
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 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

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

HPLC Determination of Iodide in Scrum Using Paired Ion
Chromatography with Electrochemical Detection
W. Jeffrey Hursta; John W. Stefovicb; William J. Whiteb

a Analytical Research Hershey Foods Corporation Technical Center, Hershey, Pennsylvania b

Department of Comparative Medicine, Hilton S. Hershey Medical Center, Hershey, Pennsylvania

To cite this Article Hurst, W. Jeffrey , Stefovic, John W. and White, William J.(1984) 'HPLC Determination of Iodide in
Scrum Using Paired Ion Chromatography with Electrochemical Detection', Journal of Liquid Chromatography & Related
Technologies, 7: 10, 2021 — 2030
To link to this Article: DOI: 10.1080/01483918408068854
URL: http://dx.doi.org/10.1080/01483918408068854

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=t713597273
http://dx.doi.org/10.1080/01483918408068854
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 7(10), 2021-2030 (1984) 

HPLC DETERMINATlON OF I O D I D E  I N  SERUM USING PAIRED 

I O N  CHROMATOGRAPHY W I T H  ELECTROCHEMICAL DETECTION 

W.  J e f f r e y  Hurst  
A n a l y t i c a l  Research 
Hershey Foods Corporat ion Technical Center 
1025 Reese Avenue 
Hershey, Pennsylvania 17033-0805 

and 

John W. Stefov ic  and Wi l l i am J .  White 
Department of  Comparat i v e  Hedi c i ne  
M i l t o n  S. Hershey Medical Center 
Yershey. Pennsylvania 17033 

Abst ract  

HPLC u t i l i z i n g  pai red i o n  chromatography w i t h  electrochemical de tec t i on  i s  used 

Tor t he  determinat ion o f  i od ide  i n  serum. 

p r e c i p i t a t i o n  of p ro te in ,  c e n t r i f u g a t i o n  and removal o f  i n t e r f e r i n g  SubStdnCeS w i t h  

a bonded phase column. The r e s u l l i n g  sample i s  then analyzed. The method has 

success fu l l y  been app l i ed  t o  human serum and g ives data t h a t  agrees w e l l  wi th 

values obtained by o the r  methods. The method i s  accurate prec ise.  and t ime 

conservat ive when compared t o  more c l a s s i c a l  methods. 

Serum samples a re  prepared by 

I n t r o d u c t i o n  

Serum iod ide  determinat ions are done p r h r i l y  t o  evaluate t h y r o i d  f u n c t l o n  i n  

man and animals. 

organic  compounds w i t h  some hormonal a c t i v i t y .  

associated with e levated serum iod ide  l e v e l s  w h i l e  decreased a c t i v i t y  r e s u l t s  i n  

lower  l e v e l s .  

environmental o r  medfcal sources of i od ide  e levated serum iod ide  l e v e l s  w i l l  

r e s u l t .  Elevated serum iod ide  l e v e l s  can i n t e r f e r e  w i t h  d iagnos t i c  t e s t s  of  

The t h y r o i d  g land u t i l i z e s  inorganic  i od ide  and p r o t e i n  t o  fom i  

Increased t h y r o i d  a c t i v i t y  may be 

A d d i t i o n a l l y  i f  a sub jec t  has been exposed t o  any o f  a number o f  

t h y r o i d  func t i on .  Some of  these agents i nc lude  radiopaque dyes used f o r  var ious 
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2022 HURST, STEFOVIC, AND WHITE 

d iagnos t i c  procedures and Lugol 's  so lu t i on .  Exposure t o  both o f  these agents w i l l  

r e s u l t  i n  e levated i od ide  l e v e l s . ( l )  

E x i s t i n g  methods f o r  the determinat ion o f  serum iod ide e n t a i l  t he  p r e c i p i t a t i o n  

of  t he  p r o t e i n  bound i o d i d e  and a d i g e s t i o n  o f  t he  res idue by d r y  ashing o r  wet 

d iges t i on  (2,3) A l l  o f  these methods requ i re  extens ive sample preparat ion,  

spec id l i zed  equipment o r  extended per iods o f  l ime p r i o r  t o  the  f i n a l  

determinat ion.  The method described i n  t h i s  paper i nvo l ves  simple sample 

preparat ion.  The f i n a l  HPLC determindt ion s tep i s  r a p i d  and accurate. An ana lys t  

can prepare and analyze about 25-30 samples i n  an e i g h t  hour day. 

Ma te r ia l s  and Methods 

Sample preparat ion:  Samples o f  serum were placed i n  t e s t  tubes and d i l u t e d  1 : l  

w i t h  d i s t i l l e d  water and mixed f o r  30 seconds. 

t o  the t e s t  tubes and they were mixed again. 

c e n t r i f u g e  f o r  10 minutes a t  2000 rpms. the  superndtant wi lhdrawn and placed on 

p rev ious l y  prepared columns. 

Column preparat ion:  Sample columns were purchased from Analytichem, I n t e r n a t i o n a l  

and consis ted of an amino bonded phase packed i n  2.8 m l  capdci ty  po lyethy lene 

columns. 

by 3 m l  o f  d i s t i l l e d  water. 

Sample clean-up: 

columns. A f t e r  a l l  o f  t he  supernatant was al lowed t o  pass through the  columns, the  

i od ide  Lonta in ing f r a c t i o n  was e l u t e d  w i t h  1.0 m l  o f  0.2N KHzPO4. 

__. HPLC: A l l  analyses were performed on a h igh  performance l i q u i d  chromatograph 

system. 

were i n j e c t e d  us ing a Model 7125 Loop I n j e c t o r  (Rheodyne) o r  a Model 7108 WISP 

(Waters Associates). The HPLC de tec to r  used was a Model LC-46 Amperometric 

Detector  equipped w i t h  a Ag e lec t rode  ( B i o a n a l y t i c a l  Systems) operated a t  + 0.01 

v o l t s .  

3.9 m 1.0 .  x 30 cm long  column packed w i t h  1011 Spherisorb 00s (HPLC Technology). 

E igh t  m l  o f  d c e t o n i t r i l e  was added 

A f t e r  t h i s  they were placed i n  a 

They were prepared f o r  use by f i r s t  r i n s i n g  w i t h  3 m l  of CHsCN fo l lowed 

The p rev ious l y  prepared samples were placed onto the clean-up 

The so lvent  d e l i v e r y  system was a M590 pump (Waters Associates). Samples 

The column temperature was maintained a t  25OC. The HPLC column used was a 

The mobile phase was p rev ious l y  used f o r  the determindt ion o f  i od ide  i n  m i l k  

(4) and consis ted o f  12.78 g o f  NazHP04. 3.2 g o f  l iexddecy l t r i inethy l  amnonium 

ch lo r i de ,  1.4 g o f  NarEDlA added t o  2.8 P of HPLC grade water. 

was combined w i t h  1 Pof HPLC grade a c e t o n i t r i l e ,  mixed and thoroughly  degassed. 

This m ix tu re  
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IODIDE IN SERUM 2023 

The pH of t he  r e s u l t i n g  mobile phase was then adjusted t o  6.8 ( 5  0.1) w i t h  85% 

H a P O 4 .  The mobile phase was f l ow ing  a t  2.0 ml/min. The iod ide  standard was 

u l t r a p u r e  potassium i o d i d e  t h a t  was prepared as a stock s o l u t i o n  con ta in lny  1.0 ng 

o f  i od ide  pe r  r l . ( A l f a ) .  

Analvs ls  

F i f t y  m i c r o l i t e r  q u a n t i t i e s  o f  a d i l u t e d  i od ide  standard (.04 n g / r l )  were 

I n j e c t e d  i n  dup l i ca te  a t  an inst rument  s e t t i n g  of 2 nafs  (nanoamps f u l l  sca le) .  

Varying po r t i ons  o f  sample ranging from 5 t o  100 r l  were i n j e c t e d  depending on 

the  concentrat ion o f  i od ide  i n  t h e  sample. 

compared t o  peak he igh t  o f  standards t o  a r r i v e  a t  t he  f i n a l  i o d i d e  concentrat ion.  

The peak he igh t  of samples were 

Results 

The methodology described i n  t h i s  comnunication was evaluated through the  use 

of accuracy and p r e c i s i o n  s tud ies.  

i n j e c t e d  ten  t imes and a pooled serum e x t r a c t  was a l s o  i n j e c t e d  t e n  t imes t o  a r r i v e  

a t  p r e c i s i o n  data. lhese data d re  s u m r i z e d  i n  Table 1. 

The d i l u t e  i od ide  standard (.04 ng/p l )  was 

Measured amounts of i od ide  standard were added t o  a pooled serum sample. Th is  

standard was added p r i o r  t o  any sample cleanup and therefore,  was subjected t o  the  

same cond i t i ons  as were the  samples. These data are sumnarized i n  Table 2. 

n u  
I od ide  Standard 

Serum E x t r a c t  

l a b l e  1 

Iod ide  P rec i s ion  Study 

m. 
2 ng 

4.3 r g / d l  

Table 2 

n - 3  

Recovery o f  Added Iod ide  t o  Pooled Serum 

Amt. I od ide  Added (qg/d?) Amt. I od ide  Recovered ( rg /d?)  

0 4.30 

0.5 4.11 

1 .o 5.21 

1 .5  512 

xcv 
0.1 

1.4 

;r Recovery 

- 
94.0 

91 .o 

94.4 
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2024 HURST, STEFOVIC, AND WHITE 

The r e s u l t s  i n d i c a t e  an average recovery o f  93.1% f o r  t r i p l i c a t e  recovery 

s tud ies.  Based on tw ice  the  S/N r a t i o  w i t h  a l l  o the r  cond i t i ons  remaining the  same 

t h i s  method has a lower l i m i t  de tec t i on  o f  0.4 pg/d l .  

Varying concentrat ions o f  i od ide  were i n j e c t e d  i n  d u p l i c a t e  over a 200 f o l d  

range from 500 pg t o  100 ng i n  increments ranging from 1-10 ng. 

co r re la ted  w e l l  l i n e a r l y  w i t h  a regress ion c o e f f i c i e n t  o f  0.988. 

To a r r i v e  a t  an optimum app l i ed  Eo f o r  use i n  t h i s  study, the same 

Oatd po in ts  

concentrat ion o f  i od ide  was i n j e c t e d  a t  Eo (app l i ed )  ranging from 0 v o l t s  t o  

+ 0.150 v o l t s .  The r e s u l t s  i n d i c a t e  t h a t  as app l i ed  vo l tage increases peak he igh t  

decreases. The app l i ed  Eo o f  0 v o l t s  gave a maximum peak he igh t  b u t  t he  noise was 

excessive therefore,  +0.010 v o l t s  was used as a compromise between noise and 

de tec to r  response. 

o f  about 30% was seen. 

Over the  range from 0 t o  +0.150 v o l t s  a decrease i n  peak he igh t  

A p a r t i c u l a r  advantage o f  the method r e s u l t s  from the  combination o f  the Ag 

e lect rode and the  app l i ed  vo l tage which a l l ows  the de tec to r  t o  be s e l e c t i v e  f o r  

i od ide  and ignore poss ib le  anions. F igure 1 shows several anions us ing UV 

de tec t i on  a t  210 nm w h i l e  F igure 2 shows the  same anions us ing the Ag e lect rode.  

F igure 3 shows the chromatogram f o r  a human serum e x t r a c t .  

F i n a l l y ,  Table 3 o u t l i n e s  some data obtained from the serum o f  s i x  subjects .  

Pooled serum samples were run everyday f o r  a two week pe r iod  t o  a l s o  evaluate 

the  method's p rec i s ion .  These data i nd i ca ted  an average concentrdt ion o f  4.51 

vg/dl w i t h  a variance o f  0.17 pg/dl and a c o e f f i c i e n t  o f  v a r i a t i o n  o f  3.6% 

These serum iod ide  values show good agreement w i t h  the l i t e r a t u r e  values from 

several sources which Tndicate the values f o r  serum iod ide  range from 3 t o  8 

vg/dl.(5) 

Discussion 

A l l  o f  the cu r ren t  c l i n i c a l  procedures i nvo l ve  the  determinal ion o f  P ro te in  

Bound Iod ine  (PB1) .  I1 i s  t he re fo re  necessary t o  conver t  the i od ine  t o  i t s  

inorganic  form by e i t h e r  we1 o r  d r y  asti ing w i t h  the  f i n d l  determinat ion based on 

the c a t a l y t i c  a c t i v i t y  o f  iod ide (Kot thof f -Sandel l  reac t i on ) .  r h i s  i s  a redox 

reac t i on  between cerium ( I V )  dnd arsenic  (111) which i s  catd lyzed by iod ide.  I f  

a l l  parameters are kept  constant, t he  concentrat ion o f  i od ide  i s  p ropor t i ona l  t o  

the change i n  absorbance a t  420 nm. This dssdy i s  no t  w i thou t  problems due t o  i t s  
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IODIDE I N  SERUM 2025 

Column: Spherisorb OD5 

Flow Rate: 2.0 ml/min 

Detector: UV @ 210 nm 

Sample: Anion Standards 

5 10 15 20 

Time 
(minutes) 

Figure 1 
Chromatogram o f  Anion Standards with UV Detection 
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Column: Spherisorb ODS 

Flow Rate: 2.0 ml/min 

Detector: , Electrochemical 
e + .01 v o l t s  

Sample: Iodide Standard 

1 1 

5 10 15 

Time 
(minutes) 

Figure 2 

Chromatogram of Standards w i t h  Electrochemical Detection 
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Column: Spherisorb ODs 
F l o w  Rate: 2.0 ml/min 

Detector: Electrochemical 
La + .01 volts 

Sample: Serum Extract 

2 

I 

J- 
15 '(firne 

(minutes) 
0 5 

Figure 3 

Chromatogram o f  Serum Extract 
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Table 3 

Serum Iodide Concentration of Six Subjects 

Subject Iodide Conc. (pg/dl 

1 10.41 

2 8.30 

3 9.42 

4 11.72 

5 7.10 

6 6.54 

catalytic nature. 

result. 

metals since any contamination will reduce the cerium (IV) and cause a 

decolorization of the solution.(l) 

All parameters must be kept constant or erroneous data can 

Additionally, the entire detection system cannot come in contact with 

In some cases, it is not desirable to analyze serum for total iodide but to 

analyze for butanol-extractable iodine (ELI) which eliminates interferences. This 

procedure involves the extraction of  dn dcidified serum with bUtdn01 dnd d bdck 

extraction o f  the butanol with Blau reagent Lo eliminate interfering 

substances.(3,4) The bUtdno1 frat-tion i s  removed by evdporation and Lhe extrdct i s  

then digested prior to its final determination. Prelimindry studies in our 

laboratory indicate that this assay can be dccomplished by extraction of the serum 

with butanol, removal of the butanol followed by the dddition of buffer prior to 

final HPLC determination. 

The concept of ion chromatography using a variety of detectors, mobile phases 

and supports has been well documented.(7.8) The present study demonstrates that 

the use o f  a silver electrode provides a selective and sensitive surface for the 

detection of iodide and for the determination of serum iodide. The results 

indicate that there is little contamination o f  the electrode surface after long 

periods of use. 

of standard and sample before cleaning. 

o f  repolishing the electrode with alumina and washing with water and methdnol. 

electrode was then reassembled and used. 

In our laboratory the electrode was used for over 600 injections 

Even at that point. the cleaning consisted 

The 

A precolumn was used prior to the 
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a n a l y t i c a l  column and was packed w i t h  l a r g e  p a r t i c l e  C1=.(9) 

t o  column and e lec t rode  longev i t y .  

i n j e c t i o n s  and showed no d e t e r i o r a t i o n  us ing e i t h e r  peak he igh t  o r  column p la tes .  

The disodium ED1A was added t o  the mobile phase t o  passivate the system and i s  

recomnended by the  manufacture o f  t he  detector . ( lO)  Reduction i n  the  basel ine 

noise before and a f t e r  t h e  a d d i t i o n  of t h i s  compound supports t h i s  observation. 

Add i t i ona l  no ise reduc t i on  was accomplished by temperature c o n t r o l .  

Th is  seems t o  add 

The column was used f o r  the same number o f  

The procedure described provides an a t t r a c t i v e  a l t e r n a t i v e  f o r  t he  

determinat ion o f  i od ide  i n  serum and was success fu l l y  appl ied t o  determinat ion o f  

serum iod ide  i n  o the r  species. These data w i l l  be publ ished elsewhere. 

The method described e l im ina tes  many o f  t he  problems associated wi th t h i s  

assay. It seems as i f  the  a d d i t i o n  o f  water and a c e t o n i t r i l e  serves to l i b e r a t e  

t h e  i od ide  and r e i n f o r c e  the  1948 study o f  Taurog and Charkoff who repor ted t h a t  

i od ide  i n  plasma i s  no t  s t a b l y  bound t o  p r o t e i n . ( l l )  

The data presented i n d i c a t e  t h a t  the method described provides a usefu l  

a l t e r n a t i v e  t o  the c u r r e n t  methods f o r  t he  determinat ion o f  serum iod ide .  I t  i s  

accurate and p rec i se  w i t h  e x c e l l e n t  recovery o f  i od ide .  

r o u t i n e l y  n o t  done by most l a b o r a t o r i e s  due t o  the  complex i ty  o f  t he  assay. This  

assay would pe rm i t  serum i o d i d e  determinat ions t o  become f e a s i b l e  i n  l a b o r a t o r i e s  

w i t h  HPLC equipment . 
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