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Fig.1 Location of the sampling sites in the middle
and lower reaches of Hanjiang River

1.2 HmRESWUE
1.2.1 3R LA YSI650 22 oK 573 HriX
IGREM A R A (DO) IR (T) 1 pH {H. BFE R
RAE 500 mL JKEE, B AF T 4°C RO Q0K A , 4 [0l
S s 4 ORI 73 A J7 %) (55 4 i) BEAT
B CIN) M # (TP) (9 K2 I Kritiansen 55
(2001 ) TN Ay fik o A 2 7 A 30D ] 0] 8 A 7 T 1 42 il
PR, KA P 8 g A1 o TR 85 A W 2 A1 Ay Tk 5 400
JRUBE ERGRE . PRI AE SRR SOR AR 500 mL A7 /K A
PR ERERRER S N2 , O iA S IR OC [ M o 4 =)
(U S Geological Survey, 1989 ) $2H4LF 438 7 s o
1.2.2 FisEs R 25 SRR MAERIZ K
0 T FIRA 3 ~ 5 min, FEHURE AR LA 100 mL
J7EHL, A 4% 9 PRV I R , B Bk A
S 28 (WS 8RR EN.C ,2006) o A2 BERE AL LR
JKAE T LA 10 mL f Lugol ¥ [f %€ , LA TCRE % 4%
FERL DUTE 96 h, BL W b 38 e, 85 7K AF W 40 3]
30 mL, PRAFIF TR 17 T A A 1A 5 i M RE 1 S 5
T Olympus BX43 Sl BB il , % 1
oM LR 128, R 17 MR R PR WA 0 1 2
HE RIS 5 (/L) o
1.3 HiEZitS5H9H

TR 4 A K3 (X1, X3 .X5X7) /9 H i & i
B R IR T 19 4 K AL IR R B T i A1 1 K
%1% B, (http ;//www. hbnsbd. gov. en/) .

LA Origin 8.5 S iHVRIFAE Y it 504 I 22 i 1
o FIHISPSS 13.0 A/, LA Pearson FHICHE £
ATRUAS S5, S B ik /K AL %6 B2 55 TN TP Rk R #
DO K& F1 pH S5 FAEE R F A G 5 LA R 3K %
Ao Vi 1A 5 4G B 22 oo 4 vk BB RL, 4347 K
TP RAEI [B] CRAE AL Z B E TR S
20 o R e
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2.1 FHFEYMEESZTEAN

2015 4FA1 2016 4FE & R PUIL T KL LA,
FLAGIN R PR A T T T CHU ST ] RRBET] VHE BT
PRpEl ] sl BB TAESET]) 31 B (3R 1),
Horb GRS 15 2, 764 sl 00 o 35 A 1 W A iy
29% (X3) % 48% (X6) ; Hk 244 ¥ 171,2016 4E7E
X7 G Py A i /b, 7 B 20% , XT LB K H S
Z 5 BB 35% o 2015 4EH1 2016 4R Hoa ks 4%
I IPEITEAE ) 10 22 00 AN R, FE T T e T A
P, HETT7E X1 X2 X3 X4 i Wb 4, Z 5 Ak
TF s 43 AU X1 A1 X3 I3, HoAx S Hf AR
W], 2015 4552 e AR P Fh 28 o5 22 1Y /2 X8, K I )
A 29 J&, s/ E XS, Kt 24 & 2016 AR
YRR Z W2 X3, 31 & /2 X1, {UA 23
J& o TEKAEZ AR, T A sUALEE A ) R S 2H A
IR EESR

2015 4FF1 2016 A= UL L e AE ) 1Y)
EREAMMN LR TR R ENSRZER (B 2),
BFERER A, N X3 BLE A X8 g, B~ ul
(DL T 131 4y 5 B 88 J& ( Stephanodiscus ) (K% 4
4,2009) , HA Yo i U9 TE 95% VA 15 X3 82D
AEKAEI A AN R T 107 A/L X1 #ER
X2 FEPH I 10° A~/L 5% LT ;2015 4F X6 %1
TE7K A 301 1 Ui A 00 A4 L 35 2 1 1 28 {8 e v, A 0
4.0 x10" 4~/L, X4 PRz, 7 3.0 x 10" 4~/L, &
i X1 R X2 Ak, X3 R E A AK, A 1.0 x
107 4~/1;52016 4F X3 B FEF] X5 AlAk 40 25 5 1
BT T 3.0 x107 AN/L, el X4 Py, 355k 4.0
10" A~/L, B i X1 F X2 4h, X6 3% 0 F ik, 20 K
1.0 x10” 4~/L,
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722 R 2015 - 2016 AFE LA R Tk
R AL bR {H . 2015 4ET3E DO {4 X1
5O B K, O 8.57 mg/L,XS 2% [ H Bk =, oH
19.10 mg/L;2016 4E T 3% DO i X4 Vb ¥ & 1%,
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Tab.1 Phytoplankton community composition in the Hanjiang River during the diatom bloom period (2015 -2016)

R X1 X2 X3 X4 X5 X6 X7 X8
" 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
FH 35 7] Pyrrophyta 1 1 3 2 2 2 1 0 0 0 0 0 0 0 0 0
#i:] Euglenophyta 1 1 1 0 1 3 2 1 0 2 2 1 1 1 1 1
W ¥ [] Cyanophyta 5 4 4 6 5 7 6 5 5 6 5 4 6 8 7 6
%31 Cryptophyta 1 1 1 2 2 2 2 1 4 3 3 2 2 1 2 3
4> ¥:["] Chrysophyta 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
253 1"] Chlorophyta 7 8 8 8 7 8 6 8 6 5 7 6 6 5 8 9
fiE ] Diatom 8 7 10 12 8 9 10 12 9 9 8 12 11 10 11 9
& it 24 23 27 30 26 31 27 27 24 25 25 25 26 25 29 28
- B 3%
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Fig.2 Cell density composition of phytoplankton at each sampling site during diatom bloom period of the

middle and lower Hanjiang River (2015 -2016)

10.91 mg/L, X6 ¥ [, A 15. 83 mg/L, X4
PABI T i P P T A0 e AR o, R 2 1Y
HA AR T K DO A S, 2015 4F T
AR X1 B e R 9°C , Feimi X3 B 14°C
2015 4F Ttk I X1 KU RAR N 12°C, femioh X8
%£48) 16.20°C, 2015 4E T i K4 4] pH Ky 7.90 ~
8.86,2016 4 pH 7£ 8.05 ~9.03, A K5, 2015
AT XT AR R R R AL, O 0. 84 mg/L, X3 &
FEfR Ry, O 1,53 mg/L; 2016 430 B SR B IR 7E
X2 2B, 1. 24 mg/L, B 5k X6 B O
1.67 mg/L, 2015 4= S8k X2 5 A0 X7 k5
1, 240. 03 mg/L, Fx 5 1E X1 ¥ 5, 4 0. 12 mg/L,
2015 AEDUTAFOKAE R PERERRERF X2 R ERAR

H3.82 mg/L,7E X6 F O G, N 9. 21 mg/L;2016
AEIN) X1 8 G R A, R 2. 21 mg/L, X4 Yo,
N 5.67 mg/L,

2 3 R /K BT ERA T bR -5 P A P 40 T R (
SRR EE ) (AR OGRS AT o T IR A ) A A 2
J£5 DO T pH TN 1 TP Jg g 25 AH ¢, 4 i %%
Ej7KAR TS AR # 5k 2 0Y 1E AH OC M, W] B 7K A 240 g
8% BE 5 R e e TSI/ TN 52 BUAE % 55 1 1E A
Kbk, P9 1 Pearson FR AL 43 ] o4 r = 0.858 Fi
0.941,P <0. 01, ix 5437145 (2006 ) % Pk K
4o 5K M rh EURI AR U IR 45 R AH DG 1 25 e — B
DO Fil pH 23§ 2 1EAH ¢ (r =0. 800, P <0.05)
HAR K BT HAL G b H] T 5 AH G .

F2 2015 -2016 FUIkER £ BHMNEREF RN LR
Tab.2 Environmental factors during the diatom bloom period of Hanjiang River (2015 —2016)

il B/ mg - L K i/ °C pH MA/mg - L} M/mg - L7 pEREL/mg - L7
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016

X1(#%H)  8.57  11.00  9.00  12.00  8.07 8.21 1.35 1.31 0.12 0.10 4.45 2.21
X2 (FEH) 11.31  11.32  11.00 13.00  8.23 8.05 1.41 1.24 0.03 0.06 3.82 3.15
X3( ELE) 11.23  12.01  14.00 13.00  8.08 8.78 1.53 1.27 0.05 0.09 7.86 4.83
X4 (V) 11.00  10.91  11.50  13.00  7.92 9.03 1.30 1.43 0.10 0.06 8.45 5.67
X5(2%pEM)  19.10  12.23  10.00  13.00  8.86 8.62 1.45 1.32 0.09 0.11 8.17 5.00
X6(%0) 13.74 15.83  9.10  13.00  8.91 8.50 1.21 1.67 0.08 0.17 9.21 4.41
X7 (filiBk) 10.00  11.00  10.00  13.00  7.90 8.72 0.84 1.41 0.03 0.10 4.66 3.62
X8 (5517)) 12.20  13.06 13.80 16.20  8.55 8.50 1.12 1.42 0.06 0.07 6.43 5.29
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Tab.3 Correlation analysis between phytoplankton density and the physiochemical parameters of water body

during the diatom bloom period in Hanjiang River (2015 —2016)

27D 20 it % DO T pH TN TP TSi TSi/TN
200 2 1.00

DO 0.456 1.00

T 0.089 -0.027 1.00

pH 0.557 0.800 * -0.120 1.00

TN -0.157 0.285 0.053 0.161 1.00

TP 0.210 0.056 -0.088 0.125 0.260 1.00

TSi 0.858 " " 0.558 0.379 0.490 0.252 0.315 1.00
TSi/TN 0.941"" 0.381 0.321 0.403 -0.318 0.145 0.836"" 1.00

E: (1) DO T TN TP TSi 735l F- i i S KL AR BB FLEVREIRER 5 (2) = 7RI = = " 038 /K- P <0.05 F1 P <0.01,

Notes: (1) DO, T, TN, TP and TSi represent dissolved oxygen, water temperature, total nitrogen, total phosphorus and total silicate, respectively;

(2) *indicates significant correlation (P <0.05) and ™ *
2.3 TRAESEFHENEENXR

4545 2015 -2016 4K A& AR IR 4 AN /K SO
SR, 430 R — o7 B I i ) 4 8 R T O e 1Y
Ak

2015 AE/KAE KA (B 3)  XT B s B Pl
VI BEM 4.0 x 10° AN/LAE9 d IR 1.5 x
10° AN/L; i AT 8 d 78 600 ~700 m®/s, 45 9 K%k
IRZ 450 m*/s;X3 2 A TRUFHL Y I BE M 2. 0

800 =l —o—iE

indicates highly significant correlation (P <0.01).
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1 000 m®/s ;X5 [ W] fr) 7 Ui A 470 40 5 8 X 1. 0
x107 A~/L#InZE 3.5 x 10" 4A~/L, Ji & Hi 6 d M
850 m*/s P S REALE] 710 m*/s, Z )5 3 d FYA Ik
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Fig.3 Correlation between phytoplankton density and flow discharge during the

diatom bloom period in Hanjiang River(2015)

H 2016 423 H 1 HIA GG MK (K 4),X1
B I TR IR A0 M 2 B AL 5.2 x 10° A~/L 3
ZF8.0x10° A~/L, i &Hi 7 d 7F 380 ~600 m’/s,
553 ~6 K HE TR 600 m*/s, 55 7 KRR
380 m’/s, )i 2 d WA L FE, 7E 400 m’/s AE A Bl

X3 5L FE F 17 7 AR 400 440 M0 2 B2 BN 1.9 % 107 A/
NZE 4.0 x 107 A~/L, 7t M 500 m®/s 3 i %
780 m’ /s ;X5 4 A 17 UE A 0 A0 0 2 T 4 d A
2.5 x10" A/L FEFE 2.0 x 10" /L, J5 5 d Hifn =
3.0 x 107 /L, AT 4 d M 400 m'/s 30 =
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Fig.4 Correlation between the phytoplankton density and flow discharge during the

waterbloom period in Hanjiang River (2016 )

PAAERYAHOCHE I 7 , DUTLK A 1 % A S ik
SO R P AR AR 5C (3148, 2004 b ; F 21 345,2004) .
ABIEFE FERAE UL B A LT 307 5% 2 FISRAE I ] X6F
KA K A 5 e R i S8 EL S R T e e 5 20 ) i (2]
YRI5 VR AUN A AR P AT M 2 5 DA P 22 ek [
JARERILE RN 4 FroR

SRAF IS [A] SRR UL Z [ 1 L1 7 56 2R 35 4
Jif o R A iR Y R TE AR SR (P < 0. 001 ), 7
A A R AR B A IE A5G (P <0.01) {H%
JE L2 8] ) T i b A O AR S U A R A
sl DRSO, i S s L 5 0 i R S B i 2
2 DA SE (P <0.001)

R4 ZRLMHEAREBEUIKERZHEVARZTESRENEXYE

Tab.4 Multiple linear regression models indicating correlation of phytoplankton density

with flow discharge during the diatom bloom period in Hanjiang River.

HAE & & o oBom i AIC F
0.07*** S 0.25 9.30 13.10

Call 0.46°** S— 0.187*** Sx 0 0. 65 -17.20  33.90
—0.24%% 4 0.41°** S + 0.03°*T = 0.16*** SxQ 0.71 -22.80  29.58
~1.89%* 4+ 0.66°** S +0.05°*" T +0.95**Q - 0.31"** §x( 0.77 -30.54  30.62

TE: (1) Cell (AFANM L, S FRAFRIAESAL(EFWERF) , Q FWnE, T N REEN ] BAUZE LSRR AN :Cell ma+bx T + ¢ x
S+dxQ+exSxD,HHa,b,c,d,e }ﬁ%ﬂ%?&,ri,ﬁ‘é&{{;  {f, AIC 5§ Akaike Information Criterion; * * * 275 i Z /K P <0.001; * * &R i
2 KF-0.001 <P <0.01,

Notes: (1) Cell represents cell density, S represents the upstream and downstream relationships of the sites, ( represents discharge, T represents
sampling time; The complete formula for simulating progressive fits is; Cell=a+bxT+cxS+dxQ+exSxD, a, b, ¢, d, and e are model coeffi-

# ok

cients; (2) ri,j represents adjusted r* , AIC represents Akaike Information Criterion; (3) ** * indicates very highly significant correlation ( P <0.001) ;

* indicates highly significant correlation (P <0.01).
3 g

EEKEESEERHXER
AT, DULAE B KR & A 5 UR R
YIRS . DULAF R UE R Z & (10 ~20°C) |

KA DEIRTEARL  f 2 BB R A A (DB
%4 ,2000 5 52 B 45,2002 ZE T 4F,2007) o SALAF
(2002) BT H T AT K JBORETRY AR BIF S, B 4025
R R DA B K AR K R A B R AR K
T 6°C LA I DG HRFE R i 5 DUTL Rk B K A 22 AR A

3.1
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JE/NFREE, 2005 4E 4 T % 5E N T 4 3 ( Stephanodis-
cus) (FRYU VA ,2009) 3 Z J5 AT HOGsR I Z AL Y
A BT R B LS ) dpci A 45 2 2 000
~5 000 Ix, 4z B AR K A % AR I 3 %) ' R 2% A
(BEKHEAE,2012)  ABFSE WL Y 2015 - 2016 4F
KA A KRR 22 A 10 ~ 15°C, i BUOE 3 3R
1, Xt 5 R HA I i S 30 3 AF 5 il B e v A R 2RI
TP A P Y — 3K (B R R A% ,2012)
3.2 HEREAKESKAEBULEZRNXE

IR S AR PR R ER 5 kS K AR B R AR 5 )
AR A BRI KAR P REOT R & 8w, 2k
AR K T v b T R b AL T B A G S R
( Tsunogai, 1979 ; Tsunogai & Watanabe, 1983) ; i1 T
A FIRBUR, ik BORZ AR & ), K i
TR T 00 A IR R A BIL 2 o B 1 O i 8 4 i e
Jit, f RV VERE RRER B B K AR G AR 7 T Y
PRI o B A R K PR B A i B
DUILAY 13 25— b, BT AT B J T R
IS5 22 2 R K B85 22 , FeaU AL COD S5 45 bR ™
HHRR 5 1 R 9 SO A B IR SR AR OR Y R R
TR BEE LU KR, SMIERE TR BT A K
S, SEEUT AT RSB, I RS
PR BT B3 (52155, 2002 ; Rk 58 55, 2002 ;
FLLPEAF,2004 ) 5 BORHRAE (2012) IA N DUILAE#EK
e 5K B A FRERRER A B I IEA G . AR
FORTEAE KA R AR W B rh, 7K A A ek 80 EE X 240
B RE YRR A5 A R KA 3 K Ak R SR A
K, T HAR MR R K R R LB SR A R AR
55(2006 ) B 4t 7K Hh IE AL R 2L G X = i K A
TR S T DU R R B T2 U kR Ak
COD Fa A S5A MLAR A TCHLE B3, I 4F & A4
TE KA R O K A e e 1R 6 A BE TTOAR, 485 H
A R ARETEDUL T i — Se i B yb i e 1
St 1 AR R BRI , ik K AR 1 2R A
T A R E IR A AR CRUR A A E SORK,
2007) .
3.3 EEREKEESRERRENXER

B 28 A b pE i K AR Y 1992 4F (1998 4R A
2000 47, BT VR ANk K Sk B 3 S Y (R Y A
425 m’ /s, 7K A H AR I R T 55 S T 1T 19 3 3 4
$70.59 ~0.75 m/s Ff10.13 ~0.21 m/s( BEREREE,
2012) o HliZK A B K G b, PR K PR ik 3
AL, FEOULH T /D g, & LR
FE —BONRBDKE R LN R Z —, W%

(2006 ) I\ g LI fiE B K 48 4 AR 19 i 5 7
500 m®/sZEAT s FLLHEAF (2004 ) 3 o @ 7 B2 Uk
S Y BREOC AR, A 8 5% S W 1 & 2B 7K AR )
IRIE A 0. 225 m/s, ABFFEIN, AR 51 R
KA LA RN Z — (B R 5 8 R4 T
U Fek AR ) A ) i B T P, B 2 e A
A 7 TR BRI 7KL 2 i g 1] ) 22 57, S BURE K AR Y
AW TR, 112016 4EETR KA R AR, KL
Bl s EERPHIT A Y XAt e o [ 25 ok
600 m*/s, Z 4 H4 600 m’/s R itk ARz 1k
BEKAE A Y RO L i 22T U A I ) S IR

4 #Fit

(1) DULLAE KA 1 K A 5 K A v TSi A TSI/
TN SEE SRk BF IEARSC, BEWIDUIL A T Tl i
5 SRR E TR 0 ST T ek BE AR AR B A A
PRt T A0, Horh NOFI Si 2 i AR R

(2) KA BUR , BEAE H A 8, AR SR oe £ 5
( Stephanodiscus ) )2 I %5 B2 72 56, A0 G -5
M0 T )7 B I A DDA R 5 A T
B RGBT | F i A ) 200 2 5 TR (HL23%
B SN B SRR R KR IR R 5 R
SCHAEHT, 20 B2 -5 30 e S A HG i 20 0 S 2 B A
K, UL A TR K AR A R B K SO R

(3) M B & DU T i Y DR e K A,
RO M — SO 4 IR, 1D COD LB R
FIRERRER S5 IG5 AR, R B SR 4 5 &R R AE Ty
SEER AR HOECOR A B, 75 G T A
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Analysis of Factors Influencing Diatom Blooms in the Middle and Lower Hanjiang River
WU Xing-hua', YIN Da-cong’, LI Chong', CHEN Lei', LI Yuan', ZHAO Ying'

(1. China Three Gorges Corporation, Beijing 100081 ,P. R. China;
2. Water Resources Department, Yangtze River Science Research Institute, Wuhan 430010,P. R. China)

Abstract: The middle and lower Hanjiang River ( downstream of Danjiangkou Dam) provide drinking water for the
people of 24 cities and counties along the river. However, diatom blooms have occurred frequently in winter and
spring for nearly ten years, since 2008, and the duration has gradually extended, posing a threat to drinking water
safety. To explore the causes of diatom blooms and provide scientific evidence for bloom control and water project
operations in Hanjiang River, we carried out intensive monitoring of qualitative and quantitative indices of phyto-
plankton and physical and chemical indices of water quality (total nitrogen, total phosphorus, silicate, water tem-
perature, pH and dissolved oxygen) in these sections during the bloom period in the early spring of 2015 and 2016.
The correlation between physicochemical indices of water quality and algal cell density and the relationship of dia-
tom cells density to flow discharge were analyzed. In the spring of 2015 —2016, the diatom algae bloom occurred
from Xiangyang to the lower reaches and lasted 10 days each year. During the bloom, monitoring of phytoplankton
and water quality was carried out once a day at eight sampling sites; X1, Huangjiagang; X2, Xiangyang; X3,
Huangzhuang; X4, Shayang; X5, Xinglongzha; X6, Zekou; X7, Xiantao; X8, Caidian. The integrated hydrolog-
ical data was provided by hydrological stations of the middle and lower reaches of Hanjiang River. A total of 31
phytoplankton genera from eight phyla were detected during the investigation, with absolute dominance of Bacillari-
ophyta at all sampling sites; accounting for 29% —48% of the total phytoplankton species at each site. Phytoplank-
ton cell density varied significantly among sampling sites. Phytoplankton cell density was > 10" cells/L below the
Huangzhuang section ( X3 — X8) during the bloom period, and the dominant species was Stephanodiscus, account-
ing for more than 95% of the biomass at all sampling sites. Phytoplankton cell density was not significantly correla-
ted with DO, temperature, pH, TN and TP, but there was a significant positively correlation with silicate concen-
tration and the silicon to nitrogen ratio (r =0. 858 and 0. 941, P <0.01). Because of the interaction of distance
between sites and sampling time, the relationships between sampling time, distance of the sampling sites and cell
density was analyzed by using stepwise regression and fit to a multiple linear regression model. The results showed
a positive correlation between cell density, sampling time and distance between sampling sites that was very highly
significant (P <0.001) , as was the negative correlation with flow discharge (P <0.001). Causative factors for di-
atom blooms include suitable climatic conditions ( extended periods of relatively high water temperature and strong
solar radiation) in early spring, high Si/N, and low discharges. Two suggestions are made to prevent diatom
blooms in Hanjiang River: (1) Decrease pollution inputs from towns in the Hanjiang River basin, particularly for
total nitrogen and silicate, and (2) monitor discharge at critical sites (Shayang, Qianjiang and Xiantao) in early
spring. When discharge is less than 500 m’/s, local water conservancy departments should coordinate efforts to in-
crease flow discharge sufficiently to prevent diatom blooms.

Key words: Hanjiang River middle and lower reaches; diatom bloom; Si/N



