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Rapid Modeling Offshore Eutrophication Technique Using
Optical Parameters of CDOM
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(Key Laboratory of Marine Chemistry Theory and Technology of the Ministry of Education , School of Chemistry
and Chemical Engineering, Ocean University of China, Qingdao, Shandong 266100, China)

Abstract The aim of this study is to develop a rapid offshore eutrophication assessment technique by parallel factor
analysis (PARAFAC) and partial least squares regression (PLSR) based on fluorescence excitation-emission matrix
spectroscopy ( EEMs) of chromophoric dissolved organic matter (CDOM), UV-visible spectroscopy of CDOM,
dissolved oxygen (DO), chlorophyll a (Chl a) and turbidity (Tur). EEM-PARAFAC model identifies three fluorescent
components, two humic-like (C1 and C2) and one protein-like (C3). @us0s @251+ @War0» As505 C1, C2, C3, DO, Chl a
and Tur are selected to study their correlations with total phosphorus (TP) and total nitrogen (TN). Using trophic
index (TRIX) as the reference, the model for rapidly evaluating eutrophication status is developed by PLSR. The
correlation coefficients of the PLSR model are 0.9721 for the training data and 0. 9827 for the validation data,and the
classification accuracy is 89.0% for the validation data. The results prove that optical parameters of CDOM can be as
substitutes for TP and TN in rapid assessment of offshore eutrophication.
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Fig. 1 Sampling station in the Yellow Sea and

the East China Sea in the summer of 2013
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Table 1 TRIX values and water quality parameters of the Yellow Sea and East China Sea

Parameter Minimum Maximum Mean Standard deviation
Do, 0 77.97 22.88 20. 80
Tur /NTU 0.01 138. 94 2.93 9. 69
Chla /(pg+L™D 0. 28 32.59 4.45 4.10
TP /(ug+ L7 4.77 53.16 20.53 13.35
TN /(pg+ LD 62. 61 609. 59 279.67 89.55
TRIX 2. 66 7.32 5.65 0.85
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FI A PARAFAC BRI X 5 2 85 16 Fl AR 1 AF 5
() EEMs i#E 47 BT, 4 4 5% 2 20 B AT 21 43 Fr i
P K 3CE 2>, 2 ANKE R R A Cl
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FI B2 43 C3(280/350 nm) , 45 %¢ 36 41 4 1) e K i
PR AME S KR 2 fia. Hd, 4 CL i
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FEm R C g™ FEZ R . C2 W8 T
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15 Bl 5200 75 3T 5 1 3 25 32 3 2R 3l HE ik i 5%
M, 2043 C1.C2 il C3 5 S5 6 B (-3 | 41 L
50k 43. 6% .25, 7% F1 30, 7% . Ut B B 2= i
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Table 2 Fluorescent component characteristics of CDOM in the Yellow Sea and East China Sea in summer

Component of

Excitation/emission

Description and

probable source

Comparison with

other studies

this study wavelength /nm
Cl1 340/435
C2 270(390) /500
C3 280/350

Terrestrial humic substances

Terrestrial humic substances

Tryptophan-like fluorescent

C peak: 342/442
C2: 250(385) /504
C3: 260(370) /490"
C4: 270(390) /508

C7: 280/344M

amino acids, free or bound in proteins C6; 250(290) /356
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Fig. 2 Three fluorescent components of CDOM in the Yellow Sea and East China Sea identified by PARAFAC model
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Xf £ SR L E AR SR PEHEAT 3 BT S5 R a3k 3
IR R LA 2 AR G (p<<0. 05) . CDOM H#iE
WA AT TNL TP A A [\ 2 BE 9 A0 S, R AR
FTCALH F 1Y @z, ™ H TNLUTP WA Sk R 0k 3
0.495 F1 0. 594, H i T /K 2% DO.Chl a 5 TN,
TP WA ME . 9O6H 73 CL, C2 A1 C3 5 TN (14
KRB 9 A 0. 471, 0. 488 1 0. 230, Tur F

TN, TP {46 H: R 504> 5 0. 588.,0. 577, Song
TN R B R EORL Y i TP ) R E A, It Tur
R KR — D EE S, DO Ml Chl a & &
BRI 2w B T, vT DA Sk I
U AT 55 7E £ 7 AR A PR O A5 R B il
CDOM =43¢ 5640 4% .CDOM HRAF W Y68 LA Kz AT 31
B sz mh Wil () DOLChl a, Tur 5K TS5,

# 3 LB EAKFSHOH R R HCR

Table 3 Matrix of Pearson correlation coefficients for optical and water quality parameters
N=260 DO Tur Chl a C1 C2 C3 aso ass asno @ss0 TP TN
DO 1 0.595 0.179 0.522 —0.219 —0.196 0. 382 0.326
Tur 1 0.401 0. 289 0. 290 0.617 0.577 0.588
Chl a 1 0.519 0.539 0. 157 0. 355 0. 305 0.318 0. 250 0. 396 0.496
C1 1 0. 957 0.473 0.425 0.726 0.723 0.538 0.123 0.471
C2 1 0. 440 0. 356 0.134 0.732 0. 508 0. 488
C3 1 0.351 0. 358 0.358 0. 249 0.230
Az20 1 0.166 0.178 0. 281 0.495 0.594
251 1 0. 985 0.791 —0.161 0.125
azro 1 0.827 —0.144
Aass0 1
TP 1 0.565
TN 1
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Fig. 3 Graph of PRESS versus number of components of PLSR
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Fig. 4 Correlations between the predicted and the laboratory measured TP, TN concentrations

by PLSR model
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Fig. 5 Graph of PRESS versus number of

components of TRIX
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MR 5.

L E oA Hh 5 ST A PLSR A5 15 ) 2%
WA 6 Frs. YIZREEFE S Y TRIX A F0 H0 { AH 56
ZH0H 0. 9721, RMSECV Sy 0. 1890, ¥4 JiF & 57 1)
BRIV TR 2 5 @800 5 Uk 42 . 15 2 59 0 {4 A
TRIX {4 3 £ B0 0. 9827, RMSEP 3} 0. 1794,
T A2 S 14 D e /)N 3 [ 1 465 750 5 AR Sy

Y = 0.822Vp, + 0. 107V, + 1. 080V ey, +
0.037Ve -+ 0.143Ve, +0. 066V +
0. 943y + 0. 366as, — 3. 418a,;, +
6. 154a;5, + 3. 545. (7)
M 6 ] LU A58 70 F0I0 (6 A TRIX A A =]
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Fig. 6 Correlation of the predicted TRIX with the laboratory measured TRIX using PLSR model for (a) training

data and (b) validation data
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Fig. 8 Classification accuracy of training data and

validation data by PLSR model
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