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— Abstract—

A Comparative Analysis of Whole Blood Cadmium by Atomic Absorption
Spectrophotometry with a Graphite Furnace

Jong An Park, Hye Jeong Oh, Jong Hwa Lee

Department of Environmental Health, College of Natural Science,
Soonchunhyang University, Chung-Nam, Korea

This study was performed to search a optimal analyzing method of cadmium in whole-blood.
Cadmium was determined by graphite furnace atomic absorption spectrometry(GFAAS). We investi-
gated the effect of ashing temperature on the absorbance of cadmium in a simple dilution(ten-fold)
method with triton X-100 and matrix modifier methods treated with NH,H,PO,(1 and 3%) and
Pd(NO,),(0.001 and 0.005%) as matrix modifier. We also compared the reported reference values of
standard blood with values resulted from optimal analyzing conditions of this study.

In case of a simple dilution method, when ashing temperature was set at 450 C, the absorbance of
sample and background were 0.334+0.012 and 1.382+0.245, respectively. Background level was
higher than the value(0.8) that can be corrected by D, background correction method. As ashing tem-
perature was rised to 500 C, the absorbance of sample and background were 0.178 +0.008 and 0.711
+0.223 respectively. The higher ashing temperature(450 C-650C) was, the lower the absorbance of
sample was.

In case of a matrix modifier method with NH,H,PO,(1 and 3%), when ashing temperature was
rised from 500C to 650 C, the absorbance of sample slightly changed. The absorbances of sample at
6007C were 0.230+0.017 and 0.137+0.012, respectively. These values were larger than that of sim-
ple dilution method. But the absorbance of background was higher than the level that can be correct-
ed by D, method.

In case of a matrix modifier method with Pd(NO,),(0.001 and 0.005%), the absorbance of sample
and background were higher than those of other methods and were stable and reproducible. When
ashing temperature was over 550 C, the absorbance of sample was significantly decreased. In case of
0.005% Pd(NO,),, carbon residue remained in graphite tube affected the absorbance of sample and
background.
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From these results, We propose that in case of a simple dilution(ten-fold) method with triton X-100
ashing temperature must be maintained below 400°C. In order to diminish the absorbance of back-
ground, the alternative method is attenuation of injection volume or multiplication of dilution ratio.
We recommend Pd(NO,), than NH,H,PO, as a matrix modifier. In case of a matrix modifier method
with Pd(NO,),, ashing temperature might be maintained below 550C.
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M B

7t=% (Cadmium, Cd)® Zed ¢ Beide
321c, 765Telx, YAEF 112.40, ¥lF 8.6(20TC
AA)Ql 2ol A FEHOZ (Angerer 5,
1992), $2uvetst OSHAS ¥F 7l=Fo] dig
3|85 % (Biological Exposure Index, BED+ zt
7+ 10ug/ | (AFAHA - BARTE, 1994), 5Sug/ 1
(Daher, 1995) ]t}

v & v|Fe|7]lE AR ofd, T, 959 B4
o o e Ft=FL ol FE, 53] odg A
W o RAEEA AR N2 (i) o] 7
37] Wl YA, F, &, ¥afs, IFugie]
g5, FAA9 AF, 93} vde] A, XHAE
bz, ¥FF Ax, W=A, BN, AF5A ¢ I
371 il de] o] &€t ol¥id= ZHF Fl=g
SIRMES AFAl, AFA, FEEA, UAs, AL,
2, AR Fel= AREETHETA, 1991).

Ede IR oy gL gaEe =
B2 F7FCA G g4A FV1E Hol B
EE2S U e, Ataet Ajste o] 4ts)
F(Cd0) &F= AT % Fl=ES 71493t
He o 71FEEE 157CAAA olF] FHEE=E
0.05mg/me (AFAHA - BAYTE, 1994 & dor ¢
AEZ] ol=2" HE&wxe <F 50008 o]2A
(e e IR, 1989).

AHFAM e B3y Fo FEHz witse]
Aol g F= T AJFLE Fl=Fd F2He
Yol A2} F718k e HHH (Znenz, 1988), ¥lZ
AHo2x Jl=F Z2EX EYoY FAYs
2L 373893 FA(0.1~0.2ue/AN9), A=(0.1
wlih) 55 A ZRHV T foh(e]4r] F,
1995; BH714], 1989).

l=

Ny

Fl=ge] AAY e TFVIE B9 F9E
Fe] F 50%BA=E FEHA, AR 53 F5
€ 10%v]stelt}, A oL Fl=FL 9
3t A71E Wt Ag7]elA 6500 daltonF =
o] AEAF d¥Ee]l U9l metallothionein®}
At AFE ARIFEA AFFH] AF
Cd-metallothionein® 2 ZAH oz A% Axd
715 S Fe A= 4#A Yo (Elder,
1984). dxtEoz Yoo EAshe =8| 70%
o]Fe] AP FlA LA Wol| 7HF Bo] FF3}
v AESH wr|zE 10-30d0]th (047 5,
1995).

Ao 58 Az 2 =, Z270 4 4
A7) o3 Fdoh wdAzREe FE 23HS
AA o ujidET, die 9Foly A3F &
HE, &, 3, a8z 2d 5o mjddd, Jl=F
o] E48de AJ FFHd v 357 ¥, n¥
43} Ade] glom, T3 w, A% L ] &4
T A= 23d v I (AR 5, 1992). o
o] A7AE0] ¥F FH=EL PFoH JPHo
2 23He A% Al 58 438 Bdde 8
g AERZ o] &3t Uk (F32] 5, 1995).

IWtH o2 §iFAdo] o] R A S W FA =F,
32 A7 83 FEETF 4T HEE EA)
e 7Pt AL BEA 2 YA BEEA] A
I AL oz 53] dA AT FE5T=9e
TAe 93 Fo] ot} o] #AE FH3EH
AL FE Ao o7 F&9 AW olF E AR
o} BHd o7t A} 7 A|8Fe F& T ¥
o8 7R 9 948 T JAHARIES HuE §
3l 7Hed Aot a3y olF 4 359 &%
o] BYEo A F3 Z AT SHAR
AR WAL e dEHolBE o9 FYsit ¢
MAR o= o]Fojlof & Zolth(o] YT F, 1990).
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FI=E-S eFEo] of7] wi&el] Ael F7| %
(0. 5~10ng/ml) (Subramanian %, 1983)°]
EZA5t 1 BEE BNl Be oo Hu)
20 (e]3F, 1978), ¥F Jl=F ZFL =89
F50] ilHE A G APdEY T2 F9
HHc2HE 290] GHHE AREE Udly 8
g AR FEFY] EA B SF7NTNAN 4
| Bt kgt 249 (dithizone HIAY o=
Z3=0] gtttk a2y ol WL o] At
desty, AEWA € EFES 358 59 BAA
ol A ER 9F Fu9 tEEe] B4R e
A5 AAE FF S TEIFAAA BHAE So]
© WHoR, Zeeman vMREAYCIY D, vlgEA

< o] &% EAE AAFFETH(GFAAS) o=
Az AgER e AFolH ¥ AETA Gl=E
o] AZE3A 0.5ug/ 1) (Daher, 1995)E 7Kz A
© BS AERE BHE A% 53], Heolv Fl=89
QAZ2E Hried of BAMHez FHH3 o
(F. Claeys-Thoreau, 1982).

Zdz exEeade VEHoRE AZF, 33,
A3 DA FEHERH o]F UREF A&
A FS FE AL IF2=g & F 3t F
TEL Y 942 EAE AAFFETHS
4% o 332xE AUXA =old A AFo]
+42 7t ok BF Y AR wElAE
F2 f7183 g, WRIESSE, =24 3%
22 =Ho] gloA I3 <A77t S Em s}
AR o5 FEo] FEHA E2 vl Y
YA "ok (Tsalsv 5, 1983).

oldl EAFS At Ft=ge LS HA3)
HEA 332 s T WBEIAdES E&F0E A|A
A F e WEY2E HYA S AMEIE Tt
(Pruszkawska %, 1983). 2 AHSHE mlEg X
W= Pt, Pd, (NH,),HPO,, NH,H,PO,,
Mg(NOy), 5= AHE3ta Utk wEZX A F
Foll metde 33e dFLE oldtlA AR ok
stoz 3sleert AAEA e A= Ut (e]A7]
S, 1994). °l8¥ EAAL WA} fEAe o
&g ez adw 33z g3, HAsL F
o 7ige], 723 E 5 2 AAEZ EF (EY~
4, EFEEY FHr), HAyol BA)So Wasiy
(01471 &, 1995 ).

ZARE o83 T JI=F BHA, W =5
AAAG7| AT FLUA 8 BHAY} Age
Zlol & HolBZ (§32] F, 1995), AA A5 &
A& A% FAxAYAT =dHo o e T
o] WujstAct. weEtd TR 199249 49 3
BAER FxdEd A} IAE FEs A1
A=@EE 19929 549 A ol g, g3
37183 SRR RE det] F =
E AN 23 AT (=B, TA] A92-93, A
92-183%, 1992).

AA Evete] SN BEC] EF =
F AL S W I A0 o= Hx AFES
stedof A A=A S FH3 & 7FA T
BT vyt Q1o AF FHo] Evbssith webd 2
7% 4 71389 SHLAE Fo|7] Yt 43
HmEd 2 a@EAn 22 o] 83HH (o4
7] &, 1995), B2t} #EHQ] 3 Jl=® 24
o thet thFet A7t S ojoF & Aolt),

£ d7e vt SRR gEo] 83
7t=F 46 F2 ARt Sle D, BFRE AW
o3 TAZ AAFFEDJTAS AHEsle T3
Ay, WEY2 AFA Hrl 9¥A Y T w3,
3zlex W3 § oI 2AsA AEF Jl=F
o] BN ZAxs EdE Bt AFstn AAYIE
A AbtmAt Al =3 -

o7
e Rl |

3 3359 B4 9 A8H3 e 9=
AFTEBATAE AFSSt 85 =85S 24
3ter, HiEgRAFL Doz IFHY. 1%
Triton X-100& AHS-3F @3y, njEgx W
YA S A7L APA Y = W3 P I3jex W3
T ThIRE ZAstelA A% Anghe vl e
B, B AP Hrls] flste EEEY
< EAZ A3 ¥ 7|EFS vwsh

Fl=gd Z2d ZEAA AYF Y (FF L
A 7Pl 93 EAA3} oF 2.5 ug/dl in blood)
2 FFY A (Seronorm™ Trace Elements
Whole Blood Lot No. 203056, 205053)< 4Tl
A W Basigon, #4 1A Aol ¥dE roll
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mixerZ F83 mukAlF] & ALgsigic)

1.1 {71

e A7 7171 717] iRl D, sty
A} AFAEFU42(ASC-6500, auto sam-
pler)7l 13d Zd=z AAEFFERLEA (GF
AAS) (Shimadzu, AA-65018 model) 2 83 7}
oEE EF89 H7Hstandard addition)Bo=2
4edch, 71719 21039 e ZEadue B
1, ¥ 2% 2}

1.2 M <

E A4 AHEE A2 NHH,PO,{(merck),
Pd{NOj),(10g/ !, medifier8-merck), triton
X-100 (stgma), HNQ,(65%, merck), Cd stan-
dard solution (1000 we/mi-BEHI, Japan)ol®], =
T FFAE AHEEte

1.3 &7

g2 3342l Na-heparin®] E<ig+s 47

Table 1. Instrument setting for the determination of
cadmium in whole blood by GFAAS

Wavelength 228.8nm
Slit width 0.5nm
Replicates 3
Background correction D,
Lamp current 8mA
Signal processing peak height

Table 2. Graphite furnace program for determination of
cadmium in whole blood

Temp Ramp/Step Time  Gas
Step () (sec) (I /min)

Dryl 120 1] 15 0.5
Dry2 250 0 10 1.0
Ashl 450~700 0 10 1.0
Ash2 450~700 0 7 1.0
Ash3 450~7100 1] 3 *0.0H
Atomize 1700 0 2 *00H
Clean 2300 0 2 1.5
Stabilization 0 0 20 1.0

¥ f#2#(No.6480, Becton Dickinson)& o4
3l AR, TEEY P AT ZAddE p-
olyethylene #1229 &% F&+23 (Japan) 50m,
100w AHgstgion), A4E EE JTE 20%
el 2447 Bt T3 Eegol 24430 B2
AZ7)A A8 AxF F Agsigd.

1.4, 29 ==

1) NHHPO, ©%4) ZA|

NHHPO, &z} 1.011g5} 3.033g2 1% tri-
ton X-100 8<d = 1% 3% £9< =AF
o},

2) PA(NOQy), HHA =4

10000ppm PA(NOy), 1mE 1% triton X-100
£94 59 1% PA(NOy),E =AE ¥, 1% Pd
(NOg, &9l 2tz 0.1m, 0.5mE F4&
0.001%, 0.005% £94< =APc},

3) 1% Triton X-100 £<i2] A

Triton X-100 10aE 1% HNO, $<d} 3q
1% §4g A8t |

4 EF 29 =A

Cd standard (88f1, C4 1000ppm)4HS A
8 0.0, 1.0, 2.0, 4.0 we/ ! §$9& 2z 2A@
t}.

2, Az 24

AR SASH Excel Microsoftit Version
5002 A= APt off FHAFE 1% triton
X-100, 1%s} 3% NHH,PO, 0.001%%
0.005% PA(NQy, R &% Z2Ifc s Fx F
Fl4e €5 7= 94X 2 I

Table 3. Sample preparation by standard addition

method
Std Stock 89 1% Triton = Total
S0uef I X-100 volume
(ug/ 1) () () (#) (#)
0.0 9 100 200 1000
1.0 20 : 100 880 1000
2.0 40 100 860 1000
4.0 80 100 820 1000

*(.0H : High sensitivity

% injection volume 5 g
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Ay 45
1 3s2x s S8 olxls I

1% Triton X-10022 108) @323 A8
44, F3tex WAstd wE FFX e ®¥ss 1
g 1o YellS AR FUFE 1042 & e bt
2EEX7t D, vtEEAZX Y FAUYD 0.89 ¥
AE @& ¥t olye}t FFX 7 QMBI AlEF
dFS 5u4 7He Ageqch. 2y e 9
triton X-10022 Xt EA3te Wy b
FAA7F vlnAd 3 AR F8X 9 A@Ae]l Ho
2 BEF A} A2 oS AU

AT AAE2=(1700C) oA mlEHA HYA
£ AMESHA S DAY A9 3z
450CcolA AR FFX = 0.334%0.012%8 27, H}
FEFA e 1.382+0.245% k. ulREFX7F Dout

Triton X-100

1.4
1.2

O Absorbance
W Background

058
£

“£0:6

0.4

0.2

0

450 500 550 600
Ashing Temp 630

Fig. 1. Relationship of ashing temperature and cadmi-
um peak or background absorption in existance
of 1% triton X-100 in blood

Table 4. Effect of ashing temperature on the absorbance
of cadmium in simple dilution method with
1% triton X-100

Ashing
Absorbance Background
Temp N
mean+SD mean=+SD
()
450 44 0.334+0.012 1.382+0.245
500 25  0.178+0.008 **  0.711+0.223 **
550 20  0.076+0.006 **  0.390+0.188 **
600 16  0.030+0.005 **  0.167+0.055 **
650 7  0.014+0.010 **  0.127+0.077 **

N : Numbers of Experiment
##; p<0.01 (between one group and just prior group)

FEPFX ] A 0.89] HAE QA7) W)
332 S 500CE &8 M3 Ad A5 F3
27} 0.178+0.008= 4509 A$xHc} °F 50%7}
Zradtth des e A ole 33t 500
A AEF9 Ft=gel 3o od) &AES &
T dden, 33tex 450TCAME FEto] 27t A
g9 &4o] A=A}

R 4& A9 FFAL F3e=rt F7H450° -
650C) &5 A A3 Fhde AL HAFm
Atk

1% Triton X-10022 108] T35 A|29]
BAA 2, P o3 Al &HEAE
23] 98] EY X HIPAE ALLS JI=F
< dFo= AT e EE w3 IS &
718EE 839 AAsI WaldEE] dxs
oA AEHE A F 2 LA 9%
ol ulREFFA 7}t F7HEE RS ddsiEn
. B A¥dAe WEdx WA=z 44

1% NHeH2PO4

Dlabsorbance
M background
L)
650 700

500 550 600
Ashing Temp

Fig. 2. Relationship of ashing temperature and cadmi-
um peak or background abs in existance of 1%
NH,H,PO, in blood

3% NHsH2PO4

i' : [JAbsorbance

X 1 M Background
2 0.8
=<0.6
0.4
0.2
0

500 550 600 650
Ashing Temp

Fig. 3. Relationship of ashing temperature and cadmi-
um peak or background absorption in existance
of 3% NH,H,PO, in blood
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Table 5. Effect of ashing temperature on the absorbance of cadmium in matrix modifier method with 1% and 3%

NH,H,PO,

Ashing Temp 1% NH,H,PO, 3% NH,H,PO,
ce) N Absorbance Background N Absorbance Background
500 24 0.253+0.021 1.684+0.207 6 0.135+0.011b  1.270%0.190 b
550 19 0.285+0.023 a 1.187+0416 a 15 0.1524+0.016 ab  1.000£0.092 ab
600 24 0.230+0.017 a 1.013+0.271 a 22 0.1374+0.012ab 0.864=+0.061 ab
650 17 0.255+0.024a  0.473+0.029 a 9 0.1554+0.010ab  0.796£0.020 ab
700 11 0.262+0.015a  0.393+0.039a -- -

N : Numbers of Experiment
a: p<0.01(between one group and just prior group)

b : p<0.01(between 1% NH,H,PO, group and 3% NH,H,PO, group at same temperature)

0.001% Pd (NO3)2

1.4
132
1 [JAbsorbance
0.8 M Background
<06
0.4
0.2 I . I | D
0
450 500 550 600 650

Ashing Temp

Fig. 4. Relationship of ashing temperature and cadmi-
um peak or background absorption in existance
of 0.001% Pd(NOy), in blood

NH,H,PO,, PAINO,) & AI&3lH o™ njEZ 20|
% WARES Fol7] fste] HHLEE wo] ¥
Ak,

2. HEEA HEME NHHPOE AFSAl 5l5t2
o WTL T o|xs Y

NHH,POZ 7l 3&ste d3kEe] ¢=Y
oM A3t T4 HEHY A% P2 HEHJ
THEET FEEETY HeL dYFez =43
F7] W&l Bo] A3t e WEYH: AYAFT
9 shtott.

2 AddA mEldx APAZ AL
NHH,PO0l T=& 1% 3%doH, 242%4s
ad 29 3 % ¥ 5ol etk Alze] EF3Ae
33tex 500TA 650C7HAl S W f-o3t

0.005% Pd (NO3) 2

1.4
1.2 CJAbsorbance
d i M Background
«w 0.8
=]
=<0.6
0.4

0.2

0
450 500 550 600 650 700
Ashing Temp

Fig. 5. Relationship of ashing temperature and cadmi-
um peak or background absorption in existance
of 0.005% Pd(NOs;), in blood

A wislEg oy 33leso] ne d84Le U
1% NHH,PO, A% 3% NHH,-PO,Rt} A&
FEA7F AA3 =3ioh wAREER e FIemrt
Z71EEE AaEH oy, 600C7HA DR
2] AR 0.82 HAE A

WEYHA H¥A 2 NHHPO,Z A¢d 3% 7]
A4 (baseline) ©] ESHE3IH o, £F A7 7
Azt 71AA o3tz A& o] FAHUL. £
AZo TR 33" dARAZ7E Bo] #FI)
Rerm 3% NHH,POL A<l o @Xo] H<
A=A

3 DHEEIA HEHE PANO,y ,= AFRRA| &3}
2zl Hap| EZTo o|xl= IF

MEL2 WYAR PAE AHSSE TR
Pdzte] Aol YA P B AspemelN
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T Cdo] gF o2 FEozx 3gexe} AAS
228 Eh £Y F Jou= nE Yx JRo] 4
A AA= ARz ] B8t ) L ulEEEA]
£ ZaAE & ok

£ Ao AHEE PA(NOy,o F=+ 0.001%
9} 0.005%9om, EXEAE O3 49t 5 2 ¥ 6
of ettt 0.001%9 2% 332x 450TelA
AR FHA e vigEFEXe 42 0.566+0.025
o} 1.384+0.202% . 33}2=E 500CE F7HA
718 Alge] FFX= 0.535+0.0082 9% =
asten, BlREEXe dA3] Fastd. 33}
2= 550CHE e 257}t SUHESFE A8 F3X
7t @A 3] Haske dAde] YElsth

0.005%2 A% 332x 45000 Al52EFF
X9} wiEFBXe 22 0.489+0.0229 0.627+
0.052%2H, 0.001%< ¥wste A5 FFx)<}
HEEEX 7L frolskAl @it 33e=E 500TE

AZEo] AT
4. Zt EMUYHYE XN sl2TolMe| 2o}

H|@

Zt A HF d3lexdAe EMZARE
¥ 4 9 & 79 Yehith 1% Triton X- 1002
E 3N E A4 Fstex 500TCelA Alge) &
BA ¢ wiEFAE 42 0.178+0.008% 0.711
+0.223; 1% NHH,PO°l 7%l 33te= 650
TolA 0.255+0.024¢ 0.473+0.029; 3%
NHH,PO,8 7ol 3= 650CelA 0.1 55
+0.0105% 0.796+0.020; 0.001% Pd(NOs),2]
73l B3te= 500CelA 0.535+0.008% 0.373
+0.023; 0.005% Pd(NOj),o 7% 332x

Table 7. Analytical results in optimum temperature

Ashin

7 A AR FBAE 0.439%0.0292  perhod Tempg N | Absorbarice  Background
10%3% Zasigon, wEEtae dxs 2a ey | (M SR hicenEiD
gtk ABes G00THHE L5 FHE4S o
Az F34R 7 AA 8] gasinh TritonX-100| 500 |25|0.178+0.008 0.711+0.223

0.001%<} 0.005% PA(NOs),9] A% 2% 1 % 1%
triton X-1009] % @843 NH,H,PO,o] 7  NHHPO,| 650 |17]0.255+0.024 0.473+0.029
TEC AR FRAE =, Al Hm, RE s NHBI-(I%PO 650 | 9]0.155+0.010 0.796+0.020
A WA deitod], e wEg Age Bz eeo P 0" SO
7 g E 3 AEA A dERgTE 23y 0.005% PA(NO,), | 500 |24]0.535+0.008 0.373+0.023
Pd(NOy,9 AF ZA=2 9 FHO| &2RA7|7} 0.005%
to] 7A8lo] 2 W EHE = HAsor k= W PANO,), | 500 [12]0.439+0.029 0.210+0.016

Table 6. Effect of ashing temperature on the absorbance of cadmium in matrix modifier method with 0.001% and

0.005% PdA(NO,),

Ashing Temp 0.001% Pd(NO,), 0.005% Pd(NO,),
(c) N Absorbance Background N Absorbance Background
450 2 0.566+0.025 1.384+0.202 9 0.489+0.022b  0.6271+0.052 b
500 24 0.535+0.008a 0.373+0.023 a 12 0.439+0.029 ab 0.210+0.016 ab
550 17 0.419+0.014a 0.361+0.253 9 0.419+0.011b  0.112+0.006 ab
600 33 0.254+0.017a  0.084+0.024 a 20 0.358+0.013 ab 0.082+0.011 ab
650 19 0.166+0.007a  0.068+0.015a 22 0.3234+0.007 ab  0.083+0.006 b
700 -- -- 22 0.195+0.008a  0.083+0.008

N : Numbers of Experiment

a : p<0.01(between one group and just prior group)
b : p<0.01(between 0.001% Pd(NO,), group and 0.005% Pd(NO,), group at same temperature)
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Optimum Temperature

A ——
: 2 DO Absorbance
I M Background

Triton X-100 1% NH4H2PO4 3% NHAH2PO4

0.001%
Pd (N03) 2

Fig. 6. Relationship of optimum ashing temperature
and cadmium peak or background absortion in
blood

0.005%
Pd (N03) 2

500Cel Al 0.439+0.029¢ 0.210%0.016°11t+.
MEZY 2 WHAZ PA(NOy,E AHERE 7 9ol ThE
BAHED Age] F4Xe w3ken, HRER
e @A) @ik

6. EEEUS 0|83 Hlu HE

ool EAe] FEAFS HrIs] fstd ®
Fdd(=249°]9 Nycomed PharmaAle
Seronorm™ (Trace Elements Whole Blood,
Lot No. 203056 Level 2, 205053 Level 3))&
Zr Bl HA e =1 (1% Triton X-
100, 500t; 1% NHH,PO,, 650TC; 3%
NH,H,PO,, 600¢C; 0.001% Pd (NO,, 500TC;
0.005% Pd (NOy), 650T)lA 43 A7 B
3E Fang v stk

EFE9e E447E 17 63 & 8o YERTh
1% Triton X-10022 ddAMgt 49 B2

Table 8. Analytical results of standard samples

Analysis of standard blood
1.2 DO Absorbance

M Lickix

Tn(on X- Tritoo X- 0.001%
100 )UHIIIPOI R)HHIPDI NHIHZPN Pd(NOJ)l Pd (N03) 2

Fig. 7. Relationship of ashing temperature and cadmi-
um peak or background absortion of standard
samples

6.21ug/ 1 9 12.32ug/ 1 2 242} F23k (6. 5ue/ | <
12.4ug/ 1)2] 95.5%F 99.4%; 1% NHH,PO,2]
A9 BX3k0] 4.19ug/ 1 9F 11.90ue/ | 2 64.5 %<+
96.0%; 3% NHH,PO,2 A% EA%L 6.5322
100.4%; 0.001% Pd(NOj .2l 7% 247kl 6.80
ug/ 1<} 13.3ug/ 1 2 ZHZ 104.6%°F 107. 3% ATk
BE B¥A% Fnge 95.5% - 107.3%(CV
2.5013) & vlmA A g3l

d
-

o

Il

FI=EL HnE Y 94 BAZ GFAAS
g ol 8% EHA 3e=E 9% 2= Y
F 171 Wl Alzdl FFE /7182 AAZ
Azt d4xst dAAAR olE AEe] A&t
22 43 g2 ude] UsA . olg 22

Ashing Experimental Results Reference
Method Tem N Abs Background Conc.(A) | Value(B) (A)/(?ql ;< =
) Mean=+SD Mean+SD (ugl/ 1) (ugl/ 1)

1% Triton X-100 500 22 0.07740.025 0.573£0.310 6.21 6.5 95.5
15 0.135 £0.010 0.583+0.422 12:32 12.4 99.4

1% NH,H,PO, 650 16 0.053+0.003 0.328+0.013 4.19 6.5 64.5
17 0.1624+0.004 0.35240.009 11.90 12.4 96.0

3% NH,H,PO, 650 3 0.103+0.007 0.9154+0.025 6.53 6.5 100.4
0.001% PA(NO,), | 500 15 0.102+0.003 0.29440.005 6.80 6.5 104.6
12 0.205+0.003 0.383+0.009 13.30 12.4 107.0

% N : Numbers of Experiment

— 308 —



E33tHQl Wele] A= 7171 AAe F&2dE AF
vl A AR (D, Arc =€ Zeeman background
correction) W ¥ 3Eo] SHWHOZ giRE BHY
Al % ok (Fernandez, 1975). <3714 g3 Ee]
Z3uPiLe R Ao BAER] & ZHE ®igl
T & 9% WAYY] dEd F= ol&Hx U
o (Slavin, 1983) D, utgEAZXe] BAFAX =
0.8 Absolth(Standard Method, 1992). =3t 3}
A<l wejel AAS} AP EHGEY
£4% Ha37)7] 98 o 22 TR 54
g whgo] AMgE AL JlTh

AR e ohe] W EA2REH BAYETS £
e A HolA-F2, AR 7 fV1ER
o] m1)) 9} EREE Fl=F9 LS HA= 4
A 3eEE w3 WAAHES E&FOE AAA
2 F 3e vEHE HFA Y FHrPjo] AMEEHI
Jed, ke EAAELS T WS A5
oH(D'Haese %, 1991).

Manning® Slavin (1978)2 platform tube®l
W EZ A H¥A 24 NHNO;E, Subramanin &
(1981) & pyrolytic coated tubecl FIEZ: ¥
A= (NH,),HPO,Z, Pruzkowaska % (1983)2
platform tubeel NH,H,PO, Mg(NO;), %
HNO; o EREAE A3t WeElE a2
& otz Busoh

fEYx APAZA Pt, Pdel thsl #4o] Fd
H3 gled, 1981 Weibustse Ni, Cuel9dl
1570 84S A3l ARES B3 e, °oF
o Pt} Pdr7t 7HE A ddn A
Micheal (1987) & PdE AM&goz24 EX4E7
Pdztel] ZAgo] PAH 433 w2 332TolA
= Pb7t 9Ao= Mg ozA 3slexs dA3t
252 B} Y § glenz mEYA JRo] 4
A AA= S AAsA S BEHA s F HREEE
£ ZaNg F ttn Rasidch AR B2
ATolA WEgA APAR F2 A AL Pd
o] ZA%dl PA(C), Atk ©] ALl Clo]2e] &=
A LHolES A HAHEAE YERIER 23
2 dERE dod F W] W £ AFdAe
NO;717} & PA(NO,) & AHE-3A T

Pdet 37 Bol ALgE 1 e WEZ: RFA
NHH,PO,Z 7}t g&Este d3}Ec] ¢}

A 438 59 Ly 4L EFE Afgdozy
EAQ R FEEANY FHES MdYHoz A3
EH(Girl 5, 1983). Hinderberger 5 (1981)<
NHH,POE HIAZ AM83t Fl=F9] 332
EE 300CelA 600C7HA 2x450] 7Hesitia
B33 up gloh

A vy e ARIARAY e 5507
A AAFEQ] F Fl=F 40 U@ IFAE
Hol WAIE] QA ol o BT TN bl &
g WEez ¥F Jl=§S BA%x ok &
=RiAe 2o §EHH) 8F Jl=F AT S
A7) Yk, 1% triton X-1002 AHE3 @&
I, MEYX AFA Y Hl AYPAY] = A
3} 9 33ex WIT tedit 2dsteA e £42
Hgh& vlwdte] HA BHxAS A3

1% Triton X-1002.2 10u] ©<E&3A% A)79)
ASole 33ex 450ColA ulEEFEX] 7} 1.382
+0.2452 D2 wigEAH] FAR 0.8 =3
8l7] o] 33}2EE 500CE ¥ B3 A
A8 FFXt F 50%BE FAHER FE] o
3 Age &40 xYHe Aoz FAHAG. T
2 gesaye] e 32EE 400Telst
oA BAMstejof atm wiRFFXE WA 7] $3)
AE AR FAFE FaA7)e oY AR
M-S E3)e WHol AEEojoF & Aoz A
Zrg,

EY A ‘ﬂ%’zﬂi 1% 3% NHH,POE A&
sl BEMEHE o A8 T3t 7IAAelE= A
Ae 4ol Yedn {FFX7F HlnAH ko,
wEEFSE F3ex 600ColA Z 1.013=+
0.2713} 0.864+0.0612 23] ®=2 &= YEA
o} E=3 B4Fd] RHU] 33td @277}
2o AF3Aer, 3% NHH,-POAt ] &
Aol BS A3EAT. wEA ¥F F=ES B4
& o) sEY: HMIA 2 NHH,PO,S AHE2 A
zs|ojAoF & Zo|tt.

0.001%9+ 0.005% Pd(NO,),& wWEIx: ¥y
A= Agsle] BT Aole HuE Alge {4
A7 A JdEer niREFER e 2A FAEU
o oE WEg A8 g3zt FE3 AEA
A Jebr] qEel ¥F =g 4 3l
PA(NO,), 2 WEY2: AYPA 2 Ag-she Wie] 7t

=P3008—



2 ARG Wit 2y 0.005% PA(NO,) .S 7
S ZA=] BaAA7L Bel AR FAZ E
FEE 2AF Hadok e WARZ] UUoH,
3exs s50TColRe R BAAS e 34
7} A3 AaHo] Fgol 23 Alge] £4o] ¢
2t

3 FEE5S A2 AAFTFERHE £4F
o) FHE e w2 uREAEE e EE wYoR
Az EHE 3 o3 Als &4& BR3¢
3 Adse EYx ¥EA A7PPE-2 graphite
tube L ©EA7|n Sd|A e ASHED AF
22 43 Folof e WAZRES ZF3 o,
WHPA 2] 7pA0] Frte]7] wiiel] 1rte] AES 3
ok ZAAZA EAIZF Yth(e]A7] F, 1994). &
ARME de3lae] Feole EH2 9 FHRY
G2 A71E AAS] 9T ZF(cleaning) & AF
2] gotx HY oy NHHPO, A PA(NOy,E ¥
PAZ AR 4953 0.005% PANOyJole
FHA gol sle daxANA7IE AA}N AT 2F
< AF s Folok At wEtA vEY X HAAE
ALeE Aol U2 2 FEd ZAE e va
A7A7I 3 FBA7L 22 F denz AN
o7t a7Ek

FI=EES AFARE ARt e ANKE 22
AEANA 1o FF=gl Ui F2 F=E Hr8ke
ARZ ol&H3 Je F FI=ES F¥stn A™
QA Aete AL 2EAL ARE Biske &
Aol v F83ittn & & ok Boh BEsin
ABAAJE AEF Jl=® EAWEE Atstns
AlPE B AFqAE triton X-1002 A3 T
ANy, Eld2 WA Hrl, WA =,
33tz W3l 5 Ogd B4 PsA EF
Fl=ES BAsier #HARE St o

& AMgHE A|betaat gt

AA, A 9 SFABHA7| AN A5z
A G A ole AR Fd o7 &
AL A&7 f8iA 3= 400COl3E 3he
of 3ivy, ©] AL ¥ uBEF EAE A
Al FMulge F7F TE, AEFYFE Sole
o g Agsol & Zloth

Ty, HEEFXE AAAI7] A8 dex
2 5Y A% a3 ayds Jdehdes 3 9%t

ANES E4E B E] Y8 Hrkske EY:
FA 2 NHH,PO,2t Pd(NO,) ,Z A5t
s 2o G353 BHARE 48 F & AL
2 AlZHH, 0.005% PA(NO,),2 A% &d= &
a7 dARAYIZE AEA LEH7] dEo
0.001% Pd(NO,) 8] AHg-o] AT wraicy,

G322

e

£ AgdAe AGYsER 4 ol&Hn on
o422 55477 g 2 e BF JI=F
< 2o stz AFAAUA B S A
staAl EAE YAEFESH S o] 43l B3k
o de3Ay, mlEyx A¥yA Hrh, AZA Y
% ¥z, I3ex W3t 5 ofet sl A
3 =S BAson, FFxAAA BEE
A (=29 019 Nycomed PharmaAte] Sero-
norm™ (Trace Elements Whole Blood, Lot
No. 203056 Level 2, 205053 Level 3))< &4
3t 71EET vlngoss EA9 FEAHE Wt
skt

AY A g3 2o

1. 1% Triton X-10022 108) S A3 3¢
o 3sl2x 450ColA wRERA7L D, o2 B
AT F de FIAXA 0.8& A oH, I3
T 500CelME Alge F3A7t 33t2x= 450Ce
Aol FFAET o 50%FE AAHAT

2. WEZx AFAZ 1% €L 3% NHH,POZ
AFEE Aol 33ex 500ColA 650C7HA 3
o 9% Az £de FAFHA FUAT A5
F4AE g3y 2 PANNOy), ¥EAe] A¢H
o vtttk HlREEA = 32T 600ClA = D,
Hez B £ gle FAXY 0.8 333t

3. MEly 2 HIPAZ 0.001% 2L 0.005%
Pd(NOy),Z AM&3 %o A8 F3xe O
wel FRAEG EA JeRged, wREEE
433 Btk £33 08 Wy RT Alge 33t
Hsln AP A ek 2y 0.001%
PAd(NO,),8 A-%ele 2stex=rF 500C, 0.005%
PAd(NOy,ol ZA$dle 550TCe| 3ol 3stex=rt
V52 A 8o F3X7F @A FaHArh

4. Z B A 33eE A 2749
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E&¥el (No. 203056 Level 2, 205053 Level 3)
€+ £49 3Rge 2328 7Ege 95.5% -
107.3% (CVE 2. 5013 drt .

ol4el AFA 1% Triton X-1002.2 108 ©
£ HE AFo] Fddes 4500 E e oF
Al Ee] &40 Sl4H7] W A LT 400TCo]
32 FANAN Mool B, o] AL upekE
FAE 2A 37 H3AME N2y FAFS F2A
1AV AlRY SHYES B3 uel Ads]e]
ol & Aot}

WEYs HBAZ 1%9 3% NILH,POE AHe
g BAdEE o, Alre mEst FlAdejsi=
ARE 8] vEhim, B A= FFA9 &
A E vedG g8k 845 =88 B4
g o d=Edx Hd4=2 NHHPO,Y AM-& A
aFolzof & FHoich

E AgdA olgd EPEFAM PANG) T

EH2 QYA AESe] BHE Aol 7F T

FHn Addde FBAE T 0.001%5
0.005% Pd(NOy,F "lEY2: HYAR ARSI
MY Zde vud A2 F9A7 A Je
B2 tgERAE WA AAEUT Ty dge
=% 550To s B48 Al 37 WA
3] Zaso] Hdd A Alge] &4o] feiHY,
0.005% Pd (NOy,® 2% %d= 3 Rl €k
AAZ1Z2 A3A 2957 &< 0.001%
Pd(NOy),9l AHge] dx whajrt
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