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CHROMIUM SPEClATlON USING 1ON CHROMATOGRAPHY-flTOMlC ABSORPTION 
SYSTEH WlTH ON-LINE PRECOHCENTRATION 

I 

W .  1. Fong,and J .  C. GASTON WU 
Dspartment of Chemistry, Natlonal Talwan Normal Unlusrslty, 
Tatpsi, Talwan 11710, R. 0. C .  

ABSTRACT 

A mathod uslng Ion chromatography-atomlc absorption systsm (IC-AA) 
ulth on-llns praconcentratlon unlt I s  deuslopsd for tho spsciatlon of 
chromlum In aqusous samplss. Both Cr(1ll) and Cr(U1) spsclas are prs- 
treated ulth sodium salt of ethylansdlamlnetatraacstlc acid (EDTA) In 
consecutlue steps. The traated aamplss can thmn be lnjsctsd Into a n  
on-line preconcentratlon unlt folloued by Ion chromatographlc sspara- 
tlon with W or ~ e l e c t l u s  flame A 0  detactlon. Both chromlum speclss 
can be ssparated ulthin 1B minutes, and the method Is applicable for 
aqueous samples wlth ppm levsls of chromium. 

INTRODUCTIOH 

Chromium compounds are wldely used In differant types of Industry, 
s u c h  as wood preserving, lsather tannlng, alloy production, pigment 
ranufacturlng and alectroplatlng processes ‘ i ’ .  In nature, chromlum 
sxlsts mostly in two dlfferent oxldatlon stater, Cr(II1) and Cr(U1). 
T h o  oxldatlon rtats Is malnly dstsrnlnsd by tho acldltv, rsdox potsn- 
tlal and other coexlatlng rpecles In t h e  enulronment ‘ 2 ’ ‘ 3 ’ .  

T h e  toxlclty of chromlum Is us11 known t o  bs depcndlng on Its oxl- 
dation status. Cr(l1l) Is prousd t o  ba bloloplcally esssntlal and 
related t o  human glucoss tolerance factor r 4 ’ ( s ) .  No rsports of oral 
toxlclty of Cr(ll1) haua sumr besn rsportsd. H w a u s r ,  dlssolusd Cr(U1) 
specles are corroslus and toxlc ( & ) .  T h e  nschanlcm of toxlclty of 
Cr(U1) it not yet us11 understood, but It ssmms to Intarfars ulth t h e  
enzymatic sulphur uptake of the cell ( 7 ’ ( 8 ’ t C ) .  Alrborn partlculates 
containing Cr(U1) can be carclnogenlc, and It c a n  affsct tho lungs, 
liver and kldney. 

Pour dlfferent methods uers approved by US EPA for chromium deter- 
mlnatlon: ( a )  total chronlua nsasuramant uslng atomlc absorptlon 
spectroscopy, (b) deternlnatlon of Cr(U1) urlng copreclpltatlon 
folloued by rubsaqusnt A A  dstsrmlnatlon, (c) photomatrlc nsaxuramant 
of Cr(U1) uslng 1,5-dlphenylcarbarIde (1.5-DPC) at 548 nm, ( d )  con- 
plsxatlon of Cr(U1) ulth anmonlun p ~ r r o l l d l n a  dithlocarbamate followed 
by solvent extractlon and CIA dstsrmlnatlon ( 1 0 - 1 4 ) .  T h e  spsclatlon of 
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9 32 FONG A N D  W U  

Cr(ll1) and Cr(U1)  1s normally done ty Indirectly procedure. Tho quan- 
tity of Cr(1ll) Is differentlated by subtractlon of Cr(UI) from total 
chromlum deternlnatlon. 

In thls study, both Cr(II1) and Cr(U1) In aqumous solutlon can be 
spaciatad dlrectly and doterminated slmultaneously uith nlnlmum sample 
prmtreatment. The use of atomlc absorptlon as chromatographlc detmctor 
allows selectiue detectlon, and spectral interference from samplm 
matrlces Is thornfore mlnlnlzed. 

PXPERIRENTAL 

I .  REAGENTS 

Reagent uater Is obtalned by purifying dlstllled uater uith 
M i l l l - R O  66  water purification system and Hilll-0 reagent water 
system. Both systems arc productr of Hilllpore. 

Cr(1ll) and Cr(W1) standard solutlons are prepared dally by dllu- 
tlon of I 6 6 6  ppm stock solutions uhich are prepared from analytical 
grade potasslum perchromate (KzCraO: 1, and chromium nitrate ( C r ( N 0 ;  1 2 )  

uith oucr 93.52 purity. Both chsmlcals are purchased f r o m  Kanto, Japan 
and Ferak, Germany, respectluely. 

The EDTG dlsodlum salt 1s from E.Marck, Gmrmany ulth purity over 
992. It i a  dlssolued lnto an aqueous solution uhich has a pH of 5.66. 
Thm pH of thls 6 . 9 1  M E M A  solution 1s adjustmd uslng an acetic acid/ 
sodium acetate buffer. Both chsmlcals for thls buffer solutlon are E. 
Rmrck products ulth naarly 166X purlty. 

The eluent used for Ion chromatographic aystem Is 6.3 M aqueous 
sodium nltratm (NaNO8)  solutlon prsparmd f r m  E. Msrck product ulth 
purity better than 99.5%.  All standards and samples lnjected onto Ion 
chpomatowraph arm subjectid to membrane flltratlon. T h l 8  la complmted 
by using 6.45 um HULP membrane from Mllllpora. 

1 1 .  EQUIPMENT 

The chromatographic 8ystem contalns a Xrator Spactroflou 466 soluent 
d m l l u s r ~  pump, Rhsodyne 7125 and 7868 loops uith uolumem of 28 and 166B 
u l  recpectiuely for Injection and preconcentratlon. Anlon exchange 
column, Ion-118 ulth Imngth 25 cm, is purchassd from Intmractlon, Inc. 
A separate 5 cm column ulth aame packlng materlal 1s used for precon- 
cmntratlon purposr, uhlch 1s connmctmd ulth thm smparatlon unlt uith 
Rheodyne sultching values as s h w n  in flgure 1. 

Detmctlon of thm chromlum speclms is mccomplishmd by uslng tuo 
detectors, an ERC-7211 W detector from Japan and Perkln-Elmer 2280 
atomic absorption epectrometmr ulth Dz background corrector. The Intmr- 
face betuesn the chromatographlc aystem and the atomlc absorptlon unlt 
1s facilltatsd ulth plece of Tygon and a wlaaa caplllary tubing. 
The schematlc of thls lnterface Is s h w n  ln flgure 2. 

nonltorlng uauelengtha for chromium m p ~ c l e s  In NaNO? eluent. 

1 1 1 .  PROCEDURE 

A Hltachi U-29B8 spmctrophotometsr 11 usmd t o  scan rnd smlmct 

Thm chromium mpeclms In aqueous mamples arm reactmd ulth 6 . 0 1  M 
l D T A  solution (pH 5 )  at 66' C for one hour for the complexatlon of 
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R n a l y t i c a l  C o l u r n  

UU a r , d  R R  D e t e c t o r  

D a t a  R e c o r d i n g  Syster 

D r a i n  

12. I n j e c t i o n  S y r i n g c  I /  

F i g l  1. I o n  C h r o k a t o g r a p h y  - fib s y s t e b  wit11 o n - l i n e  

p r e - c o n c e n t r a t  i o n  u n i t  

f r o m  K-3 +to AA aspirator 
YTyson tube  

F i g .  2 .  S c h e m a t i c  i l l u s t r a t i o n  o f  t h e  T y g o n  i n t e r f a c e  
b e t w e e n  i o n  c h r o m a t o g r a p h  a n d  f l a m e  A A  d e t e c t o r ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



9 34 FONG ANI)  WU 

0 . 5 0 0 A  
(H/D I V .  ) 

-1. OOA 

- -  - UV S p e c t r u m  of NaNOa Solution 

000 : UV S p e c t r u m  of Cr (111) - EDTA 

000 : UV S p e c t r u n  of Cr ( V J )  

F i g ,  3. UU s p e c t r a  f o r  w a n t 5  e l u e n t ,  C r l I I I )  ari6 Cr(U1) 

s p e c i e s  a f t e r  r e a c t i o i l  c r i t h  E D T h .  

CrCIlI), uhils tho Cr(U1) pmmainx unchangsd. Thm complsxmd CrtIII) 
glues a color of purple. Tho reacted solutlon Is Injected Into tho 
ehromatographlc nyrtam ulth tho on-llna preconcsntration unlt, .I 
Illustratad In flgure 1. CI 8.3 Il NaNOa solution ulth flou rats of 
8.75 ml/sln 1s applled for saparatlon. Chroalum xpscias arm prmconcmn- 
trated at a pro-column at a flou-rate of 1 . B  ml/ain using L separate 
pump. The ERC UU dstactor Is Sat at uauelsngth 257.8 nm uhlch 18 tho 
optlnum for Cr(U1) speclor ulthout lnterfsrenca f r a  Nan03 In the 
noblls phase. Thm xsparatsd chromium mpsclmx arm subsaqusntly ionltormd 
by tho atomlc absorptton spectrometer at 357.9 nm uith air-acetylene 
f lama. 
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F i g .  5 .  I o n  c h r o u a t o g r a r s  o f  C r ( l l l 1 ,  C r ( U I )  a n d  t h e  m i x t u r e  
u s i n g  A A  d e t e c t o r .  ( a )  Chromatogram o f  2 5 . 8  p p r  C r ( l l l 1 ;  
( b )  Chroratogram o f  2 5 . 8  ppm C r ( U I 1 ;  ( c )  Chromatogram 
o f  t h e  m i x t u r e .  
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e . 3  

0 . 2  

0 . 1  

8 . 0  
I I I I I 1 

F i g .  6. Ion c h r o w a t o g r a r s  o f  8.58 ppa C r ( l I I 1 ,  Cr(U1) and t h e  
m i x t u r e  u s i n g  Ah d e t e c t o r .  ( a )  Cr(l1l); ( b )  C r ( l l 1 l ;  
( c )  t h e  m i x t u r e .  
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T a b l e  1. Percent recovery o f  preconcentrat ion 

Concentrat ion Concentrat ion 1 Recovery 
1 n j e c  t e d  C a  l c i i  l a  t e d x  

C r ( 1 l I l ’  8.58 p p w  8.42 ! 8.82 p p m  84.8 

C r ( V I 1  8.58 ppln 8.45 ! 8.86 p p m  96.8 

- ~ - ~~ 

* Calculated f r o m  f i v e  consecutive injections, 

RESULTS AND DISCUSSlON 

1 .  CHROtlhTOGRFiPHIC GEPARATION 

The Ion chromatography for anlon separatlon 1s utlllzad ac the 
separatlon node for both Cr(UI) and Cr(ll11, slnce Cr(U1) exlsts 
predominantly as anlon In aqueous solution('), Cr(ll1) 1s c w p l e x e d  
with EDTA. Although carbonate and blcarbonate solutlona are common 
eluents for the aaparatlon of anlons, pH of the moblls phaae l a  m o r e  
dlfflcult to be controlled. A 8.3 H solutlon of NaN03 1s found to be 
pertlnent to differentlate chromlum apeclea In thla aystem. 

1 1 .  W SPECTRA AND DETECTION 

The UIU of IN detector for the spmclrtlon of metal c-pounds 
suffers the lack of spaclflclty and la hampered by Interferences In 
moat caaea. Hwrumr, It can be umrd aa a = u p p l ~ m n t m l  detmctlon mode 
before the metal-rpeclflc detector, such a. A A ,  1s used. Thls l a  
bonmflclal durlnm thm atagm of mmthod dmumlopnmnt. Flgurm 3 a h w a  the 
W apectra of aolutlons of NaNOs, Cr(1ll) and C r ( U 1 )  after thelr 
rmrctlon. ulth EDTA. Due to thm strong abaorptlon oI NaWOs, tha YAUI- 

length 257.8 nm 1s selected for W detectlon. 
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n v m l n  

C r ( l l 1 )  ? h e  p o l y n o r r i a l  i s  

Y -  9.58792e-2 + 2.46826*X^l. 

8.256 8.844 1.437 2.631 2.625 3.219 3.E12 4.486 5.668 
e 

Fig. 7, Calibration lines f o r  C r ( l 1 1 )  and C r ( U 1 )  using t h e  
ion chroaatography - A A  s y s t e r  u i t h  on-line precon- 
centration, 

Thm chromatogran. for chrollua 0pmclm0 u0lnn W drtector 1. 0houn 
In figure 4 .  Part ( a )  In flgure 4 10 for 5 8 . 8 8  p p  CrCIlI) and Cr(U1) 
mach, aftmr rmactlon ulth EDTTA, and part (b) 1. obtalnmd ulth 1 . B 8  p p  
Cr(1II) and Cr(U1) after preconcentratlon 1.88 rl of manple. The poor 
aen.ltlulty for Cr(ll1) 1. attrlbutmd to thm UU uaumlmngth srlmctlon. 

111. ATOtllC ABSORPTION DETECTION 

Atomlc ab8orptlon detectlon f o l l w m d  by chromatographlc toparation 
of mmtal apmclmc mnhancm. the nonltorlnm spmclflclty and facllltatm 
quantlflcatlon"". The lnterface betueen Ion chromatograph and the 
atomic abmorption unlt 1. mchlmumd by a plmce of tygon tublng ulth a 
caplllary rlde-ara to balance the hlgh intakm Plw rate of A h  nmbullzmr 
ulth a i r ,  uhlch 1s a180 usad ax oxldant In TATA proemamma. Chr.onatogram8 
of chra1un(llI), chromlun(U1) and the mixture of both are shoun I n  
In flgurm 5. 
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T a b l e  2. Results f o r  synthetic sample analyses 

Cr(II1) 2 . 0 0  p y m  1.62 ! 8.83 p y h :  

2 . 8 8  p p m  1.76 ! 8 , 8 7  ppm 8 8 .  B z  

* R e s u l t s  i s  based on seven consective analyses o f  the 

prepared synthetic sample o f  river water. 

Although tho use of A A  dstectlon obutously Improues the monltorlns 
speclficlty, sensitlulty Is hamparsd by dilutlon effect from moblle 
phase and a l r  flow drawn from the Interface. The on-llne prsconcsntra- 
tion unit is applled to overcome this effact. F l g u r e  6 lllustrate~ 
chromatograms of Cr(III), C r ( U 1 )  and the mlxture, 8 . 5 8  ppm each, with 
A 0  dataction after concentralng 1.08 m l  of xtandard solutions. The prc- 
concsntration sfflclency Is affacted by the lntaks flow rate of sample. 
The optlmum flou rate 1s found to be around 1 . 8 0  ml/mln. The prcconcsn- 
tration recovery lo shown In table 1 .  The recousry may be increased 
ulth the use of a longer concsntratlon column, but thlm effect is not 
investigated. 

IU. SYNTHETIC SAMPLE ANALYSIS 

To 8tudy the fsarlblllty of thls method, samples of r l u e r  uater 
arm collmcted from Hsln Dan r lusr ,  Talpel, and thelr total c h r w l u a  
contents a r e  detsrmlned ulth flame A A  technlque. H w s u s r ,  no chromlum 
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1s detected. Therefore, synthetic r u p l m  1s prepared uslng filtered 
rlver uater (pH 7.35). Thls sample contalns 2.88 ppm of both Cr(II1) 
and Cr(UI), and 1s aubJected for multlple analyses. The contents of 
chromlum are determlned uslng uorklng curue s h w n  In flgure 7. 
A discrepancy of sentitlulty, in term of slope of callbration llna, Is 
notlced between Cr(Il1) and CrCUI), lndlcatlng possible chemical lnter- 
ferance ln flame A A  detectlon process for Cr(U1); houeuer, thlr pheno- 
menon ls not further studlcd and shows not effect on quantlflcatlon. 
Results of determlnatlons arm in table 2, ulth calculated recouerlsr. 
The limits of detsctlon are obtained from three times the standard 
deviation of =even con=scutlum lnjactlons of a synthmtlc sampls ulth 
B.58  PPI Cr(11l) and Cr(UI), and they are determined to be 8.88 ppm 
and 8.28 PPI. respectl~ely. 
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