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ABSTRACT  
The Moldova-Noua area in Romania has long been renowned for its copper mines, 

which have resulted in increased concentrations of heavy metals in the surrounding 

environment. Maize farming accounts for 24% of the total land area in this region. This 

study assesses the ecotoxicological effects of polluted surface water, sediment, and soil 

samples on Zea mays L. seeds. We analysed the samples' impact on germination 

parameters, including mean germination time (MGT), germination percentage (GP), 

germination rate (GR), and germination value (GV). Results revealed MGT ranging 

from 2.4 to 3.6 days, with GP between 70% and 100%, GR ranging from 19% to 31% 
per day, and GV between 11% and 20%. The most affected sample was surface water 

from the Bosneag River downstream (SW1). This study highlights the impact of heavy 

metal pollution on maize crops, which have been utilized for decades by local 

communities. Overall, this research contributes to our understanding of the real-world 

consequences of heavy metal pollution on agricultural systems and ecosystems. 

KEY WORDS: mean germination time, germination rate, peak value. 

 

 INTRODUCTION 

Global heavy metal contamination of agricultural soil has been identified as one 
of the main factors reducing crop production (Xin et al., 2022). The history and economy 
of Western Romania have both been significantly influenced by mining and mineral 
processing. Romania has been involved in the mining of polymetallic ores and the metal 
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extraction process for more than a century, and before 1990, the extraction of copper ore 
was among the most significant industrial sectors in Europe (Boros et al., 2021; 
Stevanović et al., 2021). Copper’s mining provides a long list of useful by-products (i.e., 
cadmium, arsenic, nickel, zinc, and lead) with a variety of uses in farming, building, 
electrical equipment, and metallurgy. The conditions at the mining waste in Moldova 
Noua, Romania, show that environmental degradation persisted even after mining 
activities had ceased. The lives of 15,000 people living near by a mining operation are 
affected by pollution. The tailing pond is a source of pollution, especially under windy 

conditions, impacting both the tourist city of Veliko Gradiste in Serbia and Moldova-
Noua in Romania, as well as adjacent regions (Isvoran et al., 2021). 

There are roughly 84,000 ha of agricultural land in Caras-Severin County, 
Romania. A total of 2,500 ha in the Moldova Noua area are contaminated with heavy 
metals and other pollutants due to mining operations (Boros et al., 2021; Ostafe et al., 
2021). About 50% of the land is used for cereal farming, 24% for maize farming, 18% 
for oily crop farming, 9% for potatoes, and 2% for vegetable farming.  

It has been reported that heavy metal contamination (i.e., Cu, Pb, Zn, and Cd) is 
the most aggressive type of chemical pollution, affecting nearly 0.9 million ha of soil 
worldwide (Boros et al., 2021). Out of these, copper (Cu) is one of the main pollutant 
because of the use of Cu-containing herbicides, insecticides, and fungicides as well as 
discharges from industrial effluents, sewage sludge, and mining in ecosystems. Above 
20–30 mg kg-1 levels of Cu, plants become poisoned. According to research on the 
plant’s maize (Z. mays L.), lettuce (Lactuca sativa), wheat (Triticum aestivum L.) and 
tomato (Solanum lycopersicum L.), too much copper in the soil slows plant root growth 

and interferes with metabolic processes (Xin et al., 2022). 
In terms of harvested area, maize (Zea mays L.) is the most significant crop in 

Romania. Between 2 and 3.2 million ha of maize were harvested annually in the past ten 
years, with an average yield of 1.6 to 4.5 tons of grain per ha (Ion et al., 2013). Thus, the 
aim of this study is to analyse the condition of Moldova Noua’s agricultural fields 
through various ecotoxicological tests, such as germination of maize. 
 

MATERIAL AND METHODS 

Study area and samples collected. The abandoned copper mine in Moldova 
Noua, Caras-Severin County, Romania, is the focus of the current investigation. 

Moldova Noua is a town in south-west region of Romania. It is adjacent to the Danube 
River, which is border between Romania and Serbia. The Mediterranean climate makes 
Moldova Noua one of Romania’s warmest regions. The area is also affected by the 
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powerful Cosava wind, which blows from the N-E and S-W. The mining operations have 
ceased in 2008, with the remaining tailings pond slowly drying up over time. This 
abandoned copper mine jeopardises the surrounding environment due to heavy metal 
pollutants transferred by wind as well as contaminated precipitation seeping through the 
groundwater. Moldova Noua is currently an agricultural area, providing food for the 
local population by growing maize, wheat, and vegetables (Boros et al., 2021; Pana et 
al., 2018; Yáñez-Espinosa et al., 2020). 

The sample collection procedure was carried out according to the standard 

procedures. Samples were collected from surface waters (from the Bosneag, Radimna 
and Nera rivers), from groundwaters (public wells in the villages near by the former 
mining area - Coronini, Moldova Veche, Macesti and Divici), sediments from the above-
mentioned rivers and from the soils in the vicinity of the copper mine settling pond (FIG. 
1). In total, 17 samples were collected in spring 2021. 

 
TABLE 1. Sample ID and location name for all samples 

Sample ID Location name 

SW1 Bosneag River from Moldova Noua 

SW2 Bosneag River upstream of Moldova Noua 

SW3 Radimna River from Radimna 

SW4 Radimna River upstream of Radimna 

SW5 Nera River from Socol 

SW6 Nera River upstream of Socol 

GW1 Public wells from Coronini 

GW2 Public wells from Moldova Veche 

GW3 Public wells from Macesti 

GW4 Public wells from Divici 

SD1 Sediments from Bosneag River 

SD2 Sediments from Radimna River 

SD3 Sediments from Nera River 

S1 Soil near Bosneag tailings pond 

S2 Soil at 200 m from Bosneag tailings pond N-W direction 

S3 Soil at 400 m from Bosneag tailings pond N-W direction 

S4 Soil at 600 m from Bosneag tailings pond N-W direction 

 

The maize seeds (Zea mays L.) were purchased from an agricultural market 
within the Banat area. Zea mays L. seeds (5  57 = 285), carefully selected, were 

immersed in 2% NaOCl for 10 minutes, to obtain a sterile surface. These were then 
rinsed intensively with distilled water so that no trace of the sterilizing agent remains.  
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FIG. 1. Distribution of sampling points near the former mine in Moldova Noua  

The pH, dissolved oxygen (DO), conductivity (C) and turbidity (T) of all 
samples have been measured in situ using a field multiparameter (Multi 340i, WTW) 
and a portable turbidimeter (2100Qis, Hach Lange). The heavy metal ion concentration 
was determined by laboratory analysis using an ICP-MS (Agilent 7700 Series, Agilent 
Technologies) and an ICP-OES (Spectro Arcos, Spectro, Ametek). 

Seed germination. Before germinating the seeds, a sterile filter paper was placed 

in sterile Petri dishes with a diameter of 90 mm. The experiment started by adding 4 mL 
of test solution to each filter paper (surface water samples - SW1, SW2, SW3, SW4, 
SW5, SW6, groundwater samples - GW1, GW2, GW3, GW4, sediment sample SD1, 
SD2, SD3, soil samples - S1, S2, S3, S4, positive control (C+) - ammonium molybdate 
tetrahydrate, negative control (C-) - distilled water). Subsequently, 5 seeds were placed 
in each Petri dish at 10 mm from each other. The experiment was carried out in triplicate, 
in a day-night cycle over 5 days and at room temperature. 

Germination parameters. The behaviour of the seeds was recorded for 5 days, 
and it was called a germinated seed when an approximately 2 mm radicle emerged from 
the seed. The following parameters were calculated to assess the seed germination mode: 
mean germination time (MGT),(Dezfuli et al., 2008; Kulkarni et al., 2007) germination 
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percentage (GP) (Singh et al., 2020), germination rate (GR) (Xin et al., 2022) and 
germination value (GV) (Ramana et al., 2002) according to the following equations: 

 

MGT = ∑(𝑛 ∗ 𝑑)/𝑁  (1) 

Where: 

n = number of seeds germinated on each day 

d = number of days from the beginning of the test 

N = total number of seeds germinated at the end of the experiment 

 

GP = 
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓 𝑠𝑒𝑒𝑑𝑠  𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 
∗ 100  (2) 

GR (%/day) = 
𝐺𝑃1

1
+

𝐺𝑃2

2
+ ⋯

𝐺𝑃𝑥

𝑥
  (3) 

Where: 

GP1 = GP * 100 at the first day of germination, GP2 = GP*100 at the second day of germination. 

MDG = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠  
  (4) 

PV (Tudor et al., 2017)= 
𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒 𝑜𝑛 𝑒𝑎𝑐ℎ  𝑑𝑎𝑦

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
  (5) 

GV = MDG * PV (6) 

Data analysis. Following the distribution study, an ANOVA analysis with the 
Dunn's post hoc test was conducted. The difference was only considered as significant 
if the p value was less than 0.05 (p < 0.05). In this work, the data are not displayed. 

Using PAST software, a Pearson linear r correlation test was used to examine the 
correlation of the data that was produced. A difference was deemed significant if the p 
value was less than 0.05. 

 

RESULTS AND DISCUSSIONS 

 Water quality can be analysed by determining physico-chemical parameters and 
by determining the concentration of heavy metals in the water body. The surface waters 
in the Moldova Noua area are within the normal limits of the Romanian legislation 
(Order No 161/2006 for the Approval of the Normative on the Classification of Surface 
Water Quality to Establish the Ecological Status of the Water Bodies, 2006) for the 

concentration of metals, but show elevated values for some physicochemical parameters, 
such as dissolved oxygen, and turbidity. The high concentration of dissolved oxygen 
found in surface waters (Nera River and Bosneag River) may be due to the high degree 
of vegetation, which has adapted to anthropized conditions. Thus, a high level of oxygen 
concentration may also be due to an inversely proportional relationship between 
abundant vegetation and a low population of underwater life (Jabłońska-Czapla et al., 
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2020). Another reason for the high dissolved oxygen value may also be due to the 
abundant flow that causes turbulence in the river flow as it encounters the air in the 
atmosphere (Wetzel, 2001). This also produces turbidity in the water and, at the same 
time, increases the turbidity parameter (Nera River) above the maximum values allowed 
by the Romanian legislation (Order No 161/2006 for the Approval of the Normative on 
the Classification of Surface Water Quality to Establish the Ecological Status of the 
Water Bodies, 2006). 
 

TABLE 2. Surface water general results of physicochemical parameters and heavy metals concentration. Maximum 

allowed concentration (MAC) are according to Order of Ministry of Environment and Water Management 161/2006, for 

the approval of the Normative on the Classification of Surface Water Quality to establish the ecological status of the water 

bodies.(Order No 161/2006 for the Approval of the Normative on the Classification of Surface Water Quality to Establish 

the Ecological Status of the Water Bodies, 2006) 

Parameters Mean Min Max MAC Unit 

pH 
7.79 7.16 8.2 6.5-8.5 

 

Conductivity 470.83 282 934.00 2500 µS/cm 

Dissolved oxygen 11.09 9.25 12.53 < 9 mg/L 

Turbidity 4.06 1.2 8.74 5 FNU 

Arsenic (As) 2.31 2.1 3.33 < 100  µg/L 

Cadmium (Cd) 1.26 0.94 1.47 < 5  µg/L 

Chromium (Cr) 2.87 1.7 8.75 < 250  µg/L 

Copper (Cu) 3.30 3.3 3.3 < 100  µg/L 

Iron (Fe) 153.73 34.39 411.58 < 2000  µg/L 

Manganese (Mn) 22.40 14.4 34.38 < 1000  µg/L 

Nickel (Ni) 3.60 3.6 3.6 < 100  µg/L 

Lead (Pb) 2.55 2.07 2.84 < 50  µg/L 

Zinc (Zn) 12.65 6.2 41.49 < 1000  µg/L 

 

Samples of well water had all parameters within normal limits except dissolved 
oxygen. From the literature, it is known that one of the reasons why oxygen 
concentration can be increased is the conductivity of the water (the concentration of salts 
in the water). Even if the conductivity values are in the optimal range, the values are 

slightly increased, which also influences the increase in oxygen concentration (Liu et al., 
2019). This can lead to the maintenance of life, and this is not recommended in well 
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water because microorganisms or even algae can grow in the drinking water that is 
consumed by citizens. 

Sediment samples from the Bosneag River showed elevated values (above normal 
limits) for the following metals: arsenic, copper, lead, and zinc. Sediment samples taken 
from the Radimna and Nera Rivers had values within normal limits for all heavy metals 
analysed. This may also be due to the greater distance of the rivers from the copper mine 
site in Moldova Noua. 

Soil samples were taken from near the settling pond, and the results showed that 

all samples had values above the limits allowed by Romanian law. The results showed 
that copper concentrations decreased with distance from the pond. For the rest of the 
metals, it cannot be said that a trend of increasing metal concentrations was observed. In 
all soil samples tested, the only element that was within the allowable limits was 
chromium. The soil type in the Moldova Noua area is a calcareous skeleton lithosol type, 
with the parent rock being diorite quartz, rich in Cu and Mo (Mihut et al., 2010). The 
abundant rains in the western part of the country modify the alkalinity of the waters, 

favouring the absorption of heavy metals from the soil (Liu et al., 2019). 
 

TABLE 3. Groundwater general results of physicochemical parameters and heavy metals concentration. Maximum 

allowed concentration (MAC) are according to Law No. 458/2002 regarding the quality of drinking water in Romania 

republished in 2011.(Law No. 458/2002 Regarding the Quality of Drinking Water in Romania Republished in 2011, 

2002) 

Parameters Mean Min Max MAC Unit 

pH 6.99 6.90 7.10 6.5 - 9.5  

Conductivity 1058.75 621.00 1717.00 2500 µS/cm 

Dissolved oxygen 11.74 11.03 12.29 5 mg/L 

Turbidity 0.81 0.62 0.98 5 FNU 

Arsenic (As) 2.68 2.1 4.41 10.00  µg/L 

Cadmium (Cd) 1.24 1.09 1.33 5  µg/L 

Chromium (Cr) 2.56 1.7 5.16 50  µg/L 

Copper (Cu) 3.30 3.3 3.3 100  µg/L 

Iron (Fe) 50.33 27.51 88.92 200  µg/L 

Manganese (Mn) 4.30 3.98 4.69 50  µg/L 

Nickel (Ni) 3.60 3.6 3.6 20  µg/L 

Lead (Pb) 2.63 2.24 3.41 10  µg/L 

Zinc (Zn) 24.55 6.2 68.67 5000  µg/L 
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TABLE 4. Sediment general results of heavy metals concentration. Maximum allowed concentration (MAC) are 

according to Order of Ministry of Environment and Water Management 161/2006, for the approval of the Normative on 

the Classification of Surface Water Quality to establish the ecological status of the water bodies (Order No 161/2006 for 

the Approval of the Normative on the Classification of Surface Water Quality to Establish the Ecological Status of the 

Water Bodies, 2006) 

Parameters Mean Min Max MAC Unit 

Arsenic (As) 11.86 4.62 25.03 17 mg/Kg 

Cadmium (Cd) 1.28 0.71 2.43 3.5 mg/Kg 

Chromium (Cr) 18.67 11.09 24.44 90 mg/Kg 

Copper (Cu) 158.12 23.76 421.04 200 mg/Kg 

Manganese (Mn) 549.54 350.77 650.36 None mg/Kg 

Nickel (Ni) 25.11 18.48 30.4 None mg/Kg 

Lead (Pb) 47.93 13.11 111.75 90 mg/Kg 

Zinc (Zn) 279.47 38.81 732.58 300 mg/Kg 

 

TABLE 5. Soil general results of heavy metals concentration. Maximum allowed concentration (MAC) are according to 

Order of Ministry of Environment and Water Management 161/2006, for the approval of the Normative on the 

Classification of Surface Water Quality to establish the ecological status of the water bodies(Order No 161/2006 for the 

Approval of the Normative on the Classification of Surface Water Quality to Establish the Ecological Status of the Water 

Bodies, 2006) 

Parameters Mean Min Max MAC Unit 

Arsenic (As) 45.91 22.26 63.91 5 mg/Kg 

Cadmium (Cd) 3.00 1.1 6.85 1 mg/Kg 

Chromium (Cr) 14.65 8.28 26.91 30 mg/Kg 

Copper (Cu) 1257.80 271.27 1827.68 20 mg/Kg 

Manganese (Mn) 657.67 254.44 1045.61 None mg/Kg 

Nickel (Ni) 28.60 19.69 40.77 20 mg/Kg 

Lead (Pb) 50.39 30.01 62.16 20 mg/Kg 

Zinc (Zn) 603.48 153.52 1492.28 100 mg/Kg 

 

 Germination parameters 

The measurement of the rate and timing of germination is the mean time 
germination (MGT). The length of time from the beginning of imbibition to a particular 
germination percentage is not given by MGT (Soltani et al., 2015). The mean 
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germination time (MGT) for Zea mays L. seeds in contact with surface water, 
groundwater, sediment, and soil samples had varied values, which do not follow a 
particular trend (Figure 1). The lowest value was recorded for the sample SW1 (Bosneag 
River from Moldova Noua), which was 1.20% lower than the negative control. The SW3 
(Radimna River from Radimna) sample gave a value of 1.28% higher than the negative 
control. The MGT (mean germination time) is similar for the well water samples, 
ranging between 3.1 days for GW1) and 2.9 days for GW2. The highest recorded MGT 
for sediment and soil samples was 3.5 days, as shown by sample S3. The most significant 

differences (p < 0.05) were recorded for positive control (C+), which was significantly 
different from the rest of the samples by 50%. Samples SW3, SW5, SW6, GW1, GW4, 
SD3, S2 and S3 were significantly different from negative control (C-) (p < 0.05). The 
SW1 and SW3 samples differed by 22% from the other samples in a significant way (p 
< 0.05). For samples C-, SW2, SW4, GW2, SD2, and S1, there were no differences that 
were statistically significant (p > 0.05).  

 

 
FIG. 2. Mean germination time of Zea mays L. seeds in the presence of surface water, groundwater, sediment, and soil 

samples (mean values n = 3, ± SD). Negative control (C-) is distilled water and positive control (C+) is ammonium 

molybdate tetrahydrate - (NH4)6Mo7O24. The meaning of samples notations on the ox axe is given in Table 1.  

Literature data showed that the MGT parameters recorded for Zea mays L. seeds 
varied depending on the number of days the experiment was conducted, but there were 
no major differences for the samples analyzed.(Msuya & Stefano, 2010) The data 
obtained in this study are in accordance with the literature data: the MGT values for Zea 

mays L. range between 2.03 - 3.53 days;(Dezfuli et al., 2008)  higher values (7.52 - 9.01 
days)(Muhammad & Majeed, 2014) were also reported. For the determination of MGT 
in the presence of copper, studies showed lower values with ranges between 1 -2.2 
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days.(Xin et al., 2022) This demonstrates that our samples are not significantly affected, 
as none of the metals examined showed increased values, and the groundwater samples 
even less so. The same cannot be said for the sediment and soil samples, which have 
lower values than the water samples analysed. This may also be due to the high 
concentrations of copper.  

The germination percentage (GR) for Zea mays L. seeds in contact with surface 
water, groundwater, sediment, and soil samples potentially contaminated from the 
abandoned copper mining region ranged from 40% to 100% (Figure 2). Germination 

began in most of the samples on the third day after the experiment was started, except 
for the C+, which started the germination process on the fourth day. The most significant 
differences were recorded between the C+ and samples C-, SW3, SW5, SW6, GW1, 
GW2, GW3, GW4, S1, and S3 (p < 0.05), also supported by statistical data determined 
by Dunn's ANOVA test. Significant differences were also found between sample SW3 
and samples SW1, SD1 SD2, S4, and C+, supported by p< 0.05. There were no 
significant differences for samples SW2, SW4, SD3 and S2, having similar values and 

supported by a p-value > 0.05. There are two special cases for samples SW3 and SW5, 
which had a 100% germination because these samples had no contact with contaminated 
seeds during the experiment. 

 

 

FIG. 3. Germination percentage of Zea mays L. seeds in the presence of surface water, groundwater, sediment, and soil 

samples (mean values n = 3, ± SD). Negative control (C-) is distilled water and positive control (C+) is ammonium 

molybdate tetrahydrate - (NH4)6Mo7O24. The meaning of samples notations on the ox axe is given in Table 1. 

The literature reports similar results for the germination of Zea mays L. seeds, 
therefore the results reported herein for the germination percentage are in good accord 
with these findings (Carpýcý et al., 2009). The lowest reported germination percentage 
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is 61% (Dezfuli et al., 2008) and values as high as 94.0 – 99.3% (Msuya & Stefano, 
2010). Values exceeding 97% were noted in the presence of Cu2+ ions.(Foti et al., 2008; 
Mahmood et al., 2005) The results obtained in this study showed that metal 
concentrations in small amounts can accelerate the germination of maize seeds, while 
large amounts, as in the case of soil samples, can affect germination. This is also 
supported by data from the literature (Deng et al., 2016). 

The term "speed of germination" describes the rate of germination as measured 
by the total number of seeds that sprout within a given period. Greater and more rapid 

germination are indicated by high values of these parameters. Only when samples or 
treatments have similar germinabilities, is it advisable to compare these values (Xin et 
al., 2022). 

The sample SW5 showed the highest germination rate (GR, 31%/day) of maize 
seeds in contact with potentially polluted water from the Moldova Noua area (surface 
water sample from the Nera River in Socol) (FIG. 4). Statistical data confirms that 
sample SW5 gives the most significant differences (p < 0.05) from SW1, SW2, SW4, 

SD1, SD2, SD3, S2, S4 and C+ samples. The lowest germination rate was recorded for 
sample SD3: 19%/day, which is 48% higher than the positive control. Among the 
groundwater samples, GW2 recorded the highest germination rate, being significantly 
different (p < 0.05) from SW4, SD1, SD2, SD3, S2, S4 and C+ samples. The samples 
without significant differences (p > 0.05) that show the most similar values are C-, SW1, 
SW2, SW4, GW4, S2, S4. The sediment samples had the lowest rates, ranging between 
19 - 22 %/day. 

 

FIG. 4. Germination rate of Zea mays L. seeds in the presence of surface water, groundwater, sediment, and soil samples 

(mean values n = 3, ± SD). Negative control (C-) is distilled water and positive control (C+) is ammonium molybdate 

tetrahydrate - (NH4)6Mo7O24. The meaning of samples notations on the ox axe is given in Table 1. 
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One of the explanations for the variation of germination rate in the water samples 
is the different content of heavy metals. Certain metals can modify the DNA and other 
biological organelles, including the plasma membrane, cell wall, and nucleus (Solanki 
& Dhankhar, 2011). Some reports claim that Zn is a crucial element for all living 
organisms, including animals, plants, and microbes, whereas Mn plays an important role 
in secondary metabolism (such as the production of lignin and flavonoids). However, Zn 
builds up in plant tissues when present in excess, inhibiting growth by oxidizing 
membranes. It can also reach hazardous levels of 300 µg g-1 in plants. Even that some 

minerals are necessarily in growth plants process, in our case, some of them are 
obviously inhibit the germination process. One of this explanation can be the pH of 
solution when it prepared the metals broth. Or maybe it is not enough the combination 
between concentration of metals, like in case of sediment samples. The mechanisms 
inhibiting root growth are not fully understood. The ability of metals to accumulate and 
interact with specific locations within the cell wall (such as pectins and hemicelluloses), 
plasma membrane (such as lipids or proteins) as well as the cell nucleus it is most likely 

responsible for this phytotoxic action (Chamorro et al., 2018). 
Tsamo et al. (Tsamo et al., 2022) report that heavy metals and salinity affect the 

germination of maize seeds. Pb affects seed germination most strongly, followed by Cu 
and Zn. They also claim the concentration of the heavy metal to be the key factor: at 600 
µmol/L germination did not occur, inhibiting most metabolic processes (Tsamo et al., 
2022). In our case these concentrations occur only for Cu in soil samples, and these can 
affect the germination, but at the same time the seed germination needs different ions 
that help the enzymes implied in germination process (Bityutskii et al., 2002). 

The germination value (GV) is the product of the germination percentage (GP) 
and the peak value of a seed (PV) (Ramana et al., 2002). Thus, if the GP is high and the 
PV is low, the GV will be low, despite these parameters  are strongly dependent on each 
other (Thomson & El-Kassaby, 1993). For example, the highest GV was recorded for 
seeds tested in the presence of surface water from the Radimna River – sample SW3 and 
the Nera River– sample SW5. The high results correspond to those samples that have a 
100% GP and the highest PV (i.e., 0.2) recorded in this study. The most significant 

differences (p < 0.05) were recorded for the C+, with 56% of the samples being 
significantly different from each other. C-, SW3, SW5, SW6, all groundwater samples, 
and two soil samples: S1 and S3, were all significantly different. Also, samples SW3 
and SW5 are significantly different (p < 0.05) from samples: SW1, SD1, SD2, S2, and 
C+. There are also samples that, according to Dunn's ANOVA test, do not show any 
significant difference (p > 0.05) between the values obtained: SW2, SW4, SD3 and S2. 
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Data analysis 
Statistical significance correlation data indicated links between germination 

parameters and heavy metals. Thus, GP showed statistically correlated data with Crtot 

ions (the total chromium ions) and GR with Crtot., Mn, and Ni ions. Literature data 
supports that these metals inhibit the germination process by blocking the oxido-
reductive system but also by inhibiting the metabolic processes strongly active at the 
beginning of seed germination (Ma et al., 2021). 

For soil and sediment samples, linear regression data show strong links (R2 is 

above 0.848) high GP and As5+ and Cu2+ ions concentration.  
 

 

FIG. 5. Germination value of Zea mays L. seeds in the presence of surface water, groundwater sediment and soil samples 

(mean values n = 3, ± SD). Negative control (C-) is distilled water and positive control (C+) is ammonium molybdate 

tetrahydrate - (NH4)6Mo7O24. The meaning of samples notations on the ox axe is given in Table 1. 

 

 

FIG. 6. Linear regression data for soil and sediment samples  
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TABLE 6. Statistical analysis of correlation of physicochemical parameters and heavy metal concentrations using 

Pearson Linear r correlation test; probability is shown above the diagonal (statistically significant probability values, p< 

0.05, are shown with black background for data regarding all samples), statistics of correlation are shown below the 

diagonal (for the statistically significant probability values, the statistical values of correlation are shown in light grey 

background if values are positive, and in medium grey background if values are negative).  

 MGT# a GP# b GR# c GV# d As Cd Cr Cu Fe Mn Ni Pb Zn 

MGT  8E-03 0.007 2E-02 0.938 0.238 0.312 0.730 0.215 0.600 0.362 0.103 0.540 

GP 0.864  5E-04 2E-10 0.940 0.571 0.046 0.853 0.334 0.095 0.079 0.071 0.948 

GR 0.631 0.933  6E-03 0.779 0.955 0.011 0.922 0.507 0.019 0.024 0.104 0.593 

GV 0.887 0.991 0.906  0.886 0.534 0.065 0.930 0.295 0.112 0.089 0.066 0.992 

As 0.020 -0.020 -0.074 -0.037  0.003 0.106 3E-8 0.483 0.006 0.001 0.011 0.0004 

Cd 0.302 0.148 0.015 0.162 0.675  0.569 0.003 0.585 0.023 0.137 0.260 5E-05 

Cr -0.261 -0.490 -0.599 -0.457 0.406 0.149  0.126 0.405 0.0002 1E-06 0.002 0.130 

Cu 0.090 0.049 -0.026 0.023 0.982 0.669 0.386  1.000 0.009 0.001 0.036 0.001 

Fe 0.430 0.341 0.238 0.368 -0.252 -0.197 0.297 0.000  0.011 1.000 0.810 0.438 

Mn -0.137 -0.418 -0.562 -0.399 0.632 0.546 0.791 0.610 0.757  2E-06 0.001 0.001 

Ni -0.236 -0.438 -0.543 -0.425 0.735 0.376 0.892 0.716 8E-13 0.888  0.0001 0.013 

Pb -0.409 -0.448 -0.408 -0.455 0.599 0.289 0.692 0.511 -0.087 0.720 0.796  0.025 

Zn 0.160 -0.017 -0.140 -0.003 0.757 0.951 0.382 0.725 -0.277 0.717 0.590 0.542  
a mean germination time, days; b germination percent, %; c germination rate, %/day; d germination value, %;  

 

CONCLUSIONS 

This study has looked at series of heavy metal contaminated samples from a 
former copper mine – region in Romania. The germination parameters were the lowest, 
and therefore, affected the strongest for the sample from Bosneag River - upstream 
(SW1) because the Bosneag River is the river that runs along the copper mine. The MGT 
was averaged for all samples, observing slight variations. The highest value was 3.04 
days compared to 2.73 days for the river water and sediment samples, respectively. One 
of these reasons can be the higher concentration of heavy metals in sediment samples, 

different the concentration of heavy metals in rivers waters samples. A 90% GP mean 
was recorded for deep waters, which drops almost 20% (GP mean 73%) for the sediment 
samples.  The sediment samples were also the most affected in terms of germination rate, 
with an average of 21%/day, one of these reasons to be the higher concentration of metals 
in sediment by accumulation in time. A similar trend was observed for the germination 
value, which averaged 11%. For the river and well samples, the results were not 
significantly different.  
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