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Pollution characteristics, source diagnose and multi-medium transmission laws of organo-
chlorine pesticides in Lake Luhu, a suburban lake in the middle reaches of the
Yangtze River”
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Abstract: To investigate the occurrence characteristics and transmission laws of organochlorine pesticides (OCPs) in Lake Luhu,
a typical suburban lake in the middle reaches of the Yangtze River, water and sediment samples were collected from 40 sites in
Lake Luhu, located in Jiangxia District, Wuhan, China. 24 kinds of OCPs were quantified by gas chromatography ( GC-ECD) to
analyze the pollution characteristics, sources and multi-medium transmission laws. The results showed that all 24 kinds of OCPs
were detected in the study area, and the total amounts of OCPs from 0. 64 to 6. 97 ng/L in dissolved phase, 0. 06 to 5. 61 ng/L in
suspended particulate matter, 0.47 to 14. 16 ng/g(dw) in surface sediments, respectively. Compared with other lakes, the OCPs
concentrations were relatively low. HCHs accounted for the largest proportion in dissolved phase, while HCHs, DDTs and Aldrin
were the main pollutants in suspended particulate matter and sediment. The characteristic ratio traceability analysis showed that
HCHs and DDTs were mainly historical residues in the study area. The main sources of HCHs in water and sediment were agrolin-
dane application and mixed sources, respectively, and DDTs were mainly degraded in an anaerobic environment. The multi-medi-

um transmission of OCPs was analyzed by the cosine theta similarity metric, partition coefficient and fugacity approach. The distri-
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bution coefficient (K,;) between dissolved phase and suspended particulate matter showed that OCPs in water were more easily ad-
sorbed by suspended particulate matter with an increase in the octanol-water partition coefficient ( Ky ). The fugacity fraction be-
tween water and sediment (ffsy ) decreased with an increase in Ky , indicating that the sediments in the study area were sinks of
OCPs with high Ky , such as HCB and Aldrin.

Keywords: Organochlorine pesticides; polyphase distribution; source apportionment; multi-medium transport; Lake Luhu
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(SEIRF K PR Sk BRSPS gk IR ) , 8338 CHLs UM & e L&A L& HA L
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Fig. 1 Distribution of sampling sites in Lake Luhu
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Z I8 OCPs [ARBLEE . cos 6 [TFEARUIT :

; () *5,)

cos = (D

w D

2 2
DI ANDI
=1 =1

Ao, Rl s, 20 0 R A BORCA ALV R il R R 2E b BRI n 2 OCP )R8 . cos =0 FRg
JRZ B AAR L, cos =1 MIFIR = BEAELo
OCPs TR/ AR SORLAR 8] 7 73 B R K (K THR AU

C
K, = - (2)

Cy




SRR KT P AR I 0 G AT AU 36 7T A AR R TR RAT S 5 AR AR ALAE 2069

KA AU I — L BL 73 R ECERAE OCPs FE/KR—UTRUI AR 2 T I EL AT 9, AK R =T R 7] A LA
BAFBER B (Ko ) THE AR
Ko = e X T0C (3)
KA, ey copm ves 2P B4 OCPs £E7KAA (ng/L) B TE BRI (ng/L) MULEYI (ng/g) U, TOC AT
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a-TSHAR WA o AR S,,0CPs YA 0. 64 ~6.97 ng/L, P31k (2.22+1.20) ng/L( £ 1), %A
3, OCPs ¢ J& B (R A (18] 2a) , We BE A5 19 25037 LH-5(6. 97 ng/L) Fil LH-28(5. 80 ng/L) 435I 45 3 = 13 4
(AT 1RSI 380 10, AT B R g by A 10K g e 3l s, T 20 Ay AR ) P 0 LA B e R i 4 3k
VRFRA OCPs Y RNt . 20 fy 7 % A OCPs 1) HCHs ( 34. 93% £9. 90% ) .SULPHs( 19. 94% = 13. 88% ) .
DRINs(19. 78% +8. 11% ) . FLAK & Ho i i B-HCHs (19. 01% +9. 70% ) ([ 3a) , 77 B 53 5 T Hiflh 3 Ff
[ 43 SR A 3R PRy B-HCHs EA b 5 AR RV A A0 25 A 40 o AR VRS, R 5 e e o e e, L
AT o-HCH F1 y-HCH 2374k, B-HCHs''®' | [}t B-HCHs 7E HCHs H1 (%725 1 1 (52. 00% +23. 98% ) 41
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DUIL(HCHs 5 DDTs 22 Fil, 4 39. 09 ng/g) ™ AT WA (F K153 514 453. 50,2473, 00 ng/g) ™' BHR
FE PR BT (648. 56 ng/g)
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e RB(Koo) ™ 5 FULRTAEDUR b, D URUIE % S0 OCPs 1 368175 . BFFEIX 122 TR
24 Fl OCPs HG Hi 1, 3,,0CPs WS Jy 0. 47 ~ 14. 16 ng/g(dw) (LT E I, N, FIHE N (3.31+
2.89)ng/g(dw) o HHIE 2c AT, BEfR LG 1AL SR UTAR Y A AR T Ra 32 OCPs i5 Y« 8 ™ & , 55 i LH-3 LH-18
F1LH-22 OCPs & i ia , A AL TE- I 79 ARMIR . LH-3 4 F =T TR AR O, B K e Rk
FH A 24 it PR A6, - TR U AR 3 AR L 15 7KV A A TTT 80 OCPs Y B FH1 o

5T X RZ VIR H OCPs L BAFAE AN 3¢ Bz, & b Hodpe s 1Y /2 DRINs (40. 80% =19.52% ) , H
R DDTs(21. 95% = 15. 67% ) Fil HCHs (18.99% +8. 13% ) , B ] L 3 (G5 ( 24. 50% +22. 73% ) Flgk [K 51
(13.04% £13.63% ) Jp 3= o IRFRE— Bt T 11 00 W daf R HG Al 5 B 2% B 3R) , 7E 30358 v ) 1 e Ak K TG
FIP LRI DR 3 R AR EC R 5 i 04 J R T 2 S F T S R 0 £ 52 B3 , 5 8 05
W AE TR T 5 RV, SF Y R0 0 2 A TR PR K B R A TR P e i 208

S PSR B TRt OCPs £ BEAL THARAKCF P (AR T8 - 5 S5 AL 7 7] (8. 68 ng/g)
FIKIR W (105. 53 ng/g) ™ o HHLHA R SR TR LA AR L , 5 1 OCPs ¥5 LK P44
AT RE SR DA R B0 o 3 s DX AR ¢ Jr A B, g s AR 24t PSRRI, ISR T e X IR SR B L

F 1 51 OCPs AL AP FFAE
Tab. 1 Detection characteristics of OCPs monomers in Lake Luhu
IKARE AR/ (ng/L) HKARRRIAR/ (ng/L) LW/ (ng/g(dw))

EESY) B/ Bk OFH Rl B ROK OTH Kb BN Bk TH Al
1t o Rw o w0 M %

«-HCH nd 0.31 0.10 97.44 nd 0.03 0.00 12.82 0.04 0.51 0.22  100. 00
B-HCH nd 0.61 0.35 89.74 nd 0.42  0.07 76.92 nd 0.94 0.16 79.49
vy-HCH nd 0.33 0.11  87.18 nd 0.04 0.01 35.90 nd 0.17 0.03 89.74
§-HCH nd 1.02 0.14 74.36 nd 0. 63 0.06 56.41 nd 3.44  0.28 61.54
o,p’-DDT nd 0. 46 0.05 56.41 nd 0.07 0.01  53.85 nd 0.34 0.02 71.79
p,p'-DDT nd nd nd 0. 00 nd 0.16  0.01 7.69 nd 0.16  0.01 15.38
o,p’-DDD nd 0.40 0.02 38.46 nd 0.17 0.03  53.85 nd 0.75 0.15 46.15
p,p'-DDD nd 0.03 0.00 51.28 nd 0. 05 0.00 53.85 nd 0.33 0.10 89.74
o,p’-DDE nd 0. 66 0.07 46.15 nd 1.38 0.07 28.21 nd 2.23 0.20 74.36
p,p'-DDE nd 0.25 0.03 41.03 nd 0.12 0.01 71.79 nd 1.43 0.33 84.62
LA 0.01 0.96 0.38 100.00 nd 2.05 0.12  66.67 nd 3.91 0.64 74.36
IR ECH nd 0.72 0.03  30.77 nd 0.13 0.02  51.28 nd 1.48 0.40 84.62
Sk R nd 0.20 0.03  79.49 nd 0.17 0.02  58.97 nd 0.86  0.04 23.08
Sk TR nd 0.24  0.01 53.85 nd 0.11 0.01  20.51 nd 0.30  0.02 92.31
Sk EC | i nd 0. 06 0.01  56.41 nd 0.02 0.00 46.15 nd 0.11 0.04 94.87
=t & nd 0.40 0.06 76.92 nd 0.09 0. 00 7. 69 nd 0.33 0.03 53.85
AR ES nd nd nd 0. 00 nd 3.74  0.17 20.51 nd 0.34  0.05 38.46
L& nd 0.13 0.04 89.74 nd 0.48 0.02  30.77 nd 3.13 0.25 89.74
Wea L&A nd 0.22 0.04 53.85 nd 0.09 0.02 28.21 nd 0.06 0.00 64.10
oSt nd nd nd 0. 00 nd .36 0.10 25.64 nd 0.17 0.03 74.36
B-Fi St nd 1.80 0.30 53.85 nd 0.41 0.01 5.13 nd 0.36  0.01 10. 26
TSR R R nd 0.45 0.15 97.44 nd 0.01 0. 00 5.13 nd 0.16  0.03 82.05
HCB nd 0.62 0.22  94.87 nd 0.09 0.01 33.33 nd 1.16  0.21 84.62
MXC nd 1.64 0.06 43.59 nd 0.02  0.00 5.13 nd 1.31 0.05 30.77

#nd FrRRKH
2.2 &;i OCPs skiEf#tT
R SCR PR HL AT 480K BRI HCHs 1 DD JE TR
2.2.1 HCHs R IR ##r HCHs py BTN Tk 7S7/S7S FMF} , a-HCH/y-HCH 3 9 F F45 /R ¥15% H HCHs
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Fig. 2 Spatial distribution of OCPs concentration in Lake Luhu:
dissolved phase(a) , suspended particulate matter(bh) , sediments (c)
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{H2E W, 51, 3% B A0 U R T 7, ZWIUTR o HCHs SyiR A R U5, H e 32 50 I ml k< 8 B A5
TR 42. 6% iy B-HCH/ (a-HCH+y-HCH) =0. 5, {3 B € #9314 vh HCHs BEAG 7 50 5% B8, (L 37 1
Ao £ W8 A A AR rp b o L2 R 15% 20 MO fu /e T 1 0l HCHS Sk A nl ik
30 A b B 9 HRUE A1 R
2.2.2 DDT kR #E4F DDE RFREHG AR % b DDT 55, P 24 BR3E p DDT 52114 A5 £0i DDD Fil
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TR NI S 5% B, LAt <1 B SRR A BT AR 255 Ye i Ao DDT ZE4F M IR A4 18 AT ik 0 40
fit 3 DDE 1 DDD"" | [ it DDE/DDD {4 He A8 ] 914 417 DDT BMAR RS, U R T 1| Fon A 83088, /N T
1 R AAFRE

W58 XK AR FIUTRLY Hh DDE/DDD A1 ( DDE+DDD) /DDT LB 41 [ 4b B, TUBHH 97. 4% S 47 i1
(DDE+DDD)/DDT=1, ZMAUTE o DDT 54 [ S0 5% B4 , i FH I [l 45 4, K649 2 4 #% 4 DDE A1 DDD
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Fig. 4 Source apportionment of HCHs and DDTs in the water and sediment of Lake Luhu
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Fig. 5 The cosine theta similarity metric (cos ) of OCPs between different medias in Lake Luhu
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Tab. 2 Partitioning coefficients of OCPs in Lake Luhu
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=V ol 0.70 24.28 -0.16 1.39 5.45 5.20
o,p’-DDD 1.53 21.33 0.19 1.33 5.87 5.19
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SULPHs 5 TP & R 3L 3 IEAHSE (P<0.05) .

2.3.2 0CPs JURM—AEMAT H  ABE—BIRITE W OCPs M UTEU— K ME 51T A, S BORK: H 3R 3w A9 10
il OCPs——% FHi R4 .- HCH B-HCH .y-HCH . 8-HCH Bk [C ] \HCB L 48 L [CH .p,p'-DDE (3% Koy, F/IN
HEF) AR SE X LR OCPs MY TTTRR)— KR BE 3 88 (o ) » B R ANIE] 6 FIT7R o #RAr ALY fow ST 1,02
Skt R g5 KA R Z R OCP Ak i . OCPs FERFSE K IMIEAT MAFE R 25 5%, B4 b fow (EBE Koy
FIRE TN TREEH . o-HCH 11 ffoy KF 0.7, RIS L b VTR K A B 8801728, AR & 08, K 14
AL BRI AR §4 .y-HCH B-HCH 6-HCH K [GFI Y fe FBBRIEAZ M, P BIEA T P45 X[ (0. 3~0.7) ,
UL AL F ORIV PAPIRAS (R IAZ 5 7 1) AE AR RS LA AE 25 575 85 Koy 19 HCB £ 5 3L IG5 . p, p’-DDE
Sow /NF 0.3 IRt K A BB WU Ty, ORI . B, B TR 2 155 Kow OCPs 9T {HAf
AT RESE a-HCH 25§ Ko OCPs I — R

[ 25%~75% I 10%~90% — Hifiidk o ¥yl

1.0 | ]_ ]
l [ % Gy
0.8
| | ! 0.7
. 06r ; T
3 o il s
04 N
l T 03
02+
Ve SR
WY Ty gy g
4 X X L L RE 8 F B 2
£ 2888888V 8
g L & T 2K .y
= By

Pl 6 B WK AT R 1] A3 2 20 KK ff e

Fig. 6 Fugacity fraction (ffyy) between water and sediment in Lake Luhu
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