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Application feasibility of chromophoric dissolved organic matter (CDOM) absorption coef-
ficient as the substitute for chemical oxygen demand concentration in lakes and reser-
voirs *
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Abstract; Chemical oxygen demand (COD) is a comprehensive index to measure the amount of organic matter and reflect pollution
degree of organic matter in water. Meanwhile, COD is also an important assessment index of environmental quality standard for sur-
face water (GB 3838-2002). However, due to time consuming, the use of toxic and harmful reagents in the determination process
and the easiness to produce secondary pollution, the current potassium permanganate and potassium dichromate COD determination
methods are not environmentally friendly and cannot reflect the current rapid and real-time technical requirements. Therefore, there
is an urgent need to develop a simple, rapid and efficient, sensitive and reliable, environmentally friendly and pollution-free green
alternative detection method of COD. Firstly, from the perspective of bibliometrics by comparing total publication number of COD
subject in China and the developed countries in the world, this study analyzes the urgency of developing alternative methods of
COD in China. Based on the dataset of 706 samples covering a large range of COD concentration from 65 lakes and reservoirs in
China, the high-precision linear relationship models between chromophoric dissolved organic matter (CDOM ) absorption coefficient
at 350 nm and 254 nm and COD concentration are constructed. In addition, the threshold and standard of CDOM absorption coeffi-

cient used to assess the surface water environmental quality was determined. Our linear models can be widely used to accurately and
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quantitatively characterize organic matter concentration and assess pollution degree in different types ( deep and shallow water,
large, medium and small area) and different trophic states (oligotrophic, mesotrophic, and eutrophic) of lake and reservoir waters
with certain universality. By comparing the advantages and disadvantages of CDOM absorption coefficient and traditional COD meas-
urement methods of potassium permanganate and potassium dichromate, this study demonstrates the feasibility and application pros-
pect using CDOM absorption coefficient to substitute COD concentration for characterizing organic matter quantity and assess the
pollution degree in lakes and reservoirs.

Keywords : Chromophoric dissolved organic matter; chemical oxygen demand; absorption coefficient; lake and reservoir; spectro-

photometric method
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Fig.1 Geographical distribution of 65 sampling lakes and reservoirs in China
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Fig.2 Comparison of total publication number of all related COD subject, and lakes and reservoirs COD subject
of the most productive 25 countries around the world from the perspective of bibliometrics
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CDOM I RB/m™ pommmoabisdt,  ME/ BBy M@Eo BYE  SAER
a(350) a(254) (mg/L) (mg/L) (/L) (pg/L) m REIEE
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RN 2.76 15.94 3.79 1.42 51.4 8.85 0.80 53.8

5 1 A He 54 54 15 123 2477 1037 550 4

2.3 CDOM i %45 COD X RiEE

ks CDOM RIS R B A 7] LIE S COD e fUdEbr, 2L FIRAT % 38 0 RFEA SR 4L , %4 350 nm
F1 254 nm P HLE K M T CDOM W ZACH COD B¢ BRI IS4 Bk F , LRI e e
T b S B 2 (R A5G 56 2R, LA B0 X B50R 5 bR BSOS R BN AN 2 AR A A S 43 i 28 03 A #E R MR A G
95% T X (B FE P (81 3) . a(350) Fil a(254) FRREAR 47 S 4 COD {H, {HAH LU 5, @ (350) Lk a(254) §R
COD {H AYAH I E B 4 a (254) e /D BORE 5.0 B AR B 95% Ry T IX (8] ( & 3) . py stk ml WL, o] LA CDOM 7
350 nm AR IRIBCREALER COD RARM R KK h A B B A HLE SR,
3 itig
3.1 CDOM #4t COD g8 i Bl

KHILSE , BB _F— B0 F 348 COD FACTabn A J5 2% , 76 AR 22 J5 1% vh LISGi5 vk v 9 55 SRR s vk
JB 2, HEAR 3R R 48 G436 WL 7E 48 A0 61 X A7 78 5 B A WL, AR 8 AP B R s A R B AR i 1
SN A RO B BRI R B COD Mg R G &R, AT SE L COD J#fie. COD 3R7R 7K Hh i S ) Jo g 4
A A3 B T T AR A i, K (3 S M ) B L4 25 oA AL OGS TR L B Ik AE (B A



1580 J. Lake Sci. (#38#3) ,2020,32(6)

12 12
(@ g (b) ¢
10+ 10+
a a
& 81 % 8k
g g
-‘3::»(6- :3’\1(6' o
o 4r o4 ~
&) &)

ye}
©COD=0.205 a(254)+0.515
(R*=0.86, P<0.001, n=706)

COD=1.065 a(350)+0.700
(R?=0.88, P<0.001, n=706)

S}
[’}

1 1 1
15 30 45 60 75 90 0 10 20 30 40 50
CDOMWLIR F #a(350)/m! CDOMWZI F £ a(254)/m™!

[=}

3 CDOM HRE I K WY 22405 COD HNZ A (a:350 nm;bh:254 nm)

Fig.3 Linear relationships between CDOM absorption coefficients and COD concentration (a: 350 nm, b: 254 nm)
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Fig.4 Linear relationships between CDOM absorption coefficient measured in laboratory using
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in situ fluorescence sensor (a: 350 nm, b: 254 nm)
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2 BT R PR TR BRI @ AT VA ML WS AR B 3 3R K PREE o e v
Tab.2 Environment quality standards of the surface water according COD concentration and
CDOM absorption coefficient at 350 nm and 254 nm

I 24Kk 267Kk 27k VK V2K
COD/(mg/L) COb<2 2<CODb<4 4<COD<6 6<COD<10 10<COD <15
a(350)/m™! a(350)<1.5 1.5<a(350) <3 3<a(350) <5 5<a(350) <8 8<a(350) <12

a(254)/m™ a(254) <8 8<a(254) <16 16<a(254) <25 25<a(254) <42 42<a(254) <63
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Appendix Number, lake/reservoir name, water area, mean water depth, mean Secchi disk depth, trophic state,

lake type and sample number of 65 investigation lakes and reservoirs in China

ETRes W Z R TR km® SRR/ m BEYIEE/m BIRRAE R TR

! KB 2338.1 1.9 0.4 HER KA Herk 181
2 B Kb 18.4 23 05 SEE AN ek 25
3 {2 fiitn 6.7 33 0.9 R N K 66
! 3 146.5 12 03 R o ok 3

> P50 119.0 14 0.6 R ok 18
6 gt 2 260.0 27 L1 HER K 10
7 1= Hil 383 674.7 1.4 0.2 HER KA HoK 14
8 GHB 2104 41 03 R i Ak 4

9 H 108.0 1.0 0.4 BT g Ak

10 KHH 10.0 6.0 0.9 TES /NELTRIK 63
1 AR 9.0 4.4 1.0 hE s SN Pk 3

12 JeEULKE 15.0 6.1 17 MR VLK 3

13 VELLH] 63.7 25 0.9 CEEs B ek 2

14 BT 6.0 15 0.8 s AN ek 0
15 i 580.0 30.0 4.1 YT FAl K 141
16 D) 1097.6 15 0.9 R KA Herk 5

17 AOF-i5) 148.0 1.6 1.3 g B ok 6

18 HTH] 172.1 17 03 R o ok 5

" Bl 80 5.7 15 b GETREZR 4

20 PR 163 24 0.1 W ok 3

21 FEW=F0] 112.0 3.4 0.5 Eie g ok 3

22 K 88.6 40.0 8.9 I gl TRk 2

2 HEWKE 70.0 23.0 3.5 R LBk 3

24 MUokRE 56.0 41.0 4.0 R ok 3

25 Wi 3 e 7K 59.2 44.0 5.0 i TR 4

26 HhrikkE 233 40.0 1.9 i JNEL Tk 3

27 JIith 316.2 38 0.6 HER i ok 8

28 A 299.2 39 L1 R R ok 3

29 HibkoK % 308.0 45.0 4.1 Tt SETRAYS 3

30 kit 340.1 1.9 0.5 A R ok 5

3 i 143.8 1.9 / CEE HETREF 6

32 T 351.8 4.2 0.9 R R K 7

3 e 158 3.1 03 W AN ek 2

34 RAKRH 344 28 0.6 CEees AV ok 3

35 i 2 8 2614.4 4.4 0.4 s FH ok 8

36 I 83.2 29 L1 HER K 10
37 5 PR 12.0 5.4 1.0 EEi g SNk )

38 it 249 10.2 2.0 iEs i ok 1

39 I 48 40.3 11.0 Xt ok 1

40 /it 0.02 05 0 R AN ek |

4 tan 0.06 79 2.0 HHF NR7S i

42 PRty 0.02 93 / R NIIRZ I I

3 Rl 2.48 6.7 0.6 AT RIS 1

44 PR 15.0 740 / WEF NN 1




St

Gz )24 i AL/ km? SFEK I/ m BYE/m [EERIN AR TR

45 KT 0.12 11 0.2 PSR UNITIRETS 1
46 il 0.19 310 7.0 Eyien NIRZZ 1
47 A 0.06 6.4 08 i URUR7SN 1
48 et 171 325 7.90 W URIRIT 1
o KR 1.88 314 4.30 HHH /N Tk 1
50 J5i 0.01 20 2.00 R AN K 1
51 AA=HE 0.48 8.0 1.50 i3 SN Rk 1
32 W5 / / / hi g AL Bk 1
53 T 0.01 0.5 0.5 g UNITIRETS 1
>4 BLi / / 0.1 P AN K I
55 PN 0.90 21.0 / B N K 1
26 o ] 0.27 05 0.5 W AV ok 1
57 A5 0.04 16.0 38 Eyien NIR7 1
58 ki A5 0.01 12.1 6.0 TETR /L B 1
59 mAVRE: 0.20 1.4 / W UNIRZIS 1
60 FEEN 1.00 748 1.0 R IV Bk I
o1 AZER 0.02 48 25 g AN ok 1
62 fa i1 0.04 14.2 1.5 TUETRE /NEL K 1
63 il 7.12 134.0 / R NIRN I
64 AHH 0.01 5.0 3.1 T N Bk 1
65 NI 0.35 52.0 7.4 i N K I






