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Abstract? "The pollutlon characteristics of polycyclic aromatic hydrocarbons ( PAHs ), organochlorine pesticides ( OCPs), and
phthalate esters (PAEs) in the surface sediments of Xiaoxingkai Lake were analyzed by GC-MS, and the main sources and biological
toxicity risks of the pollutants were discussed. The results show that; (D The content of PAHs in the sediments of xiaoxingkai lake
ranged from 82. 1 to 534.6 ng-g~', and the concentration of PAHs in the northwestern port of the lake was higher. The content of
OCPs and PAEs in the sediments ranged from 4. 8 to 50.4 ng-g~' and 33.3 to 401.6 ng-g™"', respectively. The concentration was
higher in the southeastern lakes. 2 PAHs in the sediments were dominated by 3-5-ring compounds ( accounting for more than 85% ) ,
which were mainly combustion sources, among which the combustion of coal and firewood contributed 47%, the combustion of gasoline
and diesel contributed 39%, and the oil product leakage contributed 14% . The OCPs were mainly HCHs (78% ) from the use of new
lindane and the input of a small amount of industrial HCHs. The PAEs were mainly dibutyl phthalate (DBP) and diethyl phthalate (2-
ethyl hexyl) ester (DEHP; 94% ) , which were mainly derived from household garbage and common human articles. @) Compared with
other lakes in China, PAHs and PAEs in the sediments of Xiaoxingkai Lake are at a low pollution level, and there is no ecological risk
at present, but some OCPs at some points present a moderate ecological risk.

Key words:; persistent organic pollutants( POPs) ; Xiaoxingkai Lake; pollution characteristics; source analysis; ecological risk
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Fig. 1 Location distribution of fifteen sampling sites in Xiaoxingkai Lake

1.2 FESRPYAEIE ) 5 Hr
1.2.1 43505

FBAL < 0 7 ZE B ( ASE300, DIONEX,,
USA) ; [EIAHAE BN ( NAI-FXCQY- 12A, F AR 0KS
HALERABRA A 5 12 BRI (SE-812, il &,
BHEARAR) ; BB THML(FD-1A-50, 650
T RSN AR A BR A | ) 5 A 5Bk 15X
(Aglient 7890A-5975C , USA) ; Jight 25 KA (R-215,
BUCHI Labortechnik ) ; 5 #f; %7 ( TM-0610P, 1t 57 21
LFEWRHEAT A BRAF] ).

FEZIH] . PAHs IR SR UEVE TR . OCPs 1R & Fr

HEWS W N PAEs 1B & P51 W T o2si 24 H
(USA) ; S Hraliit e mime | S0 A0 B A IR AR AN G 7K
TR AN LA S PH T 3 355 AN At v 4% e a0 PP e, —
RN T 5t fb T ARFR g — & H b 1E
CLbe PSR AT B T J. T. Baker 23 7] (USA) , T4
4 B Sigma A F] (USA) 5 ¥ JZZHr L (100 ~ 200
H) WA Sl T it S Ak 4R (100 ~ 200
H) W A 24 45 Bk 2 AT BR A |5 b % BaE £
(60 ~100 H) W H Riedel-deHaén /3 7 ( Germany ) ;
[ AHZE L SPE /IVHE ENVI-18(6 mL) 4 FI Supelco 23
A (USA) ; GPC A H bio-rad 23 H] (USA).



14 AR AR

MYLHUTRY POPs V5 YAk K Ak 25 UG E 149

1.2.2  FEAATAEI A S A 4508

BT HRDUBRYIRE L 2 48 b, DS i J%E,ﬁeﬁ'ﬁ
(RAETEAE (B . PAHs . OCPs Hl PAEs 3% Fi i
FNAEE: A3 XU T i A BT Ge itk :J:EEX
ECEEM @ H IR AW (R 1:1)
PAHs F1 OCPs [ A HUA 7, ASE $& HCR 4. 1% 3%
o 100°C , JE 120 216.7 kPa, 5 min FEZSEF[E], 90
s AAWRHA,#173 u\ﬁ%f—fﬁﬁx WAL R 60% Hh
AL, IS I OB RTR A (RN 1:1)
PAEs P Z B, Zﬁﬁxuﬁ JE 7120 0.8 MPa, i
J100°C , 5 min FHUNMERCY- 4 R0 25 A6 B, 26 BROH R
J148.3~13.7 MPa 60 s AW, TR GEIARRL
H 60% ARF, P-AT 2 IR S AL

PAHsyﬁﬂmfﬂsa@ i RE 56 Ak R I A
k. U2 g FEATABGHE T, A 10 ng AR 2-FB
i 2 h J5 T ASE 2RI, 22 BUR AR 2 2 mL J5 5%
LA @TENAR 1 em, 1K 30 em BHAT e ZE 1 e
FEARIK A TR, 6 ¢ THALREREA 1 em LMY TE
JKEREREN, JH 30 mlL 1E C b ke R R, Z U5 0
25 mL 2: 3Eﬁftaﬁ;n/:%ﬁ3k*{%%{&ﬁ
%M{fﬁ@ﬁﬂ“i 2 mL J5if GPC A ( jcjim
BH2.5 em Iﬁﬂm 20 em, Fi A A g1 20
TE E e/ — S iR & . S 100 mL/ mwjﬁ 7

%ﬁiﬂwﬁfﬂi 2w 11 60 mL {,.szwaww a%c# ]

“,-' ” "1 MM

G s

FZ5E5y i) H 70 mL SRS AR IR % 4 4y,
W45 % 0.5 mL 15 GC-MS #&:.

OCPs *ﬁﬁﬁezﬂimﬂzmﬁﬁxé S AL
DU 2 g FEELTFABGE T, A 10 ng AR TCMX #
2 h JFHFT ASE ZEHL, ZEBORMR AR 2 2 mL J5 55
FRE. QAT em, K 30 em WA HEZE R BEESAE
RKIMABLESAR, 6 ¢ 5% FIGREREAN 1 em JETE
JKEREREN , F 30 mL 1E CBE Bk IE G LRE , 2 5 )
S 33 mL 1E O %E M 20 mL 40 e dh AT e, Uk
%?ﬁ'ﬁﬁﬁ?&#%ﬂﬁ@ 2 mL. ®Z% [ PAHs ¥ GPC &k
Tt OCPs #1745 Wk 4i 2 20 L £F GC-
MS Fil.

PAEs R FRE BE/IVEE 5K PSA /A ¥4k, B 2
g FESL N1 g fek 8 AR50 8 A% BRI R0 R Wk 4
3K 2 mL AT R BT, SRS i — 2L e LA
SEHA 2 g Tk BRRAEN K 2] e e hT g AWRE o | 7
[ AEF R I A 204mlL 1EC ¢, PEAT zﬁﬂ:%ﬂﬂri F
HEAT 3 Uk JBiH] 79 R M IE 2 kIR A IJHM
J1:1), H*%E’J?ﬁh‘ﬂﬁ{&‘fw}\ﬁ&?ﬁ j<1 mL =4 (;C-
MS AL [ T

UL WP Y PAHS i%ﬁh M 16 Fh J“ )
PAHs,0CP¢ 16 4 Ff HCHs 71 4 i DDTs Hg"
Fi OCPs [F1%)  PAES H: S0 6 i L) pAT:

[F &R, BRIk 1 Fis.

,ﬁﬁé%ﬁ%”% FF _p-Aﬁs OCPs 1 PAEs % Jllit) 5 &4

Table 1 Same lineage detected by PAHs, OCPs and PAEs in the surface sediments of Xiaoxingkai Lake
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Fig. 2 Spatial distribution of three pollutants in Xiaoxingkai Lake
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XATELLIHI (373. 4 ng-g ") VU g L X 19 A AR LK
JBE(274.2 ng-g™") A VT 7 B AY &R BH 59 (394. 7
ng-g '), {H B WA T AR b M X B 45 K ) (875.5

ng-g ™) TR HLIH] (899. 0 ng-g ") PG g
DX TR (4 748. 0 ng-g ") S5 HA A 1 W DT AR

PAHs &4+ 19 418

#2 ERSHRHAGTHRIRY S PAHs X3tk /ng-g !
Table 2 Comparison of PAHs in lake and river sediments in different regions of China/ng-g'l
X pE| A PAHs ffiz& > PAHs i ht SEHIME Sk
AWF5E (ARIL) 2017 16 82.1~534.6 219.2 ENIE
AL (ARdL) 2017 16 23.1~554.8 172.9 [12]
ALK ﬁﬂﬁﬂ(?ﬁjt) 2017 16 305.9 ~1214.4 586.5 [13]
IR (ZRdE) 2017 16 282.9 ~1056.9 596.5 [13]
255 (ARIb) 2014 16 239.9 ~710.7 507.6 [14]
HETE 2016 16 163.2 ~861.4 — (9]
iKW 2018 16 394.9 ~1785.4 875.5 [15]
1% T i8] 2012 16 189.1 ~725.9 443.0 [16]
1B HIX L 2015 16 54.6 ~1331.2 373.4 [17]
ARV 2013 13 49.4 ~133.7 — [18]
K 2011 16 262.0 ~1087.0 492.0 197
KT Hi 2010 14 116.0 ~2832.2 | 899.0 FH01
bed ek 2015 14 327.9 ~445.1 394.7 = 2%
Wil 2011 [ 16 1492.0/~11070.0 4748.0 /[
E | | 1 i
FAEIUK 2014 16 155.9 ~471.3 | 274.2 < 23] )
(LTS HAEW] “p2010 (4 16 7148 ~1 1671 862.9 I 4
R K 2012 | B TS 107.6~142.1 4 1 | 119.9 " (1254
— A g 2008, ¥ 716 27346 494423 4 4936 [26 4 .
F, # / & # F ¥ # =
§ i . N rF o~ - =
b Ced | R ".;008:/ ' X 82,0 ~310.0 4 185.0 ;o]
| el WSl 2015 ¥ 716 35.942032.7 % 940.6 s [28% &
'y i - | ’
D) PFORBE ' Y ¥ 4 -

YN LR OCPs k3 [FI8 418 AR HTHUIC (WAL IT. IELIE AT AL b 19 K00 K
T LA P R AR X 1047 MR X 3 F R

50.4 rigfl ' ZILF N 17.9 ngeg ! 5 AL
I TP HAL o X 3 K P A LL R TRTS 2 A HCHs 8, DDTs &k i TR T Ry A,
TIZR LM I (930 T A8 b b X T 900 65 341 30 3 9

K. R 3 AT 0L N ML DTS OCPs H HCHSs
Fr g T A X A0 ARdb X R E T K E S B (BRI ALy ARt X Y
R DR K VTPE 0 R AR AR o X 09 T 50 2L A& 7.

#3 ERSHRHAGTRIRM S OCPs 33tk /ng-g !

Table 3 Comparison of OCPs in lake and river sediments in different regions of China/ng-g"~

1

X WA Ay OCPs Bt HCHs &t DDTs i SCHik
AFFTE (ARL) 2017 4.8 ~50.4 0.3~19.1 nd~7.8 ENGIEN

I3 (ZRdb) 2009 0.2~7.4 0.2~1.1 0.0~7.0 [29]

201 L9 ~2. — —

LI Eﬁfm A 016 0.9~2.4 [9]
BT K 2008 8.5~24.4 1.1~7.7 2.9~10.5 [30]

MR 2007 35.0~94. 4 4.2~7.5 8.1 [31]

5 7K 90 2018 31.5~40.4 187.0 204.2 [15]

LR 2011 40.4 ~174.1 16.5~153.6 1.0~33.4 [32]

Kitmisk A4 2016 nd ~6.9 — nd ~5.8 [33]
] 2009 0.0~1.0 0.0~0.9 0.0~0.3 [29]

E L 2015 9.3~51.1 — — [17]

EFIIK %Z;J‘Hfﬁjilz 2017 83.6~9419.2 6.1 ~469.0 6.8 ~9244.9 [34]
T 51 2007 2.7~31.9 2.7~19.9 nd ~15.6 [35]

T 2012 0.4~12.7 nd ~1.1 0.2~12.5 [10]

EFIX LT 2010 2.7~62.4 nd ~1.7 1.8 ~60.3 [36]

1) “—" TR ; nd, RARAKEH
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B 42 %

UL T PAEs 7% & i [l 7F 33.3 ~ 401.6
ng-g ' Z 0], FH(E R 114.0 ng-g™'. NFE 4 A] 1L,
JUF PAEs tf DMP . BBP, DEHP 1 DNOP & &7l
1 3k /N2 o LA T S 190, DEP 55 2 31 Rl R
TFASMETT A, DBP ALK T LR vT. /N4 L it

T PAEs & -5 2R bt DR Ay At 3t X1 389

I AR G AR AR TS YLk . R, /%8l
WUTRY) T PAHs . OCPs 1 PAEs 475 Y /K 78 4

ACHB DAL FARACT- 15 3y, 5 P H: At b X T8 90
A L, AR AL TR TS e KO-

F4 EARMRBAETRIRG S PAEs 3tk /ng-g~!

Table 4 Comparison of PAEs in lake and river sediments in different regions of China/ng-g

-1

X W DMP DEP DBP BBP DEHP DNOP ik
%4t N1 nd~3.1 nd ~49. 8 14.7 ~300. 1 nd ~2.9 nd ~6.9 4.8~93.4 AT
ZIN
FATEB nd ~248. 1 nd ~166. 2 12.0 ~496. 4 nd ~268. 2 7.7 ~334.0 nd ~549. 4 [12]
MAETL (M /REE)  25.2~87.8 26.7 ~38.2 58.1~881.2 nd ~96.3 227.1 ~566.5 nd ~377. 4 [37]
T 5 JUEIL nd ~4.0 nd ~6.0 3.0~230.0 — 33.0 ~1280.0 — [38]
ZIN
ER3E30 13.4~742.0  49.4~355.0 55.6~4349.5 — — 0.1~90.1 [39]
KB 44.0~71.0 64.0~244.0 1640.0~2450.0 5.0~24.0  320.0~4970.0  8.0~11.0 [40]
Kt H i 1.7 ~95. 4 nd nd ~2744.3 nd nd ~3209. 8 nd [41]
B 6.0 ~1336.0 1.0~42.0  80.0~2627.0  0.4~286.0  31.0~1820.0 0.2~29.0 [42]
-
K 950.0 ~3500.0 590.0~2290.0 500.0 ~1750.0 420.0~1300.0 550.0.~4770.0 480.0 ;,46,20@39, ; (43]
e BRIL=F 1.0~19.0 1.0~91.0  42.0~5030.0  nd~113.0" 415.0~29500.0  nd ~u181._‘.6:..-'";-' [44]
B ¥ 47.0 2212.0 7 580.0 241.0 | .t 39320 — S 145)
] ] & ——
1) “—" FREEIRE ; nd, FTRAA L [ | \ ' x’f 1}
i i ] |
I ) | I...t _.., r |
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/}*;-‘ﬁzgﬁf . 0o XX\ skt 77 2%t
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33 Aii ngjrg
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JOMRUH 3 FF >4 > 5 3 > 6 5 >2 B (LA
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Wy e o PR 0 e T
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Fig. 3 Detection of class three pollutants
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Fig. 4 Proportion of PAHs content of different ring numbers

at fifteen sampling points in Xiaoxingkai Lake
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Fig. 5 Distribution of the concentrations of OCPs in the

surface sediments of Xiaoxingkai Lake
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Fig. 6 Proportion of PAEs in the sediments of Xiaoxingkai Lake
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Fig. 7 Source analysis of PAHs in Xiaoxingkai Lake
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Fig. 8 Analysis of the burning sources

of PAHs in Xiaoxingkai Lakg
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Table 6  Source ratio of sediment OCPs at each sampling point

S| S1 S2 S3 S4 S5 56 S7 S8 S9 S10 S11 S12 S13 S14 SIS
a-HCH/y-HCH 0.36 0.46 0.17 1.93 0.35 0.32 0.08 0.14 0.18 0.46 0.51 1.81 0.48 0.33 0.53
(DDD +DDE)/ Z DDTs 0.14 0.08 0.06 0.00 0.00 0.08 0.06 0.07 0.11 0.03 0.00 0.04 0.06 0.07 0.04
DDE/DDD 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.03 0.02 0.00
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Fig. 9 PAEs principal component analysis load in the western
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lake district of Xiaoxingkai Lake
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