust, total Ni in total Respiratory dust, Ni in respiratory ~ No. of subjects  Ni in urine, ug/l Ni in serum, pg/l
mg/m’ dust, mg/m’ mg/m’ dust, mg/m’ urine, serum Mean + SD Mean + SD
1 - - - - 9; 10 1.33 +1.03 0.76 +0.47
2 12.2-16.6 0.08-0.17 2.0-8.25 0.005-0.023 10; 9 12.05 + 10.44 2.08 + 0.64
3 2.33-40.8 0.02-0.57 1.6-12.3 0.03-0.48 13;13 5.36 +4.65 1.88 +0.47
4 1.66-16.8  0.006-0.81 2.04.5 0.019-0.25 28; 27 6.56 +4.5 1.87 £0.72
5 - - - 10;9 3.44 +£3.70 0.84 +0.43
MPV® 6.0 0.5 2.0 0.5 - -
Total mean: 5.92 mean: 1.60
70; 68 range: 0.6-24.4 range: 0.15-3.25

! Production department; > Control group; > Maximum permitted values

It can be seen that the quantity of total and
respiratory dust is above the maximum permitted

values and the nickel content in total dust is also
above the permitted limit in some departments.
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This is probably the main reason for higher concen-
trations of nickel in urine and serum of some work-
ers compared to the concentration found in samples
from the control group (mean 0.84 pg/l for serum
and 3.44 pg/l for urine). In the literature the normal
nickel concentration in specimens from healthy
non-exposed adults in serum ranges from 0.05-1.08

ug/l and in urine from 0.5-8.8 pg/l [1]. Higher
concentrations found in urine (Table IV) show that
nickel, which is brought into the human body, is
excreted through urine. This implies that nickel
concentration in serum can be brought back to
normal by excreting it through urine if the human
body is no longer exposed to nickel compounds.

CONCLUSION

The proposed method for determination of
nickel in urine and serum extracted as bis-(1-
pyrrolidine-carbodithioato)nickel(I) complex in
MIBK gives satisfactory results, which is proved
by the method of standard additions.

Determinations of nickel concentration per-
formed on 70 samples of urine and 68 samples of

serum from workers exposed to nickel compounds
showed that in the most cases nickel concentrations
are slightly higher than the ones found in the con-
trol group. This fact indicates the need of perma-
nent control and action to protect the workers from
the acute or chronic intoxication with nickel and its
compounds.
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Pesume

OINPEJETYBAILE HA HUKEJ BO YPUHA U KPBEH CEPYM CO EJEKTPOTEPMNYKA
ATOMCKA AINICOPIIIIMOHA CHEKTPOMETPHUJA
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Knyunu 360poBu: HUKEI; CEpyM; YpHHA; ONIpeeyBabe; eNIEeKTPOTEpPMUIKA aTOMCKA allCOPIIHOHA

CIIEKTPOMETpHja

Bo TpynoB ce nmpe3eHTHpaHu pe3yJaTaTUTE Off OIpe-
JENyBalkeTO HAa HUKEJ BO IIPUMEPOLM Off YPUHA U CEPYM
CO €JIEKTPOTEpPMUYKAa aTOMCKAa alCOpHIMOHA CIEKTPO-
MeTpuja, KOpUCTejKN To peepeHTHHOT MeTox o IUPAC
€O HEKOJIKY Moaudukanuu. Opre MoguuKaIuu ce OfHe-
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cyBaaT Ha KOHIEHTPHUPAHETO Ha 06pa3eloT U Ha MHCTPY-
MEHTaJIHUTEe NapaMmeTpu. HukemnoT e excrpaxupaH Kako
bis-(1-nuponuguHKapooguTnoaTo)nuken(ll) kommieke Bo
4-MeTHI-TIeHTaH-2-0H(MEeTHI U300yTHa KeToH, MIBK) ka-
KO pactBopyBau. [IpuMeponuTe ce 3arpesaat co cMeca Off
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kucenunu (HNO;, H,SO4, HC1O4) go 200 °C 3a oTcTpanyBa-
HBE Ha OPTaHCKUTE MATEPUH, a OCTATOKOT IOTOA CE HEYT-
pamsupa o pH = 7. IloToa ce gofaBa pacTBOpOT Off aMOHH-
ymnuponuauHauTaokapéamar (APDC) u ¢opMupaHHOT
bis-(1-muponuanHkapooguTnoaTo)nuken(ll) KoMmsekc ce
excrpaxupa Bo MIBK. KoHneHTpanujata Ha HHKEJ BO
E€KCTPaKTOT ce OIpefeyBa CO €JIEeKTPOTEpMUYKA aTOM-
CKa amncophiuoHna cnekrpomeTpuja. [locrankara e mpose-
peHa co METOJOT Ha CTaHAAapAHM AOATOLM, IPHU LITO ce
MOOMEHN 3aJ0BOJINTENIHU PE3yNTaTH 3a AHAIUTHYKHOT

npuHoc. VI3BpIIeHn ce onmpeenyBamba Ha 3aCTaeHOCTa Ha
HUKeN Bo 70 mpuMeponm Of ypHHA M 68 MpUMepom: Of
cepyM 3eMeHH Off paGOTHHIM M3JIOKEHH Ha COeNNHEHH]a-
Ta Ha HUKelNl. [JoOueHnTe pe3ysnTaTd BO MOBEKETO CIydan
UMaaT MalKy IIOBHCOKM BPETHOCTH OJf OHHE BO KOH-
TpOJIHATa Ipyma, ITO ja HAMeTHyBa noTpebaTa 3a MOCTO-
jaHa KOHTponla W Tpe3eMame MEpKH 3a 3allTHTa Ha
paGoTHHIATE Off aKyTHH M XPOHMYHN TPyeHa CO HUKET
1 HETOBUTE COCANHEHM]a.
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