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The removal effect of ex—situ combined ecological remediation technology on different forms of nitrogen in

Jiulong River tributary
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Abstract: The study aims to identify the effects and mechanisms of removing different forms of nitrogen from the water, the influence of ex—
situ ecological combined remediation technologies on nitrogen concentrations in water, and the correlation between different nitrogen forms
and environmental factors. The results discussed in this paper are based on a project involving an ex—situ combined remediation system for

contaminated water in Pulin Creek, a tributary of the Jiulong River. The results demonstrated that the average removal rate of NHi=N by ex—
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situ ecological combined remediation technology was 88.03%, which was significantly higher than that of other forms of nitrogen (P<0.05);

the removal effect of total nitrogen (TN) and dissolved total nitrogen (DTN) in water is noticeable, with average removal rates of 73.35%
and 77.67%, respectively. The NHi-N removal rate of the sludge-membrane symbiotic high—efficiency coagulation water purification
system has a specific removal, and the NH3=N concentration in the effluent is 7.72 mg- L™". In Ecological pond 1, the NHi=N has the best
and most stable removal treatment. The NHi=N removal rate of Ecological pond 1 is 63.55%, and the content of NHi;=N in the effluent is
2.19 mg- L. The NO;—N, NO;—N and NHi-N concentration in the effluent of the Ecological pond 2 are 0.99, 0.73 mg- L™ and 0.58 mg- L™,
respectively. Ecological pond 3 had the best removal effect for NO3—N, with a content of NO3—N in the effluent of 0.64 mg-L". Among all
the ex—situ ecological remediation treatment units, the main form of nitrogen in water is dissolved inorganic nitrogen (DIN). The proportion
of NHi=N in DIN is highest in the sludge—membrane symbiotic high-efficiency coagulation water purification system, Ecological pond 1,
and Ecological pond 3, at 62.51%, 37.02%, and 37.88%, respectively. In Ecological pond 2, NO;=N accounts for the highest proportion
of DIN (45.23%). In various ecological combination remediation treatment units, different forms of nitrogen are associated with
environmental factors (DO, temperature, pH, and turbidity). The study discovered that ex—situ ecological combined remediation technology

mainly removes different forms of nitrogen through suspended sludge filtration and sedimentation technology, microbial nitrification and

denitrification, absorption of submersed macrophytes, and plant synergy and has a good remediation effect on polluted water.

Keywords : ex—situ ecological combined remediation technology; different forms of nitrogen; removal effect; environmental factors
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Figure 1 Process flow diagram of ex—situ ecological combined remediation technology
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Figure 5 Removal effect of NHi—=N by ex—situ ecological combinational remediation technology
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Figure 6 Removal effect of NO3=N by ex—situ ecological combinational remediation technology
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TR NHI-N (5 e B FF, NO;-N \NO;-N FI NHi-N
= LE DIN H 134 5 430 A 33.63% .28.63% FiI
37.88%.
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Figure 7 Removal effect of NO3;=N by ex—situ ecological combinational remediation technology
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Figure 8 Removal effect of COD by ex—situ ecological combinational remediation technology
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Figure 9 The percentage of DIN to TN in ex—situ ecological combination remediation technology
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Figure 10 The percentage of 3 nitrogen forms to DIN in ex—situ ecological combination remediation technology
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Table 1 Correlation between different forms of nitrogen and environmental factors

%ﬁiﬁ Dlzf:feljjei}t‘;rms Dis?o?ved ik B2 Poz(}ilus @E %ﬁiﬁ Dlzf;ijeﬁftrms Disgm(l)ved i3 Pnﬂzlus @.ﬁ.
units of nitrogen oxygen Motz hydrogenii Turbidity || = its of nitrogen  oxygen Temperature hydrogenii Turbidity
eIt A NO;>-N 0.675%* 0.153 0.786%%  -0.224 || L2 NO;-N 0.300 0.133 -0.270  -0.370
'%”5”5“7% NO:-N -0.007 -0.035 0.216 0.256 NO:-N 0.293 -0.002 0345 0.558%*
HORRAE NHi-N 0.037 0.174 -0.122 0.080 NHi-N -0.533%* -0.815%*  0.318 0.265
TN 0.133 0.222 -0.019 0.111 TN -0.288  -0.637**  0.250 0.150

DTN 0.119 0.199 -0.023 0.096 DTN 0.013 -0.297 0.121 0.246

HERIEL NO;-N 0.502% 0.279 0.056 0.288 || A=&E3 NO;-N 0.444%  0.603**  -0.347  -0.126
NO:-N -0.109 -0.163  —0.532%%  (.823% NO;-N 0.018 0.5977% 0.000 -0.269

NHi-N 0.013 -0.342  -0.685%%  —0.009 NHi-N -0.275 0.019  -0.883%*% (.828%

TN -0.113  -0.601** -0.846%*  0.141 TN -0.299  -0.617*%  -0.178 0.012

DTN 0.060 -0.381  -0.892%*  0.339 DTN 0.099 0.557*%%  -0.488%  0.113

TE #3278 AE 0.05 7K CUUIN) 25 AR 5 KR 7 0.01 K CRUID AR 235 ARG

Note: * indicates significant correlation at 0.05 level(bilateral ) ; ** indicates a very significant correlation at 0.01 level (bilateral ).

3RS K TN 5 iR 20 52 51452 (P<0.01) .
AN AEZSTE 1 HIKNO-N 5 DO 2 B & IEAHE(P<0.05) ,
NO>-N . NH;-N.TN FI DTN 4 55 pH £ % i 2 171 4 5%

(P<0.01) ,NO;—N 55 i 5L 0 I 35 1F 41 5 (P<0.01) .
H A HE 2 H K NHE-N 5 DO FIE BE 52 4% 0 2 11 6 o6
(P<0.01) ,NO>-N 55 it B 5L I 25 1F 41 5¢ (P<0.01) .
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A Z5HE 3 K NO3—-N \NO;=N F1 DTN 5 i 5 L bl i 3
TEAHE(P<0.01),NO5-N 5 DO i 3 1F #H¢ (P<0.05) ,
NHi-N 5 pH 2% i 3 7 AH ¢ (P<0.01) , 55 3 i 42
e @ % 1E 4052 (P<0.01) , DTN 5 pH & i 2% 7 A ¢
(P<0.05)

3 itig

3.0 BUASHEEBERARTRRERBAL

e B3 A= v AR B v K R R R A A 3
1o 2 P A PRV R MR DT HAR | 38 1L S 2R 5 7 PAC 5%
B KT ) . COD S5 () RN FiAL 3 . PAC )& —
PR AR SR R G W W T K e, K I 7 A —
S U FEL A P R SR Y AR v ) 2 AR RO
AT G W) RE S AE = A 3R G 8 1V TN A T B
FRFI I R ST 8 o 4 A5 L 0 3 S 2 ) S
JI B A RS, A R K ) L A, K A R T 25
PR e e AL AR S AOR SRS K R R A HLE | KR
DO ¥ B T 2.19 fi5 , Mk & 3% 5 T J5K DO R (P<
0.01) , 7K 1A it J3 [P AR 85.91% , #2525 A8 T I K b i
(P<0.01) . [HRHEE 322 KB K b B 2 W AR R )
Jo, X6 T A A A ) NHG-N TN A 25 B R 4
o AN, FEK At S Y 5 2 R 1 R, R
A LRI 25 %, 0175 C/N AR, S Ak B i fig 1 %
HL AN 2 ARCR B, F8UNO-N \NO-N K&
TN EBRECRAE

AEASYE 1 rp BT I LA | R A I
Ko AW RN, A S TE 1R NH-N 22 BR800 47 B
HAFE M, BR800 5 7l ik 89.28%, %f TN Fil DTN
EBRAOVY R4, Z2BR 353 514 38.03% F143.91%, iX
2 b R R BE A T AR AR TR 3 P o (AR 4 37 A S 1
KB Iy A IR R T RN IR X . PR
TLVE RN B A= 40 %) [R) A0 1 FH 25 % 7K A s e iy o it
17 2 A AR ff L BRDY, A E T /KR TS Ye i) A SR B%
fife AT RE . I SACE P A AL R R AR A R
AR, AL RS (MA) 1] i 2548 /& % oK
DO K-, MA B8R T 5t 5 (1) S A a8 S o7, A1 1
AMEY R IR, R LR T WA
IE T /KR DO Ay HRJE , DO RE WS T 2 4 S 2 SE Ak 4 1
HATAS A SN, ¥ NHI-N 5% 46 NOs-N, S8 NHi-N
FIA R BR 2 TR It e 3 22 BT 4R X
EPHERTHAE TR AAE A BR NHI-N 1 ¢
B, HFEASYE 1P NO-NIREFF AR H B 8 T
MG, HOKIRR 204 595 1 )5 HpH B — E R 1 T+

o, XU I AR A YE 1 R T SRR R N . AR T
b R R AR AL 2 11 DR AR/ A U SR A B M A
PRAUE T RAFAAEIAEE (AT G e R KB R
BER BTK , AF 5T 3 B AR W 1 S Ak T 25 B 54%~
94% [ TN, A= 7538 1 H/K NO;-N £ FFh#a$, diid
BT A kA 7 45 B R s B A B Ak SO, NOS-N A
R AN 8 H (8] 7740, SR e AN RS 451 T
B A [] A= 403 P AT RE 23 3 RS A AR 72 v NOS-N 1Y
TR HL = 2 R e il = 25 3 BURS R R 5 Al
ER A A A P LTS

A ZSYE 2 FIAZSYE 3 0 F 212 RUUK Y R
LIRS . MB35 2R o F Y sk 5 A
Tl A TR A R AR Rk B e B e
1 H BN, KR A B O R K AR AR A=
KRR B8 5 KRS Y (HAE X A [RDEAS
R IWAFAERE K 22 5, F 9 R B 2 NHI-N
NO;—N [A) B A7 ZE T, NHG =N S A A W I il 15
TE VIR, 12 R R R] A NOS—N 75 22 T FE B 2 B
o ARSI 256 NHE-N A9 2 BRa0n 5 FAth LD /U
Shy 2 1 T DR 22— AT BRI R AR W AR ) 1 R S A
F o AR RIS AR T AR 9 22 B3 00 = ZEHL , B
¥ B[Rl AR RO AU 2 BR A A7 TN R BR i
1.65%~15.69% , Tiii #8138 S50/ X A AR 0 %) 25 ok %6
H 33.45%~47.14% . TLKAE Y K AR Fe B i 32 22
ML A TR AR -5 S 2E 0 B I R 5 AP, 30 e T /K A
PR I b S8R 43 b A BILA U S50 I, 38 I st A= i =
JE  ZFEME R AR R BT PR B TR R A A
6 5t A W 5 s s T 3] 2 Bk AR A b R o
BCAN , BUKAE B o] DL i 6 A VE F 3G /K & DO ik
B, HATTE B DA P i e R R R O B A AR - AR
AR, A R F AL SR E B & . SR 2
K NHI-N NOs-N ¥R FEE A4, H NOs-N R 5
F NHi-N VB, 0B AR 5005 2 Hh s fb A 58 42, iXl
RE A A 2 th COD ¥R FE ALK 0 AR R 43 i) A
REHR AL 70 I R VR SRS Ak 40 7 1E A KW, LSRR
VI IASACAVE AN 56 4 o T AE A5 5 3 X% NHI-N (1) 2565
O AL T A A4 2(P<0.05) , [F) B0 3 351K T4
AYE 3K NO-N [ 2 BRIV (P<0.05) , iX Al BEJE HH T
A ASHE 3 KR Tl R AR S 3 R T AR A E 2(P<0.01) il
134285 3 h KA C GV E R AZ 26 AP AE AR
L2 SR WA D, KK DO MR B A AR TR
R, SRS ARAE FRESE | 33X 5 KR pH A AL AR & .

MR, M A B AR BRI
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R B HAA R 2 i b RO R PR
BN FE AN [R] o 3 Ao K AR e B R TR Ry
) 5 5% R 3E1T Pearson AH e M0 0, & B0 & e J&
RUR 5 IREE IR A MR, B R A B
FUAHSC , BRI B 5, A e B A X IR, 2R 25 B
BN AR X A e o TR B AL 5 DO A OGP B i, A2 3
I 1A A 258 2 IR TN I DTN 5 DO #4581 g
a3 R S, 24 DO e A I, R
i BAMERE T, MR SO SAABE B AR
KA 35 T 2 MR B AR X AR, 4% A 3R % L 2
B R A AR AN T K AR o v B 2RO 1 B, 9 HLAE K
AR B AT I RO B B S T S . X W]
RE S R AR5 FPOK AR R R EAFAETE S NHE-N, &
B NH;-N 32 2230 ol i AL SN, 24 DO YR JE T BRI AR
T NHi-N /9 2B, X TN A DTN /9 25 Bt 257

M, Wu SR I8 % B2 NHI-N (R4 A i 5
AT, NHI-N LB HeAh IR & RN
5 Y Pyt v R 3 - ORIV R R B T O
TR AR ARl g8 S B A A 58 R B, NOs-N,
NO>-N NHi-N 1E Ry K PR o f W 1k 1) U AT
AR IR Te by BOE B 2K . PEAARYES
PR 7K AR 22 T 5 A PHL PR ST v A S 2RV 3 AR (LA,
AR S R O, OB BT AR A 3 AU 2

32 RUATHABERARNKEELEESAE
sEAl

K RIEAR F 2 WA AR A . A5
B, DIN Ry K R v B AE AR IR X, ik 5 — 2o 5E 245
JR—F, NHI-N J& 5 3% 40 1 43 8 3 /A WL i
B T = 0, JE K NHG =N SR 7K 4R DIN /Y 32 5
3, LKA SZ A BT Je ik DY X AT RE 2 T
TR A R Y . SRR IR S AR R K R
GLALHL KA NHG-N BT o5 Fe AT A f e, 5 K A
BT REEFAARRR N XA 0] BB 5 KR AR T 3L A
T AR R K 2R G B I TR R A G A5E R IR TR
B SR AT , o v A K AR 2 (7K I & 2R
o EE S, S B AL VE = AR AU BE AN EER,
A NHE-N Jr o5 b 28 fb /0N o Bl A5 K A 28
A AL H G NH-N FF 7 Fo ) 52 R ka3, NOs-N Al
NO:--N 5t 2 EFb s, A48 14 NHi-N . NO:-N
NO;=N & 43 143 9 4 37.02% . 32.98% #1130.01%,
AZSYE 1 NHE-N 5 L KT Ve B AR S SR B
HK 249 NHI-N 5 H(P<0.05) o X & 4 A i
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1 o2 2 A W Ak X K AR A T 7 AR [ sl o R R
E DB HE T R AT AR AR IR, A SRR P
AR 20 TR Tk 2 5 i Ak S N U NHG-N #5464 NOs-
N5 NO;-NP ffi 15 NH;-N 5 FL B R, A8k 2
1 NO;-N.NO>-N FlIl NH;-N =& f9F- 5t 25l
45.23% .29.55% .25.21% , H.Hf NO;-N /i b g & & F
NH;-N /i b (P<0.05) , AT LA H NOs-N 2 i 4 £ &
A7, NHI-N (7 e il — 25 TR UK A 2t R
A PG 2 ) R AP AR 5, Komer™ I F 58 & B, TT/K AE
W2 1T B 1 KR A Ak R SR AR A, A R K AR
FIRS AL A SRS AR VR o B DT/K R 90 A0 A7 (R A5 i b
TR 5 T R A R 3 R B T UK AR 43 DO
W EE ARG A e, AT R A Al B2 T AR T S Al Ak
AR SR ORI R B, KA NHE-N e B 4 e
UKD e R B8 R 1 NHE-N, £ 7K/ H NO3-N
J FERIE I, TUKAEY A TR RIS NO-N, X
T NHi-N ZE 8 [F AL B RN 575 2258 s, T NO3—-N 77 %
SEHGAR A REA S, BRI, Hh A XA s B A Ak
R PLUUAKAE Y NHI-N 08 6 F A NHE-N & e
TFEL,NO-N 5 Ee T . A A HE 3 4 NOs-N NO;-N
FINHI-N =35 (35 5 Eb 43 51k 33.63% . 28.63% Fil
37.88% . SAAYE2MEL, TLLEBINO-N (F 2T
RS NHI-N (5 HUBg A B TE . 3 n] RE A PR A A
AYE2M T, AR AYE 3 AL, HAESIE 3 UMY
B0 TR A A AR R A B 2 e vk AR
i3, PR ARYE 3 b A B T AE S YE 2(P<0.01)
AEASIE 3 KR UK YA E R Z 0, DO WD A
FITF AL SR . R NOS=N 5 H R B, NHE-N 5 T
VAN
33 ARSSREETHHEXME

AR KB, PRI A S AROR B K R G RS
P RIAEZSYE 3 K NOS-N ¥ 5 DO B2 4% 2. 35 &8
FIEARE , X Al S i T DO B AE7E A F T i A A
FIFEFTEY, NOs-NVE MR AEAE ™8, 2454 R FHil§
S, NO-N MR W 23340 . Zhuang ZE> A5
o, & BRI ST DA s 2 A AR B DO A A T
AL H NOT-N, A8 0E 2 K NHI-N R JE 5
DO R A% AR . ZEBIHD , Chen FFE N T W
T b & B, DO BEAA A T A& H R T NHi-N
2B NHI-N W B o Cui S5O 5T & B, 1 X
NH;-N i 22 B850% 5 DO &L B 1IE A6, B NHI-N %
FE5 DO RMAHIE, X JE TR DO ¥R B {35 1
LR AR AR T S AR T 3 T S AR
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3AAARYE TN ¥ 5 00 5 HAT R 2 Ok G, AR
AHE 2 /K NHI-N 3R -5 905t HoAA W 8 35 T A 6
P o B HATSE R BN T30 5 — b B T K A
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NH:-N ¥ B 590 B A T P . Huang 1) iif
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P2 o T] k2 5 e R 4 ) A A AR 1
T A 4 %55 TEAIL R WA, I 52 i B B G A 15514
BAE 250 3 7K NO3-N \NO>—N H1 DTN 5 i i 52 4%
FIEAIE, AT BE S A 250 3 R U8 Hh AR v A W L AR
A5 A OB FE TR AL T BRIV TR AR

Ve B AR v ROR B K R 4 K NOs-N 5 pH
AR IE A OC, X AT RE S pH T i 2 PR AR IR % X
NO:-N ) LBRFEA K. BFRERVIREEXT NO-N £
B35 SR Foe A s A pHL(EL R 7%, T AR 5% v R AL A
iR SR EE 1 K R 58 pH I [l Ry 6.95~8.80, [A 1 H PR
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AN FERR SRR AR R AL PR T4 TR 23 7 OH sl #E
H A 2588 1 H 7K NO;-N \NH;-N . TN #l DTN ¥4 5
pH S M 2 UM O, 2B 85 3 7K NHI-N 5 pH 42
e i % A&, DTN 5 pH 5 @ & A 56 . i
SEUSTERIE I B M BRI A T K AR R OR R A /AR
TR R & B, KK NHE=N TN F1 DTN 55 pH &2 &
B R OGS AR A R B

AR A S YE 2 F NOS-N 1 5 3 SR
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