-

View metadata, citation and similar papers at core.ac.uk brought to you by ;{ CORE

provided by Xiamen University Institutional Repository

2R 9mg: 10384 BRI
22E. 22420111151349

B R
i+ % i w X

AETHREEFRWLEE, NZTHE
HRM E R HeT

Fluxes, Temporal and Spatial Variation and Influence

L=

Factors of Dissolved Nutrients in the Jiulong River

Watershed

BB A#

FFHIF L B HEK
+ b &% K B F K F
WXRXBM: 2016505 A
WX EHE: 2016 %05 R

2016 4£ 05 A


https://core.ac.uk/display/84989363?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BIIXFFAIL R 614 R

ARNEZ WAL R SRR NAE T IR T T, BAL 58 AT TERR -
ARNER GRS AN NS L R TUCR, B
DL =07 U AR, AR S RIE AT (TR AR UL RS
ZNMTE GRAT) Do

FA, ZEEALR SO (TR AR S RS2 B [F) L AL 5
P () WEFURCR, 3As (E TR A S Rk Be R AL 3R i AL
) WA () e B s i = L B, AE (T TR S ek e [R A7
FMFFEALSE) SR B Se e (AR LA B4 5 3 U5 RS sl R A 1 5
BRI A RR, ARAT BEIUE I N 20, Al AAMER R . )

PN GEA) -
£ A H






BIIXFZFARIEFRE R FER

AN F R TR AR (h Ao N RIS E 2 AL 260 AT St 7M%)
ERLE PR B AV T B 22 298 3C, I 1R 28 B T B SR R ML IE 28 2L
WO (L FRAR ONTEL 1R » SE VP8 SCHEN BT TR 5 B 5 e J
Bl Ega ] . ANFRETTRER A SO A 4 F 1 1
it 2 (57 Ve SR BN B R AT A 2 5 A S AR SR s AT
G R, SRHIRZEN S 4 B ald Hee Uy s B AR ) 22 6 18 3

AR SR T

( ) LT TRARE R 2 A% € IR A AR 0,
¥ £ H  H#EE, MEREN BRI

( ) 2. AR, EH] BRI

(B EANAS 5 NAT “ V7 B BN AR RE AR
P D2 E T TR IRE R R ® e AR 30, R H TR R
% R E AN S AT AR S SR IR AIHS 1, BOA
NATFFRRIT, YidE ] R 4RAL. )

PN (RE4) -
¥ H H






H %

Hx

B B oo oottt rr s |
PN 0 1] £ > (o1 S SPTPPRR i
B T L oo 1
IS D Dt 2y 1 o TS 1
IR N 3 o0 P O B o =i i N (=1 RO 2
(I 2Ty A I3 L L OSSR 4
R = = b S = A ST 5
=R S S Sy o b~ RS S 7
B A ) o I 1 U SRR 7
22 AT BIRAKSTHIIE . AZETETNELER oo 8
221 FUIT ALK SCHEEE . AT B ITEAE I oo, 8
222 VTR A ST HL TR . A IR SRR IR e, 10

223 HITEGIR K ST . A BRI RE IR oo, 10

I AT A S 2 = AV KV 3 SR U TR U U OSSR RRRRSSRRS 11

W TR I B o5 = Ny 1y AT 11

W o0 TR a1y AR OTOTPT 11
R A D USRNSSR 20
= b OSSP 20
2.4.2 FABAE BB ELMTE B3R oo, 21
PRIl B T kA B LK== i = A~ 24
BB AKTEFARNSEREMNSEUSHEESE 25
K A S =50 B = N s o K U 25
3.1.1 it /K S 5t S TR0 A0 B o, 25
3.1.2 EIIBUK X 5t BB B0 525 e, 30
B2 M T EFR RS ERER T DI T s 34
3.2.1 i e F5 Eh e S BT 2 AT, e 34

3.22 EIE R E B M EN TZE DA G e, 39



H %

B3 M T EF I I B E S FEZR oo 43
FNE AN IEFRSEREMNTSTASHMENEZWESE ... 47
A1 N I EF M BE S RIIEMIEZE oo 47
A2 M I EFR S ENTESHETUAIIMBE R ..o 54

4.2.1 JURITE FRE 2 34T SR BIFEMR ZR s 56

4.2.2 JURILE FRE 18] 9045 SR FEMI TR ZR o, 61
R TRl - S 65
Y =03 TSP R RTINS 65
R ¥ ot === SR 67
e vl R O RUSRRUR RS UPRUR 68
Misg: BOEMTFAEAEIBIRIAARTT e, 80



Contents

Contents
ADSIIACE IN CINESE ....ccvviiiieiece e I
ADStract in ENGLISN........coviiiiiic e i
Chapet 1 INtrodUCLION .......c.coiiiiiieie e e 1
1.1 Introduction to nutrient and FIVEr SYSIEM ..........cooiriiirieiieiene st 1
1.2 The influence of anthropologic activities on the nutrient..............cccoovvniiennen, 2
1.3 Research overview in the JIUlONg RIVEN ..., 4
1.4 Objective and SIGNITICANCE .........cuiiiieieieie i 5
Chapet 2 Study area and methods...........ccivviireerie e 7
2.1 Introduction to the JIUIONG RIVET ... 7
2.2 Comparing of hydrology geography and anthropologic activities in the
JTUIONG RIVET <.t 8
2.2.1 Hydrology geography and anthropologic activities in the north tributary
OF the JIUIONG RIVET ...t 8
2.2.2 Hydrology geography and anthropologic activities in the west tributary
Of the JIUIONG RIVET ... e 10
2.2.3 Hydrology geography and anthropologic activities in the south tributary
Of the JIUIONG RIVET.......ooeiececee e 10
2.3 Sampling stations in the JIUlONG RIVEN ..........ccccoveiiiieii e 11
2.3.1 Riverine stations in the Jiulong RIVEr .........ccccocveviiiiii i, 11
2.3.2 Watersheds stations in the Jiulong RIVES ..........ccccoevieieiic i, 11
2.4 SampPling and aNalYSIS........cc.eciiiieiiiee e 20
2.4.1 NULFIENt @NAIYSIS......ccviivieieiee et 20
2.4.2 Auxiliary parameters analysSiS .........c.ccoveviiieiieriecic e, 21
2.4.3 Method of rivering fIUXES.........cooiiiiiiii e, 24



Contents

3.1 Temporal and spatial variation of hydrology in the Jiulong River .................... 25
3.1.1 Temporal and spatial variation of hydrology in the riverine Jiulong River

.................................................................................................................................. 25
3.1.2 Temporal and spatial variation of hydrology in the Jiulong River

LT LT 4T KSR 30

3.2 Temporal and spatial variation of nutrients in the Jiulong River....................... 34

3.2.1 Temporal and spatial variation of nutrients in the riverine Jiulong River34

3.2.2 Temporal and spatial variation of nutrients in the Jiulong River
WALEISNEAS ...ttt bbb s 39

3.3 Fluxes and yileds of the JiUlONG RIVEN...........cccoveiiiieiice e 43

Chapet 4 Influence factors of fluxes, temporal and spatial variation of

nutrients in the JiUloNg RIVEN ..o 47
4.1 Influence factors of fluxes and yileds of the Jiulong River ..........c.cc.coovveenn, 47
4.2 Influence factors of temporal and spatial variation of nutrient content............. 54

4.2.1 Influence factors of spatial variation of nutrient content ...........cc.ccco.ee. 56
4.2.2 Influence factors of temporal variation of nutrient content ................... 61

Chapet 5 Conclusions and OULIOOK ...........cccceveeiieiieerieecie e 65
5.1 MaiN CONCIUSIONS ...ttt 65
5.2 OULIOOK ...t 67

RETEIBNCES ... i 68

N 0] 0] 3T | SRS 80

ACKNOWIEAGEMENTS......ooiiiiiiece e 81



i

HE

B IR R AR K AR A A AN T BB (K25 B o TR A T et b 5 VA 3 KA
DRGNEEAN, WREFRIRIEN — R RE, TR EEE 5 =
TR T AR AR AR RO X S VSRR, IR B R R, EXETA
HRIG BN LTI IS 7% BRI A A Rk 25 A7 B RO A I T

AHFFLT 2013 4F 3 H & 2014 4 4 A XL TLAGIR | PG R0 B 3T it v dEA T
T EARECRE, JRTERTKEA (201345 1 H 19-21 HDY KF/KHA (2013 410 A 25
-26 H) F3 7 St 7 AGIR A PR A o R AR T A EORE o 6T IRV o 1 4 4
PR IR AR AR, 45 A 7K S SO JUIR VL IRt A S 7 £ (4 B 25 43 A1 AN 5 T
RIZEAT 74007, IR T W 8 9% S H 1 IS i, WP T L
FEERAE BRI R | RRAE S RS R 2, T HU A ol R R TR T L
VLIS AR 7, 285655 LU AT R A 5l A2 52 N DR 2R i 458/ () ARV ¥
PAJC N, HOBR, H8 PR3, WU RTLAE BRI T Rk, Lk
YLV AN & WS e i FU AR A T R DR S

AR IR . PEEMBEEKREES - 9 A (F/KED BIEE, mit
AT D BB P38 o o T 00 s P, R K

JUHALFRIRAE R TCHLE (DIND. VEETCHLEE (DIP) FIREERREL (Si(OH)4)
SN 252 umol/L. 4 pmol/L A1 217 pmol/L CREMBFEE ), P24y
515 7.84t N/yr/km?, 0.20 t P/yr/km? Al 10.48 t Silyr/km?. Hh iR E Rk S8
TRBEMIGE, BETTRFERIE T ALR AR, MR EFRR MR 5
SRR EE, JURTLE T8 & TR, I A E 75 8 5w

B IR RS R R L DR /K BT R 1T 2R L HE = K MR i A 7K 0 7 O 05 . DIN
(= Z TR AR ER ER (NOa-ND, fHPFEEEEE (NHa-ND HITTHRI%EIL NOs-N. &
RSB K 0 TH) RS VR B DIP 25 i AR KA , W S i T At T kNI o 5
W BRI R TR DIP ) — A B 2R IR Si(OH)s ST L R AR,
(HALE it R A S MU, Bon T K IRRAE R, [ E/K I Si(OH)4
Fydi R K TR KN, 0 B S B A 3 P9 A 2 A = Fa i E 3



i

JLIETF DIP & & B2 R RIS, PR NE LB S BT,
e AU R, IR ARAE T S R JER TR Si(OH)e & &R AT E,
B TR TS, ESOR SRR S TR, R Si(OH)a 32 ZR IR T fi
Hh 2 A A, FEIR Si(OH)4 & & 7E P TR RE TR A R A B B 1 AL a3
JLIRAPEE T DIN &= Edk 5 DIP 250l BRHE. BEE 7R MIE
Ytk . fF9 DIN I EE TR, NOs-N AR L% 5 DIN ZEAZEBl. NH4-N A1
WREER £ (NO2-N) & BV FEAE S DIN A7 — @Ml ki A E
HE T EES. BANES, $ERESEmESTIUE, 10 AT
1 A4

JUENL Si(OH)s & &5 S R IC B E WA, WU B B 5 Tk
V5 e T 3 1) 1 SR SRUEAN [) o (ELZE J L8 R G V3R] it i A 4 It 48 I #5 7 DIP 1 DIN
R SR SRARA BF A, WHURILA. BERR SRR GHLEN
SKIFANEHE 1845 o Ho 3 ZORIFTF TR A 355 7K R LA K 398 o Ak B it FH Vs o
MR e R SHEE TRILRAER. i, EENA. RS m SRt
To R, WA SR ER 2 AN S A R KA R s A G

FUIETL RIS P8 77 Eh S B 1 25 F) 93 A1 5 v Je g (iR SR (978 4k
BEYIFBER, E5I0E 2 RS K. FI A M ZKH DIP F1 Si(OH)s 7
=ML, {2 DIN &gk, RIBILREEE 7= 00— AN EZRE, MK+
[ N/P EE AR SURYE NIP LRE s i — AN IR A

REE: EIRER: JURID WA 8 AONiEzh; UM A



Abstract

Abstract

Nutrient is an essential chemical for aquatic organism. River provides an important
link connecting the terrestrial and the marine ecosystem as well as key conduit for
nutrient export. As the second largest river in Fujian province, the Jiulong River
connects the Taiwan Strait and the developed area in southeastern Fujian with serious
environment pressure.

The lowermost downstreams of the north, west and south tributaries of the Jiulong
River were sampled twice a month from March 2013 to April 2014 and the whole
watersheds of the north and west tributaries were also sampled in wet (25" - 26",
October 2013) and dry (19" - 21%, January 2013) seasons, respectively. High discharge
appeared in wet season (May to September) while low discharge in dry season (October
to April) in all tributaries during the sampling period. Comparing with the historical
average daily flow, 2013 - 2014 was a wet year. The concentrations of DIN, DIP and
Si(OH)4 in the Jiulong River were 252 umol/L, 4 pmol/L and 217 umol/L (weighted
average for flows) while the yields were 7.84 t N/yr/km?, 0.20 t P/yr/lkm?and 10.48 t
Si/yr/km? respectively. The average concentration of nutrient in the west tributary was
higher than the south and north tributaries. Major species of the nutrient flux were the
west and north tributaries, while the nutrient yield in south was the highest. Comparing
to the other rivers in the world the nutrient flux and yiled were high indicating its serious
environment pressure in the Jiulong River.

Generally, the concentrations of DIN and DIP were higher in dry season than wet
season due to the dilution of rainfall. The DIN concentration showed a significant
difference between wet and dry seasons in all three tributaries. NOs-N was a major
species of DIN although NHs-N abundance was close to NOz-N in the west tributary.
DIP concentration reached maximum during high flow events induced by typhoons in
the south tributary, indicating the input of non-point anthropogenic sources by the

surface flushing in the watershed. No significant difference between wet and dry
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seasons was found for Si(OH)4 concentration while export flux of Si(OH)4 was higher
in the wet season than dry season, indicating the increase export of weathering product
during high flow period.

DIP concentration in the main stem of the north tributary reduced from upstream
to downstream, while a minimum DIP concentration was observed in the middle stream
of the west tributary. Si(OH)4 concentration in the north tributary was somewhat stable
with higher concentation in its branch tributaries comparing to the main stem, indicating
weathering as a main source. However, there was no spatial variation of Si(OH)4
concentration in the west tributary on both January and October. The spatial variation
of DIN was similar to DIP in the north and west tributaries. As a major contribution to
DIN, NOs-N showed a similar spatial variation to DIN, so did NH4-N.

Si(OH)s4 concentration showed no significant correlation with conductivity,
indicating its different sources from the major ions in the Jiulong River. However,
significant correlations between conductivity and DIN as well as DIP were observed in
the north and west tributraies, indicating the anthropogenic pollution is the source for
both N and P nutrient and major ions. However, such significant correlations between
DIN, DIP and conductivity were not observed in the south tributary, indicating
conductivity might be influenced by both weathering proceses and anthropogenic input.

The spatial variation of nutrient concentration in the Jiulong River wateshed is
influenced by the pollution loading (land-use type) as well as cascading hydropower
plants in the north tributary. Meanwhile, rainfall-induced wet deposition of DIN was
also an important nutrient source to the Jiulong River and partly resulted in the high

N/P ratio in the Jiulong River.

Key Words: Nutrient; The Jiulong River; Temporal and spatial variation; Flux;

Anthropogenic activities; Land-use type



L1 EFRSARAGHL

R ERRKIEAEEN—F (B 1D, hREREMSEEHRKRANE
LA (Bianchi, et al., 2014) . B4 o7 188 5 V] 3 ) WV 16 B 0 I I 1 45 1)
T R0 = A AR A ) i 87 5 328 R A [ B b 4 BRAR A AR 25 9 B R ek
R AIA Y, TR B 2 O I A O o ATV T T A A 1
() BRIE, 0I5 B R S NI 82%F1 75% - 94% (Tréguer et al., 1995;
Benitez-Nelson, 2000) . [ it [F] #5116 1) S R MR SRS 2l ) F 2R 22, JLH 2
AP RIAR R . W LA AE = B 21T (Howarth et al., 1996; Vitousek et
al., 1997; Xing and Zhu, 2002; Shen et al., 2003), i HifZ I Hiris i % 11% - 23%
(Bouwman et al., 2005), HHEMICHLA A= 2.08 <10 g N/yr (Kroeze
and Seitzinger, 1998).

Vﬁllgéer stordge |n ater storage in the atmosphere Condensation
( j Subllmatlon
X / Preci pltatl Evapotranspiration

¥

Water storage
in oceans

P~ =1 -
U S Department of the Interior Ground-water storage —— lllustration by John M. Evafiam
U.S. Geological Surve g http://ga. water.usgs.gov/edu/watercycie hfmi

B 1.1 KEHSEE
Fig. 1.1 The water cycle

(http://ga.water.usqgs/edu/watercycle.html)

1



B Al

1.2 NRFEZXRISE 7 2 AR

RARTIUIE I 3 32Kk B AL S B BN 7 XA S Bl b AR 25 2R Y
AVIEEAER, HIEE. BEE R EERAK (Caietal., 2008; Guo et al., 2012;
Ludwig et al., 2009; Heartsill-Scalley et al., 2007; Passell et al., 2005), ifj 3% F|iT4E
RN ST B 0 R R A BR A5 AR A O XUEE SE IR, T3 s I 3 5 St AR B
o

TR N EERE KR 7 A2, M AT, A REVR, SRR, S E A
A, T RAEMEEAAR, W E NTEFRIEARTZ, MROWAREIR &
&, BT LA IR s N ST I R s . B RS AN SRSC I #E2, i A
B AN R A & SR G 22 VAT AR TR TS K BB L 2T g ke, AR
Z TR BEE RS EANBEEY KIET S (Rabalais et al., 1996; Turner
et al., 2007; Alexander et al., 2007; Wang, 2006; David and Gentry, 2000), ik N
R B D fef 7K AR 52 B B TR) AR K (V& &marty etal., 1997), WA MR A TERR £h %
B 3 FOATAL H HL S A A O PR IR S SR R A AR 1 (Wang, 2006; Chai
et al., 2009; Chen et al., 2014; Zhang et al., 1999). A& @& AR\ I Eh £
I 3 KA, [RIE ROMTT « b A RS 5 A RO AR RORTS Be o U %A
N R Bl 5 ZUH i e AL A AR kb 2 R (Degens et al., 1991).

RIS, £ 509 N FIREEAE B A 100 km P RHLIX, T2 2050 4
W £xi5%) 75% (Tilmanetal., 2001). 1A H TG Fb xR G B KIS g,
HUUPHLLIT R BEE IR ER S R 1960 SR 1990 AR IR T 2 - 31, (H
RERR b5 8 N % 7 £ 50% (Rabalais et al., 1996), H w7t H i 58 75 R 1 4«
i 9% Eh i B Bt KRB N (Turneretal., 2007), Alexanderetal. (2007) iAA
Hohik FE SR CRL B 008 66%F1 43%) Al AR ETG K (AL B 5y
9 9% 12%) 4755, 3 [ ve B M1 P - e A BT i FH HO &0 it E 1950
FEREER 20 A R I T 29 20 #5115 % (David and Gentry, 20000, [FIFf
), KILE. BEEFRELE R E 1960 4F % 2005 MK 71T 10 A5 mifEiR & &
WITFPE T4 3 £ (Wang, 2006), 1M =W R s 33 7 AR (SIIND H
2002 £E# 2.7 F#IZ2 2006 60 1.3, [FIFEBELL (N/P) MM 22.1 3904 80.3

2



B Al

(Chaietal., 2009), Zhang et al. (1999) | FL7E b tH 20 A ad i 8 T 5 7l 7 2010
AT X N/P EE PR =k K30 BT 28 300 - 400,

Al Bl % 4Bk COL & BAWT ETF (B 1.2), U0 /R JE V8 S h bt 5 3 A il
FEORANKT i (Xuetal., 2013; SFI4E, 2000, HEHZSH TR, 2W. bk
G R, R RNAE R R IS RO O R R A B R U (Tesi et al.,
2013; Mengistu et al., 2013; #4 B4, 2004) #EMsLmm S R4, W/KEE
(1) 4 35 AR U S 52 77 2R 4 B & (Chen et al., 2012; Cai et al., 2013).

JUE NRIEAEL T ARy R 3 KR, (AN [l IE 2 [A] PL SR 8 A A
[F] DX 458 < [B] R AL 22 2 55 1 DL S8 B SRR e T H 22 4 (Howarth et all., 1996;
Caraco and Cole, 1999; Stedmon et al., 2006; Chen et al., 2008), A X FAN BAR R
3o S R AT R GO TR LA AT R T R N B IR R AR P e IR AL A
W EETFB.

Atmospheric CO, Concentrations at Mauna Loa Hawaii

a A
380 o

o

- 370 VA'A‘W

310

300 Trrrrrrrryrrrrrrvrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrraraagn

1958 1968 1978 1988 1998 2008

Concentration

K 1.2 &3k CO, EZ4
Fig. 1.2 Variations of global CO2
(http://cdiac.ornl.gov/trends/co2/qraphics/SIOMLOINSITUTHRU?2008.JPG)




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.



