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An increase in heavy metal soil contamination, especially lead, in the industrial area or near industrial areas has become a serious
environmental problem. An industrial zone including paints, electrical plants, metal works, machining, and smelting factories, in
the suburban of Ho Chi Minh City, was chosen as the study area. Soil samples were collected from the industrial area and in the
residential area next to the industrial area for three experiments, namely, lead content in the surface soils, lead leachate into the
water, and movement of lead in soil. Then, the results were compared to the values in the Soil Contamination Countermeasures
Law of the Japan Ministry of Environment to assess the possibility of soil contamination which may cause health risks to a
human living in that area. The results of the analysis show that the soil has been contaminated by lead. In particular, the lead
concentrations of the surface soil samples are 23–35mgkg-1, while the lead elution of soil samples is quite high, about 0.6mgL-1.
With these results, the soil can harm people by direct ingestion. More importantly, this work proves that lead species have been
going down gradually. To assess the possibility of lead approaching groundwater, more further studies need to be achieved.

1. Introduction

Lead (Pb) and its compounds may exist in nature or as a
product of transportation or metalwork manufacturing, etc.
Although lead can be emitted by various sources, industrial
sources take a big part in lead contamination [1]. The U.S.
EPA in 2014 reported that a high level of airborne lead is
found near the industrial operations that materials contain-
ing lead, such as metal works, paints… [2]. In recent studies,
many scientists also have indicated that high smokestacks of
these factories are the factor to spread heavy metal pollution
in a wide area [3–5]. Therefore, people who live in the zone
that is adjacent to the contamination sources have a high pos-
sibility to get health risk from heavy metal contamination.

Lead compounds can be divided into two general catego-
ries, namely, inorganic lead and organic lead. The inorganic
lead compounds usually consist of lead in a divalent state
such as lead carbonate, lead oxide, and lead sulfate, while
organic lead compounds, lead tetraethyl and lead tetra-

methyl, were found in automotive gasoline [6]. Lead com-
pound particles suspend in the atmosphere for over three
weeks and are spread many hundreds of kilometers by the
wind and then settle onto the ground through a wet deposi-
tion. Particles larger than 10 millimeters, which constitute
up to 95% of the emission, may settle out within short dis-
tances [1]. In Vietnam, to control soil pollution, there is a
national regulation named National Technical Regulation
on the Allowable Limits of Heavy Metals in the Soils [7]. In
this, the total lead concentration in a residential area and
the industrial area is limited at 120mgkg-1 and 300mgkg-1,
respectively [7]. However, according to several previous
works, a type of soluble lead compounds can cause harm to
human health and the environment with small concentra-
tions, while insoluble lead compounds can do with a signifi-
cant concentration [8].

Humans and animals may inhale or ingest lead that is the
main route to exposure to lead. According to Fritz Bischoff
et al., there are six lead compounds which are the most toxic
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because of their solubility, namely, ionic lead, colloidal lead
hydroxide, metallic lead, glycerophosphate, oleate, and stea-
rate [9], while some insoluble compounds such as lead
oxychloride, oxy carbonate, and carbonate are supposed to
have less toxicity than soluble compounds, because these
insoluble compounds probably are removed from the blood-
stream before they have a chance to react with the constitu-
ents of the blood. Lead exposure causes some serious
harmful effects on various systems in the human body. Var-
ious previous studies indicate that lead causes a decrement in
neurological function, cognitive function, low IQ, and even
cancer. Lead poison also affects the reproductive system, kid-
ney, liver, and gastrointestinal tract [8]. Not only causing an
effect on human health, lead deposition also brings some
serious problems to the ecosystem. By lead deposition, for a
long time, lead species can accumulate within the surface soil
and run deeper into groundwater. This may cause a drop in
biodiversity, animals, and plants [10, 11]. Therefore, control-
ling soil pollution by total lead concentration will not be
relevant to protect people who live near an industrial area.
In a study about estimating the atmospheric lead deposition
on surface soil pollution by Lan et al., the Soil Contamination
Countermeasures Law was applied to assess the lead contam-
ination in an area around a cement factory [12]. For soil and
groundwater protection, the Soil Contamination Counter-
measures Law was issued by the Japanese government in
2002 [13]. This law declares designated hazardous standards
and a designation standard for soil contamination assess-
ment, in which the soil is assessed as contaminated if it
exceeds either the soil concentration standard which risks
for direct ingestion or the soil leachate standard risk for
ingestion of groundwater. In this case, lead and lead com-
pounds are limited to 150mg Pb kg-1 soil on soil concentra-
tion standard and 0.01mg Pb L-1 solution on soil leachate
standards [13].

In this study, we used the Japan Soil Contamination
Countermeasures Law to assess the lead pollution in the
industrial area and the residential area. The goals of this work
are to determine the level of lead in soil from the industrial
area and its neighborhoods that may cause risk to human
health when a lead substance enters the human body by
ingestion. Besides, the possibility of lead elution into the
ground and the movement of lead through soil layers were
also studied.

2. Experimental Method

2.1. Study Area. Sample collection was carried out in and
around an industrial zone famous for steelwork, electron-
ics, and machinery in Ho Chi Minh City suburban. This
industrial zone has 195 hectares for industrial work and
77 hectares for the residents. In recent years, because of
employment demand, human density in this area has been
increasing quickly and uncontrollably. The increasing pop-
ulation density in a potentially polluted zone raises health
safety concerns. Thus, it is necessary to have a study
evaluating soil pollution here to serve the health risk
assessment in the future.

According to the site survey, there are many potential
lead contamination sources in the industrial zone, but a
smokestack of steelwork factories is supposed to be the main
source that can spread polluted aerosols in a wide area.
Therefore, to determine the lead contamination due to atmo-
spheric deposition, the steelwork smokestack was chosen as
the main source of lead emission.

Wind direction is not certain in this area. Two main
directions are north to south and inverse way. For that, the
samples were focused on the north-south axis (Figure 1).
The soil sampling was taken in late May and during the rainy
season of Ho Chi Minh City. Soil samples were always wet.
The study area had a warm temperature ranging from 30°C
to 38°C at that moment. The soil in the area was character-
ized by loam, sandy, and clay.

2.2. Sample Procedure. To determine the lead content and
lead elution, a total of 31 surface soil samples including 17
samples in the industrial area and 14 samples in the residen-
tial area were collected in a radius of 1 kilometer from the
steelwork factory’s stack (Figure 1). The sample sites were
not distributed evenly in the study area because the land is
almost covered by roads and factories in the industrial area.
Surface soil samples were collected at the depth of 0–2
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Figure 1: Sampling locations, in which inside the dashed line box
are those in the industrial operation, while outside the dashed line
box are those in the residential area. The y-axis shows the latitude
of samples’ coordinates while the x-axis shows their longitude.
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centimeters after cleaning off the grass, waste, rocks, and so
on. 31 soil samples are divided into 4 groups which represent
for their location that correlate with the smokestack on the
map, in which samples 1 to 12 are in the south of the smoke-
stack, samples 13 to 17 are in the east, samples 18 to 22 are in
the west, and samples 23 to 31 are in the north.

Soil layer samples were also collected from six spots
within the study area to estimate a lead moving into the
soil. These spots were decided by three spots in the indus-
trial area and three others in the residential area. Four
layers of samples were collected at every 2 centimeters from
the surface samples. All soil samples were sieved through to
2 millimeters of plastic sieve opening to remove vast wastes,
rock, etc. Finally, each analytical sample was stored in a zip
lock bag.

2.3. Elemental Analysis

2.3.1. Measurement of Lead Content in Soil Samples. In this
work, the lead content (mgkg-1) of each soil sample was ana-
lyzed to estimate the risk of lead contamination in the indus-
trial zone and the residential zone. Sample preparation
followed the Japanese Ministry of the Environment’s Notifi-
cation No. 9 [14]. The general method schematic is shown
in Figure 2. For lead concentration in soil experiment, a dried
soil sample was mixed with hydrochloric acid (HCl) 1Mwith
the ratio of 3 grams of soil in 100mL acid. At first, a sample
emulsion was prepared by putting 6 grams of dry soil into a
250mL polypropylene bottle then adding gradually HCl
1M to 200mL. HCl was purposely controlled at 1M to sim-
ulate acid in the human stomach that helps to estimate the
risk of lead contamination to human health when people or
children accidentally ingest. The mixture of soil and HCl
1M had been shaken for 2 hours at 200 rounds per minute.
Then, the solution had been settled for 20min before
centrifuging for 20 minutes at 3000 rounds per minute. The
centrifuged solution was filtered with a 0.45μm pore size
syringe filter PTFE membrane before being analyzed by
inductively coupled plasma optical emission spectrometry
(ICP–OES Spectroblue, Spectro Ametek, Germany).

ICP–OES uses unit mgL-1 to represent the content of
solution lead. To make a comparison with the regulations,

we have to change the unit mg Pb L-1 of the volume of sample
solution to unit mg Pb kg-1 of dried soil which is showed in

C1
mg
kg

� �
= C2 mg/Lð Þ × V mLð Þ/1000ð Þ

Msoil/1000
, ð1Þ

in which C1 is the lead concentration in soil (mg kg-1), C2
is the lead concentration in ICP–OES result (mgL-1), V is the
volume of HCl 1M (mL), and Msoil is the weight of soil
extracted in HCl 1M (gram). In this study, Msoil = 6 grams.

2.3.2. Measurement of Lead Elution into Groundwater. Soil
leachate into groundwater was carried on to determine the
concentration of lead that can dissolve in water. Sample prep-
aration and analysis methods are based on the method shown
in the Japanese Ministry of the Environment’s Notification
No. 9 [14] and the study of Nguyen et al. in 2018 [12].
According to Figure 2, the method of lead elution analysis
is quite similar to lead content experiment but we replaced
acid with distilled water. Firstly, 10 g of dried soil was mixed
with 100mL distilled water with a ratio of 1 gram of soil in
10mL water. The emulsion was contained in a polyethylene
container. And then, it had been shaken for 6 hours at a
speed of 200 rounds per minute. After 40 minutes of the sed-
imentation, the solution was poured into a Falcon tube and
then centrifuged for 20 minutes at 3000 rounds per minute.
Finally, the sample solution was filtered with a 0.45μm pore
size syringe filter PTFE membrane before being analyzed by
ICP–OES. The result of lead elution is shown in the unit of
mgL-1.

3. Results and Discussion

3.1. Lead Content in Surface Soil Samples May Cause a Health
Risk.We assume that if a child playing in the study area acci-
dentally eats a certain amount of soil, will the child have any
adverse health effect? Figure 3 depicts the lead concentration
in soil can dissolve in HCl 1M which imitated human’s
stomach acid. In this work, the lead concentration fluctuates
from 23mgkg-1 to 35mgkg-1. However, there were 6 samples
with nonlead detection occupying 20% of the total amount of
samples. This proportion is very interesting. In this work, 31
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Acid HCl 1 M for lead content experiments.
Distilled water for lead elution experiments.

Centrifuged for 20 min
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Results

Figure 2: Lead content and lead elution analysis method schematic.
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soil samples are separated into four groups which represent
for their locations mentioned in Sample Procedure. We
notice that nonlead samples C20, C21, and C22 are on the
west of the smokestack while nonlead samples C26, C28,
C31, and C32 are on the north of the smokestack. We sup-
pose that wind direction has played an important role in air
pollution spread. The airborne heavy metals have tended to
move to the south because of the wind. Lead concentrations
in most of the samples are 4-6 times lower than the risk
threshold of the Japanese Soil Contamination Countermea-
sures Law (150mgkg-1) [13] and 8-12 times lower than that
in the Vietnamese Heavy Metal Limit in Soil Regulation
(300mgkg-1) [7], except for sample C12. However, it should
be noted that the Vietnamese regulation on lead concentra-

tions above is the concentration in the soil. In the fact that only
soluble lead compounds affect human health, sample C12 has
a remarkably high lead concentration, 1187mgkg-1. This may
be due to some exotic agents causing high lead contamination
such as batteries and paint waste on the ground.

According to the site survey in this industrial zone, we
suppose that there are two major lead emission sources,
namely, a steelwork factory and a paint factory. A paint fac-
tory undoubtedly is a source of heavy metal contamination
in soil [15]. Nevertheless, the paint factory is a point pollu-
tion source that cannot spread airborne heavy metal in a
large area. Look at Figure 3; samples C27, C29, and C30,
which are about 800 meters away from the steelwork fac-
tory stack, also have quite the same lead concentration as
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that of samples near the stack. Because of that, we stated
that the 25-meter stack of steelwork factory is the main
heavy pollution source in the study area. More interest-
ingly, this steelwork factory is established in 2012, but the
lead contamination level in the residential area is as high
as in the industrial area. Therefore, the lead content that
accumulates gradually in the future will cause serious risks
to the residence.

3.2. Lead Elution into Groundwater. Similar to the lead con-
tent in surface soil experiments, 31 soil samples from Section
3.1, which are so-called E1 to E31, were extracted by water.
Lead concentrations are shown in Figure 4. In general, the
lead elution of most soil samples is much higher than the
upper limit in the Japanese Soil Contamination Countermea-
sures Law (0.01mgL-1) [13]. This is truly dangerous for chil-
dren playing at a playground who may drink water on the
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ground accidentally. There are 3 water samples that had non-
detected results, while 27 water samples have a lead elution
60 times higher than that of threshold in the law. In particu-
lar, sample E11 has a lead concentration over 120 times more
than the threshold.

In industrial works, there are many kinds of lead com-
pounds that exist. However, this result shows that the lead
contamination in the study area is contributed by highly
dissolvable lead substance’s proportion, for example, lead
acetate, lead chloride, and lead nitrate. The dissolvable lead
substances are really dangerous to human health. Moreover,
with high lead elution, the groundwater is soon contami-
nated with lead.

3.3. Lead Concentration in Soil Layers. Lead species tend to
follow the water flow upon going down. However, the move-
ment of lead through the soil is slow because a strong ten-
dency to be adsorbed onto organic matter and clay particles
makes it immobile and biologically inert. In 1996, Maskall
et al. examined soil samples in the lead-smelting site, which
proved no movement farther than 70 centimeters in 200
years [16]. The mobility of lead in soil depends on various
factors, for instance, the type of soil, pH, moisture content
of the soil, and water infiltration. In this experiment, there
are three types of soils in which loam appears in samples
No. 1, No. 8, No. 20, and No. 25; clay appears in sample
No. 14; sand appears in sample No. 27. Lead concentrations
in each soil layer as data for the movement of lead examiners
are reported in Figure 5. Generally, samples No. 1, No. 8, No.
14, and No. 25 have the same trend, the concentration of lead
in the lower layers slice lower than that in the surface layer.
Mostly, the lead at 10 centimeters from the surface is around
23mgkg-1 to 28mgkg-1. Water passes slowly through the
loam soils and more slowly in the case of clay. That is why
lead moves gradually from the surface to the lower layers.
In contrast, sandy soils do not hold water well and it goes
down quickly. In the results of sample No. 27, the lead con-
tents at the surface and lower layers show no difference.

The pH andmoisture of soil also impact the movement of
lead. Figure 6 shows the results of pH and the moisture % of
each surface soil sample. The pH of the soils in this work fluc-
tuated from 6.9 to 8. At neutral or higher pH, the soil holds
lead species strongly. Usually, atmospheric lead is deposited
on the surface of the soil (2–5 centimeters) and retains in it
when pH is higher than 5 [17].

4. Conclusions

Lead exists in many forms in the environment. It can come
from natural sources such as in ores or from nonnatural
sources such as from industrial activities and transportation.
Usually, lead and its compounds emitted from industrial
works are hazardous. These toxic materials are released into
an industrial zone’s atmosphere every day. And then, they
get into the soil by the wet deposition process. More impor-
tantly, the population density near the industrial zone is
increasing rapidly in Vietnam that raised up a concern in
health safety. After this study, according to the Soil Contam-
ination Countermeasure Law of Japan, the surface soil in the

industrial area and near the industrial area has been contam-
inated by lead, even though the lead concentration is lower
than the upper limit. Interestingly, the lead elution is too
much higher, about 60 to 120 times more than the safety
threshold. The lead elution will affect groundwater sooner
or later.
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