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Abstract

As one of the nine largest plateau lakes in Yunnan Province, China, Qilu Lake has long been subjected
to significant anthropogenic pollution. However, the pollution characteristics and ecological and health
risks of organochlorine pesticides (OCPs) in sediments have not been thoroughly investigated. Gas
chromatography-mass spectrometry (GC-MS) was employed to analyze the concentrations of OCPs
from 22 surface sediment samples. Isomer ratio analysis was used to identify pollution sources, while
the entropy method and health risk assessment model recommended by the USEPA were applied to
quantify ecological and health risks. The results indicated that the detected OCPs included a-HCH,
B-HCH, y-HCH, o,p’-DDT, and p,p'-DDT. The mean concentrations of XHCHs, EDDTs, and XOCPs
were 22.07,15.29, and 37.36 ng/g (dry weight), respectively, indicating a moderate to low pollution
level. The spatial distribution of OCPs was relatively consistent, with higher concentrations observed
at the inflow of Hongqi River and the central part of the lake, while lower levels were found in the
eastern region. Source apportionment revealed that HCHs were primarily derived from historical
residues, whereas DDTs originated from recent input of dicofol. Ecological risk assessment indicated
that most areas were subject to high combined ecological risks, posing a potential threat to the aquatic
ecosystem. Health risk evaluation demonstrated that both carcinogenic and non-carcinogenic risks
were below safety thresholds, suggesting negligible health impacts; however, children exhibited
higher exposure sensitivity than adults, warranting special attention. This study provides a scientific
basis for OCP pollution control in the Qilu Lake basin and supports ecological management strategies
for agricultural lake ecosystems.
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1. 5|8

AHLAAL(OCPs) & — RIA FIFf AMEA NI ANI(POPs), W4T 2 HI T A & ki BLE B iR 1.
R THEA S FAME, EWEEE MRS, JFatild AT K EER, WAESR
Mg ek ™ B EUE 2] (3], E 20 128 70 SEAGE, ARREFSEEET IR L [4]. 2RI, IEFETIEZ
PR BT RS I Y R OCPs R B o OCPs LB AR LA R TN 312 ph A5 iR 42 day A LK
R[2], FFRILIREUK SR IR 2 s WOR I, R ERTUORYIT, MO8 OCPs HIfEfk . TR
H OCPs W] & B WIHEAL AN BTN, W NSRAR R i AR e 3 WETER ML, KIUIZRER T OCPs 7l fig
SIRha i AR PO AESE XU [5] [6]. BEAN, FEEMIEIKEN IHEEN T, VIR OCPs W] FEKCRE
AR, 5UR ZRG 5, BEEEKELED(T]. Hik, REVATIRYIT OCPs &, oA kA&
SRR DR, X HE B PP HL 5 GO0 5 i) XU BT 445 it LA F 255 3

mitm AT P E R, A E KRR . AW I B SR S T A A LK SR
SERER T R AR A B, R ERTT WRTRKIRSE T TR RSB . AR, AR TER
MR RE . N DHFFEEIE R ANSGHE IR SEFR T, XA s H ™ ERTG5E . IEFR,
EA BT AR AR o OCPs JT A, 41 Chen Z¢457 1 A REWI K 1A OCPs I 2573 A1
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SRR

AR [8]: — S8l 735 A b 1 HRALSI A BE ST AR Y OCPs (IR AR RFAE AR 47 249[9] [10]; Guo
W) 1 FIRAIRUTR Y DDTs 1) 57 s34 SRR 11]. 2810, B DT BT IR OCPs AR 25 F0fi
JRRE XU () AT LB B =
O RE IR ISR 2= 7 48 B K IR R S AR 7= B b [ 127, 12 XS A5 T Wz 0 L G HE 78 A2, BR3Pl A AE Al .

RRFFEHHE, BAEWIEHER 270~600 T 5/57, AR 254t A = P 300 MisE[13] [14]. FCRE W F 52 %
SERVLNIE B IR, f 2 AL OCPs V5 Y RUB ML B . BTk, ABFABTE: (1) VPASACEEW
RIZVIEDH OCPs 159 /KF5 (2) MANTIIE Yookl s (3) b A A Mg e AU o F 70K A B WAV 1 OCPs
PG FRER LR ARHR , I AR I P (B IE 76 B LR 2 3

2. RIS
2.1. MBI R RAF

FCHE(102°43'49"~102°49"12"E,, 24°08'33"~24°13'57"N). T =40 B P, s F B KR, Ayt
A R AL, BRI AR 359 km?, THI/KIR 4.5m, B/KE 1.676 12 m®. Jisskth 0w g,
AR TARIE 1.52 J3 b, EZNENA AR LU I O Al (] 1), FFEARE & 8430 /7 m’,
HA 2R 2515 50%. B9 5 H FAE 10 H a2 KR K G4 R 2R &1 83%
(http://www.tonghai.gov.cn/).

2022 4F 6 H, GG WIS RHE AR A4, AT 22 ASRFE (B 1), RIS 8RR e #5 3K
RIZVUBEIIFE(0~2 em), FFORAF T FSTH i I B ZERR VI o B RAE iU P AT REE 2 e, DA
B ARAE S B E R SLIO TR A FEM &, B, 4 CIURAM FIB8RISLI =, f£-20CuKFE A7,

HT R84 01T
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Figure 1. Qilu Lake and the location distribution of sampling sites

E 1. ISR RRER GBS

2.2. PRSI

bRt S 23 B OCPs JEBAIFRM(a-HCH. p-HCH. y-HCH. §-HCH. o0,p'-DDT. p,p'~DDT. p.p'—
DDE. p,p'*DDD\ /_‘\‘%j.i\ ’b%\ )_.ZEE%U\ %ﬁ’b%\ Jlliﬁfﬁ%‘\ }iﬁ%\ (X*)IL\ ﬁ*)lh\ a'j(EE]—ﬁU\
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SRR Sk BRI « BRSO 7K BRI . FP AU R 6 ALK ISR, T H 2% 8 AccuStandard 22 ] .
WFR TR, B ARAR Y 2,4.5,6- DU SR — FH R4 0 8 b5t B SXhn e B bt o

ol AR, ROk R OBF. LR AERYINARIRG, JoKTRERN e, 200 B FE 255 R
LRAERAF . oK AT T 400 CHI S Ik dhiifb 6 he S8 /KIS vk 4AtiK .

2.3. BFmAES SR

DURRAIRE S f OCPs [ TAL B AN X T A IR 77 S804 [ 5% AR S A B 30 AT PR At 7 v HEAT (HI 835~
2017).

B 10 g AT DHEIRE 100 B 7RIS, FJCKBRRREN T8 5 T AR K115 IR &
R R R P, KUOINAGE & 300 mg/L & ARWbRHERIRT 100 ml PIEA - IE CUE(L:1 v/v)IR A7,
ZICHHE 18 he JRIBURAENEH 2K ET 40C Pk £ 29 2 ml, HAREWE - IECE(1:1 viv)IREVE
WA RIMEH K, A ISR, FAEWIREE | ml. 8BRS Z T X 40 5 SR BGREAT
#k, IR i 2 g SR TAC B ARy, DLBR EIRBOE T IR . BARF PRSI E R AES
ISR TEE(HI835-2017)HAT o 1504k 5 BV I PR O Bk 4, I NG&E & 500 mg/L AR AN IR E A 2 1.0
ml, JBEEHBE 2 ml BERIRF, ARl

K AR 38/ B E E F AX (35 1H PE Clarus 600)X} JUERYH OCPs #:47 %€ &3 #r. tailiAs: HP-SMS A
FEBYE O 30 m x 0.25 mm x 0.25 um; A SR, WK 1.0 mUmin; HEFERE: 250C, A
Iyits HEREEE: 1 pL. (OB THE & 120°COREF 2 min; LA 12°C/min EF T2 180°C, {&%F 5 min;
L 7°C/min #AETFE 240°C, {R#4F 1 min; LA 7°C/min R 250°C, {#4F 2 min, JFEFTHEE
280°C, fRFF2min. IR 280°C; EI HEH: 70eV; EIJRILE: 230°C; iR BFaf. &
R OCPs R, 75 AR HE 5 e B AR FR A T 4 A i T 28

2.4. RERIEAEH

R AT R, SRR A AL T IAREE S BEAT T T A SUAE T & 23 Bl OCPs VR A bRl
ML EWIIREY N 1 mg/L.

N EEE A HTHEREE, AL 20 MR, A 1T ANEAL TASEAT. 2 MRS S 1 AN EEFUINRR, H
BB 15 4. WA AR TIREEBAEE S, A B s tb &R AR R . FFUmbs T e
FEARN, Honbs B N TS B0 3~5 5. AT BB H AR B F) B8 K& oK R ER ) 7E
5 RT3 43 T H00 5 A G5 a A6 . AR OCPs [7] R0 INFR [RISCE N 75%~109%, 15 /&2 OCPs
IR BT E R
2.5. BN M

AHFFi R XU (RQ) AT OCPs ZEZS XU, T AU T

~ MC
RQ= PNEC )
Hrp, MC 78 OCPs HAR SR E (ng/g), PNEC AT TE RN K (ng/g). A FTHTH PNEC 82 %1
HAWFFL[15],
SHEASERE S5, OCPs BEA A A XS, B XS (TRQ)HZ LA R AR5
TRQ=3RQ, )
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ARG 23 DU4% . A 208 KUR(RQ < 0.01). I XU:(0.01 <RQ <0.1). FZ5EXK:(0.1 <RQ < 1) =X,

SI(RQ>1)[16]
2.6. fRER R BE 1AL

AWFFMHE US EPA XSGR [17]-[19], @i =FREIEE—R B (ng). KB Ml(Der)FlIE
W (Inh), 20 5EAt)LE 5 R AR E0E 5 808 X . =FigE3 N OCPs [ H 145 7% F(ADD)#EL |

AT H
ADD, = C, xIngR xEFxED <107 3)
BW x AT
ADDDCT=CiXSAXAFXABSXEFXEDMO’G @
BW x AT
ADDmh:Ci x InhR x EFxED <10 5)
BW x AT
b, G3RoR OCPs BRI, RS HH E SOMUETE LS 1.
Table 1. Exposure Parameters Used in Health Risk Assessment [16] [20]-[22]
= 1. BRREITEPERNRESH(16] [20]-[22]
24 =9 AL JLE [DUN
IngR P mg/d 72 50
InhR NS m’/d 8.4 15.7
PEF BB DTS R B mi/kg 1.316E + 09
EF R TR d/a 350 350
ED T PRI LI ) a 6 24
BW ONE:S kg 17.7 60.6
AT B /A F BUE RN 2 6] d 25550/ED * 365
SA b3 NG cm? 2448 5075
AF M 23 mg/cm? 0.2 0.07
ABS BB A 2 2
Table 2. Toxicological parameters for OCPs [24] [25]
7 2. OCPs IBIRFSH[24] [25]
1599 RfDing RfDinn R{Dper SFing SFinn SFper
o—HCH 8.00E-03 8.00E-03 8.00E—03 6.30E + 00 1.80E—-03 6.30E + 00
P-HCH 3.00E-04 3.00E-04 3.00E-04 1.80E + 00 5.30E—-04 1.80E + 00
y—-HCH 3.00E-04 3.00E-04 3.00E-04 1.10E + 00 3.10E-04 1.10E + 00
0,p'-DDT 5.00E-04 5.00E-04 5.00E-04 2.40E—01 9.70E-05 2.40E—01
p.,p-DDT 5.00E-04 5.00E-04 5.00E-04 3.40E-01 9.70E-05 3.40E-01

KH TCR 5 THI 7 A & BA B0 S5 e 80s K, HE AR
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TCR=) ADD, xSF, (6)
i=1
1 ADD,
THI=) —— 7
2 fD, 7

i=1 i

X, n K OCPs ik ia s, SF RRBURRIEREL, kgedemg s RID V5 MR Fh 2 H &2 TS E
#, mge(kged)'. SF Ml RfD HUHE L% 2.

R4S US EPA #iliE[23], Bujm A4 DL R ARvERI 73 v] 2088 KU (TCR < 107%), J 42252 XU (10 < TCR
< 107H)HLEZE KK(TCR > 1074 FEHUE KK, THI< 1 FR B REE(16] [23].

3. ER518
3.1. OCPs HUEHLA B 5 R F2 B T 4E

AHFORT TAR TR MR A FE S LL 0 (A0 EE, 4D HEWIR E VIR OCPs W E (T H) gt &5
AH(CV) N EERB(ER A 2 fik. 1£ 23 i OCPs H1, U4 a—HCH. p-HCH. y-HCH. o,p'-DDT K&
p.p'-DD tHt, HAPERIREE /350N 572 13.94. 2.40. 8.99 1 6.30 ng/g (] 2(a)). IR Z T OCPs
BRI -5 PR TR A S AR TR B s — E[9] [10], 2 B B A AL RVR 5 PRI R A1 .
THCHs (a + B+ y)45 EDDTs (o,p’ + p,p") ISP FE 53 74 22.07 ng/g Al 15.29 ng/g, (KT (L3R 5E
Jo AR P it 3875 G RS AR vE G AT HHARE K 100 ng/g 1X— FRI{E(GB15618-2018), X3 W4T b
REVIBY)F HCHs Al DDTs &b TEARIG YK F. thoh, 5ENIMELE TR, fEEBIRZ DR+
YOCPs “FYJMREEN 37.36 nglg, T AVEUE[26] BT BRI 27]5FL AR E 28], (BT 3
[16]+ WEHEFEHI[29]. ZRI[30] M4 ATHI[9]f) OCPs “F-H41E, XFh X2 F A T ANE S Tk
Jext HARER RG AR RN . £ HCH meigfhrh, p-HCH M th 23 5k AL 5 3 b, R o
HCH 5 y-HCH {EM 85 i 40 o Nk € 1) p~HCH. DDTs LT HCHs, X555 Ed[E HCHs
e PR A 7 A FH AR A 9] 6

CV {EH VA W5 e i 25 18] 5 J5 1 e NN SEIR L BE[31]. OCPs BRI CV #KT 30% (4 2(a)), A
A B (8] o3 A e PR T i, IR 2 ORI AR, X5 OCPs /2 N L& AL s
WA, TR T AR SLBRE AT A

[25%~75% T 1SIQRIMMIGEH — hfitk m 9E & SEHE @ FEF
180
a b) fo.12
201 ° @10 . (b)
L140 L0.10
154 *
® . F120 A F0.08
oh
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¥ L0.04
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* L
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Figure 2. Concentrations, coefficient of variation (CV), and enrichment factor (EF) of OCPs

2. OCPs HIiRE . ERAZH(CV)FEEREF(EF)

EF FIRPPO TS R 075 B RE B S NN, W AL TS A i BARRE L (32]. Mt HI7ri3h
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T QSR 51 A b, R X BAREA IR SR FR[33]. EF<0.5 RIS FERAH
SRUE, N NFEMRTHES[34]: EF > 1.5 WARR DUCKRIE AL, BRI ZHE[35]. AAFTH, OCPs & H
& EF (I T 0.5 (Bl 2(b)), XATRES KA (e pRss o & i H b 3385 e KU B 4 bR i (AT )
(GB 36600-2018) L5 ) 15 F 15 S (B AT oK .

3.2. OCPs &iE R4

7t HCHs % st 4k, p-HCH £ th #(95.5%) i, HAFIIMREL(13.9 + 4.6 ng/g) i =i(14] 3(a)), iX
FER T p-HCH & L e Rt E, B b s e Mg PRI ek 2 — o [FIRE, e i
PRI AT A A p-HCH PLIA BIF2E IRAS[36]. X R EHIR ZUTRRY 1 HCHs SRIFE T P sk . — M
=, EUURYIR -HCH 48583, WHERE#H HCHs %N [37]. A5, p—HCH XA 7 ARk S
H, BIREBIRE 3(2), RV IC HCHs ITA%IAN . Bl3Z A& HIESE, HFAX C45H HCHs
DDTs AR 2, RARIHHGTE G5 .

Tl HCH FIARPH N2 A 5EH HCHs [P0 K EZERIE[38], R, o~/-HCH % #% I >K#1 W HCHs
KR BRI a—/f-HCH Fon J& BIPABEAAAE Tl HCH i {if N s MRAE U $7R N 7 sE AR B [39]. AR
3(b)ATEA, 75 22 NPURIRE S, 17 ASKAFE SR A Y o-HCH #1 B~HCH, H. o—/-HCH 41T 0.30~1.10
Z I8, “P¥IMERN 0.54, KT k5 HCHs (5~14), #EUtHEWr HCHs = 2T 7 i3 B . bAk, p~/(a+y)-
HCH 7] i — ik S 52 4 8 HCHs S\, #7 f~/(a + y)-HCH < 0.5 iz % A\ (iR P+ A Blok
SUTRE)s Gk p—/(o+y)-HCH > 0.5 NI 7R 7 5235 G4 [40] o AW, 18 ANKAE s f~/(o+y)-HCH > 0.5,
H A-HCH 5YHCHs & &3 IEM(R? = 0.579, P < 0.01), R EHEZAYH HCHs EEE T
B8, X5 a-HCH F y-HCH BER [AI B ff N f~HCH FIRFFEE5 18— (4 1], RISt s et 0 [ 2 1 A 77 A
{8 F HCHs (UK CL IS 235 sk [42]. B AT, FREDH X HCHs F ZERUE T 5 4% 24 5% B (1 22 18 R

RS IEF[43].
24 3.0
[T o-hcH T p-neH [ v-HCH [ o,p-DDT I p.»-DDT] (@) | |{E o-/B-HCH [ p-/(w+)-HCH [ 0.p'/p,p-DDT (b)
21 A M
nk2.5
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2.0
@ 154 NN
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£ 4
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i N
¥ 9] B
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Figure 3. Concentrations of OCPs and their corresponding molecular ratios at each sampling site

3. BRFESAL OCPs iR E KB 9 FEE R

H SR 85 h DDTs 764 &M TG4 % 1F T F4/% 5 DDE #1 DDD [29], {HZAHF% A4 ) DDE #! DDD,
H p,p’~DDT Al 0,p'~DDT HIG 25N 50%A1 72.7%, & EEARNE 3(a), BREE#RZ R+
DDTs i TN . To DDT Al =& R EE 2 E DDTs 1544 = 2k, HFIFIH o,p'~/p,p~DDT
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AJ KW DDTs K [44]. 0,p~/p,p'~DDT A4 0.3~9.2 Bl &, FKnA = FURRERIN ; #Z W EN 0.2~0.3,
MIFE7~ Tolk. DDT #iA[45]. ABFFH, 10 4SRAE s FEEAH 0,p'-DDT # p,p'~DDT, H o,p'~/p,p'-DDT
T 0.41~2.25, HIGMEN 1.035 1 NREESLCREE H 0,p~DDT; 5 ANKAE fi F B A4S H 0,p-DDT F p,p'~
DDT; 6 I miflUREEH p,p'-DDT (] 3(b)). XK EBHIRZUIRY H DDTs FEYH T =FORMEE, X
& T DDT 22 5, =SRHE R T “H” DDTs i3 ZORJE[46].

3.3. OCPs &[85> %

K S BE E IBGE RS T REIA 3R 2 DT ) OCPs 1) 2% 1] 22 S 13E47 73 (€] 4) THCHs. EDDTs 1 ZOCPs
(10023 B) 43 AT S AARABL, 5 v ¥4 P 2 B R LY 0 T V) N X R O DX 3, 17 2 30 DX 3k P A X ol 2 1)
SIAREIE F R T LN R DB SR AR S A I SR G R e o A AR T A AR I AE B
SR AR )2 DDTs 5 HCHs 2%, (RN AR ZACFE (138, £ A= 375 /K ik 20 i) 4 8090 -
BeAh, il 5ol ig sh 95k ] §E S EORIE TR 153 p,p'~DDT 5R AR, A=W sl S AT (1 il g
o SRR RIE 5188, IR e KT .

N v

S

THCHs IDDTs ZOCPs
0.01-9.11 001 -8.50 7.94-23.6
Bmo.11-15.7 Bmg.50-13.9 mm23.6-31.7
£915.7-204 £9139-17.4 £931.7-359
[1204-23.8 C1174-19.6 [135.9-38.1
923.8-26.2 £919.6-23.1 93814222
E26.2-29.6 m23.1-285 e—— km m422-503

296 -34.3 285 -37.0 0 1.5 3 . 50.3 - 66.0

Figure 4. Spatial distribution patterns of OCPs
& 4. OCPs ZE) 5

3.4. OCPs 75X
102°44'E 102°46'E 102°48'E
[ 2s%-75% T 1SIQRAMIGE — P& m HE e il z h 0246 0288
1N
0.030 1 ! g A (b)
: ! (@) ¢ 7
0.025 - : Lo
1
0.020 ¢ S
o i 4 2
< 00151 i =
I I
00104 — — — = — — — = ! [,
0.005 1 == -rlmf------ - - -1 IRQ
' 5 D s S SO - (U
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. —— . . : S B -
wHCH  B-HCH  yHCH op-DDT pp-DDT  YRQ B - -

Figure S. Individual ecological risk, combined ecological risk, and spatial distribution of OCPs

[ 5. OCPs BiKHYE SN . BEAESKKERESE S

PURRYH OCPs 1E— & 24 il i P B AE H At N 3K A, BT G IR Xt 7K A AR e A%
JE s IS OCPs AT REAEB R E L EE . KA RQ fiT & OCPs A& KK /KT, HiFIHAGH %
AR, ZHRMERRTEEZI(E 5(a). 5 F OCPs 1) RQ /N 1, #% »-HCH > p,p~DDT > 0,p~DDT >
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o~HCH > p-HCH 78 9% . & p-HCH f 2 1, {H p—HCH 1 p,p'~DDT 2 I H A B = MU, 2
DU AE 25 3 3 XS 1 E LR B 1. p—HCH 7E 31.82%FF 5 A 2 /3 XUKH(RQ > 1), 0,p~DDT 7£ 72.3%FF
a2 HXEE(0.1 <RQ < 1), 1 a-HCH 5 p~HCH BITTRkAR/IN, R VRE AT 2% RS o ax 2t AR B,
FLREIR Z VTR OCPs BAAFAEH iy XK SRTAT, T35 JMrE IR b AP e, B ML
FIRIZR RN AL ) OCPs [Fl R fgr=tE BAVE ST, BEAE(RIRE RS i £ S R G0
JARK[47] [48]. PRk, SRA IRQ REMILAF OCPs F RV A MLi A KK, FR A R B InAGE
XA A 73 A AT 43 A (1] 5(b)) e AT REWAE e A7 7 =y AU (RQ > 1), FERIET A iEslh, JGHZ2HEL1ML
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