(2958124 - 00

INFRARED AND LASER ENGINEERING

TR AL B AE DRI 5 T BRI 1A
I KREH BR— RE R
Correction of pressure effect in calibrating nitrate concentration of seawater

Zhang Naixin, Zhu Xingyue, Shan Baoyi, Xu Jian, Wu Qi

TELR 2 View online: https:/doi.org/10.3788/IRLA20240095

BT BRI H A S T

Articles you may be interested in

SO T AN KA BOESZ TR i SRR AR
Dynamic calibration technology for measuring sinusoidal pressure of water medium based on laser interferometry

LIANSGIOE T RE. 2019, 48(8): 805003  hitps://doi.org/10.3788/TRLA201948.0805003
AL B R R G5 KR A5 S 5

Design and preliminary experiment of optical fiber F—P pressure sensing system working in wind tunnel

LIHNS O TRE. 2018, 47(7): 722002  https://doi.org/10.3788/IRLA201847.0722002
e FEVEO G B r (4 SR RN 8 TR i IO A 1

Surface response correction method of light intensity detector in high energy laser measurement

LIANSGIOE T RE. 2021, 50(S2): 20210215  hitps:/doi.org/10.3788/IRLA20210215
SZ AT L DRI B AT IR AR RS A LS

Simulation experiment of wavefront distortion correction in stimulated Brillouin scattering
LTINS TR 2018, 47(11): 1122001 hitps://doi.org/10.3788/IRLA201847.1122001
AR IS AP 48 AR 2 P ) 5 ) B HAS I D5 v

Nonlinear effects of the Fourier transform spectrometer detector and its correction

LTHMSOE TR, 2017, 46(10): 1023001 https:/doi.ore/10.3788/IRLA201790.1023001
FET AT ARG AL IE DT ik

An narcissus effect correction method based on spatial and time domain estimation

LIANSGIOE TR, 2018, 47(6): 626003 hitps://doi.org/10.3788/IRLA201847.0626003


http://www.irla.cn/article/doi/10.3788/IRLA20240095
http://www.irla.cn/article/doi/10.3788/IRLA201948.0805003
http://www.irla.cn/article/doi/10.3788/IRLA201847.0722002
http://www.irla.cn/article/doi/10.3788/IRLA20210215
http://www.irla.cn/article/doi/10.3788/IRLA201847.1122001
http://www.irla.cn/article/doi/10.3788/IRLA201790.1023001
http://www.irla.cn/article/doi/10.3788/IRLA201847.0626003

% 53 %% 3 0 NGt TR 2024 % 3 A
Vol.53 No.3 Infrared and Laser Engineering Mar. 2024

HERERFSARBENTHRES I
4—%}—.1,2*

ﬂ'{ﬁlb‘l, *E‘}HZJ, ﬁ‘{%—‘l’ 'fé"} }i{il, %
(L AKRFE HFEFHARE, L& 58 266237;
2. Bm MRS IR AEERE (M), 7 & 7 M 511458;

3.AEBHBEKRET BFR, H# 999077)

1 OE: AW, BT IR R INRNMORE X BRI R A W 2R v ik P AR B el &
HHE, AR THEBREAFRBCRERNTIREEKR, RBEE AL kAT 2000m AT &R
BRI F, Wb, AT BT AN ER 3R, A b BT IR TR ) 3 iR SN0 R R AR
EAFR . e AN A R ) BB 6 AR 3 AT XK, R R T A R A RAF IR E ) T ae K
SRk, Bt TR IR T X A A IR ) RO S ok A R 2 TR T A S RAU, § MR E-
T s =Rk WA ARE R B B AR, R2A 0.997, 3 4.3+ £ (MAE) 4 1.294 umol/L,

3 14m £i% £ (MBE) 4 0.037 umol/L,
KR B, EREARIE; R RIEE;
FEISES: 04334 MEREE: A

T R R VR S R AR K S5 8 B 0 A 7 P 5 1 4
Ui, FLAE 217~240 nm 455163 X J B0 H 1Y) O 2 0
NG R IR T AT REN, AR, TR AN et
JEE I K R SRR AR B Tz . AT
Bg A2z k, %o T BA W AR, A T bR ik 2
IR L e T A S RS s Y, TR
BSR4 o SR, S i R R I 2 7E AH SO
Bl PN 32 BT K P 6 T (i Ak ) s ma ™), 240k
R B 2 = A WS o AE R, WK B RSN i
SRk B 2 M AE G TR ) R A ST, E A
g N B4R T 2000 m N AR SRS IE AR, 2 T
) i A 2

X URIRE SR TT 2 100 5, S BHOGH i R Ay S5 AS 1f
N5 5% 4 U R AT BB 1) TS I 5 0T A Ak 2R
FOCHEE, HATAEGS N T VR 1) B R AR A B
a7 T I AR R D, HABK T O, A B B, B
U, A TRV 2 A A% B DU o 1) O B R R, X i
EEFE R R E R, DI3EEE 2\ A1) Deep SUNA
S, FERT LA B K R VR EE 22 2000 m, 1fif 2000 m

r#m B H#A: 2024-02-05;  1&1T HHA:2024-02-26

% SR IE
DOI:

10.3788/IRLA20240095

DLF AT AR B AR A B AR IR AR 25 . IR, Serp
P& T — Tl ] 0~50 MPa [ g 78 14 Al R 56 100 2
KAETTE, B e RASIRE L BEs i N R EE, IF H
AP R TRV T 0 S A

Wix RGN E 1 R ST (DH-2000-DUV, i
FEF) &I OGE OREF 4 R A e, 28,
Ltd) Ji5 43 R 5 5, — I8 i R 4F il 2% (FVA-UV, 1
TG, 5 — Bl TR 2545, AT R 62 [) 20 Wil o't
U8 S0 B e 1 B TR B O'G T 38 2l A ) ) 2
5o P& UV LTI AT 2R, IF 38 o Y TF e e+
TR A%, B e ol 500 A B e o A B SR 4 It
o N e Ty HeiE S R 1t R ZE R T E
0~50 MPa [ FBl 25 Vi /K i A 400 K 19 32 R A O, I
i 3 2R AT QE-Pro Yl i AN [F] 7 T 9 58 Ak
SR . WA 20 3 73 BT (AutoAnalyzer 3,
SEAL) il 5 % 111 5 13 7K 5 I v A s P vk 2, T s 7
VB I AR G 1 S FRER & i (0~50 pmol/L),
DA ] 5% J3 AN ) i 2 s e 1 T AR it B S
AOMRBE, L X R G0 I HE 1R 25

EEWH: MRS TR AR E (M) 24T H (GML2021GD0808)

VEFE A 5K 90, L, WA, B R RRER I BT T RO WS

SIRCRITAER)E T 25, 0, H, WA S, WL, 3 NS s 7 AT ST

20240095-1



ISk A2

%34 www.irla.cn % 53 &
‘ “, Liquid-medium
‘—q : J‘ piston pressure
Pressure vessel \-%96 / gauge
N P
Ultraviolet p— &
light source y
Ultraviolet S 4
fiber l/ V
Light switch Ultraviolet
spectrometer
Optical attenuator
P 1 R0 SEAMBO LI e I i R 45
Fig.1 System for measuring ultraviolet spectra of seawater under pressure
W ik 25 L2 B TR 0 ORI 3 KR 4 ® 016 f h .
200~220 nm S LAY WOE LW/ . S T BFSOE K R 0.14 1 My
, 0.12 r
) 5 R 52 3 000 72 75l 59000 9 o .
o010 F
(50 pmol/L). % L1125 ¥ 7K 178 Ak 44 ¥ L (840 pmol/L) R ‘ AT
AT AR [ T3, A5 3 4 ' B 2 SR AN 5] 2(a) BT ?i; 0.06 . " LV
o ATLL HTE R J1 7T WG K 1 W ' B FR AL 4 e S R L
T 1 A A, TR R e G B B A AR A2 FE 1 1 5 L e WA
oL = w ” e
Wi o PRI, AP P e Ol 3 A B (45 A2 i v o0

L2 e (SNV) H1 2 JC HUH 2 IE (MSC)) X 0~50 MPa
T W 7K R SRS HEA T T IR AE,, I i e /)
Z3fe [l 9 (PLS) 53 v #E 47 [l 9 190 00 F 5%, 45 A 4n
K 200) it s o AT LA Y, R A8 R ) BIE 53 1Y
R* 2 0.991, P-4 X%f 1% 2% (MAE) & 1.980 pmol/L, -
) 22 1% 2 (MBE) 4 —0.042 umol/L, ¥ J5 R % 2
(RMSE) & 2.505 umol/L. fifi I MSC-PLS &7 1 R?
4 0.997, MAE ¥ 1.294 pmol/L, MBE j 0.037 pmol/L,
RMSE A 1.620 umol/L. f# H{ SNV-PLS B.iL 1 R
0.989, MAE &y 2.308 umol/L, MBE >4 0.098 pmol/L,

(a) 0.8
. -
= L
- =
LB
i e
0.6 | 5
Q
2 = Seawater
<
2 ® Br-
E A NO;
<
04 r
A A & A A A
0.2 . . . . . .
0 10 20 30 40 50
Pressure/MPa

0 2 4 6 8 10 12 14 16
Group of sample
&2 (a) ARIFIRTE 214 nm G BOGE 5T HOER; (b) A[H
MRS
Fig.2 (a) Absorbance of different solutions under pressure at 214 nm;

(b) Prediction error of different algorithms

RMSE 4 3.085 pmol/L. [k, fifi Hf MSC-PLS J& Jj#%
EREA R R AR /N 3 5 MR 22, LA fiff
FE RS B SCR TE b, B S i 4 A T R
P O AR

S 3k

[1] Nehir M, Esposito M, Begler C, et al. Improved calibration and
data processing procedures of OPUS optical sensor for high-
resolution in situ monitoring of nitrate in seawater [J]. Frontiers
in Marine Science, 2021, 8(7): 663800.

[2] Johnson K S, Coletti L J. In situ ultraviolet spectrophotometry for
high resolution and long-term monitoring of nitrate, bromide and
bisulfide in the ocean [J]. Deep Sea Research Part I:

Oceanographic Research Papers, 2002, 49(7): 1291-1305.

20240095-2



s Gk A2

%348 www.irla.cn % 53 A
[3] Sakamoto C M, Johnson K S, Coletti L J, et al. Pressure seawater using an in situ ultraviolet spectrophotometer [J].
correction for the computation of nitrate concentrations in Limnology and Oceanography: Methods, 2017, 15(10): 897-902.

Correction of pressure effect in calibrating nitrate

concentration of seawater

Zhang Naixin', Zhu Xingyue*’, Shan Baoyi', Xu Jian', Wu Qi'*"

(1. Institute of Marine Science and Technology, Shandong University,
Qingdao 266237, China;
2. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China;
3. School of Science, The Hong Kong University of Science and Technology, Hong Kong 999077, China)

Abstract:

Objective  Optical nitrate sensors have advantages for in-situ exploration and the potential for long-term
observation in deep-sea environment. However, measurement of optical nitrate is influenced by substrates in
seawater, especially bromide ions (Br), within the relevant spectral range, causing a spectral shift in the
ultraviolet (UV) intensity spectrum. In recent years, the pressure coefficient of the UV absorption spectrum of
bromine under seawater pressure of 2 000 meters has been studied and experimentally confirmed, that the
bromide in seawater affects the UV absorption spectrum. Considering that the seabed minerals are primarily
distributed undersea at depths ranging from 1000 to 6000 meters, achieving accurate in-situ detection of nitrate
concentration becomes crucial for the assessment of impact of seabed mining on the marine eco-system,
establishment of an early warning system for the marine mining environment. Currently, products of nitrate
sensors are limited to the submerged depths of approximately 2000 meters. No nitrate sensor product is available
beyond this depth. This paper reports a calibration method for nitrate measurements within the pressure range of

0-50 MPa (0-5 000 meters), aiming to improve the accuracy of nitrate measurements in deep-sea environments.

Methods A system capable of measuring the UV spectrum of seawater under deep-sea pressure is constructed in
this work. The light emitted from a deuterium lamp is transmitted through a fiber-optic beam splitter, dividing it
into two paths. One path passes through a fiber-optic attenuator, while the other path goes through a pressure
vessel. The two signals are then combined at an optical switch and selectively transmitted through it. Finally, the
data processing module performs data acquisition and calculation. To simulate the deep-sea environment, the
pressure vessel is connected to a weight manometer. The UV absorption spectra at different pressure are measured
by controlling the external pressure. A continuous flow analyser was used to calibrate the nitrate concentration in
the seawater samples collected from Aoshan Bay. Different levels of nitrate (0-50 pmol/L) were added to the
Aoshan Bay seawater, and these seawater samples with different nitrate concentrations were measured by the

measurement system.

Results and Discussions The measurement results revealed a decrease in the absorbance of seawater samples
with an increase in pressure. To investigate the pressure-induced changes in different substrates in seawater,
identical pressure tests were conducted for nitrate solution (50 umol/L), Aoshan Bay seawater, and sodium
bromide solution (840 pmol/L). The absorbance results obtained are depicted in Fig.2(a). Notably, the absorbance
of seawater and bromide under pressure exhibited a similar trend, whereas the absorbance of nitrate remained

largely unaffected by pressure. Subsequently, pressure correction of seawater UV absorption spectra was
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conducted at pressures ranging from 0 to 50 MPa using two algorithms for spectral pre-processing, including
standard normal variate transform (SNV) and multiplicative scatter correction (MSC), and regression prediction
with the partial least squares regression (PLS) algorithm. The results are presented in Fig. 2(b). It is evident that
the R? is 0.991, MAE is 1.980 umol/L, MBE is —0.042 pumol/L, and root mean square error (RMSE) is 2.505
without using any pressure correction. The R” is 0.997, MAE is 1.294 umol/L, MBE is 0.037 umol/L, and RMSE
is 1.620 using the MSC-PLS algorithm. The R* is 0.989, MAE is 2.308 pumol/L, MBE is 0.098 umol/L, and RMSE
is 3.085 pumol/L using the SNV-PLS algorithm. Therefore, with the utilization of the MSC-PLS pressure
correction algorithm, the prediction results are superior to those without using any pressure correction. This
suggests that the pressure correction algorithm improves measurement accuracy. The MSC-PLS algorithm has the

highest R and the smallest error range, indicating its superior pressure correction and data prediction capabilities.

Conclusions The primary objective of this study is to enhance the accuracy of optical nitrate measurements in
the deep-sea environment by addressing the influence of substrates such as bromide on UV absorption spectra. A
system capable of measuring the UV spectrum of seawater under deep-sea pressure is constructed, utilizing a
deuterium lamp, fiber-optic components, and a pressure vessel. The experimental results demonstrate variations in
UV absorption spectra between 200-240 nm under different pressure conditions at the same nitrate concentration.
The SNV and MSC algorithms are employed for pressure correction, and MSC-PLS algorithm exhibits superiority
in predicting nitrate concentrations under the pressure range of 0-100 MPa (R* of 0.997). Therefore, the proposed

method offers potential applications in mining exploration and environmental monitoring.

Key words: nitrate measurement;  pressure correction;  ultraviolet spectroscopic measurement system;

multiplicative scatter correction

Funding projects: Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou) Foundation
(GML2021GD0808)

20240095-4



	参考文献

