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7h - 207 A SATHNovel, 1993).
LTAE AR AF = HEEARL o
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Table 1. Analytical condition of atomic absorption spectrometry with graphite fumace for blood lead analysis.

Instrument Parameter

Instrument mode
Calibration mode
Measurement mode
Lamp current(mA)
Slit width(nm)
Wavelength(nm)
Background correction
Sample volume( x2L)

absorbance
STD addition
peak height
10.0

0.5

283.3

on

10

Furnace Parameter

Step

Temp.

Time Gas Flow

No, () (s¢<) (L/min) Gas Type Read Command

1 85 5.0 3.0 Normal No

2 Drvin 98 40.0 3.0 Normal No

3 g 120 10.0 30 Normal No

4 250 8.0 3.0 Normal No

6 450 7.0 3.0 Normal No

5 Ashing 600 10.0 3.0 Normal No

7 600 1.0 0.0 Normal No

8 2200 1.0 0.0 Normal Yes

9 Atomizing 2200 2.0 0.0 Normal Yes

10 2300 2.0 3.0 Normal No

AuE A5 el w Alze B AZANIN A Fsa, o] 7] . a7as

W 7IES ARE w7715 B o] ASVE ¥eA] QlthWang} Tian,
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Table 2. Precision and accuracv for reference samples by portable anodic

stripping voltammetry.

Reference (Pb,ug L) N Mean = SD Precision’ AccuracyT
Level 1 (6.343) 10 7.1 £ 0.65 9.15 112.7
Level 2 (29.9+4) 10 298 + 1.12 3.76 99.7
Precision(%) = CV = ﬁgﬂ X100

_analyzed value

refevence value ¥100

TAccuracy(%) =

(coefficient of variation, CV):= 9.15%%11,
Level 28] WOl A5 3.76%°13AcF. 4%
E& Level 13 Level 2, 22 112.7% 4
99.7%°] Atk
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70.0

[LE 9.6 58 4pgdL BYIF 1, Foig g
=

TA HYNR S o A 5

273411 20gdL7 118 ™61 8gdL 3] 60.0 | OTAAS o °
RO™, paired ttest A} T ST S 500 L © Portable ASY 4
o= frefsk atel7h $AThp=0.173). g E >
270 % T ST Q59 S 400 T §
SAR Z45 A3} Hif 52833ugdLE % 30.0

107 13.7ugdl 9IRS, Fog dF £ 500 |

B2 Z4F Hu 9% BEE =

4942.94g/dLZ 13~ 108ugdL HIG 0. 10.0 E i

o, 5 Szt g 2ozt §l 0.0

ATk (p= 0.051). QA A} 978 9] EF Control group  Exposed group

o FEE 507 A RIEAR =4

3 Ay} o 17.8£13.209/dL(1.0 58448 , o

WSy EOe H3FA BAy|2 Fig 1. Distribution of blood lead levels of un-exposed control or exposed
dL B, Foe A 24 workers bv araphite fumace atomic absorotion spectrometry (GFAAS)
=743 At dFA F5E 181+ 14.1ug and portable anodic stripping voltammetry (ASV).

/dL(1.3 7 61.8pgdl WSO F WL

of Frelgh Aol7k YUATHp=0.408) (£ 3).  1gdL, 30.1 ~40ugdL, 40.1ugdL OJAFOZ T HTEe] AR -2 101.2%0])
A7 AL TS BT o) vmet AR 747e] EroA

TA7IZFE Qold EFA SHAA A = =gup71e)] So)3t o7} glglom

= A% AEEA Y A3E 7]
FO7 et 021xgdL(SD=2.44)2] O]
7k Agom (1) BAH O fola 5 P
ookTk Eo 10.0 °

AA dPreld Sz a3 A . o c
AZ 538 BFA FES SHUSE = 00 o 0o © 308 W o of P
Fhe 939 BAVIE 398 S D00 BERTIES oo Mean
FEATE ST A 89499 ZRN R - S S — ~ 25D
Y=1.050X ~0.680(R’= 0.972), “F¥H5+R) 2
£ 098002 397 AAFEgALY £ -10.0
ke w4719l S Ashs et o 150
FABATY glom SAH R fol8kgl 0.0 100 20.0 300 40.0 50.0 60.0
THp<0.05)(_LF 3). GFAAS(ug/dL)

4 ST AFFEEAL FlE
gz BA7)7 243 §Zo FrE Fig 2. Differences between the portable anodic striooina voltammetrv (ASV)

- - - and araohite fumace atomic absorption spectrometry (GFAAS) as

10¢g/dL ©13, 10.1 720.0pg/dL, 20.1 730.0 measured against GFAAS.

Table 3. Mean concentration of blood lead (zg L) by graphite furmace atomic absorption spectrometry (GFAAS) and portable anodic
stripping voltammetry (ASV).

Grou N GFAAS ASY -value

P Mean + SD (Range) Mean + SD (Range) P
Control 40 52+£33 (1.0713.7) 49 +29 (13710.8) 0.051
Exposed 57 267 +99 (9.9 758.4) 273 + 11.2 (11.8761.8) 0.173

Overall 97 179 £ 132 (1.0 758.4) 18.1 = 144 (137618) 0.408




70.0

ol
=
oo
ek
ofX
2
M
1z
)
it
o
ofo
ol
ek
olX
re
M
1%

60.0
50.0 |
40.0 |
30.0 |
20.0 r

portable ASV(ug/dL)

10.0

0.0

y = 1.050 x - 0.680
R?= 0.972

20.0 30.0

40.0 50.0 60.0 70.0

GFAAS(ug/dL)

Fig 3.

Correlation between araphite fumnace atomic absorotion

spectrometry(GFAAS) and portable anodic stripping voltammetry (ASVY).

Ul A= 197090 & &2k A
7R} A8 5o Al o] A 2t
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Table 4. Comparison of blood lead levels within the blood lead level category (xg L.

A4 o, F ol 5] 50
S| FAE gl met g5
A vk Agshe Ao] nigAsitt
(o137, 1999). 7W8H ST GA =
oM BESA wE2A R AN 7
g FFAEEAR PRIt E=Ar
AEHF, 2000).

20001 ZEAF A7RIE AAA Dol A
QloR et AW QA= EA) 722
Y, oJ&} 5THOR F 7790 Ky
AL, A9 fradzE 9o R By
OJ(F T, 2001) FEiE A HAVIE
LEAES 3 s AR 9
HAF )R o] gsto] wE AlZhel &
TAEEE Hrietd 2240 1%
& 27] ool o] Heleh Az,

ey A4 SR 7]l
AAEL Sl 8 TR S e
st A3 Fedo] FAE HARIel
A Rk S70] Zhsskal e d AR
& Fe% gt} oo wwA et d
A= g2 ARl d3d Fe 5740l
7Fedt el it de/do] tiFE gl
A, 700 ASV A o] gEt A9

&)
W vl BAE ojdo] oM 74] o]
3ke] ofdle] 23178& o= AAY

0.948(p=0.001)=. Zo}}9]
AeHoE ARG 7 Qles B
(Shannon} Rifai, 1997). <1°]
2} 206788 thro 2 AN o=
FoE ASV o} SR AAEFHEE
AZ F43 I w29 H Aol
0.79xg/dL (SD=5.59, p=0.044)% Foi&
ASV R|7 S I35 s
oAt 1ugdL P9 H % Fosg 7t =]
Rom olu) TS AWAEA Y(FUE
5o BA7)) = 091X(EA R 9A5F
FEA0  (R=0.67)°1THTaylor 5,

GFAAS' ASV'

ART

Blood lead level N p-value
< 10.0 36 45+ 25 44 £ 24 973 £ 399 0.363
10.1720.0 20 153 + 34 146 £ 4.0 95.7 £ 133 0.216
20.1730.0 20 241 £ 24 24129 100.0 £ 104 0.993
30.1740.0 14 331 +£22 346 £ 28 1045 + 7.8 0.057
40.1 < 7 457 £ 59 48.1 + 8.8 1052 + 12.1 0.284
Total 97 178 £ 132 18.1 + 14.1 101.2 £ 25.9 0.408

* GFAAS : graphite furnace atomic absorption spectrometry

TASV
F Agreement Rate(%) =

: portable anodic stripping voltammetry

_values by Portable ASV %100
values by GFAAS



6 ol - 44 - 1ol

2001). & A7-A2] ot 2lol= 0.21x
/dL (SD=2.44, p=0.408)% F =74
o] 3 x| Hapt o] #9kor
AE oz 3 I A
(Frag 5 2497)) = 1L0S0X(5A=
AAEHHEA) T0.680, R=0912% T
F e eIt o eE 2EA)
Z oo R g AFeME Ful€ ASV
A= AESH] RUEHolY #7437}
foR WE Aol Thete U
At
A FEyEtelM s ] =S
A =27 (biological exposure indi- ces,
BED)S 40pgdL® AASHL Qla(h=Ak
QFAFEE 2000), ACGIH (2001)144+=
g3 55 30ugdLo = A sk ik
I8P E 959 55 30ugdL e} 40ugdL
LEAEY A wEFHEE FrRehe
nQls FAR 0JE VIFE0RE 3T
PAZE #o) 7} QA Golrr] S
A dgAre] 5 sE Sz ¢
AFFEARZ S AYE V)FoE
10¢g/dL ©13}, 10.1 ~20.0¢g/dL, 20.1 ~30.0
pgdL, 30.1 ~40pgdL, 40pgdL 232 1}
7ol Fulg dF BV S4% 4
o} vl A, 247 s FEolA
T SR f2)8t 2ol 7} glglon
HAxEo] 101.2%0] 1Tk
2 o] A AA ATt
978 F FA F5 &7 40
pgdLE b AE7F7A (7.2%)00 B8t
o] IFE wF FEAES UeR o
T7F Y F7hEofok & Aow A7ty
2 AFelA ARt Fol g Fd w4
719] AWM= 147 65ugdLz Wk g
A 557} 65pgdLE 233 79 3
off "HI"g}aL yepdthal s, 2 A
Tl dAEe] dFd st L
3761.8ugdL HIZ 65ugdLE Hoju=
AlE7E Stk 22k AlRYelA dsh=
S2A] it AFA 57k 85.11ugdL
(s 5, 199), FAA AP L2
A4 1599 Ht 5 S5 65.8ugdL
(#9] 9~ 86ug/dL)(Gittleman =, 1994)C.
2 w2 2EAEY g9 5
T 65ugdlE B A9UEQlon® o]

a3

d

<ok A

o

o flf

o

2

£ ks ARE tdo® 34 nt
& AAF 42 vl ARE F7tE|ofof
g Zlojtk.

ot Ao R Fiie EFd +
715 AdelM 2gabr] flaiA -2
Ul M= Aol tist 241 el
of k=t A3 Szl A=TA} 5
of #st WHE AFBE Apzel Sapd A
92 e gFE rEE 9
ok 1A Fog @5 S @
ZAAKpoint of care testing, POCT) 7|2
7 ARgshh, R Bl
A7) FARt SAE Adste] AL
8k= Ao 7hsshefet Az d% A
Akt ALY of|9f 2] ZARAS] &
24 F1He Hlolut ofrjol Myt gzt
= HollA AL TEEAL QAR &
& PEEA T HEH o 2E A A}
A% AR 7 Q7] miEelt 5 &
A fst oow 2 Adefx= H
g2 ARgalAT, Fdd I B4
71¢] 7% *HA(blood lancet)s ©]-&-gt
LeadCare™ blood collection capillary®.
23] 50 1L sl Akl R QL
o R {4 Ao Asl7] Sl
+ A Wl whE Ajo] sol| ¥k 7}
A7t asteet s,

5 Ft s T AERE 7
4 439 4719 Hered U]

gk G7p} ol FolA L, o W d%
TEARE tPdoR A7} o] oA St
3 AS7F SR, Foe I &
A71E A A9 A9 224 =E 9
% Brrsl Aol 488 ¢ e
Zo% 7ltet)

r

A dFd FEE FUE 5 B4V
9l LeadCare”9} S92 QAEB4w
A8 1 A9E wugeey
e g2 BA7)E o)t =443}
o A WA 7Fs g ket
2 771 L A%l 4A1E F4A A

;

X

Z 9 AR Az AR 9S 3
Hohs 3799 LEAF STY(eET T A
off &=EFHA %2 ANREA] 23} 40
PORHE o d5d 555 5
Jate] wwd Aol oheat 2k

L T8 g3d #4719 A5(%)
9} AU (%)= Level 13} Level 2 F=
2 FF2A(A7 63 + 3ugdl 9299 +
4ugdL)l ol 242k 112,734 9.15 4 99.7
7} 3.760]3ick

2. AA AL 9789 dFd Fee
AT skl SAE YARFEEA
2 3% 3 A FEE 178+ 132
(91 1.0 7584y pgdL, FhE EFA
712 S H I3 whe
18.1414.1 (H9): 137618)ugdLoZ F
AR 7] EA FR) Aol 3
7 021pg/dL (SD=244)0]%10m F AA}
Wl fodt Aolzk gldltt
(p=0.408).

3. =27l A v =
E AAFHIEAL Fhe I 24
Nz ZAs AWt 247 267499 (4
©]:9.6 7584 ug/dL 2 273112 (Y
11.8 T61.8)ugdL = 7 AAPFH 7] 2
3t 2po]7F ASNThp= 0.173). T2 74
ST AP EAE AR
At Fulg 5 A= st 4
o 47 Bt 52433 (HY 1 1.0 T13.7)g
/AL 2 4.9+2.9 (1.3~ 10.8)ug/dL)°l F-2) 3t
o7} A THp=0.051).

4 ZAE QAP REAR S 8
A FEE 10pgdl o3k 10.1 720.0ug
/dL, 20.1 ~30.0¢g/dL, 30.1 ~40ug/dL, 40ug
/AL oo & Hro] Fig EFd A
712 5% 3 e} nlwst 43
Z¥7¥0) sieelx] T SR fof gt
o] 7k G o HALAEL 101.2%0]
ATk,

oo AvE SAR AAFFFEA

M

QR B0 §9I8 Aot
gom, Fig 93 £A)E 48 7

AREO R FRARE & w47
of &gst 4= Q1S Zow tject



REFERENCES

R 2000 2EA AFAGAAA
7}, 2001,

uhE-s ikl FHYe JHRE, o]FE-
5 AgdoR Yo w29 Z2at
59| dF |} ZppE ke .
AR Sl eks]A] 1996, 6(1):
88-96.

HA A O]EHH ﬁ_}-q_]:"; oAl a4

?43 WA g5 deks 8
o AArA1S] A, AL EA 2002
167 19-32.
At HE, vy, vk
SAZ A} Fay A5
715 o83t 5 vk 5%-
HA o wol| FrE s
%i% gzt dF 3 w5
B2318} 1993; 6(4): 363-368.
01’517], SHts, o= HHZeeman BA
2 D, B Wel o3 i 57
2]9] H)w A, FAk Ay ekE] )
1995; 5(1): 59-67.

o4 F3loz B o] AR Al
2] A Bl =)
Skl Akl elerd 4y, 1999,

graklebd ek 22} A7k A
A3, 2000.
ACGIH. TLV® and BEIS®,

d

¥

E = Moo
|

=

2001.

Foe

Ashley K. Electroanalytical application in
occupational and enviromental health.
Electroanalysis 1994; 6. 805-820.

Clausen J, Rastogi S. Heavy metal pollution
among autoworkers, 1. Lead. Brit J Ind
Med 1977; 34(3): 208-215.

Eaton DK, Holcombe A. Oxygen ashing and
matrix modifiers in graphite furnace
atomic absorption Sp. Determination of
lead in whole blood. Anal Chem 1983;
55: 946-950.

Jacobson BE, Quighley G. Improved sample
preparation for accurate determination
of low concentration of lead in whole
blood by graphite furnace analysis. Clin
Chem 1991; 37(4): 515-519.

Gittleman JL, Engelgau MM, Shaw J, Wille
KK, Seligman PJ. Lead poisoning
among battery reclamation workers in
Alabama. J Occup Med 1994; 36(5):
526-532.

Novel D. Blood lead measurement takes the
direct approach. Anal Chem 1993;
65(5): 256A.

Roda SM, Greenland RD, Bornschein RL,
Hammond PB. Anodic
voltammetry procedure modified for

stripping

improved accuracy of blood lead
analysis. Clin Chem 1988; 34: 563-567.

4712 ol§ @3

Hm
i
12
|

=il

Shannon M, Rifai N. The accuracy of a
portable instrument for analysis of
blood lead in children. Ambul Child
Health 1997; 3: 249-254.

Stevens BJ, Sander JB, Stux R. Lead
determination in blood and urine by
AAS. Varian techtron,
Victoria 1972.

Taylor L, Jones RL, Kwan L, Deddens JA,
Ashley K WT.
Evaluation of portable blood lead

Sprinhvale,

and  Sanderson

analyzer with occupationally exposed
populations. Am J Ind Med 2001; 40:
354-362.

Tsalev DL, Zaprinov ZK. Atomic absorption
spectrometry in  occupational and
environmental health practice. Analy-
tical aspects and health significance.
CRC Press, Florida 1983; 1: 53-54.

Waldron HA. Metals in the environment.
London  Academic  Press  1980:
155-197.

Wang J, Tian B. Screen-printed stripping
voltammetric/potentiometric  electrodes
for decentralized testing of trace lead.

Anal Chem 1992; 64: 1706-1709.



