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Release characteristics and influencing factors of ammonia nitrogen in
the surface sediment of the Luoshijiang Wetland upstream of
the Erhai Lake

WANG Hua BAO Dongrun LIANG Qibin WANG Yanxia LI Xiaolin HOU Lei ™
(College of Ecology and Environment, Southwest Forestry University, Kunming, 650224, China)

Abstract The Luoshijiang Wetland, located in the upstream of the Erhai Lake, was selected as the
research object. The spatiotemporal variations of ammonia nitrogen (NH3-N) in the water body and
surface sediment of the wetland were clarified based on the half-year field monitoring, and the
release characteristics of NH3-N in the wetland inlet sediment and the effects of water ionic strength
(IS) and pH were explored via flask-shaking test. The results showed that: (1) The NH;-N
concentrations in the overlying water and surface sediment of the Luoshijiang Wetland varied from
0.14 mg-L™"to 1.45 mg-L™" and 0.23 mg-kg™"' to 8.89 mg-kg™', respectively, with no significant
difference in dry and wet seasons (P>0.05). The NH3-N concentrations in the overlying water and

surface sediment decreased significantly along the flow direction (P<0.05), and the average NH;-N
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concentration at the outlet was 59.2% and 49.9% of that at the inlet, respectively. The wetland
showed a retention effect towards NH;-N in the water body. (2) Under the simulated test conditions,
the cumulative release amount of NH;-N from sediment varied from 412.9 mg-kg™'to 653.7 mg-kg™',
and the single release amount gradually decreased with the increase of extraction times. The
cumulative release amount of NH;-N at the wetland inlet was significantly higher than that at other
sample sites, and was higher in the dry season than in the wet season. (3) The increase of IS in the
overlying water promoted the continuous release of NH;-N from sediment and increased the
proportion of rapid release NH;-N. The weak acid condition of the overlying water facilitated the
continuous release of NH3-N from sediment, and the proportion of rapid release NH;-N was also
increased. The results indicated that the sediment at the inlet of the surface flow wetland was the
main enrichment site of NH;-N, and the change of water chemical conditions might lead to the
release of NH;-N to the overlying water, resulting in potential secondary pollution.

Keywords free water surface constructed wetland, ammonia nitrogen in sediment, release

characteristics, effects of pH and ionic strength in the overlying water.
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PR 2B . SHOTR %S5 1.3 35 A pH 8875 5% W 0.01 mol-L™' NaCl, fifi
NaOH &% HCI 15 $2 B pH N 5. 7 A1 9; IS i 50 #5 S ¥ W pH o 7, 43 W BE il 1S 2 0.01 mol- L™,
0.1 mol-L™' 1 1 mol-L™' A NaCl iA 7.
1.5 s ab BRAN 53 By

fifi I Origin 2021 #1F5¢ B 236, 4 SPSS 25 #4847 B K 2 05 2% 43 #7 (Duncan), R HR
[7i] Bk s 2H N B A7 T 3 25 57 (P<0.05).

2 %5 59718 (Results and discussion)
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2 B VT3 M 7 K B A S AR A R B B AR AR B AN 1 B, 1R T B K SR AR HLAL TS A IR
PR, 3 S A 1 W I B R) P B K DO B T A s 22 R . K TDS #2242 (650+110) mg L™
T ZE(500490) mg- L', 1 TN W 2 A a8, T2 (3.4£1.8)mg L & F 2= (1.3403)mg L. 5
K TN VREE 2 H B, & 5 A 4.4 £%, NH-N ¥ B G 8 0 18 3 22 5%, {H TN o NH5-N 95 i 2=
37.9%+7.2% 1= T 1 7% 20.9%+4.5%.
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Table 1 Inter-monthly variation of physicochemical indicators and nitrogen concentrations
in the overlying water of the Luoshijiang Wetland

l\iﬁh pH DO/(mg-L™) ORP/mV T/°C TDS/(mg-L™")  TN/(mg-L™') NH;-N/(mg-L™")
1 7.4+0.2ab 6.6+0.5a 110+60a 10.5+1.1e 500+20c 2.240.9bc 0.8+0.4a
2 7.5£0.3ab 4.0£0.6bc 40+20b 13.1+1.3d 500+70c 5.6£2.1a 0.8+0.2a
3 7.6£0.4a 3.3+0.4¢ 130+50a 15.6+1.6¢ 440+20¢ 3.0£0.7b 0.7+0.3a
4 7.4+0.5ab 5.1+2.8b 130+50a 20.9+3.6b 620+130b 3.0+0.7b 0.6+0.1ab
5 7.240.3b 3.0£0.7¢ 120+40a 26.4+1.7a 610+60b 1.3+0.4¢ 0.4+0.4b
6 7.2£0.1b 2.7+0.2¢ 120+50a 25.2+0.5a 700+14a 1.4£0.3¢ 0.9+0.3a

e AR H) 22 5 25 (P <0.05).
Note: Different letters indicate significant differences between seasons at P<0.05.
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W2, SEGRH K TDS ¥ B TH O {2 o 7K NH3-N K32 2 AR . FiER R m
MR DT R . 1 I B S T R 7 /K NH5-N B F2 B IR, 170 2 28 38 %) 184 o 2 eh T A
T K S8 sh, BN B IR TS . DO TR SR DT NH5-N i) b 2 K B ), 53 9 7 1 R e+
12 25 BTk AN [R) AT BBV Hh 7 /K NH5-N Ve TE 215 22 57 iy IR N, RS ZE 0T R NH,-N Bl 1)
B aT BEMRE RS T B /K NH,-N EL BT = i R4
YT b b 7 K RN 2 U0 NH-N e B B 28 ) S vk (L 2), 28 463 43l ok
0.14—1.45 mg-L™" 1 0.23—8.89 mg-kg ', Tz F A 2 (P>0.05). {H A K 119 L BRI 2
DUFY) NH;-N ¥ B2 f5 i, 3899 2 433K (1.0+£0.3 ) mg L' F1(4.8+3.2)mg-kg !, Hi7K T NH;-N FH ik i
G3 R ATK E 1 59.2% Fi1 49.9%, WK 77 10) 177K NH3-N B 52T Rt 3, B 22 5K 1 3 (P>0.05);
1M 22 )2 VOB NH;-N ¥ I 3 T R (P<0.05), HAEAIK I (S1) &4, 10 M2 3 H X 7K A& NH3-N 9 B
e 7). WFF R, FEU N T b 3 9 22 /K A1 1 OB P O RR L W b AR R A | SR A A A A R B
AR A NH3-N. 24 KA 20 BT 300 AR, T3 AR 56 | KR AR 2R, A R F /K A b £ 3% NH3-N 945
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Fig.2 Spatial distribution characteristics of NH3-N concentrations in the overlying water and
sediment of the Luoshijiang Wetland

Note: Different letters indicate significant differences between sampling sites at P<0.05
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Fig.3 Release characteristics of NH;-N from the surface sediment in the Luoshijiang Wetland

Note: Different letters indicate significant differences between seasons or sampling sites at P<0.05
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TIEZE SRR, W K 22 BTV A RIE, B ah J1 2 B R Ak LIRS T il 3k 4,
RIS —WWFFE 715, Toik e U [T 58 DXL NH3-N B Y 22 5, A Tp it — 2B oE.

BT RIARE O, M Oy TR, SR A e S A TR = TUAR Y NH-N BEHCRFAE A9 S 80035 2 Br
s ERATH, TR A K B (S1) TURRY) NH,-N FF22 8 RE 11 (P) fiesik, 104 N 3 (S6) fe fik, #4545
UURRY) NH3-N FFEe BB ) 3R TR TR FD0RY P B NH5-N & HE OF) 3 P9 A A5 A
i, SRR UTRR PR  NH-N f FE 2 T 2 R R 2R L.

£ 2 REVUEY NH;-N BHURHE S5

Table 2 Parameters of NH;3-N release characteristics in surface sediment

28 TSI T2S6 TS8 ZS1 1BS6 12258
Parameter Dry season S1 Dry season S6 Dry season S8 Wet season S1 Wet season S6 Wet season S8
P 191.2 133.6 183.6 185.2 102.1 150.1
F 41.5 57.0 435 412 50.5 40.3

5T &I, SUTFY BRI ZS A 19 NH3-N, ZE7K 33030 . W3 T . S8 s P35 46 2544 R Ak &) 1n)
KR UURRA) T NH5-N & B 5, ) B /KRR B2 B IO BB ) i . Y L A K 11 AR TR AR 58 L 7K
MIZE, 138 NH-N BB0R ) 5 & A DIBUWE R, SF80% 07 & IR NH3-N & & 8 2w T HALRE S (F 2,
P<0.05), FREe B RE 1 i fsc . 5 A7 B AR L, Wb P9 K O B 28, 3k NH,-N 237 ks 41 /9 1t
FREA PR, 7EARTRR E K 3 1 600 R UURR A NH;-N, 24 % A2 oK F1 3t shist o8 22 5 1) |- B KR, S 80
PR UL NH;-N HE2 B CRE 1 Fe ik, i D B i NH,-N g . 2 B VTR DO ) NH-N RR22 R
JiCRE S B R BECER  of e TR R 25 57, A2 B0 AN 1 IETS G Ty A AL [ 2 e . S5 2R A L, T2k
P T/ 78 R i TR, AR T M b K A AR R /0N, ] B 1 25 it S 3% gl A X 4 ), S 3R TR
Yy rf NH;-N 5 5 01 70 25 0 3 18 0 A0 4% 0 6TV b T R 36 oK T Mt 3, R T v M i v
LB R B SAR SETTR NH3-N [n] B KRR 2, A5 ITR NH3-N S f 5 R L BRI+ 128,

I bR A5 X L3 I DR NH3-N B i F 58 2 B, DO R B2 [N &K, IRA %54 (DO<1 mg-L™)
TUFRY) NH;-N Bl B 29 52 4748 458 (5 mg L '<DO<7 mg L) Bt i (1.5 mg-kg™) 19 4.8 4509, H 4%t
WD UYL R0 (RS BN, TEIe DO K- R IK, TR NH-N B AbFRHCIRAS. 456 DT
T M BT A A 25 R, JE b K AR R AR AL T B4R (2 mg- L '<DO<4 mg L) B 420K 25, DO A 5 3 M B 5 i
BRI, 5 AE L, BHETS | SREEET A DL AR R e AR R, W T KR T R B pH B IS 1Y
Pesh, L2 DT NHa-N BB eAh, £ 283567 (A 5E & B, 0—5 min NI NH;-N B
T R H5r K (18.47—40.58 mg-kg “min'), 300 min Ji5 ¥ T Fa &, BCASHFFE B 72 h BERH AR DTN
NH;-N BEHGE-A7, T 5 F R B9 43 A 018 il S 2E Al 22 VT T A NH5-N RO g $2 A
JIHHE.

2.3 KALSE AT AR B R R )

K B KA AR R A K O 222 DU NH-N B B9 52 mi i 4 s . iy 18] 4A 7]
LRI T E Y 3 A IS AT, IR NH3-N Y2 REoia %y, H RSB0, NH;-N BB il
BT I T4 1S(0.1 mol- L) 2 #F NH3-N B, i &5 IS(1 mol-L™) il 3 A8 [ K A 2= 4 - i AR
NH3-N B Q) M1 Q5 T B B IE S8R /R (38 3), W45 IS R TR Y NH3-N B RFEE R, 1M
IS #Hfll; b5 380K IS (TR, AT 3G iR i DRGE B i NH-N (5 EE, 24 1S=1 mol- L™ B, 55 1 R4
NH;-N Bt ik RV 71.2%.

KIS FEEE I AR R SOk S 2 A JEE B S e T AR ) NH-N R, Th 45 IS &4 F, UL
FEUY R XU J2 S5 My 3R e, Na il 58 HUZ TP i NH, & A2 88 7 ac e S 7, CRE AR #F NH,-N (R BEi Bo
W& 1S B TFm, LA /KH Na' 5T ORI U2 oh NH, i #fUF 188, nl 502 5 i NH, $F %
Z W R ORI, AT AR RS Y NH, M BE T R CT, AT 3 BT RRY) NH-N Bt K.
TE IS T TR Tok: 3 802 1 1 46 0 5 R v, ST AR O 28 5 A B 3 4 SR 1Y N, R i o 44
T, SECE 1R EUY NH-N B 5 e b . ot b B K B R IS &R 0.01 mol- L' (45 [ T
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TDS 7 585 mg-L™"), 5% BT IR M 7K A9 F14 TDS(546+121) mg-L" AH Y. FEFH 77 Az 1 Hb 2242 7 K
TR U A HE TS 20T B B BB K IS R RO B9 S A, 2 AR E DT NH5-N RS, 5 44X
Iz 388 .

€l 4B AJ 1, BB K AL T 55 R ME . rh R SS BE S T, DU NHs-N ¥ 2 8o s, BB % 1
FBCUCRR 0 38 0 B ORE T R V800N s pHL Y e S RO Y NH,-N AR, B 04 NH,-N BT Ay
TES BRI (36 3), 59 IR B S Bl 228 T IR NH,-N B ER82Bi e froi, (HRE % K pH T+ 5,
DUB P B NH5-N 7 HE AR,

I 5 — K st CO%=wend [ 5E=K3id
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Fig.4 Effects of pH and ion strength of the overlying water on the release characteristics of NH;3-N from the surface sediment

Note: Different letters indicate significant differences between different water chemical conditions at P<0.05

R 3 ARFEKAC AT RIZ TR NH3-N B HCRIES L

Table 3 Parameters of NH3-N release characteristics in surface sediment in different water chemical conditions

TR ~ , - T 1
Release conditions 1S=0.01 mol-L 1S=0.1 mol-L IS=1 mol-L pH=5 pH=7 pH=9
P 191.2 192.6 64.6 200.3 191.2 209.4
F 41.5 48.7 71.2 422 41.5 34.6

K pH 3 E G S B T A AR B NH3-N & AR AsA RN R S I DT NH,-N AR
PRVE 26T, HOM BE Ao, 3 5 B 1 S B L AR Ok HIOZ R B2 Hh B9 N 0%, R ETUAR )
NH;3-N B e . BRPE S 0F T, OH WK EEAGR, 19 NH, S BL 346 A NHy IOK AR i, BRI
R HUZ RSN NH, 25 55 K A S, S E U NH3-N RO B PR R G701 o LB RRARR. % ik
TLRR AR A AL 70 i B RE VR T L T S 2 T RE S 35 B BEUK pHL i BSR4, i e DL
P NH3-N BB, 34K A 035 G M.

3 2512 (Conclusion)

(1) % B VIR M F 37K NH5-N ¥R BT 1 35 T8 2 22 55 (P>0.05), 25 (0] 7K i 77 1) 522 R B 4,
U Ml 2 L HE XK A NH-N B9k B3GR, B EZ s 4 T AK 0oty .

(2) 1B HEITL AR NH,-N BB A AL 412.9—653.7 mg-kg ™', T 2R 1923 7] 2% F R i
Z(P>0.05), MR E A K ET>H 7K 1> 08 b 3 8 35 A K D UTRR Y NH;-N Rp2 BERCRE 71 e, B
TERXTIRE.

) BUSAET L K IS Fil pH A9 ek 28 W] 5 35 52 i DTFR A NH3-N B9 BERUR-E, IS FHir, pH R FEE
AR ST NH3-N [n] b 3K A Re LRk, ()il £ i PR BRI NH-N i) o7 B,
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