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Opracowanie metody oznaczania małych i skrajnie małych zawartości kadmu w
materiałach biologicznych za pomocą radiochemicznego wariantu neutronowej analizy
aktywacyjnej

Zaprezentowano nową, zmodyfikowaną wersję metody oznaczania kadmu w mate-
riałach biologicznych za pomocą radiochemicznej wersji neutronowej analizy aktywa-
cyjnej opartej na selektywnym oddzielaniu Cd po napromienianiu w reaktorze jądro-
wym, stosując amfoteryczny wymieniacz jonowy Retardion 11A8.

Zostały omówione warunki konieczne dla selektywnego zatrzymania kadmu na
kolumnie wykorzystując zarówno aniono-, jak i kationowymienną funkcję jonitu. W
zależności od składu roztworu zewnętrznego, kadm istniejący w formie anionowych
kompleksów chlorkowych, bądź kationowych kompleksów aminowych może być za-
trzymany odpowiednio przez czwartorzędowe grupy amoniowe lub grupy karboksylo-
we, przy jednoczesnym wymyciu pierwiastków towarzyszących.

Próbki materiałów biologicznych po mineralizacji wprowadza się na kolumnę w
roztworze 2 mol I"1 HC1. Następnie złoże przemywa się dwukrotnie na przemian roz-
tworami 2 mol l l HC1 i 1 mol I 1 NH3 + 0,1 mol I 1 NH4C1.

Cynk, który również pozostaje na kolumnie w czasie realizacji powyższych etapów
procedury, oddziela się za pomocą eluentu o składzie: 0,05 mol I"1 NH3 + 2,0 mol I 1

NH4C1.
Do końcowego wymywania kadmu z kolumny stosuje się roztwór 8 mol I 1 NH3 +

1,0 mol I1 NH4C1.
Weryfikację dokładności opracowanej metody przeprowadzono oznaczając kadm za

pomocą NAA w kilku materiałach odniesienia pochodzenia biologicznego atestowa-
nych na zawartość Cd. Jonowymienna procedura rozdzielcza zapewnia bardzo wysoką
czystość radiochemiczną frakcji kadmu. Współczynniki dekontaminacji uzyskane dla
Mo, Sb, Na, Zn, Co, Sc zawierały się w zakresie 103-106. Granica wykrywalności dla
Cd wynosiła 0,5 u.g kg1. Wyniki oznaczeń analitycznych pozostawały w dobrej zgodno-
ści z wartościami atestowanymi.



Devising of the Method for the Determination of Small and Very Small Amounts of
Cadmium in Biological Materials by Radiochemical Version of Neutron Activation
Analysis

The newly modified version of the method for the determination of cadmium in
biological materials by radiochemical NAA based on selective post irradiation separa-
tion of Cd using ion exchange resin Retardion 11A8 is presented.

The conditions necessary for the selective retaining of Cd on the column exploiting
both anionic and cationic ion exchange function of the resin have been discussed.
Depending on the composition of the external solution, cadmium existing in the form
of either anionic chloride complexes or cationic ammine species is taken up by qua-
ternary ammonium or carboxylate functional groups, respectively while accompanying
elements are eluted.

"""" Samples of biological materials after mineralization are introduced onto the col-
umn in 2 mol I1 HC1 solution. The bed is then alternately washed with 2 mol I1 HC1
and 1 mol I"1 NH3 solutions.

Zinc which also stays on the column during the above steps is separated from Cd
by elution with 0.05 mol I1 NH3 + 2.0 mol I1 NH4C1 solution.

Finally cadmium is rapidly and quantitatively stripped with the aid of the eluent of
the composition: 8 mol I"1 NH3 + 1.0 mol I1 NH4C1.

The elaborated method was further verified by determining Cd content in several
certified biological reference materials using neutron activation analysis. The ion
exchange separation procedure assures very high radiochemical purity of the cadmi-
um fraction. Decontamination factors obtained for Mo, Sb, Na, Zn, Co, Sc amounted
to 103 ™106. Detection limit for Cd was 0.5 u.g kg*1. Analytical results show good
agreement with the certified values.
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1. INTRODUCTION

Accurate determination of cadmium in biological materials is of great importance
due to its toxic properties, still growing concentration level of this metal in biosphere,
and its tendency to accumulation in human body (mainly in kidneys) with biological
half-life of more than ten years [1].

The most frequently employed analytical method for cadmium determination is
atomic absorption spectrometry with flame and graphite furnace [1].

It is necessary, however, to possess at least one and at best several alternative
techniques of high reliability which could be used not indispensably in routine analy-
ses, but rather for verification of a given analytical procedure or in the process of
certification of reference materials.

Neutron activation analysis because of its favourable detection limits as well as
minimization of the problem of blank, seems to be logical method of choice for the
determination of trace amounts of Cd.

The method for cadmium determination by radiochemical NAA using amphoteric
ion exchange resin Retardion 11A8 elaborated in this laboratory was published previ-
ously [2]. In this work the improved version of the above mentioned method intended
especially for biomaterials of very low cadmium content has been devised.

2. EXPERIMENTAL

2.1. Ion exchange resin, radioactive tracers, procedures
Amphoteric ion exchange resin Retardion 11A8 of particle size 23-46 \im was

used. The methods used for grinding, fractionating and purification of the resin were
as described earlier [3].

The following radioactive tracers were used: u5Cd-115mIn (53.5h-4.5h), 65Zn
(245d), 24Na (15h), ^Co (5.26y), 59Fe (44.6d), 203Hg (46.9d), MCu (12.8h), 11OmAg
(253d), "Mo-99mTc (66.0h-6.0h), 46Sc (83.8d), 122Sb (66.0h). All tracers were pre-
pared by neutron irradiating of spectrally pure salts or oxides in the reactor EWA
(Swierk, Poland).

Weight distribution coefficients, k (amount per g of dry ion exchanger / amount
per ml of solution) were determined by batch equilibration as described previously
[3].

Column experiments were carried out using glass columns of i.d. 3—5 mm contain-
ing the resin bed of the height 5—15 cm supported on a quartz wool plug. The efflu-
ent was collected in fractions of several drops in flat bottomed test tubes employing a
fraction collector Redifrac (Pharmacia, LKB).

Concentration of chloride ions and pH measurements in fractions were determined
potentiometrically with the aid of combined chloride ion selective electrode 96-17B
and pH combined electrode 81-15 (Orion) connected to a pH-meter model 720A
(Orion). The electrodes were standardized before each series of measurements pre-
paring calibration curves using Cl" standard solutions and pH buffer solutions, respec-
tively.

Gamma-ray spectrometric measurements were performed by means of 213 cm3

HPGe coaxial detector (Ortec) with associated electronics (resolution 2.1 keV for
1332 keV ^Co line efficiency ca. 40%) coupled to the multichannel analyzer TUKAN



(Institute of Nuclear Problems, Swierk, Poland) in the form of a card plugged into an
IBM PC AT computer.

2.2. Analytical procedure
Known amounts (ca. 100 mg) of biological materials (CRMs) were weighed into

aluminum foil of very high purity. Standards (5 \ig Cd) were prepared by dropping
appropriate aliquots of standard solution onto Al foil and evaporation. Samples, stan-
dards and blank (empty Al bag) were wrapped together into Al foil and irradiated in
EWA reactor at thermal neutron flux of 140° n cm'V1 or 84013 n cm'V1 respec-
tively. Irradiation time varied between 16 and 48 hours. After 3-5 day cooling each
sample was unpacked, transferred to a Teflon beaker, the inner surface of the bag
was rinsed with coned. HNO3, the washing being added to the beaker. The samples
were mineralized with HNO3 + HC1O4 mixture (1 + 1). 20 \ig of Cd(II) carrier and
10 mg of NH4Br were added to all samples before mineralization. In order to remove
SiO2, 2 ml of coned. HF was added and the solution was evaporated to dryness. This
operation was repeated twice. The residue was afterwards dissolved in 2 mol I'1 HC1
and transferred quantitatively onto the top of Retardion 11A8 column (15 cm x 0.126
cm2, particle size 23-46 |im). The column was washed twice with 10 ml of 2 mol I"1

HC1 followed by 10 ml of 1 mol I1 NH3 + 0.1 mol I1 NH4C1, then with 30 ml of 0.05
mol 1l NH3 + 2.0 mol I'1 NH4C1. Finally cadmium is eluted by means of 10 ml of 8
mol I"1 NH3 +1.0 mol I'1 NH4C1 collecting the eluate in a 50 ml polyethylene bottle.

Standards were dissolved in 2 mol I'1 HC1, and one of them was run through the
above procedure with the exception of removing of SiO2, while the other was brought
to the same volume as the final eluate and measured directly.

Gamma-ray spectrometric measurement was accomplished after the equilibrium
between ll5Cd and 115raIn had been established (i.e. after at least 24 hours). Depend-
ing on the material, counting time varied between 0.5 and 20 hours. Moisture content
in the analyzed materials was determined in separate samples according to the recom-
mendations of the manufacturers. Cadmium content was calculated from the equa-
tion:
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- standard pulser photopeak count rate (as recorded in the absence
of a sample,

ApUls - pulser photopeak count rate recorded when measuring the sample
or standard, respectively.

3. RESULTS AND CONCLUSIONS

3.1. Ion exchange separation procedure
Retardion 11A8 belongs to the class of amphoteric ion exchangers. It contains both

anionic strongly basic benzyltrhnethylammonium groups and an equivalent amount of
weakly acidic carboxylate groups [4]. Depending on the composition of the external
solution, elements existing as anions or anionic complexes can be taken up by the
anion exchange groups, as well as those existing as cations or cationic complexes can
be retained by the cation exchange groups. Ion exchange behaviour of some selected
elements in a wide range of concentrations of hydrochloric acid and ammonia solu-
tions are presented in Fig. 1.
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Figure 1. Distribution coefficients of cadmium and some other elements in the systems: Retardion 11A8 -
x mol I1 HCI and Retardion 11A8 - x mol I1 NH3 + 0.1 mol I1 NH4C1, respectively.

Cadmium forming anionic chloride complexes in HCI solutions and cationic
ammine complexes in NH3 solutions [5] can be taken up both by cation and anion
exchange groups exploiting cation and anion exchange functions of Retardion 11A8.
As can be seen from Fig. 1, in both systems there exist quite pronounced ranges of
concentrations where cadmium shows high affinity towards the ion exchanger. This
enables selective retaining cadmium on the column, whereas accompanying elements
could be eluted while changing ion exchange function of Retardion 11A8 from anion
to cation exchange function and vice versa.

Elution behaviour of Cd together with the changes of concentration of chloride
ions as well as pH in the effluent are presented in Fig. 2. As can be seen, after the
eluent has been changed from 2 mol I"1 HCI to 1 mol I"1 NH3, when concentration of
Cl' gradually decreases to practically zero, and pH raises from acidic to weakly basic,
cadmium initially existing in the form of chloride complexes is transformed into
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Figure 2. Changes in the concentration of Q'
ions and pH in the effluent, as well as ion
exchange behaviour of Cd when changing
anion exchange function of the resin to cation
exchange and vice versa. Column: 8.5 cm x
0.0707 cnr; Retardion 11A8 (23 < 4>< 46pim).

concentrat ion of NH5, m o l l " '

Figure 3. Separation factor of Cd and Zn as a
function of NH3 concentration. Column: 12.0
cm x 0.0707 cnr; Retardion 11A8 (23 < 4><

ammine complexes, which are also
strongly held by the ion exchanger. The
reverse course of the Ccl. and pH depen-
dencies is observed when the bed is
rinsed with 2 mol I*1 HC1 again i.e. the
ion exchange function of Retardion 11A8
is being changed from cationic to anionic
this time.

Zinc showing similar properties like
cadmium is also kept by the resin when
the column is alternately eluted with 2
mol I1 HC1 and 1 mol I1 NH3, respec-
tively. For this reason, separation of
these elements is necessary. On the basis
of column experiments it was found that
both metals can be effectively separated
after the above elution cycle, using the
solution containing dilute NH3 and rath-
er concentrated NH4C1. The dependence
of the separation factor of Cd and Zn
obtained in these conditions (a^J - is
the quotient of the distribution coeffi-
cient of Cd and Zn) as a function of
CNHj is shown in Fig. 3.
Solution of the composition 0.05 mol I"1

NH3 4- 2.0 mol I1 NH4C1 seems to be
optimum for the separation of Cd and
Zn. As can be seen in Fig. 4, zinc is
rapidly and quantitatively washed out,
whereas cadmium is still retained by the
resin and appears in the effluent after
large volume of eluent has been passed.
The final stripping of Cd with the aid of
the above solution would be a time -
consuming process. Therefore, shortly
after complete elution of Zn, the eluent
should be replaced by such one, which
enables quick and complete elution of
cadmium. On the basis of the results of
investigations presented above, 8 mol I1

NH3 + 1.0 mol I1 NH4C1 solution was
used to accomplish this purpose.

Elution behaviour of Cd and other
elements while performing the elaborat-
ed ion exchange procedure, is presented
in Fig. 5.
One can see that practically all accompa-
nying elements are eluted during the
successive elution steps and very high
selectivity of cadmium isolation is
achieved.
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3.2. Determination of cadmium by neutron activation analysis
Determination of cadmium in biological materials by neutron activation analysis

using Retardion 11A8 for the selective separation of cadmium was already described
previously [2]. Separation of Cd from other radionuclides present in neutron irradiat-
ed biological materials and accuracy of analytical results were satisfactory. During
long yray spectrometric measurements, however, trace amounts of several radionu-
clides i.e. Mo, Sb and Br were still observed in the y-ray spectrum of the cadmium
fraction (Fig. 6).

In the improved version of the method, presented in this paper the main effort was
directed towards the demonstration of possibilities of interference free cadmium
determination in biological materials of low level Cd content.
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Figure 6. Gamma-ray spectrum of the cadmium fraction isolated from lOOmg of neutron-irradiated IAEA
Animal Muscle (H-4) (earlier version of the method). Time of measurement: 20000 seconds.

The flow sheet of the analytical procedure is shown in Fig. 7. The modification of
the ion exchange separation scheme raised the selectivity of Cd isolation still keeping
intact the 100% yield of the analyte (average 99.8% ± 0.4% recovery in the cadmium
fraction as determined in tracer experiments). Molybdenum and antimony which
previously posed some problems are efficiently washed out from the Retardion 11A8
column while performing successive elution steps. The interference related to bro-
mine was suppressed by modifying the mineralization procedure. Addition of ammo-
nium bromide to the HNO3 + HC1O4 mixture enables transformation of bromine
compounds of higher oxidation state into Br2 which can be easily removed by volatil-
ization. Decontamination factors established for several selected elements were as
follows: Na, Br and Sc > 106, Co and Sb « 105, Mo « 104, Zn « 103. Gamma-ray
spectrum of the cadmium fraction obtained after very long measurement time was
practically free from other activities than those normally observed in the natural
background. The elaborated method was used for the determination of Cd in two bio-
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Table. Results of cadmium determination in the certified reference materials.

Material

IAEAH-8
Horse
Kidney

IAEA MA-M-2
Mussel
Tissue

CTA-OTL-1
Oriental
Tobacco
Leaves

IAEA H-9
Human Diet

IAEAH-4
Animal
Muscle

Certified value
for Cd and its

confidence limits
mg/kg

189 ± 6
(183 - 195)

1.32
(1.16 - 1.54)

1.12 ± 0.12
(1.00 - 1.24)

0.0315 ± 0.0045
(0.0270 - 0.0360)

0.0049 ± 0.0010
(0.0039 - 0.0059)

Results of
individual

determinations
mg/kg

186.4
191.6
191.2
187.2
182.7

1.45
1.48
1.54
1.54
1.60

1.19
1.14
1.17
1.08
1.25

0.0343
0.0354
0.0314
0.0304

0.00521
0.00492
0.00566
0.00517
0.00460

Arithmetic
mean' and its

confidence limits
mg/kg

187.8 ± 4.6"

1.52 ± 0.07"

1.17 ± 0.08'"

0.0329 ± 0.0038"

0.00511 ± 0.00049"*

Relative
standard
deviation

%

2.0

3.8

5.4

7.2

in

"Results are presented as: x ± t 0.05

where: x - arithmetic mean;
s - standard deviation;
toO5 - parameter of Student's distribution for significance level of

a = 0.05, and n - 1 degrees of freedom;
n - number of determinations.

- analytical results obtained using the former version of the method [4].
- analytical results obtained using the improved version of the method.
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logical certified reference materials i.e. IAEA H-4 Animal Muscle [6], and
CTA-OTL-1 Oriental Tobacco Leaves [7]. Low level of Cd content in the first in-
volved employing of as long counting time as 70000s and more. The detection limit
calculated according to Rogers [8] amounted to 0.5 u.g kg'1 (sample weight 100 mg,
neutron flux 8-1013 n cm'V1, activation time 48 hours, cooling time 7 days, measure-
ment time 72000 s). The residual blank resulting from the canning material was prac-
tically zero. The analytical results of cadmium determination in the above mentioned
materials together with those obtained in the previous work [2] are listed in Table.

One can easily note very good accuracy and precision of the method demonstrated
over the concentration range from single ppbs up to hundreds of ppms. It is worth
stressing, that the observed increase of relative standard deviation from 2% in Horse
Kidney to 7.7% in Animal Muscle is surprisingly small considering, that correspond-
ing decrease in the concentration of the analyte amounts to more than four orders of
magnitude.

Finally, it should be emphasized, that this work in fact fulfills with one exception
i.e. visual control of the column separation process, the criteria formulated previously
in our Laboratory [9,10] qualifying a given analytical method as a "definitive method".
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