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BTEHELLI2T, LRI LOERIFERLEETH
D, TSR T YEALFRY T A P & RO,
LEEETENT, REFTOREDNHETFII-EDTH
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R L 7o 2R ABRIO LIRRE ToRE PR
B O(LUF, hRERmlE ery) zlEL, ToBE#
B oM L ORI OWTHEE L o TtHET 5,

X BR A&
(1) RE&##
BTG, FAMESHIC L ) HE S oM
TRV, ZnbnYEEFENME L E- LR, &
B CAFKOESE (VP) ZCBEV &R L7z, K

BE(WS) I CBE 2 ER L, BERSEEIT Kenaga
AR E R TKEBE, LETER L2,

Table 1 Physicochemical properties of pesticides

= g g
&)

A

D—D (.3-¥7uou7o~2(DCP)) #EKI7an
71 (CPYANT, FhFnBREER (92.0%) kU
Z=HBEERY: B W (99.5%) HWEF AW
A

~EVEBRERERBERE B, KEEEKER
Wiz, HF+%y 7 T3 Waters Associates 8 & Hv 72,

dEizIE, DL, Bt MR EREA T v
fz. T ORI S FK— 2 I RT.

(2) L AZKFBEOHRFEREDRE

BR324 2 ~ dkg K& M2 TR & % A FE i
DWW 4BRE, ToftarBiconCid 1 ERBEICH
2Bli, ZOREEA LI TNT7IFA2 (KRiELE
W) B> L 5cm 2 TORE $ THED, 25COEEK
MicBd, REERPLH10ecm DTS D E Z AL
AFEROD —DHIRF /a2 »#%3ml o8N
L7z,

LEEEES L Scm ARFU %, KFotp 72 T0.2g #
FHML 47 2E (WEdmm, EE150mm O&74 4
EptEAr T 280 o, WRB1E 7 (SEHEEeEW IP-30L)
W CRERR BT IRG L 72, KEOREUE, MBEED 5

F—1 BEMELZENEE
Comimon Molecular Vapor Water Soil*! Henry*?
name weight pressure solubility adsorption constant H/Koc
(MW) (VP {(WS(mg/!) coefficient ()
{mPa/25°C) Fi®)] {Koc) (Pa-m?®*-mol-%)

DCP(Z) 111.0 3500000/202 2320/252 62 1.5X10° 2.5%10
DCP(E) 111.9 2300000/202 2180/25% 64 1.1x108 1.7x10
chloropicrin 164.4 3200000/25% 1620/25% 75 2.0x10° 2.6 X10
*t calculated by equation® ! log(Koc)=--0.55Xlog{WS)--3.64.
*2 calculated by VP/WS.

F— 2 LEOWRECERT, R HEASEH

s ok 54 ¥ OE A T B B BEbAka BREKE BERESE pH B4 ArTRER

(%) (g/dry g) (%) (g/dry g)

Wl REREENEEIRE RS aiER L L 0.7 22.0 0.84 7.12 6.7
NE RERVMPESEARR] RRSEEREKRsL 17.9 109.3 8.68 5.26 46.2
SN MERERSE NI B L BT ERERERAR 7 £ 5.0 98.7 6.30 - -
B B RMSTHEMITEIL MR AL 2.7 26.4 2.45 4.08 12.4

— L iflEeT,
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Table 3 Gas chromatographic conditions for analysis of soil fumigants

#-3

IR ABRBTBED T A 7 w2 b 77 7 &

gas chromatograph
detector
column

column temperature
injection temperature
detector temperature
samplimg apparatus
carrier gas

purge gas flow rate
split gas flow rate
make up gas

ECD current

range

attenuation

injection size

Shimadzu GC~15A
Electron captured detector { ECD ), ®#*Ni 10mCi

J&W Scientific fused silica megabore column: liquid phase DB-5
1.d. 0.54mm X length 30m; film thickness 1.5um

4T

200°C

250°C

Shimadzu SPL-G%
He, 0.3kg/cm?®
2m{/min

Om/{/min

N,, 50m{/min
0.5~1nA

0

4~8

5ul (splitless injection)

Table 4 Maximum concentration at soil surface and emission weight of soil fumigants

F—4

13 AH NIRRT IR & LR TORKBRE

BE39F

Sail

Water content

Kodaira

78.0%(1/1.4%)

53.3%(1/2.1) 37.0%(1/3.0)

27.7%(1/3.9)

Fumigant DCP(Z) DCP(E) CP DCP(Z) DCP(E) CP DCP(Z) DCP{E) CP DCP{Z) DCP(E) CP
Maximum conc. 464 504 2,501 570 373 1,653 591 174 1,470 248 918
Elapsed time 1 1 0.5 0.5 0.5 27 27 7 30 30
Emission weight 9,925 9,860 40,508 7,547 6,869 31,655 14,491 11,092 37,667 7,135 26,522
Emission ratio 0.00048 0.00048 0.00196 0.00036 0.00033 0.00153 0.00070 0.00054 0.00182 ©0.00034 0.00034 0.00128
Time (E)>{(Z) 168 102 47 48

Soil weight 2,100 2,000 2,100 2,000

Soil Tachikawa Toyohashi Hazaki

Water content

Fumigant

32.79%(1/3.0}
DCP(Z) DCP(E) CP

7.5%(1/2.9)
DCP(Z) DCP(E) CP

9.6%{1/2.8)
DCP(Zy DCP(E) CP

Maximum conc.

Elapsed time

Emission weight

Emission ratio
Time (B)>(Z)
Soil weight

1,639 1,146
28 28
40,68 28,603

48
2,500

114,954
0.00197 0.00138 0.00555

4,291 388 233 1,056 895 513 2,463
6 6 6 0.02 0.02 0.02
8,612 7,451 29,158 12,975 11,351 40,745
0.00042 0.00036 0.00141 0.00063 0.00055 0.00197
52 54
3,100 4,000

*: water content/saturated content.
DCP(Z) : Z isomer of 1,3~dichloropropene, DCP(E): E isomer of 1,3-dichloropropene, CP: chloropicrin.
Water content . a water content in soil (%)}

Maximum conc. | a maximum concentration of fumigant after its application (gg/m?}.

Elapsed time ! a time when maximum concentration was observed (hour).

Emission weight | a total weight of volatilized fumigant from soil (ng).

Emission ratio : emission weight/applicated wight (9).

Applicated weight | DCP(Z)2.07g, DCP(E)]1.71g, CP 4.77g per 2~4kg of soil.

Time {(E}>(Z) . a time when a concentration of DCP(E) became to be larger than it of DCP(Z}), a concentration of DCP(Z) was larger
than it of DCP(E) at initial time {hour).

Soil weight (g).
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(1) Hazaki Soil
& 3000
<, 2500 |

2000 |
1500 }
1000
500 &

0 50 100 150 200

Elapsed time (hr)

Goncentration {u

{2) Kodaira Soil
1000

800
600
400

200 ]

Concentration {z g/m>)

bl o s 3 1

0 50 100 150 200
Elapsed time (hr)

{ —@®- DCP (Z), —A— DCP (E), —#— CP?}

Fig.1 Concentration of soil fumigants on soil sur-
face after application

Bl—1 8 AZHERBEOLRERRBEOHE

- water content=1/3 of saturated content

7THEE TERSMICERL 2, WEIREERYAA—F
— (FWI%EReE DK-2CE-T) THIEL 2,

&gy~ TEHEY5ml 2 L, -
3DEMICIE L 2 BT HIEERNS (ECD) 342
w777 CERLS.

TERRUEER

YRR OIRKNE, BB R b ORE
B, KREPA~OTMBEE TR E &~ 4 1TRY,

ANELEE RvW LB ntRERBEORAMEE, £
BAGENEC DB ERECL ST
TEBRERERE K &G B & EOMBERROLBRERIL,
A BE R EE, THUKS RS Rk

T BE < AR LB & DT 29

Table 5 Correlation coefficients between emission
ratios and physicochemical parameters

F—5  RHERCEIGEMEEE & oM OERIRE

Correlation coefficient

VP 0.33
WS 0.96
MW 0.99*
VP/WS(=H) 0.98
VP/MW 0.89
VP-MW 0.89
Koc 0.97
H/Koe 0.68
VP-MW/(WS-Koc) 0.95
Ka/w 0.99*

VP: vapor pressure, WS: water solubility,
MW: molecular weight, Koc: soil adsorption coefficient,
H: Henry constant, Ka/w: air/water partition ratio

It is shown that both parameters related statistically for
emission rate (**: p<0.01, * p<0,05) and n=3.

D1/2EL ) & & F0BEI05~ 1 M, Vb bAlE
HTH - 72h, HBRTEH D% (BAEFARBOL/IL
T) & Ei3RBIR2T~ 0K L o Ao,

AR R I ARFREEOML/3IC L & & D4HERD
TEE R EOLRRWBEORKEIC G, ¥
MHRIC L sEREO N o0, L, HERTE
[Edrmrk & % B & & ONELED & DFLERRENL, HEY
TR S vigs (ML) SAEERI R T oA
#, BRBERAZWES QoL AMVEL) 30
JompMEs R E o2 (K- 1),

TEEBRYE R0 S L, KA/ LR FEII
ETT 2 EXRBDHLNTEHY, SHEDABICE W
T, iR AR 2L 72 #oy R IRFT AR & 48
mOERSER - OB A LN o, TOHEL
LT, B ofeilai, T8 ARFLADBED
B2 10meg/Fet kg TEML TH Y, 1 AKAD
Y 571600 ~2500me/ 52k kg TH 0 150~ 2501% > 5 i
BETERS N8, FlMER0 L5 2 LBy
WHE D KGRO L LR BEAEOBE L R E (R
EEZ NS,

¥, WEINEEEREBELRIS L, WoME A
Bt b KEADOWHERE Fb 2, AFLBICBT 28
AL KGR & D545 &, HEKRGBHE
Brid AT C 2 b Mmss s s i, kG E—
Fio L2554, MOE: REHRH R & oMM
YR (Rra R AN

RFF O PHERE, DCP(Z)490.0003~0.00202% (F#5
0.0007), DCP(E)#%0.0003~0.0014% (°F #70.0006
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%), CP #%0.0013~0.0056% (SE#50.0022%) TH 1,
CP>DCP(Z)}> DCP(E)NETH - iz FHgtide  +
AR OWBLENEE > 0B EAL LS

(F—5), JERIHBEI, FLFN, HA40.98, VP-MW
70.89, H/Koc2%0.68TH -7 (H: ~>» ) —EH,
Koc : T¥WHAE{E%), DCP B CP ok&./ ko 4rEl
H (Ka/w) &, DCP(Z)#13.1X10°% DCP(E)#%2.6X%
1072, CP #%6.2x 107 & 0 Y, iihE E Ka/w & DHH
BEUI0.9 TR LE -2, BEaZ &a b, HEERD
TR EEENS EEZ LMD, B, RIotw
T 2B k& DCP R CP o EINERIT BIF 2k
BB LNTHWE,

DCP RMth = s L BEMBEOHR LA B &, »
THOEFCEWT LUBEER ZEDOBEHIFEL, *
DB L E ERnERITEEL, EANBEFKE (L
=iz, ZARE Biko) IHtBEET 5 & & OB
RilE, BRI YEAELSICIIBL Ko 2, LR
EFRALNE 72, ZHiE, EXREE~THR VP H
KEBWZHBFEL LT, MEEFROTEEMBEI KA
E{ oo BPTHEL ST WizsHio, B
Mmic & 9, EfROEEMBELITEL 2o LHEE
3B,
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B AR 2 RS ALEE | 2o ARSI IEE = )
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A HVIBAIT R T AN A L Lz, BRI T
R, e VP-MW, Ka/w & OfEs &L o722
L b, ZOWEMLEE T 4 —F ik, 13 AR
Ll HEEREYT D &) S OHMIMBO—2Ic R D 2k
Zhib,

Volatilization of soil fumigants from soil

Takashi WATANABE

The soil fumigants were applied into soil in the laboratory, then the concentrations of themn were measured at
the soil surface. [t was observed that the concentrations increased with water content in soil, and the emission
ratio also increased, when an emission ratio had been calculated by emission weight of fumigant/applied weight .
The maximum concentration was measured at within 1 hour after application into the low organic matter soil.
And the elapsed time which the concentration was observed maximum value using high organic matter soil was
later than it using low content s0il, The averages of emission ratio of soil fumigants were significantly correlated
with H, VP-MW and Ka/w. It was concluded that these physicochemical properties were the potentials in
predicting the volatilization of fumigants from soil.
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Table I Physicochemical properties of pesticides

BRIEAERED

I, RE&FIF
BEoOZENEDE, REEESHIC LI IRESALHES
¥RV, e BB bR 1IcwmT, B
ENFEKJE (VP) S mmg2cilge L, RiigeE
(WS) s 2 A L, HEREFEIT Kenaga @
 (log(Koc) =—0.55X log{WS) +3.64) % BTk
BRI b L2
Tebr, ~NFHY, Druasy, EAWHEBS
D7 ARBRERERBRLHCA, RIZEEKR BES
A HEEHE (>99.999%) MW,
H3iciE, AEE, L, SR CEREL 2 e
Too LG OHREUETT & AR 2 R 2 IR T,

2, ~v FAR—-ZHZRICL KA,/ LREOHEE
R iBIE
B8 5g #50ml ¥ —# —jz A, JE3K100ppm F

Fe 1 JBHOYE{LAEAEE
Common Molecutar  Vapor*! Water Soil*? Henry*®
name weight pressure solubility adsorption constant H/Koc
(MW} VP (WS{mg/ ) coefficient ()
{mPa/25°C) F{{®)] {Koc) (Pa-m®*-mol™)

butachlor 311.8 0.39 20/20% 840 2.0x102 2.3X1)8
carbaryl 201.2 0.056 120/20% 314 4,7x10™ 1.5X1078
chlorpropham 213.7 18 80/25% 370 2.0X1p7? 5.5x1p
diazinon 304.3 12 60/20% 459 2.0x107 4.4X10
edifenphos 310.4 0.036 56/20% 477 6.4X10¢ 1.3X10°¢
fenitrothion 271.2 1.3 21/202 818 6.2x10™2 7.6X10-5
fenobucarb 207.3 19 610/302 128 3.1x10* 2.4X10
iprobenfos 288.3 5.4 430/20% 155 1.3%107 8.1X10°®
malathion 330.4 0.67 145/25% 283 4.6X1073 1.6x10°°
molinate 187.3 620 880/20% 105 7.0x10™! 6.7x102
thiobencarl 257.8 6.1 30/202 G672 2.0x10! 3.0X10
trifluralin 335.3 17 0.221(pH7)/20% 10013 7.7X10 7.7%107*
XMC 179.2 48 470/20% 119 1.0x10°t 6.9x10*
xylylcarb 179.2 77 580/20% 132 1.3x107t 1.0x10°

*1 measured by OECD Guideline 104%,
*2 calculated by equation®™: log(Koc)=—0.55%1og(WS}+3.64.
*? calculated by VP/WS.
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F— 2 HRORBEA, RERCHEREE

TEA B OB A + | O Bitkar BARAR ABEEER pH B4+ THER
(%) (g/dry g) {%) (g/dry g)

T SRERGLBER IS kI PilErE SR L 0.7 22.0 0.84 7.12 6.7

R HEEVNETSARNT R SEAEARS L 17.9 109.3 8.68 5.26 46.2

3N RSN HELRE  RRAEEEEKZL 5.0 98.7 6.30 - -

4 EMBELSHARATEIL AR 2.7 26.4 2.45 4.08 12.4

- RlEeT.,

Table 3 Gas chromatographic conditions for analysis of pesticides
#£—3 BEMIBOSA vl 77 744G

Shimadzu GC-9A
Shimadzu SPL-G9

Gas chromatograph
Split/splitless injector

Detector
Column

Flame thermionic detector (FTD)
J&W Scientific fused silica capillary colurnn: liquid phase DB-1

id. 0.25mm Xlength 30m; film thickness 0.25pm

Column temperature

Detector temperature 240°C

Carrier gas He, 1.0kg/cm?
Split gas flow rate 50m{/min
Purge gas flow rate 5mi/min
Make up gas flow rate 20m!/min
Range ]

Attenuation 4~6

Injection size

60°C 1lmin hold; 20°C/min; 140°C 1min hold; 5°C/min; 230%C 5min hold

1x (liquid sample) or 0.4m/ (gas sample}: splitless injection

b 0. 5ml #FML, WET (300~600hPa) T7
£ P rERE B—CBELL, REMZCEEKGE
BIERAEARO1/2~1/51c F%EL 2248, 434 /50ml
DS TIGRIR AR, TieE L, 25T OEEKE
< F RIS BK-53) K#BY, ~v FR—2Z#20.4ml
PRI ATA PP (b o WITS0RN,
0.5ml) TIREL, &— 3 DFEMFICEREL S A >
HEE: (FID) [t Hrasa<w b 727 (GC) IcEHEEA
LT~y FA—2 A AR MIKBE (ng/g) #ERL
7zo B, AKROERNT, EBRER (ERES0%) @
25C 15EROHEEY0.001177g-cm™*F Hw-CE I
k- S A
FEFDMEIEY, ~y FAR—ZA - 20RO
FIERIc B 0.5 RHHRL, T F10ml 22
3, ABL, AfErT—F Y —T AR —F—F AT
WET (300~600hPa) Ci#ETE, 7 vuu A F-50ml
Finz, EAREF MY IATHRKLE, ABL, A
RIET Ciltls, REASACHKERE, TRl TES
L, L3Pty (ng/¥t g % FTD-GC TER
Lz, Zon& &, ikait (110°CHER) LMzl .

KRS TEOFEW (Ka/s) 11, SE#fzZE L 2Ea-k
SopisE F SR EA S LEEIL 72,

3. RE/+EESOSELEDRERE

oy FRR— A ABORERMEIL, i ] RETE
fFoEL

FE =, BN (NAC) RUFLT 4 72
RZA{EDDP) %, 3 ~NTORZEIzEBW T~y FAR—Z
Haph b ENTd ok, T2, 47U 2R A
(IBP) ¢=FFF> (7 V) id, TEERICE-T
F~y FRR—RAF AP AHEN WIS LH D,
&ML OBEFREANLN Db o f, FAT Y/,
7= baFi s (MEP), ) A4A—F, sy
(MPMC), 7=/ 7A#07(BPMC), 7aN7a75
L (IPCY, FUTZNTY iy, FF=_CHNT (~NFF
A7) BUFXMC 0 ¢ JiEic 2T, FhBicBita
T+ DR EBOSEL (Kafs) #H— 11z
Y. Ka/sig Lok amic il LTHmLiz07T,
HLBC BT KO RATRAEKREN/3NDE EN Ka/s
2Rt LEFEDERE Ka/s EnBREER~L L
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Fig.1l Partition ratio of air/soil (Ka/s) of pesticides on soil
B—1 MREoXRE/THAEL(Ka/ls) nillEssT
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1E-03 _
—e— diazinon
—+— fenitrothion
1E-04 —a-molinate
\‘f —+— xyrylcarb
o T1E-05 —x—fenobucarb
X -0+ chlorpropham
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--¢-- thiobencarb
— <+ XMC
Pt ot taaad L1 3 1 bree
1E-07
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Fig.2
tent in soil

Relationship between Ka/s of pesticides and organic matter con-

M—2 REOKE/TESEL(Ka/s) L RRARDE R - O3

Table 4 Volatilization of pesticides from soil

F— 4 REOLED L OERER
Common name Ka/s*
butachlor <2X10°7
carbaryl <3xX10~"
chlorpropham 5.8X10"¢
diazinon 7.8X10°7
edifenphos <1x1077
fenitrothion 1.7%X1077
fenobucarb 6.6x10°¢
iprobenfos <Ix10°7
malathion <Ix1077
molinate 7.3X10°¢
thichencarbh 1.6X10°®
trifluralin 2.1x10-%
xylylcarb 2.1%x10-¢
XMC 3.1x10°8

* Ka/s: air/soil partition coefficient (unit: air=ng/g, soil=
ng/g).
Ka/s is calculated at a condition of 1/3 of saturated water
content of soil and 5% of organic matter.

Z 5, Kafs i3 2 HEHESERIc WA L CET 5 EM
HAaLNNT (@—2), TEESHSRAIS%HTIE
BT 58480 Ka/s 2Rz (F—4), %5, Ka/ls
VLB TRY > Twad, HEEGroRBEE2E
WH | O BEHEOE L B30T, THOMER
EEZ LMD,

Kiz, Kafs & B LRy T A5 L O £~

Table 5 Correlation coefficients between air/soil
partition ratio (Ka/s} and physicochemical

parameters
F—5 kESEROSENE(Ka/s) & b
& A OFHRERH
Correlation coefficient
VP 0.78*
WS 0.05
MW 0.28
VB/WS (=H) 0.37
VP/MW 0.75*
VP-MW 0.81*
Koc 0.05
H/Koc 0.85**
VP-MW/(WS-Koc) 0.80**
Ka/w 0.54(n=7)
Ka/r 0.88** {n=8)

VP: vapor pressure, WS: water solubility, MW: molecular
weight, Koc: soil adsorption coefficient, H: Henry constant,
Ka/w: air/water partition ratio, Ka/r: air/rice partition
ratio.

It is shown that both parameters related statistically for
Ka/s (*=: p<0.01, ™ p<0,05), n=9.

2 (F&—5), F#0#FER, VP, VP-MW, H/Koe, VP
MW/ (WS -Koc) & #3BE 5 < (r=0.78*~0.85*,
n=9, ** :p<0.01, *: p<0.05), #ic H/Koc & o>3EM
FRELECERE 1 X THELHEETH -2, Kals &
H/Koc & M E— 31c®$, /2, LG en
M 1RDEEIZ-D>WTHK als & EFRG T A —F
& DFAE % B~ 8, FEMEE 5 BoEa & D Ko 2,
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Fig.3 Relatuinship between Ka/s and H/Koc of
pesticides

K—3 H#En Ka/s & H/Koc DY
log{Ka/s)=1.008 X log(H/Koc)—2.284,
r=0.87"*

Ka/s L hB{bEER 2T 4 —F L fEBIc B W T, 4T
iz VP, 4BHZ Koc DA o 722%7 A —F F M ED
SfrZ kd b, VP & Koc pbtlid & HBiSEic kE (B
W) TwbEEZLNL, $72, Swann b3, IEREE
= E VP/(WSKoc)=H/Koc i 5K 5 Hib {85
LTHO7, kb L oilsiEd, H/Kee L FRITE
LHnEFEL LiLh, KD LHDESEEEY, KA
Kool (Ka/w) A& Mozt Ka/r) & BIF
THAMERLAEVZ X L0, L OBIEHE L Ka/s
CHEE LD EAMEERI NS, Fh, SEloftaREE
D J b, H/Koc 2R 1X10L TR L DB s
HFEIEH LN L v, ERFEDLNELTLFD
Bixblro7z,

Z £ X

1) T. Watanabe : J. Pesticide Sci., 18,
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