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SUMMARY 

Watercourses and rivers have long served the wellbeing of mankind and have at the 
same time been a condition for the development of prosperity. The disadvantage is 
that development often brings consequences such as pollution, erosion of particles 
and eutrophication that affect the quality of water. Discharge and waste in waters 
make it possible for pollutants and harmful contaminants to absorb onto the surface 
of particles that are transported along the river and may settle down onto the river 
bed. Particles that settle can contain heavy metals, pesticides such as DDT and other 
substances that are harmful for aquatic ecosystems. Particles settle to the bottom at 
low river discharge rates and stay there until the discharge increases and the pollutant 
carrying particles are transported further downstream.  

The river Bîc in the republic of Moldova flows through the capital of Chişinău and is 
affected by surrounding emissions from agriculture, traffic and industry. Along the 
riverbanks of Chişinău the river is exposed to sewage pipes from nearby industries and 
accumulation of debris has created several small temporary dams along the river. Bîc 
has been described as ecologically deceased and share more resemblance with a gutter 
than a river. Upstream of Chişinău there is a dam called Ghidighici that also serves as 
a reservoir. The dam influences the flow of water in Bîc which has its outlet in the 
greater river Dniester. 

This study has investigated the amount of contaminants in the sediments of Bîc, with 
a wider distribution and a more reliable method than previous measurements. The 
discharge rate of the river and its transport of suspended particles have been mapped 
to investigate the conjunction between river discharge, sediment quality and sediment 
transport.  

The results show that the concentration of heavy metals, DDT, petroleum products 
and nutrients in the sediment are harmful to the environment. The levels of petroleum 
products are highest in Chişinău and downstream of the city. Peak concentrations of 
DDT, manganese and nickel are found upstream of the city. High concentrations of 
phosphorus and nitrogen were mainly found outside of the city, especially samples 
taken close to the river outlet were found to contain severe concentrations. Concen-
trations of PCB were also studied. These were not found at harmful levels. The detec-
tion of the low concentrations are believed to be caused by incorrect handling of sed-
iments after sampling, therefore further studies are needed.  

The catchment area of Bîc River contributes more suspended material per km2 to the 
Dniester River than what Dniester does to the Black Sea.  Due to this and the results 
from the contaminants in the river sediment, the sediment transport is regarded as an 
environmental hazard.  

The reservoir in Ghidighici acts as a sediment trap and contributes to a reduction of 
the amount of contaminants in the sediments. A majority of the analyzed pollutants 
display higher levels upstream than downstream of the dam.  

A plan for further monitoring of Bîc is presented with suggestions for additional con-
trol of the level of pollutants in the sediments. The purpose of the plan is to develop a 
stable foundation for future decisions against continued emissions and to improve the 
water quality in the river Bîc and its basin.  
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SAMMANFATTNING  

Vattendrag och floder har länge tjänat människors välbefinnande och varit en förut-
sättning för utvecklingen av välstånd. Nackdelen är att utvecklingen påverkar vatten-
kvaliteten i form utav utsläpp av föroreningar, erosion av partiklar och övergödning. 
Utsläpp och avfall i vatten gör att föroreningar och skadliga ämnen absorberas på ytan 
av partiklar som rör sig vidare längs floden för att sedan sedimentera på bottnen. Par-
tiklar som sedimenterar kan innehålla tungmetaller, bekämpningsmedel som DDT och 
andra ämnen som är direkt skadliga för vattnets ekosystem. Sedimenterade partiklar 
hamnar på botten vid låga flöden, stannar där tills flödet ökar då partiklarna med för-
oreningar transporteras vidare i vattendraget.   

Floden Bîc i Moldavien rinner genom huvudstaden Chişinău och påverkas av utsläpp 
från omgivande trafik, jordbruk och industri. Genom Chişinău är floden kantad av av-
loppsrör från närliggande industrier och är på flera platser uppdämd med skräp. Bîc 
har beskrivits som ekologiskt död och liknar mer en rännsten än en flod. Uppströms 
Chişinău finns dammen Ghidighici som också fungerar som en reservoar. Dammen 
påverkar vattenflödet i Bîc som har sitt utlopp i den större floden Dniester.  

Den här studien har undersökt halten av föroreningar i Bîcs sediment, med större ut-
bredning och pålitligare metod än tidigare mätningar. Flodens flöde och transport av 
suspenderat material har kartlagts för att undersöka sambandet mellan vattenflöde, se-
dimentens kvalitet och sedimenttransport.  

Resultaten visar att koncentrationen av tungmetaller, DDT, oljeprodukter och nä-
ringsämnen i sedimenten är direkt skadlig för miljön. Nivåerna av oljeprodukter är 
som störst i och nedströms Chişinău. Uppströms staden hittas de högsta koncentrat-
ionerna av DDT, mangan och nickel. Höga koncentrationer av fosfor och kväve hit-
tades framför allt utanför staden; i synnerhet nära utloppet påträffades oroande höga 
koncentrationer fosfor och kväve. Koncentrationer av PCB studerades också. Dessa 
nådde inte upp till skadliga nivåer. De låga koncentrationerna tros ha sin grund i ett 
felaktigt handhavande av sedimenten efter provtagning varför ytterligare studier be-
hövs.  

I avrinningsområdet som Bîc tillhör så bidrar floden med mer suspenderat material 
per km2 till Dniester än vad Dniester gör till Svarta havet. Kombinerat med resultaten 
av sedimentens föroreningar anses denna sedimenttransport vara en miljöfara.   

Reservoaren i Ghidighici fungerar som en sedimentfälla och bidrar till en sänkning av 
sedimentens föroreningsnivå. För majoriteten av de analyserade föroreningarna är hal-
terna högre uppströms än nedströms dammen.  

En plan för fortsatt övervakande för Bîc presenteras med förslag för fortsatt kontroll 
av föroreningarnas nivå i sedimenten. Syftet med planen är att utveckla en stabil grund 
för framtida beslut mot fortsatta utsläpp och för att förbättra vattenkvalitén i floden 
Bîc och dess avrinningsområde. 
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ABSTRACT 

The Bîc River in the Republic of Moldova is a heavily polluted water body. Along the 
river stretch, from a small creek in Sipoteni close to the river mouth at Gura Bîcului, 
sediment samples were taken using a very cost-effective method and analyzed for a 
number of pollutants. The results showed very high levels of petroleum products in 
and downstream of the city of Chişinău, situated in the middle of the river basin, ex-
ceeding even the guideline value for cleanup of industrial land. Concentrations of 
heavy metals were detected at all sample points, exceeding the Lowest Effect Level 
(LEL) in 37 out of 48 samples and the Probable Effect Level (PEL) in four of them. 
High concentrations of nutrients (N and P) were detected, especially outside of the 
city, where concentrations exceeded even the Severe Effect Level (SEL) for both N 
and P at one site. DDT concentrations were highest at the beginning of the river, the 
concentrations becoming lower and lower when getting closer to the river mouth. At 
three of the six sampling sites, DDT concentrations exceeded the LEL. PCB levels 
were lower than the LEL. This was attributed to unsuitable handling of the samples 
before analysis and therefore the PCB concentration levels requires further investiga-
tion. The continued monitoring of the sediments is of great need, therefore a proposal 
for a monitoring program was written. It was estimated that Bîc contributes 
118000 tons of suspended particles to Dniester each year, almost 60 % more per km2 
than Dniester contributes to the Black Sea. 

Key words: Sediment pollution; Sediment transport; Tube sampling; Modeling; 
Bîc River; Republic of Moldova  

1. INTRODUCTION 

Water, aside from being absolutely necessary for human life, it is also the 
habitat for countless different creatures, which in turn are directly or in-
directly linked to humans. To ensure a good environmental quality of 
rivers and lakes, decision-makers need to have a solid scientific founda-
tion of knowledge, on which they can form their policies regarding emis-
sion control, environmental monitoring and remedial actions.  

The span and dynamics of lakes, rivers and ground waters do not follow 
the rules of administrative regions; water bodies are transboundary. In-
stead, the European Union Water Framework Directive (EU WFD) rep-
resents an alternate plan of managing water resources through specific 
drainage basins. Drainage basins, or watersheds, represent the land areas 
where all the surface water flows into a river and is a more natural blue-
print for managing water (Framework water directive 2000/60/EC, 
2000). 

Although not a member of the EU, the republic of Moldova has applied 
measures with the aim of eventually joining the union (ENPI, 2010). For 
instance workshops have been held to establish an action plan for im-
plementing the EU WFD (UNESCO, 2005). Also, Moldova is one of 
the countries in an environmental collaboration concerning the Black 
sea. This includes an assessment converging the nation’s legislation with 
EU WFD (ENPI, 2013). Therefore, managing Moldovan water re-
sources according to its river basins is of strategic value and importance 
for future EU application. The largest river in Moldova is the Dniester 
River that leads into the Black Sea. One of the rivers in the Dniester 
drainage basin is the Bîc River which is the object of interest in this 
study.  

When managing the water resources and assessing long-term impacts 
from anthropogenic activity, the status of the sediments in lakes and riv-
ers is an important aspect. Monitoring of the sediments is used to de-
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scribe the general status of contamination; supplying reference values for 
local and regional monitoring. Analyzing sediments is a cost-effective 
method for an initial screening of areas that are suspected of being con-
taminated and to identify possible sources. The initial screening will help 
to identify areas of concern and areas where additional effort is needed 
(European Commission, 2010).  

1.1. River sediments 
Sediment layers on riverbeds form when and where the flow of water is 
low. They can be built up of all that which flows in the river as suspend-
ed solids, harmless clay particles as well as harmful contaminants (Först-
ner, 2004).  The transport and sedimentation of suspended solids is an 
important aspect since it is a major transport route in rivers for contami-
nants and determines the ecological state in any given aquatic environ-
ment (Håkanson, 2006).  

Since the fine-grained sediments have big surface areas and high sorption 
capacities, large amounts of contaminants are able to be stored in the 
riverbed. These can later be resuspended when the water flow increases, 
as it does during flood events. Newly formed sediment layers are gener-
ally eroded easier than older sediment layers. However, even old, fully 
consolidated sediments that are buried deep at the bottom in a river can 
be eroded when the discharge is big enough. Human activity, such as 
dredging, may also resuspend contaminants bound in the sediments 
(Förstner, 2004). Studying the mechanisms that control the distribution 
of suspended solids in rivers is of importance for understanding aquatic 
ecosystems (Håkanson, 2006). The contaminants in the sediments can al-
so be remobilized through organic mechanisms. As an example, it has 
been shown that 30 – 50 % of the particle-bound input of copper, cad-
mium, zinc and lead was remobilized during the vegetation period 
(Förstner, 2004).  

1.2. Pollutants in sediments 
Hydrophobic pollutants cling to suspended solid particles and are trans-
ported in rivers. The suspended particles accumulate at the bottom of 
rivers when and where the water flow is slow (European Commission, 
2010). Pollutants that may have adverse effects on aquatic life are for ex-
ample heavy metals, persistent organic pollutants and petroleum prod-
ucts. Nitrogen and phosphorous at too high concentrations lead to a 
high consumption of oxygen and is thereby a threat to aquatic life.  

1.3. Heavy metals 
Metals are non-degradable, which means that they are virtually inde-
structible in the environment. Most heavy metals are toxic, such as; cad-
mium (Cd), copper (Cu), lead (Pb), manganese (Mn), nickel (Ni), and 
zinc (Zn). When a human body is exposed to a critical dose, these heavy 
metals can cause various adverse impacts, including damages on the 
nervous system and the kidneys, creation of mutations and induction of 
tumors. Concerning environmental impacts, the most severe heavy met-
als are lead and cadmium. They are also known nephrotoxins, which 
means that they are toxic to the kidneys. Lead dissolved in blood is not 
only dangerous to the kidneys, but also to the brain and for pregnant 
women. When dissolved in blood, lead is passed on from the mother to 
the fetus. Common sources of lead are mining, construction material and 
industry manufacturing processes. Another source of lead is from traffic 
exhaustion if leaded gasoline is still in use (Masters & Ela, 2008).  
Sources for zinc, copper, nickel and manganese are industrial manufac-
turing or mining. Cadmium occurs in mining byproducts and in metal 
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plating (Masters & Ela, 2008). In developing countries the open burning 
of waste products containing cadmium is a significant source of cadmi-
um release to soil and water. Cadmium occurs in phosphate fertilizers 
and can come from the weathering of rocks (UNEP, 2010). Other heavy 
metals can also occur in fertilizers, sometimes intentionally as a nutrient 
which is the case of zinc and copper, sometimes unintentionally, as in 
the case of lead. This is especially true when sludge from industry 
wastewater is used as fertilizer (EPA, 1999). 

1.4. Nutrients  
Nutrients are chemicals that are essential for the growth of living things. 
For the quality of water, nutrients in high concentrations can be consid-
ered to be pollutants as it allow excessive growth of aquatic plants, and 
in particular algae. The nutrient enrichment leads to growth of plants, 
which eventually die and decompose. When plants decompose, oxygen is 
removed from the water which leads to lower amounts of dissolved oxy-
gen in the water that is available and necessary to sustain aquatic life 
forms. The process of nutrient enrichment in water bodies is called eu-
trophication. (Masters & Ela, 2008). Nutrients such as phosphorus and 
nitrogen are, according to the EU WFD, main pollutants of interest to 
prevent eutrophication (Framework water directive 2000/60/EC, 2000). 
Major sources of nitrogen and phosphorus include municipal wastewater 
discharges as well as domestic sewage, runoff from animal feedlots and 
runoff from agricultural land with chemical fertilizers. (Masters & Ela, 
2008).  

The loss of nitrogen in sediments is often due to denitrification, a pro-
cess that is driven by microbes that reduce nitrate (NO3

-) to nitrogen 
(N2) and nitrous oxide (N2O). This efficiency of this process can vary 
greatly, spatially as well as temporally. Controlling factors are the amount 
of available nitrate and organic matter, proper redox conditions but also 
temperature, which affect the seasonal variation (McCutchan & Lewis, 
2008). The NO3

- in its turn is a product of nitrification where ammoni-
um (NH4

+) or ammonia (NH3) is converted to NO3
- by nitrite and ni-

trate bacteria in a process that among other things requires oxygen (Mas-
ters & Ela, 2008). 

 Persistent organic pollutants (PCBs and DDT) 1.4.1.

Persistent organic pollutants (POPs) are organic substances that are car-
bon-based. When released into the environment they are persistent due 
to their chemical structure and remain intact for remarkably long periods 
of time. POPs are also broadly distributed across the environment due to 
natural processes involving soil, water and air. Their chemical properties 
cause accumulation in the fatty tissues of living organisms and their con-
centrations accumulate at higher levels in the food chain causing toxic ef-
fects for both humans and wildlife (Stockholm Convention, 2008a). The 
POPs included in this study are dichlorodiphenyltrichloroethane (DDT) 
and polychlorinated biphenyls (PCBs). 

PCBs have been used as cooling fluid in transformers and dielectric fluid 
in capacitors. It have also been used in industries as heat transfer and 
hydraulic fluid. PCBs are insoluble in water and are adsorbed to sedi-
ments and organic matter. Concentrations of PCBs are generally higher 
in sediments and suspended solids than in the associated water columns. 
Adsorption can immobilize PCBs for a long time. A majority of the 
PCBs in the environment occurs in aquatic sediments which act as envi-
ronmental sinks and reservoirs of PCBs for later distribution in the envi-
ronment. The half-live for PCBs in soils and sediments is more than six 
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years. Desorption back into the water column occur on both abiotic and 
biotic routes. A major source of PCB-exposure for the environment is 
the redistribution of PCBs previously introduced into the surroundings. 
The redistribution involves volatilization from soil and water into the 
atmosphere and wet or dry deposition (Ciubotaru, 2003). According to 
the Stockholm Convention (2008b) “PCBs are toxic to fish, killing them 
at higher doses and causing spawning failures at lower doses. Research 
also links PCBs to reproductive failure and suppression of the immune 
system in various wild animals, such as seals and mink”. 

DDT is a synthetic organic insecticide, one of the most widely known 
ones. It is categorized as a chlorinated hydrocarbon (or an organochlo-
rine). It has been used as a pesticide to control insects that carry diseases 
and to protect crops (Masters & Ela, 2008). DDT and its metabolites are 
easily adsorbed onto sediments and soils so the majority of DDT that 
enters waters is firmly attached to soil particles.  Concentrations of DDT 
in water are thus gradually lost by adsorption onto surfaces of soils and 
sediments. This enables DDT to gather in sediments which acts as a sink 
and also as a long-term source of exposure to the environment. The 
physical and chemical properties of DDT and its metabolites make it 
possible for organisms to take up these compounds in their proximity 
and from food (WHO, 2004). 

The short-term acute effects of DDT on humans are limited, but chronic 
health effects are associated with long-term exposures. Levels of DDT 
have even been detected in breast milk which raises serious concerns 
about infant health (Stockholm Convention, 2008b). 

The Stockholm Convention on Persistent Organic Pollutants is a global 
treaty, created to protect human health and the environment from the 
persistent, intact chemicals that remain in the environment for long peri-
ods of time.  Due to the long range transport of the compounds, no 
government can act alone to protect its citizens or environments from 
POPs. So in response to the global problem the Stockholm convention 
was adopted in 2001, ratified in 2004 and requires parties to take action 
for reducing the amount of POPs released into the environment (Stock-
holm Convention, 2008c). 

 Petroleum products 1.4.2.

Petroleum products are the primary constituents in oil, gasoline, diesel, 
various solvents and penetrating oils (Todd et al., 1999).  They are com-
plex mixtures of chemicals derived from crude oil by distillation and 
fractionation and are categorized as petroleum hydrocarbons (WHO, 
2005).The petroleum constituents of interest for the quality for health 
and environment are aromatic hydrocarbons, polynuclear aromatic hy-
drocarbons (PAHs), gasoline additives and combustion emissions from 
fuels (Todd et al., 1999).   

Aromatic hydrocarbons have extremely low solubility in water and prod-
ucts containing them are stored for future use and are often spilt into the 
environment (WHO, 2005). Benzene is an aromatic hydrocarbon known 
as a human carcinogen and is the primary focus of risk assessments of 
petroleum products. The PAHs are also contaminants of concern be-
cause of their chemical and toxicological properties.  PAHs are com-
posed of multiple aromatic rings and tend to be immobile and highly 
persistent in the environment. They bioaccumulate and are toxic. Ben-
zene and PAHs are major components coming from vehicle exhaust and 
combustion facilities (Todd et al., 1999).   
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1.5. Ecological status of Bîc 
The Bîc River is not in a healthy state (Republic of Moldova, 2010). The 
state hydrometeorological service (SHS) in Moldova measures the water 
quality in the river by their Water Pollution Index (IPA). The IPA takes 
into consideration the following water components; ammonium, nitrite, 
oil products, phenols, dissolved oxygen and biochemical oxygen demand 
in 5 days (BOD5).The index consists of several classes ranging from 1 to 
7; 1 being very clean and 7 being highly polluted. A 4 means that the 
ecological status is degraded (SHS, 2013). The results of measurements 
done from 2004-2008 showed that the quality of the water in Bîc River 
downstream of Chişinău is categorized by a 7, i.e. highly polluted. The 
water quality in the river entering the city upstream is regarded as de-
graded and categorized by a 4 (Republic of Moldova, 2010). It is obvious 
that the city of Chişinău has a negative impact on the Bîc River ecologi-
cal status.  

1.6. Previous studies 
A previous study regarding polluted sediments (pesticides, PCBs and 
heavy metals) was made in the tributary of Bîc and Dniester River 
(Sapozhinkova et al., 2005). The sample area was located around the 
tributary where the flow from Bîc enters Dniester and the sample points 
were located in the tributary as well as upstream and downstream of it. 
The results showed that concentrations of several heavy metals and 
POPs such as DDT and PCB were high. As all the concentrations of the 
pollutants in the sediment increased after the tributary it was concluded 
that the Bîc River is a contributor of pollutants that negatively affect the 
sediments of the river Dniester. 

A more recent investigation of heavy metals in the sediments at locations 
in and around Chişinău showed that the sediments were moderately pol-
luted (Bulimaga, 2013). SHS has since 2007 sampled sediments in Bîc, 
ranging from two to six measurement points per year (SHS Environ-
ment, 2013a). The equipment used was a type of grab sampler, a piece of 
equipment known to lose fine-grained sediments due to washout and 
therefore contaminants adsorbed to the particles (Mudroch & Azcue, 
1995). The combined picture was that further studies were needed; stud-
ies that  would include a large range of pollutants, be spread out over a 
larger portion of the catchment area and use a technique where also the 
smallest fraction gets collected.  

1.7. Aim 
The main aim of this study is to increase the knowledge about the sedi-
ment state and flow in the Bîc River basin and lay a foundation for deci-
sions regarding sediment monitoring and possibly remediation in the fu-
ture. In order to do so a number of specific objectives were formulated: 

 Improve the knowledge about the spatial variation of the sediment pol-
lution status along the Bîc River by taking sediment tube samples at six 
locations, and analyze these for a number of pollutants. 

 Investigate the temporal co-variation between the sediment pollution 
levels and meteorological and water quality parameters. 

 Evaluate the results of a simplified water sampling and subsequent fil-
tering technique, compared to results of previous monitoring proce-
dures. 

 Estimate the sediment input from the river Bîc to the river Dniester us-
ing a sediment yield model based on river discharge and long term sed-
iment transport and accumulation data, in order to be able to extrapo-
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late the observed chemical status of the Bîc sediments to the total envi-
ronmental impact on the river Dniester. This is done by first develop-
ing a combined rainfall-runoff and sediment transport model and then 
by estimating the total mass of sediments in the dam reservoir Ghi-
dighici. 

2. MATERIAL AND METHODS  

A series of sediment samples were taken in the Bîc River in the middle 
of March 2013. The sampling program and analysis was performed in 
collaboration with the SHS. The cooperation allowed for laboratory 
analysis of eight samples and included the determination of concentra-
tions for heavy metals, POPs and nutrients. The sediment samples were 
taken along Bîc River from its source to its effluent into Dniester River. 
The samples were spread out to strategically cover the different sections 
that Bîc flows through. Samples were located in, upstream and down-
stream of Chişinău. The samples upstream of Chişinău were placed in 
the village of Sipoteni as well as before and after the Ghidighici dam. In 
the city upstream of the waste water treatment plant (WWTP), samples 

of the sediment were taken in the river where it flows parallel to Varnița 
Street. Downstream of Chişinău the samples points were near the village 
of Singera and the village of Gura Bîcului where Bîc meets Dniester 
(Fig. 1 & 2).  

Bîc’s contribution of sediment particles to Dniester was modeled using 
water discharge and suspended particles concentration data from a hy-
drological station in Chişinău and information regarding the amount of 
sediments trapped in the dam reservoir Ghidighici. Gaps in the data se-
ries were filled by a rainfall-runoff model and by using the correlation 
between the water discharge and the sediment transportation rate. 

Every two or three days during a time period of two months, water was 
collected from Bîc River and analyzed for suspended particles. A statisti-
cal correlation analysis regarding the pollution levels in the sediments, 
and a number of meteorological and water quality parameters, was per-
formed to draw conclusions about how the parameters influence the pol-
lution levels. The data used was pollution levels in the sediment at one 
point in the river and a number of chemical and meteorological parame-
ters, all retrieved from SHS. 

2.1. Bîc River basin 
The area of interest for this study is the Bîc River, the main river in the 
Bîc River Basin. It is of interest since it has been estimated to be the 
most polluted river in Moldova (Coseru, 2013; Republic of Moldova, 
2010). Measurements of the Bîc River basin from a Digital Elevation 
Model (NASA, 2012) show that the area is 2166 km2 and the total length 
of the river is 157 km. Bîc River has its outlet in the bigger Dniester Riv-
er which flows directly into the Black Sea. 12 km of Bîc passes through 
the city of Chişinău; the capital of Moldova. The city is inhabited by a to-
tal of 1.1 million people (Coseru, 2013). The average flow of the river 
when entering Chişinău was 1.3 m3/s during 1971-2012. However, the 
flow has been a lot lower in the last years with an average of 0.4 m3/s be-
tween 2006-2012 (SHS Hydrology, 2013). The reason is probably due to 
construction of irrigation ponds in the region upstream of a bigger dam 
reservoir (Ghidighici) just north-west of Chişinău, decreasing the amount 
of water reaching the city (Bulimaga et al., 2011) Downstream of 
Chişinău the water discharge increases after contribution from a 
wastewater treatment plant located at the edge of the city. Since 2004 the 
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average discharge rate from the WWTP has been 1.7 m3/s (Apă-Canal 
Chişinău, 2013). 

 Land use 2.1.1.

The main economic activity in the basin is agriculture, and represents 
60 % of the basin's land use. It is unusual for farmers to implement the 
use of riparian buffer zones (interface between land and river) at the 
edges of the field. For agricultural land close to the Bîc River that causes 
erosion of particles and spreading of pollution absorbed to the soil.  In-
dustries which are not connected to a wastewater treatment plant are also 

located upstream of Chişinău in the city of Călărași.  The industries lack 
pre-treatment of their wastewater and thus does not meet the require-
ments for being treated at a plant since industrial waste without pre-
treatment can harm the treatment technologies (Coseru, 2013). 

 Ghidighici dam 2.1.2.

The construction of the dam at Ghidighici was finished in 1962 (Fliurță, 
2013) and is located upstream of Chişinău (Fig. 1). Its purposes are to 
store irrigation water, to be a place for recreation and fishing and for 
flood control (Telepan, 2013).  The surface area of the reservoir is 
7.9 km2 and the mean depth is 4 meters. However, the mean depth is 
smaller than planned for due to an ongoing accumulation of sediments at 

the bottom of the reservoir (Fliurță, 2013). The area upstream of the res-
ervoir is dominated by agricultural land, leading to a lot of erosion 
(Vanoni, 2006). In 1974-1975 the dam reservoir was emptied of bottom 
sediments (Telepan, 2013). In 2009 it was estimated that 7.6 million m3 
sediments had been deposited at the bottom since then. This amounts to 

almost a fifth of the original reservoir volume (Fliurță, 2013).  

2.2. Pollutants in the Bîc River basin 
SHS has since for more than ten years sampled and analyzed the river 
water and since 2005 sampled and analyzed the river sediments in Bîc. 
Other studies have also been performed (Sapozhinkova et al., 2005; Bu-
limaga, 2013). 

 Heavy metals 2.2.1.

A sampling program and analysis aimed at heavy metals in sediments in 
Bîc River was performed in 2012 (Bulimaga, 2013). Sediments were 
sampled from different sections of Bîc; upstream and downstream in the 

Fig. 1. Four of the six sediment sample locations. Sipoteni is the most 
upstream sample point. The Ghidighici dam reservoir is located in between 
the sample points Upstream Ghidighici and Downstream Ghidighici.  
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vicinity of Chişinău as well as close to the river outlet. The metals ana-
lyzed in the sediments were lead, cadmium, copper, manganese, nickel, 
chromium and zinc. Sediments from Chişinău were considered moder-
ately polluted concerning the heavy metals included in the sampling pro-
gram. The situation was similar for sediments downstream of the city, 
where the sediments were marginally polluted with heavy metals, except 
for manganese and nickel.  

 Nutrients 2.2.2.

Sediments at a site downstream of the WWTP in Chişinău have shown 
concentrations of phosphorus and nitrogen at levels that range from 
moderately polluted to heavily polluted from year to year. The levels of 
nutrients in the sediments followed a pattern of increasing downstream 
of the WWTP. High levels of phosphorous as well as nitrogen have been 
detected in sediments at the Bîc River outlet into Dniester, with expected 
adverse effects for sediment dwelling organisms (SHS Environment, 
2013a). Nutrients transported into the Black Sea from Dniester have a 
great effect on the quality of the sea. It is vulnerable to a high contribu-
tion of nutrients leading to degradation of the sea’s aquatic ecosystem 
through eutrophication (Borysova et al., 2005). 

 Persistent organic pollutants (PCBs and DDT) 2.2.3.

The republic of Moldova ratified the Stockholm convention and is aware 
of the chemical hazards involved with POPs. There is none, and have 
ever been any manufacturing of POPs in Moldova. These compounds 
have instead been imported from abroad. Unfortunately, the lack of con-
trol regarding import, storage and use in the past, together with the ban-
ning of DDT in 1973 has resulted in a stockpiling of pesticides (Cu-
manova et al., 2008). There are about 340 warehouses with obsolete 
pesticides spread around the country mainly in rural areas close to resi-
dential zones, pastures and arable land (Grama et al., 2013). The situation 
for DDT in sediments in Bîc River has previously only been monitored 
around Chişinău and in Bîc’s outlet to Dniester. Concentrations around 
Chişinău seemed to increase compared to sediments upstream of the 
city, and the amounts detected were at levels that are considered margin-
ally polluted or even at concentrations where adverse effects are ex-
pected to occur (SHS Environment, 2013a). Downstream the outlet of 
Bîc, higher concentrations than the ones in Bîc have been reported by 
Sapozhinkova et al. (2005). The study showed that there were higher 

Fig.2. Five of the six sediment sample locations. Gura Bîcului is the most 
downstream sample point. 
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concentrations of DDT sediments in the Bîc tributary to Dniester than 
upstream as well as downstream of the tributary.  

PCBs in Moldova have primarily been used by the energy sector as die-
lectric fluids in power installations i.e. transformers and capacitors. Most 
of the installations containing PCBs are no longer in use (Cumanova et 
al., 2008). PCBs in the sediments of Bîc have been sampled by SHS since 
2005 and detected at low concentrations. The detected concentrations 
have been lower than the guideline values, values that regulate levels 
where no effect is expected for the majority of sediment-dwelling organ-
isms. Concentrations show a trend of increasing around Chişinău and a 
continued increase further downstream of the city.  However the overall 
concentrations along the river have remained low, and for certain meas-
urements just upstream of the tributary to Dniester, levels have been too 
low to detect (SHS Environment, 2013a). The study by Sapozhinkova et 
al. (2005) has shown that in the Dniester River by the tributary to Bîc, 
sediments have been polluted with concentrations of PCB to such a level 
that adverse effects for sediment organisms were expected to occur fre-
quently. The Dniester tributary concentration of PCB in this study had 
levels 22 times the maximum concentration detected in Bîc by SHS.  

 Petroleum products 2.2.4.

Sediment samples performed by SHS from different sites in Bîc have 
previously shown overall concentrations of petroleum hydrocarbons in 
high concentrations. Especially samples in sediments from the Ghidighi-
ci dam reservoir and downstream of Chişinău have displayed alarming 
amounts of petroleum products. Concentrations have shown a trend of 
relatively low concentrations upstream of Chişinău and a drastic increase 
in the sediments downstream of the city (SHS Environment, 2013a).  

2.3. Sediment sample procedure  
It is known that fine-grained suspended and bottom sediment particles 
(sizes smaller than 63µm) accumulate greater concentrations of contami-
nants. The assessment of sediment quality must be carried out on the fi-
ne-grained sediments sampled in areas of the water body where perma-
nent accumulation of sediments is taking place (Mudroch & Azcue, 
1995). In rivers the currents are highest in the central channel which 
means that a relatively low amount of fines are deposited on the bottom. 

Fig. 3. The procedure of extracting a sediment sample using the tube 
method. 
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Higher concentrations of fine-grained deposits are located in areas where 
the water flow is lower, such as near the side of the river (in concave 
stretches of the river) and in accumulation areas within estuaries (Euro-
pean Commission, 2010). The general approach for the procedure of 
each sample was to find a location where the velocity of the river de-
creased, preferably in a meander or lagoon on the edge of the river.  This 
was considered a place in the river where sediments was more likely to 
accumulate (Mudroch & Azcue, 1995).  

Depending on the size and depth of the river, rubber boots or wading 
pants was used to retrieve a sample away from the edge as far out in the 
river as the sedimentation-likely location allowed. The instrument used 
for retrieving sediment samples was a plastic tube with sharpened edges 
on one side. The sharpened side was pushed through the top 5-15 cen-
timeters of the sediment layers depending on the sediment characteris-
tics. Then using a rubber glove, one hand was put on top of the other 
end of the tube, which was above the water surface, thus creating a vac-
uum (Fig. 3). This allowed for safe extraction of the tube from the sedi-
ment bottom keeping the sediment locked as a core sample in the tube. 
Each sample was made up out of several sub-sample cores close to each 
other.  

A grab sampler of Van Veen-type was also provided by SHS. The sam-
pler, which was a model type of Russian origin, was time consuming to 
use and was not appropriate to use for sediment bottoms full of vegeta-
tion or objects due to the difficulty of extracting a sample. After drop-
ping the grab sampler into the water it had two levers with buckets at 
their ends that spread like an open scissor. The levers were locked in this 
position, and unlocked when the bottom was hit. A rope was pulled up-
ward and the two buckets closed and a sample was grabbed as well as 
some water. When extracting a sample, the captured water flowed out of 
small holes on the side. It was obvious that the escaping water carried 

Fig. 4. One 
of the 
sample 
points in 
Sipoteni. 
The tube 
sample 
method was 
used. 
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small fine-grained particles that were of interest for this study. The grab 
sampler was not effective or accurate enough for the ongoing sampling 
procedure because of its operating difficulties and loss of fine-grained 
particles. It was only used for one of the samples at upstream Ghidighici, 
where it wasn’t possible to use the tube sampler.  

Samples extracted from either method was first dropped into a plastic 
bucket and then scooped up and put into 0.5 liter glass bottles. Attempts 
were made to keep the glass bottles with the samples somewhat cold be-
fore analysis (Fig. 3).  

2.4. Sediment sample points 
The order of the sample points are described from upstream to down-
stream in Bîc River, starting in Sipoteni and ending at Gura Bîcului 
(Fig. 1 & 2).  

 Sipoteni 2.4.1.

The Bîc River passes the village of Sipoteni, where it during the time of 
the sampling more resembled a small creek rather than a river. The depth 
of Bîc was no more than 30 cm and the width about 3 meters. The bot-
tom and the edges were dense with vegetation such as bushes, small trees 
and reed. On the eastern side of the river, five meters away and up a two 
meter hill there was a field that appeared to be used for cultivation. Two 
samples of the sediment were taken from two places about 50 meters 
apart on the eastern edge where vegetation and small meandering slowed 
down the velocity (Fig. 4). 

Fig. 5. One of the sample points at Upstream Ghidighici. The 
tube sample method was used. 
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Fig. 7. The sample point at Downstream Ghidighici. The tube 
sample method was used. 

 Upstream Ghidighici 2.4.2.

Samples were taken 2 km upstream of the Ghidighici dam before the Bîc 
River reaches it. Samples were taken using both the tube sampler and the 
grab sampler. The first two samples were taken using the tube sampler 
on the western edge of the river about 20 meter s apart. This side re-
sembled a flood plain with small shrubs growing in the sediment togeth-
er with algae and some grass (Fig. 5). According to the personnel at the 
hydrometeorological service the river in this part is prone to flood, creat 
ing the floodplain. The land at the floodplain is usually dry (Josan, 2013). 

Fig. 6. The second sample point at Upstream Ghidighici. The 
grab sample method used. 
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The final sample at this side was taken on the eastern side of the river 
using the grab sampler. This side was not part of a floodplain but resem-
bled a wetland. It was heavily dominated by hydric soil and small islands 
made up out of reed and algae (Fig. 6).  

 Downstream Ghidighici 2.4.3.

This site was located downstream of the Ghidighici dam but before the 
river enters Chişinău. As the river passes the town of Vatra two samples 

Fig. 8. The sample point in Varnița located under a bridge. The 
sample was taken in the narrow lagoon. The tube sample method 
was used. 

Fig. 9. The second sample point at Varnița. This point is located 
upstream of the other sample point in Varnița. The sample was 
extracted from the small lagoon. The tube sample method was 
used. 
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of the sediments were taken in a sharp, almost 90-degree meander of the 
river. The two samples were taken about two meters apart on the depos-
iting side of the meander which was covered with reed (Fig. 7). 

 Varnița 2.4.4.

After the Bîc river passes through central Chişinău it flows parallel and 

closely to Varnița Street which is the location for some of the industries 
in the city. The river flows straight like a canal with little meandering and 
there are pipes with outlet water from the nearby industries that leads 
straight into the river. Little of this industry water is pre-treated in any 
way (Coseru, 2013). Three samples were taken at this site. The locations 
of the samples were all upstream of a wastewater treatment plant located 
further downstream. The first sample was taken underneath a bridge 
(Fig. 8) and the other two were taken about 100 meters upstream 
(Fig. 9). All of the samples were taken in small lagoons at the edges of 
the river created by garbage, soil and debris. This accumulation served 
like a breakwater. The lagoons still received an inflow of water from the 
river but the velocity was much lower in comparison to the river. The 
upstream samples were taken close to each other on opposite sides of 
the same lagoon.  

Close to where the single sample was taken there was a hole in the 
ground similar to a well or manhole in between the boundaries of the 
river and the street. In this hole there was bulky waste and trash burning 
with the purpose of annihilating the objects.  

Fig. 10. The sample location in Singera. The sample was 
extracted under the branches of the tree. The tube sample 
method was used. 
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 Singera 2.4.5.

Downstream of Chişinău and the WWTP the Bîc River passes the town 
of Singera and here two samples were taken. This means that this sample 
point is influenced by what passes through in the river from Chişinău 
such as industry and the WWTP. The international airport is also close 
by. The two samples were taken at the edge of the river in small lagoons 
created by accumulating vegetation (Fig. 10). 

 Gura Bîcului 2.4.6.

Before the Bîc River merges with Dniester, river samples were taken up-
stream of the tributary near the town of Gura Bîcului. Three samples 
were taken within a range of 50 meters at the edge of the river. The sam-
ples were taken either in a small meander or a lagoon created by accumu-
lated garbage and debris (Fig. 11). 

2.5. Chemical analysis of sediment samples 
The analysis of the sediment samples were done together with The Soil 
Quality Monitoring Centre (SQMC) in Chişinău, which belongs to the 
Environment Quality Monitoring Department at SHS. The aim for the 
analysis was to establish the sediment concentrations of POPs (DDT, 
PCB), nutrients (total phosphorous (Ptot), total Kjeldahl nitrogen (TKN) 
(the sum of organic nitrogen, ammonia and ammonium)), petroleum 
products as well as heavy metals (Cu, Pb, Cd, Mn, Ni, and Zn). All prep-
aration and analysis was made in the SQMC laboratory.  

 General preparation 2.5.1.

To prepare the samples for analysis they were handled by SQMC accord-
ing to their routine procedure. Samples were dried in room temperature 
on pieces of paper (Fig. 12). After reaching a dry state each sample was 
crushed in a mortar and sieved through a 0.63 mm that allowed for or-
ganic material to be removed by hand. Afterwards each sieved sample 
was put in a glass jar and homogenized by being shaken for three to five 
minutes. Then every sample was spread out on a piece of paper, flat-
tened and divided into a 3 x 3 square grid. From each square in the grids, 
5 ml sub-samples was taken and grinded in a mortar until all of the 5 ml 
was fine grained enough to pass through a 0.25 mm sieve. Every grinded 
sub-sample from a grid was put in the same bottle for analysis of nutri-

Fig. 11. Sample point at Gura Bîcului. The sample was extracted 
behind the accumulated garbage and debris. The tube sample 
method was used. 
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ents. For the sample in the squares of the grid that wasn’t grinded, the 
remainder in each grid was mixed, and 10 grams from each were taken 
and put in bottles for analysis of POPs and heavy metals.  

To include the spatial variability and to keep analysis costs low, multiple 
samples were taken from each site and then combined after preparation. 
The only samples that were not mixed were the grab sample from up-

stream Ghidighici and the single sample under the bridge at Varnița since 
only one sample was taken at these points. The other samples from each 
site were mixed with the other sample(s) from the same site to be used as 
a mixed analysis.  After the preparation and combination there were 
eight samples ready for different analysis.  

 Heavy metals  2.5.2.

To analyze heavy metals, the samples had to be prepared using a proce-
dure according to a Moldovan standard registered as Determinarea 

Metalelor Grele (forme totale) în sol și sedimente, COD: PO – MeFT -5.4 – 07 
describing the determination of total forms of heavy metals in soil. The 
procedure was the following.  

Five grams of sediment sample was added to a glass flask together with 
20 ml of 65% nitric acid (HNO3). The flask was then left over night. 
One blank solution, i.e. without any heavy metal, was prepared and used 
to determine if any of the chemicals used in the analysis process con-
tained any metals. Two reference soil-acid solutions with known content 
from domestic soils were also prepared and used. The sediment sample 
and the references were heated up on a hot plate so that the nitric acid 
(HNO3) started to evaporate (Eq. 1). 

            ( )     (1) 

During the evaporation and acid-heating phase the heavy metals went 
from bound to the soil into soluble form. All remaining organic materials 
were destroyed. The heating phase was complete when the color of the 
smoke from the evaporated nitrogen dioxide (NO2) went from yellowish 
to white. The sample was then cooled in a batch of water and when the 
temperature was low enough, 2 ml of 35 % of Hydrogen Peroxide 
(H2O2) was added. Water with the temperature of 40 – 50 ° C was added 

Fig. 12. First step of preparing samples was to dry them in room 
temperature on pieces of paper. 
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after twenty minutes to remove possible traces of heavy metal that evap-
orated onto the inside walls of the flask. The sample was then poured 
through a filter used as a Moldovan standard and the filtered sample was 
poured into a 100 ml volumetric flask, filling it by 2/3. The sample was 
put to stand overnight again and then the rest of the 100 ml of the flask 
was filled with deionized water.  

After this preparation the sample of heavy metals was ready to be ana-
lyzed in an Atomic Absorption Spectrometer (AAS). For this analysis an 
UNICAM 969 AA SOLAR Spectrometer with flame was used.  The 
analysis required a calibration curve for each metal that was going to be 
analyzed. Calibration samples for each metal were prepared with the 
concentration 0, 1, 5 and 10 mg/l using reference materials and consisted 
of a solution of base (Cu for example as a reference), distilled and ion-
ized water and acid. A different cathode lamp had to be used in the AAS 
for each heavy metal and the carrier gas used for all samples was acety-
lene. This procedure was according to the Moldovan Standard SMSR 
ISO 8288:2006. The result of the calibration curve and its known con-
centrations was used with AAS-output to determine the concentration of 
heavy metals in all of the samples.  

 Phosphorous  2.5.3.

Preparation for analyzing Ptot from the sediment samples followed the 
instructions by a Russian standard GOST: 26261-84. The method was 
referred to as similar to the Ginsburg method for analyzing phosphorous 
(Cumanova, 2013). The procedure began with mixing 1 g of sediment 
sample with 2-3 drops of distilled water and 8 ml of sulfuric acid 
(H2SO4) in a volumetric flask. This destroyed the organic matter and 
forced the phosphorus into the solution in the form of phosphate (PO4

-

3). One blank sample as well as reference samples with known concentra-
tions was also prepared. The samples were heated up on a hot plate until 
the color changed into a light green, almost cream tint and then heated 
for 10 additional minutes. The flask with the sample was then filled with 
distilled water up to 200 ml and then turned upside-down ten times for 
homogenization. After turning the flask, 40 ml of sample was poured 
through a filter used as the Moldovan standard. Of the filtered sample, 
5 ml was extracted and mixed with 75 ml distilled water, 16 ml molyb-
denum blue reagent and 2 ml Ascorbic acid (C6H8O6). This made the 
samples turn blue. To the reference samples an extra 0.025 mol hydro-
chloric acid (HCl) was added. First a set of calibration samples with dif-
ferent known concentrations were analyzed in a photometer at the wave-
length of 670 nm to create a calibration curve (Fig. 13). Then the rest of 
the samples were analyzed using the same instrument and settings. First 
the blank sample, then the references and then finally the sediment sam-
ples were analyzed. The calibration curve obtained earlier was used to 
transform the output optical density into a concentration of diphospho-
rus pentoxide (P2O5). Using the calibration curve, concentrations of 
P2O5 (CP2O5) of the samples were calculated.  The reference samples 
were used to validate the calibration curve. The concentration of Ptot 
(CPtot) was calculated using a Russian agronomy chemistry equation 
(Eq. 2). 

                        (2) 
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 Nitrogen 2.5.4.

The analysis of Nitrogen was performed according to the Russian stand-
ard GOST 26107-84. To prepare a sediment sample for the analysis of 
TKN 2 grams of the sample were first sieved through a 0.25 mm sieve. 
The Kjeldahl digestion method was used for this analysis. It began by 
adding 4.5 grams of a catalysator containing potassium sulfate (K2SO4), 
selenium (Se), and cupric sulfate pentahydrate (CuSO4 * 5H2O) to the 
sample. Ten ml of concentrated sulfuric acid was also added. Afterwards, 
there was a 2 hour digestion period where the color of the sample 
changed into a blue or grey tone depending on its content of Cu or Cd.  
After the color change the sample was ready for the next step; the sam-
ple was transferred to a flask and 500 ml of distilled water and 80 ml of 
40% sodium hydroxide (NaOH) was added. The opening of the flask 
containing the sample was connected to a Kjeldahl distillation trap via a 
tube that led to a condenser and another flask with 50 ml of 2 % H2SO4. 
A small amount of methylene (10 -12 drops) was added to the flask con-
taining H2SO4, serving as a pH color indicator thus turning the solution 
violet due to the acidity. The flask with the sample was put under a 
flame, and distillation of the sample started, where the NaOH converted 
the ammonium salt in the sample into ammonium (NH4

+). During the 
distillation process, the NH4

+ went from the first flask, through the con-
denser towards the second flask where it caused a change of pH in the 
H2SO4-solution, turning it basic and changing its color from purple to 
green. A back titration was made for the second flask using 0.02 molar 
H2SO4 to determine the amount of NH4

+ coming from the original sam-
ple. The titration caused a neutralization of the green basic solution and 
the H2SO4 was added until the solution became acidic again, i.e. the color 
changed back from green to purple. No more H2SO4 is required after the 
color change since the volume of acid added is equivalent to the amount 
of nitrogen in the sample. The concentration of TKN (CTKN) was calcu-
lated using an equation presented by SQMC (Eq. 3).  

     
                                                            

                       
     (3) 

Fig. 13. The 
set of 
samples 
used for the 
calibration 
curve of 
phosphorous 
and the 
photometer. 
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 Persistent organic pollutants (PCBs and DDT) 2.5.5.

Samples for analyzing DDT and PCB were prepared by a method that 
was validated by SQMC and was a mixture of methods from the Ameri-
can Environmental Protection Agency and its counterparts in Russia and 
Europe. The preparation started with weighing 10 grams of the sediment 
sample and adding 30 ml of a solution of Hexane:Acetone (1:1). This 
mixture was put in an Oscar ultrasonic cleaner where it was shaken for 
15 minutes extracting the pollutants from the soil. A blank sample and 
two reference samples (125 ng of PCB 30 and PCB 209) were also pre-
pared to be used in the determination process. These references of PCB 
were not possible to find in the natural environment which distinguished 
the references from the samples. After passing through the ultrasonic 
cleaner, a filtration of the liquid sample was made with the Moldovan 
standard filter. The liquid part was carefully poured out of the bottle 
while keeping the solids in the bottle, the bottle was emptied of liquid 
but the solids remained. The remaining soil particle sample was again 
added with 20 ml of Hexane:Acetone and passed through the ultrasonic 
cleaner for 2 x 15 minutes. The sample was filtrated again and the proce-
dure of adding Hexane:Acetone, cleaning and filtrating was performed 
for a third time. When the three filtrations of liquid sample were made, 
1 ml of Iso-octane was added to it and put in a Heidolph Rotary Evapo-
rator (Hei-vap) with the purpose of evaporating the Hexane. The next 
step was a washing of the sample where it passed through a glass pipe 
shaped like long column. Before the actual sample went through, the 
columns ability to wash was tested with 4 g of silica gel, 1.2 g of silver ni-
trate (AgNO3), 1 ml of sodium sulfate (Na2SO4), 10 ml Hexane and 
500 ng of a standard pollutant. This mixture was poured through the 
column which was stuffed with de-fatted cotton. This mixture was pre-
pared again (except the standard pollutant) and poured together with the 
evaporated sample through the column stuffed with cotton. After going 
through the column, the sample was once again evaporated. However 
the samples weren’t clean enough to be analyzed yet so extra cleaning us-
ing a variation of an “Activated Copper Method” was done. The purpose 
was to clean the sample further from sulfur. To do this, 10 g of cupric 
sulfate pentahydrate (CuSO4 * 5H2O) was mixed with 100 ml of distilled 
water, 2 mol of hydrochloric acid (HCl) and 1 ml Hexane:Acetone. The 
sample was once again evaporated and then 1ml of the sample was put in 
a vial flask, ready for determination of its concentrations of DDT and 
PCB in a chromatograph. The instrument used was an Agilent Technol-
ogies 789A gas chromatograph, using Helium (He) as carrier gas.  First 
the reference samples were put through the chromatograph calibrate by 
the reference concentration to the detected spectral output. This calibra-
tion was used to determine the concentration of pollutants in the sam-
ples. The PCBs that were analyzed for were PCB 28, 52, 101, 118, 138, 
153 and 180. The DDTs that were analyzed for were 2,4 – DDE, 4,4 – 
DDE, 2,4 – DDD, 4,4 – DDD, 2,4 – DDT and 4,4 – DDT. 

 Petroleum products 2.5.6.

The analysis of Petroleum Products was performed in the SQMC labora-
tory without the presence of the authors. The method for analyzing the 
petroleum was described by Ana Cumanova, chief of the Soil Quality 
Monitoring Center at SHS, as a standard method used by the Environ-
mental Programme for the Danube River Basin (EPDRB); a trans-
national monitoring network. This standard method is used to determine 
petroleum hydrocarbons in water and sediments by ultraviolet (UV) ab-
sorption and fluorescence spectroscopy (Cumanova, 2013). In summary, 
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the method starts with the preparation of sediment samples; where pe-
troleum hydrocarbons are extracted from the sediment sample. First, 1 g 
of sediment sample is weighed and 10 ml of cyclohexane is added. The 
sample is extracted by sonication where 1 g of sodium sulfate (Na2SO4) 
is added. Then absorption of UV-wavelengths at 230 and 260 nm is 
measured for the sediment samples as well as for reference samples. Flu-
orescence of the samples is measured with selected wavelength ranges 
and slit measurements for excitation and emission (ICPDR, 2002). 

 Excitation: Wavelength 240 - 450 nm, Slit 1 - 3 nm 

 Emission: Wavelength 245 - 475 nm, Slit 3 - 10 nm 

The level of contamination is quantified by comparing fluorescence in-
tensities (FI) at characteristic excitation (Ex) and emission (Em) wave-
lengths, calibrated with reference petroleum products  (ICPDR, 2002).  

2.6. Analysis of sediment measurements 
When the chemical analysis was done, the results were analysed in differ-
ents aspects; spatially, methodogically and qualitatively. 

 Spatial analysis 2.6.1.

The sample points were chosen to represent different parts of the river 
basin, in regard to land use and expected environmental impacts. By this, 
the results were meant to reflect the spatial variation of the different pol-
lutant distributions in the sediments at the different sample points. 

 Tube sampler vs grab sampler 2.6.2.

The last sediment sampling performed by SHS was done in June 2012. 
As usual, SHS used a grab sampler for this occasion. Two of the sites of 
this study coincide with that previous sampling, namely the one in Sing-
era and the one close to Gura Bîcului. A comparison was made between 
the results of the two studies. 

 Sediment quality guidelines 2.6.3.

Moldova has no established guidelines for sediment quality and its pro-
tection of aquatic life. So for previous studies, a Maximum Allowable 
Concentration (MAC) value for soil has been used to assess harmful 
concentrations (Cumanova, 2013). For this study values for sediment 
quality guidelines (SQG), established for freshwater ecosystems were 
used. The different effect levels used and their toxic impact were the fol-
lowing; 

 Lowest effect level (LEL): Sediments with concentrations above this 
level are considered to be clean to marginally polluted. No effects on 
the majority of sediment-dwelling organisms are expected below this. 
c
o
n
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n
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Table 1. The different effect level and cleanup guidance concentrations for 
pollutants included in this study. All concentrations are in mg/kg. 

 

Cd Cu Mn Ni Pb Zn Ptot TKN PCBs DDT 

 

PP 

LEL 0.6 16 460 16 31 120 600 550 0.07 0.007 Residential  50 

PEL 3.5 197 x 36 91 315 X x 0.277 4.45 Industrial 500 

SEL 10 110 1100 75 250 820 2000 4800 5.3 12*OC 
  

LEL = Lowest Effect Level. PEL = Probable Effect Level. SEL = Severe Effect Level. (MacDonald et 
al., 2000) 

OC = Organic Carbon Content 

Residential = Residential Cleanup Level. Industrial = Industrial Cleanup Level. (Oklahoma, 2012) 
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 Probable effect level (PEL): Represents the concentration above which 
adverse effects are expected to occur frequently.  

 Severe effect level (SEL): Sediments with concentrations above this 
level are considered to be heavily polluted. Adverse effects on the ma-
jority of sediment-dwelling organisms are expected when this concen-
tration is exceeded.  

All guideline levels for the pollutants were taken from a SQG evaluation 
(MacDonald et al., 2000) except for Mn, Ptot and TKN, which were tak-
en from Mudroch & Azcue (1995) (Table 1).  

Guideline values for petroleum products were not based on effect levels. 
The sediment quality was instead based on levels of concentration limits 
for soil cleanup. The concentration for cleanup and remediation differed 
depending on the land use of the contaminated area; if it was a residen-
tial area or an industrial area (Oklahoma, 2012) (Table 1). 

The single criterion of total concentration of pollutants in sediments 
does not necessarily reflect the full risks towards the environment. Much 
is dependent on the availability of trace elements and its concentrations 
to the aquatic living organisms (Mudroch & Azcue, 1995).  The SQG 
and cleanup levels were compared with the detected concentrations of 
pollutants in the sediment samples to assess sediment quality.  

2.7. Sediment transport 
Since 1971 the State Hydrometeorological Service (SHS) has daily dis-
charge (starting in 1967) and suspended solids (SS) concentration values 

from a hydrological station in the north of Chișinău, located about 5 km 
downstream of the dam Ghidighici (Fig. 14). The location is worth not-
ing since both the flow rate and the SS concentration can be expected to 
be heavily affected by the dam. The discharge rate is measured every 
fifth day, the water level every day. The recorded water levels in between 
discharge measurements are recalculated to discharge rates. The data on 
water discharge and suspended solids was made available by the SHS, 
who granted access to the library where the data was photographed and 
later manually digitalized. With these data the sediment transport could 
be calculated (Eq. 4). 

               (4) 

QW = water discharge (m3/s) 
SS = suspended solids (g/m3) 
QS = sediment transport rate (g/s) 

How the correlation between QW and QS on one hand and SS and QS on 
the other could best be described was examined, as well as which one of 
QW and SS that was the most decisive for QS. The statistical significance 
was calculated with a t-test. The missing QW values were modeled by a 
rainfall-runoff model. Using the correlation between QW and QS the QS 
values were modeled. 

2.8. Rainfall-runoff model 
By using and further developing a previously developed rainfall-runoff 
model (Gillefalk, 2012), the gaps in the runoff data were filled. The soft-
ware used was MATLAB, a program used for numerical modeling. The 
gaps were from September 1991 to March 1993, February-April and Ju-
ly-August 1997, January-April 1998, March-May 2002 and finally March-
July 2003. In the original model, only the natural system was modeled, 
not the dam functions. To be able to run the model the catchment area 
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needed to be determined and hydrological and meteorological data need-
ed to be collected. For the background and more details concerning the 
model the model in this study is based on the reader is referred to Gille-
falk (2012). 

2.9. Runoff data 
The runoff data shows some trends since the beginning of the 70’s. The 
general trend is that the runoff is decreasing with less runoff for each 
decade (Fig. 15). 

 Catchment area 2.9.1.

The total catchment area upstream of the hydrological station is 882 km2 
(SHS Hydrology, 2013). Using elevation data collected by ASTER (the 
Advanced Spaceborne Thermal Emission and Reflection Radiometer) 
and provided by NASA (National Aeronautics and Space Administra-
tion) (NASA, 2012) a digital elevation model was created. With its help, 
the catchment area between the dam outlet and the station could be de-
lineated using the software gvSIG developed at the Technical university 
of Valencia. The catchment area was measured to 50 km2. 

 Weather data 2.9.2.

NOAA (National Oceanic and Atmospheric Administration) provides 
weather data from a number of weather stations in Moldova. Data from 
eight stations in Moldova was used (NOAA, 2012). Among them, the 

station in Chișinău provides the most stable and gap-free data series. The 
weather data used was average, minimum and maximum temperature 
and precipitation. 

Fig.14. The locations of the hydrological station run by SHS, the SS 
monitoring point set up for this study and the wastewater treatment plant. 
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 Evapotranspiration 2.9.3.

No evapotranspiration data was available; therefore the potential evapo-
transpiration was approximated using simplifications of the Penman-
Monteith formula (Eq. 5). 

    
        (  )  

(   (  
  
  
))  

       (5) 

ETo = Water volume that potentially can evapotranspire (mm/s) 
Rn = Net irradiance (W/m2)  
cp = Specific heat capacity of air (J /( kg*K)) 
ρa = dry air density (kg/m3) 
δe = vapor pressure deficit (Pa) 
ga = Conductivity of air, atmospheric conductance (m/s) 
gs = Conductivity of stoma, surface conductance (m/s) 
γ = Psychrometric constant 

The actual calculation was performed using the software CoupModel. It 
uses the latitude (47.017 in this case) to calculate the radiation and day 
length and the difference in maximum and minimum temperature to cal-
culate cloudiness. With these the potential evapotranspiration was ap-
proximated.  

  Conceptual models 2.9.4.

The conceptual model has two parts: one representing the natural system 
and one representing the dam and the dam reservoir. In short, water en-
ters the model of the natural system in the form of precipitation and 
leaves as either water vapor or runoff (surface runoff, interflow or base 
flow). If the condition T (temperature) > 0°C is fulfilled, precipitation 
will fall as rain and recharge the unsaturated zone or run off on the sur-
face. At the same time any snow on the ground will melt and infiltrate in-
to the unsaturated zone. If T < 0°C any precipitation will go into a snow 
storage and no recharge of the unsaturated zone will take place. The un-

Fig. 15. Daily runoff values (m3/s) at the hydrological post in Chișinău in 
the years 1971 – 2011. It is obvious how the runoff has become smaller and 
smaller. 
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saturated zone is recharged or discharged depending on the amount of 
infiltration and evapotranspiration. In the model, there will always be 
some water infiltrating into the groundwater storage (Fig. 16). 

The dam at Ghidighici has two outlets; one that goes through two pipes 
and that can be controlled up to a maximum outlet discharge rate of 
420 l/s and one over the weir. The buffer level in the reservoir is about 
1 – 1.5 meters, which corresponds to 7.9 – 11.85 million m3. When the 
water level reaches the weir, the excess water flows out of the reservoir 
and into a channel leading to the Bîc River (Telepan, 2013). 

In the model, the flow through the pipes is regulated with a linear func-
tion. The virtual pipes are opened when the buffer level is at 0.3 meters 
and then the discharge is gradually increased, following the water level 
increase. Maximum discharge is 420 l/s and corresponds to a decrease in 
the reservoir level by 4.6 mm/day. The flow over the weir is regulated 
with a rating curve with two constants, one linear and one exponential. 

 Connecting the two model parts 2.9.5.

Using the quota between the catchment area between the dam and the 
hydrological station and the catchment area upstream of the dam it was 
assumed that about 94 % of the runoff from the natural system ends up 
in the dam reservoir and 6 % reaches the hydrological station. The hy-
drological station also receives the water that is discharged from the dam. 

 Calibration 2.9.6.

When studying the runoff scheme from the 70’s to the 00’s it is obvious 
that the general trend is that the runoff gets smaller. When looking at it 
more closely, it is also evident that the runoff around the gap in 1991-
1993 looks different than the runoff around the gaps in 1997-2003 
(Fig. 15). Early tests of the model also showed that the best result would 
be obtained with one set of parameters used for the first half of the gap 
in 1991-1993 and another set for the second half of the same gap. This 
second set would also be used for the smaller gaps later in time. 

When calibrating the models, they were first run 3-5 years to “warp up” 
the model and get the system running. Then the model was calibrated 
using runoff data for another set of years. With the goal to successfully 
create a model that imitates the observed runoff values in years before, 
in between and after the gaps the function fminsearchbnd available in 
MATLAB was used to calibrate the model by changing the calibration 
parameters to get the performance index Nash-Sutcliff model efficiency 
coefficient (ENS) (Eq. 6) as close to 1 as possible. The function makes it 
possible to set some boundaries for the calibration parameters, so that 
unrealistic values can be avoided, such as negative runoff coefficients. In 
total, 16 parameters could be varied within the model; twelve in the natu-
ral system and four regulating the dam function (Table 2). 

 Performance indices 2.9.7.

When evaluating how well the model succeeded to imitate nature two 
model performance indices were used; the Nash-Sutcliff model efficien-
cy coefficient (ENS) (Eq. 6) and the Normalized root square mean error 
(NRMSE) (Eq. 7 & 8). The ENS can take values ranging from −∞ to 1. 

The closer the ENS gets to 1, the better the model. If ENS = 1 the model 
results perfectly match the observations. A negative value, on the other 
hand, means that using the average values of the observations would be 
better than using the simulated ones, values > 0 are considered to be ac-
ceptable (Moriasi et al., 2007). 
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Fig 16. Structural the hydrological model of the catchment area.  
P = precipitation 
T = Temperature 
Ssnow = snow storage 
R = Snowmelt = Km * T. recharge from snow to the unsaturated 
zone 
UZ = unsaturated zone storage 
EVP = Evapotranspiration = PEVP * UZ/FC 
PEVP = Potential evapotranspiration  
I = infiltration to groundwater storage. dependent on amount of 
water in unsaturated zone and the field capacity 
FC = Field capacity 
Idirect = Ki * UZ = fraction of water in the UZ that always infiltrate 
into the groundwater storage 
S = Groundwater storage 
QS = Surface runoff = P * KS 

QI = Interflow = UZ * KI 

QB = Base flow (groundwater flow) = S * Kd 
QTOT = Total  flow from the model 
Km = Degree-Day factor 
Ki = infiltration coefficient 
KS = Surface runoff coefficient  
KI= Interflow coefficient 
Kd = Discharge coefficient  
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Qobs
t = observed runoff values at time t 

Qsim
t = simulated runoff values at time t 

 t = average of the observed runoff values 
T = number of observed/simulated values 

The normalized root mean square error (NRMSE) (Eq. 7) is a non-
dimensional version of the root mean square error (RMSE) (Eq. 8) and is 
calculated by dividing the RMSE by the difference between the maxi-
mum and the minimum value of the observed data. 

       
    

                 
      (7) 

Qobs,max = the maximum observed water discharge value 
Qobs,min = the minimum observed water discharge value 
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      (8) 

Qobs
t = observed runoff values at time t 

Qsim
t = simulated runoff values at time t 

T = number of observed/simulated values 

2.10. Sediment yield model  
To estimate the sediment yield within the Bîc River basin a model was 
developed. As input data it uses the sediment mass in the Ghidighici 
dam reservoir, the total sum of sediment transport at the hydrological 
station in Chişinău, the size of the basin between the dam and the hydro-
logical station and the size of the basin upstream of the Ghidighici dam. 
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Table 2. The 16 variable parameters in the Rainfall-runoff model. 

Parameter Description Boundaries 

Discharge coefficient 
Fraction of groundwater discharge 
every day 

0-0.5 [-] 

Initial groundwater storage  20 - 500 [mm] 

Initial storage in the unsaturated 
zone 

 10 - 200 [mm] 

Field capacity Water holding capacity in the soil 10 – 1000 [mm] 

Degree-Day factor Controls the amount of snow melt 0.5 – 10 [mm/(day * °C)] 

Direct infiltration coefficient 
Fraction of water in the 
unsaturated zone that infiltrates 
into the groundwater 

0-1 [-] 

Surface runoff coefficient 
Fraction of precipitation leading 
directly to runoff 

0-1 [-] 

Interflow coefficient 
Fraction of water in the 
unsaturated zone that leads to 
runoff 

0-1 [-] 

Dam reservoir buffer level  900 – 1700 [mm] 

Linear pipe coefficient 
Determines how big the discharge 
rate from the pipes is at a certain 
water level 

0.1 – 1 [-] 

Linear weir coefficient 

The linear coefficient that 
determines the size of the 
discharge rate over the weir at a 
certain water level 

0.1 – 1 [-] 

Exponential weir coefficient 

The exponential coefficient that 
determines the size of the 
discharge rate over the weir at a 
certain water level 

0.1 – 1 [-] 
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The aim of the model is to determine the value of three parameters; one 
for the sediment yield from the basin between the dam and hydrological 
station (Rpost), one for the sediment yield from the basin upstream of the 
dam (Rpre) and one representing the dam sediment release coefficient 
(Krel), i.e. the part of the sediment reaching the dam reservoir that is later 
released into the river Bîc (Fig. 17). The parameters Rpost and Rpre will 
have the unit ton/km2 for the total yield during the period 1 October 
1975 – 31 August 2009. It is known that in this period 7.6 million m3 
sediments accumulated in the reservoir. The exact dates aren’t known, so 
it was assumed that the dredging work was finished by the beginning of 
the autumn of 1975 and that the measurements of the reservoir sedi-
ments were done during summer 2009 and finished by the end of August 
2009. 

 Total sum of sediment transport 2.10.1.

Using the completed runoff data series at the hydrological station, the 
sediment transport was estimated using the correlation between 
transport and water flow established by the method described in section 
2.9. With the gaps in the runoff data filled, the total sediment transport 
between 1 October 1975 and 31 August 2009 was calculated. 

 Sediment mass in the Ghidighici dam reservoir 2.10.2.

Density of the bottom sediments in the Ghidighici reservoir was calcu-
lated with a formula given by Avnimelech et al. (2001) (Eq. 9). 

                                     (9) 

where OC is the organic carbon content (mg/kg). A high organic carbon 
content will give a low dry bulk density. The formula was the result of a 
regression of data from studied sediments from six different locations 
around the world.  

Since no data on organic carbon levels in the dam reservoir sediments 
was available, the level of organic matter from one of the sampling 
points closest to the lake was used for estimation (Fig. 2). In order to 
convert organic matter content (OM) to OC, the following formula was 
used (Avnimelech et al. 2001) (Eq. 10): 

   
  

   
      (10) 

Fig. 17. Conceptual model describing the sediment yield. Rpre = sediment 
yield for the basin upstream of the reservoir and from the basin between the 
hydrological post (in Chișinău) and the outflow into Dniester River.  Rpost = 
sediment yield from the basin between the dam and hydrological station. 
Krel = dam sediment release coefficient. The size of each sub-basin is given 
above the arrows. 
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The density of sediments tends to increase with depth, due to decreasing 
water content and organic content (Håkanson & Jansson, 2002). To 
compensate for this effect, the lower organic content value of the two 
samples at the sample points was chosen.  

 Deciding the model parameters 2.10.3.

The parameters (Rpost, Rpre and Krel) were determined by calibrating the 
model to the measured sediment mass in the reservoir and the total sum 
of sediment transport at the hydrological station. The sums of the differ-
ences between the modeled and the calculated sediment mass in the res-
ervoir on the one hand and between the modeled and the measured sum 
of sediment transport on the other was calculated. By minimizing this 
sum each of the three parameters Rpost, Rpre and Krel was given a value.  
The tool for this was the Linear GRG solver in Microsoft Excel. 

Rpre is assumed to be the same for the river basin downstream of the hy-
drological station until the outflow into Dniester River.  The land use is 
similar between the two areas, the exception being the city of Chişinău 
with its sealed surfaces, from which little or no erosion of particles can 
be expected. Therefore, it could be assumed that the sediment yield coef-
ficient should be a bit lower. However, the effect of the sealed surfaces 

Fig. 18. Location for the suspended solids monitoring. 

Fig. 19. The depth of Bîc was measured at the monitor site. 
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in Chişinău is countered by the added water from the wastewater treat-
ment plant. The discharges increase the flow in the river and thereby the 
erosion capacity, especially if the discharge rate is unstable (Morris & 
Fan, 2010) and it also adds suspended solids to the river (Apă-Canal 
Chişinău, 2013). By multiplying the Rpre with the size of the basin below 
the hydrological station (1284 km2) the amount of suspended solids 
transported into Bîc during the period 1 October – 31 August 2009 was 
calculated. 

2.11. Suspended solids monitoring 
At a site just before upstream of the wastewater treatment plant water 
samples were taken every two to three days for during March and April 
2013. The samples were analyzed for suspended solids using filtration. 

 Location 2.11.1.

The location for the monitoring in the Bîc River was scouted using both 
a map of the city of Chişinău and visual inspection. A site was chosen 
south of Chişinău after the river passed through the city but just up-
stream of the WWTP located close by (Fig. 14). Industrial activity and 
main roads with heavy traffic dominate the surrounding land use. The 
river bank at the site is dense with vegetation such as trees and bushes 
(Fig. 18), but also littered with trash and plastics. The width of the river 
was measured to 7 meters. The depth at every meter of the river width 
was measured and used when calculating the cross-section area of the 
river (Fig. 19). 

 Sample procedure 2.11.2.

Water samples were collected at the site for nine weeks with a two to 
three day interval. Two samples were taken each time. The samples were 
taken in 1 liter plastic bottles filled to the rim about one meter out in the 
river from the edge, at a depth of about 20 cm (Fig. 20). A reference 
height was used to measure the rise and drop of the water surface for 
every sample occasion. Small sticks were thrown into the center of the 
river to measure the river velocity by measuring the time it took for the 
small sticks to travel a distance of known length. 

Fig. 20. A water sample was taken using a plastic bottle and a 
glove. 
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 Filtration  2.11.3.

The concentration of SS was analyzed by filtration. The make-shift filtra-
tion device was made up out of a 0.5 liter plastic graduated cylinder and a 
plastic tube.  A small funnel with a flat bottom within, which was cov-
ered with small holes for placement of a filter, was also used together 
with the device (Fig. 21). The filters used for the analysis were Whatman 

Glass Microfiber filters, Grade GF/A with a pore size of 1.6 μm. For 
each analysis of a water sample, the filter was placed steadily in the fun-
nel (Fig. 22) and the funnel was in turn taped tightly together with duct 
tape to the plastic tube. Edges of both the funnel and the tube were 

Fig. 21. The 
equipment that was 
used for filtration of 
the water samples. 
 

Fig. 22. For every filtration of a water sample a filter was placed in 
a funnel. 
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tightly matched to prevent water seepage. The funnel and tube combina-
tion were then taped on top of the graduated cylinder (Fig. 23) and the 
water sample was poured down the tube. As water filled up the tube, a 
pressure column was created that managed to push all the water through 
the filter. When the entire water sample having passed through the filter, 
the filter was removed and dried for 10 minutes at 105°C. The filter, 
with the particles, was later weighed and by subtracting the weight of the 
filter, the mass of SS for 1 liter sample was calculated. This established 
the concentration of SS for two samples for each sample occasion. At 
one point, the effluent water from one of the samples was collected and 
sent to the SHS to determine the remaining amount of SS in the effluent, 

i.e. the SS fraction < 1.6 μm. The SHS water laboratory uses the Russian 
standard GOST filter with a pore diameter of 1- 2.5 nm (Iurcu, 2013). 

 Calculation 2.11.4.

By using the measured depths and the width across the river together 
with the varying heights of the water surface at the sampling site, a dif-
ferent cross-section area of the river was calculated for each sample oc-
casion. The sample-specific cross-sections were then multiplied with the 
corresponding velocity giving the water discharge for each sample occa-
sion. The water discharge was multiplied with the average of the two SS-
concentrations which resulted in a sediment transport rate (Eq. 4). 

In the same way as for the long-term measurements of the SS concentra-
tion and the discharge rate at the hydrological station by SHS, the corre-

Fig. 23.The 
funnel with 
filter was 
taped to the 
plastic tube. 
The funnel 
tube 
combination 
was taped on 
top of a 
graduated 
cylinder. The 
water sample 
was then 
poured into 
the top of the 
tube and 
filtrated.  
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lation between QW and QS as well as SS and QS was calculated to see 
which of them had more influence and if this relationship would differ 
from the one for the SHS data.  

To see if the difference between sample 1 and 2 at each sample occasion 
was significant a Chi-square test was performed. The sample pairs were 
expected to show a high degree of linearity, this was tested with the help 
of linear regression. 

2.12. Parameters influencing the sediment pollution levels 
The concentration levels of nitrogen and phosphorus in the sediment at 
Singera were compared to the following parameters (sample resolution in 
parenthesis): ammonium (NH4

+, monthly measurements), total phos-
phorus (monthly), water temperature (monthly), suspended solids 
(monthly), suspended solids measured at the hydrological station about 
24 km upstream of Singera (daily), water discharge (daily, at the hydro-
logical station), precipitation (daily) and air temperature (daily) from a 
meteorological station 4 km away.  

Out of the measuring points along the Bîc River, the one at Singera is 
the one with the most consistent and recurring data, both in regard to 
sediment sampling and analysis, as to water sampling and analysis. 
Among the substances that were analyzed, phosphorus and nitrogen 
were the ones that were analyzed most often. Between 2007 and 2012, in 
total seven sediment samples were taken and all of them were analyzed 
for both Kjeldahl nitrogen (organic N, NH3 and NH4

+) and total phos-
phorous. The samples were mostly collected in the summer, with one 
exception where one sample was taken in November 2007 (SHS Envi-
ronment, 2013a). Between 2006 and 2012 water samples were taken once 
a month and all but two of them were analyzed for phosphorus (phos-
phate and total phosphorus) and nitrogen (NH4

+, NO3
- and NO2) (SHS 

Environment, 2013b).  

The linear correlation between the sediment data and the average of the 
last month, the two last months, the last three, four and so on, up until 
the average of the last 24 months of each of the other parameters was 
calculated. The output data was the coefficients for the linear regression 
(determining the slope and the intercept), the R value, the R2 value and 
the p value. 

3. RESULTS  

3.1. Sediment analysis 
The results showed that the sediments at all of the sample points con-
tained numerous contaminants at concentration levels above the LEL 
(Table 3). Compared to the results from SHS’s sampling from 2012, 17 
out of 20 concentrations were higher, and 13 out of 20 concentrations 
were more than twice as high as the levels from 2012. 

 Heavy metals 3.1.1.

A peak value for Cd at 1.8 mg/kg was detected in Chişinău, at the Var-

nița downstream sample. The majority, 88%, of Cd levels analyzed in 
sediments along the river exceeded the LEL. 

For Cu, peak values were detected at the upstream Ghidighici sample site 
upstream of the dam (55 mg/kg), and in Gura Bîcului before the Bîc 
River’s outlet into Dniester (59 mg/kg). All of the samples indicated 
concentrations above the LEL.  

Concentrations of Mn that exceed the LEL were all detected in samples 
extracted from sediments upstream of Chişinău. The peak concentra-



Sediment state and flow in the Bîc River, Republic of Moldova – A minor field study 

 

33 

 

tions were detected in the samples from Sipoteni (840 mg/kg) and up-
stream Ghidighici (905 mg/kg) with levels almost reaching the SEL (no 
existing PEL). All of the samples taken in Chişinău and downstream of 
the city are all displaying sediments of better quality with Mn-
concentrations below the LEL.  

The highest concentrations of Ni were detected upstream of the Ghi-
dighici dam, where the three samples even were above the PEL. The 
peak-concentration was detected in the upstream Ghidighici site, with 
the sample from the grab sampler (50 mg/kg). All of the samples ex-
tracted show concentrations of Ni well above the LEL. 

Concentrations for Pb were detected at its highest at the sample point 
downstream Ghidighici. The peak concentration at 59 mg/kg was well 
beyond the LEL and was generally twice as high as the rest of the sam-
ples from the river (Fig. 24). A majority of the samples showed concen-
trations of lead in the range of 27 – 32 mg/l which was just around the 
LEL.  

Zn concentrations were generally all close to the LEL, with values ex-

ceeding it in Sipoteni (130 mg/kg) and Varnița – downstream 
(137 mg/kg). The peak concentration was detected in Gura Bîcului 
(164 mg/kg).  

 Nutrients  3.1.2.

Levels of Ptot were all above the LEL in the sediment samples, except 

for the ones taken downstream Ghidighici and at Varnița Street, which 
were right below the limit (Fig. 25). The levels of Ptot were all higher up-
stream of the dam and downstream of Chişinău than within Chişinău, 
with the peak concentration at 2521 mg/kg detected in Gura Bîcului. 
The peak concentration exceeded the concentration level for SEL.  

Table 3. Detected concentrations of pollutants at the sample sites. The 
concentrations exceeding guideline values are labeled.  
 
 Parameter 
(mg/kg) 

Sipoten
i 

Up  

Ghid  

1 

Up  

Ghid  

2 

Down 
Ghid 

Varnița 
up 

Varnița 
down 

Singera 
Gura 
Bîcului 

         
PP 162* 30 41 1188** 3357** 1374** 1714** 2756** 

Cd 0.74+ 0.47 0.93+ 0.94+ 1.08+ 1.78+ 0.95+ 1.16+ 

Cu 41+ 42+ 55+ 35+ 34+ 47+ 39+ 59+ 

Mn 841+ 607+ 905+ 604+ 151 169 258 278 

Ni 46++ 40++ 50++ 30+ 17+ 20+ 25+ 28+ 

Pb 30 17 26 59+ 29 32+ 28 27 

Zn 130+ 86 107 66 98 137+ 107 165+ 

Ptot 1164+ 810+ 1227+ 489 393 600+ 1247+ 2522+++ 

TKN 3246+ 2395+ 3250+ 1999+ 1082+ 1751+ 2899+ 11614+++ 

PCBs 0.0075 0.0015 0.001
5 

- 0.0048 0.0014 0.0303 0.0004 

DDT 0.067+ 0.033+ 0.036
+ 

0.014+ 0.006 0.006 - 0.001 

Up Ghid 1 = Upstream Ghidighici, tube sample. Up Ghid 2 = Upstream Ghidighici, grab sample. 
Down Ghid = Downstream Ghidighici. Varnița up = Varnița upstream. Varnița down = Varnița 
downstream. PP = Petroleum Products 

+  Value exceeds lowest effect level  * Value exceeds residential cleanup level 

++ Value exceeds probable effect level ** Value exceeds industrial cleanup level 

+++ Value exceeds severe effect level (Oklahoma, 2012) 

(MacDonald et al., 2000)  
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The concentration levels of TKN in the sediments samples all exceeded 
the LEL (Fig. 26). The peak concentration was detected in Gura 
Bîucului, with levels of TKN detected at 11614 mg/kg, almost twice as 
high as the SEL. 

 Persistent organic pollutants 3.1.3.

In Singera the peak concentration for PCB was detected at 0.03 mg/kg; 
about half the concentration required to exceed the LEL. The second 
highest concentration was detected in Sipoteni at 0.0075 mg/kg. No 
PCB at detectable concentrations was detected in the sample from 
downstream Ghidighici at Vatra. 

Concentrations of DDT were detected at all sample points except for 
Singera (Fig. 27). All of the sample points upstream of Chişinău showed 
values of DDT above the LEL. Especially those samples taken upstream 

Fig. 24. The peak concentration for lead measures above the Lowest 
Effect Level and is located at the sample point Downstream Ghidighici. 
The rest of the detected concentrations are below or close to the Lowest 
Effect Level. 

Fig. 25. Phosphorus, measured as total phosphorus (Ptot) has its peak 
concentration in Gura Bîcului with levels exceeding the Severe Effect 
Level. Samples upstream and downstream of Chişinău exceed the Lowest 
Effect Level. 
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of the Ghidighici dam surpass the LEL with the peak concentration 
(0.067 mg/kg) at the site located furthest upstream in Sipoteni. The 

samples acquired in Chişinău at Varnița Street are just below the LEL 
and the concentration showed a declining trend further downstream. 

 Petroleum products 3.1.4.

Sediments analyzed downstream of the Ghidighici dam are all polluted 
with petroleum products beyond the cleanup levels for industrial areas 
(Fig. 28). The highest concentrations were detected in Gura Bîcului with 

a concentration at 2756 mg/kg, and Varnița – upstream which is the 
peak at 3357 mg/kg. Both of these concentrations were well beyond the 
limit for what is accepted in industrial land use which is 500 mg/kg (Ok-

lahoma, 2012). The other sample from Varnița had a lower concentra-
tion at 1373 mg/kg. None of the sediments analyzed upstream of the 
dam were close to the industrial guideline value as they were all below. 
However they were close or higher than the cleanup levels regarding the 
residential areas, which are deemed more sensitive to pollution. 

 Organic matter 3.1.5.

The peak concentration of organic matter in sediments was detected in 
Gura Bîcului, where 16.2 % of the sample analyzed was organic content. 
Other high concentrations were detected at the upstream Ghidighici site 
with the grab sampler (12.1 %) and at Sipoteni (10.8%). The lowest 

quantity of organic matter was both find at the two samples in Varnița at 
7.5 % and 5.2 % respectively.  

 Tube sampler vs grab sampler 3.1.6.

Out of the 20 analyses made from the two sampling points 17 showed 
higher concentrations for the tube sampling performed for this study. 13 
of the tube samples showed more than double the concentration than in 
the grab samples. A few of the samples were as high as seven to nine 
times the concentration level from the 2012 samples. 

3.2. Sediment transport 
The rainfall-runoff model used to fill the gaps in the first half of the 
1991-1993 period showed a Nash-Sutcliffe model efficiency coefficient 
(ENS) of 0.32 for the calibration period 1986-1991, and a normalized root 

Fig. 26. Nitrogen, measured as Total Kjeldahl Nitrogen (TKN) has its 
peak concentration in Gura Bîcului with levels exceeding the Severe 
Effect Level.  
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square mean error (NRMSE) of 0.04. When isolating only the last two 
years before the gap the ENS was higher, 0.44, and the NRMSE was 0.05. 
The ENS for the second half of the 1991-1993 gap and the following 
smaller gaps in the period of 1997-2003 was 0.26 and the NRMSE was 
0.06. 

In both cases, groundwater discharge was set at a minimum by the cali-
bration function, making the groundwater storage a “black hole” where 
water “disappeared”. This made the water balance very unbalanced. 

The relationship between the sediment transportation and the water dis-
charge rate of the measured values is best by a described by a logarithmic 
equation (Eq. 12) (Fig. 29 & 30): 

                        , R2 = 0.73    (12)  

QS = sediment transport (kg/s)  
QW = water discharge rate (m3/s) 

The unpaired t-test showed that the difference in average values between 
the observed and the modeled values of the sediment transport was not 

Fig. 28. The levels of petroleum products are increasing downstream of 
the dam and reach their peak at Varniţa, Upstream and Gura Bîcului. 

Fig. 27. DDT has its peak and highest concentrations upstream of the 
dam. Further downstream the concentration decreases.  
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statistically significant. Using confidence intervals for the linear coeffi-
cient and the intercept showed that the average confidence interval was 
± 5.8 % for the modeled results. The mean error of the original values, 
i.e. non-log values, showed an underestimation of the modeled results 
(mean error = -0.07) compared to the observed ones.  

The log-linear relationship was stronger between the sediment transport 
and the water discharge rate than the log-linear one between the sedi-
ment transportation and the suspended solids concentration (R2 = 0.73 
vs. R2 = 0.51).  

3.3. Sediment yield 
The organic matter in the sediment sample upstream of the dam reser-
voir was 8.8 %. The calculated organic carbon content was 5.19 % ren-

Fig. 29. Sediment transport rate (QS) and water discharge (QW) 1971-2012. 
Linear correlation equation and R2 value. 

Fig. 30. Logarithmic sediment transport rate (log QS) and logarithmic 
water discharge (log QW). 1971-2012. Linear correlation equation and R2 
value. 
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dering a dry bulk density of the sediments in the Ghidighici dam reser-
voir of 0.342 ton/m3. The volume of sediments was 7.6 million m3 in 
2009 giving a total mass of 2 602 219 tons. The sum of the total amount 
of suspended solids passing by the hydrological station between October 
1975 – August 2009 was 107 705 tons, about 1/24 of the mass in the 
dam reservoir. 

The parameter Rpre was 3135 t/km2, the Rpost 2027 t/km2 and the dam 
sediment release coefficient Krel 0.00243. Using Rpre for the catchment 
area downstream of the hydrological station gave the amount 
4 025 701 tons sediment that was transported into the Dniester River 
during the time period 1975 – 2009. That’s an average of 
118 403 ton/year or 54.6 ton/(year*km2).  

In 2012, the suspended solids load to Bîc from the wastewater treatment 
plant amounted to 1004 tons and the average discharge rate was 
1.57 m3/s. The average discharge rate at the hydrological station was 
0.12 m3/s in the same year. 

3.4. Suspended solids monitoring 
The water discharge in the river varied in the interval of 1.12 and 
1.73 m3/s during the sample period. The average discharge was 
1.49 m3/s. The water discharge in the 42 year data series from SHS var-
ied between 0.009 and 46.2 m3/s. Concentrations of SS varied in the in-
terval of 6.8 and 70 g/m3 with the average concentration of 20.8 g/m3. 
However, a majority of the samples (82 %) had concentrations in a 
smaller range between 6.8 and 30 g/m3. The calculated transport rate of 
sediments was in the range of 11.3 and 119.7 g/s. The average rate was 
32.1 g/s and 82 % of the detected rates were in the interval of 11.3 and 
40.3 g/s. The 42 year data series provided by SHS had concentrations 
ranging from 0.054 to 19000 mg/L. 

The sediment transport rate displayed a strong correlation with the aver-
age between the concentrations of the two samples of the suspended sol-

Fig. 31. The concentration of all sample pairs (sample one and two) correlate 
with R2 = 0.93.  
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ids, R2 = 0.99. The relationship between the transport rate of sediment 
and the concentration of suspended solids is described by a linear func-
tion (Eq. 13):  

                    
            (13) 

SS = suspended solids (g/m3) 
Qs = sediment transport rate (g/s) 

The Chi-square test showed that the differences between sample 1 and 2 
at each sample occasion was not statistically significant, not even at the 
90 % level (Chi2 = 13.4, Degrees of freedom = 21). Instead, the two 
samples taken at the same time showed a strong correlation regarding 
the concentration of SS, R2 = 0.93 (Fig. 31). The relationship between 
the concentrations of the two samples taken at the same time is de-
scribed by a linear equation (14): 

                    
             (14) 

C1 = suspended solids in sample 1 [g/m3] 
C2 = suspended solids in sample 2 [g/m3] 

The one sample, whose effluent water was sent to SHS for further analy-
sis, displayed a SS concentration of 22.2 mg/l. The effluent water ana-
lyzed at SHS showed a concentration of 106.5 mg/l.  

3.5. Parameters influencing the sediment pollution levels 
A negative linear correlation between the nitrogen concentration in the 
sediment and the NH4

+ concentration in the water for the month pre-

Fig. 32. Plot showing the R value (y axis) for the correlation between 
the phosphorus concentration in the sediment and the average 
phosphorus concentration in the water for the 1-24 months (x axis) 
before a sediment sample. The highest correlation is found between 
months 12-17. There the statistical significance is also the highest. 
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ceding a sediment sample was detected (R = 0.76, p < 0.05). There was a 
positive correlation between the nitrogen concentration in the sediment 
and the average water temperature for the three months preceding a sed-
iment sample (R = 0.78, p < 0.05).  

In the same way as for nitrogen, there was a positive correlation between 
the phosphorous concentrations in the sediment and the average water 
temperature for the three months preceding a sediment sample (R = 
0.51, p < 0.05). A positive correlation, but with a smaller statistical signif-
icance than the other correlations (0.49 < R < 0.65, 0.11 < p < 0.27), 
was also detected between the phosphorus concentration in the sediment 
and in the water for the average of the twelve to eighteen months pre-
ceding a sediment sample (Fig. 32). 

4. DISCUSSION  

4.1. Sediment pollution levels 
All sediment samples contained several substances at concentrations 
above the LEL and at least one above the PEL or the SEL. The results 
confirm previous studies made in the Bîc River basin but also provide a 
more comprehensive picture. 

 Heavy metals 4.1.1.

The Cd concentration peak detected at the Varnița downstream sample 
shows that there is a possible increase of Cd coming from Chişinău 
when the river enters the city. The higher concentrations close to the riv-
er outlet in Gura Bîcului indicates a possible accumulation of Cd from 
the entire river (Table 3). 

Since all of the concentrations of Cu are above the PEL, it is possible to 
assume that there is a steady source of Cu entering all along the river 
stretch; possibly from diffuse sources. The concentrations also shows 
signs of increasing the further downstream the sample is taken (Table 3). 

The highest concentrations of Mn have been detected upstream of the 
city (Table 3). In and downstream of Chişinău the concentrations are 
even lower than the LEL. As Mn occurs in fertilizers (wanted or un-
wanted) (Howe et al., 2004), agriculture is probably one of the major 
sources. The difference between concentration in the area upstream of 
the dam and downstream of Chişinău could possibly be explained by dif-
ferent crops and thereby a difference regarding what fertilizers that are 
used.  

The amount of Ni in sediments along the Bîc is all above the LEL and 
shows a trend of increasing downstream of Chişinău. The samples from 

Varnița in Chişinău have the lowest concentration of Ni (Table 3). This 
difference could possibly be explained in the same way as for Mn.  

The sediments analyzed had concentrations of Pb just below the LEL. 
So it is fair to assume that the entire river is exposed to levels of Pb that 
makes it marginally polluted. There is however a peak concentration tak-
en downstream of the dam at downstream Ghidighici in Vatra (Fig. 24). 
This sample differs from a general trend of lower concentrations down-
stream the dam compared to the ones sampled upstream of the dam 
(Table 3). It is possible that there is a point source in Vatra contributing 
with Pb to the river, explaining the peak concentration of Pb in the sed-
iment at that specific location.  

The varying concentration of Zn indicates that the concentrations of Zn 
might vary a bit across the river stretch. The peak detected at Gura 
Bîcului close to the river outlet indicates that the concentration of Zn in-
creases and accumulates before the outlet (Table 3).  
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 Nutrients 4.1.2.

Concentrations of nutrients in the sediments follow a trend that it is in-
creasing downstream of Chişinău. Similar to other pollutants, there is a 
peak concentration located in Gura Bîcului before the outlet of the river, 
coinciding with the peak amount of organic matter. The concentrations 
of the nutrients are the only pollutants in this study that exceed the SEL. 
It seems as if the main sources for nutrients are agriculture since the big-
gest concentrations in the sediments are detected outside of Chişinău. 
There can also be additional sources of greater magnitude around Gura 
Bîcului where it also seems to accumulate (Table 3). 

 Persistent organic pollutants 4.1.3.

The concentrations of PCB are all very low in the sediments along Bîc 
River, never reaching the LEL. For the quality of the sediments this is a 
good thing, and PCB is the only pollutant to manage that. Previous stud-
ies have indicated that the sediments in Dniester River, downstream of 
its tributary to Bîc receive PCB from Bîc. Sediments downstream of 
Bîc’s inlet to Dniester had concentrations of PCB above the PEL, and 
the sediments upstream of the tributary had concentrations below the 
PEL. The Bîc River was assumed to be the contributing factor of PCB 
and also to possess sediments with concentrations above the PEL 
(Sapozhinkova et al., 2005). However, this study showed that PCB con-
centrations in the Bîc River sediments are even lower than the LEL, 
somehow indicating that PCB would not be part of a sedimentation pro-
cess in Bîc. This assumption doesn't seem very likely since all other pol-
lutants are detected at high concentrations in the sediments along the 
river (Table 3). The recommended analysis of PCB is different from the 
method used in this study. Recommended methods include freeze-drying 
of the sediments (-20°C) after sampling if not analyzed within 48 hours 
and to perform the analysis of the sample in a wet state (Mudroch & 
Azcue, 1995).  This is done to prevent PCB volatile loss which happens 
when sediment samples are dried (Chiarenzelli et al., 1997). It is likely 
that PCB in the samples from Bîc were volatilized during the preparation 
of the sediment analysis, explaining the low concentrations detected. 

The biggest amounts of concentrations of DDT were all detected up-
stream of the Ghidighici dam. It is possible that there are sources releas-
ing DDT into Bîc around Sipoteni where the peak concentration was de-
tected. This indication can be used to further investigate if there are any 
lost storages with DDT located there or if it is still used as a pesticide for 
the agriculture in the area. These concentrations of DDT even exceed 
concentrations detected in the tributary of Bîc in a previous study 
(Sapozhinkova et al., 2005).  

Further studies of samples upstream of Sipoteni focusing on Ni, Mn and 
DDT are suggested. This could establish if there is a similar spatial 
change where the concentration increases the further upstream the sam-
ple is located along the river.  

 Petroleum products 4.1.4.

It is possible to see a pattern in the sediments of Bîc where the petrole-
um products are gathered in extremely high or low levels of pollution. 
The pattern is that downstream of the dam, levels of petroleum are de-
tected at high levels, while concentrations were significantly lower up-
stream of the dam. Downstream of the dam is an area of increased traf-
fic, industry and urbanization compared to upstream that is most likely 

the cause to the high concentrations. Especially in Varnița Street in 
Chişinău, where the peak concentration was detected there are various 
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wastewater pipes, probably from local industries. It is also a location 
where inhabitants are washing cars by hand close to the river (Coseru, 
2013). The guidelines used to translate the concentrations of petroleum 
products into a ranking of pollution are cleanup levels for soil catego-
rized by land use (Oklahoma, 2012). It can be discussed if these are ap-
propriate to use for sediments, and more importantly which one of the 
two that should be used. SHS in Moldova use concentration limits for 
soil in their evaluation of sediments so it seems applicable (Cumanova, 
2013). This report considers river sediments to be a medium more sensi-
tive to pollutants than industrial areas and therefore the residential gener-
ic cleanup level should be used as a guidance value for concentrations 
that are considered polluted.  

 Spatial variation at Varnița 4.1.5.

The downstream Varnița sample generally contains higher concentra-
tions of the analyzed substances than the two samples taken 100 meters 
upstream, with the exception of petroleum products where the upstream 
sample showed the highest levels. The sites were similar; small lagoons 
formed at the side of the river. No apparent reason for the differences 
was visible. This gives a picture of how big the spatial variability in sedi-
ments can be and is a reminder of how important it is to take more than 
one sample at a certain location. 

 Concentrations starting over after Ghidighici dam  4.1.6.

The samples from the downstream Ghidighici sample point at Vatra dis-
play lower concentrations of pollutants than the samples upstream of the 
dam at the upstream Ghidighici sample point. It is interpreted as a sign 
of that the dam captures the polluted sediment particles and that the riv-
er downstream of the dam "starts over" regarding its amount of pollu-
tants. This can be seen in the sudden drop in concentration at the 
Downstream Ghidighici site from the Upstream Ghidighici site. This 
complies with of the pollutants analyzed except for Pb and petroleum 
products (Table 3).  

 Tube sampler vs. grab sampler 4.1.7.

When comparing the two different sampling methods that were used at 
the upstream Ghidighici site the results show that mostly greater, and in 
a few cases, equal concentrations were obtained by the grab sampler. 
This result contradicts the assumption that the grab sampler misses a lot 
of the finer sediments, where most of the contaminants are supposed to 
occure. The loss of fine grained particles in the escaping water during the 
extraction of the sample was the biggest factor when choosing not to use 
the grab sampler. The explanation for the higher grab sampler concen-
trations therefore needs to be sought somewhere else and is probably 
due to the fact that the two sampling methods were used at different 
sides of the river and that the concentrations at the grab sampling side 
simply are larger. One was taken on a flood plain which at the time of 
the sampling was flooded with water (tube), the other was just next to 
the river channel, at the beginning of the slope leading down to the river 
bottom (grab). The expedition group at SHS explained that the flood-
plain is normally not flooded during most parts of the year (Josan, 2013). 
It is therefore likely to assume that the two sampling points have differ-
ent concentration levels of the pollutants. 

The comparison between the last grab sample occasion made by SHS in 
2012 and the results from this study supports the belief of detecting 
greater concentrations when using the tube sampler compared to the 
grab sampler (section 3.1.6). However, no certain conclusion can be 
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drawn since it is not known if the samples were taken at the exact same 
site and since there were ten months in between samples. To be able to 
really determine the difference between the two methods samples need 
to be taken at the same site at the same time, preferably not only at one 
site but on several.  

4.2. Rainfall-runoff model 
The ENS values together with the NRMSE values from the rainfall-
runoff model were seen as indicators of the model working well enough 
for the purpose. The water that “disappears” into the groundwater stor-
age is probably due to an underestimation of the evapotranspiration. The 
reason for this is that the model does not take the abundant irrigation 
that takes place in this agriculturally dense river basin into consideration. 
To improve the model, a function representing the irrigation and the 
subsequent evapotranspiration would be needed to be added. A start 
would be to introduce an irrigation coefficient that removes a certain 
percentage of the groundwater storage each day. This amount would 
represent the irrigation in the summer and the storage of water in ponds 
during the winter.  

4.3. Sediment transport 
Using equation 12 the sedimentation transport might have been underes-
timated (mean error = -0.07). To quantify how big this error can be it 
was assumed that the mean error also would be the same during the gap 
periods giving a possible total underestimation of 6700 tons during the 
34 months. This is to be compared to the total sediment transport during 
the whole period of interest 1975-2009 which showed the amount of 
118 000 tons (modeled results included). The underestimation would 
then be 5.7 % of the total amount, a figure that was seen as acceptable. 

4.4. Sediment yield 
The estimated amount of sediment transported into Dniester from Bîc, 
54.6 ton/(year*km2), can be compared to 34.5 ton/(year*km2) that is the 
average amount of sediment transported by Dniester into the Black Sea 
(Eurosion, 2004). This gives an indication that the Bîc river basin con-
tributes more suspended solids than the other tributaries to Dniester do 
on an average. It has also been reported that Bîc’s outflow is seen as a 
dark plume reaching into Dniester (Coseru, 2013). That said, the number 
calculated in this study could be overestimated, partly due to the simpli-
fication saying that the sediment yield coefficient Rpre is the same down-
stream of the hydrological station. However, the effect of the sealed sur-
faces in Chişinău is countered by the added water from the wastewater 
treatment plant. It contains suspended solids (1004 tons in total during 
2012) and it increases the discharge rate (by 1.57 m3/s in 2012) in the 
river and thereby the erosion potential.  

The calculation of the Rpre and Rpost parameters is sensitive to the mass 
of the sediments in the Ghidighici reservoir. The mass used in the calcu-
lation is subject to a number of uncertainties, namely: 

 The volume of sediments in the reservoir 

 The organic carbon estimation, based on the level of organic matter in 
the sediments upstream of the reservoir 

 The formula used to transform the estimated organic carbon level to 
dry bulk density 

The values calibrated for the Rpre, Rpost and Krel parameters are not the 
only ones that fulfill the mass criteria for the sediments in the reservoir 
and the sum of sediment transport at the hydrological station. However, 
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this is mostly true for the Rpost and Krel parameters, the Rpre parameter 
can only be changed slightly if the criteria are to be fulfilled. Since it is 
the Rpre value that is of interest for the estimation of the sediment 
transport out of Bîc the model is useful, despite the lack of a unique so-
lution. Also, when comparing satellite photos of the small catchment ar-
ea between the dam and the station to the bigger catchment area leading 
to the reservoir it can be seen that the land use differs. The area up-
stream the dam is to a large extent covered with agriculture, the area 
downstream until the hydrological station is partly urban and partly agri-
cultural. As erosion is bigger from agricultural land (Vanoni, 2006) the 
difference in land use seems to be well reflected in the difference of the 
sedimentation rate parameters Rpre and Rpost.  

4.5. Suspended solids monitoring 
The strong correlation between transport rate and suspended solids con-
centration is best explained by the stable flow during the monitoring pe-
riod. In other words, the concentration of SS in the river is the major 
factor influencing the rate of sediment transport at the monitored site.  

In contrast to the correlation analysis for the data series from SHS, the 
data series from this study did not have to be logarithmized to show a 
strong correlation. This difference is best explained by the different 
ranges of values in the two data series. The monitoring performed in this 
study had SS concentrations in the range of 6.8-70 mg/l while the 
42 year data series provided by SHS had concentrations ranging from 
0.054 to 19000 mg/l. Also the range for water discharge was very differ-
ent between the two data series (section 3.4). The logarithm of the data 
series is used to compress the values in an interval and the monitoring 
data series was not broad enough to benefit from it.  

The correlation curve for the sample pair concentration showed a strong 
relationship between the separate samples. The chi2-test did not contra-
dict this. Therefore, it can be concluded that the method used in this 
study is reliable enough to use for measurements in rivers with similar SS 
concentrations and properties.  

The linear equation (Eq. 13) for the monitored sediment transport yields 
a stronger coefficient of determination than the logarithmic equation 
based on SHS-data (Eq. 11). The monitoring was not performed at the 
same location, in a much smaller time frame (with less probability of ex-
treme events happening), not with the same method, and showed a very 
different size for the range of values for both water discharge and sus-
pended solids. The filters used in the monitoring had a bigger pore size 
than the ones used by SHS. Therefore SHS can detect higher concentra-
tions of SS than those that were detected during the monitoring. This 
was tested by letting SHS analyze the filtered effluent water that re-
mained from the make-shift filtration device. The make-shift filtration 
device displayed a concentration of 22.2 mg/l after filtration of the water 
sample. The effluent water sample analyzed by SHS had a concentration 
of 106.5 mg/l. This means that the filtration used for the monitoring 
does not detect the majority of SS. It would be interesting to compare 
the data from this study with the measurement done by SHS in same 
time period. However, those data will not be made official until the end 
of the year.  

4.6. Parameters influencing the sediment pollution levels 
The positive correlation between the nitrogen levels in the sediment and 
the temperature in the water can be explained by lower solubility of oxy-
gen in warmer water than in cooler. Oxygen is needed for nitrification, 
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without it, NH4
+ will remain in the sediment as NH4

+ instead of being 
converted to NO2

- and NO3
- and therefore not detectable in the Kjeldahl 

analysis. Why a correlation between water temperature and the phospho-
rus concentration in the sediment is seen is more difficult to explain. The 
positive correlation between the phosphorus level in the sediment and 
the water might show that phosphorus deposited in the sediment stay 
there quite a long time.  

The basis for this statistical analysis is very small, only seven sediment 
samples spread out over six years and many of the other parameters were 
only monthly values. A few more sediment samples that would show the 
opposite of the correlations detected in this study would probably ruin 
any statistical significance. If they instead would show the same behavior 
the correlations would be strengthened. 

4.7. Suggestions for continued monitoring 
The discussion above clearly shows how valueble environmental moni-
toring is for the ability to analyze and draw conclusions about sediment 
pollution state. It is also obvious how the access to only small amounts 
of data as well as low quality data increase the uncertainties in any analy-
sis. This was seen for example in regard to the sporadic sediment sam-
pling done by SHS during 2006-2012. In order to achieve an unbroken 
data series of measured pollution levels in the sediments in the Bîc River, 
an ongoing sampling program with tube or core samplers (where possi-
ble) at sampling points spread out over the entire river basin is encour-
aged. The monitoring of sediments in the river and its biota can be used 
together with quality standards for pollutants to provide a coherent and 
comprehensive understanding of the status of the water body (European 
Commission, 2010). When choosing which substances to analyze for it is 
important to focus on the ones with potential adverse effects. One such 
group are contaminants that biomagnify, such as mercury, PCBs, DDT, 
dioxins and furans (Fletcher et al., 2008). Finding ways to analyze all of 
these substances in a proper way, from the first step of sampling to 
transport, storage and laboratory work is of great importance. If the 
handling and analysis of samples is not satisfactory then the comparison 
to SQG is unusable. Other substances with potential adverse effects are 
heavy metals (e.g. zinc, copper, nickel, chromium, lead, cadmium, and 
manganese), petroleum products, nutrients and PAHs. A more thor-
oughly described monitoring plan is placed in Appendix A. 

5. CONCLUSION  

The combination of chemical analysis of sediment and water sample, wa-
ter quality monitoring data, and sediment transport modeling was suc-
cessfully used to develop an increased understanding of the governing 
processes for the water quality and ecological status of the river Bîc. The 
combined picture is that it is in a severe state of pollution.  For the sedi-
ment samples, all of them showed concentrations above the Lowest Ef-
fect Level for at least six out of the eleven substances that were analyzed 
for and all samples contained at least one substance with a concentration 
above the Probable Effect Level. 

The chemical data from sediment samples collected along the river was 
useful for the understanding of the source of different substances, and to 
clarify the impact of the city of Chişinău as well as the water reservoir. 
One of the most conspicuous impacts was that of Chişinău on petrole-
um products with concentrations 10-100 times higher in and down-
stream of Chişinău than those upstream. It is also evident that the nutri-
ent levels are lower within Chişinău than outside of it. Some heavy 



Mikael Gillefalk and Felix Lindberg  TRITA LWR Degree Project 13:31 

 

46 

metals are more abundant upstream of the dam reservoir Ghidighici than 
downstream. This is true for manganese and nickel and could be a con-
sequence of a difference in the fertilizers used by the farmers. A peak in 
the lead concentrations detected at the first sample point downstream of 
the Ghidighici dam indicates a point source somewhere in between the 
dam and the sample point, a pretty narrow geographical area. 

The results of the sediment yield modeling show that Bîc contributes 
58 % more suspended solids per km2 to Dniester than what Dniester it-
self does to the Black Sea. This indicates that Bîc possibly contributes 
more suspended solids per km2 than other sub-basins in the Dniester 
river basin. Combined with the results from the sediment sampling it 
seems that the contribution not only is abundant but also environmental-
ly harmful.  

A continued program of measurements of the pollution levels in the sed-
iments is of need to provide future decision-makers a solid foundation to 
stand on when taking actions against emissions and in favor of the aquat-
ic environment in the Bîc River basin.  
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APPENDIX -  MONITORING PLAN PROPOSAL 

In order to achieve an unbroken data series of measured pollution levels 
in the sediments in the Bîc River the authors propose an ongoing sam-
pling program with tube or core samplers (where possible) at sampling 
points spread out over the entire river basin. The monitoring of sedi-
ments in the river and its biota can be used together with quality stand-
ards for pollutants to provide a coherent and comprehensive under-
standing of the status of the water body (European Commission, 2010).  

The authors are aware of limited resources at many of the Moldovan in-
stitutions, therefore the ambitions of the proposal are adjusted to this 
situation. Still, if followed, the monitoring plan would strongly improve 
the knowledge concerning the sediments and would provide a firm basis 
for future decision-making regarding remediation actions. The proposal 
is based on a guidance document on chemical monitoring of sediments 
and the biota under the EU Water Framework Directive (Framework 
water directive 2000/60/EC, 2000) and on the Ontario guidelines for 
identifying, assessing and managing contaminated sediments (Fletcher et 
al., 2008). 

What substances to analyze?  
When choosing which substances to analyze it is important to focus on 
the ones with potential adverse effects. One such group are contami-
nants that biomagnify: Mercury, PCBs, DDT, dioxins and furans 
(Fletcher et al., 2008). Out of these, only DDT and PCBs have previous-
ly been analyzed, and sample handling might have corrupted the PCB re-
sults. Finding ways to analyze all of these substances in a proper way, 
from the first step of sampling to transport, storage and laboratory work 
is of great importance. If the handling and analysis of samples is not sat-
isfactory then the comparison to Sediment Quality Guidelines (SQG) is 
unusable. Other substances that also have potential adverse effects are 
heavy metals (e.g. zinc, copper, nickel, chromium, lead, cadmium, and 
manganese), petroleum products, nutrients and PAHs. 

Sampling equipment 
Since most of the pollutants adsorb to fine-grained material (< 63 µm) it 
is important to use equipment that makes sure to lose as little of this 
fraction as possible during the sample process. The tube sampler used 
for this study is inexpensive and works well in shallow waters, but an al-
ternative for sites with deeper waters needs to be looked for. The insti-
tute of Ecology at the Academy of Science in Moldova is in possession 
of a corer could be of interest.  

Using a corer of some sort would have the negative consequence of 
making it hard to compare with the previous results from the SHS sam-
plings. Therefore, a comparative study of the two methods with the aim 
to assess how the two sampling techniques differ in detected concentra-
tions would be welcome. A generalized difference in concentration can 
be obtained through future sampling where both techniques are used at 
the same site and at the same time. 

Sample locations 
Sediment samples in the future should be taken at sites in the river where 
sediment accumulation is expected to happen on a permanent basis. 
Some of the sample points in this study were assumed to be only tempo-
rary places for sedimentation and might fail to be part of a consistent fu-
ture monitoring. The geographical spread, however, was good. Samples 
from at least two locations upstream Ghidighici, one location upstream 
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and downstream of Chişinău and one close to the outflow into Dniester 
would be a minimum, in total five sample locations. Choosing locations 
as close to previous sample points as possible is important for making 
comparisons. When suitable locations have been established, it is of 
course important to always return to the same place for sampling. 

If there are resources for it, multiple samples should be collected at each 
sampling site in order to estimate the factors contributing to the overall 
variance in the analysed data. The EU Water Framework Directive rec-
ommends three to five samples to be taken at each site (European com-
mission, 2010). A resource-efficient alternative is to take more than one 
sample but doing mixed analysis, as was done for this study. 

Sediment samples should also be linked to and studied in connection 
with documented anthropogenic sources. According to a guidance doc-
ument on chemical monitoring of sediment (European commission, 
2010); “Known point sources, e.g. from present or past industries, need 
special attention, as they are not representative and may bias the overall 
evaluation of a given water body”. 

Sample resolution 
When determining how often to take samples, the available resources for 
the work needs to be taken into consideration but there should never be 
more than year in between sample occasions. If possible, three or four 
occasions per year would give the possibility of analyzing seasonal varia-
tion in the sediments. 

Who will do it? 
Data exchange and information transparency between institutions, de-
partments and NGOs should be encouraged. The sediment quality 
would benefit if future aims and action plans could be staked out in co-
operation between these. The authors are convinced that by joining forc-
es, the Institute of Ecology at the Academy of Science and the Environ-
mental Quality Monitoring Department at the State 
Hydrometeorological Service would be more than able to work out a 
monitoring plan, and be responsible for implementing it, if they are pro-
vided with enough resources. 

Ghidighici dam reservoir 
The sediments in Ghidighici are old (at least 35 years) and less subject to 
change than river sediments. One bigger study of the sediment amount 
and quality is of need, requiring more resources and more advanced 
equipment, since the sediments are at a greater depth than in the river. It 
is the authority Apele Moldovei that is responsible for the dam and it is 
they who need to address the issue.  

Sediment quality guidelines 
If at least one of the contaminants that are of environmental concern are 
detected above a SQC that predicts minimal effects then there is a po-
tential ecological risk, and further assessment of the sediment is required. 
The same situation applies if one or more substances that biomagnify are 
detected (Fletcher et al., 2008). That there are contaminants of environ-
mental concern present in the Bîc River sediments has already been es-
tablished, not only by this study, showing the need of further studies. 

Remediation 
Remediation decisions are to be based primarily on biology, not on 
chemistry. The SQG are not benchmark values for encouraging cleanup, 
which means that remediation decisions should not be based on solely 
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the fact that the SQC values are exceeded. Therefore the monitoring 
should not only focus on chemistry, but on biology as well.  

If the quality of water gets better through other means than by sediment 
management, it is not certain that remedial action of the sediment is the 
best option for the water quality. Remedial action can cause further envi-
ronmental harm than leaving the contaminants in the sediments. The 
need for remedial action should be carefully investigated and planned for 
before implemented (Fletcher et al., 2008).  

Sediment transportation 
The sediment transport situation is very well documented at the hydro-
logical station in Chişinău. The situation in other parts of the river is less 
known with only monthly suspended solids concentrations measure-
ments. Of particular interest is the contribution of suspended particles to 
Dnister, therefore either a sediment trap of some sort could be installed 
or more frequent water samples could be taken close to the river mouth. 


