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Abstract

The spatial distribution and seasonal variation of dissolved inorganic nitrogen, the performance of
nitrification and its impact factors in Xinglin Bay were investigated based on field observation and
laboratory simulation incubations in August 2011 (summer) and February 2012 (winter). The re-
sults showed that the inorganic nitrogen and nitrification rates had significant spatial and seasonal
variation. The relative higher concentrations of inorganic nitrogen coupling with higher nitrifica-
tion rates were observed at the upstream and downstream of the Bay as compared to the middle
stream, suggesting that inorganic nitrogen was the major factor affecting the spatial distribution of
nitrification. Seasonally, the concentrations of inorganic nitrogen and nitrification rates were
higher in summer than that in winter, indicating that inorganic nitrogen concentrations and the
water temperature were the major factors affecting the seasonal variation of nitrification in the Bay.
The laboratory experiments showed that temperature, pH, ammonia concentration and particulate
matter had important effects on nitrification. Especially, the temperature and particulate mater
had significant effects on nitrifying capacity. The increase of 10°C of temperature, the nitrification
rate could be increased by 2.9 times within the temperature range 20°C - 30°C. The nitrification rate
in the filtered water (through ~3 um pore size filter) was only 1/5 of that in unfiltered water. At low

concentration (NH; -N < 3 mg-L-1), the increase of ammonia concentration could enhance the nitri-

fication. However, higher temperature and ammonia concentration could inhibit the process of ni-
trification. The optimum conditions for nitrification were pH 8.0, temperature 30°C and ammonia
concentration 3.0 mg-N-L-1, indicating that the microorganism adapted to the long-term habitat. It
was estimated that around 38% - 52% of input ammonia was removed by nitrification in water
column in the Bay, suggesting that nitrification was important on nitrogen cycle in Xinglin Bay.
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HE

XERARGEELE S LW SHEAIESE, T T 201148 H 201 24E2 A BB R EK BB AR
A EUERBEREEWER. SRRV, THREKEBBETH RN BRER 2 HEFNE
WAL EE, BX EEATHRNEBEEINERBENFECERS LR, EEEETIRNRENRE
HEREAZTE, RABEEIENRENEE2EHHEERZRZAAZT U EZERER. LB
ERFNERERY, BE. pH. KRBT L E NRAERSEZEEREW, LHEEMH
R E R BB AEE . £20'C~30°CH, BEFE10CRHLERIERE2.94%; KFEZL3 pum
g RN E, AR REIRIEANEKKN1/5. pHXBLEREBR AR, 4pHE KNS.0
B, BALTE R B . LA VR EE < 3.0 mg-N-L-1 (E1214 pmol-N-L-1) i, &SR BT A S ERERSALIE R ,
ERBEENERE. BRNEERTSMEIRAER, KRBT HMEDNKBAERKER . RBELRE
BAEE AL B RT LIRS TS AR 7K A2 £ 38%~52% B B AR, WX BEES A EEE Y.

Xeia
BRTHE, HUER, EEME, KEUMEER, HHRE

1. 518

THAAE AR FBERALEAE R T, R B AR A fE . B TR R &, A ISTE S0
U R 0 5 T ok R O 1, RE SR Bl 50 AR5k, A 235 3l CL ST s VA R C LA In T 2~4 £
[1]o 0] F1 AR A A (K B3 0 L8 51 2 PR RN, AT R R 11 Sl St e UL I 1, R B AR
24 At ST I B — AN AR P KR35 )

T AR AT LUK K AR R h R A NO; , R R R AT AR, M R R i1
[2], WiF=AE 0 NOS BT AL AE T Ny 1 N,O, HZUR R RIRA A, M 58 i — IR U A 4 Hh sk
GRS ISR B 20 L R R 8 FR 2h BRI B BR AT, W TR MR KA 1 s B SRR
BABEZEER. WAERRFEER= AR TR, RS R E R O, R, e R
FRAKAREREE R 1R K JE K AR RN TR A 4 0 B8 2 JR BRI [3] [4] [5): Bk AMIURR R ZK F i 5 2 R A A A
2B B BARUTR A I BRK 1 pH A, M-S BT E &R B T, 0= &8 i s &1k
[6]. AHALAEFIE 2 RS N,O S ZRIE[7] [8], N.O 2% —RE=ESMAE, WK KKRAZNE
B G2 —. AR N,O HH 20% K T, i 60%LL FREALEA . . R KA A
FH (568 B DA SR 22 52 2K NLO B 4- A, BETMSZIA BRI SE RS B, BRI, 3T 5 /K38 i
S FEAAE BT 7 el 11 SR KRS B E A RE 7, BRIV T g S X ML, i L
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W7 A B AR th A F 2R

WEL TR KA E 2 S B A AR IR R, HIIX M E SRR . H T,
] A AT 11 3 S i A A1 P B E 7 T 2 rp 3 LU M A 3t ORI [2] [9] [10] [11], %
IR BRI RBIE T LE Bk =, SR AL AR AL 26 A, LR SR R R XA AL A P 7 A R i (L)
T AN AE o ASCLLBE NSRRI LL ™ H A A MR 9Bk TT X 38, Gl B0 1 45 A S BT 9, AT
T A MR Z K AT A T WL R A B AL A TSR BE (0 22 IR A AN =1 284k, R0 IR pH. BRI LK
RIURL A A 85 PR R R R AL A PRS2, ARG 1 3 2 KRR LA AR

2. MR5H%E
2.1. WEXEHS

AL T I ARSI, MRS KR R ek A ARSE XA /N I B B VA T
F, JEJE AT R LR . 48 1956 N TASSUAER GRS, TER— A RITR KK . A5 MRS K 2 i3
I 142 km?, E/KIEH 67.3 km?, FERTHIZ 2.2 km?, “FEIKIEL 2.5 m, & AEE 5.5 m [12]. 7KFE
AGERIE Bk K KIS, R T 1] P S OB SR A SRS IE RN, TR BUR TR B KAk . A MRS Mt
R N IERE HE, TR ISR AR S K IR SR E R, SR MRS K AR 5 SN K A SR A R T, {3 52 4b
WA RN BEE T I O B, Tk ARk K IRAE . B & IR M A T K A
NIKEE, AR X Gk 7 B A ik 35 FLOK, /KM & 8 3R H 3 ™ [ 13]

2.2, SEIIIR B Ktk ek

T 2011 4 8 H(EZ)M 2012 4F 2 H (A&ZF) IR A MK B BB R 7 0l ¥ € 5 ANsihr (0Kl 1),
KERBKFEHATR R EFRERILE M, M Z Dhae /KB B A (B2 E WTW, Multi 3420) 337l € %
JFIREE . R MR pH. FIRHEKZER LI S1 b Rl S2 35 AR S5 4 M HEAT RS AL A I S2a6 =
BRI . A T WF R S A AR B s2 e, T 2012 4 3 H HIAIEL S5 sk 3R E /KA T S0 00 =
TR BN IR ZKAE R /MRRER, BN 20 L PIRBRIRERE S, B 1ig (RS20 = 3T AH S Fa s
(I AR TR 920G, B R AN S SR AL BRI ) [R) B8 — MRS 3 ho A RFFAS M. 4%, JERE. 3597
BE LWL 1.0 mol-Lt 9 HCI IR 24 h,  F B4tk P2 vh vk JE
2.3. THLIRZERAINE

T AT 2 ) SR A Rk [4] . — ROy B AR TR AL E F 0 W20 58k, 5 — B R A EUR
LB (AOB) IE T N9 NO; + 3 202 NO, 7E ML AH R 25 UL 1R (NOB) IIE F T # N NO; « 1
A FI AT T B R A0

2NH, + 0, —» 2H" + 2NO; + 2H,0 + g (1)
2NO; +0, — 2NO; +ft & @)

FIFNE I e AR FEER IR R O NaClOs $il7, wr AR - A4k S 87 () 5 — 20 e i, B
NO, # A NO; » AL IE NHy bR NO, IIEE — P [ B, (RILBEE IR AT, NO, IR IE
Bk, MR NO, W EER T i 2, mft v) UG B G A s 26 o AH RLH A 55 75 3 A% HPoIn s T8 BE 78 JR (AT U)
07, AT LABH RS OB 3 — 2D I B, AEAN S BHIE2E D ) M, R NO;, WK B B BRI, & NO,
IR REAE SR, o) DS 2 NO, Al A . AR SCHRIE 1 2 F UL A NO, A %35 3 9% 48 h 1)
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Figure 1. Location of sampling sites in Xinglin Bay
1. BB AE LT

METTERIRUT T F ERAKFEDFEN 3 MR AUKF G 4 L AR EOIEE, AT
JKEEIE ¥ =3 . He b 1 53 i 100 mg-L ™ ATU, 2 SN 10 mg-L ™t & R4, 3 S in 100 mg-L ™ ATU
FIGURREN 10 mo-L B NPl R . B FIEIR S SR AR R 35, B 978 1 i) 55 I SRR I A KR A 2, B
HZ&R30°C, £ZFN15°C, KRR 48 ho 43 AITERFE 2 HI(0 h). 24 h, 48 h U FRKEE, £ 0.45 um
YIRS YRS, FH T E AR R AR
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2.4, MEREZENHIERAEERNRmE

SR HT R PR 3R SRR FE A R SO ALV E T s, BIAESESR WA —ANRIRAERL, HRIR
RIRFEAAL . RIREE S5 b RLIIRIZ KRR, 70 BIFEANF i B2 N BEAT 55 9% AT FU FE RO s [ R R 4R
S5 uh LA SR K, P e R m s S S A B R 1T AN AT ) pHL, 28R 7E 30°C N EAT 15 77 BT FT pH RIS 5
U S5 S IR 2 AKKE s TN (NH,),SO, 3 & ANFI K NH; W, 2R A 7 30°C R BEATHE IR BABTIT NH;, K
FERISANE s FURE) AR i U R TS 3 m i 5 AR KA MRS i ) /KRR LE 30°C AT X R 9%

2.5. BBTHERENE

BRI A GRS EAHEMEE . FERRERD LIZRSREH 045 pm L 4ERIEMRIT I8,
PEMRH T EU . MRS AN S IR o e rh B U0 B U SR M V4], NO, =N R B2 U 5 SR H
RERZE 2 k4], NO; -N ¥R FEIN 5 3K F R SR VL [14]

3. RS54
3.1. BHRETKEBBRENEANZE I HMEBTNL

B ML K BRI, SFYIEREEAL 2.5 m, DR O R B /KR HEAT SRR R . e 1 foR,
2011 4F 8 [ (%) A bRy R J2 /K 1A ) 3R S R AE 0.3~0.9 2 [7], i[RI 32 /KI5 N AR ma 6 s v T _E g,
AZERIA K KIRAE 29.4C~30.0C[H], 7z FAWE: HFA(DO)VKELEY 48~65 mgL*,
R TIIAIREE . SRR R T KA DO MR, AAERRRENATIHIE, XEEZE KA
FEAESREUAAEMIRE R, H KA B AR R A RIA 2.1~3.5 mg-L™hd ™ (T 3800%%, RRFHE). 2012 4
2 H(&EF) RN Bk R 20, RZKEEHENS & T 22, WL 0.3~1.2 2 [i); /KRBT 23,
BRI, KIBEAZEARMES], BRZEFRAD: BRAIREEEN 6.0~9.2 mgL™, LEFERH,
FERFIALFARM, SEKTEMRERR, tAMEFE N KIREAR, AR AR M LB,

HEBHIEKE NH -N 9 % 75 BN 30~96 umol-N-L™, NO;-N HIiZ4)h 25~33 umol-N-L™,
NO; -N [l £ /& 230~281 pumol-N-L ™. &2 NH; -N Ik FE 6 By 13~93 pmol:N-L™!,  NO; -N [
295 21~24 pmol'N-L™, NO;-N [ E#) 166~287 pmol-N-L ™. =&+ L NO;-N HE, HZF NO;-N
SR R RTCHLE(TDIN) K 74%, 428 78%, JLUGZ NH; -N, EZEFMAZE NH; -N 2512 4 TDIN
1 17%401 14%, NO,-N fI& 8D, EPADZFETHZ) 5 TDIN 1 8%

NH; -N (2 [ Z R iR 2, LR FEFEE I FRm A K E i S1 vk, wRedhT L
W AR E RS R EOR, 1 BRI, TR TR AT e A I BK AR NH -N s SR L 7K PR
Wi DX T B 1K, NH -N R NO; -N IR FE ELEUR s 58 FIER) S4 ShTn g 2 M5S0,
G N IR RE IR R LB L . N, E 2 NH; -N 1 NO, -N IR ¥ R 742, 7]
RER R N E R MU, I/KAE A RIS 0 8 97 Eh A3 /K HE N A5 MRS 7K S R o 15 STk AR
A RIS K P == KT T G FR B RS A v 2 — B [12]

3.2. WHEKFHTHILESR

ARV RS2 KA AR AN NO, S AE A (AR Ui 2 R, B 2K & AL 7E 5.28~9.33
pmol N-L™d ™ Z i), “FH{E>A 7. 15 + 2.04 pmol N-L d ™Y, WAHER #h & 1k R 7E 2.64~8.78 pmol-N-L -d
Z I, P 5.42 + 3.10 pmol N-L™d e AF/RAEAMERIE 1.16~4.52 pmol N-Ld ™ Z [i], ~F-#
{9 2. 93 £ 1.69 pmol N-L *-d !, WEAHER £ 11 AL 4 7E 0.95~1.92 pmol N-L d * 2 [i], P4 1.55 +
0.52 pmol-N-L d o BV BF, KRR SAUE KT MRS IR #h () AU %, X Rk 5 BUK AR TN
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Table 1. Spatial and seasonal variation of physical and chemical parameters and inorganic nitrogen in surface water of the
Xinglin Bay
= 1 BWEREKEMELSEMETNENZESHEFTHEN

NH; NO, NO; TDIN
KL (8] iz i KIE(C) DO(mg-L™) pH
(umol-N-L™)
1 03 30.0 65 7.47 96 31 277 404
2 0.5 29.6 438 8.39 30 31 263 324
3 0.6 29.6 55 8.12 57 26 230 313
CES 4 0.7 29.4 6.5 791 57 33 281 371
5 0.9 29.9 5.2 8.31 63 25 262 350
FHIE 0.6 29.7 5.7 8.04 61 29 262 352
A2 5 R HU(%) 37.3 0.8 13.5 46 38.9 117 76 10.5
1 0.3 15.2 6.6 7.71 93 24 287 405
2 1.1 15.1 9.2 8.23 16 22 166 204
3 1.1 15.1 6.0 8.25 25 21 172 218
L& 4 1.2 15.6 6.8 8.15 32 23 281 335
5 1.2 15.1 6.9 7.78 23 21 179 222
FHIE 1.0 15.2 7.1 8.02 38 22 217 277
A 5 2 (%) 39.1 1.4 17.3 3.2 83.2 7.0 28.3 320
k. DO i fR%: TDIN fREVAMEHLA, BIFEA. WAERMHE.
Table 2. Spatial and seasonal variation of nitrification rates in surface water of the Xinglin Bay
2. AMERBKEHEERNZBOHMETEN
LE 4%
s
NH; b % NO, & fbiH % NH; S % NO, & fbiH %
1 6.84 8.78 452 0.95
2 5.28 2.64 1.16 1.78
5 9.33 4.85 3.12 1.92
SEHE 7.15 5.42 2.93 1.55
A5 R (%) 28.6 57.3 57.5 33.8

VE: A9 pmol-N-L Hd

FRERFR R TR R . ISR E, 7K FiF ST 3R RN S5 3k ) 2 S A 20 A0 I A R 6 1) A ph ik
TR S2 uli, EAHEZR A E 23 A A NH; -N 23 ) 73 AR A — 30, 5 B A R T R ) 3 )
ZERAAE LB NH, -N IRER F R Z R R E . NFEWRAE, BFREANE BRI A E R
T A, R R KRR R T2, el PR, R ZK R R R LR
RIR B b A&y, DO AL AT R B8 R IO N R, A M TR AL AT

4. g
4.1, BENESAERRAMN
W13E 2 Fi, PRI A H RSk 2 FE o R A7 25 (1 2 ) 2 S RIS AR Ak, I AT 5 TEAL R vk
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FEv KRR . pH SRR A K. N T BN R R AL 20, AW 7 2012 4 3 314
[AIRAE S5 ulhi AL /K FEREAT LI 3 A% HE 77 . LIRS RN 2 P

411, RENESHEEHIM

ME 2a ATLVEH, fEERE 5C~30°C2 I, FEFRENTE, MiEREERE. AP R ER
T A P B0 B R B A2 30°C A Ay, M BERAR S MRS AR, i Bl SCH RS F LT 58 A gl
i, SR N 0.22 pmol-N-L™d ™, (B I mth 4tk /e, Bl aniG s 35°C i & Al fhid
STTA BT REARG, il A T2 3 B 3 3 (1 T A A s 34 T R T A 3 R B 68 S o AR FRAT 22 4E 00,
A PRTE 7KAAR FR R, B E 4 AR IR R 43 IS AL AL T 20°C~30°C 22 1], 336 2 2% [X S A 420 Ll 80 I P A KU
FEo EMLIREETEE N, WRFEF i 10 Ca A b g 245 2.9 (B Qi = 2.9). Jones ZF[15]id i 15 7= 15
PERT KR AL Z0 B ) S 7 Quo fE S FEN 1~3.5 2 IA), A SCHOMI e 45 W & o 5L RS A AR T 0 B i AR 47
HOAARE T A RIS AR MR R R AR L A& R I AR

4.1.2. pH X HEEIERARIF D

pH M 6.5 $E =% 8.0, KA AAE ISR E G — e RRE . 24 pH N 8.0 I, S MbH H ik 5 iy
K, N 1178 umol-L™"d™h, 2 pH A 6.5 It 1.36 1. 4R1fi, pH#E—bTFm# 9.0, REMERRMAR K
B, ULEASSIRIE SRR AR TR AAE 170 55 R R RS OB M 2 1 2 WP A AR FE P2 A= 4 . pH XA
AR R EE R, —J7 T pH T ARSI SR S8 T, W R 2 2P (K T s S (NHe) i e il .
ATRE R S A NH, RS S 1 NH, 5 AA 700N T4

12 14

a b
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Figure 2. The influence of temperature, pH, ammonia concentration and particulate matter on ammonia oxidation rates (R,)
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NH, +H,0 < NH; +OH" @)
MKAE pH KA, BIRPERBE L B3, H R R R (3) A AT U B NH IR T
Hon A (4):
_ [TAN]x10™

[NH Ly = K,/K,, +10" @

P TAN ARE SR (umol L) Ky R Z MR HHG Ky KK B TR Ky Al K, IR
BREL, KoK, B AR 40 AT B 2 S (B) I Bk i 5[ 16] -
Ky /K, =exp|6334/(273+1) (5)

At tARRIEE(C). HE@MG) AT LATHE H, 7EiR A 30°CH, pH M 6.5 F+iE] 8.0, i NH; i TAN
(I L5 A ~0.3%TH i EI~7.7%, 110 NH3 #%iA N7 AOB 1B B IEEY, & E TH i pH 8 7l LA A
WAER . H—77H, 4 pH &b S S B rEE, M PR AR, KRR ek A
A HRIE[17] .

4.1.3. EREXMELERNEME

TEARMREE FREE KPE P R EIREE R LT, R lE R SR AT & ETt, &M 1.0 mg-N-L™ Fhi 3
3.0 mg-N-L7H i, SRk 2R3 0 T ~55% . & EE AOB 1EFI MY, & 3 A (i FE s {23k AOB
R, TR s A R . (E RS I T B 6.0 mgN-L AL 5 I 3 — 5 7 h
TS A R, RIAGFANEIILR o 1 K A b i B & 9 ~0.45 mg:N-L ™Y, F1 13& pH 25T 9.0 i
IR A i B B BE~0.46 mo-N-LT AR Y, TR 5 55 o U BE AN 7o pH X RS A1 PR B s L EER T i 2 AR
ALY o {73 75 A2 DA RO FE 6 B, AOB S U Uit 32 4k LA i, 97 B9 NIHg B3¢ % KT 10~150 mg-N-L™
A exxt AOB FAAEFIHIME FI[18] AL BEE R BIKFETL R 1.0~8.0 mg:N-L ™%, X RIFJIH7 B4 NH, ik
o4 0.077~0.62 mg:N-L™, A& T BT A$RIE 1) NH; X AOB (R3HI ERE[18]. AHT 7T#E K A& RARAK AR (1)
SR, DK KA E IR ERAR(0.3~1.3 mg-N-L ™Y, T 28 1) pFREErh, AN id B A I P SR R IR
W T A2 AT DAERAR K . AR RAE e R KA A i, 9140, Isnansetyo S5 [1714Rk 2 & &K K
T 200 pmol-N-L™ (B[ 2.8 mg-N-L )i, x40 Ariake # K AARIREALAE R, Xk — Ui B T M e 3145
(1 3E B

4.1.4. BRI REHILIER IR

Kl 2d B, 2058 3 pm PRI I8 S KRR R FR 015 I 2 A T 22 R 20 R AR B K FE Y 1/5, Bt
KIAEE ] DL F R m A S E . X2 — & i g f5, 7K+ AOB 1 NOB 8 Ejk/D>, M
TSR A AR PR SS [19] 55— 7T, JSURIA & — P Bt i f, m LIRS Jeb PR B 7 A i ) 2 80 R 47 3% T
PRALLN TR A 037 BT, AT IR A 5 I [19] o AHUI: , 38 %o R AR /KA p i Ak A FH R AR XS 2 24 AN I 2
AR RE— IR T
4.2. HERXEHREESTHIERT I

FRIE 2005 ERIGEHEIE[13], AFFEHEAS RIS SN 1195~1605 t, RSB/ ZE B B S1 uh%
0 R EL A ~23% A E A AN AR TS K R R B A b, WRRAE S N R X R S B U 275~269 to FiHE
WAHIE LI 52 1 E ZE A ZR R A B R P E R AR E X R P & S E R, 45T K
JETHFA(~2.2 km?) R 357K IR (~2.5 m) [12], 7T LA 5 H A5 PRI 7K 22 (0 7K A A 3 ek Al AV T AT BIOKE k2
142 t EARFANIEE, AL TS RIS AR 208 =1 38%~52%. A R A Eb, i
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MIRECE IR, TRES B AR LR R AR R ATENE, HBIE2rE W, KRR
WIS RGPS AN 2 BAN - BeAh, AL AT 7 2L FE KR IR 4, B392> 1.0 mol &7 24 #E 1.82 mol
ST [20], FERHALAE S 2 X IS0 RT R 34 R J2 /K A4 BRUTAR P sk ST S i L B AE D A, TR I A A AR
A AT R, DT S R 2 AR, S W BRI RN K ) pH 8, AT
Bt b B m A T, BInES RN Fik, SIS AR AR AR XIS EAE A A
A A R

5. &

1) A RIS KRR TCH LRI A AT Y 5 R 1) 2 18] 22 S AN AR AL R 25, 3 DX B3l A U O 9 A L
R B E R Y L i, R IR IR BRSO R b A v, Ul W AR LR
AL 32 1 A A1 P 9 88 22 ) A1 A% R AN 2 AR A LR 1 3 LR 3

2) SKIERFFIEERER, . pH. ZURIR EEAUBURYI A AR HI A B E R 5Ema,  FL i B
TR AP AE X RS AR F SR FERC I o (B35 76 20°C~30°C 2 [a), MRFETFE 10°CREALEESR AT A s 2.9
firs KRR RORL S T A0 AV BAT 35 i St A A

3) ARFEHIE TCAERAL S A MRS K AR B I A AL AT DK~ 142 t BRSO A, M THAA
MR K I RO B 38%~52%, A AL AT DX S A 1A B 2 3

E&mE
FEAEAE B AR FE G0 H (2015J01167); 4EE KRR EIH .
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