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TR IR G CL A O R R di DRI B A P ATk 2
—, AfRFEEYISE . RESTHE KM T BRI
KIS HOK R B DI, Sk, B AR IE,
TMVIRIK S A5 K B HE R K 3G A B TS G TR
SR 25 R M S R A AR BEAR LA
P ) SR TN A K TR e PRI L HE
BRI, DORAEIR R T REM RINHE B e 9RE
OREN= RS SE = x (NS0 P S o T ob N
M B ARGE K 7 IR K 5 I ) — A B E R R U 1), S5 4%
O e VNI SR S o VI NN T D R i | = i
AT HORTE BA BRI R BN LT
MR P et RG] R A 18 i, A 3 3 45 X 7 R ) PR A
LR . ASCERIR N ANGTEBORAE K FRFE K LR bR
PO M7 IR, BE IR EHAKKE .

1 IR FRFE K B K S B AR AR BT 5R

K= FRIA K S B KG B K fh A
XTGP FRBENE AR, RS pH L KIS K2R
MR EAF A 5 R BB RO . AN[R] BRI B AT TR I
MR, KB ERAF . 33, KFHRIRE

WA E 8 2018-05-04 &7 H #i: 2018-09-03
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HIVEE WS, pH {E: ¥%/K 65~85, #/K 7.0~85. &
S 24 h v, 16 h DL EZURT 5mg/l, HARAEfT
BHEAFHCT 3mg/L; ZUt R, A A S EEKT 0.2mglL,
ILUIKEA T 0.05 mg/L, WAHRREKT 0.1 mg/lL, FEE
THAA®T 002 mgL; WFBLH, EMAET
0.001 mg/L; HE4&JE, KAmT 0.0005mg/L, #HAmT
0.005mg/L, AT 0.05mg/lL, 4iAET 0.1mg/L.
1.1 HEFEEKRENFEAR

b2 5 R, R FR COD, J& 87— 261 N KM ik
JER A0 o i SR AL T AT, BTV R AL, 2
RAFAK IR EEYI R 25 & 4R bR . COD A& PR K ik
NEZRITRRR, BB R B KA S I8 JE ) TS G
FERE, ALK BAG T L BRI S 503, 1R ARSI 7
FH KRR COD [k BE e i — I BRAELI , 2% 7K™
it B AR KT s, 1T L2 B N K P R B I 7K ) A B
A, KW COD [ M 77 vk 3 B2 v B R 48 ik
(CODwy,) FEELERH [PV (CODe) . W MG TE
BT, B RS IR A VE AR TG R AKORT b R /K B 5
I fe i P BV B IS Vs K, I ey VA R H A
A4 FERHKG . TR 3 PR N i e ) it
1.2 BRKEEMHAR

Boe /KPR FEE R —, KAEHEKIE
SHEA. MRS, UHRHE. AVEMLE, [
VU2 3E 5 A R F T DU B 4. BRI 2
A, SR B KA 75 YR B A S AR IR ARG T
HEFEAE T O, ek, WEhESE. 3
T ML DL RO RE TR SE, Hidr, R e
MRS e, (IR RS, BNk, AEH
Kt i
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1.3 BBIKBREMHRAR

SRR EE bR, R EKEEE R
P BB R bR . 7R KR B 2R i K 2 i e 2R
R, KB HERRK, KA ZE, TR K=
FEREFE SRR . BT, LR BRI — R R R [ R
IR R AR DAH R B oy e Y BE VAT, 1 P A P i
TR A R — 5 it ids . AR R . RSIR—R
RV A RHIR— r SRR TH MR I 2K R PP R S it
RiEe,
1.4 FBEELBKEEMFA

FEE R KA BN ER 75 3, AU AT F%
fig, T HSEEMERANKIRER, SRR, 5K
K45 RO, B A TR R T
REDEEE. Bk i, A — AT WA e e REE . WA
itk 9 T NS AT L AR AL 2R A H R,
1.5 BRREKBRENFAR

BIRERIRER T Kb FIREEA, ZKEDE
AT D 4AE . T K= 3R R, KK IR R
MK ARG E ERE BRI, A Sk H K
52 B A LTS Y IR RS & R K AR TS Ye i B 1) B B b
R RE KR g S e — M0 H AT F RS AR A
M7 EEA R . B 2EE CRIE . BSIE ).
PRHCVERIESE o
1.6 pH {EKBEAEMFLAR

pH B A7 A B A B, & AT LA IR /K A4 O 5 1R
SHBA SRR, BRREMY . B RACEZE R,
SRR B AT K S KA RR
SV, AN KR AN EESH. pH HI%ES
M AR RACE ALk
1.7  BETFHIERIK T FRIEK BRI AR

KRR A 2 7 A B, 3 Tt B (R /K R
WIHA R - ANEERETF, &fF TEEW, JLANE
FK RSB G XA R m . 7E— T,
BEH IR CE 56 1R I A S, R AR e,
A LA G AR B e,

1.7.1  Seaidksk M e 226 3 ak

e v e 2 1 BAMA bR e i, WK = IRl
AT R 8 B K B IR R B, R 5 %o L A7 il A v 4 it
T E I KFERAE, & TR a2 I #5877 VA
SE W) R G5 R FIAR S 1oy (R A3 M o A R ST A LS
Peoi A FaAn SKRE 6 S A 2 A g R A AT, SR
FER NG Sz i
1.7.2 RaEKE 7 kT RAGKIE XS

COD 7E441 254 nm Ab 5 1R 5 [R5 AE IR USCAR S 1, )
FHX — e B IS R 3, AT S R e B R ARG S
COD WEAEMI KRR, THEHEWH COD W, SEJLHE
WM TTVEA s B I AR R R AR 4 S G BEVE RS A
WS . R 6 A2 B A e LB A, 2 T AH
Rih. [EMETEAND AN RETY). B FEE
J7 VSRR I B R 2R A e N B, T VR SR R
PR B R B A, (A VLA LN B & A R
HEUTEANOEER AT EM . AR AT
AR ER T (BRSIR- = AR A FEVE M, XV i
PO IR V5 VR AN ER BR e v v Ab B, R 40 e BE VR AT
M. HE R I ARA R RobsEk. 5%
B RS, Hp R FRikobnEyk, BA REUE
s K BRAG . M. MEREMELE . BUTPLAE SR
S, SHWMWEESESEREEN L. HTK
FEFREARAF TR AK MR KEE, HSHE. &, B
TCRFFR TR, MEHARR S ZEa, TIENLER.
X)) 2 FHedabs, T[T ATk b, If
5 & W m k4T tease,  wf e R R 6 i vkl & K 3R
FEKBZIB PRI E 0T, Frid A R 2 FEAN 52
U REZ =g vl e A O T el N = 28 A e m e/ D
K. ETOEERKREESHWIRNEWER 1 Pk,
HA X FRETRIEHE AR COD W5 Ht s %,
FARB . i, AT amE. AE. BERBRNE
EUR A SR R AT A EE, R — MR .
LA G 1 AR XS 7K = FRFE K i 2 S5 i, FE4E s
VLK T 22 2 00 MG B 2 B SR T IO M R

F1 ETRIBRARBKRENG %
Tablel Water quality monitoring methods based on spectroscopy

5 JEREXIR KX

R oar e Y gl

1) iy : . W SR
'\{;?Eg;;gg csaggtc:?)l/ V\r/;sl;ﬂ%th Spectral method Experg;%nflﬁgeg:tlpment Monitoring principle Reference
e SRR MRS R R, 7
Chemica FEEAOLK 254 BANRIBOREE  BAOEER i AT LRI £ g
oo teand AN A4 AR BRATRC

A B 20 R AL T SRR TR

Total nitrogen ; ﬁ%@@%#é LA TR R T e S

et oo e TSRS & RL AR )
Rl o g0 s G LEREC BREREE mamman, muspinsnE oo

Total phosphorus . Ptk A S Wdh, OO BT G AT

T ﬂ‘/ﬁ{lﬁ%(& e 4 py AL
BRSNS E.
SN LA 2 R
o — gig&igﬁé%¥m,%mﬁ@ﬁﬁ
4 B BOO~ o e s e FURE AR IELL .
Heauy mesal o LR SR SILOLR BT SOE WEBNESRT RIS P
FE R SE R A RSB 7 A 3
SRR, HE I E S E e 2 A
TIRE C ol 360~ s REY T T 25 S A VHRATE 0.1~14 mg/L i Bl FF A B EL

Disoe g P oo b SEANT IS YR paliion [21]
pH {& Pouvoir - . 520~ TN - TV ANIE) pH B 75 S i iz B F i A e P

Hydrogéne value EAR D S 1182 IrIEIC IELLAMEREAL 03 S [22]
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2 IKFEFEKREIEHELIE S EAR

N G AT AKRE ) 5 PR B E B i, BB
IKFEE (S BT B AT GG BE O AT, ' B A PR
43 R P AL RN B R I B B 2 E 0o
2.1 FOEHETRIR S EMR

IV AL — S S R R T I R TE SRR TR
RN T ST ) E M EE B AR R nfadd . T EE,
W H T BT E A B AT TRACEE . UL G TS

HES Bk 8 510045 Savitzky-Golay P 5%, /N4
Mry 2 JCHUREIE, 3 B DL W EE % B i an
x 2R,
2.1.1 Savitzky-Golay P Hi%
Savitzky-Golay i /& —Fh B A BRI B 5%,
Savitzky 575 1964 AR P, & —RhfE B 2 T
Jeydek 2 I i /s ZaRVEALA I BEN TV, il B RS 5
xof B AR AR A% K B AT 20k, AT Z 2% 0L 4
RZR T ELBE, 2 P SR — Mo A i 2

F 2 3HMAIEEERIXT LS
Table2 Comparative analysis of three pretreatment algorithms

TiAbEESTi%: Pretreatment algorithm

% 5 Characteristic

J&EFHER Scope of application

Savitzky-Golay 71 ik
Savitzky-Golay smoothing a gorithm
/NBO T Wavelet transform
Z TR R IE
Multiplicative scatter correction

HAERE. RED/THE R

BT HA MR 20785 B2 RE AR
AR SRRSO RE R (E L, X BROLIE
Bt B RO T P U I RCR

AZRALAE R, & T B RE T 8T £
T2 BT R BROGTE SRE . X T
2 HI TG AR (5 B LA AR SR B AT L

SG T BE AT F T i At VT oAb B2, R K
i 1290 e N R AR AT T T K R R A S AR A, R
FREIR, SG BRI GEME I R R TR 2% .
AR R SG P ENEL S HEE, LA E LT
(AR . T B R 2P P04 Savitzky- Golay S ik
ANFIFE PR A B R AT TR T, SRR, Bt
TR R R A A B AT A 1R K235 . Savitzky-Golay “FiF
FEARZREABHRIR ], &/ TSRS 1T 20,
SfEgidantt, 2R EE ERE. R E AT
FME R R Kk, SG R B8 TG 2 M B
AbEE, S R EAR AT T S R
2.1.2 Nk

AN AT — R R/ B LR A AR, A
T AT B 0 T LA SRR F A A=) BB Ak 20 A 5 kB3, 3%
T EAEARA 53 A 2 1 (AT 3 0 3 2 AL R B[]
PR AE R S B A 5 FR I 1) 43 3 R R A (R A 2 4
HER 5 AR A b, N AR R TR (RS TA)) AR
W R A AT, SR T R i S it (5 B b kAT
2 R, B8 B AL A 40 5y, ARAAL 52 41
5%, BEHE BE NG S AN ESR, AR ES S
Hroedp (s BAEFRafE B, e 5 B ERE B d s
Bk, A EIEMENH B,

X R I STL SR /N A0 AT v o AR 7 I 1 0 1 B A
HEAT LWL B, FALL TR LM ab s, 7R R 2 B 0w
o Ma 2538305t /Nl I3 vk EAT T e, RN
FAKRE I 1 B 1 5 M AL TR o /NI, 25 T T /N
OMBIOHEST, TR T EEE NS Sk, 5k
VR0 BN R S BB AT LA B, S5 R,
AN AY BT AR BE AT R v B TR . N A AT
T BEERRTE. 208, EMtE Mkt R iErEm
%, REMEIE AL AR LR ER, T N T R BRI
M. AT
2.1.3 ZAHHMHRE

% BT RS IE (multiplicative scatter correction) -
J&:H1 Naes il Isaksson 7F 1988 4E4 H®l, £ JBUp# IE

FEEA B RIS &AL — k5 H
BA SO ARG . BRI ARG BRI A T
EIREG, R A AR A LA I P 3 i it 2k mT DLk
AR AR, LI HE SR M BURMR IE . 2 JCHUR L IE R
SEPUP BRI D tHEOGIEFIME 2) #AT 4t RIRiE
B, A HFES PSS REE . PR FDEIEE R 3D it
FEM ISR . FEMRFA RDGIRE S, TR k.

% T UL 1E 77 V2 R % 50 Bk 5 8 i 18] B T B 2 e
T G B AR A S U, i e 2O R IR B6IE
73 3 BB RS TE AR DO A O BRI T B I R2 . )
K2 Z F 42 70 B ARR IE 0 32 Dl RE 2 (R 7K BRI 1
ITREIERS, S5 RERW: ZIT LRI EA R KA K A —
AT ULR VAL T AR AIE () RT3 T 6 LI AT b 2 31T A AR
1E. Zuii R R B 52 m R O TS R E e b, X
TH BRI T H I 1 B M B T HUA B ORIk E
FF 6 0 Bm v B 45 18 R AR S M B A R A 1
2.2 IKFEFFEKBRAIBFHER IR R B AR

JEE ORI HHE &K, JGIRFE R RE R ITAR
Bl SGEAEMETR L RERERER, FEOLE
A BORREG. R, MORSEBIPE RS 42
WERTEBENEKLRE, ERIIKRLENLELLE,
AT DASR EOG T I RS B, AR A PRI A g PR RE .
HI PR AE P BOR BT A AR R S L. BB B
B R RS 3 R LA B AR SR
IR EE T N 3 Bs .
2.2.1 EBBRBEE

PSR 5 (successive projections algorithm, SPA)
ST — P O 1 s ) R 2 M i /N IR I 1) AR i R
HEWZRN TR ILEE NS, S22 e
HIRREAL TR . SPA BOER AR . SR Y i s
AT WU ) T ARG HT AR A, R T AR = i
TRFHAT RN, SPA VLB IR BRI AR AE
WEMEE S N, D MILEPOGIERERE R —5; 2) i
HAZN IR 3) EEE D, HERE n A3
B, ks,
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Table3 Comparative analysis of three
feature extraction algorithms

PRI
Preprocessing algorithm

%ﬁﬁiﬁf B B o, SRR A BB LAV
Py A NN b LA E

orojectonentoaithm Ko PESTBRBIDGHIERED TR I1

TofE BAT R bR S
Uninformative

variables elimination

¥ 5 Characteristic

SRR TTRRAOAR B, T/ — el A
BERBY, 5 SPA HAE & EH

ESD %yl Bl y i, AL BERRFIE R B Rt
Principal REFEN B E R B, ®AT

component analysis

SEPED M, G T RREA

JE A A0SR B SPA ARV A S O O AT
TER B e, e T ek, B TR J4 R f
PEm TGRS . BN VR 225 SPA JRIBRHIEIE B E
HEAT T R 0e, o B a5 N SR B Tk, X SPA
SRR AT ROt X A A AN S SR SR AR e AT R
AR M E 15 B IREL, M T /AMEAR B T &
PR I R, SRR N Tk A, R —
Toh e i FH G R AE o Bk B S
2.2, AREEEEEREX

I 15 B A & 9 % H 9% Cuninformative variables
elimination, UVE) &7 /> —Fe[rl 3 R 50 ) S hili b 4
S AE IR BB, T e Bt i ST AR A VA DUk
fAs &, Bl T0 s BAREDY, UVE BRI F: 1
HEAE T H AR R PR B R BENLA B (25 H
T MG, 2) WA X IRE 1% — 5 Bk
AL PLS #AY, 53| [EIHRBGERE, iR REOERE
Fp [l 3 R 80 ) P EME AR E R 2 IR AR e P 3D R
PEZ e B 0 e 0 B R /N 5 A 75 48 ) AR 2
T PLS [A]AFE R 1,

UVE SyLReE il DB S N B AR, PR
(R0, T2 F 6 s R e Bk %059, Tan 25190
PEH T RTLREETENERZ T ERIERNE, SIRIF,
T VEAER I SRR . Cal &SN it E BT,
FR 4 5 R TR B TE M5 BAE Tk, TR FaE
ZWMAR RIS AR, 127 RS0 i S v e B

B, TN RE AR . Zhou (0203
UVE 5 SPA 455, WGl B db TR n s B e #%, K
M5 BEBRAH SPA FikMLL, ZE%ESHE DA RIA
FIE SRR . oG B R LREILRE I REE
DTRRI AR R, DUA B REE S Bk £ H 1.
2.2.3 ERSOH

F 44341 (principal component analysis, PCA) F
Ji AR Bl I 2 VR A A AR R AR B, AR S R AR S AR
HIERZ. BEAMK, UHREETEZNZ RS, I
RO RE AR KRR AR B ARG B . R Wi ik
FEER MR IO ) AR AR R . KRB A — G
B n MEKPTOLESE, FHHHA R —HBD N n7
B HASKE S i 1) E 15409, PCA BV IR 1) %
AR R T H 0L 2) THEDRIEE BRIt oy Z R 3) X
FE PR AT RMEAE 28 4) B B ORI n/NMREAEAELGE R
fEm &, KA RRHE R SRS, AR E A 25
FE 5) WG RE b iR —MEA,  RUREHIE M 2 AR R,
A HTREA

F R o BT VE AT A K5 R 53 2 AR PR S ), Assaad
A LTOTA58 3 3 743 40T SR EURF I G % B8 AR R KRR RSy
(1) 22 FEPE RN T AR PR AR R R 2 . PCA A 5 HE
SRS SRR e 5 BREAT R, ok 425 R
TR 43 M 45 A BR P B 5 AR i /)N — 32 6] KR 43 S nT
COD & &M AT T e tEF e E R /b 1l 5656
WE 1A% 7 V206 SEBRAKARE o] LA T A 805528 s o it
RSB VE R AE T VAR R, A — AN S ) v 4R AR 1 B
W Tk, ST R IAAE T AT AR K Hh 46 K8 43 R 1]
AT EMES .

3 IKFEFRIEKBLIERIE AR

T AR A BT e/ 3R B/ R SCER
) AL AR 2% 45 o 3 iy LT i A0S L
wmE 4 Por, Hdfim/h AR AL, @
WP T SO e AR D) S5 2 TR AT A DR AR
Ry TR/ AR SRR R UM T e X 2% ik 2 AR 2
PR ARE, R T SO A AR P o T H
AR R R TIAER.

x4 IMERNEETZRN LS
Table4 Comparative analysis of three modeling methods

@#H77%: Modeling algorithm KA Types 5 5 Characteristic 3& 75 Scope of application
=ik b R R, R, ARERCR (R AR T RIER T A BT AR

Partial least squares
BN Z IS A EHL
Least squares support vector machine
NLHhEE I 2%
Artificia neural network

JRLR I

R A

TR SRR B LT S, SRR T SR,
Pt TR, AR ZER N
BA B, WE TR R R, Sk,
CVHEERUE, AN REGIIGER K

AR A

T REA A

3.1 RN FREE

fife /s —3eid: (partial least squares, PLS) i F-T1
AN H HWold 7E i B4 52Ut , & —Fix
W, NSRS, ST R T
% JCLR MR R R BB AR G A AT 2L, LB B 2
B AT, e ERS FEEHERET —2, EkaEIE
RN B AR S B HEAT G R, T e ek R
A B o A [ AR A R R HEAT e o 4™, PLS
SR 1) [F) B S EH i AU 48 bR A B AT

RT3 07, FelCH AR IR S AR & 2) KR B AR i O
S FRAR R TR R N HE 3) ik B AR AR AN B B AR
AT

BExt KR BB AR bR, PLS RAEA Bl i gk,
Song 25 B08UZ F 37 GA-PLS R IF B4R, R IGF A ,
FRIAB R OR R (e . MM FESEU R F 2 ANl R 45 &
ffe /N —3[MEH (PLSR) ik, AIRLFHi M ZR KK
TR SRR E 108 1k, XK R BEAT . Chen 251828353 5
AN GRS PLS B, 43 5% K COD Fil L
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SJREFIRERT oM RN, SRER, WMES AL
{2 (A4 WL AR S . Dahlén 238952 F PLS A%}
COD. fHMR#E5EZ /K BB n AT R IllE . PLS &Hik
B35 PR A0 s e 50, A ROH bR AR R 2 R 1 22 B R 2 1,
o R AR BRI S B RE R ARG R, @i
G R R R IR S A MR, R EE T
S7 RS ) T TR AR 2
3.2 ERNIRIFEENEL

Y HFHEHNL (support vector machine, SVM) /& —+
2 SRR DR — R AL ES 2 ST 7R, e E g
JEN 5% -2 N A L 3 R S [ R SN = N |
LML T WA BN R B e A DA B ik 2 5 45 1) i,
X T AELe VEERA . AR R A B i 2 R0 B 4R 2 40 I B A
IRBRBE S . SCHEFRIENUEAR: 1 &iErr o, 8
WAL — A ) 8, A% B H sfe ik ik, AR
Ja HEEA AR 2) ZRPEATT 7, FRZ R ECRKFEAR
Bt B mdE s ia), AR E T S, IR Z SR
BOR A mg i EE. s/ RS RN (least
squares support vector machine ,LS-SVM) #& —Fh & i tiidk
IS RE ALV, B HARFAF B AFELSCNES,
B4 R AR 2 B) o — AN O R AT R )
R SR AR, A5 ven 242 1) L SR AR 5 /M4 25 B 489

Choi Z189M g 37 7 fi /N — 3 Sz 45 ) B LIt 7 5 gt
TR . E NAMFZ 28X LSSYM BERUEAT Bt LA
PR K PR TSR [ R . ARSIt AL L 214 %
PO AT LSSVM R, stk A BT
SERTI, RGP TR . B/ Z3RSZRE R AL LA
ORISR R B R (TR, AT LUK /INEAR . 2 1L
FIBREEAR 5, AEARAE TN AR I RIS, 4858 T i o by
TR AR T PR 38 47 B[]
3.3 ATHHEZEMLE

AN THZ M2 (artificia neural network, ANN) J&7E
BURKHZ B2 0 78 B SR ) JE it 42 i, RN 2R LT
K #1225 fh BB () S R AT (5 B A B ) B 2 A Y . 1%
SRV T DAAE i N AR 5 RN HH AR 2 D) 3 ST v FE R B 1)
LSRR Y, WS o R v RE A IR AT 0 A AL EE RN 5 & N 2

o NTHZEMEGHFPRAIRE, AFREHAHE N T
#. RIMEBANLEMLE . NTHEMERNBEHAN
T AP M5, HATTE G BT R A R 15 232 B
F. BP#Z M@ H tH—A 3 EMLSHRL, 7 iR A%
2. s ERHNE. BPNN [N Z . 2Rk
JEHGE AT . (E 5 NRMAEMAETTRANG, &2
fafEmAIt, @dREEAGREnTE G, K
SRR R, B h RSB g R,
TEZESL BPNN ABUF I FE e, Ji R A O 45 AN
R Fy g HE 5 SR EAT G B, SR 4 SR P O % 2
iR E R, NWHEN & EERM T, HRIRE
IEAR IR E I 21 B3 IO 35 5 AR 15 22 /N T8 5 1) R

Zakaluk 205U N T2 I 248 S 1SR v 7O T
RS BERI 75 TR L2 Bl N TR SR, R B
R R R B ML (RBENN) F1 [ A& 4% N T2 kR
% (BP N TARZRIZ%) Stk = FR 5K 5 T ek SR 58 5
156 1) 5 bR B 22 P 2 IS Y R T KR 9 R S E M
B> Xie 25 98 NIR H AR H T /K38 A e i W,
KRB S H RBENN A58 A 4 B 4l oz T4 5 o
Mesquita 209108 1 T — Rk A 2 i K 5 BP #Z M4
HHEE B A HLE K COD TMIEAR, =2 515 B oA
SR ZEFEHITE 5%LLA . BP A AR5 52 H Al N %
IR BN T AR Mg 5, g 0% T —FoR ] BP
P22 X 28 R 51y 25 4y S B v R B s SR 7K R 2k R B
(1M J770:. BP AR I 8 A Y FH TS5 75 /K P R 7K T
f M 0 5 11021081 Qu O e — Al LA 4T Ah K,
BEAR, @7 BP NTAIEMGHAL, 58 5 AEN], %45
BRI TR FE K 7= FR A 85 Hh S A R AN ) i, ik —
S WK FRAEK I L . N THEMNSEH %],
R A R AR R R R i TR AR R )4
Hers, ST ORI TR SR TR S A )
o HET, MBETHEANTAHEMNLEE, BP LM 4N
F )2 (7K 5 T A% 7 v

BT R AR R AR X L2 5 B, @il 4y
HTRT AL, ST /N A EE i fe /> — S SR T 8 R A e
it/ N e A AU RE LT Bk, TR AR B B

F5 ETHIBIAKBETMEEI b
Table5 Comparison of water quality prediction model based on spectral technology

aRlIEY N i EA J5 i T AR = DU
Monitoring substance Spectrum technology Method Prediction effect Reference
SAMET IR IO R % LS-SVM B RAINT IR 2 5.83% [47]
SRHMR S 1 i UVE-SPA-LS-SVM R=0.89, RMSEP=15.46 mg-L™* [63]
SEAMTT IR % PCA-PSO-ELM TR B A2l ) ELM SRR e 73 10 f% [68]
BRI G E PLS-BPNN ANFEA K, PLS Lk BPNN B H = R [71
b2 SRHMR S 1 1 PCR-PLS RP=0.961, RMSEP=21.8 mg-L™* [74]
Chemical oxygen demand E YN TIOIRIReS PCA-PLSR %% 5% 771
LHMRYOETEVE SG-PLS R=0.9733, RMSEP=1.929 2 mg-L™* [80]
AT IR IO 2 B vk SG-LS-SVM R’=0.82, RMSEP=14.82 mg-L™* [92]
SR AMRISO 1 PCA-PSO-LS-SVM RMSEP=0.107 mg-L™* (93]
BRAMIT LLAMRISO R NMF-PSO-LS-SVM RP=0.999 8, RMSEP=3.26 mg-L* [88]
THER L SR BOL IR PLS R KT 0.998 [79]
Nitrate BRI T % LS-SVR AARTI%ZE 0.0019, RMSEP=0.0358 mg-L™* [90]
e SN TR R AR P LT 5% 251

7: PCA-PSO-ELM (principal component analysis-particle swarm optimization-extreme learning machine) &3 T 32 5 7 2 W 56 & LT R DR AL A R 22 ST L T
%1, PCA-PSO-LS-SVM (principal component analysis-particle swarm optimization-least squares support vector machine) #&3&F 3= s/ 7 Mre &k T BE AL e /s —
T A EHLHMAER, NMF-PSO-LS-SVM (non-negative matrix factorization- particle swarm optimization-least squares support vector machine) & % T 5 4 4 4>
R AR T RO A S/ N SCRF R LIS, RM SEP(root-mean-square error of prediction) /2 Tl i 2 35 7 1R
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R IE [ 75 B 7K FRBE KT 0 14 DB AR T
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Review and trend of water quality detection in
aquaculture by spectroscopy technique
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Abstract: The water quality of aquaculture is a key factor concerning the economic benefits of aguaculture and the quality of
aquatic products. In recent years, with the development of economy, the discharge of industrial wastewater and domestic
sewage has greatly increased, resulting in environmental pollution, for example, the water quality of aguaculture ponds has
been polluted. In order to achieve the goal of high yield and safe breeding at the same time of environmental protection and
energy conservation, scholars have paid attention to the rapid and accurate acquisition of aguaculture water quality information,
which was the important research content of the smart agriculture and agricultura Internet of Things. Water quality monitoring
technology based on spectral analysis is an important development direction of aquaculture water quality monitoring.
Compared with traditional chemical analysis, electrochemical analysis and chromatographic analysis methods, spectral
analysis technology is more simple and convenient, consumes a small quantity of reagents, and is reproducible. This article
summarizes and sorts the existing domestic and foreign research literatures, and systematically analyzes and discusses the
important parameters of water quality monitoring, data preprocessing methods, feature band extraction, and detection model
algorithms based on spectroscopy. This article reviews the COD (chemical oxygen demand) water quality monitoring methods,
total nitrogen water quality monitoring methods, total phosphorus water quality monitoring methods, heavy metal water quality
monitoring methods, covering traditional chemical methods and spectral analysis methods of these parameters. This article
compares and analyzes the spectra method and the traditiona methods. We find that compared with the traditional water
quality monitoring methods, the spectral technology is non-invasive, rapid rapid monitoring, repeatable and accurate. The
sensitive spectral bands of the above parameters are summarized. The data preprocessing algorithm includes Savitzky-Golay
smoothing, wavelet analysis, and multivariate scatter correction, the feature band extraction algorithm includes continuous
projection algorithm, no-information variable elimination agorithm, and principal component analysis, and the model includes
partial least squares algorithm, least squares algorithm, and artificial neural network. The advantages, disadvantages and
scopes of application of these algorithms are summarized and compared. The spectrum detection process of these algorithmsiis
analyzed. Among them, a detailed review of the application of model algorithms in water quality monitoring is conducted, and
the prediction results of each water quality prediction model algorithm are statistically analyzed. The results show that online
aquaculture water quality testing will be the focus of research. Multi-parameter monitoring is the development direction of
aquaculture water quality monitoring. For the processing of spectral data, the combination of multiple data processing
algorithms will still dominate. Nonlinear modeling will become the mainstream method for water quality data analysis of
aquaculture and will become the mainstream method for the application of spectral technology to water quality detection of
aquaculture.

Keywords. spectroscopy; aguaculture; water quality; monitoring model



