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Effect of salinity on nitrogen removal performance in a Phragmites australis constructed
surface flow wetland
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Abstract. Application of surface flow wetland constructed by Phragmites australis to remove the nitrogen from agricultural drainage
is one of most important policies to control the eutrophication in Lake Bosten. However, nitrogen removal process will be challenged
from the salinity inhibition in wastewater. We explored the effect of salinity on nitrogen removal in 4 wetlands with increasing salini-
ty (freshwater, 2%o, 5%o, and 10%o). Concurrently, we also assessed the nitrification and denitrification potential at two soil lay-
ers (0-10.0 cm and 10.0-20.0 cm, respectively) . The results showed that removal rates of total nitrogen decreased by 9.03% and
31.80% in 5%o and 10%o salinity, respectively. Similarly, removal rates of the ammonia also declined by 23.10% and 39.20% , re-
spectively. On balance, the higher salinity significantly inhibited the nitrogen removal,, suggesting that salinity would interfere in ni-
trification process. By contrast, the nitrite nitrogen was increased by 190% and 690% in 5%o and 10%o salinity, respectively, impl-
ying that salinity potentially inhibited the nitrite oxidizers. Additionally, we also found that salinity and dissolve oxygen together
regulated the nitrification and denitrification in different soil layers.

Keywords: Phragmites australis constructed surface flow wetland; salinity; agricultural drainage; nitrogen removal ; nitrification ;
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1.1 XWEE

SR R -2 R X A SRR A, T R R IR H SC G R G TR IR A B S Sy B A R
T 04 LT S W Bl 24 BF 9T T (41.732804' N, 86.184318 ) . S 8 by 12 A AH [A] HUAR B9 BB /K BT (6 x B x 25 =
150.0 cmx50.0 cmx40.0 cm) 415, R & 4 ASCIAL, F4 3 AT, SR ER A #F b A 1, 5 [ 505G =
FBR 2B )5 | Ry By 1k A ER SR 5 B2 S, FHARIR M e, i K ER /N T 0.5%0)5 .+
JRIRIEH 20.0 em. SR S5 8 F BRI W0 AL S AR K X SR IR] — A 8 A AR I A R A T
AR, M B R 50 #/m’. SEES RAIAEET 2015 4F 6 A RIS 2 N H , F 2015 4F 8 H IERIF AL
1.2 LI KKK

SIS FR G 1K L TR A 2 K DX AR b TR 35 K R A B 42, el T S S K OK B Sl R FLE AR,
TR EC T B W /1N O DX K P SR SRR RS UK, SR TS /K. Wit K43 41 : NaCl \KH, PO, \NH, C1 5 NaNoO, , i
REBEXT A AR B T IS BRI, 225 A0 (NH-N) e BE RIS ZS 0 (NOS-N) B HE AR 5. #E K
KRN . pH 48.06+0.17, A (TN) ¥ JE A 4.87+0.25 mg/L, Kl (TP) # %4 0.12+0.04 mg/L., NH;-N ¥
JE42.1540.08 mg/L,NO;-N ¥4 2.28+0.26 mg/L, Wi A% (NO;-N) ¥ B4 0.06+0.03 mg/L, {277 &
#(COD) N 17.40+1.03 mg/L.
1.3 SEWIEITHE I A 3%

gLy 4 SRR A BE 3 A AT, BREE/ BA IR K AL 2%0 5% F 10%o0, F T3 B 10%0
HZKOK B 480 2% , BRI AR SRR T B0 i AR B . R IR MK IR R S5 em , R IR 1] R R A8 s il 2 282 18 7K
BT, KA BN 10.0 L/ (m? -+ d) , SCE0 ARG 3 d 2B 12:00 SREE 1 Wk HUKER S, St kil 47
24 F R AR pH A K IRANA R4 DO) W SRR YST 556 5 #5350 Wil 3Gk A7 3 37 ), =2
SR KA [ S 36 28 I R . TN Ve J38 R T B R BV A7 55 S0 43606 BE L T 7 5 NO S -N Rk BE SR T 8R40
FEEENRE s NH -N ¥ B2 R F 44 FGaR) 43606 BE VA 2 5 NOS -N VR BESRT N-(1-280% ) -2 46t B vkl
P NI ER R X AL R AR F SR B AOSE R, A 6 d SRAE 1 ki 3 (A H12 25.0 em KRR
k) REFH LR AEIZ(0~10.0 cm) FIIEJZE (10.0~20.0 em) , >R F ARG %0600 5 7 [a) % BE - 43¢
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PR ST, 25 LA
1.4 GEit oyt R EiR AL 2

IR TR Origin 8.6 Al R 3.1.2. {# ] Shapiro-Wilk 4G50 % A5 2 E AT & IE A0,
i FH Bartlett 546 5645 T8 bR 8] 5 25 550 (8 Pearson AHIC 43 M 45 $8 b5 2 18] AU AR G k. X3 0 22 55 P ) 38
FroR FH BRI 2 5 225381 ( One-way ANOVA) FL A ) Z [0 R A7 76 . E 2 5% , R FH Ducan K56 F s Mi 264
e B2 5 RS A IE A6 I35 AR R A Kruskal-Wallis A 36 50 -7 HO A A7 7E B 35 P22 5, 3R
Behrens-Fisher K362k MBS fF7E B M2 5. TA Gt o7 ik iy B EKFH11 8 0.05.

2 BERE S

2.1 BE R EDERBUSHTN

SEEG IR KRN pH (H4H 18] 22 3R B3, WA TR 40 22 18] 19 28 BE A DO A7 AE 3% 22 57 (P<0.05) . 4%
ZH IR H B -S4 K IBAE 19.3~24.7°C Z 18] SEHK IR N 22.50+1.36°C , B0 WA 2 AY R A THE S R 12 ik 4k
B pH {E7E 7.82~8.84 Z [a], SF-¥{E Ky 8.22+0.21. £ BEAE A S50 i 32 Z g il IR 2, A1 H Tk sk ik s 19 46
JE vk B SO 20 p I o R 43 T R VE KA R A B L A TR R R 10960k BE A K R R
R IR B T 15.4%0, T ER BN 13%0+ 1.87%. [F] I 2%o0 A1 5%o0 &5 B 20 1 - X 2k B o 23 3l BT &
2.680%020.263%0F11 6.580%020.723%o. HHN, I TR RS H Y B E KA SRS 2 R se s H
) DO 755 B AR TRAK AL N 29028 FE ALK DO 240 77.4% +4.47% F1 80.1% +4.61% , Tlii 5%0 1 10%0
EREEAH 1) DO SEE I 23 B3/ 2 60.30% +10.60% 1 39.70% +6.31% .
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R OME . B E A F % (Phragmites australis) F R B HIR R AR 6% 1353

10%0Eh BEALAY K TN S BE4R 9 1.85+0.21 F1 3.00+0.32 mg/L, IR K2H (1.42+0.19 mg/L) 43 5% i
30.30% F1 111.00% , Tfii 2%oF BE2H (1.22+0.06 mg/L) FR/AKH Z [HIFTo i 3 25 5 (P>0.05) . 5 TN Kk
A —F, 2% BELH ) NH-N HKVEBE 4 0.2020.06 mg/L, I =25 T8 /K ZE % FRAY 0.18+0.04 mg/L, T 5%
10%0h BF 40 H 7K NH -N e EE 43514 0.68+0.09 F1 1.03£0.08 mg/L, HLiRK St FBAL 4> IR T T 277% F1472%
Vi A4 2R ST NH,-N 22 BRAa ARSI HI M. NO,-N 7K e B 1o It 25 6 B 10 T v 77 A4 B ) R AR, 2%
ER B RR KA 7K NOZ-N Ve BESEATE 0.10 mg/L 2247, 1l 5%o%k B4 NOS-N H /K vk i ) 7+ 22 0.18+0.05
mg/ L, 10%02b FE4H | THZE 0.52+£0.08 me/L. 2R, 5 NH-N F NO,-N ¥k & 25 4L A [R] A [F) 25 B 4b 34 K
NO;-N W I TCH] B2 5 (P>0.05) , FHRER M /N K351 0.71£0.07.,0.67+0.07 ,0.71+0.18 F1 0.68+
0.02 mg/L(1E2).
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Fig.2 Impacts of salinity on the nitrogen removal performance

2.3 BENAEREMENL  RELIEREERNIN

ARSI AE A2 B AR B S R WA B AR R SRS ARV E R R LT 58 AN R A e AR L (R, R[]
VR 2 8] AR AL STl A AR R o B 3 25 5 (P<0.05) . AS[w) 15 3 b B 40 32 2 4 3 A% il £k 18 o
(surface nitrification intensity, fAIFR sNI) 2253 .28 (P<0.05) . JRIKLLFI 2%oth FELH BY sNI - 4351 K 3.78+
0.91 F13.47£0.55 mg/ (kg + d). 5%oEh EEZ sNI LLIR/AKAI/D T 30.7% , 24 2.62+0.20 mg/ (kg - d). 10%0%k BE
HMBEAKT 57.9% A0 1.5920.34 mg/ (kg - d). SR, &5 1045 22 )2 - 5600 SOH AL AR A58 B (surface
denitrification intensity,, fA/F% sDNI) S Tilg A $2& 55, ¥R K 41, 2%0 , 5%0 1 10%0%k & 20 533}y 6.85+0.24 .7.01 =
0.24.7.140.32 1 7.2420.14 mg/ (kg - d) ,[{H2ZEF I A EFE (P>0.05) (Kl 3).

A TR Z 882 SRS AL AE H (bottom nitrification intensity , fAl#R% bNT ) 58 B i & F&AK ( P<0.05) ,
BOEIE N 1.84£0.43 mg/ (kg - d) , 1L sNI(2.86+1.02 mg/ (kg - d) ) Wi/) 34.7% . SHsAL/E AR, B2 1
HE ) SRS AR B 38 B2 (bottom denitrification intensity , LA fij#K bDNI) BRERTERZ, FHMHEHM 10.26+0.60
mg/ (kg + d) , kb sDNI(7.06+0.36 mg/ (kg - d)) T 45.3%. {HIGIEE bNT i 52 bDNT, A [al £ B 41 22 [a] 34 3%
HEEZET(P>0.05) , VLA S5 vh 3 B 1 0 3R R A WD Re R i g i (18 3).
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Fig.3 Effects of salinity on nitrification and denitrification at different layers in wetland soil
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24 AEREWL RBEHEAERESARAESRHKKENEEAXER

RIS, 455 BR AN R R SRV SR S AR S E M LBRAH K X R AR K27 (HF
4). Hop sNI 5K TN #e i 2 B35 2 MEAH G (P<0.05) , A LUA#BE 60% TN kB2 754k, [ iF sNI 35 11k
NH;-N Fl NO;-N ¥ B 52 LR VAR 56 |, 2 BIREME RS 69% FI 59% f78 4k, 1 bNT H 5 /K NHJ-N ¥ B 5 i 2
AAEAASE, JF HRe AR REH 9% 10724k, BTy b il AL VR AT 2 AR 02 04T, T 3R U0 0 b 3 2R RE 7 (Y A1 32
T NI M.

AHXTI 5, SR AGAE A 5 K853 4 b 35 T 1 3 4o A 56, AA bDNI 5 117K NOS-N Ve B 5t i 35 2k M A
XK (H BRI 45% 7Rk, UEHA A 35 R IR b NOS-N 9 25 5% 1T E 3222 ¢ i )2 S F A6 VR FH 52 2.

3 itit

TEASZ M 25 R M TE A R (5% 10%0) WA T, oK TN e B2 B0 /K 2 R 2%0%h 8 20 A5
WE TR, X R R SR T, 5% 10%0Eh B 20 1 35 1 b 1) JE R0 % 52 B B S A k), R R33N T
9.0% 1 31.8% ,3X 51 W FT M A5 AL (AR A ZUN AR LA A I AR — 30, NHE-N He i b5 1k
5 TN —30, Y32 5 2 M), 5% 10%055 2 24 BR300 B TR T 23.1% 1 39.2% 5 R, NO;-N 7 & 45 &
20 i d B AR TRk BRG] BEUR G H LT T 190% Al 690% 5 1M1 NOS-N (9 H 7K v B 5 47 BH b A8
Ak, U8 B 2 25 T b R R e R AE NH -N ZbTHLBE J7 AN NOS-N 1% 2R, i G P e MLkl 2 BB g 1k
A WA AN ) B BT 3 B LA S HL st i A B 745 A i S8 AS ).

PR TN A 2t S E RS AR RS ARAE S AR SE iR B AL AT (AOB) % NH;-N
AR NO;-N, i i 0 Al 2 5 A 1L T (NOB) ¥ NO;-N A4k iy NOS-N, % Jm i i 2 fitf fL 1 % NO;-N Al
NO;-N #8J5Uk N, 7 EER BE MR T | AR R S BE 0 Ak it A AN TR) 4 i 17 ML ) R 52 S0 PRl A5 i 9 2,
5%o R FE RITT S50 AOB JEMERRAIK 17% , 17 20%o 35 B2 W AT F1 4] 62% Y9 AOB Ji 1, M A5 1k ik 23k
R R AIG. Liu %50 R B, £ 26 TH o i 2 B v, A Ak i B2 b (9 NOB F AOB %5 5 2 S . 1T 5K M it
SOV RIS X R VT3 K O 4 398 SR A VR R B, U 2 BRI 5% T3] 25%0 % I Al AL/ F B
ERM | T 5%k BE B FUIR /K Y RS AL /R PS8 B S . AR SCHp S 32 H T i Ak R AR T 3
LEh R R E GORIOE (3R 1) IR HL sNT 5 R 22 [A] I AR G R AL I 35 5 T sDNI( P<0.05) , iX 5 35 i
LS R—EL BRI ZAh, oK P B 3R A NO,-N Yk NOB 41 it il ity — A F R B k]
U, 5 B TR 6 2 T i A FH B I 1 P R T s RS AR 1, T A A P i i v R BE X NOL -N b i 7
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Fig.4 Linear regression between the concentrations of various
effluent nitrogen forms with nitrification and denitrification intensity at different depths
1 RFERBERS AL S A E 5 B2 5 7K A A EREE [K T 1 Pearson AHOCFR AL
Tab.1 Pearson correlation coefficient of basic water parameters with
nitrification and denitrification intensity at different depths
W T ENE S DO KR pH NI bNI sDNI bDNI
A 1.00 -0.80 " -0.36" 0.37" 0.27
DO -0.85 ™" 1.00 0.78 ™ 0.28 -0.36" -0.31
KR -0.08 -0.07 1.00 -0.28 -0.18 -0.01 -0.07
pH 0.29 -0.17 -0.20 1.00 0.13 0.25 -0.08 -0.11

# R P<0.05; == LR P<0.001.

10 e T B M el 2Bt A P S ) AR BRAE P A D5 T B — , B B i TR T R E M A K,
B K A SORE 43 B NI TS B BB T Y S 58 - R T v 23 O3 Y b S A i B BRBE | AT X B 26
PR TR AN, ﬁni“VA!ﬂ%B“1&7ﬂiﬂfﬁ%Eﬁﬂfi%« TR RO A A FHANAR R MBS RE Ty, A
MR DO 75k, AT A AL VR PR B I 2 5 B0 R 4 30 Sk st 7 Jom i, i 990 okt 5 Al P A8
00 RS SR Y S AR (DO kR BRI OGO R T2 b i S A AR
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HALVERTS DO ¥ JE R EAIOCHE (3R 1) . (HARE 2, sDNI 503 2 W35 IEA G, 175 DO 3% it 2 B3 1
FAOG , BT LA 5 B2 B _E AN SO SR A HTBEAT 7™ AR Al 4 7, B 2 mT e i B IR BR BT b DO & i, ke
TSR S AR . 842 A5 A S v Dk B3 T e - 48 T 2 e Sl IR A BRI, L3R 2 13 DO
RIS SERE ) W] e T T R A A A P S R Z AT T SR A A P 2 A2 A A
DL 55—y il 7RI 3K DO S RS, 362 13 DO 5 45k R R 28 W) K T2 RSl e e
TR Z R AL SRS ACPE S KM B DO B i JE B F A OCC R, L5 LATR  Ji e T b A e A e
)i 32 8 7 R BEFN DO i 2 AR TR, I H DO B i R R Rl B A AL | SO A T 28 5 i
LT

HI T NI 7S AL P AR 23 25 4 1 /K TN R BBE T o A8 4k, L DO 5 ft R 2 Ay T A% k7531 o
TN W NI #EAT T —J0Zedk [mlH 734, 45 30 9 7 #2050 0

TN=0.82 £5J%+-0.01 DO+2.31 (*=0.83, P<0.01) (1)
sNI=-0.99 £ +0.02 DO+2.22 (> =0.66, P<0.01) (2)

TE R WA BB OLT TN KR BE AR 352 2 DO FIEREE 2 DIREEIA 7R 3L, P 7e £k
JERE R IR 0T, 35 2 14 7 R 00 T A A g A B T 0555 R X T Y A A R AL, DT 2
M BRI RE.

4 &g

EB R 2 U R R A A AR, SR T BB A L, 5% A1 10%03h 8 2 TN 5B %00 3 F [
T 9.03% 1 31.80% . ARITER R MBI AR K225, NH,-N 1922 B3R5 51 TR T 23.1% M 39.2% ,
NO;-N JfR & AR W ARAE 1M NOZ-N SN 4510 FF+T 190% 1 690% .

T b, PR A P T AN ] 9 B o) i B A8 ) R AN TR] , 2 3 350 B 38 AN [ 28 A8 1b 19 =8 2 1A
AL LE SRR WT AP 2 RGN vy | BT X S M A Ak A R 0 4R T R T SR AR R TR AR
FH 3 vy S 0 R 5 S A 3 R A o AT BB R T X Ak R

PN+ HOR FREE RS AL RS IRAE R SZ 2R EE RN DO & i 2 AN T RS SN ARk B R
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