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E-3 5

&g AFste FHdA W AdFoire =22 E43tyigste] B doM:
Y242y AAEFSEFY (cold vapor atomic absorption spectrometry) & A&
3ol x 2 FrPe BI|SETE FHsoich

F4& 98 xi borosilicate o) oF 100~ 200me JF H & ¥ K, 85,0, (0.18/
100m urine) & Zbefar, L7 B 10w & @& g xjo] 9 1002 & £
A RHE RS 4C YY) BB BA ALY P £2F EAHIHT
BELTHLE Yol (DY) 8, HFFAFT L2848 4 22492 F5ANS)
& Agste 2ASUAY. B EHold A3 SAEFLEFT Y FEE g/, FB
B2 Ing/md o]glon], FAPHM (hiank reagent solution) of A& 1~ Ing/me 2
F&o] FE=AY. AL +HE o) &2t 0.02, 0.05 0-.1 wg/md o ] g of A
Hgdel P rosod = D.F ok M £7.9% A S oM £3.7% 3, 0.054/m 4%
BRELAE Aot BYziolM 53] F A A3 MAH4L DKW oA 5.8%

AS oM +4.4% o] ek, wol YAFHE +=28 HAY 39U 4CA A AU
A A3 A,-ES LY E olg¥ REA (0.05w/m) of the] oF 90% ool an,
YA AR EAAF s v 139/ (4P8A ; =57 A159%, 274,
>3004/2), F7NFAME ~0.1270g/n (M EEE ; T 2A A88-69%, THA
0.05ug/w) b2 32 QA

7ol Aad L FEV w2 YH 4 Hol 4 %E PHom MdARY
AM At AAUAREY W HH BAPAA £24 RAteU 2& 24
Yoz 429 4
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228 M4 W A4 F4om dxs nde AT, HFRAR, £
2 A, sjojetel M= Y mAs AzFol thopsA A4LH vl o
SAolE 420 thoftt wMe e ojLshel Aokl Y gaEw 9
B, ZWu Bree U 9748 SYEES .94 H4E ANm Q
of +2@W AYFTS Y4 F. 2N A2 L4 P U g4
&oagud s AAWE % T Aol Avh. S2of 4 e
S gAY 1930 i e Felt AR, SeHs, deAEH T AdRE
AAMA AR, BH 229 BA2P G AN AL 19534 YE Y
oliubelel o] chBAQd o2 195360 el 121Wo] 2R EGR o F 4670l
Agrsigon, olodsFom 19899 Fx] A FAS 2,230 ojmq o
TR0l AR Hew guWAm otk of musie 4AE AN o 54of
o dpvt BARes AREHgen BAGE vhgud s o Vegsm At
B 2 YR FHoE A MUTAME LE SLARE 2ot
Ao Agen vdAdY 23 dg Adn YAt WS FRD
o seluetoge ojuwdol A MR Agolth U AMS 80U
Fubie] £ 5o o3 Mo WahHe ANy AHEAS dFHey.
et A 2By EE HFots Age U HUAE Bistn FUePE A
AAok & WRAM 2A RuAHm gon ofHe s FYBY WG
deisetn WG W7 D 220G Arisdsel HAA W AP T3 B
42 9§75 (B2 GUSH)Y YYY BHol YaHew Sy ook o},



Loe2 47, 934 1 &5

F&e ATAME 2718 TAse AxW (0.5 ppw), vioh, & W AVE
ol del Eruef odm, AUFAYLI A=A (186~ 206 HH: 202,
200, 199, 201, 198, 204, 196)2Aj¥tct, L9 He4dL E3 4RYol,
oful, FEHFol 2 I Aoftloj = (ammonia, amines, halide ion W cyanide)
St 44 AR (complex compound ) B S Ast, ® (sulfur)o|t} ulZF&H
(phosphorous I selenium )= WZA. AT 943 (1igand

Proteins, Purines, Pteridines W Porphyrins 9 Mg 29
phosphates, cysteiny! W histidyl ) & #% UHA Lt e=vt, £§ o]
A, wwky (-SH, §-8 groupFel W ) W EaE AxALLE VY
(Table 1). oj#¥ &9 439 Wg4g ot ghaAA, 254, o
Fedx, Agdg Tttt =%, AE, RVNEL AFHATE B,
obb e (Fe, Ni,Co= A ), X348, AU Me AF, 3, 3
H{zokAz), MAEZY (antifouling ) Zof thekstA A 2=lx glv,
. &9 54

ol WA A ALEE £&& RIFE U {rsE (B2 FYPE)
o Sz Zxstds 259 A F40] VA 2 AFL Sk AR
MY el 22F0 25318 27 (elemental mercury vapor and mercury
compound dust } & TEIF T AA FEo, AFgE A4A HEHeA
et dAHA AL AdE £2 Hae S0 Adsv. A9 AR
Het g AFeA LHste 228 Fol FA4 (acute )U HFL AY vl2AL,
(severe nausea), T2 (vomitting), ¥F (ahdowinal pain), =4 A (bloody
diarrhea) & Y o7jof 4G L 45 Y 2F 09U Adef ojl2A #oh,
%t (chronic) el 4 Qlojut Sl B o) 91F (inflammation of mouth and gums),
Zetet 3 ¥ (excessive salivation), 2lob8] w &%t (loosening of teeth ) ol
Agris, Alel b, 250 ®Y, Suy A™W, side W, 23, A,

— 5 _



Ao thepdh, HMgoly FUSFLE WMo Fouel AL Uy
slch. Phenylee @ Rolp2uvt HAH0 gtk s g (22 o
F2 )& w23 (brain tissue )of ths] A FH o] glof PGz &42 ¢
ozl olHE B2RAAAN v A &4 (irreversible damage )& oF7)
A gl b Adidoly dF: e A4 (paresthesia ), E A
Z (ataxia), dei#ol(dysarthria), AlHsl, HYESHL Joz|of 42
A Fol Wi Tgdo] wMx]AY AR (Table 1), EWs ogrtA
27 W R AYEL ofR 234 S8 AUAM Y+ om AS
¥ 4 v, vidad dU 22 FEY AUl £ 4 g8 U= BF
Bop ) et e] BT plasma AMEL} 288 red cells F-qiolH
o 235¢ o8y (Fig. 1 a, b).
3. AR AAAE

FEHEFEE AT FdBGA g Ay %*Jg—}&/ﬁ%%ﬁl Ao 3R
NealZ (1937)e] 7124+ &% 57} 0.06~0.72 mg He/m' 2 Felt A Z%2] 529
8 ZAAAE EAAF 4370] HAEHA VAR E FA4E KA. TF 19419
Felt RAZ4& ZAF2 53473 5970 Sdsledrt. Kesicl Haeusler (1951) &
Qi ebulobe Felt RAZAAM 7 2EE7t 0.25+1.0mg Hg/w' 2l 2ol M
70 e oAA3 2/37F 423 F 242 Heloo], 1953 Baldig & olelel g Felt
2AZFAA 7125 ET (.5+2.0m Hg/w' 1 Zfel M 1, 1733 30090 25
slelcte 2ashglvh. E& Ladds & 1966 olefel s M4 W AR5 AEHA
o FRod AAFT 4R E ZAEFH 1690 2F I 2FE 0.16~4. 89 Hg/n')
¥lglen], 1968 Westol Limd Belmuotd] ¢71 =&HFAitohM 3 dat 9omis
319 o] FEsledvtn Bastqrt. 1970 SnithS L of I o slubele) 2171: &
W g EdTRE Ao R 567N S2B2aE dAoE (UL Az,
o] 7| 7h Mo FAe) MNBELEEi (.00~0.27 He/ o' ojgiet, 24725
A3 BERE oddoed, AdFaoem HEaisrh 559 (%), MBI 749 (13%),

e 5o (I%)olgiva Rasgo. =¥ FH4-L2H% oai 19614 Tennant™>
_ 6 _

&
¥



L peRge Aol HEo R F £&0] 80| Fa2d @ Rustydoy,
1970 MilneS & $2xAYAY Hakyl $M425% o8 wnster, =& &7
=& (2 vd 5o oY ﬂ?ﬁiz}g °2.§ slar Amofi 1960W thol B 17| of A
+& 9 2o myYpolet o] Ay A FHToieiojvt, ojw) w¥
go] HR=lA] & Az el JdF Favleive oY sl el

ol el oy Lo 29dAE UE 9 Minimata Bay$} Nigata aread] oy 4

oz 24949 B8 aulof 2% AH otz vYd gL dEAME
A-g-eto] HMelg gAder Fe BB w4 Lwjof A%k of7 gt (Table W)
ey 19603 Bl iels vydaee ZHE HME HANA Rgony

o] FAL wHetr AY ALHY AFAY T4 Peid g AHESA A+ nicro
organismo] B7|y FL£=28 oY H/Y = k= Wl (enzywaticol Y nonenzymatic
pathways)o] WAL BN el Hotolu} AAH Fopej M vidfLo Ut A5t &
wetA A" A Eei

4, B o4 9oy
P R e Al A% FAde AR5 olwold o

Hajrta] nud Lo Eygsion vl AH (clorimetry, (‘M) B

B 49 (spectrophotomety, Sngjaz‘S%E‘ﬂ‘ﬂ (fluorescence spectrometry,
F§ ‘);? FE4Zel Aol YA arrad (inductively coupled plagma atomic
emission spectrometry, ICPAES )1.0)?1‘%"’.‘1#!'3—%1‘?4 (anode stripping volta-
metry, ASV %,I)J'}.f;aiﬂl-i:l?-ﬁﬂl“d (gas chromatography, GC )12)%‘*’:1 R
AP Y (neutron activation analysis, HAP;:IQ’!‘%E%%%%"& {
photochromism induced photoacoustic spectrometry, PIPASI;S?ﬂZI--S-é-’.?:%‘E
(atomic absorption spectrometry, AAEI}B;N%?LI Ak, AR e uwl A (CW)

2 Alsjaola A2 s mHAeln HMBubHol ok ofwchAL M
HHE AMopetr] WBEo] A LR g $e) 8 (interference )o} £

Mg oA st @3 FEAEAY (5P), HFEAY P, f=4Setavt
— 7 —_



HAEAEHY (ICPARS), FFHAEAY (AsV), 7txazatma=da (6GC),
244G AT (AL, FAFEASTELSY CIPAS) Y HAFLEAY (AS)
2 4y Reldg e & EAYHEG owy dHdsdd e A
AR, AR W AN zAHYH A del Kol WwH L WAFSEH Yol
(Table W)

[AFEERUE 4267 oM E 13Hee 22HA4F7] (elenental
mercury cold vapor )-‘é';ﬂ;.}%"'l“-'k gdth. ~2UAEINF PEE ‘f}"dﬂ;‘fﬁ’ﬁ
HEo £2A71: 3y, FHot0d & H4YstAY deg e 235 AYG =2+
A= (oven?sliifi’)ﬂi% Azl Tt sy, #$H8AM (S0Cl ., S0CL 5 -CdCL o,
NabH . ) & o] &% fH7Is Yol . A Fgo] BRA7 = YL FE}
ek st Y nHseg gol AfEHdoen e F22 AL
ey b A dE e #4734yl (Table V)Kimura 5 (1962;23)-
AEE 23 (digestion) ¥ 422 Felstr] oA

Heg™ + Sn*2 — Hg* + S5n*

48)
e MeAaLstgon Ditl (1967)2 SnCl, v -f-%ﬂogl»i He'* & Hg*
l';
Ny

& ot AL TAstenh. T Nagos (1971)= 8nCl , -CdC1 ,

2

g A2t Rrlaed W §7iad AHEELE HHE e AL S0

o), Toffaletti (1975)@ BHUAZ NaBH , & A28l 2% §2 Al A
Woodson (19394?)01 BN R Mo 2 a2 IGE AME AL oy

Poluektov %—(1964)52- Kimura o] A&3% S$UHalg ojf-ttof 322 U2

FrERYE Aot 225 F4sdo. Hatch 2 0tt (1968%2- 2@t

278 PAE GAFFERI S A4E F4AL ol det: HuH g
AAwatalcl, ¥kEM Magos Cernik (1969?)-‘—:: Dirll 2 fHe g o]-ste] I
A g By Ao Yhdem ALHgY WM HHA LAAHE
A Gm HW % LA $uE AYsiAen v BIAE
Sl , -CACl , & Abg-shol SnCl, B Mej¢ & YA 65 - C ¢ 743

T HYREAME 22 Estedrt, Bl Hatch 2 0tt, Magos 9} Cernik
— 8 _



b A4S Wy v2oes +HY Aege AL WA= $EEz v
FNR FEE Aty e A gYel 2Retth. ol ol® & (aerosol)
2 HE offxF A&v], 27 (vapor fraction): AAEF2, A2 F (cryo-
genic collection), AT olgh Uy o ofBAHAA 2gct, A HF

A} A& (biological sample ; X, H, =, =3, Selxvl selg, ¥ F)

51),52)
= AR wel Hgy Lujo AFHee, sHFHHel gaw Ae NYPY, U
17)
Sat, AHA (M0 4, kaCr,0q), 7L TS 2% o FAYUE A$stan

A TN & %"—“lﬁ}?;ﬂéf FAAH oz nAETH (g #Hd)¥F
37
77 Ey g AbSsh dy, A FAE HNO, -HCI & o] &%3to] £33 F HUVHYL

32)
Agsb W, HFd (RMn0, ¢ H.850,)d F4% BB HE 423 $yol

ol

B oAdxe 532 24, 93 sevedgs FHa @ AgHnd Fogd e

$28 BAots BREAMHl go] YA A2HT Ok PUFE PEA ¥
Aty ANz A, A4 e AAHUY ETNP 42a B
e 2usg 0 FADY Ade) YRY V2A2E G Ao * 4Y

24)
FME » W FIF L A=l 27 Littlejohn 5 o HHE SH A

sbgehoith. EAvHE BRSBTS S FE, AEEA, FAUARS
£2%, F49 A golgaodel Aud, 4V45E AuHd



Tabte 1. Property and reactivity of mercury
[tem Contents Remarks
description silver-white, heavy, mobile and

atomic No.
atomic wt.
B.p

b.p

5. K
valance

compoinds

reactivity

stability

liquid metal

80

200.59

-38.87°C (greater volatility)
356.72°C

13.534 (25°C}

1, 2 (4f 54 #6s2)

HegCl o, Hg(NO,) 5, ete.
CH o HgC1, CyHzHgOCOCH , etc.

fora complexes with NH,, R-NH .,
halide ions, and cyanide

react with sulfur and other nonmetals
(phosphorous, selenium)

show strong affinity for ligand such
as phosphates, cysteinyl,
side chains of proteins, purines,
pteridines, and porphyrins

. CH, 8¢ albumin>cysteine >histidine
¥g* ;cysteine>albumin>histidine

stability constants{negative logarithm)
of complexes of methylmercuric and
mercuric ions.

Ligand CH . B¢ Hg™
c1” 5.4 6.7
OH” 9.5 10.3
Histidine(NH,) 8.8 10
Cysteine 15.7 14
Albumin 2.0 13

and histidyl

Purine

Ty
K;IZQ'

Histidive
W HCHCOH

CHy




Table 0.

Symptoms of metal, inorganic and methyl mercury poisoning

Type

Symptoms

Remarks

Matal/lnorganic

1. Acute

- Severe nausea (43 WA HE)
- Vomitting (FE)

- Abdominal pain (B%)

- Bloody diarrhea (3] /4 A})

- Kidney damage (A1 &4

- Death (A7)
2. Chronic

- Inflammatios of mouth and gums

(o, dE9 A=)
- Bxcessive salivation (Fvier HEH)
- Loosening of teath (2jobe] 2%

-ete. (ZRWH, N49Hs, EF,
A=)

Oragnic (Methyl)

- Paresthesia (ZH2apal)
- Ataxia (B8JAR)

- Dysarthria (dei%of)
- Deafness (HH&)

- Death (Ab)

Body Burden
ngg/av. 51kg body wt.
15
K5
90
180

200




a)

AIR BLOGD BRAIN

alveolar He't
membraines

He* 5, ,X org.
*\ o ligand

\\ ’
[ iﬁg+
) |

—

b)

Food Bije— Liver
CH , HxSR

Gastro- Blood
Intestinal Plasma—Red Blood Cell
Tract 5-10% 90-95%

Feces Brain Other Tissuss
He™ +CH 4 He
Protein

Fig. 1. a) A diagrammatic representation of the pulmonary absorp-
tion, transport and oxidation of elemental mercury vapor.

b) Schematic representation of the distribution of methy-
mercury in human.



Table

M. Occupational and environmental disease hy mercury compounds
(C.M ; chronic mercurialism, A.M ; Acute mercurialism)

Classifiq VYear Nation Causes
cation
Occupa- 1937 - . 43 among 529 workers in felt-cutting
tional industry (C.¥)
1941 - . 59 among 534 workers in felt hat
industry (C.¥W)
1951 Yugoslavia . Two-thirds among 70 wowmen workers
in felt hat industry (C.HW)
1953 Ttaly . 300 among 1173 workers in felt hat
industry (C.W)
1666 Italy 16 among 74 miners (C. M)
1948 U.8.4 . 31 among 96 miners (C.N)
{Califonia)
1961 - . Exposure by pipe-breaking of Hg boiler;
8 people were poisoned (A.W)
1970 - . Bxposure during cleaning of Hx storage
tank (A. W)
1988 Korea . Manufacture of thermometer ;
1 death
. 16 manufacturing factories ;
18 (6.7%) occurance among 268 workers
{ > 300mw/2 )
Baviron- 1953~60 Japan . Catalysts in plastic industries ;
mental (Uinamata Bay, lnorganlc mercury compound—weethylmercury
Nigata ) compound—fish—human
121 people were poisoned and 46 died.
1956, 6C Iragq . Fungicide ; Ethylmercury-p-toluene
gulfonanilide
In 1960, 370 were admitted to hospital
among 1009 patients.
1963~6% Guatemala . Treat the seéd wheet ; Methylmercury
dicyandianide
. 45 people were affecteed and 20 died.
1969 Pakistan . Treat the seed wheat.

- 13 -




Table W. Analytical methods of mercury

Wethod Rmarks
1. Colorimetry, CM slow
form Hg (HDz) , complex — measure aborbance at 49(nm gseveral steps
in benzene {or CHCl,, CH,Cl,) interferences
2. Spectrophotometry, SP

oxidation of organics — form Hg (HDz) , — liberate
Hg by decomposition using heat — determined by UV
monitor at 253, 7nm

Fluorecence spectrometry, FE§

generate Hg with Sall , — preconcentrate Hg with
p-(dimethylamino)benzyldenrhodamine — trap Hg with
EMa0 , -H 580 , — react with HBr and Rodamine B soln .
- extrat using toluene — measure flucrecence at
580nm

Inductively coupled plagma atomic emission spectrometry,
ICPAES

electrochemical vaporization — measure emission at

253. Tnu,

Anode stripping voltametry, ASV
use Ac0 - Cl! medium with SCN or C10, as supporting
electrolyte. '

Gaschromatography, GC
convert dialkyl mercury to CH, HgCl with CuCl »
— extracted hy benzene — determined by GC with ECD.

Neutron activation analysis, NAA(destructive/nondestructi
irradiate thermal nedtron{=10° n ce®s™) by using
nuclear reactor

— transfer sample and standard to appropriate

counting vial

irradiate thermal neutron

count on the Ge{Li) detector

record 7y -ray spectrum

Ll

Photochromism—-induced photoacoustic spectrometry, PIPAS

irradiate visible light at Hg{HDz) , (shift from 485nm

to 620am, excited state of HUg(HDz) ,)

— detected by photoacoustic spectrometry using He-Ne
laser, 632.8nm output (condenser microphone, sound
level meter)

Atomic absorption spectrometry, AAS

liberate Hg® with SnCl » — wove Hg vapor hy N, stream
to cell attached to AAS

~ absorh 253.7um of Hg HCL

— measure absorbance using photodetector

ve).

organomercury

expendive
not readily
available in
most lah.

high technique

free from all
metal fon
interferences
high sens.
specificity

easy sample
pretreatment
low cost

easy operation




Table V. Methods liberating elemental mercury cold vapor to apply AAS

Method

Remark

1. Flame method
nebulize directly sample solution into flame

- 1959, Lindstrom
- 1967, Berman
2. Vaporization by heating

1) form amalgam or Hg{(HDz) , andt liberate mercury
heating

2) combustion in oven
3. Vaporization using reduction agent
1) SuCi . : Hg— S bond breaking

- 1962, Kimura : applied by Poluektov et al.,
and Hatch and Ott, 1968

- 1967, Dill : applied by Magos and Cernik,
2) SnC1 , - CdC1 5, ; Heg- C bond breaking

- 1971, MWagos
3) NaBH ,

- 19758, Toffalett

by

1964

1969

.low gsensitivity

.NIOSH 3rd Bd.

, 1984

.used in most

laboratory

. NIOSH 3rd Ed.

, 1989




L4 g

I. ¥+ 4 9 ¢

28§ BE L-Cysteine( H, NCH(CH 5 SH)CO o )7t A4S o) Ay
(complex compound )& HAg%rh. ol] of ¥ L-Cysteined NaOH 2+4& 7ol &4
2ol dojuysid vl f20 goAAEE $AHE G, L pHAAM Sn* = BT
LAY EESE & S of AL 5n'? oj o sulphhydryl A&
AL &% FAANA HTY F4552(elemental mercury vapor, Hg® o2 HE

27 fEoit). &, & pHE oA
He'™® + S0 — Hg® + So** Wr&o] Qojyry,

S 8aC1 ./ CACl, BAL §& phgoAolAd 27 o S+ RYRRLY +24
SeA SASLHYRE A AR Lol FIASLHYRY £ A8

olo] 21 %% Lol 5i % W] Hgt B AANUH.

H

&, Org.Hg + Cd®* —  Org.Cd + Hg®

Org.Cd + Hg*® + Sa*® — Org.Cd + Hg* + Sp** w2 o] ¢ ojubr}.

o] 4B £LUAZI Yool @ Aot HYH(5em )§ BAUY 423 F
SEold YaEs HH (253 7m ) AR FohA Hm ol F4H Aux
%747 7] (photo detector YA ol HHBTH. o WL YUIAYLEFLERY

(coid vapor atomic absortion spectrometry )o] @ otul,

_16_



2. A <
RE AL 34 AGe Adsiadon gol e e Az ol B4
A8 8 sl
1) =
HegCl , ; Hayashi Pure Chemical Industries, Ltd , Jap.
Potassiunm persulfate{pps ), K o,85.,0 ; BDH Cemicals Ltd ,Engl.
L-Cysteiue - HC1 ; == &% (3), Jap.
SnCl ., - 2H , 0 ; Hayashi Pura Chemical Industries, Ltd , Jap.
NaOH ; =H3AH (F), Jap
c.H,80, ; 95% Shinyo Pure Chmicals Co, Ltd
Diionized water (D.W)
Storage reagent ; Potassium persulfate 0.1g/ 100m™ urine
Stock standard sein(5.5 ), Heg 1000we/md ; HgCl 5 1.353g/2 1% [INO,
_ WORKING Standard soln. (R.5 ) ;

1%HNO 10m 1me

0.02w/mt ; §. 5 Imd — 100me - 100 me - 100me
D.W D. ¥
1%HNO 10md Imt

0.054/m ; 5.5 5md - 100me -  100me —  100me
' D. ¥ D.¥
1%HNO o 10md 1mt

0.1 +¢/me ; §.510m — 100ma -~ 100me - 100md
D.¥ D.¥

L-Cysteine - HC1 soln, 3 % ; L-Cysteine- BCl 3g/ 100me¢ 1N INO,
SnCl , soln, 10% ; SnCl , 2H . 0 10g/ 100m¢ 2W HCI

H,50,s0ln, 10% W 50% (V/V) ; c.H250,100m2, 500md/ 2 D.W
HNO » soln, 1% (V/V) ; c.HNO, 10m2/2 D.¥

NaOH soln, 45% ; NaOH 45g/100m2 D. W

...17_



) T+ T8 FeT 4

HezCl » ; Hayashi Pure Chemical Industries , Ltd.

KMn0 ., ; Kokusan Chemical Works, Ltd.

c.Hy 80, ; 95% Shinyo Pure Chemicals co, Ltd.

Hydroxylarine hydrocholoride, NH , OH- HC1 ; B F&¢F (3 ), Jap.
L-Cysteine - HCY ; £« 3¥ (& ), Jap.

SnCl, - 2H, 0 ; Hayashi Puare Chemical Industries, Ltd.

NaOH ; =" 3% (), Jap.

Stock standard soln(5.5 ), Hg 100044/ml ; HeCl , 1.3R3%/2 1% HNO,
Absorbing soln{A.8 )} ; KMnO , 15, D.W 50m¢ ¢ H,850,5m/ D.F 100m

Working standard soln {(W.83 ) ;

A8 10m 1me
0.024/md ; S.8 2m¢ —  [00m& - ]00m -~  100m
' AS A8

A S 10me Ima

0.05/m ; $.8 5m  —  100me -  100m —  ]00m
A8 A.S
A S 10me 1md

0.148/me ; §.§ 10mt —  100me —  [00me —  ]00m
A8 A S

NH , OH - HC1 soln, 20% ; NH ., OH - HC1 20g /2 D.W
L-Cysteine - #C]1 soln, 3% ; L-Cysteine - HCI 3g / 100m& IM HNO,
8nCl . soln, 10% : SnCl, - 2H 0 10g / T00m 2ZM HCI

NaOH soln, 40% ; NaOH 400 /¢ D.W

_18 —_



3.7 % AR
|3 & A A ; ATAGO Uricon Jap.
Atomic absorptiﬁn spectrophotometer ; GRC- 902, Austrialia
Printer ; BPSON LX- 800, Japan
Reactor ; GBC HG 900
Quartz cell ; 15 om
Hollow cathode lamp ; Hg
4, ¥+ 4 =2
Hercury lamp current 3 mA
Wavelength 253.7 nm
51it width 0.5 nm
Flow rate (N, ) 14 /min
Reaction time 90 sec
Integration time 0.3 sec
N . pressure 15 psi (2nd regulator )
5. % 4 & 3

BAol AgW Hxt 29 29 Pk

N. cylinder

Reactor (50mt) Spectrophotonmeter

—

Printer

Drain

Hg vapor recovery

Fig. 2. Diagram of the apparatus used for cold vapdr determination

of mercury




6. ¥ 4 % A
Do

B AR WERE (0% AL 100, BRE (0ne, ol (0nt &
o2 vhe] My, vie =B o1 3% Cysteine 9] [md, x Smd (LR %A
Woles, HuA 2L ), 50%x FALA (st B sbebm, A%HA 10%
SnCl, 891 Imd % 45% NaOH 91 3m§ Wazof Y&F H8z8 virlg
B Sbth mWUIE Sof 00x7 N3 (MEYIF WaWHES Qo] Yaie
& whm aeeA 2ok +LFTEFEY DA e 155 7mA AU
ol $2 AAdg THNES Wb ol WaBug ofe 24 FFE 47
29028 SR, BE Aga 13 WG

A Mg SENHY @ geb. (Fig 3)

—— ez AN (0% ALA-Z R Eogol 25, 2P [0m )
3% CJsteine 298 Iml B Wi

A3 5mﬂ.| B Y 0¥ Es 3329 )

R0% H!,504‘%'9‘ ime 3 7§

L o
10% SnCl , %9 1md B 75

45% NaOH 2-<9) 3m¢ & 7%}

90&2}' vkl (vb g )

— —3-%5.' ke

Fig. 3. Test- procedures for urine



2 4
S 10 b Folgle PlAYU A M HEspA Smt Hop (0wt A o]
WL 20% NH , OH - HCI-8- 0% 424 7hsf =efof Xino, & WA, ol
Frae A4 Aot qo g Hakrh (20% NH, OF - HC1& ¢} 0.3 m7} &2
#oh) BAced A A8 FAVHYL B2 W AYBE Yol
of 1ma4 38 A Msho] FEheh. AL HA 10% SnCl, £ Im, 3x Cysteine &
1md @ 7hatir go] &4 35m 2 vhof MM S92 FZ of 50m = fob. 40%
NaOH 214 imd 7Hety whgzol olofe R, ZWIIE Fol 9023 Bg
(hE9 ¥ YoPdne du FHES AHNY. BE AN 23 BR o
ANAAE = astnl &2 Ao (Fig. 4)

— AEA(F4 ) 5m Hy (10me Ay )

20% NH‘ZOH- HC1 3927 ol o] KN , B BH(HAH->F 4, 5.3 md2¥)
R l"!l‘%?-"ﬂ W (D.W 2mty Agag 33 4, ko)

10% SnCll 2% Imt & 75

9% Cystleine 29 1mt B s

rl:t
i

D. ¥ 35-:11 B /1% (2%o] oF Rome x| A ¥t )
40% Na(JH 404 Im F 7%
IE 43 L&%(u}%% )

TRz L}’ﬁ

— g2 Ll’-'i (%4 10ndy 23, D.W 10m &)

Fig. 4. Test-procedures for absorbing solution of airborne



7. Azl A3}

1) =
. 54),55)
CAHE e AP TSR geeop 2o of ojsf 20 FWElo £42

tAe e oled £4% wrdd ASEHE L e JEAY AY B4
Alekg et el ASEgit. x Aol A2 wey o A9 m 63 Py,
2 A eof M= Potassium persulfate® neof 7F8HFy 4C YA o] H a4

Edol Agehoirt.
Table W |

Methods and reagents used for storage of urine

Methods and Reagents

Stability

Remarks

Freezing or

Magos & Cernik,

- 1969 ; Ref 3
0.1mle, HC1/ 10meyrine
D Sulfamic acid 1.0z+0.5ml 249 7t stabhie Littlejohn%,
Triton X-100 detergent 1976 ; Ref 24
/500me uyrine {prevent losses )
@@ AMEgE 4T
»na )

(22¢C, 4T, -16C)

@ oK .72 e

(22C, 47T, -16¢C)

@ D@ HMeEQlel 22T, 4C
- 10°Cel B

x4y 20% o4

&4

Potassium persuifate; K. S, 0s

0.1g/ 100m2 urine

RT oM 2370 A

N108SH Manuat
: Ref 56

-2 -




) F4o

KMnO , 0.1z & A oF 50 M8 N0l c. H,580,5m3 MAs| 73t 3
HAE 7he] 100mE T F598 AS3te] 1B AL F 4C JHzel BF
st Abgshaio,

8. A 4

D A=E 9 Pees
ZHEE 0.00436 9 FHE (FAF 1% F5)8 Ystus HEEL Y AuHtes
%= ppm, /M EE= g OB B

ST. conc.

HE(8) = 0.00436 X ——————  ( w/m)
ST. Abs.
ST. Abs. 2329 FHE
S8T. conc, : REZ Y =% mg/4
0.00436 2 1% F44 FH=

HBEEE noise 9 293 F&= AT U 52 R AW}
' ST. cone.
HA2nE (D.L) = IN X ——————  (4g/me)
ST. Abs.

N : FAYHA baseline & H3x HI}FH

2) &%
(1) x
SA. Abs.- BL. Abs. (1.024 - 1.000)
F2-2 (w/2) = X ST. comec. X X 1000
ST. Abs.- BL. Abs. (SA. sg.- 1.000)
SA. Abs. : AlE2AL FFE
ST. Abs. : R&4 999 3=
Sh. sg. R R
BL. Abs. : ZAsSe SR
(2) HF+9
SA. Abs.~ BL. Abs. v
G2 (ng/m) = X ST. cone. X
ST. Abs.— BL. Abs, v

Voo 3T A, ¢

Voo g BY, oM



m 3%y EE
1. = o B = (Sensitivity and Detection limit )

ZHE W AEVEZ AN o 4B (0.050/m)F o] § ko

ANE A7 DY W FEAoAMY PR 0.002@/m, FELE: 0.00le/mME

2 73 gk, & TolM FERT FEGAN v FeAE BAYl ALY
WYAFSEFEHTI7E 0.00436 ol tte] SHE AT E AYY 4 U= FY=F
AR ABolt, HES AEHA %ol 1~ 3ufrtolk Y 2 ofnF 7tz BY)
e 44w ol 4be) stejst ggiole 2 oln] st 9ot

Table V. Sensitivity(S) and detection limit(D.L)} using working standard
solution (0.05 «/mt ) in D.¥ and absorhing solution.

Noise, ST. coac. ST. Abs. 8 D.L
N (1@ /mt) (1 /m2) (g /me)
D.W 0.001 0.05 0. 094 0.002 0. 001
Absorhing
solin 0. 001 0.05% 0.126 0.002 8.001

8§ = 0.00436 x ST. conc./ ST. Abs,
D.L = 2% X ST. conc., / ST. Abs.



2. FAPAAAY S g3

FAHAME AL BEE0 Smt hAl DV Y H4dg zHz Sme 4 Lz
Mg F M HAT e 4 Fd) R whel RMelgl. ol wf Noise(N)
T e 52 AR N A FHEGIH BB (AB) 2 HYAE
HEY FHE Aol FAHEH DR Y BEAg AL FAYYH Fo]
I~ Ing/mt o] =20 YEEgit. 2 B = 89 ok,

Table VE. Mercury concentration in blank reagent test using D.¥ (a) and
ahsorbing salution (b)

reagentta(or h)

8T.s0ln{0.054a/md)

R0 { Noise, X

Mercury conc, g/m

A A-N B B - & (A- W}/ (R~ &) X0.05
a-1 0.001 0.085 | 0.004 }0.126 0.121 0.002
a-2 0. 001 0.003 ]0.002 }o0.120 0.117 §-001
a-3 0.001 0.003 {0.002 ]0.126 0.123 0.001
b-1 0.001 0.003 [ 0.002 [0.167 0.164 0.001
b-2 0.001 0.607 | 6.006 |0.138 0.131 0.002

- 25 -



3. H % A

4e B2EA FEIF 0,02, 0.05 0.1 w/m o 2Aom G EHze
e A HAE A 0,02~ 0.1 se/m HAfH Y Aol F YUt
HY ol kMol gt ros.de DLW oA £7.9% Fodga £3.7% HH.
of A= W W 5 9 Ik

Table K. Relative standard deviation {r.s.d ) of

calibration curve for

standard concentration (0,02, 0.05, 0.1 «&/m¢ ) in D.W and

absorbing salution.

olvent & D.¥ Ahsorbing solnm.
conc. Abs, ‘ :
(4g /me) SA SA-BL  (SA-BL) /conc. Sh 8A-BL  (5A-BL)/conc.
BL 0.05 - - 0.003 - -
¢.02 0.042  0.037 1.85 0.052 0.049 1.45
0.05 0.099 0.094 1.88 0.129  0.126 2.52
0.1 0.167 0.162 1.62 0.237  0.234 2.34
x 1.78 2.44
o 0.14 0.09
r.e.d (%) + 7.9 + 3.7

_26_



Abs.

.25
{b)
0.2
(a)
0.1 p
@
0.02 0.05%

conc. {(we/md)

Fig. 5. Calibration curve for standard solutiors ( 0.02, 0.05, 0.l«/md )

using D.¥ (a) and absorbing solution (b}



4. A 2 A4
AS B2 EN 0.054w/m B ol eto] AL A 53 BAY P r.s.diz D.WAM
£5.8 %, FeAAM 4.4 % . o] FAAE 2 10 2 4.

Table X. Repeatability of standard solution (0.0%«/me ) in D.W

and absorbing sclution

No D.¥ Absorbing soln. " Remarks
. In urine
Ragel 2 (1984) :
. 4% (0. 1:g/md)
1 0.121 0.165 Littlejohn (1976}
7.5% {(0.005wa/md)
2 6.117 0.149 Lindstedt (1970) ;
7% (0. 0448 /me)
3 0.135 0.152
In air
4 06.119 0. 163
NIOSH Manual (1984);
5 0.125 0. 159 sr = 0.061
x 0.123 0. 158
o §.007 0.007
r.s.d +5.8 +4.4
(%)

_28_
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5. #
=

AHF =

2

ol

> &
Jeof = ek Wb e] wB horosilicate Bof oF 300mt B
g Hato] stubd gL 247 EHol Ap2igeon, Y&

a3t

kol potassium persulfate B (.1g/ 100m¢ =2 %8 Jpsto| 4C B3 a &

stol  FAYNSE Adspsith thEstUbE potassium persulfates) 422
FEB 47 0.1g/ 1000, 0.05w/m AR F 4°C FHze] npsns 24
of Abgshoint. RAAH w FTAYAAME £ Ao Hasx how
NAHY =& W » (0.05w/me Yof M A4FRZTLA (0.05 «w/m)3
gl ZA oF 10% A AR=gdd. o g 2 113 3

Tabhle X 1. Recovery in urine
ST. 0.05w/me | urine+0.054&/m¢ | Recovery
Time | D.¥ blank ] Urine blank {D-B) /{C-1)
(A) (B) c C-A D D-B X 100%
within 0.003 06.004 0.124 |0.121 0.113 0.109 9¢.1
2 hr
after 0.003 0.803 0.122 310.119 J0.109 0. 106 89.1
26 hr
after 0.002 0.003% 0.113%3 | 0.111 0.100 0.98 88.12
50 hr

_29._




6. Al B & 4

Hel 24 i o8 » o FINF AN FaAod MY $& EH4PAH]E
® 12 -1 9 12 -2 v},

Table X O0-1. Inorganic mercury contents in urine
Mercury content Mercury content
Sample {w/e) Sample (/e )
BK Industry PU Industry
1 6 1 8
2 6 2 7
3 15 3 6
4 2 7 4 15
5 41 5 13
ORET Elec. 6 18
1 18 7 6
1 12 8 4
3 15 9 3
4 17 10 11
5 27 1t 13
6 11 12 3
7 32 i3 9
8 31 14 15
9 71 15 it
10 33 16 6
11 28 i7 7
12 62 NSD Co.
KD Glass ware i 11
1 139 2 20
2 114 3 16
3 105 SE Ltd
4 85 1 12
5 68 2 18
Ul Gage 3 14
1 22 4 12
2 15 5 7
3 31 PS Ltd
4 45 1 5
5 45 y) 1
6 7 3 1
7 42 4 14
8 14 DJ Ltd
9 40 i 11
10 19 2 8
11 92 RKT Elec.
13 28 i 22
i4 86 2 47
15 9 3 13
16 41 4 30
Remarks : Threshold to patient ; > 300 «g/m
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Table X H-2. Inorganic mercury contents in Airborne
Mercury content Mercury contentl
Sample ( »g/n ) Sanple ( mg/m’ )
Ul Ltd Ps Ltd
1 0.004 1 0. (001
2 0.017 2 T
3 0.014 BJ Ltd
4 0.012 1 ¢.002
5 0.003 ! 0.003
6 G.017 RKT Eiec.
KD Glass ware 1 0.002
1 0.043 1 0.003
ORET Elee. 3 0.074
1 0.9051 4 0.075
Y/ 0.082
3 0.016
4 0.024
5 0.046
6 0.03%
7 0.037
8 0.027
9 0.023
10 0.127
" BK Chen Ltd
1 0. 041
2 0.079
3 0.035
4 0.062
PU Industry
1 ¢.015
1 0.016
3 T
NSD Co.
1 0.016
1 0. 003
SE Ltd
1 0.412
2 0. 0607
3 8.022
4 0.0004
5 0. 006
6 ¢. 00%

Remarks : Mercury, as Hg-

_31_

slin ; TWA 0.05 mg/nf ( except alkyl vapor)
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