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DIN( NO;-N NO;-N  NHj-N) PO} -P ,
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20 60 , NO;-N NO;-N DIN PO} -P
, 80 ; DIN  PO; -P ,
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) (Shen et al, 2009)
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et al, 2000; Borum et al, 1996), 80 (1997) 1986
(Harmful Algal Blooms, HABs) 1988 ;
) Zhang  (1999) 1997 N P
9.04x10"'m?, (Chen et al, 2006) ; Li  (2007)
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35%, 32% ; (2003,
34.5%(Liu et al, 2003) , 2004) Shen (2009) 1997—1998 N
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N P
, 1998 2006 2 5 8 11
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(NO5 -N 244 13.5 pmol/L G ) @ ),
NO;-N  NH;-N) (PO; ™ -P) , NH; -N , ,
, 1.9—4.9 pmol/L  2.4—5.3 umol/L
NH; -N , 13.8
1 pmol/L; s 8.2 pmol/L;
3.0 3.5 pmol/L, 1/4
, NO; -N ( 1b) ,
8 ( , NHj -N NO; -N
( ) R 1.8 pmol/L;
) s 2006 2 5 , 1.6 1.4 pmol/L; 0.9 umol/L,
8 11 4 (2003) Duan (2008)
, NH;-N  NO;-N
NO; -N ( 1o
3 , , NH;-N NO;-N
2 1/3 . 5 9 9 9
3 , Duan  (2008)
Whatman NO; -N
GF/F s , , , 148 pmol/L,
( NO; -N
, 2007), S 104 pmol/L; s
(NO3 -N) , (NO; -N) 87 81 umol/L; , 56 pmol/L
- . (NH{-N) , NH;-N :
(PO} -P) (DIN) NO;-N ; 9.7
NO; -N ( — )
(1962—1984)" , (1.7 pmol/L),
NO;5 -N
F=CxQxf (D ) (17 pmol/L),
F (mol); C (114 pmol/L) (2004)
(umol/L); Q , NO3-N ,
(m’); f , NO;-N
, , (
) NO; -N s
2 2 b ~
DIN ( 1d) NO;-N ,
2.1 NO;-N  DIN , NH; -N
, DIN ,
1 NHj -N NH;-N  DIN 18%
( 1la), 2 ) a1 ), PO} -P ( le) ,
, , , 1.8 1.6
3.3 3.2 umol/L, S pmol/L; s 0.7 0.8 umol/L

1) , 1962—1984. (
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, DIN 5 PO; -P , 8
4.9 kg/s 21.8 kg/s; , PO} -P
, ( 2006 11 )DIN , PO} -P
, DIN ( 1 1) (2004) (
6.4 kg/s 14.4 kg/s( ) ) ,
N ,
) > (Owens,
) ) 1970; Perona et al, 1999),
PO, -P , ,
3), , ; P ,
5, PO} -P , (3
, , PO} -P 23
, 2 1,
PO} -P 5.5x107  5.7x10 mol,

F1 KIRBMFEHEFEN0 m’/s)FEKEF(10° km?)(2006 £F)
Tab.l The averaged discharge (10° m*/s) and catchment area (10° km?) in the Changjiang River Drainage (2006)

2 5 8 11
(%) (%) (%) (%) (%) (%)
D 0.6 5.1 2.0 6.5 0.8 3.0 0.8 5.6 12 5.5 1.6 9.2
» 32 27.7 47 15.1 7.5 27.3 5.0 36.4 6.4 29.0 6.9 40.7
47 402 10.8 34.5 9.2 33.6 6.6 475 8.8 40.0 10.1 59.0
9.9 85.1 232 74.1 19.7 72.0 11.6 84.3 17.0 772 149 87.3
11.6 100.0 31.3 100.0 274 100.0 13.8 100.0 220 100.0 17.1 100.0
1) ,
2) ;

%2 HIKUEGI DIN WEBE0 mo)Fl B EFIE 2~ N £ [mmol/(m*a)](2006 £F)
Tab.2 The DIN flux (10°mol) and areal yields [mmol/(m*y)] in the Changjiang River Drainage (2006)

2 5 8 11

(%) (%) (%) (%) (%) N

0.1 3.8 0.5 5.2 0.3 2.8 0.2 6.5 3.9 5.0 25.0
0.6 19.5 1.2 13.4 1.6 15.4 0.7 272 15.4 19.7 22.2
1.1 34.0 2.9 32.9 3.2 31.1 1.2 44.4 28.9 36.8 28.7
2.9 86.5 6.9 78.5 8.1 79.3 2.2 83.6 64.3 82.0 432
33 100.0 8.8 100 10.2 100.0 2.7 100.0 78.4 100.0 46.0

£ 3 KIKIEGIPOY -P M@ E (10"mol)F B AL EFAEE 7= P 8 [mmol/(m*-2)](2006 £E)
Tab.3 The PO; -P flux (10"mol) and areal yields [mmol/(m®y)] in the Changjiang River Drainage (2006)

2 5 8 11

(%) (%) (%) (%) (%) P
0.2 2.9 0.1 2.2 0.05 0.6 0.3 4.2 2.2 2.8 0.14
1.1 19.4 0.5 10.1 0.8 10.7 1.7 27.5 14.7 18.8 0.21
2.7 49.4 42 91.7 1.5 19.7 2.6 43.1 36.1 46.2 0.36
4.5 81.1 3.9 84.6 6.9 87.7 4.5 73.5 64.6 82.6 0.43

5.5 100.0 4.1 100.0 7.1 100.0 5.7 100.0 78.2 100.0 0.46




1071

NO; -N, NO; -N,
DIN PO -P

, 20
60

80
(2
(2000)
1998
N
DIN
NO; -N

Yan
, 1997
NO;5 -N

(2003)

100
pmol/L;
(2003)
, 1997
NO; -
N 59.8
pmol/L, 1998
55.1
pmol/L,
(57.5 umol/L)
Yan (2003)

, 2006
NO5 -N
99
pmol/L, Yan
(2003)

B

10

1

NO2-N/(umol-L"")
o

1

1
1
1

-N/(umol-L-")

+
4

NH

1

DIN/(umol-L™")

1

PO -P/(pmol-L-")
o

2
Fig.2

120 .

g

[ "
20pe ,

0 L

= 80r A ¢
=) L

£ 60r

=1 L

; 401

[ : o

IC? 20_‘ . ‘”‘Q

=z

960 1970 1980 1990 2000 2010

Ar *
2F B

8f .

6F 2 ¢

Af o
2F * o
0.0

S
* 0

960 1970 1980 1990 2000 2010
2r
1F *

0: * PS *

*®
¥
P

. C

*

*

WH 1O N ©

960 1970 1980 1990 2000 2010

-
D o P .

8ol N
r *
60 .
401 o

o’

ol o
960 1970 1980 1990 2000 2010

*

1960 1970 1980 1990 2000 2010

F

Long-term concentration varia-

tions of nutrients at Datong Station

[

1

1))

, 1

(1962—1997)

DL (2007);
998 Duan  (2008),
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962—1984. (

( , 1998; , 1981),
) N (Shen et al,
2003) Yan (2003) ) NO; -N
N )
, DIN 20 80
20 60 ,
3 NO; -N
60 , 70
( ), 80
(  3a) Rabalais (1996)
, 20 NO; -N
s 1975—1985 ,
( ),
, NO; -N
, NO; -N
(Rudek et al, 1991; Laznik et al, 1999)
20 50 s
, 1997 35
kg/ha, 60 (2.3 kg/ha) 15 ,
1 (Yan et al,
2003) N )
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s NO; -N
NO;-N  NHj-N
, , NO;-N 60
) 70 )
( 3b) Rudek (1991) , Neuse
River NHj -N ,
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80 2006
( 3¢ , 60
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60 2006 , 80
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140}
- , 80 ( 3e)
-~ 1201 3
2 400k POy -P (Owens,
g gof 1970; Perona et al, 1999), PO; -P
S eof (Houston, 1981) ,Perona  (1999)
IO(Q 40_ b
z 20: 3—
[ o PO, -P ,
o mi::::::
2 5 8 1 )
. PO; -P
25 _ 3—
=t NO5 -N , PO, -P
- 20
6 | b
\E:; 1.5:
% 10f 2.4
o I B
Z os5f 2%
0.0
351
=% ¢ (9 , NO;-N  NO;-N
L ot NH;-N DIN PO} -P
o
E 20 NO;5 -N
= 15f . -
SN I ¥ ; ; NO; -N ,
: 5 §§5§ 5 NH; -N 8.4umol/L,
r i _
. S (38.8umol/L) PO} -P
2 5 8 11
1a0f )
=~ 120} N P (
= 1oop ) (Zhang, 1996)
€ 8of
s %L
< 60 ’
4 -
o 40: ’
201 Loire Po River DIN 248
0 174.8umol/L, Seine NO; -N 429umol/L,
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- L ] -
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10 [ wy b N P
o< ‘\ “ “ 2
< o N e -
o 05f . ‘& WS 1129 RN R Zaire  Amazon  DIN 6.5
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2 5 8 11 .
8 % PO, -P ( 4
; 3 #ip
Fig.3 Seasonal concentration variations of nutrients in different
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x4 WISHMMRABSENR. BIRE LB (umol/L)

Tab.4 Comparison of dissolved inorganic nitrogen and phosphate (umol/L) between the Changjiang River and the other large rivers

NO; -N NO; -N NH} -N DIN PO; -P
2003 89.3 1.87 , 2006
1984—1986 121 0.6 0.36 Zhang, 1996
1992 309.8 0.79 0.04 Zhang, 1996
K 2003 43.0 21.8 38.8 103.6 2.27 , 2007
1991 74.2 0.2 0.51 Zhang, 1996
55.5 1.5 5 62 0.88 Zhang, 1996
2006 99.2 1.4 8.4 109.0 1.32
Po River 1981—1984  Polesella 147 34 24.4 174.8 4.6 Degobbis et al, 1990
Loire 1992 248 2.1 Guillaud et al, 2008
Rhine 1995 Lobith 99.6 8.6 2.15 Ietswaart et al, 1999
Seine 1991 429 323 Garnier et al, 1995
Rhone 1994—1995  Arles 95.7 1.4 6.4 103.5 14 Moutin et al, 1998
Zaire 1976, 1978 5.9 0.1 0.5 6.5 0.8 Bennekom et al, 1978
Amazon 1989—1990 16 0.3 0.4 16.7 0.7 DeMaster et al, 1996
Mississippi 1980—1996  Francisville 100.7 0.4 101.1 0.21 Goolsby et al, 1999
1) 1 2
NO; -N R ( — ) 1 . )
: NO;-N DIN , 11(4) : 37—46
NH -N , DN ’ ’ , 2006
- . ,25(3): 247—252
PO, -P , , , 2007. N P
> > > . ,26(1): 19—24
NO3-N NHj-N , 1997. : .
DIN PO} -P 28(5): 522—528
) DIN , 2004. , 15(6): 752—
’ N 759
. PO*.p , 2006. , 61(7): 741—
’ 4 751
> B > , , , 2003.
poi‘_P , 34(4): 355—363
(3) 20 60 , NO; -N : , , 2004.
NO,-N DIN POj -P , —1998—1999
80 : DIN ,59(1): 118—124
POZ_ P ’ , 1991.
(GB/T 12763.4-2007). , 13—
23
4) Bennekom A J, Van Berger A W, Helder H et al, 1978. Nutrient
distribution in the Zaire estuary and river plume. Nether-
lands Journal of Sea Research, 12: 296—323
Borum J, Sand J K, 1996. Is total primary production in shallow
, , , 1998. marine waters stimulated by nitrogen loading? Oikos, 76:
, 17(1): 577—585 406—410
, , , 2000. Chen S L, Zhang G A, Yang S L et al, 2006. Temporal variations
,21:53—56 of fine suspended sediment concentration in the Changjiang

> > , 1981.

— River estuary and adjacent coastal waters, China. Journal of
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ANALYSIS OF DISTRIBUTION, FLUX AND LONG-TERM VARIATIONS OF
DISSOLVED INORGANIC NITROGEN AND PHOSPHATE IN THE CHANGJIANG
RIVER

JIANG Tao'?, YU Zhi-Ming', SONG Xiu-Xian', CAO Xi-Hua', YUAN Yong-Quan'

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
266071, Qingdao; 2. Graduate School of the Chinese Academy of Sciences, 100039, Beijing)

Abstract The concentrations of dissolved inorganic nitrogen ( NO; -N, NO,-N and NH; -N) and dissolved inorganic
phosphate ( PO] -P) were investigated from Panzhihua to Shanhai in the Changjiang River and two tributaries of the upper
drainage (Yalongjiang River and Jialingjiang River) during February, May, August and November in 2006. The results
showed that NO;-N, NH;-N, DIN or PO} -P concentration increased from upstream to downstream while there were
seasonal differences. The concentration of NO,-N was relatively low and it was higher in the middle and lower reaches
from Wuhan to Nanjing. DIN flux in the Changjiang River was mainly controlled by water discharge, however monthly
PO; -P flux was greatly influenced by the riverine concentration of PO; -P when the seasonal variations were considered.
The areal yields of DIN and PO] -P increased obviously from upstream to downstream. The concentrations of NO;-N,
NO;-N, DIN and PO -P increased steadily since 1960s and rose greatly after 1980. The seasonal variations of DIN and
PO,’ -P were quite different, which suggested that they might be from different sources. Compared with other large rivers
in the world, the concentrations of DIN and PO -P were higher than those of the large and less disturbed world systems
and lower than those of the eutrophic rivers in Europe and North America.

Key words Nitrogen, Phosphate, Nutrients flux, Changjiang River



