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Spatial distribution Characteristics of PAEs and key environmental
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Abstract: In order to understand the source and spatial distribution regularities of PAEs and the main

environmental factors affecting their distribution in the tributary of the Three Gorges Reservoir, Five sections in
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Yulin River, the first level tributa at the end of the Three Gorges Reservoir, were selected: the Estuary, the
backwater area (Paihua, Shujia, Meixi) and the upsteam inflow area (Donghe), which was not affected by the
operation of the Three Gorges Reservoir, to conduct an in-situ investigation on PAEs. Based on Pearson
correlation analysis and principal component analysis, the sources of six PAEs in Yulin River and the
relationship between the main PAEs and environmental factors were identified. The results of in-situ
investigations of 6 kinds of PAEs (DEP, DMP, DBP, BBP, DEHP and DnOP, according to US EPA) in five
monitoring section of the Yulin River revealed that the total concentration of PAEs was in the range of 0.42~
0.77 pg/1.. The average total concentrations of PAEs in the five monitoring sections were: Estuary (0.771 pg/
L) > Paihua (0.638 pg/1.) = Meixi (0.613 pg/1.) > Donghe (0.566 pg/1.) > Shujia (0.421 pg/1.), with DMP,
DBP and DEHP being the primary monomers. Based on the correlation analysis and principal component
analysis, it was found that there was a significant positive correlation between DBP and DEHP, which may be
related to industrial and agricultural production activities and the “three wastes” generated in the process. The
moderate correlation between DMP and DEP indicated that these pollutants may be attributed from the
anthropogenic activities of local residents.

Keywords: Three Gorges Reservoir; Yulin River; PAEs; principal component analysis; environmental factors
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Fig.1 Distribution map of sampling points
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Table 1 Test index and analysis method
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KA EA PR (TOCy,) S HLRR 53 BT AX
M4 % a(Chla) A3 66 E ¥k (HT 897—2017)
K IR (SS) EEE(GB/T 11901—1989)
B A LR S BB 73 BT AR
(TOCsg)

1.4.2 &P PAEs4 o9t m ik ok A A
R 7 s X K AR o PAEs HEAT & 8 fe 4171

DK PR AL 3 495 2w R KR 0. 45
o 338 2T AE U R, DL 2K BR A K R e iR ORE )
Hor, 3 38 21 2 9k B5 = B e B 3R b b 400 CHRAFTR
B R 3 h, LAREAR S 1A, FH SR BT AH 2 By vk 6 7K
i PAEs BE4T 26 U, BARERAE L BRANE

a. WAk o MUK 10 mL &0 e i A [ 2
AH 10 mLL P 46 [ A b G e O T i
B AL 10 mL 8 2K B 4 C /N i B 09 FH B
AR AIE 18 7K P B 2 HOR) 3% T 5 K AR A R G 1 4 i
AN 75 B A AR S BB Coo /NS, AT
A SEORL IR H B0 2488 AR UE PAES & I i 18] 5 2 A
I

b. W&, FETHEE LM 1000 mL KA
10 mL H [ fil PAEs [71 0 3% 45 78 9 3F -D10 (Phe-
D10) , fE MRS G , MR K2 HE SR
BL2S KRR LA 5. 7 mL/min A4 3 8 ¥ 40 58 1 5



196

% 44 %

R J5 Y C /M .

c. Wk, FH 6 mL 4l K vk Co /N 55 14
B SR KR A 43, DA PR IE J5 B2 43 B 45 S 00 o 1 4
Ve G 1 Cro /M B 55 T4 3~5 min, KB 24
KAy

d. VEMG. PAEs 55t P75 Y 4, 2 #5855
e P ) G R o RN IE O B (PR BB 1 1) 4 Sy R
L AH 18 mL ¥R & Wk 43 3 UK H AR W e i T
L UEM RN 1. 1 mL/min.

e. V4R, FUSCER By H AR — TR AR A i
maERREEREL T U HECKHEAE I mL,
AR 4 CF BOLIR AR, H 25 20 L7

2) FE S R I R A DO B AR ST IR A A
(GC-MS) Xf 6 # PAEs #47 5& & 0 1. 2 2 7 X
— R SIM B 8 3% 4 : Rix-5M S 3 A 5 JE A
J7 2 WA HEAE S K45 1 DEAR AR L pl, AN A0
HEACEE ] 0. 75 min, DA 45 2S(=99. 999 %) 1E
Jg 8 S, W 1.0 mL/min, FFIRFEE K 60 CIR 4%
2 min, P 8 “C/min F+ & 300 °C, {4 4F 15 min, #EFE
F B2 280 °C | A% i £k it B 300 C L B8 1 U B
246 ‘Co JFR HAMR & /T

3) Tt AR 5 4

a. pRUERNZR . XF 6 Bl PAES i /i (233 06 0 if £
Vo i DO PN E= R iRl b=l R N il (s v
J# (0.50,100,200,300,500 pg/L) i PAESs #5 i %
WL PAES HRE (C) 5 o i i 0 T AL (S) =2 (8]
B AH O 2200, 15 31 a2 e b o il £ R A G R 8,
o, DMP b #E il Ze 101 )5 77 #2 8 Cove = 1 006.83S +
2122.59(R*=0.999 6) ; DEP #p 1f ih £& [9] 19 J5 72 Ky
Cper = 1017.28S 4 383.15 (R*=0. 999 6) ; DBP #5
WE £ 1000 7 BN Cope = 1511.26S + 3712.09
(R*=0.999 9) ; BBP #5 it th £k [81 19 )5 2 Cppp =
549.88S + 3 640.51(R*=0. 999 4); DEHP ¥ £ [1]
IH 7T K Cope=802.23S + 5 350.27(R*=0. 999 5) ;
DnOP #5 #E it £k 171 5 77 #2 4 Couor = 1 284.67S +
10 992.52( R*=0. 999 4)

b. IR S 6 Fh PAESs 26 KB b (8 g [m] i R
9 80. 25%~102. 50% , Phe-D10 [a] fir K45 755 ¥y 11 [
W Ry 63.44%~90. 54 % , A X A5 I IR 25, 45 R
FE RIS AT FE D E B/ T 10%, kA EH T
PAEsH i , & % Ff i PAEs 55 00k Ji 14 48 1ok )y v 23
F BRI 2047 SR G AL E .

c. WK MR. 2% £ EEPA,# i CAmbr
B D7 P R B . RIEE & 2 M 54N 3 i b

FE S bR e BE Sy 5 A AL AR A BR (IDL) |, 4% SE PR A
il (4 Ak 3L BRI HEAT AR U 4R I A5 L IR Gl
i GC-MS A2 , 75 35 50 i [0 e 22, 3 58 A o
it 22 (SD) , J7 46 1 BR (MDL) B 24 3. 75 4% SD #9
. S2EKFEH 6 F PAEs B 75 348 BR K 0. 14~
0.83ng/L.
1.5 HEHH

F B¢ 43 43 #7 (Principal Component Analysis,
PCA) F 2 T B Al b 21 05 s R Bl 2 A 0
AR v X T AE R G5 ) AR 1 A BN AR =
X 5 A D A AR R A B AL A [R]  A
R B b O BT & BOHE 15 B B ok D e Rk
I, 3 i IBM SPSS Statistics (20. 0) % {4 X 48 Ifs
] PAEs Ji A7 98 i 52 56 B8 #E 47 43 47 - XF 6 flt PAEs
Bk Z ] \PAES BR 5 BRI IR 5 2 (] ) A (R
A Bz IR 380 AH 5 Pk 43 BT, DT 6 2 5 0 11 YT R AR K AR
H PAEs 15 4L W) 5k U5 K 55 15 e 7K 7 AH 56 1 455 1) B
BT

2 FHRE5Tie

2.1 KEFRPAEsHIZ[E 5% & KIE
2.1.1 KI4KPPAEsts TR A& WK 2(a)ffimnw,

FE AR I Y07 5 A W 00 1 18 o, 6 AR AR Je 45 il PAEs(US
EPA) M FE R 0.421~0. 771 pg/L (¥ {EH } 0. 596
pg/L) , ok BE K PR T = e X R (0. 635~
2. 885 pg/L, ¥ 7 0. 956 pug/L) Fl = gk g X H: fth
W (0. 754~0. 984 pg/L, ¥I{E K 0. 843 pg/1)™,
AN TR) W T 1 =2 ) P AE s #% R K A7 AR R B A
255 o A W TE 6 AR e 1 1 T e o7 B Rk
KB MR R R <30T (0. 771 pg/1) > HEFE (0. 638
pg/L) > H#3E (0. 613 pg/L) =>4 (0. 566 pg/1.) >
E22(0.421 pg/L) . 6 KR PAEsh, 2
DBP (0.126~0.411 pg/L) . DMP (0. 086~0. 203
ng/L)FI DEHP (0. 090~0. 177 pug/L) (& 2(b) ), }
W K AR s DBP AT DEHP (1) & 2 43 5l i 2 (b 36 K
PR BE B AR ) (GB 3838—2002) %f DBP (<<3. 00
pg/L) FIDEHP(<<8. 00 pg/L) il B BR H 2 5k . 4
El 2(c) R , 45 Wi 7 1 v, PAEs A% B AEAE
F25(P<<0.05) , A B K VL T B (32 /K 171 7K
S M AF XS 288K TRT 10 RIHE AL s D0 BB 1 v £ 2 PAEs 5
g W) W K DBP (52.38%~53.33%) >DEHP
(23.07%~23.56%) >DMP (13.51%~17.80%) ;
PR BV T I E 52 7K PR [R5 el AR/ N T 2R
HMEIZ N 7ok K DX 2R 9] 34 Wil i, o452 PAES



% 64 IR, F B R Al FTAR K = W BRBE K09 2 10 o A AT AER KBRS B T 197

15 AR i O AR L, FEE PAEsT5 Q49 DBP
(30.13%~42.44%)>DMP(27. 07 %~39.80%) >
DEHP(20. 96 %~ 21.21%) . i PAEs 15 4 ¥
i 5 2 S DR T AT A VL TR I K K
eIk B AE S A B A PAES BSR4 8BRS N 1

1.0

o8 I

506 1 1 25 ]-
| !
0.2
0.0
WO HEE BRSO MR RE

(a) B RAERIPAES B &

B (gL
° ° ° °
N w = W
T T T

e
=
T

LA

e
=)

DMP  DEP DBP BBP DEHP DnOP

(b) PAEsHfEE B

(255 1 5% R 7K A vh PAEs (93 B 5% A F , 9T
N PAEs & 5418 25 5% . IR Lk m
A6 PAEs Z 8] S H 5 2% 2 3R B F - A7 A0 ¢
PE 2 BT RN 32 B850 43 BT, BIE S AR I o) 2K AH o PAESs K U8
Fsg ) HaE B A B G R BB I 7

E:R0
—9

. m@@

-

P GEd
= (q i

— G DMP

S i Dip

BBP
\p K DEHP
B DnoP

(c) £ AL IPAESHIX & &

2 G K R 6 T PAESs B9 5 7 45 4E

Fig. 2 Distribution characteristics of PAEs monomers in water of the Yulin River
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Table 2 Correlations of PAEs monomers in water of the

Yulin River
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Fig. 3 Factor loadings values of six PAEs monomers in

water in the Yulin River, by principal component analysis
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Fig.4 Factor loadings values of three PAEs monomers

and nine environmental variables in the Yulin River

by principal component analysis
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A7 VA VR, 38 525 AH 5 Pk 43 B A 32 43 40 A s R
T 6 F PAEs M 7 Sl U5 LA I 32 %2 PAEs 5 3 855 A
TIRR GBI LS

15 M 0] D 1 e, 6 ol D0 S0 9 Vs G 1 34
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