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Effects of Surface-Treatment by Zinc Salts on Breakthrough and Adsorption Capacity
of Toluene in Coconut Activated Carbon Tubes
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The purpose of this study was to determine the effects of surface-treatment by zinc salts on break-
through and adsorption capacity of toluene. Firstly, the coconut activated carbon treated the surface
with zinc salts, were exposed by the spike sample(toluene, 69.02ppmi, 260.1mg/m). and then the
effects of zinc salts were examined by using the gas adsorption kinetics.

The resuits obtained were as follows :

1) BET(Brumaure Emmett Teller) surface area were 954.4nv/g in coconut activated carbon treated
with 0.0001 N Zn(NO:)s 6H20, and 830.3n¢/g in coconut activated carbon treated with 0.0001 N
ZnCla.

2) Migration was decreased in coconut activated carbon treated with the thin level of zinc salts.

3) Breakthrough volume were 73.07 L in coconut activated carbon treated with 0.0001 N Zn(NOs)s
6H:0, and 72.76 L in charcoal treated with 0.0001 N ZnCl2.

4) r values(the time required for 50% breakthrough) were 1046.1 min in coconut activated carbon
treated with 0.0001 N ZnCl2 and 921.2 min in coconut activated carbon treated with 0.0001 N
Zn(NOs): 6H:0.

5) Maximum adsorption capacity was 53.9 mg/tube in coconut activated carbon treated with 0.0001
N ZnCl2 and 47.4 mg/tube in coconut activated carbon treated with 0.0001 N Zn(NO3): 6H20.

In conclusion, the coconut activated carbon treated the surface with the thin concentration of zinc
salts, decreased the breakthrough and increased the BET surface area and the adsorption capacity in
case of sampling airborne toluene.
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2R Z2Ee 29 AR QIR AW oA
o] wEAtet ARQIAHET olz AAMFT] glojA
8% AR difddd " A[AFNAN FoE
Aol g L A=A e AJ{E HrkE
Astd dPslojol & 7MY F8F JF7F HUGL

eFRAE 1981d ARibARAY ] 2Y$A
ZRALE A et AANYRA GIAE o7
670€del 144 APBEE FHESSH D, 19919
de FFAEEN 3 =& HAse F
AV ZHARE RSt z+ AgiFo| A &at
3 A e E2FARE ANE F UES AT
& 73 Wta AchH(ERAARME T, 1994, &
WZE %, 1993). =% Phillip? James(1985)el
oJ3H AARNAN Ede B2 F UM $94E
A2 QY 12FFe] BF FolM f718A %3t
© f713e BAE 8FFHoly, Al wtEA
2 4= 38EF EAFNAM frlgA &3
€ 7188 EdE 32FRoIdvie Bodych 1
BBE ARG THEHI Y S2AY AL
Aoz RE] B3] YAME F7)EA g
e ZH 7 gurE B ol f F83ivin B
Sai=4

2AEE ol8F VT #71EF Iye
1930 thHE Al&tste] 1940Wdti 7R vjm)atA] A}
E31Th7E CSeoll 23 &3 71ge] Mg vjge &
A 4 e ZE lrazcteEadgy (GO e A
2 Q13 19607 R ®7]8AS AmAF ) £
Aus 2AHo 2 AMSHA HAUoh dEA gdde
2 ZRES AU A dilkraR, 943 a3
TaF, d2H2F, AdHEZR, ¥43LHF, AEF
282 JdH2F ook (Ness, 1991).

G ot {FV1EAE 2HY wo] dut
Aoz BAZE He AL iAot mir}t
20%°1% doluA HH Ajge] 4R/ fAEE w
AVt Rez FH7] o 29 (Susanne, 1989)
ACGIHeIM e s3b7h 25% ol4 dold Alg+ W
HEE tn Uk

SRS A2AHA G4" gFo] E3Eo
718271 RF2 do7t Eske A9 AR

A &xrt vF g g3 g4 g 2
& Alte] gloiA H3og ozl ASE 78
g & 3len, o o YL v 8o2E A
BAH AIZEL 7%, A718A9 INF BE, 2%,
¢e, = 2 Y EA Folth(Saalwa-
echter %, 1977).

HARELE 1 FF ER AFAE sl A
Aoz Aw=He] ste=d], Yoon# James(1984a,
1984b, 1990) 7t 7k2F22e] g (the principle
of gas adsorption kinetics) & AHg-dted 1A}
o k29 717 F&EHD dHEE 4L 4o
Z et ¥lE o]A e mixze] Heg HAL
sted A48 4 UEE HoUAY, viadd] &
Aeto] AHERTE HolA /784S Y=
Abgete BABEAE A4 ¢ At AgAch
Yoon# James (1990) = n-Heptane? Z2¥%
€ ¥ o, TJm oWy F(1994) 2 olghE
gae] X2 A gY o] HYE o84 F
Ak A A)ske.

B AT e ol FE 234EE 8l Y
ALAA TS EDF ZFsA « AP o3l F
o] FyW¥the Avlss uhEd (1991) ) Bus
Uhola(1975)8] & ZAE olAgE A3
giee EUAMytn, ooz Azd VR
o] EF<ll9] 7]A|A) & (spike samples) & EEA|F]
i, Yoon¥ James(1984a, 1984b, 1990)7} #A|
@ JtxgAtEe] g A et 2 g U
AT TP EE vakMge s EFde ¥4
o 7Ht Hie @Adwe] FUEAMWYHE wsin
At 3t

2, dExz 3 U

1) 28Y #dEt Hx

AU AU E B3l AT EHNI AP
olddel F=RHHE AT Fo oldEE =W
2 Mg 4SS Rske FAEn AEy
£ @F3}7] §18t Table 13 Zo] RAVTL A
Z3oh, AL coconut BAAR(E71;10/30
mesh)°l 2+2}+ 0.0001, 0.01 2 1.0 N2} ZnCl%}
0.0001N Zn(NOg)s 6H202] 448 & 4 ¥ A
712X AAL7IAE Eo] WowA 108 T
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Table. 1. The methods of each cocomnut activated carbon

; " mL . ‘ i

CRC-1 Coconut Activated Carbon

CRC-2  Coconut Activated Carbon trested with 60001 N ZnCl

CRC-3  Coconut Activated Carbot treated with 0.01 N ZnCly,

CRC-4  Coconut Activated Carbon treated with 10N ZnCh,

CRC-5 Coconut Activated Carboa treated with 0.0001:N Za(N0s); 6H:0

520-580C2 &% H 108 B¢ 71E® Fo 4
€28 YzZiele 27t a§9] IRE AR

2) AR JIXANE H=x

NIOSHAAM ¥A#e =719 Rl (Hel;Tm,
9173:6mm, WA 4m) o] f21¥ WAT 2 =)
ST E& WA ¥a PYSL PR 50ned ¥
e oA BYUE feg & 9o fad ¥4
@& A o RASE P 100mE B
fFEdH2 B4ES TAANNG 2 T YFE
gHeR oz w3 gealing paper® YRl
PEHe EEeAAN dYel AHE&A}(Ness,
1991).

71X 8 & Azst7] figtd SKC Sample
Bag(Tedlar, 100L, Catalog No. 232-50)% &
4 (Sigma) & AHE3c, AUE FriEz
(Gilian, PN 8004648} SKC(Model 224-52))°l
AFHATE BRI /4E ¥ HETEHR
B Feo MEY o F71E HH3) 100L @
i, nlolaz HUAE A3 FEE 304 tolu-
ene® FY3 EFA =t 69. 02ppm (260. 1
mg/m) Q) ANAAIBE WHERTE AZE RAEE
AW (20-25C) ollA] 2 2413 o] A} WhA|FHA wiw
2 EEo] Fol BFAL &8 HabA)7Iih

3) HEHY &Y

7t xo] oldg o2 coconut activated car-
bong AE & Fo vlEHAE ZASFEH, vE
AH e AAEFEAFA (Micro Meritic it, ASAP
2000) & o183t 33t

4) BE, DHEL J 3% 43

g EgFe ArimelA 800TE 1AL
ol FAY T HiAAlcIE A Wztete] AlEY
1, €] n¥dde WELAM FE3 B,

NurEe PFd W oz AMAAT FATY
Si0ze 0.3g8] ®4EE HB=/h Rl JF@
F RLAVZ2AN T00CE 1A JMER] @4 E
@oAH FAR SFE F BAHPE 7 g
#3te] FPRol2 AHFoN, 1 o] BF&L
gitez ®o oHF F ICP-AES(Inductively
Coupled Plasma Atomic Emission Spectro-
metry) 2 23 8,

B) AlZxfiH W £

ABAHE U FYET NUE FUIHZE
AdE F45E 0.2 LPMo HFH o AxF
ZAgAdA AHAR, EAEEN FHe
toluene °|#AeA(1m) & Alg3le] Gatslo]
Flame Ilonization Detector (FID)7} #&g
GC(Varian 3400) 2 #4385t #5849 A+
€ 93-102%9 Bl n, EHZAN FFgd9
2A2vEIYPL Figure 13 Attt 4 a§o0A
2349 &4 9 m3@de #4739 Yoondt
James(1984a, 1984b, 1990)7} MA& 7}2§3
o] 92§ o83l Wad Ao #2418 A
R, FAREY F ¥83 AN 9=
SASTZ 2 1Y%& AMR-3lY

Column ; Stainless Steel Tube, 3.0m X 2 am,10% OV-275

on 100¢200 mesh Chromosorb W-AW
Injector Temperature ; 200 C
Temperature Program ; 50°C for 3min, then 10C/minto 150
T

Detector Temperature ; 200

Carrier Gas, Flowrate ; N2, 5 mL/min

Air Flowrate ; 300 + 15 mL/min

Hydrogen Flowrate ; 30 + 1 mL/min

Detector ; Flame lonization Detector(FID)

3 Afdn % o

1) Z #4Ete| bBHH

B 948844 " 2k MFTZE 7t
Al edl (Rook, 1983), AWTel 3 &#3(1993)
o} AFolA coconut 4 ®°] micropore(20A°]
3 & ARX s WAl HAM HIEAH9 82 9-
89.6%°13, W MFZ717t 14.4-14.8A Utk
Basich & AYelM A8 coconut BAES]
Zr aFd v EHAL Table 29 ol CRC-5914
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Fig. 1 Chromatogram of GC with FID for Standard
Solution.

954.4 m/g2 7HF A ey, I 9L
CRC-1, CRC-2, CRC-4 ¥ CRC-39 €A=& 4
B, & Re Fxe oiiges FAMNIY ¥
Aee] HEAAC] ot FMEHR, ¥E TR
olddoz UG RG] HEHAL Fad
Ak ole ¥ x| oidez EAMHIHW
HZe] Tejo] wERAF ] FAdr] MEL Rog
B},

2) Zt @ete| MExd

zt 2§ $Aee] H¥EZAL Table 29 24
g4gel Al Si, Mg, Ca ¥ A¥EHF2 AF37|

X & €dn 8l=vl (Uhola, 1975), &
AgolA Mg e ARIHEFL 3-18%0l
Axn, AEPFe YA e FHBNAN 4.6%
ojlgled olddoz FUNAY M=
5.69-7.26% 2 F7F85ict.

0.0001N ZnCLE IEQAANY @& Zn¥ad
2 1542ppmo 2 WASTAI] Pdee] oAt
30ppmEct ¥4 JYebdm, MgOst K:08 A€j%
dEEe $34 ¥ 0.000IN ZnCh2 EWA
¢ FAVNA g AAE e Y.

3) 2t §AEinie| @R o|FR

ooz EWANEE € 7 PV EF
de] =7} 69, 02ppm (260. Ing/m) A 7| A& E
0.198LPMo2 ZZA7|%& o @ASTNA U
Bt §%4e] 2 2§ o|$&& Table 33 ol
CRC-27} 1.054-4.980% 2 713 24 Yehdch

dwtzioz 0.0001 N9 ZnCle®t Zn(NOs)s
6H:02 EHM T AN EFA o5&l
A Vel

4) 2} gAetnte| mak | (breakthrough vol
ume)
BHENFE FoiF ePFroA It BAE}Y)
AZRX A A8 RoE (D)2 JebR A
o2 oE QHEAL ARE AHsna & He

Table 2. Pore structure and composition of each coconut activated carbon

Items CRC-1 CRC-2 CRC-3 CRC-4 CRC-5
BET Surface 862.6 830.3 782.9 797.6 954.4
Area(ni/g )

Fixed carbon 89.7 88.4 69.4 87.7 90.0
Si10:2 (%) 290 3.83 3.23 3.97 3.40
ALO: (%) 0.54 0.60 0.46 0.21 0.62
Fe20: (%) 0.25 0.95 0.70 0.91 0.98
CaO (%) 0.14 0.26 0.24 0.26 0.26
MgO (%) 0.44 0.16 0.14 0.14 0.15
Na:0 (%) 0.16 0.23 0.18 0.07 0.27
K20 (%) 0.40 0.23 0.30 0.07 0.27
Zn (ppm) 30 1542 551 12939 1357
Cd (ppm) 343 371 176 384 269
Mn (ppm) 48 168 90 158 148
Cu (ppm) 5 13 15 14 16
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Table 3. Migration of toluene in the zinc salts treatment-activated carbon tube with 69.02ppm(260.1 mg/m®) spiked

air sampling
{mean+5.D.)
Groups Sampling Number Front Section Back Section Migration
Time of sample {(mg) ({mg) (%)
CRC-1 60 min 7 2.005+0.069 0.0248+0.0104 1.236
120 min 7 5.010+0.116 0.1028:+0.0025 2.052
290 min 7 11.594+0.040 0.6300:+0.0333 5434
420 min 7 18.476+0.276 1.2720+0.0570 6.885
CRC-2 60 min 7 2.167+0.081 0.0299 4 0.0068 1.380
130 min 7 5.71240.105 0.0602-0.0081 1.054
240 min 7 11.295+0.113 0.170040.0080 1.505
332 min 7 14.799+0.158 0.7370+:0.0374 4.980
CRC-3 60 min 7 2.079+£0.032 0.0093+0.0055 0.447
122 min 7 5.573£0.095 0.072240.0081 1.296
240 min 7 9.8404:0.021 0.6244+0.0314 6.346
420 min 7 18.535£0.240 1.0288+0.0533 5.551
CRC-4 60 min 7 2.347+0.106 0.0073 1-0.0008 0.331
134 min 7 6.129140.116 0.0696 1+ 0.0069 1.136
240 min 7 10.420+0.103 0.58291+0.0466 5.594
330 min 7 16.244 +0.136 0.7821 £0.0466 4815
CRC-5 60 min 7 2.228+0.057 0.0251£0.0060 1.127
120 min 7 5.274+0.123 0.0854+0.0088 1.629
290 min 7 12.223£0.220 0.4618+0.0041 3.778
330 min 7 14.895+0.110 0.6938 £0.0451 4.658

By Eg A Frle] F& Aol o
giel o] Ry g 2l F7IARE AHNHE Y
g#e oz oHdEdo] oA sHedH,
NIOSHeM€ 150mEA#-& AH-3HE o Ay
o o] E% o HEA Fo] 3 20%E 23R
golol Fokm WAsn gt (Saalwaechter et
al., 1977).

B AYey cldgez gAY EHE Ao
Az 24 2§E gAEHd 749 =71
69. 02ppm (260. 1mg/m) Q) 71X A BE 0.198LPM
o2 EZAFINE W Z} AU &R HE
s} 25 Table 49 #v) W& Fke oldde
2 ¥aNg gAdee S3Rge 72.76LoNE
d), 0.01 N, 1.0 N9| c}ddoz RANE &4
e sabse 2 61.54L8F 67.95LE JERY
A @e Fro oldges EAMNIY S o
st g4 vepdet 53 Saalwaechter &

(1977) & BC-580-26 petroleum #4e& AHME-3t
A4 2¥d, HESZFE2dEd X 5 %
yz} 20-30Lelti Bl £ 4@dse]
sRezt oF 28] o) wA Jepded, o#H¥
olfol i3 Ness(1991) € coconut 4@l
petroleum A4¥RTH XY FYo] w7 HEU A
o2 dysyc. meid NIOSHAMe #4489
A2 petroleumBtHE coconuts] AHS:-& A3}
3 Sl

5) Zt @AEle] DAz Breakthrough Time)

AR ol 2dEA] FAAVHE HPo2 olF
shed A88E AR HAAIRME SR #3
o Yoon# James(1984a, 1984b)= ¥l <]}

1 P P
t= t+— In — — In — =-k(7-1)
k' I-P I-P
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Table 4. Breakthrough volume(L) in the zinc salts treatment-activated carbon tubes with 69.02ppm(260.! mg/m?)

spiked air sampling

Groups a b r Breakthrough Volume(L)
CRC-1 -4.293 0.0582 0.9918 73.81

CRC-2 -4.532 0.0623 0.9049 72.76

CRC-3 -5.436 0.0883 0.9532 61.54

CRC-4 - 6.589 0.0970 0.9902 67.95

CRC-5 - 3.899 0.0534 0.9711 73.07
InY=a+bX,

Y ; toluene adsorbed in back section, X ; sampling volume(L)

Table 5. Parameters related with breakthrough for toluene in the zinc salts treatment-activated carbon tubes with
69.02ppm(260.1 mg/m?) spiked air sampling

Groups Samlping Probability of In(P/(1-P) k' T k
Time Breakthrough(%) (min™) (min)

CRC-1 60 min 1.222 -4.392 4,808 x 107 9434 4.536
120 min 2.011 - 3.886 (r=0.9731)
290 min 5.154 -2912
420 min 6.441 -2.676

CRC-2 60 min 1.361 -4.283 4.68 x 10? 1046.1 4.896
130 min 1.043 -4.553 (r=0.8155)
240 min 1.483 -4.196
332 min 4.744 -3.000

CRC-3 60 min 0.447 -5.406 6.794 % 107 777.1 5.280
122 min 1.279 -4.346 (r=0.8523)
240 min 5.967 2757
420 min 5.259 -2.891

CRC-4 60 min 0.308 -5.780 0.0107 - 569.5 6.093
134 min 1.123 -4.478 (r=0.9310)
240 min 5.204 -2.902
330 min 4,648 -3.021

CRC-5 60 min 1.114 -4.486 5.183x 107 921.2 4.775
120 min 1.594 -4,123 ( r=0.9995)
290 min 3.641 -3.276
330 min 4.451 -3.067

o k'3 t@RE 2T o|FE thAe AU E B A k' @& r gE Table 59 2

At

k' @& In(P/(1-P) & A2 HHAAHE E#£F 1

2, z 2§ HAggd H}AFE Table 63
2},

2} A4 71€7)0lm, v 2 P=0.59d, & Yoon3 James(1984a)& wEotAEolEs} v
Y AN oGEA gel 50%7F RFo2 o|Fs  dEFzee|=e o dFEEE WA gt kA
ed A88% Azlelth. ¥ A7AYAAM 7 2F rato] ¥¥da ¥R, YoonF James(1990)
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Table 6 . The breakthrough time of toluene in the zine salts treatment-activated carbon tubes with 69.02ppm(260.1

ng/n)spiked sampling.
The Probability Breakthrough Time(t, min)
for
breakthrough(%) CRC-1 CRC-2 CRC-3 CRC-4 CRC-5

5 331.0 461.9 343.7 194.3 353.1
10 486.4 576.6 453.7 364.2 497.3
15 582.6 675.5 521.8 407.4 586.5
20 655.1 749.9 573.1 4399 653.7
25 714.9 §11.4 615.4 466.8 709.2
30 767.2 865.1 652.4 490.3 757.7
35 814.6 913.8 686.0 511.6 801.8
40 859.1 959.5 7174 531.6 843.0
45 901.7 1003.2 747.6 550.7 882.5
50 9434 1046.1 777.1 569.5 921.2
55 985.1 1089.0 806.6 588.3 959.9
60 1027.7 11327 836.8 607.4 999.4
65 1072.2 11734 868.2 627.4 1040.6
70 1119.6 1227.1 901.8 648.7 1084.7
75 1171.9 1280.8 938.8 672.2 1133.2
80 1231.7 1342.3 981.1 699.1 1188.7
85 1304.2 1416.7 10324 731.6 1255.9
90 1400.4 1515.6 1100.5 774.8 1345.1
95 1555.8 1675.3 1210.5 844.7 1489.3

& YoM Agst R ABAANExe] ¥ o
3] k'gtol F/48a ¢ g Fadcn Eadd
o}, 2 A7HYPNA k7 @5 ¢ 39 Alole Hula
FAE Jvehlz es, r g CRC-271 1046.1
2 71 A Jebgi, 2 o9& CRC-1, CRC-
5, CRC-3 z28]al CRC-4¢ M= JvEixch &
0.0001N ZnCL2 ERX]¢ gA4we] r 3te §
A8 A gA€RT w33, 0.0001N
Zn(NO3)3 6H:02 X ¥HEe v 3 ¥
Azar Azl g v vkttt

EE Yoond} James(1984a) & ABF7 2¥@%F
7} WElE k32 ¥ gedn 23 sigen,
Yoon# James(1990) & n-Heptane®lA k gtol
ANE2dEEe ¥sle] Al 11519
BasHc & A4 k @& CRC-,
CRC-2, CRC-5°l1A] 4.536-4.896 B2 v]&3]
A gt CRC-3% CRC-49M& tha & e Jerd
Ak,

webal #HAIZEe CRC-271 10%, SaprIZho]

576.6min24 7Hg ZA JYeEsi, 1 dse
CRC-5, CRC-1, CRC-3 28l: CRC49 &A=
Uehdtt, & @& 59 o34 (0.0001 N ZnClz
£} 0.0001 N Zn(NO3)s 6H:0) 22 EENAY &
dae] shatalzle] @AM ARl AR ulsted
#AA JEsh olZie EdAd] ¥ @A
HEAE Frist Beyre ofddes AN A
3 gdo] glon, AT R Fr9 ojddez ¥
A G G B4l sapAgte] A Yehd
2A& MFo] H3A ol v EARH] FUIEA L,
ZnClel 9% &% F2Ho] AstA =83
7] ol Az}, )AL Zno] AEAER
st Agsa AEE Y493 FAYHo] FoRite
Arl&a vFE (1991) 0] R A7dRe| o|&x
dA 33 3ok

6) 2t §4Etel ZESH
Yoon# James(1984a) = ¥dwol 2HE + 3
' AdEdE A A3 We-FC & Hxdt
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Table 7. The capacity of charcoal for toluene in the zine
salts treatment-activated carbon tubes
with 69.02ppm(260.1mg/m*)spiked sampling

CRC-1 CRC-2 CRC-3 CRC4 CRC-S

We(mg/tube) 48.6 539 400 293 474

We=FCr
We; Maximum weight of adsorbed toluene(mg/tube)
F; Sampling Rate(m*min), 0.198 X 10> m¥min
,Time required for 50% toluene breakthrough(min)
C:Toluene concentration(mgfm?)of spike sample, 260.1 ng/m

Atk o] WHYE t=0o1A t=r 749 AFgF<L
ol BAEe 2QES d3} t=r oA gHE) T
€ AEe B 29839 Yol FYddE
7HgeA 4dEd. & 4dYe zdEd Bz o
o A5E o Yo didaie AP % 1§d §
dee Hd 23 5¥L& Table 7% 2} CRC-27}
53.9mg2 2 74 ¥ elws, CRC-19} CRC-5
t 47 48.6mgd 47.4mgo 2 &I}, =
0.0001 N ZnCk2 EWUNE A€ HAWEI
ol 78 2A vehd AL B9 ¥ EAZe
71 ¥ =9 oligel ¥ FFAN Ao
2 =l

4.2 B

2 AdFdM e FAEEE old9(0.0001 N
ZnClz, 0.01N ZnClz, 1.0N ZnCl: 283
0.0001N Zn(NOs):6Hz0) 2.8 EHANsle "
HaEw] 0.198LPMe fos FFA9 7)A
Al &(69.02ppm, 260. lmg/m’) & Z2A)7IUct 2z
e g4dedAM SAE BRde saEas ¥
Fede 12E53Y9 98 (YoonTd James,
1984a, 1984b, 1990)° 2j3l] vlmE-A &l ohg
¥ e ARg did.

1Du]EH o) 0,0001 N Zn(NOs)s6H02.2 ¥
A g gAARNAE 954.4m/g 0.0001 N
ZnCL2 FAAZF FAEAINE 830, 3m/go 2
A JEs

2)EFAe] HEH o|F8E ¥ FE9 ol
Foz RUAY A ¥mH 3 Yeht
o},

3 HAENE 0.0001 N ZnCLE EAN @
FEAME 72.76 L2 ¥A Jein, olddy ¥
=7t 2 &E WA Jepyd,

4L 0.0001 N ZnCLZ EANZT YA
A 1046.1min, 0.0001 N Zn(NOs)s6H:02 X9
A 9@l 921.2mino 2 FA Yebsdc},

5)10% A1 0.0001 N ZnCk 2 EHAe
¥ @EelA 576.6min 2 718 @A et}

6) {2 ¥ 2 0.0001 N ZnCh2 FHN G
BEAA 53 9mg/tube® AT A1 Yo
48, 6mg/tubeRc}t ¥ el

FEHoE We FE9 ojdd S A ¥4
e EA& Aesd 37159 §549¢ Y o
o s#7t Aojn XPFYo] FrlAH we
TEE BUANIY g X5 FoE R
< N EHA ] F7l9} olddol ¥ ERale) F2}
ol 78] wEolRich

AngH

AT, BEE opdA wses okAgd gAwel
o]@ 4% Trichloroethylenes! #a] #& <3 #=
SR 9 W= 1993;19(4) :25-32,

FWZF, oA, Mxd, o<, UAF, AHE, oA
Z, °J$d AU 3PN L 3RS 2PA= A
ol ¥ A7 D, FTARILHABE 1993, 1-15.

oY, FAH, VEM:vl2FAE fald ¥ CS:
g §AEE B3 W Y] WA ABRREEY] 9
A= 1994;10(2) :951-958,

Aulg, WY 2o ojddojgor AP Mg}
ol A @5¢ FPTRG oA WIS FAA
Ay T2 et 1991;35:189-195.

FiRiGATR A A o) /Y =W FA.
1994, I-1,1-7.

Guenier JP, Muller I : Sampling of gaseous pollutants
on activated charcoal with 900mg tubes. Ann Occup Hyg
1976;28:61-75.

Ness SA : Air monitoring for toxic exposures, an inte-
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