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Abstract 

This study aimed at examining the impact of oil pollution from artisanal oil refineries on the Oturuba river ecosystem using active 

river bottom sediment. Specific objectives included to determine the level of hydrocarbons and trace metals (Pb, Cd, Zn, Cu,  Ni, V 

and Mg) in the sediments and to relate this with general ecosystem health. The study found elevated concentrations of both hydro-

carbons and heavy metals in the range above most sediment quality guidelines exceeding the respective Threshold Effects Level 

and Probable Effects. Level guideline values and occurring at levels where impairment to biological communities is certain an d 

where toxicity levels can lead to negative impacts on benthic animals or infaunal communities. Heavy metal geochemical accum u-

lation index and potential ecological risk analysis also returned anomalously high concentrations in the range of very highly polluted 

sediment environments with very high ecological risk indices, thereby ranking the Oturuba Creek as one of the most pollu ted coastal 

river systems in the world.  
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INTRODUCTION 

The survival of coastal rivers and estuaries which are 

among the most sensitive and biologically productive 

habitats on earth is currently being threatened by human 

activities including oil production. Coastal rivers are dy-

namic ecosystems with spatial and temporal fluctuations 

in reach and constituents. Concentrations of organic and 

inorganic constituents in coastal river systems, espe-

cially metals and hydrocarbons are mediated by biogeo-

chemical forcings such as sediment composition and tex-

ture, sediment-water redox reactions, pH, temperature, 

salinity, nutrients and oxygen availability, microbial 

populations, competition, transportation dynamics and 

anthropogenic perturbations (Förstner and Salomons, 

1981; Whitehead, 2013). These anthropogenic disturb-

ances and naturally induced biogeochemical stressors 

may impose suboptimal conditions leading to physiolog-

ical adaptations or forced migration by resident species. 

For instance, oil pollution in coastal river systems 

through oil-induced oxygen-deficiency, toxicity, as-

phyxiation, coating or smothering, which affects gas ex-

change, thermo-reactions and osmoregulation, can 

threaten the life-support processes in a river ecosystem 

by imposing hypoxic conditions thereby affecting com-

munity resilience and population dynamics (Luoma et 

al., 1997; Mendelssohn et al., 2012; Whitehead, 2013). 

Sediments are sinks for contaminants in river ecosys-

tems and their physico-chemical properties and response to 

the chemical dynamics of the hydrological system may en-

hance subsequent contamination to the ecosystem compo-

nents to which they are linked. Significant contamination 

of sediments may lead to species and biodiversity losses 

(Markovic, 2003; Luoma, 1990) and deleterious food chain 

reactions from benthic communities to upper trophic levels 

(Burton, 2002) either through direct adverse impacts on 

bottom fauna or by becoming long-term sources of toxic 

substances to the environment. They can also impact wild-

life and humans through the consumption of food or water 

or by direct bodily contact. Of critical importance, is that 

these impacts may be present even though the overlying 

water meets water quality criteria (USEPA, 1992) thereby 

underscoring the importance of sediment quality analysis in 

monitoring ecosystem integrity. 

River bottom or deposited channel materials repre-

sent the closest approximation of sediment provenance, 

movement and deposition, however directly linking sedi-

ment chemistry data to observed adverse biological ef-

fects on organisms is problematic (USEPA, 2005), hence, 

a few screening guidelines, indices  or benchmarks (below 

which toxic effects are not expected to occur and above 

which toxic effects are usually expected) relate chemical 

concentrations in sediments to their “potential for biolog-

ical effects” (Bay et al., 2012).  
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Buchman (2008) presented sediment screening 

levels based on Threshold Effects Level (TEL), Effects 

Range-Low (ERL), and Probable Effects Level (PEL) 

for evaluating sediment quality. TELs define chemical 

sediment concentration benchmarks where toxic ef-

fects are scarcely observed in key indicator organisms 

while PELs on the other hand define concentrations 

which when exceeded can cause observable detrimental 

effects on organisms. ERL thresholds are statistical 

derivations of the10th percentile concentration of 

chemicals in samples identified as toxic occurring be-

tween the TEL levels and the PEL benchmark. Also 

heavy metals in sediments have been used successfully 

in calculating pre-industrial and anthropogenic pollu-

tion sources and ecological risks in sediments (Håkan-

son, 1980, 1988; Forstner, 1989; Singh et al., 2003; Li 

et al., 2012) and more recently in the analysis of 

groundwater contamination in industrial areas (Bhu-

tiani, 2017).  

These benchmarks which have been previously 

tested and accepted have been applied in this study to 

measure the impact of artisanal oil refining activities 

on the ecosystem health of the Oturuba Creek where 

illegal crude oil refining activities has been ongoing 

since 2010 and where ambient ecosystem destruction 

and reduction in fish catch has been observed. This 

study therefore attempts to show the latent and mani-

fest ecological impacts of hydrocarbon and heavy metal 

concentrations in sediments of the Oturuba Creek, 

hence similar ecological systems. It also aims to show 

the relationships and spatio-temporal spread of heavy 

metals and hydrocarbons in the Oturuba Creek. 

STUDY AREA 

Oil was first discovered in commercial quantities in 1956 

in Nigeria in the freshwater swamps of the Niger Delta, 

around Oloibiri, currently in the Bayelsa State of Nigeria.  

Since then the Niger Delta environment and its eco-sys-

tems have been adversely impacted and altered by oil and 

gas exploration and exploitation. This has triggered a con-

flict of interest and sometimes armed conflicts between 

production/facilities host communities on the one hand 

and the federal government and oil companies on the 

other. This has led to wanton pipeline vandalism, oil theft, 

illegal bunkering and illegal refining (using make- shift 

refineries) of probably stolen crude oil, and consequent oil 

spills into, and damage to the environment. When oil is 

spilled, it is washed into water bodies (as in the study area) 

via surface run off and may persist (bio-accumulate and 

bio-transform) in the media it attaches to for a very long 

period of time.  About 50% of spilled oil evaporates, oth-

ers migrate and stray away via the action of wind and tidal 

waves, others emulsify, while a percentage of it, unnotice-

ably, sinks to the bottom of the river bed and permeates 

into bottom sediments (USEPA, 1999).  

The Oturuba Creek is a tributary of the Andoni River 

-a major river which drains the eastern part of the Niger 

Delta of Nigeria. The creek (Fig. 1) has an approximate 

length of about 3.66km and width of about 100m, and av-

erage depth of about 3.7 metres. The river stretch starts 

from the Egwede area and drains into the Andoni River in 

the inter-tidal mud flat mangrove ecosystem terrain char-

acteristic of the eastern Niger Delta coastline. It is a low-

lying terrain (< 5 m asl) and consists of about 3-5 m of 

soft mud with high organic matter content.  The Oturuba 

 

Fig. 1 Location of the study area and the sample sites (SS) 
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Creek is a permanently saline sheltered river system tied 

to the tropical deltaic tide influenced Andoni River system 

with its characteristic silty muds, acidic sediments (pH: 

4.09 –5.04), high water temperatures (26.2–32.4°C), deep 

waters (17 fathoms) and wide water salinity ranges (8– 

21ppt) (Ssentongo, Ukpe and Ajayi, 1986; Ansa et al., 

2007; Ansa and Francis, 2007; Ezekwe and Edoghotu, 

2015). The study area also falls within the transitional 

zone of the Aw and Af climate types of the Koppen’s cli-

matic classification scheme. It is thus characterized by 

long hours of day light, high temperatures of about 27oC 

and high rainfall (≥ 1,800mm). 

MATERIALS AND METHODS 

Sample sites  

Sediment samples were collected from six sample sites af-

ter an initial reconnaissance of the study area. The geo-

graphical location of each sampling point (Fig. 1) was rec-

orded using handheld GPS equipment (Garmin 76) and 

described in Table 1.  

Table 1 Sampling Sites 

Sampling Site Latitude Longitude Site Description 

1. SSE 4o 28ʹ 

40.675ʺN 

7o 20ʹ 

53.685ʺE 

First point up-

stream near the 

mouth of the 

Oturuba Creek 

(about 1 km from 

POI) close to the 
Andoni River. 

2. SSD 4o 28ʹ 

38.963ʺN 

7o 21ʹ 

13.654ʺE 

About 500 m up-

stream from 

point of impact 
(POI). 

3. SSA 4o 28ʹ 

50.945ʺN 

7o 21ʹ 

23.353ʺE 

Point of Impact 

(POI) where raw 

waste from the 

crude oil refining 

process, refined 

products and 

sludge are dis-

charged into the 

creek 

4. SSB 4o 28ʹ 

42.95ʺ7N 

7o 21ʹ 

37.046ʺE 

About 500 m 

downstream 

5. SSC 4o 28ʹ 

50.374ʺN 

7o 21ʹ 

53.592ʺE 

About 1 km 

downstream 

6. SSF 4o 29ʹ 

05.78ʺN 

7o 23ʹ 

15.43ʺE 

About 3.7 km 

downstream 

(Control; un-im-
pacted area. 

 

Visual observation of site1 conditions showed that 

the site had relatively buoyant biomass; which can be at-

tributed to its location, almost at the point where the 

Oturuba Creek joined the Andoni River and therefore re-

ceives fresh and relatively uncontaminated water from the 

larger Andoni River system. Oil sheen was only observed 

on the surface of the water during ebb tides. Site 2 had oil 

sheens on the surface of the river with mud flats on both 

sides of the river showing signs of heavy oil-staining. It 

was also characterised by scanty and unhealthy looking 

fauna and flora especially mangroves plants and crabs. 

Site 3 or the point of impact (POI) was characterized by 

greasy and muddy surfaces with darkened soils and 

scorched vegetation. The site was bereft of visible biolog-

ical activity as no marine organisms were spotted in the 

vicinity during the fieldwork. Oil sheen and slicks were 

seen floating freely on the surface of the creek; while site 

4 had oil sheen on the surface of the water, especially dur-

ing low tide.  Mangrove plants were sparse with a few 

marine fauna such as juvenile periwinkle, crabs, mudskip-

per, etc. in the mangrove mud. The mud had oil stains as 

in the point of impact but no direct inlet of spilled oil into 

the water body was observed. This immediate down-

stream sampling site from the POI was the most impacted 

section of the creek after site 3.  At site 5, mangrove plant 

species were densely populated and there where sightings 

of crabs, mudskipper, periwinkles and birds.  The mud 

and surface water showed very little sign of pollution. At 

site 6, which served as the control site for this study, the 

mangrove vegetation was dense and green with an abun-

dance of bio-activity (crabs, periwinkles, mudskippers, 

birds, reptiles and other aquatic invertebrates).  The man-

grove mud flats and water did not show any visible sign 

of contamination. 

Sample collection and analysis 

River bottom sediments were collected from the 6 desig-

nated locations in the Oturuba Creek following methods 

outlined by Marcus et al. (2013). Sediment samples were 

collected by the grab method in triplicates at low tide in 

June 2013 (rainy season) and November 2013 (dry sea-

son) (APHA, 1998). Samples for hydrocarbon analysis 

were stored in sterilized bottles, while the samples for the 

analysis of trace metals were stored in polythene bags pre-

viously washed in diluted HCl while those for organic 

matter analysis were collected in aluminium foils. Sam-

ples were stored in polyethelyne sealed and stored in ice 

packed plastic coolers (below 4⁰C) thereafter, transported 

to the laboratory and analyzed within 2 days.  

The sediment samples were allowed to thaw and 

were air-dried at ambient temperature ground and sieved 

through a 0.5 mm mesh. Later, 2 g of each sample was 

digested using 25 ml 1:3:1 mixture of HCIO4, HNO3 and 

H2SO4 acids in a water bath. 10 ml deionized water was 

added to the digest and decanted into 50 ml standard flask 

and made up to mark with deionized water after rinsing. 

The Buck Scientific Atomic Absorption Spectrophotom-

eter Model 200A and air-acetylene flame were used for 

trace metal analyses with quality assurance checked with 

standard sediment sample PACS-2 using an intra-run 

Quality Assurance Standard (1 mg/l, Multi-Element 

Standard Solution, Fisher Scientific) after every 10 sam-

ples (Cantillo and Calder, 1990). 

The Walkley-Black wet chemistry “reference” pro-

cedure for the determination of Total Organic Carbon as 

described in Schumacher (2002) and applied by Marcus 
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and Ekpete (2014) was used in analysing total organic car-

bon (TOC) in this study. 1 g of dried, sieved sediment was 

put into 250 ml conical flask and digested with 10 ml 0.5 

M K2Cr2O7 and 20 ml concentrated H2SO4, swirled and 

allowed to cool. To overcome the concern for incomplete 

digestion of organic matter, the sample and extraction so-

lutions were gently boiled at 150 ºC for 30 minutes and 

allowed to cool (Walkley and Black, 1934; Tiessen and 

Moir, 1993). When cool (after 20–30 minutes), 100 ml de-

ionized water  was added  for dilution and 3 or 4 drops of 

‘Ferroin’ indicator was added and titrated with 0.4 N 

FeSO4 solution (NSW EH, 2015). Results of TOC were 

reported as percentage and later converted to dry weight 

(Table 1) by multiplying total organic matter content (%) 

by sediment bulk density (1.61 gcm-3) and depth (20 cm) 

of sampling (Pluske et al., 2016). 

Samples for hydrocarbon analysis was weighed to 

obtain wet weight, and then sun-dried and then grounded 

to powdery form and sieved with a 1.0mm sieve. The 

sieved samples were stored in well-labelled smaller plas-

tic containers with cover, from where samples were with-

drawn for analysis. 5g each of dry powdery samples were 

weighed out and placed in 250ml beakers. To this was 

added 30ml of xylene; the beaker was then swirled/shaken 

for about 5 minutes and allowed to settle, the mixture was 

later filtered into a clean 100ml standard flask through a 

Whatmann filter paper that contains about 2g of Anhydrus 

Sodium Sulphate on a cotton wool.  This was done three 

times and was later made up to the 100ml mark with xy-

lene. The absorbance of the filtrate was measured at 

340nm using Hach DR 2800 Spectrophotometer. The cor-

responding concentrations of Total Hydrocarbon (THC) 

content were then obtained from the calibration curve and 

calculated on dry weight basis. Same procedure was ap-

plied to the analysis for Total Petroleum Hydrocarbon 

(TPH), although, after the extraction, the filtrate was 

treated with silica gel to remove non-petroleum hydrocar-

bons and re-filtered. The readings were obtained in the 

same manner with that of THC and the final value calcu-

lated as usual (Howard et al., 2009). Calibration of the 

spectrophotometer (HACH DR 2800) was carried out be-

fore each analysis using diluents of a stock solution of 1ml 

of crude oil in 100ml of xylene at 340nm in line with 

ASTM (2003) and Howard et al. (2009). 

Environmental Impact and Ecological Risk Assessment 

Methods 

Environmental impacts of oil contamination and potential 

ecological risks were calculated by analysing the relation-

ships, differences and similarities between contaminant 

concentrations in sample sites. Contaminant concentra-

tions in sediments were further compared with sediment 

quality guidelines including; the National Ocean and At-

mospheric Administration of the USA (NOAA) and the 

Dutch government intervention values (Verbruggen, 

2004) for the protection of ecosystems using the apparent 

effects threshold (AET), the effects range low (ERL), ef-

fects range medium (ERM), the threshold effects and 

probable effects level (TEL/PEL) (IMO, 2000) and maxi-

mum permissible concentrations (MPCs). 

Potential Ecological Risk Index (PERI), a diagnostic tool 

suggested by Håkanson (1980, 1988) for the analysis of 

contamination in lakes and coastal systems was used to 

calculate an ecological risk index for the Oturuba river 

ecosystem. PERI is formed by three basic modules: De-

gree of contamination (CD); toxic-response factor (Tr1); 

and potential ecological risk factor (Eri).  

The first module of PERI corresponds to the estimate 

of the degree of contamination (CD). The CD is expressed 

by the sum of the contamination factor of each metal (Cf 
i) as: 

𝐶𝐷 = ∑ 𝐶𝑓
𝑖 

where, Cf
i, is the mean metal concentration (Ci), divided 

by the pre-industrial concentration of the substance (C0
i):  

𝐶𝑓
𝑖=𝐶𝑖/ 𝐶0

𝑖  

According to Håkanson (1980, 1988), the potential eco-

logical risk index (PERI) is defined by: 

𝑅𝐼 = ∑ 𝐸𝑟𝑖  

𝐸𝑟𝑖 = 𝑇𝑟𝑖 ∗  𝐶𝑓
𝑖 

where; RI is calculated as the sum of all risk factors for 

heavy metals in sediments; Eri is the monomial potential 

ecological risk factor; TRi is the dimensionless derived 

toxic-response factor for a given substance (e.g., Cu =  5, 

Pb = 5, Ni = 5, Zn = 1, Cd = 30), which mainly reflects the 

heavy metal toxicity level and the degree of environment 

sensitivity to pollution from a particular heavy metal (Jiao 

et al., 2015). 

Ci
f, Ci

0, and Ci
n are the contamination factor, the con-

centration of metals in the sediment and the background 

reference level, respectively. International background 

values for metals in sediments (shale) include 0.22 mg/kg 

for Cd, 39 mg/kg for Cu, 68 mg/kg for Ni, 120 mg/kg for 

Zn, 0.85 mg/kg for Mn (Rodrigues et al., 2006) and 60 

mg/kg for Pb (Li et al., 2012).  

Håkanson (1980) also proposed the following values 

to be used in the interpretation of ecological risks in sedi-

ments: 

 RI <150, low ecological risk for the sediment; 

 150≤ RI <300, moderate ecological risk for the sed-

iment; 

 300≤ RI <600, considerable ecological risk for the 

sediment; 

 RI ≥600, very high ecological risk for the sediment. 

In order to assess the intensity of metal contamina-

tion in the sediments of the Oturuba Creek, the geochem-

ical accumulation index was calculated using the equation 

proposed by Singh et al. (2003) to quantify metal accumu-

lation in the sediments, and represent their contamination 

degree. This index is expressed as follows: 

𝐼𝑔𝑒𝑜  =  log2 𝐶𝑛 / 1.5 𝐵𝑛 

where Igeo is the geochemical accumulation index; Cn is 

the total concentration of metal n in the silt/clay fraction; 
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Bn is the geochemical background value of element n and 1.5 

is a correction factor due to lithogenic effects. The Igeo classi-

fication entails seven grades (0 to 6) of pollution, ranging 

from no pollution (0) to very high pollution (Forstner, 1989). 

RESULTS AND DISCUSSION  

Heavy metals, organic matter and hydrocarbons in the 

sediments 

The results of the analysis of sampled sediments are pre-

sented in Figure 2. Organic matter concentration ranged 

between 201 (mg/kg) and 2782.1(mg/kg) with both lowest 

and highest concentrations occurring in the wet season. 

Highest concentrations occurred 500m downstream (Site 

4) from the point of impact in both seasons.  

Concentrations of copper in the sediment ranged be-

tween 4.78 – 83.5 mg/kg with highest and lowest concen-

trations occurring in site 4 and 6 in the dry season respec-

tively. Concentrations also followed the same pattern in the 

wet season (6.24 mg/kg – 50.02 mg/kg) although with 

slightly lower concentrations in site 4. Concentrations of 

copper (4.78 – 83.5 mg/kg) in sediments were above the 

Dutch maximum permissible concentrations (73 mg/kg) in 

site 4 in the dry season. Copper concentrations were also 

above the TEL (18.7 mg/kg) in 7 out of 12 cases and above 

the ERL (34 mg/kg) in three cases while nickel exceeded 

TEL limits (15.9 mg/kg) in 7 cases out of 12 in all seasons.  

Concentrations of zinc ranged between 199.53 and 1007.8 

mg/kg, lowest and highest concentrations occurred at site 1 

and 6 respectively. The concentrations of zinc were higher 

in the dry season for all sites apart from site 6 and also 

above TEL, ERL and PEL guidelines in all seasons. 

 While lead concentrations (123.3 – 327.5 mg/kg) 

were above TEL, PEL and ERL in all cases except for 

PEL in the dry season in site 6 cadmium concentrations 

(38.1 – 259 mg/kg) were above all the standards in all sea-

sons. For vanadium (1.21 – 5.24 mg/kg) and manganese 

(42.71 – 959.4 mg/kg) the only available guideline is the 

AET (57 and 260 mg/kg respectively). While all the sam-

pling sites were below maximum specified limits for va-

nadium, manganese exceeded standards in sites 3, 4 and 5 

in the dry season and all sampling sites apart from site 6 

in the wet season.  

Total petroleum hydrocarbons (TPH) in sediments 

ranged from 3997.9 (mg/kg) dry weight at the POI to 1546 

(mg/kg) at site 6 in the dry season. Concentrations in the 

wet season followed a similar trend with ranges between 

5118.5 mg/kg at site 3 and 1727.5 mg/kg in site 6. Total 

hydrocarbon (THC) concentrations ranged between 5133.6 

mg/kg in site 3 and 2151.2 mg/kg in site 6 in the dry season. 

There was however a slight difference in trend as the POI 

had a total concentration of 6118.5 (mg/kg) with lowest 

concentrations (2272.5 mg/kg) downstream in site 5. 

Potential ecological impacts of heavy metals and hydro-

carbons in the sediments 

Species that are intolerant to metal contamination can be ad-

versely affected in a number of ways from heavy metal pol-

lution of marine sediments. Impacts on reproduction and 

growth can impair the survival of individuals, and affect 

populations and communities. For instance, copper can be 

acutely toxic to microalgae at levels between 190mg/kg and 

300 mg/kg (Markovic, 2003). In this study, copper occurred 

between maximum contaminant limits and the low level ef-

fects range where biological activities can be impaired. 

Also, recruitment can also be affected by metal contamina-

tion in clams (Macoma bathilica) (Langston, 1990; Mar-

kovic, 2003). Concentrations of zinc in this study occurred 

far above these toxic levels. Negative impacts related to 

metal contamination do not necessarily result from direct 

toxicity but contaminant-related changes to phytoplankton 

communities may have serious consequences for higher 

trophic levels. A change in the phytoplankton community 

structure can lead to a reduction in preferred prey species, 
 

 
Fig. 2 Hydrocarbons, Heavy metals and TOC in the Oturuba Creek  
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and ultimately the loss of higher trophic species in those 

communities. It is possible that the indirect effects trig-

gered by the loss of sensitive species have a much more 

significant impact on marine communities than indicated 

by toxicity tests with an individual species (Langston, 

1990; Markovic, 2003). All the trace elements in the bot-

tom-sediment samples from this study also exceeded the 

respective TEL and PEL. According to USEPA (1998), 

these values are in the range where toxic effects can occur 

to benthic organisms. 
 

These results suggest that heavy metal and hydrocar-

bon levels in the study area are at concentrations high 

enough to impair biological communities and are likely to 

cause toxicity levels that will lead to negative impacts on 

infaunal communities (Table 2) including Leptocheirus 

amphipods bivalves, neanthes worms, echinoderm and 

Oyster larvae (ADEC, 2011). According to Capuzzo 

(1985), retention of hydrocarbons in lipophilic cellular 

compartments may result in disruptions in membrane func-

tions or alterations in energetic processes and impairment 

of an organism's adaptive capacity within its natural habi-

tat. Capacity for metabolism of lipophilic compounds may 

influence the disposition or removal of aromatic hydrocar-

bons by marine organisms. 

Relationships, spatial and temporal variations of conta-

minants in the sediments  

Organic matter in the study area tended to have a negative 

relationship with both total hydrocarbon and heavy metal 

concentrations without showing much variation in both sea-

sons. This is at variance with the findings of Jamil et al. 

(2014) and the reason for this difference may be a result of 

pΗ, salinity and grain size differences (Du Laing, 2009) 

which were not measured in this study. Heavy metal concen-

trations increased progressively in both upstream and down-

stream directions in the dry seasons but tilted downstream in 

the wet season. THC concentration characteristics in the 

sampled sites also revealed profound between site variations. 

This could be indicative of the irregular pattern in waste dis-

charges and spills and the power of tidal influence in redis-

tributing contaminants in the creek’s ecosystem.  

A correlation matrix can indicate associations and 

relationships among metals and their sedimentary envi-

ronments (Table 2-4). High correlation coefficients be-

tween different metals in a matrix could mean that they 

have common sources, mutual dependence and identical 

behaviour during transportation and probably deposition. 

The absence of strong correlations among metals on the 

other hand may be indicative that the concentrations of 

these metals are not controlled by a single factor, but may 

be a pointer to a combination of geochemical support 

phases and the effects of the mixed association and inter-

actions among the metals (Veerasingam et al., 2012). 

Table 2 Proximity Matrix of sampling sites for heavy metals 

Correlation between vectors of values in the dry season 

 SSA SSB SSC SSD SSE SSF 

SSA 1      

SSB .916 1     

SSC .934 .985 1    

SSD .863 .981 .985 1   

SSE .973 .847 .864 .774 1  

SSF .739 .493 .475 .343 .828 1 

Correlation between vectors of values in wet season 

 SSA SSB SSC SSD SSE SSF 

SSA 1      

SSB .923 1     

SSC .938 .984 1    

SSD .857 .967 .979 1   

SSE .974 .858 .873 .776 1  

SSF .754 .526 .504 .362 .837 1 

 

Distances and similarities between sites were calculated 

using the Pearson correlation statistics. Results (Table 2) 

for heavy metals revealed a high level of similarity among 

sites, although site SSF (background) was least similar to 

SSB, SSC and SSD in both seasons. The reason for dis-

similarities is obvious; however, the similarity between 

sites SSF (background) and site SSA (POI) is not readily 

explainable. It may be posited that the tidal nature of the 

environment may be redistributing contaminants within 

the marine environment. Results for TOC, THC and TPH 

(Fig. 3 and Table 3) also show a high level of similarity 

among sites. 

Table 2 Marine Sediment Quality Guidelines (Modified from NOAA, 2008 and Bay et al., 2012) 

Mg/kg Intervention Dutch Guidelines Consensus Sediment Guidelines 

 Intervention 

values 
MPC TEL ERL PEL ERM AET 

PAHS
 40  1.684 4.022 16.77 44.8  

Mineral oil 1100 5000      

Cu 190 73 18.7 34 108 270 390 Microtop larvae 

Zn 720 620 124 150 271 410 410 Infaunal community impacts 

Mn       260 Neanthes 

Ni 210 44 15.9 20.9 42.8 51.6 110 Echinoderm larva; Bioassay Larvae 

V       57 Neanthes 

Cd 12 0.68 0.68 1.2 4.21 9.6 3.0 Neanthes 

Pb 530 530 30.2 46.7 112 218 400 Bivalve 
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Table 3 Proximity Matrix of sampling sites for TPH, THC and 

TOC 

Correlation between vectors of values in the dry season 

 SSA SSB SSC SSD SSE SSF 

SSA 1      

SSB .988 1     

SSC 1.000 .986 1    

SSD 1.000 .992 .999 1   

SSE 1.000 .986 1.000 .999 1  

SSF .998 .996 .997 .999 .997 1 

Correlation between vectors of values in wet season 

 SSA SSB SSC SSD SSE SSF 

SSA 1      

SSB .987 1     

SSC .999 .979 1    

SSD .996 .997 .992 1   

SSE .915 .968 .897 .946 1  

SSF . 996 .997 .990 1.000 .946 1 

 

Since the above analysis did not show very distinct 

relationships, the data was subjected to further multivar-

iate statistical analysis using the Pearson’s correlation to 

test for relationship between contaminants. Results (Ta-

ble 4) of this analysis (strong – medium correlations 

verged in red) however revealed very weak relationships 

among the contaminants; however, only cupper and 

manganese; vanadium and THC; TPH and TOC had any 

form of significant strong relationship. Subjecting the 

data to further query by principal component analysis 

(PCA) using the varimax analysis with Kaiser Normali-

zation rotation method (Table 5); three components were 

realized accounting for 80.56% of observed variation in 

the dataset. Principal component one (29.528%) has a 

strong relationship between TPH and TOC with a mod-

erate association with zinc, cadmium and manganese. 

This factor is most likely an indication of pollution from 

uncooked crude oil spilled during transportation and pre-

cooking (refining) operations in the study area. The in-

dicated petroliferous heavy metals have been identified 

(Marcus and Ekpete, 2014) as key components of crude 

oil from th is part of the Niger Delta.  

Factor two which accounts for 26.71% of variance 

indicates a strong affinity between vanadium and THC. 

Vanadium is a major constituent of nearly all coal and 

petroleum crude oils. The most prominent anthropogenic 

source of vanadium in the environment is the combus-

tion of fossil fuels, particularly residual fuel oils, which 

also constitute the single largest overall release of vana-

dium to the atmosphere. While the levels of vanadium in 

residual fuel oil usually vary by source, concentrations 

of 1–1,400 ppm have been reported (ATSDR, 2012). 

The third factor loaded 24.322% and has affinity for cop-

per, lead and nickel. While urban sewage contains sub-

stantial amounts of copper, nickel is ubiquitous in the 

environment while lead is the most abundant heavy met-

als occurring in nature. This may therefore indicate mo-

bilisation from natural sources and long distance pollu-

tion drifted from upstream sources in the Port Harcourt-

Eleme-Onne industrial axis located northwest of the 

study area.  

Table 5 Rotated component matrix of variables 

 Component 

 1 2 3 

Cu .042 -.082 .887 

Zn .645 -.461 .095 

Mn .506 .137 .656 

Ni -.311 .060 .908 

V .240 .938 .100 

Cd .613 -.391 -.127 

Pb .185 .612 .587 

THC (x 0.001) -.013 .957 -.040 

TPH (x 0.001) .921 .197 .085 

TOC (%) .931 .262 -.042 

Extraction Method: Principal Component Analysis.   

Rotation Method: Varimax with Kaiser Normalization 

Table 4 Pearson's correlation matrix of contaminants 

 
Cu Zn Mn Ni V Cd Pb 

THC 

(x 0.001) 

TPH 

(x 0.001) 

TOC 

(%) 

Cu 1          

Zn -.014 1         

Mn .763** .219 1        

Ni .509* .407 .398 1       

V -.014 -.184 .070 .268 1      

Cd .074 .229 -.233 .117 -.279 1     

Pb .458 .592* .450 .262 -.390 .168 1    

THC (x 0.001) -.174 .395 .029 .063 .923** -.372 .498* 1   

TPH (x 0.001) .130 .459 -.191 .424 .415 .443 .167 .172 1  

TOC (%) .038 .386 -.278 .448 .436 .531* -.086 .190 .913** 1 

** Correlation is significant at the 0.01 level (1-tailed) 

* Correlation is significant at the 0.05 level (1-tailed) 
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Potential ecological risk of heavy metals in the sediments 

Calculated contamination factors for the various metals are 

Cu: 0.652, Zn: 205.73, Mn: 560.34, Ni: 0.321, Cd: 472.5 and 

Pb: 3.28, while international toxicity factors for Cd: 30, Ni, 

Cu, Pb and Zn include 30, 5, 5, 5 and 1 respectively (Li et 

al., 2012) while toxicity values for Mn and V are not availa-

ble. Therefore, the degree of contamination (CD) for the 

Oturuba Creek system for the analyzed metals is 1,242.82. 

Calculated Eri for metals include 3.26, 205.73, 

1.605,14,175 and 16.4 for Cu, Zn, Ni, Cd and Pb respec-

tively; giving a total value of 14,401.995, with Cd con-

tributing more than 98% of ecological risks followed by 

Zn with 14.43%. Going by the recommendations of 

Håkanson (1980), the calculated Eri for the study area is 

over 700% beyond the baseline for very high ecological 

risk metal concentrations. Li et al. (2012) in a study of 

heavy metal contamination in sediments from a coastal in-

dustrial basin in Northeast China concluded that the area 

“is one of the most polluted of the world’s impacted 

coastal systems”. However, evidence from this study 

shows worse but similar sediment quality situation. 

Therefore, the Oturuba Creek can be declared to be one of 

the most polluted coastal rivers in the world. 

Index of geoaccumulation (Igeo) 

In order to assess the intensity of metal contamination in the 

sediments of the Oturuba Creek, the geochemical accumula-

tion index was calculated as proposed by Singh et al. (2003) 

to quantify metal accumulation in the sediments, and repre-

sent their contamination degree.  The Igeo classification en-

tails seven grades (0 to 6) of pollution, ranging from no pol-

lution (0) to very high pollution (Forstner, 1989).  

Table 6 Igeo classes, range and sediment quality (Singh et al., 2003) 

Igeo 

class 

Igeo 

range 
Sediment Quality 

0 <0 Background concentrations 

1 0-1 Unpolluted 

2 1-2 Polluted to unpolluted 

3 2-3 Moderately polluted 

4 3-4 Moderately to Highly polluted 

5 4-5 Highly polluted 

6 >5 Very highly polluted 

 

Calculation of the geochemical metal accumulation index 

for the Oturuba river system returned 269.4 for Cu, 2628 

for Zn, 11.35 for Mn, 453.9 for Ni, 2.211 for Cd and 685.8 

for Pb. This result therefore places metal concentrations 

in the study area in the range of very highly polluted sed-

iment environment with only cadmium occurring in mod-

erately polluted status (Table 6). 

CONCLUSIONS 

The Oturuba river system is a sink for wastes and spills 

from the artisanal refining, transportation and handling of 

probably stolen petroleum. These activities have led to el-

evated levels of heavy metals and hydrocarbon contami-

nants in sediments of the river. All the sampled sites in the 

creek had hydrocarbon concentrations that where above 

limits for total PAHs in terms of ERL, ERM, TEL, PEL, 

AET and the Dutch intervention values for the protection 

of ecosystems. However, only the POI (SSA) exceeded 

the Dutch maximum permissible concentrations (MPCs) 

for mineral oils in both season. The results of this study 

suggest that levels of hydrocarbons are at concentrations 

high enough to impair biological communities and are 

likely to cause toxicity levels that will lead to negative im-

pacts on infaunal communities. 

Also, all the trace elements in the bottom-sediment 

samples from this study (except vanadium) exceeded the re-

spective TEL and/or PEL guideline values, which are range 

where toxic effects occur to benthic organisms (USEPA, 

1998). Heavy metal geochemical accumulation index analy-

sis also returned anomalously high metal concentrations in 

the range of very highly polluted sediment environment with 

only cadmium occurring in the moderately polluted status. 

Heavy metal pollution in the Oturuba Creek has some 

variability from other river systems in the Niger Delta re-

gion. While concentrations of copper and nickel in the 

study area is similar to those found in the sediments of the 

Benin River, zinc, vanadium and lead concentrations were 

far above those found in the same river (Akporido and Ipe-

aiyeda, 2014) and in the Orogodo River in Agbor Delta 

State (Issa et al., 2011) all in the far northwester flank of the 

Niger Delta. Metal concentrations from this study were also 

very much higher than those found in the Bonny River sys-

tem around Okrika (Marcus et al., 2013) located not more 

than twenty kilometres northwest of the study area, while 

manganese concentrations in the Oturuba system were very 

much above those found in the sediments of the Taylor 

Creek system in Bayelsa Nigeria (Okafor and Opuene, 

2007).These not only shows that the Oturuba Creek is heav-

ily polluted but that heavy metal pollution of river sedi-

ments may be more related to local anthropogenic inputs 

than terrigenous sources. 

Hydrocarbon concentrations found in the sediments of 

the Oturuba Creek were below figures found by Akporido 

and Ipeaiyeda (2014) in the sediments of the Benin River. 

Also, TPH concentrations found in this study were far above 

that found in the Qua Iboe River mangrove ecosystem (Ben-

son and Essien, 2009). This may simply be related to the in-

tensity of oil spill-causing activity in the study area. 

The potential ecological risk factor (Eri) for metals cal-

culated for this study showed that Cd contributed more than 

98% of ecological risks followed by Zn with 14.43%. Going 

by the recommendations of Håkanson (1980), the calculated 

Eri for the study area is beyond the baseline for very high 

ecological risk metal concentrations, thereby ranking the 

Oturuba Creek as one of the most polluted coastal river eco-

systems in the world; thereby not only endangering the eco-

system and threatening the livelihoods of the nearly one mil-

lion people who live along the coastline and depend on the 

marine environment for sustenance but also the life of those 

who consume fish from these contaminated rivers. Urgent 

steps must therefore be taken to stop all illegal and artisanal 

refining activities in the Andoni River areas of Nigeria. 
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Abstract 

Dwarka River basin (3882.71 km2) of Eastern India in the Chotonagpur Plateau and Gangetic Plain is highly affected by stone mining 

and crushing generated dust. In the middle catchment of this basin, there are 239 stone mines and 982 stone crushing units. These 

produce approximately 258120 tons of dust every year and this dust enters into the river and coats the leaves of plants. On the one 

hand, this is aggrading in the stream bed, increasing sediment load, decreasing water quality, specifically increasing total dissolved 

solid, pH, water colour, and it also degrades the vegetation quality. Vegetation quality is also degraded as indicated by decreasing of 

NDVI values (maximum NDVI in 1990 was 0.70 and in 2016 it was 0.48). Considering all these issues, the present paper intends to 

identify dust vulnerable zones based on six major driving parameters and the impact of the dust on river morphology, water quality 

and vegetation quality in different vulnerable zones. Weighted linear combination method (in Arc Gis environment) is used for com-

positing the selected parameters and deriving vulnerable zones. Weight to the each parameter is assigned based on analytic hierarchy 

process, a semi quantitative method. According to the results, 579.64 km2 (14.93%) of the catchment area is very highly vulnerable: 

Here 581 rivers have a length of 713 km and these riversare prone to high dust deposition, increased sediment load and water quality 

deterioration.  

Keywords: Dwarka river basin, stone mining, stone crushing, river bed aggradations, sediment load, water quality, vegetation health   

INTRODUCTION 

Stone crushing industry is an important industrial sector 

engaged in producing crushed stone of various sizes de-

pending upon the requirement which acts as raw material for 

various construction activities such as construction of roads, 

highways, bridges, buildings, and canals etc. It is counted 

that there are over 12,000 stone crusher units in India (Patil, 

2001). In India, the stone crushing industry sector is esti-

mated to have an annual turnover of >US$ 1 billion and 

500,000 principally unskilled or semi skilled rural people 

engaged in this sector (CPCB, 2009). These stone crushers 

though socio-economically an important sector, give rise to 

substantial quantity of fine fugitive dust emissions which cre-

ate health hazards to the workers as well as surrounding po-

pulation by causing respiratory diseases.  

The dust is generated primarily due to size reduction and 

handling of the stones at various stages. The major sources of 

dust generation are the size reductions in the primary, secon-

dary and tertiary crushers. In different stages the amount of 

dust production varies. The Central Pollution Control Board 

(CPCB, 2009) reported the proportion of dust contribution at 

different stages of crushing (see Table 1). The fine-grained 

dust production depends on the type of the crusher and the 

parent rock. Primary crushers produce 1- 10% of fines, secon-

dary crushers produce 5 – 25% fines, and tertiary crusher pro-

duce 5 – 30% fines. Similarly limestone contains 20–25% of 

fines; sandstone contains 35–40% fines, whilst igneous and 

metamorphic rocks contain 10–30% fines (Mitchell 2009). 

Blatt and Tracy (1997) analyzed the composition of stone dust 

emitting from a stone crusher unit. They documented that the 

chemical composition was SiO2-72.04%; Al2O3-14.42%; 

K2O-4.12%; Na2O- 3.69%; CaO-1.82%; FeO3-1.22%; MgO-

0.71%; TiO2-0.30%; P2O5-0.12% and MnO2-0.05%.  This 

proportion varies according to composition of the rock from 

which crushing is done. Average dust contamination level in 

the atmosphere is 0.10 mg/m3 in USA (Moran et al., 1994; 

Tucker et al., 1995, IARC,1997; US EPA, 1996). The actual 

area of the source of the dust generation is quite small (about 

0.5- 1 m2) at each source, but as the dust rises it spreads and 

typically the area in which it spreads is more than 10 to 15 ti-

mes larger (CPCB, 2009) than the area of actual emission at 

about 3 to 8 m height. Mining must be planned so that after the 

mining process the dumped land can be reclaimed by vegeta-

tion and agriculture.  

The problems of waste rock dumps become devastating 

to the landscape around mining areas (Goretti, 1998; Sarma, 

2005). The dust adversely affects visibility, reduces growth 

of vegetation, agricultural crops and hampers aesthetics of 

the area as well as river system (CPCB, 2009). Sharma and 

Kumar (2016) pointed out that dust deposition on agricultu-

ral field reduces productivity of rice and carbohydrate 

content within the rice grain. Such dust is one of the most 

visible, invasive, and potentially irritating impacts associated 

with quarrying, and its visibility often raises concerns that are 

not directly proportional to its impact on human health and 
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the environment (Howard and Cameron, 1998). It has 

noteworthy impact on landscape and biological communities 

of the Earth (Down, 1997; Bell et al., 2001) and leads to 

ecosystem disturbance. Natural plant communities get dis-

turbed and the habitats become impoverished due to mining, 

presenting a very rigorous condition for plant growth (Shiva-

coumar et al., 2006; Mishra and Kumari, 2008). The unsci-

entific mining of minerals poses a serious threat to the 

environment, resulting in the reduction of forest cover, 

erosion of soil in a great scale, pollution of air, water and land 

and reduction in biodiversity (Pandey and Pandey, 2010; 

Prasad et al., 2010; Saha and Padhy, 2011; UNESCO, 1998). 

Most of the plants experience physiological alterations be-

fore morphological injury symptoms become visible on their 

leaves (Liu and Ding, 2008). Rai et al. (2010) reveals that the 

foliar surface was an excellent receptor of atmospheric pol-

lutants leading to a number of structural and functional chan-

ges. Increasing dust concentration in atmosphere will raise 

the temperature state of the environment and hamper the am-

bient ecological condition (Ziaul and Pal, 2016). Site condi-

tions that affect the impact of dust generated during extrac-

tion of aggregate and dimension stone include rock pro-

perties, moisture, ambient air quality, air currents and 

prevailing winds, the size of the operation, proximity to po-

pulation centres, and other nearby sources of dust (Bell et al., 

1977). Drainage direction and volume both channelized or 

unchannelized form is also an important vector for spreading 

these effects in its surrounding. Degree of drainage slope 

controls the dispersal rate of sediment and dust from the 

place of origin and pools and riffle condition, variability of 

discharge regulate persistence of materials within the chan-

nel or swiping off the same (Sipos et al., 2014; Nagy and 

Kiss, 2016). Dust concentrations, deposition rates, and po-

tential impacts tend to decrease rapidly away from the source 

(Howard and Cameron, 1998).  

Table 1 Particulate emission factors for stone-processing ope-

rations. Source: Pollution Data Division of Environment  

Canada (2008) 

Sources Emission factors kg/10000kg production 

Total Particulate 

Matter(TPM) 

PM10 PM2.5 

Drilling  0.000 800 0.000 040 0.000 002 

Primary 

crushing  

0.005 800 

 

0.000 290 

 

0.000 017 

 

Secondary 

crushing  

0.001 208 

 

0.000 290 

 

0.000 017 

 

Tertiary 

crushing  

0.001 208 

 

0.000 290 

 

0.000 017 

 

Screening  0.004 286 0.000 420 0.000 124 

Convey-

ing and 

handling  

0.007 327 0.000 720 0.000 213 

Most of the previous studies mainly concentrated on 

impact of mining and crushing dust on vegetation and hu-

man health (Pyatt and Haywood, 1989; John and Iqbal, 

1992; Grewal et al., 2001; Prajapati and Tripathi, 2008; 

Rai et al., 2010; Saha and Padhy, 2011; Sharma and 

Kumar, 2016). But the present study intends to find out 

the impact of stone mines and stone crushing units on sur-

rounding rivers specifically in terms of stone dust depo-

sition within stream bed and water quality of the river. 

This study also aimed to find out the vulnerable zones to 

stone dust considering the fact that the region nearer to the 

stone mines and crushing units are more vulnerable to 

dust. Although the dimension of contamination is multi 

furious like effect on human health, agricultural pro-

duction, water quality, stream morphology etc. but con-

centration mainly is given on to the stream morphology, 

water quality and vegetation health in the dust affected 

areas. Figure 1(A-D) shows the logic behind setting such 

objective.  

 

Fig. 1 Field evidences highlights the problems of stone dust (A) 

crushing of stone and admixing dust in the atmosphere (B) drai-

ning of heaped up dust to the river (C) deposition of dust in the 

channel bed and banks (D) thick dust layer to the tree leaves 

STUDY AREA 

The Dwarka River is a tributary of Mayurakshi River. Ori-

ginating at Kushpahari of Santhal Parganas in Jharkhand 

it has been flowing through eastern Chotonagpur plateau 

fringe area of Jharkhand and West Bengal, ultimately it 

joins the Dwarka Babla river near Hizole wetland 

(88°4'12.93''E; 24°4'42.27''N) in Murshidabad flood plain 

of West Bengal (Fig. 2). This basin area is covering an 

area of 3882.71 km2 with along its 156.54 km. long main 

channel and some major tributaries like Brhamni, Bamni, 

Gambhira, Borkunda, Ghagar etc. It comprises a small 

portion of Chotonagpur plateau fringe (Santhal Pargana 

Upland) at its upper course (40% of the total basin area) 

and Rarh plain (Birbhum Rarh); Moribund deltaic West 

Bengal (Murshidabad Plain) in the lower course. It lies to 

the north of river Mayurakshi and to the south of river 

Bansloi. Two major faults lines namely Rajmahal fault 

line (RFL) and Gaibandha fault line (GFL) and one nor-

mal faults line are existing within the south west to north- 

west part of the basin. There are two seismic points situ-

ated one at upper (Sismicity Hypocentral Depth 25-70 

km) and another is at the lower catchment (Sismicity 

Hypocentral depth more or less 25 km) of the Dwarka ri-

ver basin (Fig. 3).  
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Fig. 2 Location of the studied Dwarka River basin sho-

wing the drainage, stone mines and crushing sites 

Geologically the upper part of the basin dates back to the 

deposition of Dharwanian sedimentary followed by Her-

cinian orogeny from Cambrian to Silurian period. The 

extreme eastern part of the upper basin is characterized by 

unclassified granitic gneiss with enclaves of metamorphic 

geomaterials. The middle catchment is mostly characteri-

zed by the deposition of Lateritic soil and hard clays imp-

regnated with Caliche nodules. The platform of this re-

gion was set through the tectonic activities associated with 

tertiary epoch. The lower catchment is mostly characteri-

zed by recent alluvial deposition of alternative layers of 

sand, silt and clay attributed by alleviation river diversion, 

flooding and consequent shaping by twin action of Bram-

hani (main tributary of Dwarka) and Dwarka River. The 

upper basin area of undulating well drained tract of 

Chotonagpur fringe have fragile coarse lateritic soil con-

taining siliceous matter, karoline, magnesium and iron 

oxide and sandy gravelly soil or gravelly soil with proxi-

mate rich pegmatite rock (Let, 2012). Elevation of the ba-

sin ranges from 14m to 497m, out of total basin area, 

58.88% area lies below 76m asl Maximum slope of this 

river basin is 5.76° in the isolated hillocks of upper and 

upper middle catchments of the basin. Almost flat surface 

is found in the Murshidabad plan region where drainage 

deranging is observed. Total 2552 river units were identi-

fied with 3297.49 km length with seven orders hierarchy 

(Strahler, 1964). Distribution of stream frequency in dif-

ferent orders and their respective lengths is shown in 

Table 2. Average stream frequency and density are res-

pectively 0.710 nos./km2 and 7.15 km./km2  

Administratively, the study region includes Pakur 

and Dumka Districts of Jharkhand and Birbhum and 

Murshidabad Districts of West Bengal. There are 16 CD 

Blocks (Kandi, Khargram, Berhampore, Nabagram of 

Murshidabad and Nalhati, Rampurhat, Mahammadbazar, 

Muyureshwar of Birbhum), 3 urban centres (Rampurhat, 

Nalhati, Kandi) within the study area. Among these Pa-

kur, Mhammadbazar region is rich with stone mining and 

crushing of stone. At present 239 numbers of stone mining 

units covering an area of 7.62 km2 are found at the middle 

catchment of the basin with 982 number of stone crusher 

units (Fig. 2). Most of the stone mining and stone crushing 

units are found at 40-110 m (asl) elevation in the plateau 

fringe area. 

 

Fig.3 Geological map of the studied catchment 
 

These soils are quite acidic, deficient in organic matter, 

poorly aggregated and possess low water holding capa-

Table 2 Order-wise number & length of the streams and some other morphometric aspect.  Method followed for calculating 

morphometric properties: stream order after Strahler (1964), bifurcation ratio after Schumm (1956), mean bifurcation ratio after 

Strahler (1957), stream frequency after Horton (1932) and drainage texture after Horton (1945) 

Stream Order  Number of Stream Total Length (km) 
Bifurcation 

Ratio 

Mean Bifur-

cation Ratio  

Stream Frequency  

(Df/km2) 

Drainage 

Texture  

First  2058 1521.65  

3.998 0.710 7.15 

Second  349 638.18 5.896 

Third  115 468.55 3.034 

Fourth 22 207.56 5.227 

Fifth 4 111.59 5.500 

Sixth 3 272.83 1.333 

Seventh  1 77.12 3 

Total 2552 3297.49  
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city. Transported secondary laterites and lateritic allu-

vium soils are found at the middle part of the basin 

(Chakraborty, 1970). These lateriatic regolith is carried 

out by the main river and tributary system (Jha, 1997; Jha 

and Kapat, 2003; Jha and Kapat, 2009). These lateritic 

mater Fine silty alluvium soil is found at the lower 

catchment of the basin. The average rainfall is 1500-

1600mm Out of which 80% occurs during monsoon se-

ason (June to October). Volume of runoff is also maxi-

mum in this time. Bank full rivers found in this time. But 

upstream parts and streams of the upper catchment do not 

continue as bank full state even during peak monsoon 

time. Rest periods of a year shows almost dry rivers in the 

upper catchment of a basin. Wind direction highly varies 

seasonally. Out of 365 days in a year 123 to 162 days wind 

comes from southern and south western directions, 53 to 

71 days wind comes from north eastern direction, 31-52 

days wind comes from eastern and south eastern direction.   

MATERIALS AND METHODS 

Method for Evaluating Vulnerability 

At first, six parameters have been taken into account as 

stated below for finding out stone dust vulnerability 

zones namely (1) stone crusher site (Scd); (2) stone mines 

site (Smd);  (3) land use/land cover (Luc) (4) vegetation 

health (Ndvi); (5) surface slope (Sa); (6) surface runoff 

(Sro) Stone mining and crusher units have been identified 

from Google Earth satellite imageries and GPS survey 

where necessary. These are also identified from to-

posheets of Survey of India (SOI, 1972). These two la-

yers are prime because the adjacent areas will be highly 

affected with stone dust (Down and Stocks, 1997; Ho-

ward and Cameron, 1998; Bell et al., 2001; CPCB, 2009) 

and its effects will decrease away from these sites (Bell 

et al., 1977). Vegetation health was identified from Land-

sat 8 (OLI) satellite imageries (path/row 139/43; spatial 

resolution 30m.; date of acquisition 12th january 2016) 

using NDVI technique of Rouse et al. (1973) (see Equ-

ation 1). NDVI of all three phases is calculated for the 

month of januray. NDVI value indicating vegetation usu-

ally varies from 0-1. 1 indicates good quality canopy den-

sity. Vegetation presence with greater density resists free 

spreading of dust from source points (Howard and Came-

ron, 1998; CPCB, 2009). Land use types surrounding the 

stone mine and crushing centres is a prime factor of stone 

dust vulnerability. Presence of human habitat, agricultu-

ral land and quality water bodies will up heave the degree 

of vulnerability (UNESCO, 1998; CPCB, 2009). Size of 

the stone mine area and size of crusher unit can exert mul-

tiplier effects on environment. It is true that if size of 

these units increase, volume of dust production soars up. 

Average surface slope is another important factor for dra-

ining subsided dusts through overland or channel flow.   

It is calculated from data received from Suttle Radar To-

pographic Mission (SRTM) Digital Elevation Model 

(DEM) of United States Geological Survey (USGS) fol-

lowing the method of Wentworth (1930). United States 

Department of Agriculture (USDA, 1986) developed Na-

tural Resources Conservation Service (NRCS) method 

for estimating runoff and developed equation for it (Eq. 

2), where, Q is actual surface runoff in mm, P is rainfall 

in mm., Ia is 0.4S/0.3S/0.2S/0.1S (season and climatic re-

gion specific) initial abstraction (mm) or losses of water 

before runoff begins by soil and vegetation (such as in-

filtration, orrainfallinterception by vegetation),0.3S is 

usually used for wet, 0.1S is used for dry  seasons based 

on the pattern of ppt. and evaporation ratio.S is the po-

tential maximum retention. S can be calculated using 

Equation 3. For further details of this methods one can 

consult USDA (1986). 
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Scaling of the data layers 

Scaling of data layers within their sub layers according to 

the magnitude of the sub classes and their influences to-

ward the objective have been done using spatial analyst 

extension of Arc GIS environment, according to a 10 po-

int scale. Natural break method is assigned for reclass of 

the individual layers. One example can be illustrated 

regarding distribution of scale to the parameter. Suppose 

stone crusher site is one of the parameters for measuring 

vulnerability of stone dust. This particular parameter is 

subdivided into 10 sub classes (distance classed) based on 

the proximity of crusher site. Ten rank is given to the sub 

class very adjacent to the crusher units and descends to-

ward outside distance considering the fact that area nearer 

to crushing site will be affected intensively. If any para-

meter controls such stone dust vulnerability in reverse di-

rection (higher magnitude of sub class value indicates less 

influence to the vulnerability), 10 rank should be provided 

to the low sub class value (Khatun and Pal, 2016). Such 

ranking helps all the data layers to be unidirectional. The 

influencing direction and scale consideration of the para-

meters has been shown in the table below (Table 5). 

Assignment of Weight to the Parameters   

The selected parameters applied in this study have not 

equal control on stone dust vulnerability. Here, a specific 

weight is distributed to all parameters following the 

Analytic Hierarchy Process (AHP) (Saaty, 1980), a semi 

quantitative method for weight assignment (Palaka and 

Jai Sankar, 2015). The AHP is a method to derive ratio 

scales from paired comparisons. The input can be obta-

ined from subjective opinion such as satisfaction, feelings 

and preference. AHP allows some small inconsistency in 

judgment because humans are not always consistent (Sa-

aty, 1980). The ratio scales are derived from the principal  
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Eigen vectors and the consistency index is derived from 

the principal Eigen value. The relative importance va-

lues are determined with Saaty’s 1–9 scale (Table 3), 

where a score of 1 represents equal importance between 

the two themes, and a score of 9 indicates the extreme 

importance of one theme compared to the other one 

(Saaty, 1980). A matrix has been done for comparing 

the classes in order to achieve the priority. A pair wise 

comparison matrix is derived using Saaty’s nine-point 

importance scale based on thematic layers used for zon-

ing up the soil erosion susceptibility. Because six para-

meters were applied in the study, the matrix has 6 X 6 

cells (Table 4). The diagonal elements of the matrix are 

always 1 and therefore it only needed to fill up the up-

per triangular matrix. Based on the judgment value by 

comparing one thematic layer with other upper triangle 

matrix is filled. To fill the lower triangular matrix, only 

reciprocal values of the upper diagonal are calculated. 

If aij is the element of row i column j of the matrix, 

then the lower diagonal is filled using this formula: aij 

= 1/ aji. After the completion of the comparison matrix 

as weights for the selected parameters have received 

with 4 % check consistency level.. Here maximum we-

ight is found at stone crushing site (0.408) data layer 

followed by stone mine site (0.234) (Table 5).  

Compositing of Parameters 

After assigning weight to the parameters, scaling of the 

parameters, Weighted Linear Combination (WLC) 

method of Eastman (2006) was used for compositing 

all the selected parameters and deriving vulnerability 

map using spatial analyst tool in ArcGIS environment. 

This function can be presented using the following for-

mula. 

WLC= 

1

n

ij j

j

a w


  

(Eq. 4) 

Where, aij= ith rank of jth attribute; wj= weightage of jth 

attribute. 

 

Fig.4 Selected parameters as spatial data layers used for evaluating vulnerability to stone dust (A) Distance map from stone crusher 

(B) Distance map from stone mines (C) Land use/land cover (LULC) (D) NDVI map (E) Surface slope (F) Surface runoff 
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Table 5 Modes of ranking of the intra sub class of parameters 

and distribution of priority based weightage 

Parameters  Sub-class  Rank  

(Highest 

rank: 10) 

Weight 

of pa-

rameters  

Stone Crusher 

Site (Distance 

from crusher 

sites) 

natural breaks  1-10 0.408 

Stone Mines 

Site (Distance 

from stone 

mines centre) 

natural breaks  1-10 0.234 

 

 

 

Land 

Use/Land 

Cover 

(LULC) 

Healthy Vegeta-

tion 

1  

 

 

 

0.144 

Unhealthy Ve-

getation 

2 

Mix Vegetation 3 

Lateritic upland  4 

Moist land 5 

Water body 6 

Settlement area  7 

Bare Land 8 

Agricultural Fi-

eld 

9 

Open Field 10 

Vegetation 

Health 

natural breaks  1-10 0.095 

Surface Slope natural breaks  1-10 0.067 

Surface Ru-

noff 

natural breaks  1-10 0.051 

 

This weighted linear combination has been done using 

raster calculator tool in Arc GIS environment. Asproth et 

al. (1999), Jiang and Eastman (2000); Mendes and Moti-

zuki (2001); Araujo and Macedo (2002); Rinner and 

Malczewski (2002); Malczewski et al. (2003); Makropou-

los and Butler (2005) are some of the successful users of 

WLC mainly for land use suitability. 

Based on compositing of the raster layers vulnerabi-

lity model is generated. Equation 3 represents the WLC 

equation of the selected six parameters. Sdvwlc= Stone 

dust vulnerability on the basis of weighted linear combi-

nation:  

Sdvwlc= (Scd*0.408)+ (Smd*0.234) + (Luc*0.144)+ 

(Ndvi*0.095)+ (Sa*0.067) + (Sro*0.051) – (Eq. 4). 

Methods for Measuring Stream Bed Aggradations 

From four different vulnerable zones, 81 sample tributa-

ries have been taken into account and the sample distribu-

tion in different areal extent of vulnerable zones have been 

done following the rule of stratified random sampling. In 

all cases, the entire length of stream is not lying within a 

single zone. From each stream segment in respective 

zone, at least 5 cross sections have been carried out using 

dumpy level for understanding the channel bed aggradati-

ons. Most of the rivers in this region is composed with bed 

rock and stone duct loosely deposited over the bed. There-

fore, while doing cross section, cross section over the bed 

rock and over the deposited dust surface have taken. Gap 

between two cross section is majorly stone dust in most of 

the stream segments. Along downstream course from the 

stone mining and crushing centres, mixing of stone dust 

and other sediments from other sources has become so 

complex and difficult to segregate only the volume of 

stone dust. Zone wise average aggradations have been cal-

culated for understanding the spatial variation. 

Methods for Measuring Water Quality 

Stratified random sampling is carried out as done earlier 

from different vulnerable zones. Altogether 81 samples 

we have collected within 1st to 15th July, 2016. Total 

dissolved soild (TDS), pH, water colour have measured 

from laboratory testing of the sample. ATested results 

have been compared with BIS (10500) Standards of In-

land Surface Water (1991) both for measuring drinkabi-

lity and irrigability.  

Methods for Detecting Vegetation Quality Change 

According to Nayar (1985), leaf area is the main compo-

nent of tree canopies and the leaf area index gives quanti-

tative data of the depth of canopies. Forest canopies cons-

titute the bulk of photo synthetically active foliage and 

biomass in forest ecosystems (Lowman and Wittman, 

1996). Therefore, any fluctuation in chlorophyll, car-

bohydrate or protein content of foliar tissues of dominant 

tree species of a forest can be treated as disturbances in 

Table 3 Saaty’s 1-9 scale of relative importance (Saaty, 1980) 

Scale 1 2 3 4 5 6 7 8 9 

Importance Equal  Weak Moderate  Moderate  Strong  
Strong 

Plus 

Very 

Strong  

Very, 

Very 

Strong 

Extreme  

Table 4 Pair wise comparison matrix for the applied parameters 

 Stone Crusher 

Site 

Stone Mines 

Site 

Land Use Land 

Cover (LULC) 

Vegetation 

Health 

Surface 

Slope 

Surface 

Runoff 

Stone Crusher Site 1 2 3 4 5 6 

Stone Mines Site 1/2 1 2 3 4 5 

Land Use Land Cover (LULC) 1/3 1/2 1 2 3 4 

Vegetation Health 1/4 1/3 1/2 1 2 3 

Surface Slope 1/5 1/4 1/3 1/2 1 2 

Surface Runoff 1/6 1/5 1/4 1/3 1/2 1 
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overall growth of forest biomass. For detecting vegetation 

quality change, normalized difference vegetation index 

(NDVI) of Rouse et al. (1973) is used for 1990, 2011 and 

2016 from the Landsat satellite imageries of the respective 

periods. Three images representing different seasons (pre 

monsoon, post monsoon and winter) are taken into ac-

count for showing the average range of NDVI value. Se-

parately, season specific NDVI images are calculated for 

each season of the respective years and then average is 

carried out for showing yearly state. For 1990, Landsat 

TM (resolution: 30m.; Date of acquisition-05th january 

1990 ) and for 2011 and 2016 Landsat OLI (spatial reso-

lution: 30m.; Date of acquisition respectively 11th january 

2011and12 th January 2016images have been taken. Usu-

ally NDVI value 0-1 indicates vegetation; value nearer to 

1 depicts high quality vegetation or good canopy density. 

RESULTS AND DISCUSSION 

Based on weighted linear combination of the concerned para-

meters, vulnerability model has been prepared. WLC value 

ranges from 1.39-9.01 for entire basin. But it is assumed that 

effects of stone dust do not extend after a certain distance from 

the emitting units. Therefore, instead of considering entire 

range of WLC value, only higher range of WLC value is 

considered (>5) and classified this range into four categories. 

It is found that out of total basin area altogether 579.64 km2. 

(14.93%) belongs to very high vulnerable categories and the 

high vulnerable category covers 09.06 of the catchment area. 

The first zone is highly affected by stone dust. Streams of this 

region receive huge volume of dust both in form of aerosols 

and dust with drainage. Number and length of the rivers under 

different vulnerable zones have been counted and measured 

thereafter.  From this approach it is found that 581 river chan-

nels are situated in the very highly stone dust vulnerable zones 

carrying 713km length, 331river channel segments are found 

in the highly vulnerable zone with the length of 496km; 198ri-

ver channels (323km) are situated on the moderately vul-

nerable zone and 113 stream channels covering a length 228 

km is found in the low vulnerable zone.  

 

Fig. 5 Vulnerable zones and affected streams 

Table 6 Potential impact classes of stone dust and their res-

pective area, stream association 

Potential 

Impact 

Pixel 

Count 

Area 

( km2) 

Area  

(%) 

No. of 

Strea

ms 

Strea

m 

Lengt

h (km) 

3.50-9.01 8240 579.64 14.93 581 713 

3.00-3.50 4998 351.77 09.06 331 496 

2.42-3.00 4732 332.74 08.57 198 323 

1.39-2.42 5854 411.95 10.61 113 228 

Impacts of Stone Dusts on Channel Bed Aggradations and 

Sediment Load 

This field measurement in the one hand helps a lot to un-

derstand the impacts of stone dust and on the other hand 

it also introspects that how far the vulnerability model is 

valid. It is assumed that if rate of channel bed aggradati-

ons is very high and water quality is transformed substan-

tially validity of the model inferred. For successful comp-

letion of this work during field study 81 tributaries have 

been selected on the basis of stratified random sampling 

 
Fig.6 River cross profile and stone dust deposition in (A) very high (B) high and (C) low vulnerable zones 
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from different vulnerability classes. Twenty tributaries 

have been selected from very high vulnerable zone, 25 

from highly, 20 from moderately and 16 from lowly vul-

nerable stone dust affected zones. From each stream at le-

ast 5 cross sections have been drawn to know the average 

situation of stream bed aggradations due to dust. In the 

very high vulnerable zone, depth of dust deposition ranges 

from 0.09 to 0.20 metre and average depth of dust depo-

sition 0.125m Range of depth of dust deposition on river 

bed in the highly vulnerable zone is 0.09 to 0.19 metre 

with an average of 0.096m. Average depth of dust depo-

sition on rivers within moderately and low vulnerable 

zones is 0.083 and 0.061 metres respectively (Table 8). It 

is to be mentioned that channel segments away from 

crushing unit truly show only dust. But it is clear that dust 

decreased away from the emitting units. 

Impacts on Stream Load Characters  

Most of the streams are over loaded with huge amount of 

dust especially those are located at very proximate region 

of mining and stone crushing centres. Due to such condi-

tions, thick dust is deposited over the channel bed. During 

monsoon time carrying capacity of the streams increases, 

thus they carry the loose materials. Suspended load inc-

reases due to stone dust during early monsoon (June and 

July) because deposited dusts over surface drains to the 

river during initial period of over land flow and admixture 

with tributaries.  Suspended and bed load varies directly 

downstream from stone mine and crushing units. Average 

suspended load is 15762g/m3during monsoon time in the 

very high vulnerable zone, followed by 12456 g/m3 in the 

highly vulnerable zone. In the low vulnerable zone, it is 

recorded that average load volume is 6782g/m3. which is 

low enough and in this area maximum proportion of it is 

contributed by eroded soil not by the dust. This informa-

tion also supports the vulnerability models. Studies also 

recorded that this volume of load decreases downstream 

with varying rate depending on the dust product ability of 

the mining and crushing centres, discharge volume of the 

rivers where these are in fluxed, slope of the region, nature 

of wind. Here it should be mentioned that effect of this 

dusts exerts down slope. So the vulnerability zones in-

dicated by the model do not exhibits uniform results even 

within a single vulnerability zone. In the upslope part aro-

und a mining or crushing centre is less affected because 

stream flow does not carry such dust in this situation. Air-

borne dust mainly affects the upslope regions. Most of the 

cases load is almost 3-7 times lesser than down slope re-

gions.  

Impact on Water Quality 

PH value as an indicator of water quality specifically ne-

utrality of water reveals that in the very high vulnerable 

zone pH value of river water is above 9. Huge influx of 

stone dust is principally responsible for such transformed 

water quality, in the highly vulnerable zone, pH value is 

8-8.5 (Table7). But in low vulnerable zones, pH value of 

the river water is 8.2 and it is near to normal. From this 

analysis it can be stated that both channel bed aggradati-

ons and water quality status is beyond normal situation in 

the very high and high vulnerable zones and therefore, this 

model can be treated as valid.  

Total dissolved solid (TDS) is another water quality 

parameter altered after contamination by dusts. In the 

highly vulnerable zones, TDS value with an average of 

2487mg/l. This value is high very adjacent stream seg-

ment to stone mine and crusher centres. This high value is 

beyond the permissible limit of both drinking (500mg/l) 

and irrigation (2250mg/l) as per BIS (10500) Standards of 

Inland Surface Water (1991). In the less vulnerable zone, 

this TDS value (1256mg/l) crossed permissible limit for 

drinkability but it is irrigable. 

Water colour appeared as grey of black drain water 

according to degree of vulnerability. Even the animals do 

not drink this water because of huge suspended particulate 

matters in water. Repetitive supply of water to the agri-

cultural field can heap up huge volume of dust to the field 

and can alter the basis texture and composition of the soil.  

Aquatic environment specifically fishing is strongly af-

fected in these segments. Although these stream segments 

were not highly worth for fish availability and fishing, but 

during monsoon season, fishing was practiced. But due to 

alteration of such physico-chemical parameters, such am-

bient environment has become altered.  

Impacts on Vegetation Quality  

The middle catchment of the Dwarka river basin is highly 

affected due to the stone crushing and mining dust. Vege-

tation coverage has been decreased rapidly  due to the 

construction of a new mine and crushing sites.   

The effect of dust pollution on plants is observed in 

this study as it has reduced the quality of vegetation in 

study area. The average NDVI value of 1990 was 0.470, 

whilst in 2011 it dropped to 0.54 and finally it is reduced 

to 0.48 in 2016 (Fig. 7A, 7B and 7C). This decline of 

NDVI since 1990 to 2016 focuses on degradation of forest 

quality. Most of the forest in this area is dominated by Sho-

rea robusta and Madhuca indica, two broad leaf vegeta-

tion species and these are highly sensitive to stone dust.  
Table 7 Sample tributaries and their characteristics in different vulnerable zones 

Vulnerable class 
Selected  

tributaries   

Range of depth of dust  

deposition on river bed(m) 

Average  

depth (m) 
pH  

Avg. TDS  

(mg/1) 

Very high 10 0.08-0.22 0.128 9 2487 

High 6 0.09-0.16 0.092 8-8.5 2321 

Moderately  5 0.03-0.08 0.074 8.2 (1543 

Less Vulnerable 7 0.001-0.08 0.058 8.2 1256 
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Saha and Padhy (2011) documented that high rate of dust 

deposition in the leaves decelerates rate of photosynthesis 

and food availability within the plant body and it causes 

weakening of vegetation health. During non monsoon 

time effects of dust becomes more prominent because of 

thick dust coating over leaves. In this time due to lack of 

rainfall, this thick dust coat becomes thicker. Apart from 

dust effects, continuous emission of hot smoke from 

crushing unit in the vegetation contiguous area causes par-

tial plant celldamage. Apart from qualitative damage of 

vegetation, due to installation of stone mines and crushing 

unit within forest area it is also rapidly expunged.  

CONCLUSIONS 

From the above analysis, it is found that out of the total 

above mentioned basin area, a 14.93% area is very highly 

potential for dust vulnerability. Within this zone, 581 

numbers of streams having a length of 713 km are found 

to be highly affected. Channel bed aggradations, increa-

sing sediment load within water, degradation of water qu-

ality beyond permissible limits are some evident effects 

of dust emissions and spreading. Continuous deposition 

of such stone dust over vegetation causes qualitative deg-

radation of vegetation as indicated by declining of NDVI 

values between 1990, 2011 and 2016. Due to mining acti-

vities, removal of prestigious forest has been rapidly deg-

rading. Certainly, this fact is not solely responsible for 

deteriorating forest quality. Coarse grain lateritite soil 

(Chokraborty, 1970), and mass scale soil erosion (6-

8t/ha/y) are another controlling factors for tree felling and 

degradation of vegetation (Jha and Kapat, 2009; Pal, 

2016).  The formation of dust layer on plant body damage 

plant tissue which reduces rate of photosynthesis. Dust 

particles emitted from stone crushing activity reduces the 

pigmentation in plant leaves (Saha and Padhy, 2011). 

Dust fall on open land reduces its fertility of soil (CPCB, 

2009). Deposition of dust particles exerts stresses on plant 

which reduces productivity of plants. 

Along with deterioration of forest environment, deg-

radation of aquatic habitat is also vital issue. Fishes and 

other species will be in stress state if high level dust con-

tamination happens and turbidity level raises. Fish prefers 

to avoid hypoxic waters and favours more highly oxyge-

nated waters (Breitburg, 2000). But such hypo-oxygena-

ted condition happened in the extra admixing of dusts.  

Rombough (1988) explained different species of fishes 

have different ability to tolerate low oxygen concentrati-

ons, depending on the natural change of dissolve oxygen 

concentration that fishes encounter in their preferred ha-

bitat. Catfishes tolerate wide range of oxygen variation 

but can’t survive if oxygen comes 59% below ambient li-

mit (Randolph and Clemenens, 1976). Opinion taken 

from local fishermen who were once engaged with fishing 

activities emphatically opined that river character has 

been changed and fish is become almost rare in this alte-

red condition. Influx of dusts automatically enhances tur-

bidity level in water. Turbidity impinges on both the den-

sity and metabolism of the plant populations present in 

stream channels (Wallen, 1951; Aldridge et al., 1987). A 

 

Fig.7 Vegetation Health (using NDVI) (A)1990 (B) 2011 (C) 2016 
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study by Clavel and Bouchard (1980) showed that the ab-

sorption of light energy by water is proportional to the 

concentration of suspended sediment. High level of turbi-

dity in river segments adjacent to the stone mine and 

crushing centres influences first tropic level in same man-

ner. Cordone and Kelley (1961) and Decker et al. (1999) 

etc. found out the impact of channel morphology, sand 

mining, dredging on water quality specifically, turbidity, 

TDS, temperature etc. and all these again exert negative 

impact on aquatic habitat. Pal et al. (2016) also reported 

the huge reduction of fish availability in Chandrabhaga ri-

ver basin after inflowing huge particulate matter from 

plant. For energizing growing urban sector through 

supplying building materials, this sector is getting plenty 

of attentions to the concerned authorities and loss of forest 

issues is quite sacrificed. Such situation is also explored 

in different parts of the country with variable intensities. 

Pal et al. (2016) identified the effect of fly ash on Chand-

rabhaga river of Chotonagpur plateau fringe area. They 

identified that this river is highly affected by thick 

(>0.5m) dust deposition and as result simplification of 

unique topographic features and ecological deterioration. 

Dinda (2014) worked on Rupnarayan river and reported 

that due to aggradations of channel bed through fly ash 

fish influx is deduced significantly. Saha and Padhy 

(2011) highlighted how fly ash affected the growth of ve-

getation and vegetation quality of the Rarh tract of Eastern 

India. They clearly stated that due to such effect green pig-

ment contents in forest leaves have reduced significantly. 

This similar condition is found in the present study area 

also. In long term environmental agenda, such trend is not 

good at all. In this paper, attention is paid for a few issues 

only as mentioned above but apart from all these, human 

health hazards is also another major emerging problem in 

this area. The labourers working in this sector are highly 

exposed to respiratory diseases. During field investiga-

tion, opinion of the labourers has been taken into account 

regarding their health hazard. Dust generated from mining 

and crushing unit should be used for filling of abandoned 

mines, fertilizer preparation, road and rail way constructi-

ons. But for a successful project, it should be kept in mind 

that sectoral coordination in this regard is highly ne-

cessary. 
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Abstract 

Groundwater serves as a source of freshwater for agricultural, industrial and domestic purposes and it accounts for about 42%, 27% 

and 36% respectively. As it remains the only source of all-year-round supply of freshwater globally, it is of vital importance as regards 

water security, human survival and sustainable agriculture. The main goal of this study is to identify the main cause-effect relationship 

between human activities and the state of groundwater quality using a communication tool (the DPSIR Model; Drivers, Pressures, 

State, Impact and Response). A total of twenty-one samples were collected from ten peri-urban communities scattered across three 

conterminous Local Government Areas in Southwestern Nigeria. Each of the groundwater samples was tested for twelve parameters - 

total dissolved solids, pH, bicarbonate, chloride, lead, electrical conductivity, dissolved oxygen, nitrate, sulphate, magnesium and total 

suspended solids. The study revealed that the concentrations of DO and Pb were above threshold limits, while pH and N were just 

below the threshold and others elements were within acceptable limits based on Guidelines for Drinking Water Quality and Nigeria 

Standard for Drinking Water Quality. The study revealed that groundwater quality levels from the sampled wells are under pressure 

leading to reduction in the amount of freshwater availability. This is a first-order setback in achieving access to freshwater as a sus-

tainable development goal across Less Developed Communities (LDCs) globally. To combat this threat, there is the need for an inte-

grated approach in response towards groundwater conservation and sustainability by all stakeholders. 

Keywords: groundwater, DPSIR, cause-effect, peri-urban, communication tool 

INTRODUCTION 

Clean, safe and adequate availability of freshwater is 

vital to the survival of all living organisms and the 

smooth functioning of ecosystems, communities and 

economies (Ibeh and Mbah, 2007; Akoteyon, 2013). 

Availability and access to freshwater is also a global 

concern and a major unit of the sustainable develop-

ment goals (SDGs). In terms of availability, two major 

sources of freshwater are surface water and groundwa-

ter. Groundwater provides a valued fresh water re-

source to human population and constitutes about two-

third of the fresh water reserves presently occupying 

various spaces across the world. Groundwater is used 

for agricultural, industrial and domestic purposes. It ac-

counts for about 50% of livestock and irrigation usage 

and just under 40% of water supplies, whilst in peri-

urban areas, 98% of domestic water use is from ground-

water (Todd, 1980; Stigter et al., 2006). Groundwater 

can be put into different uses such as domestic, agricul-

tural and industrial activities. These activities put a de-

mand on groundwater thereby attenuating the remain-

ing portion of available groundwater reserves (Sango-

doyin and Agbawhe, 1992). Activities such as these not 

only put pressure on global groundwater reserves but 

also affect the quality of groundwater (Oluwande, 

1983; MacDonald et al., 2005; Stigter et al., 2006; Ako-

teyeon, 2013). Groundwater quality comprises the 

physical, chemical and biological qualities (Phillips et 

al., 2013). It becomes polluted when its quality is dis-

turbed, whether the physico-chemical or the biological 

property.  

Groundwater pollution can also be described as 

water contamination. It occurs when pollutants are re-

leased to the ground and make their way down into 

groundwater. It can also occur naturally due to the pres-

ence of minor and unwanted constituents, contaminants 

or impurity in the groundwater, in which case it is more 

likely referred to as contamination rather than pollution 

(Phillips et al., 2013). In most tropical climes such as 

Nigeria, increase in the rate of population, a corollary 

effect of increase in the level of urbanization, industrial 

and agricultural activities are perceived to pose serious 

pollution threats with all its concomitant health hazards 

on groundwater quality especially in urban and peri-ur-

ban areas (Kehinde et al., 1989; Adelana et al., 2008).  

Groundwater in some climes contain specific ions 

(such as fluoride) and toxic elements (such as arsenic, 

lead and selenium) in quantities that are harmful to 

health, while others contain elements or compounds 

that cause other types of problems (such as the staining 

of sanitary fixtures by iron and manganese).  

Most peri-urban towns in tropical countries such 

as Nigeria are heavily populated due to rapid urbaniza-

tion because of urban renewal processes; a growing 

planning process in urban planning, closeness to major 

urban centres, etc. It is based on this background that 

this research seeks to assess groundwater quality levels 

Brought to you by | University of Szeged
Authenticated

Download Date | 11/24/17 11:15 AM



24 Olusola et al. (2017)  

 
across three conterminous Local Government Areas 

(LGAs) in Osun State. These three LGAs (Boluwaduro, 

Ifelodun and Boripe) are close to Osogbo, the Osun 

State Capital and they have been enjoying influx of 

people from Osogbo who are settling down in these ar-

eas. These three LGAs have been experiencing popula-

tion growth (NPC, 2006) and are fast becoming urban-

ized with unchecked physical planning process coupled 

with observed sanitary issues and difficulties in the use 

of freshwater especially for drinking purpose; the area 

becomes ideal for this kind of study. These factors (ur-

banization, unchecked physical development and sani-

tation issues, offshoot of population growth) are im-

pacting on freshwater availability within the study area 

and thereby reducing its quality. With the present 

global challenge on freshwater, there is the need for de-

veloping countries such as Nigeria to drive policies that 

will protect her freshwater reserves and ensure sustain-

ability. One of the channels through which the nations 

of the world can achieve protection and sustainability 

is encouraging more research into groundwater re-

serves using human-environmental models that can be 

used to understand interactions between nature and 

man in order to drive policies that are long sustainable 

and achievable. The aim of this study is to assess the 

spatial variation in groundwater quality across three 

conterminous LGAs in Osun State and present a sus-

tainable water management approach. To achieve this 

aim, this study employed the use of DPSIR (Driving 

force, Pressure, State, Impact and Response) Model in 

understanding the importance and functions of ground-

water quality in Boluwaduro, Boripe and Ifelodun 

LGAs in Osun State. The main goal of this model is to 

identify the main cause-effect relationship between hu-

man activities and the state of water quality and present 

a response approach geared towards sustainable fresh-

water availability. Borja et al. (2005) used the model 

together with other methodologies to identify the rele-

vant pressures and impacts of water quality changes in 

estuarine and coastal areas. Danielopol et al. (2003) re-

viewed the changes in the status of groundwater eco-

systems and the important driving forces, resulting from 

the direct or indirect impacts of human activities. Their dis-

cussion divided the environmental pressures which are 

largely produced by human activities in two major classes, 

namely; groundwater quantity problems and the critical de-

pletion of aquifers in many parts of the world and groundwa-

ter quality problems, where the systems are overloaded with 

contaminants. An application of the DPSIR model based on 

the uniqueness of the study area and its peculiarities (being a 

tropical community, peri-urban zone, its absolute depend-

ence on freshwater through groundwater abstraction and in-

creasing emergence of light industries) becomes very rele-

vant and sets to add more to growing body of knowledge on 

integrated water quality studies especially in tropical climes 

and offers a unique solution for similar Less Developed 

Communities (LDCs) across the world. Also, given globally 

recognized water scarcity, using the worlds accessible fresh-

water in a sustainable manner becomes critically important. 

STUDY AREA 

Three LGAs were investigated in this research – Ifelodun, 

Boluwaduro and Boripre (Fig. 1, 7055’N, 4040’E; 7◦57’N, 

4◦48’E; 7◦57’N, 4◦48’E). Ifelodun has an area of 114km2 

with a population of 96, 444 with its headquarters located 

at Ikirun, Boluwaduro has an area of 144km2 and a popula-

tion of 70,954, with its headquarters located at Atan-Ayeg-

baju while Boripe with an area of 132km2 and a population 

of 138,742 as at 2006 census has its headquarters at Iragbiji. 

 

Fig. 1 Map showing study area and groundwater sampling points 
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The study area (Fig. 1) receives an average rainfall 

of 1,150 mm a year; it lasts from April to late October or 

early November (South-westerly winds prevail), though it 

eases off in July or August (August Break). The dry sea-

son lasts from November to March which is the period of 

intense harmattan when the North-easterly dusty wind 

prevails, mixed with occasional intense heat. Osun State 

is an inland state, lying mainly in the tropical rainforest, 

in the deciduous forest area which spreads towards the 

grassland belt of the study areas. Climate here is less hu-

mid and hot than the greater part of South-Western Nige-

ria although the effect of the harmattan wind is strongly 

felt in the dry season. The towns are situated on a raised 

land which is well over 500 meters above the sea level and 

is drained by the tributaries of River Osun. 

Various economic activities are being carried out 

within the study areas. Sizeable numbers of the populace 

within the zone are civil servants who also are into one 

form of petty trading. Market structures within the zone 

are mostly periodic with few ones being patronized on a 

daily basis. The area boasts of various industries from lo-

cal craft ones to light industries (food crops processing 

plants, auto-mechanic workshops, etc.) and few heavy in-

dustries (Iron smelting, metal fabrication, etc.). Due to 

large expanse of available arable land, the area is inten-

sively cultivated for various crops while some are already 

being converted into industrial sites.  

METHODOLOGY 

Field survey was carried out before sample collection. 

This was necessary in order to examine the general char-

acteristics of the area, determine the most feasible routes 

for sample collection and identify wells and their charac-

teristics. Communities where samples were taken are Iree, 

Obagun, Otan-Ayegbaju, Ada, Oba, Erinpa, Ikirun, Eko-

Ajala, Iragbiji located within the Local Government Areas 

Boripe, Boluwaduro and Ifelodun (Table 1). These areas 

were identified during the course of the reconnaissance 

and it was gathered that their source of groundwater which 

is mostly from wells is not too safe for drinking.  

DPSIR model 

DPSIR model is a chain of causal links starting with ‘driving 

forces’ (economic sectors, human activities) through ‘pres-

sures’ (emissions, waste) to ‘states’ (physical, chemical and 

biological) and ‘impacts’ on ecosystems, human health and 

functions, eventually leading to political ‘responses’ (priori-

tization, target setting, indicators). Describing the causal 

chain from driving forces to impacts and responses is a com-

plex task, and tends to be broken down into sub-tasks, e.g. by 

considering the pressure-state relationship. A ‘driving force’ 

is a need. Examples of primary driving forces for an individ-

ual are the need for shelter, food and water, while examples 

of secondary driving forces are the need for mobility, enter-

tainment and culture (Kristensen, 2004). Driving forces lead 

to human activities such as transportation or food production, 

i.e. result in meeting a need. These human activities exert 

'pressures' on the environment, as a result of production or 

consumption processes. 

Table 1 Location of sampled groundwater wells 

ID 

Geographic coordinates 

Depth (m) Flow 
Nothing Easting 

Well 1 
07°55' 

46.221" 

04°40' 

30.370'' 
7 Perennial 

Well 2 
07°55' 

44.207'' 

04°40' 

20.006'' 
2 Seasonal 

Well 3 
07°56' 

08.450'' 

04°43' 

41.446'' 
2 Perennial 

Well 4 
07◦56' 

11.886'' 

04°43' 

46.192'' 
8 Seasonal 

Well 5 
07°56' 

13.011'' 

04°43' 

30.199'' 
12 Seasonal 

Well 6 
07°53' 

27.352'' 

04°42' 

47.338'' 
12 Seasonal 

Well 7 
07°53' 

32.399'' 

04°42' 

46.743'' 
12 Seasonal 

Well 8 
07°54' 

22.510'' 

04°41' 

12.610'' 
2 Seasonal 

Well 9 
07°54' 

20.596'' 

04°41' 

15.500'' 
2 Perennial 

Well 10 
07°56' 

33.035'' 

04°37' 

34.008'' 
6 Perennial 

Well 11 
07°55' 

02.547'' 

04°34' 

31.910'' 
2 Seasonal 

Well 12 
07°55' 

03.512'' 

04°34' 

28.859'' 
6 Perennial 

Well 13 
07◦54' 

31.711'' 

04°34' 

41.251'' 
14 Seasonal 

Well 14 
07°55' 

37.113'' 

04°39' 

13.297'' 
7 Perennial 

Well 15 
07°55' 

13.326'' 

04°40' 

08.198'' 
14 Seasonal 

Well 16 
07◦55' 

07.601'' 

04◦40' 

09.509'' 
2 Seasonal 

Well 17 
07°56' 

22.387'' 

04◦44' 

39.922'' 
14 Seasonal 

Well 18 
07°56' 

19.271'' 

04°44' 

40.429'' 
2 Seasonal 

Well 19 
07°56' 

19.115'' 

04°44' 

38.494'' 
2 Seasonal 

Well 20 
07°56' 

50.558'' 

04°47' 

24.027'' 
12 Seasonal 

Well 21 
07°56' 

51.940'' 

04°47' 

24.439'' 
12 Seasonal 

 

As a result of pressures, the ‘state’ of the environment is 

affected; that is, the quality of the various environmental 

compartments (air, water, soil etc.)  in relation to the func-

tions that these compartments fulfil. The ‘state of the envi-

ronment’ is thus the combination of the physical, chemical 

and biological conditions. The changes in the physical, 

chemical or biological state of the environment determine 

the quality of ecosystems and the welfare of human beings.  

In other words, changes in the state may have environmen-

tal or economic ‘impacts’ on the functioning of ecosystems 

and human lives (Kristensen, 2004). A ‘response’ by soci-

ety or policy makers is the result of an undesired impact and 

can affect any part of the chain between driving forces and 

impacts.   DSPIR was applied as a guiding model for a well-

developed water quality study in the light of sustainable 

freshwater management.  
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Driving forces and Pressures 

The need for shelter, healthy living and improved finan-

cial status were identified as the driving forces acting 

upon the sustainable use of freshwater supply within the 

zone. A corollary effect of these forces is increased popu-

lation growth which in turn affects urbanization and in-

dustrialization. As a basic pressure, population growth 

was analysed using existing records between 2006 and 

2011 (NPC, 2006) and possible contamination sources 

that predispose groundwater to pollution were identified 

on the field.  

State and Impact 

The state of the groundwater in terms of its quality was 

determined from the Laboratory using standard protocols 

and measures (APHA et al., 2008) at the University of 

Ibadan, Department of Agronomy. A total of twenty-one 

(21) samples were collected from ten (10) peri-urban 

communities scattered across the three Local Government 

Areas (Boripe, Boluwaduro and Ifelodun). The water 

samples were collected with the aid of Polyethylene bot-

tles (APHA et al. 1998) and each location was determined 

using a Global Positioning System. Also, the state of each 

of the wells was determined in terms of depth and volume 

of water was qualitatively described using seasonality. At 

the time of sampling, bottles were thoroughly rinsed two 

to three times with the well water. The samples were taken 

immediately to the laboratory to determine their physico-

chemical properties. Each of the groundwater samples 

was analyzed for 12 parameters: Total Dissolved Solids 

(TDS), pH, Bicarbonate, Chloride, Lead, Electrical Con-

ductivity, Dissolved Oxygen, Nitrate, Sulphate, Magne-

sium and Total Suspended Solids using standard labora-

tory procedure (APHA et al., 1998).  

The spatial variation of the physico-chemical prop-

erties was determined using charts across the 21 commu-

nities. Based on WHO and Nigeria standards, average val-

ues of each of the parameters were compared against the 

WHO standard to ascertain the level of exposure to risks 

being posed by the consumption of freshwater within the 

study area. Risk map for threatening parameters was pro-

duced using ArcGIS 10.1 in form of dot map using pro-

portional circles.  

Response 

The present capacities of major stakeholders were evalu-

ated to understand how to cope with the impact of polluted 

groundwater and finally presenting a required manage-

ment intervention that is both long-term and short-term. 
 

RESULTS  

Driving Forces and Pressures 

The driving forces identified within the study area are 

population growth and urbanization. These activities arise 

as a result of human needs for food, water, shelter and 

health. Due to population increase (NPC, 2011) across the 

area, there is increase in the rate of urbanization and agri-

cultural practices. On the average, across the three LGAs, 

population increased by over 14%. By 2050, it is expected 

that global water demand will increase by 55 percent 

(Cap-net, 2016) mainly due to growing demands from 

manufacturing, thermal electricity generation and domes-

tic use. As population increases across the study area (Fig. 

2) so does production of wastewater and other products 

that predisposes groundwater to being polluted.  By 2020 

the proportion of urban population in LDCs is predicted 

to surpass 50% and it is expected that 57% of the world’s 

population will live in cities (UN Report, 1997). Going by 

the trend, peri-urban communities are likely to have 

greater influx of urban dwellers of which a large propor-

tion will be poor. This in itself implies increase in pressure 

on domestic and drinking water supply, sanitation and 

food supply (Danielopol et al., 1997). 

 

Fig. 2 Graphical representation of population growth across the 

study area 

Agricultural practice exerts pressure on the environ-

ment and it is a major source of high concentration of ni-

trate in groundwater in wells, through the application of 

chemical manure. Fertilizers and pesticides applied to 

crops eventually reach underlying aquifers particularly if 

the aquifer is shallow and not protected by an overlying 

layer of low permeability materials.  

State and Impact  

The values in Table 2 shows that well 13 has the highest 

pH value followed by well 6. pH is a measure of the acidic 

or basic nature of a solution pH average (6.5) value for 

groundwater is within the permissible level (Table 3). It 

has been noted in the Nigeria Standard for Drinking Water 

Quality (NSDWQ, 2007) that pH usually does not have a 

direct bearing on consumers of water. DO is a measure of 

the amount of oxygen level in a body of water. It is af-

fected by pressure, temperature and salinity. Average 

value for DO across the studied wells is 10.6. The average 

value for DO here is above the threshold limit (NSDWQ, 

2007). Excess dissolved oxygen in water bodies can cause 

external bubbles (emphysema), a rare occurrence that af-

fects the skin and other tissues (Kumar et al., 2007). 
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For calcium, well 14 appeared with the highest value 

and well 6 for TDS. Well 2 and 10 has the highest value for 

Cl. Calcium concentration, Cl and TDS appears with an av-

erage of 21.40mg/l, 20.9 mg/l and 20.6mg/l respectively 

and they are well within acceptable standard (Table 3). The 

palatability of drinking water rated by panels of tasters in 

relation to its TDS level is as follows: excellent, less than 

300 mg/l; good, between 300 and 600 mg/l; fair, between 

600 and 900 mg/l; poor, between 900 and 1,200 mg/l; and 

unacceptable, greater than 1,200 mg/l (WHO, 1996a, b). 

TDS concentrations across sampled wells are quite low and 

there is the tendency for the water to become flat and in-

sipid in taste (Kumar et al., 2007).  

Table 3 Nigeria Standard for Water Quality (NSDWQ, 2007) 

Physico-chemical parameters NSDWQ 

pH 6.5 -8.5 

EC   (µS/cm) 1000 

TDS  (mg/l) 500 

TSS   (mg/l) 500 

Chloride  (mg/l) 250 

Nitrate (mg/l) 50 

Sulphate (mg/l) 100 

Bicarbonate (mg/l) - 

Calcium (mg/l) 75 

Magnesium (mg/l) 0.20 

Lead (mg/l) 0.01 

Dissolved oxygen (mg/l) 5.0 

Magnesium (Mg) concentration as observed in the 

study is higher than the sulphate (SO4) level. Well 15 

has the highest concentration level of Mg exceeding the 

permitted level without any known effect on human 

health. As for sulphate, well 14 and 21 has the highest 

concentration level. SO4 has an average concentration 

of 1.13mg/l lower than the permitted class given by 

NSDWQ (2007). It has been noted that low SO4 con-

centration has no effect on human health. 

Well 10 has the highest level of nitrate concentra-

tion. Across the studied wells, NO3- has an average 

value of 1.04mg/l which is well within the permitted 

standard globally. For lead, the highest concentration 

was observed in well 13 (0.49mg/l). Lead across the 

study wells presents an average value of 0.266mg/l ex-

ceeding the permitted threshold level of 0.01 mg/l. 

From the study, Lead has been found to be highly con-

centrated in most wells across Obagun, ObaOke, Oba – 

Oke and Iree. Most wells across the study area are shal-

low and particularly these wells are sited close to auto-

repair workshops, such as; auto mechanic, auto weld-

ing and auto painting. Wastes disposal from these 

workshops found their way into the soil profile and 

contaminate the aquifer level resulting in groundwater 

pollution due to their shallowness. Pb is quite deadly 

and it results in several diseases which are harmful to 

the human health especially children. The presence of 

Pb above the normal threshold (WHO, 1996a; 

NSDWQ, 2007) results in carcinogenic diseases, 

  

  

Table 2 Physico-chemical result of groundwater analyses across the twenty-one communities 

ID pH 
EC 

(µS/cm) 

TDS 

mg/l 

TSS 

mg/l 

Cl 

mg/l 

NO3 

mg/l 

SO4

mg/l 

HCO3
  

mg/l 

Ca 

mg/l 

Mg 

mg/l 

Pb 

mg/l 

DO 

mg/l 

Well 1 6.71 542 20.5 1.4 17.8 0.8 1.2 0.07 20.5 3.1 0.34 11 

Well 2 5.66 432 18 0.5 35.5 0.6 1.1 0.19 19.1 3.8 0.35 9 

Well 3 6.83 512 21.8 1 22.5 0.9 1 0.1 18.5 2.9 0.43 10 

Well 4 6.71 842 22.4 1.5 27 1.3 1 0.12 17.35 2.2 0.32 12 

Well 5 6.83 422 20.6 1.19 25.6 1.1 1.5 0.16 19.8 1.7 0.2 13 

Well 6 6.24 362 33.2 0.8 24.5 1.2 0.9 0.08 17.3 1.8 0.19 11 

Well 7 6.31 392 30.4 0.65 21.5 1 1.6 0.07 21.5 1.9 0.17 12 

Well 8 6.55 545 26.8 1.11 20.6 1.4 1.1 0.06 22.8 2.15 0.22 9 

Well 9 6.53 792 20 0.92 17.3 1.7 1.2 0.05 26.1 2.35 0.3 8 

Well 10 6.71 382 25.5 0.85 35.5 1.8 0.8 0.16 25.3 2 0.26 8 

Well 11 6.75 372 24.2 0.7 18 0.4 1 0.2 18.75 4.19 0.4 8 

Well 12 6.82 322 23.2 1.1 21 1.1 1.1 0.02 22.8 2.6 0.28 9 

Well 13 9.92 682 17.9 0.6 18.5 0.9 0.7 0.16 27.33 2.8 0.49 12 

Well 14 6.36 332 16.5 0.9 13.8 1.1 1.7 0.14 35.1 3.3 0.31 13 

Well 15 6.23 352 14 0.3 12.9 0.7 0.9 0.1 29.2 4.8 0.33 11 

Well 16 6.54 662 13.6 0.45 18 0.9 1.6 0.09 18.7 2.9 0.21 12 

Well 17 6.26 352 20.3 0.25 19.2 0.7 1.4 0.11 16.5 3.15 0.26 12 

Well 18 6.55 342 18.6 0.4 21 1.1 1.6 0.16 17.1 2.9 0.18 11 

Well 19 6.52 342 19.1 0.3 16 1.3 0.8 0.12 19.3 1.6 0.14 11 

Well 20 6.85 602 12.7 0.22 13 0.8 1 0.1 18.6 1.45 0.1 10 

Well 21 6.8 852 14.8 0.18 20 1.1 1.7 0.08 17.8 2.15 0.11 11 

Average 6.70 496.90 20.67 0.73 20.91 1.04 1.19 0.11 21.40 2.65 0.27 10.62 
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interference with Vitamin D metabolism and it affects 

mental development in infants. Bicarbonate, HCO3-, is 

always expected to be quite high especially in ground-

water levels with low levels of calcium and magne-

sium. It serves as a control on water pH. Well 2 has the 

highest Bicarbonate level (0.19mg/l). The average 

value for HCO3
- across the studied sites is 0.111 mg/l. 

The highest concentration level of TSS was observed 

in well 4 (1.5mg/l), and an average of value of 0.696 

mg/l across all wells. TSS is well within the permitted 

level. 

It is quite clear that most wells within the study 

area are quite shallow. Hence, they are susceptible to 

contamination from activities around. The deepest well 

is about 12 meters (Table 1). This explains the reason 

why some of the wells are seasonal. The extraction is 

from weathered regolith not deep enough to sustain wa-

ter availability all year round. The shallowness of the 

well suggests that contaminants get into the freshwater 

zone rather easily. The pathway through which most of 

the groundwater within the study area gets polluted is 

through point sources as observed across the studied 

wells. From the state of groundwater quality across the 

studied wells vis-a-vis the WHO (1996a) and NSDWQ 

(2007), levels Dissolved Oxygen (DO) and Lead (Pb) 

within the wells poses high risk to human health and 

survival within the study area (Table 4). Nitrate and pH 

are just within par while the rest are well within ac-

ceptable limit (Table 4). The two high risk parameters 

are presented in Fig. 3 and 4 to show variation in con-

centration across the study area. 
 

 

Fig3 Risk map showing Pb concentration in the study area 

 

Fig.4 Risk map showing DO concentration in the study area 

Response 

The cycle of hydrological processes sustains life and 

serves as a means of providing freshwater on the earth 

surface (Cap-net, 2016). Freshwater is a natural asset that 

must be protected to ensure that the essential ecosystem 

services it provides continue. Expected response based on 

observed pressures and impact is to recognize that water 

is a scarce resource used for many different purposes, 

functions and services; therefore, water management has 

to be holistic and carefully consider different demands in 

view of available resources and threats. It is therefore ex-

pected that effective management of groundwater should 

encompass seeking non-conventional water sources, such 

as reclaiming or desalinizing. Also, addressing source-

point pollution (i.e. precluding waste streams from enter-

ing natural water bodies) is among measures that can ef-

fectively curb this problem. Specifically, all water pro-

ducing wells within the study area should meet minimum 

standards for well construction mostly in terms of depth. 

Furthermore, proper well location with minimum stand-

ards from potential sources (auto repair workshops, 

dumpsites, etc.) of contamination must be set. On the part 

of the government, regulatory bodies should be empow-

ered and made to employ the polluted pay principle and 

good practice should be adopted. In order to effectively 

achieve the expected goal and meet global sustainable de-

mands, alongside desirable socio- economic development 

by prioritizing social equity, environmental sustainability 

and economic efficiency, health-sanitation officers should 

be properly equipped to enforce environmental healthi-

Table 4 Groundwater Quality Matrix (Red: High Risk; Yellow: Medium Risk; Blue: No risk 

 pH EC  TDS  TSS  Cl  NO3
- SO4 HCO3

- Ca Mg Pb DO 

IFELODUN             

BORIPE             

BOLUWADURO             
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ness. A more drastic approach to solving polluted ground-

water across peri-urban centres in LDCs is the establish-

ment of central borehole system careful constructed in 

clusters of communities based on stakeholder participa-

tion right from the feasibility study to the construction of 

the water system.  

CONCLUSION 

The information obtained from this shows that two the 

levels of two parameters were found to be at above the 

threshold, two parameters were found to be at around the 

threshold limit while the remaining eight parameters were 

within the acceptable limits. In addition, the research has 

shown that groundwater quality levels from the sampled 

wells are under pressure threat due to increase in popula-

tion and urban activities. These drivers put a lot of pres-

sure on the environment thereby increasing pollution risk 

from point sources such as dumpsites, metals from auto-

repair workshops and chemicals due to intense agricul-

tural practices. The resultant impact is that there is a grave 

danger on health especially on the urban poor utilizing 

groundwater for human consumption without any form of 

treatment.  

Globally, there is little or nothing that mankind can 

do to change water availability in the natural water cycle. 

However, on a local scale, natural water cycle supports 

numerous smaller man-made water cycles that critically 

alter overall water availability. There is therefore the need 

for better management, i.e. improved economic efficiency 

of these man-made water cycles to ensure sustainable de-

velopment. Reducing pollution and collecting, recycling 

and reusing wastewater are a first order approach to tackle 

this menace within these communities and other LDCs in 

order to sustain human lives and create an environment 

that is sustainable and liveable. 

References 

Adelana, S.M.A., T.A. Abiye, D.C.W. Nkhuwa, C. Tindemugaya, M.S. 

Oga. 2008. Urban groundwater management and protection in 
Sub-Saharan Africa. In: Adelana S.M.A and MacDonald, A.M 

(eds) Appliedgroundwater studies in Africa. CRC, Boca Raton, 

FL, pp 231–260  
Akoteyon, I. S. 2013. Hydrochemical Studies of Groundwater in Parts 

of Lagos. Southwestern Nigeria. Bulletin of Geograohy, Physical 

Geography Series (6), 27–42. DOI: 10.2478/bgeo-2013-0002 
APHA, AWWA, WEF 1998. Standard Methods for the Examination of 

Water and Wastewater. 20th Edn., APHA, Washington, DC. 

Borja, A, Galparsoro I, Solaun O, Muxika I, Tello M, Uriarte A, et al 
2005. The European Water Framework Directive and the DPSIR, 

A methodological approach to assess the risk of failing to achieve 

good ecological status. Estuar Coast Shelf Sci 66:84–96. DOI: 

10.1016/j.ecss.2005.07.021 
Cap-Net, 2016. Ecosystem functions and services: Integrated water re-

sources management. Training Manual. Online available at: 

www.cap-net.org 
Danielopol, D, Griebler, C, Gunatilaka, A, Notenboom J. 2003.  Present 

state and future prospects for groundwater ecosystems. Environ 

Conserv 30(2): 104–30. DOI: 10.1017/s0376892903000109 
Ibeh, L.M., Mbah, C.N. 2007. Surface characteristics of urban rivers in 

Enugu South eastern Nigeria. World Journal of Biotechnology 
8(2), 1412–1417. 

Kehinde, M.O., Loehnert, E.P. 1989. Review of African groundwater 

resources. Journal of African Earth Sciences 9, 179–185. DOI: 
10.1016/0899-5362(89)90019-5 

Kumar, M., Kumari, K., Ramanathan, A.L., Saxena, R. 2007. A com-

parative evaluation of groundwater suitability for irrigation and 
drinking purposes in two intensively cultivated districts of Pun-

jab, India. Env. Geol., 53: 553–574. DOI: 10.1007/s00254-007-

0672-3 
MacDonald, A.M., Kemp, S.J. Davies, J. 2005. Transmissivity varia-

tions in mudstones. Ground Water 43, 259–269. DOI: 

10.1111/j.1745-6584.2005.0020.x 
NPC (National Population Census) 2006. Details of the breakdown of 

the national and stateprovisional population totals. Official Ga-

zette 96 (2), 1–42, Federal Republic of Nigeria, Abuja. 
National Population Commission. 2011. Nigeria's over 167million pop-

ulation: Implications and challenges. Retrieved March, 10, 2012  

NSDWQ, 2007. Nigerian Standard for Drinking Water Quality. Nigerian 
Industrial Standard NIS 554, Standard Organization of Nigeria, 

p30. 

Oluwande, P. 1983. Guide to tropical environmental health engineering. 
Nigerian Institute of Social and Economic Research Ibadan 

(NISER), Ibadan, pp. 141-147. 

Phillips, A.J., Gerlach, R., Lauchnor, E., Mitchell, A.C., Cunningham, 
A.B., Spangler, L. 2013. Engineered applications of ureolytic bi-

omineralization: a review. Biofouling 29(6), 715–733. DOI: 

10.1080/08927014.2013.796550 
Sangodoyin, A.Y., Agbawhe, O.M. 1992. Environmental study on sur-

face and groundwater pollutants from abattoir effluents. Biore-

source Technology 41(3), 193–200. DOI: 10.1016/0960-
8524(92)90001-e 

Stigter, T. Y., Ribeiro, L., Carvalho Dill, A. M. M. 2006. Application of 

a groundwater quality index as an assessment and communication 
tool in agro-environmental policies - Two Portuguese case stud-

ies. Journal of Hydrology 327(3–4), 578–591. DOI: 

10.1016/j.jhydrol.2005.12.001 
Todd, D.K., Mays, L.W. 2005. Groundwater Hydrology, 3rd edition. 

John Wiley and Sons Inc. p, 652. 

UN Report (United Nations Report) 1997. World Urbanization Pro-
spects: The 1996 Revision. New York, USA: UN Secretariat, 

Population Division. 

WHO (World Health Organisation), 1996a. Guidelines for Drinking 
Water Quality, vol. 2: Health Criteria and Other Supporting In-

formation, second ed. World Health Organisation Press, Geneva. 

WHO (World Health Organisation), 1996b. Water Quality Monitoring: 
A Practical Guide to the Design and Implementation of Freshwa-

ter Quality Studies and Monitoring Programmes. E and FN Spon, 

London, UK. 
 

 

 

Brought to you by | University of Szeged
Authenticated

Download Date | 11/24/17 11:15 AM



JOURNAL OF ENVIRONMENTAL GEOGRAPHY 

Journal of Environmental Geography 10 (1–2), 31–39.  

DOI: 10.1515/jengeo-2017-0004 

ISSN: 2060-467X     
 

 

 

 

SPATIOTEMPORAL ASSESSMENT OF VEGETATION INDICES AND LAND COVER FOR 

ERBIL CITY AND ITS SURROUNDING USING MODIS IMAGERIES 

 

 

Shwan O. Hussein1*, Ferenc Kovács1, Zalán Tobak1 

 
1Department of Physical Geography and Geoinformatics, University of Szeged, Egyetem u. 2-6, H-6722 Szeged, Hungary 

*Corresponding author, e-mail: shwan.huseen1@su.edu.krd 

 

Research article, received 28 March 2017, accepted 2 May 2017 

Abstract 

The rate of global urbanization is exponentially increasing and reducing areas of natural vegetation. Remote sensing can determine 

spatiotemporal changes in vegetation and urban land cover. The aim of this work is to assess spatiotemporal variations of two vegetation 

indices (VI), the Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI), in addition land cover in 

and around Erbil city area between the years 2000 and 2015. MODIS satellite imagery and GIS techniques were used to determine the 

impact of urbanization on the surrounding quasi-natural vegetation cover. Annual mean vegetation indices were used to determine the 

presence of a spatiotemporal trend, including a visual interpretation of time-series MODIS VI imagery. Dynamics of vegetation gain 

or loss were also evaluated through the study of land cover type changes, to determine the impact of increasing urbanization on the 

surrounding areas of the city. Monthly rainfall, humidity and temperature changes over the 15-year-period were also considered to 

enhance the understanding of vegetation change dynamics. There was no evidence of correlation between any climate variable com-

pared to the vegetation indices. Based on NDVI and EVI MODIS imagery the spatial distribution of urban areas in Erbil and the bare 

around it has expanded. Consequently, the vegetation area has been cleared and replaced over the past 15 years by urban growth. 

Keywords: MODIS, remote sensing, vegetation index, NDIV, EVI, land cover, time series

INTRODUCTION 

The rate of urbanization is increasing throughout the 

world. According to recent United Nations estimations, 

the majority of the world’s population is living in urban 

areas and the overall proportion is expected to reach 65% 

in the middle of the 21th century (United Nations, 2014). 

However according to the Word Bank (2015) the urban 

population in Iraq was already 69.5% in 2015. 

A gradual increase in the percentage of build-up land 

results in a reduction of the vegetated areas. Urbanization 

alters environmental conditions such as climate, biodiver-

sity, quality of water and air that has a substantial impact 

on human comfort and health. The impacts may become 

pronounced when they interact on a global scale. There-

fore a better understanding of the effect of urbanization is 

required to support greener sustainable development and 

climate change strategies (Imhoff et al., 2010).  Possible 

solutions include the creation of green spaces, that are ir-

rigated and fertilized, which are found to considerably re-

duce the negative consequences associated with transfor-

mation into urban environment (Gregg et al., 2003). Re-

mote sensing of urban expansion and vegetation clearing 

provides information on the spatial and temporal patterns 

of urban development and its impacts to the environment. 

MODIS sensor is able to provide information neces-

sary for monitoring ecosystem dynamics at adequate spa-

tiotemporal resolution using vegetation indices such as 

EVI and the NDVI. VIs are spectral transformations of 

two or more bands designed to enhance the properties of 

vegetation to allow reliable spatial and temporal inter-

comparisons to photosynthetic health and canopy struc-

tural changes. NDVI is chlorophyll sensitive, while EVI 

is more responsive to canopy structural variations includ-

ing leaf area index (LAI), canopy type and architecture. 

The VIs complements each other and improves upon the 

detection of vegetation changes and the extraction of can-

opy biophysical parameters (Huete et al., 2002). NDVI 

was found to be highly sensitive to the vegetation pres-

ence as well as its density and dynamics (Zhang et al. 

2006). For this reason, the MODIS NDVI can be em-

ployed in the quantification of green biomass and vegeta-

tion cover. A recent study in China by Li et al. (2010) 

found that MODIS NDVI was highly correlation with the 

field verification data of vegetation cover and had obvious 

advantages for predicting natural vegetation coverage 

than EVI within their study area. 

MODIS VIs are sensitive to multi-temporal vegetative 

biophysical and canopy changes. Both NDVI and EVI have 

a good dynamic range and sensitivity for monitoring and as-

sessing spatial and temporal variations in vegetation amount 

and condition. NDVI generally has a higher range of values 

over semiarid sites, and the opposite for more humid forested 

sites with a lower range (Huete et al., 2002). With the support 

of satellite imagery time-series data it became possible for 

researchers to obtain phenological information at various 

spatial and temporal intervals. Looking at publications in the 
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area, it should be stated that the first use of satellite data in 

the identification of key phenological parameters using 

NDVI was described in publications by Tucker and Myneni 

(Tucker et al., 2001; Myneni et al., 2007).  

However, there is a range of recent studies in developed 

and developing countries, focused on the application of 

Moderate Resolution Imaging Spectroradiometer (MODIS) 

to model trends in vegetation patterns. Mertes et al. (2015) 

demonstrated a methodology over East Asia to monitor ur-

ban land expansion at continental to global scales using 

MODIS data, including a multi-temporal composite change 

detection approach based on MODIS 250 m annual maxi-

mum EVI. The study explained that EVI data improved the 

classification results and is capable of distinguishing be-

tween landscape changes in urban environment. A publica-

tion by Yuan and Bauer (2007) demonstrated a strong corre-

lation between percent impervious surface and land surface, 

covering twin cities of Minnesota. Lunetta et al. (2006) pre-

ferred MODIS Normalized Difference Variation Index 

(NDVI) for a time series for southern Virginia with the avail-

able MODIS quality indicators. Colditz et al. (2006) demon-

strated the effects of different quality levels of MODIS 

NDVI of evergreen broadleaved forest and savanna in west-

ern Africa. It was found that low quality analysis or very le-

nient settings resulted in a significant decrease in NDVI dur-

ing the wet season. Therefore, not accurately representing the 

phenology of evergreen broadleaved forest. A recent study 

in southern Brazil using MODIS leaf area index has high-

lighted the merit of the MODIS quality indicators such as 

NDVI and EVI (Rizzi et al., 2006). 

The main driving factors of vegetation growth are pre-

cipitation and temperature (Bonan, 2002). Water availability, 

often directly related to precipitation and its variability, is the 

driving factor for most semi-arid regions. Several studies 

have been conducted on the response time between precipi-

tation and phenological activity using satellite-based vegeta-

tion indices (Nicholson et al., 1990; Los et al., 2006; Cam-

berlin et al., 2007). Vegetation growth patterns and their con-

nection with climate are studied by vegetation phenology 

(Schwarts, 2013). Land surface phenology (LSP) is focused 

on seasonal features of spatiotemporal variation and LSP is 

also one of the main ecosystem change indicators (Suepa et 

al., 2016). With the aid of remote sensing imagery infor-

mation, it has become possible to establish spatiotemporal 

phenological changes, which enabled phenological monitor-

ing at global, regional and local scales (Zhang et al., 2005). 

The goal of this work is to assess spatiotemporal var-

iations of vegetation indices (EVI and NDVI) in Erbil and 

its environment between 2000 and 2015, using MODIS sat-

ellite data and GIS methods, to determine the impact of ur-

banization on the spatial distribution and temporal dynamic 

of urban and surrounding natural and agricultural vegeta-

tion cover. This is conducted by evaluating biannual mean 

vegetation indices captured in March and December to de-

termine spatiotemporal processes. Climate data including 

rainfall, humidity and temperature is also considered be-

tween 2000 and 2015, to enhance the understanding of veg-

etation change dynamics. Correlation analysis is conducted 

between each climate variable compared to both vegetation 

indices. Dynamics of vegetation gain or loss will be evalu-

ated through the study of land cover type changes. 

STUDY AREA 

The study area for this research is the city of Erbil and 

its surroundings, which is the capital of Iraqi Kurdistan 

Region (Fig. 1). Situated in the north-east part of Iraq 

and lies between longitudes 43° 51' 20", 44° 12' 28" and 

latitudes 36° 05' 58", 36° 15' 54" covering an area around 

580 km2. The total numbers of Iraq Kurdistan residents 

is approx. 4.8 million people., the area is presented by 

fertile plains, uphill and mountainous lands (United Na-

tions Development Program, 2016). The Zagros Moun-

tains (3600 m above the sea level) form the main land-

scape of the north part of the Kurdistan area. Looking at 

the distribution of vegetation it should be indicated that 

agricultural areas form approximately 34% of Iraqi Kur-

distan while the dominating land cover of this region is 

 
Fig. 1 Overview of Erbil Study area 
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presented by grasses and forests. The area is mainly 

characterised as an anticline/syncline system. The Tigris 

River is located in the southern part of the Erbil Govern-

ance. The Iraqi Kurdistan area is heavily employed for 

agricultural purposes in Iraq (Hameed, 2013) (Fig. 1).  

In Erbil Governance approximately 41% and 59% 

are formed by arable and non-arable lands respectively 

(SOITM, 2013). The dominating proportion of non-irri-

gated agricultural crops (93%) is highly dependent on 

rainfall while the remaining 7% of crops are irrigated. 

Dominate soil types found in Erbil as well as the adjacent 

territories are clay and limestone. Their proportions are 

found to increase with depth. Both the upper and the bot-

tom layers of the Erbil region soil are composed of brown 

clay. In addition to the indicated types of formations, soils 

of the city are presented by sand, plaster and gravel 

(Hameed, 2013). 

Erbil City is located in a transition area characterised 

by Mediterranean and Arid climatic features. The climate 

is characterized by mild winters and warm/hot summers. 

An average rainfall range in Erbil area is 300-400 mm per 

annum with the highest rainfall levels during the period 

between October and April. The annual relative humidity 

in the Erbil area is approximately 35% and the monthly 

average air temperature ranges from 10 oC to 25 oC. The 

climate of the study area is typically dry in summer with 

little to no precipitation, while winters are wet (Hameed, 

2013). In 2011, the Erbil municipality has a population of 

884,299 people and a density of 6000 persons per km2 and 

the population is rapidly expanding.  

DATA AND METHODOLOGY  

Data 

MODIS Vegetation Indices 

Vegetation indices such as NDVI and EVI are designed to 

provide consistent spatial and temporal comparisons of 

vegetation conditions and cover, allowing biomass 

productivity monitoring and quantifying changes in vege-

tation cover (Colditz et al., 2006; Mertes et al., 2015; 

Rizzi et al., 2006). The study uses a 16 day composite for 

each NDVI and EVI raster (MOD13Q1), captured by the 

MODIS-Terra sensor. Blue, red, and NIR reflectance 

bands, centered at 469 nm, 645 nm and 858 nm respec-

tively, are used to determine the MODIS vegetation indi-

ces, with a spatial resolution of 250m (USGS, 2016). 

MODIS products are computed from atmospherically cor-

rected bi-directional surface reflectance that have been 

masked for water, clouds, heavy aerosols, and cloud shad-

ows (USGS, 2016). The equations for NDVI and EVI are 

described below (Huete, et al., 2002). 

The NDVI is determined as: 

𝑁𝐷𝑉𝐼 =  
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑
 

The EVI is determined as: 

𝐸𝑉𝐼 = 2.5 
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + (6 ∗ 𝑅𝐸𝐷) − (7.5 ∗ 𝐵𝐿𝑈𝐸) + 1
 

The purpose of EVI is to improve on a standard NDVI 

MODIS product. The benefits of EVI include; enhance-

ment of vegetation signal and sensitivity in biomass 

abundant regions, reduction of soil and atmospheric ef-

fects and the reduction of the smoke impact, generated 

as the result of biomass combustion in tropical area 

(Xiao et al., 2009). Improving on NDVI, MODIS in-

cludes (EVI) that minimizes canopy background varia-

tions and maintains sensitivity over dense vegetation 

conditions (USGS, 2016). The EVI also uses the blue 

band to remove residual atmosphere contamination 

caused by smoke and sub-pixel thin clouds. The 

MODIS NDVI and EVI products are computed from 

atmospherically corrected bi-directional surface reflec-

tance that have been masked for water, clouds, heavy 

aerosols, and cloud shadows (USGS, 2016). MODIS 

(MOD13Q1) data was employed to create a time series 

of NDVI and EVI over the study area annually, be-

tween 2000 and 2015 to determine variations of vege-

tation extent. 

MODIS Land Cover 

The study uses MODIS Land Cover Type Yearly L3 

Global 500m resolution (MCD12Q1), Land Cover Type 

1 (IGBP) global vegetation classification scheme where 

selected among five global land cover classification sys-

tems. The MODIS land cover product (MCD12Q1) is 

classified into five land cover classes; Open Shrub land, 

Grassland, Cropland, Urban/Built-up area and Bare or 

spare vegetation. MODIS land cover is used to carry out 

change assessment and distribute NDVI and EVI to in 

land cover classes. 

Climate Data 

Average temperature, humidity and total rainfall and for 

March and December were collected from Erbil station 

and plotted over the 15 year period (2000-2015). Humid-

ity data was collected at the altitude of 470 m. All climate 

data was sourced from the Kurdistan region government, 

Ministry of Agriculture and Water Resources (2016). 

Methodology 

The year of 2005 was chosen as a moderate year in 

terms of temperature and rainfall, to avoid the impact 

of climate extremes on the results. Where average of 

rainfall and temperatures were extracted for 75 years 

and the selected year was closer to moderation. Both 

NDVI and EVI was March the month of highest value, 

while the lowest levels of vegetation were identified in 

December (Fig. 2). 

The project methodology was summarized in Fig-

ure 3. Data compilation and raster statistics were gen-

erated in ArcGIS 10.3. Statistical analysis and investi-

gation of possible trends were carried in Microsoft Ex-

cel. Pre-processing of satellite data was required and 

was conducted in the study. Data pre-processing for in-

cluded checking pixel reliability and vegetation index 

quality. Bad pixels are omitted from the analysis as 

they represent clouds, shadows from the clouds and 

cover the true value of the ground reflectance. Where 
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the pixel representation must be more than 2/3 of the 

area, therefore the 2009 data for both March and De-

cember contain a very high portion of bad pixels. Sev-

eral years of data captured in December (2000-2002, 

2006-2009 and 2011) also contain very high portions 

of bad pixels (Table 1). 

 

Fig. 2 Mean NDVI, EVI time series from months of the year 

2005, showing minimum and maximum values in the study area 

 

Fig. 3 Methodology summary of the project 

Mean NDVI and EVI were generated to provide 

an average index over the complete study area, allow-

ing the comparison between years to examine a tem-

poral trend. Plots of monthly NDVI and EVI statistics 

(mean, minimum, maximum and standard deviation) 

are generated from 2000 to 2015, identifying temporal 

variations. 

MODIS land covers (MCD12Q1) the quality con-

trol of the pixels was verified and all were excellent. 

Conducting detection of change assessment, by com-

paring the areas of five land covers and generate time 

series of NDVI and EVI within land cover classes from 

2000 to 2015. 

Table 1 Summary of QA layers good pixel representation for 

each year 

 March  December 

Year 
Pixel rep-

resentation (%) 
Year 

Pixel rep-

resentation (%) 

2000 100 2000 40.7 

2001 100 2001 66.55 

2002 100 2002 49.93 

2003 100 2003 81.03 

2004 100 2004 97.43 

2005 100 2005 96.68 

2006 100 2006 71.32 

2007 100 2007 47.9 

2008 100 2008 65.66 

2009 56.81 2009 56.83 

2010 98 2010 99.47 

2011 100 2011 68.02 

2012 91.33 2012 87.61 

2013 100 2013 90.8 

2014 99.88 2014 99.98 

2015 100 2015 96.78 

Mean 96.63 Mean 76.04 

RESULTS  

This section presents time series scatter plots of mean 

NDVI and EVI values and summary statistics including 

standard deviation, minimum and maximum. 

MODIS NDVI and EVI  

An obvious difference is apparent between March and Decem-

ber of mean NDVI and EVI over the 15 year period in the same 

area, presented in Figures 4 and 5. March had significantly 

higher means and greater variability of VI levels compared to 

December. December showed some variability at maximum 

VI levels however the mean was fairly constant with a small 

peak in 2014. The differences between March and December 

could be based on seasonal growth variations. After the wet 

season, March generally has much greater NDVI and EVI val-

ues, expect for 2008. In December 2008 NDVI and EVI values 

were very similar to the averages in March. Both VI in March 

2010 showed highest level due heavy rains this month. How-

ever both months for NDVI and EVI showed a gradual in-

creasing trend from 2000 to 2015 (Fig. 4 and 5). Important to 

note is that both NDVI and EVI time series plots appear to 

have similar patterns. 

NDVI and EVI images for March 2002 (baseline) 

and March 2015 (final year) are compared in Figure 6 to 

visualize the spatiotemporal variation of vegetation. 

March had the highest vegetation growth, and will best 

represent differences in true vegetation coverage extent. It 

is evident that the spatial distribution of urban areas and/or 

bare or sparely vegetated areas surrounding Erbil has ex-

panded over the past 15 years and consequently vegeta-

tion surrounding the urban centre has been replaced by ur-

ban growth. However it appears that agricultural areas in 

rural region have expanded possibly to support population 

growth. The NDVI maps appear to have greater areas of 

high vegetation health compared to the EVI maps (Fig. 6).  
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Fig. 4 NDVI Time series from 2000 – 2015 in the whole area, 

comparing mean, minimum, maximum and standard deviation 

values for March and December in the study area 

 

 

Fig. 5 EVI Time series from 2000 – 2015 in the whole area, 

comparing mean, minimum and maximum and standard devia-

tion for March and December in the study area 

 

Fig. 6 NDVI and EVI maps for March 2002 and 2015 
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Interesting to note, there is a decline in urban green 

spaces such from 2002 to 2015 in both NDVI and EVI 

images. The green space may still be present, but in 

poor health or have reduced in size. 

The NDVI and EVI values captured in March had 

a greater variability, compared to data captured in De-

cember. Annual MODIS data captured in March was 

used to calculate land cover statistics for time series for 

both indices (Fig. 7 and 8). The majority of the years 

contained VI values with little variation, except for 

both VI in 2002 2010 and 2014 (Fig. 7 and 8). This may 

be explained by abrupt climatic changes resulting in 

vegetation growth or decline. The cropland class had 

the highest NDVI values over any other class during 

the 15 year period (Fig. 7), which is expected as healthy 

green homogeneity crops will exhibit a higher NDVI 

value compared to open shrub and grassland ecosys-

tems that contain various plant species with varying fo-

liage colours and types. Bare/sparsely vegetated and 

urban areas displayed the lowest mean NDVI vales 

over the study area over the 15 year period. 

 

 

Fig. 7 Mean NDVI values from March 2000–2015, comparing 

5 land cover types  

 

 

Fig. 8 Mean EVI values from March 2000 – 2015, comparing 5 

land cover types 

The EVI time series presents as well similar trend, 

as cropland appear to generally have a greater biomass 

over grasslands and open shrub land over the 15 year pe-

riod, (Fig. 7). Cropland EVI exceeds grassland possibly 

from additional crop irrigation for those years. As ex-

pected EVI in urban areas remains relatively low over the 

study period, however EVI in bare/sparsely vegetated 

classes seems to spike in 2002 and 2010 (Fig. 8). The 

spikes may be explained by an increase in sparse vegeta-

tion species and opportunistic species such as weeds. 

Based on Figures 7 and 8 it can be suggested that NDVI 

is more sensitive than EVI for fluctuations in vegetation 

health and biomass.  

MODIS Land Cover 

Figure 9 compares MODIS land cover classification be-

tween 2000 and 2015. The foremost visual difference is 

the reduction of bare or sparsely vegetated land and in-

crease in grasslands. The spatial distribution of the urban 

area has remained relatively similar at this resolution. 

Therefore, we verified through Landsat images 30m reso-

lution, where urban and Built-up area 58% increased over 

 
Fig. 9 Comparison of MODIS land cover between 2000 and 2015 
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the time period (Hussein, 2017). The area of land cover 

types and percentage differences comparing the baseline 

year 2000, to the final year 2015, are highlighted in Table 

2. Between the 15 years there has been a significant de-

crease of bare or sparsely vegetated land (90%) and a 

slight decrease of cropland (18%) and open shrub land 

(4%). However there has been a 67% increase of grass-

lands. Based on these observations, we can assume the 

majority of bare or sparsely vegetated land has transi-

tioned into grassland, outside of the urban center between 

2000 and 2015. 

Table 2 Land cover area and percentage differences comparing 

2000 to 2015 

 2000 2015   

Land Cover  
Area 

(ha) 

Area 

(ha) 

Diffe-

rence 

(ha) 

Change 

within Cover 

type (%) 

Open 

Shrublands 
42825 41050 1775 -4 

Grasslands 4375 13150 -8775 +67  

Croplands 8275 6775 1500 -18 

Urban and 

Built-up 

Area 

7425 7425 0 No change 

Barren or 

Sparsely Ve-

getated 

6100 600 5500 -90  

Total 69000 69000   

Climate 

Annual rainfall, average temperature (Fig. 10), and aver-

age humidity (Fig. 11) and covering the 16-year period 

are presented below. Rainfall was considerably high in 

2003 and 2006, followed by low rainfall years in 2004, 

2010, and 2007 (Fig. 10). After 2007 total rainfall has re-

mained more constant with less variation between years, 

with a positive increasing trend towards 2015. 

 

Fig. 10 Total annual rainfall and average temperature time se-

ries from 2000 – 2015 

 

Fig. 11 Annual mean humidity time series from 2000 – 2015 

Humidity shares a similar pattern to rainfall, with 

high averages in 2003 and 2006, followed by lows and 

then a gradual increasing trend towards 2015 (Fig. 11). 

Interesting to note, average temperature for 2003 was the 

lowest over the 16 year period, while in 2006 the temper-

ature was relatively high for that period (Fig. 10). In 2010 

average temperature spiked at 23oC, the highest average 

temperature over the 16 years. By comparison total rain-

fall was very low in 2010 with average humidity. Average 

rainfall, humidity and temperature all appear to have gen-

erally increased between 2000 and 2015 with various pos-

itive and navigate fluctuations in-between. 

 

Fig. 12 Time series (2000 – 2015) correlation analysis between rainfall, humidity, temperature and vegetation indices (NDVI and 

EVI) within grasslands for March 
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Climate variables were compared with NDVI and 

EVI by correlation analysis (Fig. 12-13). Rainfall, humid-

ity and temperature averages for March were compared to 

mean NDVI and EVI levels within grasslands and 

croplands captured in March. There was no strong evi-

dence of correlation between NDVI or EVI and any of the 

climate variables. All comparisons between climate and 

NDVI or EVI were not significant. 

DISCUSSION  

Remote sensing of urban sprawl and green space provides 

information on the spatial and temporal patterns of hu-

man growth that are useful for understanding differences 

in socioeconomic and political factors as well as envi-

ronmental and climatic impacts (Mertes et al., 2015). 

Based on NDVI and EVI MODIS data (Fig. 6) imagery 

the spatial distribution of urban areas in Erbil and the 

bare around it has expanded. Consequently the vegeta-

tion area has been cleared and replaced over the past 15 

years by urban growth. 

However it appears that agricultural or grassland 

areas in rural regions have expanded slightly, to possibly 

support population growth. Based on our observations, 

we can assume most of bare or sparsely vegetated land 

has transitioned into grassland, outside of the urban cen-

tre. Urbanization can substantially alter the abundance 

and distribution of vegetation (Gregg et al., 2003). How-

ever this statement is unclear for the city and surrounds 

of Erbil based on the spatial resolution (250m, 500m) of 

the MODIS data. A finer imagery resolution of 30m or 

less is required. 

Mapping within an urban landscape is not an easy 

task, due to the small footprints of features such as parks 

and trees, mixed between clusters of buildings and roads. 

Urban areas are typically heterogeneous in both material 

composition and configuration and with new develop-

ment they are often highly variable between locations 

(Mertes et al., 2015). Vegetation indices are useful for 

extracting green space features from complex urban ar-

eas. The NDVI and EVI MODIS imagery with its course 

resolution was still able to successfully identify spatial 

and temporal patterns of human growth in the City of 

Erbil. Additional research is recommended utilizing im-

agery of higher resolution such as Landsat with a 30m 

spectral resolution. To determine the distribution of 

green space within the urban area of Erbil, Worldview 2 

imagery is recommended with  

2m spatial resolution. 

The urban expansion pattern observed in Erbil is 

highly dependent on the Tigris River. The city is repre-

sented by a matrix of interconnected patches that vary 

from non vegetated areas such as impervious surfaces to 

areas of high plant diversity (SOITM, 2013). The com-

bination of vegetated land patches lead to the formation 

of elevated plant diversity in Erbil (Neil and Wu, 2006). 

Agricultural activities such as clearing, burning and 

herbicides uses have impacted plant community distri-

bution outside of the urban centers. However within the 

urban landscape the observed vegetation patterns or ur-

ban green spaces (UGS) are a direct consequence of re-

construction activities, including alteration of urban 

landscape as well as city gardens and forests. The green 

areas in Erbil are managed by governments, institutions 

and individuals. It is expected that the outlined bodies 

directly control abundance and biodiversity of green 

spaces within the city. Erbil is one of the oldest cities in 

the world, therefore it could be expected that the cities 

preservation activities should be aimed towards green 

space and plant diversity conversation, however this is 

not the case (UNESCO, 2016). 

Urban Green Spaces are essential constituents of 

the urban structure that enhance resident’s quality of life 

and behaviour (M’Ikiugu et al., 2012). UGSs contribute 

to the sustainable development of urban ecosystems and 

provide a range of ecological and social benefits includ-

ing; biodiversity and historic landscape feature conser-

vation, regulate local microclimate, protection of air 

quality, noise absorption and water resources protection. 

UGS also maintain and improve human well-being by 

contributing to recreation and aesthetic activities 

(M’Ikiugu et al, 2012). 

 

Fig. 13 Time series (2000 – 2015) correlation analysis between rainfall, humidity, temperature and vegetation indices (NDVI and 

EVI) within croplands for March 
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CONCLUSION 

Spatiotemporal variations of vegetation indices (EVI and 

NDVI) between 2000 and 2015 was successfully ob-

served using MODIS data. It was evident that the spatial 

distribution of bare or sparely vegetated areas surrounding 

Erbil has expanded over the past 15 years, and conse-

quently vegetation surrounding the urban centre has been 

replaced by urban growth including grassland or green 

space. It is suggested the majority of bare or sparsely veg-

etated land has transitioned into grassland, outside of the 

urban center between 2000 and 2015. 

There was no evidence of correlation between any of 

the climate variables to NDVI or EVI. March 2010 was a 

dry, warm period, which spiked VI averages above nor-

mal, mainly because of sparsely vegetated or open shrub 

lands. Opportunistic weed and dry grass species that 

thrive in these conditions may explain the spike in VI. 

Overall vegetation indices showed a gradual increasing 

trend from 2000 to 2015, but vegetation extent decreased 

based on the land cover information. 

Human alteration of the environment has caused a 

spatiotemporal transition from native plant species to man-

aged monocultures for agricultural purposes or urban de-

velopment. Considering vegetation distribution in the sur-

roundings of Erbil city it can be stated that according to the 

collected MODIS data the Iraqi Kurdistan region mani-

fested high levels of vegetation regardless of the period of 

the year. It is expected that vegetation patterns in this region 

are highly manipulated and dependent on anthropogenic 

activity because this region plays an important role in the 

agricultural infrastructure of the country. 
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Abstract 

The Tisza River is the largest tributary of the Danube in Central Europe, and has been subjected to various human interventions in-

cluding cutoffs to increase the slope, construction of levees to restrict the floodplain, and construction of groynes and revetments to 

stabilize the channel. These interventions have altered the natural morphological evolution of the river. The aim of the study is to assess 

the impacts of these engineering works, employing hydrological surveys of 36 cross sections (VO) of the Lower Tisza River for the 

years of 1891, 1931, 1961, 1976 and 1999. The changes in mean depth and thalweg depth were studied in detail comparing three 

reaches of the studied section. 

In general, the thalweg incised during the studied period (1891-1931: 3 cm/y; 1931-1961: 1.3 cm/y and 1976-1999: 2.3 cm/y), except 

from 1961-1976 which was characterized by aggradation (2 cm/y). The mean depth increased, referring to an overall deepening of the 

river during the whole period (1891-1931: 1.4 cm/y; 1931-1961: 1.2 cm/y; 1961-1976: 0.6 cm/y and 1976-1999: 1.6 cm/y). The thalweg 

shifted more in the upper reach showing less stabile channel, while the middle and lower reaches had more stable thalweg. Although 

the cross-sections subjected to various human interventions experienced considerable incision in the short-term, the cross-sections free 

from direct human impact experienced the largest incision from 1891-1999, especially along the meandering sections. 
  

Keywords: thalweg, channel depth, Lower Tisza River, river regulation, morphological changes

INTRODUCTION 

Rivers have been altered by human impacts for centuries 

for economic benefits (flood protection, improvement of 

shipping routes, energy production, water withdrawal 

etc.). It is important to understand the consequences of 

these interventions, since such hydro-morphological and 

ecological information are crucial to any sustainable fu-

ture river engineering (Hooke, 1995). The sediment load 

and its characteristics reflect the overlapped effects of all 

environmental subsystems of the river’s catchment (Fryirs 

and Brierly, 2001; Fryirs et al., 2007, 2008). If, any of 

these subsystems change, it should be reflected in the se-

diment transport, thus in the channel forms of a river 

(Chruch, 2006; Anderson and Anderson, 2010; Has-

sanzadeh, 2012). Therefore, alluvial channel morphology 

is the result of the interactions between channel-bed to-

pography, flow field and sediment movement (van der 

Berg, 1995; Ferguson, 2010; Latapie et al., 2014; Leigle-

iter, 2014; Powell, 2014). 

Although rivers are natural transporters and ex-

porters of sediments, usually direct human activities on 

the channel adversely affect this capacity (Yang et al. 

2014). The different human impacts have increasingly re-

duced the amount of transported sediments, as usually 

they trap or dredge the sediments i.e. by channel straighte-

ning, embanking, widening, removal of riparian vegeta-

tion and urbanization (Osei et al. 2015). When these ar-

tificial modifications aim to change the channel itself, 

they are defined as direct human impacts, and include 

channelization, widening, bank protection, mining and re-

moval of riparian vegetation (Brierly and Fryirs, 2005). 

On the other hand, when the interventions are not carried 

out directly on the river but involve the modification of 

the subsystems within the catchment, and they affect the 

flow and sediment transfer regime of a river, they are ter-

med as indirect human impacts (e.g. deforestation, land 

use changes, mining activities and urbanization). These 

indirect impacts are characterized by spatial and temporal 

lags of varying intensities. The consequences of these hu-

man interventions have been well described on various ri-

vers in the world (Rinaldi and Simon, 1998; Surian, 1999; 

Liébault and Piegay, 2001; Kondolf et al., 2002; Xu, 

2002; Rinaldi, 2003; Yates et al., 2003; Antonelli et al., 

2004; Harmar et al., 2005; Pinter and Heine, 2005; Chang, 

2008; Kroes and Kraemer, 2013; Kiss and Balogh, 2015; 

Morais et al., 2016; Nagy and Kiss, 2016).  

The riverbeds are quite sensitive to any modification 

of discharge and sediment supply within the catchment. 

While the diversion and/or extraction of water from the 

channel induce aggradation, constructions (e.g. levees and 
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embankments) increase flow velocity and induce scouring 

(Landon et al., 1998; Gregory, 2006; Huang et al., 2014). 

Most European rivers flowed in wide braided channels in 

the 19th century. However, the 20th century ushered in va-

rious forms of human interventions and the concomitant 

decrease in sediment supply to the channels, therefore 

most rivers started to narrow and incise (Liébault and Pi-

egay, 2002; Rinaldi, 2003; Surian and Rinaldi, 2003; Lié-

bault et al., 2005; Rinaldi et al., 2005; Wyżga, 2007). 

In the Carpathian Basin, diverse direct and indirect 

human impacts altered the morphology of the Tisza River, 

which is the second largest river of Hungary. In the 21st 

century rising flood water levels were recorded on the Ti-

sza River. It could be explained by the catchment-scale 

runoff increase due to forest clearance, rough grazing, 

land-use changes, and probably increasing mining and 

quarrying activities on the catchment (Schweitzer, 2009). 

Besides these decadal and centurial catchment-scale indi-

rect human impacts, engineering alteration of the channel 

itself was also responsible for the increasing flood levels. 

The primary aim of the works was to protect towns and 

villages, infrastructure and agricultural lands from floods 

and to support shipping. Therefore, in the late 19th century 

a system of artificial levees along the Tisza River and tri-

butaries were built, meanders were cut off, new artificial 

channels were made, and swampy areas were drained by 

creating drainage canals (Schweitzer, 2009). The super-

imposed effects of these indirect and direct human im-

pacts had changed the hydrology and morphology of the 

river.  

Although studies have been made to ascertain the 

impacts of these regulation works, only a short reach of 

the Tisza River was studied in detail and covered various 

elements of the channel (Sipos et al., 2007; Kiss et al., 

2008). With this study, our goal is to assess the impact of 

artificial cut-offs and revetment constructions on the 

depth conditions of the entire Lower Tisza River (ca. 90 

km long) channel, highlighting thalweg depth changes 

between 1891 and 1999. 

STUDY AREA 

The Tisza River (catchment area: 157200 km2, length: 962 

km; Lászlóffy, 1982) is the main tributary of the Danube 

in Hungary. With its source in the North-eastern Carpat-

hian Mountains, it drains the eastern part of the Carpat-

hian Basin flowing through the Great Hungarian Plain. 

The Hungarian section of the Tisza (L: 596 km, A: 

47000km2) is divided into three sections. The studied Lo-

wer Tisza River (Fig. 1) stretches from upstream of 

Csongrád (255 f.km) to the HungarianSerbian border 

(166 f.km). Based on the degree of human impact and the 

morphological characteristics, the section was divided 

into three reaches (Table 1).  

Along the Lower Tisza the pre-regulation slope (2.2 

cm/km) was increased to 2.9 cm/km by artificial cut-offs. 

The Maros River, which is the major tributary of the Ti-

sza, has a high-slope (13 cm/km) in its lowland section, 

thus downstream of their confluence at Szeged the slope 

of the Tisza increases to 6 cm/km (Kiss et al., 2008; Mez-

ősi, 2009). The Tisza in Hungary has a typical lowland 

river character, as it transports large amount of fine gra-

ined sandy and silty suspended sediment and it has a cla-

yey bed material (Lászlóffy, 1982; Mezősi, 2009; Kasse 

et al., 2010). 

 

Fig. 1 The studied Tisza section was divided into three reaches 

based on the morphology of the channel. The studied cross-

sections (1-upper reach; 2-middle reach; 3-lower reach) and 

cut-offs are also indicated. 

Table 1 Characteristics of the three river reaches evaluated in this study 

Reach Length (f.km) 

Floodplain width 
Cut-off 

(no.) 

Revetments 

Min Mean Max Length (km) 
Density 

(km/km) 

Upper 255-238 365 850 1060 3 10.92 0.64 

Middle 238-194 560 1000 3200 7 17.53 0.39 

Lower 194-166 380 600 975 2 16.03 0.54 
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Hydrology 

The catchment of the Tisza has an annual mean precipita-

tion of 744 mm/y, thus the generated mean run-off is 177 

mm/y (mean discharge: 830 m3/s; ICPDR, 2008). On the 

Tisza, usually two major floods occur. The first flood 

(MarchApril) is caused by snow melt, and if the 

snowmelt is combined with rainfall extremely large 

floods could develop. The second flood occurs during the 

summer (June), induced by the early summer rainfall. As 

the lowland section of the river is long, and its slope is 

small, this summer flood sometimes superimposes on the 

preceding spring flood, thus record high floods could 

develop. The absolute water level change between the 

highest and lowest water stages is 1355 cm at Mindszent 

(highest stage measured in 2006: 1062 cm; lowest stage 

measured in 1968: -293 cm), and 1184 cm at Szeged (hig-

hest stage measured in 2006: 960 cm; lowest stage meas-

ured in 1968: -224 cm). The discharge also shows consi-

derable hydrological variations. At Szeged, the maximum 

discharge is 4348 m3/s (in 1932) and minimum value is 58 

m3/s (in 2013; Lóczy et al., 2009; Kiss, 2014).  

Regulation Works 

The late 19th century marked the beginning of catchment-

scale engineering interventions on the Tisza River. They 

involved the disconnection of the Tisza from its wetlands 

by construction of levees. The flood control levee-system 

is 2940 km long, and the originally 27000 km2 large natu-

ral floodplain (which was about a third of the territory of 

Hungary) was reduced to 21251 km2. The aim of artificial 

levee constructions was to protect the land from inundati-

ons and to provide safe areas for agriculture, and to dec-

rease the duration of floods (Szlávik, 2000; Pinke, 2014). 

Simultaneously, the river was shortened by 38% with 114 

meander cut-offs (Dunka et al, 1996; Schweitzer, 2009). 

As a result of cut-offs, the meandering equilibrium river 

was transformed into an in-growing meandering one, as 

its slope almost doubled (Kiss, 2014). The cut-offs accele-

rated the erosion of the river bed, thus the sediment load 

increased, which resulted in accelerated deposition on the 

confined active floodplains (Kiss et al., 2011).  

The regulation works in the 20th century continued 

by the construction of revetments and groynes. Revet-

ments were built to stop the lateral erosion of bends 

which migrated too close to levees, whilst the groynes 

facilitated shipping by tightening wide sections and to 

train sharp bends in order to improve the flood con-

ductivity of the river channel. In total 44% of the banks 

of the Tisza River were stabilized, mainly between the 

1930s and 1960s. However, it started in 1886, whilst 

the latest was built in 2016.  

The second half of the 20th century was the period 

of dam constructions on Tisza and its tributaries. On the 

Tisza, three dams (which operate as locks) were built at 

Tiszalök (1957) and Kisköre (1973) in Hungary, and Tö-

rökbecse/Novi Becsej (1976) in Serbia (Bezdán, 2010). 

The locks were built to impound the water during low 

stages, thus water withdrawal for irrigation could be se-

cured, but they also produce hydropower and aid navi-

gation. Although they are opened during floods, the 

retention of sediments by the dam creates temporal se-

diment deficit downstream which induces incision (Kiss 

et al., 2008; Lóczy et al., 2009).  

Along the Lower Tisza channel regulations started 

in 1855, shortening the originally 131 km long studied ri-

ver section by 30 km, cutting off 12 meanders. The origi-

nally 6–8 km wide natural floodplain was reduced to 1 km 

in average. At Szeged however, the floodplain is just 400 

m wide. The levees constricted the floodplain at some 

sections, thereby reducing its flood conductivity and inc-

reasing the flood risk. Therefore, the height of levees was 

increased too: originally they were just 2.3–3.0 m high, 

but nowadays their height is 7.0 m, thus they could pro-

vide safety despite of the increasing flood levels (Sipos et 

al., 2007; Kiss et al., 2008; Lóczy et al., 2009; Schweitzer, 

2009). In the Lower Tisza 51.4% of the banks are pro-

tected by revetments, but their spatial distribution is not 

even, as it is indicated by the different revetment density 

of the studied reaches (Table 1). 

MATERIALS AND METHODS 

To understand the channel depth changes caused by direct 

human impacts, the maximum and mean depths along 

cross-sectional profiles were measured and analyzed. The 

study employed a dataset of hydrological surveys made in 

1891, 1931, 1961, 1976 and 1999. The Hydrological Atlas 

of the Lower Tisza (1974) provided the locations of the sur-

veyed cross-sections and it also showed the bank lines of 

the river at different dates. The channel surveys were un-

dertaken using fixed geodetic survey points (VO-stones) at 

approximate spacing of 2.5 km. These VO-stones allowed 

subsequent surveys at the same cross-sectional profiles at 

different times. Along a profile the channel depth was 

measured at 5 m intervals. In the present study relative 

depths were calculated from the bankfull level, which was 

determined as lowest point of the bank line (Fig. 2). Based 

on the cross-sectional profiles the maximum (thalweg) 

depth and the mean depth for every cross-section were de-

termined. The maximum depth refers to the location of the 

thalweg. The mean depth was calculated as the arithmetic 

mean of all depth data of a cross-section. 

 

Fig. 2 The depth values were measured from the bank-

full level of a cross-section 

The spatial data of cut-offs and revetments were pro-

vided by Hungarian Lower Tisza Water Directorate. In 

the study bends and meanders were distinguished, based 

on Laczay’s classification (Laczay, 1982). The sinuosity 
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of segments was calculated between two inflection points, 

as the ratio of bend length and chord length (Fig 3). If the 

sinuosity value was below 1.1, the segment was classified 

as a bend, if it was above 1.1 the segment was considered 

to be a meander. 

 

Fig. 3 Determination of inflection points, bend length 

and chord length along the segments of the river 

RESULTS AND DISCUSSION 

The presented results include the changes in characteristic 

depths of the study section, the spatio-temporal variation 

of the thalweg, and its relative position to the nearest 

bank. The influence of the various human interventions 

was also evaluated by comparing the thalweg depth of 

channel segments influenced by direct and indirect human 

impact. 

A general overview of the studied 36 cross-sections 

(Fig. 4) indicates that 64% of them are located in slightly 

sinuous bends, whilst the remaining 36% are situated in 

meanders. Also, ca. two-third of the cross-sections was 

under some kind of direct human influence, and only one-

third (13) of them is free from direct engineering works, 

indicating heavy anthropogenic impact on the Lower Ti-

sza River. The cross-sections free from any direct regu 

Changes in mean depth of the channel 

The mean channel depth gives an indication of the general 

bed level change of a cross-section, and thus of the studied 

segments and reaches. The yearly mean depth changes 

representative for the entire studied Lower Tisza, indicate 

incision for all periods (1891-1931: 1.4 cm/y; 1931-1961: 

1.2 cm/y; 1961-1976: 0.6 cm/y; and 1976-1999: 1.6 

cm/y). The intensive incision of the channel in the first 

period could be explained by the effect of the cut-offs. The 

incision continued in the next period (1931-1961) too, 

though the incision rate reduced by 14%, and this re-

duction further continued but in a greater extent (50%) 

between 1961 and 1976. This general reduction in the 

mean depth of the whole section can be attributed to the 

gradual evolution of the channel after the first phase of the 

regulation works towards an equilibrium state. However, 

in the last period (1976-1999) the channel experienced its 

highest yearly incision rate. This could be explained by 

the construction of the revetments which restricted the la-

teral erosion of the river. This meant the channel could 

undergo incision readily which resulted in higher incision 

rate by 1.5 times.  

A more detailed analysis of the changes of the 

mean depth along the studied section (Fig. 5) shows 

that the location of the greatest incision rates changed 

by time. While between 1891 and 1931 the greatest in-

cision (12 cm/y) appeared on the upper reach (VO 200), 

in the next period between 1931 and 1961, it was in the 

lower reach (10.5 cm/y, VO 225). Between 1961 and 

1976, it was measured in the upper reach (14.1 cm/y, 

VO 207), and finally the incision rate was 9.5 cm/y bet-

ween 1976 and 1999 which occurred in the middle 

reach (VO 214). The VO 200 probably incised in res-

ponse to cut-offs since it is located within an artificial 

channel, however the remaining sections were all lo-

cated within meanders. Although most cross-sections 

referred to incision, some cross-sections had higher in-

cision rates. The period 1976-1999 had its highest 

aggradation (15.9 cm/y) in the middle reach. The hig-

hest rates of aggradation for all the other periods (1891-

1931: 8.7 cm/y; 1931-1961: 6.9 cm/y; and 1961-1976: 

12.8 cm/y) occurred in the lower reach. 

The ratio of the mean depth to the thalweg depth 

along the studied section of the river (Fig. 6) was also cal-

culated, as it refers to the difference between the mean 

 

Fig. 4 The studied cross-sections are located in meanders or bends, and various human interventions affected most of their deve-

lopment 
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depth and the thalweg depth: smaller value indicates a greater 

difference between the thalweg depth and mean depth. The 

ratio of mean and thalweg depths generally decrease from 

upstream to downstream (0.70 for upper reach; 0.69 for 

middle reach; and 0.67 for lower reach), referring to a more 

even channel bottom towards downstream. However, consi-

dering the temporal changes, it is interesting, that the ratio 

generally increases, referring to more intensive incision of 

the thalweg itself, than of the bottom of the whole channel. 

Changes in the depth of the thalweg 

During the studied period the mean thalweg depth of the 

whole studied section increased from 12.2 m (1891) to 

14.1 m (1999), thus by 15.5 %, representing an incision 

rate of 1.7 cm/y over a century and indicating a general 

thalweg incision (Fig. 7-9). However, the incision of the 

thalweg was not temporally an even process, as at the be-

ginning (1891-1931) the mean thalweg depth increased by 

1.2 m which represents an incision rate of 3 cm/y. This 

incision continued (1931-1961), although its rate became 

lower (1.3 cm/y). Finally, between 1961 and 1976 the tha-

lweg was subjected to aggradation resulting in the re-

duction of the mean thalweg depth by 0.3 m (aggradation 

rate: 2 cm/y). This virtually negated the incision of the 

previous period. Between 1976 and 1999 the thalweg 

again experienced incision (2.3 cm/y). These changes 

could be explained by the human impacts on the studied 

section: the cut-offs which shortened the channel length 

caused an increase in bed slope, which resulted in stream 

power increase. The initial high incision rate could be att-

ributed to the quest of the river to re-establish its equilib-

rium after the cut-offs. 

 

Fig. 5 Changes in mean depth: the mean depth at the beginning of a period between two surveys indicated by blue line; and the 

yearly change in mean depth in between survey years is indicated by red columns 

 
Fig. 6 The variation of the ratio of the mean depth to thalweg along the studied section 
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Fig.7 Variations in mean thalweg depth for the whole studied 

section 

As the channel gradually developed towards quasi-equilib-

rium, the incision reduced (1931-1961), and the channel evo-

lution process culminated in aggradation (1961-1976), simi-

larly to the stages of the channel evolution model of Simon 

and Rinaldi (2006). The effect of high floods in the late 20th 

and early 21st centuries was combined with the effects of re-

vetment and groin constructions, therefore the thalweg 

started to incise, thus the evolution model distorted. The 

range (i.e. the difference between the maximum and mini-

mum thalweg depths) was up to 14.2 m in 1891. An increa-

sing minimum thalweg depth and a decreasing maximum 

thalweg depth caused a reduction in the range until 1961. Af-

terwards this trend reversed, thus the range increased (1999: 

12 m) was still short of the 1891 value. This reduction in ran-

ges points to the development of a uniform channel, implying 

that although the channel was progressing to equilibrium af-

ter the cut-offs, the construction of the revetments and groy-

nes initiated another cycle of dis-equilibrium. 

 

Fig. 8 Variation of thalweg depth along the studied section for 

various survey years 

The spatio-temporal changes of the thalweg were stu-

died comparing the three reaches of the Lower Tisza. The 

upper and middle reaches show significant changes in tha-

lweg depth, while in the lower reach the thalweg remained 

relatively stable (Fig. 8). This could be explained by (i) the 

ponding effect of the Danube and Maros Rivers on the Ti-

sza (Vágás, 1982) and by (ii) the artificially more stabilized 

and straightened lower reach. The areas of maximum in-

cision along the channel occur mainly downstream of the 

cut-offs. This means the scouring action of the increased 

 
Fig. 9 Changes in thalweg depth: the thalweg depth at the beginning of a period between two surveys is indicated by red line, and 

the yearly change in thalweg depth in between survey years is indicated by blue columns 

Brought to you by | University of Szeged
Authenticated

Download Date | 11/24/17 11:17 AM



 Centurial changes in the depth conditions of a regulated river… 47 

 
stream power was more pronounced at the end of the artifi-

cial segments (cut-offs) of the river channel. 

The location of the thalweg within the cross-sectional 

profile was studied in detail too: the greater the ratio bet-

ween the location of the thalweg to the closest bank and the 

channel width, the farthest is the thalweg to the banks (Fig 

10). Considering the whole, ca. 100 year-long period, it se-

ems that the thalweg migrated closer to the banks in the up-

per reach, whilst the changes within the middle reach are 

smaller, and in the lower reach the thalweg migrated away 

from the bank. The trends also show that the location of the 

thalweg had the greatest range of variations in the upper 

reach, referring to frequent thalweg changes: in some cross-

sectional profiles the thalweg shifted almost across half of 

the channel width. Although along the middle reach at 

some cross-sections the thalweg shifts were very small, in 

general the lower reach had the narrowest range. This imp-

lies the lower reach was more stable compared to the 

middle and upper reaches, although there were some very 

stable locations within the middle reach. 

 

Fig. 10 Variation of the thalweg location relative to the whole 

cross-section width (the shaded area refers to the range of 

changes in the position of the thalweg) 

The mean thalweg depth values of the upper reach 

were generally lower than the whole section, and the de-

epest thalweg depth was characteristic of the lower reach. 

The incision of the thalweg depth of the three different 

reaches (Fig. 11) during the whole period reflects an inc-

reasing trend towards downstream, as the mean depth of the 

thalweg increased by 1.3 m (1.2 cm/y) in the upper reach, 

by 1.7 m (1.6 cm/y) in the middle and 2.5 m (2.3 cm/y) in 

the lower reach.  

Effect of human impacts on the evolution of the thalweg 

depth 

To evaluate the role of engineering works on channel evo-

lution, the channel segments not affected directly by cut-

offs and revetments were compared to segments created 

by cut-offs and affected by revetments.  

Effect of cut-offs 

At the beginning, the mean thalweg depth in non cut-off 

segments was 11.7 m, while it was 13.7 m in artificial seg-

ments (Fig. 12). The higher mean thalweg depth in the ar-

tificial segments could be attributed to the initial scouring 

induced by the artificial channels of the cut-offs. Howe-

ver, by 1999, the mean thalweg depth in the non cut-off 

segments had increased by 21% to 14.2 m (2.3 cm/y), 

while in case of artificial segments almost zero net change 

was recorded. With the exception of 1961-1976 when the 

channel experienced a general aggradation, there was 

consistent incision of the mean thalweg depth within the 

non cut-off segments. In the artificial segments, although 

there was no net change between 1891 and 1999, there 

was a depth increase of 0.9 m from 1891 to 1931 (2.2 

cm/y), which was followed by a consistent reduction of 

mean thalweg depth (1931-1961: 1.3 cm/y; 1961-1976: 2 

cm/y and 1976-1999: 0.9 cm/y). The incision within the 

non-cut-off segments are partly due to the construction of 

revetments (80% of revetments built in segments which 

were not created by cut-offs) which restricted the lateral 

erosion within the channel, and therefore increased  

 

Fig. 12 Comparison of mean thalweg depths for cross-sections 

within segments affected and not affected by cut-offs, inc-

luding the range (maximum-minimum) of thalweg depths 

 

Fig. 11 Variations in thalweg depth values within the various reaches 
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 scouring of the channel bed to complement the se-

diment deficiency. Another important factor is the location 

of a cross-section within a meander or bend. For an alluvial 

channel, due to the asymmetric nature of cross-sections in 

meanders, thalweg depths are generally deeper in meanders 

than in bends or straight segments (Dey, 2014). This state-

ment is also valid for the Lower Tisza (Fig. 13), as the mean 

thalweg depth of meandering segments is deeper by 3 m 

than of the non-meandering segments. Within the studied 

section, more than 90% of the meanders are located in the 

non-cut-off segments which contributed to its depth incre-

ments. However, the relatively narrower widths of the ar-

tificial channels also meant that the channel had the ten-

dency to scour with the initially high stream power. 

 

Fig. 13 Comparison of mean thalweg depths for cross-sections 

within meanders and bends, including the range (maximum-mi-

nimum) of thalweg depths 

The mean thalweg depth within the reaches fol-

lowed similar trends as of the entire section for both 

the non cut-off and cut-off segments (Fig. 14-15) alt-

hough the magnitude in the depth changes was diffe-

rent. For the non cut-off segments, the upper reach 

had the least mean depths, and the lower reach had the 

highest magnitudes in mean thalweg depth. In case of 

artificial segments, decreasing temporal trends were 

found in the upper and middle reaches. However, in 

the lower reach, there was an increasing trend in mean 

thalweg depth values. Another important observation 

is the relatively larger ranges in the non cut-off seg-

ments compared with the artificial segments.  

Effect of revetments and groynes 

When evaluating the effects of revetments and groy-

nes in the development of the thalweg depth, it should 

not be forgotten, that only the combined effect of re-

vetments, groynes and cut-offs could be studied, as 

they are located very close to each other, and also tem-

porally the responses of the river on these inter-

ventions overlap. The comparison of segments wit-

hout any direct human impact to the artificially altered 

ones reflect very similar the trends, although the seg-

ments with human impacts tend to have smaller ranges 

(Fig. 16). This is understandable due to the fact that 

they were artificially created, therefore more evenly 

engineered than the natural development of the non-

affected channel segments. This creates more unifor-

mity within the artificial segments compared to the 

natural channel segments.  

 

 

Fig. 14 Variations of the mean thalweg depth within non cut-off segments 

 

Fig.15 Variations of the mean thalweg depth within artificial segments created by cut-offs 
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Focusing on the reaches, the three reaches do not 

exhibit similar patterns (Fig. 17-18). The absence of 

clear trends shows the deficiency of generalization to 

responses of human impacts by rivers in some cases. 

 

Fig. 16 Comparison of cross-sections with and without direct 

human impacts 

CONCLUSION 

The study analyzed the changes in mean depth and 

thalweg depth of the Lower Tisza River from 1891 to 

1999, focusing on the role of direct human impacts 

(mainly regulation works) in their evolution. Simon 

and Rinaldi (2006) indicated that degradation of chan-

nel beds represents a response to a disturbance in 

which an excess of flow energy, shear stress or stream 

power (sediment-transporting capacity) occurs rela-

tive to the amount of sediment supplied to the stream. 

The results indicate that between 1891 and 1999, the 

mean depth of the channel increased as a response to 

human interventions and this is trend is similar to the 

response of rivers in Italy to various interventions 

with some incising by up to 10 m (Surian and Rinaldi, 

2003). Using the periods in between the surveys as 

reference periods, the highest rate of incision occur-

red immediately after human interventions, similarly 

to European and North American rivers, which also 

showed considerable adjustments immediately after 

human interventions (Smith and Winkley, 1996; Su-

rian and Rinaldi, 2003). As a fluvial response on mid- 

and late-19th century cut-offs the incision accelerated 

in the period of 1891-1931, whilst the revetment and 

groynes constructions of the 1930-1960s increased 

further the channel depth between 1976 and 1999. 

The evolution of the thalweg depth shows that in 

the periods of 1891-1931, 1931-1961 and 1976-1999, 

the channel experienced incision while during 1961-

1976 it was characterized by aggradation. It marks the 

attainment of equilibrium before the river readjusted 

to the construction of revetments. The mean thalweg 

depths in the upper reach were lower than the mean 

for the entire section with the highest values referring 

to the lower reach. The mean depth of the thalweg ge-

nerally increased from upstream to downstream. 
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Fig. 17 Variation of the mean thalweg depth for the sections without direct human impact 

 

Fig. 18 Variation of the mean thalweg depth for the sections with direct human impact 
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Abstract 

The alluvial development of the Great Hungarian Plain has greatly been determined by the subsidence of different areas in the Pan-

nonian Basin. The temporal variation of subsidence rates significantly contributed to the avulsion and shifting of main rivers. This 

was the case in terms of the Hungarian Lower Danube when occupying its present day N-S directional course. The considerable role 

of tectonic forcing is also supported by the presence of different floodplain levels. Although, several channel forms are identifiable 

on these the timing of floodplain development has been reconstructed up till now mostly by the means of geomorphological analysis, 

and hardly any numerical dates were available. The main aim of this study is to provide the first OSL dates for palaeo-channels lo-

cated on the high floodplain surface of the Hungarian Lower Danube, and to determine the maximum age of low and high floodplain 

separation on the Kalocsa Plain. For the analysis two meanders were sampled close to the edge of the step slope between the two 

levels. According to the results, the development of the investigated palaeo-meanders could be rapid. The formation of the older 

meander was dated to the Late Atlantic, while the possible separation of the high and low floodplain surfaces could start in the be-

ginning of the Subboreal Phase.  

Keywords: Hungarian Lower Danube, floodplain development, Holocene, OSL dating 

INTRODUCTION 

The alluvial development of the Great Hungarian Plain 

(GHP) has greatly been determined by the selective 

subsidence of different areas in the Pannonian Basin. 

The significance of tectonic control on fluvial processes 

has been indicated by several earlier research (e.g. So-

mogyi, 1961; Borsy, 1992; Gábris and Nádor, 2007; Kiss 

et al., 2015). The temporal variation of subsidence rates 

at different areas lead to the time-to-time avulsion and 

shifting of the main rivers and related tributaries. Major 

shifts however were also influenced by geomorphologi-

cal processes, namely alluvial fan building and subse-

quent sliding off the rivers from these elevated surfaces.  

Concerning the Danube a significant, but presuma-

bly gradual diversion occurred during the Late Würm 

Period (Pécsi, 1959; Pécsi, 1991; Mezősi, 2011) on its 

GHP section, when the river had shifted from its earlier 

NW-SE course to a N-S direction by sliding off its allu-

vial fan, the Danube-Tisza Interfluve (Mezősi, 2011). 

The process can also be explained by the activation of 

the Kalocsa and Baja Depressions, located near the Hun-

garian-Serbian border. According to Jaskó and Krolopp 

(1991), this subsidence zone attracted the Danube to its 

present direction at around 30-40 ka, and fault lines 

related to the zone are still active, though only moderate-

ly (Mezősi, 2011). 

Obviously, in case a river shifts to a depression, let 

it be of geomorphic or tectonic origin, incision is gener-

ated, which propagates upstream and leads to the devel-

opment of alluvial fan terraces indicating the major 

phases of changes (Bridge, 2003; Schumm, 1979). The 

age of fluvial forms on the abandoned floodplain (now 

terrace level) corresponds to the maximum, while that of 

active floodplain forms to the minimum age of incision. 

The numerical dating of fluvial forms therefore is crucial 

to reconstruct the timing of terrace formation and conse-

quently the phases and sometimes even the rate of sub-

sidence (Knighton, 1998).  

The strath terraces of the Danube on its Hungarian 

upland section had been intensively studied with classi-

cal and more modern dating methods to assess the uplift 

rate of the adjacent members of the Transdanubian 

Mountains (Pécsi, 1991; Ruszkiczay-Rüdiger et al., 

2005; Gábris, 2013). 

Concerning the downstream GHP section of the 

river Pécsi (1959, 1967) investigated the geomorpho-

logical units, terrace materials and development of the 

floodplain and its levels. He concluded that the North-

ern part of the present GHP floodplain (Csepel-Solt 

Plain) is older than the Southern (Kalocsa Plain), and 

that the upper 10-20 m of sediments is almost com-

pletely reworked by the lateral movement of the Dan-

ube. Nevertheless, in both areas a low and a high 

floodplain surface (terrace) can be identified. The 

term high floodplain refers to the fact that although 

this surface lies 1-2 m higher it is still inundated by 

extreme floods. Consequently, Pécsi (1967) claims 

that fluvial deposits on the low and high floodplain 

cannot be separated in age, though the development of 
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the high floodplain can clearly be related to the Late 

Pleistocene activation of the Baja and Kalocsa De-

pressions. 
 

So far the timing of floodplain development in the 

area has been reconstructed mostly by the means of 

geomorphological analysis, hardly any numerical dates 

are available concerning the sediments and forms of the 

high floodplain surface. Two radiocarbon dates from 

subfossil drift woods placed the age of the right bank 

side high floodplain surface of the Danube, just opposite 

to the Kalocsa Plain, to cca. 40 000 and 11 000 BP (Her-

telendi et al., 1991). In terms of Late Pleistocene and 

Holocen terrace surfaces, where the fluvial forms are 

still identifiable a straightforward method of dating is 

using optically stimulated luminescence (OSL), which 

determines the last exposure of sediments to sunlight, i.e. 

the time of sediment deposition. The method has been 

extensively applied in studies related to the dating of 

floodplain surfaces along several rivers (e.g. Kiss et al., 

2013; Olszak et al., 2016; Ruszkiczay-Rüdiger et al., 

2016; Meng et al., 2015). 

By considering the above, the main aim of the pre-

sent study is to provide the first OSL dates for palaeo-

channels located on the high floodplain surface of the 

Hungarian Lower Danube, and this way to provide a 

maximum age to the separation of the low and high 

floodplain levels on the Kalocsa Plain. 

STUDY AREA AND SAMPLING 

The study area is located on the Kalocsa Plain, which is 

situated at the middle section of the Hungarian Lower 

Danube (Fig. 1). The floodplain area is characterised by 

two floodplain levels: the elevation of the lower flood-

plain surface (A-level) is between 90 and 92 m asl, while 

that of the higher floodplain surface (B-level) is between 

 

Fig. 1 Location of the study area, geomorphological setting, and sampling points 
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92 and 94 m asl. Eastwards the study area is adjacent 

to the Danube-Tisza Interfluve covered by sand dunes 

and characterised by a relief between 96 and 105 m 

asl. Westwards loess plains border the Danube plains, 

with an elevation reaching even 150 m asl (Fig. 1).  

Sediment samples were collected from two pal-

aeo-meanders located on the B-level to determine the 

maximum age of floodplain surface differentiation, 

and the time of active B-level floodplain develop-

ment. The two selected palaeo-channels belong to two 

separate meander systems. Based on the geomorpho-

logical map (Fig. 1), both systems developed through 

chute cut-offs and consequent meander growth, being 

characteristic in case of meanders on the lower flood-

plain as well. 

In case of the eastern meander (width=170 m, 

R=1,7 km) one drilling was made (AE1) to sample 

channel sediments, as point bars were hardly recog-

nisable on the field (Fig. 1). At the AE1 drilling point 

3 OSL samples were collected from 60, 130 and 190 

cm (AE1/1, AE1/2, AE1/3). In terms of the western 

meander (width: 370 m, R=720 m), right on the edge 

of the B-level, point bars were sampled at three loca-

tions (AE2, AE3, AE4), from depths 70, 70 and 110 

cm, respectively.  

OSL samples were mostly taken from layers of 

pure sand, however in terms of AE1 upper two sam-

ples were categorised on the field as sandy silt. Undis-

turbed sampling was made with steel cylinders appli-

cable to an Eijkelkamp hand drill system. Samples 

weighed approximately 200 g. Background samples 

were also collected from above and from below each 

OSL sample. 

METHODS 

The geomorphological map of the study area was 

compiled on the basis of 1:10 000 scale topographical 

maps, with 1 m contour line interval, occasionally 

supplemented by 0.5 m contour lines,  

The age of sediment samples was determined by 

optically stimulated luminescence. Samples were 

either composed of medium sand, or the mixture of 

fine sand and silt, though containing an adequate 

amount of medium sand in the latter case as well, thus 

the so called coarse grain quartz dating procedure was 

applied. 

In terms of fluvial samples usually the sand sized 

quartz fraction is investigated anyway, assuming that 

it usually has more chance for complete bleaching 

during sediment transport. The preparation of the 

samples followed usual laboratory techniques (Aitken, 

1998; Mauz et al., 2002). After removing the samples 

from the cylinders they were dried and the 90-150 μm 

fractions was separated by sieving. The carbonate and 

organic material content was removed by repeated 

treatment in 10% HCl and 10% H2O2. A Na-

polytungstanate (LST Fastfloat) heavy liquid flotation 

was applied for the separation of the quartz fraction. 

This step was followed by a 50 min etching in 40% 

HF, aiming at removing any remaining feldspar con-

taminations and the outer layer of quartz. Purified 

quartz grains were adhered to stainless steel discs of 

10 mm diameter by silicone spray. For OSL a Ø6 mm 

mask for the final measurements Ø2 mm mask was 

applied to control the number of grains on a disc. A 

number of aliquots were prepared for luminescence 

tests and for equivalent dose (De) determination. 

Measurements were made using a RISOE DA-15 

TL/OSL luminescence reader by applying the single 

aliquot regeneration (SAR) protocol (Wintle and Mur-

ray 2006).  

A preheat test was used for determining optimal 

heating parameters during the SAR measurements. 

Preheat temperatures were varied between 180 oC and 

300 oC. During the tests 1) SAR recycling ratios (ratio 

of two sensitivity corrected luminescence signals 

generated by identical regeneration doses); 2) recu-

peration (thermal and photo transfer of electrons to 

OSL traps); and 3) dose recovery (ratios recycling 

ratio being within 1.00 ± 0.05, De error being lower 

than 10%, recuperation being lower than 5%) were 

monitored to determine the best thermal treatment.  A 

combined preheat and dose recovery test was per-

formed. Preheat temperature was increased 200 °C 

SAR measurements were performed on 48–144 ali-

quots, depending on the proportion of acceptable 

measuremets. Acceptability was assessed using the 

standard rejection criteria for each aliquot. Thresholds 

of rejection were the following: recycling ratio being 

within 1.00 ± 0.05, De error being lower than 10%, 

recuperation being lower than 5%. Possible feldspar 

contamination was also monitored by measuring 

IRSL/OSL depletion ratio at the end of the SAR pro-

cedure. The first 0.5 s of OSL curves was taken as the 

signal, the last 10 s as the background of measure-

ments. Sample De was calculated from aliquot De 

using either the minimum age model (MAM) (AE1/1, 

AE1/2), or the central age model (CAM) (AE1/3, 

AE2, AE3, AE4) depending on the dispersion De val-

ues (Galbraight et. al 1999). Environmental dose rate 

(D*) was determined by using high-resolution, ex-

tended range gamma spectrometry (Canberra XtRa 

Coaxial Ge detector), using 500 cm3 marinelli beak-

ers. Dry dose rates were calculated using the conver-

sion factors of Adamiec and Aitken (1998). Wet dose 

rates were assessed on the basis of in situ water con-

tents. The rate of cosmic radiation was determined by 

considering burial depth following the method of 

Prescott and Hutton (1994). 

RESULTS AND DISCUSSION  

During the evaluation, a major problem was the low 

luminescence signal intensity and the low sensitivity 

of the samples (Fig. 2). Consequently, numerous ali-

quots did not pass the necessary criteria and were 

finally rejected from De calculation. Therefore, a high 

number of aliquots were measured finally to get an 

adequate amount of results for the statistical analysis  
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 of equivalent doses. In average 30-40% of the ali-

quots turned to be acceptable for sample De assess-

ment (Table 1). 

 In case of preheat tests the problem of low sensi-

tivity was a less significant issue, as due to the higher 

number of grains (Ø6 mm mask ) on the measurement 

discs luminescence response was considerably higher. 

The most appropriate preheat temperature for all samples 

was 200 °C for the SAR measurements (Fig. 3), since the 

dose recovery ratio at this temperature was well within 

the limits of acceptability. Nevertheless, the spread of 

the recycling ratios was wider in some cases and recu-

peration was over 5 % in case of samples AE1/2 and 

AE4. Consequently, the final SAR measurements were 

carried out with using a hot bleach treatment, i.e. insert-

ing a high temperature (280°C) optical bleaching at the 

end of each measurement cycle. By the application of the 

right temperature treatment the samples performed ade-

quately to retrieve reliable results and ages. 

Regarding drilling point AE1 the sampled sand lay-

ers at 70, 130 and 190 cm depth were dated to 6.7±0.6 ka, 

7.2±0.4 ka and 6.1±0.5 ka, respectively. The lowermost 

sand layer (AE1/3) was characterised almost exclusively 

by medium sand, and the distribution of individual De 

results showed a central tendency (Fig. 4), consequently, it 

is suggested that this sample had undergone the most 

complete resetting process during transportation and sed-

imentation. Therefore, both from a sedimentological, and  

 
Fig. 2 Figures A and B show an appropriate shine-down curve (A) and dose response curve (B),  

meanwhile C and D figures represent the low intensity 

Table 1 Dose rate, equivalent dose and age data of the investigated samples 

Sample 
Aliquots 

(used/measured) 

Depth 

(m) 

Moisture 

content 

(%) 

U 

(ppm) 

Th 

(ppm) 

K 

(%) 

D* 

(Gy/ka) 

De 

(Gy) 

Age 

(ka) 

AE1/1 30/72 0.6 13±1.3 2.95±0.02 5.05±0.06 1.38±0.04 2.80±0.08 20.27±0.82 6.7±0.6 

AE1/2 27/48 1.3 21±2.1 2.86±0.04 5.59±0.07 1.36±0.04 2.46±0.07 24.79±0.86 7.2±0.4 

AE1/3 25/96 1.9 33±2 2.76±0.03 6.13±0.07 1.34±0.04 2.37±0.07 18.49±1.61 6.1±0. 5 

AE2 26/72 0.7 16±2 2.87±0.02 4.53±0.06 1.22±0.04 2.49±0.07 11.76±0.65 4.7±0.3 

AE3 35/64 0.7 7±2 1.80±0.02 3.63±0.04 1.13±0.03 2.27±0.07 11.05±0.5 4.9±0.3 

AE4 58/144 1.1 7±2 2.22±0.02 3.68±0.04 1.18±0.03 2.55±0.08 12.87±1.07 5.0±0.5 
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from an OSL point of view this sample can represent the 

time of major fluvial activity. This is in correspondence 

with the major findings of Tóth et al. (in press), who 

measured almost complete resetting in terms of modern 

coarse grain sediments along the present day Danube. 

In the meantime the upper two samples yielded 

somewhat higher ages than AE1/3, which can be ex-

plained by their different sedimentology, i.e. the high 

proportion of fines, which refers to a post formational, 

lower energy deposition, being less favourable in terms  

of OSL signal resetting and leading to possible age over-

estimation. Based on the results, in case of sample 

AE1/2, characterised by the finest grain size, the age 

could be overestimated by more than 1 ka, while in case 

of the coarser AE1/1 by more than 0.6 ka (Fig. 5).  

The ages of samples AE2, AE3 and AE4 were very 

similar and stayed within error, AE4: 4.7±0.3 ka, AE6: 

4.9±0.3 ka, AE7: 5.0±0.5 ka (Table 1). As the formation 

age of point bars cannot be separated, results refer to a 

relatively fast meander development between 4.7 and 5.0 

ka, reflecting the dynamic nature of Danube fluvial ac-

tivity. 

Based on the first age results from the area, the 

Danube was actively forming its present day high flood-

plain up till 5 ka. Consequently, the maximum age of 

incision and the development of the present day flood-

plain can be placed to the beginning of the Subboreal 

Phase. However, in order to question or reinforce the 

morphological interpretation of Pécsi (1967), i.e. the 

formation time of the higher and lower floodplain levels 

are hard to separate, needs further investigation in the 

area, especially focusing on lower floodplain palaeo-

channels. Nevertheless, the OSL dates presented here 

give a framework for further studies, and also imply that 

if there is a separation time between the two levels, it 

must be in the second half of the Holocene. 

 

 

Fig. 3 Preheat and dose recovery tests of the samples. The red line and the dashed line mark the three criteria  

and the errors of the criteria 

 

Fig. 4 Dose distribution of individual De of AE1/2 (A) and AE1/3 (B). In case of AE1/2 MAM, meanwhile in case of AE1/3 CAM was 

used for the calculations 
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CONCLUSIONS 

Floodplain development along the Hungarian Lower 

Danube has previously been reconstructed mainly on the 

basis of geomorphological evidence. The present study 

has provided the first OSL dates concerning the fluvial 

forms of the high floodplain surface on the Kalocsa Plain 

and therefore on the entire GHP section of the river. 

The OSL sensitivity of the sampled sediments is 

low, therefore a high number of measurements is need-

ed to get the necessary amount of results for the relia-

ble statistical analysis of equivalent doses. However, by 

the application of the right temperature treatment the 

samples performed adequately to retrieve reliable re-

sults and ages. 

The development of the investigated palaeo-

meanders could be rapid. In case of the older meander 

the age of channel forming fluvial activity can be in-

ferred from the lowermost sample, yielding a 6.1±0.5 

ka age placing the development of the meander to the 

Late Atlantic Phase. In terms of the younger meander, 

on the edge of the high floodplain the ages of consecu-

tive pointbars were in the range of 4.7±0.3 ka and 

5.0±0.5 ka, meaning, that the separation of the high and 

low surfaces could start in the beginning of the Sub-

boreal Phase or later. 
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