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Pollution Characteristics and Distribution of Polycyclic Aromatic Hydrocarbons
and Organochlorine Pesticides in Groundwater at Xiaodian Sewage Irrigation

Area, Taiyuan City

Ll Jia-le'"”, ZHANG Cai-xiang”, WANG Yan-xin'?", LIAO Xiao-ping'”, YAO Lin-lin"?, LIU Min’, XU
Liang'

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 2. State Key Laboratory of Biogeology
and Environmental Geology, China University of Geosciences, Wuhan 430074, China)

Abstract: Sewage irrigation has been widely used in areas of water shortage in northern China, and it may introduce organic
contaminants into groundwater. To characterize the organic contaminants in groundwater in sewage irrigation area, the Xiaodian sewage
irrigation area in Shanxi Province was chosen as the case study area. A total of 16 groundwater samples (13 from shallow aquifer, 3
from deep aquifer) were collected. Polycyclic aromatic hydrocarbons ( PAHs ) were determined by gas chromatography-mass
spectrometry (GC-MS) and organochlorine pesticides ( OCPs) were analyzed by gas chromatography-electron capture detection ( GC-
ECD). The results showed that the concentrations of PAHs ranged from 13.98 to 505. 89 ng-L ™" with an average concentration of
115.67 ng-L™". The 2 and 3 ring-PAHs were the main components, while naphthalene and phenanthrene were most frequently
detected. The concentrations of OCPs were in the range of 13.91-103.23 ng-L~" with an average concentration of 40.99 ng-L~",
while a-HCH, 6-HCH, o, p’-DDD, Aldrin, Endosulfan-sulfate and HCB were most frequently detected. Overall, shallow aquifers
appeared more contaminated with these pollutants than deep aquifers. In the area, the order of the organic contaminants concentration
in groundwater was; East Main Channel < Beizhang Drainage < Taiyu Drainage, which indicated the quality of groundwater was
influenced by the sewage irrigation.

Key words: sewage irrigation area; groundwater; pollution characteristics; distribution rule; polycyclic aromatic hydrocarbons
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BRI YY) K25 235 R SRR SE [E 5
TR R R E AR X R E 69 4
T T KA WL GO 1 43 AT, A B 3k b
KA MG G BR AR AR R RS FAAE 20
{H20 80 AEAX, W T 2 21 gl X ] Py I o A Y5 9 X
AR A BT e 64T T A, A T 28 B
ARIF[b)RHE RIF[ k] 2R FE. a- /NN
31 Ff EPA A B SE WE DA HLY. X /N T 7K
K5 X KA T B A LTS e it 5 WoR | 7RI
X KA ARSI T 56 A ALY, H e =5
DIREZE . F50 . Mg £t Sy i s HE X Y
Hu R AR B R A 16 i 22 2105 I ik B R AE
51 ~389 ng-L~" XM 133 ng-L™", KJIF[b] %€
N S AR S GOR AT S - =T < A O
Vo HE X B ST R IE X B S Y 4 R AT
278 5v VY VAvAVAW

KIET/INE 15 3 XA T 40 4F BUEE 7 o, J2 it
RIRTE KR DX EEXTATSIE X, A N AOAFF 55 — 4
HrEEE RIS Y AR IR AR
BTGy i 20 AR R DA X %75 T X T 7K
HRAE MG G A R R IE. AR SRS 15 HE X
FFEIX, 0T TS X 3 T 7K TP AT AILTS G i i5
REAE B oA A, LA Sy [R5 4 4 52 431 [)
XY b 7K A R R S R P A i A S

1 #BE57HE

1.1 5K

AN DA T LU PG A8 AT T A 2R e R DX P
A= RS E NPT 2R, 4002 R T | JeskiRK
W ORMR KR, /NI DX P A A 7 JBE 2 R S
I = Z5HETS JE N 5 K SEFTHERE. /N X85 HE T
snf LB 20 el 70 4EAR. 1972 AE IR AT
W CRANTE7K) LA B Uy WK G 1973 48 4R bk
IRIK IR TG KR, K 5 K HE B 4R T 1988 4F,
JUEKIE K A 75 7K 2 R A B A 3T V5 K, dB Bk R
DL, U R akiR /K. 20 42 90 44K
DU, /N DX Tl B 8 Tl R 7Kt 5 o 34 T8 7K U5
FZE X PG Il , R T, A Jb A AR L, 20K
ST 2 R R M2 R R kA A
FNEORRR. YR & K2 S M SRAE A B, L
Hb R K AR A HCA SSFLBRK T
1.2 BEACREE

2011 4F 8 HAE/INE 15 X R AR R 7K FE i 16

A1 PR, /NG Y 2 L O
FH 1024 M 55 B 2 5 22 2 TR K, AR Uk i R 4
ML N K K Z MK RERZAE 18 ~40 m Z
fi]. ARE R BT K SCHB R 25 HEER R T 50 m AR
WIZK,/NTF 50 m (R JEK 2 e AR IR
WFFE RN 13 NREE/NT 50 m B3 T KRE S &
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Table I ~ Summary of the sampling sites in the study area
KfEmsigms fE HI/m Fm FHoK i
GW-1 R 200 wEK AR TR
GW-2 AR 20 KRIZK L 24
GW-3 T 20 HIEK HAHK
GW-5 KA 25 HIZK AR
GW-6 PSS 90 RIZK T K
GW-8 iR & 20 HIEK K
GW-10 /R i 20 HIEK HAHK
GW-11 [E3rH 10 HEK "
GW-12 PRI 38 HIZK AFHAK
GW-13 /NEHE 25 HIZK AFHK
GW-14 R 40 HIEK HAHK
GW-16 (L[S 25 HIEK HAHK
GW-18 R 25 HIZK HFHK
GW-19 Jeks 18 HIZK AFHK
GW-20 1R 5 25 HIEK HAHK
GW-21 NI 100 RIZK T FH K

37747 [

37°42"

37°36"

0 5km
[

112°30° 112°36' E
B1 MRRRERADHRE

Fig. 1 Distribution of sampling sites in the study area
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. DRACE AR A FH AT CH,CL, R K42
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Y5 22 3805 S 1R G B e X 22 B 057 8 [T 3848 75 5]
(Z5-d8 . J&-d10 ., FE-d10 ., jE-d12 ., JE-d12) ¥ [ 2
AccuStandard A w2 P 5 58 N bR S H 3 OR
( Hexamethylbenzene ) 4 H £ [ Dr. Ehrenstorfer 2%
A, 24 PR ML 5P IEY) BT TR B b kE s A
PLEAR 25 IR R o 2,45, 6-PU & ) — H 2%
(TCMX) Fl-+5H6 2K (PCB209) ; A HLELRZ NN
FLARSHEE (PCNB) |, Lh 5 A HLEAR 285 43 B Al ¢
FFRIE S 308 B SE[E Ultra Scientific 23 7).

FEAL A A AT B A (GC-MS:
Agilent 6890N/5975MSD, Agilent 7683 [ #lj i £
fir) s A B - 4l 3R 2% ( GC-ECD: Agilent
HP6890) .
1.4 KbPETE

RS RTAFE SR F EPA3S10C W AE UL R
AiiEHE R F EPA3630C Rk fb i ™). AT .
JL1 000 mL ZKFEAE]A 3 Wl < b, PR 4T A 20 ng
LI IBCRFE /R F K 20 ng A HLEAR 25 [ %
FeRA, H CH,CL, AEH 3 IR, R EUR 28 e s 78 Kk
g5 B = e S/ AL O,/ TE K Na,S0, H24 C,H,,
TEAL I RN bR AT, PR e % 28 R W 4 )
B & 2 mL AR EHEREN. (A AW SGE i AR
W VERER T A HLAHYE4E 2 0.2 mL, AT 000 ng
Hexamethylbenzene 120 ng PCNB £l
1.5 Witk

FESIER S 2% S0k [ 25 ~29 | 7 ik, ¥7E T
b TR 2 (R ) A= ) 1 J5T 55 A 35 b 5T ] K i S

LI IFIRIMAR . R GC-MS (HP 5975 DU AT
i, HP 6890 “AH iU R AS800 H sl i)

ERAHT. AIEFEN DB-5ms(30 m x0. 25 mm ID x
0.25 wm, AEBAEH) BT, LEEK
P Ay AR 1 L, 3R R 280°C, 4
TERW) UG 1R 80°C {44 2 min, K5 A 4 C +min ™!
R THE Z 290°C , {445 25 min.

A LA A 25 W k. R A GC-ECD ( Agilent
HP6890) /& & 43 1. 3% +E 4 DB-5(30 m x 0. 32
mm ID x 0.25 pum, A FEBHMER) , N E ik
OB AN SHERE 2 pl, SEAE TR
JE 250°C , #r M g8V 300°C , 854 AT MR 100°C {74
1 min, A 4 °C-min~"' J} £ 200°C,2 °C +min~' J} &
230°C , LA 8 °C +min "' F+Z 280°C , f#4F 15 min.
1.6 JFEEH

WAL HT R A S ANMRE A —AS 2 B KRR
AN SR E S 1, DR IR A T A IR E 5]
AW LAY A R b A H AR A — %
FIAA BRI, LR BR i s 7e A HLAIBR B8, 1
BAE S5 Y. 3R as FURE P A SORS DN bl o o 1 28
FEE, CAEEE AR IE B F0BE. 23055 87 35 i
A 77.5% ~ 98.9% , #iill B~ 0.13 ~ 0.92
ng- L™y AHLGEARZ T EIGEE R 78% ~105% ,
KPR 47 0. 02 ~0. 08 ng-L~", Lh 45 RIAFF 5K E
IR B BRI IR HE. 2T IR MA AR
2R A5 2 F AR I EA T I R AR A I
AR IE.

2 HR5ITR

2.1 MR ACH BTG YRR

K48 A BAE G 1 Tir an 35 2 B,

ARHIFGE X M T A H FEAG I H 8 A PAHSs, Hi,
RIZKEMH T 2 2R, 508, e, 27,3 B
. B S LA 4 TE, LA 5 A IKEER I H
. HRIZIK T ZEI R A, i8] 90. 91% , ik
FIE, BB T 81, 82% , —EUE MUE 43l HAE— A
A PR . ARERIESEDY OIS R I I R R
JKH PAHs 3 B AR IR 55 48 B 43 i 34 05 SR 41
B, SR 2 WAL, /NS HE X R K R PAHs DA
2 ~3 HIEA TR X JE T REE /> F =AY
K, PAHSs 1) 1gK, A8 K, 7K P A6 g B AR /N0 e
DA Y PAHs HUECES By W M T - ok R . Y
76 GW-2, GW-3, GW-12, GW-19, GW-20 ¥ il5] 4
N PAHs, £ RFE S HIRAG I E 5 ~ 6 AR IHRITIE,
SR V5 HE X T K A PAHs 2 BERAEAS [7] 2
M B T PAHS (4I5S 8] 1 S 28509
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®2 HREBTARENTEYEE /ng-L"!

Table 2 Concentrations of organic contaminants in groundwater of the study area/ng-L ™!

HZEK(n=13)

WEK(n=3)

AHHLIE LY

JLH EEIME S bREZE KRR iR FHIME PrifE 2 K i 2%

% ND ~ 64. 62 25.31 19. 67 10/11° 11.29 ~33.51 24.22 11.55 3/3
—AE ND ~120. 95 11. 00 36. 47 1/11¢ ND — — 0/3
)i ND ~79. 57 7.23 23.99 1/11¢ ND — — 0/3
Vil ND ~ 124.26 18.49 38. 84 3/11¢ ND — — 0/3
E[ ND ~139.22 32.50 46. 60 9/11¢ 9.16 ~34.45 19.11 13.48 3/3
B ND ~11. 60 3.03 4.54 a/11¢ ND — — 0/3
PR ND ~ 132. 48 15.93 39. 34 4/11¢ ND — — 0/3
e ND ~ 184. 86 21.91 54.59 5/11¢ ND — — 0/3
243 e 13.98 ~410. 61 113. 49 139. 28 11711 20.45 ~67.96 43.33 23.81 3/3
4 Ffe ND ~ 184. 86 21.91 54.59 5/11¢ ND — — 0/3
> PAHs 13. 98 ~505. 89 135. 40 171. 98 11/11¢  20.45 ~67.96 43.33 23. 81 3/3
S AVAVAN 0.07 ~29.43 2.82 8.02 13/13 0.12 ~0.63 0.30 0.29 3/3
| Davavay ND ~43. 34 4.65 11.71 9/13 ND ~0. 85 0.28 0.49 1/3
Y AVAVAN ND ~4. 16 1.41 1.29 10/13 0.40 ~1.29 0.78 0. 46 3/3
R AVAVAY 0.23 ~5.07 1. 90 1.56 13/13 1.95 ~3.30 2.42 0.76 3/3

VAVAVAN 0.30 ~51.23 10.77 15.05 13/13 3.21 ~4. 68 3.78 0.79 3/3
2,4k i B ND ~4. 41 0.92 1.51 5/13 ND — — 0/3
4, A-T T R ND ~2. 34 0. 62 0.98 7/13 ND ~0. 35 0.19 0.18 2/3
2,41k i 1.10 ~5.34 2.58 1. 66 13/13 0.71 ~5.20 2.59 2.33 3/3
4, A-T i ND ~27. 96 2.58 7. 66 6/13 ND ~0. 46 0.27 0.24 2/3
2, A-TH T ND ~ 1. 66 0. 54 0.70 7/13 0.84 ~1.25 1.11 0.24 3/3
4, 4-T I ND ~1.59 0.29 0. 46 7/13 0.14 ~0.72 0.39 0.30 3/3
> e 1.41 ~32.78 7.53 8. 15 13/13 2.31 ~6.80 4.54 2.25 3/3
a-Bi St ND ~59. 03 6.51 16. 06 11/13 ND ~0. 41 0.37 0.35 2/3
BTt ND ~1.25 0.40 0.43 8/13 ND ~0.71 0.46 0. 40 2/3
T S B2 g ND ~2. 66 0.85 0. 81 11/13 0.12 ~0.50 0.34 0.20 3/3
> wite 0.24 ~59. 87 7.76 15.95 13/13 0.53 ~1.83 1.18 0. 65 3/3
INAM ND ~0. 87 0.53 0.29 11/13 0.29 ~0.93 0.62 0.32 3/3
+HH ND ~2. 16 0.53 0. 80 5/13 0.85 ~2.79 1.57 1. 06 3/3
I 1.50 ~42. 58 12.31 11. 66 13/13 1.95 ~4.38 3.42 1.29 3/3
EEAE ND ~6.93 1.48 2.55 4/13 ND — — 0/3
IR TLE ND ~6.79 0.52 1.88 1/13 ND — — 0/3
2K G ND — — 0/13 ND ~1.17 0.52 0. 60 2/3
SR ND ~5. 80 1.59 2.02 9/13 ND ~0. 50 0.17 0.29 1/3
It EG L ND ~3.07 0.28 0. 84 3/13 ND — — 0/3
PR &30k g s ND ~29.22 3.38 8.05 7/13 ND ~1.81 0. 60 1.05 1/3
> 0CPs! 16.21 ~103. 23 46. 67 27.95 13/13 13.91 ~19.71 16. 40 2.98 3/3

1) ND ACFARAE B FAEBR ; «—"fRRTCE XL KR EOE R . /BRI A9 FE S8, 43T Rk I RE S S BARh, a: 4 M
56,2 +3 BRI A PAHS (R0 be HIXTZM TR T 202 19 PAHs ZETARER R RIE I RIITERH; c: D AN =ax
TNIN +B-7STSTS +Y-ISNINTN + 875NN, z T =2, 4-F 0 +4 4T + 2,48 + 4, 4-T0E0 +2,4-T0 00 + 44T, z i

FF = a-biSt + B-BiSt + BSHRERER ; d. aUEST I E SR T
I RLBERE 5 SFEEEN B AL, L GW-8 Fl GW-14 KA PAHs

1RJZ7K T PAHs Wk B9 [l B K B M B8 ND ~
184.86 ng-L™", ¥ [l iz /M 1) i B ND ~ 11.60
ng-Lfl; SEHI{E B 9 R FE 3250 ng-Lfl,EE'iﬁEE(J
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