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Abstract: Distribution and potential sources of 16 polycyclic aromatic hydrocarbons (PAHs) and 6 phthalic acid esters (PAEs) at
18 sampling sites during water drawdown and impoundment period were investigated in surface water and sediment from the Three
Gorges Reservoir (TGR) in 2016. In surface water, the ZPAHs concentrations in the TGR were 3.9-107.6 ng/L ( mean value was
39.9 ng/L.) and 267.9-1018.1 ng/g ( mean value was 490.9 ng/g) in water and sediment, respectively. The ZPAEs concentra-
tions were 122.4-2884.7 ng/L (mean value was 848.1 ng/L) and 192.9-3473.4 ng/g ( mean value was 1253.35 ng/g) in water
and sediment, respectively. PAHs and PAEs show significant spatial variations in the TGR. The mean XPAHs concentration in wa-
ter during water drawdown period (June) was higher than that during water impoundment period ( December) both in mainstream
and tributaries, and the mean XPAHs concentration in sediment during water impoundment period was higher than that during wa-
ter drawdown period in mainstream. The mean 3PAEs concentration in sediment during water impoundment period was higher than
that during water drawdown period in mainstream. Whereas, the mean 3PAHs concentration in sediment during water drawdown

period was higher than that during water impoundment period in mainstream. PAH monomers with (2+3)-ring and 4-ring were
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dominant in water, and with 4-ring and (5+6) -ring were dominant in sediment. Di-n-butyl phthalate and di-2-ethylhexyl phthalate
were the dominant PAE pollutants in the TGR. The main source of PAHs in water is a mixture of creosote or coal tar volatilizations
petroleum sources and low temperature combustions of fuels. Whereas, the main source of PAHs in sediments is a mixture of coal
and biomass combustions and petroleum sources, and petroleum combustions. The main sources of PAEs in the TGR was plastics
and heavy chemical industries, and domestic wastes.

Keywords: Three Georges Reservoir; polycyclic aromatic hydrocarbons ( PAHs) ; phthalic acid esters ( PAEs) ; distribution;

source of pollution

LIRS R (PAHs) FIARHE — I RREE (PAEs) RIREE P IZAE M3 AMEA 315 04 . PAHs HA %
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7 R AR IREDT R ARIE) (GB 3838—2002) % oK PAHS Al PAESs i A I 2R

e TR L E R KK FIAR AL TR e Rt R vl iz Aok O T & 45 T B raas . =k
JER KB T NERE S RSB AA TS . MRRIREZE 175 m K, =Wk K SCE# & B TH
FAFAY, , K 8 KA T 7K T Y ) ORI 1 R 7, 15 ) 1 LR AN S A A AR I s L =
K PR K SR RT3 e

PAHs A b2 = WeE X B E 1A Fi5 e . B AT T = 2 XK PRI 8 7 PAHS f) 9 3 ok
TR SREABESE T R K R W IR A 368 T e XK B 4 06 B2 4 il PAEs 2 =k Tf% 175
m B KT PE XK R b i s ez — 7L 2005 4R, AR T HVER TIE T (DBP) FI4R A IR (2-2 30
JL) g ( DEHP ) V¢ i 43 512 0.83~2.21 1 0.66~3.60 pg/L™"7 . ST =l TR 175 m K5 FE X K A FE IR
h PAEs ¥ J& F1T5 YR IR A8 4 /0. T = e TR 25 /K I IX J2 354 A VAT HLIS e PAHSs Fil PAEs 767K
PRAEC IR A 0 2 4 S0 S5 R IRBIT S , X T =0 2 X AR A5 PR 0 2 4 FAT T35 3L

AILAGHIGE T = WK BEKARFIR U PAHs Fl PAEs (V& 404 Al BB . SRAE T 2016 4F =ik
IKIEROKII(6 A) FIE KM (12 ) F 30070 18 ASRAE S K BE R D RE S, 20T T AR RIK I T 15 4 1 ik
233 A AR IEARAE. I8 75 Y A0 45 36 3R B4 5 (EPA) {12575 Y4 44 B rh BT 3 £ 16 i PAHS 116 Fif
PAEs. 5T 25 FE AT Ry = 00 A X R SR T J /K S5 s RN 5 e 42 il B I PR AR
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1.1 Z R

16 i PAHs 14528 (Nap) i (Ace) \Z%E (Acy) .2 (Flu) (FE(Phe) (B (Ant) \2¢ B (Fla) (EE (Pyr) |
I (BaA) Ja (Chr) FRIE[b]9EE(BbF) JRIF[ K] ZEE(BLE) RIF[a] 8 (BaP) (EiJFEE(InP) \ ZAJf
[a,h] B (DahA) FZEI:[ g,h,i]dE(BghiP). 6 fft PAEs 54578 — F#8 — F ik ( DMP ) (4528 —H iR — £ e
(DEP) AFZ& Wz —1E T Fg (DBP) AFZE —H R T 3 (BBP) 4B2K R (2-2 %2 3%) g ( DEHP) Al
AP R IEF R (DNOP) . PAHs JR A FRHERE A (Lot 214101426, 99% ) #1 PAEs 1A b iffifi 25 W ( Lot
214031130, 99% ) 4 AccuStandard 23 FHEAE. — S H bt T B AN £ R LR34 R (i 46, i1 92 [ Fisher Chem-
ical A EIHRAE. IF e b (A4l i 38 TEDIA 23w $2 4t
1.2 HmxE

AP E =R PR XTI 14 AREE R (M1~ M14) FISZH 4 D RAE R (TL~T4) (1) JKAEFE T
BESL A IRAETF 2016 47 6 H GROKHA) #1012 (BRI . 4 S0 ALRE Y0 R MR A 3 T, R
FH 4 LA/ IMERAE 0~ 50 em FRZKMA, REST T 0.45 wm BRI T 4 LS. SRR
RERIBIRTE, REG AT O, Fra MK RRURTRFE SIS YU B S50 %, IEF 4°CIRER T
1.3 MBI FiE

FH] C18 [ AHZE BB ( ENVI-18 DSK, 47 mm B 4%, Sigma-Aldrich, USA ) # BUK R 5, v i) PAHs il
PAEs'"™" . RS [ HIAE SR 10 ml Z R Z 5P 1Y, 10 ml Z 8 Z Ba A 1M 1 UK, PR 10 ml
(1+1) =5 b~ 2 LR VRN 1 ¥R, A RS BRE A 2 K. BT A VR IR J5 , Rk IR e 4 235, H
EOEERZT 1.0 ml, FHLAPT.
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Fig.1 Distribution of sampling sites in the Three Georges Reservoir

TEVEHE i 2 EL2s VR R TH1 RS (a0, B2 2 g CRE A 5 0.0001 g) FLA 25 ml (1+1) C k- N ERIR A4
F, SR S ZE B S R AR« [ 223 (30°C ) L 10°C /min (38 THE 2 120°C , 1545 20 min. FEE—4
AR AR IR AR, A R EARKIEA 0.5 cm JOKEBREREN 3 cm FHEALES 3 em FHERERE A 1 em
TCKBREREN , LA T 10 ml IE O 10 ml(7+3) 1F e 5 58 F e VR B 700 T v k. 2 TR o Ak e —
FALRRE AHE, SRJE R 20 ml IE 2 %6 .20 ml(7+3) 1F S b5 S belR A IR e 7. 55 BT e i ik
5, ARG EE T, HIECHEEAZE 1.0 ml, LT

16 F PAHs 16 F PAEs 5% ] GC-MS(7890B/5977A , Agilent, USA) Kill. 5% F DB-5MS o ik | Fiiik 4%
PR BT AL, B IR IRy 250°C ; 93t = SIM, B3 3 h S A/ R (=99.999% ), AN G A , AR AR
FUT pl. PAHSs A0 64335 541y - BERE LR EE 250°C AZHIZRIRLEE 300°C IR 1 ml/min; FHEFRT 2y : 80°C {47
2 min, L4 20°C/min FHEZE 220°C , {£4F 10 min, F-LL 2°C/min FHEZE 300°C , {4435 5 min. PAEs K €6 1% 45 14
7 HERE TR 250°C AR HI 2RI B 300°C K 1.2 ml/min; FHEARF A7 : 70°C 45 2 min, P 20°C/min FHEZE
130°C , #ELJ 5°C/min FHEZE 200°C , 15°C/min FHEZE 300°C , {4 5 min.
1.4 FREEH

16 i PAHs #1 6 i PAEs SR HISMR L AT BTid #5161, ik e rd b ny 15 44, B 4047 10 A HE
—AFERRZS RS ERLA BTN 10% Lo GRS i T AT RS . BT A AR b 28 EALIN I 3 kIR
SEIME. FTA R UE A OC R AR T 0.994. JiEJe st i rf PAHs F1 PAEs & B AT H LR (ng/g(dw) ).
AKARRE S 16 B PAHs 975 4G H R4 0.04~0.39 ng/L, JIEJEAE At 16 B PAHs (75 1246 1 BR Sy 0.08 ~
0.78 ng/g. 7KEEH 6 i PAEs (95 3K BR 9 0.12~0.92 ng/L, FEJRRE S 7 6 Fl PAEs A5 46 H FE 2 0.25 ~
1.85 ng/g. FKARFEIRKEF P 16 Tl PAHs Ay HNAR [E115 %4351 2y 80.34% ~ 112.06% FI 59.87% ~80.75% ,6 Fh
PAEs (47 BSR4 50y 86.90% ~ 110.12% Fl 63.93% ~75.54%.
1.5 #iEH

K F L5 50k (PCA ) TF9E = 22 X K ARG U8 i PAHSs Fil PAEs ] BERYRIR. SR TBM SPSS Sta-
tisties 20 B AT BT AT

2 #FRGiTiE

2.1 Jk{EFnfRie  PAHs (945 % BRI
2.1.1 PAHs 447 R 1 T LI H,2016 4E =k 72 [X sk f& it SPAHs ¥k EEJE R 3.9~ 107.6 ng/L(3{H K
39.9 ng/L) T 2011 4F (FE [N 18~159 ng/L, ¥IE F7 44.1 ng/L) "' LI K 2012 4F (3 7 131 ~228 ng/L,
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PN 155 ng/L) . okt SPAHSs S-2 8 32 3 T, B R S0 oK 0T T E K. 2016
AR = PR X RS U o SPAHs SRV K 267.9~1018.1 ng/g( B{H N 490.9 ng/g) , Ak T 2005 4K 7T 3T Bt
JEVErP SPAHs S ME (1334.5 ng/g) ™, B T 2010— 2011 4K VT OB H SPAHs &5 (128.5~307.8 ng/
o) 7 TV R JE T SPAHs P S i 22 SR K. T PRI SPAHSs X & e 2 /K0 s TRk, mT
AL T & KK A b PAHS BT VR FIRTEL ™

1 =k X K ARFIE R H (%) SPAHs 737
Tab.1 3 PAHs in water and sediment from the TGR

JK4k SPAHs/ (ng/L) iR SPAHs/ (ng/g)

6 H 12 A 6 H 12 A

Fr A RE S B/IME 5.2 3.9 267.9 287.1
(M1~M14, SNl 107.6 52.1 1018.1 991.0
T1~T4) SEHE 63.5 16.2 457.4 524.5
Rl 64.3 14.6 397.3 517.6
bRl 25.3 10.3 173.6 162.5

T /M 5.2 43 267.9 287.1
(M1~M14) N 88.4 52.1 1018.1 991.0
SEHE 58.1 16.5 4575 553.0
ERliE] 61.3 14.3 397.3 552.9
FRifER 2% 23.0 11.1 189.2 169.7
S fie/IME 43.1 3.9 348.5 314.6
(T1~T4) KA 107.6 21.9 601.7 510.8
S 82.3 15.5 456.8 424.8
i 89.3 18.1 438.5 436.9

i i 2 24.0 6.9 102.0 72.5

16 it PAHs A] R &5 HORFRECR B0 40 H 2~ 3 B 4 3RA1 S~ 6 38, 23 BIARERAR A T P 4 TR 20 1
PAHs ™" HOKIHK AP 5 PAH SRR 2~3 3R, Z/KI0 2~ 3 A 4 B, R &K k9, Nap 2
K e B B ) PAHL VT iU Bk R 2 A PAH By 2~ 3 3RA1 4 51 55 = e JiE [ A L.
B RREWTIHIAS H ) BaP S VG RN 0~0.64 ng/L, A st 7 [ i 22 /K ¥R 858 B Fe b v ) B 2.8 ng/L1™ . I8
ORI L ES K0T PAHL BRI B A5 (L IR A, PAHL BARBR T Phe St o, JiARIILL 4 BRA0 S~6 3R &
(1 2). L5800, SR KK pArh PAH L 2~3 BRA14 R0 5 CIRPL 4 BRI 5~ 6 Bk 5, AT REE B FRAL
BUINK PAHSs IR, A A UUBENIGHS ; T FREURRY PAHS Bk Ve , 5075 5) B Je e i
2.1.2 PAHs #y R 8 BESUKPARUE o PAHs f9 0 Y50 T /K B85 B 20 T B8, 32 4043 BT 3 i 140 4
PAHSs {92057 . =W PE XK PRy PAHs JERIUT 3 A a4 (PC) , A O3B LU AEAR K T 1 ok
. BT 6 A 12 A KK PC3 ()77 25 STBRR AR, 40 5ICR 6.10% F1 9.52% , Tiii PC1 Al PC2 iy R 2%
SRRIEAEN T 87.41% 1 82.88% , WT LLAR F /K AR RUEVE o PAHs BUKZH0E A (8 3). I 3 kR PC3
(455 AR PCL AT PC2 B4 L. JIRUBREGNLE 6 A1 12 A3y FUREUH 1A F a4y, PCL 7 22 SRk %40 31
A7) 88.90% Fi1 86.28% .

KA Nap 76K % PCL A EE 500k . Flu A1 Ant 23512 0K A2 K R & PC2 iy E 2
Tk (K 3). i T Nap Je b sl AR I & IR AERR Y A U™ Nap  Flu 1 Ant 3%
2~3 BRAY PAHs 8% 3 [ £ IR B TR b ™ BRI, Ak pk b PAHSs 9 5 ok 52 45 bl 8 4
B9 AT B PR IRIZEE. 6 AR UEHh Phe it PCT (0 STIk R4 75,12 H LA Fla STk R AL . Phe S
AL ARG HERCA 56 , T 55 S50 RLE itk A 673X 26 W1 6 H R U8 PC1 32 BTk o 5 24 4y i
BRBELL AT, Fla 32 BORIE T Tl MR R AR . DR i, =il 2 IX RS U8 1 PAHs J2 B A R U5 A /4
Wy AR L 3.
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2.2 JKEFNKIR F PAEs M4 R 3RiE

2.2.1 PAEs 9 4047 =W X 18 AN SRAE S P K £ PAEs, 358 PAEs 78 =W 5 X |2 A7 16, K iAo
SPAEs % BF i il A 122.4~2884.7 ng/L ( ¥4 848.1 ng/L) , LT TR I EE (5Bl A 34 ~91220 ng/L, #4154
723613 ng/L) 2 LA IT T (FE I 61 ~28550 ng/L, ¥I{E H7 4536 ng/L) . T 5 % Hi/K ik H SPAEs
PIe fr 2 RN K. Tk SPAEs (157 35 v B AR 5 /K 99 0 3 780 K 09, mT 8 R 35 /K0 - 3t A A O ikt
18 | e S Y . SRR T SPAESs Wik 7R E K RIAOK I TG B35 25 5 (R UK K IR SPAESs #e
FEARUIE BT &K, PTRE S AMETS Y W IC A 06 =R IX IR e vh SPAE Y Ji 98 Rl 78 UK 31 1 &5 K
03 5H 436.9~3127.7 ng/g( ¥ K 1800.4 ng/g) Fl 192.9 ~3473.4 ng/g( ¥I{E Fy 706.3 ng/g) , B EEF K
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TR BE(76300~450000 ng/g) . [RINF, 4 PAE Sk B 0 2 T 1 4 7 3 WV IS Jé v 4 PAHE 22
PRy ™ IR SPAEs S BEAE T 90 B0 T S0, oK 1 8 s Tk (32 2).

2 ZUREXOKARFNE R SPAESs 43 Fi
Tab.2 Distribution of 3PAEs in water and sediment of the TGR

K& SPAEs/ (ng/L) JiKUE SPAEs/ (ng/g)

6 H 12 A 6 H 12 A

Ji AR f/IMA 122.4 635.1 436.9 192.9
(M1~M14, KAE 1577.0 2884.7 3127.7 3473.4
T1~T4) SEH4E 740.7 955.6 1800.4 706.3
TP 709.8 807.0 2022.1 477.7
B if i 2 345.5 492.7 822.7 716.6
T fe/ME 122.4 635.1 436.9 192.9
(M1~M14) R 1246.9 2884.7 2959.8 3473.4
SEHE 710.3 987.9 1918.4 742.7
FPE 709.8 807.0 2061.6 461.3
bR 25 294.5 552.1 707.3 801.2
LR e/ IMH 359.6 753.6 641.6 310.3
(T1~T4) AR 1577.0 983.8 3127.7 859.7
SEHE 846.9 842.8 1298.8 579.0
HP{E 725.4 816.9 713.0 573.0
bRl 468.1 95.3 1056.8 208.5

ZURFEX KR DEHP 1 DBP J2: 3= 20y5 Yoy | vk BESE 143 1K 41.0~2425.6 F175.6~722.5 ng/L. fiih
FRE LK DEHP il DBP 46 3 3945 T 16 52 C 4K PRI T bR v ) 19 B AR ( 8000 AT 3000 ng/L) M. Jig i
T TS Y458 Sk DEHP H1 DBP , 243 51k 201.8 ~3278.46 Fl 35.6 ~ 1796.3 ng/g. RN & /KR S i
e, DEHP 35 B e = 9 PAE 2875 e (151 4) .
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Fig.4 Distribution of 6 PAE monomers in water (a, b) and sediment (c, d) of the TGR in June and December of 2016
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2.2.2 PAEs R I8 SR 3 TR S BT =00 A XK PR R e rf PAES R U, 45 R AN1&T S fros. T
6 HAKPRRURIERE Al , BRI 2 A F 057, BEAS R MR AEAR BT 1. 6 F/KMARE ST P 053 1 77
22 DR 30 0 92.60% 1 7.28% , JIEPEHE 733311 4 89.52% 1 10.33% . Xf - 12 7 BRI FRJRAE i , B4R
WA TERY, PCL 7 22 STIRR 4135 2 97.63% Fl 96.94% .

6 HA k4R #ES PC1 b DBP 1 DEHP £ fif £ 5 , PC2 v DBP i f i ; 12 H KAAKE S PCL oy DEHP £ fif
. 6 HJiRJE PC1 v DEHP Fil DBP #8452 %, PC2 rh DBP fif iz 3 12 H PR PC1 h DEHP 4 fi;
. RMATIT S, K AR IR it T, 20 i 19342 DEHP, Hk S DBP ([ 5). DEHP 3 SR J5 1 R A
AE TRl T Al R BE S R P SR LY PAE 2575 e ™. DBP ™32 B ol il R A A 477 2
H R I B R B PAE 2635 el 0L T L, 0P OK R RIRE P Y PAES f) 3 SRR TR A R
AT Tl A R T b 3K

3.0 : 35 ,
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20 P 25} PY
: DBP ! DBP
;\: 1.0} | ;\; 15k i
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Fig.5 Rotated principal components of 6 PAEs in water (a) and sediment (b) of the TGR in June of 2016
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