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ABSTRACT

Nitrogen is one of the limiting factors of ocean primary productivity. Coupled
with other biogenic elements, such as carbon and phosphorus, nitrogen cycle plays an
important role on marine biogeochemical process by controlling export of organic
matter, efficiency of biological pump and atmospheric CO, level. Input of growing
anthropogenic nitrogen via river significantly changes the composition of reactive
nitrogen, which led to a serial impact to the internal pathways of nitrogen cycle. 11
stations, covered freshwater zone, mixing zone and plume zone of Pear! River Estuary,
were investigated.

This study is the first time to apply stable isotope tracer method to obtain the rate
and distribution of water nitrification rate. The nitrification rate in freshwater zone,
mixing zone and plume zone were 4.00 - 17.64 p mol/L/d, 0.28 - 4.05u mol/L/d and
0.03 - 0.36 pu mol/L/d, respectively. Significant light inhibition of ammonia oxidation
can be observed in all survey area.

First time, we reported the distribution of ammonia-oxidizing bacteria and
ammonia-oxidizing archaea in the whole estuary of Pearl River. AOA had an
abundance 2 - 4 order of magnitude greater than that of AOB. Meanwhile, abundance
of AOA/AOB revealed a trend of increasing with depth, which indicated the
orientation of nitrifiers to low light. In upper area of Pearl River Estuary, it showed no
significant correlation between nitrification rate and ammonia concentration while a
certain positive correlation exists in lower estuary. Nitrification rate also has a
logarithmic relationship with AOA/AOB abundance in lower estuary. However, the
relationship is unapparent in upper area.

This study also applied stable isotope tracer method to obtain the rate and
distribution of inorganic nitrogen uptake by phytoplankton. Ammonium uptake rate
decreased rapidly along the river flow while nitrite and nitrate uptake rate were steady.
NH," uptake rate in freshwater zone, mixing zone and plume zone were 9.07 - 13.82

mol/L/d, 0.24 - 1.38 p mol/L/d and 0.34 - 1.69 u mol/L/d, respectively. NO," uptake
1l
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rate were 0.14 - 0.43 p mol/L/d, 0.02 - 0.26 p mol/L/d and 0.03 - 1.12 p mol/L/d,
respectively. NO3™ uptake rate were 0.33 - 1.37 p mol/L/d, 0.12 - 0.52 u mol/L/d and
0.06 - 11.47 p mol/L/d, respectively. The phytoplankton RPI (relative preference
index) indicates that ammonium was strongly preferred by phytoplankton, especially
in mixing zone of mid-estuary. Nitrite only be preferred in lower estuary and nitrate
showed no preference to phytoplankton at all.

Phytoplankton uptake rate of 3 N-species under dark conditions significantly
lower than that under light. Dark NH," uptake were only 28 - 47 % of illuminated rate,
but had a superior RPI. The good linear relationship between Chi-a concentration and
Dark NH;" uptake indicated that phytoplankton were prone to assimilate NH;" of
reducing state. Relationship between ammonium concentration and ammonium uptake
rate do correspond to Michaelis-Menten equation. NH;" uptake were stable under
extremely high concentration of NH," in freshwater zone, while it increased linearly
with NH," in lower estuary. NO,” and NO;™ uptake rate showed no correlation with

substrate concentration yet seems dependent on the phytoplankton abundance.

Key Words: Nitrification; Inorganic nitrogen uptake; Estuary; Illumination; Nitrifier.
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FAYEER M THEE 72 NH SR LRAC, EEZREEY . 6
AR IFIRE FREh . NOLVEMEN TR E 20, =5 1 2 M8 Z 5064 1 12
(Seitzinger et al., 2002; Brandes et al., 2007). 5 1% 3= B/ NPk A HL% (PON)
FEFFEANLE (DOND . WRANLE EZAFEZ PRI N T Ik R, IRE,
DAL JEE T I S SR 2 AT VE R A LY, OREA HLE (POND S PR A R AR 20 AR
T Y E R RN E S50 (Ward and Bronk, 2001; McCarthy et al., 1998).
WP B SRS A& AR, I H ol DUs L 2 b AR Y ek i 20
FEEAMEA (KB 1.1, B T ZE2R0E0E LR (Capone et al.,, 2008). X
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Figure 1.1 Major chemical forms and transformations of nitrogen in the marine

environment

FEXT, W R AEE R o R, FEASE R (denitrification). IR
AARFAMN (aneammox) FEZ RIS, WRATOREUKES . AL E R NOy
B NOs TE N T34, EMANRATLEE B %, R A A N2O B Noo JRER
AR NOy (B NO3» 1R 732K BT B, K NO A NH, K&
PR, P2 FA Np TBHEREH. BT AR E = AL LS, i
G RXUTAR - K S 0T 58 e A Y 2R R LI IR R R L Ak S SO Ak

(chemo-denitrification). #5§& fH{k- ik, (coupled nitrification-denitrification)
FIAPR B AL R (OLAND) % (Brandes et al., 2007).

bR 7 EEREICIE R, BRI IEAAE RN RS R . WEBMAESE, 7

TFAEYIAC NHS . NO2 v NOg SRR & & A HLAAE AN BRI IR o o
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FEHAL (Capone et al., 2008). KESLIIZE LW, FIHHEDEN TR A
BRI LLIEZ N 106:16:1, RI2A Redfield LUfH . FHEPBIL NO F1 NOs /&, 7
AL A TR OB ORI JEAS, AR T & M ZEA B A 5, X — i R 7R
HFERE =, PSRRI — R e Ml NH,, X — i 72 42 B [ 46 AE H
Cassimilation), " N7~ (Gruber, 2008):

106CO, + :|.6NH4Jr + HPO42- + 48H,0 + 140H — C106H17504oN16P +

1180, (1.1.D

FERFEF, TR EZEILAR NOs, H Ik DON, 1fi NHs  NO, #l NoO 45
PCEIETERR) ~ 0.3%, X AHEHIICRT &7 5 DIN BGE % 1) 40 - 50% (Bronk,
2002), THIRIMIMICTFEE ZaeE, KT ECSER o WE 2 KT,
A

106CO, + 16 NO3 + HPO,> + 78H,0 + 18H" — CiogH175045N16P +

1500, (1.1.2)

PRI NO I S NOs 5L, #Hig b, HELR AR A NOs HIVER i iE
Vst BRI NO,™ (Capone et al., 2008). JETEEBNEMEAN G, B NA WAL
X, ZHEMNEBUEaERE, e UHRY) . BV ST 3] 5 R 5,
SMAEMM S R NER, XTI EmE AR, SRR L

(ammonification), +&EEAPRATHA RN ELEL W, 24T %

7N

Ci06H17504oN16P + 1180, — 106CO, + 16NH," + HPO,* + 48H,0 +

140H (1.1.3)
EHRKET, REARE R E A B KR R R AL RS R
FEAE RS A A B B E R R i — 20 B O R TR Eh 5 B 48 AR O A Ak AE
(nitrification), 1X—ITHE & AL AN AR IR 2 B AL AN 20 TR ZH e -

NHz+ 30, — NO, + 3H"+ 2¢ (1.1.4)



NO, + H,O — NOj3 + 2H™+ 2¢ (1.1.5)
AR . EACAIE AL I FEAS & U v P U e 1 e i, (HEN AR 1 v
BITEAS A, TR — R AU A ERAL 2 7, s A A oAk i 72
AL T RY NOy B NOs', K NiE MR IR R B E 1 36aE, e DX, e
AL - S X [E] 52 B A2 B EEAE M (Corredor et al., 1999).

1.1.2 T 1O 3 X A8 R B 58 9 R X

Tk Pk, ANES A 7 REGEER, HreEmaisd ©  3RFRAR
[ KT, AN 1996 4, A BR(a b A A R i N Sk E I B A A
150Tg (Smil, 1998), X L& A\ iy [F & A ZE A U S A . IR K HE
TR BATHE AR AR, I e 208 DI Sk NI 2 AR R o 4 L T 8 B LR
guit, NFEC FEOTRANIER DIN K 1 2- 4 %, FF44t 7 T HX 89%
) DON ki (Seitzinger et al., 1999; Seitzinger and Sanders, 2002), 5] I H#i[X
IR ABANIINE, 508 7 2RI, ik, W HREERSE - E&2K
o

KEERE IR ERFENIT T, Koo 1A FREAI L™, Al i A DR s 1
B, SIRKESA R/ (Galloway et al., 2004) . 7KHEAF /KA AL P& K&,
IR LATHUIIFE L 5 73 AT AL, S Z 7K VA S DB AR 5 ROK AR B4R
g, EE B E S M AN R, ERFBESRERIME, TR — &)
TV ME LAY “FEIX” (Hagy et al., 2004; Canfield et al., 2010). Jt4h, 7EBE
FHUT, FEANEE 7SR REERE, R A AR & - S
% (Ravishankara et al., 2009) . X L& f& —J7 [HIJRAE 1] FURE A A8, 53
— 7T, X RE RN N2O AUARHIRE, N0 HITR = RN 2 CO /Y ~
300 i, RIS thoxt BAAUZ A BEAE T, TRIMOR: 51 7% — R )3 (Rl AL CIPCC, 2007)
HEFMALT EKEEYEREEL, il mmEa. W ENHE —E
% (Paerl, 1997; Lomas and Lipschultz, 2006).

M PR 3G & B TR R TR ORI K SR R

5



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



