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ABSTRACT

Gaseous organochlorine pesticides (OCPs : heptachlor epoxide, p, p’-DDE, v-HCH, a-chlordane, y-chlordane

and trans-nonachlor) concentration was measured using PUF high volume sampler from June, 2000 to June,

2002 in the semi-rural atmosphere.

The OCPs concentration in atmosphere, which is estimated by the slope (m) of Clausius-Clapeyron equation

and phase-transition energy (AH), was influenced by revolatilization from environmental matrix (soil, water

and tree leaves) and a long range transportation of air mass. But the former affected OCPs concentration more

than the latter.

The degradation rate constants (k) of OCPs calculated using multiple regression analysis and revised standard

temperature method were in good agreement each other. The value of k of y-HCH was very low as —0.0007,

but the range of k of other components were —0.0018 ~ —0.0038.
The half-life (t) which was calculated by k of y-HCH was 2.6 years-the longest one, but that of heptachlor

epoxide was in 0.5 year-the shortest one. T of a-chlordane, y-chlordane and trans-nonachlor in technical chlor-

dane was 1.0, 1.1 and 0.7 year respectively.

Key words : Gaseous OCPs, Clausius-Clapeyron equation, phase-transition energy (AH), multiple regression
analysis, revised standard temperature method, degradation rate constant (k), half-life (t).
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OCPst ubg|atA] §-7]3}31E-(semivolatile organ-
ic compounds, SOCs)o] 22 H|7] Fol|A] 7} A s}
alxpAbo 7 ZA) sl Al (rain outs} wash out) 2
AAl Ao osle] H7)oM AlEY, B A
o] Mz AFdc)h 4 o 744 Aoz
stel Al A OCPsy 7|29 ¥& w: o
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OCPs: u] A Eo o]sled A A=t} (Hoff et al.,
1992a, b; Alegria et al., 2000).
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Fig. 1. Clausius-Clapeyron plot of OCPs.
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g wh=x] ol w ood¥l 272 §-9lo) &3} Table 1. Phase transition energies and atmospheric half-

+=X|¥& Clausius-Clapeyron 2]ell4} 3|7 = A9 7] lives of OCPs determined from regression para-
meters

$7)2 W) FPsalck et SR W) L

SOCs 257} F2 7] 93 A)5julyazte] o Components (kjlé"li;‘i) (kﬂg‘él) AHcaie/AHmeas

gkulS- nl= ius- FAR-) Q

Fe P=m Clausius-Clapeyron H2] 7}&7) Lo o oide 57 76" 0.75

(m)7} 7F2 51 (m< -9.01), £4€ 3719 8l  , »-DDE 50 87 0.58

o} olzachd 7]e7): 9wkel] (m> —0.64) 7]  y-HCH 35 71 0.49

2 A olge] JFE FAlGl W& Apel wetlorine . » o

2yl A eo] 7 — 352 77 : vy-chlordane .

T A=e] gm 3.5)% 7Hle (Hoff ef al, Trans-nonachlor 58 86 0.67

1998). Fig. 19| 4] chlordane #}3}E- (heptachlor epox-
ide, o-chlordane, y-chlordane & trans-nonachlor)2]
71e7)= =E 072 |3tz th4 FA|ut p, p-DDE
9} vHCHY 7]¢7]%:= —6.29} —4308 Ajde
2 At Clausius-Clapeyron Al 052 73+ 373
A9 7]-¢712RE HAIA Y H7] & OCPs 5=
T 2= 23t g EFsdel o7 d%s
FAll 2 QAT 2xof 27 ofcfe] WA o
5 4 4 A=

Surface exchange model-2 )7} 22} AFH o]o]u]
2] AHE o] 83t OCPs 9] L=EHE o
Z3]= dol] o] LX) (Wania et al., 1998). B7] %
oA &7 OCPs2] #3t(Pa)?} 7] ()& A (1)
o] dYsted 73+ AH(AHmews)$} Hinckley et al
(1990)¢] 2=n7ke) o8kg melsle] AYPA F71o|
A AAFSE AH (AHeuo)E Table 19 epfigich o
7] & OCPs g=(E4he] =9 <33kuhs yh=v}
H AHcac®} AHmeas™ 79 AL 3H& Hol7lA|
2= o] £9] At S vA Al A
o] By Zoloh & dAF)AM Z OCPs®] AHues
+ 35~58 kI/molo|g) 3 AHcucx= 71~ 87 kl/mol o]
%=} AHcao/AHmeas 342 chlordane 3382 0.67 ~
0752 7] & x99 2= o&EA o] vlu3
A, p, p-DDE%} vHCH®} AHcuic/AHmeas 2 Z+2t
0.583} 0492 2o tigk o|&EX o] AljAo=
He Aoz ehgeh

Clausius-Clapeyron Ao 2 AAkst 7]-&7] (m)¢}
AHcao/AHmeas Tl A B5-0] d7] % OCPs 5=¢
A3/ Ee] o A o)Fel o7 JIg&
Al #AW chlordane 3HE-2] Fxi 7)o
o5t A Fb/ A 2e] oJgfe] A o]Fol )3} o
gl A o] Z p, p-DDES} y-HCHE chlor-
dane 3}3tEe] w|sle] AdlH oz AAe o]l
oIt o3& o ol Wttt ¢]7E p, p-DDES}

“Also shown are the experimentally derived AH values as a
function of temperature.

The value is AH of heptachlor due to no data for hepta-
chlor epoxide
AHpmeas: measured AH; AHcqe: calculated AH

y-HCH*= chlordane 3}g-2Rt} df7] Fo|A2 ub
717y 27 difel W7l FelA F=(19.8
23.5pg/m’)%= chlordane 35 (2.5~ 11.1 pg/m’)o])
Hlgked T 4 A km7pA] FA2] olFo] 7k
3}7] W&o =2 A7ztElv)(Beyer ef al., 2000).
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HhS&= A (2)8} o] 2ol AI7F9 = Y

ehd 4 Sl

SN

1
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7NN aiF ae OFAY FAFEH oz Aad
4 91x JFelue)E=2 a, 2 Clausius-Clapeyron 2]
2] ~AHRE, = 13} B34 kE = Al
27 o 4= (relative Julian days)E 2jn]3it}). &34
3 FFEM] 243 SOCse] 3 &=/d42 A4t
2 Great Lakesol|A4] ©}7] % PCBs (polychlorinated
biphenyls)2} OCPsejl e]n] H83 Wby o|}(Hil-
lary et al., 1997; Cortes et al., 1998). Hillary et al
(1997)& ¥4 - T HLR ST EA o £FA]
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Table 2. Parameters determined by multiple linear regres-
sion and coefficient of determination (R%)

Components ap a a(—k) R’
Heptachlor epoxide  1.370 —6922.18 —0.0038 0.902
p-value 0.306 <0.001 <0.001
p.p’-DDE -1.453 —-5971.11 —0.0022 0.755
p-value 0.399 <0.001 <0.001
y-HCH —7.694 —4186.24 —0.0007 0.553
p-value <0.001 <0.001 <0.01
a-~chlordane —-0.853 —6830.01 —0.0020 0.840
p-value 0.544 <0.001 <0.001
y-chlordane -0.202 —-6917.58 —0.0018 0.857
p-value 0.876 <0.001 <0.001
Trans-nonachlor —0.286 —6936.78 -0.0026 0.865
p-value 0.837 <0.001 <0.001

) E]5-& window-£ SPSS 11.0¢8] M3 m=d-&
o] 8-3le AAketsitt.

Table 23 2] (2)¢} sleln|e}E-2 A4kt Zioich
2E OCPs Aol Higt =44 (a))> p<0.001
2 BAA oz foEtH e, A7+ 4> (a;) = y-HCH
ol F&Fe] 001 o3t ot ymir) JEEe
EF p<0.0012 EAAH2=2 K23t o] F
A an, a7b A9 AER)E 55~90%2 A
3] 2 SEIAF A (D)2 A axe BF
£2] zrolgl:dl o7& OCPs7t Alzto] Aol
et B FE 1 Qe AE ojuldia.

7] FollAl OCPs] Hall&& AAbslrlo] U4A
ol &ol J3FE v XA GAT W] F F=o
E d3s mAE dUdES AAT L7t Uk
Fig. 1e]A4] B9}%o] wf7] 3 OCPs =i 7|20]
B2 E7eE s B3 7)) ¥ A7)
o= =7} 2ok} wkef OCPs7} A= A4 A}
453 ohd olEs AAHFTLE F2E A}
H o] wj9- F Zlo|dh ZEv} OCPs: o|n] 30¢]
W Hell YA Y Abgo] FAHKT] W&ol d7]
% OCPs?] zx W3t 7} & 45 F+= <l
A= Lty & 4 glvy 2822 o)7] & OCPs
o] E3&& AAtslr] dsiME 971 F OCPs %
=9 Lxof 93l o3k nAH ZF Fasl gl
A Q)& o] &3td AA H7] F OCPs =8 7|&
L=l 288KollA 9] == shALE 4 gloh 288K
2 A OCPs 25+ &5 93 d17] 3 OCPs
S EH3E BASEFER AZF A o Al
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A W7 3 OCPs ¥=9] &L AT 4 3l
=3

P28 =Picas €Xp [—E <—1— ! >] (3)
R \ 288  Trmeas

oJ7)A Puse 71F &= 288KE BAZ OCPs
o) B9h P ZAE OCPs £8E, T Al&2F
AHZ 7178 FHFEx, AHE AP oj oy %] o]}
Al (3)e2 &% BAT OCPse E3HE Fig. 29
el let Fig. 29 3]AA1419] 71&7]%= 7+ OCPs
AAE2] 9] FlMe Ral&zala(kEAM A (2)
o] a9} 22 oulE 7A| = Table 2o A7 a
3} Fig. 2614 & 3AAAHE] 71€7] (m)2 &
gx)&tdct. 134 Bhgell A vH-E2 Wigbrle A
AE o143l FE 4 U4

’C=ln—2 @

k

714 1= 97] % OCPs2| uizt7)elm k= &
# &= Ak4o]n}. Table 22] a9} Fig. 2¢] 3724
g A&7l (mE A @l HYste AAd Z4
OCPse] 7] F|A)2] ¥k7l7] (1)2 Table 3o 1+
gt 7] = OCPse] ¥b7]E 0.5~2.613.0.
2 A Aglenm 2 AEzele & #HAE B
At A7l F 72 OCPs A+2] 7454 hepa-
chlor epoxide”} 7} 5218k (1=0.54) ¥l y-HCH
7} A davsleic) (1=2.6\d). 28] technical
chlordanes] %39 AJ¥-E-<l a-chlordane, y-chlor-
dane ¥ trans-nonachlor= H|$3} 7FAZAE Ho)
I 9JAq ¥F3}7] = y-chlordaneo] 1.1 02 23
Z) 31 o-chlordane, trans-nonachlor2- z+7} 1.03} 0.7
Ho = JepH.

Cortes et al. (1998)-2- Great Lakes2] ©}A3 x| e
A 3~537 d7] % OCPs 328 &AL o #
28 olgslel WR718 AAsialeh. OCPs 24 A%
9] ¥kz7}7]E o-chlordane 4.1~6.19, y-chlordane
3.2~6.5d, trans-nonachlor 3.5, p, p’-DDE 2.6\
212} 51 v-HCH 2.6 0] $1t}. &t Hung ef al. (2002)
< idee] B5H7]eA 59 B3 OCPsé] $=
ZAFELE 9 OCPse] ¥b7}7]3= o-chlordane 4.8
, y-chlordane 9.63, trans-nonachlor 8.133, y-HCH
439 12]3 p,p-DDEE 2319 s=7t 2718k
oz ®ysigdel W7] F OCPs vH7|& 2+ &4
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Heptachlor epoxide
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g. 2. First-order decay of organochlorine pesticides. Partial pressures adjusted to a reference temperature of 288K.

Table 3. Half-lives (1) of organochlorine pesticides in atmosphere determined from regression parameters

T (years) T (years)
Components Components
This study Cortes ef al. Hung et al. This study Cortes et al. Hung et al.
Heptachlor epoxide 0.5 - - p, p”-DDE 09 2.6 Increased
y-HCH 2.6 2.6 43 a-chlordane 1.0 4.1~6.1 4.8
y-chlordane 1.1 32~65 9.6 Trans-nonachlor 0.7 3.5 8.1
48] 5o whel debAledl Great Lakesst 7} 2000). & of7] & OCPse 3719 o]Fel wa}

v B3]
o 29
OCPs: SOCso|m2 th7] FolA 7}2Abg <
AAyo g7 2218 42 (rain out®} wash out) ¥
A4 Aol ostel drlolA AEL, =% 47
o) gAniAZ ARG 54 W A4 Yoz
Q7sAle] A2E OCPsi 7&ol X8 de o
A W71z Asase 9z A oCPs:
A R 34 Al Jstel oh Bz A
2= 3AE vk 'LPT:]-(Bldleman 1988; Lee et al.,

Z OCPs ¥l7}7)7F 2 d3A=A R

L.

Al o5& 3, FAE 015 ZFoll= A Fa/ Az
o] A& wrE3l=d o7& “grasshopper” &}
k1 3} ¥j7] & OCPs:= —Zri OH radicalel] ¢
&lo] AA7} H Efelvt A F OCPsE mA)
Sol SJshe] Eal7h Ho AADT (Hoff er al,
1992a, b; Alegria er al., 2000). 28ju =z 7]
OCPse] 3wt ANWAR, AA o5l A%
9)® &9l W OH radical®} n]Ed] &3+ Haj9)
E3rHel oJ kS vt Table 3o ®<ol of7]
OCPs®] upZl7|&= elejst =& 24F X33l
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et

e A9z Ak, & geiA o)A OCPsE A
& ARSEAAVE FE7HA] AHESF e “grasshop-
per &7 o5led AZ OCPs:= T = Aoz
A o)FsHA ok o)]FE 7% A3 OCPse
FFoE Y= AW H7] S OCPs F=2] dt
7171 AFE] ZAelx)A "o} Alegria ef al. (2000)
= FI7kA OCPsg AHE-&F /N w/=tEe] UA
o] ol Fdeldel7tA1 S o] Great Lakes2} 22
n=3t Al el ARl wEeleti B
3ledc}. =3t Hoff ef al. (1992)% Great Lakesol] A
OCPs®] 1% Al F7] oA Z7} w|F9
Aejvletsigtoz RE] vAAFA S 343 A
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At B=7] 5 OCPs ‘?}737]7]’ o] M A7
A AR w718 e o] 7] flelo g ¥,
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7487y W7] F 7k OCPs st Hi3t7]e) n)
A od3e 24 o2 7oz ko (Mackay,
1997).
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nonachlor)?] %8 Zx3l¢ct
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(AH)ell &3led 7] 3 OCPs =% A7 %
of 2jgt 2lRoAje] OCPs f4lvrt 7)o 23)
#ANA (2f, A H DR REQ A3
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