
The Danube springs in the Black Forrest, Germany, 

it has 2,850 km in length and a basin size of 801,463 
2km , being the second largest river in Europe. It flows 

through ten countries (Germany, Austria, Slovakia, 

Hungary, Croatia, Serbia, Romania, Bulgaria, Moldova 

and Ukraine) and it has tributaries in other six, dis-

charging into a delta at the Black Sea, gathering sedi-

ment like sand, dirt, rocks and mud (14, 15). 

The Danube River and its Delta have an upmost 

importance for human activities, such as navigation, 

hydroelectricity, fisheries, aquaculture, and agricul-

ture. Unfortunately, the River is also o source or sup-

port of several chemical, biochemical and biological 

pollutants, like heavy metals, plastics, pesticides, viral 

and bacterial pathogens which could emerge in the 

Danube Delta (2, 10, 11, 14, 19). Agriculture activities 

can have a strong impact on water quality, due to con-

tamination with PCB or DDT especially in the spring, 

contamination that can severely damage the aquatic 

ecosystems and also the biodiversity and habitats 

existing in the Danube Delta. Another example of pol-

lutant can be tourism. 

From 2005 to 2012, over 77,667 tourists visited 

the Danube Delta, automatically increasing the risk for 

pollution especially with plastics. The period in which 

the pollution level strike the highest levels is during 

the summer. The lack of sewage treatment plants is 

another great problem that influences the quality of 

the river, with only two villages with complete sewage 

system (Sulina and Maliuc) and a single village (Chilia 

Veche) from 2020 will beneficiate of European funds 

for realizing a sewage system. 

The Danube Delta is a unique reservation in Eu-

rope, entering the UNESCO patrimony in 1991. It is 

classified as a biosphere reservation and as a national 

park in the international IUCN taxonomy (15).

It houses over 4000 species in total, 360 species of 

birds, being considered a bird paradise, having the 

greatest colony of pelicans (besides Africa), and one of 

the rarest species of fish, the sturgeon, that reprodu-

ces only in the Black Sea and Caspian Sea (14, 15).

Most of the species like beluga or the European 

sturgeon (Huso huso), the bastard sturgeon or the 

thorn sturgeon (Acipenser nudiventris), the Russian 

sturgeon (Acipenser gueldenstaedtii), and the Euro-

pean sea sturgeon or Atlantic sturgeon (Acipenser stu-

rio) are classified, according to the IUCN Red List of 

Threatened Species 2010 as a critically endangered 

species (6-9). Fortunately, in this regard the legisla-
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tion stipulates that sturgeons fishing is illegal all year 

around, exception being fishing for scientific purposes 

(12). In Romania, the water quality is also of real in-

terest and the increase of the knowledge about the 

effects of various pollutants to both the environment 

and the marine and terrestrial animals has been one of 

the main research objectives of the last decade (1, 3-

5, 16, 18, 20, 22).

The aim of this study is the retrospective meta-

analysis of the scientific studies conducted between 

2001 and 2017 in the Danube Delta regarding the pol-

lution with heavy metals (Pb, Zn, Cd, Cu) and the im-

pact on the sturgeon population.

LEAD (Pb) POLLUTION 

OF THE DANUBE DELTA

Pb pollution of the Danube Delta could be due to in-

dustrial waste, geochemical structure, agricultural and 

mining activities. These causes have been increasing 

the level of Pb, which is extremely harmful to the eco-

systems, especially to fish, being a major cause for se-

veral types of diseases, poisoning or even death.

In 2002, the highest levels of Pb were 41.6 mg/l in 

water and 236 mg/kg sediment samples. Pb had higher 

levels in sediment samples but relatively normal levels 

in water samples due to industrial and naval activity 

that has been occurring in Sulina, where the samples 

were collected (22). In 2003, the highest recorded va-

lues were 0.030 mg/l in the Danube River and 0.035 

mg/l in lakes, while in 2006 values increased at 0.084 

mg/l in the Danube River and 0.065 mg/l in the Matita-

Merhei lake complex (Fig. 1) (16).

In another study conducted between 2004 and 

2007, Vignati et al. (2013) obtained values from 1 to 

73 mg/kg in sample sediments collected from all of the 

Danube branches. Also, the study revealed that St. 

Gheorghe branch had the most Pb-polluted sediment 

(19). In samples collected between 2011 and 2013 by 

Ilie et al. (2014), from different regions of the Danube, 

values of 0.841 mg/l in water and 158.075 mg/l in se-

diment were recorded. These values were compared 

with the Water Framework Directive (WDF) reference 

values, with 1 and 50 µg/l in water and 85 µg/l in sedi-

ment, classifying lead values as “non-pollutant” (11). 

Between 2012 and 2014, Ilie et al. (2017) reported le-

vels of 0.042-83.40 mg/kg Pb and a contribution of Pb 

of 5.08% to the ecological risk (10). Onara et al. 

(2013) reported that the sturgeons seem to be one of 

the most affected species by pollution due to their long 

lives, increased amounts of lipids in their body and the 

long time it takes them to reach sexual maturity and 

reproduce. Once ingested, Pb is most likely to be assi-

milated by sturgeons in bones, teeth, liver, lungs, kid-

ney, brain and spleen. Bioaccumulation of Pb has been 

proven to be more prone to male sturgeons, rather 

than females. This study also showed an accumulation 

of 0.3 mg/kg wet samples of liver, 0.034 ± 0.048 mg/ 

kg wet sample of gonads and in the muscle samples, 

0.031 mg/kg wet samples in Huso huso and 0.034 

mg/kg wet samples in Acipenser stellatus. 
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This kind of bioaccumulation can harm the homeo-

stasis of the fish organism and especially of the repro-

duction system, influencing the quantity and quality of 

the larvae, with the apparition of malformed larvae 

with a very short life span (13).

ZINC (Zn) POLLUTION 

OF THE DANUBE DELTA

Zn is found in high concentrations in the water sus-

pension samples and sediments. It mainly shows an 

anthropological contamination due to human activity. 

In 2002, a high level of this element was present in the 

Danube River, specifically in the water samples that 

were collected from Sulina branch, about 8 km before 

opening to the Black Sea, highlighting a value of 1937 

mg/l, the reference value being 208 mg/l (22). 

Despite this, sediment samples were lower than 

expected, with a value of 170 mg/l compared with the 

reference values of 191 mg/l (22).

Samples taken from the Danube River between km 

175 and km 375 showed Zn values above 31.45 mg/l 

in water samples, gathered between 2012 and 2014 

(11). Between 2004 and 2007, values from 17 to 202 

mg/l Zn were found in the Danube River, revealing wa-

ter contamination even before the river splitting into 

the three known branches: Sulina, Chilia, St. Gheor-

ghe (19). 

Long-term nutrients and heavy metals concentra-

tion dynamics in aquatic ecosystems of Danube Delta 

(Fig. 2) revealed the heterogeneity of Zn concentra-

tion in water in the Danube River and the Danube Delta 

lakes between 2000 and 2015 (16).

Regarding bioaccumulation in sturgeons, accor-

ding to a study based on the analysis of sturgeon spe-

cies like Acipenser stellatus and Huso Huso, Zn is the 

last heavy metal to be considered a risk (20). The fish 

that were captured and studied for scientific purposes 

in 2003 revealed a concentration of 74.59 mg/kg Zn in 

the liver sample and 14.82 ± 16.75 mg/kg Zn in go-

nads. The samples taken from the stellate sturgeon 

showed a concentration of 11.24 ± 3.68 mg/kg Zn. 

Specifically, values in Huso huso were of 2.04 mg/kg, 

while in Acipenser stellatus 11.240 mg/kg. Also, this 

study revealed a predisposition of male sturgeons for 

bioaccumulation of heavy metals while females were 

found with lower Zn values (13). Another study that 

collected 48 species of sturgeons in 2010, showed the 

following results: 66.098 mg/kg dry sample of muscle, 

99.759 ±17.338 mg/kg dry sample of liver and 80.507 

± 29.674 mg/kg dry sample of gonads (20). They ob-

served that the organ with the highest level of Zn was 

the liver due to the assimilation of the metal (20).

CADMIUM (Cd) POLLUTION 

OF THE DANUBE DELTA

Another heavy metal that badly affects the stur-

geon population of the Danube River is Cd. The high 

level of this metal in water sediments and fish muscle 

or organs can be caused due to the processing facto-

ries of different types of metals that overspill waste 

into the Danube River (22). This metal is considered to 

be one of the most important pollutants of the west 

part of the Black Sea (20). Through the Danube delta, 

the sea has an annual afflux of approximately 240 tons 
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of Cd. Samples from Sulina collected in 2002 showed 

high levels of Cd in both water and sediment samples, 

with values of 0.60 mg/l and 3.20 mg/l compared to 

the reference values of this element, i.e. 0.59 mg/l in 

water samples and 0.60 mg/l of sediment level (22). 

Between 2004 and 2007, Cd levels in sediment sam-

ples were between 0.115 and 1.9 mg/kg (19). Cd was 

rated as non-pollutant until 2013, with values of 

0.0655 mg/l in water samples and 0.3997 mg/g in se-

diment samples compared to the WDF values of 1-5 

mg /l in water and 0.800 mg/kg in sediment samples 

(11). Between 2012 and 2014 the value of Cadmium 

spiked again with a value between 0.07 and 1.33 

mg/kg, considering Cd an ecological risk with an impli-

cation of 40.42% due to its high toxicity even at detec-

table levels (11).

Long-term nutrients and heavy metals concentra-

tion dynamics in aquatic ecosystems of the Danube 

Delta (Fig. 3) revealed the highest values of Cd con-

centration in water in the Danube River and the Da-

nube Delta lakes in 2010 (16).

Cd usually accumulates in the sturgeon body in the 

following order: kidneys > liver > spleen > muscle. 

In 2003, Cd levels were as follows: 0.78 mg/kg li-

ver sample, maximum admitted level being 0.05 mg/ 

kg, 0.018 ± 0.012 mg/kg fat sample, 0.034 ± 0.030 

mg/kg skin sample and 0.083 ± 0.006 mg/kg gonad 

samples. Also, traces of Cd were found in caviar, 0.08 

± 0.05 mg/kg dried substance (13).

Bioaccumulation of Cd occurs mostly in the liver, 

one example being the levels of 0.443 ± 0.181 mg/kg 

in muscle samples, 0.714 ± 0.323 mg/kg in liver sam-

ples and 0.219 ± 0.232 mg/kg in gonads (20).

European regulations regarding levels of Cd in 

meat present the maximum admissible limit of Cd 

through Reg. 1881/2006/EC, which is 0.05 mg/kg wet 

weight sample (20).

COPPER (Cu) POLLUTION 

OF THE DANUBE DELTA

High levels of Cu were found in various analysed 

samples that may indicate a contamination of the wa-

ter through mining, farming, manufacturing opera-

tions and municipal or industrial wastewater.

In 2002, the Cu level in water samples was extre-

mely high, with a value of 328 mg/l, compared to the 

reference value of 25.2 mg/l Cu and a sediment level of 

64 mg/kg Cu, compared to the reference value of 29 

mg/kg Cu (22). Two years later, a study revealed values 

between 3.5 and 94 mg/kg of Cu in water suspension 

samples (19). Between 2007 and 2008, Vosniakos et 

al. (2010) reported high levels of Cu in water suspen-

sion samples - 40 mg/kg, suggesting an historical an-

thropological contamination and a heavy impact on the 

chemical and ecological status of the river water (21). 

Another study conducted between 2007 and 2008 re-

ported the following Cu values: 4.074 ± 2.433 mg/kg in 

muscle, 20.003 ± 8.271 mg/kg in liver and 2.987 ± 

5.379 mg/kg in gill samples. Concentration of Cu was 

the highest in the liver up to 40 and 35 times higher 

than in the muscle samples (20). In 2016, Tudor et al. 

(2016) reported the following results for fish contami-

nation: 0.253 mg/kg Cu in tench (Tinca tinca) and 

4.443 mg/kg  Cu  in zander (Sander lucioperca) (16). 
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REPRODUCTION OF STURGEONS

Sturgeons are a unique species because they can 

reproduce in a few places on Earth, one of them being 

the inferior region of the Danube River (16).

The Acipenseriformes or sturgeons are large-sized 

and can live up to 140 years. They sexually mature very 

late in their life, usually between the age of 12 and 16 

years old. These particularities make sturgeons vulne-

rable to the impact of human activities, especially habi-

tat loss and degradation caused by the damming of the 

rivers and pollution. Because of heavy fishing during 

1990-2000 and other environmental issues, all stur-

geon species of the Danube are considered endan-

gered. In 2005, following the established prohibitions 

in fishing, a higher longevity was observed, with stur-

geon caught in their first reproduction. In 2000-2010, 

the number of sturgeons reproducing varied mainly 

because the fish could or couldn't reach the reproduc-

tion zones (16).

In 2006-2009 a low natural reproduction of all stur-

geon species was registered, basically because the 

number of sturgeons ready for reproduction wasn't ca-

pable of rising the viable population. In 2010, Huso 

huso reproduction was at its best, with CPUE (capture 

per unit of effort) values of 8.7-16 (16), and it was con-

sidered that the Huso huso reproduction status is bet-

ter than in the other species (Fig. 4, Fig. 5) (17).

CONCLUSION

A correlation between the levels of heavy metals and 

the reproduction of sturgeons may be determined. In 

the year 2006 the levels of Pb and Zn spiked where the 

reproduction of Huso huso and Acipenser ruthenus stur-

geons was deficient. The year 2008 showed a high level 

of Cd in comparison with Zn or Pb, while the capture per 

unit of effort evolution of sturgeons was very low, espe-

cially for Acipenser ruthenus. Also, when the levels of 

heavy metals, especially Pb and Zn were lower than ex-
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pected, meaning in 2005, 2009 and 2010, a high cap-

ture per unit of effort evolution was observed, this repre-

senting a successful reproduction for the sturgeon popu-

lation. Another hypothesis may arise, due to the fact of 

accumulation of heavy metals in the river bed.For exam-

ple, the accumulation of Pb in the water sediment might 

have been a factor for the fish mutations found in 2017 

for the first time. Also, the high levels registered in 2010 

and 2011 of Cd and Zn may be directly correlated with 

the fact that the capture per unit of effort level dropped 

significantly especially for Acipenser ruthenus.
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