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Fig. 1 Schematic diagram of the principle of photometry
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Fig. 2 Schematic of the overall system design

F1 BKEFRREESBENRFHARIER
Tab.1 Technical indicators of the seawater nutrient salt
sensor detection system

S KOMYERE, R, R, RE/

(ng/L) (ng/l)  (ng/l) %
RERR L 10~500 5 0.1 5
ik 7~500 5 0.1 5
NI RTET 8N 10~500 5 0.1 5
TSR Eh 3~200 2 0.1 3
R ER 5~300 4 0.1 3

x2 BKEFBABRFERER

Tab. 2 Performance indicators of the seawater nutrient

sensor

PERESHL PEREFE AR
P 75X DC
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TAE K JE A7 B A 445
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TCHk 32 47 A (A >720 h
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Fig. 6 Standby power comparison of the two systems
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Fig. 7 Nutrient salt sensor test software
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Tab. 3 Silicate test data

FRUEVRW  SEBGE,  AXFIRZE AHXRRZE/
(ng/L) (ng/L) (ng/L) %

0 52 5.2 -
150 1453 4.7 -3.1
300 298.6 -1.4 -0.47
450 449.1 -0.9 -0.2
600 600.3 0.3 0.05
900 902.1 2.1 0.2
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x4 HBABYKE

Tab.4 Ammonium salt test data

PRUERT SEEEE,  daxhiRss AHNTIR2E/
(ng/L) (ng/L) (ng/L) %
0 -6.7 -6.7 -
50 51.6 1.6 32
100 101.4 1.4 1.4
200 207.0 7.0 3.5
300 297.4 -2.6 -0.87
400 396.1 -39 0.1
%5 IHEEE IR HIE
Tab. S5 Nitrite test data
PRUEE TR SCOsR, dexbiR2E MIXHR2E/
(ng/L) (ng/L) (ng/L) %
0 2.3 2.3 -
20 19.6 -0.4 -2
50 48.9 -1.1 2.2
100 98.2 -1.8 -1.8
150 149.5 -0.5 -0.3
200 201.6 1.6 0.8
F6 MHERERIEE
Tab. 6 Nitrate test data
BV T/ S E A/ AT iR2E MIXTRZE/
(ng/L) (ng/L) (ng/L) K
0 6.7 6.7 -
100 100.4 0.4 0.4
200 194.3 -5.7 -2.85
400 393.3 -6.7 -1.7
600 605.6 5.6 0.9
800 802.3 2.3 0.3
%7 BRI BUE
Tab.7 Phosphate test data
B/ LR gXTIRE MXRZE/
(ng/L) (ng/L) (ng/L) %
0 0.4 0.4 -
60 58.7 -1.3 -2.2
120 120.8 0.8 0.7
210 210.7 0.7 0.3
300 302.3 2.3 0.8
450 446.7 -33 -0.7

/N T A AR BT RORG BEFR AR, AL Al ik B AR
A FAT G BEVERE, AT 2 T /K8 3R R vE AR N
TEOR o BeAb, s A [R] v JEE A o A A,
ARG B Z B AR DIRE, w]3d T AN [R) I3

A, 475 93 T R 05 90 458 K SO AR 28017 D R A I B R
R
33 RRRY I REIE

BT A AL A B0 R R AP TR BE, TR SR A A T
FARMN . 7EE FRERSH SRR is T e, R
Mt % 1) 7 OB A e A 5 . NRAPA SR K2
N 24°C, fdH] 180 mL W5, BRI 30 cm
Zed, KoK B W 1) s ORI AR E 17, (K25 A
H 9 1] T VRS I A e b, RS P 7 P 0 4 e
A R FRL LA AR A0 Tl s U ROR A W T A e 4
JIT b R B A R A O o 4 T VR AR B |
TOKIRBEELEN, UG IEH BT, YA KIREELE I, T
BRI S L TE, MCU A 2 i i 5, U sk )
WA SCHLIR, PRI S s 1922 4 o 1l TR B0 T
WA L BEL{EL X A0 3R 8 BT o

% 8 iR AESR T i BEE &R
Tab. 8 Corresponding resistance table of the leakage
detection module

il R BR HERE FHAE/MQ
0 T4 TFHFK
1 T 1.268
2 I 0.826
3 I 0.563
4 IKBRBEL 0.302
5 TKIREESS 0.278
6 IR R BESS 0.269

3.4 AXIAGRE

2t PIRSIYE — RIS AR, UL
TR SR MR T BARIIAE . mkGE bem ol
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— B gn g, MRS R IRKE, BT AT 2 E WX
felRas AT 4 . T IRV PR AL R L, AR
R — W BT T

AL SRR AT R Sk EAT B, KR R
5 PP E IR KCE FRER A TN R, 15 R R —
Tia) Jfr BBCAS P Vg K R R I 4 SR R AT B X, R RS

Marine Sciences / Vol. 43, No. 11 /2019 81



e IRkE REPOATS

EHAEN GB 17378.42007 ¥U4E BRI ik . 8
I B K SR B AR A B A AT AR TR RE VR S
VIREIREL ), FrfsiEss 15 RSS9 fias .

a 1

Kl 8 EFRERII A S Mk
Fig. 8 Nutrient salt on-site deployment and recycling diagram
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Fig. 9 Comparison of phosphate salt on-site trend changes
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Abstract: Traditional methods cannot satisfy the long-term in-situ monitoring demands of seawater nutrient salt
detection. In this work, a multi-range seawater nutrient salt in-situ sensor detection system based on spectropho-
tometry was developed.The system was highly integrated with multi-range detection, low power consumption, and
liquid leakage protection. Study results showed that this system provided fast-parameter, wide-ranging, high-precision
in-situ measurements of five nutrient salt parameters in seawater. Field testing by the laboratory and the Qingdao
Zhongyuan Wharf showed that the sensor detection system was highly reliable, satisfied the fast and accurate re-
quirements for measurements of five nutrient parameters, and produced in-situ monitoring of seawater nutrient pa-
rameters. The system provided timely data toward an understanding of the marine ecological environment and the

degree of eutrophication of water bodies.
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