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Temporal variation of nutrients fluxes across the sediment —water interface of
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Abstract; Eutrophication is increasingly challenging the sustainability and healthy development of aquaculture. The effects
of variations in nutrient dynamics remain unclear, including porewater nutrient concentrations and nutrient fluxes at the
sediment-water interface ( SWI), from aquaculture ponds globally, and particularly in China. In this study, temporal
variation of the concentrations of nitrogen and phosphorus in porewater and their fluxes across the interface of sediment-water
was investigated in the Jiulong River estuary, a subtropic estuary on the southeast coast of China. Overlying water, intact
sediments, and sediment porewater were collected using sediment samplers from three shrimp ponds in June, August, and
October 2015. Overlying water and sediment porewater nutrient analyses were performed using an automatic continuous flow

analyzer. SONE ( sediment oxygen and nutrient exchanges) incubation techniques were used to measure rates of nutrient

EQWE Al AR LI E ST H (2014R1034-1) ; BHEK ARBF RS KB (41371127) 5 A @ I K 2= 4 A1 141 BRI H
(IRTL1205)

Y5 B #A:2016-03-13; &1iT B #3:2016-00-00

# IRAEZH Corresponding author.E-mail ; tongch@ finu.edu.cn

http ://www.ecologica.cn



2 S % 378

fluxes (NO,-N, NO;-N, NH;-N, and PO} -P). NO;-N, NO;-N, NH;-N, and PO} -P concentrations in porewater ranged
from 0.01 to 0.06, 0.06 to 0.22, 10.31 to 14.13, and 0.05 to 0.35 mg/L, respectively, with mean values of 0.04, 0.15,
11.83, and 0.17 mg/L. Higher NO;-N and NO;-N concentrations in porewater occurred during June and higher NH;-N and
PO} -P concentrations occurred during August. The NO;-N, NO;-N, NH;-N, and PO} -P fluxes across the interface of
sediment—water ranged from -2.96 to 7.60, —1.00 to 3.15, —=0.79 to 4.95, and 19.23 to 91.73 mg m> h™', respectively.
The fluxes of nitrogen and phosphorus nutrients across the interface of sedimentwater showed significant temporal variation,
with higher nutrient release fluxes during June and lower fluxes during October. The mean fluxes of NO,-N, NO,N, and
PO} -P from the sediment to overlying water were 1.87 + 1.15, 1.58 + 0.52, and 1.22 + 0.62 mg m™> h™" | respectively,
indicating that the shrimp pond sediment acted as a nitrogen and phosphorus release source. Dissolved inorganic nitrogen
(DIN) release dominated by excess NH;-N, and the NH}-N flux from sediment was 46.18 + 13.82 mg m~” h™'. Pearson’s
correlation analysis showed that the temporal variation of nitrogen and phosphorus fluxes were significantly positively
correlated with sediment temperature (P < 0.05) , but significantly negatively correlated with shrimp biomass (P < 0.05).
The results suggest that the temporal variation of nutrients fluxes across the sediment—water interface in shrimp ponds was
controlled by the nutrient concentration gradient, sediment temperature, and the foraging and metabolic activity of shrimp.
This study highlighted that the relatively high DIN (NO;-N and NH;-N) release from sediment during the initial and middle
stages of aquaculture could be a potential pollution source in shrimp ponds, which might increase the risk of shrimp

mortality.
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Fig.1 Map of the Jiulong River Estuary and the sampling sites
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Table 1 Sediment physiochemical properties and biological parameters in shrimp ponds

SR ES TR FRAL B Sediment physicochemical properties TURWIRIAR L AL Sediment grain composition WA
Aquaculture stages R o LB @ thi ik Bk ok Shrimp biomass/
Temperature/C Porosity/%  Salinity/ (%o) Clay/% Silt/ % Sand/ % (/50 }2)
I Initial stage  31.34%0.12a  6.18£0.06 a 122.00+13.00 a 2.97 +0.27 a  18.37+0.87 a  69.30£0.78 a  12.33+1.42a 49.60+0.50 a
il Middle stage  29.21£0.04 b 6.15£0.09 a  119.00+16.00 a  2.69+0.23 a  18.54+0.45a  69.99+0.59 a  11.48+0.53 b 376.90+£1.20 b
FI Late stage 25.50£0.22 ¢ 6.65£0.12b 107.00£13.00 b 1.9820.18 b ~ 18.88+0.70 a  69.82£0.59 a  11.29+0.45 b 661.30£2.60 ¢

BRI S bREDE , FEAE = 9 RPARRFEEFIRAE 0.05 KF E2 5 8.3 (P<0.05) , FHPARIR FRERIRTE 0.05 /KF B2 5 B3 (P>0.05)

2.2 YUK 5 1B K S R v S (LR AE

BESEIE], DRI K NOS-N NO3-N FI PO -P R EEAS b R 3 A — 5, 45 58 S0 97 52 F 1) 9 5 1
(RAGHSAE , 3 EL IR L oA B 25 Feh v B 35 8 T 32 S 8 ( P<0.05, 36 2) . A FEBE M 1
WA, TR IR BK. NHE N Ve 2 58 01 S 37 I I3 6 Sl 088 5 8 £ 728 AR E (AR [ 32 9 9 I 1 Btk
NH;-N Wk 22 A 3 (P>0.05, %2 2) . FBI/K NOS-N I NOT-N W 2R A R 8 A — 50, 34 5 BB 7R A
I PB4 % 518 T 8 I 434 10 ) AR 0F B B 1Y B R 90005 010 L 38 5 T H B WA JR T BE (P<0.05, % 2) .
NH:-N Fl PO} -P 7 AE A [ S B INS WS A 3, e Aovi 2t BR3P O L 3 s T
HEWA TR (P <0.05,% 2)
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Table 2 Temporal variation of porewater and overlying water nutrients concentration in shrimp ponds

NO3-N/(mg/L) NO3-N/(mg/L)
?%EE[KJ/T‘E)JE N ¥ J‘ﬂ“‘*‘ J—{F ‘ N FH:*‘ }_@
wre Rk gk KL ERIE Tk gk KRR
Aquaculture stages . Concentration . Concentration
Overlying water Porewater K Overlying water Porewater .
gradient gradient
W13 Initial stage 0.03+0.01a 0.06+0.00a 0.03a 0.07+£0.01a 0.22+0.07a 0.15a
Fh ] Middle stage 0.02+0.01a 0.04+0.01b 0.02a 0.03+0.02a 0.16+0.13ab 0.13a
K] Late stage 0.26+0.23b 0.01+0.00b -0.25b 0.14+0.09b 0.06+0.02b -0.07b
NH; -N/(mg/L) PO -P/(mg/L)
FRHH R B ) ‘ e i Wi A ‘ R
e Lk Bk - Rk Bk R
Aquaculture stages . Concentration . Concentration
Overlying water Porewater . Overlying water Porewater .
gradient gradient
W13 Initial stage 0.55+0.03a 11.21+3.58a 10.66a 0.06+0.00a 0.35+0.03a 0.30a
fF 1] Middle stage 0.99+0.37b 14.13+2.02a 13.14b 0.14+0.03b 0.10+0.03b -0.03b
AW Late stage 0.69+0.45a 10.31£0.72a 9.62a 0.06+ 0.03a 0.05+0.03b -0.01b

TSR P+ B2 o 5 SV BRI = [ K 5 FE v B — 1K 5 F bW 5 ) — 9 BB A )N S [ 96 3 B
R F W T 2 SRR B K T (P<0.05) IR A 46 7% 2 St AR A 1 i KT (P>0.05).
2.3 FRURIEDIRRY) /K AU TR R A I3l w2 Rk
TURRY)-/K ST NOL-N F1 NO;-N 3 52 75 5> 55 FH 3 18] 28 46 9 Bl 43 31 T - 2.96—7.60 F1-1.00—3.15 mg
m 2 h PE S (1.87£1.15) F1(1.58+0.52)mg m > h™' . #&{K |- NO3-N FI NO;-N FE 2 iy ) b7
IKAR R AR AR AN R] 572 58 B B HG T R A - /K A T 28 460 3 et 2 30 2 S5, JHG v 3 0 0 R v B O R A e K
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I % L o T 1 % 2 J8i 300 £ 320 T 0 /0 R R IE (L 2 ) AN [R) SR8 B Be AR W) NH -N 3 i B AR5 A T 19.23—
91.73 mg m> h™" - M (46.18+13.82) mg m™> h™' | FIAPIFRI IR A I Fy B /KR NH,-N 1R

12 1 6r
e =
wé 1 E 4
a6 | i 5 |
= E B E I I
2w %% 2 |
s 2 s E
Z= 9 i S
z 4
\:\l ',I.-, 0
: g
z Z
-6 L -2
120 8
= I =
b5 = 6
£ % I 2 |
B o e, 1
= E = E
Zg 60 %3
= 2 SE 2
z= 2=
*Zlq 30 I :T 0
T o |
= ﬁ S |_I_|
-2 L
I3 i Jai I3 rh Jai
Initial stage Middle stage Late stage Initial stage Middle stage Late stage

2 FEHMERRY-KREEFRRESTURE

Fig.2 Temporal variation of nutrients fluxes across the interface of sediment-water in shrimp ponds

24 UIBW-K AU E SRR i IR B OCR

FHSEAIBTEE F R TR -/K Bl NO3-N \NO;-N \NH-N 1 PO -P & & 435 5 LA By ) gk - 178k
NO;-N .NO;-N NH;-N 1 PO -P ¥ EERR I F IEA O R (] 3) , SUTA YR 2 8 8 3% (P<0.05)
ol 3 (P<0.05) IEAHSC G R (H 5 MR A Py it 3 2 A B 35 S A5G O6 R (P<0.05) (3 3) , L4k, NO;-N i &
SUURIEL T B W IF ML KR (P<0.05) (£ 3) ,NO;-N il 50 Y pH 24 W E ALK R (P<0.05)
(£ 3) ,NH;-N i 5055 0T R R A0k 5 0 3% IE A G R A 5656 &R (P<0.05) (£ 3)

R3 MRYKAEEFRBEESTRYELERR EDSHE Pearson X 1ES 1Y
Table 3  Pearson’ s correlation coefficient between nutrients fluxes and sediment physiochemical properties, biological parameters in

shrimp ponds

EIRhE L LERE @ shpr PUBWPRIAR AL Sediment grain composition WA
Nutrients fluxes  Temperature pH Porosity Salinity  KRi Clay WA Silt #9H Sand Shrimp biomass
NO;-N 0.749 ** -0.309 0.181 0.454* -0.365 0.077 0.220 ~0.744**
NO3-N 0.506"" -0.520"*  0.277 0.245 0.128 0.168 -0.217 -0.636*"
NH;-N 0.362" -0.290 0.234 0.327 0.137 0.422° -0.407* -0.744*"
PO} -N 0.7827" -0.289 -0.034 0.202 -0.152 -0.031 0.141 -0.744*"

w % FoR MK P<0.01; * Fom B E KT P<0.05
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Fig.3 Relationships between nutrients fluxes concentration and the gradient of nutrients concentrations in shrimp ponds
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Table 4 Comparison of nutrients fluxes across the interface of sediment-water in different aquaculture ecosystems in China

N : BUR)- iR (mem2h!
. s 0E Nt s s e e o et e Wink By
systems Study area species NOLN NOLN NHIN POTN Methods References
BRI RS SRS GRTM -0.008—0.003  -0.020—0.020  0.030—0.170  -0.008—0.012 Y HLAMI(B0r)  [43]
Bay aquaculture R FIHX WL AR 0.000—0.011  =0.010—0.170  -0.430—1.330  0.001—0.483  H EUEHI(B0r)  [44]
systems K FE A X AR/ RN e ND ND 0.640—15.460  0.019—0.384  PHUbAI(B.L)  [10]
R TEFRTEIX ik 15 A B £ 5 -0.002—0.158  0.020—0.090  0.270—0.590  0.004—0.092 FHAEA (L) [8]
JHE £ R X fify Rk fh -0.001—0.014  -0.080—0.048  0.010—0.040 ND PHEEE(EO) (1]
BORRS FHUZR A fhil -0.005—0.006  0.030—0.035  0.020—0.400  0.013—0.038 P HAEM (L)  [45]
Harbor aquaculture TUWHPHERRIX 6 REMS  -0.003—0.017 -0.180—4.130  0.160—0.720  0.065—0.081 ¥ HUERI(B.L)  [12]
systems TR 1% -0.088—0.011  -0.230—0.790  0.140—0.730  0.019—0.265 P HAEM(E.L)  [12]
IR TR R 5t
Enclosure aquaculture 11144 fEEH Tl B SRR S ND ND -51.260—133.90 -646.1—13.24 JFALRERRAKIL (4]
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K FR B R Bt ik E 3 ND -0.230—0.260  0.700—2.120  0.003—0.007 ¥ HHHEK(Peeper)  [5]
Aquaculture pond IR A St % ND ND -3.640—3.700  -0.375—0.505 JFALRERAHIL  [46]
systems FIMTISMY, i -0.162—0.163  -0.890—2.760 -10.830—13.440 -0.275—0.538 JREREREH  [47]
FINTISEWYy i -0.204—0.946  -0.163—0.129 -19.170—6.560 -0.204—0.946 JFEHEFIAMAL  [47]
JURITR A X FAXTHR -2.960—7.600 -1.000—3.150 19.230—91.730 -0.790—4.950 JEH:FEBNAMBM AR
ND Fom A i
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