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Characteristics of Contamination for Persistent Organic Pollutants in Soil by Land Use
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ABSTRACT : This study was performed to investigate levels of POPs in soil by land use and identify congener profiles of PCBs,
PCDD/Fs in soil in Korea. Heptachlor, Aldrin, Endrin, Mirex, Toxaphene were not found in all areas. The concentrations of Diedrin,
Chlordane, >DDT, HCB in soil samples were in ranged from N.D. to 12.08 pg/kg, from N.D. to 16.08 pg/kg, from N.D. to 38.19
pg/kg and from N.D. to 1.32 pg/kg. In case of PCBs, concentration were in ranged from N.D. to 172.12 pg/kg, and PCBs contaminated
area was higher than other areas. The concentrations of PCDD/Fs were in ranged from 0 to 6.68 pg I-TEQ/g. In addition, the >PCDFs
concentration in the industry area soil was higher than >PCDDs.
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29 B AFME EY T POPs LAF-FS EXCEFHER FE-ZAEY SA5ES FHsta 583 EY T POPs
9_03%% el vl H Q3 A7 E AFSIAUY. FFF F Heptachlor, Aldrin, Endrin, Mirex, Toxaphene®] Z& X SA 7
ZE A %33l Dieldrin® N.D.-12.08 pg/kg, Chlordane> N.D.-16.08 pg/kg, >DDTE N.D.-38.19 pg/kg, HCBE N.D.-1.32 pg/kg2]
HS JelATh PCBsE N.D-172.12 pgked] MYE A2 @AYol =4 el o™, PCDD/FsE N.D.-6.68 pg I-TEQgO & &
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FHO @ EY, thel &4, IAH], ok, EXol&
1A= A3,
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Table 1. GC/MS conditions for determination of OCPs
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Fig. 1. Soil sampling sites.

A EANFH=
< AFsHe AFE BEFS 2AFTH "ol gojg
2 FA BE3a wA7} Sojrlx YrE ke OCPse}
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NEHo g FZO0FHE 5 cmZHR Y RE

FHEY A& LH BFE4 pyrene-dl0 Y F %
S92 FEIG FEAS AR 5% FUE
F ?%Qﬂ 250 mLJJr n-FAF 50 mLE ¥ XJ% FE3t
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2.2.2. PCBs

PCBs oAl 42 TR 16ARF o] £4E +

Parameter OCPs (except Toxaphene) | Toxaphene
Instrument Agilent 6890N
Injector type Splitless
Injector Temp. 200C 280°C
GC Carrier gas He(1 mL/min) He(l mL/min)

Temp. Program

60°C(0.5 min)—20C /min—140C—
11 C/min—280C (23 min)

100°C (2 min.)—15 C/min—160C—
5C/min—270 C(5 min)

Column DB-SMS(J&W), 30mx0.25mm IDx0.25um
Instrument HP 5973N
MS lonization type NCI
lonization Voltage 70eV 38eV
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Table 2. GC/MS and GC/ECD conditions for determination

of PCBs
Parameter Unintentional PCBs
Instrument Agilent 6890N / Agilent 5973N
Injector type Splitless
Injector volume 2 uL
Injector Temp. 280C
Detector Temp. 320C

He(1 mL/min)
70 C (4min)—35 C/min—300 C (5min)
DB-5MS(J&W), 30 mx0.25 mm IDx0.25 pm

Carrier gas

Temp. Program

Column
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2.2.3. PCDD/Fs ¥ HCB

E9 % PCDD/Fs¢} HCBY EA& 98 44 FHAl&

F2TEZ2 wellingtonjit & EPA1613 LCS$} 13C-Labelled
STD HCB< FY3t &EYoz FE3te A ZE
AA k1 mL7HA] =53tk A 7EEE R FA
st ¢Frvt AHOoE HCBS PCDD/FsE E3314Th
HCBE 2% YZ22Heh n-Fivv) o2 I3l o,
PCDD/Fs= 50% HEZZM e n-FiHviv)S AHE38H 3
FaEt A4S w5 & AR e xF2EAS F

[e)
Yste] HF FFHS HRGC/HRMSE #3% 10,0000]73

ATl E49F EA o8 ¥ POPs®] F=+ Table
4o Yepliler. B ATl EA] o]l wet POPs
24 Uehd Aoz qaste] 507 A=
o sl Mexoz EA3IHh PCBs °]AA= TUPAC
(International Union of Pure and Applied Chemistry) num-
berZ % #3193 PCDD/Fs¢] TEQ& X+ WHO-TEFs (World
Health Organization Toxic Equivalent Factors, 1998)& A}

&3] Asrstant.”

3.1.1 E% % OCPs 5%

OCPs= =foll A 19708 Abe = Alx7F 54
HAY veEH EREZ A4 o™ fEEHAA Yol
FsttiEtal w7k 279~ 15308 vl R4l
B Aoz o astdntt 0 2006 BAR B0
w2 HCB, DDTE A28 OCPse] =] FFHFe 744
e A2 YEelyth B Ao A T Heptachlor, Aldrin,
Endrin, Mirex, Toxaphenes X 3%}3l= OCPsS EYF A&
ol BF AZE A 2Uth Dieldring 71X 3 3ol A
12.08 pgkgel 52 YERNII ChlordaneS &7 Aol A
HIEEE7F 1.60 pgkge g AEEAT. ZDDT(ZDDT =
DDT+DDD+DDE)E= WA HolA Hds = 1.71 ngkg, &
AANM HBEEE 1.65 ugkgs =2 HAEHJTh ZDDT
of tEiMe FUAME B AP} olFoHed =4
et ol AAIE R A G AR AAL ) wh
2 HFEE7} 1.175 pgkeE B A7 H=d 2
Bk

DDTE 37|14 2794 DDEZ, &7)4 Z7dx= DDD
2 27t He Aoz A 3ok pp’-DDE/p,p-DDT
o] ¥]&2 DDTY AIHH F9& sidsted AH8E 4
Ao, Hlgo] YEFE HId DDT7F EYCE U
RS 7HsAol =28 ARt BA 3E DDTIT

Table 3. HRGC/HRMS conditions for determination of PCDD/Fs and HCB

Parameter PCDD/Fs { HCB
Instrument Agilent 6890N
Injection type Splitless
Injection Temp. 270C
HR
GC Carrier gas He
Temp. program 120°C(1 mirl)ﬁ2.0 T /minoﬁ220'iC (20 min)— | 75C(1 min)—20 °C°/minﬁ20.0 C—5C/min—
5C/min—300 C(8 min) 280C(6.75 min)
Column DB-5MS, 60 mx0.32 mm IDx0.25 pm DB-5MS, 60 mx0.32 mm IDx0.25 pm
Instrument Thermo Finnigan MAT-95XP
Ionization type ElL 36 eV
11\-[/11; lonization condition Trap Current 380 A
Tonization Temp. 270°C 260C
Resolution >10,000 (5% Valley)
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Table 4. Concentration of POPs in soils

(unit : pg/kg)
Region of “Ga” Region of “Na” Industrial Complex area Agricultural area PCBs contaminated area
Compounds
(n=12) (n=12) (n=10) (n=10) (n=6)
Heptachlor N.D N.D NM N.D NM
Aldrin N.D N.D NM N.D NM
N.D ~16.08
>.Chlordane N.D N.D NM (1597) NM
o N.D ~12.08
Dieldrin (3.020) N.D NM N.D NM
Endrin N.D N.D NM N.D NM
N.D ~38.19 N.D ~16.27 N.D ~20.85
2.DDT (3.472) (2.430) M (2.415) M
Mirex N.D N.D NM N.D NM
Toxaphene N.D N.D NM N.D NM
N.D~0.194 N.D~0.498 N.D~1.324 N.D~0.548
HCB NM
¢ (0.031) (0.128) (0.399) (0.225)
N.D ~6.603 N.D~11.379 N.D ~96.056 N.D~172.116
2.PCBs (0.364) (2.809) (17.576) N-D (92.781)
>.PCDD/Fs N.D~3.379 N.D~0.5 1.126 ~15.619 N.D~0.525 NM
(pgl-TEQ/g) (0.359) (0.081) (4.081) (0.178)
NM : not measured
N.D : not detected
Az B¥ DDTE] ARg-o] 15~20d%F SA1HUS 73 3 A0
p,p’-DDE/p,p’-DDT9] H|-&©] 20:1S %33} L}E}LE}L HCBY 7 T FHA|Ho] 0399 ngkg, F4A7}

R3sty g3 & & AFo|A = p,p-DDE: p,p’-DDT >
3:19 7% DDTY] ARgo] #A o]FoHS yERd
o Busta ok mEE UubR 0 F technical DDT
= 75%7} p,p-DDT, 15%7} o,p’-DDT, 5%7} p,p’-DDE 1
2]a1 5% ©]3t2 71 9]¢] DDT tARHE©] 2R sk ik
wWekA p,p’-DDE/p,p’-DDTE] Bl&o] 255 FHZo| Hj
=5 o] IHEAY technical DDTs2] F4°] ANSS Y
Epdith'® 2 Ao A pp’-DDE/p,p’-DDTS] HI LS 0.15~
2.749] W(HTFE 0.67)Z p,p-DDE/p,p’-DDTS] H]&
o] vte o=z Mol I DDTY FYel AARSS 9

Fig. 2. HCB concentration in soil of various countries.

0.225 ug/kg, W X9 0.128 pgkg, 7F A4 0.031 pgkg <=
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0.76 pghkg, 5734 0.00 pgkgo 2 £ A9} FASHA o
Elgth Bl AR Y F=(FHE: 0.11 pgkg)Rt= =7
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Fig. 3. PCBs concentration in soil of various countries.

3.1.2. E% £ PCBs %

PCBs®] ¥ v5v AAf LE#HAY Hio] 30.927
nghkgo 2 71 L FEE Yo H, IR o]
17.576 pg/kg, Y A< 2.809 ng/kg, 7F Ao 0.634 ug/kg
o7 Ughyth 544 6XHANE BF EREE U
et WENAZNEDZAAG e 28] 2AlE E9%

BARAYG A, A, FUA, F3AY FF e
0.071, 0.266, 0.391, 0.106 pg/kggi HuEQEed, ¥ A
TR BP2E AR5 BE 3UAGY AR 2 4
ol wls) AwrEel FRAGoIY] wh] B AT ¥

TSl HlE] ok vk MR AEE 2o Alsd
A, oo w7V B oA An T AY, UXA
o, FAAE FF02~122 pgke), 2=920.9~12.0 pg/kg),
F30.5~13.0 pgke)el YWrESF fFAlE FFo7 U}
Elgton, 29dle] B¢ F PCBs 7IEA(FLTAAY:
0.02 mgkg, FLASFES: 4 mgkg, 718k 7 mgkg)ETh

.ﬂ

Fig. 4. PCDD/Fs concentration in soil of various countries.
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3.1.3. E% % PCDD/Fs 5%

tholg4l Hit v EGTARAUY 7HAY, UA
o, 39AY, 54X} 24zt 0359 pg I-TEQ/g, 0.081 pg
I-TEQ/g, 4.081 pg I-TEQ/g, 0.178 pg I-TEQ/g MHE Y
Rttt Ul ulAl gl S A=A A e EH EYE
BARWS 719, A, 394, S8 B2 0.026,
2214, 0.448, 1.465 pg-TEQ/gC & 7tA}7] FL7} Holxe
P2 XS AQstal B AFet 2 ApolE HolA] FUTh
TooMe dtHor od HA e AdY EY F



PCDDFs®| F&+ EEAYGY #5& 1~5 pg -TEQ/gS
= 1-131 71 2do] A% X Yo PCDD/Fse] HY &

£ 3720 pg I-TEQ/gS. 2 RHisli Utk B Aol A
EA}% PCDD/Fs9] FEE L9EHA &ty A== &
A9 Fro} fFARE ol o= EY F Tl
22w tigk rtel=elel el HEAA B U (1,000
pg I-TEQ/g dry), WI=(FAA] : 1,000 pg I-TEQ/g dry), 5
(A17FA : 1,000 pg I-TEQ/g dry, 57A] : 5~40 pg I-TEQ/g
dry)e] Zlel=gRlie AR v w52 HE HJoY
FAA G A 2qdEd, T, sHEE8A 10 pg 1-
TEQ/g dry)® UG 71+ : 10 pg I-TEQ/g dry)2] 7}
ojl=gielEs 3ttt

3.2. PCBs &

3.2.1. PCBs

B Ao B9 £ PCBsY 554 ¥ TEEEE Fig.
o Yehiith. 7 570 o&hd thrx &
o7 AHPAXEA|(1~4CB)2] H&o] Oé.ii]i&ﬂ
CB)9] HIERT HF o= =4 Yehv= A= Hid
7t ok B AT E ESHER YA 7} A, WA
Jo] e AFALREA(2~4CB)Y H|EO] TPALXF
Al HEERT 2 HE&S XA e ASZ YEH
o FHAGT AARF LEAGL LPAEX] S (5~8CB) 9
H]-&-0] 6CBL] % 22~39%, 7CB= 29 ~41%, 8CBE= 11~
23%=% =74 YeEPJTE ©]= Kanechlor 600 (6CB: 39%, 7CB:
37%, 8CB: 12%)¢] F& = H|&Z FAFSke] PCBs
AzEde o5t 2] kS e Fo = AR

1 PCDD/FL 54

| t
[ |
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Fig. 5. Homologue distribution of PCBs in soil samples.
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ZF dgdE 72+ il oA BEsiES wust
= AL PCBs 84 & 7‘]%54 2 SHs A% T8
& o] 2 & 3tk B dFllA= PCBsol F=7F A&
fHo g =4 vJepd AR 2dAH AsS s
olFHA X S Wlwst Fig. 6o YERUTE 2
Az dEle] T2 A8 g=4 et POP-319 7

PCB# 118, 120/85, 130, 181, 129, 141, 149/139, 154,
172/192, 183, 185, 193 59| w7} AdlZo=z =3th
o5 o|HAAESLS uirl: A E(PCB#38, 44/57, 77/81,
107/108, 126, 129, 128, 157, 169, 171, 172/192, 170, 189,
203/196 194, 206 etc.)2} Kanechlor 500&600914 &2 H]
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Fig. 6. Isomer distribution of PCBs in soil samples.
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o] A|EE-LS PCB#13, 193, 141, 149/139, 129, 183, 190,
181, 151, 93/95, 89/101/90, 199, 185 S<] ®=7} AU A
22 =7 Yehdsd ol Kim®) So] KC500&6008] &
Z) o] A A A (representative isomer)Z A A3+ o] A& A (PCB#
93/95, 89/101/90, 99, 110, 118/106, 136, 151, 149/139, 153,
132/168, 141, 164/163/138, 182/187, 180)57 fA13F Ao
2 YERT

3.4. PCDD/Fs

B AT BEA o]§d mE EY F 1771 2,3,78-A
o)A o] ExulEy} AP o =M FAR(PCP, CNP)
9} t]7] % PCDD/Fs7} E%o =z H&w7] wjid 2%
2} vl 717}2~(Gasoline, Diesel), =] AZAIE &7~ E
tol&al g o g ALE-3le] Fig. 79 YERAATE 7HA
9L 2.3,4,7,8-PeCDF7} 43%, 2.3,4,6,7,8-HXxCDF7} 11%,
OCDD7} 12%% =4 Yetsil YA g3 w4 A< 2,34,
6,7,8-HXCDF7} 32~44%, 1,2,3,4,6,7,8-HpCDD7} 18 ~26%,
OCDD7} 18~26%= YElstth th&E OCDD7} E4 &
Tt Qed ole IubgoZ OCDDE ZF7I¢ge] il
ol ik Baldat AESE Falido] wol Eoltt A
A Fol 7P A Yehbs Aos ®uga Jop??

Region of "0a® (n=121

[dustrial complex arealn= 11

variculivral preain=1Is

(a) soil samples

oleid RZEHE tholSA W] o5 FBS WA
e PPAGY EFA vehke 5459 sgoz
BaHEy B ATINE FEsb WA 4EE A9,

(3

A, s4A= 54T tols4al el o3 S
WA e AQom V&Y AFAAY} FARHA JE
o O wiEsdyd 5 AABAE JeEA= LT
FTHA L 23,4,78-PeCDF7} 40%, 1,2,3,6,7,8-HxCDE7}
12%E AA|ste] tiF-E A9t PCDF7F =4 veids &
ATk 443} PCDD/FO] -9 3ol =il Koak
Zlo] 7} SAvlAol IAEHATTE AFEE 7] A
1193} PCDD/Fs= 3&Ao] Hal Koagke] #AA Ah
2 A7) PP a8 wjiel] wydoz
A7t B4E LA B3] A <H3} PCDD/Fse] &
&8 ZojE3 193} PCDD/Fse] FEEEL oA
Ht. B dFgAE wjE&7123) vlwste] PCDD/Fs b
Aol 23s FER G ES2 A3t PCDD/Fs7t
=A YR th

Ty golSaledls 210709 B2 o] &A 7 EAlSH
o2 oA 170 o] dAA Y BE HuE FI LE9dS
Fs5te Hde B2 RS 7HAL dvh =3 AA
EFS AT AN profilec] of7] wFo] HE

A b

3l

AL o

Home XM Hz X

¢

Regian af "= (n=12)

hgriculiural areain=>H

(b) PCDD/Fs sources

Fig. 7. Congener composition(%) of PCDD/Fs in soil, flue gases, impurities in pesticides (PCP, CNP) and vehicle (gasoline, diesel).
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1) EES {71945 2F(Heptachlor, Aldrin, Endrin,
Mirex, Toxaphene)™ £ AT EYAIRIM= AESHA
29Ul Dieldrine 7FA1 3+ oA 12.08 pg/kg, Chlor-
dane> FAANA HitFE7}F 1.60 pghkgo 2 HEHJUT
>DDTE YA YA Hits% 1.71 pgke, FAA A 3
TEE 1.65 ngkes =2 A AL

2) HIYEF PCBsY HT TEE AdH 2998AY
>F A >R G> 7R 9> 3% 7 2] (30.927>17.576>2.809>
0.634 ug/kg>N.D)= 0. 2 et A A+ 2999 PCBs
A HES thRE 5CB~8CB Ale]o] H|Eo] =4 U
etom, A Wl o] dEA dde edde] 2
JE HE=D F AFKC5008600)7 FAFE HEIL Holw

AT

2~
T

3) PCDD/Fs H FTEE FTUAG>7IXG>F A 2>
2] 2(4.081>0.359>0.178>0.081 pg I-TEQ/g)s=C.& UtElstth.
7HAYE, UAY, sAAE SAYn 5¥83 AadAvt
YRR eskal, IR He] B9 AA EA8Ae] profile
o] of7] wiFo gk FEFAQ vy} A= &
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