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Biodegradation Coefficients of Typical Pollutants in the Plain Rivers Network

FENG Shuai'?, LI Xu-yong' ", DENG Jian-cai’

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, Chinaj; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of

Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008,
China)

Abstract: Biodegradation is a significant part of pollutant integrated degradation, the process rate of which is represented by the
biodegradation coefficient. To investigate the biodegradation law of typical pollutants in the plain rivers network located in the upstream
of the Lake Taihu, experiments were conducted in site in September 2015, one order kinetics model was used to measure the
biodegradation coefficients for permanganate index, ammonia, total nitrogen and total phosphorus, and influencing factors of the
biodegradation coefficients were also analyzed. The results showed that the biodegradation coefficients for permanganate index,
ammonia, total nitrogen and total phosphorus were 0. 008 3-0. 1264 d ™', 0.0021-0.2138 d™"', 0.0021-0.090 5 d~" and 0. 011 0-
0.1528 d™', respectively. The influencing factors of the biodegradation coefficients for permanganate index were permanganate index
and pH; those for ammonia were ammonia concentration and pH; those for total nitrogen were inorganic nitrogen concentration, total
dissolved solid concentration and nitrite concentration; and those for total phosphorus were background concentration and pH. The
research results were of important guiding significance for pollutants removal and ecological restoration of the plain rivers network
located in the upstream of the Lake Taihu.

Key words : biodegradation coefficient; permanganate index; ammonia; total nitrogen; total phosphorus; influencing factors
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Table 1 ~ Sampling sites

' ST I 3 ZE(E)/(°) HIE(N)/(°)
Y1 N=RE S0 119.93 31.322
Y2 L] 119. 84 31.352
Y3 ERE S0 119. 69 31.392
Y4 N=RE S0 119. 69 31. 444
Y5 B 119.48 31.432

Y6 B 119.32 31. 454
ZH1 NERGINES 120. 12 31.514
Wil FTiB7i 3753 120. 11 31. 506
WY1 AWERILAT) 119. 89 31. 628
WY2 EWERAT) 119. 83 31.397
XX1 Rt 119. 80 31.692
XX2 =Rt 119. 67 31.721
MJ1 o ] 119. 74 31.552
DJ1 P4 BT A 119. 60 31. 967
D2 P-4 BT 119. 58 31.787
DJ3 P& B 119.48 31.595
JHI bt Kz 120. 12 31. 689
JH2 SRS 119. 84 31.843
JH3 Nl 119. 60 31.977
JH4 BT KIZ A 119.55 32. 140
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Fig. 1 Map of the sampling sites
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Fig. 2 Diagram of experimental device
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2 HRE5HMH

2.1 YHfkAE bR

20 N RAFE S IKFE D BAL 2448 FR T. DO pH .
ORP .EC F1 TDS VA S B0 48 b5 i) 48 S R (CV) L
2.

M2 AT LLE M. T B AR LT A 24,00 ~
29.00°C ,pH W22 fLIE FEI A 7. 00 ~ 8. 00, {0 7K i 55
B, 3 P IS A 119 23 ] A8 S/ CV (B 53 51

0.05 F1 0.02. DO #y 25 {75 [l 24 2.50 ~ 8.40
mg-L~" ORP (2 fLIEFE A 73. 00 ~ 167. 00 mV , EC
7254 IE A 109. 20 ~ 608. 70 wS-em ™', TDS f{)7%8
LI 217,50 ~719.30 mg-L~", B ATHY 23 ] 25
SRR, CV EAK YR 0.27 . 0.24 ., 0.26 Fi10. 35.
XX2 i EC B /NF HE SR AE AT, 1 TDS BH I =5
THB R A, AT B8 5 9% s 75 Y ) 0 R VR 5 1k i
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Table 2 Results of physical and chemical indexes

F2  MEBUFEREIR

R T/C DO/mg-L"! pH ORP/mV EC/pS+em ™! TDS/mg-L ™!
Y1 24.30 4.30 7.67 110. 00 464. 20 299. 60
Y2 24.30 4. 60 7.65 82.00 452. 40 291. 80
Y3 26.20 4.90 7.77 80. 00 524. 60 338. 30
Y4 24. 80 2.50 7.45 85. 00 455.20 293. 00
Y5 24.10 3.70 7.60 158. 00 589. 60 383. 00
Y6 24.30 5.50 7.89 120. 00 477.60 308. 50

ZH1 24.50 6. 80 7.65 116. 00 608. 70 396. 90
Wil 24.10 8.40 7.59 101. 00 602. 10 390. 30
WY1 24.30 6. 50 7.71 142.00 403. 30 257.20
wY2 24.70 4.30 7.70 73.00 507. 10 327.90
XX1 25.50 7. 40 7.71 122. 00 398. 60 253.30
XX2 26. 40 7.00 7.94 147. 00 109. 20 719. 30
M1 25.90 7.68 7.90 134. 00 501.90 323.30
DJ1 27.30 7.60 7.92 137. 00 344. 40 217.70
DJ2 26. 50 5.40 7.89 134. 00 351.20 222. 40
DJ3 24.60 4.90 7.78 91.00 447. 80 287. 60
JH1 27.90 3.80 7.28 123. 00 502. 60 323.20
JH2 27.30 5.10 7.75 160. 00 343.90 217.50
JH3 27.20 5. 80 7.92 167. 00 348. 50 220. 50
JH4 28. 60 6.10 7.94 164. 00 348.20 219. 80
cv 0.05 0.27 0.02 0.24 0.26 0.35

FH e 3 ATHL, KA E e T Tog I v i R R 6 4
NH, -N., TN F1 TP %25 Yy K ff 2 %5053 3 4 - 0. 008 3
~0.1264,0.0021 ~0.2138. 0.002 1 ~0. 090 5F
0.0110~0.1528 d™", %MW 5E 45 3 o N H e i 58
HE 03X 4 FlOK BRAE RO ZE A R 2 BUN T 0 4F
B IR i S 15 e W 25 W6 Sk 28 U O3 1 e AR 4
. EARRRERTEE. NH, -N | TN A1 TP LY B fi &=
By s S 2B K K. 0.72, 0.95, 073 Fil 0. 68,
NH," -NA: W R i 22 800 2 [R) A48 Sk e R, 3 B R 18
P TR ) AS R AT BENH, -N G A= 40 [ ik e 0 A

R ZES SRR AR TR 2. TN Fl TP A= ¥ %M &
B 23 ) A8 S E AR /).
2.3 EERFRER TR BUE MR R E R A R R
W MR R B A B RS T, pH,
DO, EC, ORP, TDS ¥ £ LA K i iR Eh $8 BT 19
HEAEIELT Pearson AU, 43T 45 R WL 3% 4.
FHOC AT 45 5 2R B o A R R 48 B A= W e i 3R
5 T, pH, DO, EC, ORP, TDS ¥ & Fl i= 4 ik £
FEECARDCHEA B2, W 38 PR AT HEAE 1 5 457 1 ]
T390 pH(Sig. =0.074 , HHKE A% =0.419) FI7
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ERFRERFE R (Sig. =0. 106, ML R %0 =0.383).
SIBR Y4 R WY2 BB, o 4 R £h 48 Ay 2k

YIRS R B S SR R Eh Ae ECA WA R I OC R .

y=0.011x - 0.026(Sig. =0.030,R*> =0.278),

VP 3. BT, 5 G R 4 A 7 T
HO B IR HERCR T AT LR B 5
AR B, 9 L 96 0 2 i R
GETES

R3 EYRBRE

Table 3 Results of biodegradation coefficients

SRS E(EARRR R R A /d ! kE(NH -N)/d~! E(TN)/d ™! E(TP)/d~!
Y1 0.017 1 0.067 8 0. 046 1 0.0233
Y2 0.030 1 0. 0862 0.0367 0.0205
Y3 0.0570 0.079 4 0.022 1 0.062 3
Y4 0.009 1 0.0340 0.0342 0.040 4
Y5 0.074 1 0.1237 0.090 5 0.052 4
Y6 0.126 4 0.1199 0.046 0 0.1526
ZH1 0.0280 0.0209 0.0557 0.0297
Wil 0.043 7 0.1483 0.009 2 0.0256
WY1 0.0616 0.2138 0.0146 0.0229
WY2 0.008 3 0.0318 0.004 3 0.1172
XX1 0.008 4 0.007 3 0.016 4 0.0920
XX2 0.063 8 0.1151 0. 066 4 0.0216
MJ1 0.0353 0.015 1 0.031 1 0. 063 4
DJ1 0.0412 0.023 1 0.0337 0.0725
DJ2 0.0197 0.0919 0.009 4 0.082 1
DJ3 0.0930 0.0157 0.030 4 0.0317
JHI 0.0250 0.2946 0.009 1 0.0110
JH2 0.023 1 0.0970 0.002 1 0.1104
JH4 0.064 8 0.002 1 0.0542 0.057 5
cv 0.72 0.95 0.73 0. 68
x4 HEHSWERY o1
- Table 4  Results of correlation analysis = 001150026 . WG
BT Sig. Pearson #H¢ R4 T R2=0278 FH%
T 0. 641 ~0.114 & 009 -
pH 0.074 0. 419 §
DO 0. 693 0.097 % oo
EC 0. 887 -0.035 H i
ORP 0.397 0. 206 §
TDS 0. 449 0. 185 § 003
o i R b 5 4 0. 106 0. 383 g T
1) &3CHH TR IR UL , Sig. 2271 I3 MK T, Sig. <0.05 FR & .
# Sig. <0.01 FmRwF 0 . : : ! .

S D2 HECHRE | o R AR 4R B R W R i R
5 pH A BFERREIHXE Ry =0.093x - 0. 669
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ORP, TDS ¥ &, NO;-N ¥ B . NO,-N ¥ JiF
NH, -N¥&EE | TN ¥ 2 LA KX TEHLA (NO; -N + NO; -N
+NH," -N) ¥k B33 19 ZHE AR 1T Pearson #0557
Br. AT R IINH, N Y i 2805 pH A
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Fig. 3 Regression relationship between permanganate index

biodegradation coefficient and permanganate index

BEB M KL ZR (Sig. =0.035, M £ R =
~0.485) , 7] W, pH J& 5 i NH," -N A= 4 B fit 22 5
HEMZE. HNH, -NAEY R R ECS pH 17—
W 34T, SO BT, B R y =
0.69x" — 10.78x + 42.174 ( Sig. = 0.027, R’ =
0.363). K5 /R pH /NF 7. 70, Bl pH 3§ KNH, -N
(R A ) Bk i R B8 /I, pH b F 7,70 ~ 8.00 Z [,



51 THNAGE ;S D] o SR 35 G ) A A AR RIS 1729
0.12 0.35 e
. W -
. [ETEN 030 - m% .
B 009} »=0.093x - 0.669 . = s | ¥=0.17422+ 0.708x - 0.574
g R*=0.240 ﬁ : R*=0.334
& . i .
% el § 0.20
B # 015 |
3 z
E ol £ o10f
= 0.05
0 1 1 1 L 1 1 1 0 - L 8 4 L 1 L !
72 73 74 75 76 7.7 78 79 80 1.00 125 150 1.75 200 225 250 275 3.00
pH NH, "N f/mg-L™!
4 BEMRMEIEDERRNS pH HEEXR B6 NH; NEMERRSSRENEELR
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0.35 TDS ¥ B (Sig. =0.051, #H ¢ RE = - 0.454) A0l
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I— N3 4:4‘\ . S
% 0.25 y=0.69x"— 10.78x + 42.174 TN Eqi%ﬁ%ﬁ%ﬁ%jﬁmﬁ{kgﬁﬁ%ﬂq@
€ R=0363 | JH%Z .y = 0.258 Inx — 0.255 ( Sig. =0.007, R =
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0.05 | . . A W R PR A TR 3] 1 AR A 38 Jin JE AL &Y ik 2
ol e e X TN 940 R AR .
7.2 73 74 7.5 7.6 7.7 7.8 7.9 8.0
pH 0.35
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Fig. 5 Regression relationship between NH," -N 025k 02581 0255
T »=0.258 Inx - 0.2
biodegradation coefficient and pH § 020k R2=0.360
W&
NH; N2 e BB - - T
BV JHe KRR, NH NGO RS § oo P
NH, -NHHEA 83510 R ITAE Ry = - 0. 17447 Tooosy Lt e
LI =
+0.708x —0.574(Sig. =0.047,R*> =0.334). K6 or -
S/RNH, N AE/NT 2 mg- L' RYEHIY, NH, -N 0 25 30 35 40 45 50
P14 A W o fife 2 OB N =N R ) 3 DR T % K T e L

NH, -N¥R BE B4t 2 mg- L™, NH," -N %) 4 ¥y Wi 2254
B NH," -NVR B2 B3 R s M)y, Al WLNH, -N ik
FERE LT 2 mg- L™ S FRARNH, -N A A Py e fif o 5.
2.5 TN AYREfHREN E2EmR R

TN MAE R 2405 T, pH, DO, EC,
ORP., TDS ¥ J¥ . NO;-N ¥ . NO,-N ¥ Jif
NH, -N¥ B | TN ¥ RN TCHL R 3L 19 14080
AT Pearson FHICHMHT. S-HT25 R B/R TN B4 k%
fife 05 JCHL AR B I 2 AH OC (Sig. =0. 005, #H ¢
FH0=0.618) , T3 AN 35 P K55 v 14 R 02

B7 TNAEYEBRERESTNARENDEXER
Fig. 7 Regression relationship between TN biodegradation

coefficient and inorganic nitrogen concentration

SIBR Y5 W8 TN B A= YR g 2R 405 TDS W
EARENRIHER. y =7.946 x 10 7 x + 0. 004
(Sig. =0.049 ,R* =0.221). K 8 W/ TDS Ay ¥ F
B, TN B A PR ft R AR,

AR WY2 FJH2 R TN (9 A5 ) e ik 3R 5K
5 NO, -NWEAREMEIHICHK, y =0.052exp
( -5.358x) (Sig. =0.033,R> =0.269). K9 Wix
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Fig. 8 Regression relationship between TN biodegradation
coefficient and total dissolved solid concentration
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Fig. 9 Regression relationship between TN biodegradation

coefficient and nitrite concentration
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Fig. 10 Regression relationship between TP

biodegradation coefficient and pH
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Fig. 11 Regression relationship between TP biodegradation
coefficient and its concentration
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