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Analysis of the Optical Properties and Factors Influencing DOM in an Ecological

Purification System: A Case Study of Yanlong Lake in Spring

MA Rui'?, LI Xuan'", WANG Lian'*, WANG Jia-xin', MA Wei-xing' , DING Cheng' ", WU Xiang-yang’

(1. College of Environmental Science and Engineering, Yancheng Institute of Technology, Yancheng 224000, China; 2. School of
Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: An investigation the optical properties and spatial distribution of dissolved organic matter (DOM) in an ecological
purification system and the primary factors that affect the optical properties of the DOM was conducted. Taking the Yanlong Lake
ecological purification system as an example, data from spring 2017 and 2018 were compared. The results show that the concentrations
of total phosphorus and total nitrogen and the permanganate index in Yanlong Lake were 0.05-0.25, 1.25-2.75, and 3.99-7.17
mg-L.~", respectively. In addition, the dissolved oxygen in the effluent of Yanlong Lake increased to (11.93 £1.31) mg-L™", and
the turbidity decreased to (13.23 £2.24) NTU, while the change in the permanganate index was not significant. Principal component
analysis (PCA) showed that the water quality of the Yanlong Lake raw water and water in the pre-treatment area was closely related to
the inflow of exogenous sources, while the water quality in submerged plant areas and deep purification areas was dependent on
endogenous effects. According to the fluorescence index, humification index, and biological source index analysis, it was found that
there are new spontaneous sources of DOM in this body of water, the degree of humification is lower, and endogenous biological DOM
is dominant. The PARAFAC model can be used to classify DOM into UV- fulvic acid-like components (239 nm, 304 nm/407 nm) ,
visible light fulvic acid-like components (256 nm, 352 nm/439 nm) , tryptophan-like protein (276 nm/327 nm) and humic acid (292
nm, 395 nm/491 nm). The UV absorption index indicates that the spectral intensity of DOM in the raw water, pretreatment unit, and
emergent water plant area of Yanlong Lake fluctuates greatly, and the DOM spectral intensity of the submerged plant area and deep
purification area is relatively stable. The factors affecting the optical properties of the DOM in terms of water quality parameters are
mainly transparency, dissolved oxygen, conductivity, total nitrogen, and algae cell number.

Key words: spring; dissolved organic matter (DOM) ; ecological purification system; optical properties; influencing factor
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F1 HEHMESEURFHRATERKRSEKE
Table 1  Basic water quality parameter concentration of each unit in the Yanlong Lake ecological purification system
o RS
Wi w2 W3 W4 W5 w6 w7 W8

DO/mg-L.~! 8.09 +0. 83 8.67+1.27 9.13+1.30 8.30 2. 66 7.48 +1.48 10.60 £1.23  10.45+1.26  11.93+1.31
pH 7.93 +£0.46 7.76 +0. 47 7.96 +0.49 7.96 +0. 44 7.81+0.38 8.26 +0.26 8.13+0.24 7.30 0.2
K/ C 14.75+4.48  14.20+4.48  14.30+4.30 13.68+4.86  13.96+4.83  14.11x4.85 13.79x4.59  14.31+4.36
HE/NTU 40.45+5.08  39.33+8.86  20.28+£5.60  18.90+2.41  21.63£6.59  16.53+3.80  16.70£3.72  13.23+2.24
Cond/pS+cm ! 528.92 £104.95 503. 13 +85.86 509.70 +69.73 506.75 £67.38 503.88 +81.98 521.71 £62.71 543.55 +61.73 481.54 +50.01
ORP/mV 169.75 £1.75 171.00 £5.30  161.05 £7.05 180.30 +24.70 164.90 £15.20 161.70 £20.70 162.60 £7.60 157.80 +9.90
SD/cm 32.50+4.79  32.50+4.79  36.67+5.53  36.67+9.86  38.17+4.84  39.17+5.34 46.67+12.13  58.33 +6.24
TP/mg-L ! 0.19 +0. 04 0.15 0. 04 0.14 +0.03 0.12 +0.03 0.12+0.03 0.15 £0.02 0.10 +0.03 0.13 +£0.09
TN/mg-1~! 2.15+0.52 1.91 +0.31 2.00 +0.40 1.93 +0. 40 1.93 +0.37 1.76 £0.33 1.86 +0.36 1.80 £0.43
NO; -N/mg-L ™! 0.74 £0.21 0.75 +0.24 0.81 +0.20 0.76 +0. 14 0.82+0.15 0.65 +0. 16 0.70 +0.22 0.65 +0.27
NH, -N/mg-L~! 0.63 +0.31 0.80 +0.34 0.56 +0.29 0.48 +0.29 0.55+0.28 0.46 +0.27 0.45+0.26 0.42 +£0.21
PR/ mg L 7! 5.74+1.43  5.36+1.70  5.68+1.64  519:1.20  517+1.41  553%1.35  522+1.22  5.41+1.15
DOC/mg-1.7! 38.15+27.22 3570 £0.58  56.20 +14.2  82.10+36.61  50.68 £+6.94  31.06+14.34 22.98 +15.61 35.22+11.04
BODs/mg-L ! 5.40 £2.00 8.35+4.65 8.50 £4.50 8.80 +4.20 8.60 £0.9 11.80 3.2 3.60 £0.5 9.30+4.7
Chla/mg+m ~3 47.00 £3.68  47.79+3.68 41.84+12.27 60.97 £6.40 32.44£19.21 49.43+10.20 44.27 £18.68  47.00 6. 10
BN x 109/4~-L-1 11.82+1.29  10.61 £1.00  9.36 +5.42 9.57 +2.43 12.12£3.31  14.96+10.12  17.29+£12.29 11.82+15.44
Fe/mg-1~! 0.09 +0.03 0.08 +0. 05 0.09 +0. 05 0.08 +0. 07 0.08 +0. 07 0.10 £0.08 0.10 +0. 07 0.09 +0. 07
Mn/mg-L~" 0.02 +0.01 0.02 0. 01 0.01 +0. 00 0.01 +0. 00 0.02 +0.01 0.02 £0.01 0.02 +0.01 0.01 £0. 00
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Fig. 4 Four fluorescence components and their excited emission wavelength locations in Yanlong Lake, analyzed by PARAFAC
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Table 3 Relationship between optical properties and physical and chemical factors in spring water of Yanlong Lake

FI BIX HIX PCl1 PC3 PC4 UV s, a(355) Aps/Asgs
DO 0.233 0.229 0.276  -0.896™ -0.858™ -0.651 —0.861*  0.602 0.676 -0.755*
it S 0.742* -0.31 0.338 0.196 0.222 0.023 0.155  -0.098  -0.107 0.413
uES 0.53 -0.524 0.354 0.741*  0.758* 0.413 0.742* -0.588  -0.638 0.782*
Cond 0.32 -0.27 0.018 0.842*  0.834~ 0.503 0.829* -0.543  -0.566 0.775*
SD 0. 109 0. 451 0.281  -0.920™ -0.935" -0.532 -0.954™  0.877™  0.827" -0.759*
TP 0.598  —0.484 0.181 0. 464 0. 485 0.242  0.434  -0.316  -0.284 0.523
TN 0.086  —0.264 0.106 0.807*  0.810* 0.717* 0.768* -0.447  -0.525 0.857
NO; -N -0.32 -0.227  -0.165 0. 667 0. 651 0.484  0.636  -0.581  —0.699 0.713*
NH, -N 0.491  -0.663 0. 398 0. 637 0. 666 0.217  0.655  -0.739* -0.810" 0.758*
R ERER R AL 0.423 -0.331 0.08 0.211 0. 269 0. 058 0.216 -0.274  -0.184 0.363
DOC -0.720* -0.343  -0.281 0. 491 0.44 0.726* 0.387  -0.221  -0.37 0.437
Chla 0. 052 0.259 0. 099 0.179 0. 141 0. 061 0.146  -0.019  -0.168 0.282
A AL 0.51 0.282 0.566  -0.798* -0.771*  -0.56  -0.782* 0. 68 0.68 -0.596
Fe -0.078 0. 506 0.214  -0.311  -0.350 0.192  -0.359 0.771*  0.710* -0.373

1) # % F/ARTE0. 01 K L BEMIK « FIRTE 0. 05 /KT L B EH R
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