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rall 21 X} = ANE=2A =M ‘97 1 '98 | '99
g | EF4 o)~ GC| o
HPLCH 0
=5l 2| a4k UVH 0
GCH 0
AW | o-AYE GCH 0
g | ~gd Feado]s GC| oo
2l oo |wreat g g =) 2o A | HPLCH 0
2 e d S S AL G 5
ERREEL lerdo]~ GC| o
a4 . Bl HPLCH 0
_1‘% Uﬂ EU]’—L‘—L GC]?:]J 0
o | wlAl Flergo] 2 GC 0
il 2| - A HPLCH 0
T 2 | S-HEHTES GC/MSH 0
AW | HE GCH 0
g | Hstd e Fleaso]l~ GC| o
2W A FAEsE | deado)s GC| oo
Adstelda AW (Agst A EAEsE | GC(FEY) 0
2% | FAYsE UVH 0
I ke = UVH 0
o ek& 2 | HES oﬂ‘:* o]~ GC| o
of e-& 2 | o ek Fleaso]~ GC| o
O AZZHE |4aW | J)AZZHE sleaso]l~ GC| o
oA E AW | oA E oﬂ‘:* Jo]~ GC| o
HEodAE (AW | HEoEAE lexdo] 2~ GC| o
HEoALEAE |4AW | YHolAHEAE sleaso]l~ GC| o
awdlal (AW | 25-dAr] & GC‘jq 0
fgugyeeus |2 | NMF GCH 0
fuEopyEolnE | 2 | NMAC GCH 0
o]s}slEl A |4W | TTCA HPLC 0
COE AW | 1-sto|EFA 9 HPLC 0
Cvanide Hol | Aokt A FEAH oA GC 0
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4) 8% pyrimidine-5'-nucleotidase activity(HPLCH) 1-43
5 A¥F F(EEAASH) 11-10
6) AT F(HIEFEAASH) II-16
7) AT F(EZAASH) 11-23
8) Ttz F(EZAASH) II-1
V=&
1) A8F 7l=5(HIEFEAASH) [-47
2) &2¥F 7t=Ew0HR) I-49
3 AT NtEH(FEH, EXAASH) -5
4) AT Jt=EF(HEEAASY) II1-10
1) 84F Z5MEZEAASH) [-53
2) 2AWHFT AEMEZAASH) I-55
4y
1) 85 FIHHIEFEAASH) I-58
2) AT WM EFEAASH) 1-60
E
1) 2T F2(FY37] AASH) 11-28
2) 8w F2018) I-64
3) AEF F2(3L57] AASH) II1-15
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THEEIAE, dEEIE, o|lAx2ILIE, oME,
HeodAE, HEo|AFEAE(GCH) I-155
7. 92
1) 82 5-hexanedione(GCH) [-158
8 g goln =
1) & =N-methylformamide(NMF)(GCH) I-161
9. Tlwl Y obA Eo}utol=
1) &% N-methylacetamide(NMAC) (GCH) 1-75
10. Ar stoll e 2l
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3) 2¥F F AdstE (UVY) II-70
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1. g(Lead)

0 1-38

0 1-40

A= delta—aminolevulinic acid

e

3)

0 1-43

4) 8= pyrimidine-5’—nucleotidase activity(HPLC®)
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@O Al#sl= 1000 ppm Pb F89S 10 ¢ Hele] 1% ZA4te g 50 M=
8] 4dsle] 200 ppm EFER S THETH

@ 200 ppm Pb ¥F&HS o3 Po] 1% HAo =z A3t 2 4, 6, 8

Pb X788 v= Z A
Pb EF&Y
H 3 mg/ ¢ Pb 200 ppm 1% &4t
FF8
1 2 1 ml A4 100 me
2 4 2 ml A4 100 me
3 6 3 ml ¥4 100 ml
4 8 4 ml A4 100 me

vl 7)17] =74

Wavelength : 283.3nm
Slit width : 0.7 nm

Flame : air-acetylene

Ab FaEd
(1) AAS Analytical methods, Perkin Elmer Cor., 1996

(2) E. DiPietro, D. Philips, D. Paschal, Determination of trace elements in
human hair, Biol. Trace Element Res., 22, 83-100, 1989



(3) E. Esteban, C. Rubin, R. Jones, G. Noonan, Hair and blood as
substrates for screening children for lead poisoning, Archives of

Environmental Health, vol54, no6, 436-440, 1999



2. 7t =8

Fﬁi

D AEF 7t=5(MIEFXAASH) ¢

2) 2T JI=F0URR) - 1-49
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e
it
2
il
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uly
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oo
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fu

U AlE A
AMEARH AHLS o wy Fasiy ZAJAIE A AJES Zobdr] Mol
AHstd Aesit AR AFH A 2EAE BEA] E5 RS of 5, 7t

FE mE ate 2 AFHE &l AEE FHstH AE A AF 8719 54
S 2t AEE ¥F 23 359, 205 oM WE Byt 671Y o4 <
gttt
o 719, Al
SAR7E B AAFFZEA
FARE
7tEE 248 SNEI9T



15m¢ $£74%= Zogd AAde 5
2l FAY9= Egk2YH WS RRE
20-1000 ¢ H9 o] AH-E 1=l

1-5m¢ ¥ =t

10, 50, 100, 1000 m¢ &FZe}~=

1000ppm 7I=H TF8&

2]

M
l"“

0,

Hexamethylene ammonium / hexamethylene dithiocarbamidate

(HMA/HMDC)

FEFA & 1 670 mge] SFEAS 1(¢ &FFg2Id ¥ &
ol&FE FAS FEY (22 mmol/ ) AR F 257 HA.

- FZ89 680 mge HMA/HMDAE 50m¢ &
15mE 7HeE § wWd Fxdd ¥o] &A1t &As A7 FH 50m Holi
ZRIAECRE RS St AT wuit; AAG &Aoo A xsteof &

o},

o
il
k)

230 Ya =z
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ted 100mee] &

S

=
=

100wt

ol
ol

EEE

: 1000ppm 7+=H

- 389 A

A A IS 50ml EFZgA=9)

A8
o} (20 pg/ ¢)

L3

- 3484 B

o

p—

Jx.
N
BT
N
22|

oo

TO
NI
T

o

TH

fol A28 FE 2 ug/LolA 8 ug/t TR AFH 24

S

g0z 84

s
H

el
o
N
22!

H
Ho

N
2%

ug/ 0

md

md

N ¥ O

D 0 b O

— N on <t

2]

A

%

ul. Ag

T}
LO

I

o

o
o

1o
-

1mee] Awol 4me] ol 2ml

t}. 3000 rpmelA €

!

A
-

.
2 ugs Fo.
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- vl A A e S5 YT
- <3 Y¥] : 0.7nm
-3z 274
- A8 FYUF 250
2=( °C) Al ZHZE)
Az 180 30
3]s} 350 30
D=3}k 2200 8
E A 2700 2

- AYE 126 - 55 ug/ ¢ FEHYAA HolAF 81 - 9.5%
- AYgx 120 - 70 ug/t sERHAANA IFE 85-106%

- A=A 02 pg/ !

(1) Working Group Analytical Chemistry, edited by J. Angerer and K.H.

Schaller, Analyses of Hazardous substances in biological materials; Lead,



vol2, pl195, VCH(Weinheim, Germany), 1988
(2) M Stoeppler, Analysis of cadmium in biological materials, In

Cadmium association, London, Cadmium council, New York, 95-102, 1982



4. AR A
AEAA AAE obF wuy Fas 4944 A 4GRS golgy] Aol
AR Belath AR AH A FRAE MEA £2 ARS opsn, 7
e A Be 9H g Audd AADTY A 2vWe WD F 4w
S8 mel Aoz AHF g7 ARE A A= AA 4% §
e ARE YRR 35U, 0% olseld WE BE 6
gtk

olr
ol

o
ry

o 719, Aok
% Zak2= 1000me 270, 10me 37
A5 3= 2000-500040, 1000£0-1004L, 100040, 10040

771004 - 2.0 ml)

3}8hA &
Z53+ A& 7](Sonicator)
3|48 ZEl2HU FH & FRZEO



AAFZREA (EA= LA} FA], Cd £48 H3E, Zeeman RHEE G 7FA])

NH4H2PO4
Mg(NO3)2 + 6H20
Triton X-100
Cd EFE4(1000 ppm = 1000 pg/m¢ = 100000 ng/de)

;é]}\

-

ZA& 1% &2k

)
A2 1 mE o5z sAste 100 m2 k.

(2) A1Z 3AL 0.1% Triton-X 100 &H
Triton-X 100 1 & golFd Fof 1 (&2 3},

(3) Matrix modifier &4
NH4H2PO4 2.5g, Mg(NOs)s - 6H20 0.259 g, Triton-X 100 0.1 mE &o]&

Fo Ho 100 M= 3o},

o A 448 =R

\Zl:l

=& 24

_11_



O Al#3t= 1000 ppm
Z 3143t 10 ppm ¥

10 w2 #43ste] 0.1 ppm EFEHL HET

o
g/t Cd oog wheEt
Cd #F89 5% =AY
Cd BF &
M3 ng/ 0 CdEO_.% %lglgﬂm 1% ZA2¢
1 3 0.3 me #2410 me
2 9 09 ml x4 10 ml
3 15 1.5 ml x4 10 me
vk A8 AA g
* ST AlRE ERVIE BB & HoE F AT
(1) AFAAAEE 2 A [RFE H7HH]
NEWE 849 xW Cd BF289 Cd 5=
(m¢)  (me) (& Hz) (m) (ng/ 0)
addition 0 0.8 0.1 gol24 0.1 X +0
addition 1 0.8 0.1 1 0.1 X +3
addition 2 0.8 0.1 2 0.1 X+9
addition 3 0.8 0.1 3 0.1 X + 15

_12_



(2) A8 A
Addition 08} ZTHEAA 0.8 ml + &0l 0.1 ml + A|E 0.1 ml).

Step No. Temp Ramp time Hold time Gas flow Read
() (sec) (sec) (m¢/min)
1 110 1 30 250
2 130 15 30 250
3 500 10 20 250
4 1500 0 5 0 v
5 2450 1 3 250
- 71714
Element: Cd

Wavelength: 228.8 nm

Slit width: 0.7

Signal Type: AA-BG

Signal Measurement: Peak Area

Lamp current: 4mA

Calibration mode : Method of Additions Calibrate, system-prepared

Sample volume : 10 uf

_13_



Modifier volume : 2w/l

of. Jx=37
T 020 - 150 pg/ 0 s="HHAA WHelAS 9.2 - 15.3%
- Agx 120 - 150 pg/ ¢ FEHHAANA FJFE 80-115%

- A&34 06 - 0.8 pg/ L

A Zaxg

(1) V Lagesson and L Andrasko, Direct determination of lead and
cadmium in blood and urine by flameless atomic absorption
spectrophotometry, Clin Chem 25, 1948-1953, 1979

(2) M Stoeppler and K Brandt, Contributions to automated trace analysis,
V. Determination of cadmium in whole blood and urine by electrothermal
atomic absorption spectrophotometry, Fresen Z Anal Chem, 300, 372-380,
1980

(3) M Stoeppler, Analysis of cadmium in biological materials, In

Cadmium association, London, Cadmium council, New York, 95-102, 1982

_14_



D 28T F2(&9357] AASH) @ 11-35
2) AdF F2018) 1 1-64
3) AEF (LS5 7] AASH)

7h 24497

50 XE A g (metal-free) EDTAZ}F vlg] A€
g FAIE o]&35le 3, 4¢ APFTE T ANHSY. 4
‘CY ofolzHtAE o] §dt] APHRE olFgrh 4 °ColA 3, 49, ¥E3HA

7bsstth WE By $ dfEste] £418&
ARE Fetd ddsta Y de A5 AFH7 7t

o 71 g A
(L) AAFAH D A 2
Agee BE 2AV)TE 20% A6 4N ol BAFAGA geles

il
ﬂ
E, b
_,d
r°i'
rﬂE
9

27T Z2ETAREAE xS A 18 M
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A AHEAY AAFZREAE Bol2FE FUste] AHE-SiH, 1000 ppm

+
flo
=5
N
ofp
£
o
w
2.
o

=

vg)

orohydride (NaBH.), 43IV E R, 24 |4k

S#FZet23 0 1000me 170, 500me 170, 100me 170, 10mé 47N
Autopipet & tip @ 10040, 100-100040, 500040

eI

AE 7]

Hho]Y EE AR W 20m o), ARAF + REEY AF

(3) Aot
Fol e
K2S20s
HCI
NaBH4
NaOH
H>S04
HNO3
Antifoaming agent
Hg 3-8 9(1000ppm)

Perkin Elmer AAnalyst 800 — FIMS 400 with WinLab software

gk Alek =4

_16_
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(1) 3% HCI
1000mt & F&et2ad gol24 ¢ 500m e golFE 7hstal 3
30mE 7He A BAS RE
(2) 0.2% NaBHi in 0.05% NaOH with antifoaming agent [2 39 ¥

ok

R

BN

1
S
=4
oo
ot
i
)
[
iy
2
.

aOH 0.25g, NaBHis 1g, antifoaming agent 0.5m(E

ul. AR AA e
D 20m¢ Hx=e] npo]dol} Alg o] KoS:0s 0.2g, HNOs 4ml, H2SOs 0.5ml
2 H5d 2 41 DY 05mME Jhe) B Ae
@ 9T 3087 7Hddth AFBAe] WHi WeERE 9o Asas
F Fol YR 35} 948 Aew v

v Hg X589 24 [F3I9Y ZA]
@ Hg 1000ppm ¥ 0.I1mE 100m & FFef2=Id 7] o252 £
AE A9 1ppm FF8AS e
@ Hg lppm £F8&HS gol2F2 543t Hg 10, 100, 200, 300 ppb i

_17_



&Y T Z A

ppb = Ng/ ¢ ppm 378 (me) ] &
10 0.1 4 10m ==
100 1 ¥4 10m ==
200 2 74 10m H=
300 3 4 10m ==

Alg el Ho] HEste SHEo R 3t} [KS:0s 0.2g, HNOs 4ml,
H>SOs 05mé + EF< 05m, 95CE 30%7 7H]

Ay 7171 Z2A

(1) Instrument
Wavelenth : 253.7nm
Slit width : 0.7
Signal measurement : Peak Height
Sample loop : 50040

(2) Flow injection program

Step Time Pumpl Pump?2 ValveRead
(sec) speed  speed
Prefill 15 100 120 Fill
1 17 100 120 Fill
2 15 0 120 Inject

_18_



(3) Agent flow rate
Acid channel : 3% HCI, %< 9-11ml/min
Reductant channel : 0.2% NaBH4 in 0.05% NaOH with antifoaming agent,

<4 acid * 1/2

of. A= #e
(1) A ¥ = (Precision)

3-Rug/l 5 FTolA FHEFHA 38 - 56 %Y.

(2) A& =(Accuracy)

8 ug/ b F& FEAAM B 3FE 98%

() H=3
0.4 pg/ 0

A FZazt g
(1) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
Schaller, Analyses of Hazardous substances in biological materials; Lead,
vol2, pl195, VCH(Weinheim, Germany), 1988
(2) WHO/HPR/OCH, Biological monitoring of chemical 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

_19_



(4) J Angerer et al., The pre-analytical phase of toxicological monitoring
examinations in occupational medicine, Trends Anal Chem, 2, 257-261, 1983

(5) WR Hatch and WL Ott, Determination of sub-microgram quantities
of mercury and methylmercury in undigested biological samples, Anal
Chem, 40, 2085-2087, 1968

(6) L Magos, Selective atomic absorption determination of inorganic
mercury and methylmercury in undigested biological samples, Analyst, 96,
847-853, 1971

(7) L Magos and TW Clarkson, Atomic absorption determination of total,
inorganic and organic mercury in blood, J Assoc Off Anal Chem, 55,
966-971, 1972

(8) D.E. Nixon et.al., Inorganic, organic, and total mercury in blood and
urine: cold vapor analysis with automated flow injection sample delivery, ]J.

Anal. Tox. , 20, 17, 1996
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(RIE%E AASH)

gl

G
xr
i)

o]

Nfo
ol

3

X

To-

o

S|
ax

Triton X-1002.2 3]

SEREEEE

2F 1A

Q )

H2e YA

KR
T

o 717 2 A

% 717

(1) 717]

Ni hollow cathode lamp

Blood mixer

Shaker
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Ni 8 (1000 ppm)
Triton X-100

n-octanol

2k AloF =4
(1) A eF zA
@D 0.01% Triton X-100&<) : 100 m¢ & FZ2==0] 50me] Eol2FE ¢
3 0.01m¢e] Triton X-100s 7Hoh. & 42 o+ F4e BHETh
@ 001 M ZEiHgdd @ goleg oF 50mE 100me §FZefrze Heta

0.43me e} gk A4HT70%)S 7HE vy A= SET

(2) Ni 789 ZA
@ Ni 1000ppm ¥ IS 100m¢ F == gol7 3]435te] Ni 1000 ng/
d TFEAS TFEY. o] AL PEA(stock solution) o2 3},

@ Ni 1000 pg/de ¥FLA 1E 10m HE= 0.0IM B2 Ao =z

ol

S|
~
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}o]

9

9
pil

A=

sl of

S

@ Ni 100 pg/d¢ 3%
Ni 1.0, 2.5, 5.0 pg/d¢ 3%

Al

shel AL8

S

ske] Ni 100 pg/de 3%

S

Ho
o
olo
N
22!

Ql‘]

/\]-—%—

3

!

0.01M

Ni 100 pg/de¢ -8 (u)

ug/de

ppb

of
e
ar
alo
N
=]

10 ==
A 10 HE=

%

A 10 HES

A

oA
.
-
It
-
it

100
250
500

1.0
2.5
5.0

10
25
50

Ho

o

Nlo
i

o

ar
oo
NE
22|

B

ol

n-

0.01%

TX-100 octanol

()

(ug/de)

(ul)

)

o}
o

==

(€<

(ul)

()

+
X + 1.0
X + 25
X + 50

125
125
125
125

125
125
125
125

40
40
40
40

850
850
850
850

addition 0
addition 1
addition 2
addition 3

‘A
Ho
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(2) Al5dd Ay
addition 02} T},

% (Normal)©| ™,

==
=3
NEFY7] B

=
1
)
it
=<
o
o
o
e
td
[
l-'>~
i)

7171 2. = (Instrument mode) : &3 %= (Absorbance)
AZFXAAA R E (Calibration mode) : X% 7MY
(Standard addition)

A 2= (Measurement mode) : 3= =°](Peak height)

(2) 7171 "2 ¥ (Instrument parameters)
& 3 F(Lamp current) @ 5.0mA
<3 Y| (Slit width) : 0.5nm
gl = o] (Slit height) : X% (Normal)
3}#(Wavelength) @ 232.0 nm
Al 832 (Sample introduction) : A BAIAEF R E
(Sampler premixed)

v} A (Background correction) @ ON
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(3) FYH I e (Sampler parameter)

A 5 F 4 F(Sample volume) : 15 ul

Z530D2) B=Z = A9 (Zeeman) HFEE AL 31 0.01% Triton X-100

- g9F UA BHS 98 AAEFRREA

—

sdz =4

] 774 Fe A (sec) A A ZH(sec) L=(T)

Az 10 40 100

3)8H 15 15 350

3]3}2 20 15 500

3]3}3 5 15 1000

A3} 0 5 2650 (ol2E 4 0)
FH A 1 2 2700
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A A=
(1) A= (Precision)

05 - 5 ug/dl % FFollA FHEFAA 2.2 - 93 %Y.

(2) A3=(Accuracy)

5-50 g/l % FFAA IFE 97 - 120%

() H=3
1.0 ng/ ¢

o}.

Y

kil

&

al

(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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9. EF

7b A4 9

;0_._
o

TO0

SEREEE

Al

toll X Ws BaA 6714 o] ¢4

S

mjn

]

-20% ©]

A},

s #

bl 72

file)

E]_]_—

(D 717414 2 AleF £

o 4NZF ol W7t AT} Fol &

AN
——

|2 Azg HA3 18 MR

|25E FYsta] AR

1=, 1000 ppm

S

0

o

= O = 1
A 52 554

=z

£ (BeCly in IN HCD¥} Zirconyl chloride,

2) 117
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&% Feta=

Autopipet & tip

bt £

Blood mixer

AZ 8

(3) AloF

gol

1000 ppm WEF EFEN (BeCl: in 1IN HCI)
Triton X-100

Zirconyl chloride

C*HNOg

7ZrOClz 10g¥} Triton

2TFE A4S At

O A zASG dgA23F E3&de SAFEE o} FedA 14
LU

@ Z3AFHE Dry ovenollA 150 °CollA 647t 7} 3o}

@ HAHE 3 SAFEE dAFFZ=A st 100 “ColA 60%, 2600
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gt

tel 33 A

S

15%7F tube cleans HhE

s
a

ol
ol

m ¥F8
3}

tel 10pp

o] gole&42 1002 3

S

213

goledg 100mE 3

=
=

@D Be 1000ppm << 1ml

S|
~

, OHA] 10ppm EFEAS 1l F

ke
T

)
[

el

ted Be 25, 50, 75 ng/ 0 XET&

S

olesz FA

@ Be 0.1ppm X%

14
Ho
o
oo
N
2

o}
5
il

oo

(me)

Gl
olo
N
25

[¢)

0.1ppm

= ug/ 0

ppb

A 10w HES

-
it

2.5
5.0

25
50
75

10ml ¥ ==
A 10ml HE=

A

al

3T
Al

-
st

7.5

A 2]

A

%

AL Al B
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(D) HFA 248 29 A (52 H7H]

NEWE ] Be &8 NS F Be 7%
(mg) (&Y W=z) (ml) (ug/ ¢ )
addition O 1.0 go] 0.1 X + 0.0
addition 1 1.0 1 0.1 X + 25
addition 2 1.0 2 0.1 X + 50
addition 3 1.0 3 0.1 X+ 75
(2) AlE AW AHg
addition 0¢} Zt}.
o}. 7171%7A
(1) Furnace parameters
Step No. Temp(TC) Time(sec) Gas flow( £ /min)
1 40 60 3
2 140 30 3
3 1500 20 3
4 2660 15 0 read
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(2) Method
Instrument mode : Absorbance
Calibration mode : Standard addition

Measurement mode : Peak height

(3) Instrument parameters
Lamp current : 5 mA
Slit width @ 0.7 nm
Slit height : Normal
Wavelength : 234.9 nm
Sample introduction : Sampler premixed

Background correction : ON

(4) Sampler

Sample volume : 15 g

2} A= #E
(1) A =(Precision)

10.0 ng/ ¢ o] XA 103 SHA 9 FiEFAA} 6.2 %Y.

(2) A& % (Accuracy)

10.0 ng/ ¢ & s=A s 84-90%9.
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b, FaAE
(1) Working Group Analytical Chemistry, edited by J. Angerer and K.H.

Schaller, Analyses of Hazardous substances in biological materials;

Beryllium, voll, p59, VCH(Weinheim, Germany), 1988
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L =R B
EetaE ARAFHECA d3=E AT du s N Theke] S
gt
AlEe YA o]Fste] WAL Hagi.

ok 71, Aok
mV/pH meter(8 &= 0.1ml)

B 48 o] Ael A= (with reference electrode)

T ZA % X] (thermostat)
50, 100, 250, 1000 m¢ &= Zg2==

2~ ®F-89(1000ppm)

il

Glacial acetic acid
NaCl
NaOH
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Trisodium citrate dihydrate

gol &

2. Aot 24

1=

(1) 10M NaOH &<

NaOH 40g< vlo|Ad] 7}s3h W] FAE duf. go]24=2 &3] A]A 100
n SFZepaFo 7|3 BolrE RS wET

(2) TISAB(total ion strength adjustment buffer)
57m¢ glacial acetic acid, 58g NaCl, 300mg sodium citrate dihydrateE 500
me o] golgo] =itk 10M NaOH &9& 7tste] pHE 552 BHE & 2o
7eF 2=

<58 Vhl 248 10 E SEn WAEEA dEet dAsA Bad

A

B2 1000ppm EF=E9Y 5mE 50mt S FZaaFo] 3}
(100mg/ ). A A&

_;_j!_
g 9} 2ol 4] wET [AAFD ZA]
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iy
o
‘_a
G
oo
N
s

T

o
a
G

N
FH

100mg/ ¢

(mg/ 0 )

(md)

(mf)

0.2

250
100

0.5
0.5

0.5

1.0
2.0
4.0

10.0

50
50
50
50

0.5

1.0
2.0

5.0

ok AR A
ZAro g2 AHdAeE AW Sml

4 Ao FHA ofelsh 2o 7

gtg Wl &7]3 A= uRky] 9ol A

= 3z

=2 =

BN

e

Nd

ul, 7]7]

t}. Reference ©]

3
o},

5mee] TISABE& NS 5mee] Algiwe 7}

2% %o mV-meter scale

ok
=

) = S X
=

o o

R

]

e}
= A

&
=

il

To-

Ar

Ho

-O’]

=
=

tel mV @92 9]

A48 REANRE AHEE
o NEF BAEE(ng/ L) gk thated

_]

—_
file)

%0
.Z:l
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(1) AYE : 215 mg/l FEFFAA AHEZAA 1.6%(n=20)
(2) ATE ;037 - 120 mg/l FEFFNA 348 92-99%

(3) A&3TA 01 mg BEX/0 AWAE

(1) A Zober, M Geldmacher-v Mallinckrodt, KH Schaller, Renal fluorides
excretion as a useful parameter for monitoring hydrofluoric acid-exposed
persons, Int Arch Occup Environ Health 40, 12-24, 1977

(2) K Chiba, K Tsunoda, H Haraguchi, K Fuwa, Determination of
fluorine in urine and blood serum by aluminium monofluoride molecular
absorption spectrometry and with a fluoride ion selective electrode, Anal

Chem 52, 1582-1585, 1980
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: 1I-65

D 1-144

o 1-147

24 49

7}

th AL A

3) 8% S-phenylmercapturic acid(HPLCH)
24 A4 #7184 2o 4=

1) &% tt-muconic acid(HPLCH)

2) 853 =(GCH)

o

I

oo ©
o ol E
~ B~
oy o o
Y o ooE B
X NobOB k-
iz Woo R
o o
i L
0 e}
el COl M_.w
o | =
O W ol
S < dv o
5 7T
B - )T o;
< = I
ul ° E Y
= T o=
) L
T CIC
NS R
- G w o
non ‘_H_..AH ,C —EE M_H_.w
~ o X
o)/ SN
M Ty o
© ® o]
< ™ <

_37_



of EAE wFl BH AW FAL A=xdoln § utolPe] AT =
o w37t AUAA H

A=
g gaE gtk ®4 A 74 ARt YRRV, BHe AR AR F 2

ok 719, Ak

ZFZgtA = 10 178, 100me 37, 10mé 770
AH53) = 10-100, 200-100040
=z o]z GC viol

OPO

WA (EEE D)
QSRR )

Sodium citrate
Dextrose
Citric acid

gol &

st 10ppm &4 RF=Th o] 845 05,

“O‘l
[S]
o
=8
>
A
ok,
£
—
O
mln
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f

)=
T
D ol2REe 100mg12040)E 100m0 SFZehrzo] $7]1 o] es
E4E 29 1000ppm EFE XS THET

@ o]AXE2 1000ppm EFENMS 2ml 3t 100m

@ Citric acid 4.8g, sodium citrate 13.2g, dextrose 14.7¢S 1L &ZFZ g}~

ol &7 gol24E XS A9 citric acid dextrose §9-& THETH

AEEA G2EZ2 &4 05 ml, @ 1 m7} E01de =g o] nlol
05 mE 7hehal 3%zt & AT F sEluols 7paa

.
ZolEael g B4 AR @,

(1) GC =4
O ZHY Carbowax-20 25m x 0.32mm ID x 0.3um film thickness
® 2=

- Oven 70C
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- Injector 220C
- Detector(FID) 250C
@ Flow : Total 100m¢/min
@ Split ratio 50:1

(2) dl=xHol~ A
DO L=
- A8 60T

- FY¥ 66T

- 7Fg 1208
- 7k 10%
- F9  30x

ANA] ANEFHA 2.1% (n=H)

of
oA 3F4& 91 -96.5%

MN

PN
T
(2) A% : Img/l T &

MN

(1) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
Schaller, Analyses of Hazardous substances in biological materials;, Benzene,

vol4, pl07, VCH(Weinheim, Germany), 1988
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(2) L Perbellini, GB Faccini, G Pasini, F Cazoli, S Pistooia, R Rosellini,
M Valscci, F Brugnone, Environmental and occupational exposure to

benzene by analysis of breath and blood, Br J Ind Med 45, 345-352 (1988)
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5. At g

=
et
12
of\

MAst et (sl e AH o]~ GCH) : 1-149

2) 2W¥ T stz AddIdgE (el =aols GCY) ¢ 1-152

3) &W T F AYsE (UVH) @ II-70

4) 2¥FE AdstxA (UVY) @ [1-74

5) 2T Azt Adstelg-S(GCHE)

Atk dsoege TgAE o sArpdsid 428 Aasdowed
oz 2P =0z NEAFFUIG Qe 3

g 71T 2 Al
L

o957 EH)

3T ena

I3 10-100 w0, 200-1000 10
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At B (d5 = 1.55 )

ofp uj —
@ A m
S T £
< ™ S
= k=
3 oo g
s % N+ =
W .
P e 5 ny m,
o "
< ) =
= T oMox i M
X ® o = M_#. =
o =T m ..m S8
n 5 M =
< SN oo &
oo T M o £
AL %1_ =) U M o
W~ oo alo o 14 L)
WL o= W o v
; N
N M <
Mook X = =
— 0 T W
X ~ o o
2 W © ®L £
— T _
do £ W O =
o <9 X
X SH ‘uﬂ_ M ﬂﬂ il J7|_._ |
TR o B R
ns m zT_ — o_e _i O 1:_./2 i ]
L o R = IR | 9 N O
o <o N do T omo <A N ~ S) )
.o = = .z
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CCY c 2w I
S L
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- A4 100CGE) - (20T/&) - 180T (62)
@ AEFYH 50:1(AFFAH)

@ AZ7) : AAEAAZ7I(N® ion source)

vl A=A
(1) A% = (Precision)
AAstxAF 01 - 50.0 mg/ 0§ FEAA ANEFZHA 05 - 21% Y.

}.
st g2 01 - 1000 mg/ ¢ % FEAX FHEEAA 05 - 2.0%Y

(2) A& =(Accuracy)
A xAF 15 - 10 mg/ L oA Azt 25 - 13.6%
Aastolere 19 - 77 mg/ Lol AR 1.9 - 89%

Agtzat 5okt ghe 0.5 ng/ ¢
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uh 24 2w azeiEoay

d

] b
8000 :';
1.S.
{o-dichlorobenzene)
FTOOO
ecco]
S000 TCA
TCEtOH
P
acoco 4 2 w2 é
] = =
socoo . L JLA /—’L
1 1
o = 4 e & 1
A AmEH

(1) S. Tanaka ad M. Ikeda, Determination of trichloroethanol and
trichloroacetic acid in the urine. Brit. J. Industr. Med. 25, 214-219 (1968)

(2) D. Breimer, H. Ketelaars and J. Rossum, Gas chromatographic
determination of chloral hydrate, trichloroethanol and trichloroacetic acid in
blood and in urine employing head-space analysis, J. Chromatography, &8,
55-63(1974)

(3 H. Nomyama, K. Nomyama and H. Uchiki, Gas-liquid
chromatographic determination of trichloroethylene metabolites in urine, Am.

Ind. Hyg. Assoc. J., 39, 506-510(1978)
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(4) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
Schaller, Analyses of Hazardous substances in biological materials, 1994

(5) WHO/HPR/OCH, Biological monitoring of chemical exposure in the
workplace; 1998

(6) TCEZ2 EAte] AESHH EYE o #3 A7, d=dddesd
ATFAE 94-5-8, 1994
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10. o] &3tk

1) & F TTCA(2-thioxothiazolidine-4-carboxylic acid; HPLCH)

N

EEEE
FE%) AL A analyte® #7184 o2 WA F23 H sEa

of Azt Z 4.

i

Hr

U AR A
A F85 F AIRE ZaE AW AQFHF FHIY oF 1% = HE
£ (1ml glacial acetic acid in 100 ml A %) glacial acetic acidE 7}3tt}. 4]

4T & S e ¥E 2adt

o 719, Aok
TS A ZrEIFGE
15 mt Ag
Vortex mixer
10, 20, 100, 1000m¢ &% Ze~=
A 57
10me F2 A= A
A& 7]
segl2 99
0.1, 0.2, 0.3, 0.5, 0.8, 1m¢ ==l

o
rJ
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S S N
=TT

EY/50%
Mobile phase B @ 0.1M Z4HpH 3.0) - °F 500 me]

gt Aok =

TTCA(2-thioxothiazolidine-4-carboxylic acid)
Mobile phase A : 50% ©oF+EY

Yool =
SHEUEH

S

A 4H30%)

N
L

22

gt~ Fo ¥ 6.0 me gracial acetic acidE 7}

=
=

=3
NR
Gl

N
B

Lol

q
o

p—

0
.

veel

o))
A

2

=

gtz F
HA - &3h =

ST
3|

=

100me &=

[e]

=]

o
th. TTCAZ}

}

ksl
pud

&

20 mg®] TTCAE

Foh. of

3
pud

&

s
—

]
=

3lA
=

e

ul
=

ol
7A
Ho

To-

o} 200mg/ ¢ ©

==
RS

2 4]

=

=

N

o

5k 200 mg/ ¢ 2

S

Aol A=A
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S AYA A4e EFE B4

Ag B3  AFANY Fi@)  FE(mg/ L)

0 10 0

0.1 20 1.0
0.1 10 2.0
0.2 10 4.0
0.3 10 6.0
0.5 10 10.0
0.8 10 16.0
1.0 10 20.0

vk A2 9] A e
5 me AWE 15 ml glass stopperZb @ A& o] FH3oh AshJEFO
Z ZAZ F 01mee] 30% FAFS 7h3). shakeroll A o 1837 He F 3
mle] diethyl etherE 7}8ta oA oF 1&7+
1 A4 gt gaHE 9Uls ARE-e
o 10 b FAUAE  Hpo]gel ok 3H FE7|A 30TAA S AL A

Atk ZAFE 05 ml W2l =9l 4S5 HPLCS Aoz 3t}
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o}, 7171 =3

- HPLC Z¥ : C18(5um), 15cm x 2.1mm

- UV detector : 273 nm

- AYLE @ 38T

- o]F4 : A; 50% acetonitrile / 50% water
B; 0.1IM acetic acid, pH 3

- % 1.0 ml/min

- AEFYFE 20

- Gradient program

A ZF A(%) B(%)
0 2 98
8.0 70 30
18.0 70 30

- AEE 10 - 50 mg/K =LA FAzEHA 1.7 - 59%
- AZ3A : 02 mg/ L

(1) Working Group Analytical Chemistry, edited by J. Angerer and K.H.

Schaller, Analyses of Hazardous substances in biological materials, 1994
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(2) J. Rosier, R. Van Doorn, R. Grosjean, A. van de Walle, G. Billemont ,
C. van Petegham, Preliminary evaluation of urinary 2-thio-thiazolidine-4-
carboxylic acid levels as a test for exposure to carbon disulfide, Int Arch

Occup Environ Health 51, 159-167, 1982
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11. COE (Coke Oven Emissions)

1) &2¥ % 1-Hydroxypyrene (HPLCW)

2 Fo A58 2 AFE 1-hydoxypyrened AHL G4uHgS o] &3}
o ZFFE FElFo=2 TreE o ddAF oA solid phase extractions A}
&3t At FFAZT 5 EF 9 1-hydroxypyrene HPLCE ©]&

e

2718 AHEste A&

U A5 AH
HA3 3-4¢€ FYF F5 T dIE AFHIG(FE FH FE F AR)
ABE AF T 7453 W -18 C2 YEIrh

solid phase extraction apparatus
Sep-Pak catridges
Vacuum pump

Centri-Vacuum concentrate system
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&% Zekx~= 10, 100, 1000 ml
19 5, 10, 20 ml

243 10000

vlEd AlEE 10me

2. Ao}
1-Hydroxypyrene (98%, Janssen Chimica, Belgium)
B —glucuronidase/aryl sulphatase solution (e.g. 100,000 Fisherman U/md,
800,000 Rpy U/ml, Boehringer, Germany)
Glacial-acetic acid
HPLC grade " &2
bRl
Ch

= A~
T

TEREES
(1) 2M sodium hydroxide

8g2] sodium hydorxideE Hlo|A| T} ¢F 50mle] <

Sl F 100 §F Fepaze] $AT FR4E HAS

e
¥
i
_\|l_’
9&4
2
)
A

b=
d
v}

(2) 4AM G2F

F 40ml e S

il

100m¢ 8% Zef2==o] Y@ 32me] 37% glacial acetic
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acidg AA3] 718t & & 43 S/HTE vvo 0

(3) 0.1M acetate buffer(pH 5)
°F 400mle] FF/FFE 1000 M EHFZe2=0] ¥a 57mlel glacial acetic
acidE 7}8t}h 2M sodium hydroxide &8 AF&3te] pHE 5002 %

UmA &S SRTE A9 o wEH

@ °F 2mg®] 1-hydroxypyrenes 10 m{ £ ZFZeF2=Fo] FAE3A © 3 v
g2 R4S 2ET (9F 200 mg/ L) olAE XFEY dHgog gt

@ EFEY A9S 100 wE At 1ol &F Zeh2=3d Y1 WeEgL=2
FHE AL (2 mg/ L)

@ ZTEY NS 100 s F3te] 100m¢ &F Feh=Fo Yi HegS=Z
®4E Ah (0.2 mg/ L)

vk AlF 9] A e

O AE g AlEe wR7)A Z 4 F 10 mE &gt Heoh
20 m¢ 0.1IM acetate buffers 7}3te] HE &#S 30mE 3ot

@ 4.0M @rHs AHgEte] B4 E &We] pHE 5,028 BtEth

@ 125109 B -glucuronidase/aryl sulphataseE 7}slx AZdZg~a=
ggdE2og B3I I FxA 375X w¥slH overnightdth & TR
7 ' Holle 82y 8715 A= tdh

@ Solid phase extractione C-18ZH-S& A}8-3tt}. Pre-conditioning(5m ™|

%
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BE2 AF F oml EE AFHSG)o] ¢ JIEYA] Al ofstA TS
Ao 7R E 2 AR E 9F 10 nl/min®] $E=Z loading 3t}
® 10 M9 E2 A 3 9 me WeLsE &7

® =9 892 A& 717 selMd AED HFE 55 o83 SE 9

9 2 qgate w3 Agrit 2R5E A

A}, 7171 (HPLC)Z#A

(1) 28 RP C18(5um), 15cm x 2.1mm

(2) ol&%
A : 40% methanol / 60% water (v/v)
B : 10096 methanol

Grandient program

Time(min) A(%) B(%)
0 90 10
40 10 90
50 90 10

3) < : 0.3m¢/min
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4) A=7] © F33734Z71(242nm/388nm ex/em)

(1) A= (Precision)

88 - 330 ug/ L% WA FHIEFAX 3.7 %Y

(2) A3=(Accuracy)

88 - 33.0 ug/ L F% HHA 3FE& 83 - 8%

(1) FJ Jongeneelen, RBM Anaion, PT Henderson, Determination of
hydroxylate metabolites of polycylic aromatic hydrocarbons in urine, J.
Chromatogr. 412, 227-232, 1987

(2) W Gunther, JP Matthes, and HH Perkampus(eds), Instrumentalizrd
Analytical Chemistry and Computer Technology : Determination of the
PAH-metabolite 1-hydroxypyrene by HPLC-column switching techniques,
Git, Darmstadt, 128, 1990
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(3) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
Schaller, Analyses of Hazardous substances in biological materials, vol3, 157

1994
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12. Cyanide

D 8% AltsriGElesdols GCH)

Aeltel =8 Fstn it BYo] 2AS Fhstel Aloktols ol e fel

GeuAt ETFE 8§ ARAAG FAVZ ARE AAT O, A2

oX,
ox
M
Lo
ot
i
o
rok
b
i
o
2
)
)

3 A slEXd o] GC npo]dol &

713 pRE o AR 42 IS 2443 ol st XA Al

<]
i)

243 10ml, 20m¢, 50m¢, 100me
A& 33 10-100, 200-1000 440
= ol GC Hiol Y

Glacial acetic acid

Yol
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2t AleF ZA|
(1) 48 =A
10mg9] NaCN (5.3 mg cyanide®] 3)E ALD3HA Eof 50ml &HFZ et
Ao &7 #33 2 AAs AAYE FAE dHoz2 FAS A (106

mg cyanide / £ blood)

7}k 10.6mg/ ¢ &< F3 S &N HE T HZcyanides =
(ml) (ml) (mg/ L)
4 10 4.2
2 10 2.1
1 10 1.1
1 20 0.5
1 50 0.2

ok AR A
O =0l upojel MFH|2 ARl 100 FAHIE ARESF] 50ul

9] glacial acetic acidE septum= F3}o] 3| =23 o] nlo]dol 7}t
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@ hydrogen cyanideE F8|A17]17] st 30x &<t o7&

23] 401% & 3000pmol A 387 YR I}
@ A= wgag 387 Aol $A R

(1) GC =2

O Z¥E SE30 25m x 0.32mm ID x 0.3um film thickness
® 2=

- Oven 80C
- Injector 220C
- Detector(ECD) 300C

@ Detector: Thermoionic nitrogen selective detector
@ Carrier gas: nitrogen, make up gas; 35m{/min

(® Detector gas: hydrogen/air

(2) sl=xFo)lx~ =4
O 2=
_ }\]E

ar

60°C
- F9# 65T

120%
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AL Ax

rJ
AL

(1) 9= : 054-220mg/ L &% FFANA FHNEFHA 46-75%
(n=10)

(2) A¥= @ 019-211lmg/l % FTdAA 35 84 -107%

(3) AEA! 0.1mg/ ¢

o}, FiEd

(1) F McAuley and DS Reive, Rapid quantitation of cyanide in blood by
gas chromatography, J Anal Toxicol 7, 213-215, 1983

(2) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
Schaller, Analyses of Hazardous substances in biological materials; Cyanide,
vol2, pl33, VCH(Weinheim, Germany), 1988

(3) Working Group Analytical Chemistry, edited by J. Angerer and K.H.
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S3Y ZE Al 4 HMEE bl pagjzE 29
= ol Al AAS 4-6 40 pg/dL
LW £2 a8 $A $e AAS 35 100 pg/L
JIEE "o #A FIEE  AAS 2 5  ng/L
o siol Al 7ZPpP }rferﬁe"’l‘,mﬂuro 100 pe/dL
A $Al §-ALA HPLC-UV 2 5 mg/L
£ ol FAl Fe AAS 3-5 15 ug/L
JlEE AW F=Al JFIEEF AAS 2 5 Ng/g crea.
L A g = AAS 2-4 10 pg/g crea.
a - Fxu 3E AAS 2-4 30  ug/g crea.
BET A Fo gz AAS 5 80  ng/L
azt sob chol a7t AAS 8 36 ug/lL
HiLlE A8 F2 HiLLE AAS 1 50 ug/g crea.
HlA& A8 FY od]a AAS 100 220 pg/L

* Fd g 2] T8 24 Bl A 3E71%], Fub Eg ooy} FaoYd Wi 4-547ke] A% 2y
TE 2M3F ANE AF7A, FAIL s FF ob

= HPLC; high performance liquid chromatography, UV; ultra violet-visible spectrometer, AAS; atomic
absorption spectrometer
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4 A
SELE ot
F =o @ oz = x| oz 2 Xl =] ** s T o
g ST 3 ol 24 ANE=2Y = A = EAICHR] [
== =
=2 A *
! bom7| = 2 g S-HIHZEM GC 45 ug/g crea
g wm | PPMIE sw g may HPLC 2 mgl o
10ppm?| & 48 = §Hs GC 50 mg/L
B S A AH{ Clo| 23512 ol 2 &
1 23T 2w el EslE N 10 mg/g crea
ol uv 5 %
= xy 28 LASIERAD _ e ItEAG| 22 2E]
=4 = 37| = = uv 40 ppm
o EHE o9 maL Ho FAl HEHRI2E UV 15 %
% 2% 3 =g A8 o (-slo|==2Alma  HPLC 46 uglg crea
et E = _
B IEREEE go su yeszRY UV 15 %
olzjic| o € - .
o EY A dEdRSZRY UV 15 %
% HEIZZZ 28 A SHEIZZZR2HE GC 2 mg/g crea | =
Hs(LE8) siof crol SalmEl2 22T s GC 5 mglL N
J|Et 1 BRIaA a8 Fa {-5lo|EZ2A| D@ HPLC 46 uglg crea
2 ~w 2Y o305 .
_I<_>|_7| 4 =20 ;n_ Zz o-3EE GC 0.8 mg/l_
¥ o 2o ol g2l Gc 1 mgfdL
ST 40 HE2Ro g €W FU @Iz ol GC 1 mg/dL
=8 B HE= An G gz GC 250 mg/g crea I &

+ gL FY A FE 2L ARH AFAA, FE Bedeld FRY wE 45909 A%AAe A
5 o0 ARH AFAA, FA: FEE of Ut

# GC; gas chromatography, HPLC; high performance liquid chromatography, UV; ultra violet-visible
spectrometer
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