
fI
~,:;~-,-:~..-~;~-.---:- ,~::-:::.~ry~:~~-~~'.t

( PB90129438
• III nil /I I11111II111111 1111111/

AN IMPROVED METHOD FOR THE DIRECT DETERMINATION

OF CADMIUM IN BIOLOGICAL MATERIALS BY ATOMIC

ABSORPTION SPECTROPHOTOMETRyl

Morris Blackstone, Phyllis Kaplan, Ph.D.,2

Natalie Richdale, B.S.

The University of Cincinnati

College of Medicine

Department of Environmental Health

Kettering Laboratory

Cincinnati, Ohio

1. This work was supported by the National Institute of

Occupational Safety and Health, Grant Number 5 ROI OH

00347-02.

I ------
REPRODUCED BY

U.S. DEPARTMENT OF COMMERCE
NATIONAL TECHNICAL INFORMATION SERVICE
SPRINGFIELD, VA. 22161





r_ .....
REPORT DOCUMENTATlON 1 1• REPORT NO.

PAGE
4. Tille and Subtille An Improved Method for the
Cadmium in Biological Materials
Spectrophotometry

2. 3. Reclplenl'e Accession No.

flfij ~ ({) 11 2 9 4 :3 8 /A~
Direct Determination of 5. Repon Date

by Atomic Absorption 00/00/00
8.

7. AUlhor(s) Blackstone, M., and N. Richdale 8. Performing Organlzallon Rept. No.

9. Performing Organlzallon Name and Addreu Kette r iog Laboratory, Department of 10. Projecl/Task/Work UnII No.

Environmental Health, College of Medicine, University of
I---------------fCincinnati, Cincinnati, Ohio 11. Contract (e) or Granl(G) No.

(C)

(G) R01-0H-0034 7

12. Sponsoring Organlzallon Name and Address

15. Supplementary Noles

13. Type 01 Repon & Period Covered

14.

18. Abslracl (Limit: 200 wordsj -A method was presented for the determination of metals in mammalian tissues
using an atomic absorption method. The procedure calls for digestion of the sample with a
quaternary ammonium-hydroxide. With this method one can measure metals which are normally
present in low concentrations such as cadmium (7440439) and nickel (7440020) with significant
sensitivity and a minimal amount of sample handling~ Two month old rats were exposed through
inhalation to cadmium-oxide (1306190) aerosols daily for 8 hour periods. The precision of the
method was determined in repeated analyses of control and exposed lung tissue. All lungs were
divided into approximately five equal portions and each portion analyzed for cadmium, nickel,
and zinc (7440666). To determine cadmium and nickel concentrations, 200 to 300 milligrams of
wet tissue are needed for precision. These weights can be reduced to 1/20 for the analysis
of zinc and copper (7440508). The absorbed amounts were small, suggesting that if the
cadmium-oxide aerosol was absorbed, it was also effectively cleared from the system. ~--

11. Documenl Analysis a. Descrlplors

b. Identillers/Open-Ended Terms NIOSH- Publ fca tion, NIOSH-Gran t, Gran t-Number-R01-0H- 00 34 7,
End-Date-03-31-74, Pulmonary-system-disorders, Laboratory-animals, Inhalation-studies,
Analytical-methods, Cadmium-compounds, Nickel-compounds

c. COSATI Field/Group

18. Availability Statemenl

(See ANSI-Z39.18)

19. Security Class [This Repon)

22. Security Class [Thle Page)

See Instructions on Reverse

-' !.~.~N~o.:.~!~ges
c_-.-~~ '

122. Price

OPTlONAL FOR" 272(4-77)





I •

.'
ABSTRACT

An atomic absorption method for the direct determination

of metals in mammalian tissues has been developed. The procedure,

which involves digestion of the sample with a quaternary ammonium

hydroxide, allows one to measure metals normally present in low

concentrations, such as cadmium and nickel, with a great degree

of sensitivity and a minimal amount of sample handling.
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INTRODUCTION

At present atomic absorption is the most commonly used

method for the determination of cadmium. l Sensitivities are high

if a non-biological matrix is present,2 or the biological matrix

is sufficiently dilute to prevent chemical-physical interferences,

or a special apparatus is used. l ,3 Since cadmium is present in

much lower concentrations than zinc or copper in animal tissues,

. the common practice has been to increase the sample size or concen-

trate the sample.

A procedure has been developed in this laboratory for the

specific analysis of cadmium and nickel in a variety of tissues.

The method utilizes Soluene™ 100 (Packard Scientific) or tetramethyl

ammonium hydroxide (Eastman Chemicals) for the dissolution of the

tissue, solubilizers originally developed for use in scintillation

. 4
counting. More recently their usage has been extended to gas

chromatog~aphic examination of mammalian tis~ues5 and as a medium

for sample preparation prior to zinc analyses by atomic absorption

6spectroscopy. The recognized advantage of minimizing sample handling

.is supplemented by the increased sensitivity with which certain metals

are detected. This method can be extended to analyze those trace

metals which do not form insoluble hydroxides under basic conditions.

MATERIALS AND METHODS

White, two month old male rats (Greenacres Controlled Flora)

were used for all experiments.

Reagents., All chemicals were reagent grade unless otherwise speci fied.

All water used was triply distilled in a glass still. All glassware
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was boiled one hour in aqua regia, rinsed five times with dis­

tilled water, immersed in 1% (w/v) ethylene diamine tetraacetic

acid (EDTA) overnight and rinsed again" five to ten times. Buffer.

solutions were prepared daily. "The buffer used was sucrose

(0.17 M), mannitol (0.15 M), 2-amino-2-(hydroxymethyl)-1,3-pro-

panediol (Tris) (0.005 M), pH 7.4. 7

Standard Solutions of Metals. A stock solution of CrC13 . 6HiO

(5.128 gm)i NiC12 (4.05 gm)i zinc metal (0.1000 gm) and CdC12

(0.163 gm) was prepared in 100 ml of (10% w/v) HN03 . Copper

(0.5 gm) was dissolved separately in 10% (w/v) HN03 (1 liter).

Both solutions were stored at 4°C in acid washed polyethylene

bottles. Both solutions were diluted with water at the time of

"use and aliquots taken for analysis. The final concentrations of

metal ions ranged from 5 x 10-8 to 5 x 10-6 grn/ml. Stock solutions

are prepared monthly.

Preparation of Lung Tissue. The rat was anesthetized with sodium

nembutal, the rib cage opened, and the lungs perfused with buffer

through the right ventricle of the heart until the lung visibly

cleared of blood. They are then washed four successive times with

10 rnl aliquots of buffer according to standard procedures,S

separated from the trachea and bronchi, and pressed through a tissue

press (Harvard Apparatus Company), pore diameter 1.5 rom. The tissue

remaining in the press was analyzed separately. The remainder of

the lung was divided into approximately equal portions on a wet weight

basis, lyophilized overnight in a VirTis UNITRAP apparatus, weighed

again, and analyzed for metal content.
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Procedure. Dried lung samples weighing .two to three hundred milli­

grams wet weig~t, (50-100 mg dry weight) were digested with an

aliquot of Soluene, in a ratio of 2 ml Soluene for every 100 mg

dried tissue, at 60°C for 24 hours in a Dubnoff shaking incubator.

After digestion, the sample was diluted 2 1/2 times its volume with

toluene and analyzed directly. Reagent blanks and standards were

run concurrently and both internal and external standards were used.

All metal additions were made prior to the digestion procedure. In

the case of cadmium and nickel, the standard curve was not signifi­

cantly altered by the presence of tissue (the matrix effect is

minimal for 200 mgm quantities of tissue) leading ultimately to the

use of external standards. The tissue metal concentrations reported

were by the method of interpolation. All samples were diluted with

toluene for zinc and copper analysis in a ratio varying from 1:2 to

1:20, depending on the weight of the tissue used. The dilution

represents a source of error in the final evaluation of concentrations

for these two metals. Every metal concentration was run in quadruplet

or quintuplet, with and without pressed whole lung. Where internal

standards are recorded, they consist of at least three whole lungs,

pressed and divided into approximately equal portions, to which the

metals were added. The ~eight of lung present in the standard is

listed in the relevant table.

Analyses were performed on a Perkin-Elmer 303 Atomic Absorption

Spectrophotometer, equipped with a Boling burner and a Sargent SRG

Strip Chart Recorder, using standard methods. 2

\
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Inhalation Experiments. Cadmium oxide aerosols we~e generated

according to a method established by Bingham et al.
ll

and passed

into the inhalation chambers. White, male, two-month-old rats

were exposed daily for 8-hour periods. The total period is listed

for each experiment.

RESULTS AND DISCUSSION

Table One shows data for the working curve of internal

standards covering the range 0.1 to 0.5 and 1.0 to 5.0 x 10-6 gm/ml

for cadmium and nickel, respectively. The means, standard deviations

and coefficients of variations are listed for each metal. The

coefficient of variation i~ somewhat larger for nickel for which this

method is less sensitive. Although the slope of the standard curves

varies slightly from day to day, the coefficients of variation for

triplicate analyses performed on one day are generally less than 3%.

If one uses external standards, the coefficient of variation is

closer to 2%, which is very close to the coefficient of variation for

the apparatus in measuring the same sample ten times (1.8%). For

cadmium analyses, the average slope using standard acid wet ashing

9procedures is about 0.357, measuring % absorption against pg metal,

whereas, using the present method the average slope is aroung 1. For

nickel, the slope changes from 0.222 in acid, to 0.666 in this organic

base.

··Since copper and zinc concentrations are determined after

dilution, and therefore subject to a certain amount of dilution error,

a National Bureau of Standards sample (#1577) of bovine liver was



6.

subjected to the same procedure and analyzed. The copper recovery

was 113% ! 5.0%, and zinc 123% ! 6% for three separate analyses.

The precision of the method in repeated analyses of control

and exposed lung tissue is presented in Table 2. All lungs were

divided into approximately five equal portions and each portion

analyzed for Cd, Ni,and Zn. The standard deviations for each lung

varied from a low of 0.02 ppm to 1.56 ppm, depending somewhat on

the exposure to the inhaled metal. Within the cadmium and nickel

concentration ranges measured, 200 to 300 mgs of wet tissue, in an

exposed animal, are necessary for precision. If the animal is

unexposed, 300 to 400 milligrams are required. These weights can

6be reduced by as much as 1/20 for the analysis of zinc and copper.

Using the data given in Table 2, the total amount of cadmium

recovered from the lung was calculated and compared with the total

- amount of cadmium present in the inhalation chamber during that

period, as well as with the estimated amount of cadmium inhaled by

the rats. It can be seen that the percent retained (5%) of that

"inhaled", is larger by a factor of 50 than the amount retained from

the total exposure. These figures are consideraqly lower than those

reported in the literature for a variety of animalslO and may reflect

the conditions under which these experiments were run. All animals

are exposed to a relatively small particle size, (89% are less than

O 53 d ' )11 h' h Id b l' 1 lubl• p ~ameter w ~c wou e re at~ve y so e. The animals

were sacrificed 16 hours after removal from the chamber, and the total

exposures were not large. However, experiments performed in these

laboratories after 5 to 6 week exposure periods, to be reported in the
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following paper, do not show any increase in retention. Under the

conditions of these experiments then, it would appear that if the

CdO aerosol is being absorbed, it is being efficiently cleared

from the system.

In summary, data has been presented to illustrate a fast

and relatively precise method for the analysis of cadmium and nickel

in animals tissues. The technique has been used to measure cadmium

concentrations in the rat lung after exposure to cdo aerosols.
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Table 2. Cadmium, Zinc and Nickel Concentrations (Gm/Gm Wet Weight)
in Whole Lung as a Function of Exposure to CdO Aerosola

Exposure
Time

\ in Hours Cd

Gms Metal/Gms Sample! S.D.b

Zn Ni

Control

54

58

66

72

2.98 x 10-7 + 0.4 c

3.05 x 10-6 + 0.06

3.14 x 10-6 + 0.44

5.79 x 10-6 + 0.14

6.02 x 10-6 + 1.56

1.47 x 10-5 + 0.23

1.76 x 10-5 ! 0.04

1.62 x 10-5 + 0.14

1.53 x 10-5 + 0.14

1.84 x 10-5 ! 0.11

<:: limit

8.01 x 10-6 ± 0.02

1.13 x 10-5 + 0.10

9.42 x 10-6 ± 2.10

1.14 x 10-5 + 0.11

a. The cadmium concentration in the aerosol varied from 45 to 92 ~g/m3.

b. The values given are the mean and standard deviations of five analyses.

c. Average of three determinations.



T
a
b

le
3

.
C

ad
m

iu
m

R
e
te

n
ti

o
n

b
y

th
e

L
u

n
g

a
s

a
F

u
n

c
ti

o
n

.
a

o
f

E
x

p
o

su
re

T
im

es
to

C
dD

A
e
ro

so
l.

E
x

p
o

su
re

T
o

ta
l

ca
dm

iu
m

T
o

ta
l

M
et

al
R

ec
o

v
er

ed
%

R
e
te

n
ti

o
n

C
a
lc

u
la

te
d

C
C

a
lc

u
la

te
d

%
P

e
ri

o
d

E
x

p
o

su
re

in
G

ra
m

s
In

h
a
le

d
C

d
R

e
te

n
ti

o
n

o
f

C
d

in
L

u
n

g
s

in
H

o
u

rs
in

G
ra

rn
s

b
C

d
Zn

in
G

ra
m

s
In

h
a
le

d
C

ad
m

iu
m

,

54
3

.5
2

3
x

1
0

-3
3

.6
8

x
1

0
-6

2
.3

2
x

1
0

-5
0

.1
0

1
.8

2
x

1
0

-4
5

.1
,

58
3

.8
4

9
x

1
0

-3
4

.2
9

x
1

0
-6

2
.3

7
x

1
0

-5
0

.1
1

2
.1

4
x

1
0

-4
5

.5

66
3

.9
4

7
x

1
0

-3
7

.6
8

x
1

0
-6

2
.4

8
x

1
0

-5
0

.1
9

2
.5

0
x

1
0

-4
6

.3

7
2

4
.9

7
9

x
1

0
-3

9
.6

7
x

10
","

6
3

.1
6

;
x

1
0

-5
0

.1
9

3
.4

4
x

1
0

-4
6

.9

C
o

n
tr

o
l

0
4

.2
7

x
1

0
-7

2
.3

0
x

1
0

-5
-

0

a
.

T
he

c
o

n
c
e
n

tr
a
ti

o
n

o
f

ca
dm

iu
m

in
th

e
a
e
ro

so
ls

v
a
ri

e
d

fr
o

m
4

7
to

90
x

1
0

-6
gm

s/
m

3
•

T
he

p
a
rt

ic
le

m
as

s
m

ed
iu

m
d

ia
m

e
te

r
R

0
.1

5
p

,
w

it
h

97
%

b
e
in

g
le

s
s

th
a
n

0
.9

4
P

,
(R

ef
.

1
1

).

b
.

T
he

to
ta

l
am

o
u

n
t

o
f

ca
dm

iu
m

to
w

h
ic

h
th

e
a
n

im
a
ls

a
re

ex
p

o
se

d
is

c
a
lc

u
la

te
d

fr
o

m
th

e
c
o

n
c
e
n

tr
a
ti

o
n

o
f

ca
dm

iu
m

p
e
r

c
u

b
ic

m
e
te

r
ti

m
e
s

th
e

n
u

m
b

er
o

f
c
u

b
ic

m
e
te

rs
in

th
e

ex
p

o
su

re
p

e
ri

o
d

.

c
.

T
he

fi
g

u
re

s
a
re

b
a
se

d
o

n
an

in
h

a
la

ti
o

n
ra

te
o

f
8

0
/m

in
.

an
d

a
lu

n
g

v
o

lu
m

e
o

f
2

c
c
.

- o



REFERENCES

1. Friberg, L., Piscator, M. and Nordberg, G.: Cadmiurn in the

\ \

Environment, CRC Press, Cleveland, Ohio, 1971, p. 16.

2. Christian, G. D. and Feldman, F. J.: Atomic Absorption

Spectroscopy, Wiley-Interscience, New York, New York, 1970;

Analytical Methods for Atomic Absorption Spectrophotometry,

Perkin-Elmer, Norwalk, Conn., 1971.

3. Pulido, P., Fuwa, K. and Vallee, B. L.: Determination of cadmium

in biological materials by atomic absorption spectrophotometry.

Analyt. Biochem. 14, 393 (1966).

4. Packard Technical Bulletin, Downers Grove, Illinois. 60518, 1970.

5. MacGee, J.: Characterization of mammalian tissues and microorgan-

isms by gas-liquid chromatography. ~. Gas Chromo ~, 48 (1968);

MacGee, J. and Allen, K. G.: Alkylation and gas chromatography of

aqueous-inorganic halides. Analyt. Chern. 42, 1672 (1970).

6. Jackson, A. J., Michael, L. M. and Schumacher, H. J.: Analyt. Chern.

44, 1064 (1972).

7. Mustafa, M. G. and Cross, C. G.: Pulmonary alveolar macrophage.

Biochem. 10, 4176 (1971).

8. Bingham, E., according to procedures established for project numbers

EC-00835 and CPE-R-70-005l, supported by the Bureau for Occupational

Safety and Health.

9. Sunderman, F. W.: Measurements of nickel in biological materials by

atomic absorption spectrometry. Am. J. Clin. Path. 44, 182 (1965).

10. Reference 1, Ch. 4.



, -,

11. Horstman, S., Barkley, B. S., Larson, E. and Bingham, E.:

A method of generating soluble and insoluble aerosols of lead,

nickel and cadmium. Arch. Environ. Health 26, 000 (1973).

\:l.


