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WA DLW RO B2 K A . B . 2 I8 5 Sh ) A7 HLIE $2
IR S A LR R & B, A R LA W)
J5 352 i A e 1) W B AL EE (Ohno & Crannell,
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A, FEEE Yy 45 By B 200 g,

R X U A 5 LR 7 ik A B DS fcAd #E
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Fig.1 Location of the sampling sites in
Qingling Lake
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DO ¥ H YSI Professional plus | %, SRP ¥
Ji 8 5 3 0 5 (Murphy & Riley, 1962)
NO3-N.NH; -N Fl NO3-N 73 Hr 2 # R %K K
W3 A7 75 125 VAT I AE (BLAZ R, 2002) s NOG-N T 58
HhO3OEOL RN 2 NH, -N HIHE By i LE (05 T 7€
NO,-N I N -1 %) -2 Z o ikl g . It
Wy APA LI XA FE 2K B IR 40 8 ¥ 0 ZE (Sayler,
1979) ; UL DHA DS A = 28 25 DU R o Jis 4
7 (AU A, 2009)

T3 A R 8 Tk 2 6 B Y R A U AR 5 28 1R K Joi
B 10 9 il (FFEAF,2012) . LS mL &%
WF 50 mL B0 LN 10 mL BRI Wk B Ry
0.0.1,0.2,1,2.5.8,10,15,20,25,30,40.50 mg/L,
RAWAE 25°C N AR 24 hy .0 (3 500 r/min,
15 min) BTG 0.22 pm 38R, FHAH W L (0%
DN Wl e B . i W BEE = BB 2l 19 Freundlich
1 Langmuir FRETE, ITE AT .

Q=K:C" —Qur )

Kb Q O K5 37 45 o B U BL W 1w O B
(mg/kg) ; K i Freundlich W [ff 2 8 (mg/kg) ;
C oy B 7 45 o0 5 i 25 B L 1 B vk 2 (mg/ L) s
n A E(L/kg) s Qop J ik B0 IF 46 5T TR ) 3R )2 W
R F % (mg/kg) .

EWE B Langmuir J5 %2 .

Q=Q... K.C/(1+K.C)- Q. )

K. Q b 85 3% 45 R B UL A W 1wl % BT
(mg/kg) s Qux N UL W) i KW B (mg/kg) s Ko
A Langmuir W HESE0(L/mg) ; C Jy 5% 3% 45 W I}
VAR S SR PE R T (mg/ 1) 5 Qo D 156 T 43 i T
TR 3R 2 W M 9 8 (mg/kg)

U5 7 5 Wk B (EPC) i Q = 0 B 7 % g
PRI A 25 L L VR
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Fig.2 Variation of dissolved oxygen concentration in

overlying water of the different treatments
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X 4L (P <C0.05), H 2 20 K &5 57 45 7,
2.5 gl B AL FEA 1 /K b SRP W & R (0. 81+
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Fig.3 Variation of soluble reactive phosphorus (SRP) and nitrogen species in overlying water of the different treatments
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Fig.4 Variation of enzyme activities in the sediment of different treatments
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Fig.5 Comparison of phosphorus adsorption parameters in the sediment of the different treatments
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U 0.5 g f&E H AL B DALY EPC, 5% 41 M
BETC B ENZS RS —a), WK S5 - b fix. &4k
HATRY Q.. G FMW 2SS SR ARG
XTHEAT AR LE L B5 5% 20 d Ja e B DX DT AR 4 45 A 3 20
Ko S38m, w5 8030 X 0T FR 9 45 b B 410G B 5 R0 A
(F 5 - o s SR FRw I X A A . K7 9% 20 d 5 m
AACEAC I K JCH ARk I B AR PR K,
B E N E 5 -d)

3 it

B R G R A B R I X DT AR 4% Ak B 4
R 38 R i AR AL BRAL Y A K SRP R T
IR L KR I DO RN e S Res o i A R
K SRP ¥ B (K 3 —a) . [RIL, JGig Je Xt T w Al
WA 2 B R A VTR L A LA R B AR S
B IO Py s 0 RE k. R U DX T B SR Ak B
Ji s LK SRP e B AR A 1 3, {H 3 AL IX 0 AR
Yrn @ L s )5 . K SRP JeBé i 5 i/, 5 %
HE 2 TG b 25 1 22 5 100 W TS L 0T 0 R 400 5 e A 1
AN K
3.1 BUEMEETERREIRY KAEAMEE

I B A 58 R WY, RN AR RRE I P LR IR
BSBUUR Y BE BT (Li et al, 2016) , {H K & 2
JEIF AR AL A5 0 AL T LA A HLAE
E£FHIRARE . WE 2 FroR, & B 70t
Hom, FAKH DO WA TGS, KRR
BF L IS AR i b B2 K DO W BE 0k 45 A
X R Y 80 %0 .71 % .87 % M1 81 %, 2.5 g ik & H
A FE A 1 KB DO R BE 43 Ik 45 B R4
10060 4 %0 , HLES I B & 25 13 3 80m . BAIK DO
W PEREAR . DO S 52 YT B Bl B i i 22N - =2
— B A K AR S AR LA K AR AR R K
FLWEPE ALY Ak ok A A DR 3R Ja] 2 4 o 8l 11 T
WA IR (S BT AR U S 54 L 1997 s BRFUIG A AL
B 2007) . A HLA (BB FD 26 TR i A= 0 9 1
A K NH-N i#F AFLBR K 3 3K, X —
ST DA NH{-N v B 1) 28 fbots 38 L AS [ b 28
ZIME ¥ 2.5 g A H AR B K NH, -N
B v T LAt Ak B ZH AH B AE (181 3 - b) s NH -N
3 3 AiE Ak A AR R L 28 NO3-N 546 NO3-N
(Isao et al,2007) , i X— & 7] AN NO3-N 1 NO;-N
WRER AR A . KR E R, EAIK NO3-N
WRE R NO3-N ¥ B ¥4 fT 88 fin, 4% 51 78 0. 01 ~
3.46 mg/LA1 0.23~6.25 mg/L; H 5% 37 25 78 i 3 A

W X TRR W s AR AL A, A K NOS-N ik B
T A AL B AR R (A 3~ co Do AT LA S
9 NH{-N K H 2 NO,-N# 4 NO;-N ) o 72 1
SIIHFE A o f A b = AR /N A LR R
TiCEE W A AR I IR 78 A2 YIS L O 1R 5 BUIR
JZ 4 (Edwards et al,2005),

ARV Z R EHAER A =R
BHLR (CH AP 5 A LR 40 % (Muller & Stadel-
mann,2004) , FEIK AR Sahela 7K JE 32 3817 A L 5 i
A AR 22 7K A S A RO, T B DR O A
KB o3 i A HL T, T BOK PR R 2 0 AR R B
(Mhamdi et al,2007), YENEEH B FOLHTZ
— A 2 A W LR R T 32 R NHL-N
KK A LR NO,-N 1 NO;-N 3 2 (Gruber &-
Galloway,2008) . iX 4~ i ## & 5 BUK A (Hupfler &
Lewandowski,2008) , X b i 4 £k & &b 321 A1 fin i
B , A WA LA NH-N i f b,
YA A R T NH -NZNO,-NF# 25 NO;-N
T P A W T AR Y A A DA AR AU Bk
Al LA DHA Sk RAE, YR DHA 36 AR K
FRERE b S 1A W 3 AR S ] DL TR AR B
A P 1 V5 7E W I FE 4 (Relexans, 1996), HAA
FE R AN £ Ak 2 2H 0 RR W e O 1R G W 2
S HACE AL TR P N 2.5 g 1 2R 11 Ak 120
ABFEER = (B 4 - by, HEETH g )R,
DHA i PEH DO ¥ B £ 2 35 A 5C (P <<0.05) . i3
W] DHA ¥ P s 19 AL BRI AE 19 DO 2, 7EHE
AT Fe' BOd I R S Fe't L RA S
Fe'" 254 B BERRE IO >k DRI AT LA M 30 R 49 ] B
K BT AR 2 TR [ 2K A b (Li et al,2016)
3.2 AHAEANEEFESMEY SIS ER B

I A7 i e Tl TR A R — P e — P ) W TR TR UK i
it . BE 7 JE M 1L K ik Wl 12 15T B 26 1k & W0 o A L GR
FEANEBERR EE M X — i AN B R G it
TE B A R AL T R (Martinez et al, 1996
Hadas & Pinkas,1997) ; H HZEE M 554 F & ¥ i
AR 7K fifk T B i R, HC TR P 5 T B ) W98 R T R DA G
(Degobbis et al,1986) .

TR UCSEB 1 RE A B SR o R b, 45 Ak PRZH DT
Y APA ¥ S A 5 1 R e B8 X AR
By 2.5 g B A A (C, B Zo) PI
APA ¥ e T Al &b B 2H AR A L H TG 3 25
(B 4-a), BEHIAPLEMN S LTS MUEY oW
JifL A1 B35 2 it o AHLAE T AN ] 4k
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DURRY A7 (Wl DR s T 1) S B v ol ol - A ik 38
(EPC) A, EPC, J2: 48 ULAR W) [ A1 55 J8 1 K i
T80 ) PR 32K 8 R T 5 TR A4 B AR o e R
£ A9¥ B (Taylor & Kunishi, 1971;Barrow,1983),
EPC, fixk. & U0 W i R e KU k. S5 B R
R RIS I5 J5 X RALMTEL . 0 2.5 ¢ WS 2R F R e L 1L
FR Wy 0l 11087 e B2 S5 18 5 5% R 2 A B L R TR R
T X U0 W) EPC, 73 5l o X B2 /9 2. 08 £ Hil
177 i s i Ak g Ab BRALFN N 0.5 g W 7R 1 Ab 7
YUY EPC, 5% BEZH AR B AH TJC . 35 1 22 5% (181 5
—a), WA HLA Y & 4R BE 3 19 I U1 A ) W R
TS RE L T TC AL 00 DT AR M e R T . HL
5 EIRAT S B9 A AR L, I sl s AL P K e T
WY AR AL I 2R AL B K N (BT S -
K B 1 - 58 W B o i) BE 4, K (EBEK, LAWY
SRS REMUOR R ZIRER (F SCIR L2011,

AR AR R A PR B HE N TR
5 W 45 RE . (Bl B S B, T A LAY AR XL
BRYEEwERIRE I Esgm . UL B2 R ULRT, A 1L
FHY T A HE 2 3 UL DU R B AT A 5 53 A L e 7
) DX TCRR A X IR ZH R S8 1k B AL PRZH SRP ¥k 2
Jesgm e AR, o] BB L5 DT AR W i R R AT A AT OGS
MoK SRP W EE & T EPC, {HE, TUR R B
WS B85 1Y) #a 4« (Palmer-Felgate et al,2011) ; )2 Z 7R
9k (Dong et al,2011), 5§ 0~10 K, B F i 1k £
Je B S A A A P A P A 9 i 4T I L DR H
BB ok L R By LUK SRP 4, & T IR
EPC, fH(F D (HFEH 10 KUY EPC, {4, F%
20 X EPC, fHIEZ %),

F1 REARYESHBHEFLERN EPC, &

5% 10 X LB K SRP iRE3T L
Tab.1 Final EPC, sediment values compared with Day-10
SRP concentrations in the overlying water for each

treatment of sediment samples collected in the algal zone

21 5 SRP EPC,/mg » L

X R AL 2.0174+0.4793 0.0579
0.02g A fbik 1.8257+0.4406 0.0741
0.2g H AL %% 1.7743+0.8521 0.0520
0.5¢g & 1 2.1303+0.0000 0.0506
2.5g B A 0.8329+0.3437 0.1023

FEH 10~20 K, UL 3 30 A WL BTl . 95 28380
DX LAy ek HE ZE R M Gk e Ak B 2L T R A4 O B ) ol
T8 2 TR DR AR Y WL B LR B [ K SRP
P14 28 AEK 5 1T S 0 % 2 9 0 b B L DR O 4 L e

YA F T o0 A 2 05 FE ORI 19 4L, TS BT AR
BB, BAR VTR EPC, (/N T [ K SRP,
AT R B Sy 1) b B 7K RS ik W PRtk 1 B3 7K SRP 1
. ER T UL U B 0 R RO DL 3 R
A ERMEE R,

4 Hig

(DIEFRS P K SRP 1920 E£ W], ik
Je R W) TF A 2 v R R DU RR Y, A HL A Y e AR 8
2 MG AR W 0k 1) T TE B SRS T AR W Wl R Y
AR,

(DA PLAMTEHL AR & BRI K
T 75 ik 4 ELAT BIL R TC AL 800 480 ) BTIR B R 5 A5
PLA Y 5 RE TS = 2R 1 20 8 MG D Wl 7R I {EL A
T 5 A AR B 4R BE I 5 o 7 D B i
BEAT b s TEAL RN L TC 5

(3D A B TRy Wi 1) W5 R 8 A 52 i S
T R SR ZS 7 T A W o s S S R TR I e AR DL
R BT 0 45 2 R N R BRI 5 2R

S % 3k

OB AR SF 54, 1997, U SRR A8 20 2 0 85 1 ) U AR A -
kS A B A e s LT, WA AL, 94D 337 -
342,

AR, S, XSS, 4, 2009, K EHA VTR A
it 7% P 0 R AR A 2 R LT WAk, 21(3) .
345 — 350.

BFG  ZAL, 2007, 520 WIE TR oK BT B A #e i T
BB T M ()], RHEE AR . 38(1): 162 - 166.

AE WK RET 2012, B K AR GRS
TR BEIE 5 5 WM AT o g 3 1 AT, RV B 5E
5, 21(22) 23 - 9.

BRI, 2002, K AEK WM 43 7 07 LML 4 B b st
el PR BT ko7 th AiAt . 258 - 285,

HSCHE 2011, & B SR AR AR DT ER i 0 B R AR B HE s
Wi R SRS LD, i e o Rk Be K AR A B T 50 i

Barrow N J, 1983. A mechanistic model for describing the
sorption and desorption of phosphate by soil[J]. Journal
of Soil Science, 34(4): 733 - 750.

Beutel M W, 2006. Inhibition of ammonia release from anox-
ic profundal sediments in lakes using hypolimnetic oxy-
genation[ J]. Ecological Engineering,28(3): 271 — 279,

Bol R, Kandeler E, Amelung W, et al, 2003. Short-term
effects of dairy slurry amendment on carbon sequestra-
tion and enzyme activities in a temperate grassland[] ].

Soil Biology &. Biochemistry, 35(11); 1411 - 1421.



114 Fa2k% 1M i

ﬁ:, Y
N

W

=
I

2021 4 1 A

HE

%

Carpenter S R, Caraco N F, Correll D L., et al, 1998. Non-
point pollution of surface waters with phosphorus and
nitrogen[ J]. Ecological Applications, 8(3): 559 — 568.

Dakora, F D, Phillips D A, 2002. Root exudates as media-
tors of mineral acquisition in low-nutrient environments
[J]. Plant and Soil, 245(1): 35 —47.

Degobbis D, Hommemaslaowska E, Orio A A, et al, 1986.
The role of alkaline phosphatase in the sediments of
Venice Lagoon on nutrient regeneration[ J]. Estuarine
Coastal and Shelf Science, 22(4): 425 435,

Dong L. M, Yang Z F, Liu X H, 2011. Phosphorus frac-
tions, sorption characteristics, and its release in the
sediments of Baiyangdian Lake, China[]J]. Environmen-
tal Monitoring and Assessment, 179(1/4): 335 — 345,

Edwards W J, Conroy J D, Culver D A, 2005. Hypolimnetic
oxygen depletion dynamics in the central basin of Lake
Erie[J]. Journal of Great Lakes Research, 31: 262 -
271.

Gruber N, Galloway J N,2008. An Earth-system perspective
of the global nitrogen cycle[ J]. Nature, 451: 293 - 296.

Hadas O, Pinkas R, 1997. Arylsulfatase and alkaline phos-
phatase (A-PAse) activity in sediments of Lake Kinne-
rets Israel[J]. Water, Air and Soil Pollution, 99(1/4) .
671 -679.

Howe A C, Cizmas L., Bereman R, 1999. Eutrophication of
Lake Wingra: a chemistry-based environmental science
module[ ]J]. Journal of Chemical Education, 76(7) . 924
-926.

Hupfer M. Lewandowski J, 2008. Oxygen Controls the
Phosphorus Release from Lake Sediments-a Long-Last-
ing Paradigm in Limnology[J]. International Review of
Hydrobiology, 93(4/5): 415 —432.

Isao K, Takeshi Yoshimura, Choon Weng Lee, et al, 2007.
Nutrient regeneration at bottom after a massive spring
bloom in a subarctic coastal environment, Funka Bay,
Japan[J]. Journal of Oceanography, 63: 791 —801.

Johnson D, Moore L, Green S, et al, 2010. Direct and indi-
rect effects of ammonia, ammonium and nitrate on
phosphatase activity and carbon fluxes from decompo-
sing litter in peatland[ J]. Environmental Pollution, 158
(10): 3157 - 3163.

Kagalou I, Papastergiadou E, Leonardos I, 2008. Long term
changes in the eutrophication process in a shallow Medi-
terranean lake ecosystem of W. Greece: response after
the reduction of external load[ ] ]. Journal of Environ-
mental Management, 87(3): 497 - 506.

Li H, Song CL, Cao X Y, et al. 2016. The phosphorus re-

lease pathways and their mechanisms driven by organic

carbon and nitrogen in sediments of eutrophic shallow
lakes[J]. Science of the Total Environment, 572;: 280 —
288.

Martinez J» Smith D C, Steward G F, et al, 1996. Variabili-
ty in ectohydrolytic enzyme activities of pelagic marine
bacteria and its significance for substrate processing in
the sea[ J]. Aquatic Microbial Ecology, 10(3): 223 -
230.

Mhamdi B A, Azzouzi A, Elloumi J, et al, 2007. Exchange
potentials of phosphorus between sediments and water
coupled to alkaline phosphatase activity and environ-
mental factors in an oligo-mesotrophic reservoir [ ] ].
Comptes Rendus Biologies, 330: 419 —428.

Muller R, Stadelmann P, 2004. Fish habitat requirements as
the basis for rehabilitation of eutrophic lakes by oxygen-
ation[ J]. Fisheries Management and Ecology, 11(3/4) :
251 — 260.

Murphy J, Riley J P, 1962. A modified single solution meth-
od for determination of phosphate in natural waters[]J].
Analytica Chimica Acta, 26(1): 31 - 36.

Ohno T, Crannell B’ S, 1996. Green and animal manure-de-
rived dissolved organic matter effects on phosphorus
sorption[ J]. Journal of Environmental Quality, 25(5);
1137 - 1143.

Palmer-Felgate E J, Bowes M J, Stratford C, 2011. Phos-
phorus release from sediments in a treatment wetland:
Contrast between DET and EPC, methodologies[ ]J]. Ec-
ological Engineering, 37(6): 826 — 832.

Relexans ] C, 1996. Measurement of the respiratory electron
transport system (ETS) activity in marine sediments:
state-of-the-art and interpretation [[. significance of
ETS activity data[ J]. Marine Ecology Progress Series,
136(1/3): 289 — 301.

Sayler G S, Puziss M, Silver M, 1979. Alkaline-Phospha-
tase Assay for Freshwater Sediments-Application to
Perturbed Sediment Systems[]J]. Applied and Environ-
mental Microbiology, 38(5): 922 - 927,

Sondergaard M, Jensen ] P, Jeppesen E, 1999. Internal
phosphorus loading in shallow Danish lakes[ ]J]. Hydro-
biologia, 408: 145 —152.

Sondergaard M, Jensen ] P, Jeppesen E, 2003. Role of sedi-
ment and internal loading of phosphorus in shallow
lakes[J]. Hydrobiologia, 506(1/3): 135 — 145.

Taylor A W, Kunishi H M, 1971. Phophate equilibria on
stream sediment and soil in a watershed draining an ag-
ricultural region[ ] ]. Journal of Agricultural and Food
Chemistry, 19(5):827 — 831.

(wiEHm#BE 7 A%



2021 £ % 1 3 Z EE.AF

=
X

A4
5

7

o}

CEVR RSNk SR 115

s

Effect of Different Forms of Accumulated Nitrogen on Sediment

Phosphorus Release in Qingling Lake
LI Hui', YANG Liu*, XU Fang®, ZHOU Yi-yong®’, WANG Wei-jun', CHEN Wen®

(1.School of Material and Chemical Engineering, Tongren University, Tong Ren 554300,P.R.China;
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the Chinese Academy of Sciences, Wuhan 430072,P.R.China;
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Abstract: Eutrophication of lakes, caused by over-enrichment of nitrogen (N) and phosphorus (P), is a
widespread problem. Lake nutrient dynamics are complex and the cycles of N and P are highly interactive.
In this study, sediments were collected in the macrophytic and algal zones of Qingling LLake in Wuhan City
and a nitrogen-added culture experiment (20 d) was carried out on the samples. The objectives were to
study the effect of different forms of N on the sediment release of P, and to explore the mechanism of P re-
lease in response to N enrichment. In July 2017, sediment was sampled from the two zones (C is sediment
collected from the macrophyte region and Z is from the algal region), and the treatments were as follows:
(Ces Za) scontrols with no N added; (C,, Z,), 0.02 g ammonium chloride; (C,, Z,), 0.20 g ammonium
chloride; (Cy, Z;), 0.50 g casein; (C,, Z,), 2.50 g casein. On Day 5, 10 and 20 of the experiment, the o-
verlying water from each treatment was analyzed for dissolved oxygen (DO), soluble reactive phosphorus
(SRP) and N species, and the sediments were analyzed for dehydrogenase activity (DHA) , alkaline phos-
phatase activity (APA) and phosphorus adsorption behavior, measured as the equilibrium phosphorus con-
centration (EPC,). At the end of the experiment (20 d), the SRP concentration in the overlying water of
treatment C, (2.5 g casein) was 64.88 times that of the control and treatment Z, was 5.61 times that of the
control. There were no significant differences in SRP between the ammonium chloride treatment groups
and controls. DO concentrations in the ammonium chloride treatment groups were about 80% that of the
control group, while the DO concentration in the casein treatment groups were, respectively, 10% and 4 %
of that in the controls. During the entire experiment, the APA of sediments treated with 2.5 g casein was
slightly higher than that of the other treatment groups, but the difference was not significant. Finally,
compared to the controls, the equilibrium phosphorus concentration (EPC,) of treatment C, was
2.08 times that of the control and Z, was 1.77 times that of the control, but there there were no significant
differences in EPC, between the controls and other treatments. Our findings included two general conclu-
sions: (1) Enrichment by organic nitrogen increases the release of sediment phosphorus, but inorganic ni-
trogen makes little difference. (2) The effect of organic nitrogen on sediment phosphorus release depends
on multiple factors, such as the production of anaerobic conditions, secretion of extracellular phosphatase,
and change in sediment phosphorus adsorption behavior. These findings add to our understanding of lake
nutrient dynamics and could improve management of lake eutrophication.
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