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Block diagram of experimental system
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Fig. 2 COD-UV absorption spectra of samples in calibration set
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Fig. 3 Correlation coefficient between absorbance
and COD of sample
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Fig. 4 Trend comparison of COD-absorbance data
at 254. 18, 275 and 279. 93 nm

2.2 ENLE-EHSsREEFER

AR SO — JC B R 4 1 [l 09 7 ik g ST (IR R B Bx COD 5
W B G R I BB TR L 0 8 i R B B R T — T AR 4R M e/
ZAMAT ¥ Al E Bk 43 ) SR Matlab T H AR H1Y ro-
bustfit p& A nlinfit A%, H T HIE ML 007, 50 UE Wk
BARES COD 5% BE BUIE L1 56 & . £F 6 BIHA- L R & 1
W 8 Wk FE R T BF RO B2 5 COD S I FE B &R o

HG, HE ARG BRI B R B B I AR T — 8
P AR B AR 2% R, KL R B =K KT 50 8/MF—5%
BT G+ USRS — IR AT 5 J T 55 A1 o o 1 R 50 A TR I ¢
FON BRSO AR T B A R B I S SN £ BB HEAT
43 Be VA L) 3RS SRS A i A A
2.2.1 ARREBER

L CODMH 40 mg « L' M &, 190~300 mg « L™ "AY 8
B R B BB T I SR a5 43 AT — e B M S, 1R
B4 B B RY Y 38 4 AR iR 22 RMSE ., X F — AN 086 a4 19 1
W COD, M ARXT 3225 R 50K 1 xR,

R 1 AT, AR AL S 300 mg « L ZJE Y I
A X R 22 R ¥/NF —5%, H w22 okl ok, BPAIRuR & B
F, COD KF 300 mg « L' ZJGHBWRROLE S COD &,

CEARTAALEE D)5 . BT, 4 COD Jy 300 mg +
L0 B ki o o AR e 52 B0 5 T s ¢ o

Rl BREAGEFRHEEATESH

Table 1 Regression equation parameters of
critical point for each model
R —HdE o
ﬂfﬁﬁﬁi / k c?;yr?f' i‘gu_(ii I?/) R/%  RMSE
(mge+L1) (mg+L 1)
190 200 197.777 1 —1.111 1.403 5
200 210 208.439 7 —0.743 1.734 1
210 220 217.612 6 —1.085 1.809 1
220 240 235.185 8 —2.006 1.968 7
240 260 250.938 0 —3.485 2.413 6
260 280 271.232 2 —3.131 3.3988
280 300 286.033 0 —4.656 3.886 4
300 320 303.170 4 —5.259 5.1307
320 340 320.596 7 —5.707 6.314 9
340 360 335.207 4 —6.887 7.566 9
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Fig. 5 Regression curve of sample COD and its absorbance

in low concentration range
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Table 2 Regression equation parameters of

critical point for each model

R F—AEE
BR A COD/ i coD D TE O SV
(mg+L7Y (mg+L™"
480 520 514.327 7 —1.091 7.1759
520 560 548.158 0 —2.115 6.8832
560 600 561.363 2 —6.439 7.117 5
600 640 582.097 9 —9.047 12.423 6
640 680 579.912 1 —14.719 22.224 0
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Fig. 6 Regression curve of sample COD and its absorbance

in higher concentration range
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Table 3 Fitting accuracys of each model

e dit COD fH T [/

-1 HEAR RMSE

(mg+ L 1)
40~300 B 2 [l T A5 AR 5.130 7
AL f /N T [ AR 10. 085 8
300~560 R A ] A Y 14.109 8
LR/ T AR 7,117 5
B M [l R 41.175 0
40~560 e/ R E TR R 12,373 1
LR T8 B B A Y 5.734 3

Hi 2% 3 AP, XA vk BE BORS IE SR 5% A RO 1S B
AL, RPEATRIMEREAR 22, RMSE GA 3| T 41.175 0; dE4k
PR P AR AT . H 0L A B 7E IR 2 B 9 RMSE 34 5
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il AR 28 MR R X AR M COD A7 58 o o 45 v e JEE BEARS OE
AR T 58 IR A T 5 S R, R PR Y 1 P B AR SR AN
I, RMSE 35 3] 7 14. 109 8, 48 Mh-45 5 4 By A2 50 1) 6 135
% JIT LA 7R B SR RO B 4R 1 S AR X K 48 COD iR 47 M 7 .
2R V-8 B0 Ay BURE RS 0050 e
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FHNE COD{H K 40~560 mg « L™ 31 KL AE R
TN AE . FH Tt 2 1 -5 5 o3 B R TR0 % Y91 00 4 AR 1) T 4
PN 4 frn, BOMECRNE 8 i,

JH T AR 22 PR HE AR T A5 0 2 A58 B X Y £ A
AR BN AN 5 Fras . Hd RMSE J& £ E SR i 35 77 1R
® 2, RMSEP J& Wil ¥ 77 i 22 .

B35 5 AT UL, Tt 2k P-4 B o BORE B XS O 4R 275 nm
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Table 4 Predictive data corresponding to the
prediction set of each sample = 5001
- R 2
S T— COD B/ AR £ e
(mg- L1 B (me = 1D R £ 3001 4
40 0.124 34.181 9 —14. 545 E
60 0.221 60.510 7 0. 851 §200-
80 0.292 79.782 4 —0.272 38 —— Equivalence lins
100 0.377 102. 854 0 2. 854 100 * Lower concentration range
*  Higher concentration range
120 0. 450 122.668 5 2.224 0 J . . . ' . .
140 0.511 139. 225 8 —0.553 0 100 200 300 400 500 600
160 0. 597 162. 568 9 1. 606 COD reference/(mg-/L™")
180 0. 681 185. 369 2 2. 983 ES HEERENLEE
190 0. 715 194.597 9 2.420 Fig. 8 Prediction effect diagram
200 0. 746 203.012 2 1. 506
210 0.777 211. 426 6 0. 679 . o
220 0. 823 223.912 4 1. 778 &5 WERREBRUHER
240 0. 883 240.198 3 0. 083 Table S Prediction effect of model
244 0. 864 235.041 1 —3.672 (SN C()Diﬁ[%]/ A K/ RMSE RMSEP
260 0.943 256. 484 2 —1.352 (mg - L°D nm
280 1. 020 277.384 4 —0.934 40~300 275 5.130 7 4.944 9
300 1. 065 290.479 1 —3.174 300~560 275 7.117 5 6.768 9
320 1. 118 316.106 7 —1.217 40~560 275 5.734 3 5. 664 7
340 1. 165 340.718 4 0.211
344 1.168 342. 359 2 —0.477 3 4 ®
360 1. 226 375.540 5 4. 317
380 hzal 976547 8 o A0 I B Y 5 S MO B 56 00 4 R T
o e e AW A KB O, OB JE 5 COD f &)
110 1328 141,899 0 0. 432 B R OC AR L ARk T B OL FZ-COD ¢ 2 B B AY e 7 A
460 1. 353 459. 878 6 —0.026 2 COD i 300 mg » L BFIL. BE I A o 205 i e -
480 1. 384 483.192 5 0. 665 COD XREAEANHMFE WM-LL /K EH, 7E 300~560 mg «
500 1. 397 493.317 6 —1.336 L EOs kRS LA COD 56 B2 /Y ¢ & 2 48 HUR (b ML .
520 1425 5142089 ~111 B0 {0 4 2E LI J% 9 5 0 0 T TR 73—
o0 b0 L1897 021 % AR T £ - 43 BT 5780 00 S A o 9 L 84
o L R OPHURRAU 5. 664 7. BUMRURECA . b O B R
RERL R S, B0 T B COD %8 40 6 1% I 07 15 1 32 Ak g
I3 W FEAB R COD ¥ B 1y /K 0 Bt 2 800 i 42 415 1 AT
A7 M 250 e BB AR A
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A Piecewise Mathematical Model for COD Measurement of Water by UV
Spectrometry
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Abstract The relationship between the UV absorbance and the COD significantly deviate from the linear relationship when the
samples reach a certain concentration(still within the concentration range where Lambert-Beer’s law is often applied) when using
UV spectroscopy to analyze COD in water, this phenomenon has been mentioned in many scholars” literature on UV spectrosco-
py. In thisregard. the S2000 micro-fiber spectrometer and the PX-2 pulsed xenon lamp of Ocean Optics were selected for experi-
ments in a dark room with a temperature of 20 ‘C (0.5 °C) and humidity of 35% (+5%),andUV absorption spectra of 34

! were measured for analytical modeling.

groups of potassium hydrogen phthalate solutions with COD values of 40~680 mg « L.~
The dominant wavelength band was selected by correlation coefficient method combine withthe UV absorption characteristics of
the sample, and the dominant wavelength was determined to be 275 nm after compared the dynamic characteristics of the COD-
absorbance curves at the second characteristic peak of the ultraviolet absorption spectrum of the sample with the wavelength com-
monly used in water quality COD analysis. A point-by-point extension method is used, which select robust linear regression and
the unary nonlinear least squares regression in low concentration segment and higher concentration segment, respectively, re-
peated fitting of linear or exponential equations and sliding prediction of the next data point,and the segmentation points of the
COD-absorbance relationship model of the low concentration segment and the higher concentration segment are determined to be
300 and 560 mg « L.™', respectively, according to the root mean square error and the relative error,and a low concentration seg-
ment model and a higher concentration segment model were obtained. The comparison of the fitting accuracy of the linear or non-
linear model in a low concentration range, higher concentration range and the full concentration range at the dominant wavelength
indicates that the linear-exponential segmentation model for the relationship between absorbance and COD of water quality in the
range of 40 to 300 mg » L.” ! and 300 to 560 mg + L." ' has the highest precision, and the prediction effect on the prediction set
samples is better: the prediction root mean square error of the model at low concentration is 4. 944 9, 6. 768 9 at higher concen-
tration and 5. 664 7 overall, the prediction effect is ideal for the prediction set. The research result provides a reference value for

the measurement and analysis of water with higher COD by UV spectroscopy.
Keywords Ultraviolet absorption spectrum; COD measurement; Model critical point; Linear-exponential piecewise model
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