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Fig.1 Map of the sampling locations in the Qiantangjiang River Estuary
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Table 1 Temperature, salinity, SPM, DIN, PO,-P, Chl-a and N/P in the water column

in the Qiantangjiang River Estuary

s n ' = 2 ZF = % =
0 - {H i -2 {H i - {H i -2 {H
0/°C 20.90~22.30 21.60 30.90~31.90 31.40 18.60~20.40 19.20 5.40~8.30 7.50
S 3.68~7.77 6.31 6.21~10.38 8.95 7.75~11.01 9.00 11.47~13.72 12.50
Pepy/mg + L7 52~668 334 59~673 273 56~4 530 1166 435~2 316 1340
€ /ol + L1 72~189 147 105~168 136 104~204 166 119~185 164
Cpo,p/pmol + L7111 122 42 1.87 0.71~1.60 1.22 1.97~2.81 2.53 3.50~9.50 5.10
Ocna/pg s L7 0.13~1.54 0.51 0.09~2.99 1.08 0.15~2.29 0.97 0.08~2.99 0.87
N/P [fH 67~100 79 78~183 109 53~177 67 19~44 35
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Fig.2 Distributions of surface water temperature (blue solid line) and salinity (red dotted line)

in the Qiantangjiang River Estuary™'?
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Table 2 Comparison of nutrient and ratios of DIN to DIP in the Qiantangjiang River Estuary and its adjacent area

o ot o/ ot N/P Hffi P YRR
pmol « L7! /pmol « L1 /pg e L7}
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TF 5% i 4, 2008 98.6 3.32 29.7 — 1@

T 5% 1 48 19951996 114 1.58 72.3 — SCHk[24]
53 1 48 19891990 107 1.52 70.7 0.93 SCHk[25]
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Fig.3 Distribution of dissolved phosphate in the Qiantangjiang River Estuary(pumol « L")
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Table 3 Historical changes in the dominate species of phytoplankton
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R S

55 D5 s BEREXT L A3 A o T AL A TUT 75 00 R A5 1) 190 SR A it 5000 8 3 R IR T /KRR i (3R 3) o R TR I 1 9
SRR A VR R A 62 b, FLrh REEE 51 Fh CH R 4 Bb REBE 3 FP R 2 Fh L RCRIFIEAE Y T A Y
45.5X 10"~/ m* 5 1M 1989—1990 4T A4 A H (R SRAE ff) A Hh VR WA A B 228 i, Hor Ak 200 F (489 13
ot W 4 Fb S 2 ol SR VRIS AR R g 223 X104 /m® . 2013 AF Tk 0 R 28 KA 1989 AR T
I 70 % R PRI A ) A Wy LAY R 1989 AR 200 &8 . SR FRATT G 1 A9 2 L AR SX IS Chl-a A8 LI T 1%
A AR I RE A (R ABE SO AR AR RE TR B (% 2 N3 3) , L oo v B ARG R . /KRR il V7 Ui ol 2 A 35 R 50 11
B 5 AR AR E 1 Chl-a 15Tk v -t A — 4000 T 2 B 77 D A 400 ARl R RN 25 400 1 B 7 2 A A8 Ak . e B T IR
P i SR P 1 2 v K 2B 7 0 A 0 ) L AL AR AR R A (76 e, S0 E 19 W6k /1 288 B 0 WAL 9 A R A 1 /N BB Ak R e
X5 VT PR T AR 4 A A R /N A8 AR AR B0 T T 10 A i G 7 7 A 285 4 110 78 Ak 359 5 0 9 1A 3k
FAMRL . AT DL B SR R ViR B R Bh R 10 A8 Ak 5 VR U AT P R A Ak 2 AR 2 DDA G

R T TT R AR A  F A AR Ak 5 AR A K VT T A AR AR A ML =2 Ak T R SR AR A G
(F 2) s RAFER VT 118 F2 Eh OB v L (HUJ B RT3 AT AR 0 & 2 A0 3% 5 R I V0T 10 30 30 5k K ARV ok
AERT 38 v K A W BEAIR 52 e T R A PDOC 6 . S BOF A 90 £ 9 it (UL Chla AR BN WAL, 5

@  EFRMEHIRE AT, 28 LR il A8 T K SR A A A I A 4 . 1990,



2 3 WS R O BRI Eh AT AL A S TR U AL A R 287

PAAE P s GOREAN [R] B J2 » 1T 32 B8 3% 8 45 0 28 10 B9 52 W) o 32 167 Sl 0 i AR R A AR W i R AR T R B R
A 5 Hh 2 BT A\ i o8 218 2 WP AR 0 B P %0 0 B T SRR T M S 14 9 T AL ) 218 R S B LA A T R
B T 7K SR AR i I AT 50 A 3G, ELOE 3 Ml & A TR R AR A . VA S R B0 AR T Al — S8 9 A BT 4
T AEAE ERIE VLA 1T S UK 5 X R D A A A 1 7 A T R 2x i — 2B S R 1 TS AN AE S R G
S5 R R TIIRE 5 ) S T 0 AR /N TR A ) A B 23 5k B A W I AR R B S T 5 0 2 BRI TR 3 3k
Bt PO, -P Yk BRI 1 A 4 aok 108 4 20007 A5 )8y 50 PO, -P 18 E SR U5, L a0h SR X &I 1) 2 98 Vil A= 725
IR 3 B — P SR TE

3 45 i

456 D S GORPREE T 5 AT R IE VL O PO, -P B BE o3 A | Dy S 34wl PR ) K% o i AR ) 00 B b
(AL BEAT 73BT A 3 kA5 IE

DWFREEN PO, P IKERLESKESHERE>EFEN/P ILEHWKRANEEZS>HEEZ>KES>L
Z= ., BRIEVLI D 52 R K IR A MUY B i LR B, B PO -P I EE R T KB ML TR E & T
D S TRV 39 S s A2 B 415 5 0 ) I SR e A

2) B b AF ST S P 4 DIN Ve BE AR 55 35, 100 PO, -P 14 v BE A ARG, 3 BOK R N/P (B B AR 5
i ELWI 5 T Redfield FUAE 3R W12 A7 70 T8 AE ME O B BR W) . 3 B B9 DIN B AR N/ P LG 7 25
K 23 (3200 X OF PO, -P e B 1) 725 Ak A SRR

3) 5 1y SR AR EU o 0 SRR il I M S 4 B A o A A SRR e A A O A T K SR it T A R A
B, ELAG SR & A TR DL AR b R 1 o A A e T U R ) () I i S AT T /N A
K i X B AR AR A IR R AR R B b 8 R R vk R AN A R i A A G

2 % ik (References) :

[1] PAYTAN A, MCLAUGHLIN K. The oceanic phosphorus cycle[]J]. Chemical Reviews, 2007, 107(2): 563-576.

[2] WEIGF, TANG D L, WANG S. Distribution of chlorophyll and harmful algal blooms (HABs): A review on space based studies in the
coastal environments of Chinese marginal seas[]J]. Advances in Space Research, 2008, 41(1); 12-19.

[3] KANG Z, YU R, KONG F, et al. Records of bulk organic matter and plant pigments in sediment of the “red-tide zone” adjacent to the
Changjiang River estuary[J]. Chinese Journal of Oceanology and Limnology. 2016, 34(5): 915-927.

[4] ZHUZY, WU Y, ZHANG ], et al. Reconstruction of anthropogenic eutrophication in the region of the Changjiang Estuary and central
Yellow Sea: From decades to centuries[ J]. Continental Shelf Research, 2014, 72(1): 152-162.

[5] BRZEZINSKI M A. The Si: C : N ratio of marine diatoms: interspecific variability and the effect of some environmental variables[ ]].
Journal of Phycology, 1985, 21(3): 347-357.

[6] ROUSSEAUX CS, GREGG W W. Recent decadal trends in global phytoplankton composition[ J]. Global Biogeochemical Cycles, 2015,
29(10): 1674-1688.

[7] LIYG, LIZK, GENG Y H, et al. Effects of N. P concentration on phytoplankton growth and reproductive rate and biomass in eutroph-
ic water[J]. Acta Ecologica Sinica, 2006, 26(2): 317-325. ZERO0, 420048, BRWLL, 55, & B IR0 NP ok B X 77 e A 4 A= 4 %98
R A R[] ]. AR, 2006, 26(2): 317-325.

[8] SANUDO-WILHELMY S A, KUSTKA A B, GOBLER C J. et al. Phosphorus limitation of nitrogen fixation by Trichodesmium in the
central Atlantic Ocean[]]. Nature, 2001, 411(6833);: 66-69.

[9] REDFIELD A C. The biological control of chemical factors in the environment[ J]. American Scientist, 1958, 46(3);: 205-222.

[10] GAO S Q. YU G H, WANG Y H. Distributional features and fluxes of dissolved nitrogen, phosphorus and silicon in the Hangzhou Bay

[J]. Marine Chemistry, 1993, 43(1). 65-81.
[11] ZHANGJ, SHIQS, WU A Y, et al. Distribution characteristic analysis of main pollution factor in rain season in Hangzhou Bay[J].
Donghai Marine Science, 2002, 20(4): 35-41. skfl, BT AL, BRRHT . 45, ML 32K 00 32 075 4 B 7 B9 20 A A2 Ak BOR R [T, AR i 1



288 ERE S S 36 &
W, 2002, 20(4): 35-41.

[12] QINM L, CAIY H, WANG X B, et al. Analysis and assessment on eutrophication in Hangzhou Bay[ ] ]. Marine Environmental Sci-
ence, 2009, 28(Supp.1): 53-56. ZEHHIRl, SEMELT, LWed . 5. AN I KR &8 =T KA1 0. WG R B R, 2009, 28R4 H) 1) .
53-56.

[13] LIU X Q. Eutrophication assessment in coastal waters of Zhoushan[J]. Transactions of Oceanology and Limnology. 2005(2) ; 55-60. X
T, AT R R E R VEA (T ). W IR A, 2005(2) 2 55-60.

[14] AYATAA SD, LEVY M, AUMONT O, et al. Phytoplankton growth formulation in marine ecosystem models: Should we take into
account photoacclimation and variable stoichiometry in oligotrophic areas[]]. Marine Systems, 2013, 125(9): 29-40.

[15] QI Y Z. Chinese coastal red tidel M. Beijing: Science Press, 2003. 55 #. JE#E AR IM]. Jb5 Bl 22 W sk, 2003.

[16] XIA P, LUDD, ZHU D D, et al. Trends and characteristics of red tide occurrence in Zhejiang coastal waters[J]. Oceanography Re-
search, 2007, 25(2): 47-56. BV, Bk, A, 55, WiVLUL 2 05 805 0 & A i 3 5 5 s L) 0. W P58 . 2007, 25(2): 47-56.

[17] National Center of Ocean Standard and Metrology. Specfication of oceanographic survey:Part 6 Marine biological survey: GB/T 12763.
6—2007[ S]. Beijing: China Standard Press. 2007, HZE A RAETT RO, WAL 55 6 o WHAEYWREA. GB/T 12763,
6—2007[S]. Jbat: AR AL, 2007

[18] DYHRMAN S T, CHAPPELL P D, HALEY S T, et al. Phosphate utilization by the globally important marine diazotroph Trichodes-
mium[J]. Nature, 2006, 439(7072) . 68-71.

[19] HYNES A M, CHAPPELL P D, DYHRMAN S T, et al. Cross-basin comparison of phosphorus stress and nitrogen fixation in Tri-
chodesmium[J]. Limnology and Oceanography, 2009, 54(5) . 1438-1448.

[20] WANG Z H. East and Yellow Sea Chlorophyll a and dissolved organic carbon distribution characteristics and carbon fixation intensity
[D]. Qingdao: Ocean University of China, 2008 1-89. TAE#. # ARG L% 3 o FIE AT HLEK 5> A F7AE K B Ak SR EWI4R[( D). H & . h
[P R, 2008 1-89.

[21] BEHRENFELD M J, FALKOWSKI P G. Photosynthetic rates derived from satellite-based chlorophyll concentration[ J]. Limnology and
Oceanography, 1997, 42(1). 1-20.

[22] Ministry of Water Resources of the People’s Republic of China. China river sediment bulletin 2013[ M]. Beijing: China Water Resources
and Hydropower Press. 2014, H4g A RGN E KRS, o B3 de v A ) 20130 M. Jb 3T . o KR K B AL . 2014,

[23] LIUC. SHAO S, SHEN Q. et al. Effects of riverine suspended particulate matter on the post-dredging increase in internal phosphorus
loading across the sediment-water interface[ J]. Environmental Pollution, 2016, 211; 165-172.

[24] HED H, YANG G M. WANG Z F, et al. Effects of Qinshan Nuclear Power Plant on ecological environment and water quality in adja-
cent sea area after operation[ J]. Marine Environmental Science, 1999, 18(2) . 53-58. fi[flife, 47644, LIET, %. ZLWKB BTG
X 408 AT VAR 3 A 2 PR B HOK B WA A ()], W R R4, 1999, 18(2): 53-58,

[25] WANG Z F, GONG M, RUAN Z, et al. Characteristics of environmental chemical elements in adjacent waters of Qinshan Nuclear Pow-
er Station[J]. East China Sea Ocean, 1991, 9(2): 16-21. EIEJr, FBH, BLiE. 5. 78 (A% ok 481 K SR BT AL 2 SR FRAEL) ], AR I
P, 1991, 9(2): 16-21.

[26] GAO SQ, CHEN]J F, JIN H Y. et al. Temporal distribution and eutrophication of nutrient in Hangzhou Bay and its adjacent waters
[JJ. Oceanography Study, 2011, 29(3): 36-47. ¥/ R, BWRAJF, G ifee, 55, HUIN WG B Q8L K S8 7 3k A I 25 20 A 5 55 8 FR AL R A
(I, MEPE“£BF5E . 2011, 29(3) : 36-47.

[27] JIANG M, SHEN X Q. Relationship between Chlorophyll @ and Nitrogen and Phosphate in Hangzhou Bay and its adjacent waters[]].
Marine Fisheries, 2004, 26(1): 35-39. # J, Yok, UM S R AR AR K o 5RABEIEM ORI, HWEE#DL . 2004, 26(1) : 35-39.

[28] WANG K, CHEN J F, JIN H Y, et al. The characteristics of nutrient distribution in the Yangtze River estuary and adjacent waters[ J].
Oceanography Research, 2011, 29(3): 18-34. F7, PRIy, G i, &5, (VLT R A0 T I 307 F0 2 10 00 A5 R AR [T ] e 2 BT 5T
2011, 29(3): 18-34.

[29] JIANG Z, LIU J, CHEN J, et al. Responses of summer phytoplankton community to drastic environmental changes in the Changjiang
(Yangtze River) estuary during the past 50 years[ ] ]. Water Research, 2014, 54(5): 1-11.

[30] ZHANG L J, ZANG ] Y, MA Y X, et al. Study on the variation and influence of dissolved silicon in the mouth of Qiantangjiang River
[J]. Marine Sciences, 2005, 39(8): 51-57. ik A . W, Sk B2, 55, B3 VLI 10 i i ik 0 A8 b 532 a5 L], W iERl 24, 2015, 39
(8): 51-57.

[31] BUTLER L I. Nutrient balance in the western English Channel[J]. Estuarine and Coastal Marine Science, 1979, 8(2): 195-197.

[32] GAOSQ, LINY A, JINMM, et al. Characteristics of nutrient distribution and nutrient structure in the East and Yellow Sea in spring

and autumn[ J]. East China Sea Ocean, 2004, 22(4): 38-50. @A %, ML, &I, 55, F KR 0 E I8 3 0900 A5 A8 AL RS 1F K0
FRAEM )], ZRUGHFTE, 2004, 22(4) : 38-50.



2 3 WS R O BRI Eh AT AL A S TR U AL A R 289

[33] EGGE J K. Are diatoms poor competitors at low phosphate concentrations[ J]? Journal of Marine Systems, 1998, 16(3-4); 191-198.

[34] LIU S M. Response of nutrient transports to water-sediment regulation events in the Huanghe basin and its impact on the biogeochemis-
try of the Bohai[ J]. Journal of Marine Systems, 2015, 141: 59-70.

[35] FOX L E, SAGER S L, WOFSY S C. Factors controlling the concentrations of soluble phosphorus in the Mississippi estuary[]J]. Lim-
nology Oceanography., 1985, 30: 826-832.

[36] SKJOLDAL H R. Eutrophication and algal growth in the North Sea[R]//DELL C N F R ed. Proceeding from: Symposium Mediterra-

nean Seas 2000. Genora, Italy: Istuto Scienze Ambientala Marine Santa Margherita Ligure Genova, 1993. 445-478.

Phosphate Distribution., Variation and Its Relationship With Phytoplankton
Changes in the Qiantangjiang River Estuary

LI Li"?*, ZANG Jia-ye’, LIU Jun®’, LIU Wei-feng’, YIN Xiao-fei’, ZHANG Bo-tao', RAN Xiang-bin®
(1. College of Chemistry and Chemical Engineering , Qingdao University, Qingdao 266071, China;
2. Marine Ecology Research Center, The First Institute of Oceanography, SOA , Qingdao 266061 ,China;
3. Marine Policy Center, The First Institute of Oceanography, SOA, Qingdao 266061 ,China)

Abstract: Based on the data of comprehensive survey of four cruises from 2013 to 2014 and available histor-
ical data, the dissolved labile phosphate (PO,-P) concentration, distribution, historical trend, phosphorus
(P) limitation and its relationship with phytoplankton changes in the Qiantangjiang River Estuary were
evaluated. The results showed that the mean concentration of PO,-P was high in winter, less high in au-
tumn and lower in spring and summer. Under the influence of the freshwater - seawater mixing and sedi-
ment resuspension, the PO,-P concentration in spring was higher, demonstrating a character of higher
PO,-P in the periphery area than that in the central area. In summer PO,-P distribution showed a trend of
progressively increases from coastal areas to offshore zones, and in autumn it was higher in nearshore and
lower in offshore. While in winter it was generally higher in the central part and fairly lower in other parts
in the study area. PO,-P concentrations from spring to winter were fairly higher than those in the same pe-
riod of the history due to the enhanced contribution of terrestrial PO,-P loading to the study area. The cal-
culated data suggested that the phytoplankton propagation was pretty limit(<{0.3%) to affect the level of
PO,-P concentration, the higher PO,-P concentration in Qiantangjiang River Estuary and lower biofilter
effect became the main phosphate source in Eastern China Sea, exerting remarkable influence on the local
environment. The N/P ratio in study area was higher (35~109), obviously higher than Redfield ratio(N/P=
16) ,suggesting the existence of a potential phosphate limitation in this area. The excess DIN input and con-
tinuously enhanced N/P ratio would make the environment of study area to be particularly sensitive to the
variation of PO,-P. Compared with the historical data in 1989—1990, non-siliceous phytoplankton groups
such as cyanobacteria appeared as dominant species, the number of phytoplankton species and their
amounts were decreased, and the size of phytoplankton cells trended to be miniaturization; these dramatic
changes in the number and structure of phytoplankton community may be largely related to the imbalance
increase of DIN and PO,-P concentrations, as well as the nutrient structure variation.

Key words: dissolved labile phosphate; nutrient structure; phosphorus limitation; Qiantangjiang River Es-
tuary; environment effect
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