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Deposition Characteristics of Atmospheric Organochlorine
Pesticides on Plant(Allum tuberosum)
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It was studied in this paper to investigate the deposition characteristics of atmospheric organochlorine pes-
ticides(OCPs, heptachlor-epoxide, o/y-chlordane, a/y-hexachlorocyclohexane, , p,p'-DDT and p,p'-DDE) on
plant(Allum tuberosum). OCPs concentrations in ambient air and plant were measured every two weeks from
July to October. It was observed that the ambient air concentrations of OCPs were increased with increasing
temperature and vapor pressure of OCPs, with decreasing LogKoa of chemicals. But the deposited plant con-
centrations of OCPs were increased with decreasing temperature, with increasing LogKoa of compounds.
OCPs was deposited in plant from air since the plant-air fugacity quotients (fy,./fy,) of OCPs is lower than
1 in summer. However, it was known that plant is a secondary pollution source of OCPs in air since f/f,;
of OCPs is greater than 1 in fall. Generally the trend of f.,/fy, were decreased with increasing LogKoa of
compounds. The slope and determination coefficient (R?) of regression line between plant-air concentration
ratio[Log(C,/C,)] and Log(Kog) in fall were greater than those in summer. In this study, it were revealed that
the relationship between plant-air fugacity quotients (f,an/fyr) and LogKoa and between plant-air con-
centration ratio[Log(C,/C,)] and LogKoa of OCPs was smaller than those of PCDD/Fs and PCBs which are
homologue compounds.

Key words : organochlorine pesticides(OCPs), deposition, LogKoa, plant-air fugacity quotients (fyandfar),
plant-air concentration ratio[Log(C,/C,)]
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ol Bxsly Qe A& dipidel FF=EEZ 7] F
POPs= HolxkES Fste] QA Fd=Ele] 24
ot E olgg 548 o]&sle] WS HE =
2 7+ 299 7] F POPs s=& S43k= vlo|
BEUHZE o]go| 7ksslth. 7] & POPse| AAF
o m7FEH vlel o BUEH AES o|&shr] ¢
aMe d7l-AE 7F JF 7SS olsliste Aol
- FRIEE W AR 2Jsje] o] Fofke] ¢
T7F = o] gl 2ev thEe] A= POPs 5
o] 1= PCDD/Fs(polychlorinated dibenzo-p-dioxin/
furans)®} PCBs(polychlorinated biphenyls)oll %=
o] gtz a2H PCDD/Fs¢t PCBse POPs 5
oAM= FZA|(homologue) 33==2A Z71(Pa)d
octanol-air partition coefficient(Koa) 5 =2 - 3}5H4
E/30] EAkgel wlt Ae] A HslskA OCPs
= A el o] wiitel 13g §A4o]
UERIX| Q%Eq15-17,20,25-27)'

o] A= 7] ¥ OCPsy] Holrl&e T3t UAF
o w7RE olsie} viel e RUE R &8 HAo
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tuberosum)= ©]-&3le] th7]-21E 7+ OCPs J&EA <
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2.1. A2 ZHF

2 Aol ARE 7] B AE AEE B
oz A OCPs ARgo] BUS Aoz
7715 QPdAlell AAlgt =g STl gharell 4]
717kQ1 1999 7€ 2045H 109 2697HA] 25
o2 FAl AHABS

7|8 24 Az low volume PUF(polyure-
thane foam) plug air samplerS ©]-&3}] 35 L/min
o7 257 A% AFAEY F FFo] oF 600 m*= 3}
Ao, YA Whatman 47 mm glass fiber filter,
GFF)# 7}22HPUE Klaus Ziemer GmbhA}l, 546.5
cm)E FAll AFHEATE A8 A3 F GFFe} PUF
= 22 e ¥i Tl S Hol e
2 dgsislen 24 A7EA] -26°Ce] WEarel ®Bt
&tttk OCPse] MY 9 714 5= B85 FA4s)
7] 913 A]ZE high volume PUF plug air sampler
(General Metal Works Inc., Ohio)S o]-&3lo] <F 48
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600~700 m*3At}.

RENB BE=Allum tuberosum) SA 7] AE
o} YA 273 7HHo= AFSINL e oF 1m?
e Alztslal A5 wgsto] Aulsislon 2
1Ao7 A A 8E ARSIt AFH T Fae &
Frli 3Y2 2 5 PE 9o ¥ WEsk v ofo]
2Hkag AYA7ER] eRksl o™, B4 A7EA] -26°C
o] Wsarel] Hasiint.

B Ao o]g¥ J|2AgE YISkl A
250 Qe 71443 AWS(auto weather system,
httpy//www.kma.go.kr/intro.html) 2155 ©|-&3}3ch

2.2, Mx2| ¥ 24

71X 8+ GFF} PUFE BA]9] Soxhlet] ¥
41| (hexane:DCM=9:1) 250 mLZ 24A|7F FE319]
o, &9 ANEE JASTLEEIE o]&ste] 2~3
ml7H] F&3la Ad2)7F A3 GPC ZES o]83)
o] A8 AA D EF(fractionation)dt & FAlst3t).

AEAEE ¥ F 10 g& 5 cm Zol2 FEA
250 mL ZAHo] Y3 Lu(hexane:acetone=4:1)
100 mLE 29 3271004 227 A% 353 v
Zw)7|eA] F484 R EF (anhydrous sodium sulfate,
Pure Chemical Co., GR grade)e.& FH2 A|As}L
Zetraz AT 283 A £ 100 mLE 14
7o FE3 F& SE F¢ F IATEESTI
gA 2~3 ml7HA sF3kal AHdAElZE st GPC
Z4HE ol&ste] AEE AASIT

AdAE 7 2 (@ 11 mm, Ze] 300 mm)S shet
o 2RE 4 AE]FHacidified silica, 30% w/w) 3 g,
g4 2@ 7Hactivated silica: MerckAl, 70~230 mesh
ASTM) 15 g ¥ NaSO, & UdAF Y& v
hexane 30 mLZ &3 E4& AFS & AIEE Y3
2k 15 mL, hexane:DCM(1:1) 10 mL, DCM 35
mLE A|SE &FA1A IHATEEF7104 oF 1 mL
7HA] S8

A7t 4 B3 Jox AAHA & A8 F9
Wl EAS 22571 918k GPC(gel permeation
chromatography) Z-¥(® 20 mm, Z°] 300 mm)>
Z Al A Y. GPC ZHel= Bio-Bead(S-X3,
40~80 um, Bio-Rad*}) 12 g& FF5199S™ hexane:
DCM(1:1) 140 mLE AM&35le] A FEE EE3AFEY,
5 34 mLe Ad 5 WellEde] x3Eo] Jler=

BEZ UMz L3208 Agg Ao sd=
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sS04 2~3 m7HA] E5318lth 5548 A%
2O 2 micro-vialZ2 %713 keeperZ+] dodecane
(Sigma)s FYstal A2 53 FHF HIE 50
uL= st GC/MSDE #45k3ith. Table 12> OCPs
o] A xS YERd Zojth

Rio] SRFFL AR oF 10 g2 95°C WE
7194 12717 A% & FARE Feislen, f71e4
(organic carbon)d] & A3 A|EE 450°C A7)
2oA oF 12A7F e e AFe] FARE
3t

OCPs EF=8&92 SupelcorlollA Fufd TCL
Pesticides Mix(Cat. No. 48913), o-chlordane(Cat.
No. 48192), y-chlordane(Cat. No. 48193) ¥ trans-
nonachlor(Cat. No. 48137)2 &gsle] ARE3IoH
internal surrogate standarde °C,,-lindane, 3Ci,-
DDT, BC,-dieldrin, d,-endosulfan I[(Cambridge Isotope
Laboratories, Inc.)E, recovery surrogate standard=
4,4-dibromo-octafluoro-biphenyl(Supelco)s A3
o E RE fFHVTE 2252 AlFsi 1222
3 acetone, hexane @ DCMO = z}z} 33] A|# 3
o AT EFuE 59U hexaneS 2 Al g
< ARSI e PUFE &5 F274#94 DCMS
2247 AlFEH R zrldM Axe s fE
ol Yol dFnF 3= vy Huplz Wiske] 2}
BE Ao AR & wi7kA] Atk GFF=
450°Ce] H7]20lA 124]7F o AL E the HAA
olgellA WAAZl & dFvlE SUE XA poly-
ethylene(PE) ®oj @3 d-gste] BaAsle]

g

2.3. QA/QC

OCPsdll gt GC/MSDe] AEsHl= 1.1~34.5 pg/
uLel2lem OCPs®| calibration standard 94 #S A
g3t A2 AHe AX F OCPse| H+ 35&
(n=6)2 68.6+6.3 %(B7~86%)°IAtt. & AE=
duplicate analysisg G330, oju Z} A& &=
9] WA F(coefficient of variance)= 19.5+12.8%
(7.5~52.1%)°1Qt}. & Ak L33l ¥]3 A7 =
o]z m|=9] 3uf o]l AT EFFAIF

AN

3. 2zt # n#
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Table 20 AlE 23717 E2 O)7] 2 AEGEF)
% OCPs &%, 71 % OCPs 7} %9 37I4(P)),
Koa(octanol-air partition coefficient) 2
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3.1. 7] & OCPse| 5=

Table 22 ¥ th7] 5 OCPs s=& 7]&0] H&
o] 2(H# 26.1+33°C)°] 4.8~2165(pg/m?), 7]Lo]
who 718t 18.7+3.2°C)°] 0.7~63.1(pg/m)E
59 =7t 7REET Wt 3491 (L.7~7.14)) ¢
. Fig. 1(@%= OCPs¢l W7l % F=(pgm’)et 57
H(Pa) Atole] IAAMAE YERA Zlog F 17} Ale]
o] & AH(+)e AAIAE BHIon 7]20] BS5E
Ardol =iA Yebdth Fig 2@e 7] & OCPs
T} LogKoaste] #AIE vehd o2 LogKoa %
o] F4E 7] TN Fre Yol AL B
AEd 7120l B2FE olys de] § A U

=0
I X
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Table 1. GC/MSD operating parameters for OCPs analysis

GC/MSD

Shimadzu QP5050A

Column

DB-5MS capillary column

5% diphenyl & 95% dimethylpolysiloxane, 30 m x 0.25 mm X 0.25 um

Injection volume

2 uL (Split 10: 1)

Carrier gas Helium 1.0 /min, Methane(reagent gas)
Aux temp. 250°C
Injector temp. 250°C

Temp. program

150°C for 2 min, 30°C/min to 170°C, 4°C/min to 200°C (for 5.5 min),
4°C/min to 237°C, 70°C/min to 320°C, 320°C for 4.09 min

Tonization NCI(Negative chemical ionization)
Ion Source temp./Quadrupole temp. 250°C
Detection SIM
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Bhgth o)l 71l wom EY, £ % 4EY 3149) o =3th

5 AuAe] H=Ee] Jd OCPs7t t)7] o2 3 Fig. 1b)= OCPs? A& % Fx(pgg dw)et 5
uE)7] wjiEolm, Koal AZGE S84 5 #2715 719(Pa) Alole] 3AQAE Yepd Aoz F Qa} A}
3} OCPse] AgEo] A 3] ofg7] WlEo=z A old AJehde Yepdx] ettt Fig. 2(b)y= 41E9] A

ZA eI, Z+El OCPs %9} LogKoa Atole] #AS ek 7
o2 oFdle F AR Alelol gAAde] W et
3.2. A2 Z 0CPs & A kot 7hSolle Adde AT LogKoa’t 5

Table 25 HWA 2EFF)) J&HE OCPs s VS HE S OCPs 3Rk 718 A 5
7Feoll= 274.2~3585.8(pg/g dw), HEol= 53.7~  Th 0]A& OCPs= 7|20] Y&<= Koa o] AA L
4049(pg/g dw)ZE 71So] oJERT Ha lEBI9~  F7IYS SobA di7] F OCPs7 28l o e %

Table 2. COPs concentration in ambient air and on plant.

Air (pg/m?)
Sampling date Temp (°C) o-HCH  y-HCH HEPX y-CHL a-CHL  ppDDE pp-DDT
20/Jul-04/Aug 26.5 318.2 87.0 33.0 6.5 4.1 55.3 334
04/Aug-17/Aug 28.4 335.6 74.2 17.0 24 1.8 25.9 12.1
Sum-  31/Aug-14/Sep 24.3 137.0 58.2 51.2 14.8 12.6 71.7 58.4
mer  14/Sep-28/Sep 25.0 75.3 22.5 10.8 1.2 0.6 20.4 22.0
Average 26.1 216.5 60.5 28.0 6.2 4.8 433 315
S.D 33 130.1 27.9 18.1 6.1 5.4 244 19.9
28/Sep-12/0Oct 20.4 77.8 22.9 19.5 23 1.0 34.2 172
Bl 12/Oct-26/Oct 16.9 48.4 10.7 8.1 0.9 0.4 15.7 12.9
al
Average 18.7 63.1 16.8 13.8 1.6 0.7 24.9 15.0
S.D 32 20.7 8.7 8.1 1.0 0.4 13.1 3.0
Total Average 23.6 246.4 67.6 31.8 6.6 438 50.7 33.7
S.D 4.2 244.4 64.1 26.9 7.1 5.7 40.9 26.0
Plant(Allum turberosum) (pg/g d.w.)
Sampling date Temp (°C) o-HCH  y-HCH HEPX y-CHL a-CHL  pp-DDE pp-DDT
20/Jul-04/Aug 26.5 95.9 N.D 105.3 85.3 51.6 179.1 29.1
04/Aug-17/Aug 28.4 178.3 N.D 229.1 121.9 91.9 366.6 20.4
31/Aug-14/Sep 24.3 382.2 214.9 267.8 186.1 95.7 469.3 20.4
Summer  14/Sen 28/Sep 25.0 354.1 N.D 233.0 174.4 79.9 604.5 387.5
Average 26.1 252.6 53.7 208.8 141.9 79.8 404.9 1144
S.D 33 138.0 107.5 71.2 47.0 19.9 179.3 182.2
28/Sep-12/0Oct 204 1,024.2 ND 11627 723.1 3874 36584 41472
Bl 12/0ct-26/Oct 16.9 955.1 5484  1,028.8 676.1 2403  3,2890.9  3,024.4
a
Average 18.7 989.7 2742 1,095.7 699.6 3139 34742  3,585.8
S.D 32 489 387.8 94.7 333 104.0 260.6 794.0
Total Average 23.6 498.3 127.2 504.4 327.8 157.8 14280 12715
S.D 4.2 395.9 2235 463.3 290.6 1304 15953  1,8329
Molecular weight® 290.9 290.9 389.2 409.8 409.8 319.0 354.5
LogKoa®" 7.61 7.85 8.29 8.87 8.92 9.68 9.82
vapor pressure(Pa)®® 0.073 0.0274 0.000347  0.00315  0.00265  0.00372 0.000135

HEXP: Heptachlor epoxide, CHL: Chlordane, S.D: Standard Deviation, HCH: Hexachlorocyclohexane, N.D: Not
Detected.
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Fig. 1. Regression line between concentration in air (a) and plant (b), and vapor pressure for OCPs.
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Fig. 2. OCPs seasonal concentration in ambient air (a) and on plant (b) versus LogKoa.
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3.3. th712t AF & OCPsQ| fugacity

Fugacity= ti71-4=, ti7]-=, tW7|-EY, =-E23%F
% 7 $PviA| (matrix) 7] B olES AHsH] 9
stod ol gtk F 3AuiAlo] 2FE Z+ OCPs<]
fugacity’} 2™ 7 273ujA] 7+ OCPs= 3ol =
D22 oA et 18R] 28 9ol fugacity
7} =2 SAupAlA e SR = FEo] o)FH
o2 gguAl el ZH AR fugacitys THE 2
(Hez 78 & Yupl),

f=-= @

o714 Ce #vAlA e OCPs S&(gm’® B g/
9), M& ExF(g/mol), z= zF A&l thgt $gulx)] 2
fugacity &% (mol/m>-Pa)e]t}. th71ol that fugacity &
F T 4 @2 2k

-1
2Rt @

o714 R& 71APE(8.314 Jmol-K), T= Aul2=
K)ol
21z g fugacity 83 4 (3% Zrh

2 = focpKocZu &)
A7 pr= A8 WELO gem’) AT 5, 2002),

2] 1L
= AE T A71E-E 7He] BuiAIS(plant organic
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carbon-water partition coefficient)® K, = 0.51K,,
23l z,= =l Wit fugacity 02 z, = 1/HO]
T}2539),

2 @E olgste] 2=t th7]lel g z+ OCPs?
fugacity #|<(plant-air fugacity quotients, fy,,/fui)S
HelaE e 4 G 2o,

Kow _ Koa
H RT @
m _ (Cpl ant)( 1 ) )
fai r Cai r 0'41/0 pfocKo

2 ()= AN 7} OCPs® fy,ulfuy WS Fig. 3
o YFERASITE. Fig. 304 7120] &2 olgdde BE
OCPs "2 fyypulfair 701 18T} 2101(0.01~0.86)
719014 A &2 OCPs7F 2= AL 7]0] v 7k
€ pp-DDT 2 pp-DDEE A& 8% f./
ol 1Rt 7] W8l (4.19~10.71) 2ol 3w
OCPs7F th7] & OCPs?] 23} 29UUS & & AU

» 15

5 S

3 12 g R

S -

o o (o)
o

z 9 9 @

£ ) ~

@ © )

o

=] 6 I -

T ~

© ©

L 3 I8 ? ) ~ E <3 =8

c g o (=} o

K o o (=] o s o

o 0 . . = . °m:
I I < - — w —
o [ a I I a [a)
11 &g o8 9
3 >o T >o s & -

a a
| OSummer EFall |

Fig. 3. Plant-air fugacity quotients for OCPs.
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air sampler2 AF3F th7] & OCPse YA 7k~
4 s &S Yehd A2 pp-DDES} pp-DDT
= YAV EEo] AE] =UAIE UeA] RS
Hto] 7o 2 EAEIGITE thr] 5 POPse] 2&
29| FH 2 A2 A2 rid JFeln?, o
U o] ¥ APoAE low volume(35 L/min)e &2 2F
7H A& AEE AFCIU] W] 2 tiigh oy
71 & OCPs sEv YA 712 w55 45 &
SEE ARSIITE o)A &gk o} wiiEel] 7Rl =
p.p-DDES} pp-DDT®] f,,/fu; F1C1 1HTE Z34Thar
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McLachlan(1996)'¥¢] fugacity meterE o]&&lo]
3l Hexachlorobenzene, PCBs % PCDD/Fsol| Al %
7o A8S AU 23 Y Hexachlorobenzene,
PCBs ¥ PCDD/Fs®] 7%= LogKoa®t fyylfu,
Atolo] & AEAS Bou OCPs A5+ A
o AZAS7F 0292 L),

3.4. Log(C,/C,)-LogKoa

Fig. 62 4% 3 OCPs =(C, pgg d w)= t
7] % OCPs 5%(C,, pgm®)E & Fhplant-air con-
centration ratio, Log(C/C)l* LogKoa 7+ A&
Uepd Aoltt, A& EAlgks A &0l octanolE &
A} 7Fsstal gi71ek A& F OCPs7t B3 =23}
Re AT LOg(Cp/Ca)Q]' LogKoa 7toll= Ad#A7T
A3l FAFA] 7187% 1o 7 ATHET),
T2yt o] ¥ Aellx] ofFell= Log(C,/Cet LogKoa
7+ S AAAL] 712717} 0.3644, 7129l 0.5508% 7}
o] 51T 712717t B ZARE 13 2olE B3
th 71&717F 100 EgabA] X3k olfi= A, octanol
o] §o] AW & - 35y EAo] M= gt §
o AAE & BAbsEA| Fal7] Wi 7FsAdel
3 =R, t7]AE le AE o] 9o tE IAE
o] JEe 7] wWEY £ dow A, 2Eo] t)7]
o === AlZto] Folx B mdd AJ7ke] F
Zg 7] &Y F5 Ut} Peter eof al(1997)9-2
fugacity meter= 5 FF2| 2] thet Log(C,/C,)ot
LogKoa 7+e] Aol tiste] Aaiaist] A& S5/
o we} 71&7]1E 057~1.153th olAS A5 F7
of wet XA &g - 3leA 54 AR et
octanol® BALE & & §IAY ti7]-2E Eule] AE
o] £]¢] QAL FEFE MIA|AL 7] WEoE A7t
th. Gareth ef al(1998)'®¢] PCBs®] Log(C,/C,)<t
LogKoa 7+e] #Ale] tiate] Aalal 2lEo] ti7] &
o 62 o ===H Log(C,/C,2 LogKoa 7} 3]7]
2)e] 71871 Aol dAste] W mesitar 1B
SEATE B Agelxs ti71eF 2Ee] JEAIR] 14
Jojglonz 2Eo] 7] Fof| EH= Algle] £
slo] P TR e AL ofd Hoz A7ty

(3

nHE 7FsAe] o & Ao® AT} Peter of
o] ZesE Ce S/ C ot

Koa 3k #lolX| =2 Log(C,/C, % LogKoa Alol¢] 3|

Eakies!

AZAe] 71e71E Fote 248 49t o] |
Al E 7ol 3L 71271(0.5508)7F o1&
9] 71871(0.3644)8 T} T #AX Peter et al'¥z T
g A3E 4o

Fig. 6°14] Log(C,/C,)%t LogKoa 7+ 371241¢] 2
AAFR>= 8] 03236, 7H0] 057592 71&]
odErt o 7#4e AEAHS Btk Peter ef al'®3)
Gareth et al.'7e th7]-4E o] thdt PCDD/Fs}
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