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Abstract: With the construction of high dam and large reservoirs, there have been many studies on the impact of flood discharge
atomization on the ecological environment, but the impact of flood discharge atomization on pollutant migration and transformation
behavior has not attracted attention. In this paper, water samples in multiple sections in front of and below the dam during the flood
discharge of the Danjiangkou reservoir in 2019 were collected, the concentrations of 16 polycyclic aromatic hydrocarbons (PAHs)
and 6 phthalate acid esters (PAEs) in the water samples were analyzed. It was found that the concentrations of 8 PAHs and 5
PAEs detected in the water below the dam after the flood discharge showed a decreasing trend along the river compared to the sec-
tion in front of the dam. By comparing the concentration of the section in front of the dam, the concentration reduction ratio of
PAHs at 1 km, 5 km and 10 km below the dam was 8.1% —100% , 26.2% —100% and 36.7% —100% , respectively; and the mean
values was 34.6% , 64.8% and 75.7% ; the concentration reduction ratio of PAEs was 0.9% -38.7% , 33.7% -71.8% , 61.1% -
87.5% , respectively; and the average value was 21.5% , 47.0% and 71.3%. Based on the field observation results, the possible

migration and transformation pathways and mechanisms of PAHs and PAEs in Danjiangkou Reservoir by dam flood discharge were
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analyzed. Photodegradation, chemical oxidation, and adsorption of pollutants were considered as the main mechanisms. This study
has implications for researching the migration and transformation behaviors of pollutants in water bodies under flood discharge fog-
ging conditions.

Keywords: Flood discharge atomization; organic pollutants; migration and transformation; photodegradation; dissolved oxygen;

Danjiangkou Reservoir

UTAES R K BRI U S v . R 4E 1T, 2014 4R 3R E 30 m LA KA 6539 JiE, 42k
[y 43% , JEHHH A —  FLrh iR AT — KAt 300 m 7 A7 A UK 2R AR 2 ply T B L A B, K P A U
T2 PRV AR A K A7 33X K PR R I ELAT i /K S | e T B R o S, 7R T B A 5 7 A 55 Ak
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Z M54 (polyeyclic aromatic hydrocarbons, PAHs) FIZEZE — H R fiE 2% ( phthalic acid ester, PAEs) J& ¥ 1%
T AEE A BEA AL G, PAHs FEBERIR T 5 BRSBTS 58 ke , PAEs IR 3% 3850 1 vz A6
JEF PR FE Ot KRBT R AR E) (GB 3838— 2002) Xl # /K th PAHs il PAEs Yk BE 45
PRI ZER , R85 BT PAHs F1 PAEs 858 HLT5 YW 0 50 A SRR BB 7% 1h 2 PR 85 AR 3P ST 06 1 Y B )
S T IO PRI K P KGR R TR, [ 2014 4 12 F Tk TRRE K LUK, B
SRR X 20 23T ) BB KR, XSRS A LTS G A GBI ST R, DOTE K AR v 0 2 £ R e e
SRR 23 1 2 [ FR B A4 8 B LR B A4 ) (107 22 U R BRI S ) T 12 32 K L Rk 4 4R
W & B, DT AR S I S A LTS G A 20 b, Jorft PAHS (5 40% ,PAEs (& 20% , H 5 Ho Al 38 K {4
AL, BULAR & SR PAEs ST . DL B S8 45 51 £ W% K IR 1 G WL TS e M IR 1 —
B AR 2 RUBS: (B P UK R 25 A A R AR 25 A4 T, BB ML Yo 7 KA T E B b1 R
HEE.

I LR AT A A T BTG G 00 2K B A R RV . Rt 55 1k AT S OK PR U 1 4l 2 R 1
I, AR AAR SR A T LA A AR [ S 386 AT Y W R SO 50 45 R PR A 25 Al T AR, 8 I ke 1 2544 °F & 7=
ATEPEY BT, A R AR R R AT HLTS G () R R A2 AR A (RIS, Ttk B K i i S RN ARk 3
SR R A AR, T MR e B A e B R AR A Y B R T R AR ORI AR R B R BRI DUVE , 3
IR (8 AL TS Yk B 1 FORR A S B i 5 3 5 B

AT ST LUK AR H I B9 HLTE Y PAHs Al PAEs S F 58 % 42, i aod X P71 10 R 30t 55 4k 0k 17 1 41
JEASEI | 43 B i i S 4R AT AN 2 W KA G AILTS G 00 e AR Ak 5 T I BRULI 45 5, e
A I 55 A X K A A BT Y 2 BRI T BRI AR A FAILI. AR SCIF 9% SR T A Bk 24 A R B KR 1
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1.1 AREER

FHL 7K (32°36' ~33°48'N, 110°49' ~ 110°59'E ) i FA VLA RS BLVL Y L iF , & 38 B 88 = ROK I,
SEHUK B IE EWE & AR — IR, FHT ORI FROT S T A A A R AR 176.6 m, IEH & KA
170 m, FEIX AR /K T AR 95200 km® , 4FF- 24 A R K 124 38.78 42 m™ .
1.2 HERts

PEEE IR R L4511 16 F PAHs 1 6 i PAEs 5T %42, 16 Ff PAHs 433l 2% (Nap) \E (Phe) |
J& (Chr) JEMi (Acy) %5 (Flu) (B (Pyr) ZEE(Fla) 283 (b) 2 (BbF) JE (Ace) I (a) Bl(BaA) LI
(k) Z¢B(BKF) ZKJf(a) ¥ (BaP) (B (Ant) (B (1,2,3-cd) B (InP) . 2K Jf (a,h) B (DahA) ZRIf(ghi)
F6(BghiP) ;6 Fl PAEs 435I 484 — R —1F T BR (DBP) (482K iR — (2-2 4600 3%) fii ( DEHP) (S84 —
H iz ZIE 1R (DNOP) AR2K — H iR — Z.liF (DEP) AFK —H i —H g (DMP) 482K — H iR T 316 ( BBP).
PAHs JB &3 EYE Wi (Lot 214101426, 4l B 99% ) Fil PAEs 8 & 47 M b7 I i ( Lot214031130, 4 & 99% ) #4 i
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AccuStandard 23 "] HEHE. 1E T AT 2R L EE3Y R a3 46, i 32 [ Fisher Chemical 24 B2t 2350 —¢
AR AR A, FIE C BBk &4 0.,0.1,0.2,0.4.,0.8..1.6..2.0 mg/L (1 TAEW , 2 il b afis i £6.
1.3 HRRXESNE

AHFFET 2019 4F 9 A 16 H FHIT 11K 22 ikt 3 )

\_/WK N
ﬂtmw t PEATRAE  AEPHIL K 8 KR S Ai i 4 A~ Wi, 31
2 i ri JgHNET R 1 km BUF S km AR 10 km 4 (1 1),
BUF1 km SR 2 DAL 0 5T T T 4 58 0. R RS9 1) 38

TEOLR 3 FfLm 5 BRALMEHE, B3t T3 4 8 5000
m’/s. JH 4 LR BB R 55 2 2K BE, RN RE SR 4R
3AEATHRE. KRN KB 0.45 wm Y BE LT 4R )8
FEE 3 4o L AH 28 BCKE B A C18 FEIU/ N ZE B4 85, R F
- kAR DRIk | et o (Ve , FHVE AR RE R 2 A% | mL. R
—Rtfwm  Q Fkm GC-MS(7890B/5977A , Agilent, 2 [F ) %} 15 3 1) 17 4
1 SERE A WK 7 122 A L R ek A b B

A R AR (LA N 1) (2R ES R B8 1 430l SR FH K 5
ZZHWEML (EXOL, YSI, 2 [) 4841 m] WL 2 6 6 B
11 (UV-2600, Shimadzu , H 2% ) F1 L B A 45 2 1R BT (Y ( NexION 300X, PerkinElmer, 3¢ [€ ) #4700 . 765
L AR RN 3 Uk, AR — R S T — A 2 O IR, 16 B PAHS 9 7 A H BRSO 0.25 ~
0.50 ng/L,6 il PAEs (75 24 1 BR g 2.45~3.00 ng/L, &5 TAE M 2406 RIS KT 0.998.
1.4 BIELEBS S

V5 YL Wik BEAE A BR R 25 R Y 3 YR58, 259 B /N F46 H IR B R A A . I Excel 2007 il
OriginPro 9.0 X454 E— A5 b Hl , H2: HIAHSC &I 5. SR SPSS iE AT E AT, 4347 )7 i A7 Spearman , B {5
X Ay 0.95.

2HEREL

FH T I AL 18] 45 SR 5 TS YL My A vk BEANTE] 2 BT , 45 WTTHT 3 ASSEATRE AR XS 22 3978 + 10% 35
. 16 Ff PAHs 500t 8 F, 4303 28 (Nap) \HE (Phe) J& (Chr) JE# (Acy) 25 (Flu) (28 (Pyr) (%€ &
(Fla) ZIf(b) 9# (BbEF) ¥ LISy 0.2~97.3 ng/L, Nap 7545 W 1 (14 2 2 fie e s SLAG I i) 5 i PAESs,
WeFETER R 0.6~ 1612.6 ng/L. DBP 1 DEHP & £ E5 ey, WA LTS YL ik B2 (345 & (b K IR R
EARIE) (GB 3838—2002) . GEHLRI KA A LTS YLl 28 UM J e JoE AR 2 S b ke . 5 AT
Wi v BEAH LG, 8 i PAHSs ZEIUT 1.5 1 10 lem A2b A9 B2 [ LU GV R (344D 43501 8.1% ~ 100% (34.6% )
26.2% ~ 100% ( 64.8% ) F1 36.7% ~100% (75.7% ) ;5 Flt PAEs St 57 6 1 B T B L4603 BBl ( ¥94E) 43510 0.9% ~
38.7% (21.5% ) 33.7% ~71.8% (47.0% ) Fl 61.1% ~87.5% (71.3% ). RALE M BERT 5 /K 44 v5 Ye vk B R
B, IR KRR A Bt shacd A v, KA s Y vk B T AR AR I .

Qi 25117 2014 AEAR LA, 75 R T K % B DU AL RAE 48 A Hu oK RE Al P T K FAHh 16 Ff
PAHs {4310, 85 R % W] PAHs W 9.42~137.94 ng/L, RFERAE S Z ] PAHs BRIV BEARRAR /IS, 23 1]
OM TG 25 5 SOV A T YRR AR T 6 Bl PAEs fOUE IS A) A, 2 BR 29 AN RAE S PAES JFIT
OMAR TG B R SRS AR S i SR AR K TR B KA, & BN L7 3 R i 10 AN, 45 SR RE A PAEs
S B A . AL A AT, KRR ARG e DA SRR AR R, AR R A WY e ik
JEAI TR E R

3 Wig
TEAREAE T, KRR HAK AT LTS Y ) 2 BERR A AT R W R AL SR SO R 5™ )
Wit R FE B2 0 0 ARG S e LTS ey S I A AR A A T B T, — Ay 1 R R 5 R K

HIF5 km

— KF

Fig.1 Distribution of sampling sites
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Fig.2 Changes in the concentration of eight kinds of PAHs (a) and PAEs (b) in each section
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1 RIS SR DR RTITBL. BAh W2 5k 1 5 % S SN AR AR AL K PR, B0
KA A FH E S AR SRR 6 P 50 P, B3 4R T K B o1 DL ey
(R [0, W06 S SR A% PR U AR Pk 65 0 TR ALV , FBOK f T
(T DL S T80 52
31 KEERA BB LRI TR NS E AR

ML (XK A A TR ROA 1 B0 22— S B U K ML . O Tk e 7
LS U0 T K PR 22U K 50 A K023, OF L Tl O 5 487 A o, i
DK LB A T K P R FEE RIS 5390, B0 KA T EOARS, 1 ph K 5
FTBUAISAC, A2 LA S A N VAR 2K ™ . 2 1 B T SRR MO Ak i
SRR RIS 4 S, T AR G 0K 8 29 1 B MRS , L 4 K B L 4
AR 3T O L RUIE T35 160% 0 =K 91 2005 AF 0T 2 2K Ui e E 200 6.5
mg/LCHLAIIES) 80% ) U 12 kom 4 S5 T3 VR HE 24000 10.2 g/ LCHLRIEE Sy 12296)

SR K PR A 1

Tab.1 Changes of dissolved oxygen saturation in water after flood discharge

¥ Hh X Lita 2% 30k
1 =l TR IR 90 % I Dok T T R ST R 3 1229% [24]
2 = TR Tl DX S e S A A B e e (L2 160% [25]
3 FUNINT R T T PELT TRV SR AR RN BE S R 100% ~ 150% [26]
4 MBI John Day UL S LA R EAS L3 13496 ~ 139% [27]
5 2 [# Snake River T U A SRR SR 120% D | [28]

2019 AFERAEI ] PIIT IR F A 3 AL S TRAL At 75 20, HIZRFL P AR /K 7 30 m
FEA . SUUR T [ 975 ik SRR K TR A Al B 00T SR A DB T A S S DM A 2 7R, S Bl 2 WAL it At 3 Ak
IR SR 3.40 mg/ LOKLANEEAL A 40.37% ), 1 1tk 6 J5 30U 74 M ffp 4 e J38 TV b T 460 R EE Ty
110% ~ 120% . Minella %5 3§58 T 480 106G J2 W1 7K 7 2 i 2 I K o s i 480 % 2B A8 A, 38 3ot K e o i fi
AHLBT RS TS5 AF P SRR, 2 S EOK ™ A BAT S ARV B2 1 ey 5 (- OH) A8 TS PR . 1Ak,
CA A XA i AR 1 2 XA LD 8 AU W BEAT T 5T, 45 SRR W, ¥ i S nl e i ™ A B AR A R B
He B RIS A Jr 2, DR R AR A, LA — SRR 1 B VA S e S A KN A s S A
SISAT AR TR PRI K AU A A 43 B B ) A0 W 45 SR W 1L s b K s e Bk
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#0.16 mg/L, BFRAHR B T ATk 1.37 mg/L, HAT— @ WIS A, A R FI5 0 I 00 & . Yu %7 fF58
T AR L IX BT 2 H SR T, KBS RIS R AR 2 K AR 414y JEA7 Bt K AR I iR — (2-2 36 2 55 iR
(DEHP ) [ R A0, R 25 4 B3 1T T AR Ve B35 1y 18, DEHP 1) ' 58 fife S 18 o, 224 25k 8 1 Y R AR
W SE ST 0.28 131 mg/L B, 7 4 h PR AT A 80% 1 60% 247 , i 1 HH 3V K S5 3 F
B (-OH) W77 A AR i P (10 S DR 28 . AR IRLEIZH A 2020 4F 10 A X FHT AT K HUF 1 A1 10 km kb3 2
IR AT W % R, KA b S PAESs ¥k 55 75 it S I R AR R S 1k BB (181 3) B9 B AT (35 S AH S M (G
FRE A -1) . P, 254 PR R 300 3 I KA g BRAL 2 TR 2 Ak 451 R L R R R AL
DA T AN AR 4 R e HGRI % PAHs Rl PAEs 2545 HLT5 YL itk 2 Bk B AR 28 Z 00, B A R AL
AT Rt — SR
3.2 EWIERRHET T LY SR

AL ] 5 | RS T ViR DX 3mAN (] 56 8 () R R, AF
FEARW], TR LA AR /N B A2 (A A
FRIIR R RLAR R B /0™ I D 34 TR i 2,
HR AR T R B A4 A R LT o A O 4R Y

2% 2 IV ] S 0TS W TR O ARV i 4
Tab.2 Temperature and dissolved oxygen
in the vertical direction in front of the dam
and the section below the dam

e LAY R/ SRS IR, 9500 AR /INE H R SR B E BOR ST
€ (e B 0 HC TS L FE TR B, R 5 47 145 L
WFAKE 1 27.58 8.12 102.67 5 YL RO 5 A BH G 1 i i AR R, TR
52747 789 99.59 B TACR AR THS T W 0 MR AR (e SR B Rl
02632 5091 73.14 AR, V225 5 04 55 A R IR 0 75 7K Ab BB 4
152522 524 63.62 HUA BT ORI B A ) R T L
SRS oy S5 Y I 5 K I I L, A
w  an0s 340 2037 TS Je M 0 R . IR PR B A BB T
SF 1000 2473 9.98 012 R R A AT LR 258 42 Pl BT S A 25 0 e 1
5000  25.68 9.65 118.11 Tt i, R BHYEER I G & 7= A i ok A4 F ¥z
10000 25.41 9.02 109.88 S A 2k RS S DB P S AT TR T 5

15 YL M [ R 2
. 2019 4F 9 H FHT. KU ], LIS K %
o0, 6000 Jio e ALK 20~24°C , K DG AR HE B W ZL.
?05000-3 o :E;%?m 000 % F PAHs 1 PAEs 5) F W3l 47 >C=C<,>C=0
Ehztoooé: .:E 14000 § S e A A 2 BRI AT AR SR RS T & A B4k
Z 30000 UL ILLIRJ foooo 5 W 123 5t #6  PAHS A PAES () FLE K
Hok logo 2 WEARARFITERT T BESE, 25 4] 1L B R M2 45 —
=2 B QURME R, RN AR RS 3 R, T
1000 - 1000 P A 7 25 A B T 5 809 2
0 m'ﬁﬁ\ml PRSTESTY. SRR B i T BL, K VR H 9 PAHs I PAEs 75

RFEWTIHT

Pl 3 3L T W T TR SR K AR

JEEJErF SPAESs #JEAZ L

EMIAE R B AR ST WO's 7 2547 B R B9 7R
e R BR T EHOCRE AR, W% ik 2
R TETS S () (R B CRAE V FH. Tt S0 1) A v

JE T, K P BRES Tl FRAR A5 ey Ik B R
(7 359 B 47 SRSl Sl 7, YR PRV 1 KO v B
WER] 3k 0.16 mg/L, AHPRARES §-¥ FE T 14 1.37 mg/
L, Y RA —E WK BRI IR T A AR
FRIE I, AR P M R S B WL A P BRI S R AR T AR B T 1 SR MR 7 A
FRFE T P FEANRSIR 11 B LA SR AL R XA HLTS S A B T R SRR Rk

Fig.3 Changes in the concentration of JPAEs
in the surface water and sediment of the

upstream and downstream sections of the dam
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oK A (- OH) MRS VR EZ 0 1077 ~ 107 mol/L, =A% 1077 ~ 107" mol/ (L-s) , Hifk i
SRR KR B ORI v R A S 2 ol R SR AR ), 7 SRR I T, A 1 P R R A
VREETT LUK E) 2 107" mol/L, £ G2 107 mol/ (Les) . AHAHER AR ML R — R A1 k—2 <
PARTR , S AR AT A FRME , 57K A T i) BRI AR LG, 7K —28 AR5 T % A 1 4% Rl A2 BN, BT I i, Kusaka
A0 AEAR ) RE DB IET AR e /K —2s ST 14 S I3 R He K PR 10745 Fu 25! Bk 5 DI R R 16 7K
—S S AR, S B T AR B e R RN A B A, H S KR T A AN A ). Anglada
ST R K SR DB, R ISR AR K2 S AR, S LR AL (- OH)
TR A AT G N2y 4 ANECEGL. RIS A0 T PR UK PR K BUIR A ) F 7K h PAHs Fil PAESs (19 [%
fift , TR P A 7 58 ) LI 4.

# 3 W7 PAHs Al PAEs B4 A S o o R 4

Tab.3 Part of the reaction rate constants of PAHs and PAEs under direct light

MES Wit JeIRAAE SR A Kb E RPN
PAHs Ace S HhA] WO (A =290 nm) 2.18 [43]
Fle AT UG (A =290 nm) 0.83 [43]
Phe LEH+TT LG (A =290 nm) 1.15 [43]
Flu EAP+ A UL (A =290 nm) 0.24 [43]
Pyr SR WA =290 nm) 1.91 [43]
PAEs DMP B 2 AP (A =254 nm) 0.026 [44]
DBP HAEIE(A =254 nm) 0.101 [44]
DNOP 24 (A =254 nm) 0.958 [44]
[}
(- AR

Wi e

o, W M
—- Wk s> OnEE A\ 2 pARSPAES
CUEGE VS

SRR
AHLT . NOS4H)

Pl 4 Tt S5 A S T AR AR oA LTS S R e s 2 1]
Fig.4 Schematic diagram of degradation of organic pollutants in water bodies

under flood discharge atomization conditions

3.3 ZALIE AR #E FHLIS 4 B IR B 270 i%E

B T WA FH A ST W B Pl 2 2 V5 ey 7 K P R B e AT 9 TR BE A Y =2 — ) SRt
R TR AT A S R R, FT S ORI A R AR AR K A T A UV i S AP AR OBk 28 7 iR i T A5
FE I R A SR A S, A PR R A Rl R B i S AR DTTE Y, S B HILTS Qe e B/ SR BT T
MK ) e
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F AL 234 TR PRI I DR ITHH A 70 A b 5 A A S ST, AL 1) Ak o it 1 i, 97 i S A 2
M 40% S _ET1E] 110% ~120% . X PR K 2RI K PR 373 BRA F8 B 26 AT 1) 00 ), o m] A & R A e 5
A AT PR T (0.16 mg/L) IR B 1 (0.022 mg/L) #H A — & RO E , 70 A0 A1 T A ik S Ak A
ALY, AL AR A R E HE R TR A5 F i IR B A B e R TR A AR AT R PR A
SO B K VAR S Y FTTRE T A, v TR B B A AR B R AR 9 — i, T LKA BLTS
YR I WA 35 B AR K A LTS e AR AR IR AE 2020 4F 10 06 PHT E RS B U R
1110 km GhRJZARIR KR IE T PAEs HEATRRIN A B, )2 KK SPAEs R EEEIUT 1 km 40 TR, BffS A 1
THla s AR R b5 Qe ok B 52 0 35 T e X e T I i BRI 7 MV it S A IR AR 2 Bk A B T HE 1 A
TR U B v L 29 D SN 2 7% (P 3) . bl TR PR it S A AU i SR A AR e A s,
K P v R A v 4 A 0 R A A P 2R OREAR BBOR ) 2R BE W) B UL , SR A0 UCHE W) ot A Bt B AT — 2 Y
SEHEALERE , 1T 50K PAHSs Fil PAES V5 ey & A W B — W0 ST , e 20 S 8005 Je s B b1 ks
WF9E T K PEZ= AV R R R R 52, e BRAE B 2 2 IR 2 R SR R 58 v, LR vh Bk A S A 0 7 i
IR AR, S EBOK R P2 AR SR KPR B9 B vk B B TR )2, 3 a1y b 37 ORI K I A i 226 T 5 | e ik
ZKIR) BT B R PR Ty, I R W R R R R ) SR ORI, £ B ITIAR , T LA A i A S 1) SOV K A R AR
(1.37 mg/L) Bk# 5 (0.16 mg/L) FI% 21 (0.022 mg/L) WA T IR KA LL L 3 Bl Ik I 2 f
PN, o A A AT BTG G R IE RS AR T L (B B R R B AT A5 i — 2B T 5

4 &k

T I X PRV KO 0T TR 30U B 30U K A& rh 16 i PAHSs F1 6 Fft PAEs ST RAE ST, & B 5 0
TOKAAILASIN S 8 F PAHs F1 5 Fi PAEs. SIUATWITEAH LG , PAHs 78T 1.5 110 km &b 1k & T BEIE 5
Tk 34.6% 64.8% F1 75.7% ;%5 B4 PAEs ¥ BE R A 43 5 21.5% (47.0% F1 71.3% . 3% T J& o7 W 45
J MBS F 4B T RN L SE AL 230U KR i PAHS il PAEs SER8 5 Ak i A2 R AL , 4 356 12 335 g
WU SERRE S b2 A AR B 25 R AT . e S R FH TR WL 1 2 PR A0L S 96 AH 25 G 1) T B, BR R MR 55 1k
XA A A WIS G S EAS AN ALAVE R AN ST AN [ (It 25 A2 A i SV B S X A LT e e ot 1 s i)
AN [E SR B A7 B 25 Al AR ZR o 7= A TR O A AR B I 25 A0 T A WLTS Gl B R A s A R P ) A
. AR TAERY IR, B2 3Tl B K R T AR XS K (A b s Y W03 B A AT R 19 5 i) 2 LR 2
Az

5 && L Hk
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