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Temporal and spatial variation of nutrients in the rivers
around Jiaozhou Bay and its fluxes into the sea

LIU Jie GUO Zhanrong™ YUAN Xiaojie ZHANG Bin MA Zhiyong
( College of Earth and Sciences Xiamen University Xiamen 361102 China)

Abstract: River runoff is the most important discharge pathway from mainland to sea which is one
of the reasons that the eutrophication and red tide occur frequently in parts of Jiaozhou Bay. The
nutrient investigations about five relatively big rivers around Jiaozhou Bay were conducted in autumn
of 2011 and spring of 2012 respectively. We measured the nutrient concentrations in river water
investigated the main resources of nutrients analyzed the temporal and spatial variations of nutrients
and its causes and calculated the nutrient fluxes to Jiaozhou Bay. Results show that the
concentrations of NO; N  Si03”Si NH,;-N and NO, N are higher in autumn while the
concentration of PO, P is higher in spring. Non-point source pollution is the main source of
nutrients in Baisha River and Yang River. Industrial wastewater urban sewage and household wastes
are the main sources of nutrient in Moshui River and the nutrients originate mainly from farmland
runoff and sewage in Dagu river. Except for NH,” N flux which is much higher in Moshui River all
other nutrient fluxes to the sea are comparatively higher in Dagu River. The calculated fluxes for
DIN PO, P and SiO; ™ -Si are 373.74 x 10’ mol*d ™' 7.08 x10’mol*d " and 73. 16 x 10’ mol*d ™'
respectively and the ratio of N P and Si within the fluxes is 53:1:10.
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Fig.1 Location of sampling sites and functional zone around Jiaozhou Bay
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( WB-SS) 50 cm 600 mL
0.45 pm
( 1) . DIN ( NO, N.NO; N.NH, N) . -pH.DO
JENCO ( Model-9010) +0.2%
+0.3 °C; pH JENCO pH  ( Model-6010) NBS +0.01pH.
1.2
Excel2010 DIN/POi_ P SiO;-Si/DIN . SPSS17.0
LSD P <0.05 95%
1 10
Table 1 Measuring methods and detection range of nutrients in fresh water
/( pmol =L 1)
1 - 0.03—9.68
2 NA1/ ) - 0.21—14.29
3 1.43—142.86
4 1.79—142.86
5 1.43—892.86
2
2.1
2 NO, N
( 2). NH, N
PO, P PO, P
PO;"P NH; N
Si0:~ Si ) NO; N
. PO}~ P.NH; N
2 ( pmol L")
Table 2 Range and average value of nutrient concentration in rivers around Jiaozhou Bay ( pmol*L ")
DIN PO}~ P NO; N NH,; N Si0%- -Si
10 236.9—527.5 430.0 0.02—1.92 1.01 213.41—515.47 410.55 8.93—17.04 12.21 50—94.84 74.35
5 21.7—518 218.0 0.29—7.2 2.89 13.45—506.1 206.85 1.22—16.46 4.73 0.71—63.12  8.51
10 100.2—553.4 315.4 5.61—10.31 7.03 11.78—156.15 81.41 24.53—273.5 213.62 99.35—164.84 131.61
5 122.2—470.3 303.6 0.07—4.02 1.64 0.71—95.4 43.5 115—358.8 243.53 13.71—46.21 36.13
10 131.6—213.2 185.6 0.2—0.59 0.31 115.01—196.88 168.25 4.87—14.23 9.86 7.1—220 109. 89
5 33.4—53.2  43.3 1.66—4.89 3.28 30.38—46.41 38.4 0.89—3.25 2.07 0.71—53.36 27.03
10 239.2—764.7 476.4 0.75—10.5 4.6 153.33—667.91 335.47 3.93—570.48 122.77 36.45—290.32 160.75
5 125.3—>543.2 324.1 3.52—16.28 8.69 54.43—312.8 126.84 8.33—463.5 184.72 0.71—160.14 68.61
10 161.2—425.5 282.4 0.2—3 0.62 142.84—417.47 271.91 4.25—17.04 8.51 36.56—98.06 65.23
5 11.8—338.1 90.1 2.29—14.69 5.09 1.87—209.4  45.29 2.24—318.55 38.95 0.86—93 52.54
5 ( SPSS17. 0)
( 3) PO;"P.NO, N NH,/N (P <0.05)
NO; N Si0}™-Si (P <0.05)

.5 NO; N SiO;-Si
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2
Fig.2 Comparison of nutrient concentration between rivers
3
Table 3 ANOVA for the nutrient concentration based on different rivers and seasons
X
PO}~ -P P=0.016 P=0.240 P =0.006
NO, N P =0.000 P =0.450 P =0.827
NO; N P =0.000 P =0.000 P=0.185
NH," N P =0.000 P=0.516 P =0.233
SiO%‘—Si P =0.028 P =0.002 P =0.496
DIN/PO;” P  SiO;” Si/DIN ( 3)
DIN/PO; P (55%) Redfield ( 16)
R16( ) Redfield Redfield DIN
PO, P . Si0; -Si/DIN 0.0017—53. 184
31285  22.6% 1.0. Si0,-Si/DIN 0.033—1.671
51 R11 1.0. DIN/PO; P Redfield
Si0,-Si/DIN 1.0 0.2
DIN
2.2
2.2.1
( 1.

DIN Si0;” -Si ) (R17.R18)

PO;" P NO; N DIN/PO; P
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Fig.3 Variation of DIN/PO} ™ P during two periods
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2.2.4
.PO;” P.NH; N DIN NH, N
DIN/PO; P
( 3) DIN PO, P ) PO;” P.NH,; N
PO, P NH,; N
NH,” N NO; N.
NH, N NO,; N NO, N
Si0: -Si
2.2.5
3 . . . .
( 1. PO,  P.NH, N NO; N
. R45.R29 PO, P
DIN PO, P 1
PO; P R29
DO
PO, P
. NO; N  DIN
2.3
F.=C, x0,
F, ¢, Q ( )
4.
PO;” P.NO, N.
NO,; N.Si0: ™ -Si.DIN 54.5% 59.1% +61.7% 51.8% 51.7%.
.NH,; N 69. 8% 7.7% NH,; N
1.3%
Si0% " -Si 2% 16%
0 Si0:~ Si
4 ( x10% mol*d™")
Table 4 Nutrient flux into Jiaozhou Bay through five rivers( x 10°> mol+d ")
PO}~ P NO, N NO; N NH; N Si03~ -Si DIN
17.31 3.85 10.09 169.61 13.66 37.91 193.36
2.07 0.95 3.17 18.52 56.99 18.59 78.68
4.28 1.01 2.47 44.21 2.54 1.44 49.22
0.34 0.26 0. 66 4.76 6.34 3.24 11.76
2.85 1.01 0.68 37.92 2.13 11.96 40.73
26.84 7.08 17.07 275.02 81.65 73.16 373.74
DIN.PO; " P.Si0; ™ Si 373.74 x10° mol*d ~'.7.08 x 10’ mol+d ™'
73.16 x 10” mol+d ~". DIN/PO;” P  52.8 SiO;”-Si/DIN  0.196 N:P:Si
53:1:10. 2004 DIN PO, P 2348.34 x 10° mol=d ™'

35.35 x10° moled ™" 7.
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(1) . PO, P. NH; N
DIN NO; N DIN/PO; ™ P
PO; . NH;N. NO,N.
DIN NO; N
(2) NO; N.DIN .
. NO; N.DIN . PO, P
NH, N
NH, N.PO; P
PO, P
(3) PO;” P.NO, N.NO; N.NH, N.SiO; " Si. DIN 7.08 x 10°
17.07 x10°.275.02 x 10°.81. 65 x 10°.73. 16 x 10°.373. 74 x 10’ mol =d ~". DIN/PO; P 52.8
Si0”Si/DIN  0.196 N:P:Sj 53:1:10.
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