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1. ¥ (Lead)

1) AdF FO1EXH) 1 1-36

2) 203 FUlLR): 1-38

3) 4% 6 -ALA: 1-40

4) A¥F Po5N 4% 1-43

a

5) AdZF H(EXM)

b
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ok 717 % A%

(1) 71742 2 Aok
s BE 2A77E 200 A4 4N3F o4 Il
Hb golegE 78 Ao} AgHT Bolert 2esA
v 4%

BN
B oo o 3@

=

iy
)

A2 Az v AT 18 Ml A& AFESAY YA} 3 =7
go] & TA3e] AFE3H, Triton X-100, 1000 ppm Pb
A

e SHAES ARSI

—

-

7}

. il

AN
)

&

12

(2) 7171 & 717
|22 1000 me 170, 100 me 170, 10 me 47K

g2 1 ml

ngd Alg 3 20mlE ]
s}k A &

Z5341% 7] (Ultrasonicator)
oF &3]
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A =871
ERAAFEEEA T7]-otAEA =3, Pb £48 =

(3) AloF
ol &
Eg]E X-100 (Triton X-100)
HEF JEYY HR7bhbd ol E

(Ammonium pyrrolidine dithiocarbamate, APDC)
Hgo] AFEAE (Methyl isobutyl ketone, MIBK)
Pb ¥ 8< (1000ppm)

2. Aok 24

(1) WA o A

O APDC-TX &9 ZA:

APDC 2goll @o] 5% oF 20ml 7hete] 2 elth of7]d =
PE X-100 250 % 7Fske] AFol A @RS 2euAHs2
A molth HEHOR "ol24E sbe) AA B 100ME T
o 27493 gt

@ == ¥xst¥l MIBK %A

MIBK : )25 = 900 100 o) W& 9 F gsbl &

(2) Pb ZF8&H =4
@D Pb 1000ppm € 1mlE 100m¢ H == go]|5=2 3435}
o] Pb 1000 pg/dl FEF=E&HNS WET o]AS Y& N(stock
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vl 717124
A9 283.3mm ol A FA] gk}

(1) ¥ (Method) == A€
7] 7] 2 =(Instrument mode): 55 %(Absorbance)
A 2 A4 2 E( Calibration mode): & %( Concentration)

(2) 7171 2} g (Instrument parameters)
#2Z 3 F(Lamp current): 5mA
& 2l 1 8](Slit width): 0.5nm
&8l 0](Slit height): ¥ -&(Normal)
3 ZH Wavelength): 283.5nm
Al 2 F9)(Sample introduction): +5(Manual)

v 1 % ( Background correction): ON

(3) Htg 2A

TARR 779 S o ST

A AR

Z]

i

(1) A ¥ %=(Precision)
20 - 80 pg/dlF= A FHNETHA 5 %Y.

(2) A& %= (Accuracy)
£10.8%
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() BPA AP AER Ty R EEAE AYGAR
AT SFAGAE/ B BRG] ZRIP T RA o

15 - 20 pg/de

=

o}_ =)

s

(1) Working Group Analytical Chemistry, edited by J. Angerer
and K.H. Schaller, Analyses of Hazardous substances in
biological materials; Lead, voll, pl55, VCH(Weinheim,
Germany), 1994

(2) NIOSH Manual of analytical methods, method 8003, Lead
by HGAAS, 4th edition, 1994

(3) WHO/HPR/OCH, Biological monitoring of chemical
exposure in the workplace; Inorganic lead, p.112, 1996

(4) J.S.Yang, M.Y.Lee, IJPark, Y.HMoon, and S.K.Kang,
Korean analytical quality assurance(KAQUA) program for
biological monitoring, Int. Arch.  Occup. Environ. Health, 69/5,
p.361-366, 1997
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A d2x] gvh, 2y AWF irE 9ol ol wola Ho
PAELAFTE G2 Axol viste] ol Astwol Aol E
ofZlth. Aol mig R Ago] HAgsith ARl Abs FH7bete] w g
nto] AR TE o]gste] Ead F FARo] =flste WHE 3
o} 7] = v AWM Al oF(Matrix modifier) S AF&-3= W o
e A 7=k o

g, Awel A7

2WAAHAE &7 mE 20% Aakol 447 ol HIFEAT

7} gol2ga 73] o] ALgeth ARAHAE FAES &
e F TR £g AHSRES Sy AnAF AL

P e EE Fuh AFHAAE 2 A A T, 2

] 98l 28-S Zopd e A z

o AlEE 4 °CY ofolnutrE o] g3l 2

4 “CollA 3%, DEste] 20 CollA HAstH

=

o2
o
o
1=}
N

o 71T 2 A%

(D) 717411 2 A oF FH]

Agats BE 24775 2006 A4 447 o4 B7HEY
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A 9 (Zeeman) B}FEH.

S % 2= pyrolytic coated partitioned

T
T+

3L

TTa(Dy) #
o},

il

Eis

NNE e

2]
tube

;OL

olo

A

=
=

} 18 MR<]

<

AzgA 2 Az v A

AL 9%

)

&

71

g~ =1 500 mé 270, 100 m 174, 10 m 47

258 fSZg2= 5wl 1070

ol
=

(2) 717]

2
)

w}

—_

B
c

3 7] (Dispenser): 0.4 - 2.0 m{
2] & #(Dilution tube)

12 W7 (magnetic stirrer)

=

A

H
30

.EH
—
o
e
w

~O

B
ol

(3) AleF

B
2= X-100

E}
=
E

+ (NH4H2PO4)
=84 (1000ppm)

A 2HHNO3)

WO

2k Al =4

A eF(Matrix modifier)e] %A

€]

(1) vz
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o] =l 25mLe]
500mLe] #AH&

500 mLe] &FHFZe==9 ¢F 400 mLe]
20% NH H-POs¢} 1mLe] R 3 A4ks 713k

W,

€}
=

ko3

>

2) & Z2F8&d =4

D 2 1000 pg/me YH 1 mE 29% AargHoF 100 ml=
34 sle] W 10000 pg/L F=-89S wHET o] A4S -8 (stock

solution) &2 &t}
@ & 10000 pg/L &S v Zo] 2% HAik&Ao=
8|4 ske] 100, 200, 300, 400 pg/LO] EFE&o)E wHET

Pb T &Y & Z A
WS ppm  pg/L A-gH(ml) 2% AL
0 0 0 2% Aikg
1 0.1 100 0.1 ¥4 10 ¥ =5
2 0.2 200 0.2 24 10m H ==
3 0.3 300 0.3 x4 10 HES
4 0.4 400 04 ¥4 10m =5
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% ETE H7MHA 9o HEAA A
AlZHE sjAfol A Pb E8d AWHF Y v
(mf) (ml) (£ H3E) (ml) (ng/L)
addition 0 0.8 0.1 0 0.1 z+ 0
addition 1 0.8 0.1 1 0.1 x + 100
addition 2 0.8 0.1 2 0.1 x + 200
addition 3 0.8 0.1 3 0.1 x + 300
addition 4 0.8 0.1 4 0.1 x + 400

T |
S 2HYH Falo

7]
T odled Awe AMunbvlE awksivA o 9] %
3] 3

Heto] o gAg 15 w Hste] ANF R

Z£8 o= HE(Normal)o]H = =
(Zeeman) BIE R AL st} AEAEFU7] B S0z 15 -
o]

€]
2% W) NEE FAFD FYTh

_19_



(1) ¥ (Method) 2= A€
7] 7] 2 Z(Instrument mode): 55
H & 2 2 =( Calibration mode): 5 71
(Standard addition)
vlo]=Z  #o](Peak

=(Absorbance)

=3 2 =(Measurement  mode):

height)
(2) 7171 32} & (Instrument parameters)
#HIZ A F(Lamp current): 5.0mA
& 8l B](Slit width): 0.5nm
22l 3= 0](Slit height): X -E(Normal)
32K Wavelength): 283.53nm
A &5 9(Sample introduction): A ZAFH S gE =

(Sampler premixed)

v 1 % ( Background correction): ON

(3) F+YF kv E] (Sampler parameter)
Al 2 9] ZHSample volume): 15 w!

(4) H}EL HA
52Dy BE T AvH(Zeeman) WHEHH A S dtal vjEd
PAlofo & 7]7]99 4 (Instrument zero) S Fal =4 3o},

GIECERES
sdz 24 B 2o o AL AgH; Ui 7179
AEYAE Faste] AH 20 Folok drt



=

LR BAS Qe SRR SR 2
2] 24 =5%(TC) Al ZH(sec) OFE T TFAfFE
(ml/min)
Az 120 30 300
338 500 40 3
3] 312 600 10 3
A =}s) 2300 0
FE AAZ 2700 3 3
AoEFHAA 156 %Y

) 72
(1) A ¥ %=(Precision)
150 - 400 pg/L 5% oA

(2) A& %= (Accuracy)
S| 9=8 93 - 108%

(3) A=3HA
15 pg/L
3]
(1) K. S. Subramanian, J.-C. Meranger and ]J. E. MacKeen,
Graphite furnace atomic absorption spectrometry with matrix

i~

al

e

oF.
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modification for determination of cadmium and lead in human
urine, Anal Chem. 55, 1064 - 1067, 1983

(2) AA Instruments at Work, Determination of lead in urine
by GFAAS-Deuterium and Zeeman Background Correction,
Varian AA-111, 1993
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W oF AAtste] VlE A= dede Ex AASH
W AT ANE HE BE AASHOE A5 fsiAe AW
Aol Aeo]EA kS Zhsto]l A olEE I vhe ATE
Sz FEo] 25 A= SiFEH S AT

F U RE ES AHGES S A ¥

e =
AL S doh ARG A A, A F, 2

U
7} FU AEE 4 °CE ot 2uig o gdte] A
@) 4

(1) 717A13 2 AleF F=H)

ANests BE 27| TE 20% AAke]l 447 o] A
U7t golg® 73] o] ARRSY. "olege %
A2 Axg v AT 18 Meel S AFESIAY UAE A
gol &2 T9)8te] A8, Triton X-100, 1000 ppm Pb

BN

oy dit
Ho2 L
B oo o 3@

o Hy

—
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%0“31]- AN =

= =l E‘%}‘] oF

b -

o
o

AL

.

M
flo

2) 7171 2 713+
SoFZg2~=: 1000 m¢ 17K, 100 m¢ 17K, 10 me 47
g2 1 ml
] G Al 20mlE 0]

%5344 2 7] (Ultrasonicator)

=]

&7

A2 7]

EEAAFEFEA g7 -okMEd EX Pb 48 iz
(3) Aok

go] &

EgE X-100 (Triton X-100)

dEE " UA 7ol E

(Ammonium pyrrolidine dithiocarbamate, APDC)
H o] ~HEAE (Methyl isobutyl ketone, MIBK)
Pb %89 (1000 ppm)

=

(1) RESAJF =4

O APDC-TX & A

APDC 2gol €o] 242 <¢F 20ml 7}8te] 2 et} of7)d E

ZE X-100 25mE 7}ete] AEo]l YA FEE ZSIAHI R
& moln), HFHoR do|FE vhs| A F

o 2703 kg skt

_24_
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35 MIBK %Al

@ E=Z x
MIBK : &o°]

MIBKZ

=

o)
o

No

~
o

e

(2) Pb =8 x4

100m¢ =)

AN ImlE

<

@ Pb 1000ppm
o Pb 10000 pg/L
solution) &. & 3k},

£ 9l (stock

ojn

e o

A

@ Pb 10000 pg/L
o] Pb 100, 200, 300, 400 pg/L 3

Ho
o
oo
Np
2%

ol

o]

A& (me)

re/L

ppm

o]
&

A 100me ¥ ==

A
it

100
200
300
400

0.1

A 100m ¥ ==
A 100m ==

-
it

0.2
0.3

0.4

3z
it

A 100me ¥ ==

A
it

22!

. APDC-TX &9 12mE 7}

s

_7",4
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gtalt), B2 23ty MIBK 2m0E 7hete] o FEdr| 2 287 &
ek % 5000rpm, 1087 A EE st} 208 ool F5ds &
EAASFFE=A A FYHsF] A S

(2) A& &% A

2T 2 TA RS 2

=2

A3 2833mm oA AFaEE Z7]-olA @l EZ(lean. blue)
A

(1) %3 (Method) = A€
7] 7] 2 =(Instrument mode): 57 %(Absorbance)

# ZF¥ 24 2 =( Calibration mode): P

( Concentration)

(2) 7171 2} g (Instrument parameters)
2 Z 2] Z(Lamp current): 5mA
& &l Y H](Slit width): 0.5nm
&8l 32 0](Slit height): 2 -&(Normal)
3} ZH Wavelength): 283.3nm
Al 2 9)(Sample introduction): & (Manual)

HE8F H g Background correction): #AH.(ON)

(3) wtg 2A
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FARE GAES F2 SR B

A A=

2]

r

(1) A %= (Precision)

5 - 150 e/l 5% &

MN
2
>
0%
=
=5
MN

AAF 5 %,

(2) %% (Accuracy)
+

10.8%

(3) A=3HA
50 pg/L

of, FaEd

(1) NIOSH Manual of analytical methods, method 8003, Lead
in blood and urine, 4th edition, 1994

(2) M. Hirata et.al, Correlation between lead in plasma and

other indicators of lead exposure among lead-exposed workers,
Int. Arch. Occup. Environ. Health, vol 68, 58-63, 1995
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(2) 717

Volumetric flask: 1000m¢ 17K, 500m¢ 270, 100m¢ 37§, 10ml 4
N

Autopipet & tip: 10040, 100-10000

Vortex mixer

dpolek mi AR 20ml o4, ARAS + HEE AF

(3) AleF
gol 2
c-HCI(37%)
NaBH4
NaOH
KMnOq
c—H2504
c-HNO3
NH:0H - HCl
Antifoaming agent
Hg 3-8 4 (1000ppm)
Perkin Elmer AAnalyst 800 - FIMS 400 with WinLab

software

gh AR A28 Al oFxA

(1) Acid solution ZA|

c—HNO3 8.5ml
[ c—H2504 4.3ml
gho] & 500md ¥ ==
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(2) 5% KMnOs & x4
[ KMnOq bg
gol 24 100ml & ==
(3) 20% NH20H - HCI & =
NH=0H - HCI 20g

L gol 100ml & ==
(4) 3% HCI
[ c-HCI(37%) Slm

gol 24 1000m¢ &) &= =

(5) 0.2% NaBH4 in 0.05% NaOH with antifoaming agent [

3 =41

NaOH 0.25¢g
r NaBH4 1g
[ antifoaming agent 0.5ml
gol 2 500me & ==

ko Als A

D 20m A= wpo]doly} AlF ] 2 05mE FHetil 5%
KMnO4 ImtE 7}ste] 2 4=t

@ acid solution 10m¢E 7}sle] 4131 3413 A= W] gk}

@ 20% NH=20H - HCl €9 05mE 7}sle] kel KMnO4E
e A I

vl Hg T8 =4 [239dd =A4]
@ Hg 1000ppm € 0.I1mE =ol24= 100ml= 3435t

lppm XFE RS WHET
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@ Hg lppm EFE&HE golFx 3|43t Hg 10.00,
100.00, 200.00, 300.00 ppbi T8 NS wH=U

A Sl I ot ZAH

ppb = ug/ ¢ Ippm %8 (ml) ol &
10.00 0.1 EA 10 ==
100.00 1 A 10 ¥ ==
200.00 2 ¥4 10w HES
300.00 EA 10 ==

® AR =po A Z4gow BT [05m+ 5%
KMnO4 1mé+ acid solution 10m¢ + 20% NH=OH - HCI 0.5m{].

Ak 717123
(1) Instrument
Wavelenth: 253.7nm
Slit width: 0.7
Signal measurement: Peak Height
Sample loop: 5000

(2) Flow injection program

Step Time Pumpl Pump2 ValveRead
(sec) speed speed
Prefill 15 100 120 Fill
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17 100 120 Fill
2 15 0 120 Inject

(3) Agent flow rate
Acid channel: 3% HCI, +% 9-11m{/min
Reductant channel: 0.296 NaBH4 in 0.05% NaOH with

antifoaming agent, < acid * 1/2

of. 4w

(1) A ¥ %=(Precision)

6 - 38 ug/L &= FTol FHEE=HEA 1.9 - 6.2 %9,

(2) &%= (Accuracy)
49 pg/l. &% oA 498142, 93 pg/l &% FolA
105+8 pug/L

() APUZ ARAERY TEIY P EFAR APLAR
AATY E5ARAE/| % BAG e ZR2aq ]84 o)

(4) A&
0.3 ng/L
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Hg
03

§ ’ ey
§ -
ﬂﬁ L /
/”I)-.E
D—,E\Li— b I e — T 7 — 1
0 11 200 kL] 405
ConcEntration
7} F3azE

(1) Working Group Analytical Chemistry, edited by J. Angerer
and K.H. Schaller, Analyses of Hazardous substances in
biological —materials; Lead, vol2, pl95, VCH(Weinheim,

Germany), 1988

(2)  WHO/HPR/OCH, Biological monitoring of chemical
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exposure in the workplace; Inorganic mercury, p.132, 1996
(3) Flow Injection Mercury/Hydride Analysis Recommended

Analytical Conditions and General Information, technical report,
Perkin Elmer, 1998
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o
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F 18 MR

<

A= Az HA

¥, 1000 ppm Ni 3#%

)
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% 717
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SoFZg2~=: 1000 m¢ 17K, 100 mé 17K, 10 me 47
= 05 1 ml

) Gl A4 e Al E e 20meE ol

253413 7] (Ultrasonicator)

o} =37

AAEHFE=A: Ni 248 #=

2) 7171 & 71+
SZZ et 2~4: 1000 m¢ 17§, 100 me 170, 10 ml 47§
9 05 1 ml
v g A4 E ] AlEH 20meE o)
s}ekA &
%394 % 7] (Ultrasonicator)
o} =37

CREE

——}

p

AR/t $AE AAFFYEA N BHE AL
(3) Ao

go 25

A%

Ni %89 (1000 ppm)

(1) 314 A 24
01 M Azl A8

AAHT70%, 15.8 M, 4l 1.42) 4.3 mLE
100 mL &% ZgxTol 3

bil A wE AgeE Aae

Oll



100m¢ =

=
=

1ol Imd

@ Ni 1000ppm <

o Ni

-8 N (stock

oA S

10000  pg/L

Eiasg

solution) &. =

@ Ni 10000 ge/L 916942 ohg3}

Fe Ni 10, 30, 60, 100 pg/IL. &

[

84

M
Ho
B
oo
NR
B

S (u)

2

©g/L

ppb

A 100ml H ==

-
it

100
200
400
300

10
20
40

10
20
40

A 100m ¥ =5

Ay A
i

A 100m0 & =5
A 100ml ¥ ==

3L
it

-
It

80

30

et

-
it

bl 2 4o

7}3&

=
=

AW 05 ml

Al

3

5

e

NI
]

o

!
o
o

=
b
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Ho

||

Njo
T
4

B
do
Nk
A

T
4

jol
£
i

(/L)

(ml)

)

ol
g
i

olo

(

(ml)

0.5
0.5

addition O

10
20
40

x* +

0.5

addition 1

T +

0.5
0.5
0.5

0.5
0.5
0.5

addition 2

x +

addition 3

30

x* +

addition 4

=]

A
Ho

ZomnE T

(2) N E2H A

wel ol &7

7% 23 3000 rpmell A 20

_—
o

.EH

iz

ol (pH 1ol A& 1%, pH 6914+ 5%)A]

H

!

0
o
il

S

|

—
file)

A=l

5
<

B3 =79

A%

2]

+ed

5

€ Aol &7 o &4 15 ul

B
o
b

vk, 7] 7] %

)

A 2320 mn, ME AFE 5 mA, 90 YHIE= 05 mm,

1:‘11_

1

A

T
T+=

2 X
2R

< T4(D2)

% (Normal)o] ¥,

o]l‘f

=
=

=4l
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(Zeeman) HIEH AL 3o} A EA B35 7] = 4
25 wel ARE FAfFE FAHEY
(1) ¥ (Method) == A€
5+ %=(Absorbance)

7] 7] 2 E(Instrument mode):
A 2 ZA) 2 = ( Calibration mode): 3% =5 3 714
(Standard addition)

=4 2 E(Measurement mode): ¥ o] =o](Peak
height)

(2) 7171 32} & (Instrument parameters)

&2 2 F(Lamp current): 5.0mA

& 8l B](Slit width): 0.5nm
Z 8= 0](Slit height): X -E(Normal)
I Wavelength): 232.0 nm
Al &Z F9)(Sample introduction): A] EAF A E g2 =

(Sampler premixed)

f”l

|8 2 % ( Background correction): ON

| €] (Sampler parameter)

(3) +YF =t
Al 27 ¢] ZHSample volume): 15 w!
(4) H}EL HA
ZT42Dy) BE T AW (Zeeman) HIEHE AL dla wjdW
(Instrument zero)= il =4 3k},

Frjeko g 717194

_39_



ol

X

i)

B

b2 Fhrfz
(ml/min)

Al ZH(sec)
40
10
10

95
120
800

2400
2600

=%=(C)

#} 3}

=1
x2

)

I
fius

[e)

SEEE

K

B
1)

w
!
by

vze)

X

.

A 15 - 47 %

(1) A %= (Precision)
(2) A &%= (Accuracy)

99+5%

o
-

oA 3]

A
&

Ho

20 pg/L

%

A

!

0.5 pg/L

3

0
stz
el

wE
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(1) Analytical methods for graphite tube atomizer, ed. E.
Rothert, Varian Techtron Pty., 1988

(2)  The THGA  Graphite Furnace: Techniques and

recommended conditions, Perkin Elmer Cor., 1995
(3) Biological monitoring of chemical exposure in the

workplace, World Health Organization, Contribution to the
International Programme on Chemical Safety, 1996
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fite)
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olo
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ofp
T

Njo
T
4

o)
mE X
i)

SO

ol

SRR E

ol
el
Nfo

T
4

k

ol

[ A =

|

W A Fn

(1) 717414

)

o

trb ol

&

AU

2 Ag

al

™, 1000 ppm Ni 3%

)

K

g A 18 Meel

22 AFx

bl Ahg

5|

golesE 7

o

oo

e EFA%E A

=4
o

(3) AleF
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t] o] 432 2 I A E(DIPK, Diisopropyl ketone)
AAtvgd G /A A EH o E Q7pulu] H o] E
(HMA/HMDC, hexamethylene

ammonium/hexamethylene dithiocarbamidate)

Ni 3F-89 (1000 ppm)

oF zA: 0.0o0M HMA/HMDC & ¢}

50 mL &% Zgtx=o] 068 ¢ HMA/HMDCE F 3l
mL S 7hete] %<l F thA] DIPK °F 15 mLE 7}3h<]
S50 =k ¢kds] && Azl ¥ DIPKE 7tste] 50 mL 9

o 5

(2) Ni =89 %A

o Ni 10000 pg/I. EFE8HS wET oJAS U8 (stock
solution) . & 3k},

Ni #5889 5% Z A

H3 ppb ©g/L A8 (ul) gol &4

1 10 10 100

b

A 100m FH ==
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20 20 200 A 100m ¥ =5
40 40 400 x4 100m ¥ ==
80 80 800 24 100m ¥ ==
b AlE 2 EFE AA e
(1) AEFd A48 T8 A9 AHY
7zt 78N 20 ccE Fdbad dA4liEE el Y3 DIPK %
Ak 10 ccE 7hste] 5E7F EF7]elA AlA &= 3000 rpmel]
A 207 FAEE & A dE HEte] dAFHFEAE AR
2 gt ul BAA vt FAE R DIPK FEA S AHE51
ERchiass

B 2320 mm, BE AF= 5 mA, £9 UH = 05 o,
g Eol= BENormalolW, T54D) WEZ nfgr 4GS

Ahstd F7)-okAE @l &3 (lean, blue)dl A sAIER A

Yo

o
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rok

=]
R A gk

(1) B (Method) = A
7] 7] 2 =(Instrument mode): & 5=%(Absorbance)
A #FH 2] 2 =( Calibration mode): =X E
( Concentration)

=3 2 =(Measurement mode): ¥ o]=Z =°](Peak
height)

(2) 7171 ek g (Instrument parameters)
157(Lamp current): 5.0mA

#Z

& &l Y H](Slit width): 0.5nm

&8l 320](Slit height): 2 -&(Normal)

33 Wavelength): 232.0 nm

A& T 9)(Sample introduction): A EAFHEgFHE =

(Sampler premixed)

(4) vtg B
T2 WEZE mgrAS i DIPK FEEWE AHE
ato] 71719 4 (Instrument zero)S #al =43t}

Hh, A =3
(1) ¥ %= (Precision)
10 - 40 pg/L 5%

Tl A dEEAA 23 - 9.7 %4,

(2) A% (Accuracy)
10 - 40 pg/L % FFodA 3+& 98 - 105 %
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(1) Analyses of Hazardous substances in biological materials,
2nd ed. by J. Angerer and K.H. Schaller, VCH Weinheim, 1992

(2) Biological monitoring of exposure to chemicals - Metals,
ed. by H. K. Dillon and M.H. Ho, John Wiley & Sons, 1991

(3) Biological monitoring of chemical exposure in the

workplace, World Health Organization, Contribution to the
International Programme on Chemical Safety, 1996
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= 3 Ho]_]jt'l] o= %}\é%x}—?’:
29 A9 AgEEY Sodium Borohydride (NaBHs)
] =

S} g BUAE stel T AsAAE BED

3718 &9 Foj A As HAFTINE FEA YR
Wy Bt 37) 57F Bl AE BE B457] ¢ste] o
CuFA Ayl S AMgste] A ARntEIG R &
A= WM E 9o} o7 AE AWE FHAE AAS
2 Adets e 2

e 2y nD AAAD L7 AR 3
7bsh 57bel ®@ BAS felAE 37 Wz 57bE

717 flEs AEE Vh
5 At AASE F HAE AYD e A5Gy F
Wtttk Alse YAAERTAA 3FY, -20% o]stel A W
& B 6E o] kA

. 77 9 Aok
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(D) 717414 2 Al oF ]

Agats E 2A7TE 2006 A 447 o4 7R
tUrF dol &g ® 73] @0 AESY "Hol2as 2ETFARE
A& Az v A 18 Mo A AR&stAY dAFFF=A L
ol 245 FYste]  AREEH, 1000 ppm As ETEd
Sodium Borohydride (NaBHi), FAFSIUHER, @A 52 5354

k% AbgETt

d

(2) 7]

N

| 2 7

2}~ =10 1000 me 170, 100 m¢ 170, 10 me 47K

i
>‘l

Y ol

o
=
=

1l o
o
l’ﬁ —
o>,
M

N
==

2 Al 20me

il

o]

2
o

3} A 2 7] (Ultrasonicator)

o> g g 1%
{
o
N

oN fo fo B kb T o ob

.
o

(3) Alek

©
o
BN

& (NaOH)
(KD

fo <y @ X @
o > e
o
W =
|m

i
1

s}
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Sodium Borohydride (NaBH.)
As ¥EF89 (1000 ppm)

(1) 3AAD =4 A5 A, 10% 223 25 &4
=3 ZHE 10gS 100mL &% Zgtxzo] FHeta dol2E

(2) BLAI) =A: 4L A

@ 0.05% T4t HEF(NaOH) §-H

TSP EF(NaOH) 125 mgs 250 mL &% Zep=3el 3
Fal dol42 XS uEt)

@ 0.5% Sodium Borohydride (NaBH4) & 4

Sodium Borohydride (NaBHs) 0.5g< 100 mL& & Z g}~ =0
il @ellA =4 0.05% FAkstERNaOH) 843 7hsk]

<
molt},

0

O

(2) ol ZA: 3% FAt

o]l 2= 9ol 329% HAF 182 7hske] 3% dike A

(3) As XT8N A

D As 1000ppm ¥ 1mlE 100m == o] 47 343
o] As 10000 wg/L. ETE&AES TETL olAE U8 Y(stock
solution) . & 3k},

@ As 10000 pg/L H&NS o3 Zo] gol242 343

_49_



o] As 50, 100, 200, 400 pg/L %84S e

As T8 & A
falca ppb 1g/L Agd (m)  3Ag9
1 50 50 0.5 ¥4 100 M H =S
2 100 100 1.0 ¥4 100 M ¥ =S
3 200 200 2.0 ¥4 100 M H =S
4 400 400 4.0 ¥4 100 M H ==

2 WAE AAgd ol
2 sbetel 20 4@
. 54% 4¥ 5 mLE AAFHAEA £U8 whole] 7)1

320 AT 10% K= BF S shse] T e F gL
]_

FAAZ 0.05% Fakst YEF &0 =2l 05% Sodium
Borohydride (NaBHs) &4 &, o502 3% @A4H&dS AL

A=
o 249 1937 mE, S7184 &7 4 A AL

Cias

(1) "H (Method) 2= A&
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7] 7] 2 =(Instrument mode): &5 %(Absorbance)
A #d 24 2 =( Calibration mode): £ERE
( Concentration)

=3 2 =(Measurement mode): ¥ o]=Z =°](Peak

height)

(2) 7171 2} g (Instrument parameters)

# 32 2 F(Lamp current): EDL, 8 Watt

& &l Y H](Slit width): 0.7nm

&8l 32 0](Slit height): 2 -&(Normal)

3 ZFH Wavelength): 193.7 nm

Al &9 (Sample introduction): 57| 4% 2¢7] 34

(Cold vapor generation

method)

(3) =Y 2} E (Sampler parameter)
F el 2%=(Cell temperature): 900 ° C

(1) A ¥ %=(Precision)

472 ug/LAlA 1337 ug/L % 79 A8 gt A4

o AuE=da= 3 - 7% 9.

(2) A &% (Accuracy)

472 ug/Loll A 1337 ug/L 5% FT9 A=

= 88 - 114% <.

_51_
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(1) The THGA  Graphite Furnace: Techniques and

recommended conditions, Perkin Elmer Cor., 1995

(2) Determination of Arsenic in Urine using the flow injection
technique, W. Fritsch and F. Bunzel, Technical Summary for

Atomic Absorption, Perkin Elmer

(3) Biological monitoring of chemical exposure in the
workplace, World Health Organization, Contribution to the

International Programme on Chemical Safety, 1996
(4) Industrial Chemical Exposure, Guidelines for biological

monitoring, ed. by R.R. Lauwerys and P. Hoet, Lewis
Publishers, 1993
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o} gol 22 73 o] ALg3rh ol
Az Azs v AT 18 IS AL AL&E AL AR

gol 25 TYste] AR&stH, 1000 ppm Co X +-8 <3}
s

& EFAGE AHgHTh

2) 7171 4 714+
SeFZe2~=: 1000 m¢ 17K, 100 mé 17K, 10 me 47
g2 05 1 ml

upy @ GAEE AlE T 20mlE o)

s}sh A &

%5942 7] (Ultrasonicator)

}FEF7]

LA =2 7]

SAR7F B2 AAEHSEA Co #AE SHSTdE
(3) AleF

gro] &4

AP NE

Triton X-100

Co #+8<4 (1000 ppm)
gh Al eF Z=A)
(1) g A1eF =A

1.3 N Aikgadloz 843 0.1% Triton X-100-8<4: 3k &
2H70%, 158 M, ¥F 142) 0.8 mLE 100 mL &% Zehxz0)
Hola FALS wEv ALEE = FAake HlEA ueE (YAEF
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AN

100m¢ =)

Ao IniE

@ Co 1000ppm
o] Co 10000 pg/L
solution) & & 3kt},

A -8 A(stock

1A=

0

@ Co 10000 pg/L

ted Co 10, 50,

J|

0w 34

54 8-

p 84

gk 0.1% Triton X-100

84

100, 200, 400 pg/L 3%

Ho
ar
dlo
NR
B

S (i)

ue/L o

ppb

EA 10m HEE

it

10
50

10
50
100
200
400

10
50
100
200
400

A 10m H ==
A 10me H ==

A 10me ¥ =5

-
st
it

Ay A
st

100
200
400

A 10me ¥ =5

Ay A
st

A 2]

d

s

2
oo
N

ihoAE R E

7h8ted

=
=

AW 1.0ml

SRl

A

st

2]
wd
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W5 2¥M Co T8 A2WF ALE FE
(me) (& Hs) (me) (ug/L)
addition 0 1.0 0.IM ZAH& 0.1 z+ 0
addition 1 1.0 1 0.1 z+ 1
addition 2 1.0 2 0.1 r+ 5
addition 3 1.0 3 0.1 z + 10
addition 4 1.0 4 0.1 x + 20
addition 5 1.0 5 0.1 z + 40

LE ZetaE dAEe ol &7

AW m
100 09 1.3 N dAargdom 343 (0.1% Triton X-100-8

&3l Eole H-ENormalolW, FFa(D)) HEZ & A9k
(Zeeman) HIEH. G S stth, A EAEFY7] B FEoR 15 -
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o,

rok

25 e ANgE SAFH F4
(1) " (Method) 2= A&
7] 7] 2 =(Instrument mode): &5 %(Absorbance)
EFEHY
(Standard addition)

A 24 24 2 =( Calibration mode):
=3 2 =(Measurement mode): ¥ o]=Z =°](Peak
height)

(2) 7171 ek g (Instrument parameters)
g

A 7F(Lamp current): 5.0mA
7 8](Slit width): 0.5nm
o/(Slit height): X -&(Normal)
(Sampler premixed)

#Z
=H L
Ed b3
HWavelength): 240.7 nm
#59(Sample introduction): A] ZAFF2

vleF 2 % (Background correction): ON

7
A]
(3) Y45 92+ E (Sampler parameter)
A 2 F 9] ZH Sample volume): 15 wl
(4) vt& BA
TT42[D2) WE e AvHZeeman) IR HAS d
Aargehog 3|43 (0.1% Triton X-100-8 o
(Instrument zero)< il =4 3k},

A=z x4
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Sd2 21L& qo Boh o] UL AMESta A= 779
AL E Faste] HA 21S Folof i)
¥. AT ITE BAS 93 dAFFHEA Sd=2 =4
2 244 +=%(T) Al ZF(sec) oL TtAFE
(ml/min)
Ax1 95 40 3
Azx2 120 10 3

3] s} 750 8 3

A =}s) 2300 3 0

FE A Z 2500 2 3

AL 4

}-rl
rJ

7]

(1) A ¥ %= (Precision)

11.2 pg/L 5% T2 1070 Al=ol g 4

o]
.

(2) A &% (Accuracy)

40 pg/L %= s 434

5%

]

1
|
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T

(1) Analytical methods for graphite tube atomizer, ed. E.
Rothert, Varian Techtron Pty., 1988

(2)  The THGA  Graphite Furnace: Techniques and

recommended conditions, Perkin Elmer Cor., 1995
(3) Biological monitoring of chemical exposure in the
workplace, World Health Organization, Contribution to the

International Programme on Chemical Safety, 1996

(4) Biological monitoring of exposure to chemicals: Metals, ed.
by H. K. Dillon and M.H. Ho, John Wiley & Sons, 1991
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=
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Astell A HmEE= #7147

fxagutEagy 2 B %

gsbelel #uA7)

(1) Aol B & 2WE AATH (IS AlR)
(2) AT 4AFHEte] AW S A FH S (R F 447 A
=
o 7171 87T

SZFZ et~ 100me 17, 10me 474

A& 3] 3100010

g Al H 10ml
2k, A oF

w3 A

3 €} o) 7} 1= Q1 4H(Heptadecanoic acid)

slo] = 2 Ayl AH(Hydrocinnamic acid)

A4t

GAGEF

o & olA o] E

FE2EYE

SHT

wh, Ao 2]
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100ml & #HFZ gt

S
S A9 Ak 3000ppm 2]

D vlxz4F 300mg
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SN
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]
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ol A 24

o
Nd
ﬂ
oy
B
olo
NR
22!

KeN
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10m] WEo] = 1 g/Le Ui
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Ak 7171GC) =4

(1) 23 HP-5 30m x 0.32mm ID x 0.3um film thickness

(2) +%
O FdF 250C
@ #H=7] 250C
@ A 100C(18) - (20T/H) - 240C(6%)

(3) % A< (Total flow rate) 100ml/min
(4) A &%) (Split ratio)
5 1
B) A=719 F57
H%o]23l 7% 7| (Flame Ionization Detector: FID)

M

2]

AL A

ki
r

(1) A %= (Precision)
05 - 50 mg/Lsx He oA Az sHA 5 %

(2) &%= (Accuracy)
3l¢E& 98 - 101%

(3) 4BA pgEwe] T2y L EFAE
APHARADTY EFALAD B PG L2
W 7)Ao

_63_



!

Ny

TH

(4)
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(1) WHO/HPR/OCH, Biological monitoring of chemical

exposure in the workplace; Toluene, p.205

(2) D. Carvalho, V.L. Lanchote, P.S. Bonato, R. Queiroz, A.C.

Santos, and S. Dreossi, A new derivatization procedure for
the analysis of hippuric acid and m-methyl-hippuric acid by
gas chromatography, Int. Arch. Occp. Environ. Health, vol63,
33-37, 1991
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4. WA
3)

Q % S-phenylmercapturic acid

ar

7F B4

4718 A2 S-phenylme
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al]
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il
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o] 7fAxam3=2vE D

)

) 3}

o

o = =
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rcapturic acid

ol

b, Amel A3

i

ok
it
i~

o
N

71

ol
=

o 7171

w4 Z ) 71(250mL)

3] 4297 (Rotary evaporator)

A 7]
f2Zet A~ 100me 170, 10me 470

A& 3] 3 100040

2]

7 10ml

JfAamutE ey -

5)
=

s A
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<)
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o eolAE o]l E
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CRES !
EEECEE!

R =
o T T

¥ Y ™ 7} EAHS-Phenylmercapturic acid)
ggtZ 22 H1d 3 EAHp-fluoro-S-phenylmercapturic acid)

vh Alop 24

o 2RFE EAS A9 10 mg/Lee
_g_ [e)

—
doz @t thg Esh gol £EA
3t

2T EY v ZAH
s ppb 1g/L A& (mL) go| &
1 10 10 0.1 A4 100m ¥ ==
2 50 50 0.5 ¥4 100m ¥ ==
3 100 100 1.0 A 100m ¥ =5
4 500 500 5.0 A 100m ¥ ==
5 1000 1000 10.0 ¥4 100m ¥ ==
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O 2¥WAEE A% A9 942 1 mL/A00 mL ¢ FE7b 5
A Fhekel zwel pH} 20)ek7h W= @),

@ 10 mLe] 2@el 1 mLe] WHEFEA S99 73 F &
o0 250 mLgFe] RjZu)el 7 25 mLe] ool EoE

= H7Fg gL 208 59 11 1500rpm e 2 457 Al Ee] 5
o F715& FEIH

@ F=3 F7152 315 L7] (rotary evaporator)oll A 40%= =
7h2std §718vlE S, daAzlg. FALE HEg s 05 mLE
23] AFEste] =% 10mL& = wigdwl Al@ o] &1t

@ 3 mLe tolzu e/ H=Z §HS Thato] F2eA 1A1E

Ak 7171(GC) =

(1) A4 Carbowax 20M 30m x 0.32mm ID x 0.3um film
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thickness

(2) +%
O Fd+ 250C
@ #H=7] 250C
@ A 90T (BH) - (12T/#) - 230T(10#)
@ QlEf#H o] 2~ 250C

(3) % ARF< (Total flow rate) 100 ml/min
(4) HEE&F E=(Splitless)

Splitless time: 2%
B) Als F9ZF 1 ul

(6) A=A A&7

(1) A %= (Precision)

7 - 100 ug/Lsx oA FaxEs=H2 8 - 10.1 %Y.
(2) A& %= (Accuracy)

15 ug/Lel &= WA 1078 Azl w3 Hd 3¢&
79%, 100 ug/Le] &% WA Ht 348 84%
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(1) N.J. Sitter, P.J.Boogaard, and G.D.Beulink, Application of th
e urinary S-phenylmercapturic acid test as a biomarker for lo

w levels of exposure to benzene in industry, Brit. J. Ind. Med.
1993, 50, 460 - 469

(2) Biological monitoring of chemical exposure in the
workplace, World Health Organization, Contribution to the

International Programme on Chemical Safety, 1996
(3) Working Group Analytical Chemistry, edited by J. Angerer

and K.H. Schaller, Analyses of Hazardous substances in
biological materials, vold, pl143-162, 1997.
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5. Trichloroethylene
3) &5 FTAAsSEUVYH)

EfFEadgEdle gty o] A% (conjugated) EFEE

Gy EYEER 2SR fgiAtdEY. 85 T AdstES
std (conjugated) ETEF 2223 EYIFE2 222 F
A3 A%d EYEFERdEss faaHE e F
E Aoty EFEFRRExios e ) EFEE XA
vt oAl Feda Agtete] AMS HeE dEdS o

o

ob 2 2 o
b
oy X,

F HNEstES At A (conjugated) EREE R e
S O w53 &t TEd AYS AMgeltd EfEFEEXx
AR WSS HER % EREFRR R S A 4 9
=3
U A5 A H

EIFERAqEdE AU FHHERE 4 #Y FE F &
T 2, 347t A F AFAG AR Fx Ay A AFATG AR
s vk},
ot 719 2 717]

Gz

Z}A AL HE7)

SZZ et~ 100me 170, 50mé 570, 10mé 47
A& 3 ¥ 100040

g Al H 10ml

WS- Al 20me
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oo
Nk
B

L
S

L=

=

T

At

X 50ml HEE

EA 50m HEE

FA 50m H =5

®d 50m HEE

EA 50me H ==
i

7Fatar 10

=

=

0.5
1.0
2.0
5.0

& (mL)
4.0

]

=
fius

o

#ste] 2kskAl 1 mL

mg/L
10
20
40
50
Me
Fi 5mLel 92 €3 0.5 mLe]

&

°

7}

=

=

O 1 mLe]

stal 0.6 mLe F#FTE 7Hl & 4=t

(2) N8 AHE
2.5 mL

S

o

B

e

Nd

Ab. 717

ske] 530 nmoll A

S

AL

=

=

© 10 mm Cuvettes

o

oF

]

A
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i
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A
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%)

A A el T = v 2 A
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g

(1) A %= (Precision)
250 - 304 mg/Le % HYolAM Hix=dA 1 - 4.1

o
-
0w

%Y.

(2) A% (Accuracy)
3.0 -58.1 mg/Le] &% WA 3F& 92 - 96% 4.

(3) HA=3HA
3.0 mg/L

Sl

&

al

‘
-
‘
o

(1) S. Tanaka ad M. Ikeda, Determination of trichloroethanol a

nd trichloroacetic acid in the urine. Brit. J. Industr. Med. 25, 21
4-219 (1968)

(2) Working Group Analytical Chemistry, edited by J. Angerer

and K.H. Schaller, Analyses of Hazardous substances in

biological materials, voll, p.211, 1992
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9. t] v g o} A Eo}njo] =
1) 8% N-methylacetamide(NMAC)

7h A e
N,N-t] H| d o} A E o} 1] = 9] A=<l N-methyl-N-
hydroxymethylacetamide % N-methylacetamide®= iIL2] 7}~
AzntEaey] ZAo| A N-methylacetamideZ A #HE¥Hth X
e T5AZ 5 e &3] A7 ds dAEdste] s
o

71
AAGTL A5NEe faAwnlE 1254 BA )

L A=A

Aqle] Eyk A4 Fo 2w AAB
o 717 2 Al

Z et~ 100me 170, 25ml 17K, 10me 37H
g3l 2.5ml, 1000

g 10ml Al &5 + 57

g AlE¥d 1 mL

WEsdiliEe 7]
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D N-methylacetamide 100x0(101.1mg)= 100ml € HZe2==
©

of 7] Zol&FE AL AY 101lppm EFE RS WET
oA HTE& ddoz 3}

@ xTE&Y Y 1ImlE 25m S FZFe=Tdd 7|3 Eol
F2 FAS AY 404ppme TEE WET o2 A 10m &
FEetaAdA WEggsR 3459 101, 202, 30.3ppme] F &
HNg wrEo] AFH & BF gz

2)
O 2¥S 38 2 Hdole F 05mlE FAste] Al &

™

@ AFWEAA 7oA 3oool~pmzi S sk A1

@ vge ImlE 718tn 2 42 F 3000rpmol A 5% A E
ko] A4S AA R

@ J5de Aol GC Aoz F}

vl 7171210 b azetE ey 27
(1) 2% Carbowax-20 30m x 0.32mm ID x 0.3um film

thickness

(2) &%
- Injector 200C
- Detector(FID)  230C
- Oven 40T (2+) - (20C/3) - 180T (2+)

(3) Flow : Total 100ml/min
(4) Split ratio 50:1
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v, g =g

.

(1) A %= (Precision)

35.0 mg/Le] sl 103] ZH A9

(2) A &% (Accuracy)

350 mg/Le] F=oA 35S 106% Y.
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(1) M.E. Maxfield, J.R. Barnes and H.T. Trochimowics,

Urinary excretion of metabolite following experimental human
exposure to DMF or to DMAC, Journal of Occup Med., 17(8),
506-511, 1975

(2) PBorm, L. Jong and A. Vilegen, Environmental and

biological monitoring of workers occupationally exposed to
dimethylacetamide, J. Occup Med, 29(1), 899-903, 1987

_79_



(3) G. Spies, R. Rhyne and J. Oglesby, Acrylic fiber workers
for liver toxicity and exposure to dimethylacetamide 1.
Assessing exposure to dimethylacetamide by air and biological
monitoring, J. Occup. Environ. Med, 37(9), 1093-1101, 1995
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