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Fig. 3 Effect of aeration on vertical distribution of NO,-N in overlying and interstitial waters
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the aeration treated and control microcosms

Z5, B2 L EKA R M ESMH(R=0.488,
P<1%)iE K T UU R Yy 6] B oK 41 6] Y 22 5 M
(R=0.117, 1%<P<5%)., (3)fFLLwsA4d, LK
(R=0.984, P<1%)5 UL Y B K(R=0.193,
P<1%) 3 A BCHE 76 4L I0) 1) Bk 22 Rk dr ak e 9
K, I H BB KAE 4L R 22 AR AR G KT IR
YIEIBRK . (4)FFLE AT d, L4 5 X IR ALY
A K PR S SR 25 3k 3 B K AE (R=1.000,
P<1%), TRy [a] B 7K Z 8] 1 22 5 5 R IR
(R=0.087, 1%<P<5%).

PCASY BT 52 56 21 A1t B 2 1 B340 508 76 AN
[ SR AR TR 1Y 25 S M (Bl 6), FRgismil. 4M17d
HO R A T K B AR BT, R AH
ML B IRAL, Z 0 TPCAKIM A T T, H
H SR 4K RN AR 7R B At 5 0 IR 22 R B K (1K1 6)
T F LK, FE AT DR W 18] B K Y AR R
ESIE | A N A S DO R E NS R € i B B2
A A T PCAKI Y 2277 (Bl 6), AT g <4 3%
JZ DTy [] K A 3 AL B 0 5 0 B4 22 R K

3 iR

A5 K B TR AT A O A KR
OR8] B K T NH, NIk B, 6 H TR B A
AR, FTREMIRE . (DIEFREFMT, &
SR Ve VS AR R B (DO>7.7 mg/L) W] 5 3h il 4k 41
MIRHAEVER, A YIERY B, i K TP NH, N
AL INO, -NFINO, =N H iy NH, -N#4 1L Hy
NO,-NFINO;-Ni & A AEH >, a1 FEA/KHNO;s-N
- A e RAE AL 0.71 mg/L, HBTE 7 A4
TR, MNO,-NM &AL, I E R K E A
1£0.04 mg/L, FrUA—JE 0 se4E st E), fis /e AT
BT NH, -NVR BESZ I N K (2) 35 50 A5 1015 5 Y
TUR ) 18] B 7K A1 25K 8] 77 76 46 NH, -NA vk B
B BE 2, PN LR A R PR B, NH,-N
AAGUR ) FF Sy B S K R kb e il
FEAE RS AERINH, N, BB K AR FNH, N
W 5 0 A A B JE B AR Ak, AT RE RS AL AR
1 3 %8 5 NH, -N I UTB Y Bl . 97 0 3 R AH

http://www.scxuebao.cn



1122 KopE o R 41 4

ZEARZM,

TR ARNE R — DA RAAE . WY
FoAR, Wl vz 8 F B N AN T TS YL 38 1 7R
o, 5 Z RSN T A AL AR OK AANH, N
WeREU Iy SR I W KRR 25 d, 1T
A% B K P 7.54% . DURWI A B /K FR 13.98% K
NH, -N# B 5 EZUOR Y PR ROR 4y, T
R LK 163.39% . LA IA] R 7K H143.33%H9
NH, N, (HiXSeffFsgduds i, POms b g
RAGRE F IR A, B R RS O AR ) 2
FE10 WL B, HEAs et B m sl e A R B —
(4 Sl E), noR ik AU TR WF ST A A L R
T 6~8d, 8~9 dJF LA K HNH, -NHkJE A
T in WAL, AL Res—, BRI
N BE W 2 AR SR A L B K RN 2 2 DR 1] i K
HRNH, -NEY R, T K 01 1) 78 S0 3% 30 3t
A KRN IR R B K R NH, N B (5
WT B — RS

Fr2 70 A 0T W B K R R VO
(0~2 cm)lH] B 7K AP INOL-NU B . — 5 T & Kl
SIE A 7B K (DO>7.7 mg/L)YFI R JZ T ) b
o (O Al 48U 2 TR R, B4 I NH,
L INO,, gk B AL NOS T 1 22—y
ST I SR R e G TE v, R Y R R
0 R, SRR PR Ak AR, B IE TNO;
N4k, PR SE 80 20 K fR 2 DT HNOy
Ve ISR K R A XTI K
AR (DO<1.2 mg/L), RIAMEEMET, il
PRAE I SZ I, EL S A AE F Al EENOS 5 28
Ny, [T % FR 20 A NOy-NF- 24 ¢ J3 Ak T A K -

Frg 78 A0 E B K — UL A5 R NO,
SN RiTh A RGNS f S I G5 b7 - R R N
H A L2 BBOK, Bl A e RIZ TR
P emiFah . RARAZATAT T R, LEK
AR Bk A REE- NG, . s, E
KHPNO, AR 5K EILAE, b Ak h
NOs, B BE 70 AT M FR SRR, TR SAEDT
By . BB BN, BEERE Y
i, DUR R R A R ETIE, RAR AR B
KRR, NO, BETTR) )T FE 1 v B 5k o
%, ATEVTRY B A AL 2 (oxic zone) MR A 2
(anoxic zone) Y 3C FAb (1 cm)F b i R,

KBTI, S AL 25 2 52 i 78 DT AR
Wy 0 7K 22 () W o A R i s 2 SV i A 1l 1 B T

http://www.scxuebao.cn

PR 2 B B A A AT B AR A K R SR JZ DTRR
Yy IE] B 7K (0~2 em)HF PO, B % . UL A6 38 i
RE)IEE T F T PO YR, 1T LAk (47 460) 31
B AT PO TR, F8 S0 K Y TR Ak i
JEHL AR AL, BT B K PO YR B Y Bl
ARROT RS R, SCER A T A K AR R VTR
PO YR BE RO HRAG, B0 v S ARk 1 AR )
PO 1) 1% B 1 [ 5

ALY R TR A /e 2 B UM N A7
(DA% Ak, BB ALY 76 A A 55 Tk R
NSO, S L KRR Z VTR SO, Mk B Tt i
M EZRWE; QEWEM, —LgE, g
AT LATE A AR TE BT AR TE PLER Ak B R
SO, X FiRhig A2 #8352 K A e LA AL AL 2
REAJZ M FAL, Sy BRAA W N Y BORNR 2
DALY A 1) RO S XK (3) 7
Hb, 3 R AL P 7 R 2 DU Ab i T L SE
s A s, wEA AAERINOy . Fe'',
MnO, 554 i 40 BT B B A TR &k A L Al
WAL, FRIE &L SO, Y, ARSI RrLt 7
SRR R T = KRR 2 TR RIBR K (0~2 cm)
SO MW, A it AL, B RS
B AR K, DURR A i et 3 o, R R i Ak
Yk iz A AR SO, TRIZ TR Hh 38 4 B ik
Yl Y BE Y BCE LK, TR
Yyl AR BB TR I N, B SO, Mk BE K
T,

ARG EE R, AR TR R Z0~2 cm
Ab ] B K 1 ENOS-N. NO,-N, PO,*-PAIISO,>-S
AT, xR 2 DU 18] Bk s
AN K, XN 5 E AV R B Eee ) 2
SRR, EUR AR TR 208 33 UL 1 XS
RO EAZE, HIEEZEMA S ® . DI
WY RAL . RE . FILUREG R VB R
(diffusive boundary layer)[JJE B | Y BETE % L Fp
PZ A2, Caffrey %7 5250 = 25 1 T B4
DU R A HL & X AR B BRI s,
TR P AL R L, A28, &
SR AR H R E R Z I ULRRY , SR
B ok RSN AP, AL S & FE,
T 48B3 B DU TR B 4/, i B 5
U SRR 3, BB AGE T SE B2 22 om
(A ERAb 1 I



78

BWom, 4

Frg S AN R A LAk —

YK ST —ITC Ry [R] B K T 8 1 31 L3 A1 )52 0

1123

SE Xk :

(1]

[3]

[10]

FRACHE . FE A R M SRS ST K S B R R K]
FIWF7E[D]. L LR, 2012: 1-41.

Zhang J W. Study on the oxygen budgets of grass carp
ponds and its critical impact factors[D]. Shanghai:
Shanghai Ocean University, 2012: 1-41 (in Chinese).
Boyd C E, Tucker C S. Pond Aquaculture Water Quality
Management[M]. Netherlands: Kluwer Academic
Publishing, 1998: 1-700.

FHh, BRI, B, 55 LG SR Y SR
F1RIE[D]. K75 244, 2010, 34(1): 97-100.

Wang W, Lu Q G, Gu HT, et al. The oxygen-enriched
capacity experiment of micropore aerator[J]. Journal of
Fisheries of China, 2010, 34(1): 97-100(in Chinese).
Tt 5, R . B I R SRR IR 5 K SR %
[3]. L IAR AL, 2014, 41(5): 65-68.

GuH T, Wang Y Q. The situation, trends and issues of pond
aeration technology in our country[J]. Fishery
Modernization, 2014, 41(5): 65-68(in Chinese).

Hesslein R H. An in situ sampler for close interval pore
water studies[J]. Limnology and Oceanography, 1976,
21(6): 912-914.

Jacobs P H. A new rechargeable dialysis pore water
sampler for monitoring sub-aqueous in-situ sediment
caps[J]. Water Research, 2002, 36(12): 3121-3129.
Laskov C, Herzog C, Lewandowski J, ef a/. Miniaturized
photometrical methods for the rapid analysis of
phosphate, ammonium, ferrous iron, and sulfate in pore
water of freshwater sediments[J]. Limnology and
Oceanography: Methods, 2007, 5(1): 63-71.

Tu X H, Xiao B D, Xiong J, ef al. A simple miniaturised
photometrical method for rapid determination of nitrate and
nitrite in freshwater[J]. Talanta, 2010, 82(3): 976-983.

W F . WORR M 1) B 7K Tl ) e 2 9 B SR AR AR I
[D]. M AL A RUR K2, 2009: 1-47.

Shi D. Study on high-resolution, passive samplings for
porewater phosphate in lake sediments[D]. Nanjing:
Nanjing Agricultural University, 2009: 1-47 (in
Chinese).

M, REDE, WK, . P IR RN E B K-
DURRW) 18] B AACE 77 6 3 B 70 A 41k S 3 51 52 i 3d
] R EKFARE, 2015, 22(4): 716-728.

Wei N, Yu D G, Xie J, et al. Vertical distribution of the

nutrients in overlying and interstitial waters and their

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

interface diffusion rates in tilapia greenhouse
aquaculture ponds[J]. Journal of Fishery Sciences of
China, 2015, 22(4): 716-728(in Chinese).
Clarke K R, Gorley R N. PRIMER v6: User Manual/
Tutorial[M]. Plymouth: PRIMER-E Ltd, 2006: 1-190.
XIeAt, WP, 2P0, 5. R E SRR AR AE
Vo BRAL 22 PR 5 0 B AR FIOLAIBT FE (D). A2 S IR
%, 2011, 20(11): 1713-1719.
Liu X W, Xie D P, Li K M, et al. Research on the impact
mechanism of different aeration level on biogeochemical
cycling of nitrogen in sediments[J]. Ecology and
Environmental Sciences, 2011, 20(11): 1713-1719.
Rasheed M. Nutrient Fluxes from sediments of the
northern Gulf of Aqaba under various anthropogenic
activities[J]. Lebanese Science Journal, 2004, 5(1): 3-16.
Zhang L, Wang S R, Wu Z H. Coupling effect of pH and
dissolved oxygen in water column on nitrogen release at
water-sediment interface of Erhai Lake, China[J]. Estuar-
ine, Coastal and Shelf Science, 2014, 149: 178-186.
Iy, R, EEFE, S5 HRSUTE T TS G iE
TSR ﬂﬁﬁzE’Jh%J[J] WRLE, 2013, 25(1): 23-30.
Ling F, Liu B, Wang G X, et al. The role of aeration in
reducing internal NH,'-N release from polluted urban
river channel[J]. Journal of Lake Sciences, 2013, 25(1):
23-30(in Chinese).
XIMEZ EEFE, ERIE, & AR BRST7 200 1 i
EREERITH ST, R,
2011, 32(10): 2971-2978.
Liu B, Wang G X, Wang F H, et al. Effect of different
aeration ways on migration and transformation of
nitrogen in heavily polluted urban river[J]. Environ-
mental Science, 2011, 32(10): 2971-2978(in Chinese).
R, LM, B35, 5. R RESFM FISRER
FER BRI, AR, 2012, 32(23): 7270-7279.
Liu B, Wang W L, Ling F, ef al. Characterization of
ammonia volatilization from polluted river under
aeration conditons: A simulation study[J]. Acta
Ecologica Sinica, 2012, 32(23): 7270-7279(in Chinese).
Alp E, Melching C S. Allocation of supplementary aera-
tion stations in the Chicago waterway system for dissolved
oxygen improvement[J]. Journal of Environmental
Management, 2011, 92(6): 1577-1583.
Lu X M, Huang M S. Nitrogen and phosphorus removal

and physiological response in aquatic plants under

http://www.scxuebao.cn



1124

Ko AR

4%

[20]

[21]

[22]

(23]

[24]

[25]

aeration conditions[J]. International Journal of Environ-
ment Science and Technology, 2010, 7(4): 665-674.
Zhong J C, Fan C X, Zhang L, et al. Significance of
dredging on sediment denitrification in Meiliang Bay,
China: A year long simulation study[J]. Journal of
Environmental Sciences, 2010, 22(1): 68-75.

Zhang S'Y, Zhou Q H, Xu D, et al. Effects of sediment
dredging on water quality and zooplankton community
structure in a shallow of eutrophic lake[J]. Journal of
Environmental Sciences, 2010, 22(2): 218-224.

Rivett M O, Buss S R, Morgan P, et al. Nitrate attenua-
tion in groundwater: A review of biogeochemical
controlling processes[J]. Water research, 2008, 42(16):
4215-4232.

Jing L D, Wu C X, LiuJ T, et al. The effects of dredging
on nitrogen balance in sediment-water microcosms and
implications to dredging projects[J]. Ecological
Engineering, 2013, 52: 167-174.

James W F, Barko J W, Eakin H L, ef al. Phosphorus budget
and management strategies for an urban Wisconsin
Lake[J]. Lake and Reservoir Management, 2002, 18(2):
149-163.

Kannel PR, Lee S, Lee Y S, et al. Application of water
quality indices and dissolved oxygen as indicators for

river water classification and urban impact assessment

http://www.scxuebao.cn

[26]

[27]

[28]

[29]

[30]

311

[J]. Environmental Monitoring and Assessment, 2007,
132(1-3): 93-110.

House W A, Denison F H. Exchange of inorganic phosp-
hate between river waters and bed-sediments[J].
Environmental Science & Technology, 2002, 36(20):
4295-4301.

Aldridge K T, Ganf G G. Modification of sediment redox
potential by three contrasting macrophytes: Implications
for phosphorus adsorption/desorption[J]. Marine and
Freshwater Research, 2003, 54(1): 87-94.

Konhauser K O. Introduction to geomicrobiology[M].
Malden, USA: Blackwell Publishing, 2007.

EEE, T, LT BB G a2 B
BRI IT[I]. SRR = S B, 2011, 36(1): 100-103.
Jin B H, Ning L, Wang Q H. Study on the impact of
aeration to sulfide removal[J]. Environmental Science
and Management, 2011, 36(1): 100-103(in Chinese).
Zilius M. Oxygen and nutrient exchange at the sediment-
water interface in the eutrophic Boreal Lagoon (Baltic
Sea)[D]. Lithuania: Klaipéda University, 2011.

Caffrey J M, Sloth N P, Kaspar H F, et al. Effect of
organic loading on nitrification and denitrification in a
marine sediment microcosm[J]. FEMS Microbiology

Ecology, 1991, 12(3): 159-167.



73] oM, % RSO A IR M IR b BK— UK S I — TR ) BK s I A3 A RS 1125

Effect of aeration on vertical distribution of the ions in overlying and interstitial
waters of microcosms paved with aquaculture sediment

WEI Nan '*, YU Deguang ", WANG Guangjun', XIE Jun'

(1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510380, China;
2. Institute of Hydrobiology, Jinan University, Guangzhou 510632, China)

Abstract: In order to study the effect of aeration on vertical distribution of the ions in overlying and interstitial
waters in aquaculture systems, we constructed 8 plexiglass microcosms paved with aquaculture sediment,
including 4 tests with continuous aeration and 4 controls without aeration. Intact overlying and interstitial waters
were collected by Peeper (pore water equilibriums) devices on the days of 0, 1, 4 and 7 respectively, before and
after initiating the aeration. The ions of NH,"-N, NO5-N, NO,-N, PO, -P and SO,”-S were measured by
miniaturized photometrical methods using a microplate reader. The result showed that one week aeration didn’t
significantly change the vertical distribution of NH,"-N in interstitial and overlying waters, but it greatly increased
the concentration of NO5™-N in overlying and 0-2 cm interstitial waters. The highest average concentration of NO,
-N presented in surface layer waters before the aeration, while it peaked in the surface sediment interstitial waters
at the depth of 1 cm during the aeration. The aeration promoted the adsorption and immobilization of PO,*-P in the
sediment, greatly decreased the concentration of PO, -P in overlying and 0-2 cm interstitial waters. The
concentration of SO,*-S in overlying and 0-2 cm interstitial waters was significantly increased by oxidizing
reducible sulfur in biological and chemical path. The physicochemical property of the overlying water on 1 d, 4 d,
7 d was greatly changed, which distanced farthest away from the control group, suited at the bottom of the PCA
image. On the contrary, it didn’t distinctively chang the property of the sediment interstitial waters, which suited at
the left site of the PCA image. In conclusion, aeration conditions can elevate oxidative ions of NO5™-N, NO,-N and
SO4*-S, and reduce the ions of PO,”-P which can cause eutrophication. It greatly changes the physicochemical
property of the overlying water and surface sediment interstitial waters, which is an applicable method to control

aquaculture pond water quality and remediate sediment.
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