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Migration mechanisms of chemical 
components in coastal aquifers of 

Chongming island, east regions of China



Distribution of Earth’s Water

The amount of 
groundwater 
take up 0.75%
of the total 
global water



Distribution of Ground water in China

National Pollution Groundwater 
Prevention Plan (2011-2020)

In China, the number 
of the city is  665,  
more than 400 cities 
using ground water as 
the source,   especially 
in north China, 60%
of domestic water, 
65% of industrial 
water, 33% of  
agricultural irrigation 
using groundwater . 27%
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7797(million 
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The study area

Estuary
Yangtze River

Field investigation

Chongming, is an alluvial island at the mouth of the Yangtze 
River in eastern China covering 1,267 square kilometers.



The study area

Soil texture and water level of section 

AA’ during construction period



Hydrogeology parameters of the study area
Monitoring wells Location Coring depth (m) Aquifer depth range (m)

1
31°38'6.30" N

121°41'41.42" E
20.75 2.04 ~ -12.51

2
31°38'5.51" N

121°41'32.09" E
19.20 1.13 ~ -13.62

3
31°38'5.93" N

121°41'32.30" E
19.20 1.50 ~ -14.25

4
31°38'3.35"N

121°41'40.07" E
21.20 -0.85 ~ -13.15

5
31°38'8.64" N

121°41'33.81" E
21.20 1.29 ~ -13.41

6
31°38'13.95" N

121°41'36.82" E
20.21 -0.92 ~ -12.67

7
31°38'12.50" N

121°41'42.45" E
20.20 -0.95 ~ -13.30

8
31°38'15.69" N

121°41'15.45" E
22.20 0.56 ~ -12.54

9
31°38'7.93" N

121°41'35.71" E
64.82 -31.30 ~ -33.20a

a Confined aquifer

Average temperature： 15.3 °C

Annual temperature range： 2.9 - 27.5 °C

Mean annual precipitation： 1117.1 mm 

（after 1990）

Area： 26,000 m2

Unconfined aquifer permeability 
coefficient：Kv=2.366 × 10-4 ；

Kh= 3.248 × 10-4 cm/s

Hydrochemical type：

Cl-Na，TDS=6023 mg/L

Water abundance：

136.48 m3/day

Groundwater potentiometric surface：

40.5 - 180 cm 



Continuous observation and analysis

1：Sampling     2：Self-made water level indicator 

3：Monitoring well

4：DO analysis  in situ

5：Leachate of the landfill
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2
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4
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Groundwater level fluctuation and pollution 
release in the observation period 

Typical estuary that affected by 
tidal river and the tide.

3 times fluctuation were observed 
induced by tide and the cycles 
were approximately 54 days, this 
was coincidence with Dupuit 
assumption . 

phreatic surface was stable .

W1>W7>W4 and 
W5>W2>W3>W6. This was 
coincidence with the data in the 
wells construction period. 

Pollution was released in the observation period.

Evidences were found that the pollution was released in the end of 
May: DO decrease rapidly and pH increase.

Water level
pH value

DO

Salinaty



Heavy metal migration direction and speed 

50.07 μg/L

northward：

4.06 × 10-5 m/s

Southward：
6.48× 10-5 m/s

46.00 μg/L

northward：

3.57 × 10-5 m/s

Southward：

5.09× 10-5 m/s

DO 
(mg/L)

pH Salinity 
(%)

Heavy metal concentration (μμμμg/L)

Cr Ni Cu Zn Cd Pb
4.53
±±±±2.08

7.74
±0.36

0.06
±0.04

3.10
±3.09

0.81
±0.25

1.48
±1.09

43.32
±33.06

0.08
±0.16

0.88
±1.74

Heavy metal concentration was higher in 
the center of the landfill.

Peak value was observed in May 25th, the 
Cr and Cu concentration increased to 50.07 
and 46.00 μg/L, respectively.

Heavy metal migration was observed.

Cr migration rate was 4.06 × 10-5 m/s to 
the north and 6.48 × 10-5 m/s to the south.

Cu migration rate was 3.57 × 10-5 m/s to 
the north and 5.09 × 10-5 m/s to the south.



Heavy metal migration mechanism

W1

Cr Ni Cu Zn Cd Pb

Cr 1

Ni -0.005 1

Cu 0.372* 0.418** 1

Zn -0.001 0.306 0.261 1

Cd 0.058 0.319* 0.483** 0.533** 1

Pb 0.063 0.293 0.508** 0.462** 0.908** 1

W2

Cr 1

Ni 0.796** 1

Cu 0.660** 0.649** 1

Zn 0.299 0.475** 0.126 1

Cd 0.336* 0.229 0.121 0.326* 1

Pb 0.337* 0.274 0.061 0.554** 0.929** 1

Irrigation 
ditch

Cr 1

Ni 0.749** 1

Cu 0.378* 0.785** 1

Zn 0.547** 0.697** 0.419** 1

Cd 0.419** 0.376* 0.345* 0.440** 1

Pb 0.452** 0.357* 0.250 0.457** 0.871** 1

Correlation is significant at the ** 0.01 or * 0.05 level (two-tailed test).

The source of heavy metal in 
groundwater was diverse.

The correlation coefficient of the Pb 
and Cd was high in the center while it 
was low to other elements.

But homology was also presented.

Cu/Ni, Cd/Cu, Cd/Zn, Pb/Cu, Pb/Zn 
and Pb/Cd had the same source in the 
landfill. The evolution was affected by 
buffering effect of the soil environment. 

The correlation coefficient changed 
(changable)along with the migration 
process.

Correlation coefficient decreased 
rapidly when irregular water infiltrated 
into soil. This was due to selective 
adsorption of the geochemical barriers.



Groundwater Flow Simulation analysis

Water levels of observation wells and tide

Relationship between the amplitude and the offshore distance

water levels in all wells 
fluctuate due to the tidal 
fluctuations, there exists the 
phenomenon of time lag. The 
lag time increases from 4.5 h in 
well 6 to 6 h in well 3 with the 
offshore distance increasing 
from 710 m to 990 m 
correspondingly. Well 5 and 
well 3 are located too near to 
notice the difference of their 
lag time.

The amplitude of tide and three 
wells decays with the offshore 
distance increasing.



Heavy Metal Transport Simulation Analysis
Well A

Well B

Effect of  tide  on the  concentration of  lead ion in 
observation  wells

The fluctuation of the lead ion 
concentration in groundwater was 
observed due to the tidal effect. It 
can be inferred that tidal fluctuation 
facilitates the northward transport 
of pollutants.

The distance between well A and 
well B is about 250 m, but the 
lagtime of the concentration 
fluctuations is almost about 7 days. 
Also the amplitude decays with the 
offshore distance increasing.



Sample obtaining and spatial variability analysis

The influence of  spatial 

variability on the 

transportation of Heavy 

metals



Numerical modeling of spatial random field

z = -
14.268

z = -
9.944
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z =
3.028



Heavy Metal Transport Simulation Analysis

Concentration of Cu after 200 years

� Describe the migration 

Characterization of  HMs

in saturation aeras.

� Speculate the fate of HMs



Laboratory  test and analysis

Schematic diagram of the experimental set-up

Phas
e

Colum
n

Pore 
volumes

Description

1 A 2.00 Ultra-pure water. Initialize column for tracer breakthrough 
curve.

2 A 2.25 1 mM NaNO3. Tracer breakthrough curve.

3 B 22.5 Freshwater (pH=5.50). Elution of contaminated porous medium.

I1 C 2.25 Seawater (487.72 mM NaCl, pH=8.26). Elution of contaminated 
porous medium and column salinization.

R1 C 9.73 Freshwater (2.02 mM, pH=5.50). Colloid and colloid-associated 
heavy metal elution.

I2 C 2.25 Seawater (487.72 mM NaCl, pH=8.26). Elution of previous 
residual suspended colloid and column re-salinization.

R2 C 9.88 Freshwater (2.02 mM, pH=5.50). Colloid and colloid-associated 
heavy metal elution.

Table 1. Sequence of liquids used in intrusion and refreshing 
experiments



Hydrochemical condition in seawater and 
freshwater interaction

Zeta potential range in natural 
hydrochemical conditions

�In high pH, the effect of IS and HM 
on the colloids zeta potential  is  not 
obvious
�The stabilization of colloids 
increased with decreasing of  IS
�But the existence of HM decreased 
the stabilization  of colloid.



Hydrochemical condition in seawater and 
freshwater interaction
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Transport variables during 

equilibrium elution from 0.5 

g/kg heavy metal polluted 

column experiment: A. 

Conductivity vs. pore volume, 

B. The fluctuation of pH vs.

pore volume and C. Multiple 

heavy metal ions transport vs.

pore volume.



Heavy metal transport in seawater intrusion and 
refreshing processes 

Transport variables and colloid-heavy metal associated transport vs. pore 
volume during 2 cycles of seawater intrusion and refreshing: A. Colloid 
transport behavior ;B. The fluctuation of pH value ;C. Multiple heavy 

metal ions transport

Heavy metal and colloid 
associated transport 
occurred during the salt 
concentration decrease!



Thank you for your attention !


