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Abstract: The human exposure of lead has usually detected the amount of lead in the whole blood, however,
this method has a shortcoming to give the information on the short-term exposure to lead. In that sense, it
is desirable to estimates the level of lead in plasma to draw the chronic bio-marker of lead exposure even
though it is difficult to measure lead of several ng/L. An inductively coupled plasma-mass spectrometry (ICP-
MS) method was developed for determining lead in plasma as the chronic bio-marker of lead of workers. To
minimize the contamination of lead from the environment, we constructed class 1,000 clean room and compared
the amount of floating dust before and after the operation of the clean room. The limit of detection (LOD)
and the limit of quantification (LOQ) of lead in fetal bovine serum were 4.3 ng/L and 12.2 ng/L by NIOSH
method (statistical calculation method) and 7.0 ng/L and 22.1 ng/L by signal/noise ratio, respectively. The
accuracy was in a range of 92.3-101.3%, and the precision of the assay was less than 4% in the samples spiked
in the concentration of 20 ng/L and 2,000 ng/L. The method was simple, reproducible and sensitive enough
to permit reliable analysis of lead to the ng/L level in plasma and/or serum. The method was also useful for

the biological monitoring of chronic exposure to lead.
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sto] BEEE 7P| ot ZFHUAE o] &35t ALt HAPEI = 43 ng/ll, HAAFEAE 122
ng/Lol9lom, A& -2 v 2 A4kt HAaHEE 7.0 ngl, FAGFIAIE 22.1 ng/Lo|3dTh 20
ngLFH 2,000 ng/lL E% oM AL 4% oJHAem, Selol Eel 20-2,000 ng/Le] T== 3
7¥ste] A SlE2 923-1013%2 F5e AAE AUTh 2 AFdA AAIT WEE AREste]
EEIEAL 4 9 @Y T BH0] 7heatilen olE Fal we] wdEdl dE 2Apt 7he s

Ao g FoET)
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7] & 3871E2 0. ,
o AW FFAEE Hrtske 719 A =54
Z~(BEI: Biological exposure indices)= 85 <] 4%
30 pg/dLol™, 3 ZPP (zinc protoporphyrin) & %2
79 AP E 250 pg/dL, A= 100 pg/dL
2 73k UTES T2 ARPH R A < gt <]
SASA=ZE FAo ST =EE A5k
g AT 2EAEL 6 /ML ¢ WY SEFAARES
o BF HE BUHPES Hol k.’
5w A4 durr o g2 A A%
S 3 (Atomic absorption spectrometry, AAS)<] H]
=3l 9ld) 10 pgl =2 =7 #4942 5 9l
o 28y 88 F 92 18 F 3 s vty
0.1-1% F5o] 2 Z o= ATErt’ Ak oz AAS
£ o] &3 v S AR S i 24 Y BT
s|abapg el A Fel 3oz Qe 4o S H o
W 2ER FSATAl HH o] Bl fr1dEel &
A EA] ot AApsFAG oA Al E mlEY A 7F
U HER 22 upgkdo] YelhiA "o’ =
Zetznt RS E339 (Inductively coupled
plasma-atomic emission spectrometry, ICP-AES)S =&
AEE 7= o] AR o o F&Este
5o B33aEQl TS vto AdEdE HolX= &
Aol At ol vl =AY Sek=nt AF EAHY
(Inductively coupled plasma-mass spectrometry, ICP-MS)
T W AES A" S o] g3k AeAdo]
ato] EF F FrFe] Fe] w44 &8xrt wt
eiv A7 ICP-MSE o83 €% T & 42
W - 2F o g wH|g ol TUE Y
Helo] A Hatt) webx & dAe 24X
gk B84 S =43kaL ICP-MSE
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21, H™EA MX

FTAE] HAT E= EA4 oA F 29e
2 3T F de BEIEE Fol7] st FRYA
o] T=E BWAE HAE FF s U= Aot
AP S AASHATE AXAFES class 1,0000] A T+
I59 HAEE FA3517] 5k class 1-1007F4] 3
A AR S FAA S ARSI

Class 1,000 52 HFAE X3 F 1 =24
1] (Laser particle counter, HACHA}, MetOne Model:
227B, China)g ©o|-&3t] 7Hs A3} $o] Ff EX1=F
< ZA A thFig 1). 7V Aol A A wre] A5
0.3 umE 953-2,314 7, 0.5 umE 191244 7] 9o,
A ore]l A% 03 umE 1,218-1,420 70, 0.5 pmE
134-233 7§ 2 ERF Zpo]7} A o}, T AlE
9 7bs 5 & T AAE AHEY Table 13 70]
0.3 pm =71& 3.0-28.0 7, 0.5 pm =7]E 0.3-9.3 71
2 EFE5EA%) H 373 NZE class 1,000552
S FAHT

i

o Mo

Fig. 1. Dust monitoring in clean room by laser particle
counter.

Table 1. Results of dust suspension state in the clean room

Clean room

Size 0.3 pm (EA)

0.5 pm (EA)

min max mean  min max  mean

position
1 0 6 3.0 0 1 0.3
2 17 34 28.0 7 11 9.3
3 16 3 20.7 24 9 7.0
4 1 6 3.7 0 3 1.0
5 7 15 10.3 2 7 4.7

(HyClone fetal bovine serum, FBS: Cat No.: H30919.03)
& ThermoAtoll A Fufj&tod ARSIt 8- Al
Zol AMgE®E FFAFES Pb 1000 pg/mL (Fluka
#41318, 100 mL, V|=7), §-82] F=E v]as}r] 918}
o] Fe 1000 pg/mL (Kanto chemical #20247-2B, 100
mL, 1), WEEZEE 24 Rh 1000 pg/mL (Fluka
#11561, 100 mL, "|=H)E AH&-3FSTH Al59] M4 g
5 9138k 28% = Yo} 4(99.99%, Aldrich, 100 mL,
v]=F), disodium ethylenediamine tetraacetic acid (99.4%,
Aldrich, 100 g, ¥]=F), Triton X-100 (99.95%, Aldrich,
100 mL, v]=9)2 A&k Al 2o 343 $l8to]
MilliporeAFe] @o] A Z7|(Milli-Q)E  AH&-3h]
18M Ultra pure DI (de-ionized) waterE #| 3} A}
g3tk AR AAe) AT §F Bepaa B
70%, 99.999+% ZAH-gHREEAH, Aldrich, 475 mL,
H%) Melo s A AzSAT,

23 ANE29 FxZ|

Ao ALEFE 7| FEL 5% viv HNOol B
] 24A17) Fof Dol 7 5 3] o)A Al Fsle] AR
Al g T class 1,000 HAA U] SHMIX] Qo
A AZAZ T ICP-Mass AF5A B2 7] A2 &9
& go]l 259 70%2] 99.999+% WHEAF HNO;S
3|4 &te] 1% viv HNOs= A z8te] AR-8F3ATH

A& A2 = Schiitz 5-°] ASH3FAL Bergdahl 5
7 Rezende 5°] AH&3AE HWHE 722 st
Triton X-100 0.1 g/L, Na,EDTA 0.2 g/L, 28% <=4
olg= 5.0 gL} w7 A3 Y FF 589 (internal
standard solution)! Rh 1 pg/L &3} &8ate] )%
SHATEE BAE Hg AlE 300 pLot oA Az
Sk 3]4]-8-9 2700 pL=S Becton-dicknsonAF2] Falcon
15 mL tubeol| A 1:92 35]4]3le] 3.0 mLE YHEIT
BEEEH7PHA ofst ARAS ] S 158

o)
TEE ICP-MSE Aste] 77e] A RRRE §3
S AZsHE M A= AXE] A 29S Ayl
3

24, EE8Y =N

Ty |

olg 2} 7+e] 100 mLe] Pb 10 pg/L stock solution-8-
NS THEATE Rhe YHEEFEN o2 Hrlsllon,
Fe2 @4Ulo] 88 A& 47| 918t H7FetAATh

@D Pb 1,000 pug/L : Pb 1,000 mg/L EFL N 05
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Table 2. Sample preparation of standard addition method for
the analysis of Pb in fetal bovine serum

Method
Pb Std. soln.
No conc. Stoc(l)< l:fﬁ; FBS Dilute soln.
(unit: ng/L) Rh 1 pgll). (Rh 1 pg/L)
1 Blank 0.00 mL.  4.00 mL  36.00 mL
2 20 0.08 mL.  4.00 mL  35.92 mL
3 50 020 mL  4.00 mL  35.80 mL
4 200 0.80 mL  4.00 mL  35.20 mL
5 1,000 400 mL  4.00 mL  32.00 mL
6 2,000 800 mL  4.00 mL 28.00 mL

Ref. serum: HyClone fetal bovine serum (FBS), Lot No. DVC0359
Dilution solution: NH;OH, Trition X-100, Na,EDTA, Internal std. Rh

mL + 499.5 mL go]&5

@ Pb 10 pg/l : @ &< 1.0 mL + Fe 1,000 mg/L

FZ=Q 1.0 mL + Rh 1 pg/L 3418 98 mL

FEE bl o A S Sske 91
7ol A Z3F stock solutions $-Ej o} &Gl Tuble 2
9} zro] H7Fsle] Pb 20, 50, 200, 1,000, L& 3L
2,000 ng/L EFENE A=A

25. 77| & EM=A
U3 F TG W B4 SAste] AFAEFI]

(Agilent, ASX-520, ©]=})7} #2+El ICP-MS (Agilent
Technologies, Model: 7500ce, ¥]=H)& A}-&3}% o™
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Table 3. ICP-MS parameters for the analysis of Pb in serum

ICP Parameters Unit Value
RF Power W 1,600

Sampling Depth mm 8

Torch-H mm -0.4

Torch-V mm 0.4

Carrier gas L/min 0.7

Makeup gas L/min 0.5

S/C temp. °C 2

He gas mL/min 5

Pb (m/z) - 208
speg;g:rsleter Fe (m/z) i >0
Rd (m/z) - 103

—m/z: Mass to charge ratio

argon gas (99.999%)% AM&-3ISith &

o EAs -r]_d' ICP ¥ mass

Fe® m/z 562 =74
3ol /\] RS 6]-7:]] = %;a 555 R

J= AUy |

32

&t ¥EE

Step Mass Element ISTD Unit
(1) 208 Pb 103 ppt
[Ratio(¥) Ri nc Calc Conc__|ICPS/Count_Ratio RSD [%]
1 .000 11.595 2817 2.684E-02 P 2.055
2. 0E+00— 2 9.76 24.01 4884 #.720E-02 P 2.804E-01
3 .23 48.83 7102 6.973E-02 P 1.728
4 99.0 195.3 2.0256E+04 R2.027E-01 P [1.269E-01
5 .9 993.6 9.162E+04 ©.276E-01 P 2.43BE-01
6| 1991 1.802E+05 [1.834E+00 P 9.181E-02
7| - - - -
8 | o - = - -
1.0E+00— 9 Iz ~ ~ B ~
10 - - - - -
11 = — - - -
12 - b— = - - |
13 - - e — -
14 = - - = -
15 - — a - —
16 - — - - -
0 T 1 17 | . L - -
0 1000.00 2000.00 18 L. - - b -
Conc. (¥) [ppt] ;g - - = - e
Curve Fit: Y=aX+b Weight: OFF
r=1.0000 Min Conc: 0.000

Y = 9.079E-004*X +2.540E-002
X =1.101E+003*Y -2.797E+001
DL = 1.823 ppt

BEC = 27.97 ppt

Fig. 2. Calibration curve using fetal bovine serum spiked with Pb standard solution.
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g o] &sto BAsglon ¢ 9 Ao HPgMS Fig
2] YJERNQITE Bo] 245 o] &35fe] wolzygom
AE3 71414 E4A] A (instrumental detection limit,
IDL)#2 0.5 ng/Lell oW, 3 SHof XS o]&
3k o] A]%H-2] 3HA| (method detection limit, MDL)
Arlo| A Ao R &3 e R 1.8 ng/Lel e
AR PHE Bk A& BEoAe) 7€)
n] =LY AR B A AT (NIOSH) AT A
A QAo R k&S HESHA (limit of
detection, LOD)= 4.3 ng/L, % &S+ (limit of quantifi-
cation, LOQ)= 12.2 ng/Lol At} B3+ 20-2,000 ng/L
ool AAFAL y = 9.079x10™x + 2.540x10720]
R FHA S 2= 1.0000] AT T3 A vpEA R
o2 2 5 3o 4x A g dolg e As.u-F
& B2 E3lo] A4 LODE 7.0 ng/L, LOQE 22.1
ng/Le] ATt
Palmer 5& AE& ICP-MSE AH&3te] LODE =
A3 A7} 0.05 pg/LoIATL thEke] A& m e Y
Ao ICP-MSE A8l Aol Adsitiar ZES
WHTE' Nunes 5= A¥S o] &3 AARYEY X
Aell ICP-MS 4% 9] = HaAg Atstdt”
Almeida 5 6 MlA] 8 Al7ER| ] o] - o) & tAfL
2T H A ST 2L EHY FY H =FF
e AAEIT 8% 9] LODE 0.05 pg/lolAe
o, 83 F g2 LODE 0.03 pug/LolATH" Koyashiki
5L 2H4ed 5A E = £EF 9 AR

P

i & e

T

B op

>
A o
o orfr

o

= W] AR vwstded, Efek d¥ e
FAge e, ZfolA2 LODE 0.3 pg/dLe]

3 A8 LODE 0.02 pg/dLo]Ath! Batista 59
AT = A F AFe =2 AA ] HHS
ARbeFA=T, AAANEE, A, 7F A 5)E vl
A Z 3K (microwave)E ©]-&3te] {3l gt A 2HH
S AFEES W& LOD7F 0.1-80 pg/L 30l e
1}, THAH (tetramethyl-ammonium hydroxide)& 2} &
o]-g3t AAAE AAHHE stAS 7A-5ol= 6.6 ngy
L 59 &g v Bt ol Als 2
A& A8l 5333 2 glo] hs] &4vE 7t
st AXEE slode 2 AH4E L&
Holm, A5 845 HAZ Y & e Wil
2} stk 2o E B8t A=A A5 A
= WEZ 2] JFS o Wol ¥7] wjiZe] LoD#
LOQzke] @R =A U Syl gl

Agilent TechnologiesA}oll A ICP-MS 75004] 2] 2 2]
Pb9] IDLZES 0.27 ng/L, Pbe] A& S o]&3 MDL
2 5.0 ngL#E AATH? Herndndez-Avila 52 %
T 9 W2 054 pg/L, A= 119 pg/le|Rom,
Plasma-to-whole-blood & B]&2] H2]= 0.3-0.7%°]A
2, B384 10 ng/Lek B3k Schiitz 52

TollA] @] nlgo]l HE we] 0.38-043%°]

Table 4. Reproducibility and recovery of lead in serum by standard addition method using fetal bovine serum

0 day 3 day 6 day Mean
0, () 0, (ng/L)
Sample Mean L0 o, RSDCOO o RSDOY rep wRr RSD BR -
Recover: Recover: Recove ecovery
(ng/L) Y (ngl) Y (ngll) Y
(%) (%) (%) %)
38.1 30.6 75 34
Blank 1.60 47 4.0 25.4 47.6

(no addition) - - _ -
0.61 2.1 23 238

+2 24. 23. 242 1. 2.
0 ng/L 0 102.5 30 982 103.4 7 7 101.3
2.7 1.0 15 193

+50 48.8 486 50.5 1.8 2.1
nglL 91.4 91.0 94.5 923
0.15 36 15 197.0

+200 ng/L 195.3 199.5 196.3 1.7 1.1
t 96.0 98.1 96.5 96.9
+2000 ng/L 1991 0.09 1997 0.06 1996 025 0.13 0.16 1995
ng/ 99.4 99.7 99.6 : : 99.6

—RSD: Relative Standard Deviation
—RSD WR: Relative Standard Deviation Within run
—RSD_BR: Relative Standard Deviation Between run

Analytical Science & Technology
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TR v sl Fxds o 5 sled, o
= @4 9 do] Yol A Aol o)) f
oJth?

2 Ad7E AgdrEts 52 g v HE
A de AR FF Foll e de AH
SR ¢ e TR AEE AL AUSS Bol
Ak 2 A7 AN wE AEE 2 olfE of
gek 2ol AR o Sl A, AAL A¥E 2
TAAEAAN A& FAFLEN WETEE A
o fle FEoR BE SO EA HE vR
wol AFHOR AET 5 AN, A, AT,
AW T2 ol FfFEA B2 AN RS
g ¥ AR e =N W widEES AN 5 9l
Aew, AA, ol FfrEo] A e WEAlF A
wEe] A ARgsten, A, MER e we
A= B F2 ARAAGo] B e AL 9o
S SATkaL Attt

flol A ARt ARk - A E 46}
ATk el A7

[e]

A= Tabel 40 VERNITE X
7kA] 9] blanko| A1 F-E] 1,990 ng/L
B2EAEA e 34 494 4

Ag FERE
BE W0l

o)
FL

= 9l9lon, oju) A EFEHAKRSD)E BT 4% ©]
itk FFEE40] SAI8HA] ol A= E Hrtel7]

7} 1Y 7] wiEell SElof Aol A7tk Alsel thet
3rER FASALH, Table 40 VFEFIHES} o]
20-2,000 ng/L F% M4 923-101.3%% AR A=
A oA a7shs ASE W99 80-120%7 ] 7F
3 A9E AUk
Holl =E5A 2 dukelz Holl &8 224
Z+zb 1099 st g 5 <
ARE Table 59 RN ST Hol =)}
wkele] ¥ F o A ) >
923 ng/LelloH, Hol =2d 222 84 F
o] FF-E 709.0 ng/L, FHEL 592.0 g/Lo] AT
AARUEHS A AAHeR A7He 34 ¥
B EARA ol it tix] ol dasitt ¢

Table 5. Results of lead non-exposed group and lead exposed
group

Mean+SD  Median

mglL) (L) O

Group N

90.5+38.2 923 9.3
10 709.0+393.1 592.0 31.1

Non-exposed Group 10
Exposed Group

— SE: standard error
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Wy S feke] WA P AR BAo) "o
717) 84

g/L°1°iD} “6‘ :sz— °ﬂ1°} %ﬂ S A}ﬂo}@l xF
E H7PE o g A3 LODE 4.3 ng/L, LOQE 122
ng/Lo| AL, A5O3 ¥E F3te] A3 LODE
7.0 ng/L, LOQE 22.1 ng/Lo] AT} % 20-2,000 ng/
L H9olA AT y=9.079x 107 +2.540x1072
ORI AT P=1.000°] AT}, 20 ng/Lel| A F-E
2,000 ng/L T FollA dlolEl 3o 9y 2 4%k
EA%ke] AU ERSD)E 4% oo, & S-H
of @l M7He A Re] 3482 20-2,000 ng/lL &
= G304 923-101.3%2] AFE AT EF gl

LEHA 42 dwidle] @4 F HF a2 90.5
ng/Lo|om, ol =&% 2229 83 F JaFe]
F-2 709.0 ng/Le] At}
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