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An Extraction Procedure May Not Be Feasible for 
Cadmium Analysis of Tissues, Such as Horse Kidney 

Cortex, Having A Very High Cadmium Content 
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Cadmium is a wide-spread environmental contaminant 
at ta in ing considerable sc ien t i f i c  in terest  and concern. Normal 
values for  cadmium in various biological materials have been 
presented in several reports (see review by FRIBERG et al .  1974; 
CEC 1978). PENUMARTHY et al .  (1980) recently reported on lead, 
cadmium and mercury tissue residues in healthy swine, ca t t le ,  dogs 
and horses from the Midwestern United States. Lead and cadmium in 
tissues were determined by flame atomic absorption spectrophotometry 
(AAS) af ter  wet digestion, dissolving of the residue in water, 
complexing with APDC and extraction into MIBK as o r ig ina l l y  des- 
cribed by YAEGER et a l .  (1971 and 1973). This method makes i t  
possible to measure cadmium and lead in various biological materials 
at comparably low concentrations. The extraction procedure may, 
however, be less e f f i c ien t  when u t i l i zed for  analysis of tissues 
with very high cadmium and lead content. YEAGER et al .  (1971 and 
1973) state that the total  amount of cadmium or lead should not 
exceed I00 ug. 

PENUMARTHY et al .  (1980) present data on lead, cadmium 
and mercury concentrations in l i ve r ,  kidney and muscle samples 
obtained from swine, ca t t le  dogs and horses. Reported metal con- 
centrations agree very well with other reports (BECKMAN et a l .  
1974; KREUZER et al .  1978) with one important exception - horse 
kidney. In the report by PENUMARTHY et al .  (1980), the average 
cadmium concentration in 93 2-gram kidney samples obtained from 
yearl ings and older horses was 2.5 ug Cd/g (range 0.84-5.0 ug 
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Cd/g) wet weight. This is in the same range as cadmium in l iver  
(0.83-4.1 ug Cd/g). These two organs had higher concentrations of 
cadmium than any other material analyzed in the study. The values 
from horse kidney are, however, considerably lower than what has 
been reported elsewhere. In adult Swedish horses slaughtered for 
meat production the average cadmium concentration in kidney cortex 
is in the order of 50 to 70 ug Cd/g wet weight (BECKMAN et al. 
1974; PISCATOR 1975; ELINDER & PISCATOR 1978; NORDBERG et al .  
1979). I t  should be mentioned in this context that kidney cortex 
generally have about 50% higher cadmium concentration in compari- 
son to whole kidney, i .e .  medulla and cortex FRIBERG et al .  1974). 
Similar results on cadmium concentration in horse kidney cortex have 
also been reported from Wales (U.K.) (GOODMAN & ROBERTS 1971), 
Finland (PEKKANEN et al .  1974; KORKEALA et al. 1976), Germany 
and Poland (ANKE et al .  1976; HOLM 1979) and I ta ly  (RENON et al .  
1980). There is a lack of data on cadmium in horse kidneys from 
the U.S. Two reports, each on two horses only, indicate, however, 
that also horses in the U.S. accumulate considerable amounts of 
cadmium in kidney (SASS et al .  1972; LEWIS 1972). 

The extraordinary high content of cadmium in normal 
horse kidney cortex induced MARGOSHES & VALLEE (1957) for the 
f i r s t  time to isolate a cadmium-binding protein, which was later 
given the name metallothionein (K/~GI & VALLEE 1960). 

In the l igh t  of the discrepancy between PENUMARTHY'S 
et al .  (1980) data on cadmium in horse kidney and what has been 
reported from Europe, the present authors have attempted to test 
the analytical procedure employed by PENUMARTHY et al. (1980) on 
kidney samples with low and high cadmium concentrations. 

MATERIALS AND METHODS 
Lyophilized and pulverized kidney cortex was obtained 

from three di f ferent  batches with low, intermediate and high 
cadmium concentrations. The low level sample consisted of reference 
animal (pig) kidney (H.7) obtained from the International Atomic 
Energy Agency (WHO/I~A 1980) having a cer t i f ied cadmium concen- 
t rat ion of 1.99+0.19 j u g  Cd/g dry weight. Intermediate and high 
level samples were taken from reference material prepared from 
horse kidney cortex by our department in connection with a 
qual i ty control programme within the WHO/UNEP Pi lot  project on 
assessment of human exposure through biological monitoring (WHO 
1979). The cadmium concentration in these samples was found to be 
117+2 ug Cd/g dry weight, n = 4, and 368• ug Cd/g dry weight, 
n ~ 4 ,  respectively, using the previously described method 
(ELINDER et al. 1976). These values have been confirmed not only 
by AAS analysis in several d i f ferent  part ic ipat ing laboratories, 
but also by neutron activation analysis (NA). The intermediate 
sample had been measured as 110+15 ug Cd/g by four laboratories 
using NA and as 126+13 ug Cd/g in six laboratories using AAS. The 
high level samples had been measured as 344+47 ug Cd/g by three 
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laboratories using NA, and as 355+15 ug Cd/g in three laboratories 
employing AAS (unpublished resu l t~w i th in  the WHO/UNEP Biological 
Monitoring Programme). 

Cadmium analysis were carried out on these three samples 
and on a blank with and without additions of about 0.5 ug Cd. The 
analyses were performed exactly as described by YEAGER et a l .  
(1971 and 1973) and by PENUMARTHY et al .  (1980). About 0.36 g of 
lyophi l iz ied kidney, corresponding to about 2 g of fresh weight, 
was digested in 25 ml concentrated n i t r i c  acid and perchloric 
acid in 2:1 ra t io .  Digestion was performed to complete dryness, 
The residue was subsequently dissolved in 5 ml of deionized water. 
TWo drops of phenol red indicator were added and pH adjusted to 
8.5 by addit ion of 5 ml ammonium c i t ra te  buffer and ammonium- 
hydroxide drop wise. One ml of I% w/v potassium cyanide solut ion 
and 1 ml of 2% w/v APDC was added. The volume was adjusted to 
about 40 ml by addit ion of deionized water. Four ml of water 
saturated MIBK ketone was added, The APDC complex was extracted 
into the ketone phase by vigorous shaking for  more than 30 sec. 
Deionized water was then added to bring the MIBK phase up to the 
neck of the volumetric f lask. The f lask was shaken again, and 
subsequently kept s t i l l  for some minutes before AAS analysis. The 
MIBK phase was aspirated into a Perkin Elmer 403 AAS instrument, 
equipped with a three-s lot  Boling burner head, and a Perkin Elmer 
recorder Model 56. A system for deuterium background correction 
was available, but not used since th is  was not done by PENUMARTHY 
et al .  (1980). The nebulizer of the AAS instrument had previously 
been optimized to give a maximum absorption when using a copper 
standard solut ion extracted into the MIBK phase as an APDC complex. 
A solut ion of 1.25 ug Cu/ml MIBK gave an absorption of 0.250 
absorbance units. Cadmium analyses were performed with an elec- 
trode-less discharge lamp (EDL) at standard conditions for flame 
analysis in MIBK. The sens i t i v i t y  for cadmium in the MIBK solu- 
t ion was 0.008 ug Cd/ml, i .e .  the cadmium concentration resul t ing 
in an absorption of 0.0044 absorbance units.  

RESULTS 
Table 1 presents the calculated total  amount of cadmium 

in samples (a) and the amounts measured (b) with the extract ion 
technique. The ra t io  (in percent), between the measured amount 
minus blank and the calculated amount of cadmium in samples, was 
86% for the blank with addit ion of 0.5 ug Cd and 91% for the low 
level pig kidney with and without additions of 0.5 ug Cd. The rat io  
was however unacceptably low for  the intermediate and high level 
horse kidney samples. The extracted amount of cadmium did not d i f fe r  
markedly between the intermediate and the high level kidney cortex 
sample in spi te of the fact that the cadmium content was more than 
3 times higher in the high level sample compared with the in ter -  
mediate. Due to the very high content of cadmium in the MIBK phase 
in some of the samples af ter  extract ion, one portion of the ketone 
phase was di luted 5 to 20 times before measuring the concentration 
in the AAS. This did not markedly influence the measured amount. 
Thus, the non- l inear i ty  between absorption and concentration was 
not the cause of the low recovery in the high level samples. 
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DISCUSSION 
Extraction procedure for cadmium analysis in biological 

materials has been shown to be e f f i c ien t  and accurate for ana- 
lys is  of cadmium at low concentration in d i f ferent  biological 
materials (e.g. YEAGER et a l .  1971 and 1973). For cadmium deter- 
mination in materials with a comparably high concentration, i t  is 
usually su f f i c ien t  to use dry or wet ashing followed by dissolv- 
ement of the ashes in acid, and analysis of the metal concentra- 
t ion in the acid by ordinary flame AAS, preferably with a system 
compensating for  nonspecific absorption. The present report ind i -  
cates that extraction procedure, as performed by PENUMARTHY et al .  
(1980) may not be feasible for cadmium analysis in samples such 
as horse kidney which have very high cadmium content. Our results 
give evidence that such analysis can give r ise to far  too low 
measured amounts. The measurable amount of cadmium far less than 
the actual amount in kidney cortex having a cadmium concentration 
of about exceeding 117 ug Cd/g dry weight, corresponding to about 
22 ug Cd/g wet weight. Cadmium concentrations of these magnitudes 
are, apart from horse kidneys, also found in human kidney and in 
some cases also in human and horse l i ver .  However, at cadmium 
concentrations below 2 ug Cd/g dry weight, the method appears to 
be su f f i c ien t .  

Apart from d i f f i c u l t i e s  encountered when using the 
extraction procedure for  cadmium analysis in high level samples 
described in th is  report ,  and the discrepancy between data on 
cadmium in horse kidney presented by PENUMARTHY et a l .  (1980) in 
comparison with data from other reports, i t  should also be men- 
tioned that the ra t io  between horse kidney and horse l i ver  concen- 
t ra t ion presented by PENUMARTHY et at. (1980) is unusual. The 
average cadmium concentration was 3.4 ug/g wet weight in horse 
l i ver  and 2.5 ug/g in horse kidney. As a ru le,  cadmium concen- 
t ra t ion in kidney exceeds that in l i ver  by a factor 2-15 (FRIBERG 
et al .  1974; ELINDER et a l .  1981). This is also the case for 
swine, dogs and cat t le  as presented in the report by PENUMARTHY 
et a l .  (1980). These la t te r  samples had lower and probably more 
correct ly  measured cadmium concentrations. 

In conclusion, on the basis of our data, and data from 
the l i t e ra tu re ,  we believe that resul ts on cadmium concentration 
in horse kidney presented by PENUMARTHY et a l .  (1980) are 
erroneous. There is ,  however, no reason to mistrust the other 
analyt ical resul ts in that report. 

I t  is not possible, based on this l imited study, to 
conclude which part of the analyt ical procedure that has fa i led 
and resulted in a very low rat io  of measured cadmium from high 
level samples. The sat isfy ing rat io  of measurable cadmium in the 
low level samples could indicate that the capacity of the extrac- 
t ion procedure has been insu f f i c ien t .  

814 



REFERENCES 
ANKE, M., M. PARTSCHEFELD, M. GRUN, and B. GROPPEL. In: Kadmium- 

Symposium, Friedrich-Schiller-Universit~t, Jena, pp. 
242 (197g). 

BECKMAN, I . ,  T. HAEGGLUND, H. LUNDSTR~M, M. SARK, and S. SLORACH. 
VAr F~da 26, 70 (1974). 

CEC. Criteria (Dose~ffect Relationships) in cadmium. Commission 
of the European Communities. Pergamon Press (1978). 

ELINDER, C.-G., T. KJELLSTR~M, L. LINNMAN, B. LIND, and L. FRIBERG, 
Arch. Environ. Health 31, 292 (1976). 

ELINDER, C.-G. and M. PISCATOR, ~ :  Trace Element Metabolism in 
Man and Animals, 3. Proc. 3rd Int. Symp. KIRCHGESSNER, 
M. (Ed.). Arbeitsgemeinschaft fur Tierern~hrungsforschung, 
Freising-Weihen-Stephan (1978). 

ELINDER, C.-G., M. NORDBERG, B. PALM, and M. PISCATOR. Environ. 
Res. in press. 

FRIBERG, L., M. PISCATOR, G.F. NORDBERG, and T. KJELLSTRUM. 
Cadmium in the Environment. CRC Press, Cleveland, Ohio 
(1974). 

GOODMAN, G.T. and T.M. ROBERTS. Nature 231, 287 (1971). 
HOLM, J. Fleischwirtsch. 59, 737 (1979). 
K~GI, J.H.R. and B.L. VAL~E. J. Biol. Chem. 235, 3460 (1960). 
KORKEALA, H., R. STABEL-TAUCHER, and T.J. PE~EN. Nord. Vet.-Med. 

28, 377 (1976). 
KREUZER, ~ ,  W. KRACKE, B. SANSONI, and P. WISSMATH. Fleischwirtsch. 

6, 1021 (1978). 
LEWIS, T.R-/ In: Helena Valley Environmental Pollution Study. EPA 

Office of Air Programs, Publ. No. AP91, pp. I13-124 (1972). 
MARGOSHES, M. and B.L. VALLEE. J. Am. Chem. Soc. 79, 4813 (1957). 
NORDBERG, M., C.-G. ELINDER, and B. RAHNSTER. Environ. Res. 20, 

341 (1979). 
PEKKANEN, T.J. ,  E.R. SEUNA, and R. STABEL-TAUCHER. Acta Vet. Scand. 

15, 436 (1974). 
PENUMARTHY-~--L., F.W. OEHME, and R.H. HAYES. Arch. Environ. Contam. 

Toxicol. 9, 193 (1980). 
PISCATOR, M. In. Proceedings from Recent Advances in the Assessment 

of Health Effects of Environmental Pollution. CEC-EPA- 
WHO Symposium, Paris June 24-28, 1974. Commission of 
the European Communities Directorate General, Luxembourg, 
pp. 951-958 (1975). 

RENON, P., G. SONCINI, and C. CANTONI. Arch. Vet. I t a l .  31, 5 
(1980). 

SASS, B., B.C. HATZIOLOS, and J.E. HAYES. Vet. Med. Small Anim. 
Clin. 67, 745 (1972). 

YEAGER, D.W., J.~HOLAK, and E.W. HENDERSON. Environ. Sci. Technol. 
5, I020 (1971). 

YEAGER, D.~., J. CHOLAK, and B.G. MEINERS. Am. Ind. Hyg. Assoc. J. 
34, 450 (1973). 

WHO/IAEA. ~ i n t  Research Programme on Trace Element in Cardio- 
vascular Disease. Report of a consultants meeting, 
Vienna, Austria, 18-19 Dec. 1979. IAEA/RL/67 March (1980). 

WHO/UNEP. Pilot project on assessment of human exposure through 
biological monitoring. Report of a meeting with repre- 
sentatives of participating laboratories in Mexico City, 
lO-15 Dec. 1979, (1979). 

815 


