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Abstract: In order to explore the spatio-temporal variations of water quality in the upstream and downstream (99.9 km upstream
and 63.0 km downstream of the dam, total length 162.9 km) of the Three Gorges Dam, principal component analysis and variance
analysis were used to analyze the vicinity dam water quality in 2016. Principal component analysis showed that the main factors
dominating the water quality changes in the study area were hydrological factors, such as discharge (Q), temperature (T), water

level (Z) and water quality factors, such as water temperature ( WT) , dissolved oxygen ( DO) , suspended substance (SS), per-
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manganate index (CODy,, ), sulfate (SO ), fluoride (F~), total hardness ( T-Hard) , nitrate nitrogen (NO3-N) , total nitrogen
(TN) and selenium (Se). The principal component scores of each sampling point and two-way ANOVA showed that the time varia-
tion of water quality factors in the study area were mainly different in season and operation period of different reservoirs, and the
water quality changed in reservoir drawdown period ( February to May) was mainly dominated by T-Hard, F~, SO%™ and electronic
conductivity (EC), while the main leading factors were Q, SS, COD,;,,, NO3-N, TN and Se in flood season (July to August) ,
and the water quality in the end of flood season ( September) was dominated by T and WT, and caused changes in the physical and
chemical properties such as DO. In addition, chloride ( Cl”) was the leading factor in the period of high water level ( December) .
At the present stage, changes in DO, organic pollutants ( CODy,, ), inorganic salts (SO3, F7), nutrient salts ( NO3-N and
TN), Se and mineralization degree of water ( T-hard) dominate the changes in regional water quality and make the greatest effect to
the water quality among all parameters. The analysis of variance showed that the physical and chemical characteristics (DO, pH
and SS) , nutrient composition (NH;-N and NO3-N) , inorganic salts (EC and Cl™) , petroleum organic pollutants and fecal coli-
form (FC) of rivers were varied significant in the upstream and downstream of the dam. The seasonal influence factors such as tem-
perature, water temperature, rainfall, sediment concentration and reservoir operation mode were the main factors affecting the time
difference of water quality near the dam. The spatial difference were mainly affected by the pollution of urban and the change of
hydrological and hydrodynamical conditions by Three Gorges Reservoir operation. Therefore, controlling the exogenous pollution
caused by human activities in the study area and implementing a reasonable reservoir operation mode for the seasonal variation char-
acteristics of types of pollutants are the key to water quality improvement in the near dam section.
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and downstream
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Fig.1 Distribution of water sampling sections in upstream and downstream of Three Gorges Dam
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Tab.1 Characteristics of water quality

factors in the studied area

KA ¥ B ebrifEzs ST
WT/°C 19.7+4.7 12.9~27.4
pH 7.96+0.13 7.38~8.40
EC/(pS/em)  352.1+19.4 312.0~390.0
SS/(mg/L) 41.7+38.4 14.0~236.0
COD,,/ (mg/L) 2.1+0.3 1.8~3.3
BOD;/(mg/L)  0.83+0.12 0.60~2.70
Cl™/(mg/L) 13.44£2.90 6.83~18.87
SO¥/(mg/L)  40.52+4.64 31.85~49.26
F/(mg/L) 0.220.03 0.15~0.27
T-Hard/(mg/L)  146.9+15.6 112.9~171.2
NH;-N/(mg/L)  0.093+0.009 0.066~0.141
NO;-N/(mg/L)  1.683+0.182 1.289~2.058
TP/ (mg/L) 0.1020.01 0.08~0.13
TN/ (mg/L) 1.85+0.17 1.43~2.21
Se/(mg/L) 0.001£0.0004  0.0003~0.0017
As/(mg/L)  0.0011£0.0002  0.0008~0.0015
POP/(mg/L) 0.030.01 0.005~0.090
FC/(ind./L)  8178.1+6405.3 490~35000
DO/ (mg/L) 7.85+0.82 6.31~9.51
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Fig.3 Actual ranges of petroleum organic pollutants (POP) and fecal coliforms (FC)
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Tab.2 Principle component analysis of monitoring index in the studied area

W

LRI Ei=g
PCl1 PC2 PC3 PC4 PC5
IKBL(Z) -0.128 -0.007 -0.723 0.420 0.022
WEQ) 0.878 0.250 0.026 0.107 -0.123
SIE(T) 0.852 -0.123 0.204 0.342 0.010
KR (WT) 0.805 -0.510 0.064 0.214 -0.091
pH -0.131 -0.274 0.405 0.073 0.656
o SZ(EC) -0.620 0.512 0.265 0.304 0.047
EIRMI(SS) 0.865 0.183 -0.242 -0.160 0.210
B RRERIEE(CODy,) 0.904 0.164 -0.166 -0.121 0.219
i H A b7 & = (BODS) -0.005 0.206 0.624 -0.104 0.237
() -0.490 -0.622 0.124 0.183 -0.075
Tk (S03) -0.770 0.481 0.200 0.265 -0.076
ALY (F) -0.475 0.737 0.089 0.176 -0.046
SR (T-Hard ) -0.392 0.808 0.179 0.206 0.105
A (NH;-N) 0.447 -0.429 0.506 -0.205 0.125
A E(NO3-N) 0.283 0.798 -0.034 -0.145 -0.184
T (TP) 0.412 0.699 0.092 0.160 0.256
MAE(TN) 0.240 0.795 -0.105 -0.226 -0.228
i ( Se) 0.277 0.918 -0.029 -0.056 0.032
fifi(As) 0.663 0.630 0.006 -0.068 0.159
HMRE LIS Y (POP) 0.029 -0.054 0.497 -0.404 -0.499
HKIHEBE(FC) 0.573 0.144 0.486 0.448 -0.338
W4 (DO) 0.780 -0.334 0.062 0.430 -0.159
A 7.300 5.909 2.139 1.372 1.212
J5 2 BHRES % 33.182 26.859 9.725 6.238 5.507
BRI E TR/ % 33.182 60.042 69.767 76.004 81.511
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Fig.4 The PCA biplots (scores & loadings) of hydrology and water quality factors in the research area
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Tab.3 Two-way ANOVA significance test results
001 5 v U Wi
KA F 1 KPS F 45 K PEIE
KA e KPEZ TN x
= KRBT 1 52 1T Z=T KPR AT A B 52
BIFYI(SS) ook ok ok ok
EARTRERTE R (COoDy,) sk sk ok sk
Siedr(cr) FrTs *% ok s s o,
iz (S0%) sk sk sk ook
AR (F7) EE stk stk ok
SV (T-Hard ) seokok ek ek ek sk sk
4 (DO) Eres k% #% ok Eres *%
R % (NH;-N) ook sk oS
AZ(NO5-N) ek e ks sk ek
B (TP) sk sk
HA(TN) sokok ok sk sk sk
fif§ (Se) EEE sskok sk stk T EE
fif (As) sk sk sk sk sk sk
A IZEATHLIG Y4 (POP)
KRG RE(FC) Hokok sk stk sk
pH ook ook EETS

i FORZEFM R (P<0.001) , #x FR2E 57 BH (P<0.01) , BFERFE N 0.01.

R ST ST A5 L , FE R ] 22 53 5 2 1A b skt DO\ T-Hard ,COD,, \SO7” Se TN 1 NO;-N 7 4~%,
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Tab.4 Multiple comparisons of seasons, reservoir operation periods and average combinations of different levels

i [ISES a=0.05 JKFHE a=0.05 b SES a=0.05 JKFEHE =005
DO D a A:Tl a T-Hard A a ATl a
A a D.T1 a B b A.T2 a
C b D.T5 b D C B.T2 b
B ¢ A:T2 be C d D: Tl b
C.T5 be B:.T3 c
Tl a C.T4 c T2 a C.T5 cd
T5 b B.T3 d Tl a C.T3 d
T4 ¢ C.T3 d T3 b C.T4 e
T2 c B.T2 d TS c D.TS f
T3 d T4 d
CODy,, B a B.T3 a S0%” A a A:T1
C b C:T3 b D b A:T2 b
D c B.T2 be C c D:T1 c
A c C.T4 cd B c B.T2 c
C.T5 cd DTS5 cd
T3 DTS cd Tl a C.T5 de
T2 ATl d T2 a C.T4 ef
T4 b A:T2 d T5 C.T3 fg
TS b D: Tl d T4 b B.T3 g
Tl b T3 ¢
Se B a B.T3 a TN B a B.T3 a
A b B.T2 b A b D: Tl ab
D ¢ A:T2 b D b A:T2 b
C d A:T1 b C c ATl be
DTl b B.T2 c
T2 a C.T3 ¢ Tl a C.T4
Tl ab C.T5 cd T3 a C.T5 d
T3 b C.T4 de T2 a D.T5 d
T4 c D.T5 e T4 b C.T3 e
TS5 ¢ TS ¢
NO3-N B a B.T3 a NO;-N B a B.T2 a
(30 |- W ) A b B.T2 ab (3T W ) A b B.T3 ab
D b A:T2 ab D ¢ A.T2 be
C ¢ D: Tl ab C d D: Tl cd
ATl be A:T1 d
T2 a C.T4 cd T2 a C.T5 d
T1 a C.T5 cd T3 b C.T4 e
T3 ab D:T5 d Tl b D:T5 e
T4 be C.T3 e T5 ¢ C:T3 f
TS ¢ T4 c

# R AR A P EIKEN NS A BLC.D MRS B B &2 T~ TS B ok P2 AT I 9 |
LI A TN BRI RN E RS ROR LIS AT /NG PR 2 E LR AT R S5 R AR 5B 3R I R S & 1) AN A e
BENEZE SRR TR IR AR Bk 22 5
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M1 4 I R A2 (A D) FIHVE I (T XSG DO Y fe i, 2 BAE MR DO ¥ JBE fi ey (L 37
THHEIABR RS (AT E AR TR B Z M i 4L (B T2) s 53 (A) ARSI I (1
T2) T-Hard 125 % T HABK ], F B AH LA (AT T-Hard frfm, SHFF ML HEE WA S (A:T2) 2
SR R T AR A SR B L T Rk s T 45 (D TS) 5 CODy, FEZZFATHIK
JEANTRIZ AT YT 2805 ), 1 B4 S FLAE FSE R RS S35, o fEL D BRTE S R AN (B T3) | Fe fIR {11
BAEAR KRN0 AR T VRS AT T3] SOT v B2 1 35 oy T LA I 409 , d vl (L 41 IR AR R AT P 0 4155 (AT
FRARAE B I AL (B T3) 5 Se W22 =10 UK PEIB AT 22 HAR WA 0 3%, fie i (i Hh B ) 29U
M5 (B:T3) , F AR BEA R R ALS AT I (D T5) AR &K (C:T4) s 5 TN YR 358 T A
BT (T3) SR (T2.13) 2255 A B3 BB T & KA S KOs 17, S8 BAE S 2 %
ARG (B T3) TN ¥R 2 5y , Sre (I fEL D BRAE AR =TI AL 45, B 9 3 635 300 L IR B IfT NO,-N ¥R B2 e 55
(EX N BUAE R 2 0 Wi 4 i v 300 (T2) 238 i T Al 300, 52 219 150K 2R as 47 9 S8 EL 52 i, 3001 W i
NO;-N f B E FIUNA A (B T3) AR5 EF  EFHHE AL T0UF W7ok (E e
HEHEPIHEMALE (B:12) , 5RFN (B T3) TR F 2 5. 5 TN W, IL_EFIUF B NO;-N
WP R ARAEII T BUAE 9 A A7

3 it

3.1 KIE T K B = 8 L 41

SRR K AT B L i K B4 ) 22 S T 3 B R T U B BRAL R (DO pH I SS) B FRER A
SIF I (NH;-N F1NOS-N) TEHLERZE (EC F1 C17) Al ZRAT LIS G B A= ) (FC) S5 bR ik 22 5. R
BRI TR K S R Bl 2 26 WK B 7 A T — R R R, R R BN R R IR A B SR N
Fe) 7K R BE B KK IR A2 U A S SRR i R T R U B T K MR E R MR
(s Bospoot FH, 7K PE VR K 45k 4 B 17 B 838 140 7K Uk 432 3 R ol 5 3 1] 5 26 P A A B SER A
L WK A TEALER (EC \CLT) W JBE {0 35 g T30 BT, 3 45 FF 300 DR 1 14 2 P8 A 300 9l R AR 3 ) B s 1Y
4. BRTOREE R SWOK I EKR ARV BHEA T R HEVD FOAR B 50% |, e b it Cl 4 s
HAT R (0 W BT, DT S 250 7 300 ANHUR Wi SSEC | CL 9 B 1y 22 5. JLrp 301 B il EC | CL 9 JBE 30
W SR, 25 0 I BTS2 bR K | =K A B A5 2K SCRIK Bl ) 24 2 AR A B , HLIX
B, Pe b A X ) A2, S BOL EC \CL R BEAR AL ER T R BT IAT, 28 = WK PR3 19 )5, 1 26 PR X LT
WTTE SR/ NS 22 WU R 7 2200 Ar 85 SRt — 20 U W 3B W7 TAT EC. 32 2875 /K P8 8] 88 58 5 1) J 25 177
ST W8T R 52 B S 0. 30T TR NH,-N NO;-N [POP [FC 8 2 5 401 LTI A7 890l ™ KL+
U T2 G YR IR S B AE T 15 K HEROR A 75 G . 30U Wi 32 207 T3kl A 35 3K, HLAEE B A
RS T T8 22 [ A7 — R LA NH-N O R B5 Qe TR & B 15 K AGRTHETS 11, 25 T8 S X A I AR 6 R 15 K52
Wi, R Y NH;-N (NOS-N SR SR ER W o T I Wi (45— P02, mAROK 2 R U8 i 5 s &, 0 Tl
TP FAT I (2R Y (A v o 5 SR AL 16T 5 300 BT T TP TN e 2 o 1) B0 35 2 5 Hfinl 15
UL SS WL iR, WORLAS N P R BE A5G, IR SS e BEAR XA, /K UKL NP v BEAIR, (H3UT Wy iwi 52
ST T Y0 L BTTRT 5 , S AR A NP VR EE Al TP VTN OR Y B 25 22 e, T3 IR 85 SR SR 2L 4 Y 2 5.
JRIE A5 FOR TR K BRI 22 V0 4 B, K PR AN (59 22 b LT BB, (A5 300 Vi it vk .
T35 WUR 2R T7 22 3 W 2 I, 1B NH-N R NOS-N i JB2 {5052 715 S M i S 3, i 300~ W 1 52 245 A7k
PEATRIZAT YR 250 225 (P<0.01) , PR3 b 30U 58 F7 k28 18] 28 57 348 52 K P 8 BE 952 0 5 300 DK T
FC o 35 18 T U LI, 3 5 VLA BRI 0 35 R v R 2 5 52 AT HB2 0 835 (U S5 MAF. =k
FEV BE AR KA T T XK= A T — 5 B LT 3UBE K SRR 0 A 23 11 25 S 0 AN eI 22 5 3%
3.2 RHU_E Tk T A i) ZE 4L HHE

R XU 2R T7 22 W B R WIS DX IR 22 J0K 5 PR B ] 222 41 52 B 24 AN ) 7K 3 47 )3
AR AL PR, (L by 7 =0 /i P2 A 24 o O Ay i B2 5 X0 = OCHC 24 8 A X K B PR B S e . HG v
fE45E 45 (DO T-Hard) JoHLER (C) JRAEFEER (NOS-NIN ) G JE (Se As) 452 F 45 5K s AT 2 H A
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FHSZmAR 2 2 (P<0.01) , AR (BERT & U0 it 5 200 2 5K R IR BB DI 7K SOK 3 1 3R Z [ Y 38
AR AR B AN X 1 J LS K BT Ha i (452 M 2 i G (8 28 1. =R 3 Ar SR WH 25 0 (2— 5 1) BiF 5 IX 3k
IKARTEALER MR E (F- A SOT ) Al T-Hard #575 , S S0 K BE LA 5 T 75 W YD A HLIS 4 (Q.SS
H1COD,,) JKAAEFEEL(NOS-N F1 TN ) F2e4: )& (Se) E WM (7— 8 A) Ak il JKEESLH T
KR (9 A) AR R HF, 5518 T DO 5B Ib R PE 281k s ok iz 41 (12 H) CU kB i,
SRR K R AR 32 B R 0L VR TR POP LK 30 F W ifd (1) BOD s 25745 #1UK AR [RLE AT I 322§ R
B3, BOD WK A HLRE A2 15 Y , FLe J8 32K AT B NP 8] 2 R/ VARV et B 20 46 22 05 T S, 3001 B T
BOD, 1 Ji 37 7K J2E 1 i 5 25 AR Ak B 0, T4 T Sk KSR VAT (R /K R IE 2, B — Y 2 SR R i3 17 I
I LU AR (L R A s POP SR80 HH BH B (I (] 22 57, T BB R R IF 9 X 30 VT il 5 i i i iz
WA KIE  RAM R Z A5 YA TR BRI BEALPE.

LZEEMIIERE R, FEHEEEAIE R DO T-Hard 35 18 3% & F H AL, 4 22 &K 7 1247 1]
T-Hard & E T HAI Y, 5 o T4 R —3K. T-Hard 5 SS 75 H i 4 5AH & (P<0.01) , 2 Z2 g K of
AT, REB A MR e YD T ARG, T BE HH T3 7K W58 1, 7K A B AT 4 o W BFF 138 0 1R A 28 A0 U1 v ik o 2
VUK , FEEE 25 Tt W, DT (o8 A5 K AR B FEAIR , T 28 Y v 0 VR IR i it — B 38 0, KV A
IRTS SR RE IR BB A BT 2 R, SOT ¥R B 32 W T RS L /K i PR 45 DR & s i 70 A4S v s ) 24 B Y30
SO MR A%, B KR B R B T8 TR S B 2k B e, B G 2URIFRAIG. SO3 e BE 3% Z 15 ma
B3 FREWKED KRR Tk B s, B B 7 8 K A 33 17 ) 22 T 7K F i J50RE U8 V0 sk 20, K A gt e
YWY SOT /D, ffi A UAAE H BRAE A 2R, B B 25 A T et 338 00 7 AR 1 P R 08 70 A W R T, SO R 38 1R
TR AR, 3t I T 52 e T IF 5 IX ek SO Ik 2ok A RIS 4, B AN TE BRI &5k, KA E T 0
Ao B IR BORE A, R R S B SO B 2 vk IR f4 B [K =2 — 5 COD,, 8 AR N S 32 T 4Rl A TG A AL
15 Y FNR S T AL 5 Y AR R B2 4R, IR0 SUR 1 5 Pearson A G20 BTSSR —3, Kk
COD,, 5 SS.Q Z [ HA IR A (P<0.01) , KBk SS ¥ 3 Xt COD,, A B2, T i & %K
SRR AL X SS FI CODy, WA % S AR B 0. A BF5E M, COD,,, SR VDA % % B G, 76
RERZ G YO, e vb R A LR MR B e T COD,, W B R/, A B KK R K &b &
G ERY COD,,, He 1 T HAb i 1 A9 SCHE N 2 5 TN (NOS-N 785 F%:58 32 Z 15 FIK 42 3 18 52 AR FH 0 5% i %
W, o KB AR/ IMEL 53 31 H EE U AR IR A (9 ), i1 TRk AR U 5K, 7K R I8 B R By
Be—J7 AR TN v B A, 3905 T 5IH% 0T T EE I Z R0, 5 — ik F 9 A B KT &V
TR AR, TN v B il 2 TV T B, it 25K E R R 4 2 XS K A8 AT, JoE X 35 b 0 o B e v T %, 3
IR K BRI AR 428 TN W BERRAIR. T 400 T W7 170 45 P 9% JT 19 NOS-N ¥ B I 28 T oAb i 1, ax b
M B2 e T K P R S PP R IR SR NOS-N B4, 53 4h L B K SC3 2016 A [ 1 1 UL
Bdi A, BTN (NOS-N iR BEARAE Y O 1) FA TR 2 4 A7 B A%, T o g L+ 00 A 2 v Y 9 300 R R0 ) R R T
LR A AF AR 5 4, PR IR 1 /K P VR A S 1, DRI R0 3 B0 0 3 oo R 0 PR AR A K A B0 B R 72 3 e g
WARBZN. Se 24 R A W B E 5 T HABRT I, W SR (8 H B B K TR K 67328478, il RE &
FREBHEWNRZ R Se As %2548 15 Y BRI I AT, TN =2 5 Z ik, K IR K shsi 21, il
WU BB, T H Y Se (As FEHTIEA K .

YN, RS (ST 1960s— 1980s KT H FiF /K it At SRR AL #a 38 , K B As Akt # FLpk
PN R FEAIL, SO . Ca™ (CI R EUAL A Wk B TH R, 1962 — 1966 4FBL B B 1fi C17 1 SO & J8 4F 34 {433 Ay
6.86 Fil 16.03 mg/L"""  AY 2016 4F Wi Bt 43 51 13.23 F140.36 mg/L, B L i b Fh#ad, Ky b i
TN ¥ B3 1960s— 1980s L3RI TR 19 L FHkass, g B R IR AR A 95 KV T 1960s 5 2000s
(2000— 2007 4F) 7 85 1 i AR EITE 180~230 mg/L 22 [, 3 S I T 5 25 Ik W] A 4 3% , K VT3 e
T S AR S L RS, KV R 32 317 8 95 . B SR 45 W9 48 Y =ik /K % 5 KRG (1996 — 2001
AF) X VLB £ G Y F R CODy, M NH;-N, AR £ 5347 7R CODy, 4752 3 S B 5 iy A8 4k
9 SE B, 1 NH,-N R P 3 S5 Y[R, 330t O B2 ke i pl T B AR 9P KT TS Y B JE ok, T
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PTG AR B ATTHERCAS 3 T AR5 i, = kK 2 %5 /K 914 (2003 — 2004 4F) |, #5317k 5% DO, COD,,, \BOD, %
FEARTEIUS WA 03 , Cu As ZETE 4@ A TP TN 2575 SRR vk B 70 100 1 300 I 27 [ I, {EL TP TN o i
(7. b6 2 KRR ek, e B K LA 135 m FHESE] 175 m, 2K R 025 fh e 34t 2% A T A2 , a0 |
T (3547) DO il NH,-N e i 52 T Rt ™ AU Wi B 25 /K U5 28 2008 4EFA AT TH, TN YR BEFE PR 1 %
B A TR R AT R B B (2016 4F ), DO A HLIG YL (COD,,, ) L TGHLER (SO F7) |
PFEZ(NOS-NTN) K4 BICE (Se) KM MH AL (T-hard) 325 B HFFE X IR0 K A8 4k, & =ik K
ST S BE KK 5 1 4 o D

4 &g

1) AR5 X Sl A4 4 A7 1538 30 K K IR B I3 i A vfE ) (GB 3838 —2002) T 2Kk Amafis , HoHr il (5— 10
AWK A1 —4 A, 11— 12 A) 8 T 2K, BARKBRRBE. 3 8500 Hr 2 WA IF 53 X 0K i 32
SHERACHEF Q. T.Z F/KFEHEF WT.DO.SS.COD,, .SO; .F~ T-Hard \NO;-N TN Se.

2) 7K 5T A ¥ [ 28 5 R IR Tl I i B4R RR 1 (DO pH T SS) (B FRERH A3 A8 1 (NH,-N FINOS-N) |
TEHLERZE (EC F1 C1) A S WIS QM KA (FC) SRR 25 7.

3) K5 A ) 22 5 R B B B R 2 RIOR [R] K 2 47 B I A0 22 5. BB B (2016 4F) DO A #L
TSP (CODy,, ) TEHLER (SOL A F7) (3025 (NOS-N HI TN) (24 Jg 7T 3 (Se) FUK AW B (L2 BE (T-
Hard ) {725 16 232 525 XK SR ARk , 2 = 0 I 300 BE /K Sk 5 9 4 31 R 7, L 4 K 2 8ds il 7 (R L
15U TCHLERBRAN ) 32 25 5K R A TR B 28 B AR 2, 1T UL, K% R B 5 2 1) 3 HUR0ON R I 3B
IK I % AN 2RV .

4) 7K J5 R 25 A 25 5 S A2 3k X35 YL HE ORI 7K 22 IR 3 5 S 1 300 RN A0 G TR 2 D 1 7K SCRIK Bl
J12E A 25 T B ] 22 5 R A AR KR (BT L v o 0 2 e R 2R RTOK R R B B AT AR Y
M. PR s 5 X RN I 906 2 S i A MR V5 e, I X AR [R1 205 e W) I 11 215 245 A0 R A1 S0t 45 2
W 7K EIE AT T X2 T 0B K B 2 T 11 A
Bt Bt KT Zak R IR TR B By AR B B R TARIT S & P B H 8

5 Bftx

Fif 3% 1 DL FRR (DOI; 10.18307/2019.0303).
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