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Development of Comprehensive Monitoring Method for Organic Matter and Nutrients
in River Water based on UV-Vis Spectroscopy
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In this study, we examined models to accurately estimate the concentrations
of nitrate nitrogen (NO3-N), total nitrogen (TN), chemical oxygen demand (COD), total phosphorus
(TP), and suspended solids (SS) using the absorbance spectra obtained from an indoor UV-Vis
spectrometer on samples collected from actual rivers. Partial least squares regression (PLSR) using
selected wavelengths and principal component regression (PCR) using all wavelengths were found to be

suitable for estimating NO3-N and COD, respectively. An ANN model utilizing all wavelengths was
suitable for predicting TN. For TP and SS, PLSR and PCR using all wavelengths were effective,
respectively. Moreover, we demonstrated the application of these models to the spectra obtained from
an in-situ UV-Vis spectrometer in actual rivers, showing that water quality could be reliably
estimated with high confidence. The results suggest an efficient approach for water quality
monitoring utilizing an in-situ UV-Vis spectrometer.

ANN



Etheridge (2014)

@

Uv-Vis

ANN

training validation
70% 30%
30 R? NRMSE

@

Koise

Sonobe

Tomoe

Hokota

7
N

@ Sampling site
—— Stream

[0 Paddy

8 Cropland
B Forest

B Railway
-

6 7
30 40%
1/4

Main road
Building
Barren
Miscellaneous
& B Golf course

" I River and lake

X1 WERE

43 44

®
1 7 2016 2019



NOz-N NH4-N

JIS

112
5mm

*

PLSR ANN

ANN

NRMSE

¢y

cob, TN, TP

SS

@
R®  NRMSE

TN
<235

NOz-N
uv
nm
R? NRMSE
cob TP

220 nm
SS
uv

R? NRMSE

735 nm
CoD

TP SS

®
PCR, PLSR, ANN
@

2 NOs-N

NOz-N

220 735 nm

CoD N

DTP

U2910 10mm

TP

Uv-Vis

2.5 nm

PCR  PLSR

22

15

SS

200 750 nm
spectro:: lyser

PCR

1 nm

leave-one-out

relu

R2

> mg/L

COD TN

NOs-N

TP

NHs-N

DTP

38.8

264 9.

90

101

767

16.8

0.19

2.30 1.02

0.473

0.043

2.00

0.003

0.016

145 3.84 2

.56

0.339

110.7

0.641

0.062

8.89 3.45 2

.26

0.225

140.5

2.347

0.035

s - o
5 ® oy - -

: i - 3"

E X o0 @

3 ,@E’ 'f‘g"'. 'E"‘:. . . q.i-:

8 A 25 i, 3
0 2, AH ®t B b

e . g P o |&
&5 & N §
25 = ®
204 ° i
Fis{e e - .
Z104°% e * 1%
[ & o & . ® o 000 .
sty H ot s i o s 20
| affiaeete sagififante g b S
10 . o¥s [ =
o S .

= % % &

306 . ) & L

£ g & @, o2t

& &’2°, . o'’ o k'

" . . : i bt o
0] f o el ::_.~ . i
ol ki wat W ¥
1 § 3

. e H
s

Eela, * 8 i f

= | o * H

3¢ Ve . : te

z . N 3
2{de ;‘._-' . .'51" .%'5“; S -3 EAS

W Al -, |8 | i ST I T
800 . . .
600

0o we | oo

P . 4 o b ]

L e = R o
PR N

a o 5 LN
o e o 3%7»:. . & s ,.'{A":ﬁfo e o o
Y] T 0 000 035 050 075 180 25 50 75 100 0 200 40 630 8%
COD [mg/L] TN [mg/L] TP [mg/L] NO3N [mg/L] SS [mg/L]

2

TP SS

RZ
PCR  PLSR
PLSR

PCR

TN

2
N

PLSR

RMSE

ANN

ANN



TN

Cob TP
PCR PLSR
TP PCR  PLSR NRMSE
SS PCR
PLSR
2
) 2
R2 NRMSE
NOs-N PLSR | 220-231 nm 0.949 0.158
TN ANN 0.747 0.401
COD PCR 0.868 0.220
PCR 0.813 0.274
NOs-N TN CoD TP
3a PLSR 0.810 0.274
¢ fab PCR | 724-735 nm 0805 | 0477
SS
PLSR 0.808 0.495
insitu
NOs-N  COD R?
(a) NO,-N (b) N (c) CcoD
12 30
R? NRMSE . R? RMSE R? NRMSE 7
~10] @0 0% 012 . So5] 1ab 090 0.30 g =407 b 098 010,
4 insitu 0.88  0.22 X 4 insitu 061 0.68 o insitu 0.79 022 A
o % o . A o
E 8- £201 y £
A g e | g
8 © ol 8% " 8
o OAA o rd = o
3 4] °. 810] . o 2 2
& § A laboratory 2 Shy 2
g ] £ 51 ﬁé‘ £
. A @ in situ o
ol I
0 2 4 6 8 10 12 0 5 10 15 20 25 30
Measured conc. (mg L™") Measured conc. (mg L") Measured conc. (mg L™")
(d) TN (excluding Hokota) (e) TN = NH,-N (with Hokota)
7 1 7
8 R NRMSE . 2 R NRMSE ‘
~ 1 lab 082 023 - = lab 094 0.12 .
— g insitu 063 023 A A u insitu 0.75 0.24
g ] €10 E‘\/
s s v
S 4 1<) p e
o o v
kel kel
g g s Py
S 2 5 =4
o o
o o ﬁ
04- . . . 04 T .
0 2 4 6 8 0 5 10 15
Measured conc. (mg L") Measured conc. (mg L)
3 a: NOs-N, b:TN, c: COD, d: TN(
), e: TN-NHs;-N
Lab
in situ
™ 15 (mgl—-1)




3b

UV-Vis
NHs;-N
NRMSE 0.23
3d NH;-N TN ANN
3e
TP 2 2 4 PCR PLSR
R? NRMSE PLSR
b TP PO,-P
PLSR TP
PP TP
0.3 0.9
TP PLSR PP
TP
4c
SS 2
NRMSE
Uv-Vis

(a) TP (PCR-Raw-All) (b) TP (PLSR-Raw-All) () PP as TP - DTP

14 R NRMSE . 4 R2 NRMSE L R NRMSE 27
121 lab 092 029 £124 lab 092 029 —~12] b 093 032
;1 ol insitu 049 0.33 /// 3‘)1 o] insitu 0.67 0.27 ///' ':) ] insitu 072 0.28 A/,’
E" a4 gl AL g10 )
$ 0.8+ A s ' walh s $08] A
20-6- EO.B— Ran -
‘;ﬁ 041 A laboratory
a 0.2

A= @ in situ
0.0

0.0 02 0.4 06 08 1.0 1.2 1.4
Measured conc. (mg L")

0.0 T T T T T T
0.0 0.2 04 06 0.8 1.0 1.2 1.4
Measured conc. (mg L")

(d) SS (PCR-Raw-Sel.)
800
R2 NRMSE K
& lab 090 0.55 .
26004 insitu 064 055 s
£ 2
~ A A
2 .
g 400+ ar R
3 an
B a8 °
3 200
o A
0 T T T
0 200 400 600 800
Measured conc. (mg L")
4
c: PP (PLSR ), d: SS (PCR
Lab
in situ

Measured conc. (mg L")

(e) SS (PLSR-Raw-All)
800
R2 NRMSE L
L lab 0.91 0.51 s
[ L A
=600 insitu 0.82 0.38 S
é A A
9] .
& 400 2
o AA ,
3 F
B 4,
52004 & ¢
a
0 ; ; .
0 200 400 600 800

Measured conc. (mg L

a: TP(PCR
), e: SS (PLSR

1
)
), b: TP (PLSR
)

0.0 F——————T——
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

).

4a,

SS

Etheridge et a., 2014. Using in situ ultraviolet-visua spectroscopy to measure nitrogen, carbon, phosphorus, and
suspended solids concentrations at a high frequency in a brackish tidal marsh. Limnol. Oceanogr. Methods 12, 10-22.



Yanping Lyu and Tsuyoshi Kinouchi 74

Estimation of river water quality using differential ultraviolet-visible spectra based on 2018
partial least squares regression

Journal of Japan Society of Civil Engineers, Ser. Bl (Hydraulic Engineering) 1_301-1_306

DOl
10.2208/jscejhe.74.1_301

3 0 2

Lyu Yanping, Kinouchi Tsuyoshi, Nagano Tadahiro, Tanaka Shigeo

Estimation of nitrogen, phosphorus, COD and suspended solids concentrations by in situ UV-Vis spectroscopy for rivers
flowing into Lake Kasumigaura

5th International Conference on Water Resource and Environment

2019

Lyu Yanping and Kinouchi Tsuyoshi

Estimation of river water quality using in situ UV-Vis spectrometer based on partial least squares regression method

4th International Conference on Water Resource and Environment

2018

Yanping Lyu

Estimation of river water quality using differential ultraviolet-visible spectra based on partial least squares regression

2018




(Lyu Yanping)

(Zhao Wenpeng)

(Tanaka Shigeo)

(Nagano Tadahiro)




