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Uncontrolled and unplanned urbanization and industrialization due to increase of population and rapid industrial
development have created severe environmental problems in Kyrgyzstan during the last few decades. In this study,
Juniperus virginiana, a dioecious species, was employed in order to make assessment of the heavy metal pollution rate in
the area and of the heavy metal pollution impact on the mineral nutrient status of the plant. For this study, leaf (washed and
unwashed) and bark samples of J. virginiana, and its co-located soil samples were collected from eight different stations,
all in the capital of Kyrgyzstan, Bishkek, in 2012 vegetation period. The standard procedures were used and the
determinations of heavy metal and nutrient element contents (Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Zn) in all
samples were done using inductively coupled plasma-optical emission spectroscopy. According to our measurements,
J. virginiana was found to be capable of accumulating a considerable amount of metals and the mineral nutrient uptake
pattern was altered because of metal deposition in the plant, which showed a contamination risk in the area.

Keywords: Juniperus virginiana; heavy metal pollution; mineral nutrient status; Bishkek; Kyrgyzstan

Introduction

Heavy metals, including cadmium (Cd), chromium (Cr),

mercury (Hg) and lead (Pb), are chemicals, which are

toxic to organisms, when they are exposed to even small

doses of them. However, some of the metals, such as cop-

per (Cu), iron (Fe), nickel (Ni) and zinc (Zn), are required

by organisms as essential micronutrients in small

amounts.[1,2] Under certain environmental conditions, an

uptake of heavy metals into biological systems may occur.

This may lead to bioaccumulation of these metals to toxic

concentrations and may cause toxicity, resulting in ill-

nesses or even death of organisms.[3,4] The size of the

human population has increased dramatically in recent

centuries. The anthropogenic impact in conjunction with

population increase has led to an uncontrolled and

unplanned urbanization and industrialization, causing

health and environmental problems. Heavy metal pollu-

tion, caused by human activity, includes power industry,

mining, transportation, dumping wastes, fertilizers and

some of the anthropogenic-derived contamination sour-

ces.[5�7]

In order to determine the specific characters of the bio-

sphere, some organisms, known as bioindicators or

biomonitors, are used.[8] Some researchers define biomo-

nitoring as the use of living organisms for measuring of

the exposure level of the natural environment to pollu-

tants.[9,10] Biomonitoring provides a valuable informa-

tion regarding the quantity and quality of pollutants. It

also has a main advantage over the other environmental

protection methods, because of its lower application and

maintenance cost.[11,12]

Higher plants, especially evergreens (rather than

annual plants) are preferred for biomonitoring to give

information about short- and long-term toxicity levels.

[4,13] Especially the presence of some trace metals in soil

or plant parts significantly changes the macro- and micro-

nutrient uptake, transport and storage in plants by reduc-

ing the uptake of certain elements and increasing the

uptake of others.[14,15]

Therefore, in the present work, leaves and barks of

Juniperus virginiana and its co-located soil samples

were employed in order to make assessment of the rate

of the heavy metal pollution in the capital of Kyrgyz-

stan, Bishkek City, and to make estimation of the

impact of heavy metal pollution on the mineral nutri-

ent status of the plant.
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Materials and methods

Study area

Kyrgyzstan is a country located in Central Asia, bordering

Kazakhstan, Uzbekistan, Tajikistan and China. It lies

between latitudes 39� and 44� N and longitudes 69� and

81� E. The population is about 5.5 million as of 2012.

Kyrgyzstan is divided into seven regions: Batken, Chuy

(Bishkek), Jalal-Abad, Naryn, Osh province (Osh), Talas

and Issyk-Kul. The climate varies regionally. The south-

western Fergana Valley is subtropical and extremely hot

in the summer, with temperatures reaching 40 �C. The
northern foothills are temperate and the Tian Shan varies

from dry continental to polar climate, depending on the

elevation.[16]

Bishkek (42�5202900 N, 74�3604400 E) is the capital and
the largest city of Kyrgyzstan and also the country’s cul-

tural, economic and financial centre. Bishkek is the most

populated city in Kyrgyzstan. Its population is about

1,000,000.[17] It has a continental Mediterranean climate

and the average precipitation is around 440 millimetres

per year. The average daily high temperatures range from

3 �C during January to about 31 �C during July.[18]

In this research, the study materials (parts of J. virgini-

ana and co-located soil samples) were collected from

eight locations in Bishkek. The location names are

Akhunbaev Street, Shabdan Baatyr Street, Jibek Jolu

Street, Chuy Street, Moskovskaya Street, Bokonbaeva

Street, Gorky Street and Yusup Abdrahmanov & Baitik

Baatyr Streets. The locations of the eight sampling sites

are shown in Figure 1.

Measurement of element concentrations

The plant (bark and leaves) and soil samples were col-

lected from different parts of Bishkek during the study

period of 2012 (Figure 1). Eight sampled plants per loca-

tion were used and three analytical repetitions were done

for the statistical analyses. Leaf samples were divided into

two subsamples; half of them were thoroughly washed

with running deionized distilled water to remove dust par-

ticles in a standardized procedure and the remaining leaf

samples were analysed unwashed. The air-borne removal

rates (%) on the leaves were calculated by comparisons of

the unwashed and washed leaves’ data. Plant parts were

isolated and oven-dried at 80 �C for 48 h and then 0.2 g

was taken and transferred into Teflon vessels. After this,

8 mL of 65% (v/v) HNO3 (Merck) was added. Soil sam-

ples (about 500 g) were collected from a depth of about

10 cm with a stainless steel shovel. They were also oven-

dried at 80 �C for 48 h and passed through a 2-mm sieve.

After that, 0.3 g was weighed and 9 mL 65% (v/v) HNO3,

Figure 1. Bishkek Province and its location in Kyrgyzstan.
Note: Stations are numbered as: Akhunbaev Street (1), Shabdan Baatyr Street (2), Jibek Jolu Street (3), Chuy Street (4), Moskovskaya
Street (5), Bokonbaeva Street (6), Gorky Street (7) and Yusup Abdrahmanov & Baitik Baatyr Streets (8).
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3 mL 37% (v/v) HCl and 2 mL 48% (v/v) HF (Merck)

were added. Samples were mineralized in a microwave

oven (Berghof-MWS2) as follows: 5 min at 145 �C, 5 min

at 165 �C and 20 min at 175 �C. After cooling, the sam-

ples were filtered by using Whatman filters and the vol-

ume was made up to 50 mL with ultrapure water

(Human�Zeneer Power II) in volumetric flasks. These

were stored in falcon tubes. After this, 10, 50, 100, 250

and 500 mg/L of standard solutions, prepared by using

multi-element stock solutions 1000 mg/L (Merck), were

used for drawing calibration curve and element (Ca, Cd,

Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Zn) measurements in

mg/kg dry weight (DW). The measurements were done by

inductively coupled plasma optical emission spectroscopy

(PerkinElmer-Optima 7000 DV).

Statistical analyses

All calculations were based on DW of soil, bark and leaf.

Statistical analyses, such as one-way analyses of variance

with Tukey’s post hoc honest significant difference

(HSD) and Pearson correlation, were performed using

IBM SPSS Statistics 20 software. The levels of statistical

significance were expressed as ��P < 0.01 level (2-tailed).

IBM SPSS Statistics (Version 20) and the paired samples

t-test module were employed for the comparison of the

means of the heavy metals in the unwashed and washed

leaf samples. The Bonferroni correction criterion was

used for the decision of the significance when carrying

out comparisons between metals at the same time. The

Bonferroni correction is a correction factor used for per-

forming several statistical tests simultaneously. The cor-

rection provides avoiding spurious positives.

Results and discussion

The results of analyses of the plant parts (unwashed and

washed leaves and barks) and soil samples collected from

eight stations in Bishkek are presented in Table 1.

According to our results, the average highest and lowest

heavy metal accumulations (Cd, Cr and Pb) in the plant

parts were found to be »2.33 mg/kg DW in bark samples

collected from location 4 and»1.28 mg/kg DW in washed

leaf samples collected from location 2 for Cd, respec-

tively. The average highest and lowest Cr accumulations

in the plant parts were »7.60 mg/kg DW in unwashed

leaf samples collected from location 4 and »2.63 mg/kg

DW in bark samples collected from location 2, respec-

tively. The average highest and lowest Pb accumulations

in the plant parts were »26.58 mg/kg DW in unwashed

leaf samples collected from location 4 and »11.93 mg/kg

DW in bark samples collected from location 2, respec-

tively. The average highest and lowest metal accumula-

tions in co-located soils were found to be »7.53 mg/kg

DW, collected from location 4 and »5.03 mg/kg DW,

collected from location 2 for Cd, respectively. The aver-

age highest and lowest Cr accumulations in co-located

soils were found to be »49.42 mg/kg DW collected from

location 4 and »32.91 mg/kg DW collected from location

2, respectively. The average highest and lowest Pb accu-

mulations in co-located soils were »129.48 mg/kg DW

collected from location 4 and »86.46 mg/kg DW col-

lected from location 2, respectively. Meanwhile, the con-

tents of the mineral nutrients (Ca, Cu, Fe, K, Mg, Mn, Na

and Zn) in the plant parts and co-located soils were deter-

mined in order to make assessment of the excessive metal

accumulation effects on the mineral nutrient uptake. In

our study, the average highest and lowest macronutrient

values in the plant parts were found to be

»4161.04 mg/kg DW in unwashed leaf samples collected

from location 2 and »1657.34 mg/kg DW in bark samples

collected from location 4 for Ca, respectively. The aver-

age highest and lowest Mg values in the plant parts were

»4102.30 mg/kg DW in unwashed leaf samples collected

from location 2 and »653.21 mg/kg DW in bark samples

collected from location 4, respectively. The average high-

est and lowest K values in the plant parts were

»6399.99 mg/kg DW in unwashed leaf samples collected

from location 4 and »1926.90 mg/kg DW in bark samples

collected from location 2, respectively. The average high-

est and lowest micronutrient values in the plant parts were

found to be »18.61 mg/kg DW in unwashed leaf samples

collected from location 4 and »10.50 mg/kg DW in

washed leaf samples collected from location 2 for Cu,

respectively. The average highest and lowest Fe values in

the plant parts were »227.94 mg/kg DW in unwashed leaf

samples collected from location 4 and »136.97 mg/kg

DW in bark samples collected from location 2, respec-

tively. The average highest and lowest Mn values in the

plant parts were found to be »19.28 mg/kg DW in

unwashed leaf samples collected from location 4 and

»11.29 mg/kg DW in washed leaf samples collected from

location 2, respectively. The average highest and lowest

Na values in the plant parts were »304.50 mg/kg DW in

unwashed leaf samples collected from location 4 and

»104.66 mg/kg DW in bark samples collected from loca-

tion 2, respectively. The average highest and lowest Zn

values in the plant parts were »84.32 mg/kg DW in

unwashed leaf samples collected from location 4 and

»17.53 mg/kg DW in bark samples collected from loca-

tion 2, respectively. The average highest and lowest mac-

ronutrient values in co-located soils were found to be

»16,283.68 mg/kg DW collected from location 2 and

»9296.61 mg/kg DW collected from location 4 for Ca,

respectively, »5140.64 mg/kg DW collected from loca-

tion 2 and »2995.99 mg/kg DW collected from location 4

for Mg, respectively, and »4876.44 mg/kg DW collected

from location 4 and »3272.38 mg/kg DW collected from

location 2 for K, respectively. The average highest and

lowest micronutrient values in co-located soils were found
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Table 1. Concentrations of Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Zn (mg/kg DW) in the parts of J. virginiana and co-located soil
samples.

Stations Unwashed leaf Washed leaf Bark Soil

Ca (mg/kg DW) 1 3852.293§ 72.541��a 3790.553 § 49.63��b 2613.153 § 27.610��b 14975.337 § 272.477��b

2 4161.037§ 87.499��a 4092.177 § 62.140��a 2841.166 § 32.800��a 16283.677 § 295.393��a

3 3489.033§ 58.513��b 3433.224 § 40.617��c 2350.522 § 17.598��c 13472.505 § 209.339��c

4 2461.592§ 26.845��e 2369.536 § 25.577��f 1657.342 § 16.733��f 9296.613 § 100.847��f

5 2994.733§ 52.58��cd 2925.125 § 36.064��d 2016.403 § 15.137��d 11558.009 § 156.818��de

6 3295.527§ 49.82��bc 3220.165 § 42.179��c 2219.999 § 14.746��c 12633.847 § 164.162��cd

7 2643.794§ 36.262��e 2562.732 § 28.432��e 1779.923 § 17.303��e 10054.827 § 114.360��ef

8 2784.333§ 47.15��de 2720.055 § 35.931��de 1874.731 § 12.45��de 10668.55 § 127.972��e

Cd (mg/kg DW) 1 1.496 § 0.025��f 1.369 § 0.028��f 1.640 § 0.019��e 5.396 § 0.069��f

2 1.405 § 0.023��f 1.278 § 0.023��f 1.542 § 0.019��e 5.032 § 0.062��f

3 1.603 § 0.023��e 1.456 § 0.026��e 1.758 § 0.022��d 5.782 § 0.074��e

4 2.128 § 0.023��a 1.935 § 0.021��a 2.333 § 0.024��a 7.531 § 0.082��a

5 1.801 § 0.022��cd 1.623 § 0.020��cd 1.973 § 0.014��c 6.455 § 0.089��cd

6 1.681 § 0.024��de 1.527 § 0.023��de 1.842 § 0.017��d 6.061 § 0.093��de

7 1.974 § 0.021��b 1.786 § 0.021��b 2.171 § 0.019��b 7.006 § 0.095��b

8 1.862 § 0.022��bc 1.685 § 0.016��bc 2.047 § 0.012��c 6.653 § 0.091��bc

Cr (mg/kg DW) 1 5.332 § 0.072�f 4.396 § 0.023��e 2.821 § 0.026��e 35.003 § 0.659��e

2 5.012 § 0.065�f 4.100 § 0.033��f 2.630 § 0.024��f 32.913 § 0.572��f

3 5.717 § 0.080�e 4.675 § 0.029��de 2.999 § 0.021��de 37.504 § 0.627��de

4 7.595 § 0.083�a 6.117 § 0.066��a 3.920 § 0.040��a 49.418 § 0.536��a

5 6.370 § 0.095�cd 5.213 § 0.065��c 3.341 § 0.035��c 42.124 § 0.616��c

6 5.946 § 0.094�de 4.903 § 0.051��d 3.119 § 0.027��d 39.319 § 0.597��d

7 7.012 § 0.087�b 5.646 § 0.054��b 3.648 § 0.032��b 45.995 § 0.538��b

8 6.612 § 0.083�bc 5.366 § 0.048��bc 3.440 § 0.034��c 43.717 § 0.610��bc

Cu (mg/kg DW) 1 13.166 § 0.099��e 11.251 § 0.137��f 11.338 § 0.163��f 48.074 § 0.516��e

2 12.379 § 0.092��f 10.500 § 0.144��f 10.657 § 0.134��f 44.829 § 0.402��f

3 14.003 § 0.080��d 11.965 § 0.159��e 12.156 § 0.184��e 51.111 § 0.727��d

4 18.614 § 0.203��a 15.647 § 0.169��a 16.030 § 0.162��a 66.380 § 0.720��a

5 15.740 § 0.179��c 13.226 § 0.167��cd 13.546 § 0.172��cd 56.964 § 0.527��c

6 14.682 § 0.115��d 12.443 § 0.127��de 12.740 § 0.170��de 53.167 § 0.678��d

7 17.183 § 0.196��b 14.558 § 0.126��b 14.796 § 0.189��b 61.757 § 0.745��b

8 16.337 § 0.188��bc 13.727 § 0.161��bc 13.952 § 0.184��bc 58.683 § 0.525��bc

Fe (mg/kg DW) 1 161.093§ 1.949��e 159.095 § 2.924��f 146.887 § 0.999��e 5048.900 § 83.690��ef

2 151.495§ 1.859��e 148.456 § 2.986��f 136.965 § 1.154��f 4709.262 § 89.406��f

3 172.647§ 1.554��d 169.147 § 2.503��e 157.412 § 1.174��d 5369.232 § 70.951��e

4 227.941§ 2.485��a 222.829 § 2.406��a 205.649 § 2.077��a 7082.566 § 76.833��a

5 192.619§ 1.502��c 188.379 § 1.802��cd 175.391 § 1.298��c 5986.523 § 54.426��cd

6 179.821§ 1.409��d 177.240 § 2.338��de 164.967 § 1.498��d 5624.969 § 65.306��de

7 210.428§ 2.622��b 205.638 § 1.964��b 191.321 § 2.038��b 6539.235 § 71.347��b

8 198.398§ 1.881��c 195.478 § 2.053��bc 181.811 § 1.625��c 6167.583 § 69.240��bc

K (mg/kg DW) 1 4636.786§ 50.53��ef 4593.056 § 67.514��f 2066.705 § 33.048��ef 3481.076 § 70.339�f

2 4367.447§ 81.429��f 4283.108 § 67.058��f 1926.898 § 27.676��f 3272.380 § 53.557�f

3 4951.234§ 48.74��de 4881.540 § 53.605��e 2215.151 § 29.99��de 3700.708 § 72.041�e

4 6399.985§ 69.776��a 6332.632 § 68.364��a 2898.119 § 29.259��a 4876.444 § 52.903�a

5 5513.633§ 64.056��c 5441.238 § 60.505��cd 2468.761 § 23.905��c 4122.692 § 58.971�cd

6 5226.286§ 75.3��cd 5120.686 § 76.165��de 2303.319 § 25.676��d 3879.320 § 60.661�de

7 5905.813§ 67.924��b 5892.380 § 50.959��b 2674.034 § 26.204��b 4538.063 § 52.894�ab

8 5614.711§ 71.61��bc 5601.267 § 45.480��bc 2542.455 § 27.76��bc 4279.190 § 66.510�bc

(continued)
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to be »66.38 mg/kg DW collected from location 4 and

»44.83 mg/kg DW collected from location 2 for Cu,

respectively, »7082.57 mg/kg DW collected from loca-

tion 4 and »4709.26 mg/kg DW collected from location 2

for Fe, respectively. The average highest and lowest Mn

values in co-located soils were »314.40 mg/kg DW

collected from location 4 and »209.41 mg/kg DW col-

lected from location 2, respectively. The average highest

and lowest Na values in co-located soils were found to be

»168.63 mg/kg DW collected from location 4 and

»113.09 mg/kg DW collected from location 2, respec-

tively, and for Zn � »381.13 mg/kg DW collected from

Table 1. (Continued )

Stations Unwashed leaf Washed leaf Bark Soil

Mg (mg/kg DW) 1 3773.573§ 46.606��b 3737.924 § 56.095��b 1030.036 § 17.781�b 4760.417 § 51.953��b

2 4102.298§ 39.340��a 4035.245 § 53.629��a 1119.747 § 19.933�a 5140.642 § 58.703��a

3 3418.436§ 45.836��c 3384.950 § 40.666��c 926.243 § 16.198�c 4311.615 § 57.127��c

4 2392.733§ 26.092��f 2369.531 § 25.577��f 653.213 § 6.596�f 2995.992 § 32.503��f

5 2932.133§ 41.263��d 2903.939 § 38.310��d 794.656 § 9.834�d 3698.019 § 48.984��d

6 3227.945§ 48.702��c 3175.087 § 39.196��c 874.758 § 13.471�c 4043.568 § 55.120��c

7 2569.992§ 29.02��ef 2544.965 § 34.343��ef 701.502 § 6.824�ef 3240.584 § 42.924��ef

8 2706.571§ 37.59��de 2700.309 § 37.942��de 738.823 § 8.735�de 3438.054 § 47.236��de

Mn (mg/kg DW) 1 13.952 § 0.066��e 12.002 § 0.207�f 12.568 § 0.125��e 222.782 § 2.478��f

2 13.116 § 0.103��e 11.287 § 0.237�f 11.727 § 0.137��e 209.407 § 2.994��f

3 14.837 § 0.051��d 12.860 § 0.195�e 13.465 § 0.127��d 238.673 § 3.379��e

4 19.282 § 0.210��a 16.687 § 0.180�a 17.739 § 0.179��a 314.397 § 3.410��a

5 16.411 § 0.065��c 14.220 § 0.202�cd 15.115 § 0.129��c 265.816 § 2.456��cd

6 15.435 § 0.085��d 13.376 § 0.157�de 14.112 § 0.161��d 250.041 § 3.181��de

7 17.931 § 0.157��b 15.522 § 0.136�b 16.370 § 0.119��b 290.194 § 3.266��b

8 16.903 § 0.085��c 14.641 § 0.168�bc 15.564 § 0.093��c 275.814 § 2.350��bc

Na (mg/kg DW) 1 215.687§ 3.285�f 208.262 § 1.980��f 110.895 § 1.536��f 121.309 § 1.506��f

2 202.015§ 2.887�f 194.174 § 1.535��f 104.663 § 1.000��f 113.094 § 1.057��f

3 231.132§ 4.211�e 221.477 § 2.247��e 118.860 § 2.002��e 128.995 § 1.933��e

4 304.500§ 3.320�a 291.988 § 3.152��a 155.531 § 1.571��a 168.633 § 1.829��a

5 257.592§ 4.655�cd 246.841 § 2.191��cd 132.474 § 1.477��cd 143.721 § 1.977��cd

6 240.383§ 4.814�de 232.241 § 2.309��de 123.617 § 1.717��de 135.225 § 1.936��de

7 281.051§ 3.532�b 271.769 § 3.636��b 143.510 § 1.038��b 156.900 § 1.163��b

8 265.164§ 3.920�c 256.249 § 3.132��c 136.391 § 1.157��bc 149.160 § 1.624��bc

Pb (mg/kg DW) 1 19.057 § 0.171��e 16.008 § 0.110�e 12.794 § 0.201��ef 92.688 § 1.309�f

2 17.776 § 0.152��f 15.045 § 0.152�f 11.934 § 0.211��f 86.459 § 1.247�f

3 20.278 § 0.169��d 17.160 § 0.130�d 13.712 § 0.260��e 98.620 § 1.179�e

4 26.576 § 0.290��a 22.370 § 0.241�a 17.871 § 0.180��a 129.484 § 1.404�a

5 22.617 § 0.101��c 19.037 § 0.166�c 15.277 § 0.294��cd 110.077 § 1.409�cd

6 21.116 § 0.160��d 17.882 § 0.116�d 14.267 § 0.296��de 103.387 § 1.356�de

7 24.725 § 0.212��b 20.645 § 0.181�b 16.809 § 0.294��ab 120.318 § 1.346�b

8 23.470 § 0.183��c 19.621 § 0.158�c 15.854 § 0.270��bc 113.459 § 1.311�bc

Zn (mg/kg DW) 1 60.547 § 0.844��ef 56.650 § 0.670�f 18.790 § 0.212��e 269.939 § 4.738�ef

2 56.603 § 0.792��f 52.919 § 0.691�f 17.534 § 0.204��f 255.476 § 2.858�f

3 63.931 § 1.061��de 60.797 § 0.621�e 20.061 § 0.115��d 289.624 § 3.650�de

4 84.323 § 0.919��a 79.504 § 0.858�a 26.435 § 0.267��a 381.125 § 4.134�a

5 71.162 § 0.853��bc 67.261 § 0.648�cd 22.351 § 0.168��c 326.118 § 2.370�c

6 66.835 § 0.782��cd 63.200 § 0.650�de 20.844 § 0.138��d 304.448 § 3.195�d

7 77.786 § 1.002��b 73.381 § 0.702�b 24.588 § 0.287��b 354.436 § 4.046�b

8 73.340 § 0.954��b 69.811 § 0.758�bc 23.183 § 0.227��c 336.565 § 2.929�bc

Note: Statistical analyses such as one-way analyses of variance with Tukey’s post hoc HSD were performed. The mean differences are significant at P <

0.01 (��) and P< 0.05 (�) levels.
a, b, c, d, e, f: different letters indicate different averages within same column, which are significant in terms of averages (P < 0.05).
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location 4 and »255.48 mg/kg DW collected from loca-

tion 2, respectively. According to the literature, the nor-

mal values of Cd, Cr, Cu, Fe, Mn, Pb and Zn in plants are

in the ranges of 0.2�0.8, 0.006�18, 5�30, 2�250,

30�300, 0.1�10 and 25�150 mg/kg DW, respectively,

and values between or over 5�30, >100, 20�100,

400�1000, 300�500, 30�300 and 100�400 mg/kg DW,

respectively, are accepted as toxic.[19�23] According to

these values, the concentrations of Cr, Cu (except location

4) and Zn in this study were within the normal limits in

the plants collected from all locations. The normal limits

were only exceeded for Cd, Fe and Pb in the plants from

all locations. Cu at location 4, Fe at location 4, Pb at loca-

tions 3�8 and Zn at location 4 were in the range of toxic

level in this work (the total concentrations of metals in

plants were measured by taking both washed leaf and

bark sample values together for each station).

Bishkek suffers many of the problems of developing

cities, including pollution and rapid increase of popula-

tion. In this study, J. virginiana was used as a biomonitor

organism to provide information on pollution rate of Bish-

kek. The data for pollution rate were deduced from the

determined metal concentrations of Ca, Cd, Cr, Cu, Fe, K,

Mg, Mn, Na, Pb and Zn in the plant’s parts and co-located

soils. Also, the effects of metal deposition on the mineral

uptake were analysed in J. virginiana. The data for heavy

metal accumulation showed that the highest concentra-

tions of heavy metals were consistently found in location

4, which was relatively close to heavily populated areas

(Table 1). The growing population has increased the

urbanization of Bishkek and with it more motor vehicles,

traffic jams and smog have started to pollute the air.

Therefore, it can be said that the anthropogenic effects,

especially heavy traffic and urbanization, are the main

sources of heavy metal pollution in Bishkek.

For organisms, the main abiotic stress agent is heavy

metals. Elevated amounts of heavy metals can lead to tox-

icity, resulting in inhibition and/ or alteration of physio-

logical processes in plants.[24,25] For example, excessive

accumulation of Pb in plants causes decrease in the

mitotic index, seed germination, root elongation and bio-

mass, and inhibition of chlorophyll biosynthesis.[26�31]

Cd [32] or Cu [33] inhibits leaf elongation as a result of

induced preferential decrease of cell wall elasticity. Inhi-

bition of K uptake and photosynthesis in leaves of cucum-

ber plants could be the result of Cu accumulation,

preventing cell expansion.[34] In general, toxicity caused

by heavy metals results in growth reduction in plants, due

to probable indirect effects of the heavy metals (impeding

of uptakes, transport and the use of several elements such

as Ca, Fe, Mg, Mn, P and Zn) on the metabolism of

macro- and micronutrients.[35,36] Excessive accumula-

tion of some heavy metals (Cd, Fe and Pb) was observed

in the plant and soil samples in this study. Experimental

data obtained for estimation of metal deposition impact

on mineral nutrient uptake and composition of J. virgini-

ana indicated that mineral nutrient metabolism of J. vir-

giniana was not adversely affected by metal

accumulation. However, as a consequence of metal depo-

sitions, the presence of heavy metals strongly influenced

the uptake of mineral elements and, in particular, that of

K, Mg and Na, whose concentrations were high in J. vir-

giniana. Also, high concentrations of K, Mg and Na were

observed in J. virginiana, in comparison with the soil

samples in the present study. K is the major solute contrib-

uting to osmotic pressure and ionic strength.[37] Also, the

uptake of heavy metals was competitively inhibited by K,

Ca and Mg.[35] Our data suggested that K was actively

transported by the plant for restoring the osmotic pressure

and ionic strength disturbed by heavy metals. The plant

may also take action to protect itself by increasing the Mg

and Ca levels, as a response to heavy metal stress, but

after a threshold point, the plant does not confer a resis-

tance to heavy metal stress, leading to decrease in the

uptake of Ca and Mg. In general, the uptake of heavy met-

als (Cd, Cr, Cu, Pb and Zn) was high, whereas the uptake

of Ca and Mg was low in location 4, showing the effects

of heavy metal deposition on the uptakes of mineral

elements.

The Cd concentrations in the barks and leaves of

J. virginiana represent the total Cd accumulations for

long and short terms, respectively. When leaf and bark

materials were analysed for heavy metal accumulation,

the concentrations of Cd in bark samples were found to be

high, in comparison with unwashed and washed leaf sam-

ples from all locations. Also, the amounts of Cu were

found to be similar in bark and washed samples from all

locations. This proves progressive accumulations of Cd

and Cu in J. virginiana over long-term period in Bishkek.

When statistical evaluation was done in terms of using

linear correlation relationship based on the obtained data

from the elements’ concentrations in leaves of J. virgini-

ana and co-located soils, relatively high positive correla-

tions (>0.94, >0.99) were found between the values of

heavy metals (Cd, Cr, Cu, Fe, Mn, Pb and Zn) and mineral

nutrients (Ca, K and Na) in leaves of J. virginiana and the

values of heavy metals (Cd, Cr, Cu, Fe, Mn, Pb and Zn) in

the co-located soil samples (Table 2). Negative high cor-

relation (¡>0.93, ¡>0.96) existed between the soil con-

tents of other elements measured in this study and the

content of Mg present in leaves of J. virginiana (Table 2).

It appeared that there was a high positive correlation

between the soil values of K and Na and the values of

heavy metals (Cd, Cr, Cu, Fe, Mn, Pb and Zn) and Ca

measured in leaves of J. virginiana (>0.95, >0.99), and

high negative correlation between the soil values of K and

Na and the value of Mg, measured in leaves of J. virgini-

ana (¡>0.94) (Table 2). There was a high negative corre-

lation (¡>0.93, ¡>0.97) between the soil concentrations

of Ca and Mg and heavy metals (Cd, Cr, Cu, Fe, Mn, Pb
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Table 2. Correlation matrix (R) data between soil and washed leaf (Leaf) obtained by Pearson correlation method.

Correlation matrix (R)

Pearson correlation Ca (Soil) Cd (Soil) Cr (Soil) Cu (Soil) Fe (Soil) K (Soil) Mg (Soil) Mn (Soil) Na (Soil) Pb (Soil) Zn (Soil)

Ca (Leaf) ¡0.931�� 0.994�� 0.988�� 0.992�� 0.989�� 0.989�� ¡0.927�� 0.994�� 0.993�� 0.984�� 0.990��

Cd (Leaf) ¡0.943�� 0.968�� 0.956�� 0.980�� 0.976�� 0.956�� ¡0.936�� 0.984�� 0.969�� 0.951�� 0.981��

Cr (Leaf) ¡0.957�� 0.983�� 0.980�� 0.983�� 0.988�� 0.967�� ¡0.952�� 0.991�� 0.987�� 0.977�� 0.983��

Cu (Leaf) ¡0.948�� 0.986�� 0.985�� 0.987�� 0.988�� 0.977�� ¡0.938�� 0.995�� 0.986�� 0.974�� 0.989��

Fe (Leaf) ¡0.938�� 0.987�� 0.978�� 0.986�� 0.995�� 0.974�� ¡0.931�� 0.991�� 0.989�� 0.971�� 0.987��

K (Leaf) ¡0.946�� 0.992�� 0.990�� 0.988�� 0.990�� 0.983�� ¡0.937�� 0.995�� 0.991�� 0.981�� 0.990��

Mg (Leaf) 0.977�� ¡0.943�� ¡0.947�� ¡0.945�� ¡0.930�� ¡0.940�� 0.989�� ¡0.942�� ¡0.944�� ¡0.958�� ¡0.945��

Mn (Leaf) ¡0.934�� 0.990�� 0.984�� 0.987�� 0.991�� 0.981�� ¡0.925�� 0.993�� 0.989�� 0.974�� 0.988��

Na (Leaf) ¡0.946�� 0.976�� 0.960�� 0.989�� 0.977�� 0.967�� ¡0.954�� 0.980�� 0.980�� 0.970�� 0.982��

Pb (Leaf) ¡0.966�� 0.968�� 0.963�� 0.978�� 0.977�� 0.953�� ¡0.965�� 0.983�� 0.974�� 0.964�� 0.977��

Zn (Leaf) ¡0.948�� 0.987�� 0.979�� 0.988�� 0.993�� 0.975�� ¡0.944�� 0.991�� 0.991�� 0.977�� 0.986��

��Correlation is significant at the level of 0.01 (2-tailed).

Table 3. The percentage changes (% removal) of heavy metal amounts found in the leaves of the plant before and after washing.

Stations Ca Cd Cr Cu Fe K Mg Mn Na Pb Zn

1 1.60 8.51 17.56 14.55 1.24 0.94 0.94 13.98 3.44 16.00 6.44

2 1.65 9.08 18.21 15.18 2.01 1.93 1.63 13.95 3.88 15.36 6.51

3 1.61 9.16 18.23 14.56 2.03 1.41 0.98 13.33 4.18 15.38 4.90

4 3.74 9.06 19.46 15.94 2.24 1.05 0.97 13.46 4.11 15.81 5.71

5 2.32 9.89 18.16 15.97 2.20 1.31 0.96 13.35 4.17 15.83 5.48

6 2.29 9.17 17.54 15.25 1.44 2.02 1.64 13.32 3.39 15.31 5.44

7 3.07 9.50 19.48 15.28 2.28 0.23 0.99 13.44 3.30 16.50 5.66

8 2.31 9.54 18.84 15.98 1.47 0.24 0.23 13.38 3.36 16.40 4.81

Table 4. The results of paired samples t-test for unwashed and washed leaf samples.

Paired differences

Interval of the difference

Mean

Std.
deviation

Std. error
mean Lower limit Upper limit t df

Significance
(2-tailed)

Pair 1 UW Ca�WCa 72.07100 12.10116 4.57381 60.87930 83.26270 15.757 6 0.000

Pair 2 UW Cd�WCd 0.15914 0.02761 0.01044 0.13361 0.18468 15.248 6 0.000

Pair 3 UW Cr�WCr 1.13343 0.21522 0.08135 0.93438 1.33247 13.933 6 0.000

Pair 4 UW Cu�WCu 2.31100 0.40688 0.15379 1.93470 2.68730 15.027 6 0.000

Pair 5 UW Fe�W Fe 28.92857 66.54583 25.15196 ¡32.61606 90.47320 1.150 6 0.294

Pair 6 UW K�WK 65.22057 29.48401 11.14391 37.95241 92.48873 5.853 6 0.001

Pair 7 UWMg�WMg 37.92414 16.19741 6.12205 22.94403 52.90425 6.195 6 0.001

Pair 8 UWMn�WMn 2.14429 0.27319 0.10326 1.89162 2.39695 20.766 6 0.000

Pair 9 UW Na�WNa 9.37257 1.80264 0.68133 7.70541 11.03974 13.756 6 0.000

Pair 10 UW Pb�W Pb 3.42829 0.55025 0.20798 2.91939 3.93719 16.484 6 0.000

Pair 11 UW Zn�W Zn 3.92500 0.54755 0.20695 3.41860 4.43140 18.966 6 0.000

Note: Unwashed (UW); washed (W).
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and Zn), and mineral nutrients (K and Na) concentrations

examined in leaves of J. virginiana. However, a high posi-

tive correlation (>0.98, >0.99) was detected between soil

Mg�leaf Mg contents and soil Ca�leaf Mg contents

(Table 2).

Also, according to our data, location 4 was heavily

contaminated, whereas location 2 was relatively the clean-

est region and the washing procedure reduced all metal

accumulation charges on the leaves of the plant. In these

regions, the highest and lowest air-borne removal rates on

the leaves were found to be »9.06% and »9.08% for Cd,

»19.46% and »18.21% for Cr, and »15.83% and

»15.36% for Pb, respectively (Table 3). Our results indi-

cated that the amounts of heavy metals, other than iron,

were changed considerably by washing. According to

Bonferroni correction (used to cancel out the problem of

multiple comparisons in statistics), the alpha level was

corrected as 0.005 (alpha is divided by the number of tests

performed simultaneously) instead of 0.05 (Table 4).

Conclusions

From the results of this study, it can be said that station

4 was the most affected area from the contamination in

Bishkek, the largest city of Kyrgyzstan. The data indicated

that the presence of heavy metals strongly influenced the

uptake of mineral elements, in particular, that of Mg, K

and Na, whose concentrations were high in J. virginiana as

a consequence of metal depositions. It appeared that the

variations of heavy metals found in the soil were directly

reflected in the accumulation of these heavy metals in

the leaves of J. virginiana. Based on the high correlation

values that existed between the soil and plant part (leaf)

samples, it can be said that the presence of Ca and Mg in

the soil appeared to have a direct effect on the accumula-

tion of heavy metals in the leaves of J. virginiana. Overall,

heavy metals are transported and stored within J. virgini-

ana and for estimations of metal accumulations, J. virgini-

ana could be used as a biomonitor organism.
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