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ABSTRACT

Objectives: Methyl bromide is a highly toxic substance that can cause systemic poisoning, neurotoxicity,
pulmonary edema. Methyl bromide is a widespread fumigation agent used for import and export quarantine, but
there is little data on exposure assessment of workers participating in such fumigation. Therefore, this study
aims to investigate the exposure level of methyl bromide among workers and the concentration distribution of
methyl bromide in the workplace during fumigation.

Methods: For this study, one wood tent and one container fumigation area in Pusan, and one wood tent
fumigation area in Incheon were investigated over three months from June 2001.

Results: Methyl bromide exposure levels for container fumigation workers were from undetected to 1.86 ppm
and from undetected to 2.28 ppm for tent fumigation workers as an 8 hr TWA. After opening the container door,
the methyl bromide concentration in the container decreased rapidly over time, but the concentration remained
over 1 ppm even after about one hour. The concentrations around the tent during its removal were highly
affected by wind, but were detected in a range from undetected to 11.97 ppm.

Conclusions: This study confirmed that both container and tent fumigation caused workers to exceed the
exposure limit of 1 ppm as an 8 hour TWA. In particular, it could be confirmed that a situation exists in which the
worker may be exposed to high concentrations of methyl bromide when opening the container or removing the
tent due to the nature of the work. Therefore, it is very important to improve working methods and to wear
appropriate personal protective equipment.
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OokE, A= ARIHAA HEIE Al7l= 4= A
SE7|% 51311, 19609 °o|*HE EY E5A4|, 4=,
24, #Y, AE 59 FHY AR AREASG
(Van et al., 1982). I8} o= e=2uyE3
2 IYA Y, 2 B= Y9 A8 E= AES
Aol oiet At 9 A0 3RS WEA7|7] S
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II. CHeb 3 2l
1. ZAICHAL
20019 6¥HE 37197F FAEA| o] AAet 24
AeZ 1704, Aol 523 17449k 1 A4
9] BX M 1A e s BESHE 2=t
9] LE2LE 5Z ARG

T BEIE s=E BrIsh] flsiA ul=
OSHA &% ¥ EAH(OSHA method PV 2040)
o] 85to] Al=E A3 P EASIITHOSHA, 2001). Al
FAF wiAl= 400/200 mg Anasorb 747TM(SKC
Inc, USA) F2HFEE AREsto] QAR AF71E ©l
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Table 1. Fumigation specification of containers and plastic sheets

Site A B’ C DY ET Ff
Variable
Volume(m?®) 59.7 76 67 235.2 1,900 2,100
Commodity roses hay orange wood wood wood
Approximate Load(%) 50 95 »90
Application concentration(ppm) 11,800 -1 15,400 8,800 8,100 8,600
Temp. of container and sheet(C) 10 - 44 - - -
Aeration time(hour) 2 24 2 24 24 24
Ventilation method natural - Natural
Air Volume control(m3/h) 0 - 0 NAS NA NA

" 1 Container, T: Plastic sheet, T: Not recorded, ¥ Not applicable
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Table 2. The results of personal sampling of methyl bromide during container fumigation

Concentration(ppm)
Results” TWAT

Site Worker Sampling time(min) Work practice

10:55~11:10(15) .
P1 3.80 0.42 Preparation, Open, Management
13:15~13:53(38)

10:55~11:10(15) + .
A P2 ND ND Preparation
13:15~13:53(38)

10:55~11:10(15)

P3 1.13 0.12 Preparation, Treatment
13:15~13:53(38)
B P4 12:10~14:25(15) 1.02 0.03 Management
c P5 13:42~16:40(178) 5.02 1.86 Treatment, Open, Inspection, Management
P6 13:42~16:40(178) 3.01 1.12 Open, Inspection, Management

" The concentration in sampling time, ™: Time weighted average, T: Not detected (LOD: 0.018 ug/sample)

o[t Aol BESME L =EAR AT H A 2) ZHI0|H i = LS sE=HS;

gl wet RIS 2kel7E 971 wizolth. A A9 Zigloly /g & Zgoly Wiel HEshd sk
7} C A Qo)A 9] £54Y2 AHeld 1HE ez HIE AmE7] 98] HdEoly & A+ WRolA oF
A A, C A FF 2 Al &5l ZHU=A 120~150 cm 30]oA ARMHER #S o]Ffof Z4
Aoz sk Aol AL E‘% o] IgolM A T A= Table 33 At

ASo] HEoly 4Foll e HAE AW A A A SAEYE Hd Adeoly &% =2 st
ol 4 & AREE &7 e s 5101 2@ 3 FHoY FF Hi7ITE 25% B B0l w2 JH
o] =EE Y AOoF woHEch B A A AgA AAEIZITY F7ERE 90 m/h) AN £ 9T
ZHloly 5 €o dfofzele Xﬂﬂo}l HRE 2971 R 9F 120~150 cm #°loflA & o]Fo] ATt

o] JHoE kEo] Hd Ao=E wWHH 1 A3 ZH A= - FARE & i & 1180] F
U ol7jgt Axke= AH ol 1t AAsF 7|F0 =2 o 3 1087 243 &= 141.55 ppm, 140.38 ppm
71t 7] w20l o} Zdsk= HEolY tigo] wht ojglom, A&SA 2187 S48 == 242 20.80
L& w2 Xjo7t Z A= wEh ppm, 20.38 ppmC & FA3] ﬁﬁ}gm 44%0] 73

Table 3. Methyl bromide concentration at the inside of container

Site  Fumigation time ~ Open door ~ Sampling time(min) Conc.(ppm) Ventilation Wind direction
13:26~13:36 141.55
(10 140.38
: B 13:36~13:57 20.80 Natural ventilation .
A 10:55 13:15~14:30 1) 20,38 (door opening) SE
13:59~14:28 2.30
(29) 1.94
14:13~14:23 16.33
10 - ilati
B Day before 14:13~14:26 (10) Natural ven’u]a’uon Not
14:15~14:25 15.29 (door opening) measured
(10) 13.84
15:54~16:04 455.24
10 421.75 ilati
C 1345 15:52~16:38 (10) Natural ventilation NET
16:04~16:28 110.50 (door opening)
(14) 115.64

" South east, T: Breakthrough, T: North east
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TehA 2987 243 5= 2.30 ppm, 1.94 ppm T7F 24 g/m*6,000 ppm), C AY9 AL 38
olitt. s=AA FAA & o ko] HESHE2 g/m>(9,700 ppm) °J&o] Eojof HAA|E] A5t
HEE £E =2 O)7] $O8 Yol ACE & 4 St 7] H2oll & 7WFAllA= ml=r NIOSHOA A7 A

B A|FoAQ] BEEIME Fr= oFF Ad £53t 5k Q)& IDLH(immediately dangerous to life
Azx7) wj2slA 291 Ago|HZ S 7Hsioe] ofo] or health concentration) 250 ppm&Et} X =2
2RI A AT < 4T w=2ld F HEloly 2 SEO|tHNIOSH, 2010). whekA] Zglold & 7HHAl
T 275 205t = BEIMEY] sEr= WP 2 5% FF0|EE 5 &

C AYolAM= i & 280] H 3 3 10870 = 7], 4% 5 AHEZ Hol= 2ol 85HH S FHD

At gho] 22t 455.24 ppm, 421.75 ppm, F&3A TE F71HMETE= 37834 SEES A 2o
1487 =743t o] 110.50 ppm, 115.64 ppmO| Q] Hol1 & AHAE LE2AI7FS 7133 &A 6
ok Ji & 2680] Ad AHAE W 52 5= of g Ao|t},

Al o] 7|zt Bt EFFEE ERIsH] 5 HEES
(]

$713 e 9 Aol @ Fo wekdr: 3) HotEE &Y

ogo] NS FYHOE WAL W) THRY, 1L AL 0|83 BATZOIA Kokl A A
of et BESIE] ARSEE EAW, A AGe]  YAe] BEsD B EEl Table 49 2tk
A B S A ARSE A HolE R D A ARt 98 8 oulo] Aoe He F 1

Table 4. The exposure concentration of methyl bromide during sheets fumigation

C trati
Site Worker Date Sampling time(min) O”cerl ration(ppm) Work practice
Sampled Results TWAT
P1 6.21 13:34~13:39(5) NDT ND Preparation, Treatment
5 P2 ’ 13:35~13:39(4) 2.01 0.02 Preparation
P1 6.2 13:45~14:27(42) 2.58 0.23 Removal
P2 ' 13:46~14:27(41) 13.34 1.14 Removal
P1 15:26~16:10(44) 0.28 0.03 Treatment
P2 15:56~16:07(10) ND ND Preparation
E P3 9.26 15:563~16:07(14) 6.76 0.2 Post warning sidn
warni i
P4 15:51~16:11(19) 0.34 0.01 959
P5 15:48~16:11(23) 0.09 0.004 Treatment
P1 10:57~11:44(47) 0.04
0.08
15:15~16:22(67) 0.54
P2 10:57~11:44(47) 0.11
E/F ) _ 0.90 )
(AM/PM) 9.28 15:12~16:18(66) 6.50 Removal(6 sheets, from 10:30)
P3 10:59~11:44(45) ND ND
10:59~11:44(45) ND
P4 1.85
15:14~16:19(65) 13.64
11:03~11:44(44) ND
P5 0.33
15:12~16:18(66) 2.38
E/F 11:03~11:44(41) 0.46
(AM/PM) P6 9.28 15:13~16:18(65) 1661 2.28 Removal(2 sheets from 15:15)
11:04~11:44(40) ND
pP7 0.71
15:14~16:20(67) 511

" The concentration in sampling time, T: Time weighted average, T: Not detected(LOD: 0.018 ug/sample)
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4) M9t SiAA ESSHHE =22 E7t

=2 T=o
£30] o]Fo FA Tu7} Al HukZ siA|ct=
¢ gu2RY d3He2HE 42 1.0 m~5.0 m
golz A4 0] 1.0 m~2.1 m Z|ZA] 2 FGA|
E QFH=E BESHEe] 58 5793 Z3= Table 5
o} Zth. D AH9] A% sfAIzrg ol Xy =)= 52t vt
o] JFoZ QEZOA 5%} 4.56 ppm~9.22 ppm
Y& A 5= 0.40 ppm~2.32 ppmETt £9}°
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Table 5. The concentration of methyl bromide during removal of fumigation sheet

Site Sa??éleed Removal N SampEI;?(gcrlno)catloHnT(cm) Sampling time(min)  Conc.(oppm)  Wind direction

Right 200 120 13:562~14:40(48) 7.49
Right 200 120 13:561~14:39(48) 9.22
Right 430 210 13:51~14:39(48) 4.81
Right 200 120 13:50~14:38(48) 4.56
Right 430 210 13:51~14:38(47) 6.94
Left 380 145 13:50~14:35(45) 0.40

D 6.22 14:06~14:27 SES
Left 200 164 13:49~14:35(46) 0.59
Left 280 160 13:49~14:35(46) 1.94
Left 500 120 13:48~14:34(46) 1.19
Left 280 160 13:48~14:34(46) 2.32
Back 230 167 13:50~14:37(47) 0.96
Front 420 100 13:54~14:42(48) NDI
Right 150 200 15:36~16:22(48) 0.20
Right 150 200 15:37~16:22(45) 0.97

F 9.28 15:63~16:16  Left 100 150 15:40~16:22(42) 6.36 NWT
Left 100 150 15:39~16:22(43) 11.97
Front 100 100 16:40~16:22(42) 0.54

": Direction of sampling site from quarantine plant, T: Horizontal distance, T: Height, % Not detected(LOD: 0.018 ug/sample),

I: South east, T: North west
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o, F 99 9= H2 A&FA9] 527t 6.36
ppm~11.97 ppmOE 2EZ]A9] F& 0.20 ppm
~0.97 ppmET}H £t} AW A9 5= D AH9
A% EAE0I9°H F A9 0.54 ppmP| 3Tt
Lee et al.(2001)°] +=Y 4= YIS AT &
AR} 8 o2 AR BEsi Y &7t
FoAe TJA FAZIAH2H)S =& Hiske
0.67 ppm(8<¢: 0.60~0.76 ppm)°]aL, &4 E F
A7IA AA ZAZAH6H)S =2 s 2.54 ppm
(0.32~4.60 ppm)olctil EIstal ot & Y
o] HMu} 232 A] Agoly ESFARJNA = 1T
3 A9lh Lee & Shin(2008)9] AtAx}o] oJshd A
Hloly &34 210l tish HESHE LErE2
8-TWAZ ND~1.86 ppm= H sl Q= & &
2 o A7AIS] YU FPA | gt wErET}
Aetgon, AaEFo TFA FALIR Fe=
Lee & Shin(2008)9] 14+4¥= ND~0.25 ppm, L
23 B A3 A= ND~2.28 ppml & YER} B o
FAINA H £ FFof =E2HE 2GR Ak
J8y & dAdue} tviAz 52 WA 5 A
Hlold AW T Aut oA FH Al M w2 52
BESMEo] =& AUch Tanaka et al.(1991)
o] Hygh Y& F 2 ATUAT fARE BX A4
T A Al AR wE2grt A BY, 54
AZAAL 34E oz SAHH HESWE 5
HA= 0.1 ppm~21.6 ppmO|AL HafA] ZA=}
38HS oz AAS EHsx ¥MHe 0.1 ppm~
390 ppml.& UEh} B ArAvETE X 52 5
o]t I8y kErEe FAWY, duoz
25 Q=AY 11, FF Al 74 AR Sofl go
SEDZ B AFANE FPH o g Hwsl|=
o} ORI QRO ArAvt: Aut sAzkdo
A FAFAHET X F2 29 HESMHo
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I 34 F=0] o] HuEcHIngram et. al.,
1951; Van et. al, 1982: Deschamps & Turpin,
19906). o|{ A4 HElolUHy MYt &5 5T 84
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3 N F 2+20] ARt AEolM 102 S S
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A A oF 110 ppm BER =2 F=0130t. 1]
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