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ABSTRACT

Water quality is in constant interaction with and changed according to time and place through
natural and anthropogenic factors. It is also known that land use has a significant impact on water
quality parameters. In this study, it was aimed to determine the effects of different land-use types
(Forest, range and riparian) on water quality and which land-use type supports the most suitable
drinking water for watersheds in the Baskonus Plateau in Kahramanmaras Province. The field stud-
ies were carried out in May 2019, and 2 sampling points were selected from each of the land-use
types. Chemical properties (pH, EC) and some element concentrations (19 elements such as Al, As,
Cu, B, Zn, Fe, P, Cd, Ca, Co, Cr, Pb, Mg, Mn, Mo, Ni, K, Na, and S) were investigated by using an
ICP-OES. According to the results, the water obtained from forest areas is more suitable for drink-
ing, having drinking water quality standards with a high pH value (7.59), and the Sulfur concentra-
tion of water obtained from range area (26.72 ug S /L) exceeded and did not comply with drinking
water quality standards. When the chemical characteristics of the Meydan Dam were examined
according to the regulated water quality standards declared in water pollution laws, it is clear that
the dam basin has a high water quality standard (Class I). Therefore, a larger dam that can be built
in this basin would be able to supply quality water that the Kahramanmaras metropolitan munici-
pality needs. Consequently, before deciding on the construction of the dam for drinking water,
land-use maps would be created in the basins, and the selection of basins that have dense and
qualified forestland would provide quality water.

Keywords: Chemical water quality, forest, Kahramanmaras, Land use, parameters, range, riparian

INTRODUCTION sion of forests to agriculture or settlements pre-
vents access to quality water due to using
pathogens, pesticides, domestic waste, heavy

metals, oils, salts, and road construction in agri-

Water quality is in constant interaction with and
changed by natural and anthropogenic factors.

Among the natural phenomena, the amount of
precipitation, river bed and basin characteris-
tics (slope, length, etc.), geological structure,
soil type, plant species, and stand closure are
major factors that significantly affect water
quality. Many of these factors are also changed
by humans, causing negative effects on water
quality in rivers or lakes. For example, conver-

culture and settlements areas.

Land-use types in a catchment basin signifi-
cantly affect the water quality of the basin. It is
well-known that there is a strong relationship
between land use (agriculture, range, forest,
settlement, etc.) and water quality. Moreover,
some studies have reported that forest land in-
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creases the water quality and quantity in a watershed basin (Al-
tun, Kezik, Kara, & Babur, 2016; Babur & Kara, 2017). On the oth-
er hand, the studies investigating the relationship between land
use and water quality due to the need for quality and a sufficient
amount of water are gradually increasing as a result of pollution
or the reduction of water resources because the increase in hu-
man activities in different land-use leads to changes in water
quality (Sliva & Williams, 2001; Ngoye & Machiwa, 2004; Tokatli,
Solak, & Yilmaz, 2020). However, land-use changes (such as re-
moval or change of vegetation) and management practices (the
establishment of road and settlement areas, agricultural man-
agement, etc.) are also important factors affecting water quality
(Yong & Chen, 2002). Guo, Ma, & Zhang (2009) revealed that
land use and vegetation cover the effects of water quality. This
study stated that there is a significant amount of total nitrogen
and phosphorus transitions from meadows to streams. Cao, Li,
Wang, Zhao, & Wang (2012) examined the relationship between
land-use type and water quality. They noticed that there are sig-
nificant differences in the water quality parameters of cultivated
areas, meadows, and forest areas in terms of TN (total nitrogen),
TP (Total phosphate) coliform bacteria. Huang et al. (2013) found
significant differences in some water quality indicators among
settlement areas, meadows, and forests in their study. In all of
these studies, the effects of land use in watersheds on water
quality were specifically investigated.

Several studies have emphasized that land use has a significant
impact on the chemical properties of water quality (Peierls, Cara-
co, Pace, & Cole, 1991; Hunsaker & Levine, 1995; Puckett, 1995;
Howarth et al., 1996; Allan, Erickson & Fay, 1997). For example,
the nitrogen and nitrate concentrations in water increased due to
the increase of meadow areas in a basin (Jordan, Correl, & Weller,
1997). However, Allan et al. (1997) stated that the best properties
in terms of habitat quality and biotic integrity are in agricultural
land. Urbanization and intensive agricultural practices is a large
portion of the negative relations between land use and water
quality (Baker, 2005). The decrease of plant communities covering
the soil surface in an area increases the sediment loss with the sur-
face flow in the catchment basin while decreasing the infiltration
capacity (Walling & Fang, 2003). Considering that such studies are
lacking in developing countries, it is important to develop models
that reveal the relationships between land use and water quality.

Kahramanmaras/Baskonus Plateau has great importance for the
region in terms of climate, ecology, natural beauty, and very rich
vegetative biodiversity. Since the areas where the research was
conducted are far from anthropogenic effects, they can be used
as drinking water basins if needed in the future. In this study, it
was aimed to determine the effects of different land uses on wa-
ter quality and which land-use type support the most suitable
drinking water for the watershed in the Baskonus Plateau in Kah-
ramanmaras Province. It was investigated how the rainfall drained
from litters and soils formed under different land uses affect the
water quality during infiltration. For this purpose, soil sections
with a certain surface area were taken from the lands and placed
in suitable drainage containers. The water filtered as a result of
an artificial sprinkler applied to the soil sections was collected
and prepared for analysis. From the data obtained as a result of

this study, the most suitable land-use type will be determined,
and the study will contribute to the preference of water collec-
tion basins through the construction of drinking water reservoirs.

MATERIALS AND METHODS

Study area

The field study was carried out in the forest, range and riparian
areas around the Meydan pond located within the boundaries of
the Baskonus Forest Operation of Kahramanmaras Forest Re-
gional Directorate (Figure 3a, 3b, and 3c). The research area is
approximately 50 km from Kahramanmaras Province. In this
study, the areas where topographic, geological, climatological,
and geomorphological features are similar were chosen to reveal
the effects of different land uses on water quality. The water col-
lection basin of the study site, which is selected from typical
karstic areas, covers an area of 105 hectares in total (37° 34" 12"—
37°34'51" N; 36° 35" 13"-36° 35' 22" E). The average elevation of
the area is 1200 m, the general aspect is north, and the average
slope is 50%. The study site is shown on the map in Figure 1.

The vegetation type of the research area consists of black pine
(Pinus nigra Arn.), fir (Abies cilicica subsp. cilicica), and cedar (Ce-
drus libani A. Rich.) forest trees. There are Salvia, Trifolium, Cyno-
don plants, etc in range areas and reeds in riparian areas (Anon-
ymous, 2012). The field studies are shown in Figure 2.

Field study and sampling

In this research, field studies were carried out in May 2019. In or-
der to carry out this research, 2 sampling points were selected
from each of the forest, range, and riparian areas. At the sample
points, a 25x25x15 soil section was removed without disturbing
the litter layer and structure and placed in the fit size plastic con-
tainers with bottom leaking filters (Figure 3 and 4). 2 It of ul-
tra-pure distilled water was added to each soil section with an ar-
tificial rain system. Then, the water leaking into the boilers placed
under the buckets was collected. Afterward, the water samples
were filtered in such a way as to make their volumes to 100 ml
with ultra—pure distilled water.

Chemical and elemental parameters
The pH values of water samples were measured with an Orion
250A meter, electrical conductivity (EC) with an Amber Science

Study site

Provincial borders

ometers.
560

Figure 1. Location of the study site.
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Forest

Figure 2. The appearance of forest, range and riparian zones
in the research areas (Photo: Emre Babur, 2019).

Figure 3. The process of taking soil sections from the field
(Photo: Emre Babur, 2019).

Figure 4. Soil sections taken from different land-use types
(Photo: Emre Babur, 2019).

2052 meter with the method of glass electrode (Gulcur, 1974).
The element levels (Al, As, Cu, B, Zn, Fe, P, Cd, Ca, Co, Cr, Pb,
Mg, Mn, Mo, Ni, K, Na, and S) in the samples were determined
by using the “Agilent 5100 ICP-OES" device at the East Mediter-
ranean Transitional Zones Agricultural Research Institute. The el-
ement analyses were recorded as means triplicate measure-
ments (EPA, 1998; 2001).

Statistical analysis

The average, maximum, and minimum values and standard er-
rors of the water samples values were determined by using the
SPSS 15.0 program. The average values of different water sam-
ples obtained from the different land-use types were compared
by using ANOVA and Duncan test.

RESULTS AND DISCUSSION

The mean values and standard errors of the chemical properties
of water samples obtained from different land uses have been
determined (Table 1). Comparisons and classifications of the
mean values of water chemical parameters were made based on
the Surface Water Quality Management Regulation, Water Pollu-
tion Control Regulation, Maximum Permissible Value, Recom-
mended Value, and Regulations on Human Consumption Water.

Acidic water or basic water occurs with increasing or decreasing hy-
drogen ion concentrations in water (Goksu, 2003). It has been deter-
mined that there is a significant difference in the pH of the water ob-
tained from different land uses (p<0.001). While the highest pH val-
ue was found in riparian areas with a value of 7.63, the lowest pH val-
ue was found in range areas with a value of 7.38. However, the pH
value of the water samples taken from the Meydan pond was deter-
mined to be lower (7.08) compared to other land uses (Table 1). The
pH is the most important factor for chemical and biological systems
in water ecosystems (Atay and Pulatsu, 2000). According to the in-
land water quality standards, the high-quality water limits given for
the pH parameter are between 6.5 and 8.5 (Table 2). The pH values
of water obtained from all three landuse types were determined to
be in the I. and Il. water quality classes of the RCWP and SWQMR.
Also, all of these water samples are suitable for drinking-use accord-
ing to TS-266 and RWHC (Tables 1 and 2).

According to electrical conductivity (EC), the mean EC values of
water samples obtained from the different land-use types were
found significantly different (p<0.001). The highest EC value was
found in riparian areas with a value of 248.74 ps/cm, and the low-
est was found in forest areas with a value of 53.25 ps/cm (Table 1).
The EC values of water samples were found to be in the I. and Il.
water quality classes, and they are suitable for drinking-use ac-
cording to TS-266 and RWHC (Tables 1 and 2).

The Ca*?, Mg *2, and K* values of the water samples were found
statistically different from each other. In terms of Ca*? average
values, 62.47 mg Ca "2/ L, the highest value, was found in the
range and 14.39 mg Ca*?/L, the lowest, in the forest areas. The
concentration of Mg*? was found to be the highest in the riparian
areas with a value of 9.27 mg Mg*?/ L and the lowest concentra-
tion in forest areas with a value of 2.03 mg Mg*?/ L. The K * con-
centration was found to be the highest in the forest area with a
value of 4.98 ug K* / L and the lowest in the riparian area with a
value of 1.93 ug K*/ L (Table 1). Ca *?, Mg *?, and K * concentra-
tions of water samples are below the maximum limit values in all
regulations and TS-266 (Table 1 and 2). In terms of human health,
Ca*2, Mg *?, and K* concentrations should be at the recommend-
ed levels in drinking water.

In terms of total hardness in the water samples (Ca + Mg), the
highest mean value was found in range areas with a value of
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Table 1.

Some chemical water quality parameters measured from different land-use types.

Land use types

Chemical parameters

Riparian Range Forest Dam pond
PH 120, 7.63+0.15 b 7.38+0.20 ab 7.59+0.28 b 7.08+0.14 a
EC (uS cm™) 248.74 £69.21 b 229.75+56.25 a 53.25+12.18 a 166.00+15.13 ab
Aliminium (mg Al/L) 0.106+0.07 ab 0.129+0.09 ab 0.211+0.08 b 0.044+0,02 a
Arsenic (ug As/L) 0.110+0.01 a 0.100+£0.01 a 0.108+0.01 a 0.363+0.05 a
Copper (ug Cu/L) 0.0085+0.01 ab 0.147+0.01 b 0.0026+0.00 a 0.001+0.00 a
Boron (ug B/L) 0.024+0.01 a 0.030+0.01 a 0.029+0.01 a 0.015+0.01 a
Zinc (ug Zn/L) 0.0245+0.03 a 0.0387+0.04 b 0.0035+0.00 ab 0.0006+0.00 a
Iron (ug Fe/l) 0.093+0.06 a 0.131£0.04 ab 0.218+0.06 b 0.0373+0.02 a
Phosphorus (ug P/L) 0.116+0.03 a 0.406+0.31 a 0.451+0.28 a 0.087+0.01 a
Cadmium (ug Cd/L) 0.003+0.00 ¢ 0.002+0.00 bc 0.001+0.00 ab 0.000+0.00 a
Calcium (mg Ca*2 /L) 49.59+13.55 a 62.47+21.39 b 14.39+9.81 a 22.84+9.74 a
Cobalt (ug Co/L) 0.0001+0.00 a 0.0004+0.00 b 0.0003+0.00 ab 0,0002+0.00 ab
Chromium (ug Cr/L) 0.0008+0.00 ab 0.0010+0.0 ab 0.0012+0.00 b 0.0004+0.00 a
Lead (ug Pb/L) 0.0052+0.01 a 0.0089+0.00 a 0.0063+0.00 a 0.0033+0.00 a
Magnesium (mg Mg*? /L) 9.27+0.40 bc 6.92+0.53 ab 2.025+0.67 a 13.82+1.25¢
Manganese (ug Mn*2 /L) 0.0063+0.00 a 0.123+0.01 a 0.0105+0.01 a 0.0044+0.00 a
Molybdenum (ug Mo/L) 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a 0.00+0.00 a
Nickel (ug Ni/L) 0.021+0.02 a 0.013+0.01 ¢ 0.0035+0.00 b 0.0008+0.00 a
Potassium (ug K/L) 1.93+0.34 a 7.30+£0.55 b 4.98+0.83 a 1.057+0.32 a
Sodium (mg Na/L) 4.07+0.06 ab 6.56+0.09 b 1.90+0.05 a 4.27+0.07 ab
Sulfur (ug S/L) 8.74+2.28 b 26.72+3.12 ¢ 0.76+0.01 a 1.70+0.14 a

EC: electrical conductivity. Values are means = SE and letters denote significant differences among land-use type (p<0.05) based on a Duncan test (n=30).

69.39 mg / L while the lowest hardness level was found in water
obtained from forest areas with a value of 16.42 mg/ L. The mean
hardness value of the water samples of the riparian areas was
found to be 59.29 mg / L (Table 1). According to the French hard-
ness level, the most suitable water was determined to be the wa-
ter obtained from the forests. This is thought to be since the cat-
ion exchange capacity and the amount of organic matter of the
forest soils are higher than other land uses. On the other hand,
domestic wastes and agricultural areas are known to increase the
hardness of water and level of pollutants in Turkey (Bulut, Atay,
Uysal, Kése, & Cinar, 2010).

Statistically significant differences were found in phosphorus con-
centrations of the water samples according to the different land
uses (p<0.05). The highest amount of phosphorus was found in
water samples obtained from forest areas (0.451 ug P / L), while
the lowest amount of phosphorus was found in riparian areas (
0.116 pg P/ L). Phosphorus concentrations in the range (0.406 pg
P/L) is of an average value close to those in forest areas. Accord-
ing to the regulation classes, water samples obtained from ripari-
an areas are in 2nd quality class, and samples obtained from
rangeland and forests are in the 3rd quality class in terms of phos-
phorus. It is well known, high concentrations of nitrogen and
phosphorus cause eutrophication in water (NSTC, 2003). There-
fore, it is important to keep the phosphorus concentration in
drinking water below the eutrophication threshold value (Pers,
2005). The sources of phosphorus in the catchment basin are ma-
terials of organic origin. Therefore, there is no inorganic phospho-

rus entry into the area, the lower concentration of phosphorus de-
termined in the basin. Otherwise, using organic phosphate fertil-
izers, cadmium should be accumulated on the soil surface and
also be moved to groundwater resources (Emiroglu et al., 2013).

In terms of the concentrations of some heavy metals in water
samples, the mean aluminum (Al) amount was found the highest
in the forest area with a value of 0.211 mg / L and the lowest in
the riparian areas with a value of 0.106 mg/ L. This value in range-
land areas was found to be 0.129 mg / L. These values showed
that land-use types statistically effect Al contents (p<0.001; Table
1). Also, it was determined that the Al values of water samples
obtained from all land-use types are in the 1st water quality class
with all regulations such as TS-266, RCWP, and SWQMR (Table 2).

No statistically significant difference was found in boron concen-
trations of water samples from different land uses (p>0.05). Bo-
ron concentrations of water were very close to each other. Boron
amounts in the water samples obtained from riparian, rangeland,
and forest areas are 0.024, 0.030, and 0.029 ug B / L, respectively
(Table 1). The boron concentration in water samples were found
below drinking water threshold values shown in TS-266 and
RWHC (Table 2).

Significant differences were found in iron concentrations of water
samples in different land uses (p<0.001). While the highest Fe
concentration was found in forest areas with a value of 0.218 ug
Fe /L, the lowest concentration (0.093 pug Fe / L) was found in ri-
parian areas. However, no significant difference was found be-
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Table 2.

Regulations about Water Quality Parameters (Anonymous 2016a; 2016b; 2016c; TSE, 1997).

RCWP, SWQMR

WG Gy (PRI E IS Water quality classification L2422 RWHC
A) Chemical parameters | 1 1l [\ RV MPV
1 PH 40 6.5-8.5 6.5-8.5 6.0-9.0 >6.0-9.0 6.5-8.5 6.5-9.2 <6,5-9,5<
2) EC (us/cm) - - - - 400 2000 2500
B) Inorganic chemical parameters
1) Aluminium (mg Al/L) 0.3 0.3 1 > 1 0.05 0.2 0.2
2) Arsenic (ug As/L) 20 50 100 >100 10
3) Copper (ug Cu/L) 20 50 200 >200 20 200 20
4) Boron (ug B/L) 1000° 1000¢ 1000¢ >1000 <1000° 1 1
5) Zinc (ug Zn/L) 200 500 2000 > 2000 100 5000 -
6) Iron (ug Fe/l) 300 1000 5000 > 5000 50 200 200
7) Phosphorus (mg P/L) 0,02 0,16 0,65 >0,65
8) Cadmium (ug Cd/L) 3 5 10 >10 <3 10 5
9) Calcium (mg Ca*?/L) - - - - 100 200 -
10) Cobalt (ug Co/L) 10 20 200 > 200 - - -
1) Chromium (ug Cr*®/L) Cok az 20 50 >50 Cok az 50 0,05
2) Lead (ug Pb/L) 10 20 50 >50 10 50 10
3) Magnesium (mg Mg*2 /L) - - - - 30 50 -
14) Manganese (ug Mn*2 /L) 100 500 3000 > 3000 20 50 50
5) Molybdenum (ug Mo/L) - - - - - - -
6) Nickel (ug Ni/L) 20 50 200 > 200 - 50 20
7) Potassium (mg K+ /L) - - - - 10 12 -
8) Sodium (mg Na/L) 125 125 250 >250 <250 250 200
19) Sulfur (ug S/L) 2 2 10 >10

RCWP: Regulation on Control of Water Pollution, SWQMR: Surface Water Quality Management Regulation, RV: Recommended Value, MPV: Maximum Permissible

Value, RWHC: Regulation on Waters for Humanitarian Consumption

tween manganese concentrations and land use differences
(P>0.05). In water samples, manganese concentrations were ob-
served from highest to lowest in rangeland, forest, and riparian
areas, respectively (Table 1). The iron, manganese, and potassi-
um concentration in water samples found are in the 1st water
quality class for drinking water according to all regulations like
TS-266, RCWP, SWQMR, and RWHC (Table 2).

As a result of comparing average values of arsenic, copper, zinc,
cadmium, cobalt, molybdenum, nickel, chromium, and lead of
the water samples obtained from different land uses; the con-
centrations of copper, zinc, cadmium, cobalt, nickel, and chromi-
um are affected by land-use differences, but those of arsenic,
lead, and molybdenum are not.

The highest heavy metal concentrations were found in the ripar-
ian area with values of 0.003 pg Cd/L, 0.110 ug As/L, and 0.021 pg
Ni/L; these values in rangeland were 0.147 pug Cu/L, 0.039 ug
Zn/L, 0.0004 pg Co/L, and 0.0089 pg Pb/L, and the value in forest
land was 0.0012 pg Cr/L (Table 1). All these heavy metal values
comply with the average values reported in the international wa-
ter quality regulations and TS-266. This study noticed that the
water samples obtained from different land-use types were
found in thel* water quality class in terms of the heavy metal
concentrations (TS-266, RCWP, SWQMR, and RWHC). Tokatli

(2019) noticed that some heavy metals such as cadmium, lead,
and arsenic were found to be the highest ecological risk factors
for the basin reservoirs in the Thrace Part of the Marmara Region
of Turkey. This situation was caused by the medicines and fertiliz-
ers used in agricultural areas from land use in the basin. Also,
they are known as agricultural origin toxicants. Cd is one of the
most present toxicants because many fertilizers used in Turkey
were found to be over the limit values (Tokatli, 2019). Since there
is no agricultural land in our study area, heavy metal concentra-
tions were found low in all water samples.

It has been determined that different land uses statistically affect
sodium and sulfur concentrations from chemical water quality pa-
rameters (p<0.001). The highest concentrations of sodium (6.56 g
Na /L) and sulfur (26.72 ug S / L) were found in water samples ob-
tained from range areas while the lowest amounts (1.90 pg Na / L
and 0.76 ug S/ L) were found in forest areas. The Na concentration
in the water samples obtained from all three land-use types is in
the 1st water quality class. The sulfur concentration of water sam-
ples obtained from the forests is |. quality water, but riparian areas
are found in class Ill water quality. However, it was found to have
an intense concentration above the quality standards in the range-
land water sample. Increased sulfur concentration causes the taste
and smell of the water to deteriorate and not to be of the standard
of drinking and utilities (Oztiirk & Fakioglu, 2017).
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Usta (2011) found the effects of different land use on water qual-
ity in the Galyan Watershed Basin. The study stated that the pH,
EC, TN, TP, Ca**, Mg** and Na* amounts in the waters decrease
with the increase of range areas in a basin. Also, the pH, EC, Ca,
and Mg amounts in the water decrease when the Coniferous For-
est areas increase. However, it was stated that pH, EC, TN, Ca,
Mg, and Na in water increased with the increase in the broadleaf
forest areas. As mentioned earlier, several anthropogenic activi-
ties (tillage, fertilization, etc.) in the agriculture area firstly change
the soil characteristics, and then this change is reflected in the
stream water (Tong & Chen, 2002). Bhat, Jacobs, Hatfield, &
Prenger (2006) noticed that the amounts of TN carried to stream
water are expected to be high in broadleaf forest. More organic
matter and microorganism activities in forest areas cause more
element transition to soil and water (Turtdua, 1981).

CONCLUSION

In this study, the effects of land use differences on the chemical
water quality were examined. The rain falls into the catchment
basin where there are forest, range and riparian areas, and the
rainwater mixes with groundwater by leaching organic and inor-
ganic elements in the plant, root, litter layer and soil. These wa-
ters also join the drinking water reservoirs from here. When the
chemical parameters of waters obtained from different land uses
were examined, it was determined that the water obtained from
the forest and riparian areas are more suitable for drinking and
meet drinking water quality standards. However, the Sulfur con-
centration of water obtained from the range area (26.72 pg S /L)
exceeded drinking water quality standards and cannot be con-
sidered as drinking water. When the chemical characteristics of
the Meydan Dam were examined according to the regulated wa-
ter quality standards declared in water pollution laws, it is clear
that the dam basin has a high water quality standard (Class I). A
larger dam that could be built in this basin which would be able
to supply quality water to meet the needs of the Kahramanmaras
metropolitan municipality. Land-use maps of the basin should be
created before choosing the location to build dams for drinking
water. In the selection of the catchment basin, authorities need
to choose natural areas with vast forest lands, specifically away
from any mining sites. The management and sustainability of dif-
ferent land uses (forest, agriculture, range and settlement) should
be taken jointly by the competent authorities by considering the
integrated watershed management approach in the basins that
are supposed to supply drinking water.
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