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Abstract : With the rapid social and economic development in the Yangtze River Basin, polycyclic aromatic hydrocarbons
(PAHs) caused by human activities have gradually accumulated in environmental media such as water bodies, sediments,
and aerosols, resulting in increasing environmental pollution and posing harm to the surrounding ecological environment
and human health. To investigate the occurrence characteristics, sources, and ecological risks of PAHs in river sediments
of typical agricultural areas in the upper reaches of the Yangtze River,surface sediments of rivers in Yongchuan District,
Chongqing, are selected as the research objects. High-performance liquid chromatography is used to detect the
concentration of 16 PAHs in the sediments, and methods such as characteristic ratio analysis, principal component
analysis, effect interval values, and benzo [ a ] pyrene toxic equivalency quotient ( TEQ,,, ) are employed for source
apportionment and ecological risk assessment. The results show that; D) The level of PAHs pollution in urban river
segments is significantly higher than that in agricultural river segments. 2Combustion of biomass , coal ,and liquid fossil

fuels is identified as the main source of PAHs in this region. @Al individual PAHs exceed the effect range-low value,
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and more than half of them exceed the effect range-median value, posing a considerable ecological risk. The findings of
this study provide theoretical guidance and technical support for the pollution control and ecological risk assessment of
PAHs in river sediments in agricultural areas of Chongqing and are of significant practical importance for protecting the
ecological environment of the Yangtze River Basin.
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Fig.2 Location of the study area and sampling points
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Table 1 Comparison of PAHs concentration in river sediments from different areas

5 IX iES WL/ (ng/g) YIE/ (ng/g) SR AL ] E = DTN
(ARG 16 2 089.74~24 623.50 3 398.04 2022 4 BN
KA 16 1.790.64~4 177.88 2 777.80 2022 4 WS
B 16 181.00~1 583.00 810.00 2013 4F [24]
BRIT 17 1.40~40.90 14.70 2016 4F- [21]
A K SR 16 770.00 ~4 200.00 1 631.00 2015 4F [2s]
I 857111 T P ) 16 555.70~33 690.20 6 755.25 2016 4F [26]
BV TR 9 B 3 T T 16 767.35~3 961.53 2 129.86 2018 4 (27]
I g b, X 22 13 630.00 ~ 84 920.00 — 2003 4 [29]
TR ST A5 H BT PR 16 4 429.00~ 13 348.00 — 2012 4E [30]
FHE % R 16 nd~3 739.00 1 028.00 2010—2011 4F [31]

T “nd” FORESCR IR, — R Bl e

- RAE 8 PAHs FRECA BANIE 3 B, BBk A AN XA GR TORRIAE i PAHSs R ECAL AR <3 35
>4 >6 M>5 F>2 3T 5 H B4 B2 40.93% 28.08% 16.07% 13.47% 1.45%. H:H,2 ¥F PAHs
TER VUSR5 AR, 31X 556 0 2047 %R T 900 TR TR  PAHSs BIBFSE 45 R —2 R4 7
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Fig.3 Percentage of PAHs composition structure in each sampling point
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4 209.35 ng/g. /KW S R iE B iR Y b
PAHs W FE 22 5 80/, BUFMREE 1 838.19~2 471.81
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Table 2 Characteristic ratio of PAHs in sediments

~ Lo AE
EfELAN — —
A RS RREHRBE WD AW TR e
Ant/ ( Ant+Phe) <0.10 >0.10 >0.10
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Fig.5 Characteristic ratio of PAHs in sediments to determine source
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Phe) fil BaA/ (BaA+Chr) bR AT AR 2 A XA DURM 1 PAHS 15 YRR TR A BRI IR F A 9
JRAEBREE BN IR ARE. Fluo/ ( Fluo+Pyr) FUAE M 0.29 ~0.58, Hirdr 21 AN S A TR MIAE 51 B9 Fluo/ ( Fluo+
Pyr) HLfH K F 0.40. InP/(InP+BghiP) H.fH M 0.03 ~1.00, Horf 17 KA 45 InP/(InP +BghiP ) HfE KT
0.20. InP/ (InP+BghiP ) HLAEHE /R SR U5 7 S IR T W A A A BB DL S Mo A= o, /b R 5T A Tl
U8, VTR PAHS B TRE 2.

ELORT S WU 75 G 2 B IR TR A A OB R, 302 R R iz T B e 28 230 X, Tk el
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TP 1 D0 DI A AN ). 2T Tt DX ) 1 Y S ke B e AR SRS e A B kb, D ok A A
TR 33X F2 B P Ry KT R G = ORI AR b A 32 MR b R R AR ], I A — s B Al i XL R
T R R AEBR T AR TR TR TR AL A T AR IR A AR A P RS R B AL BB A
BT A A I 28T Y. T S AT L i U = DA AR A JBRBR P R T 3K RT R  BR AI2 IX 3 R R
B ISR B R AR T v R AR S R SR SRk A T IR RS AT X LI VT R S KT & B
[P ARTIES IR T A] P Q1 S (1 PRI A T 0 N .2 v <10 s'ad A M 1 i S W A 1 P B = R B
HEZAE, L PAHs FRABE IR AT BE -5 2838 HERL  Tlb R B IR Jai R AR T BRI A7 G, 1 1a) 77 A6 1Y PAHSs
38 A KA TR TR A R AR T AT, W B AR DR AR 2R

ZEERHE LR , AN KR TUR Y PAHSs 15958 T A 3 S0 AT £ IR i 28 R i 4 | 32 5237 5|
S A W) BRI S AT B SRR LR 5 5 ) 8 7R R be 15 JL I RFAE.

222 ERHSHME

F AT AT Z R, HEAT KMO A 50 AT EL AR BRARAG 56 . ARBIFSE (1 KMO K 5E A 0.86, B HH A 1] X 3]
TLUTRI T PAHs $UE A 30T AT 00T, 2 PR B SR W38 3, 32 U T 2 A2y, BRIt N
79.96%.

®3 R PAHs EFHAHE(MSEHE)

Table 3 Factor loading values( component matrix ) for PAHs in sediments

PAHs PCl1 PC2 PAHs PCl1 PC2 PAHs PCl1 PC2
Nap 0.82 0.18 Fluo 0.97 -0.21 BaP 0.93 -0.16
Ace 0.42 0.57 Pyr 0.98 -0.18 InP 0.64 0.36
Acy 0.91 -0.13 BaA 0.98 -0.14 DBA 0.87 0.17
Flu 0.72 0.39 Chr 0.97 -0.11 BghiP 0.87 -0.01
Phe 0.77 0.44 BbF 0.98 -0.14 BT E SRR % 53.25 27.71
Ant 0.54 -0.39 BKF 0.98 -0.13

PC1 il T T 21 52.25% , EE 47 faf A Nap ., Acy. Flu, Phe . Ant fli35 21 43 Fll Fluo . Pyr,BaA , Chr,
BbF . BkF.BaP . InP . DBA BghiP HE #4143, Horb Nap 578 B2 ) | Acy  Flu 38 /R 2175 54 Phe,
Ant . Fluo Pyr #8 75 B 522! BaA | Chr, BbF, BKF, BaP  InP ., DBA . BghiP #§ 715 #8852 58 it 58 15 I 19 52 38
JL4546.3°35) pCo fERE T M 2411 27.71%. Ace Fl Phe ELAG BB (AT, Horb, Ace 3878 2E W BBk B4 |
Phe NIFE AR ERIREE . i 020 Fr vl 60, AN DXl DU o PAHSs 2k PR T A R e | 2 1 15 e
U8 AL TG G R SERERIER o3 itk i , Forb UAE W) BT R R e R 28 3 15 YL 50 32, 3k — S5 SR FRRAIE L
{HIE—3L.
2.3 KIXARITARY A PAHs 4 &K EOY

HATSC T IR T PAHs XU PPN A9 5 A AR 22, Hor e A i A A 28 RURS PP D 12 2800 DX el iR/
HEE S R S A (TEQ) 1.
2.3.1 & m R A&/ PAEE

N 4 Fros, A RAE SR PAHSs WeEE A 2T ERL 9RO, BEIAAE R BRI A R A2, i, 4
89% LA AL ST Flu Ant ¥R EE#HE L T ERL, 11 H. 60% LA AR 1 DBA Fl Phe ¥R #E 1S T ERL, PAHs i A%



SRIAAL, 25 AR TT_ Al DXL TR 22 3055 A A WA AR A 5 B L AU

T A A28 A A I AT RE AR O, AR FRLACHR B2 R 228 ERL (B A, A AR 25 KRS O R /. 6 A
HRT UL Phe  Ant Pyr BaA  Chr BaP Il DBA ¥ EEL 1 ERM, 230 A= 417 H AR RSOV, X T BEA 45
Hd5e/ N S BRAA A 244, 1 BKF \BbEF  InP I BghiP , I ZAEIREE HrA7 78 st 2% 7= A S R0, 1 17 32 DX ARG
T BbF BKF . InP il BghiP , 75 ZiA% 415 T .

x4 TRYh PAHs A X iEfE

Table 4 PAHs effect interval values in sediments

PAHs PAHs ¥ FE/ (ng/g) ERL~ERM/ (ng/g) >ERL (5 /% >ERM 5 /%
Nap nd ~228.25 160~2 100 3.7 0
Acy nd~129.34 44 ~ 640 3.7 0
Ace nd~30.42 16~500 22.3 0
Flu nd~330.81 19~540 88.9 0
Phe 77.14~1 820.07 240~1 500 66.7 3.7
Ant 231.58~1 495.15 85~1 100 89.0 11.0
Fluo 33.64~3 365.17 600~5 100 7.4 0
Pyr 81.27~3 048.21 665~2 600 3.7 3.7
BaA 40.60~ 1 996.03 261 ~1 600 18.5 3.7
Chr 26.27~3 136.84 384~2 800 14.8 3.7
BkF 7.04~1 375.31 — — —
BbF 10.91~2 029.99 — — —
BaP nd~3 130.44 430~ 1 600 18.5 3.7
DBA 36.59~820.71 63.4~260.0 74.0 26.0
InP 7.54~706.74 — — —
BghiP nd~1054.29 — — —

3, PAHs 648.61~24 697.77 4022~44 792 14.8 —

T nd” FRARM T — TR B A

2 b WFGE DK 3L T A 53T T RE AR A B RN, A BN SR &R 2 ARk
JEE R A O DX ] P, A o IR B, B MR AON & 4w e AR, LIS Y T B O 42 B o i B A A KL
BSi. PRLE, AR5 DX AR ] gt A 285 XU [ A R - LA B A
232 HFHLFk

o FHFE M S i A N XN TR PAHs B3R Y Bk BE A 74007, 5 SR an &l 6 Fs. DiA#
PAHs B VRl 219.52~4 593.33 ng/g, HA — & M EBUEF . SHFSEBENTTERY T TEQ,,,
SF-H41H (804.94 ng/g) PO AR EL, A X FEVTA Hh TEQy,, KTt B35 85 /K. (R P i 467 L1111
TEQy. THK T 804.94 ng/g, LA 27 (7 #R 2L 57, 51% X 3 PAHs ¥ B (12 [ 43 A B — 30, X T RE R R T
S LT LTS YT 1 i B T3 X, A2 B3 T 75 2K A0 Tk g 7K 0 3 ) 5 i, G XUBR: 7K 1 (815 8 A 6
T A S AV B BN T FHE N TEQ,,,, XA, KU B, AN X TP PAHs 19 TEQ,,,,
SEEE N 422.28 ng/g, 5 HAM X IRGTFRY) TEQ A LU, SF- X35 M 4 1 Wk B AR X 488 15y , 38 328 5 T R LI 2 V6
R ZUURW) TEQ,,, A (11.60 ng/g) ™ A1/ INFIRUTBY) TEQ,,, V-1 (236.06 ng/g) ' FIFF K
TR IR TEQ,,,~F-3{H (98.80 ng/g) (53]
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Fig. 6 Toxicity equivalence analysis in each sampling point
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3 45

L PAON X AN X R IR R PAHs #RFE R 1 790.64 ~24 623.51 ng/g, F-YI(E N 3 004.76 ng/g. VT
WY PAHSs 15 4% KLY PAHSs 15 44 /K-F-far, s G 288 v de b g . it AR
Prh PAHs SRR LA (R3O 32, 9 BT b PAHs ¥ B2 = IR IR R 3 38 4 38 6 31 .5 311 2
IR, S RRAE AR A B0 20 M 9 X TR TR PAHSs R A7 R R A A, & BRI YT 55 36 K T LR 8 oh
PAHs R 2%, A At 200 PAHs V53¢, WA #ABE ™ 4= 1 PAHs 75 3. Horh Ao Mo A BEFI
A HEBOE TR PAHSs 75 52 ) 2R IE. A K A PAHSs V5 e 4 (A AL W s A
JH. LA Phe Ant Pyr BaA Chr BaP Fl DBA J{URAHIK PAHs EA T m U AEE &S KUK, BbF  BKF  InP
F1 BghiP MYAATE IR T 2 X Az 25 XU, PRIk, e B I %o 32 DX YR i ¥ e gk Ay W I RN 75 9% , SRy i s 2R
AR AR SR S s SCRE.
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