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RV S DL 7R K BH R S5 78 7K R b 1 32 0L R (5K is
52011 6 24 K PR S NIK AR 2 5, 43 BT 40K
T AAPEA HLAD (DOMD 5 Uit A 470 A0 = 35 28 FURE 47 (1)
SR T R A6 3 0k, 4 T 52 i 7K AR AR 3 R e v AR )
At R (R T FEE,2019) . WAL 2R 5 UTKAE
BB R R, 0 T KR e 22 1 i, A B
T T RRDUKAEY B AR LB R H 52 X3 R o 5
EEMEN

% W £ (SD) fig B WL S it 7K AR (R VE W R B, 5
HAh e 2 8 2 (8 A & HVTH 8 & (X, 20005
X IE o 45, 20185 ZF ik &5, 2019) « 6 & A Rk St
(PAR) & /K A A2 75 F 41 Hh T /K R 4 AR D A 4
L LAl Be B R YR, — MOE e A R R AL
(K K S e 52 R (3 B B %5, 2009 ; Wang et
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SHETF 7T, K AR BV (SS) U (Tuarb) .
DOM ., M %} 2% a (Chl—a) & §8 b5 4 )12 UE SE RE 72 A
) 2% 1F 7T X K AR ' 27 R 77 AR I 35 B2 (Zhou et
al, 2018) . Spencer %5 (2012) W ¢ 1 3% [ 30 4 ¥
W, RMERKZHEIMEH, HFEBEMBEAILY
(CDOMD 7E 254,350 440 nm I K &b (1) W i 2 %0 5
YA HLER (DOC) 2 1EAH 58 ¢ & ; Havens (2003)
W 58 % B » 7 5% [ Okeechobee 3 1 , AR 2 1 B 7%
[i] A oF O B IO ORI DTk 2 . fE VL T TR
AIE R, KR O3 5 B 2 2 T AR 51 R I TE AL
L VE WU 14 N (Zhang et al, 2006) . Shi %5 (2014)
W 50 R B, R A KT K, A% A A i 25 0% B A A .
B VF R W) 2= BE AR KT 9 7K T PAR 58 & (Zhang et
al,2007) . VFUF LY F1 DOM X 2 B8 )it %8 ik B 4R
2 DTk R, (ELE TE K AR 1) TF e B, =
X6 I AT 7 T AT (5K AR5, 2005a) 5
T B 2l 2 Ak 1 2 S e R A A R VA CfRT
TBEE,2014) o SRS X A F , miE R X )k
A ' 2V J AT R DAL 38 2 S T S I AN (] PR ARRALE
IV 281 3 25 (2018) BT 78 R B » 7 9 e Jir b, DX 3 2 7K A
KR 5 K, H 5 CDOM A 6 M it s = 53 1 J&
WA K, 8 0.19~2.88 m™, i K T KL P st
[X ¥#911 €0.55~4.52 m™") (Zhang et al, 2011) ; H I K,
(1) 5 35 B LR 7 A2 ok BE (R B %5, 2016) 5 $E A1l 1
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R ORE, TR S EA W B KO F AR 97

K AR B BT B 1 T i TR O 98 2 1 (i 4k AiE
55,2008) . M EIRHFFTAT LAE B, AN R Hb X 1A
JK AR PAR S 3L H T A [R] 0 308 JBlCRE 14 o A K AR
PAR 2 & 1% FUORLAY) V7 Ui AL 40 - DOM (1) 5% 1) T %2 Jik
L FamZ, WA R 2 5 YUK AR K B AR
FRAR U A5 8 B0 7 AR AN SR G BT K A A R T
(YLl 55, 2019) .

DUKHERE AR A B E 56 B b BAG AR
FH 5 7K AR S 25 R 1 2 5 MR & 7R A K AR T K A B 2
S E R K H H RTE A G S T TR
2 B8 PR BN R AR A IR N 2 A ARV 7R K
FW A B 2 L A (97 R4, 20200 . 3T
SRR, T LRI A 15 V5 /K (1995 4, 6 4R e L IX 1)
A S E R AR T, Rk T R A S
A JZH X I K AR 2 R P B LR 3, B
WA B O M T R DK ML IR IR 7. TR, AR
SCHMAIE FE 50 7R T b X 5 A 3280 P K AR e 2 R 1
ZE AR ARRAE R 52 R 2R, DA O AS [R) S B v
KM KB RS .

1 MRl5AE=*®

1.1 W5 XigssR

SR F X (113.53°~116.13°E+29.03°~30.89°N)
AT AT, FOW PR B R LW AR SR 2/3, fE K
LR g b A E A . AFFFRIER T 5
REE 5 ANBALE, A AL I O VR (LD
WA (WD S SR (OO A I 1 5 (QO (R Do Al
WD RGRME A, 2565 T8 80N 30.57 B2 111
ZRAE IR N 50.40 s W 32 A0 5 G L 25
HE IR EUN 61.26 SEIFN T 1191 1 58 TR K P
T AR RGN IR A, 5 e Y B
B,

R1 BHEAESNREMEEAES
Tab.1 Basic information on the five typical lakes

in southeastern Hubei Province

FINEEZR N MR PRI B

R15) /km? /m A HIHREE S
Al 5983 (O 31.00 25.7 8 30.57
PEFIHL) 227.96 3.0 12 50.40
R CW) 42.30 3.0 10 61.26
FW(C 9.00 2.1 6 68.25
FHi15Q 017 1.2 9 69.39

1.2 HFmXESIERNE
53 BIAE 2018 4R FK & M 2019 4E 4 L H F %)

FEHEAT A 1) . 18 GPS 5 LR AE %
2o SR 05 A AR [, ) AP 2 A K R A 1R R A
TRAT K FE S SRR 58 A % T4 A 10 58 o 32 W
FERUK RSB EBLIZ M € o RAE R AE S 2% G A
R FAR ) O [ R} 2% B 5 ot Hb 38 5 980 v T 9
AT, 2015) .

1 F ZDS-10W—-1D %Y [ 2 3 #4 £ 7 K T B
FE R AT SR AR AN [R) K TR Ak 1R 6 A5 7 008 3 5 AR 3 5
B 7 22, B B AR R FE (Il B389 7K 58 0% , B 0% 0.2 m
VB —ANBERE s JE1-151 S X8 SR AN 7 L9 15 KR
B, BB 0.1 mA—ANEEED , IR &K T & H
SRR S 5E 5 BT O m Atk

BIF YK FH AR E I E , K FE 4 Whatman GF/
CUEME e 5 , T 105C F#: Tk 2 BFE Y, R
J5 ¥ PEFEAE 550 TR, 8 F I N BN BT
(ISS) , M e il Ji5 i = 2 22 B N ML B 75 479 (0SS)
CHEI0L 5 55 5 20140 5 AR AR AR 10D & J7 538 & 5%
€I R 7K W50 43 A7 75 ) (E R IR AR Y R
2002) .
1.3 BAFEEFNYRK RS

IKBEL: 0.45 m [ B FE 21 4E 8 B I8 2 )5, 8T
FH R 5E i HLA (DOMD » 4R Ah—1] L4356
6B 1 (UV2700, B ED , BLai K2 i, S LT
200~800 nm - [B]{& 4 1 nm [FERE , $2H8F 2050
iz £ % (Chen et al,2018)

a(N) = 2.303;1()\) D

A a(A) RN RAE N AL R IE I R 5L
(m™), AR IR AAE N AR TG BE (Abs) , r A EE
MEYERE (m) ,2.303 52 R AL

3 G YE VR R B 0 AR /N RIORE A RO B
KR AR R B AT R IE (FRAEE,2019)
(700)\

700 @

o aON) FRIR KA N AR AL IE IS R R
H(m™) N I K (hm) .

14 AEFBRBEEXEREITE
HEE T EREL (KK R 5 (Kirk, 1994)

_ 1, E2)
K==y E(0) ®

A 2 Z o I 2 A R K T B9 VR E (m) , E(Z) Al
E(0) 73 5 22 7~ BE /K THNBE 2528 Z. 0 m 48 1) PAR (%), K
FoRIKAR NG AT R B (m™) , Kl i AR LR MR & 15
B oA R220.95 RSB N=3 ), K B A #5275
MR R TE2K

a(A)=a(A) -2
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Fig.1 Location of the five typical lakes in southeastern Hubei Province and sample site locations
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1.5 HIELE ST

#,0.01<P<0.05 N, P>0.05 WA EFE,

Z., "] N 201515 3 (Zhang et al, 2011) :

2 FHRE5HM

@

o : Z, R HIEERIE (m) ,4.605 9 1n100 {8,

K H ArcGIS 10.7 21158 7R F BRIV RAE A
SPSS 21 # A HEAT 1 E 43T, Excel 2016 22 1| 6 &
B IR AR . B3 KA, P<0.01 AR B

2.1 EMRE

S8R A AN RV KA (14375 BH B (SDOAEAE A Wil 2 22
F(P<0.0D). Al B (& 2—a) /KR AR REH L, SD AR
H9(4.92+1.18)m, 5 5215 8 SRETSIANTS LLb 1 522
FMEE (P<0.0D o B2 2-b.o) ) SDZETT
A HEARAL , B SR (R 2k (P<0.01)
S SD T8 (0.340.14)m, A 0.15~0.62 m
(F2-d). FLLH15(E2-e) i SDIEEEEA, 41
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Fig.2 Seasonal variation of Secchi depth in the five

typical lakes in southeastern Hubei Province
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WA 5 AN, BV (SSOAFAENR B35 % 7+
(P<0.01),SS =35 FE AR AL AR BN « 930> Sl >
1L 1 S>>l B 3) o Hod, BT ISS
EHZFEVEZFE KE L FEH N (39.40£1241)

(32.90£10.24) . (66.70£25.68) - (8.78+3.67) mg/L, {5
SS K EL A7 23 51 N 58.98% « 58.54%+ 63.95% 60.77%.
A 3] 7T R ST ) SS S8 7E K Z= BT B K AE, 40 )
J9(104.30+31.61) . (19.64+6.62) . (57.00+5.59)mg/L.
il TS S EEIRRFERA ]9(10.72+4.98)me/L AT EL T
HABIIE (P<0.01) o F2F 0 OSSN, SRR E A
(5.00+3.30)mg/L, ZZ IE A 1.00~14.00 mg/L, 7£ Fk Z=HL
i KAl , N (8.64+3.23)mg/L, i & T H B A S
(P<0.05. TR SSSHIFREN22.41£7.13)mg/L,
2 35 2 v T A S TR i (P<0.01) .
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Fig.3 Seasonal variation of suspended solid in the

five typical lakes in southeastern Hubei Province

2.3 BEEENY

AR ML) (DOMD S AFAE T /K 1 — 284544
5RO #5r E R BB A, 18 P a(350)FRAEH K
FE(EHS,2018) . W4 R 7R, DOM i BRI
DAl B AN ZE 3T, W R E a(350) A FAE 3 il N
(1.38+0.39)  (2.3620.92) m™", # 2 & 1K T H At i81 v
(P<0.0D (B 4. FEWIRUL R EL a(350)48 i1, FF-F-34{E
79(6.42+3.05m™, FEAKZIUAS i K AH , BLREAE IS TR] A
Woa(3500ERAE T MR EAF L (P<0.01). FF 11T 1 51K
IR B a(B50MEEZH, NO0.01£4.4Dm ™, B2 5= Tl
S5 G PR (P<0.05) . 1L 151 a(350)i5)
AR X AT RE SRR N B 2 A0 T A K.
24 MEFEZEa

S0 7R T M TRV K AR 43 2R a(Chl—a) [ 25 1] 43
A AEAE W 238 22 5 (P<0.01) , 4F 29 5 1 4% 1) 43 A1
AN L1 5 [(92.19240.30) wg/L] > 5K b
[(69.51+28.44) wg/L1> M [(27.31+12.02) wg/L]> % 1
WI(12.80£10.90)g/LIHL [ (4.90+3.64pg/L] (15,
B Chl-aif B LUE 2R, A (8.91£2.63)pg/L, i
ECTHAI(P<0.0D 0 BEEITRIARAL , B2 700 .Y
AT L1 15 %2R EE ) Chl-a iRk FEX A T,
EAP<0.0D. 1L 51 Chl-a/EE RS HH,
1£(126.91£39.40)pug/L, 3 = THEFAZEP<0.05).
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0.47)ym™"], 5§ SCATIR BV AR AE AL .
L 15 ) K 72 2 2=, AR 4 3.93~8.22 m™, AE
7(6.42+1.42)m™ o 5 HAWIIAR LG, Al ST & 2R B2
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Fig.4 Seasonal variation of DOM in the five typical
lakes in southeastern Hubei Province
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Fig.5 Seasonal variation of Chl-a in the five typical

lakes in southeastern Hubei Province
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3.1 AREEAKEAFER SR

X FRZR P HLIX 5 /™ LAY K AR 1Y) K SD-Chl—a.
DOM. SS.OSS.ISS # 47 A KA 43 #r , Hogf Rank 2
i

Mladenov 5 (2011) £ %F 4= BR 32 N N 72 0 %5/
1) 86 A e L VA Bt 7T J I, DOM 2 5% i 7K
HBEMFEFER. 5B, AL 15275 G
2 & #H X %2 /N, Ky 5 Chl-a- DOM. SS [] Pearson #H
X B2 H H1°H 0.067.0.695.0.087, 1% 5 DOM S 31 H!
TR FEM KL R (P<0.01) , % B DOM 2§20l 15
7K Ky 1 e 2B R 7 o 2100 A R /K S B
IKAEMP A ERRKEMERZ , TR,
18 RGR A K30 R, K B & =5, 4
P35 PAR 3 sk ¥ = ZERZ M K /2SS, [Rl B ik 52
] T 7 AR ) AT DOM . I 55470 M 175 ¥ AR g 2 3
B DAL (3R IE AR EE , 200505 4555 7555 ,2008) o /74
R K B AR AN R T 327 i, UK
Y7 55 2K, RV AE KR N 3 5 8%, SS i
FS A KR K, R 9911 32 R R 3K 5 T () F 9 2
16l (Zhang et al,2007 ; Shi et al,2014) . A J& T K 7Y
KA, H R 1 X UK M W T, 5 T U
VPR o AR WA SSME 2r rh, SSL OSS L ISS
5 K 35 B A R 3 A O % & (P<0.01) , Pearson £H %
RH L F] T 0.861.0.838.0.841 . FEIHIAI T LLITH]
15 H¥5 Y2 FE AR AL, K, 5 Chl—a. DOM ¥ 2 Al 2 3%
FIOE, B FWAMF LML 5K T et rEs
Chl-a 5 DOM A 2%, X 5 2 AMHla 3 J& T oK i A
WA —E KRR K, HT ANEES 0,
FAFIE LA 1 5 4% R A KTH ALK, Chl-a 4F-F
I 43 ) 095 69.51 g/L A192.19 we/L , H ¥ 3 5
JEPE A A WL ST T — 2 [ DOM 4 4y, T 3K
7K 7 DOM ¥ FE 386 K, BCA R M 7K AR 6 5 45 1 1) O
R .

TEMCZ /T, O A2 38 %) Ky 5 SD Ik RiEAT
THIFFT (FKIE PSR, 2005b 5 RN FLEE,2012) . AHFF
S 7R R S ATV K AR Y Ky 5 SD 3R B HE £ A 0%
K Z, PR L R SR AN T 195 15 R R
BFEAR(P<0.0D) . fEE &I T, Chl-a 1] LA
LR 7R KA BT U A D 5 2 B MR KA G S
(B AR bR (TR 5 R 45 ,2018) . (ESEWIANTT LL# 1 5
1, SD 5 Chl-a [¥] Pearson 4 3% £ %1 2> %1 4 -0.836
A1-0.732, L #E RIUREEMICR(P<0.01) , R IHTF
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H% TR w5 AN M AL 5E B RO AR AT R 101

F2 SREESANHABEHKEZES HBEX ST
Tab.2 Correlation of optical parameters in the five typical lakes in southeastern Hubei Province
ZH K, SD Chl-a DOM SS OSS ISS
K, 1
SD -0.389* 1
il Chl-a 0.067 -0.039 1
%% DOM 0.695%** -0.221 0.187 1
i
SS 0.087 -0.279 0.123 0.173 1
0SS 0.056 -0.011 0.137 0.097 0.713** 1
ISS 0.085 -0.346 0.096 0.177 0.955%* 0.473* 1
K, 1
SD -0.847%* 1
- Chl-a 0.358* -0.373* 1
a<
? DOM 0.087 -0.043 0.415%* 1
]
SS 0.736%* -0.581%%* 0.318* 0.152 1
0SS 0.749%* -0.587%* 0.323* 0.118 0.973** 1
ISS 0.684** -0.527%* 0.303* 0.157 0.983** 0.923** 1
K, 1
SD -0.907** 1
Chl-a 0.110 -0.040 1
%
- DOM 0.693** -0.557%%* 0.208 1
SS 0.861%** -0.774%* 0.405* 0.722%* 1
0SS 0.838%* -0.791%* 0.470%** 0.683** 0.951** 1
ISS 0.841%* -0.737%* 0.358* 0.714%* 0.988%* 0.892%* 1
K, 1
SD -0.930%* 1
N Chl-a 0.739%* -0.836%* 1
@q DOM 0.935%+ -0.922% 0.745%* 1
SS 0.781%** -0.789%* 0.781%* 0.759** 1
0SS 0.898%* -0.854%* 0.770%* 0.907** 0.915%* 1
ISS 0.476* -0.542%%* 0.624** 0.423* 0.883** 0.618** 1
K, 1
SD -0.873** 1
:F'j Chl-a 0.646%* -0.732%% 1
b DOM 0.679** -0.683%* 0.528%** 1
1
£ SS 0.547** -0.530%* 0.333 0.482%* 1
OSS 0.543** -0.552%%* 0.255 0.453%** 0.876%* 1
ISS 0.123 -0.069 0.204 0.160 0.438** -0.048 1

TE = *#7E 0.01 ZKF CIID B ZATDR  *#4E 0.05 /KPR E 22 A

Note: **highly significant correlation (P< 0.01, two-tailed); * significant correlation (P<0.05, two-tailed).

Ui AL A7) 2 PR o) 35 B RS B I i) £ BRI 35 . Walsby
(199D TEXF % & (V03 (1 WF 9 v B R B, V- AR A 11
T BN A R OB O R R KR, 1X 5 9 8
25 (2012) 7E {5 (1 BF 50 45 T . B4 RE 9 55
6L AE K AL 78 , A2 3 K M 32 B B PRI ) — A
EHEJFER . 2R (0190 70 K I, SS F2& 5 i A
K3 =L B Y R T B L BV b B Y S A

T 75 =R/ EK X, BT v s 1, {615
TEATL 8 7 JHURE ) BN % Vel 7K A4 35 B E 1) = AR AR
(K 2 %5,2010) . FEFIATRI SD 5 SS ) 24 .
2= 51Uk 9% (P<0.01) , Pearson 5% £ #4) 1 4—0.581
F1-0.774, SS J& 5 M 2 N1 7K A4 328 B ) 2 LA
o Al I, SS Xt idE W BE A — & fema , {H AR H
AEXT LSS o
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I ST B R VR FE (Z,) FINE B B (SD) 4 56
[l U= 75 R, AT DA (6 A 3 O 2 R T (R S
20035 77 7555 ,2010) 5845 B &AM Z,, 5 SD 1 —
JCERPERNA 7B an B 7 s

357 @fil 5

30} Z,=2.8799SD+0.6847 .
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Fig.7 Regression analysis of Z_,, and SD in typical

lakes of southeastern Hubei Province
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Optical Properties of Five Typical Lakes in Southeastern Hubei Province
WU Chao!, WU Xiao-dong!?, GE Xu-guang'?, REN Wei-xiang®, FENG Lian', YANG Jiu-yun!, TAN Ya'

(1. College of Urban and Environmental Sciences, Hubei Normal University, Huangshi 435002, P.R. China;
2. Huangshi Prevention and Control of Soil Pollution Key Laboratory, Huangshi 435002, P.R. China;
3. China Aero Geophysical Survey & Remote Sensing Center for Natural Resources,
Beijing 100083, P.R. China)

Abstract:In recent years, eutrophication of some lakes in southeast Hubei Province has intensified due to
industrial and agricultural production and pollution from domestic sewage, and the need for ecological
restoration is urgent. In this study, five typical lakes (Xiandao, Liangzi, Wanghu, Cehu and Qingshan
Lakes) in southeast Hubei Province were selected for study, and we explored the temporal and spatial vari-
ation of optical properties in the five lakes by analyzing the light attenuation coefficient (Kj), euphotic
zone depth (Z,,), photosynthetically active radiation (PAR) and other optical parameters. The factors influ-
encing the variation in optical properties were also identified. The objectives were to provide a reference
for aquatic vegetation restoration of the eutrophic lakes in this area. The study was based on a seasonal
field investigation and water quality monitoring in the five lakes during autumn and winter of 2018, and
spring and summer of 2019. Results show that: (1) The Secchi depth (SD), suspended solids (SS) and
chlorophyll—a (Chl—a) of the five lakes were all significantly different (P<0.01). (2) The concentrations of
dissolved organic matter (DOM) in Xiandao Lake and Liangzi Lake were relatively low, with annual
mean values of (1.38+0.39) and (2.36+0.92) m™, respectively, significantly different from those in other
lakes (P<0.01). (3) The spatial distribution of K, among lakes also varied significantly (P<0.01), with the
following annual averages: Xiandao Lake [(0.36+0.21) m™'] < Liangzi Lake [(1.81+£0.89) m™'] < Qing-
shan Lake [(3.77x1.89) m™] < Cehu Lake[(4.40+1.90) m™'] < Wanghu Lake[(4.70£2.54) m™]. (4)The
primary influencing factor of K, in Xiandao Lake was DOM, while K; in Liangzi Lake and Wanghu Lake
was primarily affected by the SS, DOM and Chl—a were the important factors resulting in the high K in
Cehu Lake and Qingshan Lake, particularly the DOM. (5) The Z,, of each lake correlated significantly
with SD (P<0.01), and Z, can thus be estimated from the Secchi depth, providing a reference for select-
ing areas for submerged plant restoration.

Key words: southeastern Hubei Province; typical lakes; photosynthetically active radiation (PAR); opti-
cal attenuation coefficient (K,); euphotic depth (Z,,)



