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Abstract 
 
Mangroves are one of the most biologically important and productive ecosystems in the 
world. Although marked by tough natural challenges, mangroves are a host to various 
life forms, and provide humans with various benefits. However, over the years, they 
have been rapidly degrading due to anthropogenic influences, such as heavy metal 
pollution, which have been shown to have effects on mangrove plants and microbial 
activity which are integral to the mangrove ecosystem. The purpose of the research was 
to measure the levels of heavy metals in various mangroves in Singapore and correlate 
their levels and consequences to observations and findings in the mangroves and its 
surroundings. Three mangroves were chosen: Sungei Tampines, Berlayar Creek and 
Pandan mangrove. Water and soil samples were taken from these mangroves in 
duplicates and analyzed using Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS). Heavy metal levels in the mangroves were then obtained. Within the three 
mangroves studied, levels of heavy metals in water samples were similar, as there are 
no clear trends of any mangroves having elevated levels of an element and being more 
contaminated. Levels of heavy metals were not found to be consistently high. 
According to our results for the sediment sample analysis, Pandan Site 3B has the 
highest level of Cu, Pb, Fe and Cr levels. In general, the whole Pandan mangrove has a 
higher level of Cu, Pb, Fe and Cr compared to the Labrador mangrove and Pasir Ris 
mangrove. However, Labrador mangrove has a higher level of Zn compared to the other 
two. Pasir Ris mangrove has the lowest level of all the heavy metals tested. 
Interpretation of our results reveals that the effects of the present levels of heavy metals 
do not have a significant effect on the microbial community in the mangrove sediment. 
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1.1 Introduction 

A mangrove may refer to individual trees or shrubs found in warmer tropical or 
subtropical latitudes or the ecosystem itself. Mangroves grow in intertidal or estuarine 
areas, most commonly in Africa, Australia, Asia and North and South America. 
Mangrove trees are unique as they have developed structures to adapt to high and 
variable salinity conditions in brackish waters and waterlogged and anaerobic soil 
conditions, both of which are caused by environmental factors in mangroves (FLMNH 
Ichthyology Department). 
 
  Mangroves provide food, shelter and nursery areas for fish, birds, crustaceans 
and other marine life. They also provide a source of livelihood for many humans around 
the world, including wood for fuel, charcoal and timber and areas for fishing. 
Mangroves serve as a buffer to prevent the flooding and erosion of coastlines as their  
complex tangled root system effectively stabilize sediments (FLMNH Ichthyology 
Department.) Recently it has been found that mangroves play a crucial role in reducing 
greenhouse effects, through fixing and storing of CO2 via photosynthesis. Hence they 
act as effective carbon sinks maintaining atmospheric carbon dioxide levels (Kathiresan, 
K. and Bingham, B.L., 2001; Dixon, J.A. l989). 
 

 There are around 80 known mangrove species around the world with about 19 
major species and 9 minor species present in Singapore’s mangroves. In the 1820s, 
mangroves once covered an estimated 13% of Singapore's total land area. However due 
to eradication of mangroves to accommodate increasing population and more resources 
for industrial and urban development, mangroves cover less than 0.5% of Singapore’s 
total land area today. Trees belonging to the genus Rhizophora, Avicennia, Sonneratia 
and Bruguiera are common in mangroves of Singapore (Ng, P.K.L., Sivasothi N., 1999).  

 
There is a lack of knowledge on the species of bacteria present in the local 

mangroves. This study hence treats microbial community as a whole when considering 
the implications of the measured heavy metal levels on the microbes. There have been 
research specifically on the pollution of Singapore mangroves. Analyzing liquid, soil 
and biota samples, Stephen Beyer et al., 2005, studied persistent organic pollutant in 
Singapore mangroves while Dang The Cuong et al., 2005, studied heavy metal levels in 
Sungei Buloh and Sungei Khatib Bongsu, Singapore. This research work is similar to 
the present study. However there is a lack of data on the concentrations of such heavy 
metals in other mangroves in Singapore and the possible implications of these levels. 

 
 Heavy metals refer to metals that are of relative high density (greater than 

5g/cm3) and/or relatively high atomic weight belonging to Groups 3 to 16 of the 
periodic table, in periods of 4 or greater (Hawkes, S.J. 1997). A heavy metal is not toxic 
at low concentrations; it is only toxic when its concentrations in the plant exceed a 
certain threshold. Some elements, called micronutrients, have essential functions in 
plant cells. This has been shown for Co, Cu, Fe, Mn, Mo, Ni and Zn. Micronutrients are 
essential for biosynthesis, growth, chlorophyll, stress resistance, etc. Micronutrients are 
also important for the integrity of membranes (I. Sherameti and A. Varma (eds.),2010; 
Rengel Z, 2004; Berry WL and Wallace A,1981). 
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Increasing levels of heavy metals have been known to have harmful effects on 
plants and microbial biomass essential for plant growth. Heavy metals are known to 
inhibit plant growth and photosynthetic activity. They also cause reduction in the 
growth of various microbial communities.  Since heavy metals cannot be degraded 
biologically, they would be transferred and concentrated into plant tissues from soils 
and pose long-term damaging effects on plants. This is especially true in mangroves as 
mangrove soil tends to accumulate heavy metals effectively due to smaller particle size 
(Förstner, U., 1989; Clark, M.W. et al., 1997; Lewis, D.W. and D.M. McConchie, 1994). 

 
Heavy metals available for plant absorption are those that are geochemically 

mobile in the sediment. The concentration of heavy metals in the mangrove is therefore 
expected to be proportional to the levels of those metals in the weakly bound sediment 
fraction. Absorbed metals are transported in the entire plant through the shoot system 
(SD Mremi and JF Machiwa, 2002). Hence, this study uses measured heavy metal 
concentrations in soil and water samples from mangroves to predict the effects on the 
living organisms. The study on ‘Effects of Wastewater-borne Heavy Metals on 
Mangrove Plants and Soil Microbial Activities’ by M. W. Yim and N. F. Y. Tam will be 
used as resources to aid us in this prediction. Our study aims to expand the number of 
mangroves from which samples are analyzed and discuss the possible implications of 
the present heavy metal levels in these mangroves on the life forms thriving in these 
local mangroves. 
 
1.2 Objectives 
  
a) Find out the concentrations of 6 heavy metals in sediment samples and water samples 
from 3 mangroves 
 
b) Compare the measured concentrations with other studies done in Singapore 
mangroves and mangroves from other countries 
 
c) Suggest the possible implications of the current levels of heavy metals present on 
microorganisms in general 
 
2.1 Methodology Overview 

 
  Three separate and spread out points were chosen along the length of the streams 
for each of the particular regions of the three mangroves. Around each of these points, 
two soil samples and liquid samples were taken. Sampling was repeated on a separate 
day about a week from the initial sampling, using the exact same sampling procedures. 
Points where samples were collected from were labelled site 1 to site 3, from furthest to 
closest to mouth of river respectively).  

 
2.2 Study Area 

 
  For the purpose of this study, samples were collected from three mangrove sites 
in Singapore: Pasir Ris Mangrove (along Sungei Tampines)  (1.3813° N, 103.9538° E), 
Berlayar Creek (Labrador Park) (1.2705° N, 103.8030° E) Pandan River (1.3058° N, 
103.7508° E) (see Fig. 1 for areas within navy blue dashed lines). The mangrove 
stretches are highlighted individually in separate maps with navy blue dashed lines 
(Pasir Ris see Fig. 2; Berlayar Creek see Fig. 3; Pandan see Fig. 4) 



4	  
 

Figure 1. Current Mangrove Forest Sites in Singapore. 
From: National Parks Board Singapore. (2010) 4th National Report To The Convention 
On Biological Diversity. 
 

 
Figure 2. Map of Sungei Tampines within Pasir Ris. 
Openstreetmap. Map of Sungei Tampines within Pasir Ris [map]. Generated by 
OpenStreetMap contributors; using Openstreetmaps. http://www.openstreetmap.org/ 
(generated 26 December, 2012) 
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Figure 3. Map of Berlayar Creek within Labrador. 
Openstreetmap. Map of Berlayar Creek within Labrador [map]. Generated by 
OpenStreetMap contributors; using Openstreetmaps. http://www.openstreetmap.org/ 
(generated 26 December, 2012) 
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Figure 4. Map of Pandan mangrove within Pandan. 
Openstreetmap. Map of Pandan mangrove within Pandan [map]. Generated by 
OpenStreetMap contributors; using Openstreetmaps. http://www.openstreetmap.org/ 
(generated 26 December, 2012) 

 
The three mangroves are estuarine mangroves (as are most of Singapore’s 

mangroves). There is little available data on the soil characteristics of these mangroves. 
 
  Sungei Tampines has been incorporated into urban parks (i.e. Pasir Ris Park) 
and is under the focus of mangrove restoration efforts, while Berlayar Creek is located 
in close proximity to Labrador Nature Reserve. Boardwalks have been incorporated into 
these mangroves by NParks, a means to raising awareness and preservation. Pandan 
mangrove in contrast, on a piece of state land lacking regular monitoring efforts. The 
studied area is next to Jln Buroh highway and leads into Pandan River. All three 
mangroves are located close to shipyards and are vulnerable to the daily flow of ships, 
whose coating are a common potential source of heavy metal pollution. Pandan and 
Sungei Tampines are close to marine, construction and engineering industrial sites. Ulu 
Pandan incineration plant (operations cease in August 2009) was located on Ulu Sungei 
Pandan which leads to Pandan River. 

 
 
2.3 Sampling 
 
  For each sampling point, one subsurface liquid sample (depth about 5 to 10cm, 
150ml) was collected by immersing a pre-cleaned polyethylene bottle at arm's length 
from the water's edge (Öztürk, M. et al., 2009). One millilitre of 10% nitric acid was 
added to each liquid sample within 5 days. This was done to adhere to accepted 
protocols for the preservation of trace elements in water samples by lowering sample 
pH to two pH units and below. (U.S. Environmental Protection Agency, 1979) This 
provided the benefits of minimizing precipitation of heavy metal cations and adsorption 
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of trace elements onto the container wall of the samples. (Office of Water Data 
Coordination. (1982). A flaw with this procedure is that the added acid may solubilise 
certain elements found in the container, as it has been for glass ampoules (Horowitz, A.J. 
et al., 1994). Liquid samples were filtered with a 0.45 micron syringe filter to remove 
suspended particulate, with 10 to 15 of the filtrate collected in centrifuge tubes.  
 
  At each sampling point, two sediment samples, 30 cm and 4 m from the water’s 
edge, were collected using a pre-cleaned hand auger. Sediments were taken from a soil 
depth of 30 cm, as the inability to perform detailed soil analysis and the lack of a 
standard protocol led us to choose the depth where roots of mangrove trees and many 
essential bacteria were situated. Extracted sediment was mixed in a bucket, ignoring 
sediment characteristic. For each bucket of mixed sediment, 3 hand-scoops of the 
sediment were stored in clean zip lock bags, compressed to limit the gaseous exchange 
of samples (Marchand, C. et al., 2006). Sediment samples were air-dried, aggregates 
and lumps were broken up and samples were sieved to obtain true soil component      
(<2 mm) (Barth et al., 1989). 10 to 15 ml of each remaining sample was collected in 
centrifuge tubes. 
 
  All samples were sent to and analysed at the NUS Elemental Analysis 
Laboratory. Soil samples were treated with hot-plate digestion, before both soil and 
liquid samples were analysed with inductively coupled plasma optical emission 
spectrometry (ICP-OES), using the Dual-view Optima 5300 DV ICP-OES system to 
perform the analysis. Heavy metals consisting of copper (Cu), zinc (Zn), nickel (Ni), 
lead (Pb), iron (Fe), chromium (Cr) were analysed for their concentrations in the 
samples. 
 
3.1 Results 
 
Heavy Metal Levels in Liquid 
 
Copper 
 
There was no Cu detected in all our liquid samples. 
 
Zinc 
 
Labrador Site 1 had the highest mean level of Zn (0.036ppm) while the whole Pandan 
area had the highest total of zinc levels from the 3 different sites (0.081ppm) (Fig. 4)  
 
Nickel 
 
There was no Ni detected in all our liquid samples. 
 
Lead 
 
Pasir Ris Site 2 had the highest mean level of Zn (0.013ppm) while the Labrador area 
had the highest sum of lead levels detected (0.0135ppm). The rest of the sites had no Pb 
detected. (Fig. 5)  
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Iron 
 
Labrador Site 1 had an extremely high mean level of Fe compared to the rest of the sites 
(6.76ppm). The rest of the sites had iron levels under 2.00ppm while the Labrador area 
had the highest sum of iron levels in the 3 different sites ( 9.26ppm). (Fig. 6)  
 
Chromium 
There was no Cr detected in all our liquid samples. 
 

 

 
 

Figure 4: Zn levels in liquid samples 
 

 
 

Figure 5: Pb levels in liquid samples 
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Figure 6: Fe levels in liquid samples 
 
 
 
 
Statistical Analysis of Liquid Results 
 
Alpha value/significance level of 0.05 was used for both the F-Test and t-test. The null 
hypothesis for the F-test is: Both sites that are compared have equal varianc. The null 
hypothesis for the t-test was: The mean values of heavy metals in both sites are about 
the same.  
 
For liquid samples, the null hypothesis was accepted for all comparisons (1), (2), (3), 
(4), (5), (6), (7), (8) and (9) as p-value > 0.05 for Zn, Pb and Fe. (Refer to table 21, 22 
and 23 in Appendix III) 
 
 
 
Heavy Metal Levels in Soil 
 
Copper 
 
Pandan Site 3A had the highest mean value (0.565ppm). Overall, the Pandan area had 
the highest sum of copper levels between all the different sites (4.26ppm). The Pasir Rs 
area showed a relatively lower level of copper compared to the other 2 sites. All sites 
except Pasir Ris Site 1A and 1B also showed that all the B sites, which are sites closer 
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to the water source in the mangroves, had a lower copper level than their corresponding 
A sites. (Fig. 7) 
 
Zinc 
 
Labrador Site 3A had the highest mean value (1.165ppm). Overall, the Labrador area 
had the highest total amount of zinc levels within all the different sites (11.98ppm). All 
sites except Pandan Site 3A and 3B, also showed that all the B sites, which are sites 
closer to the water source in the mangrove had a lower zinc level than their 
corresponding A sites. (Fig. 8) 
 
Nickel 
 
Pandan Site 3B had the highest mean value (0.073pm). Overall, the Pandan area had the 
highest total amount of nickel levels within all the different sites (0.77ppm). All sites 
showed a low level of nickel (<0.20ppm) compared to the other heavy metals tested. 
(Fig.9) 
 
Lead 
 
Pandan Site 3A had the highest mean value (0.550ppm). Overall, the Pandan area had 
the highest total amount of lead in the 6 different sites combined (5.38ppm). (Fig. 10)  
 
Iron 
 
Pandan Site 3B has an extremely high mean value compared to the rest of the sites 
(244.5ppm). Overall, the Pandan area had the highest amount of iron in the 6 different 
sites combined (1657.7ppm). For all the sites, it showed an extremely high level of iron 
compared to the other heavy metals. (Fig. 11) 
 
Chromium 
 
Pandan Site 3A had the highest mean value (0.175ppm), the Pandan area had the 
highest total amount of nickel levels within all the different sites (1.80ppm). All sites 
showed a low level of chromium (<0.20ppm) compared to the other heavy metals tested. 
(Fig.12) 
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Figure 7: Cu levels in the various sites 
 

 

 
 

Figure 8: Zn levels at various sites 
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Figure 9: Ni levels at various sites 
 
 

 
 

Figure 10: Pb levels at various sites 
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Figure 11: Fe levels at various sites 
 
 

 
 

Figure 12: Cr levels at various sites 
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Statistical Analysis of Soil Results 
 
Alpha value/significance level of 0.05 was used for both the F-Test and t-test. The null 
hypothesis for the F-test was: Both sites that are compared have equal variance have an 
equal variance. The null hypothesis for the t-test was: The mean values of heavy metals 
in both sites are about the same.  
 
For soil samples, the null hypothesis was accepted for comparisons (13), (16), (22) and 
(23) as p-value > 0.05 for Zn, Ni and Fe. (Refer to table 25, 26 and 28 in Appendix IV) 
For soil samples, the null hypothesis was rejected for comparisons (11), (12), (14), (15), 
(17), (18), (19), (20), (21), (24), (25), (26) and (27) as p-value < 0.05 for Cu, Zn, Ni, Pb, 
Fe, Cr. (Refer to table 24, 25, 26, 27, 28 and 29 in Appendix IV) 
 
 
4.1 Discussion 

4.1.1 Liquid Sample 

Comparisons between the sites of the different mangroves revealed a trend for 
the Labrador sites. For all elements that were detectable in the samples (Zn, Pb, Fe), 
heavy metal concentrations followed a decreasing trend from site 1 to site 3, from the 
site furthest, to the site closest to the river mouth. This may be due to the source of 
pollution being located more closely to site 1. Another trend is seen for the Pasir Ris 
sites. Heavy metal concentrations show an increase from site 1 to site 2, but show a 
decrease from site 2 to site 3. The soil at site 2 may be more polluted, thus leading to 
higher concentrations in the liquid samples at site 2. It is unclear why site 2 may be 
more polluted. 

Comparisons between the different mangroves showed that levels of heavy 
metals in water samples can be described to be similar, as there are no clear trends of 
any mangroves having elevated levels of an element and being more contaminated (as 
compared to another mangrove). Levels of heavy metals were not found to be 
consistently high (above 1.00 µg/L) (except for Fe), an indication that there has not been 
intense anthropogenic impact on heavy metal concentrations due to urbanisation or 
surrounding sources (Lawson, E. O., 2011) 

Compared to a similar study conducted in Nigeria, Cr, Zn, Cu and Pb were 
found to be similar (or undetectable), although Zn, Cu and Cr concentrations were 
slightly higher than the concentrations in our results (Lawson, E. O., 2011).  

Compared to a similar study conducted by Dang The Cuong in other Singapore 
mangroves, Cu, Zn, Ni, Pb and Cr levels from the other study were found to also be 
similar, albeit slightly higher than our results. The mangroves that this paper has studied 
has similar ranges of heavy metal concentrations as the other mangroves studied in the 
above two papers. (Dang, T. C., 2005). (Refer to Appendix I).  

The effects on man are not considered, as liquid is rarely consumed directly from these 
sources, and often undergo treatment first. Although the metals are found in trace 
amounts, which may be beneficial as micronutrients or enzyme co-factors, the sublethal 
concentrations may become lethal to aquatic organisms (e.g. fish) with prolonged 
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periods of exposure. (Stag, R. M. et al., 1982; Cenini, P. et al., 1983; Collvin, L., 1984; 
Reash, R. J., 1986; Everall, N. C., 1987) 

 
4.1.2: Sediment Sample 

Comparisons between the mangroves show that Pandan Site 3B has the highest 
level of Cu, Pb, Fe and Cr levels. In general, the whole Pandan mangrove has a higher 
level of Cu, Pb, Fe and Cr compared to the Labrador mangrove and Pasir Ris mangrove. 
However, Labrador mangrove has a higher level of Zn compared to the other 2.  

One trend observed is that Pasir Ris has the lowest concentrations of each 
element for all sites. This may be due to a dam that is built in place before the mouth of 
the river. It may also be due to sources of pollution in Labrador and Pandan, such as the 
path of ships, docks and industrial areas, being more closely located to the respective 
mangroves, as compared to Pasir Ris mangrove, resulting in a smaller degree of 
pollution and much lower heavy metal concentrations in Pasir Ris soils. 

Comparisons between soil samples of the sites of each mangrove show one 
similar trend as the liquid samples. In Pasir Ris mangroves, heavy metal concentrations 
increase from site 1 to site 2, metal concentrations increase from site 1 to site 2, and 
decrease from site 2 to site 3. The reason for heavy metal concentrations being higher in 
site 2 is unclear. Another trend that has been observed is the higher concentrations of 
heavy metals in site 3 of Labrador, near the mouth of the river. This observation may be 
due to heavy metals flowing inward from the mouth of the river, causing the soil at the 
mouth to have the highest concentration. 

The heavy metal concentrations in the soil samples found by our study are much 
lower as compared to the concentrations present in local mangroves, S.Buloh and 
S.Khatib Bongsu, as well as in countries such as Hong Kong, Mexico, Australia and 
Brazil. This may not be only due to the fact that heavy metal pollution causing 
anthropogenic activities in these areas are present in minimal amounts. It may be more  
a consequence of differences in our methodology and the methodologies used by other 
studies in obtaining the results. This will be further discussed under 4.2.                                                 
 
  When comparing the results of the soil, Fe has an extremely high level relative 
to the other heavy metals. Waterlogged soils are usually high in Fe concentrations as 
water logging favours chemical reduction and the formation of Fe (Kenneth Ian Peverill 
et al., 1999). However, the high concentration of Fe in the sediment is beneficial to the 
mangrove (Alongi, Daniel M., 2010). High concentrations of Fe and low concentrations 
of the other elements are more likely to be a consequence of geographical processes 
than pollution. Thus, to stay in line with the objectives of the paper, this paper will not 
dwell too much on the concentrations and effects of these heavy metals. 
 
  Soil samples collected from 0-20cm depth of Sai Kung mangrove, Hong Kong, 
that had been irrigated with deionised water for 26 weeks had been found to have Cu, 
Zn, Cr and Ni concentrations higher than our local mangroves (Yim. M. W. and Tam. N. 
F. Y.,1999). Soil microbial activity parameters, phosphatase activity and adenosine 
triphosphate (ATP) content, were tested in the soil, of which ATP content has been 
shown to be a good estimate of microbial biomass in soil (Vanhala, P. T. and Ahtiainen, 
J. H.,1994). Phosphatase activity was found to be between 35 to 40 g PNP produced g-1 
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soil h-1, while ATP content was found to be between 15 to 20g kg-1. Since the levels in 
the analyzed sediments in the present study have been found to be lower, we predict that 
they will have a smaller degree of inhibition on soil microbes, but factors such as the 
soil and other types of heavy metals have to be considered.(Dar, G. H.,1995; Kandeler, 
E. et al.,1996; Marzadori, C. et al.,1996) This is a logical and fair comparison as the 
column of soil collected from these mangroves have a height of 20 cm while the 
columns collected from the present study have a height of 30 cm. Although 10cm is a 
significant difference in the depth, for the purpose of the study the difference it makes is 
not significant as the heavy levels determined from the present study are much lower as 
compared to the levels present in the soil collected from the Hong Kong soil after 26 
weeks or irrigation with deionised water. Moreover this particular study tested on the 
effects of heavy metals on the microbes present in the mangrove soil instead of the 
effects heavy metals on microbes in artificial culture media which is more directly 
applicable for interpretation of the data we have collected. 

  This study began with a preliminary sediment analysis procedure in which the 
sediment samples submitted belonged to the top soil of approximately 6 cm to 8 cm. 
These samples were extracted from the ground using a hand shovel from the spot 
Labrador 1A. The analysis yielded results that were significant higher than the 
concentrations of heavy metals that are found to be present in the mangroves. However, 
this collection of only the top layer of the soil was discontinued as it was decided that 
the top 30cm of the soil would be taken. This type of samples was not submitted for 
testing due to budget constraints. The levels present in the preliminary sample were 
significantly higher as compared to the levels in the further samples. This will be 
discussed in 4.2 below. 

 
* Figure 13: Levels of heavy metals in preliminary soil sample at Labrador 1A 
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4.2 Limitations 

While a small degree of pollution from surrounding sources and the movement 
of heavy metals through water and sediments are to be considered, the differences in 
methodology used by this study and other similar studies for sediment sampling may be 
the main cause of this discrepancy. This study extracted sediment samples from a 30 cm 
soil depth using the soil auger. Samples were mixed thoroughly before a small portion 
was sent for analysis. Most related studies extracted soil from 5 cm to 7 cm of soil depth 
from the superficial layer of sediments. This can have an impact on the levels of heavy 
metals we found.  Machado, W. et al., studied mercury, zinc, and copper accumulation 
in mangrove sediments surrounding a large landfill in southeast Brazil against soil depth. 
The concentrations of certain heavy metals decreased drastically, tapering to a value of 
zero as the depth from which the sediment was extracted increased. In that study, 
vertical distribution of the heavy metals in soil core samples show that at about 20 cm 
depth, the concentrations of mercury, copper and zinc approach zero. This effect of 
heavy metal concentration decreasing with depth may be even more profound in the 
mangroves we have studied. Our mixing of soil ignored this consideration, which might 
have been the cause of comparatively low concentrations found in our samples from 
analysis. However, we were still able to compare the samples we gathered with another 
set we gathered using a consistent methodology (excluding preliminary soil sample). 

 
 

Figure 14: Vertical distribution of heavy metals in mangrove sediment core 
samples extracted from southeast Brazil 
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Another difficulty that sediment sampling presents is its dependency on 
sediment size. This is why sediments are not a clear, straightforward and effective 
indicator of heavy metal pollution in mangroves. The grain size distribution of the 
sediment is controlled by hydrodynamic processes (e.g. tidal levels and current flow) 
that occur in the mangrove waters. Hence heavy metal levels in the mangrove sediments 
can be seen as a function of hydrodynamic processes rather than degree of pollution. 
Degree of pollution can only be measured when grain size is normalised (Förstner, U., 
1989; Clark, M. W. et al., 1997; Lewis, D.W. and McConchie, D. M., 1994). Our study 
attempted to remove the larger sediments (larger than 2mm) using a sieve. However, 
variation in the sediment size still exists. No sieve was used in the study conducted by 
Dung The Cuong in S. Buloh and S. Khatib Bongsu. This factor has rarely been 
accounted for, hence comparisons between our results and results from other studies on 
the levels of heavy metals in the sediments are not conclusive.   
 
5.1 Conclusion 

Our liquid results showed that heavy metal concentrations are similar amongst 
the studied mangroves, and are not found to be consistently high for all elements except 
for Fe. This indicates a minimal pollution from anthropogenic impact or urbanisation. 
Our soil results showed that in general, Pandan has higher concentrations of Cu, Pb, Fe 
and Cr, Labrador has higher concentrations of Zn, while Pasir Ris has the lowest 
concentrations for the elements. We conclude that heavy metal concentrations in the 
studied mangrove soils will have a small degree of inhibition on soil microbial activity 
and growth. 

The dependency of heavy metal concentrations in soil on the different factors 
(such as soil type, hydrodynamic processes and soil depth) is the source of its variability 
and makes it difficult to find a standardised protocol that accounts for these 
considerations. Hence comparisons remain largely inconclusive, and do not accurately 
measure and represent the degree of pollution in the mangrove ecosystems. In addition, 
this leads to only rough predictions of effects due to heavy metal concentrations. 
Literature review of papers shows many effects on plants, microbes and mangrove 
community. However, these papers do not have a shared standardized protocol for 
measuring concentrations with such environmental measurement studies, making it hard 
to correlate the effects with concentrations we have found (effects are provided as rough 
predictions at best). Future studies may possibly collect just the top soil for analysis for 
comparison with other mangroves studied previously in Singapore and other countries. 
Further studies can also be carried out by conducting similar analysis on samples from 
other mangroves following the procedures used in this study. This will allow for a fairer 
comparison between heavy metal levels in sediments present in the mangroves of 
Singapore. This study can also be followed up by accompanying studies that can study 
the heavy metal accumulation in organisms such as crabs and fish found in the 
mangrove ecosystems. 
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Appendix I: Results from other papers cited above 

 

 
Figure 15: Heavy metal concentrations in subsurface water in S. Buloh, Singapore and 
S. Khatib Bongsu, Singapore. (Dang T. C., 2005) 

 

 

Figure 16: Mean values of some heavy metals in water from mangrove swamps of 
Lagos lagoon 

 

 

Figure 17: Concentrations of total heavy metal in mangrove soils at the end of a 26-
week wastewater-loading experiment  (Yim. M. W. and Tam. N. F. Y., 1999) 
 

 



23	  
 

 
Figure 18: Activities of alkaline phosphatase and ATP content in mangrove soils at the 
end of the loading experiment (Yim. M. W. and Tam. N. F. Y., 1999) 
 
 
 
Appendix II: Table of Data on Heavy metal concentration for soil samples  

    Cu Zn Ni Pb Fe Cr 
1st collection 0.33 0.68 0.06 0.36 118.9 0.14 

Pandan Site 1A 2nd collection 0.4 0.87 0.063 0.43 117.5 0.14 
1st collection 0.27 0.62 0.068 0.41 115.9 0.15 

Pandan Site 1B 2nd collection 0.2 0.46 0.076 0.41 119.9 0.16 
1st collection 0.41 0.79 0.076 0.45 127.2 0.19 

Pandan Site 2A 2nd collection 0.45 0.85 0.048 0.39 111 0.12 
1st collection 0.17 0.41 0.068 0.37 107.8 0.15 

Pandan Site 2B 2nd collection 0.5 1.01 0.051 0.42 117 0.13 
1st collection 0.55 0.18 0.054 0.55 106.5 0.17 

Pandan Site 3A 2nd collection 0.58 1.41 0.063 0.55 127 0.18 
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1st collection 0.12 0.51 0.083 0.5 357.8 0.096 
Pandan Site 3B 2nd collection 0.64 1.47 0.062 0.54 131.2 0.17 

1st collection 0.37 1 0.034 0.26 85.52 0.071 
Labrador  Site 1A 2nd collection 0.25 1.29 0.046 0.42 111.1 0.11 

1st collection 0.27 1.15 0.04 0.34 83 0.097 
Labrador Site 1B 2nd collection 0.24 0.83 0.042 0.34 68.56 0.085 

1st collection 0.21 0.91 0.063 0.41 113 0.14 
Labrador Site 2A 2nd collection 0.3 0.99 0.058 0.41 119.8 0.11 

1st collection 0.16 0.62 0.041 0.3 102 0.085 
Labrador Site 2B 2nd collection 0.33 0.93 0.054 0.46 92.27 0.14 

1st collection 0.3 1.18 0.063 0.43 128.6 0.13 
Labrador Site 3A 2nd collection 0.32 1.15 0.064 0.48 133.7 0.14 

1st collection 0.24 0.82 0.046 0.35 81.9 0.12 
Labrador Site 3B 2nd collection 0.35 1.11 0.061 0.45 108.5 0.15 

1st collection 0.001 0.33 0.035 0.4 96.8 0.11 
Pasir Ris  Site 1A 2nd collection 0.091 0.61 0.047 0.44 119.7 0.089 

1st collection 0.077 0.35 0.023 0.28 69.91 0.069 
Pasir Ris Site 1B 2nd collection 0.051 0.41 0.025 0.3 74.98 0.056 

1st collection 0.093 0.56 0.037 0.36 86.55 0.086 
Pasir Ris Site 2A 2nd collection 0.06 0.44 0.029 0.31 75.47 0.06 

1st collection 0.053 0.35 0.021 0.41 62.4 0.052 
Pasir Ris Site 2B 2nd collection 0.048 0.35 0.027 0.39 77.28 0.058 

1st collection 0.012 0.14 0.012 0.15 40.88 0.032 
Pasir Ris Site 3A 2nd collection 0.02 0.18 0.018 0.23 61.51 0.039 

1st collection 0 0.057 0.005 0.083 28.87 0.02 
Pasir Ris Site 3B 2nd collection 0.001 0.11 0.008 0.096 24.97 0.011 

 

Figure 19: Set of results for sediment samples in the present study. 

 

Appendix III: Table of Data on Heavy metal concentration for liquid samples 

  
    Cu Zn Ni Pb Fe Cr 

1st collection 0 0.053 0 0 0 0 
Pandan Site 1 2nd collection 0 0 0 0 2.95 0 

1st collection 0 0.05 0 0 0 0 
Pandan Site 2 2nd collection 0 0.007 0 0 2.28 0 

1st collection 0 0.034 0 0 0 0 
Pandan Site 3 2nd collection 0 0.001 0 0 0.93 0 

1st collection 0 0.034 0 0.015 4.8 0 
Labrador Site 1 2nd collection 0 0.038 0 0 8.72 0 
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1st collection 0 0.016 0 0.012 1.6 0 
Labrador Site 2 2nd collection 0 0.018 0 0 1.33 0 

1st collection 0 0.009 0 0 0.88 0 
Labrador Site 3 2nd collection 0 0.016 0 0 1.27 0 

1st collection 0 0.007 0 0 0.28 0 
Pasir Ris Site 1 2nd collection 0 0.014 0 0 0.11 0 

1st collection 0 0.024 0 0.014 1.53 0 
Pasir Ris Site 2 2nd collection 0 0.026 0 0.012 0.22 0 

1st collection 0 0.018 0 0 0.26 0 
Pasir Ris Site 3 2nd collection 0 0.002 0 0 0.33 0 

 

Figure 20: Set of results for the liquid samples in the present study 
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Appendix III: Statistical Analysis of Liquid Sample Results 

Copper 
 
There was no Cu detected in all our liquid samples. 
 
Zinc 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance  
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites are about the same 
 
 

Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value from 
F-Test Two-
Sample for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test used P(T<=t) 
two-tail 
value 
from t-
test 

Significance 
of P(T<=t) 
two-tail 
value 

1 Pandan Labrador 0.06009 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Labrador 
have  an 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.8371 P > Alpha. 
Null 
Hypothesis 
accepted. 
The means 
of zinc level 
in Pandan 
and 
Labrador is 
about the 
same 

2 Pandan Pasir Ris 2.80E-02 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Pasir Ris 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

4.34E-01 P > Alpha. 
Null 
Hypothesis 
accepted. 
The means 
of zinc level 
in Pandan 
and Pasir 
Ris about 
the same 

3 Labrador  Pasir Ris 0.33966 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.29705 P > Alpha. 
Null 
Hypothesis 
is accepted. 
The means 
of zinc level 
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Ris have 
equal 
variance 

in Labrador 
and Pasir 
Ris is about 
the same 

 
Figure 21: Two sample t-tests for zinc	  

	  

	  

Nickel 
 
There was no Ni detected in all our liquid samples. 
 
 
 
Lead 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
  
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
 

Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value 
from F-
Test 
Two-
Sample 
for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) 
two-tail 
value 
from t-
test 

Significance of 
P(T<=t) two-
tail value 

4 Pandan Labrador 0 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Labrador 
have   
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

0.17797 P > Alpha. 
Null 
Hypothesis 
accepted. The 
means of lead 
level in 
Pandan and 
Labrador is 
about the same 
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Figure 22: Two sample t-tests for lead	  

 
Iron 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
 
 

Comparison  
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value 
from F-
Test 
Two-
Sample 
for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) 
two-tail 
value 
from t-test 

Significance of 
P(T<=t) two-tail 
value 

7 Pandan Labrador 0.039469 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Labrador 
have   
unequal 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

0.17484 P > Alpha. Null 
Hypothesis 
accepted. The 
means of iron level 
in Pandan and 
Labrador is about 
the same 

5 Pandan Pasir Ris 0.00E+00 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Pasir Ris 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

1.76E-01 P > Alpha. 
Null 
Hypothesis 
accepted. The 
means of zinc 
level in 
Pandan and 
Pasir Ris about 
the same 

6 Labrador  Pasir Ris 0.46398 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.96741 P > Alpha. 
Null 
Hypothesis is 
accepted. The 
means of lead 
level in 
Labrador and 
Pasir Ris is  
about the same 
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variance 

8 Pandan Pasir Ris 0.039469 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Pasir Ris 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

1.76E-01 P > Alpha. Null 
Hypothesis 
accepted. The 
means of zinc level 
in Pandan and Pasir 
Ris about the same 

9 Labrador  Pasir Ris 1 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.16203 P > Alpha. Null 
Hypothesis is 
accepted. The 
means of lead level 
in Labrador and 
Pasir Ris is  about 
the same 

 
 

Figure 23: Two sample t-tests for lead 
Chromium 
There was no Cr detected in all our liquid samples. 
 
 
Appendix IV: Statistical Analysis of Soil Sample Results	  

 
Copper 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
 
 

Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value from 
F-Test 
Two-

Significan
ce of 
P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) two-
tail value from 
t-test 

Significanc
e of 
P(T<=t) 
two-tail 
value 
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Sample for 
Variances 

10 Pandan Labrador 0.00108 P < 
Alpha. 
Null 
hypothesi
s rejected. 
Pandan 
and 
Labrador 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

0.05941 P > Alpha. 
Null 
Hypothesis 
is accepted. 
The means 
of copper 
level in 
Pandan and 
Labrador is 
about the 
same 

11 Pandan Pasir Ris 4.48E-06 P < 
Alpha. 
Null 
hypothesi
s rejected. 
Pandan 
and Pasir 
Ris have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

1.72872E-05 P < Alpha. 
Null 
Hypothesis 
is rejected. 
The means 
of copper 
level in 
Pandan and 
Pasir Ris is 
not about 
the same 

12 Labrador  Pasir Ris 0.03635 P > 
Alpha. 
Null 
hypothesi
s 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

7.59E-11 P < Alpha. 
Null 
Hypothesis 
is rejected. 
The means 
of copper 
level in 
Labrador 
and Pasir 
Ris is not 
about the 
same 

 
Figure 24: Two sample t-tests for copper 

 
 
 
Zinc 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same. 
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Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value from 
F-Test 
Two-
Sample for 
Variances 

Significan
ce of 
P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) 
two-tail 
value 
from t-
test 

Significance 
of P(T<=t) 
two-tail 
value 

13 Pandan Labrador 0.01264 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan 
and 
Labrador 
have an 
equal 
variance 

t-Test: 
Two-
Sample 
Assumin
g Equal 
Variance
s 

0.08176 P > Alpha. 
Null 
Hypothesis 
is accepted. 
The means 
of zinc level 
in Pandan 
and 
Labrador is 
about the 
same 

14 Pandan Pasir Ris 6.64E-03 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan 
and Pasir 
Ris have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assumin
g 
Unequal 
Variance
s 

0.00233 P < Alpha. 
Null 
Hypothesis 
is rejected. 
The means 
of zinc level 
in Pandan 
and Pasir 
Ris is not 
about the 
same 

15 Labrad
or  

Pasir Ris 0.39348 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assumin
g Equal 
Variance
s 

6.48E-09 P < Alpha. 
Null 
Hypothesis 
is rejected. 
The means 
of zinc level 
in Labrador 
and Pasir 
Ris is not 
about the 
same 

 
Figure 25: Two sample t-tests for zinc 

 
 
Nickel 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
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Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
 

Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) one-
tail value 
from F-Test 
Two-Sample 
for Variances 

Significance 
of P(F<=f) 
one-tail value 

t-test used P(T<=t) 
two-tail 
value 
from t-
test 

Significance of 
P(T<=t) two-
tail value 

16 Pandan Labrador 0.48472 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Labrador 
have an equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.00554 P > Alpha. Null 
Hypothesis is 
accepted. The 
means of nickel 
level in Pandan 
and Labrador is 
about the same 

17 Pandan Pasir Ris 3.12E-01 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Pasir Ris 
have an equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

1.60E-08 P < Alpha. Null 
Hypothesis is 
rejected. The 
means of nickel 
level in Pandan 
and Pasir Ris is 
not about the 
same 

18 Labrador  Pasir Ris 0.32553 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador and 
Pasir Ris 
have equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

8.53E-06 P < Alpha. Null 
Hypothesis is 
rejected. The 
means of nickel 
level in 
Labrador and 
Pasir Ris is not 
about the same 

 
 

Figure 26: Two sample t-tests for nickel 
 
 
Lead 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 

Comparison 
No. 

Sites compared      
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Figure 27: Two sample t-tests for lead 

 
 
Iron 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
 

Comparison 
No. 

Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value 
from F-
Test 
Two-
Sample 
for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) two-
tail value 
from t-test 

Significance of 
P(T<=t) two-
tail value 

19 Pandan Labrador 0.47847 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Labrador 
have an 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.04184 P < Alpha. 
Null 
Hypothesis 
rejected. The 
means of lead 
level in Pandan 
and Labrador is 
not about the 
same 

20 Pandan Pasir Ris 3.44E-02 
 

P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Pasir Ris 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

1.07E-03 P < Alpha. 
Null 
Hypothesis 
rejected. The 
means of lead 
level in Pandan 
and Pasir Ris is 
not about the 
same 

21 Labrador  Pasir Ris 0.30591 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

2.52E-02 P < Alpha. 
Null 
Hypothesis is 
rejected. The 
means of lead 
level in 
Labrador and 
Pasir Ris is not 
about the same 
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 Area 1 Area 2 P(F<=f) 
one-tail 
value 
from F-
Test 
Two-
Sample 
for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test 
used 

P(T<=t) two-
tail value from 
t-test 

Significance 
of P(T<=t) 
two-tail value 

22 Pandan Labrador 0.00015 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Labrador 
have  
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

0.11073 P > Alpha. 
Null 
Hypothesis 
accepted. The 
means of iron 
level in 
Pandan and 
Labrador is 
about the same 

23 Pandan Pasir Ris 2.21E-03 P < Alpha. 
Null 
hypothesis 
rejected. 
Pandan and 
Pasir Ris 
have 
unequal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Unequal 
Variances 

5.96E-03 P > Alpha. 
Null 
Hypothesis 
accepted. The 
means of iron 
level in 
Pandan and 
Pasir Ris is 
about the same 

24 Labrador  Pasir Ris 0.16763 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

2.21E-03 P < Alpha. 
Null 
Hypothesis is 
rejected. The 
means of iron 
level in 
Labrador and 
Pasir Ris is not 
about the same 

 
 

Figure 28: Two sample t-tests for iron 
 
 
 
Chromium 
 
 
Alpha for F-test = 0.05 
Null Hypothesis for F-test: Both sites has an equal variance 
 
Alpha for t-test = 0.05 
Null Hypothesis for t-test: The means for both sites is about the same 
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Comparison 

No. 
Sites compared      

 Area 1 Area 2 P(F<=f) 
one-tail 
value 
from F-
Test Two-
Sample 
for 
Variances 

Significance 
of P(F<=f) 
one-tail 
value 

t-test used P(T<=t) 
two-tail 
value 
from t-
test 

Significance 
of P(T<=t) 
two-tail 
value 

25 Pandan Labrador 0.46996 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Labrador 
have  an 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

0.00378 P < Alpha. 
Null 
Hypothesis 
rejected. The 
means of 
chromium 
level in 
Pandan and 
Labrador is 
not about the 
same 

26 Pandan Pasir Ris 3.90E-01 P > Alpha. 
Null 
hypothesis 
accepted. 
Pandan and 
Pasir Ris 
have an 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

4.28E-08 P < Alpha. 
Null 
Hypothesis 
rejected. The 
means of 
chromium 
level in 
Pandan and 
Pasir Ris is 
not about the 
same 

27 Labrad
or  

Pasir Ris 0.36131 P > Alpha. 
Null 
hypothesis 
accepted. 
Labrador 
and Pasir 
Ris have 
equal 
variance 

t-Test: 
Two-
Sample 
Assuming 
Equal 
Variances 

3.67E-05 P < Alpha. 
Null 
Hypothesis 
is rejected. 
The means 
of chromium 
level in 
Labrador and 
Pasir Ris is 
not about the 
same 

 
Figure 29: Two sample t-tests for chromium 
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