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HFPIYARCHOEFRESITI, FU—~IHELLT=FAFHIVIFVBRIYTARRAVWAFL
AVIFAYr P VOHBTAREMEEZAEATIENTCLOEBNELGELHAN, ERxB~0ORKRAL
LTCAKERBRI O FI v ARVCEHOERERA .

BFPIVA-=F Ay FUEREEKE pH 6.0~9.0 T, Fhi-=FAFy Vv I VvEREEEKR
pH 6.0~10.0 CEBMITAFAALA Y ITFAr b viICHEEh, FOoHBL¥EET HBRHEE TS -
7. EFEAAVOEEE, 230, =o b, $, TrA, TAI=VAREBPKEARBRKETLK
MEBYEZ2RC B8P o —F, I FIvADRRREIVWC~F ¥y 7 /78 (LI RAA Vv O
XERAOTFBREX, B~y 7 7)) BAFviaELY. L, BES<HAvLhTW
B2 FATFAINANIVEREF LY VA, ERrYTDYIFAIALNIVEETVE=YARAVEESR
LORBEAFHEBTON FIVARCHOEEBREL2VWTITT-RELS, HELVWAROERALN
ok d, RERIZEROES PEEERE, FHRELIXNSCAGFTD & kb, REHD

LELALEOBRERY FIvADESR 0.014pg/mlpyery/1% BXTHD,

mlimisr1/1% BT H - k.

1 #&

BB 2FIRT 2 RFBESTE, #Efk+Lr—©
FIOHBBEEL EOBRICX Y, REEKRT»SOHE
EBRTEOBMES MR OFBRBEEIR R EC X VEED
REBEFGTE, FChFROREEZ IR vwERY
BRREEIN TS,

BRFBHATCE VT, # FTUARKBKNEENE
GRTHRTHDH, KIBELEEIIERETHEHMT
BrOBE B D5 T, ERREEZFEHE T35
Y, 4 AUTHMBEERFIRTHED, ERRFEEC
FNRZAH y TREAVDIHEY kETH5. WEHH2
FIRT58METIE, IVLPELTAFNL VT FVT
b (BAF MIBK LREED) THIHT 545HY, ¥n v
VUFXHMNT BT E= YA (BAT APDC XRE
VIO LT F VO F A BN UEEF P A (BT
DDTC L) V% F L— ML LTHVHERE V.

—%, SROBFESTITE W TIREHE2FRIAT 5
&%, APDC® 2 DDTC® %+ L~ ble LTHW
THERDS.

FL—~MELTO ZFNEFHy MNSUEED Y Y A

*OEBAETERITEMER  KBRATIKE 1000

il

tHoBP4rx 0.040pg/

(BIF KEtX LHs0) 13, ARBERZNCEZHTHY
% DEB L KICHBHOBERE AR L, BAHTHRE
HeHHEh, LoMBt¥FEIHBNRETHHT L
R0, <L H LW WOoWTIEEIC #Hiéd L. A
TiEH I 9 ARUERICOWT, KEtX-MIBK 75t
& FIET 5 RFREHTIC R 5 RTFBEBIEH&H
24 A0 FERVU B pH &L KO
RIEEHZ A, fFETHREROIGAS & LT AKMERBH
DOH KT Y ARCEHOERIRBWT, FL—MELT
DDTC % APDC ZH\WiB&0 EEHEF & LB
L7z

2 FERORE

2.1 % W
BEFRESFITERIX, BERY v~ VAT v ¥ #8l
AA-1 Mark II BZHW, A=~V Iy 7RARE
CEL-7TeFVvVvBE v, RiER, BRFVER
SlorhBEES v 7% vk, pH A ~—%—1%, B-
B M-5 Ma, FRIRE S Bk A v 48 KM R
Rk,

2.2 B X
SEREEI : AAMBRBERREOH F I v ARY
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Hokiem 1.00g 20y SHL LBROWERIZIEML,
KE LCERBERE £ CIRME%, HEE2MmxKkT 11
L. COBRBEEREL, FROLTICEWO I
KHFRLTAVE. TRREZEIE, »FIvaigon
Tk XO BRE2AWT, 81k, PAN {5 R¥i2 H
WwWT EDTA 2 X 5%#&ECITF - 72,

TFAFHVLIFVEE AYTA  REEKE O+ L
TaAa—=n, KEILHY YA, ZLEES W Price
WO HEICENERL, OB Fackler 519 o
FHEITHE - 7.

MIBK, % ofbdR3Erx, FEMBHARSEL L
EERAW.

3 EBERROER

3.1 RER{E

S0ml QR %~ 7 BRI crhFh » KT YA
(5.0pg), $A(40pg) T TRELRPE &1, Zhic pH
BEWKE LT 109 BB 7 €= v A¥¥E% 5.0 ml i
iz BEBBEOWMIC XY pH OFER NELEE
W, (142) 7o e=7KkE13EHC X D pH 8.5
Eic gLz chic 5% KEtX ¥ 5.0 ml 2z
7c#% MIBK 10.0ml %fnk, ¥ 3 ZRHiEIRETER
Licgith® MIBK fHiCHI L7c. ¥/, 7 RT w4,
HEE TR VERRBBC>OWTEFRERFEU L 8%
v, ZOWED MIBK HEEERTRESITHRE
L, EEAERBEZRHVWTC N850 8%
DREL, ThoD BREOE D HEE k.
B, ZORO KHEOKEIT, MIBK 25KicH LT 15
HEETHZLEFEZLT—E (40.0ml) L L7

32 RFBAREREEY

N F =13 BE-T 2 F VO ATFIRE S~ F — % Bv
RS v 7 rBBME ZER-TEFLUFRER
CRE, N—F—DORBICHTIMNERL DOV, £
hEhBIERBRGELZ TSIz £ OfER%EZ Table 1 i
w7

Table 1 Experimental conditions

Cadmium Copper

Wavelength (A) 2288.0 3247.5
Lamp current (mA) 10.0 7.0
Slit width (pm) 100.0 100.0
Air flow rate (1/min) 8.5 8.5
(kg/cm?) 2.5 2.2

Acetylene flow rate (1/min) 1.0 1.0
(kg/cm?) 0.3 0.3

Height of beamt (mm) 16.0 15.0
Scale expansion 0.0 0.0

t Above burner tip
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ZEfeRR S o PETIBIREE Y FE v 2084, @~

12)mA DFfiPHTFH~ 7208,

R R 3 W C VIR

DHERDBH LIIH RO REHHTEL HEN BB

2, 10.0mA ZRHERMEE L.

WOLED R UH

MEDPE L. ik, N—F—OfEIR, ~N—F—~TH
EHED AL BV E0EHS% Omm & LD

fETs 5.

3.3 KEX ZhnEOEE

BRI Y ADEE, BFlD KEtX oIz X v [Cd-
(EtX) ]2~ OF kT AR T 5 LO®EY b5
Zehb, KEX Mo iz RigTES iconT
T, TOER, PRI LR 4.0pg izt LT KEX
&7 500pg BE»S—SORAEMSE Sh, KEX ijm
& 200mg F TR LAY, AL S5c—E0BrES
BT, ToEEMILVWIDOLELS. -, OB
B, AT EIRMBE 0.12w/v% BEHH—
EDOEREZB7-DT, DBOBIECEWTIIAEDL
BRI LTH 1.0W/v% i b X 5ic KEX 2R
LT o7z -

3-4 pH 0)%#
# FR U AROE-EX $Efko MIBK iz X 5l

BT pH OF

BRIANIERE Fig. 1 iRl

HTR—EOBRXE LB LR @MY pHERAX, » kT

» ADEE pH 6.0~9.0 THD,

0.20
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fHics Tz pH
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Fig. 1 Effect of pH on the solvent extraction of

Cd-EtX or Cu-EtX chelate with MIBK
A : Cadmium (0.50 FE/"“][MIBK])3 B: Coppcr (1.50
pe/mirMIBK )
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6.0~10.0 TH ot ZOZENLLBOBIEL KT S
pH fEiX, £h¥h pH 8.5 fhiicFHEe L.

35 HRE#

Fig. 2135 R U A 2VTO REBHEZ 7 LI,
EtX-MIBK iR % AW 8813, KISKLEE
BT LBEOK S FOMENE LN, /¥ Lv— Ml
L LT DDTC ZBWhBE L ERTHEROERA BN
e ote. —%, MEEEL LT, ¥ Mo AT
VERBEYSTHS EINTRD, HOBESTRVTHRE

0.20p
0.15p

0.10¢

Absorbance

0.05f

0 o1 0z 03 04 05
Cadmium, pg/ml
Fig. 2 Variation of calibration curve for cadmium
by changing chelating agent

A ; Using KEtX as chelating agent; B : Using DDTC
as chelating agent;  C : Aqueous solution of cadmium

0.60p

o

b

<
3

Absorbance

0.20p

0 10 20 30 40 50
Copper, pg/ml
Fig. 3 Variation of calibration curve for copper
by changing extracting agent
Solvent——A : Methyl isobutyl ketone; B : Ethyl

acetate;  C; Isoamyl alcoho]
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Tzt A, Fig.3 KiRT k5 MIBK 2w
BEMn RbREN ROHR 2187k ik, BERF
X, MIBK ke, sKicxhs 5 BRER KEVvoT,
HEE S LTREYTH D LBbh 5.

Fi, HFToL, i KEX 24T 5 EEom
BRI LY AL A Fig. 4 WRd LD
i, Th eGSR 0.33 MhLicEMmRz2Bc b
5, RETHW KEX OREGRICEWVWTI, 2 F
TULNELIRM EtX=1:2 OFSENVR EE L DD,
BRIV ADBEXEFED KEX oF#FX, [Cd-
(EtX)J3- oW EkEsakE LT 5 & O|EOD 1D
553, FERTHVWAZIRE T, WHESEROLERITER
DN ot

0.0} {o.40
-§ {030 §
4 i
E L]
2 005} lo20 &

o,
5 3
S v
10.10
0 0.z 04 06 0.8 10
[CA(I)Y/ LCd(1)]+[EXT}
[Cu(W) Y/ {LCu(IDT+[EeXT}

Fig. 4 Continuous variation method

A : Cadmium-ethylxanthate system (total molarity 1.25
X 10-5); B : Copper-cthylxanthate system (total
molarity 1.00x10-4)

36 HEMAVOEE

BRIV L, HOEBEBRCRIBZHEA AL OHELH
RickkR% Table 2 WRLAE. Zhib, awk,
ZohN, B YuAh, PIVT=UA, HRIDLA, §H
RED KBREED KT BOTHE2 5XD T LMB5H
5. ThOORErE2 54 4 0%, KigwhTKE(L
MR LD, KEtX L3k ERT 5720, il
FRICRF D KEX OFEPBOTD T L FERE K
5EEzxBhD. Ll, #FEEZMELTERLH
1000pg (7 KT o AB0 200 {58, (REO 50 f58)
LThiE, B XBZEEIALRIW.

Fi, B4 A onwTid, Table 3 LRT XS5,
20000 pg JLFFIZ R VWTIE LA EHEITR VN, H RID
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Table 2 Interference of diverse cations on the Table 4 Interference of diverse anions
solvent extraction of Cd-EtX or Cu- ([Fe(CN)4-, [Fe(CN)gl2-)

EtX chelate -
Added amount Cadmiumt

Tons

Cadmiumtt Copperttt &) Found (pg) Recovery (%)
Gationst Added as Fgund Recovery Found  Recovery CN) 4~ 10000 2.51 50.20
G B G ) CRe(CN)e] e e o
Ag(D) nitrate 4.87 97.20 18.64 93.20 5000 4.32 86.40
Cd(II) ” — —_ 17.68 88.40 2500 4.99 99.80
Hg(II) ” 4.57 91.80 19.44 97.20 [Fe(CN)g - 10000 0.13 2.60
Cr(I1I) ” 2.75 55.00 20.02 100.10 5000 0.20 4.00
Co(II) chloride 4.87 95.60 17.59 87.95 1000 2.06 41.21
Al(IID) ” 3.76 75.20 19.56 97.80 500 2.12 42.40
Mn(11) sulfate 4.80 96.00 19.47 97.35 100 3.22 64.40
Cu(Il) ” 4.36 87.20 - — . -
Ni(ID) ” 4.81 9.20 16.69 93.45 I u:‘:::n h::o.u:(;sm;)f cadmium : 5.00 pg; Total volume of
Fe(lIT) amm. salt  4.59 91.80 19.48  97.40 4 phase
Zn(ID) chloride 4.93 98.60 19.06 95.30
Pb(II) ” 4.93 98.60 19.47 97.35
t Added amounts of diverse cations : 2000 pg; t+ Taken ﬁﬂ%ﬁ%tj{%éo)mﬁ & LT %h%n*‘g 5g<}")
amounts of cadmium : 5.00pg; 1ttt Taken amounts of copper : 20 REBRHLBEREREZHE L. Zh iy 48 R
20.00pg; Total volume of aqueous phase : 40 ml LTEEU‘ N 55‘,& Tﬁ@ . i@ﬁ?@ (5 . l) "@Eﬁ%
MUBKTELAEL 10ml & L. ThEREEke
Table 3 Interference of diverse anions on the LT, D83 1 OFEBIBERE - TH FE U ARUVERE
solvent extraction of Cd-EtX or Cu- GE L
EtX chelate =
AECIIZEEFERLORER, P FIvAaEWT
prost Added w ntt Gl 3 DDTC kv M E LT Mol LT, 8
Found Recov Found R
G MG RS MG esiTix APDG ARBAL TR, Table 5
cl- sodium salt 4.97 99.40 19.65 98.25 Table 6 TR LFEEPLG» B X518, RELZLAW
NO;- ” 4.93 98.60 19.88 99.40 \ \ A
SO,2~ ” 4.90 98.00 19.58 97.90 5%11/ % DDTC % APDC %Fﬁb k%n@%%kkt
WO, 2- ” 4.90 98.00 19.97 99.85 R, KEtX # i vi-EBERCEROEREDLNT,

PO~ . salt = 4.97 99.40 19.77 98.85 -
Moo der sess o8  sad  TLAWFIUAOBABERE, ZBHREE b

Cr;O72-  potass, salt 4.93 98.60 20.20 101.00 X\, ZOTEML, ¥~ bHlELTD KEX (33

CIO,- ” 4.93  98.60  20.00  100.00 . . - .
Cro, - ” 468 9720  19.96  99.80 ARPOY FT Y ARCROERICHND T EHBARET

[Fe(CN)e- 7 0.13 2.60  20.00  100.00 B0, el L ORBOSTET S BE, ERENC

[Fe(CN)¢ - 7 2.51 50.20 19.98 99.90 AETCED LS A THATHS r#x
cd ‘/\ =3 + £ x_

t Added amounts of salts: 20000ug as anions; tt Taken BEL & S ZIC AT S 7

amounts of cadmium: 5.00pg; 11t Taken amounts of copper: 5.

20.00pg;  Total volume of aqueous phase : 40ml

Table 5 Determination of cadmium in human

AZENWTAFH V7 2 ALII) B4 A o BREOFE tissues with atomic absorption spectro-
BExl. FLTRERRINE S LTEOEEL T photometry by using the solvent extrac-
tion
#F% Table 4 IR L2, Hio~FHo 7 2 g1 °
A A, PRIFLTIRAOTFRESXBLERS itk No. peTe KEX
MPote. TOFEREIE, BT ARERELSEY LR Xt S.D.Ht C.V.Ht Xt S.D.it C. V.t
L, Zh MIBK il hivwid ez 3. 2129 Liver 1.61 0.017 1.06 1.63 0.005 0.3
Pancreas 1.23 0.012 0.98 1.25 0.010 0.80
Lung 0.26 0.008 3.10 0.26 0.007 2.69
3.7 Lﬁiiﬂﬁﬂhm:b K3 ﬁA&Uﬁ@El Kidney 13,12 0.104 0.79 13.5¢4 0.08¢ 0.62
2134 Liver 2.28 0.017 0.75 2.27 0.010 0.4
AERHOSEZER T 2H4, Mzt vey v Pancreas 0.68 0.005 0.74 0.71 0.007 0.9
FrEETszeiicky, BEh~BHeBrEHT Lung 0.10 0.005 5.00 0.10 0.005 5.00

Kidney 17.72 0.078 0.44 18.35 0.055 0.30

3 f==3 )18)
6/C ERGHhD, B *ﬁ & Lce), t Mean on the determinations of ten times : (pg/g); 1t Standard
#-T,s ﬁﬂﬁ$@ﬁ‘i EBRE LD Boni-Fikels deviation : (pg/g); 11t Coaefficient of variation : (%)
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Table 6 Determination of copper in human tissues
with atomic absoption spectrophotometry
by using the solvent extraction

i KEtX APDC
Sample ———
Xt S.D.it C.V.itt Xt S.D.t C.V.itt
Liver 5.26 0.04 0.76 5.27 0.03 0.57
Pancreas 1.4 0.04 2.78 1.45 0.03 2.07
Lung 1.25 0.04 3.20 1.25 0.04 3.20

Kidney 2.7 0.04 1.76 2.27 0.04 1.76

't Mean on the determination of ten times : (pg/g); 1t Standard
deviation : (ug/g); 11t Coefficient of variation : (%)

4+ %

Fr—MlELTo KEtX 13, » FTVARUEL
MIBK CERMiICHE XIS kL £RTHDT, T
OB 2T T 5 R FERG i oV T RS
Ha @l RRCHETHHEEE, H KTy 0.014
pg/mlper1/1% BT, @25 0.040 pg/mlvisx1/1%
BHTH 7o TOMHEE, BEFBREHHEBDOR T~V
AEBWEWETHS. T, FECX5HRE, B
% LAV BShTWws DDTC % APDC % * L~ Ml
LLEBEoBRERLORBE, BHERZE, FEHRE
ZRDBZ LI VR L CAFROERSLRT,
ERE~OIA L LTAKHEBFO Y F Y ARUHE
FELRLTS, WRTREBEELEL.

¥, ANMAMEBORtE VWEX & ELAESRRRT
RREHFAREREECEHLET.
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Atomic absorption spectrophotometry of cad-
mium and copper by using solvent extraction with
potassium ethylxanthate - methylisobutylketone.
Masato Amara and Mitsuo Kisoku (Department of
Applied Chemistry, Faculty of Engineering, Kinki Uni-
versity, 1000, Hiro-machi, Kure-shi, Hiroshima)

Potassium ethylxanthate (KEtX) reacts with many
metal ions to form chelate compounds which are easily
extracted with various kinds of organic solvents. The
present paper is concerned with the study of the optimum
conditions and the development of sensitive method for
the determination of cadmium and copper with atomic
absorption spectrophotometry by using solvent extraction
in which KEtX is used as a chelating agent. Methyl-
isobutylketone (MIBK) was the best solvent for the ex-
traction of Cd-EtX and Cu-EtX complexes. The gen-
eral procedure is as follows: into a 50 ml separatory
funnel is taken an aliquot of sample solution contain-
ing less than 5.0 pg of cadmium or less than 40.0p.g
of copper, then 5.0ml of 109 ammonium acetate
solution is added as buffer solution. If necessary, the
pH of the solution is adjusted to 8.5 with (1+2)
aqueous ammonia or diluted acetic acid. After the
addition of 5.0 ml of 59 KEtX solution, the Cd-EtX
or Cu-EtX complex is extracted with 10.0 ml of MIBK
by shaking for 3 minutes. The MIBK phase is aspirated
after the separation from the aqueous phase directly
into the flame. With regard to the interference of
diverse ions on the solvent extraction, the presence of
Co(II), Ni(II), Fe(III), Cr(IlI) and Al(III) in large
excess amounts (above two hundred times as much
as cadmium or fifty times as much as copper) affected.
By this method, the determination of cadmium and
copper in human tissues was performed successfully.
Moreover, because the sensitivity and accuracy of the
present method were similar to those the method using
sodium diethyldithiocarbamate or ammonium pyro-
llidine dithiocarbamate as a chelating agent, this
method may be used satisfactorily for other practical

analysis.
(Received Jan. 17, 1975)
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