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Ultraviolet-Visible ( UV-Vis ) and Fluorescence Spectral Characteristics of
Dissolved Organic Matter (DOM ) in Soils of Water-Level Fluctuation Zones of

the Three Gorges Reservoir Region
GAO Jie', JIANG Tao'**, LI Lu-lu', CHEN Xue-shuang', WEI Shi-qiang'”*, WANG Ding-yong'*, YAN Jin-
long' , ZHAO Zheng'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment, Southwest University, Chongqing 400716, China; 2. Chongqing Key Laboratory of Agricultural Resources and
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Abstract; Ultraviolet-visible ( UV-Vis ) absorption spectroscopy and three-dimensional fluorescence spectroscopy, combined with
fluorescence regional integration were conducted to investigate the geochemical characteristics of DOM extracted from soils of water-level
fluctuation zones of the Three Gorges Reservoir Region. The results showed that the average CDOM concentrations in soils were in order
of Zhongxian > Fengdu > Fuling > Wanzhou > Wushan > Yunyang > Fengjie > Kaixian. Additionally, in Zhongxian, Fengdu and Fuling,
the CDOM concentration [ a (355) ], aromaticity (SUVA,,, ) and hydrophobicity (SUVA,, ) were all much higher than those at the
other sampling sites, but the humification index ( HIX) was lower. Four fluorophores were observed in all soil DOM samples, including
three humic-like fluorescence peaks (A, C and M respectively ) and one tryptophan-like fluorescence peak ( T). Proportion of
fluorescence regional integration of ultraviolet region humic-like A fluorophore was the highest as compared with the others. More
importantly, tryptophan-like fluorophore(T) and a(355) showed significant correlation(r =0. 674 ,P <0.01) , indicating the variance
of CDOM concentration was possibly dependent on T fluorophore. Meanwhile, the total integrated fluorescence intensity( TOT) of 3D-
EEM was an appropriate parameter to characterize the total contributions of fluorophores in DOM. Furthermore, the humification degree
of DOM in soils was low in comparison with higher biological availability. Conclusively it seemed that the influence of “alternation of
wetting and drying” resulted from water-level fluctuation on the geochemical characteristics of soil DOM was not significant as expected.
It might be related to local agricultural activity, littoral plant growth and DOM mineralization process.
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three-dimensional fluorescence spectroscopy
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Fig. 1 Distribution of the sampling sites

1.2 DOM FEAHZHL

DOM FEARFRBCR FHK 441 35 S Bk 7 o
BFRECS. 00 g W - T B #5K 11 10: 1
A — & & 4l K (Milli-Q, H B % 18.2
MQ-cm) ,25°C F7ERKE AL 200 remin =" PR 5 $EHL
16 h J& , 154 000 r+min ™" &[> 30 min, 285 1 0. 45
pm P TR 4T 24 i JBE ot 0, DB BRI D DOM L, 4°C A7
TEAF R .
1.3 WBOEE AT b

DOM ¥ & DL fift A1 HLE% ( DOC) 2718, DOC
KH GE InnovOx® Laboratory TOC 43#Hr 4 %€ (3
ARA mg-L71) . W % R = 4k 9¢ 1 Ol 1% (3D-
EEM) 4% H Horiba /A F] Aqualog® % ik
FFI7E. Aqualog®  ZCIGIEE H Fif 4 BRME——
AT L] B g W e A e G i G i 4. 52 oh-nl L
WSO s LA Milli-Q K ZS 1, 10 mm A3
FEIILAE 230 ~ 800 nm i [ 4148, B F& 1 nm, L
355 nm AW R AL a (355) oA G IR LY
( chromophoric dissolved organic matter, CDOM ) #H X}
W WA OIS Bk 1 .



1

AR s IR DX TR R I AR A AL (DOM) W M St R AR

153

F1 EHNFTRIREEIESBHEIR
Table 1~ Description of ultraviolet-visible absorption spectrum parameters
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Table 3 Integral integration ranges of each fluorophore( peak) in 3D-EEM
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Table 4  Descriptive statistics of DOM concentration in soils of water-level fluctuation zones of the Three Gorges Reservoir Region

_ 55 R ) RIETE Y DoC WREMH LEERPLR 5 RAN

X&  a(355)/m”! /% F.(355)7a. u. /% /mg-L-! /% /g-kg™! /%

AL 19.71 £16.08 81.58 9976.84 +6588.17 66.03 45.27 £9.31 20.57 18.40 £6.23 33.87

0 10.45 £8.22 78.70 10639.88 £5591.71 52.55 33.29 £5.38 16.17 21.98 £11.64 52.97
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Fig. 2 Ultraviolet-visible spectroscopy and variable coefficients of DOM in soils of water-level fluctuation zones of the Three Gorges Reservoir Region
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WFFE4% X B4 7% 13 DOM 1 S, 284k 0. 12
~1.60, %7 0.96 £0.34. =S, ek, H1.19 +
0.33,7F & S, e/, 0.69 £0.27. EHBRFE

RS (AR — B0k H T CDOM 41 2 5, H
{EALATVE N X 4> CDOM IR AL A B8, AHFFT 4%
X EH7%& 7 14 CDOM 1Y S, HR/NA—, F A
2D ELIE & 133 CDOM 2H A7 (e 22 5.
SUVA,, # K, DOM 75 A (b A B ). =ik
PEDC 7445 13 DOM | SUVA,, 28465 4 0. 29
~27.31 L+ (mg-m) " ¥MEH3.32 L+ (mg-m) ' +
5.24L-(mg-m) ~' B E FEAEG R B & T

£ 6 Sg. SUVA,,. SUVA,, HIHi& 5t
Table 6  Descriptive statistics of S, SUVA,s, and SUVA,,

% B S R % SWhs wezma SVA R A%
/L-(mg-m) ! /L-(mg-m) "
AL 1.09 £0.22 20.31 1.29 £0.57 43.87 1.23 +0.55 44.46
et 0.75 +0.38 49.92 1.13 £0.66 58.41 1.08 +0.64 59.10
= 1.19£0.33 27.43 1.39 £0.91 65.35 1.33 +0.87 65.67
HE 0.69 +0.27 39.73 1.01 £0.44 43.72 0.97 +0.43 44.28
T 1.01 +£0.53 52.85 1.97 +1.45 73.62 1.88+1.38 73.71
BH 0.88 +0.39 44.06 7.06 £10. 11 143.28 7.67 +11.87 154.71
FH 0.99 +0.16 15.87 5.29 +5.48 103. 44 5.14 +5.34 103.96
W 1.09 +0.16 14.44 7.41 +£7.55 101.90 7.16 £7.30 102.03
BifE 0.96 +0.34 35.78 3.32+5.24 157.93 3.31 +5.61 169.70
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Table 7 Correlations among ultraviolet-visible absorption spectrum parameters, soil organic matter and pH

Sp SUVA,s, SUVALg DOC 13 pH TR
Sk 1
SUVA,s, 0.014 1
SUVA,, -0.025 0. 995 **
DOC 0.222 0. 150 0. 136 1
+3 pH -0.150 -0.292* -0.277 -0.145 1
TIEH LT -0. 140 -0.124 -0.129 0.023 0.010 1
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Fig. 3 Typical 3D-EEM spectra of soil DOM
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Hrb BT 1B T 61.2% As ik, 3 H 5 4%
Y3 a(355) IEAHDE, 5 DOC TG, 3£ 9 FIih
TR 2 TR S E | = Ik R X 7% A 38 DOM
K9 2 [A] 2438 B M D& (P <0.01) , K
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Table 8  Proportion of 3D-EEM fluorophores( peaks) in total fluorescence intensity/%
X 5 A/TOT AR 5 BB C/TOT AR R A M/TOT AR BB T/TOT EREE N
AL 39.27 +27.85 70.91 10.29 +5.95 57.82 8.87 +£5.83 65.74 17.41 £29.26 168.02
2T 31.66 +10.89 34.38 10.48 +3.77 36.00 8.26 +2.78 33.66 4.71 £1.25 26.59
= 27.90 8. 68 31.10 7.21 £2.55 35.36 5.60 =1.90 33.94 3.86+0.73 18.96
PiR=3 35.67 £6.78 19.00 10.57 +2.11 19.98 7.48 +1.37 18.27 5.29 £0.87 16.39
J7 M 26.15+12.70 48.59 7.87 £3.98 50.60 5.90 +2.83 47.88 3.35+1.14 33.99
Jrie =3 20.84 +£13.03 62.54 5.81 £3.82 65.72 4.40 £2.65 60.31 5.74 £6.36 110.80
FH# 23.81 £17.31 72.73 6.58 £5.14 78.01 5.03 +3.94 78.32 4.08 £1.38 33.89
W 28.85 +19.98 69.25 7.52 £5.79 77.00 5.73 +4.11 71.81 6.75 £3.46 51.25
HE 29.27 +15.83 54.10 8.29 +4.39 52.91 6.41 £3.52 54.86 6.40 £10.77 168.42
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Fig. 4 Principal component analysis of

fluorescent peaks, DOC and a(355)

Table 9  Correlations among different fluorescence components of DOM

A C M T DOC
A 1
C 0.974 ™ 1
M 0.985"  0.987" 1
T 0.742*  0.633™ 0.732™ 1
a(355) 0.216 0. 097 0. 198 0.674 ™
DOC -0.104 -0.121 -0.128 -0.071 1

1) # = FIRAE 0.01 K (R B R FERIE; = FRRTE0.05 KF
(R | A

FI BT 55 2 iR 5 AR D7 P %F DOM 58k
S JEE AR AFDG DTSR, 1T LAAE i DOM R 8 Kz % fige A
FEBITERFERR . AR ST I 7 158 DOM A FI
1E1.39 ~ 1. 84 Z[H] B 55 R AN 6. 54% . £ X5 FI
I B B IRRRAEAE 1. 4 (£ 10).

HIX ZAiE DOM Ji# % AL 2 B, HIX {H 8 55, DOM
JEE 7 AL RR R . O T B X b, AT SR
HIX, Fl HIX, PIFIIERORIEFTRAE (R 10). HEX
+3E DOM B HIX, 1£ 0.15 ~7.75 Z[a], ¥{8 Ky
2.84 +1.69. & XE HIX, FHEX/NT 5, FHH
TR AL FE R H. Huguet %7 35 1, 24
HIX, /N T4 8], DOM Ji 58 A6 A8 FE 8055 , 3228 i ik

%10 FI, HIX,, HIX, . BIX B##ikgit
Tablel0  Descriptive statistics of FI, HIX , HIX, and BIX

X5 FI 5 2B % HIX, A5 2B % HIX, AR5t R H % BIX 5 R %
A1y 1.64 +0.13 8.20 2.05+1.40 68.30 0.59 +0.24 41.61 0.83 0. 17 20. 00
E] 1.63 +0. 09 5.71 3.17 +1.11 35.07 0.74 +0. 08 10. 13 0.75 +0. 11 14. 13
= 1.48 +0.06 3.78 3.35+1.50 44.70 0.75 0. 07 9.54 0.68 +0. 09 13. 64
FE 1.43 +0.04 2.96 4.10 +1.08 26.37 0.80 +0. 03 4.32 0.59 +0. 01 2.14
JiN 1. 54 +0.08 5.17 4.21+1.97 46. 87 0.79 0. 07 8.90 0.67 =0. 07 10.22
BE 1. 54 +0. 08 5.08 2.26+1.99 87.99 0.56 +0.28 49.36 0.82 +0.21 26. 10
F4B 1.56 +0. 07 4.42 2.12+1.56 73. 49 0.58 +0.26 45. 80 0.83 +0.27 32.00
ks 1.49 +0. 06 4.05 1.48 +1. 15 77.87 0.53+0.19 37.03 0.76 0. 12 16. 31
B 1.54 0. 10 6. 54 2.84+1.69 59. 41 0.67 +0.20 29.76 0.74 0. 16 21.97
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Table 11 Descriptive statistics of r(,¢)and 7 (/¢

X 5 T(asc) A5 R B % (10 A5t R E %
ML 3.71+0.49 13.17 1.31 £1.30 99. 88
ZEH 3.04 £0.38 12.38 0.47 0. 08 16.93
=M 3.98+1.03 25.75 0.58 0. 18 30. 68
JFE 3.38+0.09 2.73 0.51 0. 11 21.08
TIM 3.37+0.22 6.41 0.49 +0. 17 34.04
BHE 3.89+0.74 19. 00 1.43 £1.24 86. 59
FH  4.36x1.64 37.70 1.57 £1.93 123.29
Wk 4.1120.63 15.35 1.30 £0.93 71.52
W 3.73+0.85 22.74 0.96 £1.02 106. 97
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Fig. 5 Distribution of r,,)-r(1/c) of DOM and riparian vegetations growth in sampling sites
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Table 12 Comparison of fluorescence spectrum parameters of DOM from different sources

DOM 7R FI HIX, HIX,, BIX SCik
Limagne S A 45 —D — 0.841 — [50]
Poland 3% — — 0.835 —
Elliott 4-3 (IHSS) — — 0.800 —
T 7K AR K >1.6 <5 — 0.5~3.0 [51]
A6 75 AR LR K 1.23 ~1.27 — 0.94 ~0.96 — [52]
%K 1.42 ~1.83 1.76 ~6.79 — 0.64 ~1.02 [53]
15 BRI ALK — 2.52~5.64 — 0.77 ~0.94 [54]
LS S TR ALY 1.74 ~1.96 — — — [55]
Gironde ¥ [1 1.17 ~1.21 2.6~15.2 — 0.61 ~0.92 [56]
Gironde ¥ 1 1.14 ~1.24 2~17 — 0.60 ~0.95 [30]
TG URHENE ( + /NEREF )42 d 1.74 — 0.69 0.80 [57]
TSURHERE ( + FEAFeHE)42 d 2.02 — 0.53 1.04
B NS ES Y8 1.54 ~1.77 0.92 ~1.80 — 0.88 ~1.38 [58]
EI TR — <4 <0.8 >0.7 [59]
e PR X Y Y Al 4 1.39~1.84 0.15~7.75 0.13 ~0.89 0.57 ~1.36 AW
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Fig. 6 Water level variation of water-level fluctuation zones of the

Three Gorges Reservoir Region in 2012
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