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Fig.1 Sampling site distribution of the Yangtze Estuary
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Tab.1 Missing data of heavy metals, water temperature, salinity, DO, pH

} &R ki i
?zf:s Hefyjz mflals Temfi{rature SalirJ:;ty bo pH
2004 * vV vV Vv vV
2005 g \/ V v v
2006 K& Vv vV Vi v/
2007 # " 2 v 2 Vv
2008 S vV Vv Vv vV
2009 X X X X X
2010 X X X X X
2011 vV 2 2 Vv vV
2012 % VvV Vv vV vV
2013 Vv VvV vV VvV Vv
2014 vV Vv vV vV Vv
2015 vV VvV 2 Vv vV
2016 Vv vV v VvV vV
2017 Vv VvV vV vV vV

T VIRBURFT 4, x FORIUR, BRI N AR AR 1 KR

Notes:V indicates complete data, X indicates missing, and the season of remarks refers to unsampled missing data
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Tab.2 5 determination methods of heavy metals
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Fig.5 Annual changes and trend lines of heavy metals in different regions from 2011 to 2017
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Tab.3 Correlation analysis results of five heavy metals and socioeconomic factors

AR B HE5
A ok
ii}% LES Input in wastewater treatment Pollutant discharge
Types of heavy metals
2004—2008 4F 2011—2017 4¢ 2004—2008 4F 2011—2017 4&
Cu -0.571" -0.264 0.311 0.394 "
Zn -0.556" -0.236 0.213 0.491 "~
Pb -0.534" -0.315 0.204 0.474" "
Hg -0.465 -0.302 0.234 0.363"
As -0.531" -0.281 0.258 0.457"

T+ R BA BEAMRNE, =+ Fo8 AR FHKIE; 2004—2008 4F n =12,2011—2017 4 n =28

Notes: * indicates significant correlation, and #* = indicates very significant correlation; n =12 from 2004 to 2008, n =28 from 2011 to 2017

F4 3INMXEARESEEENER
Tab.4 Results of different heavy metal models in three regions
K
R A0 B
Region ypes o p.%.q The result of the model
heavy metals
Cu ARIMA(2,1,1) X, = —0. 147X ,_;, +£,-0.794X ,_,, +0.491&,_,,
e Zn ARIMA(1,2.2) X, = —0.294X ) +&, +1.3392,_,, —0.4126,_,,
North Pb ARIMA(2,1,2) X, =0.637X,_;) —=0.313X,_,) +¢, +1.384e,_,, -0.997¢, _,,
branch Hg ARIMA(1,1,2) X, =0.319X,_,, +&, +1.258¢(,_) —0.882¢(, _»,
As ARIMA(3,1,2) X, = —=0.715X,_,, 0. 118X, _, +0.046X,_3, +&, +0.1375(,_,, +0. 8602 ,_,
Cu ARIMA(2,1,1) X, = —0.129X,_;, +¢, -0.417X,_,, +0.381e(,_,)
=l Zn ARIMA(1,2,2) X, =0.378X,_,, +& +1.9435,_,, —0.959¢,_,
bsr‘;‘;t;l Pb ARIMA(2,1,2) X, = -0.335X,_,, +0.926X, 5 +&, -0.185z,_,, -0.7532,_,,
north port Hg ARIMA(1,1,2) X, = —0.415X,_,) +&, +0.214g,_,, 0. 1508, _,,
As ARIMA(2,1,2) X, = —0.412X,_;) —=0.106X , _,, +&, +0.003£,_,, +0.9955,_,,
Cu ARIMA(1,1,2) X, = -0.623X,_,, +&, +0.5472,_;, +0.5152, _,,
JEas I 7n ARIMA(1,2,2) X, = -0.712X, ) +&,+0.483¢(,_,) +0.542¢,_,,
North port b ARIMA(1,1,0) X, = -0.356X,_,, +s,
of Beisha Hg ARIMA(1,1,2) X, = —0.187X(,_y) +5,+0.6%&,_;, +0.3055,_,,
As ARIMA(2,1,2) X, = —0.437X,_;, =0.365X,_,) +&, +0.595¢,_,, +0. 4045, _,,
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Tab.5 The average residual error and error rate of five heavy metals peg/L
EaEE b=z AL s dedsdey>
Types of heavy metals North branch South branch north port North port of Beisha
Cu 0.879 0.352 0.459
Zn 2.357 1.546 2.102
Pb 0.205 0.112 0.185
Hg 0.055 0.028 0.020
As 0.195 0.194 0.194

2.4.2 HEEREEI K EE I
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Research on the temporal variation trend and prediction of heavy metals in
the Yangtze River Estuary

PAN Yudi', YANG Hong', WU Jianhui’, WANG Chunfeng'
(1. College of Marine Ecology and Environment, Shanghai Ocean University , Shanghai 201306, China; 2. Shanghai Aquatic
Wildlife Conservation and Research Center, Shanghai 200092, China)

Abstract; By investigating the contents of five heavy metals Cu, Zn, Pb, Hg, and As in the water body of
the Yangtze River Estuary area from 2004 to 2017, the change trends and influencing factors of water heavy
metal contents in the three areas of Beizhi, Nanzhi Beigang and Beigang Beisha were analyzed and the
contents of heavy metals were predicted in the next few years. The results show that Cu and Pb showed a
downward trend as a whole from 2011 to 2017, and the decline rate was lower than that from 2004 to 2008.
Zn and As were in a stable downward trend from 2011 to 2017. The downward trend of Hg is small, and five
heavy metals increased in 2011 and 2015 when pollutant emissions increased, and regions with larger runoffs
experienced larger increases; Analyzing the influencing factors, it is concluded that due to the high content of
heavy metals in the early water body, the effectiveness of the treatment investment is greater than the impact of
pollutant discharge. Therefore, the contents of Cu, Zn, Pb, and As from 2004 to 2008 were significantly
negatively correlated with the environmental treatment investment, and the correlation with the amount of
discharge is not significant; After the heavy metal content was controlled to a low level, the difficulty of
governance increased and the effectiveness was weakened. Pollutant emissions became the main influencing
factor for the control of heavy metal content. Therefore, the correlation between heavy metal content and
environmental governance investment from 2011 to 2017 was not significant, and there is a significant positive
correlation with the amount of discharge; Due to the differences in salinity and runoff in the three regions of
the Yangtze River Estuary, ARIMA model was used to predict the heavy metals in different regions, and the
heavy metal content in the water bodies of the three regions at the mouth of the Yangtze River Estuary from
2020 to 2022 was predicted to be low and the change trend is relatively stable, the model has a high
accuracy, the error is between 5.19% and 11.82% . The regional prediction can highlight the heavy metal
content and change characteristics of different regions, the prediction results are more targeted, and can be
used for future governance .

Key words: Yangtze River Estuary; sequentially; heavy metals; forecast; factors affecting
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