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Abstract; In order to study the distribution characteristics, sources and ecological risks of polycyclic aromatic hydrocarbons
(PAHs) in the sediments of lakes along the middle reaches of the Yangtze River, surface sediments were collected from 12 lakes in
the region in July 2018. The contents of 16 PAHs were determined by gas chromatography-mass spectrometry (GC-MS). The re-
sults indicated that 16 kinds of priority PAHs were all detected in these lake sediments. The contents of total PAHs were between
572.7-1766.2 ng/g(dw) (with the mean value of 976.5+285.0 ng/g(dw) ). The highest content of PAHs in the sediments of Wu-

han Lake East was 1634.8+111.4 ng/g (dw). Compared with lake sediments in other domestic and oversea areas, the PAHs con-
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tent in the middle reaches of the Yangtze River was higher than that of Lake Fuxian, Lake Qinghai and Lake Bosten in remote areas
of China, but lower than that of Lake Chaohu and Lake Taihu in the lower reaches of the Yangtze River and the economically and
industrially developed areas in the United States. According to the results of single PAH clustering analysis, 12 lakes can be divid-
ed into three types. Type 1 was mainly occupied by low ring of 64.04% +7.02% . Type 2 was mainly equivalent occupied by low ring
and middle ring, which accounting for 50.76% +5.17% and 49.24% +5.17% , respectively. Type 3 was homogeneous occupied by
different rings, which accounting for 35.35% +£3.56% , 26.17% +0.45% , and 38.48% +3.84% from low ring to high ring. Accord-
ing to the distribution characteristics of PAHs in this area and the results of isomer ratio method and principal component analysis ,
the main source of PAHs in type 1 lake sediments is the mixed source of biomass combustion and petroleum, such as coal and
wood. The main sources of PAHs in lake sediments of type 2 and type 3 are low-temperature combustion of biomass such as coal
and wood, exhaust emissions from motor vehicles burning gasoline and diesel, and high-temperature combustion of fossil fuels such
as Industrial coking. The significant correlation between PAHs and total organic carbon (TOC) in the sediments indicates that, the
content of TOC in the sediments is the key factor affecting the distribution of PAHs in the lake sediments in the middle reaches of
the Yangtze River. The risk assessment results of the risk quotient method, that the RQ ¢, of PAHs in lake sediments in the middle
reaches of the Yangtze River are all less than 800, and the RQpc, are greater than 1, indicating that the PAHs in the lake sedi-
ments along the middle reaches of the Yangtze River presents a moderate risk level.
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Z 5578 (Polycyclic aromatic hydrocarbons, PAHs) 233G W0 fi i) 12 I — RIS AEB VLIS 31, BR
o B BB, AR R G MA@ REEA T EAE, KEREE R E (U.S. Environmental
Protection Agency, EPA) B4 16 fl PAHs Bt shls de syt . B R PAHs 8 A KIGsh e, H
VAT RE (BB A ) KA S AW BTN 58 2R 08 A i i I ol 2K HE R, T #R 8B MR
ERASHEEE . PAHs PRIHARVA vk Kk Ve e IIABREE b = B R B o, SR T R 2 T
#. T PAHs 7EIREE H A MERE AR, DURRA H ) PAHs Wik AR MR 5 & B ERE S BIR A S R 50
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It 75 % 130T L4 S i U5 FB A PR 8 i, PAHs Y5 3 B 289N J2 v [l g™ T g SR BE ) > — . |
i, PR = E X E PAHs (95370 SRR AT BRI S AT T KRBT, FEE D TR Hd oKk,
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FW U JL4Ek PAHs BHER R 28 Tt B PAHSs S5t BER B 1 v 48 R A HE O RS 7 L KT 22 IR
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6. Li 251 SHR T A R i 2014 AEIA TR TS 4 BL, 5B A3 7 R A HERIGRL 7% IX 8k PAHSs (9 3 3250
IR, FRAE BB GDP 2520 iZ M X PAHs 4347 Y SCHE A1 28, BaP Al DahA 7121 X A5 1R (=7 04 25 4 JRURS: . 17
Wi 2015 A7V AR i B A BRI ) (4 & A, VT AR i 2 B B AR I S AL Tl b 47 T 7= b e B 55 e 100
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Fig.1 Location of the sampling sites from 12 lakes along the middle reaches of Yangize River
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(1) BRI ek (T F RO AR 2 g (KRG 0.001 ) £ B AGGE A BUE o, A 25 mL R 5
IECKE 1 RG], FE A 100 ng(50 pL,2 mg/L) 5 F g 3248 754 ( £5-d8 Jig-d 10 JE-d10 i -d 12 FE-
d12) AT AR RIS : L 10°C/min FHELZ 100°C, 7E 100°C 245 15 min. Z550.0 3 AF 2111
FIEWEZEE | L. BRI E AR R AR LA (P92 13 mm, 255 6 mL) , A N _E4351h 1.5
em 04 (1.5 em BEIE 1 em JEKBRIREN (SRR S RERITE 450°C 1Y %% 6 h, £E 140°C T {ffk 16 h J5 i ],
ToKBRERENFE 650°C B8 10 h JE ) , Jefdi il 10 mL IE © e oh ke Ak )2 it | 249 28 W i AR DI, SR I 6
JEZEZE 1 mL RSB ZATAE S, T 30 mL 4 SIiEC ke 1 DRAE T D & 2 Wbk,
WEZER LS IEC K 1 DRAA S WP R IEZEE 1 mL LN, ECKEEAE 1 mL AL,

(2) R A RN« 22 PR e 5tk (VARG ) A 05 T ) ) A0 €0 335 B 35 6 AL ( GC-MS QP2010Plus ) ,
AOFTHERE AR 1 pL, A5 FE Sy HP-5 4 38 B4 HE (1K 30 m, J&E 0.25 pm, A% 0.25 mm) , N
99.999% = SR, T K 1.5 mL/min. FHEBF AT HIREE S 50°C, fR%F 1 min, 285 LA 15°C/min TR
F 180°C, #XJF L 5°C/min Y #R BN IR EE 12 =5 ) 280°C , F4:F 10 min. & FIRVEE 200°C , 3 R 280°C | &
TN TS CED . R F AL A9 EPA HA69 16 i PAHs : 2% ( Naphthalene, Nap) 75 ( Acenaph-
thylene, Acy), % J& ( Acenaphthene, Ace) , % ( Fluorene, Flu), 3E ( Phenanthrene, Phe) , B ( Anthracene,
Ant) , % ( Fluoranthene, Fla) , £ ( Pyrene, Pyr), % 3f[ a] B ( Benzo ( a) anthracene, BaA), Ji ( Chrysene,
Chr) , 7 [ b]%¢ B ( Benzo(b) fluoranthene, BbF) , 7 Jf [ k ] ¢ B ( Benzo ( k ) fluoranthene, BkF) ,ZKJf[ a]iE
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(Benzo(a) pyrene, BaP) ,BiZK[1,2,3-cd ] ¢E (Indeno(1,2,3-cd) pyrene, InP), 2K 3f:[ a,h ] ( Dibenzo(a,
h) anthracene, DahA) , %3 ghi ] 46 ( Benzo( g, hi) perylene BghiP ). 5% FH &£ B 7 WA = (SIM) , EI H3, T
I8 70 eV, B3 JE H 45~ 600 amu. LA T HARY 5 16 B PAHs SruEd) 5T rh B AR Y 0% 88 i H] | i
PEURRE Fy B 7 BT LG 4505 B LA, HEAT BRI S8 1. TEXT E AR g M 20 A i Bl b, AR o 8 1 (R e TG
R FAMRIEBER T 58 B 430, AR 1 2R AT 5 ANk BEAR 2 (50,100,200,500 1 1000 ng/mL).

(3) B« o 7 PR IR A T HEME X SE g 2 i AR REAT 1T AR By B i A . I 14 MR InAC L
A ARE S PATRE, JEXS SEIRAEFMAT 16 F PAHs ARUEI BT .5 iR AR R PR AT ISR A . 25 IR b
o PAHs B LU SEBRAE i & d AR — R G DL b B S S S AR AR R AR 25/ T 10% . T A DU R
PAHs & & 2858 28 AR IE. 16 Bl PAHs A ofi f £ A8 OC R B AE 0.999 DL L, Jinbs [ F 4 77.13% ~
110.74% Z 8], J5¥ERT M BRAE 0.08~0.78 ng/g Z[H], 4 PAH 2H 73 [ & K AG B2 DL Bff 3¢ 1
1.3 H#ENE S &

S LR (TOC) &t & ff F H A B HE 2 R (1) TOC-L 5 SSM-5000A 43+ B {3 I 15 1Y) S e 5 5 Te ALk =2 2
FRAG. WA TR A7 KR SR M I A I S ) U v AT 3 T R 0 S R A S A
5%, pH I S8 SR E 1L YST 6600 V2 R SRR it WA S bl e 4645 (26 1) AT Fp e FH B0 RE DR 2%
AER A AR R A S GRS T 2016 — 2017 AR R GETHEE. 409 (68 T ) 8008 >F U IX 4k 2
AR T T R 2R P R B R R s Y R
BT RIS B B T R PR L B — e
R W R
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Tab.1 Selected morphometric and limnological characteristics of the 12 lakes in this study

- Nl ﬁ;fﬂ/ #HKE/ EHIKER E R/ oH ey (v

km (x10% m*) m m (mg/L)
K 131.1 6.6 5.1 0.75 8.4 9.55
S J2E 9 2625.0 167.0 6.4 0.50 7.7 7.61
3Rt 12.0 — 5.0 0.45 8.7 7.38
b3 329.4 9.0 2.7 0.52 8.7 13.64
W 86.0 - 4.8 0.45 8.2 7.96
i 33.7 1.2 2.5 0.70 8.6 10.36
P 247.9 4.2 4.9 1.50 8.6 9.86
1w 16.1 0.1 1.7 0.25 8.4 8.05
ERIH 2933.0 149.0 5.1 0.80 8.1 9.74
e S 312.9 13.3 4.2 0.50 8.3 7.58
piwN] 279.0 13.3 4.8 1.10 8.2 8.09
R 80.8 4.6 5.7 1.60 7.6 8.29
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2.1 PAHs & &5 T #F1iE

KALPHFENIA ST RCRIZ DU th BRI 16 AL PAHs, PAHs B & H3EH h 572.7 ~ 1766.2
ng/g(dw) (F{EK 976.5+285.0 ng/g(dw) ) , & A PAHs 70 AP 2 7R, PAHs & i BOIA
BB X A 7R ) (1634.8+111.4 ng/g(dw) ), HUCOR T FHTTAYRE M) ( 1352.5£286.1 ng/g(dw) ). ZR )-S5 5 8]
S TR AP M X 285 A ik R DT BT P R 1A, el i A 3 A s R Tl Ak, Bk A AR T
BABE A2 B PAHSs S, i AT ST AR Il 8 Tl B AR HE R AR Tl 2 28 2o A v 7 A ) PAHs 1 1IR3
SErb. BeAh, X PANEITA D3 XU DX, AR A B 2 B AL B 4R B, MLl AR e i AR R U HE I 22
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Fig.2 Contents of PAHs in sediments of 12 lakes in the middle reaches of the Yangtze River

AT LE 5 2 B VL A S DR h PAHs ST HEE (32 2) , BT R ML o PAHS
BrEEAE 10 AE N BN T 5 A% , 5 BA AT R K T X s i b O T L 34 SR Tl Ak IR Ak R TR IV, 3 L T
TS YW 1 B HERC. A DU AR WU h PAHS 55 VT AF Ok AR K R BER /N (HH: PAHS & 5 — BAL T
B KT, BT 2 K T T T o — A R T, T A SR B K S A R R T 2 635
Yl KT HABIIA TR PAHSs B AR 22 BT I — 52 R AN, 3 38 W R B 25 1 VT B T 3
e P R RS IR S 2 1 PAHSs {5 YLk A T BRI R, 36 3 300 T IR AT B4R SR HU b b I 9
TR T PAHs & 8500, 2018 4EK VT b BOSIIATTR h PAHS & b T4 K -, 1% 55 115 4 fff 2
M X A HEALN T F T T A AR TR T X A S R G T e A Tl
RIEHBIK I

22 KITHWEsIIA ST AR I ) PAHs 354 A

Tab.2 Comparison of PAHs content in lake sediments in the middle reaches of Yangize River at different times

ABFS ZHIBEFE
A R PAHs ES 2 Tt PAHs ES % it
LI E5 (ng/e) IS (ng/g) i
T 20 2018-07 16 572.7~936.8(738.3) 2015-12 15 78.3~567.7(234.0) [33]
R 2018-07 16  1066.4~1638.6(1352.5) 2008-06 16 —(204.5) [12]
L) 2018-07 16  587.2~1302.4(1020.5) 2014-05 16 —(540.7) [13]
T 26 1 2018-07 16  1069.5~1177.7(1141.7) 2014-05 16 —(785.5) [13]
IR 2018-07 16 1493.7~1766.2(1634.8)  2014-05 16 —(1278.2) [13]
T FH 2018-07 16 806.1~924.1(865.1) 2011-11 12 214.0~384.0(299.0) [8]
Jo Ik 2018-07 16 615.9~937.0(773.1) 2014-05 16 —(598.3) [13]

# §5 5 AN R PAHs Frim I, " FOREUE K.
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F 3 KLz S A H A DDA b PAHSs & 5 LUHR
Tab.3 Comparison of PAHs content in lake sediments from the middle reaches
of the Yangtze River and other regions

WFFTIX 5] WA SR AL ] LHl/ (ng/g) * ¥/ (ng/g) SR
KX Hii 2010-08 116.0~2832.2 898.9 [2]
T3 2012-12 258.0~906.0 558.0 [34]
KW 2015-09 770.0~4200.0 1630.0 [29]

KT G 2018-07 572.7~1766.2 976.5 ENGIEN
ZHHL X PR 2014-10 32.4~558.5 256.7 [35]
E7 IR 2015-08 83.2~261.7 143.3 [26]
it 2016-12 57.4~360.2 189.3 [36]
ZRAEH X £+ 1 2017-01 305.9~1214.4 586.5 [37]
Fg LA 2015-07 199.0~425.0 339.3 [38]
T b X T 2006-08 11.0~279.0 - [27]
YA Kl s > 2006-08 98.0~595.0 — [39]
SERTHLIX TELHT R 2016-12 57.4~360.2 189.3 [28]
LR ! 2016-08 282.9~1056.9 596.5 [37]
B3| Michigan Inland Lakes 1999-07 50.0~16800.0 2638.8 [30]
Clarke Lake 2000-09 1291.0~6271.0 3276.0 [31]
Erie Lake 2006-08 70.0~5540.0 — [32]

# R 16 Fit PAHSs (5B, o FEAAHE FEIR SR ARG HS AT & el —" SR i oA fH.

2.2 PAHs BYZE B 4> B 45 1E

PAHs MR H A TR R/NRIE PR B 1 23 R 3F (2~ 3 3F) (R (4 3F) LK 3R (5~ 6 ¥F) PAHs ™.
PAHs AN [F] )2 BARAE S e i T HOR IR 922 52 S BB T e e B v PAHSs ZH JSURRAE B R L
P15 25 SV R TR AT A9 7 6k 12 ASWIA TR PAHs 4 ARAE AR HEFT 2026, LLAES WIE B9 16 Fi
B PAH S YRR AR 00T, KT e A 12 WA AR PAHSs (2L UERAF B4R 3 Rl el 3
JF 7R S0 1 ADHE 8 AW, 40 B AR A 2 ) T R I L B L % I, S e
EE R ZVE R SRARE G BRI K % R X WA 2RI 2 A0 45 3 AN, 43 50 5 PR T B R T T
RGN LA N T BT 2T 3 LR T 1 AN, KT A R T 5 Tl R 4 3 B ik LT
FEYAR ). ST R AT 3 R TR T PA S B9 41 BUER AF AP 3 BT, 3 R IA T A v
PAHs B R PR B —SE 122 S e S AR ME. 280 1 WA TR o PAHSs 323 i 40 R BR (2~ 3 3R)
PAHs, 5 HLH 64.04% +7.02% ; 2571 2 vh PAHs fIG 30 Fl v 25 30 43 A5 A0S 2, 45 51 f 50.76% +5. 17% i
49.24% +5.17% ;255 3 f PAHs £ SR A0 A X35, IR 3R 5 He H 35.35% +£3.56% , 137 5 16 K 26.17% +
0.45% , E5FR i b 38.48% +3.84% . 7L 1 F25) 3 WIATIRYI P PAHs f94 /M 2 B0 T — 5 MO MUAPE , B
IRFF PAHs (5 LLIE W T B, i P 2R 5 25 R PAHs 5 LLg i LTt , SR LUIRER PAHS S 3. {35 PAHs (5 LS
AT B T KV A DX 3k M1 2 ek 4 T, Rl 2 777375 0 950 55, b i 252 £ 0 I R 5 A kb 2 38
FEAEAREREL PAHS | LUK 53 AR R K VT R e 2 05 10 77 M e T T G S 0 0 2 SRR A 6, A Bk A (0.4
BR AT BT T A 7 W RIS A T v 5B PAHSs gl .

3 it

3.1 i PAHs 28K FHER

PAHs FRIEHEB I e m ik A WA PR PAHs 199 5 R 2 A, Tl PAHSs ARG HERC S RERIHAE T A
JIE S BUIARE, WA TLAR Y PAHs 1435 B0l B 5 — S id 22 28 U BUdls A1 G, R s 25 A WA TLAR B vh
PAHSs #5157 XS BE DN 2 i B AR DR A EAT AR OG0T (3R 4) . RE TR S i 2 45 45 M — I fiE
PR CRRERR AT ) A1 RETR (G SN AF ) T8 2R A B, B 57 A R A IR A5 fi b, 9 s 4k & Tl Ak
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Fig.3 Cluster analysis tree diagram of lakes in the middle reaches of the Yangtze River

and PAHs contents and composition diagram of each group type

PRRE VIR . 5 R, VTR Y h PAHs AR AREEE 137 X Hh X IR 9 28 05 A R 52 . AR A 1 L R TR

4 21 53R PAHs ¥ 70 B EAR M, 59 FF K30 PAHSs 78 0.01 7KF 3 5L 90 IE AT Sk, ASBFSE X 385

THTURY  FZN I PAHSs, BRIRTH 2% i ORI A & 5 IR PAHSs JC 10 3 AH0CHE , 10 55 i 3R B & 31 PAHS

A EA PR AR R, % SR B IH AE 00 RE TR RV DR 2 (U 52 M 2 X A OAR ) v rh 3R B 2
PAHs &R E R, EI AR X A DU T PAHs &R R ERE.

B HABNAVIERY Y PAHs & #ZMEF R

# 4 PAHs # i 5 TOC JKRFEH5 (IS, A BFSE M, LY TOC & & 5 5400

P TR = S e 1 w B e R
PR LRI U D 7 PAHS FEIH LB 7 501 9 T B0
Tab.4 Correlation analysis of PAHs content with TOC,

. . . Y22 YN UURY T TOC B L5 PAHs iy 3%

water indexes, energy consumption, and vehicle stock . y o
T RS VERT, T 520 PAHs 7E TR ) H i
PAHs TOC pH VEIRA ig fz@ Uﬂﬁtzs.‘m . 4‘&1‘/TL$R%#E% i PAHs g%%(ﬁ*ﬂ%rh
TP T0C Bk BOBIA K S TEBRIE T Pearson A4
2-3%  0334* 0069 0071 0238 0198  oMHTRILUURYE TOC & & 5K PAHs &8 7E
4% 0551 0233 0218 0733 0.801* 0.05 K R I IEAHCE, 59 R PAHs K
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Appendix [ Results of recovery and detection limit for each PAH compounds

PAH 4143 AR 22/ % T B % JrERE R (ng/g)
Nap 8.82 77.13 0.08
Acy 4.12 91.83 0.16
Ace 4.24 86.45 0.34
Flu 2.50 94.78 0.29
Phe 1.50 97.35 0.23
Ant 2.62 104.74 0.29
Fla 1.62 98.30 0.29
Pyr 1.87 97.82 0.46
BaA 2.03 96.63 0.23
Chr 1.85 101.33 0.37
BbF 1.96 99.27 0.63
BkF 1.91 88.27 0.65
BaP 2.32 104.13 0.41
InP 2.54 110.74 0.66

DahA 3.00 103.78 0.78

BghiP 2.24 102.08 0.63






