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ION CHROMATOGRAPHIC 
ANALYSIS OF ANIONS BASED 

ON SOLID-PHASE EXTRACTION 

LIU KAILU, LIU JIN, AND YUAN SIMING 
Beijing Research Institute of Chemical Engineering and Metallurgy 

P.O. Box 234 
Beijing 101 149, The People’s Republic of China 

’1k0 kirlds of solid phase extraction a l m n s  for simple preparation 
in  ion chramtoqraphic analysis of anians were developed. Anion 
SPE-1 colurn was packed w i t h  a polymer sorknt and a cation 
exchanqer. Anion SPE-2 Colum was packed w i t h  the saw Sorbent and 
an anicm ex&anger. W i t h  SPE-1 Colum, ~ t a l  cations aold lipophilic 

were adsorbed cn the a l u m  while a n i a  rammed . inthe 
rmbile phase (deicnized water). This pnxdure, coupled w i t h  IC, 
was used for analysis of anions in waste and idustried cmoling 
mter, in saw solutions fran hydranetal l~calprocess ,  in 
plating solutions and in radioactive sarrples. The analytical 
recoveries of anions were  greater than 95%. W i t h  SPE-2 Cblm and 

colum to free them f r u n  inpurities; them anions were eluted by 
c h a n g i q  the caqxsition of mobile @mse. The analysis of anions in 
biolwcal  

deionized water as mobile phase, the anions were retxmed . onthe 

matrices and food w a s  sKx33ssfully performed by IC-SPE 
method on SPE-2 C o l ~ n ? .  

INTRODUCTION 

Naw ion chromatography has come to be 
determining inorganic anions [1,2]. However, a w i d e  variety of 

sarrples cmtains organic carpacnds, heavy metal icpls and the anians 

the mst e f f d i v e  method for 
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LIU, LIU, AND YUAN 3084 

irreversibly adsorbed m anim exchaqers. ?he calm packing will 
be fouled by these and the analytical p e rfome will 
be interrwpkd. Therefore, sarple preparation is neacessary for 

determining anions in conplex sarples. 'bm kinds of solid @mse 

extraction colums (SPE-1 colm and SPE-2 column) are described in 
this paper. ?hese colums have been widely used for sarple 
preparatim in ion ChranatOgraFhic analysis of anicms and very gwd 
results have been obtained. 

Reasents 

AL1 the reagents were analytical grade. 

'Ihe polymer Sorbent and ion exchange resins were synthesized in our 
laboratory, inclding A05 polystyrem sorbent (50-70 un) with the 
surface ar'~a of 300 rn2/g, the rrran pore diawter of 150 A; 
strcngly acidic cation exchnge resin (40-50 m), a capacity of 

5 meq/g; and 40 m pellicular anion 
of 0.02 &g. T h e  sarples of "Brightblue" were obtained from N a t i d  

Research center for m . S .  (N0.7 District 11, Hepinglie, Beijing 
100013, P.R.China ). ?he sarples of huMn plaSrb3 were obtained from 

the hospital of our institute. 

Deionized water w a s  used. 

Y2*8 

resin with a capacity 

SPE Colums 

1. SPE-1 Colm, SbaMl in Figure 1 ,  misted of a glass tube with 
a capillary cutlet. T h e  qper layer of the bed (15 m) was packed 

with A05 polystyrene sorbent. T h e  so-t was purified by washing 

with methaMl, followed with deionized water to rennre methanol, 
the 1-r layer (40 m) was packed with Y2*8 cation exchmge resin. 
Ihe purification steps included rinsing with ~ t h a n o l ,  5% Hc1 and 

deicmized water mssively. 

2. SPE-2 Colum, w i t h  the same polymr Sorbent in the upper 
layer. T h e  laver layer was packed with 40 am pellicular anion 
exchange resin. ?he colum w a s  sllcoessively washed with 5% Kl, 
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Fig. 1 SPE S l i d  phase ExtraCtim Colurn of glass 
1. upper layer 2. lam- layer 3. glass wool 
4. nhbertxhe 

de id7Rd  water and 0.1 ml/l Nam, follawed by deidzed water to 

r a I K 3 E  61-. 

institute). 
YSA-2 Separator Colm, 250*4 m ID,  grain size 15 m (made in our 

laboratory). 
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Performance of Using SPE-1 Solid Extraction Colum 

An alivt of sarple solution (0.2-15 ml) was applied to the SPE-1 

mlum and washed w i t h  d e i d z e d  water. The saple and rinsing 
solution frun the a l u m  was mlleded into a 25 ml wlunetric 

flask. The Cg2- m t r a t i m  of this flask was adjusted to 5.9 rrlvl 

by addition of the m t r a w  Na2a03 solution. The total volm 

was diluted to 25 nil  w?th deidzed  water and 100 ul of such solution 

was injected into the IC systan. 

Performance of Using SPE-2 Solid phase Extraction Colum 

An alivt of q l e  solution (0.1-15 ml )  was 

mlum. 'Ihen the mlum was rinsed w i t h  6 rrM Na2C03 / 10 ITN NaCH 

solution and all of the eluate was mlleded i n  a 25 m l  volunetric 

flask. The total volune was diluted to 25 m l  w i t h  deicnized water 
and 100 ul of this solution w a s  injected into the IC system. 

applied to the 

1. Analyticdl ResuLt of Using SPE-1 Colum 

A05 polystyrene s o r k m t  effectively adsorbxi organic cmpamds f m  

water, such as bezene, toluene, and chlorwphenols etc. W i t h  

retuval rates of mre than 95%, Y2*8 cation exchange resin m v e d  

heavy mtal ions effectively. Table 1 showed the varietims of 

cxrcentratim of several heavy mtal i m  rmd organic cmpxmds 

by passing through a SPE-1 mlum. It w a s  ShaMl that inpurities 

were effectively ranoved. 

'Iheprecisionandaccuracyof the method were evaluated by 

analysiq a qudi ty  a n t r o l  sanple Over a sixday period. Its 
ITEEUI recovery was 100 +/- 5%; overall relative standard deviations 

w e r e  less than 5%, the low detedim l i m i t s  of seven a n i m  were 

in the range of O.OO5-O.05 q/ml. (See Table 2,3,4) 
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TABLE 1 
% varietian in n t r a t i c m  of Heavy Metal Icms and Organic 
cmpom& by passing SE-1  &lum (sarple wlune: 5 ml) 

IrrpuritY 

Gd 
m 
m 
cr3+ 

pb2+ 
3+ Fe 

Ni2' 

ce2+ 
rubrication oil 
Benzeneand 

%Cl 
phenols 

Added 
(Ils/ml) 

1 

4 

4 

8 

8 

8 

8 

200 

10 

10 

pdded 
(us/ml) 
n.d. 

n.d. 

0.07 

n.d. 
n.d. 

n.d. 

0.1 

n.d. 

less than 0.1 

less than 0.01 

10 less than 0.01 

10 less than 0.1 

TABLE 2 
Evaluatian of Recoveries of Anicms 

F- C1- No,- WQ2- Br- - __ -_ I -  

Waste water 
q/d (Diluted - ug/ml 1 1 0.5 5 5 

to 1/2) 0.21 1.83 

Found q/ml 1.23 2.49 0.49 4.9 5.05 

-rY % 101.6 104.0 98.0 98.0 101.0 

R a m v a l  rate 
% 

100 

100 

99.2 

100 

100 

100 

98.7 

100 

mre than 99 

more than 99.9 

6.45 

5 

10.95 

95.6 

m42- 

2.4.6 

5 

29.5 

99.6 

TABLE 3 
"The Precisicm and Accuracy for Determining Anions 

in Wity Control Saqle f r a n  EPA 

- 5042- NQ3- - F- c1- 
Given q / m l  1-30 7.43 6.26 18.76 

Measurenunber 7 7 7 7 

Fcuridq/ml 1.27%.01 7.10%.10 6.26*.055 18.61*.108 

R.S.D.  % 0.12 1.5 0.90 0.58 
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TABLE 4 
The Detectim L i m i t s  of Anions U s i n g  SPE-1 Colurn 

F- C1- No2- HP042- Br- 5 S042- - - - -  - 
Detecticm 0.005 0.008 0.02 0.090 0.U 0.04 0.05 
l i m i t s  q/ml 

TABLE 5 

% Result of Analysis of Anicns in carpla sarple ( q / m l )  

F- C1- No2- HF042- Br-  NOg- SOL2"- N3- - __ - ~ - -  - -  
Waste water 1 1.0 3.0 800 10.5 57 17 

Waste water 2 1.7 46.0 10.0 50.0 

Liquid  of uraniun 
oreextracticm 50.0 156.0 10.0 1. 27*104 

Radioactivity 
sarple 1.5*104 5 

Industrial 
coolingwater 2 28.2 2 22.2 43.1 

Liquid  of a vegetable 
extract 76.7 126.4 41.0 1.17*10 2.61*102 6.08*102 

This method has beem widely applied in  m y  fields. It w a s  m e s s -  

fully used for determination of anians in w a s t e  water, i n  injected 

w a t e r  of o i l  fields, in  industrial circulated cooling w a t e r  in 

hydraretallurgical licp-lor, in paper processing liquor, i n  radio- 

active sarrples, as well as in f d ,  medicines, beer a d  wine. ,Sane 

results are sbm in Table 5 and Figure 2. 

2. Performarxx of Using SPE-2 Colum 

With SPE-2 colum and suitable carpositicm of mobile @?as=, organic 

inpurities and strcng-retaming anim w e r e  adsorbed m the colum, 

a~ll~m anions were eluted in rinsing solutim. It was irrportant to 
select the carpositicn of the rinsing solutim. & ax? hands, 

caxentrated eluent vniLd be used to accelerate elution rate; m the 
other hand, caqxment identity betxxn rinsing solutim and analytical 
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r 

0 3 6 4 nin 

TABLE 6 
'Ihe RelaticHlship be- E l u t i o n  V o l m  and Anion Recwery 

Carposition E l u t i o n  RecaVery% 

of V U h I E :  F- c1- m 4 2 -  NO3- so42- 
0.3- 0 . 4 ~  2 . 5 ~  1 . 5 ~  2.5- 

nil - elmnt 
2.4 rrlvl 5 90 90 45.n 

N%Pd 10 100 102 100 92.6 2.7 

3.0 rrlvl 15 100 105 100 100 54.0 

-3 20 100 105 100 100 92.3 

25 100 105 100 100 100 

6.0 rrM 5 90 90 90 35 36 

Na2od 10 100 105 100 100 88 

1.0 m 15 100 105 100 100 100 

NaoH 
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TABLE 7 

The Determinaticn of Anions in "Brightblue" (%) 

- 
m42- Br- No, so42- -- - c1- - 

1 .o n.d. n.d. n.d. 1.14 

1 .o n.d. n.d. n.d. 1.20 

0.9 n.d. n.d. n.d. 1.08 

0.9 n.d. n.d. n.d. 1.08 

TABLE 8 
 he Determinatim of CI-, H F O ~ ~ - ,  m3-, ~042-  in plasma 

(q/d 1 

c1- __ m 4 2 -  Nog- so42- 

Saple 1 4. 02*103 102 47 .O 103 

mle 2 4 - 02*103 120 67.0 53.0 

Saple 3 4. 70*103 110 51 -4 96 

Fig.3 ?he chrm&qran of dnim i n  knmm plasm sarple 
using IC-SPE mthd based Of Anim SPE-2 COlUrn 
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eluents r t u s t  be cmsidered. Table 6 shows the relaticlnship between 
the recoveries of five anions and the volunes of different eluents. 

It w a s  observed, fran Table 6, that ~(IIITIOC~ anions cauld be extracted 

by using the eluent of 6 nlvl N a p 3  / 10 nlvl NaW solutim, 
recoveries of 100%. 

with 

This procecbule has been used for the detenninatim of anions in 

"Brightblue", a kind of pigrent (Table 7). 

Because of interfeeme of irrpurities, the backgramd value in  
determining the chloride ion was too high to analyze accurately. 

The R.S.D. in determining the sulfate ion was +/- 1.1 %. Recovery 
of S0~~-in addition to the standard q l e s  was 100.3 %. (determined 
six times) 

It has bem also applied to analysis of anions in hman plasna. (See 

Table 8, Figure 3) 

flMulARy AND coNcLusIoN 

?tuo kinds of solid pa7ase extraction techique w e r e  developed in  

this work. 
anicms in ~ l e x  substances. By these rrethods, the recoveries 
were 1 C ) O  +/- 5%; the l o w  detecticm l i m i t  of seven anions w e r e  in the 
range of 0.005-0.05 ug/ml, and the accuracy was better than +/- 5%. 

Howwer, using a SPE-2 colum in the analysis of the trace of F-, C1-, 

the repmdmibility was poor because of the interference of impurities 

in reagents. 

?he r r re thods successfully s o l d  the problan of determining 

1. H . S t d 1 ,  T.S.Stwens and W.C.Baunan AnaL. chem., 42, 1801 
( 1975 ) 
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