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Abstract; To understand the temporal-spatial characteristics of the diffuse attenuation of ultraviolet radiation (UVR) and photosyn-
thetically active radiation ( PAR) and its relationship with chromophoric dissolved organic matter ( CDOM ) , suspended solids
(SS), chlorophyll-a (Chl.a) and other factors in Lake Fuxian, an oligotrophic deep lake in Yunnan Plateau, we carried out an in-
vestigation based on field work in October 2014 (autumn) and January 2015 (winter). The results showed that the values of diffuse
attenuation coefficient that K,;(305) ,K,(340) and K,;(PAR) were 1.27+0.12 m™", 0.68+0.11 m™" and 0.32+0.13 m™", respectively
in autumn, which were 1.13+0.10 m™", 0.63+0.07 m™" and 0.36+0.07 m™" | respectively in winter. Meanwhile, the values of ab-

sorption coefficient of CDOM that a,(254) ,a,(305) and a,(340) were 4.09+0.26 m™', 1.18+0.09 m™', 0.57+0.05 m™", re-
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spectively in autumn, which were 2.95+0.24 m™", 0.61+0.11 m™", 0.11+£0.07 m™", respectively in winter. The values of of a,
(254) ,a,(305) and a,(340)in autumn were significantly higher than in winter. The values of of K;(305) in autumn were signifi-
cantly higher than in winter, which was related with higher CDOM abundance, phytoplankton biomass (‘and SS concentration) in
autumn (rainy season ) .Furthermore, the values of ag( 305)/K,(305) and ag( 340)/K,(340) in autumn were significantly higher
than which in winter;there were significant positive correlations between a,(254) and K;(305) ,K,(340) ,and the a,(254) in-
cluded in all stepwise regression equations both in autumn and autumn-winter, indicated that the absorption of CDOM was an im-
portant factor affecting on the diffuse attenuation of UVR. Moreover, there were obvious differences depend on spatial distribution of
a,(254), Ky(305) and K;(340) in autumn, the values of ,(254), K;(305) and K,;(340) in the north region of the lake was
significantly higher than in the south region, whereas there were no significant differences between the north and south regions of a,
(254), K;(305) and K;(340) in winter, which might be related with the different river input scenarios of CDOM and SS from the
northern shore between autumn ( rainy season) and winter ( dry season). In addition, the influences of phytoplankton on UV-B at-
tenuation, the interaction between SS and CDOM on UV-A attenuation were reflected in seasonal changes. However, the relative
contribution of pure water, CDOM, phytoplankton and tripton to spectral attenuation (including UVR and PAR) should be quan-
tized in future.

Keywords: Diffuse attenuation coefficient; ultraviolet radiation; euphotic; chromophoric dissolved organic matter; temporal-

spatial distribution; Lake Fuxian

AN ST (ultraviolet radiation, UVR) J2& H YA B4, UV-C(200~280 nm ) i # #{ A JZ K R)Z 5
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ically active radiation, PAR,400~700 nm) ZL[RI5Z 00 HIVA LS R G R T) 224500 LE Wbk 38 Ot A
VEFI S0 A 7= 91 R sh A FIURE 7 45 1 25 2 1 10 J2 F 578460 L S S e K U v A8 42 B o A 6 2 37 4
7K A 1] AT B ( chromophoric dissolved organic matter, CDOM ) | 7 A8 1 F113E €5, K ks My i s it
Horr, CDOM il f7 48T HARK IR, B EZ A6k 2 A W R A My s 3R Ak 2= W) 5T, % UVR A 3 200 1%
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SR S R G S — 2O,

PN 7 SV K B0 F 0T B SRR 2 | 32 S I BE AR K IR b, (R BRI ( T ~ 126 1. &
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PR PRI DI RERE Y RS A 2 RS AR S IR E R A AR Ak, S T A A A R
IR AR F , B2 G b ST P 9 2 S IR BR 0 b, % RS R A TR T A2 DA L3 Y. B R, 5 K
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2015 4 1 A FA) (& Z) FFRIEE TAE. & SN PUV-2500 7K R 3 1 58 5543 Biospherical Instruments
Inc., USA) P AN RITRBEAS R 3 1 (BE) B96aE , W E EREEYE I 0~ 3.3 m, FEAR 4 48 215315 UV-B
(305 nm) ,UV-A(340 nm) 5 PAR(400~700 nm) SV R (K,) , I 1% AR (7, )" s HEZ S H0K
FWEIAL YST 6600( Yellow Springs Instruments, USA) Il /K FE/K IR (WT) (B S F(EC) .pH A (DO) ,
FH TS A2 I AR BRZ AR SR AR S IR RAEA AR R 0.5 m KEE 5 H e M EHE b

CDOM i Ui 248 . SR FHZ8FL 4% 0.22 wm [1) Millopore ik 38 (14 7K A 78 7 B 43 BR (¥ UV-2550 PC %443
HHEE T (SHIMADZU , Japan) Tl 200 ~ 800 nm i £ 78 Fl A9 G, SR J5 AT 104 S IE A5 310 45 I K 11 i
WKL L) 254 nm (IR B (a,(254) ) FAE CDOM ™ 1a, (1) /K, (A) N A BRI CDOM Wi R %0
558 B R B H WA LK ( dissolved organic carbon, DOC) ¥ B . /KAELE GF/TF JEETIE S ,
F TOC-VCPN { (SHIMADZU , Japan ) i & /= A BE 0 2. B0 (TN) BB (TP) (fb#FEH = (CODy,) |
SS 4% a( Chl.a) ¥R (10 E S IR SCHk[ 21].

N
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Fig.1 Location of sampling sites in Lake Fuxian

1.3 FKit o
AL REAS T K256 | Pearson AH G # B — T2 [0 )5 A 22 J0328 45 B 5921 A SPSS 22.0 #AF5EhL,
P<0.05 7R %, P<0.01 Rt i 2.

2 #R

2.1 AR EREBUSHEHARSE

WA ], TNl Rk AR E WT EC TP ¥ .COD,,, .DOC #FE Chl.a ¥ 3 KT 2 i TN #
FE R ENTAZ B 4% pH DO .SS B EXERF (F 1), KEFHRMANZHEL , HIBIKZ EAIRE N
28.64+1.98 m JRERJE T AN 34.07+2.19 m JRERZIEE Hy 5.56+1.92 m JRERZETREH 0.79£0.20°C/m;
A ZKIRAERT ) — T R 2. BT RCERIRIR)Z AR ik 28.64+1.98 m, [NH7ERIZ MY 3.3 m JE N
HEAT 7K DR 2 T AN S 2 WA 4 )2 B TR R KA FE B AR 3 —.
22 LW EHERERS 1% BHRE

FkZ= UV-B UV-A Hl PAR MR B2 500 510 1.27£0.12 .0.68+0.11 #10.32+0.13 m™' ,4& 2% UV-B.UV-A
F PAR BYE B R 50300 1.13£0.10,0.63£0.07 F1 0.36+0.07 m™" , FkZ UV-B WK A H B E 5 T4 (P<
0.01,% 1) ,Fk &2 UV-A(P=0.110) PAR(P=0.138) FEI RE A 22 RN B3 (3£ 1) ;MR Y, 42 UV-B
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Tab.1 Some parameters in the surface of water column in Lake Fuxian

HZ(N=16) K7 (N=16)
24
SEHE FR 2 Pk SR E R 2 bk

WT/C ** 20.18+0.15 19.93~20.40 13.88+0.09 13.77~14.06
EC/(mS/cm) ** 0.334+0.00 0.332~0.335 0.344+0.00 0.343~0.346
pH 8.67+0.14 8.42~8.94 8.59+0.15 8.27~8.91
DO/ (mg/L) 7.43£0.30 7.01~7.94 7.69£0.67 6.54~8.29
TN/ (mg/L) ** 0.07£0.01 0.04~0.09 0.16+0.02 0.13~0.20
TP/ (mg/L) ** 0.044+0.004 0.040~0.050 0.039+0.004 0.030~0.050
COD,,,/(mg/L) * 1.74£0.13 1.54~1.99 1.61+0.15 1.43~1.90
SS/(mg/L) 1.65+0.66 0.49~2.93 1.25+0.49 0.40~2.20
DOC/(mg/L) ** 1.96+0.29 1.79~2.99 1.46+0.25 1.31~2.34
Chl.a/ (pg/L) ** 2.26+0.21 1.93~2.60 1.540.53 0.74~2.61
K,(305)/m™'* 1.27+0.12 1.11~1.51 1.13+0.10 0.89~1.27
K,(340)/m™! 0.68+0.11 0.52~0.93 0.63+0.07 0.51~0.72
K,(PAR)/m™! 0.32£0.13 0.18~0.68 0.36+0.07 0.22~0.47
71, (305)/m** 3.65+0.33 3.05~4.16 4.10£0.41 3.62~5.17
Z,,(340)/m 6.95+1.11 4.95~8.87 7.45+0.84 6.38~8.98
Z,; (PAR)/m 16.14£5.80 6.76~26.31 13.18+2.92 9.74~20.84
a,(254) /m™"* 4.09+0.26 3.69~4.60 2.95+0.24 2.71~3.44
a,(305)/m™"* 1.18+0.09 1.02~1.34 0.61+0.11 0.44~0.83
a,(340)/m™"* 0.57+0.05 0.45~0.68 0.110.07 0.03~0.24
a,(305)/Ky(305) /% ** 92.85+6.57 81.94~101.62 54.31210.62 35.01~74.17
a,(340) /K, (340) /% ** 85.27+13.28 63.63~110.68 18.01+10.87 5.12~43.15

* RN ZEF W E (P<0.05) , #x FIR2EFW B (P<0.01).

I 19 FRETERBE 038 = TRk R (P<0.01) ,UV-A PAR 1 1% FRESIREE N TG i 25 5. Zs (M 22 0 (1Kl 2~4)
BRI UV-B(P<0.01) \UV-A(P<0.05) F 3£k 52 500 2 5 1 B 38, XL 19, 1% % 5 0% B ) A7 A5 5 31K
TrAHE, RIES PAR 1Y 1% fa SR BEmS o TS (HC R 25 57 . 42 UV-B UV-A 1Y 1% fa SR EE R AL 0
Wi 22 5 H O UV-B 1Y 1% 48 SR BE SR AL i O BT s 7 PAR 19 19 SR B2 .3 i 76 (P<0.05) .
2.3 {4 CDOM 3Lt sFiE St = o7

T AT KAERIZE CDOM WO GREFR T 200~ 225 nm I, & ZE AW B E0S TRk & & AL (10 24 5
KTHKZE;225~250 nm B, & Z= M R E0R TRk (18 5) . Bk CDOM 7E 254,305 1 340 nm A0 A9 IR 4L
ZFH 4.09£0.261.18+0.09 F1 0.57£0.05 m™ , 4 Z= CDOM 7E 254 305 1 340 nm &b A9 e R 50391 2.95+
0.24.0.61£0.11 A1 0.11£0.07m™", £k Z% CDOM 3 MK IR RE B F = T4 Z(P<0.01,% 1). #ZFE
,(305)/K,(305) \a,(340)/K,(340) 43 5l 92.85% +6.57% 85.27% +13.28% , & F= 431 2y 54.31% +10.62% |
18.01% +10.87% , Bk HLEHH B8 TA M HME, UV-B M HE B E T UV-A M (P<0.01, £ 1).
CDOM £ EE/K 25 [ 43 A R (B 6) , BRI HF i 3 1 TR ( P<0.01) , &R T I % 25 57, (Hh ik,
2.4 EHRERESSHEXMN

UV-B UV-A PAR 198 9 22 08 R 405 % S B0 M 4 i & B, Bk 2R, K, (305) 55 COD,,, . q,(254) |
a,(305) ¥R BFIEMIC, K, (340) 5 a,(254) \a,(305) ¥ 5 2 AR K, (PAR) 5 «,(305) &2 i35 1E 4.
47 U K,(340) 5 TN 28 EHAHK, R TR EM M (R 2) . &R AR50, K, (305)
5 TN 2B FHARX, 5 TP COD,, .SS.DOC Chl.a a,(254) .a,(305) \a,(340) ¥ 5 i 3 IE A ; K, (340) 5
TN 2 B E AR, 5 ,(254) a,(305) ¥ 2 5 E EAHSC. X UV-A UV-B PAR 118 4 2808 2 45 CDOM £
J# .Chl.a SS M&SHMLHFFMT £tz BlH , 450 R, Bk UV-B IR E 25 CDOM £ K H SS
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R H AN A 5, UV-A IR EZS CDOM FJEA & AR, UV-B B 5 CDOM F 3 & H 5 Chl.
a 1SS MIAE BN A 5%, UV-A FIH-5 CDOM 1 SS FA8 B AL W A 55 42, UV-B UV-A FIf 5K K734
T BB ABF T AT A ZE AR PAR S0 S5 A0 Y e B BARSEE (£ 3).

2 1B BT R RS & S B

Tab.2 Pearson correlations between K;(A) and other parameters in the surface of water column

P A (N=16) AT (N=16) KA (N=32)
- K, (305) K, (340) K, (PAR) K, (305) K,(340) K,(PAR) K,(305) K,(340) K,(PAR)
TN -0.279 -0.165 0.043 -0.327 -0.558*  -0.426 -0.595** -0.378* 0.126
TP 0.145 0.152 0.241 0.340 0.183 -0.176 0.427* 0.272 -0.002
CODy, 0.545* 0.436 0.191 0.033  -0.125 -0.494 0.456 0.301 -0.145
SS 0.332 0.261 0.232 0.356 0.303 0.247 0.448 0.342 0.154
DOC 0.025 -0.031  -0.102 0.230 0.119 -0.255 0.441" 0.212 -0.238
Chl.a 0.094 0.072  -0.115 0.355 0.200 0.034 0.520™  0.280 -0.147
a,(254) 0.767*  0.674™  0.415 0.033 0.035 0.153 0.645™  0.433* -0.054
a,(305) 0.635™  0.621"  0.520*  -0.025 0.039 0.207 0.591™  0.380* -0.071
a,(340) 0.486 0.396 0.158 -0.155 0.049 0.341 0.556™  0.335 -0.135
# Fe R FH A (P<0.05) , s Fontl B F M5 (P<0.01).
# 3 K(A) 5 a,(254) Chl.a SS S HAZH K ¥/ Z 04 -
Tab.3 Stepwise regression between K (A) and a,(254) ,Chl.a, SS and their interactive factors

=y Ky(A) RIS R? P
E K,(305) y=-0.165+0.3230,(254) ** +0.017 a,(254) - SS* 0.750 <0.001
(N=16) K,(340) y=-0.476+0.282 a,(254) ** 0.454 <0.01
k& K,(305) y=0.833+0.084 ,(254) * +0.007 a,(254) - Chla - SS* 0.498 <0.0001
(N=32) K,(340) y=0.568+0.016 a,(254) - ™ 0.207 <0.01

KRB THBEXRNZIOEE BIAT R ; « FR B35 (P<0.05) , #+ £nil i3 (P<0.01).

3 iTtit

SRS ALK AR T B 46 o3 A EZAZ 4K . CDOM | 7 i AH ) A (2 2 UKL 05 i, 4% Rl A R 8 f B
PR K TR . Laurion 257 HFFE 20T, CDOM 7EAR KRR % B¢ 1 Bl /R 407 1L A1 JEE HL 4 S 1y
26 ANHIYAE] (3K 422~2799 m, Chl.a #J¥ 0.25~3.61 wg/L,DOC ¥ 0.21~3.50 mg/L) UVR FE I AYZEAL
IR T 2005 4F B Z0 IR 34 AN BIIAFEIE T URAS DO BB KT 1 m SIS B cDOM
MSAR KRR EE [ HE T UVR BSZIRVRIE . 2006 — 2007 4F 7T R e T IS f i A 25 21 i , 3 0, (320) /
K,(320) a,(360)/K,(360) 43514 50.7% +11.6% 38.6% +12.5% , Zhang %' A A3k Fil/R % CDOM WL 5%
Wi UVR FEI A LN F 2 —. AT B a,(305) /K, (305) \a,(340)/K,(340) 52 A1 s 055, HAk
BKA AR UVR AR ES CDOM £ 1 B35 IEAHOC, &8 8 WH 7 BB h 448 o, (254) , B ]
CDOM MY AEFEAIIM UVR B b i B B A (0. 22T CDOM B9 IOEHE AT 01, Hoxd UV-B AW W B vy
T UV-A, AR B TEEA 2R 0, (305) /K,(305) KT a,(340)/K,(340) , SHAIMI E ZE K = Fg i KL
TUET NN Z AT AR AR — ORI TR R & AR, K (305) 5 a,(305) H R K B A G,
K,(340) 5 a,(340) W JG . 35 AR 5GP, B W] CDOM W Wi Xt UV-B 3L A9 %2 i K T UV-A. #k %= K, (305) 5
a,(254) \a,(305) ¥4 WFIEAHDE, K, (340) 5 a,(254) 5 WA IEAADE, &7 K,(305) \K,(340) 5 a,(254) |
a,(305) \a,(340) ¥ 70 L FAHSCHE , HAR A AR 1932 48 |1 7 2, 3] CDOM MO k2R UVR Il i) 5%
Ml R T4 2.
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Fig.2 Spatial distributions of K and Z,,, of UV-B (305 nm) in autumn and winter in Lake Fuxian

CDOM F WSO CRERFAE 5 7K 1A 2 YA S0 il JIr Add 1 by 80067 8 765 S bR A5 45 149 T g ) IR 7 A 5
Mt A AT R 2 B e AT CDOM. Ay W A ok 1 /N TRV i e [l A 2w 8 JR S s T
HROR ISP SR I 22 ) R R A AR 22 5 W Rl — 7K AR CDOM MR i (4 Bisf 25 2 57 EL 4 1 2 i 22 it
TEARBEFE H AR LIAREE. CDOM 14 46 U5 1T 43k 15 14 0T 8 i A | 88 7 AR PR 0 40 T /K A A 86T RSk LA 2 T AR
] B K BT O U A I R A T I L R A T MK AR S S 2R CDOML A BFSE
a,(254) 5 Chl.a BAIESE R (Slope=0.724, R =0.387, P<0.001, N=32) KW], JeAliiF# i 0 CDOM A1 i
Bk, a,(254) 5 COD,, i[5 3R (Slope = 1.802, R* = 0.186, P<0.05, N =32) &I, CDOM LAl A Hli5
Yy ISy, BARIEAL A1 CDOM 25 mi L 245 AR 46 E I AR HERR AT A A Y 5Tk BAR
FEIK [ B 45 47 A9 CDOM X i1 1 CDOM %y A 9 5T ik 45 A", {5 W 2% 9 T0] 30 i A 2 85 5 Kk 1 i D
CDOM 22V 1SS A, Al A58 94 s T B2l a5 VR e de /™ B (1 [X sk, FLTT 3 42 8 6t 4 63.7% , TN
TP i ARG 57.5% ,49.9% , AW Z(6— 11 A TREZE(12 A 1—5 A) ™. Al w5 k2 (10
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