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Multi Analysis of Fumigants in Soil and Water
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ABSTRACT

Emission of methyl bromide (MeBr) from soil was implicated in stratospheric ozone depletion. To determine

multi analysis of aiternatives fumigants for MeBr, this paper describes the methods of analysis in water and

soil. The MeBr, methyl iodide (Mel), propargy! bromide (PBr), cis 1, 3-dichloropropene (cis 1,3-D), trans 1, 3-

dichloropropene (trans 1, 3-D) and chloropicrin (CP) are separated on the base line on GC-ECD at three column
of AT+DB+DB (90 m) with temperature programing of 35°C — 110°C on GC-ECD. The relative retention
time for MeBr, Mel, PBr, cis 1,3-D, trans 1,3-D and CP is 1.0, 1.4, 2.3, 3.2, 3.6 and 3.7, respectively. The
detection limit for MeBr, Mel, PBr, cis 1,3-D, trans 1,3-D and CP is 469 pg, 5 pg, 21 pg, 79 pg, 101 pg and 5
pg, respectively. Recovery of MeBr, Mel, PBr, cis 1, 3-D, trans 1,3-D and CP in water added 150 ppm
fumigants were 81%, 96%, 95%, 97%, 98% and 99%, respectively. Recovery of MeBr, Mel, PBr, cis 1, 3-D,
trans 1,3-D and CP in soil added 150ppm fumigants were 56%, 84%, 85%, 81%, 87% and 88%, respectively.

Key words : fumigant, volatile organic compounds, multi analysis, ozone-depleting chemicals, methyl

bromide, 1, 3-dichioropropene
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Table 1. Chemical properties of fumigants used in this study
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Fumigants Structure Molecular weight Bmllg%)pomt Va[Z(r)r:rgf-GI:;ure
Methyl bromide (MeBr) CH;Br 94.9 4.5 1,800
Methyl iodide (Mel) CHsl 141.9 425 398
Propargyl bromide (PBr) C3HaBr 1189 89.0 180
cis 1, 3-dichloropropene (cis 1, 3-D) C3H4Cl2 110.0 104.3 27
trans |, 3-dichloropropene (trans 1, 3-D) C5;H4Cl, 110.0 112.0 17
Chloropicrin (CP) CCINO, 164.4 112.4 24

2%+ 1, 3-dichloropropene (1, 3-D), methyl iodide ¢ 1,000ppme] TFYAE 251, © E_—’.f%_"—‘]%

(Mel), propargyl bromide (PBr) S-o] A}2-2 31 gl
(Aspelin and Grube, 1999).

HA FZAA AT = Y E%k Al 87 F
of gele dTab) AN FRAlE A A
& 5 ot 22 o 7PZI A AQA %

%EH% Fdg 2ANAM wlwEb] e £
" FEAY FA AR Aol st ey
MeBr, Mel, PBr, cis 1, 3-D, trans 1, 3-D2} CP2
Table 13} Zto] Z=A3} Z7|4o] uf& §A} 31
Aol 91o FALYSI7 w5 o2 (Tomlin,
1994). A 27} MeBr& dA|& =424 CP, 1,
3D, Mel, PBr 5] ¢ $AL ol 23
g ol ot v ge] FEAIE F7I8el el B
=epARolAS) #4] 4 o

wela] 2 ol As MeBr F5A49] oA £
Az wo] AMLFHT Q= FAIE Fow ‘aﬂ*}

EFABAA T ¥4 228 F¥sisia
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FH
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F =22 £FF-2 methyl bromide (MeBr) 99.0%
(TrlCal, Hollister, CA), methyl iodide (Mel) 99.0%
(Chem. Service, Wester Chester, PA), propargyl
bromide (PBr) 97.0% (Fluka, Buchs, Switzerland),
cis 1, 3-dichloropropene (1, 3-D) 99.9% (Dow agro-
sciences LLLC, Indianapolis, IN), trans 1, 3-dichloro-
propene (1, 3-D) 99.9% (Dow Agrosciences LLC,
Indianapolis, IN) and chloropicrin (CP) 99.0% (Chem.
Service, Wester Chester, PA) 5- 67122 A}8-3}4)

o} (Table 1). FA)|ETZ4|2] TFF-E& acetoneo]] i+

3 H43le GC 244
AH4-5}3

ECD~7} ¥-3% 6890GC (Hewlett packard, USA)
2 AF83le] 248 2A8kedYk Columne 30m
x0.25 mmx L4pme] mA|#es TAE AT-624
(Alltech Associate, Inc IL)8} DB-VRX (J & W
Scientific Incoporated)& A}4-31vh L5+ F9
= 230°CE g o, 721&7]+ 280°C= 39Tt
Column-2- 100°Ce] #A2-3A3} 35°C — 100°C (1.5
‘C/min)¢] $E2A F 71A ¥whyge= gl
Carrier gas¥® He¥ 1.5mL/mimo= 3} o,
Injection volume-2 2ulL.2 &)}

3. 20M e M

BolNg 35ge 2R E3 TEAE 7
7 150 ppmA A5l 2HHR AA head-
space vials (21.6 mL 4-3F9] H-&"¥)ol] 10mLe] =
g 93 10ul E3 £5AE Arbsleled,
247 A g feidel oplE sk
25°Cell B#a}gdct. 18]lm 1,3,79 3o head-
space vialsel] hexane 10 mL& A7}s}x 3027 <
3 A7)l EEIFet. ol F A3l ot
hexane& GC vials (2 mL 23k} $=juhe)| &7
GC-ECD =& 343} 9 (Kim et al., 2003a).

4. EAM 52 AY

=dolne) Hege mofol EF TEAE 7
7 150 ppmI Al Brhete] SRS B4 EL
coarse loamy (sand : 74.6%, silt : 18.0%, clay : 7.4%)
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Fig. 1. Standard chromatogram of halogenated fumigants at one column of AT (30 m) with 1. methyl bromide (MeBr) 307.5
ng, 2. methyl iodide (Mel) 9.0 ng, 3. propargyl bromide (PBr) 11.6ng, 4. cis |, 3-dichloropropene (cis 1, 3-D) 22.2 ng,
5. trans 1, 3-dichloropropene (trans 1,3-D) 82.3 ng and 6. chloropicrin (CP) 20.5 ng.

olm, pHE 7.2, 7] 832 0.92%°]9).0H, 34
& AP = LRS- 10.0%2 A8 ] AHE
slodet. HSEAHE 37l $8l WA headspace
vials (21.6 mL g-2Fe] 8e]w)ol] 102 =k (Az
Az AR FA)E 93 10pl £ TFAS
AZpla F5A7E AEEA d=F fHel vt
ME slx 25°Ce) RS 28l 1,3,7d F
o headspace vialsol] ethyl acetate 10 mL3} anhy-
drous sodium sulfate 10 g2 AH7}sl 3027 &
A el7|ex EEo] F9rt o] ethyl acetate S
GC vials (2 mL 82Fe] §zju)e] 7|3 GC-ECD
2 RBA89 e (Gan and Yates, 1996; Kim et al.,
2003b).

do o 1y
1. dd 2 ESH2 22l

AT column-& A}&-3}ed 100°C2e] A28} 35°C
— 100°C (1.5°C/min)8] &84 F 71X upjo=

Table 2. Resolution of peak between trans 1, 3-dichloro-
propene and chloropicrin at three column of AT+
DB+DB (90 m) with temperature programing of
35°C—110°C on GC-ECD

Resolution
Columns trans 1,3-D & minor CP &
minor CP major CP
AT Not separated Not separated
AT+DB 0.32 2.77
AT+DB+DB 10.06 3.09

stded, 67k £F 34 2FEF GC-ECD
chromatogram2 Fig. 12} 73k} 100°Ce] A5
Aol A} MeBr, Mel, PBr, cis 1,3-D 5 47} = )

ol~g}el7lA] kA RalEgdv} B3 cis 1, 3-Dg}
trans 1,3-D2] o)A A = Ba)7} Fsslact 2

1} trans 1,3-Dg} CP= E2|HX] dgltor, o=
trans 1,3-D2} CP2] &E3:=Ao] 112.0°C&} 112.4°C
2 FA Zol7b A 4 ol Foz FeHA|
¢kglt} (Table 1). «71A] trans 1,3-D%} CPL &
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Fig. 2. Standard chromatogram of halogenated fumigants at two column of AT+DB (60 m) with 1. methyl bromide (MeBr)
307.5 ng, 2. methyl iodide (Mel) 9.0 ng, 3. propargyl bromide (PBr) 11.6 ng, 4. cis 1, 3-dichloropropene (cis 1, 3-D)
22.2ng, 5. trans 1, 3-dichloropropene (trans 1,3-D) 82.3 ng and 6. chloropicrin (CP) 20.5 ng.
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Fig. 3. Standard chromatogram of halogenated fumigants at three column of AT+DB+DB (90 m) with 1. methyl bromide
(MeBr) 307.5 ng, 2. methyl iodide (Mel) 9.0 ng, 3. propargyl bromide (PBr) 11.6 ng, 4. cis 1, 3-dichloropropene (cis
1,3-D) 22.2 ng, 5. trans 1, 3-dichloropropene (trans 1,3-D) 82.3 ng and 6. chloropicrin (CP) 20.5 ng.
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Fig. 4. Standard chromatogram of halogenated fumigants at three column of AT+DB+DB (90 m) with major peak of

chloropicrin and minor peak of chloropicrin.

7] 98] 35°C — 100°C (1.5°C/min) & &S84
sl9di=dl trans 1,3-D9} CPi Fe|7} o]Folz e
v welaElZbA] @ FeHA] eksk (Fig. 1,
Table 2).

o]} o] AT 3 7§¢] column (30 m)e 8=
trans 1,3-D&} CP7} <44 Rae]=R] ggloevz AT
¢} DB column ¥ 7I& dZ3}e] (60m) £2]F Al
=3935} (Fig. 2). 35°C — 100°C (1.5°C/min) 2. 28
BA & AL trans 1,3-D9} CPE w0 A8}17HA]
4 Bel=qiek. 2319 CPY major 61 ) o] =]
minor 791 ) o] &7} e} (Figs. 2, 4).

714 o]& m|Zo FH A I3 F
= (Resolution)2. 2 7 E3 4= o} Columne] X
52 279 EAEAE 2ok AEs YE
Wi AeFel x4,

pels=2x (58] 92 AN R -9 =2
FANTE] (] 32 o)) A
(@) +519] 32 WAl A7

2 AAkg e} (Skoog ef al., 1996). It o
% L0 = A9 337} 40% HAF 2
59 W= T e 9327} 0.3% FA B2 9%

]
o]
B

o[r r-lr:

r_u

2l &}, o 71A] trans 1,3-D%} minor CPo] B2
0.32% wio|aeielZkz] A7t o] Fe|A|A] ¢
oIt} (Table 2).

o]9} 7+o] AT+DB % 7H2] column (60 m)ol] A=
trans 1,3-D%} minor CP7} &34 R85 A 9glew
2, AT 3 719 DB F /& dAAso (ATH+
DB+DB, 90 m) 2|8 A|=3}¢c}(Fig. 3). 35°C —
100°C (1.5°C/min) & £-&-8A 3+ A9 trans 1,3-D
¢} minor CPE E&]%0] 10.06 0.2 w)o|Aelel7}t
Al A B FHHH. £=3F CP2| major 6 3] =
9} minor 791 ¥ o] A= Fig. 48} o] 4x 1y H
9glom R:x 3.099%c}(Table 2). w}elr] MeBr,
Mel, PBr, cis 1, 3-D, trans 1,3-D2} CP2] =A] ©}A]
B BAe AT+DB+DB (90 m) columng- A}-4-3}e]
35°C — 100°C (1.5°C/min)2. £2-2XHo=2 I 4
Uit

ot HEsE

MeBr, Mel, PBr, cis 1, 3-D, trans 1,3-D&} CP2}
33 £=A)8 AT+DB+DB (90 m) columng AF&
3led 35°C — 100°C (1.5°C/min) & 28X 3149 &

2. column=



370 J. ENVIRON. TOXICOL. Vol. 21, No. 4
4r Table 3. Detection limit and relative sensitivity of fumigant
o at three column of AT+DB+DB (90 m) with tem-
é 3 y =0.8877¢/0122¢ perature programing of 35°C — 110°C on GC-
g R?=0.9824 ECD
<
g 2 Fumigants  Detection limits (pg)"’ Relative sensitivity”
gl MeBr 469.5 1.0
e Mel 5.0 92.6
0 Pbr 21.8 21.4
0 20 40 60 80 100 120 cis 1,3-D 79.4 59
Boiling point (°C) trans 1,3-D 101.2 4.6
CP 5.9 79.5
400 YDetection limit was calculate from peak area
—_ . JRelative sensitivity was calculate with methyl bromide detection
E 3001 @ y =386.34¢ 00245 limit as |
= R2=0.9825
o
T 200}
I} Y
= Table 4. Recovery of fumigants on water and soil added
100} .
el ° 150ppm at 25°C
0 . . . . Tee Recovery (%)
0 20 40 60 80 100 120 ; I
» . Sample Fumigants Time after treatment (h)
Boiling point(°C) Mean+SD
A0 3 7
Fig. 5. RelatloIH be;wee}ln b}({nlmg point and relative retention MeBr 3812 822 795 81.0+13
time, plate height (H). Mel 969 960 954  96.1+0.8
Pbr 956 957 939 95.0x1.7
o WA 613D 970 965 934 95.6+22
() vOA T L= L=) =) L=} ? . ° : e
W FAAREE AR 1192, 16,78, 28.1% 39.3, trans 1,3-D 988 97.8 944  97.0+27
43.0% 4 44.3%-]31e} (Fig. 3). 61714 MeBre] CP 99.7 994 990  99.4%0.4
A 12 3l e AAd KA MeBr 561 546 549  552+1.0
F=A)9 B AaaAl s By Fig 59 7o Mel 849 842 838 843%10
FT2A8) BeAo] & 42 §x|A|7le] Zgle Soil Ppr 852 857 852 854%x19
o o Aok e lﬂ&iﬂ-(R2=0.98). cis 1,3-D 81.3 820 79.6 81.0%2.1
sh3 o 580 Thu . trans 1,3-D 872 852 850 858%1.2
gH columne] E&-S o] (H, plate height) 2. CP 884 869 867 874+15
2~ o]l FIA] Th=o o AL
debd & qdEd 71N el ()Y Ade g
(Skoog et al., 1996),
N(He] 4)=16[F]e & )AL 7 ()
(5 4 igkﬂ e ]] /]] ,\](;) " & dlashd o) $34 F MeBrt /13 2t
)
e 2 & Ftore A AEAE M UG 54 =
H (2] ol)=column®] 7 ¢|/N
S 25 AED) pp A2 ok dstove
F2A19] FAH Dol (H)he] ARAAE  GCECD A&7|71 53] &2A3d 31318l 7H&
ww Fig. 59 3ok £249 BoAe] & £% Aol #$ Tk & 7T U(H3Y 5
ol (H)x Agkord ¥ ARAAZ BET  19])

(R*=0.98).

FAEZAS GC-ECDAZ7] W3t A4 &
258 Table 37 79k} MeBr, Mel, PBr, cis 1, 3-D,
trans 1,3-D¢} CP2] & &g 747t 469pg, 5
pg. 21pg, 79pg, 101 pg @ Spgolsict AdA Z=

Fig. 62 & 32 %A 8E AT+DB+DB (90m)
columng AF&3le] 35°C — 100°C (1.5°C/min)E
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Fig. 6. Chromatogram of water and soil for analysis of halogenated fumigants at three column of AT+DB+DB (90 m).
Standard chromatogram of halogenated fumigants with I. methyl bromide (MeBr), 2. methyl iodide (Mel), 3.
propargyl bromide (PBr), 4. cis 1, 3-dichloropropene (cis 1,3-D), 5. trans 1, 3-dichloropropene (trans 1,3-D), 6

chloropicrin (CP).

¢—9~¥'—’£]%]-93—°4 o chromatograme)v}. 6714 &3

F =4 2FFqA Jelbd MeBr, Mel, PBr, cis 1,
3 D, trans 1, 3-Dg} CP2] &-x|A|7Fel z}z} 11.9%,
16,78, 28.1-8, 3938 43,08 2 4435 B3} &
PN Tk Jepste e waEel W
A He Selzsh vehid) sitose E2AIS)
E 9 ®okA]8E AT+DB+DB (90 m)columnS-
AF2-3}ed 35°C — 100°C (1.5°C/min) & BA1E 4
Udet. o9} 22 2oz B Y Ef & EF)
Z2A)E 150ppm H7} 313 thr] E2Zd)e] =
A EEE 2ANAT ASES BhsEs I4

" == H¥ AAbelgled Table 49F Z9tet.

14 F & AgoA 3488 AsEm MeBr,
Mel, PBr, cis 1,3-D, trans 1, 3-D$} CP7} 242}t 81%,
96%, 95%, 97%, 98% X 99% G} A= 95% o]
42l FeEE Bgovt MeBre 81%4Fld
1d % =of AsdM 348S Awnm MeBr,
Mel, PBr, cis 1,3-D, trans 1,3-D2} CP7} 2}2} 56%,
84%, 85%, 81%, 87% X 88% e}t WA= 80~
90%2] 35 Bgon, B A8l B} =k
Al gel| M e 3ol & o] BA vebyich

8 MeBri= & ARer e 81%, EME
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56%sZo 2 A oz ok} o] MeBro] &
718+e] 1,800 mmHg 2 & FZA19) 271} 17~
398 mmHg22ch b A Tl YA sl
Aoz vehgeh olsh 2ol AL HE U
sopte cheA 35 W9 ot A7) 2o
QA AEEe $3A49 ¥4 A =) g
5 ¥4 A A s AP s & m=e)
2A7) %] Dol

R ATl ahE de 1) e £
A7 3 19 Fe} 39 F 185 7Y Tl 35E
& 279y Table 49} 7o) Alzke] ZATol
et 85aS A Geb: A neh olx
F2A7 B3 = FolA aistr] deln
(Leistra, 1970; McCall, 1987; Yates and Gan, 1998),
welr 3eES S o At F AE 19

sof & F8 At & & & 8iH-
2 %
TzA= u}o] Ab4-5 o] 2 methyl bromide

(MeBr)= &= miEx=z %a]x]ll]/ﬂ A}4-0]
A= %24, °l°ﬂ MeBrg& dA% A 57l
A S dasis 49 23 dat 2 9
5 ol e
R ) ]_4 EA AR B o] B Qs

L-r°ﬂ*1vt— =40 R EARA AL

MeBr, methyl iodide (Mel), propargyl bromide
(PBr), cis 1, 3-dichloropropene (cis 1, 3-D), trans 1, 3-
dichloropropene (trans 1, 3-D), and chloropicrin (CP)
9 EA] tpAR BALe GC-ECDeA] AT+DB+
DB (90 m) columne A}&3le] 35°C — 100°C (1.5
°C/min) £-28A o2 I 4 2l%t}l MeBr, Mel,
PBr, cis 1, 3-D, trans 1,3-D$} CP2] Atf= {4
7y 7zt 1.0, 1.4, 2.3,3.2,3.6 2@ 3.79]¢it}
MeBr, Mel, PBr, cis 1, 3-D, trans 1,3-D ¥ CP2] 3
& A& 47+ 469pg, Spg, 21 pg, 79pg. 101 pg
gl 5pgolich B AlgeA 3<4&2 MeBr, Mel,
PBr, cis 1, 3-D, trans 1, 3-D¢} CP7} Z+z} 81%,
96%, 95%, 97%, 98% L 99%Jt}t. EoF A8l
3]4~8-2 MeBr, Mel, PBr, cis 1,3-D, trans 1, 3-D2}
CP7} 2+7} 56, 84, 85, 81,87 2 88% %t}
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