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Pollution Characteristics and Nitrification and Denitrification Potential of

Superficial Sediments from Streams in an Urban-Rural Fringe

QIN Ru-bin', LI Ru-zhong'*, GAO Su-di*, ZHANG Rui-gang’

(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2. Collage of Civil
and Environmental Engineering, Anhui Xinhua University, Hefei 230088, China; 3. School of Civil Engineering, Hefei University of
Technology, Hefei 230009, China)

Abstract: From May 2015 to June 2016, seasonal sediment samples were collected from three headwater streams in the urban-rural
fringe of Hefei, Chaohu Lake basin, China. The nitrogen pollution characteristics of sediments were preliminarily investigated for the
three streams. Three metrics, that is, potential nitrification rate (PNR) , areal nitrification rate ( ANR) and rate of denitrification were
quantitatively determined, and their spatial and temporal variations were discussed subsequently. Moreover, the relationship between
PNR, ANR or denitrification rate and a list of environmental factors was discriminated by using partial least-squares regression
analysis. Results showed that; (D Guanzhenhe Distributary was the most polluted stream with a mean content of 4 516. 39 mg-kg ™" for
TN, which was 2. 56 and 1. 36 times higher than those of Modian Stream and Taochong Stream, respectively. Similarly, the highest
values for NH, -N and NO;, -N emerged in Guanzhenhe Distributary while the lowest existed in Modian Stream. (@ There were distinct
seasonal variations in PNR and ANR, namely, the maximum values emerged in summer, minimum in winter, and almost equivalent in
spring and autumn. And the arrangement in order for PNR and ANR was Taochong Stream > Modian Stream > Guanzhenhe Distributary.
(® The mean rate of denitrification in Guanzhenhe Distributary was 10. 59 mg+ (kg-h) =", which was 3. 16 and 1. 75 times higher than
those in Modian Stream and Taochong Stream, respectively. In addition, both denitrification rate and denitrification activity in summer
were higher than those in spring for the three streams. @) According to the variable importance plot ( Fy;,), ANR, PNR and rate of
denitrification were almost all significantly correlated with such physical and chemical factors as pH, OM, NH, -N, NO, -N, TN and
TP in sediments for the three streams.

Key words: nitrogen pollution; potential nitrification rate (PNR) ; areal nitrification rate ( ANR) ; rate of denitrification; urban-rural
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Fig. 1 Sketch-map of the three studied streams
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Table 1  Hydrologic and hydraulic characteristics and replenishment of the three streams

(TN JEB 5 /NI B /N O BRI S
KJ¥/km 2.5 2.0 2.5

JK 1A 8/ m 0.5~2.0 0.7~3.0 1.5~3.0

JKE/m 0.10 ~0.30 0.15 ~0.40 0.15 ~0. 60

g/ mes ! 0. 085 ~0. 30 0. 10 ~0. 50 0.15 ~0.55
WidE/m’ s ! 0.010 ~0. 360 0.030 ~0. 255 0. 030 ~0. 650
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Table 2 Physicochemical properties of water quality

Kk _ JE i /NE T Ve /N BRI A SR

RAME wBME CFHE PE RKME RME CFHE PE RKME RME CFEE il
pH 8.36 6.96 7.62 7.68 8.61 7.45 7.94 8.00 8.63 7. 66 8.11 8.10
EC/uS+em ™! 762 369 548 517 740 305 445 432 947 732 846 855
KR/ C 32.3 8.6 21.7 22.7 30.6 12.0 22.0 22.6 33.9 10.2 22.3 22.8
ORP/mV 256 104 167 155 272 83 162 163 68 -121 47 41
TP/mg-1.7! 1. 11 0.12 0.40 0.32 1.91 0.31 0.91 0.90 6.08 1.40 3.23 3.35
PO}~ /mg-L~! 0.94 0.04 0.29 0.17 1.61 0.12 0.67 0.53 5.38 1.16 2. 64 2.61
TN/mg-L ™! 4.51 0.53 1.70 1.62 7.79 1.96 4.14 3.62 37.12  20.50 31.88 34.95
NH; /mg-L~! 3.72 0.30 1.23 1.03 5.27 1. 06 2.95 3.03 35.70 15.23 25.23 25.53
NO; /mg-L~! 0.75 0.04 0.23 0.15 1.90 0.15 0.84 0. 69 1.02 0.15 0.57 0. 63

Yy, 0 b 3545 FH 0 e A Ak % ) — o H
FIAE ST IR Ak K 5% B A B s i Ak 38R 1
7
2.2 FEEHTINA

DU TN SR R #1467 A 3 NH, -N
K KCUZ N E ; NOJ -NR M6
e, MRAERE Sk 5 LOI A S5 U AR Y vh A HL T % &
OM, K H pH 1 E DU pHAE (K L =5:1),
TP & 0 i 22 $2 Bk R A5 f o & & Rt 518
@J[m] .
2.3 THfbE R
2.3.1 VAR fLE R

SR FH GRS o1 32 000 2 v A i T TR R
TR FRECOURBIRE 70 ¢ BT 250 mL 4
A LB F/KZE 250 mL, HUTRY 8045, B
BCAEME . B SmL AT 50mL /NEEJE R,
A SmL 60 mmol-L~" & B2 8 % W A 10 mL 8
mmol « L~ BRIRELVA W, T 1H PR35 15 F2 78 Th IR % 1
F£(20%C,200 remin ") FEFRAFEIZE N0, 2.4, 6
h 45 4 BT BB 3 AFATHRE. TR S FR AR
Je, K /N HETE O N 35 SR A U, in A 20 mL 4
mol - L~ G AL BRI A IR B, PSS 3246 IR
¥ 30 min. #3555 UE , N/NVEETE IR 5 mL 2
W, IFLL 0,45 wm BB B U, SR 400000 BE I E
WAHAR i, B HL RS bR o i 2 R R H 2
mol - L.~ EAL BRI TR EC . DA B B A il A R
PRI,

_ P
PNR_TSSXV2 (0
#UH, PNR ( potential nitrification rate) A TFL ) 17
ilfEE 2, wmol - (g-h) ™' k, R A AR R T

SIS #BR , wmol - (L+h) ~'; V, A
PEHUA Z AT U 0. 04 Ly TSS Mt A M) 2 il ik

AR A  g-mL ™" V, A /NHEIE R B9 30 R
Pt AR AR A 5 mL.

A 5 TSS W 71k S WSCHk[ 17 ].
2.3.2 FKEmibEZE

B30 mL DU T 50 mL 2048, &
ANUURIRE I E 3 A PATRE. FEDTR 8 2 TR
J& /AT 10 mL 20 mmol - L ™" i i &% %5 W A1 10
mL 75 mmol - L~ ARSIV R , I LSRR B9 A 1Y
WA A 0 h, 4> HI7E 16. 8, 21. 8 F127.5 h MBS .LA
HEC3 mL. DS URIURE TR, BURE A S 1] B9 0045
FOINA 3 mL 877K, RS S B T HORE. FE
280.45 wm PEAEATTE A 6B TN WA A A
i, T PR AE S R N AT SR A R
A
k, xV,
ANR = == x 10 (2)
FH, ANR (areal nitrification rate ) i T4 & I iF
AL F wmol - (m*-h) 'y k, K AHAS A B E
LSRN ] AP RPR  wmol - (L-h) ™15 VR
KRR $2 40 mL it S AT R AR a R
VTR AR BUE 5. 73 em?; 10 N7 55 2250
2.4 JAEALE AR E

SRR R R T A ik I PR AR BE R RO
e, ZIT R ORI NO, TRt RE 7155 , B
AR NO, A Al BEE o bk 2 i 42 7 A 2k 1 4%
SO —E B NO, AR DY 0 — Ml
o R IR SR IR AT G — A NO, AR fb & (B
Jedt) ZIm T RR ) B A A R 5 5. 2 2 Ty
FAE . FREUH ST 1 g BETRER BT B DR T 50
mL SEJE = AT, A 20 mL 10 g-L~' 4 KNO, %
W, INFE S B IR AE AR IR AR N 35°C IRBE A F F R 5% 48
h. SRJ5, %13 500 remin ' B0 10 min, 53553 1
Je , ME NOy . Sl B B DT BE Y NO,




3

ZANMWAE IR 2 SR AT SRR VA IR U 0TS YR AE KA Ak - B M AL T

939

i FRIBUM [R) 5 o B 5 DR, LA 20 mL 4
mol - L ™" i S AL B %5 ¥, R 13 500 remin ~' B0 10
min, £ 385 I E BT NO, &, 3B E (e n b
WIN) NO; &R Rl n i, AWK IR U85 S5 i
J& =S NO, AR Ak BR LUK IR Bk R AE NO, 11
FASARTEYE LA NO; A8 b B DA SR i R) >R -5
NO; MR,

o TR TR AR 3k B Ak AR R Ak T E
il FH AR 2B S TR AR, DR DL L 5 /K R 22 S ]
RERCR. METHEARL R i, A B HPRIX —
2 T30, BIRKE AR R B3Rl SR B .
2.5 kb

SKFH SPSS 17. 0 Excel 10. 0 #0452 BU5 b 3
=3

KRR B2 e dse /> — T [a1 U3 4347 ( PLSR ) i)
JH Minitab 17. 0 #8458 1.

3 H#R5iTE

3.1 DU AR TG A

3G T 3 FREWBERBIBRYHSIEE
AL e LR . TR, 3 KRR
PIIN S5 tor B3, QI SR B & TP
Ph/INBR I, 2 R TR I /MR A I H = A T
ERARWEAE PREE FRE IR R & A s e R G ik
GNP TEPERUM A TN #RBE (550 mg-kg ™). 5
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Table 3 Contents of nitrogen fractions and other physicochemical indexes in the surface sediments of the studied streams

HIEB AT/ mg-kg ™'

B &t GeilE N7 N NO; N ™ oM/ % TP/mg-kg ™! pH
KM 502.53 39.15 2449.72 11.23 533.63 7.24

BE /Ml 302.24 11.64 1172.24 7.40 357.27 5.98

-2 390.27 18.69 1719.40 8.92 462.17 6.65

ISP 488.65 48.45 2291.03 9.03 497.87 7.84

g HZE He/ME 273.51 16.43 1132.48 6.34 347.06 6.93
Ef\ -2 346.71 24.15 1593.93 7.70 414.96 7.26
% ISP 532.53 24.56 2465.70 10. 56 572.39 7.12
it e F/IME 292.21 13.34 1224.23 8.79 381.76 5.74
T 372.42 20.77 1788.71 9.39 466.59 6.45

o] 547.11 26.46 2613.84 9.43 685.90 7.49

e F/ME 321.51 14.32 1392.57 8.37 423.18 6.20

I 408. 12 20.17 1.863.69 8.90 529.40 6.98

TN 565.03 81.04 4701.45 10. 80 875.27 7.82

K /M 407.35 25.46 2617.31 6.57 433.84 7.31

- Hg04 467.61 49.19 3491.13 8.06 719.76 7.53

KM 500. 15 97.43 4295.01 8.52 799.01 7.88

3] HZE f/ME 405.81 27.56 2448.29 4.19 384.33 7.20
o - 214 451.44 55.20 3409.20 6.12 663. 89 7.57
gz: SN 537.72 46.21 4496. 82 8.97 830.68 7.84
i &S e/ IME 430.55 18.79 2 666.25 4.08 433.49 7.19
214 474.66 33.30 3 486.40 6.96 735.86 7.44

ISP 577.64 40.92 4302.25 8.83 873.16 8.30

X Fo/IME 438.23 18.80 2733.16 4.87 479.33 7.73

I 494.52 28.38 3441.41 6.71 766.70 7.98

o] 637.15 113.29 5305.09 13.76 1781.24 8.03

B F/IME 522.72 40.71 4172.00 10.25 1145.24 7.62

I 574.53 82.76 4567.60 11.90 1367.69 7.77

TN 602.40 133.59 5047.87 10.27 1714.56 8.14

ES H% R/ME 468.93 63.12 4009. 69 8.23 1048.78 7.82
i -4 526.46 89.14 4278.72 9.14 1305.95 8.01
§§ SN 645.90 86.83 5117.32 17.05 1768.24 8.09
i E /Ml 530.24 52.52 4238.18 12.71 1140.79 7.76
2914 576.39 69.75 4539.50 14.52 1375.61 7.87

KM 712.86 52.87 5419.87 12.18 1727.12 8.41

& /M 540.52 36.04 4083.28 8.56 1 206. 05 7.81

-2 612.00 42.56 4679.76 10.33 1458.54 8.06
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mg-kg ™) PO A Ay BB T NV S B ofr N R O
2.56, 1.36 fi5. BEJE/NER TN &A1 232.49 ~
2613.84 mg-kg ', BIEN1741. 44 mg-kg™'. T
5] Pl A3 T S K A B R K HE TR 5 ) P e
INETRUTFY) TN F- 34 {H 55143 457. 03 mg-kg ™', #%
AT R Z VIR I (3 515. 60 mg-kg™"). i
S RAEE TN &8 B A F 20 E R 5K,
=y PO RS ER

MIEZS &, NH, -NFINO, -N & & 09 80 7 fi
RRAES TN — 2, B R 30 H OC B0 3R > B v /NE
Wi > BEIE/NE R A AR A, HONH, -N | NO; -N 7
SR K AR SC BT SR e/ IMEL Y A
JE/NEGL. BENH, -NT &, OB SR A 185 7K
e BB A 572. 34 mg-kg ™", A IR B R /INE R
W) oh/INE TR 1,49 . 1,21 7. MR Se b8, 564
T SCREEN AR F ORI AR P I ME D
TR AR 43 HE 16 5 7K, 1 K s W R VTR T
Jerh. fhF 3 0L, 3 AR FNH, -NI 2 5 L
Bk, A FE RS X T RE S B R AIR R, M e
BEIS PEIG 0 | (45 T Z A NH, -N#5 1L N0 -N. 3
Hh NH, -NG TR AR R B 205 3 4%
TRV U TR R K AR R A D) R KR A W R AT A K
HE R, X0 T 7K A4 N, -N (%) 152 50 R P 3 i AR £ 9
FUWhNH, -NJa) K sl B Bk R, 5 I /&

15

(a) BEODE O B%
€ w0t
[=]
g
2
X st
-4
£z
HERE MR B iR
R
20
g (©) MR
90
<z 4t
H
B
= 8
£

SRR

Wi ZE UL NO; -N & B Oh 11,64 ~ 48.45
mg-kg ', HME N 20.92 mg-kg ™", FE A TA] S UE R Pl
N R YIAE 4 5k 71,05 mg-kg™' AT 41,51
mg-kg ™', MEFE] EF BR T ESIE /MR JC A B 2T
PEARAL AN, HA P AR HINO, NS B R oy &
WEETHEE, B AFEMNEMR, F-ERELS
NH," -NNIGFH R, X T B 5 3% 2 [ 77 e AH B Ak
KERAK.

AN | SR Sl U B b NIRRT TP P
B it T e T NS K 2 K 4 PR S RN BB IR & A
5 R P RE 5 RS SR AR ) A W RN Y TP R
(600 mg-kg™"). 1M H,3 FERITAY pH HE
PR —E AR B DGR S > P/ NR T >
JE I /NI
3.2 A b S YA
3.2.1 TR R S AR RRE

JE I /N B I U B ) KR 1) AR Ak YE R
52.98% ~84.23% ,FI{EH N 69. 79% ;5 B /N AR
AL M 58.42% ~ 86.14% , YJ{E J 72. 47% ; X%
B S0 R 72.12% ~ 88.42% , Y MEH Ky 81.72% .
SREE B, N IR TIBRY K Z & B R R AR
SR, P /N 22 Sk KRR R /N TR
ek HEAR R B, B 2R A, 3 KRR EDT
IR PNR Git45 5%, WLIA 2.

15

(b) HEIE R

PNR X 1073 /pmol-(h-g)”!

(d) R L E

PNR X 107%/umol-(h-g)™!

B2 ZRARBEMELERSH

Fig. 2 Distribution of potential nitrification rate (PNR) in the studied streams
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Fig. 3 Distribution of areal nitrification rate (ANR) in the studied streams
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