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2 Qf Ammonium pyrrolidine dithiocarbamate(APDC) & &332 2} &3}e] 34 F &4 v)r2e
THEE, AFS FA BulFEEsel Akl vhEe datach Y RAE A7) 9ol A 2Ly pH,
it&}A) 9 %P 1‘3-—0']’“‘ A7k #7148l e] $5F Foll dHsle] ZAlsldT 43258 AR AR
200 mL& #3tod, pHE 4022 22317 1% APDC 50 mLE 371312, MIBK 100 mLE 35% Eqf £50)
FE§ch 222 005M FAshIEF LN 10mLE 47129 HPDCE A3t} §7)22 150 pg/mL Pd(II)
T E¥Ehe 4M 2oz 5% Fot EE] BHYLE 935Yc) golgo] TYE 4M WAL 923
Hed D771 F35 A4 B2 et F2g 2712030k vied Fisol) it T2 HAe)
39kl sidsbe FEEAS &AL Bl : 0.038, CAUI) : 0.0057, In(Ill) : 0.023 ng/mLe)gic). S8 A8
27}2)F #3te] & wygo2 g A Bi(dll), IdIDE 7284 olsteln, CA(IDE 00187 0016 ng/
mLolgich Al gell YA R2F 7l T AFE S EF 90% oo A2 E wlme) Aoy
T3 dine FAEAA o] upyo] S4EF QUSE & F Usith

ABSTRACT. The solvent extraction of trace Bi, Cd and In in seawater samples using ammonium
pyrrolidine dithiocarbamate(APDC) as a complexing agent was studied. The pH of sample solution, the
amount of APDC, the type of solvent and the shaking time were investigated together with back-extraction
conditions. After the pH of 200 mL seawater was adjusted to 4.0 and 50 mL of 1% APDC was added,
analytes were extracted with 10.0 mL of MIBK by shaking for 35 minutes. The organic phase seperated
was washed with 2 0.05 M NaOH 10.0 mL to remove HPDC. The analytes were stripped by the back-extra-
ction of 5 minute shaking with 5mL of 4 M HNO; containing 150 pg/mL Pd(Il). Detection limits of Bi,
Cd and In were 0.038, 0.0057 and 0.023 ng/mL, respectively. Both of Bi(II[) and In(Ill) were not. detected
in two kinds of water samples of the East Sea and the contents of Cd(I) were 0.018 and 0.016 ng/mL.
The recoveries of over 90% showed that this procedure was applicable to the determination of such
trace elements in seawater samples.
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2 A e A EA ge] AME-Ee dithio-
cabamate#] )] ammonium pyrrolidine dithocar-
bamate(APDC)& 23ba| 2 2143l methyl isobu-
thyl ketone(MIBK)S &2 ALg3ld] s+ F &
A= Bi(lll), Cd(l), In(I)E F232, 232 F
ghge] #i9 Ao AFxEsle o|F FAB
AFSBEr|2 Agsilnt. 2jdd wA=E 7}
TH, R AFL vz Fede] AN FRE7} 3
2 pE ¥ 4y 93207 H7E g=kF
& el As /JAA A Pt ohule} bR Pd(ID-
PDC z-Es A A4gded AN(F J5AA
EFHel 935 7jd g # gle Aotk ® My
2 Suojepe) wlAaR et lFE APDC-MIBK A&
ez F£% 7€ o7 Bxd wl glch

4 H

AlSF W 212, Agel AHSE AlkEe 5EE

+& ARtne EF ASE ARdiden, 35
& 13 25% §& Mili-Q Water system(Milipore.
Coyo 2 A BI95E AHE-3tairh

Bi(Ill) &£ : v]F AldrichA}2) Bi(NOs);*5
H,08 §2 Al 54 ¥ Fde2 73 1,000
pg/mLE THE 3 dlo) Hsloivh o) $4E 3 ¥
FEZ F8 A3

Cd(ll) 222 : 29~ Fluka*}9] cadmiums4
(99.99%)2 Agk2) 213 HNO; 0.2 5|3 BY T2



494 A - BEAY - £ - 2448

3 1,000 yg/mLE 9HEo] Hell B Es)gdc)

In(ll) BEF4: A9~ FlukaAl®] In(NO,),2
e Aitedl =4 F 22 3 1,000 pg/mle
et

1% APDC29Y . 292 Flukaxl2) APDC A)eke
100g F¥3] b FP+L 2 ¥4 100ml=2 2
9k

PA(Il) £ :PdEd% 1g& o Fof 29 A
ZAFIT ebA] F4AkE vhsled 2 ATAI oS
F& At Ho{4 1,000 mLE BHESIT)

ShH B ol B AN ER hE-2-o8 - 4 Shinyo
xbe] AF A]ekel sodium acetate 136.08 g2 2 3k4)
FU4E vle]Ho Folx, 10% F4-89& pH7}
4.00] 2 w7z 7istedc) 2w o] £4E 1L
v Agetae] Y, IR &8 A3-sieic)

. WAL BBBE7]: HGA-400¢ A28 Per-
kin-Elmer Model 2380¢1512.7 4 &5 52 Pe-
rkin-Elmer2le] Zlojcl. M te) FJEE 34

Table 1. Instrumental operating parameters for atomic
absorption spectrophometer

Bi(llly  Cdd) IndID
Wavelength(nm) 223.1 2288 303.9
Slitwidth(nm) 0.7 0.7 0.7
Lamp current(mA) 10 4 20

Tube type Uncoated tube

Table 2. Heating program for GF-AAS

32 9% 7172 AL Table 13} e} 252 Z2
2-E& AF3E A M- 150 pg/mL Pd(IT)ol
EZE94M Z4a5g 9 4 M Asrgoaniel tjs) 2z}
ct2A) A sA3c)k ©15 Table 29 viehi Aok

Shaker : $%7]7]2] 24 054724 $)-ola)f u}3k
28 atEe Ao},

el e ME. sy F 30 BHYL &
WEE 2708 HHHA7]7] 9dE AA et
v} e QFsirl PR3l sl
2 EAze) L0ppm o4 H3HEL 104 F ¥l
2] gAgt g QA FE2HEY 9958%F R
gok® o] F 7122 st gl NaCl 42259¢,
MgCl,-6H,0 19144 g, SrCl,»2H,0+0.72 g, H,BO,
0.47 g, Na,S0, 70.51g, CaCl,-2H,0 20.84 g, KCI
11.95 g, KBr 1,73 g, NaHCO; 3456 g& 7}8}q =q)
& 18L7} HA 3l qFdA5F Ev)sielch

AENY, d=Z 1L9 sl X85 Fs AE
Zo](Watman No. 42)2 A4 54 2¢ES Al
73 o}-& 2000 mLE %} 3] 335k 300 mLe]
7] &7ek of M EAYOIH EAF JEF 34
¥ 5mLE 7l3le pHS 4022 23-¥ g 1%
APDC £} 5mLE 73l S4-PDCAES 34
A]Zlck. MIBK 100 mLE 7}sli 3583 £5 &
o} AR E st 10870 B Foll $492S
B2} 005M NaOH £ 10mLE #7134 7}
3t 187 EEAM A3t fo)4el A

(a) back-extracted with 150 pg/mL Pd and 4 M HNO, solution

BiIID) Cd(Il) IndIID
Drying 110¢C 3s(ramp 5s) 110c 3s(ramp 5s) 110¢ 3s(ramp 58)
Charring 1200 € 2s(ramp 10s) 800 C 3s(ramp 5s) 300 2s(ramp 10s)
Atomization 23007 2s(ramp 1s) 2200 2s(ramp 1s) 2400 C 3s(ramp 3s)
Cleaning 2700 C 3s(ramp 3s) 2700 C 3s(ramp 3s) 2700 C 3s(ramp 3s)
Sample Injection: Bi, In 20pL: Cd 10l
(b} back-extracted with 4 M HNQO, solution
Bi(IID) Cd{Il) In(I1D)

Drying 110t 3s(ramp 5s) 110 3s(ramp 5s) 110C 3s(ramp 5s)
Charring 60T 2s(ramp 10s) 800 C 3s(ramp 5s) 800 2s(ramp 10s)
Atomization 2200 ¢ 2s(ramp 1s) 2100 2s(ramp 1s) 2400 3s(ramp 3s)
Cleaning 2700 C 3s(ramp 3s) 2700 ¢ 3s(ramp 3s) 2700C 3s{ramp 3s)

Sample Injection: Bi, In 20 uL; Cd 10 pL
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Fig. 1. Effects of pH on the extraction, O: Bi(Ill) 125
ng/mL; @: Cd{Il) 0.125ng/mL; A: In(II[} 1.25ng/
mL.
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Fig. 2. Effects of APDC concentration on the extrac-
tion efficiencies,
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MIBKCHCI3 CCl4 DPK CH Xylene

MIBKCHCI3 CCl4 DPK CH Xylene

MIBKCHCI3 CCl4 DPK CH Xylene
Type of solvents

Fig. 3. Extraction efficiency of metal-PDC according
to the type of solvent. MIBK: Methyl isobutyl ketone;
DPK: Diisopropyl ketone: CH: Cyclohexane.
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Fig. 4. Back extraction efficiencies in various concen-
trations of HNO,.
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Fig. 5. Effects of Pd(Il) concentration in 4 M HNO,
solution on the back extraction and matrix medifica-
tion.
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0.75, 1.25, 1.75, 2.5 ng/mL, Cd(I} 0, 0.05, 0.75,
0125, 0.175, 0.25 ng/mL&Al EMYALE 7}3ich
AL APog Su3:Ed g 32034
4M 24 5mLe} 150 pg/mL Belgo] YH 4 M
A4k 5mLE AHgsldcek 7Zhzte] Q3 2ubge) g
HHY 5 ZZ2YE 2R 9L F3=E 2
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Pote] BHYLEE EEPYITHE AU
Fig. 6).
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Fig. 6. Calibration curves. ®: back-extracted with 4.0
M HNO, and 150 pg/mL Pd(II} solution, O: back-ext-
racted with 4.0M HNO, solution.

A2 E FoiR) AR SFEAM 2AE 75
2HEYe Ha L AIHc) FAFA A
A2 PAE o3 o) Falgich viskgde] 3
EE 204 2% o3 BEURE TR o] Hale
3u)e) FREol sz FEE ZEHFTANA
odgd =), Bi(IIl) : 0.038, Cd(II) : 0.0057, In(III) :
0.023 ng/mLe| it}

2 oo R84 elgade HES] Ao
AE tE A2l F3f e F2) AEE
2000 mLY 3l 7t Y4E APsieich YR}
A 8 17)R 85 2A0FE3Del @ sk Bidlll),
In(IDE A% o)kl ®, CdIDe 00183+ 1:
22)7 0016(3) 5> 2: F~F-31) ng/mLeldeh 2.2
B Ayuiie] d& H5§-¢ Lolr) A olE
A& Bi(llD), In(l): 1.25, CddI): 0.125 ng/mLE
Hrska AR At ule} 2 Hefsisdc) 1 A
5 45 174 s 200 diste] BllDe 747
028, 904%, CA(ID= 976, 102%5 Ac) 22|z
In(II¢) 73%- 984, 102%2) 3s+&E AUk ol F
Age 47 334 Fdste] FJFY AQd
FES A9 vledtA AN APAol slsdch
uizdy B Aguigle] 45l b4 Qlokx A
7+t 4 dcKTable 3 3 %),

4 2

sl 3 4 Sz Bidll, CA(ID, IndID&
3 2 APDCE #H4-3l MIBKE 8o 323 ¥

Table 3. Analytical results of Bi(IID), Cd(I) and In(IIl) in seawater samples(unit: ng/mL)

Sample Elments Spiked Measured Recovered Recovery(%)
SeaWater 1{Kangnung) BidID 0.0 <0.038
1.25 116 116 92.8
Cd{Ih 0.0 0.018
0.125 0.140 0.122 976
In(1II) 0.0 <0023
125 123 123 98.4
SeaWater 2(Jumunjin) BidIIl) 0.0 <0.038
1.25 1.13 1.13 904
Cd(Il) 0.0 0.016
0.125 0.144 0.128 102
In{ill} 3.0 <0.023
125 1.27 127 102
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PdS E3se Yo JRFile Zol2 AzF
F BAFe s AHYse ATE ¢ AH o
Ze 2ES 48 F Uddd

L olE ¥4 Y2F F2317 43 HHY pHe
4~50] 4l e},

2, §7122 8 345 HPDCE 005M NaOH 10
mLe] ¥} F 1870 E544 AH ARG £ &
HRALE dF 23 7ol FEUAE W32 AY
o) Fh

3. 9%% 4] 150 mg/mL PdE #4354 M
Fao2 AFEsR= A0 4M Ao R JFEdhs
Ayl Eg0) FUL FIFE HHYA dEY2E
MAdse A2 Qi RErl F71E B FY
o}

4. AA) E8l9) slsAgel A Ak A BillD,
In(liD& 73234 o)8led 2, CdD+= 0.018(70-3)9t
0.016(F%3) ng/mLel 3, A& 7T o4
90.0% o| Ao}

2 APE B 05 7| a3 B3 ste 24
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