
Introduction

Saline and sodic soils are typical stressful soil types 
in arid and semiarid coastal regions and in regions  
of poor natural drainage. There are approximately  
954 million hectares of saline and sodic soil worldwide. 
Due to high salinity, high sodicity and sometimes high 
pH value, these soils have poor physical and chemical 
properties and are difficult for common plants to grow 
in, thus becoming more and more barren [1].

Coastal mud flat generally show high saline content 
and sodicity. Different from traditional saline and sodic 
soil, coastal mud flat is located in intertidal area and 
often receives runoff and seawater rich of nutrients. It is 
neither dry nor barren, since it is efficient sediment traps 
that facilitate the accumulation and storage of organic 
matters from water column and from below ground 
production [2]. Thus, coastal mud flats are potential 
land resources for agriculture and ecological landscape 
construction [3].

Jiangsu Province has the largest area of coastal 
mud flats in China, approximately equal to 5,000 km2.
To utilize these areas, seawater-cultivated vegetables 
were introduced, which can endure high salinity and 
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To utilize a saline coastal mud flat, seawater-cultivated vegetables were bred and planted in Jiangsu 
Province, P. R. China. Due to ubiquitous heavy metal pollution in coastal areas and high bioaccumulation 
potential of heavy metals in halophytes, food safety of seawater-cultivated vegetables should be a public 
concern. In the present study we collected three seawater-cultivated vegetable species (Suaeda glauca, 
Salicornia europaea and Portulaca oleracea), soils, seawater and freshwater runoff from five locations 
in Jiangsu Province. Concentrations of Cu, Zn, Cr, Cd, Pb and Ni in these samples were determined.  
The results showed that all soil samples showed a low level of heavy metals and complied with  
the Chinese Environmental Quality Standard for Soils, but seawater and freshwater runoff  
surrounding sampling sites displayed a high level of Cu an Pb, suggesting a high risk of heavy metal 
contamination. Levels of Cr and Pb in all investigated plant species were sometimes higher than  
the limits in the Chinese Standard of Food Safety, suggesting potential risk to food safety. Overall, 
seawater-cultivated vegetables might accumulate heavy metals and subsequently endanger the health  
of human beings when planting on saline soils. 

Keywords: food safety, heavy metal, ICP-MS, pollution, seawater-cultivated vegetable

*e-mail: yckjjncc@163.com

DOI: 10.15244/pjoes/104457 ONLINE PUBLICATION DATE: 2019-09-10



Yang H., et al.962

have rich nutrition and good taste [4]. For example, sea 
asparagus (Sarcocornia ambigua ), seepweed (Suaeda 
salsa) and froggrass (Salicornia europaea) have been 
widely cultivated in Jiangsu Province and already sold 
as vegetables in supermarkets in America, Mexico, 
Netherlands, Saudi Arabia, Egypt, Israel, Eritrea, 

Australia, Canada, New Zealand, South Korea, Japan 
and China [4,5].

Halophytes are tolerant to not only high salinity 
but also heavy metal pollution. Many studies have 
shown that halophytes could accumulate high levels of 
heavy metals [6-9]. Coastal mud flats are facing severe 

Table 1. Information on sampling sites.

No. Site name Site code Geographical coordinates

1 Tiaozini, Dongtai County TZN 32°45′43″N, 120°57′31″E

2 Jinhai farm, Dafeng District JH 32°59′36″N, 120°48′42″E

3 Shuntai farm, Sheyang County ST 33°41′33″N, 120°22′47″E

4 Liuduo, Sheyang County LD 34°04′53″N, 120°14′30″E

5 Binhai port, Binhai County BH 34°18′41″N, 120°15′45″E

Table 2. Metal concentration in Suaeda glauca and nearby soil (mg/kg, dry weight).

Site Cu Zn Cr Cd Pb Ni

Soil

TZN 12.8±1.0b 59.3±2.8c 29.3±4.8bc ND 4.89±0.76b 14.4±1.0c

JH 11.4±0.4c 53.0±2.4d 25.8±3.6c ND 5.07±0.96b 13.0±0.4d

ST 23.0±0.2a 66.0±0.4b 34.3±3.9ab ND 5.46±0.90b 24.7±0.2a

LD 13.9±1.0b 51.9±1.1d 29.5±2.4b ND 3.95±0.60c 15.6±0.9b

BH 23.3±0.4a 76.3±2.3a 39.1±0.6a ND 7.67±0.38a 25.0±0.4a

Root

TZN 25.9±1.6a 1.8±0.3c 10.5±2.1a ND 0.06±0.00ab 0.1±0.0b

JH 22.3±0.8b 2.3±0.2b 7.4±1.2b 0.13±0.06a 0.09±0.03a 0.2±0.0a

ST 16.9±1.7c 3.7±0.5a 0.9±0.2c 0.00±0.00b 0.04±0.02bc 0.1±0.1b

LD 12.7±0.8c 2.6±0.3b 0.7±0.1c 0.00±0.00b 0.02±0.02c 0.0±0.0c

BH 11.0±1.4c 1.5±0.1c 1.1±0.5c 0.03±0.06b 0.06±0.01ab 0.1±0.0b

Stem

TZN 8.8±0.2bc 25.8±1.4bc 0.2±0.1a 0.30±0.05a 1.38±0.42a ND

JH 11.6±1.0a 21.5±1.8c 0.3±0.1a 0.16±0.06b ND 0.6±0.1a

ST 10.1±0.2b 28.0±2.3b 0.3±0.1a 0.10±0.00b 0.88±0.90a ND

LD 9.7±1.3b 33.4±4.8a 0.4±0.1a 0.09±0.00b 0.50±0.57a 0.2±0.1b

BH 8.1±0.4c 14.7±1.3d 0.3±0.2a 0.15±0.05b 0.78±0.77a 0.2±0.1b

Leaf

TZN 9.1±0.5d 55.8±1.6c 0.3±0.0d 0.62±0.06b 0.90±0.28b ND

JH 17.3±0.7a 41.8±2.9d 0.6±0.1c 0.10±0.00c 0.73±0.73b 0.8±0.1a

ST 11.1±1.0c 74.5±8.0a 1.5±0.1a 0.19±0.01a 1.01±0.04b 0.2±0.1b

LD 12.3±0.4bc 53.1±2.0c 0.1±0.2d ND 0.64±0.18b ND

BH 13.5±1.4b 64.6±1.3b 1.0±0.2b 0.10±0.00c 1.85±0.28a 0.0±0.1b

Information on sampling sites is shown in Table 1. Values are means±SD. Means followed by the different superscript letters 
significantly differ from each other using the Student’s t-test (P<0.05). ND: not detected. 
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pollution of heavy metals [10-13]. Seawater-cultivated 
vegetables are newly bred food cultivars. The risk of 
heavy metal pollution in seawater-cultivated vegetables 
could not be ignored. To the best of our knowledge, 
there are no reports evaluating levels of heavy metals in 
seawater-cultivated vegetables, which, however, is a big 
concern to human beings. 

In the present study, we collected three species of 
common seawater-cultivated vegetables (Suaeda glauca, 
S. europaea and Portulaca oleracea) and surrounding 
soils, runoff and seawater from five places in Jiangsu 
Province. Then, concentrations of Cu, Zn, Cr, Cd, Pb 
and Ni in different tissues of plants, water samples  
and soils were determined. These results should be 
useful for evaluating the risk of heavy metal pollution in 
seawater-cultivated vegetables. 

Experimental

Sample Collection

During August 2017, plants of S. glauca, S. europaea 
and P. oleracea were collected. The geographical 
coordinates of sampling sites are listed in Table 1. 
Healthy plants were carefully dug out from soils. After 
washing with dd-H2O to remove contaminated particles 
and air-drying, plants were sealed in sample bags and 
then transported to a laboratory at 4ºC. Meanwhile, 
surface soil (0-10 cm) near the plants was also collected. 

To track contamination sources, three freshwater 
runoff samples and three seawater samples within 100 
m of each plant sampling location were also collected. 
The liquids were filtered through 0.22 μm membranes 
and then preserved in 7% HNO3 until analyses. 

Table 3. Metal concentration in Salicornia europaea and nearby soil (mg/kg, dry weight).

Site Cu Zn Cr Cd Pb Ni

Soil

TZN 15.0±0.9c 57.7±4.1b 30.1±3.8a ND 4.76±1.02ab 16.6±1.0c

JH 10.6±0.2d 48.9±0.3c 24.5±0.2c ND 4.52±0.14ab 12.3±0.2d

ST 17.8±0.2b 57.8±0.4b 29.1±1.5ab ND 5.61±0.30a 19.5±0.1b

LD 19.2±0.8a 71.8±4.0c 25.8±0.2bc ND 4.60±0.27ab 20.9±0.8a

BH 14.2±0.2c 55.5±0.9b 29.5±3.4a ND 3.63±1.17b 16.0±0.2cd

Root

TZN 12.8±0.8b 3.7±0.1b 0.7±0.2c 0.23±0.05b 0.03±0.02b 0.0±0.0bc

JH 16.2±0.0a 3.0±0.0c 2.1±0.0a 0.00±0.00c 0.08±0.00a 0.2±0.0a

ST 12.7±2.7b 4.7±0.5a 0.6±0.2c 0.24±0.07b 0.04±0.03b 0.0±0.0c

LD 14.1±1.1ab 3.5±0.3bc 1.3±0.4b 0.36±0.09a 0.05±0.00ab 0.1±0.0b

BH 11.9±0.7b 3.4±0.2bc 0.8±0.1c 0.19±0.00b 0.02±0.02b 0.0±0.0c

Stem

TZN 9.8±0.4a 39.7±3.8a 0.8±0.2a 0.35±0.05b 0.84±0.72a 0.2±0.1b

JH 9.2±0.9ab 22.5±2.7c 0.8±0.1a 0.01±0.00d 0.93±0.67a 0.7±0.2a

ST 8.6±0.1b 34.2±1.2b 0.7±0.3ab 0.25±0.05c 0.59±0.70a 0.3±0.2b

LD 10.0±0.4a 26.0±0.6c 0.4±0.1bc 0.54±0.23a 0.46±0.38a ND

BH 10.0±0.6a 24.9±3.0c 0.4±0.1c 0.31±0.60bc 0.81±0.47a ND

Leaf

TZN 12.1±0.7a 60.2±4.0a ND ND 0.38±0.94b ND

JH 8.1±0.2cd 37.4±2.5b 0.2±0.1a ND 1.33±0.40ab ND

ST 7.4±0.5d 45.3±4.1b 0.0±0.2a ND 0.80±0.63ab ND

LD 9.7±0.7b 38.2±2.2b ND 0.32±0.07a 0.69±0.42ab ND

BH 10.8±1.3ab 45.8±14.0b ND 0.42±0.32a 1.66±0.78a ND

Information on sampling sites is shown in Table 1. Values are means±SD. Means followed by the different superscript letters 
significantly differ from each other using the Student’s t-test (P<0.05). ND: not detected. 
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Sample Pretreatment

For each species, 10 plants were randomly selected 
from each location. Next, leaf, stem and root were 
separated. Five to fifteen plants were pooled as one 
sample and three samples were prepared for each 
location as replicates. 

Plant samples and soil samples were dried completely 
at 80ºC overnight, and then ground into powders. For 
each sample, approximately 0.1 g of material was taken 
out, precisely weighed and placed in digestion tubes. 
After 5 ml of 65% HNO3 solution was added, samples 
were digested using a high-performance microwave 
digestion system (Ethos ONE, Milestone, Italy). Samples 
were heated to 165ºC in 10 min, kept at 165ºC for  
15 min and then naturally cooled. Afterward, digestion 
solution was accurately diluted to 100 ml using 
deionized water. 

Determining Heavy Metal Concentration

Seawater samples were diluted for 10-fold before 
analyses. Concentrations of Cu, Zn, Cr, Cd, Pb and Ni 
in sample solutions were determined using inductively 
coupled plasma mass spectrometry (ICP-MS; 
NexIon300X, Perkin Elmer, USA) using both standard 
and kinetic energy discrimination (KED) modes.  
The operating conditions are as follows: sample  
uptake rate = 0.5 mL/min, flush delay = 35 s, read 
delay = 90 s, wash time = 40 s, RF power = 1600 W,  
sample running time = 3 min/sample, plasma gas  
flow = 17.0 L/min, auxiliary gas flow = 4.1 L/min, 
nebulizer gas flow = 0.98 L/min. Standard metal solution 
was analyzed in the same condition, and then calibration 
curves were generated using NexION software. Each 
sample was run for three times as technical repeats. 

Table 4. Metal concentration in Portulaca oleracea and nearby soil (mg/kg, dry weight).

Site Cu Zn Cr Cd Pb Ni

Soil

TZN 18.6±0.4c 58.9±2.3b 29.9±0.3b ND 5.60±0.14c 20.3±0.4c

JH 14.5±0.1e 56.7±6.3b 28.2±5.0b 0.85±0.18a 8.50±0.36b 19.9±0.4c

ST 22.4±0.5b 71.9±6.1a 33.0±3.9ab 0.63±0.12b 10.60±0.62a 25.6±0.9a

LD 17.8±0.7d 59.5±3.3b 38.0±7.0a 0.53±0.10b 7.90±0.74b 24.0±1.5b

BH 24.8±0.4a 68.1±1.2a 40.2±1.5a 0.54±0.12b 10.10±0.69a 26.4±0.4a

Root

TZN 33.5±3.5bc 6.4±1.01b 4.9±2.5a 0.21±0.02b 0.10±0.05c 0.4±0.2b

JH 37.5±4.6b 2.0±1.8b 5.5±2.4a 1.01±0.24a ND 0.2±0.0c

ST 34.4±6.4bc 5.4±3.6b 3.8±1.9a 0.36±0.31b 0.10±0.32c 0.2±0.1bc

LD 28.4±0.0c 63.1±0.0a 2.8±0.0a 0.19±0.00b 1.30±0.00b 1.6±0.0a

BH 54.7±0.2a 60.7±1.8a 3.2±0.6a 0.10±0.35b 2.00±0.49a 1.7±0.1a

Stem

TZN 14.7±0.7b 47.2±2.3a 2.1±0.4a 0.73±0.05a 1.87±0.51a 1.7±0.2a

JH 18.9±0.6a 52.8±0.5a 1.8±0.1a 0.67±0.03a 1.77±0.53a 1.5±0.2a

ST 18.0±0.2a 38.7±1.7b 2.3±0.2a 0.99±0.04a 1.41±0.58a 2.0±0.0a

LD 13.2±1.4b 47.6±9.4a 1.6±0.2a 0.70±0.08a 2.03±0.90a 1.7±0.3a

BH 19.1±1.3a 45.7±1.8a 1.7±0.7a 0.22±0.39b 0.76±0.86a 0.6±0.8a

Leaf

TZN 15.0±0.7c 54.6±2.0b 0.4±0.5c 0.13±0.06ab 1.11±1.29a 0.5±0.3b

JH 20.9±0.7a 61.4±4.9a 0.6±0.1b 0.10±0.00bc 1.05±0.84a 1.1±0.4a

ST 20.6±0.9a 62.1±2.2a 0.9±0.7a 0.19±0.10a 1.33±0.26a 1.4±0.1a

LD 17.3±0.7b 60.3±4.5ab 0.4±0.6c 0.00±0.06d 2.09±0.12a 0.1±0.1c

BH 21.8±0.3a 56.0±1.7ab 0.8±0.2ab 0.03±0.08cd 1.00±0.54a 0.6±0.1b

Information on sampling site is shown in Table 1. Values are means±SD. Means followed by the different superscript letters 
significantly differ from each other using the Student’s t-test (P<0.05). ND: not detected. 
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Data Analyses

Content of metals was calculated as mg of metal 
per kg of dry plant tissue or soil. All data are expressed 
as mean±SD. The homogeneity of data was tested 
using Levene’s test. Student's t-tests were conducted to 
determine differences between samples. 

Results and Discussion

Heavy metal concentrations in plants, soils, seawater 
and freshwater runoff from five sampling sites are 
presented in Tables 2-5. 

According to the Chinese Environmental Quality 
Standard for Soils (GB 15618-1995), the highest quality 
level of agricultural soil (level 1) requires concentrations 
of Cu, Zn, Cr, Cd, Pb and Ni of less than 35, 100, 
90, 0.2, 35 and 40 mg/kg, respectively. In the present  
study, concentrations of Cu, Zn, Cr, Pb and Ni in all 
tested soil samples complied with the standard for level 
1 soil. The level of Cd in soils surrounding the collection 
sites of P. oleracea in JH, ST, LD and BH was higher 
than the standard for level 1 soil, but still lower than 
the standard of level 3 soil (Cd content <1.0 mg/kg).  
As generally considered, soils are considered as 
contaminated when content of Cd is ≥3 mg/kg of soil 
[14-16]. These results indicated that soil in sampling 
locations was not polluted by heavy metals, but Cd 
concentration was a little higher at JH, ST, LD and BH 
than other sites. 

As the Chinese standards for irrigation water  
quality (GB 5084-2005) requests, concentration of 
Cu, Zn, Cr and Cd should not exceed 0.5, 2.0, 0.1 and  
0.01 mg/L, respectively. In the present study, Cr  

and Cd were not detected in most seawater and 
freshwater samples. Concentrations of Zn and Ni were 
only at μg/L level, which should not be a big concern. 
In comparison, Cu level in all seawater samples  
was quite high and even exceeded 1.0 mg/L in BH 
and LD. Obviously, seawater samples collected in  
the present study were polluted by Cu. Pb level in 
freshwater sample of TZN was almost 10-fold higher 
than other places, which should be abnormal, suggesting 
that freshwater runoff near these farms might be 
polluted. 

As required by the Chinese Standard of Food  
Safety: Limitation of Pollutants (GB2762-2012), contents 
of Pb, Cd, Ni and Cr in fresh vegetables should not 
exceed 0.1, 0.1, 1.0 and 0.5 mg/kg, respectively. Water 
content in S. glauca, S. europaea and P. oleracea 
stem and leaf was all approximately 90% [17-19]. 
Taking these data together, we defined the safe limits 
of Pb, Cd, Ni and Cr in dry weight of seawater-
cultivated vegetables of 1.0, 1.0, 10.0 and 5.0 mg/
kg, respectively. In the present study, levels of Cd 
and Ni in all plant samples were lower than the safe 
limits. However, levels of Pb and Cr exceeded the safe 
limits in some samples. For example, content of Pb in 
P. oleracea stem and leaf from LD and P. oleracea 
root from BH all exceeded 2.0 mg/kg, with levels of 
Pb in P. oleracea stem from TZN, JH, and S. glauca 
leaf from BH higher than 1.5 mg/kg. Levels of Cr in  
P. oleracea root from JH and in S. glauca root from 
TZN and JH were higher than 5.0 mg/kg. Pb and Cr 
are both severe contaminants. Seawater-cultivated 
vegetables with unsafe levels of Pb and Cr might 
endanger health. Two aspects might explain these results.
Firstly, a high concentration of Pb in freshwater runoff 
at TZN was observed, suggesting that irrigation on these 

Site Cu Zn Cr Cd Pb Ni

Seawater

TZN 289.4±78.8a 3.7±1.1 ND ND 0.02±0.06a 2.51±0.89ab

JH 577.7±106.7b 4.2±0.8 ND ND 0.05±0.04ab 1.98±0.26a

ST 991.3±128.5c 5.6±1.8 ND ND ND 3.80±0.82bc

LD 1290.6±48.9d 3.4±0.5 ND ND 0.13±0.06b 4.46±0.37c

BH 1370.5±58.6d 3.2±0.2 ND ND 0.64±0.19c 4.97±0.20c

Freshwater runoff

TZN 43.8±0.8a 16.1±5.2b ND 0.02±0.03 3.39±2.50c 2.15±1.10d

JH 43.9±3.0a 14.4±6.1b ND ND 0.42±0.13ab ND

ST 66.4±7.7b 16.1±4.1b ND ND 0.63±0.49b 0.08±0.06a

LD 104.6±7.1c 11.5±2.0a ND ND 0.20±0.11a 0.76±0.26c

BH 68.0±2.6b 19.6±10.8c ND ND 0.23±0.07a 0.41±0.17bc

Information on sampling site is shown in Table 1. Values are means±SD. Means followed by the different superscript letters 
significantly differ from each other using the Student’s t-test (P<0.05). ND: not detected. 

Table 5. Metal concentration in seawater and freshwater runoff of nearby collection locations of plants (μg/L).



Yang H., et al.966

farms was facing a high risk of heavy metal pollution.
Contamination of Cr and Pb was not clearly revealed in 
soil, seawater and freshwater runoff in the present study, 
probably due to the sampling time. We only collected 
seawater and freshwater for one time, which might 
miss pollution of Cr and Pb. Secondly, S. europaea and 
P. oleacea have been reported to accumulate Pb, Cr 
and other heavy metals when growing in saline soils 
[20-22]. Thus, as novel vegetables, seawater-irrigated 
plants might raise concerns of food safety. Besides, high 
concentrations of Cu were detected in soil and seawater 
samples, but the level of Cu in plant samples was low. 
Previous reports claimed that treatment with salinity 
reduced Cu bioaccumulation in halophytes [23], which 
might explain the observed phenomenon in the present 
study. 

P. oleracea was considered as a candidate of 
phytoremediation species for Cu, Cr, Cu, Fe, Ni, Mn, Pb 
and Zn [22]. In the present study, levels of Cu, Cr, Pb 
and Ni in P. oleracea were higher than those in stems 
of the other two species, suggesting that P. oleracea 
had higher ability of accumulating heavy metals than  
S. glauca and S. europaea. However, levels of tested 
metals were lower in almost all stem, root and 
leaf samples of P. oleracea than surrounding soil, 
demonstrating no significant biomagnification effects. 
Thus, the present results suggested that P. oleracea 
might be unsuitable for phytoremediation. Nevertheless, 
the performance of P. oleracea in a highly polluted area 
required further elucidation. 

Conclusion

In the present study, heavy metal contents in 
P. oleracea, S. glauca and S. europaea collected 
from five farms in Jiangsu Province (China) were 
investigated. The results suggest that these seawater-
cultivated vegetables can accumulate an excess of 
heavy metals when planting on saline soils and might 
subsequently endanger health of human beings. 
Irrigation using contaminated seawater and runoff 
might be the reason. Moreover, P. oleracea has a higher 
ability to accumulate heavy metals than S. glauca and 
S. europaea. 

Acknowledgements

We thank the Shenzhen Gen roMetab Biotechnology 
Company for assistance in analysis of heavy metal 
concentration and the Shenzhen Nobel Science and 
Technology Service Company for comments on 
manuscript writing. This work was supported by the 
China Spark Program (2015GA690003), the Jiangsu 
Agricultural Science and Technology Innovation Fund 
(CX(15)1005) and the Natural Science Foundation of 
Jiangsu Province (BK20151301). 

Conflict of Interest

The authors declare that they have no conflict of 
interest.

References

1. KEREN R. Salt-affected soils, reclamation. Encyclopedia 
of Soils in the Environment. Elsevier: Oxford, 2005.

2. MCLEOD E., CHMURA G.L., BOUILLON S., SALM 
R., BJÖRK M., DUARTE C.M., LOVELOCK C.E., 
SCHLESINGER W.H., SILLIMAN B.R. A blueprint for 
blue carbon: toward an improved understanding of the role 
of vegetated coastal habitats in sequestering CO2. Front. 
Ecol. Environ. 9 (10), 552, 2011. 

3. LI X., KANG Y., WAN S., CHEN X., LIU S., XU J. Effect 
of ridge planting on reclamation of coastal saline soil using 
drip-irrigation with saline water. Catena. 150, 24, 2017. 

4. FENG L.T., JI B., SU B. Economic value and exploiting 
approaches of sea asparagus, a seawater-irrigated 
vegetable. Agric. Sci. 4 (9B), 40, 2015.

5. VENTURA Y., SAGI M. Halophyte crop cultivation: The 
case for Salicornia and Sarcocornia. Environ. Exp. Bot. 92 
(5), 144, 2013. 

6. CHAI M., SHI F., LI R., LIU L., LIU Y., LIU F. Interactive 
effects of cadmium and carbon nanotubes on the 
growth and metal accumulation in a halophyte Spartina 
alterniflora (Poaceae). Plant Growth Regul. 71 (2), 171, 
2013. 

7. JORDAN F.L., ROBIN-ABBOTT M., MAIER R.M., 
GLENN E.P. A comparison of chelator-facilitated metal 
uptake by a halophyte and a glycophyte. Environ. Toxicol. 
Chem. 21 (12), 2698, 2002. 

8. LAFFONTSCHWOB I., D’ENJOYWEINKAMMERER 
G., PRICOP A., PRUDENT P., MASOTTI V., RABIER 
J. Evaluation of a potential candidate for heavy metal 
phytostabilization in polluted sites of the Mediterranean 
littoral (SE Marseille): endomycorrhizal status, fitness 
biomarkers and metal content of Atriplex halimus 
spontaneous populations. Ecol. Quest. 14 (1), 89, 2011. 

9. MILIĆ D., LUKOVIĆ J., NINKOV J., ZEREMSKI-
ŠKORIĆ T., ZORIĆ L., VASIN J., MILIĆ S. Heavy metal 
content in halophytic plants from inland and maritime 
saline areas. Cent. Eur. J. Biol. 7 (2), 307, 2012. 

10. FERNANDES L.L., NAYAK G.N. Heavy metals 
contamination in mudflat and mangrove sediments 
(Mumbai, India).Chem. Ecol. 28 (5), 435, 2012. 

11. LEE S.V., CUNDY A.B. Heavy metal contamination and 
mixing processes in sediments from the humber estuary, 
Eastern England. Estuar. Coast. Shelf Sci. 53 (5), 619, 
2001. 

12. YAO R., YANG J., XIE W., CHEN Q., DANHUA W.U., 
BAI Y. Content and bioavailability factors of soil heavy 
metals in mudflat coastal areas. Chin. J. Eco-Agr. 35, 
1498, 2017.

13. YAO R.J., YANG J.S., MENG Q.F., ZHANG C.Y. Heavy 
Metal Content and Pollution Assessment of Mudflat Soils 
in the Coastal Area of Northern Jiangsu Province. Res. 
Environ. Sci. 25 (5), 512, 2012. 

14. ALLOWAY B.J. Heavy metals in soils – trace metals 
and metalloids in soils and their bioavailability. Springer: 
Netherlands, 2013.



Risk of Heavy Metal Contamination... 967

15. KABATA-PENDIAS A. Trace elements in soils and 
plants. CRC Press: Taylor and Francis Group, Boca Raton, 
USA, 2011. 

16. KABATA-PENDIAS A., MUKHERJEE A.B. Trace 
elements from soils to human. Springer: Germany,  
2007. 

17. CHEN M.Z., CHEN W.Z., SONG C.X. Analysis and 
evaluation of the nutritional components of Salicornia 
bigelovii Torr. Acta Nutr. Sinica. 32 (3), 286, 2010. 

18. LI Y., GUO J., YANG M., WANG B. Effects of KCl 
and NaCl treatment on growth and water metabolism of 
Halophyte Suaeda Salsa seedlings. J. Plant Phys. Molecul. 
Biol. 29, 576, 2003.

19. DONG H.S., ZHU J.T., ZHANG S.J., CHEN B. Analysis 
of water and total flavonoids content in purslane  
during different growth stages. J. Food Sci. Technol. 31, 
30, 2013.

20. KHODAVERDILOO H., TAGHLIDABAD R.H. 
Phytoavailability and potential transfer of Pb from a salt-
affected soil to Atriplex verucifera, Salicornia europaea 
and Chenopodium album. Chem. Ecol. 30 (3), 216, 2014. 

21. SONG U.R., HONG J.E., AN J.H., CHUNG J.S., MOON 
J.W., LIM J.H., LEE E.J. Heavy metal accumulation in 
halophyte Salicornia europaea and salt marsh in west-
coast of Korea. J. Environ. Sci. 20 (4), 483, 2011.

22. SAĞLAM C., ER F., ÇELEBI M., GÜMÜŞÇÜ A., 
ÖZCAN M.M. Assessment of heavy metal accumulation 
in some edible plants and media samples in the vicinity of 
seydişehir aluminum plant, Konya. Fresen. Environ. Bull. 
22 (9), 2159, 2013.

23. HAN R.-M., LEFÈVRE I., RUAN C.-J., BEUKELAERS 
N., QIN P., LUTTS S. Effects of salinity on the response 
of the wetland halophyte Kosteletzkya virginica (L.) Presl. 
to copper toxicity. Water Air Soil Poll. 223 (3), 1137, 2012.


