
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Direct Determination of Cadmium in Whole Blood Using an Rf-Heated
Carbon-Bed Atomizer for Atomic Absorption Spectroscopy
J. W. Robinsona; S. Weissa

a Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana

To cite this Article Robinson, J. W. and Weiss, S.(1978) 'Direct Determination of Cadmium in Whole Blood Using an Rf-
Heated Carbon-Bed Atomizer for Atomic Absorption Spectroscopy', Spectroscopy Letters, 11: 9, 715 — 724
To link to this Article: DOI: 10.1080/00387017808063444
URL: http://dx.doi.org/10.1080/00387017808063444

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017808063444
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 11(9), 715-724 (1978) 

DIRECT DETERMINATION OF CADMIUM I N  WHOLE BLOOD 

USING AN RF-HEATED CARBON-BED ATOMIZER FOR ' 

ATOMIC ABSORPTION SPECTROSCOPY 

J. W .  Robinson and S. Weiss 
Department of Chemistry 

Louisiana S t a t e  Un ive r s i ty  
Baton Rouge, Louisiana 70803 

ABSTRACT 

A procedure has  been developed for'  the  d i r e c t  de te rmina t ion  of 

cadmium i n  whole blood by furnace  atomic abso rp t ion  spectroscopy. No 

ashing  procedures a r e  necessary  thus  avoid ing  p o s i t i v e  e r r o r s  caused by 

contamination i n  wet ash ing  o r  nega t ive  e r r o r s  caused by v o l a t i l i z a t i o n  

of t he  cadmium dur ing  dry  ash ing  techniques .  The whole blood samples 

a r e  immobilized on a p r e t r e a t e d  small f i l t e r  paper d i s k  which i s  then  

dropped i n t o  a carbon bed a tomizer ,  hea ted  wi th  an RF c o i l .  Decomposi- 

t i o n  aod a tomiza t ion  take  p l ace  i n  the  carbon bed and the  combustion 

products  a r e  drawn i n t o  the  o p t i c a l  l i g h t  pa th  f o r  abso rp t ion  measure- 

ments. I n  c o n t r a s t  t o  commercial furnace  a tomize r s ,  t he re  i s  no atomi- 

z a t i o n  program which thereby avoids loss of cadmium by v o l a t i l i z a t i o n  

and g r e a t l y  reduces the  background and chemical i n t e r f e r e n c e  e f f e c t s  

due t o  the  h igh ly  v a r i a b l e  mat r ix  of blood. Typica l  r e s u l t s  a r e  re- 
por ted .  
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716 ROBINSON AND WEISS 

INTRODUCTION 

Bio log ica l  Ef fec  t s  of Cadmium 

Numerous s t u d i e s  have ahown t h a t  cadmium is a tox in  even i n  lw 
concent ra t ions .  It is e l imina ted  through the  body very s l m b ,  the 

h a l f  l i f e  being between twenty t o  t h i r t y  years'. 

cumulative poison. The d e l e t e r i o u s  h e a l t h  e f f e c t s  of cadmium i n  
humans inc lude  pulmonary, r e n a l  and hepae ic  d i s f s n c t i o n ,  anemia and 
emphysema;" i t  has  a l s o  been l inked  wi th  hyper tens ion .  

of t he  tox ic  e f f e c t s  of cadmium a r e  not  c l e a r l y  understood. It i s  

known to in te rchange  wi th  z inc  i n  enzymes, and s ince  z inc  is known t o  

be p re sen t  in a t  l e a s t  80 enzymes, i t  is poss ib l e  t h a t  cadmium may 

i n t e r f e r e  wi th  the  func t ion  of a cons iderable  number of enzymes i n  the  

human system. This  of course ,  d i r e c t l y  e f f e c t s  the  metabolism of the 

body. 

It i s  t he re fo re .  a 

The mechanism 

Problems involved in the  Ana ly t i ca l  Determination of Cadmium 

An e x c e l l e n t  account of t he  s t a t e  of  the  a r t  of t he  de te rmina t ion  
of cadmium i n  t i s s u e  has  been published by 0. Laughlin,  e t  a13. 

pub l i ca t ion  c l e a r l y  i l l u s t r a t e s  t he  d i f f i c u l t i e s  involved and the  

numerous sources of e r r o r  in t he  de te rmina t ion  of cadmium. 

This 

In blood samples t h e  ma jo r i ty  of d i f f i c u l t i e s  stem from the  f a c t  

t h a t  the  concent ra t ions  of cadmium in whole blood a r e  very low, i . e .  of 

the  o rde r  of lbg per  100m1,and t h a t  blood is a h igh ly  v a r i a b l e  and un- 

s t a b l e  ma te r i a l .  Such low concen t r a t ions  a r e  too  low t o  be measured 

d i r e c t l y  by the  g r e a t  ma jo r i ty  of a n a l y t i c a l  techniques and cha l lenge  

the s e n s i t i v i t y  of the most s e n s i t i v e  techniques a v a i l a b l e .  In orde r  

t o  overcome the  problem of low concent ra t ions  a preconcent ra t ion  s t e p  

has been proposed in many procedures.  These involve  e i t h e r  a wet ash 

o r  dry  ash s t e p .  In t he  wet ash procedure the  sample is taken t o  dry- 

ness wi th  n i t r i c  ac id  and o r  p e r c h l o r i c  ac id  which des t roys  t h e  organfc  

compounds p resen t .  Unfor tuna te ly ,  the  ac id  used inva r i ab ly  in t roduces  

small q u a n t i t i e s  of cadmium. 

excess of t h e  cadmium presen t  in t he  o r i g i n a l  blood sample caus ing  a 

h igh  p o s i t i v e  e r r o r .  Xn o the r  procedures a d ry  ashing s t e p  has  been 

used wherein the  sample is burned to  an ash and the organic  ma te r i a l  

removed in the  process.  Unfor tuna te ly ,  cadmium is a r e l a t i v e l y  v o l a t i l e  

metal and i t  hds been shown t h a t  i t  can be l o s t  dur ing  dry  ash ing .  

These q u a n t i t i e s  may be cons iderably  in 

Numerous procedures have been developed f o r  the de te rmina t ion  of 

cadmium using furnace  a tomiza t ion  and atomic abso rp t ion  spectroscopy. 
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DETERMINATION OF CADMIUM I N  WHOLE BLOOD 717 

These procedures inva r i ab ly  involve  a dry ing  ash ing  and a tomiza t ion  

s t e p  i n  the process .  Ear ly  r e s u l t s  i n  our  l abora to ry  ind ica t ed  t h a t  

cadmium can be l o s t  du t ing  the  a sh ing  s t e p  and low r e s u l t s  ob ta ined  '. 
This of course  stems from the  f a c t  once aga in ,  t h a t  cadmium is a re- 

l a t i v e l y  v o l a t i l e  metal. Also i t  should be remembered t h a t  us ing  

commercial equipment, the  a tomiza t ion  process  must be r idged ly  c o n t r o l l -  

ed both t o  the  r e spec t  of time and temperature be fo re  reproducib le  

r e s u l t s  can be obtained. 'Ihe r a t e  o f  a tomiza t ion  is extremely f a s t  bu t  

i s  a l s o  dependent on the  chemical form of the  sample. Atomic abso rp t ion  

spectroscopy 4s s u b j e c t  t o  e r r o r  due t o  chemical i n t e r f e r e n c e s  and i n  

blood samples these may be p a r t i c u l a r l y  s i g n i f i c a n t .  In  a d d i t i o n  t h e  

background s i g n a l s  may be very h igh  when organic  compounds a r e  p re sen t .  

This aga in  is a source  of severe  e r r o r  i n  blood samples because the  

organic  compounds p resen t  a r e  widely v a r i a b l e  i n  na tu re  and i n  molecu- 

l a r  weight.  This c r e a t e s  a h igh  background which may be au tomat i ca l ly  

co r rec t ed  bu t  may neve r the l e s s  produce s e r i o u s  e r r o r s  because of the  

magnitude and v a r i a b i l i t y  '. 
Many of these  problems a r e  e l imina ted  i n  the  proposed procedure.  

EOUIPMENT 

A schematic diagram of t h e  equipment is shown i n  F igure  1. The 

components a r e  a s  follows. 

1. 

L. 

3 .  

4. 

Hollow cathode, demountable cadmium hollow cathode. 

ihriochrometer d e t e c t o r  system, Jarrel-Ash Model 82-000 us ing  a 

trlljb photomul t ip l ie r .  

Atomization system, t h i s  i s  a carbon bed atomizer descr ibed  

previous ly  '. 
RF genera tor .  Lepel Model No. T-5-3-MC-JB. 

EXPERIMENTAL PROCEDURE 

Samole Co l l ec t ion  

When dea l ing  wi th  such low concen t r a t ions  i t  is  most important t o  
e l imina te  sources of contamination. It is t h e r e f o r e ,  e s s e n t i a l  t ha t .  

the p a t i e n t  be scrupulous ly  c leaned  p r i o r  t o  t ak ing  the  samples. The 

sample v i a l s  were prev ious ly  c leaned  and conta ined  EDTA'. 

The func t ion  of t h e  EDTA was t o  prevent coagula t ion  of the blood 

and t o  complex the  cadmium. 

out  on t he  s i d e  of t he  sample v i a l .  Blank samples were taken i n  pre- 

This prevented t h e  cadmium from p l a t i n g  
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ROBINSON AND WEISS 

E l 0  
2 

F i g u r e  I 

Schematic diagram OP RF atomizer and atomic absorp t ion  instrument.  

1. Hollow Cathode Light  Source b .  RF Generator 
2. Lenses -. I n j e c t i o n  

3. Atomizer Absorption Ce l l  3. Flowmeter 

L, Monochromator - Readout ?. Exhaust Pump 

7. RF Coi l  

cleaned sample v i a l s  t o  in su re  t h a t  t he  blank was not  s i g n i f i c a n t .  In 
gene ra l ,  samples were run very s h o r t l y  a f t e r  tak ing  them from the  

p a t i e n t  bu t  in the  case  where samples were s t o r e d ,  they were s to red  a t  

4OC '. 
samples was avoided in order  t o  avoid unnecessary r i s k . o f  loss of 

cadmium. 

This e l imina ted  the need f o r  a bac te r i ac ide .  Long s to rage  of 

In t roduc t ion  of Sample i n t o  the  Atomizer 

Aqueous samples between 1 - 5 k l  can  be introduced i n t o  furnace  

atomizers us ing  an Eppendorf p i p e t  wi th  reasonable p rec i s ion .  

However, when a t tempts  were made t o  in t roduce  blood samples i n t o  the 

system in a s i m i l a r  f a sh ion ,  i t  was found t h a t  the  volume i n j e c t e d  
var ied  widely. This was p r imar i ly  because of two reasons.  F i r s t ,  t he  

viecous blood tended t o  s t i c k  t o  the  syr inge  needle and not  drop o f f  

i n t o  the  atomizer.  Secondly, when exposed t o  the h igh  temperature of 

the  h o t  carbon bed, the blood coagulated onto  the  needle  t i p  and com- 
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DETERMINATION OF CADMIUM I N  WHOLE BLOOD 719 

pounded the problem of dropping the sample o f f .  Numerous techniques 

f o r  i n j e c t i n g  the blood samples were t e s t ed  but i n  a l l  cases  the re- 

p roduc ib i l i t y  of the sample volume was completely un re l i ab le .  A 

d i f f e r e n t  approach t o  the problem was the re fo re  taken. 

Small carbon d i sks  o r  small f i l t e r  paper d i sks  were c u t  up and 

precleaned with n i t r i c  acid.  Although i t  was not poss ib l e  t o  completely 

remove a l l  the cadmium from the d i s k s ,  i t  was poss ib l e  to  remove i t  t o  

an acceptably low l e v e l .  

1141 sample of blood was then p u t  onto the  d i sk ,  using a syr inge 

needle.  It was poss ib l e  t o  do t h i s  a t  a r e l a t i v e l y  l e i s u r e l y  r a t e  

because the sample was not exposed to  the high temperature of  the f u r -  

nace. The disk,which now contained l t b l  of blood, was then introduced 

onto the carbon bed of  the atomizer.  Decomposition took place and the  

organic compound was reduced t o  carbon monoxide and hydrogen. The 

inorganic  compounds were vaporized to some ex ten t  b u t , i n  gene ra l ,  re- 
mained on the carbon bed. The cadmium,however, was atomized and pul led 

i n t o  the  c ros s  piece where absorpt ion measurements were taken. Typical 

absorpt ion spec t r a  a r e  shown i n  Figure 2. 

Determination of Cadmium 

Absorption measurements were taken a t  t he  resonant  l i n e  of cadmium 

a t  2288OA. 

was on the o rde r  of 

The s e n s i t i v i t y  o f  the procedure a s  determined previously 

under optimum conditions7. 

c 
0 .- 
e 

E 

a 
0 
In n 

F i g u r e  2 

( b )  

Typical absorpt ion t r aces  fo r :  

( a  ) Molecular background 

( b )  A whole blood sample 
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720 ROBINSON AND WEISS  

Our instrument d id  not  include an  automatic background c o r r e c t o r ,  

background measurements were f r equen t ly  made using a c a r e f u l l y  a l igned  

hydrogen lamp. Typical background absorpt ion t r aces  a r e  shown i n  

Figure 2. 
background included both molecular background and the blank r e s u l t i n g  

from cadmium remaining on the precleaned carbon disks .  

It can be seen t h a t  these a r e  acceptably low. The 

Ca l ib ra t ion  Procedure% 

Rro methods of c a l i b r a t i o n  were examined i n  t h i s  study. The f i r s t  

was the use of  aqueous so lu t ions  of  cadmium n i t r a t e  t o  prepare a c a l i -  

b ra t ion  curve. In t h i s  system cadmium so lu t ions  of var ious concentra- 

t i ons  between the l e v e l s  of 10 and 100 ppb were prepared and s t a b i l i z e d  

over per iods of  time. Successive oolutions,  of these concentrat ions 

were introduced i n t o  the same b o t t l e s  so t h a t  the b o t t l e s  became e q u i l i -  

brated with cadmium a t  these concentrat ions.  The aqueous samples were 

then introduced i n t o  the atomizer on f i l t e r  paper d i sks  and c a l i b r a t l o n  

curves were prepared f o r  r e l a t i n g  absorpt ion vs concentrat ion in the 

normal manner. 

Theoret ical  cons ide ra t ions  indicated t h a t  our  technique should be 

r e l i a b l e  even though aqueous samples a r e  very d i f f e r e n t  i n  t h e i r  

matrices from whole blood samples. The combustion of  the organic  

mater ia l  and the evaporation of the v o l a t i l e  cadmium from o t h e r  metals 

should e l imina te  t h e i r  e f f e c t s  upon the  f i n a l  r e s u l t s  and w e  were f a i r -  

l y  s a t i s f i e d  t h a t  t h i s  was indeed the  case.  

However. it is very bad p r a c t i c e  t o  use s tandards which a r e  so 

completely d i f f e r e n t  from the samples. 

pect ing e r r o r s  i n t o  the r e s u l t s .  The r e s u l t s  were the re fo re  checked 

using a s tandard add i t ion  procedure. I n  the s tandard add i t ion  approach, 

various q u a n t i t i e s  of standard aqueous so lu t ions  of cadmium were i n t r o -  

duced i n t o  the whole blood samples. Ca l ib ra t ion  curves were prepared 

i n  the conventional procedure and the quan t i ty  of cadmium in t he  whole 
blood determined i n  the normal method. In about every f i f t h  sample a 

s tandard s o l u t i o n  of cadmium was in j ec t ed  i n t o  the blood sample i n  

order  t o  check out  the operat ion of the  instrument.  This e l iminated 

errors caused by a slow d r i f t  in the  ove ra l l  operat ion of the atomizer 
and o the r  components of the instrument.  This is important because the 

response and the re fo re  the s e n s i t i v i t y  slowly declined with the age of 

the carbon bed. 

This can introduce many unsus- 
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DETERMINATION OF CADMIUM IN WHOLE BLOOD 721 

Checking with the  s t anda rd  add i t fon  method e f f e c t i v e l y  e l imina ted  

i n t e r f e r e n c e s  caused by mat r ix  v a r i a t i o n  i n  d i f f e r e n t  blood samples. 

The sample and the s tandard  a r e  e f f e c t i v e l y  i d e n t i c a l  and c o r r e c t i o n s  

were au tomat i ca l ly  made f o r  chemical i n t e r f e r e n c e s  and background i n t e r -  

f e rences .  The background was checked and found t o  be very low. Back- 

ground abso rp t ion  measurements were taken r e g u l a r l y  t o  avoid e r r o r .  

TREARlENT OF RESULTS 
Resul t s  by numerous o t h e r  workers i n  t h e  f i e l d  have shown t h a t  the  

de te rmina t ion  of cadmium i n  blood is  very imprec ise  ’. 
caused by t h e  d i f f i c u l t i e s  of t he  a n a l y t i c a l  procedure,  also t he re  i s  a 

p o s s i b i l i t y  t h a t  t he  blood i s  no t  homogeneous enough t o  gene ra t e  h igh ly  

p r e c i s e  r e s u l t s  p a r t i c u l a r l y  when samples i n  the  o rde r  of 1 U1 a r e  

taken. 

This  may be 

In orde r  t o  reduce t h i s  problem a t  l e a s t  12 de te rmina t ions  were 

c a r r i e d  ou t  on each sample. From the  r e s u l t s  a mean and o o e f f i c i e n t  of 

v a r i a t i o n  could be determined. 

A s tandard  dev ia t ion  of the  procedure was developed by running  a 

l a r g e  number of samples on a t y p i c a l  blood sample. 

RESULTS 

Some t y p i c a l  r e s u l t s  of blood a n a l y s i s  f o r  t h i s  pre l iminary  publ i -  

c a t i o n  a r e  shown i n  Figure 3. 
It can be seen  t h a t  t he  r e s u l t s  va r i ed  somewhat between p a t i e n t s  

but t h a t  they were gene ra l ly  i n  the  l e v e l s  p rev ious ly  r epor t ed  by o t h e r  

workers. 

I n t e r f e r e n c e  s t u d i e s  were not  c a r r i e d  o u t  on t h i s  procedure because 

i t  would be d i f f i c u l t  t o  dec ide  what compounds t o  select a s  p o s s i b l e  

in t e r f e rence .  The blood is a very complicated mixture wi th  a very  

l a r g e  number of compounds p resen t  both organic  and inorganic .  The 

sources of e r r o r  should be e l imina ted  by t h e  two approaches used. 

F i r s t  an i n t e r n a l  s t anda rd  co r rec t ed  f o r  c a l i b r a t i o n  problems. Second 

by us ing  the  a tomiza t ion  technique desc r ibed  a l l  t h e  organic  compounds 

p resen t  were des t royed  and the  nonvo la t i l e  meta ls  were immobilized by 

hold ing  them up on the carbon bed. The v o l a t i l e  sample element was 

atomized and swept i n t o  the  c r o s s  p iece  where abso rp t ion  measurements 

were made. Other v o l a t i l e  elements such a s  z inc ,  mercury etc.  were 

atomized s imul taneous ly  wi th  t h e  cadmium bu t  i t  is w e l l  known t h a t  
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0 5 10 15 20 25 

CONCENTRATION o f  Cd (ppb)  

F i g u r e  3 

Re la t ive  frequency of observat ion of various concentrat ions o f  cadmium 

i n  whole blood as determined by deacribed technique. 

0 Non-smokers - Smokers 

atomic absorpt ion u t i l i z e s  very narrow absorpt ion bands which gene ra l ly  
do not overlap with the absorpt ion bands of o the r  metals and i n t e r f e r -  

ence would not  be expected from these metals. 

RECOPPIENDED PROCEDURE 
The reconmended procedure f o r  using t h i s  technique would be a s  

follows. 
Obtain the blood sample from the p a t i e n t  using every precaut ion 

t o  avoid contamination from the  s k i n  and from the needle and sample 

v i a l .  

t i o n  and t o  complex the  cadmium i n  the  blood. 

me sea l ed  sample v i a l  should con ta in  EDTA t o  prevent coagula- 

The samples should be analyzed a s  qufckly a s  poss ib l e  but if 
s to rage  is necessary f t  should be dona a t  4OC. 

Standard so lu t ions  fn  an aqueous medium can be used. These were 

found t o  be r e l i a b l e  and accu ra t e  i n  p r a c t i c e  provided the low concen- 
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DETERMINATION OF CADMIUM I N  WHOLE BLOOD 723 

t r a t i o n  so lu t ions  were i n  p r e e q u i l i b r a t e  b o t t l e s  on a d a i l y  bas i s .  

Ca l ib ra t ion  was c a r r i e d  out  using an  i n t e r n a l  s tandards technique. 

An a l i q u o t  of every f i f t h  sample should be taken and a known 

quan t i ty  of cadmium s o l u t i o n  added t o  prepare s tandard a d d i t i o n  sample. 

F i l t e r  paper d i sks  previously cleaned with n i t r i c  a c i d  a r e  pre- 

pared and 'dr ied f o r  use.  

syr inges,  v i a l s  e t c .  which a r e  u t i l i z e d  i n  this ana lys i s .  

A 1 *l sample o f  blood is i n j e c t e d  on to  the d i s k  and the d i s k  and 

They must be s t o r e d  i n  a c l ean  box a s  a r e  

the blood sample a r e  then dropped inunediately onto the carbon atomizer.  

Af t e r  a tomizat ion,  the combustion producta a r e  drawn i n t o  the cro8s 

piece and the absorpt ion meaqurements a r e  made. 

cadmium a r e  ca l cu la t ed  from the absorpt ion measurements. 

Checks a r e  made f r equen t ly  of  the e f f i c i e n c y  o f  t he  atomizat ion by 

The concentrat ions of 

using an i n t e r n a l  s tandard i n j e c t e d  i n t o  the same blood sample a t  re- 

gu la r  i n t e r v a l s .  
Twelve samples were taken from the same blood sample and 

in j ec t ed  sepa ra t e ly  onto f i l t e r  paper d i s k s .  

duced sepa ra t e ly  i n t o  the atomizer and the da t a  co l l ec t ed .  

were then t r e a t e d  s t a t i s t i c a l l y  i n  o rde r  t o  f ind  the  mean and v a r i a t i o n  

f o r  t h a t  p a r t i c u l a r  blood sample. 

These were then i n t r o -  
Ihe da ta  

CONCLUSIONS 

In prac t i ce  it was found t h a t  t h i s  method was simple,  r ap id  and 

s e n s i t i v e .  N o  sample preparat ion was necessary and in t e r f e rences  

caused by ac id  contamination o r  the v o l a t i l i z a t i o n  of  cadmium during 

ashing processes were el iminated.  A l s o ,  since t h e r e  was no drying or 
ashing s t e p s  involved i n  the  carbon furnace procedure,  many of the pro- 

blems involved with atomizat ion were el iminated.  'he use o f  an i n t e r n a l  

standard el iminated many errors cauaed by the s i g n i f i c a n t  v a r i a t i o n s  

between d i f f e r e n t  blood samples. 

Using this technique w e  p l an  to  ca r ry  o u t  s t u d i e s  of cadmium i n  
blood, p a r t i c u l a r l y  blood of p a t i e n t s  who smoke c i g a r e t t e s  extensively.  

Preliminary da t a  show some d i f f e rences  i n  Cd concentrat ion i n  the 

blood of smokers vs non smokers but a t  t h i s  point  t he re  is no t  enough 

data  to  be s t a t i s t i c a l l y  S ign i f i can t .  
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