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— Abstract —
A Comparative Evaluation of Sampling Methods for Airbone Mercury Concentration

Ju Young Park, Kwang Jong Kim, Nam Won Paik*

Institute for Environmeatal Health, Korea University
School of Public Health, Seoul National University, Seoul Korea*

This study was performed to evaluate methods for determination of airbone mercury in industrial
environments.

Three methods, such as Hopcalite method, passive monitoring method and Jerome method were
evaluated at two (2) fluorescent lamp manufacturing Plants in Korea during a period from May 24 to
May 31, 1994 and the result are as follows:

1. The average were concentrations of airbone mercury were 264g/m* by Hopcalite method, 25ug/
m* by passive monitoring method, and 38ug/m* by the Jerome method, respectively, which were
below the permissible exposure limit of 50ug/m* established by both the Korean Ministry of Labor
and ACGIH. However, 12 out of 49 cases(24.4%) in plant A and 2 out of 31 cases(6.5%) in plant B
were in excess of the standard.

2. The relationship between the results by Hopcalite method and the passive monitoring method
was significant(r=0.892).

3. The variation among three results by eath of three methods were different by process. The high-
est variation was determined at quality control process( “process b”) which invoved in large variation
of concentrations.

4. When short term high concentrations were produced, the Hopcalite method was more efficient
then the passive method.
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F&5L ALdA A4 FH2 24N #Y
# Fdoln] e st @ dEdM FUHE
BA R AT 2az sl 2EAZL QA 4
& F7)0) B2 7iglE $4A £ $HRE H
gAl sHedel Yl 3NE w8 ENEE V)
&3 BA7F helM rleo] 40TY ele 20T
iy} et 371 Pk ok (Zenz, 1988).

F& BHEE FETFE, PIFE, feez
FEE 4 e, fEvE@d Ao 429
Zzdo 2AVt =3 e FAFTE 9T A2H
A2A olE AFIME BEFEE AHEER Jinh
8335 AzARPe YBF 2ARE AN ¥ 5
& FUshs FAHOIER & YA FRYR v
go] F2AY £20] FRJE ¥4Fe sd, ¥B
S okte] B, ¥HF WY T AP
FH A SHEY £& F7)6 4A =2} E2
2=

F2F7ld % F8 FHFEE Gz o
HEE, AR, X294Fc) Jehin (Doull, 1980;
Smith, 1983;U.S.EPA, 1984;WHO, 1986;Ze-
nz, 1988), A%9 4LFBAY AR +
237 =24 9% 278 AAFHRE €9F,
LR, NFHLE sEEEFd 43 BAYH F
A (Smith et al, 1970)3 AMR d&9 Iy,
AR HefzhEel ohdd AAYe F4E] ANH
2 i} (Hunter, 1969).

2% HFse 22A4Y IRREE AfMe
24 A[Fe FF FLE¥EY FPYd A
ERAAUI AEAE B olRAe & Aol
3718 3 4/ WS nF FYY
AR AA T4 (National Institute for Occu-
pational Safety and Health, NIOSH, 1984)¢]
A ANE e £ AN e aN9 &
A2l Hopcalite® AAAE AMHA7ie] A@s}o
ARE AN glen, 7T ARIHERAN
(Occupational Safety and Health Administ-
ration, OSHA, 1990)& aMe F3A47l Fag
AF5FY SAEHY7Q passive monitor® ©l&
o] AlEd AN PUE T AEYeE Y

#3 tt. a2y Hopealiteli & J8Es FUE
e 44 Ry olFe Be AR WY
A4 AAAZE BRYAITE Ul AQAIRAN S A§
+ As AN8&3YPA cjside) Un, YA Y
Ax ABEYS fad 2Pz U BP0
o} 3= o] v}, passive monitarfl& ARA
2 AN7E AH-tA gong A7} At
gaistn AQME ANl8] 2 R 2P0 €adl
oy g9 St Fud AuNE 7o) oY
o}, |9 Wyese F9% 437 ¥4%(Gold
Film Mercury Vapor Analyzer, ‘Arizona. Inst-
rument Corp., Jerome 431, AZ, ©|# Jero-
me), Y@A (impinger) ¥ ¥ Ut °1F Je-
romed & $2E7)7 2% o fhe g@ud ¢
Al Btk AoAYe] Foidlel AIRe) &
A ¥E@ ABNoE Y 4= Yn, B9
2YAHE YINLEE ALZANE Syt
239 $E8718 FENA PAse AR =
A7EE AR ¢ U dEdde S
34 598 o848 dMEAges AU
ZILo2E A 5 211 DE B2d4 R
A2 HPo] o35, MAANEANH 7 ne]
Qle] €rf,

LUl AHE AR FF $&F
w9 aRgye 90dasAA JuA Yy § ol48t
4 A4 3% S iR, dAe
Hopealitel& 72 ol8# 2z MUY &=
& wrbsta sloh e SEA7E AaAa e
AAZE Hee) BEE AT glon] HYES Q)
fo AUF BNF $L8E PP oRoln)
A gdo} olofl i e}F o] FmE oo}
ka4,

E Q7E € AR 315 f5E 2%
Wi $ Hopealited & ol el £UHA @3t
o & @4o] Fobd passive monitord, 12
2 &) Astn FYo] M Jerome'l ¥ A7t
A Wil L% FE FEFEE AYFYRAY
uiel H3sn AT PP AAske rj2A
B& AFeaA @

B d3e 743 B 989 A
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(3) Hopcalitel& ol88ta] 334 oA, 2%
T 43 uns] A Es JREAE 4 498
TEUSHE Yrien.

HTOid W Wy

1 ohd o2k

€ dFe A7z 2A% ¥BF A=Y 27
adA Y4ASAT, v =¥ @2 (=F
¥, 1995)%0 50g/m& Z1Ee2 R2IMRIAR 170
A 19949 59 24UBE 279702] 443 1699
SEAE gaeE AR FPasen, o
A4 O 1744E 19949 59 30%E 3197
A 24zt 1679 22AR Yoz AEE AN
Ak

2 37|12 s 5 4%

371% TR 23WHe NIOSHe 334
H¥ (NIOSH Method, No. 6009)2! Hocalite®
(NIOSH, 1984), OSHAS2] #AA ¥ (OSHA ID
140)1 passive monitord (OSHA Technical
Center, 1989;05HA, 1990)¢ 383k 2ax}te]
357 #1A (breathing zone)o] ABAN& F
Al 22AIZeH ARE 3P Fotol 4R
HHo 2 Jeromed AHE3lY £1EHQA FNF 4o
T8 A A

1) Hopcalited (NIOSH Method No. 6009)

ARJAAE ZF 712} holderdl Hopcalite® 23}
o 22xte 3 E7] HAXNM RF& 0.05-0.20
LPMe2 od, e¥ a2 e 8X|HEt s}
Ak AJA R e RS ¥FAEY
(soup bubble method) & o] &3] 23A3} Fof
AAska,

371% A2E AHT ¥ 50a volumetric
flaskel Hopcalite ¥3A R 42 fel$g @A
el Y3 conc-HNO.2F conc-HCIE A= 719
ok F3A 7 G4 448 7R 1A E $X

& F gol24# o83t MU Ay 4o
9] Y3 %& 100w volumetric flaskel ¥3 @o)
T2 4% ¥ Y4AEBEEA (Atomic Absor-
ption Spectrophotometer, IL-551, England) <)
¥zt 371 @471 (Cold Vapor Generator, IL-
440, England)ol¥ 10% d834oz ¢ @
HUAA 253 Tnme] BgolA ageiqict 54 5%
9 & EEY§ ol ¥4 JeUE 348
I A5E3 FAEE Byl JYac)

2) Passive monitor® (OSHA ID 140)

Passive monitored #2544 (sorbent capsule)
& ZHY ¥ ARZIARIYL) 259 g NS
33 W3 (protection cap) & AAY £ 2=z
A2l EH7] N By, BAINES AEE
33% ¥ monitor2¥E FAAEE ZHAYA
AW F4Feidd Wi BgsA we w¥sn,
NEEY RAANE Aexs UYL rBIY
o 3 ABEXPALE HF o5, WE ¢HE A
AL 71 REl FRAMA ARG e
9] A 8#4L Hopcalitel 3 YUY 24243
A @ol &4 B4l 10% HNOE AHgiic,

3) Jeromet

Jerome® ©] 83l A7) FrA 2oz
3% FU FAl WYt 273 Pz &
239l E&7] fiXM 030 E# 2-384
23] VI TA R BAITEAS] 3B E YE
doh. 03 23 71719 AA7] AA (sensor re-
generation) 34 & %8 A8t Arizona Ins,
Co., 1988).

3 TExE N3H 2R

it WRF AzBPe P& 2d e
g &, M3 dzd #I& WY WY (mix-
ing) % ¥REHZ =FAZ F(coating) Z=H
7t28] €2 JEAI7IT 2SR Sde] ©XE Y¥F
EZE& AANLD, 223 PRE dde] A2
B2 flgtd Fdol(flare) & M23tn o7l
7|83 =914-& Adshe 29 (stem) FH € A
H =8 gelieEg A" 91$¥ (mount-
ing) & AYL. E YHEYc) =39 AW ¥
o YAAER B¥she A3 (sealing) THE AR
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¥ 7] (exhausting) FF € 2AEE IM R
o AF WAND ¥ 2] HZIEE Foe
F&FLo] PUHM o] FPANT KUA 7L
& AMETh 480 FUE YBE Yol ol
A& BE X dod ke 4ol (basing) T3 A
AN FENEE & F EPUGEHAIEF, 1992).
E o9t ¥x2 ¥HFS FHEAQO), AT
§ d2the 35, 2z pAidae AR 9
Fe AZIE sk A ARIAe 4 aWiH
FARA L A9 FHHU} e e AEE
F¢d H@eErle] 64F 574, o e B
hsl @A 7HEHR 9. Fjids] URe
0 Ve Fadel e #U4 AUS o8 9
8 2o EzEa glen $Fel & o] ¥R
g A4S 94 oy ZINE 49 Feses
A et Fed ot FR%e @9
Bo) & S # fEsER A 38k 2
g Fey I3 ¥l ¥ clBeiRE A7t 3
o s Arise FEH 25 AR I
2 AQE i ARP ued e 29
=¥

AYER e Bl wiat A AR P& o
A7 e et "a"e #&& A Hdse
W B, e AGANe] WA Bl
Y35 T E Ethe #FUATYH, 7
€ ANdsE deste A7), FFeR, "3 ¥
Zidst 7b8 Mk e A9, B340l
o "e"& wi7iths} b W oA flew HYR
LT B I PoInt.

B AIIAE shiel e ¥l 249 Hae
Aol #gje] ool x glov] FAV TF
& Atk I ey Fele APACIAR o
FojA 2 YNk FHH AU L AR ¥R
24 280 lon Adwlzt & olRAAR UM
o B ARIARE HAFH vt F3E PR
FRaEH "2’ ' W7l %, be 28,7k
E 33, ¢’"e Wold 34, "d7e 4% W, 1
22 "e"E FHFHoIt

4, EAME|

43 ¥4 SAS package program®& °|§
Bod H7HR &uel ot FUF T F=9

BT BEEAAHE THAL, & W53 SERMR
AR & AT

A7H] S Aole $AHEY, YT A9
£ paired t-test®, HUBYE, U] HE Ao]
£ O3 PR E AR,

AR W F

1. #3dy F718 £ s59 3N
H|ZEA

dutiez AYWEF #HENY T= ¥
AHEEECE Q43 TEE (lognormal distribu-
tion) & 8h= Aoz ¥3lA U (ACGIH, 1989).
Fig. 1€ 47904 A3 AAe 39848 37
Z F& ¥¥ d$ FHEEZ JEpd FHolth
Fig. 1914 HE vle} o] 29 ¥ I7} 24}
Aoz YFPTEEE AT UE ¢ F U

ety 2APUE 301 Fe HFEE 9L E
ZHzHE 73 JABFHAR BAFH o,
2}2te] & FEFE ARYAZHESS] ARBIEHET
2] (Time-Weighted Average, TWA)Z JeIY
t},

AT g ¥FE AZPM 270k G A
E3REd I3 F & Fx9 FHEHEe
Table 13} Figure 2414 He ule} o] F7|g
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Fig. 1. Cumulative Distribution of Hg Concentrations

in Air by Sampling Method.
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Table 1. Mercury Concentrations in Air by Sampling

Method
Plant Sampling Method
Hopcalite  passive  Jerome
A No.of samples 49 57 56
GM, ug/m 35 35 50%**
GSD 1.77 1.84 1.73
Range, ug/m® 9-117 5-94 8-128
B No.of samples 31 32 32
GM, ug/ne 16 13 24
GSD 2.16 2.46 1.86
Range, ug/nv 5- 78 3-77 11-90
Total No.of samples 80 89 88
GM, wg/m? 26 25 3k
GSD 2.14 2.40 1.95
Range, ug/m 5-117 3-94 8-128

GM : Geometric Mean
GSD : Geometric Standard Deviation

** : p<0.05

1000
w00
i_ ]. 1o T woren & acom
g Standard(50 ug/n’)
5
g 10

1 v r r r T T
H P J L] P ]

Plant A Plant 8

Fig. 2. Mercury Concentration by Sampling Methods.

T2 7139 F FEE Hopealite'ol 26u/m (5-
117g/m?), passive monitore] 25u/m (3-94uz/
m), 7223 Jeromeo] 38us/m (8-128us/m) O
Jeromeel &% 7B AEEE 5 Pl vk
THO 24 el (p0.05). ol2i# Ae Je-
romed o] 7% ARz} FAAZL, o|FAIZE A
9] E27} o] RO FE AYE BF wldEx] B
E2 AYAILELY ARVIEHENZE gy
7HE Aoz wddrh A ARIAe A% Hopea-
litedoll 218 371% 29 7P FsEE 35/
m*(9-117u/m), passive monitor'del 35u/m (5-

94us/r), 28] Jerome'Hol 50u/m (80-128ue/
m) 22 Jeromeol ¥ WYRT A Uehgon
(< 0.05 B AlB<l4E Hopealitel®] 16ue/m
(5-78w/n?), passive monitor¥e] 13u/m3-77
ug/m¥), 283l Jeromedol 24us/w (11-%0gug/nv)
28 Jero-me®] passive monitoriit} H&
& e (p<0. 05).

Hopealiteflc 2 23 % 2@ 29 5§ A%
9] ZIBBE BT 26w/m (5-117w/m) 28 2]
Ut 5 3 ACGIHAA 33 =878 (=B%,
1995;ACGIH, 1992)90 50/mulgtolRlon, A}
WHEE =798 298 HELE B A A
A& 498 F 24.4% (12 ¢]3, B AlIAe 313
F 8.5% (233) o1 %ic}.

Table 2& ¥71F $£& x| M 2349
VA E ebd 222 Hopealite't 3} passive
monitor'el] &l§ ABALE r=0.8922 ¢ ¥
< 389 (p<0.001) & 2oy 8 A7 (Cee. et
al, 1989)elX RAF 0.985%H A}o]& BT}

Table 2. Correlation Coefficient Between Mercury Con-
centrations in Air According to Sampling Me-

thods
logH logP
logP 0.892**
logJ 0.729** 0.699**
logH : Log Transformation of Mercury Concentrations
by Hopcalite Method
logP : Log Transformation of Mercury Concentrations
by passive monitor
logl : Log Transformation of Mercury Concentrations
by Jerome Method
¥ p<0.001

2|1 Hopealite 3 Jeromeol] o3 %%
3t BBATE 0.729(p<0.001), passive monitor
¥ Jerome¥lel &% Fe¥Elte] Ad@AE
0.699 (p<0.001) & ¥ zd e A& By}
Table 3& Hopealite®joll 2% £71% e%x
€ F5WUTR, passive monitori® Jerometd ol
A% FFEE SUUFLE slo LMY
T8 Rejtt. ¥ HYAY 2F FAA feolgo)
UA2™ Hopealited} JeromeWol 28 #7135
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Table 3. Simple Regression Analysis of Mercury Concentrations in Air Between Sampling Methods

Plant Regression equation F p-value r
A logH = -0.952 + 0,708 logP 70.31 0.0001 | 0.60
logH = -1.534 + 0.606 logJ 22.51 0.0001 0.33
B logH = -0.784 + 0.779 logP 135.45 0.0001 0.82
logH = -0.994 + 0.855 logJ 27.20 0.0008 0.48
Total logH = -0.738 + 0.779 logP 292.67 0.0001 0.79
logH = -0.931 + 0.835 logJ 87.33 0.0001 0.53
" Table 4. Mercyry Concentrations in Air Among Working Process by Collection Mehods
’ unit (Range,GM) : w/m°
Hopcalite passive Jerome

Plant Process - ANOVA-test

N Range GM GSD N Range GM GSD N Range GM GSD

A a 12 22- 72 43 148 17 24-94 49 152 16 13- 8 47 1.68
b 6 16-79 43 1.76 6 1645 25 150 6 63-128 86 1.37 p<0.05

c 8 33-117 59 157 9 3484 53 139 9 20-8 59 160

d 19 12-70 28 152 21 11-89 32 171 20 13-9 49 1.57

e 4 9-32 15 L7179 4 533 12 219 4 834 20 1.89
B a' 6 18- 78 33 1.62 6 2577 34 151 6 18-85 45 188 p>0.05

b' 6 12-39 21 154 6 933 20 163 6 17-44 27 138

¢ 8 520 9 166 8§ 413 6 145 8 13-19 15 1.17

d 6 5-50 21 241 6 5383 21 227 6 17-%0 39 1.88

3 5 5-11 8 1.37 6 3-8 145 5 1i1-15 13 113

a : Process of exhausting

b : Process of quality control

¢ : Process of electron, engineering
d : Process of sealing, flare

e : Process of coating

Fe5=Ie FPAFE) e 0.5322 Hopealite
3} passive monitor¥el 0,798t} AA Jehk
t}. AIRI4¥ Hopcalite¥¥ pasaive monitoryel
A% e AY¥AAYS] ZAASTT A A
o] A% 0.602.2 B AR 0,828} FA
1238

2. NEYY S % ot

AYFA e B4o wte ERHE 4 YNIHE
X F7NF &9 BE Frv Table 49 Fig.
3, 491M B upelgcl A ARIAe A4 "a"F3
9] 3713 429 BASSE HopcaliteWollAd 43
w/m*, passive monitoryolM 4%um/me, 2831
Je-rome] oM 4Tw/m2 72 AR, "DF

a' : Process of exhausting
b’ : Process of stem, mount
¢’ : Process of basing

d': Process of sealing

¢': Process of progress

3e HE¥y%re Hopealiteol 43@/m, passive
moni-tore] 25uw/m, 2] Jeromet©| 86w/
w2 2z AEUG, "EHe HETeEE
Hopcalite'§o] 59w/m*, passive monitor'gfe] 53
wg/me, 18]35 JeromeRl©l 5%m/mE Zkzt ZALE
uxn, “d"FHe HFET¥E Hopealiteol 28w/
m, passive monitordge] 32w/n*, 283
Jerome§°l 49ue/m2 2z ZAME LW, "e"FH
9] HFFEEE Hopcalite©] 15@/m, passive
monitor#iel 12w/m, 283l Jeromelol 20us/
m& 24zt A A,

A AiAe] A$ Hopcalite'-passive monitor
Y2 passive monitor¥-Jeromedte] F7F +
SEEE "b"FARC] "2 ¢, "d7, a3 "e"F
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Fig.3. Mercury Concentration by Working Process
Among Collection Methods - Plant A.
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Fig. 4. Mercury Concentration by Working Process
Among Collection Methods - Plant B.

BET felstA & Aolg BAHP.05). B3
"% & Jerome¥, Hopcalite®, 28]1 pas-
sive monitord<€o 2 £& AW} e, ol
¥ Aole "b"EAY AU} Fds MA@
B Ao AVEY. & nFEe $oE
B ERHAYAY, £ gAY IS L E
Au4e e AQ, a2n AW AEFLE %
AR olFE Ao FAFYAY S g A
3% Jeromes] A7} 74F B3, NAHes 3
713 +2& #FYshe Hopealite®o] w8} 37]3t
o] #4tel| 2]&Sh= passive monitorde ¥E7}
solttn #AET. Hopealited-Jeromed 3t &
ole FHEE foA & Aol® Bed (p(
0.01) "b"#Fel 7} & Alol& Holm ¥4 1%
=0 HE2HE "¢"FH0l Y AL Holg Bl
olZE b"FHE EPANAE Wit THAR &
%4& 9 Hopcalite®]-passive monitorde] A

1000

2
3

| Korea & ACGIH
Standard{50 ug/a’)

Concentration, pg/a’

9/ 5715 5.0
Working Process
[-=—Hopealite —&-passive ¥ Jerome |

Fig. 5. Mercury Concentration in Air by Sampling Date
- Plant A.
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Fig. 6. Mercury Concentration in Air by Sampling Date
- Plant B.

TE 0.78, 0.84°19 NYH7 449 AHAS=
0.60, 0.7022 "b"FH9 AJPAAPA Ty
¥ passive monitor'd 2t Hopcalite'o] A&
3ctn peEn.

B A2 o] We £ 2y ¥y
TE Aol BAHOR RejEx) sttt

3 BNE TR ske| Yt we

TEHE AR BNF £y YU HF ==
© Table 4% Fig. 5,6014 B uls} o] A A}
WAL 5924URE 279742 U} d4Ho
2FSAE o @R CHUE FEaol& BAT(p(
0.05). &3], Al 2499 7P FE=E Hop-
calite°] 44ue/m17-79ue/mw), passive monitor
ol 39u/m (5-94ue/mv), 12l Jerome'o) 67
/e (26-128m/mv) 2 THE & BT} O] §A e
o ol2 @ e 24U Bakgo] EolA AR
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Table 5. Mercury Concentrations Accoding to Samling Dates

unit (Range,GM) : ug/m

Hopcalite

passive

Jerome

Plant Date  —g——p e GM GSD N Range GM GSD N Range GM GSD ~TOVYA-est
A 5724%* 11 17- 79 44 1.64 14 5-94 39 204 13 26-128 67 1.58 p<0.05

5/25 12 9-117 41 1.85 14 10-89 37 198 13 8- 96 51 1.9]

5/26 14 16- 88 34 1.70 16 l6-84 39 159 16 23-85 46 142

5/27**% 12 10- 72 26 1.76 13 11-75 27 172 13 13- 83 40 1.97

B 5/30*%* 15 6- 78 20 202 16 4-77 14 243 16 14-85 27 1.87 p>0.05

5/31 16 5-36 12 218 16 3- 38 I 251 16 11- 90 22 1.87
9] &7y nE=7F Betr) WiEoz wydcy 279 Table 6. Mercury Concentrations in Air by Hopcalite
o NeEFEEE Hopealiteol 26u/m (10-ue/ Methods in the morning and in the afternoon
m), passive monitorye]l 27ug/m (11-75u/mr}, Plant Data Mercury concentration in air
28l Jeromeo] 40w/ (13-83w/m) 2 7 Morning Afternoon
$e FEE Hole H oy thedd Ue AA A No.of samples 49 49
YAl Aejo] UH ZaEy] WEolTh RN GM, g/ 30 385
9] dzkalol= Hopcalite-passived7te] Yzlkatol ESD ) L?Zg 51'1935

.. wglm B 5.
t BAACR ¥ xol& B oM (p<0.05) o e e
2 uh7ie] Yzklol: Holx| gstrl B AL B No.of samples 3t 30
30,319 9% s 30Ye FFEss} 31 g?b“g”"’ 2‘2’5 2’;
3 AP L5 9 q]H - ‘ o
Jut A UEdthpd.09). ol 30%e 9¥ Runge, s 3- 120 ko
2eAgol APl HEBAE WY F6IA
# : p<0.05

FPste] PR g FEEd FRFP|CTh

2299 7ke] A3t Aele YEVRA Fskth
(p>0. 05).
4, BINE sk YT W

F71F £ 5+ Hopealitel 22 3] 24,
LFAEE A AFHsIen Table 6 F At
Aol o4, oF9 F7F F&9 HIFEE Y
B Aojrh, edn ¥ F3te] FUEF 4L
o B FEAole EAHLE f93tdod (pd

0.05), 0.539] AABAE BH oH FEwes
LFFEE 428 & Ao 3 4 e

FEExel zole FAHALE KA WA (p>
0.05). BAIIAGIAM 5 Al&Ite] 7% 429 B
FEElE ZAol7t FARCZ {3 Kt
Uztel wE AgI Aok FeofFtA @A (py
0.05), 0.799 4#@AE Eov, T e
A ®ZE AtolellA "a’"h "hTEAII] FAHLE
Folgt atolg& HATHP.05). °l2F Adte

183 (a3 28, 0l2E 3 (b AA A}
e 9% 2EA cRITqEL 3’*"}%‘4 o]
g Anz Hol £ AJAe ZEAle T
A7} e AR ZEEog Hopcahte‘ﬁ-‘—l
2 £ AFe L FEE Z3Y AL o4,
2FANEE BT FYst] Hristedoby Aot

g2 E

E de 19949 59 244 %E 549 319744 A
ANEo 2% YAF AzPA ML E AH A,
FeF7ld =29 ZEAE der I F £
¥xe] 23499 Hopcalitey, passive monitor
¥ 2 JeromeW S #A &3l ol e vlm Ht
sgont ggu 2 ARE dAh

1. 2349d s ey JEsdsEe
Hopcaliteiel 26ue/m (5-117w/m), passive mo-
nitor'del 25ue/m (3-94ug/me}, 2]31 Jerome'd
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°l 38ue/m(8-128ug/m) &2 JeromeWo] tg %
PHED ¥4 JePRoHp0.05). Jeromede 2
HAtel FAATL, olFAIZME AAYABELY =
FYHE 2F wddx] Rijmz AgAzHEete
ARPZMEREEFX 2 Igridoia sgdn

2. Hopcalite®} ® passive monitor'izte] <@
7% FEEEUdE B AVH(=0.892) ¢ 2
Kot A ARiAe] B9 Hopealite'd-passive
monitory 2t AH23A4 (logH = -0.952+0. 708
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