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HIGHLIGHTS  

● Several industries drive heavy metal pollution in surface sediments in Meycauayan, Bulacan, 
Philippines.  

● Cr concentration in Meycauayan, the “leather capital of the Philippines,” is more than three 
times the world average in rivers and lakes due to the rapid proliferation of small-scale leather 
tanneries since the 1970s.  

● Cr and Pb contributed to the highest incidences of ecological toxicity at 91.7 % and 53.6 %, 
respectively.   

● Stronger environmental policy towards betting regulation of both the leather tannery and lead 
acid-battery recycling industries in Meycauayan are needed considering cultural and 
environmental risk factors. 

 

Abstract 

The City of Meycauayan is an industrial powerhouse in the Philippines. It is considered as one of the most polluted 
cities in the developing world on the account of industrial discharges of toxic materials to the environment. This 
work investigated the sources of the heavy metal pollution in Meycauayan by analyzing soil and sediment samples 
for heavy metals (Cr, Hg, Ni, and Pb) together with selected environmental indicators (TN, TOM, and TP) located 
along the Meycauayan River. Hierarchical cluster analysis (HCA), principal components analysis (PCA), and 
Pearson correlation analysis (CA) were used to identify the sources of the metals. Our results show delineated 
locations of severe levels of heavy metal pollution downstream of the river because of the concentration of 
industrial activities. Cr contributed more to heavy metal pollution than any other heavy metals analyzed due to 
proliferation of tanneries discharging untreated wastewaters to the river. Significant input of Pb and Hg from Pb-
acid battery recycling and gold smelting industries were also found. The risk assessments indicate severe levels 
of heavy metal pollution in locations where industrial activities are concentrated. The mean Cr, Pb, Ni, and Hg 
in the sampling locations have mean incidences of toxicity of 91.7 %, 53.6 %, 27.7 %, and 70.0 %, respectively. 
Our study shows the serious need to address heavy metal pollution in Meycauayan aside from the ongoing cleanup 
of solid wastes as part of rehabilitation efforts by the local government.  

Keywords: heavy metals, sediments, MMORS, Meycauayan River, soil pollution, multivariate analysis, 
Sediment Quality Guidelines, Single Pollution Index 
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1. INTRODUCTION 

Soil plays a vital role in an ecosystem by supporting the biogeochemical cycles (i.e. hydrologic, carbon, 
nutrients) as well as by providing food and raw materials [1].  Unfortunately, degradation and 
contamination of soils are accelerated due to anthropogenic activities.  For developing countries like 
the Philippines, rapid urbanization and industrialization, expanding population, intensified agriculture, 
and irresponsible disposal of wastes add to the degrading soil quality [2]. Soil pollution by heavy metals 
is one of the most common and persistent problems worldwide [1,3,4].  Heavy metals are defined as 
elements with metallic properties and have atomic masses greater than 20 (> 20 amu) [2,5]. The most 
common heavy metals are arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron 
(Fe), mercury (Hg), manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) [2,3,6,7].  These heavy 
metals could originate from a wide variety of sources which include airborne emissions, process solid 
wastes (e.g. fly ash, slags, ion exchange resins, spent catalysts, dumpsite waste), sludges, and spills [4].  

Soils normally contain low background levels of heavy metals [8].  However, increasing heavy metal 
contamination levels on surface soils degrade soil quality and reduce crop yield and crop quality [3]. 
These heavy metals enter the food chain from polluted soil, water, and air which cause food and water 
contamination, thereby posing a threat to the health of humans, animals, and the ecosystem [2–
4,7,9].  Therefore, the need to identify the heavy metals and their sources, the distribution in the surface 
soils and sediments, and quantify the concentrations is of utmost importance.   

The City of Meycauayan, one of the oldest towns in the province of Bulacan, is a pollution hotspot in 
the Philippines [10,11].  Its 32.10 km² area concenters many pollutive industries, namely lead-acid 
battery recycling, jewelry making, gold-smelting, tanneries, open dumpsites, electroplating, including 
piggeries and poultry farms. To date, several of these industries generally do not have waste treatment 
facilities, and their effluents find their way to the surface water system.   In 2007, the river system that 
transverses Meycauyan, the Marilao-Meycauayan-Obando River (MMOR), was cited as one of the “30 
most polluted rivers in the world” by the Blacksmith Institute due to its huge discharge and 
accumulation for years of pollutants [12,13].  What contributes to the deteriorating air, water, and soil 
quality of Meycauayan is the rapid expansion of these industries coupled to the rapid growth of its urban 
population, especially the “informal settlers.” These “informal settlers” are those families living in 
slums with no legal tenure over the land they occupy and densely inhabit private and public properties 
without access to adequate housing, sanitation, and clean water [14]. With the boom of unregulated 
precious metals and tanning industries in Bulacan in the past decade, heavy metal contaminations have 
gravely affected not just the river and its tributaries, but also the soil along the stretch of the river.   

Previous studies have observed significant enrichment of heavy metals in the surface sediments, soil 
and water of the MMOR system [10,11,14]. With this, a pressing need to continuously conduct 
environmental monitoring and assessment work on the river quality (water, sediments, soil, and 
biodiversity) in the thrust to rehabilitate MMOR is imperative.  The surface soils, which also serve as 
important sinks of pollution [3,15], will help understand the overall status of heavy metal pollution, its 
distribution, and associated risks for Meycauayan and its neighboring municipalities. 

Heavy metal pollution and contamination are imminent in the Philippines due to its rapid 
industrialization. Further aggravating its heavy metal pollution are the numerous typhoons that visit the 
country [16].  At present, there are no existing standards for soil contamination in the Philippines. 
Understanding the overall status of the heavy metal pollution in Meycauayan could help initiate 
environmental and management policies that set standards for soil quality, cleanup protocols, and land 
use decisions in the country [8].   

This study aims to establish baseline information and assessment on the physicochemical characteristics 
of soil along the stretch of the Meycauayan River to determine the current condition and assess the 
impacts of unregulated waste discharged on the quality of the river, its soils, and sediments. A total of 
seven (7) soil samples obtained along the stretch of the river were collected and analyzed. Results of 
soil testing were compared against international standards due to the absence of national and local soil 
pollution standards at present. Despite previous studies describing the heavy metal pollution in 
Meycauayan, the intensity of the pollution loading from specific tributaries is yet to be identified. To 
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address this knowledge gap, this study identified the sources and assessed heavy metal contributions 
and areas of accumulation. To the best of the authors' knowledge, this is the first attempt to identify the 
provenance and source apportionment of heavy metal pollutants and their association with ecological 
risks and toxicity in Meycauayan. Moreover, the study outlines recommendations and unique 
perspectives on environmental policies and prioritization efforts that are not just focused on the risks of 
the hazardous materials but also considers the historical, cultural, and economic aspects of the region. 

2. METHODOLOGY 

2.1 Study Area 

The City of Meycauayan is located 19 km north of Metro Manila and 22 km south of the City of 
Malolos, the capital of Bulacan province. It is the richest city in Bulacan due to its position as the 
province’s economic, industrial, commercial, and financial epicenter. It is known for its jewelry, leather, 
and battery recycling industries. Meycauayan River is the primary waterway that traverses the city, with 
the main tributary having a course length of about 3.32 km [12]. It is classified as Class C River 
according to the Water Body Classification and Usage of Freshwater of the Department of Environment 
and Natural Resources (DENR) that designates it as fishery water for the propagation and growth of 
fish and other aquatic resources [17]. Meycauayan River is a fragment of a bigger river system in 
Bulacan called the Marilao-Meycauayan-Obando River System (MMORS). MMORS has been cited as 
one of the most polluted river systems in the world by Pure Earth, formerly, the Blacksmith Institute 
due to many years of unregulated discharge of domestic and toxic industrial wastes [11]. As a result, 
the Department of Environment and Natural Resources (DENR) designated MMORS as a 'Water 
Quality Management Area' to ensure that its water quality will meet the DENR's implementing rules 
and regulations, like the Clean Water Act of 2004 [18,19].  

2.2 Field Sampling  

The field sampling in 7 strategic sites in Meycauayan, as shown in Figure 1A, was conducted in May 
of 2016. Soils/surface sediment samples (0 to 0.2 m depth) were gathered from each sampling site. 
Sediment samples (SS1, SS2, SS3, SS4, and SS5) were collected along or near the riverbank, while 
soils samples (SS6 and SS7) were collected from agricultural and industrial sites. The sampling site 
selection was based on typical land-use patterns existing in Meycauayan, such as residential, 
agricultural, commercial, industrial, and landfill/dumpsite. The sampling locations consist mainly of 
residential areas with mixed land use such as reclaimed dumpsite (SS1), commercial and industrial 
(SS2, SS3, SS6, and SS7), and agricultural (SS4 and SS5).  

2.3 Laboratory Analysis 

Soil samples were stored in Ziploc plastic bags, kept at -4°C, and sent to a third-party environmental 
testing laboratory (CRL Environmental Corporation, Pampanga, Philippines). The testing laboratory, 
accredited by both the DENR and the Department of Health (DOH), is also ISO/IEC 17025:2005-
certified. For the heavy metal analysis, the soil samples were first acid digested then tested for 
chromium (Cr), lead (Pb), nickel (Ni), and potassium (K) using standard Flame Atomic Absorption 
Spectrometry (Flame AAS). Total Phosphorus (TP) was analyzed using the Vanadomolybdophosphoric 
Acid Colorimetric Method.  Total Organic Matter (TOM) was analyzed determined using the standard 
Titrimetric Method.  The cylinder tapping method was employed to assess soil/sediment density. Total 
Cyanide (CN) was analyzed using Distillation/Ion-Selective Electrode Method; and lastly, Total 
Nitrogen was obtained by calculation (TN = Organic Nitrogen + Inorganic Nitrogen; Inorganic Nitrogen 
= NH4-N + NO3-N + NO2-N).   

2.4 Statistical Analysis 

Multivariate analyses, such as the hierarchical cluster analysis (HCA), principal components analysis 
(PCA), and Pearson correlation analysis (CA), were performed using R statistical software (Version 
4.0.4) to identify the sources of the heavy metals. HCA groups comparable parameters into clusters by 
calculating the distance between them and hierarchically arranging a sequence of partitions for these 
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parameters [20]. PCA condenses the data’s dimensionality to a new set of variables while minimizing 
the loss of information [21]. CA gives the degree of strength of linear correlation amongst two variables. 
These multivariate analyses are widely used in environmental pollution studies to identify pollution 
sources in air, water, and soil/sediments by grouping them according to similar sources. Bartlett's test 
was used to evaluate the validity of the CA and PCA. The distance between the elements for the 
clustering by HCA was derived using the Euclidean method. The algorithm used to link the clusters 
was the Single-link method. Correlation coefficients CA > 0.700 were considered strong correlations 
for this study. 

2.5 Risk Assessment 

The heavy metals’ ecological risks in the sediments were assessed using Sediment Quality Guidelines 
(SQG) and Single Pollution Index (PI). SQG provides a reliable basis for evaluating heavy metal 
pollution in sediments in freshwater domains that are influenced by several sources [22]. Meanwhile, 
PI is commonly used to determine which of the sampling locations and heavy metals pose the greatest 
risks for soil contamination [23].  

The quotients of the concentrations of the individual heavy metals in the SQG were derived using the 
consensus-based Probable Effect Concentration (PEC) for freshwater ecosystems [22]. The mean of the 
quotients represents the sediment quality of the sampling locations. The incidence of toxicity associated 
with heavy metal contamination was assessed by direct comparison to heavy metal concentrations in 
the SQG. The PI was calculated by using the equation: 

𝑆𝑖𝑛𝑔𝑙𝑒 𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 𝑃𝐼௜ =
஼೙

஻೙
  

, where Cn is the heavy metal concentration of the sediment sample and Bn is the background heavy 
metal concentration [24]. The mean of the PI contribution of the heavy metals represents the PI of the 
sampling locations. Restricted by the absence of headwaters where the background sample can be 
collected due to the very high level of urbanization in Meycauayan, this study used the Dutch Standards 
reference values for soil and sediments to calculate the PI [25]. The PI qualitative ratings are as follows: 
≤ 1 no pollution, 1 – 2 low levels of pollution, 2 – 3 moderate levels of pollution, 3 – 5 strong levels of 
pollution, and ≥ 5 very strong levels of pollution. 

3. RESULTS AND DISCUSSION 

3.1 Concentration and source apportionment of heavy metals and other parameters 

The soil and sediment samples were collected from the following localities in Meycauayan: SS1 
(Caingin), SS2 (Banga), SS3 (Calvario), SS4 (Camalig), SS5 (Langka), SS6 (Sto. Niño-Perez), and SS7 
(Sterling). The concentration ranges of heavy metals and environmental indicators in soil and surface 
sediments at Meycauayan, particularly at selected sampling points along the river (Figure 1A), are 
presented in Tables 1 and 2.  We found that SS3 (Calvario) contained the highest TP while SS2 (Banga) 
contained the highest TOM, TN, and K. The sediment samples collected at these two sites also contained 
the highest heavy metal concentrations than the other sampling locations. More remarkable is the 
observation that their Cr, Pb, and Hg concentrations are 10.4-13.5, 1.42-1.25, and 1.3-2.1 times higher 
than the world average, respectively. The heavy metal concentrations of the sediments from SS1 
(Caingin), SS4 (Camalig), SS5 (Langka), SS6 (Sto. Niño - Perez), and SS7 (Iba-Sterling) are 
significantly lower than the world average (Table 2).  The mean concentrations of heavy metals from 
the soil and sediments along the Meycauayan river are significantly higher than those of other lakes and 
rivers in the Philippines. Specifically, Cr, Pb, Ni, and Hg at Meycauayan are 2.4, 3.0, 0.36, and 1.1 
times that of the mean concentrations in other freshwater bodies in the Philippines. However, this was 
not so with Pb, Ni, and Hg where the world average concentrations are greater than those in 
Meycauayan. 
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Table 1. Concentration of heavy metals and other parameters in soils and surface sediments along the 
Meycauayan River. 

Parameters 

Soil Sampling Location 

SS1  SS2 SS3 SS4 SS5 SS6 SS7 

Caingin Banga Calvario Camalig Langka 
Sto Nino-

Perez 
Sterling 

Density, g mL-1 1.1224 0.6903 0.9026 0.7499 0.8138 1.0877 0.9246 

TP, mg kg-1 209 481 1650 302 176 428 222 

TOM, %w w-1 0.16 6.04 2.95 4.24 3.46 0.72 0.92 

TN, mg kg-1 123 2400 1430 1500 160 122 123 

Cr, mg kg-1 16 537 694 6.0 12 11 14 

Pb, mg kg-1 9.2 195 172 23 45 30 31 

Ni, mg kg-1 8.9 30 57 4.9 4.8 9.2 8.9 

Hg, mg kg-1 0.3 1.4 0.9 0.2 0.4 0.2 0.2 

K, mg kg-1 292 1160 549 537 197 415 562 

 

 

Table 2. The mean heavy metal concentration of soils and surface sediments in rivers and lakes in the Philippines, in the 
world, and in this study (mg kg-1 d.w.) 

Metal 

Soils from rivers 
and lakes in the 

Philippines 
[26–30] 

Soils from rivers 
and lakes in the 

World  
[31] 

Meycauayan River 
(this study) 

Mean Range Mean Range Mean Range 

Cr 77.23 0.6-252 51.51 0-234.6 184.29 6-694 
Pb 24.0 3.39-64.9 137.3 0-5778.1 72.17 9.2-195 
Ni 49.39 6.2-98.07 127.59 1.2-7206 17.67 4.9-57 
Hg 0.47 0.25-0.61 0.68 0.052-7.6 0.51 0.2-1.4 

 
 

Multivariate analyses, such as HCA, PCA, and CA were used to identify the possible sources of heavy 
metals in the sediments and interpret these pollutants’ spatial variations [32]. We identified two distinct 
clusters based on the sampling sites:  Cluster 1 (SS4, SS5, SS1, SS6, and SS7) and Cluster 2 (SS2 and 
SS3). Notably, Cluster 1 is related solely to agricultural systems and human-animal wastes while Cluster 
2 is associated with industrial wastes but somewhat also mixed with agricultural systems and human-
animal wastes (Figure 1B).  The cluster analysis of the sampling locations further differentiated the 
commercial and industrial locations such that SS2 and SS3 formed a cluster of their own. Based on the 
characteristics of the businesses in Meycauayan, these are locations where unregulated small-scale 
establishments of jewelry making, battery recycling, and tanneries are concentrated. The other two 
commercial and industrial locations, such as SS6 and SS7, were distinct from the cluster of SS2 and 
SS3. Interestingly, big business establishments are located in SS6 and SS7. Our team believed that these 
companies are able to comply with the DENR environmental regulations due to their business size and 
technical capacities. From the point of the local government, it would also be more tractable to perform 
stricter environmental monitoring with these few big companies compared to the scattered multiple 
home-based industries. 

To investigate the sources of the individual heavy metals, we again used HCA to identify the grouping 
pattern of heavy metals and environmental parameters. Figure 1C shows two primary clusters of heavy 
metals and environmental variables consistent with Table 2.  Cluster 1 consists of TOM and the heavy 
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metals Cr, Pb, Ni, and Hg, associated with industrial wastes (i.e., Pb-acid battery recycling, tannery, 
gold smelting, pesticide use for farming) and human and animal wastes from SS2 and SS3 and SS1, 
SS6 and SS7, respectively. This pattern also suggests the proximity of industrial and agricultural sources 
with one another. Interestingly, the Cluster 2 includes TN, TP, and K as these environmental variables 
are associated with run-offs of fertilizer use since SS4 and SS5 both are agricultural sites.  

The PCA further described the identity of the sources of these polluting components.  The biplot of the 
factor loadings of the variables and the first two dimensions identified by the principal component 
analysis is shown in Figure 1D. The parameters are gathered in two clusters: Cluster 1 (Cr, Hg, Ni and 
Pb) are expected to associate with industrial effluents; Cluster 2 (K, TN, TOM and TP) suggests sources 
from agricultural systems and human-animal wastes.  The PCA identified six dimensions that control 
the influx of pollutants in the Meycauayan River. Four of these dimensions have eigenvalues greater 
than 1 %, and these four explain 99.4 % of the total variance. The eigenvalues, proportion of variance, 
factor loadings, and elemental contribution and apportionment of the dimensions are shown in 
Supplementary Tables 1-3.  

The present-day heavy metal pollution in Meycauayan is a remnant of the several years of unregulated 
discharge of toxic wastewaters from several pollutive industries. Hg in the sediments is mainly sourced 
from several home-based gold smelting  plants, as well as the widespread use of pesticides for farming 
[11,33]. Pb is likely attributed to Pb-acid battery recycling industries that reportedly released their 
untreated wastewater to the river [13,34]. Cr is sourced from the tanneries in Meycauayan that also 
dumped their untreated wastewaters into the river [35]. Ni may have diverse industrial and commercial 
sources due to its chemical properties and low price. Nevertheless, Ni in Meycauayan may also be 
attributed to the electroplating and stainless-steel industries in Bulacan. Intuitively, K, TN, and TP are 
from fertilizers used in the agricultural industry, while TOM may be related to organic wastes from the 
numerous informal settlers who have no proper sewage treatment facilities as well as from the hog and 
poultry industry that have often been reported to dump wastes into the river illegally. The high positive 
correlation (Supplementary Table 4) and clustering of TOM and Hg (Figure 1C) are both related to 
household wastes from small-scale gold smelting in Meycauayan and the widespread use of pesticides 
for farming. Consistently, the high correlation between the individual heavy metals indicates similarities 
in the sources (Supplementary Table 4). We suspect that the correlation between Cr, Hg, and Pb as 
well as between Cr and Ni may relate to the stainless steel and alloy industries in the area.  
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Figure 1. (a) Map of surface sediments sampling locations in Meycauayan. The sampling stations are located in the 
following localities: Caingin (SS1), Banga (SS2), Calvario (SS3), Camalig (SS4), Langka (SS5), Sto. Niño - Perez (SS6), and 

Iba (Sterling) (SS7). The (b) hierarchical dendrogram for sampling locations and (c) hierarchical dendrogram for heavy 
metals and environmental indicators analyzed in surface sediments of Meycauayan River sampling stations show clustering 

according to similarity in sources. The (d) biplot of the factor loadings of the two primary principal components or 
dimensions shows the clustering of heavy metals and the environmental indicators.  

Note: These locations are mixed land use of mainly residential areas with other land use types such as reclaimed dumpsite 
(SS1), commercial and industrial (SS2, SS3, SS6, and SS7), and agricultural (SS4 and SS5). 

 

3.2 Ecological risks associated with heavy metal pollution in Meycauayan 

Both the SQG and PI are widely used tools in assessing heavy metal pollution in soils and sediments in 
freshwater ecosystems affected by the industrial discharge. For instance, these ecological risk indices 
were used to assess heavy metal pollution in surface sediments of Jialu River, China, and Ostrava, 
Czech Republic, both of which are affected by industries [24,31].  

The probable effect concentration (PEC) are concentrations of heavy metals and other pollutants above 
which harmful effects are likely to be observed. PEC is a widely used sediment quality guideline for 
heavy metals and other polluting substances in sediments in freshwater ecosystems [22]. The mean 
probable effect concentration quotient in SS2 and SS3, as shown in Figure 2A, is greater than 0.50, 
which indicates that the soil and sediments are toxic and heavily polluted by heavy metals. The 
contributors in the individual elements are in the order of Cr (54.03 %) > Pb (18.35 %) > Hg (15.79 %) 
> Ni (11.83 %). Consequently, the mean Cr, Pb, Ni, and Hg in the sampling locations have mean 
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incidences of toxicity of 91.7 %, 53.6 %, 27.7 %, and 70.0 %, respectively.  For the Single Pollution 
Index (PI), the heavy metal pollution in SS2 and SS3 reached very high pollution levels (Figure 2B), 
whereas SS1, SS4, SS5, SS6, and SS7 have lower levels of heavy pollution. Individually, heavy metal 
contributions are attributed to Cr (37.52%) > Hg (34.91%) > Pb (17.29%) > Ni (10.28%).  

 
Figure 2. Risk assessments of heavy metals in surface sediments of Meycauayan using (a) Mean probable effect 

concentration and (b) single pollution index. The inset pie charts indicate the percent contribution of the heavy metals to the 
risk indices.  

 

All in all, the risk assessments indicate that heavy metal pollution in SS2 and SS3 reached severe levels 
while the remaining sampling locations have lower levels of pollution. The results of the risk 
assessments agree with the heavy metal and spatial distribution patterns based on HCA (Figures 1B-
C). These results were also strongly supported from our PCA which reveals that the elemental 
contribution of Dimension 1 consists mainly of Pb (16.5 %), Cr (15.7 %), Hg (15.1 %), and Ni (12.5 
%) that goes to SS2 (41.1 %) and SS3 (28.6 %) (Supplementary Table 2). Individually, both Cr and 
Pb consistently contributed the heaviest metal pollution in Meycauayan.  

3.3 Relationship among the heavy metals and environmental indicators 

Soil and sediment properties could be useful indicators of the extent of heavy metal pollution [36–38]. 
The heavy metals found in the sediments of Meycauayan River reflect the level of contamination in the 
sediments and undoubtedly in the river water. The chemical exchanges between these media promote 
interaction between the heavy metal pollutants and the water quality [15,39]. The polluted sediments 
and water affect the growth and survivability of the aquatic organisms. The toxic heavy metals released 
to the river can bioaccumulate in aquatic organisms that people consume, causing potential health issues 
to the people of Meycauayan and neighboring areas. Latest assessment of water quality of Meycauayan 
River indicates very poor quality [40].  

The correlation of K with Pb (CA 0.741) and Hg (CA 0.785) is attributed to NPK fertilizers and 
pesticides that accumulate on the soil over repeated usage [41]. It is also attributed to frequent flooding 
in Meycauayan that deliver and accumulate Pb and Hg in agricultural lands. Like K, the correlation of 
TP with Cr (CA 0.835) and Ni (CA 0.944) is attributed accumulation of these heavy metals in the soil 
after recurring use of phosphate fertilizer [42–44]. The possibility of Cr and Ni dispersion and 
accumulation from recurring floods is also a feasible explanation. Nitrogen in aquatic environments is 
also associated with metabolism and decomposition of organisms [45]. The correlation between TN and 
Cr (CA 0.730), Hg (CA 0.803), and Pb (CA 0.791) indicate possible exposure of aquatic organisms to 
these heavy metals. Complexation of Cr and Hg with nitrogen species are not commonly found in the 
natural environment [46–49]. Although it has been found that Hg has higher concentration in systems 
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with more nitrates and nitrites, suggesting an indirect relationship between Hg and nitrogen cycling 
[50]. Pb nitrate is found to bioaccumulate in some species of plants, fish, zooplankton, crayfish, and 
even snails [51–55]. Organic matter is also associated with decomposition of organisms, plant materials, 
bacteria, and algae. It is a complex soluble organic compound that plays a critical role in nutrient 
transport and food web flows in the aquatic environment [56,57].  The correlation between TOM and 
Hg (CA 0.705) indicates the possible complexation of Hg with dissolved organic matter (DOM)  [58]. 
This complex is bioavailable to fish and bacteria [59,60]. Methylation of mercury is also possible as 
some inorganic Hg species may be more bioavailable to Hg methylating bacteria like sulfate and iron 
reducing bacteria that are found in MMORS  [61–63]. Methylmercury is a very poisonous organic form 
of mercury that strongly bioaccumulates in aquatic food webs [64]. It is common in anoxic water and 
sediments [46]. Recent analysis of dissolved oxygen (DO) in Meycauayan River indicates a very anoxic 
condition of the river water [40]. 

3.4 Policy Implications 

For developing countries, industrialization can be seen as a major initiator for urbanization.  Although 
the merits accorded to urbanization are innumerable, the detrimental effects to the environment it brings 
about are devastating.  Several cleanup activities have been conducted in Meycauayan River in 
connection to the ongoing rehabilitation of Manila Bay [67]. Current trend in government efforts is 
focused on eliminating solid wastes but very little has been done to address the heavy metal 
contamination of water and sediments and neutralize its sources. This study shows the necessity of 
addressing heavy metal pollution caused by industrial discharges operating in Meycauayan and 
neighboring municipalities. Laws like the Clean Water Act of 2004 (Republic Act No. 9275) exist to 
protect water bodies in the Philippines from pollution by preventing the discharge of industrial wastes 
to water bodies [19]. To fully rehabilitate rivers and other water bodies in the Philippines, environmental 
laws must be fully implemented and government policies that address the lack of standard reference 
values for heavy metals and other pollutants in soil and sediments ought to be enacted.   

Our findings suggest that the Philippines central environmental agency, the Department of Environment 
and Natural Resources (DENR), adopt stricter policies to help protect the already dying environment. 
Presented are some key findings and suggestions that the local government of Meycauayan should take 
in consideration: 

 Since Cr and Pb are the two major heavy metals that cause the greatest ecological risk, then 
the local government should focus on stricter regulation of leather tanneries and lead acid-
battery recycling industries and review the zoning of these industries. 

 An “environmental clean-up fund” must be available and should be part of the business 
taxation scheme by the local government on these pollutive industries. The money should be 
allocated to rehabilitate Meycauayan river as well as its soils since there are agricultural 
regions in the city.  Flooding is a persistent problem in Meycauayan so heavy metal run-off to 
the farming sites is imminent. 

 Meycauayan’s leather processing industry started in 1903. It has been a part of the heritage 
and culture of the city since it was introduced by the Chinese [65].  In the past decades, the 
leather tanneries have been on a decline due to heavy importation of synthetic leather and the 
increase in prices of animal skin.  Imposing heavy business taxation on the tanneries can lead 
to economic and job losses in the city, as well as the defacement of a city’s history. Instead, 
there should be more rigid monitoring and support by the local government to ensure proper 
processing of chromium-laden wastes and avoid spill-off in the river and soils.  

 The national government’s legislative arm should develop laws on adopting the global move 
towards the phase-out of chromium (III) in leather tanning industry. This would be akin to the 
Minamata Convention on Mercury. The Philippines needs to set thresholds for chromium 
concentration in leather in the market to be regulated by the Department of Trade and Industry 
(DTI) and DENR.  Research and advocacy on the use of abundant plant-based tannins and 
other alternatives should be supported by the Department of Science & Technology.  

 Pb acid-battery recycling plants are owned by a handful but big corporations when compared 
to the tanneries which are mostly made up of several small to medium-sized family businesses. 
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Also, Pb acid-battery recycling is not part of the historical and cultural landscape of the city. 
Thus, the local government can and should enforce stricter regulations, taxes, and penalties on 
these businesses.  

 With the plight of the environment and the people of Meycauayan, a “writ of kalikasan” should 
be lobbied by the local government. A Writ of Kalikasan is a legal remedy under Philippine 
law that provides protection of one's constitutional right to a healthy environment, as outlined 
in Section 16, Article II of the Philippine Constitution, which states that the "state shall protect 
and advance the right of the people to a balanced and healthful ecology in accord with the 
rhythm and harmony of nature." Kalikasan is a Filipino word for "nature". 

 Lastly, the name of “Meycauayan” is literally translated from Spanish and Filipino as “a land 
full of bamboo”.  It was named so because during the colonization by Spain and earliest 
contacts in the Luzon island with Christianity, the Spanish friars named the area as 
Meycauayan in 1578 because of the abundance of bamboo.  Unfortunately, there are no more 
bamboos found in Meycauayan. Since we found that bamboos, especially the Philippine giant 
bamboo, are excellent phytoremediators of heavy metals, we suggest including bamboo as 
central to the ecological rehabilitation of Meycauayan under the National Greening Program 
as directed by a Presidential Executive Order in 2011 [66].  
 

4 CONCLUSIONS 

The mean Cr, Pb, and Hg concentrations in Meycauayan are several times higher than the mean heavy 
metal concentration in sediments in rivers and lakes in the Philippines. Downstream Banga (SS2) and 
Calvario (SS3) have reached severe levels of heavy metal pollution due to proliferation of small-scale 
commercial industries like tanneries, Pb-acid battery recycling, and gold smelting. Of the four heavy 
metals analyzed, Cr contributed most to the heavy metal pollution. There are very high mean incidences 
of toxicity (> 50 %) associated with the heavy metals in Meycauayan that could potentially affect the 
well-being of the residents. The high correlation between the heavy metals and key environmental 
indicators is an indication of possible interaction between the heavy metals and water quality, thus 
exposing aquatic organisms to heavy metals. This could lead to bioaccumulation and an eventual 
integration to the food web.  

The present heavy metal pollution in Meycauayan is a result of the past unregulated discharge of toxic 
wastewaters from several small-scale industries operating in it. Current focus on cleanup of the 
Meycauayan River only addresses the solid waste pollution in the river with little to no regard to the 
toxic metals present in it.   Stricter enforcement of environmental policies must be observed. The lack 
of standard reference values for heavy metals and other contaminants in soil and sediments must also 
be addressed. 
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