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Spectral absorption properties of chromophoric dissolved organic matter and particulate
matter in Yunnan Plateau lakes
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Abstract: The Yunnan Plateau lakes with different lake types, located in Yunnan Province in southwestern China, are one of the five
densest lake areas in China. The lakes, which are generally distributed at elevations from 1200m to 4000m above sea level, receive
high intensity UV-B radiation. In this study, the spectral absorption properties of chromophoric dissolved organic matter(CDOM) and
particulate matter are studied based on a wide investigation including 34 lakes in the Yunnan Plateau. The study will be helpful in the
understanding of the ultraviolet radiation attenuation and the effects of increased UV-B radiation on lake ecosystems. A wide range of
variability in CDOM absorption was found among the Yunnan Plateau lakes. CDOM absorption coefficient generally corresponded to
the nutrient level with a significantly positive linear correlation between acpom(320) and total nitrogen concentration. Exponential
model with constant parameters of background items could give the most approximate estimation of CDOM absorption spectra. A
marked phytoplankton absorption peak around 675nm was only observed in Qiluhu, Tinghu and Xinyunhu with very high chlorophyll
a concentration. High contribution of CDOM to the total absorption was found during the wavelength range lower than 600 nm
especially in the ultraviolet range lower than 400nm. The contribution of CDOM to the total absorption was significantly higher in
UVR range (350-400nm) than in PAR range (400-700nm) (ANOVA, P<0.001). For the clear lake water with secchi disc: SD=1.0,
the contribution of CDOM absorption to the diffuse attenuation of ultraviolet radiation would increase, and CDOM absorption, with a

large probability, would determine the attenuation depth of ultraviolet radiation.
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Fig.1 Distribution of sampling lakes in Yunnan Plateau
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Tab.1 The three models considered as descriptors of CDOM absorption spectra
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Fig.2 Absorption spectra of CDOM and total particulate matter
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Tab.2 Absorption coefficients of CDOM, particulate matter and CDOM spectral slope, and related to
physicochemical parameters

acpom(4) a(4)
(m?) (m?)
320 355 440 355 440 675 S, S, Ss

R 6.99 3.760.76 0.50 0.21 0.01 18.32 1850 1864 0.03 1.64 1.20 1.5 0.76 0.0055
PG 2.76 1.570.34 1.17 0.740.03 16.96 20.00 2226 0.19 479 140 15 046 0.0188
i 454 2.500.47 0.99 0.66 0.04 18.88 17.83 17.36 -0.07 1.49 17.47 1.2 0.30 0.0087
#ME 243 1.200.1513.055.78 0.36 28.08 24.79 2536 0.04 7.08 41.20 0.2 0.67 0.0190
K 1.91 0.920.15 0.75 0.420.03 25.62 2593 27.44 0.08 2.38 287 2.7 0.35 0.0018
KM 7.64 3.870.77 1.34 0.840.12 18.99 20.96 22.18 0.27 11.10 10.33 0.5 1.98 0.0348
4% 1.23 0.600.20 0.16 0.120.02 2567 28.75 33.82 0.20 0.72 7.80 1.6 0.61 0.0213
VI 3.35 1.670.37 059 0.410.05 18.41 22.87 2556 024 6.65 3.30 1.3 0.59 0.0453
MGIEKE 3,74 1.860.38 1.57 0.740.08 19.11 22.64 2469 0.22 10.84 9.10 0.6 0.89 0.0322
MGPEE 123 0.660.14 0.64 0.350.02 2044 2247 2328 004 077 270 1.2 021 0.0268
IRK¥  1.80 0.850.13 4.84 2.650.53 23.15 2454 2564 0.06 591 2410 0.4 1.24 0.0102
&I 4.45 2.160.35 0.87 0.50 0.04 22.58 20.98 20.81 -0.02 0.01 28.47 2.3 0.56 0.0107
frflig  3.85 1.950.29 2.26 1.380.11 23.05 21.01 2092 -0.01 220 3240 0.7 0.67 0.0438
ZEZRM  0.68 0.330.07 0.17 0.090.01 2470 23.63 2456 002 216 1.27 3.0 0.30 0.0085
FRYEKFE 1.21 0.630.15 1.92 0.930.05 18.69 20.99 1881 -0.03 163 7.70 0.6 1.76 0.0209
SEHLME 244 1.290.29 1.09 0.630.05 17.70 19.66 21.10 010 3.24 4.10 1.1 091 0.0127
FOEEW 7.29 3.550.62 2.30 1.550.43 20.68 22.69 23.77 0.23 84.20 26.13 0.5 3.35 0.0820
ATT/KE 2.09 1.080.20 453 2.310.12 19.69 19.48 19.32 -0.01 1.70 14.20 0.4 2.50 1.2483
HiF  14.057.351.33 1.55 0.700.06 19.58 19.31 19.25 -0.03 2.31 31.00 1.0 1.85 0.0619
WHIHFE  8.21 4.200.75 3.45 2.170.25 19.95 21.30 22.07 019 9.92 2320 0.3 2.63 0.0613
WK 0.65 0.290.04 0.40 0.210.02 2253 25.88 2546 -0.08 3.75 0.73 2.5 043 0.0017
=fF  3.99 2.180.47 1355515045 17.93 19.76 21.14 0.17 6.41 57.73 0.5 154 0.0456
ABM 5.00 2.530.38 1.96 0.840.05 23.00 2221 2275 0.08 150 7.90 0.6 0.69 0.0199
JEABI 1168 6.881.42 4.75 1.610.10 17.26 16.08 14.96 -0.17 235 3.00 1.1 049 0.0253
Wil 8.34 5.080.97 7.08 4431.19 17.79 17.01 16.46 0.05 133.22 42.53 0.5 3.86 0.3295
ENF 228 1.100.18 0.62 0.36 0.02 22.18 21.75 2245 -0.01 232 19.60 1.5 055 0.0235
JCRI  2.05 0.940.16 7.90 3.510.35 2593 22.33 22.04 0.01 9.42 29.00 0.6 2.69 0.0851
PE 13.707.171.33 1.10 0.60 0.07 19.48 19.39 19.41 021 3.96 1470 0.8 1.00 0.0326
B 7.09 356072 358 219050 18.87 21.53 23.06 0.06 105.62 40.27 0.3 3.10 0.2715
PSS 1.23 0.590.10 0.57 0.320.03 2577 27.27 2878 0.16 1.10 2.07 2.4 049 0.0111
FIRKE 599 3.440.76 3.20 1.990.20 17.45 1823 19.05 0.13 3.10 27.73 0.4 0.92 0.0568
HRE 588 2.990.58 2.32 1.300.17 19.71 2060 21.33 0.06 14.18 15.00 0.6 1.38 0.1128
SeJeil 13.056.841.38 1.61 1.010.22 1856 18.87 19.00 0.02 14.18 29.13 0.5 4.59 0.1499
AW 1.26 0.590.09 1.07 0.550.04 26.47 24.48 2494 -0.05 2.33 4.00 0.6 0.33 0.0021

* Chla: M&EFaRE, TSM: RDETFYWE, SD: BEHE, TN: BA, TP: L.

CDOM Gk mum™ K Chla TSM SD TN TP
(m?) (ug/L) (mg/L) (m) (mg/L) (mg/L)
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#1255 S HRPFIRMSEY) B i 2 5 TAIAIL(ANOVA, P<0.001). X FE &M T E AR MBI TL S
AR AR K 9 A 3 3 CDOM B ISCE 8 AR 1 i 2106358 43, 76 A I35 4 CDOMIBR L H 1 R EAIR, I 7 11
N P IR 22 0 LA T, DT 328 AR A YRR i A AR LR PRI, 2 9R  SFABL A 11 O B 25 il v
TESE PB4y, ABT LRI 20 4 i 45 SR 22 Skl fn Helms 251220k ¢4 4% 18 7 275-295nm L) & 350-400nm
W B N AR AL LR 218 BSTH 25 50/ T 1%. 3X L TR SLAR AR (1 21 2 WF 98 £ EXCEL AN SPSSH 14 L Ul 575
FIHICDOMIE I Al R F S | B 1AG L5 0L, IR AR EIE B L AUAER LA RO S5 . BRI N T — 5 5
PRI B T IR I CDOMIE G BE I A P A4 75 1L K F =l CDOMIR i 5 | kS Ao W e 2R B RG it 3y. AR L
TCOOMI UL 5, 5 SIKAE AR B AN, IF BRI S IE iR —, 5 CDOMIRMC 7] %% A IH & 19 %
FhAHSEME(#2). MSFME BRI A HSIEA/INKE, BIRISAY R, BRIk, BRI/, ARSI TR
IERE ARSI /N6.2%, 35 HA A BIBFFT 45 S Al 3 — 3519 40 Stedmon 59560 P12z I i /K sk 6 F
5% % BRI 315 511 300-650nm3s Fil P SHI{E AR LA TR 1341 T 13%.

3 3PP CDOMYGE I
Tab.3 Comparison of statistical parameters and values of three models

PR 1 PR 2 Rk
R? 15 B 0.9319-0.9999 0.9681-1.0000 0.9781-1.0000
YA bR 22 0.9895+0.0166 0.9971+0.0054 0.9977+0.0040
RMSE (m™) T 0.032-0.567 0.025-0.217 0.025-0.206
YA bR e 22 0.239+0.149 0.097+0.057 0.083+0.044
JEEAER S (um™) E 16.96-20.08 16.08-28.75 14.96-33.82
YA by e 22 20.98+3.15 21.58+2.90 22.28+3.72

2.2 BUhIH R

MR WS AR, AN ) TR R ORI 2R 802 AR K, ap(440) A9 {E7E 0.09-5.78m™
FIAE (R 2), BIMEN 1.39+1.44m™, HAME RT3 8 TR AL HK A A A . I th 2R K3
BEE A 3G ISR EGE WA (R 2), AR AR G R BRI BO TS, BRACHEST . Uil . Bz 34
WIS 2R a W R R (36 2), 76 675nm BRI 23 B0 S icide sk, e iAAE 675nm BT B4 T IR
WAL 2 MR AT 559, DR A B R R AR R ORI o . AR a WRIE S ORI I AR
¥ ap(440) . ay(675) FHETHHC T AR, KM BN Z EIAFAE R FE IEARDE, [H5 a)(675)1AHCH: U] i 2
T ay(440)(F 4). FIEBIRCEER . Wil B 2 3 AIA TSR E a v I S T LB WA S i A G
frgy, ¥ix 3 MBI Z G TR, RIMERE a WEE SR R IR AL ay(440) . an(675)AHCE
B TR, OF B4 3 a k2 5 a(440) AL b 3 IEAHDC. DRI Al LRI, XFF 483 a kAR &
MOACREMA . WTibl . 2 2 IR R A RSAR KRR I e T BRI, (G TR E N R, TR
FEYI N2 675nm B30 TR AC 06 A Xof SRR W AT — s 2w, T A L B R B S M 50, AR I Sk
YA B I AR T o5 LA LA, AR AR ORI . 1 AN [ ]S SR W SO A A
2 5 B RS [ T ORI VR R R AR € 2 UK L A AR AR R 2500, R R
TARIEATIZLG 53 B I UAAE ) AN (O R ORI 45 B WO R B, B TC A 2 E AT 145 B T 9 il DASSERE
WIS R TR R B 2 (R A DGR, BT R AR S TR A, I FACEM . Wribl . R =il 3 A
WA S BRXT AR SR AN K, TR 4 45 AR mg 4tk A 45 1.
2.3 CDOM FA v R o 3ot 2 IR e B o ik

72 5 %411 CDOM FUERi M) 7E 400-700nm SLA A RERST (PAR) S 350-400nm £54ME ST (UVR)IE B R
YW Z R & B RST8] 3 A IHITH CDOM FFURL I A %ot ik A Tk 3% () 3% 42 Al . CDOM
WA XoF Sk A 174 Bk S S 7E 600nm LR K, 600nm DA b L STk BEAS b AT DAZ IS AT, Bl K AR 57
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Tab.4 Linear correlations between total particulate matter absorption coefficients a,(675),
ap(440) and Chl.a, TSM concentrations
KEN R? P
AW a,(675) a,(675)=0.006(+0.001)Chl.a+0.085(+0.027) 0.65 <0.001
Chla ) a,(440) a,(440)=0.018(+0.008)Chl.a+1.150(+0.255) 0.14 <0.05
T BIBRRCTEM . a,(675) a,(675)=0.017(+0.005)Chl.a +0.041(0.033) 025 <001
Wril. Bl a,(440) a,(440)=0.113(+0.061)Chl.a+0.746(+0.365) 0.11 =0.07
N 675 a,(675)=0.011(+0.002) TSM-0.019(0.046 0.48  <0.001
TSM o SR 3(675) #(675) ( ) ( )
a,(440) a,(440)=0.075(x0.011) TSM+0.103(%0.242) 0.60 <0.001

BRI BN, JHIETE 400nm DL B AME
BEGTHR AR AYSE NI R B . 34 ANBIASER T S
CDOM 7£ PAR Fll UVR I Bt A 51k 2R I (B 43 51
J 15.5%+11.0% . 46.8%+21.3%. UVR B
Tk B E KT PAR I BZ(ANOVA, P<0.001).
ZEE] CDOM W WL B+ R A1 He S (U 2 o
B, nTLUEWIE R UV-B %R Dk B
CDOM WZISCX MR 1) DT A Ak 508 . o0k
PR S TTRR A R ORIFAE—
e K, S fE— il ¥ 500-550nm  fi ik,
Wit < AT Sl B I L ST AR Fe A o N R, (R
675nm FRFEAT FIURLAY) FF VR e AR A 1 G B e
TEMR S0, FH N Y DT RR R A — I (E. 4
FRENAEBIME, BRI PAR A UVR Bt
BT ek R E LR EELE, 4R
51.1%+16.9% . 51.9%+21.5%. 34 /> F-44 i
T, £ 350-700nm 4 ARSI EL, R ML
HITIER I BT CDOM, {X4E 360nm ZJ5
CDOM W W BTk K T Bokidy, (E AT AT L i) 2
Bl B Ak 2 FEAL, RIS IR UV-B §E 5T,
CDOM W Wit Fry BTk 58 2B R B K T 0 ).

h T EAFE AR CDOM FUR: 4 Ik
WO SR BT, AT 34 NMIE LLE
WIRE SD=1.0 N 543K 2 2, SD<1.0 Mgy Al
WA, SD=1.0 MWL (EE 3). X FiEh
AUSIA TS, 0RO S W TTRRTC 18
JEFE PAR if /& UVR JEBHRII R L7t HIE
394 60.9%+14.6% . 60.9%+22.5%. W Tixk

—_
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Fig.3 Spectral variations of the contributions of
CDOM and particulate matter to the total absorption

WA T, KRB BRI R, AR a FLEEIEYIW S S5 22.55+38.96pg/L Fil
24.02+14.49mg/L, 45 ARSI BE R 9.5 1 2.8 4%, IF BLG it by s I B IR YR B 2 T
LI (ANOVA, P<0.001). =ik BE L 77 40 Uk 47 B S 386 im e B MR RO B, 10,2 338 A58 14 S 0 3 0
B UV-B RS IR AR F A BR. XTI ORI T 7, CDOM ST B W AL 1) 5 ik ) 5 3 344
PAR . UVR i B STk A X543 51 9 19.6%211.0% .57.3%+14.2%, B i =5 TV RUMITA A4 12.2%+10.1% .
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38.5%122.5%, JLHUEFE UVR UEB TR A NG B, X5 F X 28190, SRR ST 7E 151 P9 0 2 el AR
KRR FHET CDOM M. K4 CDOM MRITEREL acoom(320)AY3AME LE VR M AU IR LI & 533 A
3.96+4.02m™ | 5.51+3.66m™), {H T/ P B0 4 AR H K, CDOM X 45 4 M S vk ) s sk DU WA (b
Tt FEHXXIEHIORE, BT REIEEY . JEEZEEUR A CDOM & EERAEHAIK, S8oMm S Rl th i/,
UV-B 5 5 B 52 1 A VR U B S 3 . An AR 26 SO AR R S AS B I R FEZE K 1M 320nm &b UV-B 4 118
SR RN 0.73m™, UV-B F& 5T AT RERSIA AT 15 6.32m81. 3240 2006 4F 10 H 4 HALH 6442 4 M S
FE R, 320nm Ak UV-B 5T S8 250 0.97m™, UV-B 5T RES N 1R 3% 4.75m.
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Tab.5 The integral values of CDOM, particulate matter and the total absorption during PAR and UVR ranges,
and their relative contributions

PAR (400-700)7 Bt UVR (350-400)7¥% B¢
dcpom @ a acpom/@;  @pa;  acpom ap at acpomla;  ala
&/ME 002 005 0.22 0.8 15.9 0.22 0.15 0.42 6.3 13.7

&F BRI 056 257 278 42.7 80.8 5.22 1156  13.15 85.4 93.4
WA [z 0.19 0.65 0.99 15.5 511 1.80 2.44 4.27 46.8 51.9
Frf2s 016  0.67 0.70 11.0 16.9 1.49 2.84 3.25 21.3 215
f/ME 002 025 043 0.8 28.8 0.40 0.96 1.39 6.3 16.7

SD<

L0 BK{E 054 258 278 37.8 80.8 508 1156 13.15 82.9 93.4

I WE 021 098 1.35 12.2 609 2.03  3.69 5.74 385 60.9
FrfE2Z 016 073 0.73 10.1 146 140  3.23 3.16 22.5 22.5

SD>10 /ME - 0.02 004 0.22 6.7 159 022 015 042 35.1 13.7

‘z%r%ziﬂ RfHE 056 072 143 427 475 522 380 881 85.4 60.3

o Y& 016 022 054 19.6 387 152 0.86 2.41 57.3 40.5

bRz 017 016 0.31 11.0 9.9 1.16 0.88 2.33 14.2 13.7

* acpom, ap, & HAAE K M acpom/ay, aplag B K %.
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TUEMBWIIAT S, BRI a,(355)5 7 W1 1775 i % e BT G (R=0.32, P<0.05), 1fif CDOM Wil
acpom(355) 535 W B I AT W MG AR, 1WA o BT 0RO RN IO Sk TGl (EA T AL
ST, CDOM MR acoom(355) 53 W14 A77E i3 e R B BRI DG (RP=0.45, P<0.01), U4 BRI I
ay(355)-5 3 W1 i A7 7 T BB 7MIDE(R?=0.32, P<0.05), {HILHISEM: 2] AR T CDOM Wil At 3
FWETHE, CDOM MMISCRH s 22 3 ek, I HL % 1831 CDOM WAz 4 bt (IR (Ui A5 e 5
i, FESRIRY UV-B SRSHIBGX A S, U B RO S R A R AR AR G e
$Eﬁ%[‘”'“},

3 &it

(DA W E] CDOM W ik 22 5 i, acpom(320) (14 748 4k 3t Bl A1 4 {43 51 4 0.65-14.05m™ |
4.83+3.85m™. CDOM W 5 1A 2 35 7K A 5, acpom(320) 57K A B BUFE 7 W 35 1E AR . 4inaty 5 $lomi
1A 40 R BSOR D R F U A AL CDOM S I

(Q)FepRT =, ok B B R R OGS AL, BEE I IR WA, (HEnT 4K a ik
FEARH m RCRET . T R oW, ORI R B 675nm B AR AE— AN B A, BRI ITR
REAR U A B R ) R B Ak, R A RE . T . B ISR 2 )5, AR a Mk 5 0ROk
B N R, MR a IR A PR,
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