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ECOLOGICAL RISK ASSOCIATED WITH HEAVY METALS
IN THE HYDROGRAPHIC BASIN OF THE CERNA RIVER,
HUNEDOARA COUNTY

Irina Monica Simo ', Mihaela-Citilina Herghelegiu'?,
Viad Alexandru Panescu®’, Mihail Simion Beldean-Galea’

ABSTRACT. Ecological Risk Associated with Heavy Metals in the Hydrographic
Basin of the Cerna River, Hunedoara County. Pollution with heavy metals has
raised substantial concerns worldwide due to their toxicity and persistence in
environmental factors. The current research aims to provide a detailed understanding
of the level of contamination in the Cerna River basin with the following heavy
metals: copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb), nickel (Ni), arsenic
(As) and zinc (Zn). The collection of surface water was performed in two sampling
campaings, the first one in October 2023, and second one in August 2024, resulting
in ten sampling points from the Cerna River and its main tributaries, from Hunedoara
County. The selected sampling points are the following: P1 - Cerna River at the
confluence with Mures River, P2 - Cerna River in Santuhalm, P3 - Teliuc River in
Teliucul Inferior, P4 - Toplita River in Toplita, P5 - Cristur River in Cristur, P6 - Pestis
River in Pestisul Mare, P7 - Petac River in Pestisul Mic, P8 - Zlasti River in Zlasti,
P9- Govéjdia River in Govajdie, P10 - Valarita River in Valari village. The analysis
of heavy metal content from the surface water samples was performed by atomic
absorption spectrophotometry in a graphite furnace. The results on the two sampling
campaign recorded the following concentrations (in pg/L): first sampling campaign
carried out in October 2023, recorded the following concentrations: between 0.55-
16.20 pg/L for Cr; between 1.05-2.68 ug/L for As; between 0.04-2.44 ng/L for Zn;
between 0.74-24.90 pg/L for Cu; between 0.03-2.44 ng/L for Cd; between 0.12-5.30
pg/L for Pb and between 0.51-5.04 pg/L for Ni, respectively. Second campaign
carried out in August 2024 recorded values between 0.50-9.54 pg/L for Cr; between
0.03-1.49 pg/L for As; between 0.03-1.00 pg/L for Zn, between 0.02-3.57 pg/L for
Ni; between 0.02-1.93 pg/L for Cd; between 0.82-25.50 for Cu and between 0.14-
8.71 pg/L for Pb, respectively.

Considering the maximum allowed concentrations imposed by the current legislation,
the heavy metals analysed in this study, namely Zn, Cr, and As, fall within the imposed
values, while Cu, Cd, Pb, and Ni exceed the maximum allowed concentration in both
sampling campaigns.
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1. INTRODUCTION

The term "heavy metal” is used for metals with high density, such as lead,
mercury, cadmium, and arsenic (although arsenic is a metalloid). These metals are
known for their high toxicity even at low concentrations (Tan et al., 2024).

The term "trace metals" refers to very small quantities of metals present in the
environment. These include both essential metals for living organism, such as iron,
zinc, and copper, in appropriate amounts, and non-essential metals, which are
present at low concentrations (Tan et al., 2024). In general, trace metals with lower
density may have a less significant ecotoxicological impact (Campillo-Cora et al.,
2025).

Heavy metals are ubiquitous environmental pollutants, recognized for their
negative impact on human health, even at low concentrations (Goyer et al., 2011).
Metals such as lead, cadmium, and arsenic are extremely toxic and can cause
neurological disorders, cancer, kidney failure, and damage to the nervous system
(Goyer et al., 2011).

These metals can have a substantial impact on human health, not only due to their
direct toxicity but also because of long-term effects, including significant cancer
risks and irreversible damage to various organs (Karim et al., 2021).

Heavy metal contamination is a significant issue, with serious implications for
health. Exposure to these substances can cause considerable harm to the body, and
the negative effects can be visible in the long term, even at low levels, when the
exposure is prolonged or continuous (Chowdhury et al., 2025).

The presence of lead in the human body can affect the heart, nervous system, and
bones, while cadmium can be carcinogenic to the human body (Rahman et al., 2024),
and excessive amounts of nickel can be toxic to all living organisms (Naggar et al.,
2021).

Heavy metal pollution, especially contamination with copper, has a direct impact
on aquatic biodiversity, affecting the sensitive organisms within ecosystems. Copper
can lead to reduction of fish population or other aquatic species, destabilizing the
entire food chain (Naggar et al., 2021).

This study investigates seven heavy metals such as Cu, Cd, Cr, Pb, Ni, As, and
Zn from two sampling campaigns, the first campaign being in October 2023 and the
second in August 2024, with the aim of determining the temporal evolution of these
heavy metals and also to evaluate the ecological risk associated with these metals.

In both campaigns, surface water samples were collected from different locations
along the Cerna River, a tributary of the Mures River.

2. MATERIALS AND METHODS

2.1 Description of the study area

Cerna River originates in the Poiana Ruscd Mountains, near the village of
Negoiu, located in the Lunca Cernii de Jos commune, Hunedoara County. It springs
at an altitude of approximately 1,200 meters and travels a long and picturesque path
through Hunedoara County, playing a significant role in the natural and geographical
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landscape of the region. A large part of the river's watershed is developed over
limestone deposits, giving the water a distinctive character (Chirica et al., 1976).

The river passes through several villages in the Padurenilor area, and at the end
of Toplita village, Cerna forms the Cincis-Cerna reservoir lake. The dam of this lake
was constructed between 1961 and 1964 and is located about ten kilometres from
the city of Hunedoara (Internal operating regulation, 2024).

After leaving the mountainous area, Cerna flows through the Teliucu Inferior
commune, which was an important mining centre in Romania's history, and enters
the old centre of Hunedoara.

In Hunedoara, Cerna River meets Zlasti River, which also originates in the Poiana
Rusca Mountains, and flows through the city, separating the industrial area from the
residential neighbourhoods. About 15 kilometres downstream from the city, Cerna
flows into the Mures River, thus completing its cycle in this region. Over its more
than 70-kilometer course, Cerna descends from the wild heights of the mountains to
the Mures plain, offering a remarkable natural landscape and a wealth of resources
for the areas it passes through (Baicoana, 1995).

2.2. Sample collection and geographic coordinates

A total of twenty water samples were collected in the two campaigns, with the
first campaign taking place in October (2023), and the second campaign in August
(2024) from different locations within the Cerna River basin.

Table 1. Sampling points, abbreviations and geographical coordinates

Sampling Geographical coordinates
. Location . .

Point Latitude (N) Longitude (E)

P1 The Cerna Rlver at the confluence with 45°52'16.16" 2205723 08"
the Mures River

P2 Ttle Cerna River in the town of 45°51'22 10" 22°5796.11"
Santuhalm

P3 The Tehuc River in the town of Teliucul 45°42'56 11" 22°53'16.67"
Inferior

P4 Toplita River in the town of Toplita 45°41'10.93" 22°47'00.28"

P5 The Cristur River in the Cristur locality 45°49'30.55" 22°56'29.17"

P6 The Pestis River in the town of Pestisul 45°48'00.45" 22955149 95"
Mare

P7 1"{/}112 Petac River in the town of Pestisul 45°47'46.01" 22°55'10.69"

P8 The Zlasti River in the town of Zlasti 45°44'56.77" 22°53'14.30"

P9 The A('}o.vajdla River in the town of 45°44'04.27" 22°49'26.19"
Govajdie

P10 The Valarita River in the town of Valari 45°41'08.38" 22°46'23.57"

Sample Preparation:

For sample collection, polypropylene bottles were used, being washed with
distilled water before use. At the time of sample collection, the containers were
rinsed with surface water prior to collection. Surface water samples were taken from
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different sections of the Cerna River with a telescopic rod harvester. Before analysis,
the surface water samples were preserved in the field with HNOs.

The sampling point names, assigned number and the geographic coordinates are
provided in Table 1 and on the map of the studied watershed in Figure 1.

Description of Each Sampling Point (P):

P1 - Located on the Cerna River, downstream of the wastewater discharge channel
from the Hunedoara Municipality Wastewater Treatment Plant, situated in the
outskirts of the Santuhalm locality, near the confluence with the Mures River.
The area is predominantly agricultural.

P2 - Located on the Cerna River, upstream of the road bridge on the E79 highway,
an area with heavy traffic at the edge of the Santuhalm locality.

P3 - Located on the Cerna River, in a predominantly rural area, but heavily
industrialized in the past (mining activities, iron ore preparation plant in Teliuc),
with hilly terrain, relatively wooded, and limited agricultural land.

P4 - Located on the Cerna River, in the area of the Toplita Hydrometric Station. The
area is hilly, largely forested, with limited agricultural land, orchards, and
pastures.

PS5 - Located on the Cristur Creek, a left tributary of the Cerna River, at the bridge
on the communal road known as Strada Mare.

P6 - Located on the Cerna River, in the locality of Pestisul Mare, downstream of the
Arcelor Mittal Steel Plant platform, a heavily industrialized area, still active
today.

P7 - Located on the Petac River, a left tributary of the Cerna, at the bridge over the
DJ Hunedoara — Deva road, in a semi-urban, industrialized area.

P8 - Located on the Zlasti River, a left tributary of the Cerna, in the regulated area
near the Corvin Castle, in the municipality of Hunedoara.

P9 - Located on the Govéjdia River, a left tributary of the Cerna, in a rural, hilly area
with a high degree of forestation and low traffic. Upstream, there is an abandoned
tailings heap, where sand and waste from dolomite processing were stored.

P10 - Located on the Valarita River, a left tributary of the Cerna, in the locality of
Valari. Like the upper course of the Cerna, the river springs and enriches its flow
from an area rich in iron ores and associated minerals, historically known for
mining activities.

2.3 Instrumental analysis

The analysis of heavy metal content in surface water samples using graphite
furnace atomic absorption spectrometry (GFAAS) is a highly precise and sensitive
method for determining the concentrations of heavy metals.

According to the standard SR ISO 8288: 2001, this method involves the use of a
PerkinElmer PinAAcle 900T atomic absorption spectrophotometer to measure
metals such as Ni, Cd, Cr, Pb, Zn, Cu, and As.
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Through the use of GFAAS, water samples undergo a process of atomization in
the graphite furnace, which allows for precise absorption of electromagnetic
radiation at specific wavelengths corresponding to each metal being analysed.

Fig. 1. Map of the studied watershed and the location of the sampling points

2.4. Ecological risk assessment
The ecological risk assessment was performed using the heavy metal index
(HMI) and the potential ecological risk (RI) using the follow equations (Huang et
al., 2011; Yuan et al., 2015; Withanachchi et al., 2018; Nadu et al., 2024; Lameck et
al., 2024):
Ci

— L
HMI = =17, @
. . .

RI=3Ef=FiqT, x ;- @)
where:
- C; is the concentration of a metal in the water expressed in pg/L;
- Cpg is the higher allowable limit (ug/L) for the (i)™ metal within the sample;
- E/! is potential ecological risk for one metal;
- T, is the toxic response factor for the (i)™ heavy metal.

The values of T/ used for this study are the following 1 for Zn, 2 for Cr,
5 for Cu, Pb, and Ni, 10 for As and 30 for Cd (Yuan et al., 2015, Nadu et al.,
2024; Lameck et al., 2024).

Considering the values of heavy metal index, the water samples can be classified
as follow: HMI<0.3 — very pure water; 0.3<HMI<I — pure water; 1<HMI<2 partially
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contaminated water; 2<HMI<4 — considerably contaminated and HMI>4 heavily
contaminated water (Withanachchi et al., 2018).

Regarding the RI values of the potential ecological risk, it can be classified as it
follows: RI<30 — low risk, 30<RI<60 moderate risk, 60<RI<120 significant risk and
RI>120 very high risk (Huang et al., 2011, Yuan et al., 2015).

3. RESULTS AND DISCUSSIONS

3.1. The prevalence of heavy metals in water samples

In the two sampling campaigns from October 2023 and August 2024, a number
of twenty surface water samples were collected and analyzed according to the
methodology described above.
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Fig. 2. Heavy metal concentrations found in water samples from October 2023

During the first sample collection campaign, the following significant values
were obtained: 0.74-24.9 ug/L for Cu, n.d.—5.30 pg/L for Pb n.d.—8.03 ug/L for Ni,
n.d.—16.2 pg/L for Cr, n.d.—2.68 pg/L for As, n.d.—2.44 pg/L for Cd, n.d.-2.44 ug/L
for Zn (Figure 2), which allowed an initial assessment of heavy metal pollution
(Simo’ et. al 2024).

In order to ensure continuous monitoring and to observe any changes or trends,
a second collection campaign was performed. The values obtained in the second
campaign from August 2024 are essential to understand the evolution of pollution
and the long-term impact on the environment.

The second campaign, which had ten samples was performed in August 2024 and
it recorded values between 0.50-9.54 pg/L for Cr; between n.d.—1.49 ug/L for As;
between n.d.—1.00 pg/L for Zn, between n.d.—3.57 ug/L for Ni; between n.d.—1.93
ug/L for Cd; n.d.—25.50 for Cu and n.d.—8.71 ug/L for Pb (Figure 3).
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Fig. 3. Heavy metal concentrations found in water samples from August 2024

The results of the second campaign indicate a slight improvement in pollution
levels, compared to the first campaign from October 2023, but certain metals
continue to pose significant risks.

Analyzing the values obtained in the collected water samples and comparing
these values with the Maximum Allowable Concentrations (MAC) (20 pg/L for Cu,
0.08 ug/L for Cd, 1.2 ug/L for Pb, and 4.0 ug/L for Ni), provided by the curent
legislation GD 100/2002; GD 570/2016, it can be observed that there are
exceedances for the heavy metals analysed in the water samples listed bellow.

From the two sampling campaigns, the exceedances are the following: the first
sampling campaign had exceedance one for Cu (24.90 pg/L), Cd had three
exceedances (0.09 pg/L, 0.25 pg/L, and 2.44 pg/L), Pb had two exceedances (4.67
ug/L and 5.30 ug/L), and Ni had two exceedances (8.03 pg/L and 5.04 pg/L). The
the second campaign had exceedances for only three heavy metals such as Cu with
one exceedance (25.50 pg/L); Cd with two exceedances (0.19 pg/L and 1.93 pg/L),
Pb with two exceedances (6.52 pug/L and 8.71 ug/L).

The concentrations of chromium, arsenic, zinc, nickel and cadmium recorded
lower values compared to the first campaign, indicating a reduction in polluting
activities or seasonal effects.

Copper continues to show the highest value (25.50 pg/L), exceeding previously
observed levels, suggesting a constant source of contamination.

Lead recorded an increase in the maximum value (8.71 pg/L), indicating an
intensification of the pollution associated with this metal. The August 2024
campaign highlights the need for continuous preventive and corrective measures to
limit heavy metal pollution in the Cerna River.

During the second collection campaign, we introduced new methodology of
pollution assessment such as Heavy Metal Index (HMI) and Potential Ecological
Risk (RI), in order to enrich the ecological analysis and provide a more detailed
understanding of the degree of water contamination.
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3.2. The heavy metal index of analyzed water samples

The heavy metal index of analysed water samples was calculated taking into
consideration the individual heavy metal index in each water sample. The results
obtained in both sampling campaignes are presented in table 2.

Table 2. The values of individual and sum of HMI
Sample Cu Zn Cd Pb Ni Cr As HMI
October 2023 campaign

P1 0.51 - 1.13 3.89 035 0.03 0.24 6.15
P2 1.25 0.00 - - - 032 0.11 1.68
P3 0.04 - 0.38 0.54 0.13 - - 1.09
P4 0.14 - - 0.45 2.01 0.01 - 2.61
P5 0.08 - - 0.10 0.16 - 0.17 0.51
P6 0.15 - 0.75 0.31 0.21 0.01 0.13 1.56
P7 0.18 - 3.13 4.42 - - 0.18 7.91
P8 0.16 - - 0.55 0.23  0.01 - 0.95
P9 0.10 - - 0.10 0.16 - 0.13 0.49
P10 0.05 0.00  30.50 0.63 1.26  0.04 027 3275
August 2024 campaign
P1 0.54 - 0.75 543 0.02 0.01 0.15 6.90
P2 1.28 0.00 - - - 0.19  0.09 1.56
P3 0.04 - 0.25 0.43 0.01 - - 0.73
P4 0.14 - - 1.14 0.89 0.02 0.03 2.22
P5 0.27 - - 0.14 0.22 - 0.07 0.70
P6 0.09 - 0.75 0.83 0.30 0.01 0.11 2.09
P7 0.16 - 2.38 7.26 - - 0.11 9.91
P8 0.20 - - 0.45 0.26  0.01 - 0.92
P9 0.15 - - 0.12 0.17 0.02  0.09 0.55
P10 0.11 0.00 24.13 0.49 044 0.03 0.12 2532

2 99

not calculated.

The low values obtained from the first campaign in October 2023 (3 samples)
and the second campaign from August 2024 (4 samples) fall into the pure water
category (HMI < 1), suggesting that the water samples are relatively
uncontaminated, with low ecological risks.

The moderate values obtained fall into the category of partially contaminated
water (1 < HMI < 2) (3 samples in October 2023 and one sample in August 2024) or
considerably contaminated water (2 < HMI < 4) (one sample in 2023 and one in
2024). We also observe a high value in both sampling campaigns which falls into the
category of heavily contaminated water (HMI > 4), suggesting severe pollution and
significant ecological risks.

Thus, some samples from the October 2023 campaign had very high HMI values,
particularly the value of 32.75 (Point P10), which suggests severe pollution. The
results from the August 2024 campaign show a decrease in pollution in the sampling
point, such as the value of 32.75, which decreased to 25.32, suggesting that there
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was effective reduction of pollution. However, certain values, such as 6.90 and 9.91,
suggest that there are still significantly polluted areas.

There are also areas where pollution has increased slightly, for example, from
6.15 to 6.90, or from 0.51 to 0.70, which may indicate the need for additional

measures in certain areas.

3.3. The potential ecological risk in studied area

The potential ecological risk of analysed water samples was calculated taking
into consideration the individual E, values for each metal and water samples
analyzed. The results obtained in both sampling campaigns are presented in table 3.

Table 3. The E,’ and RI values for the analyzed water samples

Sample Cu Zn Cd Pb Ni Cr As RI
October 2023 campaign
Pl 2.53 - 33.75 1946 175 0.06 2.43 59.98
P2 6.23 0.00 - - - 0.65 1.05 7.93
P3 0.19 - - 2.71 0.64 - - 3.54
P4 0.70 - - 2.25 10.04 0.03 - 13.02
P5 0.40 - - 0.50 0.81 - 1.73 3.04
P6 0.75 - 2250 1.54 1.06 0.03 131 264l
P7 0.92 - 93.75 22.08 - - 1.82 118.57
P8 0.82 - - 275 1.15 0.02 - 4.74
P9 0.52 - - 0.50 0.79 - 1.25 3.06
P10 0.27 0.00 915  3.17 6.30 0.08 2.68 927.5
August 2024 campaign

Pl 2.72 - 22.5 27.15 0.10 0.02 149 5398
P2 6.38 - - - - 0.38 090 7.66
P3 0.21 - 7.50 213 0.03 - - 9.87
P4 0.70 - - 571 446 0.05 - 10.92
P5 1.35 - - 0.71 1.08 - 0.70 3.84
P6 0.44 - 225 417 151 0.03 1.09 29.74
P7 0.80 - 713 36.29 - - 1.13  109.5
P8 1.00 - - 225 129 0.01 - 4.64
P9 0.74 - - 0.58 0.83 0.04 090 3.09
P10 0.53 - 723.8 246 221 0.06 0.58 729.64

29 9

not calculated.

The campaign from October 2023 has higher RI values, suggesting a higher
ecological risk, especially in areas with values such as 927.5 (point P10) and 118.57
(point P7). The campaign from August 2024 shows a significant decrease in
ecological risk in some areas (e.g., a decrease from 927.5 to 729.64, 118.57 to 109.05
and from 59.98 to 53.98), but there are still high-risk areas that require attention.
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4. CONCLUSIONS

Following the two monitoring campaigns (October 2023 and August 2024),
certain significant changes in heavy metal concentrations were observed, and their
evolution suggests a general trend of improving water quality but also risk areas that
remain worrying.

The concentrations of chromium, arsenic, zinc, cadmium and nickel recorded
lower values in the August 2024 campaign compared to October 2023. This may
indicate a reduction in pollution sources or favourable seasonal factors (such as
higher rainfall that can dilute contaminants).

The results of the two monitoring campaigns indicate a positive trend in water
quality, with significant decreases in heavy metal concentrations in many cases.
However, copper and lead remain metals of great concern, and measures to reduce
pollution must be a continuing priority.

The obtained HMI values from the October 2023 campaign ranged between 0.39
and 32.75, and based on the interpretation of these values, we can see that 32.75
represents a very high value, indicating a significant level of pollution in that area,
therefore this location presents a major ecological risk due to the high concentration
of heavy metals. The second campaign, from August 2024 has HMI values ranging
from 0.39 to 25.32. Even if the maximum value of 25.32 is lower than 32.75 from
the October campaign, it still falls into the category of heavily contaminated water
(HMI > 4).

The RI values from the first campaign in October 2023 ranged between 3.04 and
927.5, and based on these values, we can agree that 927.5 represents an extremely
high value, indicating a very high ecological risk, with a potentially serious impact
on the ecosystem and human health. 118.57 is another significant value indicating a
major ecological risk, suggesting a very concentrated pollution. On the other hand,
lower values, such as 3.04 or 3.06, indicate a low ecological risk, highlighting the
fact that in other locations there is no significant pollution.

In the second campaign from August 2024, the RI values vary between 3.09 and
729.64, and their analysis suggests that although the value of 729.64 is lower than
the 927.5 from the first campaign in October 2023, but it is still a very high value,
indicating a significant ecological risk.

These two campaigns highlight the importance of regular monitoring and the
implementation of corrective and preventive measures to protect the environment
and human health in the long term.
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