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Removal effect of nitrate nitrogen at different concentrations in a simulated riverbed of the Chaobai River
WANG Xihan"?, WANG Ying', LIU Yun", YANG Lihu*, LIANG Qiong', ZHANG Xixi', WANG Junyi'

(1.Key Laboratory for Northern Urban Agriculture of Ministry of Agriculture and Rural Affairs, Beijing University of Agriculture, Beijing
102206; 2. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: In recent years, reclaimed water has gradually become the primary water source for urban landscape rivers; however, reclaimed
water contains high nitrogen contents, which can cause water and groundwater pollution. The riverbed sediment exhibits an interception
and removal effect on NO3—N. In this experiment, a channel device was used to simulate the riverbed of Chaobai River to explore the
removal effect of the channel system on NO3—N under three NO;—=N concentration levels: low, medium, and high. The results showed that
the removal efficiencies of NO;—N were 67.8%, 63.0%, and 55.0% when the concentrations of NO3—N were 5, 10 mg- L', and 20 mg- L™,
respectively. The removal effect on NO3=N was improved at 10 cm and 70 cm below the river channel, with a strong correlation between pH

and NO3—N concentration in the bottom effluent. The denitrification intensity at 50 cm and 70 cm in sediment was closely related to the
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concentration of dissolved oxygen. As the temperature decreased, the dissolved oxygen concentration increased, denitrification decreased,

and the removal effect of NO3—N worsened. The removal effect of NO5—N was primarily caused by soil leaching, assimilation,

denitrification, and dissimilatory reduction. Some nitrogen was retained in the sediment as organic nitrogen formed by assimilation and

NH:~-N produced by dissimilatory reduction. The study shows that the riverbed sediment exhibits a purification effect on the reclaimed

water channel, which can provide a reference for the safe recharge of reclaimed water to rivers and lakes.

Keywords : reclaimed water; simulated river bed; NO;=N; NO;—-N; NHi=N; removal efficiency
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Figure 1 Schematic diagram and physical diagram of channel

experimental device

NO;-N JFT i W FE - 10 mg- L) A 20194E9 J] 16 H 2
10 A 5 H 585 = (N3, NO;-N Jii &8 ¥ J¥ N 20 mg-
L) N20194E 10 HSHE10 A 27 H., MEHtrh
M pH . DO (& fi# %) \NO3;-N NO;—-N I NH;-N,
IR 5% K ICE A AN EE R KR AE % R 7t
i
1.2.2 ik
SIS KA Y K BT R AR A 2 2% R R AR R R
CRFNE K W 43 B 77732 )", NO3—N \NO>—-N HI NH, "~
N 733l FTE A0 306 B vk IR & 40 6t
98 PG ) bE (850 2, Y2 pH A1 DO R A HQ11d {5
AT (GE S Ay HACH) M AE
1.2.3 Fdlhb g
K H Excel 2015 #4785 5811, SPSS 17.0 # 4
F1AH oM Origin 2018b AT £ HI/E . NO3-N
%%Z%th&ﬂwm N J5t i ok B 55 T & 48 NOs-N
JE R RS
NO:-N L FREH R AR
R=(C—C1)/C;x100%
K RANO-N EBRR, %; C kK NO-N ik
B mg- L7 Co RS R G0 NO-N B IR me- L'

1% WHART]

2 HRE5HMH

2.1 RiRHIEE pHE DO

Tl 2R G0 R K R TRLEE 52 AN RS K . N1
T2 25~30 °C, N2 i B 7E 23 C R 8l , N3 /K i
B R, 123 CREZE 13 C.

T2 AT, NG TR 25 DR BE pH 7ETIT 7 d 52 T B
TR 12 AR B A/ NEH S B E1E 7.4 /2
Fo N2 & IR pH1E 7.4~7.8 A1 Bl . N3 I 4% % JiF
pH 7ERT 10 d #F8 22 , J5 10 d 10 em 120 cm &b pH FF
F 7.7, AWK IZK pH I = T A o 4 R pH,
N1.N2HIN3 43515 8.48~9.11.9.01~9.21 .8.85~9.25,

N1 H 45 TR DO K F- K 2~6 mg - L7, 55 9 d
TE U sh K, 2BV A 1 S 0 T sl R i 8
N2 PR 4 TR E DO /KK 4~7 mg- L, 1E 8~10 d 153
g . N3 TR IRE DO K- 5~9 mg- L, B 5L
B BTG TRER SR 3R T IR AR AL,
DO [t v B AR T 5
2.2 JEiRH NO:-N NO;-NFANH-N REIRETL

3Fh NO;-N i 5 )% F NO3-N .NO>-N Fll NH;-N
JoT Ve B AR ) AR A OC R LT 3. S50 NTEF NO:-N
Jo U A R SRR, N2 N3 e sh Ak, & JE 3 10,
20.30 cm AR fb A FAH L, GEFRIR)Z KR 50,70 cm
Ab A AL FE AL, SEFRIRIZ K TE . N1V A% Hh NOs-N
JE R 3~6 mg - LT HER R TR, N2 5 N3
A3 BIFERT S d FIET 7 d ¥R 2R e NOs—N i i vk JiE F
I, R)Z IR Bt v BE T . N2 %5 910 d B NOs-N
o R U5 A R, DRI M B A R X A v 4%
A —E R . N3 7E 12~20 d B 2 56 I8 o i ik
FERE I, URJZ ISV oL vk BE /b . e 2R N T N2
FIN3 [ NO;—N Joz 5t Vi B2 49 7 B2 7E 2~4.3~6..5~8
JiE)ZK NO3=N Jot i ¥ JE 75 N1 pH 4.84 mg-
L% % 1.93 mg- L7, #E N2 B 1 1.6 mg- L' FF & 3.3
mg-L™", TEN3 5 5~7 d H 0.91 mg- L B 92 mg -
L7 5 1E 8~10 mg- L /Mg e 31

NO;—-N 7E N1 1 N2 B Ji U £ TR B v o 1 v B 4
i, 4 0~0.1 mg- L™ ; N3 B NO>-N Ji e B 7E T 9 d %%
JREE 559 dIFER T 10.20.30.50 em 170 em 4b 5
VR AR IR I R R 2 AE 0.4~0.5 mg- L. X
JEEJZHEH K, NTATN2 B NOS-N 59 5 B i i 9]
F R R, A0 TR 14 d FIES 10 d T B R (E
0.33 mg- L' f10.27 mg- L, Ifi J5 2 7~ B, N3 U 76 i
10 d 7 0~0.3 mg- L™ P a5 AN, 5 AR E 72 0.1 mg- L™

mg-L"o



CE P, RV D 4 LT o R BRI 147

9.5 NI, 5 mg-L"!
9.0
85

pH

8.0r
751
7.0 F

N2,10 mg- L™

N3, 20 mg- L'

DO/(mg-L™)
N~

10 15 20 0 5 10 15 20
i8] Time/d
N2,10 mg- L™

10 15 20 0 5 10 15 20
FsJ 1] Time/d

A 10em -O-20cm 330 cm —A& 50 cm @ 70 cm —M Jit)Z7K Bottom water

2 3MINO:-NREIRE T&IRE pH .DO FERT BRI 4L

Figure 2 Temporal variation of pH, DO concentrations at different depths under three NO3=N concentrations
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Figure 5 Temporal variation of NO;=N concentration and NO3=N removal efficiency at different depths under three NO3;=N concentrations
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A, DO S (E 2 W T, NOs—N 2B R4 IR
£¥I§E[25]$IJFH$;-JLMEM&/%éfiﬂfﬁ%ﬁ 15 27K

T, B R R R A S 0 TR SRR R T Y

%Jﬁ,z_'%ztﬁﬁﬁ~ﬁto
3.2 NO;-N XK HIE

3FNO-N BT T AR R 55 1 d Hix
Ja 1 dAE, 2 KT (10.20.30 cm) NO3—-N Jii &k
J - KA 1.29.3.85.6.60 mg- L7, FZ I8 (50,70
em) TR S THE 1.06.3.33.6.48 mg- L7, i 1
d I IEJ2 7K H NOS=N st ¥R J32 73 791l 2 1.93 .3.32..8.10

mg-L™o NO-NTEJRJE 228 ks e S5y B

%1 KRHDOENO-NHHEXXFR
Table 1 The correlation between DO and NO>—N in sediment

R Depth/cm N1 N2 N3
50 —0.885%* -0.659%* -0.596%*
70 —0.635* -0.538%* —0.585%*

e S TE 0.01 23 (U ) A Sk i 35 5+ R TE 0.05 951 (L
)M B

Note: ** indicates the correlation is significant at 0.01 level (two
tailed) ;* indicates the correlation is significant at 0.05 level (two tailed ).
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AR AL Ak TRk SR Abis R AR AT s i A ik 2
SN, S5 e B RN 25 AT RE & AR B A, A 3 T
W NO-N [ BRALIE

(1) MBI . NO-NAHF L, R 5 1 3%
JIE AR o, 43 S sl M i L B bR ER . 3 AN
1A B VR 2 RS JE NOS—N Ji - ik J3 ) S A1, )2
JV U o Tt v E D S -, SR NOS-N B K i ) T i
. N1.N2FIN37E 50 em Ak NO;—N Jii 2 v 43 1) F
$53.5 02 AT ERE AL 70 em b T2 )5 1 d ik FR K
fHo BB 3 A JRILICK  NO-N RiE BRI K . 4 0
TS 57, DA Sy I A B 0 ) 38 0, b 3R K S, B
FE T Z2 50 HP 5= B S AT BE AT, VA VS ot B 2 i

(2) [RMEAE R o A 7 A K S ol A v n
NO:-N & Bh A B B s 1A LA & A R4 AR RS,
KW 2 0.142 9 NO3-N+C+0.285 7 H,0—0.142 9
CsH:NO,+0.142 9 OH™+0.285 8 CO”, A Szmyrh 3 ff
NO3=N Jfi 57 ¥ B /KK 0~10 em 4b NO5-N Z2 Ry
e, ORI e —/K BT b, i s g 7o 2 Al ER R
T BAE , KA NOS—N 8 4i 18 1 9 & A LA,
X 55 2 HE SO S UK Sk WK ST A R X
NO:—-N ) EBRACR I

(3) SRR o NOS=N 1 4 B il Al A8 Fi g o i)
PR, ST RS AR B 5R S o ANSEER 3 4N NOs-N
5 VR K OF TR OIS J2 K NOS=N 5 3k Bl N1>N2>
N3, [] B 3 A4 ] 1 0 88 328 T R A, 40 T 3 1 08 557 , DO
JoT R B T e, B ARAE PSS , NOs-N 2 BRZEREAIK
ANFREE T, 3 AR B ERZ IR NO-N KPR R
i, A TR )Z R U v DO BT e B A, A R i il
PRAE I e A o 3k 5 17 2 S50 H 19 B 2 3
KEAET , AR X NOS-N WA — & 2 B i
AL

(4) AR AR o JRS TR FREE o PR A I Mk IR
ST A AR 20 NOS—N 5246 8 50l &) w5 - 398 Wi i 1y
NH:-N, Jf B A2 TR v v, S ni X - NOs+10H ™+
8e > NHi+3H,0", ANSLEG & il ] 2 [A] IS e o NHi-N
Jo M AR 22 N TR R ) A e R A & I
NHi-Nfig 18 . 223 R A & BAE NOS—N 7K Jit
RN 2~40 mg- LB, HEH K o NHE-N BT
ZEANEIN . AEGREE TN IRZNUE R NHI-N BT ik
B TIRIZIETR , R LE R Ve —/K S A B R A 4
NH;-N JJi iR ¥ B 3% BT, B NHI-N R N,
e 2 W B IR JZ IR o B SR RE R AU R
JEE 58 e BT 3 R VR 2 IS VR A NHG-N R 23 [ IR 2 i

1% WHART]

Ty 85, WIZ e NOs-N 2554k A4 il NHi-N , il &
JZ KU NHE-N J5t ot ok B 458 5, VR J2 Ik Jig NHE-N Joi o
W AR

ARSI, R R 1 BT NOS-N
IR s LR AL AE TS A HLA R AL i S
SEAR A TR FH A ] 385 i NOS—N 5 e 5 A
FIR - B AT, B SN IR s, &
Frp & RO s 2R A ML AR E T80 . NOS=N i
FAEARAE 5 5 A0 SR F A L R JL 5, AP VR R A7
TSR IWBERAMER  WUEY SRS L VE 15 2
(I REHE M 2 333.84 kJ - mol ™, 1M1 S Ak JRAE FHAS 21 1
fE T} 679.60 kJ - mol ™" ™ A= Wi Je & A BEE 1S
P Z e A A AAE T . B R X T
tNO;-N i3/, R iR E L 5 85% , 54k i I A
07 14% . EVHEDR S5 UE S R TR A HLAURME L
EACAE HTA K S Ak 380 S A 6 NOS—=N S i 1Y) 5T k%6
43514 56.6%.26.6% F113.1%., ARS8, %7 F NOs-N
2Bk, A HLARME 5 R A A A R A, S bk e A
FRE S , 45 B X% NO3—N Ik 1) H A4 BTk %0 4 1
2 5E . AWFIE S R U] BN A R I A
T, ] 38 K AR H R ] NOS=N 5 3 J3E 2 5 0 il Al 22
Gt &I A5 AU ot R R, DA T 532 W) 4% B s 1) & 2
S, 1 RN TR NOs-N R BREICR .

4 Zig

(1) RS X K A4 NOS-N A B 2 E A .
K HNO;-N R 8 5.10,20 mg - L B Z2BR 24
WK 67.8% .63.0% F155.0%

(2) 7 #8210 em ZL TR HB 70 em 4bXF NOs-N
FBRBCR AT, 43 51 32 B A HLUAA S SR AR
FZ:BR NO-N,

(3) )2 HE 1 7K pH 55 NOS=N Joi o ¢ B AH SC 7
B JIRUE T 50 em 5 70 em &b KRS ARAE AR E 51
iR ST VAR R A O 5 B A T AN, Y A S o
WL T, RO AR A R , NOSs-N R BRESUR AR 2

(4) JEE Y8 A NO;-N ZEk 3 2k - bk i 15 A L )
AT SRS AR AR 5 S A T A 45 3 R4 5 3
53 R VARACAE FR T 18 A5 LRI S A0 8 s A B
B NH-NJE XA AEF IR e .
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