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CHAPTER 8 

CONCLUSION AND SYNTHESIS 

8.1 Conclusion  

At the end of our work, we would like to conclude by summarizing what we have 

found with respect to the heavy metal situation of the Eerste River catchment area in 

the Western Cape, Cape Town, South Africa. Also, the possible use of the four plant 

species selected (Salix babylonica, Commelina benghalensis, Paspalum urvillei and 

Persicaria lapathifolia) as biological monitors for contamination with heavy metals 

(copper, cadmium, iron, nickel, lead and zinc) in river water and soil. 

Human interventions through various activities that produce known and unknown 

waste, climate changes and declining biodiversity are affecting the environment in all 

respects on the face of the globe. In our research, we used plant species to obtain 

quantitative information that would assist us in developing a predictive model that 

was prepared to obtain information about the state of water and soil, in particular, to 

identify the environmental situation in terms of heavy metal pollution in the study 

area. 

A number of criticisms have been directed at the use of plants as biological monitors, 

and have been met with a set of responses (Chapter 1, 1.3). The plant as a 

biomonitor: after reviewing previous studies, it became apparent that the plant has an 
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advantage as a biomonitor, as the plant is fixed in its place and does not move. 

Accordingly, clear information can be obtained about the study area, unlike taking 

humans and animals such as fish and crustaceans to obtain data for the environmental 

impact assessment, as they are moving permanently and may move from one place to 

another in varying periods. Thus, the history of the movement of these organisms 

must be taken before using them as biomonitors. 

Several previous studies on the environment of rivers, the environment surrounding 

them, and their biological diversity were listed, outlining the contribution of these 

environments to support biological diversity and its effects on human health in the 

event of its exposure to pollution. This is principally so with heavy metals resulting 

from various human activities for water and soil pollution, absorption and 

accumulation within living organisms, especially plants. Many studies that focus on 

biomonitoring have been published over the last few decades Madejón et al., 2006; 

Markert et al., 2003; Gadzała-Kopciuch et al., 2004; Aksoy et al., 2000; Aksoy and 

Öztürk, 1996; Aksoy and Şahin, 1999; Al-Khashman et al., 2011; Al-Shayeb et al., 

1995; Calzoni et al., 2007; De Luccia, 2012; Djingova et al., 1993 and Zurayk et al., 

2001. 

The area studied in our research was in the Cape Metropolitan area (CME) and our 

focus was on the Eerste River catchment that contains two important rivers in the 

region, namely the smaller Kuils and the larger Eerste that meet in the Macassar area 

before the estuary in False Bay. This is one of the eleven estuaries in False Bay. The 

Eerste catchment area contains large parts of the Cape Town and Stellenbosch 

regions, with an area of 660 km2. Within these spaces, there are many factories and 
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sewage treatment plants that release waste and treated wastewater into the riverbed 

(Thomas et al., 2010). The area of the river catchment was surveyed along the two 

rivers, and we started with forty sites. The plant species were identified in these 

locations and we chose the sites where the most common plant species were found 

across the sites, including each main tributary. We selected 22 sites for sampling, 

along the Eerste and Kuils rivers, which were divided, according to topography, into 

three groups: upper, middle and lower reaches. 

We collected samples from November 2011 to December 2012 at a visit rate of every 

six weeks with a total of ten field trips to collect samples from study sites. They were 

samples of river water, river bank soil and leaves of the selected plants in the study. 

Some measurements of water were taken directly in the river using portable 

instruments (temperature and dissolved oxygen). The other measurements were 

carried out within 24 hours after returning to the lab, namely, electrical conductivity 

(EC), pH, ammonium (NH4
+), nitrite (NO2

-), and nitrate (NO3
-). 

The soil was air-dried at room temperature until completely dry, then prepared and 

stored until digestion. Water samples were frozen until the date of measuring the 

heavy metals. Soil and plant samples were digested according to the methods used in 

most studies and approved by researchers. After obtaining the extract, the 

concentration of heavy metals in the plant and soil extract and in water samples was 

measured by the Agilent 710 Series ICP-OES. The data obtained were analysed after 

inclusion in an Excel Spread Sheet and divided into groups according to river levels 

(upper, middle and lower reaches), and also according to the seasons. A set of 

statistical analyses were performed on the data using IBM SPSS version 22.  
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Initially, the data sets were inspected using descriptive statistical analysis, then they 

were checked for normal distribution using Shapiro-Wilk W test. Significant 

differences between the soil, water, and plants in the different seasons and various 

sections were explored using Kruskal-Wallis one-way ANOVA tests because the 

distribution of the data was not normal. The inter-relationship between the different 

variables was explored using a bivariate correlation test. All statistical analyses were 

conducted at the 5% or 1%, levels of significance. 

We took the data obtained from the plant, soil and water samples to develop a 

predictive statistical model intended to use the specified plants in our study as a 

biological monitor for heavy metals pollution. 

Our results obtained were as follows: 

The temperature of the river water ranged between 0.8 to 27.39°C, the lowest 

recorded in the upper reaches during winter. While the highest recorded in the lower 

reaches during the summer and gave significant differences with the seasons and 

reaches. Our results were consistent with most studies done on the South African 

rivers and inland waters in general. The dissolved oxygen (DO) in river water 

inversely related to the water temperature. The highest values were recorded in 

winter and autumn, in the upper reaches, and the lowest in summer and spring in the 

lower reaches. They generally ranged between 3.56 and 11.3 mg·l-1. This trend is in 

line with most previous studies. As for the conditions of South African water quality 

for coastal waters, our results were often in accordance with the conditions in the 

upper reaches, but the lower reaches were outside the specifications. 
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The pH of the river's water was recorded as the lowest at the top of the river in the 

winter and autumn. As for the highest, it was at the bottom of the river in the summer 

and spring seasons, it ranged in general between 6.63 and 7.84 pH and gave 

significant differences with the seasons, the lowest was in the upper reaches during 

winter and the highest was in lower reaches during spring. Our results were close to 

and within the range of most previous studies in the region and in South Africa. The 

pH of the water was in a direct relationship with the electrical conductivity (EC) in 

the water of the river, and thus it was in the same direction in the pH of the water. It 

ranged between 38.25 to 2734.06 µS·cm-1 the lowest was in winter and the highest 

was in spring, but it did not differ significantly with the seasons, and our results did 

not agree with most of the previous studies and the effect of the tide was marked in 

the lower reaches of the estuary where it significantly increases the EC, by entering 

the salty water from the ocean and mixing it with the river water. 

The ammonia (NH4
+) concentration in the river water showed a temporal and spatial 

variation within the river reaches and seasons. The lowest concentration was below 

the detection limit (ND) at the upper reaches during the winter, and the highest was 

10.05 mg·l-1 at the lower reaches during summer. The NH4
+ concentrations differed 

significantly with the seasons. Through our study, there was a direct relationship 

between the concentration of NH4
+ in water with the temperature and acidity of the 

water. On the other hand, the relationship was inverse between the concentration of 

NH4
+and the DO in the water. When compared to the recommendations of the World 

Health Organization (WHO), only the upstream water had an NH4
+ concentration of 

less than 0.2 mg·l-1. 
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The concentration of nitrite NO2
- increased significantly in river water from the upper 

to the lower reaches. The lowest concentration was below the detection limits (ND) 

in the upper reaches in all seasons, while the highest was 3.21 mg·l-1 in the lower 

reaches in spring. It gave significant differences with the seasons and reaches. Thus, 

water in the upper reaches was safe to drink according to WHO recommendations for 

NO2
- concentration, less than 0.3 mg·l-1. Nitrates (NO3

-) were the lowest in the upper 

reaches where they were below the detection levels (ND) for all seasons, except for 

spring, which was 0.33 mg·l-1 and the highest concentrations were in the middle 

reaches, in autumn, at 15.18 mg·l-1. 

Regarding the results of soil analysis, the lowest pH values were recorded at the 

upper reaches, 4.83 pH, and the highest were at the middle reaches, 7.6 pH, in spring. 

Only the middle reaches differenced significantly. The electrical conductivity of the 

soil have the same trend with acidity of the soil, where the lowest values were 

recorded in the upper reaches, the lowest of which was 43.5 µS·cm-1 during the 

winter and the highest values were in the middle reaches 1427 µS·cm-1 during the 

summer. There were no significant differences between the seasons. We further noted 

that the salinity of the soil was higher in the central regions, where previous studies 

indicated that it might be caused by a change in human activity and pollution, and 

this would affect agricultural activity in the region. 

The concentration of calcium (Ca) increased significantly in both Salix babylonica 

and Paspalum urvillei from the upper to the lower reaches. The values were between 

19.67 and 80.29 mg·kg-1 in Salix and between 15.11 and 42.55 mg·kg-1 in Paspalum 

urvillei. Soil samples showed a significant difference in Ca concentrations, ranging 
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between 17.77 mg·kg-1 at lower reaches and 63.73 mg·kg-1 during summer and gave 

significant differences. The Salix babylonica was highest in its accumulation of Ca in 

summer at 82.24 mg·kg-1, with significant differences. The Eerste River catchment 

water is deemed soft. Moreover, with regard to the limits of Ca in water, the DWAF 

(1996) states that it must not exceed 15 mg·l-1, and our findings were in line with that 

stipulation through the river, except for the lower reaches, which was 26.88 mg·l-1. 

Iron (Fe) concentrations differed significantly between seasons in soil and water, and 

were between 0.58 mg·l-1 during spring and 1.45 mg·l-1 during autumn in water and 

between 13.25 mg·kg-1 during summer and 24.83 mg·kg-1 during spring in the soil. It 

also gave significant differences in the four studied plants with seasons, so the 

studied plant species are good accumulators of Fe in there leaves and can used as 

biomonitors, especially when the samples are taken seasonally. The concentration of 

Fe in the Eerste River water was within the normal range (DWAF, 1993). 

Concentrations of nickel (Ni) differed significantly between seasons in soil. The 

concentrations were 1.35 mg·kg-1 during summer to 1.97 mg·kg-1 during spring. For 

the plants, there were significant differences between the seasons in both P. urvillei 

and P. lapathifolia. So, they are accumulators of Ni, and can used as biomonitors of 

Ni in the soil, especially when the samples are taken seasonally. Our values for Ni 

concentration in soil was within the recommendations of the DoH (1991). Regarding 

the South African Water Quality guidelines for different water uses for livestock, just 

the upper reach water was within the recommended standards. 
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Zinc (Zn) concentrations during the seasons gave significant differences in water. 

The concentrations were between 0.24 mg·kg-1 during spring and 1.63 mg·l-1 during 

autumn, as well as in S. babylonica between 0.61 mg·kg-1 during summer and 1.03 

mg·kg-1 during autumn and P. lapathifolia between 0.98 mg·kg-1 during autumn and 

1.21 mg·kg-1 during summer. As for the reaches, there were significant differences 

with Commelina benghalensis between 0.56 mg·kg-1 at the upper reaches and 0.75 

mg·kg-1 at the middle reaches, and for the reaches, there were significant differences 

with P. urvillei between 0.11 mg·kg-1 at the upper reaches and 0.53 mg·kg-1 at the 

lower reaches.  

Thus, S. babylonica and P. lapathifolia are accumulators of Zn and can be used as 

biomonitors of Zn in the water especially when the samples are taken seasonally. 

Both C. benghalensis and P. urvillei are accumulators of Zn in the water and can be 

used as biomonitors of Zn in the soil especially when the samples are taken with river 

reaches. Our values for Zn concentration in soil was within the recommendations of 

the DoH, (1991) and Australian and New Zealand guidelines for the assessment and 

management of contaminated sites (1992). Also, the Zn concentration in water in this 

study was above recommendations of DWAF (1996) and CCME (2002). 

The concentration of copper (Cu) in water gave significant differences with reaches 

and seasons, and the concentrations were between 0.65 mg·l-1 at the upper reaches 

and 2.32 mg·l-1 during winter. In P. urvillei Cu ranged between 0.03 mg·kg-1 during 

winter and 0.17 mg·kg-1 during summer and in P. lapathifolia 0.16 mg·kg-1 during 

summer and 0.31 mg·kg-1 at the upper reaches—both gave significant differences 

with the seasons and reaches. Thus, P. urvillei and P. lapathifolia are accumulators of 
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Cu and can used as biomonitors of Cu in the water, with seasons and reaches. In this 

study, the concentrations of Cu in soil and water were within the recommended limits 

of DoH (1991) and WRC (1997). The Cu concentration in water in this study was 

beyond the recommendations of DWAF (1996) and CCME (2002). 

The cadmium (Cd) concentration gave significant differences with river reaches in 

the soil and the concentrations were between 1.13 mg·kg-1 at the upper reaches and 

2.66 mg·kg-1 at the lower reaches. P. urvillei gave significant differences with the 

lower reaches at a concentration of 2.8 mg·kg-1. As for the seasons, it gave both soil 

between 0.95 mg·kg-1 during winter and 2.98 mg·kg-1 during autumn and P. urvillei 

between 0.72 mg·kg-1 during winter and 3.15 mg·kg-1 during autumn with significant 

differences. Thus, P. urvillei is an accumulator of Cd in soil and can be use as a 

biomonitor of Cd in the soil especially when the samples are taken with seasons and 

with lower reach. In this study, the concentrations of Cd in water were outside the 

recommended limits of DWAF (1996). 

The lead (Pb) concentration gave significant differences with the seasons in the 

water, and the concentrations were between 1.07 mg·l-1 during winter and 2.49 mg·l-1 

during summer. S. babylonica and P. urvillei have significant differences with the 

seasons and reaches, S. babylonica between ND at the upper reaches and 2.67 mg·kg-

1 during autumn and P. urvillei between 0.004 mg·l-1 at the upper reaches and 0.01 

mg·l-1 at middle and lower reaches during spring and autumn. Thus, S. babylonica 

and P. urvillei are accumulators of Pb and can be used as biomonitors of Pb in the 

water when the samples are taken with seasons and reaches. In our study, the 

concentrations of Pb in water and soil were within the limits allowed. According to 
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the guidelines of the Department of National Health and Population Development 

(DoH), the highest Pb concentration allowed in South African soil was 56 mg·kg-1 

(DoH, 1991). And according to the Water Research Commission, Pretoria, Pb 

concentration allowed in South African is 6.6 mg·l-1 (WRC, 1997). On the other 

hand, the water of the Eerste River catchment was outside the recommended limits of 

Pb concentration, regarding to DWAF (1996) and CCME (2002). 

When studying the correlation (measure or degree of the relationship between the 

measured parameters and the various river reaches and seasons), we found a number 

in water parameters. The relationship between NO2
- and the temperature, EC, and Ca 

concentration in the river water was strongly positive (p<0.01), this relation was 

aligned with the results the of Shabalala et al. (2013) and Vadde et al. (2018). On the 

other hand, NO2
- had a strong, negative relationship (p<0.01) with DO, and this 

agrees with Gómez et al. (2002) and Larsen et al. (2010). 

The relationship between NO3
- and the Ca an EC in the river water was strongly 

positive (p<0.01). NH4
+ measurements in the water had a strong positive relationship 

with water temperature, EC and Ca concentration (p<0.01). For the seasons the 

concentrations of NO2
- has positive relationship (p<0.05), and strong positive 

relationship with NH4
+. For the reaches, the concentrations of NO3

- has a positive 

relationship (p<0.05 and strong positive relationship with NH4
+. 

With regard to the relationship between the heavy metals and the various river 

reaches and seasons, we found in water that the concentrations of Ni had a strong 

positive relationship with the seasons (p<0.01). As for the relationship between Ni 
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and DO, it was a negative relationship in the water (p<0.05). Zinc concentrations in 

the water had a strong positive relationship with seasons (p<0.01). A strong negative 

relationship (p<0.01) between the concentration of Zn in the water and between river 

reaches, temperature and pH. Cu concentrations in the water had a strong positive 

relationship with EC (p<0.01). And also had a positive relationship with the 

concentration of calcium in the water (p<0.05). Pb concentrations in the water had a 

strong positive relationship with seasons (p<0.01). 

Therefore, when studying the parameters in Eerste River catchment water in the 

seasons and reaches, we must take into account the positive and negative 

relationships (correlations) that we found in our study. 

The simple linear correlation coefficient is the strength of the relationship amongst 

all the four plant species samples with the investigated parameters in the soil and the 

season, reach and Ca: for the soil the concentration of Fe and Ni had a strong positive 

relationship with Ca (p<0.01). And the concentration of Cd had a strong positive 

relationship with seasons and reaches (p<0.01).  

For Salix babylonica, the concentration of Fe had a positive relationship with Ca 

(p<0.05). The concentration of Zn had a negative relationship with Ca (p<0.05). The 

concentration of Pb had strong positive relationships with the season, reach and Ca 

(p<0.01). For Commelina benghalensis, the concentration of Fe had a strong negative 

relationship with the season and reach (p<0.01). The concentration of Ni had a 

negative relationship with the season and reach (p<0.05). The concentration of Zn 
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had a strong positive relationship with Ca (p<0.01). The concentration of Pb had a 

strong positive relationship with the season and reach (p<0.01). 

For Paspalum urvillei, the concentration of Fe had a strong positive relationship with 

the season and Ca (p<0.01), it also had a positive relationship with reach (p<0.05). 

The concentration of Ni and Zn had a strong positive relationship with the season, 

reach and Ca (p 0.01). The concentration of Cu had a strong positive relationship 

with the season (p<0.01), as will had a positive relationship with Ca (p<0.05). The 

concentration of Cd had a strong positive relationship with the season and reach 

(p<0.01), as well as a positive relationship with Ca (p<0.05). The concentration of Pb 

had a strong positive relationship with Ca (p<0.01). 

For Persicaria lapathifolia, the concentration of Fe had a strong positive relationship 

with Ca (p<0.01). The concentration of Ni had a negative relationship with the season 

and positive with Ca (p<0.05). The concentrations of Zn, Cu and Cd had a strong 

positive relationship with the Ca (p<0.01). The concentration of Cd had a positive 

relationship with the reach (p<0.05). The concentration of Pb had a positive 

relationship with Ca (p<0.05). 

Therefore, when studying the parameters in Eerste River catchment soil and four 

plant species we studied in the season, reach and Ca must be taken into account the 

positive and negative relationships (correlations) that we got in our study. Noticeable 

there no relationships: for the soil, the concentration of Zn, Cu and Pb in all 

parameters. For S. babylonica and C. benghalensis the concentration of Cu and Cd. 
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The two main rivers in Eerste River catchment (Eerste and Kuils rivers), were 

compared. Regarding the measurements of the two rivers water, the values of 

dissolved oxygen were significantly higher in the Eerste River, at 6.32 mg·l-1. 

Regarding the temperature, it was similar between the two rivers, no significant 

differences were recorded, and the highest in the Eerste River was recorded at 

19.94°C. This is inconsistent with what we recorded in the values of DO, as it was 

assumed that the values of DO decreased with increasing temperature (direct 

relationship). The EC and pH were significantly higher in the Kuils River at 1100.6 

and 7.61 µS·cm-1, respectively. 

Concentrations of nitrites were the highest in the Eerste River 1.24 mg·l-1. Ammonia 

levels were similar between the two rivers, but significantly higher in the Eerste 

River at 3.89 mg·l-1. As for nitrates, the highest recorded value was 15.31 mg·l-1 in 

the Kuils River, which was significantly higher than the lowest value recorded in the 

Eerste River at 7.62 mg·l-1. Thus, both were polluted by human activities, the most 

important of which is sanitation, and this agreed with Green et al. (2018). 

The Ca concentrations in the soil and water were significantly higher in the Kuils 

River, where they reached 28 mg·l-1. Was double value was recorded in the Eerste 

River 13.02 mg·l-1. This is due to the passage of the Kuils River through the sandy 

lands in the Cape Flats region. The Ca in the soil of the Kuils River was five times 

what we recorded in the soil of the Eerste River, and significantly higher than the 

minimum values in the Eerste River. The highest concentrations of Pb, Ni, Zn and Fe 

were recorded in the water of the Eerste River in the middle and lower reaches of the 

river. S. babylonica leaves from the Eerste River had significantly higher 
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concentrations of Zn and Cu levels than these from the Kuils River. P. lapathifolia 

had significantly higher concentrations of Pb and Ni in the Kuils River than in the 

Eerste River. Using data collected from concentrations of heavy metals selected from 

water, soil and plant samples. Simple linear regression analysis was used to estimate 

the correlation between the heavy metal concentrations in the plant, water, and soil 

leaves as independent variables, then the third source of heavy metals that may have 

been from the atmosphere was added. Both affect the concentration of heavy metals 

in plant leaves. To identify which plants are suitable to be a biological monitor and 

for any of the heavy metals, whether in soil or water. We extracted from our results 

the following: 

For the Salix babylonica, it gave results worthy of attention, as Cd was given the 

highest correlation value (β) in water without the third source at p<0.001. S. 

babylonica also had good results, as Cu, Fe, Pb, and Zn gave the values in the soil 

without the third source at p<0.001. Thus, the Salix babylonica can be used as a 

prospective biological monitor for cadmium in the water and as well as for copper, 

iron, lead and zinc in the soil. We recommend it in future studies and the possibility 

of it being used as a biological monitor with third source in Cu, Fe and Zn, especially 

in the area of the Eerste River catchment. A group of studies have examined the 

accumulation of a group of heavy metals within the tissues of Salix babylonica and 

the possibility of using it as a biological monitor for soil pollution with heavy metals 

such as Liu et al. (2017) and Zeiner and Cindrić (2017). 

In Commelina benghalensis, Cu and Cd concentrations gave significant results in 

water with our study without the third source at P <0.001, and Cu with C. 
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benghalensis compared to other plant species have the highest value of correlation 

(β) in water without the third source. C. benghalensis also had good results, as Cu, 

Fe, and Zn gave correlation values (β) in the soil without the third source at p<0.001. 

Thus, according to our results, it is strongly recommended to use C. benghalensis as a 

biological monitor for Cu contamination in water in the area. In addition to that it can 

also be used to biological monitor for Cd contamination in water; also, as an indicator 

of Cu, Fe and Zn in the soil. We recommend it in future studies and the possibility of 

it being used as a biological monitor for third source in Cu, Fe, Ni and Zn in the area 

of the Eerste River catchment. Adesuyi et al. (2018) mentioned the possibility of 

using Commelina benghalensis to assess with heavy metal pollution. Moreover, Ge 

and Zhang (2015) mentioned the use of C. communis to assess the environmental 

situation after heavy metal pollution. 

In Paspalum urvillei, Cu and Ni concentrations yielded significant results in water 

with our study without the third source at p<0.001. P. urvillei also had good results 

with the soil, as Cu, Fe, Ni, Pb, and Zn were given correlation values (β) in the soil 

without the third source at p<0.001. Accordingly, P. urvillei can be used as a 

prospective biological monitor for Cu and Ni in the water in the area, in addition to 

that it can be used to monitor pollution of Cu, Fe, Ni, Pb and Zn in the soil. We 

recommend it in upcoming studies and the possibility of it being used as a biological 

monitor for the third source in Cu, Fe, Ni, Pb and Zn in the area of the Eerste River 

catchment. Some studies, such as Adesuyi et al. (2018); Sa’idu et al. (2013) and Ying 

et al. (2008), found the possibility of using some types of the same family as 

Paspalum urvillei as a biological monitor or phytoremediation after the accumulation 

of heavy metals in the tissue of the plant.  
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In Persicaria lapathifolia, the concentrations of Cu and Ni gave important results in 

water with our study without the third source at p<0.001. P. lapathifolia also had 

good results with the soil as Cu, Fe, Pb, and Zn gave the values of correlation (β)  in 

the soil without the third source at p<0.001. Accordingly, P. lapathifolia can be used 

as a prospective bio-monitor for Cu and Ni in the water in the area. In addition to that 

it can be used to monitor Cu, Fe, Pb and Zn contamination in the soil. We 

recommend it in future studies and the possibility of it being used P. lapathifolia as a 

biological monitor for third source with Cd, Cu, Fe, Fe, Pb and Zn in the Eerste River 

catchment. Baldantoni and Alfani (2016) confirmed that there is a promising future 

for Persicaria lapathifolia to be used as a lead biomonitor. 

Based on previous information on plant species recommended as biomonitors for the 

specific heavy metals with each plant species. Samples are taken from the leaves of 

the plant, and the concentration of heavy metals is measured and computed in the 

equations in the statistical model to predict the concentration of heavy metals in 

water and soil in particular. 

8.2 Synthesis 

Most studies have used mineral concentrations in plant tissues to predict the heavy 

metal concentrations in soil only or in water only. However, in our study, we used, 

for the first time, the concentration of heavy metals in plant leaves to predict the 

concentration of heavy metals in water and in soil. The following elements or 

compounds exceeded the safety in some part of the water or soil of the Eerste River 

catchment: NH4
+, Ni, Zn, Cu, Cd and Pb. 
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