Journal of the Korean Chemicat Society
1999, Vol. 43, No. 4
Printed in the Republic of Korea

BUES0} AXETEYHO| 28 HHAERE FI=82
=2 ® AP
FEE - BAM
FRRIAIY ) P

Ay AgARt et skt
(1998, 10. 27 H9)

Separation and Determination of Cadmium in Blood Serum by
Solvent Extraction and Atomic Absorption Spectrophotometry

Seok Ki Lee* and Chang Ung Joung’
R & D Center, Dongahn Engineering Co. Ltd, 281-20 Songsu-dong, Sungdong-ku, Seoud 133-123, Korea
*Department of Chemistry, Soonchunhyang University, Asan, Chungnam 336-745, Korea
{Received October 27, 1998)

2 o, i) FIEES KSONEAoA ol MAATIT, 42l & #7140l MIBKA A
FERS 33 LR ARS Syt 328712 A7) WA WP obigh e Al ulF
o] Bxc} 22 MRS AHgsled AHRRE 31X 3 A $AE 4 AT, EHA] w7 A 6T
AMeirje] gom, 2000} $SEANE Jehlct, 3E8H7E 0.7 ppb2 FnlFe] FIERE Golshl] $HY
AT, A BAEE €4 39 FI=F 2o 448k 23 A9 wichloroacetic acidiF vl £
FRR} 2801312 AAA0) wotor], SR FI=EE B8 YARFTEPELE A shesisich 1%
22 329 7 =EAEL AN QAR 28 FF AAUESS A

ABSTRACT. Trace amount of cadmium was quantitatively extracted with 1% Aliguat 336-MIBK from
0.2M KSCN and 0.01M-HCI. Test tubes with a screw cap stopper were used for extraction in place of
conventional separating funnels and organic solvents used were less dense than water. In this analysis. 22 times
concentration effect was achieved with higher selectivity without interference. The detection limit of cadmium
was 0.7ppb. therefore trace cadmium was easily analyzed by this method. The proposed method was applied
to the determination of cadmium in blood serum and extraction mechanism was elucidated.
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mate), DDTC(diethylammonivm diethyldithiocarba-
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Table 1. Instrumental parameters for AAS determination of Cd

Wavelength {nm) 228.8
Silt width (nm) 0.5
Lamp current {mA) 8
Flame Air-C:H:
Fuel gas flow (L/min) 18
Observation height {mm} 8

= ¥, fs) 2L Aoz Aysisict

o]= Continental'be] Model LBUV2-2020 &34
AZA2AF AMgLo9, o] Mgk 182 MQ <)
Ao, ekl Al E-E A3 ekm, A Al
3t 80 mLATHR 1004708 Wel g P =
vHARLE R3sle] AMESldnh AR 6 cmel T,
A B 15439

Al 9F, £ Ao AMS3 AlfE 53 odFol

£ % ARFE AH3hdm, AAH0%F PAk
(40%) R 2HO8%)1E FTHETA|kEe| HAlF Alek
=5 /st

7h=ge] BEEYL UAETETE(Wako, Japan
1000 mg/l) 84S s H2o2 Pog) 52 343}
of ARg-EHT}.

Cd-MIBK EE BN, MIBKMethy Isobutyl
Ketoney8ol 2 23 71289 thiocyanate#E- 35
Y olide] A= UHE FFEE FAEIAE, dA
o A&k Cd-MIBKEH-E 2|2l vprl|7} Qe FA
e Wl el MY, ¢4t MIBK2A W8
& 352 M3l CA-MIBKEZTE9-L #2310}
A zag2 100mL £A2H7]d 20 pg/mle) 7=
5 ImlAHT, 05M F4A £ | mLe} 02 M-
KSCNg<422 A7} somlrt HA 7R ¥+ 1%
Aliquat 336-MIBK SmL& 23] F2sld f7]2 e
AR #el] el 2ppme) Cd-MIBKE9 S AR
slede}.

Amineft, Amberlite LA-13 LA-2:= Fisher Sci-
entific Co. A&, Alamine 3367} Aliquat 3362 Hen-
kel Co. A, AMg3lsien, H442= MIBKE A}
43513

28 ¥ YUY, Boiady] gild] Wrp ep)
7k dE AlPH 80miel 7.5 pug/ml JF=FH | mLE
sk, 05M dAHEd 1mlE VI ¥ 02M
KSCNgel oz HAe] F371 somL7t €A sige.
7o)l w)Fe] X} 2 71400l 1% Aliquat
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336-MIBK €4-& 10mL 7}8l2, »E 23] 2
< ¥ AR olf3led 1087 Ak ¥, 1087
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Al 89 1mlE 7Bl A ERSIY FHG 5%
upx)gk & 150°CR 7Had 7199 Sl B 87
A goieo2 9 drkA 7lgdsldct 228 200°CE
23 AYaAte] Y G7\E BN, SO E F
Axsieich. 38 A" 4L 001 M-gatEd
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3 7hgge). AAIRAIE AHEeR Ao |,
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0.0IM-HCH:322 EA1 7}X) Aj4dv}
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P 0.200AbsEF BT F ot SollFdel AR
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2] Ake] FEo] FL PEI AFip. 1) A
FE7} 0.001~0.01 M7FAI= 0.440Abs2] FFEF v+
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Fig. 1. Effect of acid concentrations on Cd (II) extraction
with 1% Aliguat 336-MIBK.
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Fig. 2. Effect of thiccyanate concentration on Cd(Jl)

extraction with 1% Aliquat 336-MIBK.
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7} 1:2, 1:3, 1:4 2 wsied? 2 AfoME 1:4 o
ot

7, 7kE5A7)E 71zl ARG 43} ofyl
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Fig. 3. Comparison of various amines for cadmium extrac-
tion with 1% Amines-MIBK.

& WP\ T, e A BAASe 277} 4
717 S whERs $Eo] BT, dale] SHE
A WEA dolok W} wA HPHo) W, 24
ol Tt a7} 2T, R4S 2R, LhAA
9) F4e] Ao} Aol oIk, 7] A, &
S8 QA2 o18F 4 2 297} olakHolc) vz
2 $2 g2t $ae] 47} s~ AEd o
selfiolel, Bxiggel 24 %e AYE YTE Fol
o YeE $3o] BN =AY W), A2

# $79 #7180l E JE 23} MIBKE A3l
< w7t FEEI} FHE skl ol B
o =7t 2.2000F RS (Table 2). oY A3}
= MIBK7} 2573 Z&3 zslige 71 2
Aoz Y745t De'' -2 £ol9 Al S5
F FE2&2 F7RCT dlged 2 AYdie=
amylalcohots: AlAE FAYs7E 2 F7)80)elM
+4=7) ot

Wao|2e Y. st=Fe &, Yool o ool
23 SolEe YL HFEHNT] Asld Age ¥
A FAE ALsS 2 ol 718l RS =
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HYRMY £§F HURE. T2 50mL SeiA
CdIs=ES F7FA71EA 1% Aliquat 336-MIBK
10mL2 FE3aS o] FE HE AnE Ha}

Table 3. Effect of diverse ions on extraction of cadmium with
Aliquat 336-MIBK Aqueous phase; 30 mL (Cd(l) 7.5 ug,
0.0IM-HCI, 0.2M-SCN")Organic phase; 1% Aliquat 336-
MIBK 10mL

Amount

At FAF Y AR f7)R0) 2aje] Abss) Diverse ions Source added (L1g) Absorbance
g2 8]l mel C/o>lely BEE s E No addition - -
HA sk BYALNMIBK, CHOH)elT C/o=0e] Pb” PONOL: 1000 o
N = ALY AICI 500 :
o 3SR b AL (CH,OH), C/0<1Y o, Cat* CaCl, 500 0.44
ARZMERI(HCOOH)Z. B8 =FE ol A&7 5000 0.44
Su)e] MIBKE S3% 43 253 JA7t 91, o Zn(NOY; 500 044
- . 2000 042
7¥A o] A8l 7at A4l S A|9)E e S e SbCl, 100 0.44
oA Aol HAES} Ben], 25 Bdd o Fe* FeCl, 4 X 10%a) 0.44
Ado] Boh} B3 Baiule] Je] ARREZ §)ut. o Cu™ CuNOJ: 2 X 104(b) 0.44
. K* KNGO, 4 X 104 0.44
2 FRA o, n-Z 2, A, iso-FE opAHl0] Mg MgCl, 1500 044
Ex 78 Bgo] gof g8 AMEed), Yool Na® NaNO, 2 % 10° 045
HolEx 5] 2lo] AFel F7} Washd gz cr NaCl — 210° 045
3- 4
$FE YR 2o 98] %7) 9ol wlzH L) fo Nl 1X M
=7} 2R n-Fehg SEC—"?‘%%‘%’% ThEo 2 ARl (a) Added 0.6g of NaF
i} MIBKSF E85A AR8tich, 2 AgeliME o (b) Added small amounts of thiourea
Table 2. Comparison of various organic solvents for Cd(II) measurement by AAS
Organic Solvents Formula *Solubility  Dielectric constant ~ Absorbance
n-Hexane CH;(CH;)CR; i 0.89 0.08
Iso-Amylacetate CHyCG,(CH,).CH(CH;). VSIS 4.75 0.34
MIBK (CH,);CHCH.COCH. 2 13.1 044
Iso-Amylalcohol {CH,).CH{CH.).OH 2 13.9 0.01

*Solubility in 100 parts water, i : insoluble, V.S1.8 : Very slightly soluble
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Fig. 4. Plot of log D against log [SCN'] at constant [Amine].
Aqueous phase; 50 mL (Cd(II) 0.15 ppm. 0.01M-HCI, M-
SCN™) Amine; 10mL (0.018 M, Aliquat 336-MIBK).

0~ 12 pp7HA] Beer2o] AL 38 & 7}
SRS 471800 10mLZ 223 208 33 ¥
= o2 ol daled AERAE T A3
&A= 0.7 ppbel%ich

Detection limit =
standard concentrationx2 standard devigtion
mean absorbance

0.02(png/mL)x2x0.0012
0.068

Cd= =7.0X 10" (mg/mL)

S MA) WS FLER )20 S HEID)
$)5ted De”e} whol whet FEAI”] Aliquat 336-
MIBK2) ¥EZ 0018M(1%)2 4A3A 3}, SCN-
o) =58 WAAFEA 7] $22 FESE P4l
22 Fals] HaAses TAE A, od A
71€7\e & 209 (Fig. 4). o1& $43E AeMe
Cd(Il:: SCN-=1:29] & v|2 uh33htz dd =+
QUT, 2ol Dl opnle] E v)E HES] Y3}
o SCN-¢| ¥EE 02ME TAATIZ o} F&
£ HAATIHA BAI A 717 o 229

00 s L -
-35 -0 -25 -20

Log[Anine]

Fig. 5. Plot of log D against log [Amine] at constant (SCN']
Aqueous phase; SOmL (Cd(I) 0.15ppm, 0.01 M-HCI,
0.2 M-SCN") Amine; 10 mL (M, Aliquat 336-MIBK).
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—[(R.CH:N*), Cd- (SCN)Jorg + 2CI” aq

# R,CH'N'CI; Aliquat 336

AES| BY, gomL PR mli7E AlE A3
AR ¥R 50 mLE H8kIL, «§7]ell KSCN A|ef
< AQg7s) 02Mel HA & =&, 1% Aliquat
336-MIBK 5 mLEE 383 o] 7153l 2ns
10009 F2ENS AES U AEZ7P} 2.2 o
D2 33Aae 2R %%H!Z 718 Al
slod EAo| 7hg3lslct. Table 4= £ Hcl"ﬁ-'v”r TCA
e H]m_é‘]-d:] HAME) A ;i—r-ﬁz} 288 94 &

= a3 AEAE Ve, TCAY =
%M»H-l plake] 7p=B-S BE YAEREREeEE
23)e] Brbssbe] Tz YA (GFAASHE
A3l

a4 2
ulgke] 7L=B-2 KSCNGaolA] Zho] 22

g WA

(Fig. 5), 0174 CASCN): obml=128] & ¥)Z ¥F I 2R & dells MIBKe 5+ 784 ¥
25131 9)e-2 Uehint, og} 22 AYANE Bz O IEHE A4 Fo2 2 RATIE oR
slo] chest 2o 22 WgoAIEE AT S ol o AYE S ogR 2 AAT <
Table 4. Determination of cadmium in blood serum Unit: Jg/100 mL
. Proposed method TCA method*
Serum sample suppliers - - - -
unspiked spiked (5 pg/100 mL) unspiked spiked (5 ¢g/100 mL)

A 0.30 + 0.011 534 £ 0016 034 + 0.027 530 % 0.030

B 0.23 + 0.009 522 £ 0012 0.20 £ 0,030 523 = 0.041

C 0.25 + 0.020 527 £ 0015 0.23 = 0.040 5.20 = 0.044

(3] 035 £ 0013 5.36 £ 0.020 0.33 = 0.030 §.35 £ 0.057

* TCA method was performed by GFAAS
# Values of determination are 5 replicates
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