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4 10.54 45.10 0.24 4.01 2.05 18.26 0.94 19.18
5 6.06 9.99 0.14 0.55 2.87 2.60 11.05
6 7.62 197.18 0.19 19.6 3.8 191.9 1.6 804.82
7 6.59 335.14 0.18 14.35 5.84 218.99 2.19 350.62
8 4.69 338.51 0.33 13.48 16.35 404.03 2.24 270.77
9 9.90 410.45 0.22 19.39 16.24 351.69 1.42 413.69
10 13.62 111.32 0.37 1.28 12.16 69.11 1.02 70.47
11 15.44 110.25 0.48 8.61 3.89 82.11 1.21 99.94
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POLLUTION AND DISCHARGE FROM TRIBUTARIES TO THE SEA ALONG
QINHUANGDAO COAST: IMPACT ON THE BIOACTIVE ELEMENTS RELATED
TO BROWN TIDE OUTBREAK

CAO Xi-Hua"?, YU Zhi-Ming"? SONG Xiu-Xian"?, YUAN Yong-Quan"? WU Zai-Xing"? HE Li-Yan'?
(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao

266071, China; 2. Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266071, China)

Abstract We carried out successive surveys from March to November in 2013 to decipher the mechanism of local
large-scale brown-algae tide that broke out annually recently along coastal sea off Qinhuangdao, Hebei, China. The surveys
show that water quality in all the tributaries was worse than Grade V according to China’s national standard GB3838-2002
as the total nitrogen (TN) was excessively high. Among all tributaries, Dapu River showed the highest TN level, followed
by Yanghe River, Daihe River, Shihe River, Tanghe River, and Dongsha River. No consistent temporal patterns of
variations in the concentrations of N, P, Si and C in the tributaries were observed. The comprehensive pollution index
reveals that pollution in Dapu and Yanghe Rivers was “serious” according to the national standard, and in Daihe and the
Tanghe Rivers was “intermediate” but aggravated recently. In addition, TN and COD were two primary pollutants in these
rivers; 74.6% of TN was in dissolved nitrogen. Yanghe and Dapu Rivers contributed 38.2% and 33.2% of TN, respectively.
Dapuhe River contributed 75.8% of PO,-P and 37.7% of SiO;-Si. 75.9% of COD was from Tanghe, Yanghe, and Dapu
Rivers. Most of pollutants from tributary rivers were discharged in high-flow season from June to September. Although
discharge from single rivers was random in time and space, influence of human activities was obvious. Overall, correlation
between river pollution level and concentrations of bioactive elements was significant (P=0.05), thus it is clear that
land-sourced pollution should be reasonable for the brown tide incidents in recent years.

Key words harmful algal bloom; brown tide; riverine pollutants; pollution level; nutrients
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