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Ab stract—The im pact is as sessed that the ground wa ter flow from the built-up ar eas on the left bank of
the Don River in the Rostov oblast pro duces on the chem i cal com po si tion and qual ity of sur face wa ter
in the lower river reaches. It is dem on strated that the to tal av er age an nual ground wa ter flow from the
built-up ar eas on the left river bank is very small and equals 0.002 km3/year on av er age or 0.01% of the
av er age an nual wa ter flow in the estuarine out let. De spite the rather high de gree of con tam i na tion of
ground wa ter and the high con tent of prin ci pal ions, this causes the in sig nif i cant im pact of ground wa ter
run off on wa ter qual ity in the Lower Don. The av er age to tal mass of sub stances that an nu ally come
from the left-bank ur ban ized ar eas in the ground wa ter flow is about 4.9 ́  103 t or 0.04% of to tal mass of
sub stances trans ported by the Don River to the Taganrog Bay.
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IN TRO DUC TION

Ac cord ing to the ex ist ing clas si fi ca tion, in the last quar ter of the 20th cen tury and at the be gin ning of the 
21st cen tury wa ter of the Lower Don is con sid ered as pol luted from the Tsimlyansk hy dro elec tric power
sta tion dam to the river es tu ary and as very pol luted and dirty be tween Rostov-on-Don and Azov cit ies [9].
The changes in wa ter qual ity in the Don River are caused by the in crease in the con cen tra tion of biogenic
el e ments, oil prod ucts, heavy met als, and wa ter min er al iza tion [15]. The de te ri o ra tion of sur face wa ter
qual ity is mostly caused by the anthropogenic load. At the same time, the ground wa ter also acts as the
source and trans porter of sur face wa ter con tam i na tion. The sur face wa ter is ba si cally as so ci ated with the
ground wa ter of the first (from the sur face) aqui fer [11]. Due to the nat u ral fac tors typ i cal of the south of the
Rostov oblast, it is largely vul ner a ble to the in fil tra tion pol lu tion and is clas si fied as un pro tected or poorly
pro tected [2]. The ground wa ter con tam i na tion in creases man i fold un der the in flu ence of the pro cesses of
anthropogenic underflooding [5, 13] which are cur rently of ten ob served both on ag ri cul tural lands and on
the ter ri tory of set tle ments in the south of the Rostov oblast [1].

Un for tu nately, such im por tant as pect as the mass trans port of pol lut ants with the ground wa ter flow is
not taken into ac count, as a rule, for as sess ing and fore cast ing en vi ron men tal con di tions in sur face wa ter
bod ies and coastal ar eas. The im pact of ground wa ter on wa ter con tam i na tion in the Lower Don has not
been stud ied so far de spite the fact that the main com po nents of wa ter bal ance of the Lower Don tak ing into
ac count the ground wa ter in flow to the stream chan nel was stud ied as early as in the 1960s–1980s [3, 10].
Ac cord ing to the data of these stud ies, the to tal vol ume of wa ter com ing as a ground wa ter in flow to the
Lower Don chan nel is 0.14 km3/year. 
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We aimed at es ti mat ing the ground wa ter flow from the built-up ar eas on the left bank of the Don River
in the Rostov oblast and the ground wa ter im pact on sur face wa ter con tam i na tion in the lower reaches of the
river. 

THE AREA AND METHODS OF RE SEARCH

In 2008–2013 the au thors car ried out works in clud ing the hydrogeological sur vey (the scale is 1:50000), 
the drill ing of wells for test ing ground wa ter in flow and for the de ter mi na tion of phys i cal and me chan i cal
prop er ties of soil as well as sta tion ary rou tine ob ser va tions of the level, com po si tion, and con tam i na tion of
groundwater in the built-up ar eas on the left bank of the Lower Don.

The length of the left-bank part of the Don River within the Rostov oblast is 319 km, and the catchment
area is more than 160 ́  103 km2 [4] (17 and 38% of the total length and catchment area of the river, respec-
tively). As to the terrain, the area of research is flat with small surface slopes mainly not exceeding 1°–3°
[6]. The most of the territory is weakly drained, hence, the volume of groundwater flowing towards natural
and artificial discharge zones (rivers, streams, canals, etc.) is insignificant. The low ruggedness of the terrain
defines the relatively small surface runoff of precipitation (hence, its high infiltration) and the small depth
of groundwater (as a rule, not more than 10 m). The latter causes the significant role of underground
evaporation in the discharge part of groundwater balance and the relatively high mineralization of ground-
water [6].

At the ini tial stage the au thors col lected data from the ar chi val datasets and pub lished ma te ri als of Ter ri -
to rial Geo log i cal Da ta bases, In sti tute of Ur ban De vel op ment, and other or ga ni za tions in Rostov-on-Don
and the Rostov oblast. All ini tial data for the ter ri tory un der study taken from the bore hole pass ports, ob ser -
va tions di a ries, sam pling log books, etc., were an a lyzed and sys tem atized. 

To carry out the ground wa ter sur vey, the ex is tence of wells, bore holes, and springs was re vealed, the
depth of the ground wa ter level was reg is tered [1], and the sources of anthropogenic in fil tra tion re charge
and pol lu tion of ground wa ter were iden ti fied.

The drill ing of bore holes was car ried out to cre ate the sta tion ary rou tine net work, to sam ple soil in or der
to de ter mine phys i cal prop er ties, and to carry out the test ing of the ground wa ter in flow as a re sult of which
the fil tra tion co ef fi cients and transmissibility of wa ter-bearing rocks were de ter mined us ing the data of
clus ter and sin gle pump ing tests. The to tal num ber of the drilled ob ser va tion bore holes is 36. 

Stationary routine observations of the level and chemical composition of groundwater were conducted
from 2008 to 2013 on the territory of eight large settlements situated on the left bank of the Don River
considered to be key areas (see the figure). As a rule, the observations were carried out every quarter at the
points of the created routine network (boreholes and wells). Due to similar geomorphological and
hydrogeological conditions, the data obtained by the authors in the key areas and archival data were used
for the settlements on the left bank of the Don River which were not located in the zone under study. 

The lab o ra tory study of the chem i cal com po si tion and de gree of con tam i na tion of groundwater deter-
mined the concentration of iron, lead, cop per, cad mium, zinc, cal cium, mag ne sium, so dium, po tas sium, hy -

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 41   No. 7   2016 

AS SESS MENT OF GROUND WA TER IM PACT ON WA TER QUAL ITY 505

The sche matic map of the re search area. (1) Wa ter bod ies; (2) key ar eas where ground wa ter sur veys and rou tine ob ser va tions
were car ried out; (3) set tle ments where rou tine ob ser va tions were not car ried out.   



dro car bons, sul fates, chlo rides, sil i con, ni tro gen com pounds, phos pho rus of phos phates, to tal con tent of oil
com po nents, to tal hard ness, syn thetic sur fac tants, meth ane, and pH. The to tal num ber of ground wa ter sam -
ples taken and an a lyzed in the key area of the left bank of the Don River over the pe riod of ob ser va tions is
above 100. Be fore the wa ter sam pling the bore hole was washed to clear wa ter. The sam pling of wa ter and
the prep a ra tion and de ter mi na tion of its chem i cal com po si tion were car ried out us ing the Roshydromet
stan dard meth ods used in Hydrochemical In sti tute [14]. 

To study the processes of mass transport of dissolved migrants with the groundwater flow to the Don
River, the scheme of convective transport was used as the base one. According to the data presented in [16], 
the main parameter of this scheme was the real filtration rate u0 related to the filtration rate q by the
relationships u0 = qd/n0 for neutral migrants and u = q/ne for sorbed migrants, where n0 and ne are active and
effective rock porosities, respectively. 

Ac cord ing to the data of [16], the ve loc ity of the sol ute at the dis place ment front (ud) is equal to 
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where Q is the filtration flow discharge in the flow element with the area w, m3/day; qd is the filtration rate
at the displacement front, m/day; kdistr is the distribution coefficient being constant under these physical and
chemical conditions:
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Here, N – N0 is the vari a tion in sorptive ca pac ity of rocks; c – c0 is the vari a tion in mi grant con cen tra tion
in the sep a rated flow el e ment.

As follows from (1) that Q = wn ue d
, then Q = wq (where w  = mB; m is the flow thick ness, m; B is the

flow width, m) and q = kJ (k is the fil tra tion co ef fi cient of wa ter-bearing rocks, m/day; J is the gra di ent of
hypsometric ground wa ter ta ble); then, if B = 1 m,
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Table 1. Engineering-geological and hydrogeological parameters of soils and groundwater in the settlements
in the south of the Rostov oblast

Settlement

Gradient of
hypsometric 
groundwater 

table

Filtration
flow

width, m

Filtration
coefficient, m/day

Effective porosity, 
m/day

Groundwater
filtration rate,

m/day

min max min max min max

Semikarakorsk
Manychskaya
Bagaevskaya
Koisug
Bataisk
Romanovskaya
Kagal’nik
Azov
Shmat
Ust’-Koisug
Rostov-on-Don (left
bank)
Makhin
Rybatskii
Alitub
Arpachin
Chebachii
Novozolotovskaya
Kargal’skaya
Volgodonsk suburb

0.00020
0.00170
0.00035
0.00100
0.00090
0.00208
0.00667
0.00638
0.00476
0.00286
0.00300

0.00250
0.00125
0.00133
0.00118
0.00188
0.00077
0.00333
0.00208

10350
3630
6190
7000
7240
4000
4000
5650
1900
2800

19500

1100
2600
3600
4300
4200
6000
1100

15200

0.10
0.02
0.41
0.10
0.10
0.10
0.24
0.15
0.15
0.15
0.15

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

0.50
0.75
0.50
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

0.60
0.50
0.50
0.50
0.50
0.50
0.50
0.60

0.90
0.80
1.00
1.20
0.20
0.80
0.80
0.80
0.80
0.80
1.20

1.20
1.00
1.00
1.00
0.90
0.90
0.90
0.80

0.00002
0.00003
0.00014
0.00010
0.00009
0.00021
0.00160
0.00096
0.00071
0.00043
0.00045

0.00038
0.00019
0.00020
0.00018
0.00028
0.00012
0.00050
0.00031

0.00060
0.00510
0.00105
0.00300
0.00270
0.00625
0.02000
0.01915
0.01429
0.00857
0.00900

0.00750
0.00375
0.00400
0.00353
0.00563
0.00231
0.01000
0.00625



q kJ m= (3)

where q is the specific discharge of the plane flow with the width of 1 m, m3/day.

Then the fil tra tion flow dis charge in the zone with the length l (m) is 

Q ql= . (4)

The estimation of q and Q was based on the determined filtration coefficients: both on the minimum and
maximum ones (Table 1). The transport of chemical ingredients with the groundwater flow was computed
using the values of their mean concentration in groundwater sampled in the settlements located on the left
bank of the Don River close to the regional discharge area. For the settlements, where the observations of
the chemical composition of groundwater were not conducted (Makhin, Rybatskii, Alitub, Arpachin,
Chebachii, Novozolotovskaya, and Kargal’skaya), the transport was estimated using the mean
concentration of chemical elements computed for the whole dataset obtained as a result of studying
groundwater in the Don left-bank settlements. 

The data was an a lyzed of in situ ground wa ter in ves ti ga tions in the south of the Rostov oblast which
were car ried out to de ter mine the pa ram e ters of wa ter-bearing rocks and spe cific fea tures of hydrogeolo-
gical con di tions of ground wa ter.The anal y sis dem on strated that the geo log i cal struc ture of the area un der
study was ba si cally de fined by al lu vial and diluvial de pos its of the Qua ter nary age rep re sented by sands,
clays, and loams whose fil tra tion co ef fi cients vary from 0.02 to 3.0. The mean aqui fer thick ness re vealed
for the ter ri tory un der con sid er ation is 15 m [1]. The gra di ents of the hypsometric ground wa ter ta ble J were
com puted us ing the sche matic map of lo cal run off bas ins (is pre pared for pub li ca tion). For dif fer ent set tle -
ments J = 0.0002–0.007. The width of fil tra tion flows l for each set tle ment was de ter mined us ing ARCGIS
and Google Earth soft ware. The to tal length of the left-bank line for all built-up ar eas is 100 km that makes
up 16% of the total length of the Lower Don bank line (the right and left banks). 
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Table 1. (Contd.)

Real groundwater velocity,
m/day

Specific discharge of the plane 
filtration flow with the width

of 1 m

Discharge of the filtration flow from the
settlement territory, m3/day

min max min max min max mean

0.00004
0.00005
0.00029
0.00017
0.00015
0.00035
0.00267
0.00160
0.00119
0.00071
0.00075

0.00063
0.00038
0.00040
0.00035
0.00056
0.00023
0.00100
0.00052

0.00067
0.00638
0.00105
0.00250
0.00225
0.00781
0.02500
0.02394
0.01786
0.01071
0.00750

0.00625
0.00375
0.00400
0.00353
0.00625
0.00256
0.01111
0.00781

0.00030
0.00051
0.00215
0.00150
0.00135
0.00312
0.02400
0.01436
0.01071
0.00643
0.00675

0.00563
0.00281
0.00300
0.00265
0.00422
0.00173
0.00750
0.00469

0.00900
0.07650
0.01571
0.04500
0.04050
0.09374
0.30002
0.28723
0.21429
0.12857
0.13500

0.11250
0.05625
0.06000
0.05294
0.08438
0.03462
0.15000
0.09374

3.105
1.851

13.286
10.500
9.774

12.498
96.005
81.144
20.357
18.000

131.625

6.188
7.313

10.800
11.382
17.719
10.385
8.250

71.239

93.150
277.695

97.214
315.000
293.220
374.940

1200.060
1622.872

407.143
360.000

2632.500

123.750
146.250
216.000
227.647
354.375
207.692
165.000

1424.772

48.128
139.773

55.250
162.750
151.497
193.719
648.032
852.008
213.750
189.000

1382.063

64.969
76.781

113.400
119.515
186.047
109.038

86.625
748.005



RESULTS AND DISCUSSION

The computations have demonstrated that the average total volume of groundwater coming from the built-up
areas on the left bank of the Don River to water in the lower reaches is 5038 m3/day (0.002 km3/year) or
0.01% of average long-term water discharge in the estuarine outlet of the river (16.82 km3/year [7])
(Table 1). This value does not exceed 1.5% of the value of the total groundwater flow to the Lower Don
channel computed before [3, 10]. The small runoff is probably caused by the fact that the length of the
investigated left-bank line makes up only 16% of the total length of the bank line in the lower reaches of the 
river. Also, the basic part of the groundwater flow is assigned to the right bank characterized by much more
significant surface slopes and drainage conditions. 

As a whole, among all left-bank built-up areas, the maximum groundwater flow (Q = 1382 m3/day) is
typical of the industrial zone of Rostov-on-Don. The mean real velocity of groundwater u0 in the built-up
areas towards the discharge area varies from 0.0004 to 0.0138 m/day, and the maximum real velocity is
typical of the towns of Azov and Kagal’nik that are located hypsometrically relatively high. 

The data on the chemical composition of groundwater in the built-up areas revealed [8] that MPC of
sulfate ions, sodium ions, magnesium ions, nitrate nitrogen, chloride ions, and the total content of oil
components for the sources of drinking water supply was exceeded in the majority of the samples taken
(Tables 2 and 3). The periodic exceeding over MPC was registered for ammonium nitrogen, silicon, iron,
potassium ions, and cadmium ions. The concentration of the ions of zinc, copper, synthetic surfactants, and
phosphorus of phosphates was below MPC for the sources of drinking water supply. The high
concentration of nitrate nitrogen, ammonium nitrogen, and other specific pollutants in the groundwater of
settlements indicates the great influence of household and industrial wastes on the degree of contamination
of poorly protected groundwater [8]. It was found [1] that the sewage system is absent and the hydraulic
engineering systems are damaged or do not operate in the majority of settlements in the south of the Rostov
oblast. 
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Table 2. Concentration of principal ions and methane in the groundwater of settlements located on the left bank
of the Don River (summary for 2008–2013)

Settlement N
 Ionic composition  (MPC), mg/dm3 

CH4, ml/l
Ca2+ (180) Mg2+ (50) Na+ (200) K+ (50) HCO3

- SO4
2-  (500) Cl– (350)

Kagal’nik

Koisug

Bataisk

Manych-  
skaya
Bagaev-  
skaya
Semikara-
korsk
Romanov- 
skaya
Volgodonsk 
suburb
Mean

3

3

23

18

29

24

3

12

115

288–346
326 (100)
278–360
314 (100)
52–499
202 (61)
29–563
190 (39)
70–806
226 (69)
32–432
226 (70)
189–201
194 (100)
219–507
415 (100)
29–806
249 (68)

91–250
146 (100)
129–227
167 (100)
12–195
86 (78)
25–383
96 (44)
43–250
103 (93)
46–325
127 (96)
29–30

30
77–381

197 (100)
12–383
109 (82)

345–1656
827 (100)
332–509
421 (100)
46–811
262 (61)

147–1313
371 (83)
64–532
273 (79)
108–613
330 (88)
66–91

83
202–1002
829 (100)
46–1665
359 (79)

1

<1–67
23 (33)
<1–204
45 (48)
<1–26

5
<1–53
9 (40)
<1–32

4
<3–3

3
1–8

2
<1–204
12 (11)

466–636
546

376–609
484

164–1194
464

244–944
508

248–1026
579

393–1793
693

383–432
403

377–659
563

164–1793
522

1108–2110
1560 (100)
997–1680
1371 (100)
73–2090
781 (74)

245–2100
678 (61)

160–1440
626 (48)

213–1136
647 (79)
272–318

289
784–3720
2460 (100)
73–3720
990 (70)

231–1134
535 (33)
175–297

227
36–566
189 (9)
8–1505
268 (33)

127–1134
299 (21)
97–814
277 (42)
85–93

90
169–793
427 (67)
8–1505
234 (29)

–

<0.1–11.6
3.9

<0.1–32.2
3.1

<0.1–20.6
2.0

<0.1–18.6
1.5

<0.1–106.0
0.3
–

–

<0.1–106.0
2.2

Note: N is number of samples. For principal ions the values of MPC for the drinking water are given in brackets (for the
ions of calcium and potassium and for ammonium nitrogen the values for the fishery water are presented); here and in
the other tables, the variation range is given in the numerator, the mean concentration is given in the denominator, and
the number of samples (%) where MPC was exceeded, is given in brackets; the dash means that the observations were
not conducted.
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Table 3. Concentration of pollutants in the groundwater of settlements located on the left bank of the Don River
(summary for 2008–2013)

Settlement N

Pollutants (MPC)

Fetot (0.3) Oil products
(0.1)

NO3
-  (10) NO2

-  (1) NH4
+  (0.4) PO4

3-  (3.5)

Kagal’nik
Koisug

Bataisk

Manychskaya

Bagaevskaya

Semikarakorsk

Romanovskaya

Volgodonsk
suburb
Mean

1
3

23

13

25

23

3

9

100

<0.2
<0.02

n/d–0.08
0.03

<0.02–0.08
0.02

n/d–0.18
0.03

n/d–6.38
0.61 (17)
n/d–0.02

0.01
<0.02–0.06

0.03
n/d–6.38
0.08 (5)

0.1 (100)
0.06–3.30
0.82 (80)
0.05–8.79
0.51 (55)
0.02–1.10
0.37 (82)
0.02–2.63
0.39 (72)
n/d–26.5
1.3 (70)

<0.02–0.25
0.23 (67)

<0.02–5.16
1.49 (78)
n/d–26.5
0.50 (89)

299.1 (100)
38.08–77.0
53.1 (100)
0.02–43.1
9.9 (39)

0.10–171.0
17.6 (18)
0.21–95.0
24.7 (66)

0.01–141.0
39.0 (70)
4.04–5.95

5.10
0.07–6.5

1.38
0.01–171.0
65.90 (63)

0.01
0.01–0.15

0.07
n/d–0.15

0.02
n/d–0.28

0.07
0–0.10
<0.02

n/d–0.6
0.04

n/d–0.01
0.01

<0.01–0.14
0.04

n/d–0.6
0.04

0.03
<0.02–0.04

0.03
<0.02–0.98

0.10 (7)
0.01–0.27

0.06
<0.02–0.37

0.04
0.01–1.34
0.17 (10)

<0.02–0.03
0.03

<0.02–0.37
0.07

<0.02–1.34
0.07 (5)

0.04
0.01–0.28

0.11
<0.01–1.18

0.15
0.02–0.68

0.14
0.01–0.36

0.09
0.05–0.85

0.17
0.12–0.16

0.14
<0.01–0.23

0.05
<0.01–1.18

0.09

Table 3. (Contd.)

Settlement N

Pollutants (MPC)

Si (10) Synthetic
surfactants (0.1)

Pb2+ (30) Cd2+ (1) Cu2+ (1000) Zn2+ (5000)

Kagal’nik
Koisug

Bataisk

Manychskaya

Bagaevskaya

Semikarakorsk

Romanovskaya

Volgodonsk
suburb
Mean

1
3

23

13

25

23

3

9

100

8.80
6.5–8.8

7.7
0.7–15.0
5.3 (6)
3.2–7.4

5.4
3.9–13.4
9.9 (66)

4.06–24.6
9.96 (40)
11.1–12.7
12.0 (100)
5.61–6.42

5.92
0.7–24.6
8.43 (38)

–
<0.01–0.02

0.02
0.01–0.03

0.02
<0.01–0.10

0.03
<0.01–0.01

0.01
<0.01–0.02

0.01
–

–

<0.01–0.1
0.05

0.75–7.8
4.4

n/d–11.6
2.0

0.4–2.4
0.8

n/d–4.6
1.1

0.46–11.2
3.0
n/d

<2.0–3.0
2.5

n/d–11.6
2.20

<0.10
0.3–0.3

0.29
n/d–0.5

0.16
n/d–0.2

0.11
n/d–1.6
0.21 (3)
n/d–1.5
0.30 (3)

0.1

<0.10–1.22
0.30 (11)
n/d–1.6
0.15 (3)

1.2
5.0–11.2

7.7
n/d–30.0

6.6
n/d–11.7

4.9
n/d–18.0

4.3
n/d–16.0

6.0
<1.0

1.7–12.1
4.7

n/d–30.0
4

69.7
39.0–90.0

62.3
n/d–123.0

37.7
n/d–44.8

20.5
n/d–104.0

23.8
n/d–103.0

33.5
n/d–19.7

11.7
4.4–22.0

14.1
n/d–123.0

29

Note: N is number of samples. For the pollutants the values of MPC for the drinking water are given in brackets; n/d is
“not detected.” Units for Pb2+, Cd2+, Cu2+, and Zn2+ are mg/dm3, for the other elements, mg/dm3. The rest of explanations 
are the same as in Table 2.



Proceeding from the mean concentration of chemical components and average annual discharge of
groundwater flow, the concentration of substances transported with the groundwater of left-bank
settlements to the Lower Don was determined. The computations have demonstrated that 4874 t/year (deter-
mined by the authors) of chemical components or 0.04% of their total average annual runoff in the closing
outlet of the Don River come to the Don River with the groundwater from the left-bank built-up areas
(Table 4). As clear from the computations, the transport of chemicals with the groundwater of left-bank
settlements within the territory under study (from Volgodonsk to the Don estuary) makes up a small part of
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Table 4. The average annual flow of chemical components in the Don River outlet and average annual flow of
chemical components with the groundwater from the left-bank built-up areas of the Lower Don in 2008–2013 

Component
Average annual flow of chemical

components in the Don River outlet,
t/year [9]

Average annual flow of chemical components 
with the groundwater of settlements to the

Don River channel, t/year

Ca2+

Mg2+

Na+

K+

HCO3
-

SO4
2-

Cl–

NO3
-

NH4
+

NO2
-

Oil products

PO4
3-

Si

Synthetic surfactants

Cd2+

Zn2+

Cu2+

Pb2+

Fetot

CH4

Mean

1316165

629909

–

–

3641530

3957325

2649150

11450

1082

291

764

2020

52275

–

–

93

24

–

–

–

12262080

48.244–908073
478.159 (0.04)

19.630–379.738
199.648 (0.03)

68.685–1306.038
687.362

1.731–36.923
19.327

93.320–1801046
947.183 (0.03)

196.111–3696.114
1946.113 (0.05)
43.336–817.961
430.648 (0.02)

17.773–280.593
149.183 (1.30)
0.011–0.236
0.124 (0.01)
0.011–0.222
0.116 (0.04)
0.098–2.020
1.059 (0.14)
0.014–0.287
0.150 (0.03)

1.481–28.321
14.901 (0.03)
0.008–0.168

0.088
0.029–0.574

0.302
0.006–0.107
0.057 (0.06)
0.001–0.012
0.006 (0.02)
0.329–6.942

3.635
0.011–0.224

0.117
0.280–5.530

2.900
4874.284 (0.04)

Note: The percentage of average annual flow of chemical components in the Don River
outlet is given in brackets; the unit for Cd2+, Pb2+, and CH4 is kg/year.



the total river runoff of these components to the Taganrog Bay that is caused by the insignificant average
annual groundwater flow from the areas under consideration. 

The maximum contribution to the groundwater flow of chemical components from the territory of the
Don River settlements is made by sulfate ions and hydrocarbon ions. This is related to the fact that the
chemical composition of groundwater in the Don River basin is mainly formed of the water-soluble fraction 
of water-bearing sedimentary rocks the most part of which contain the significant amount of calcium
carbonate, gypsum, and highly soluble salts (chlorides and sulfates) [12]. In terms of the degree of the
impact on the total flow to the Lower Don, the principal ions are in the following order: SO

4

2-  > HCO
3

-  >

> Na+ > Ca2+ > Cl– > Mg2+ > K+. 
The flow of the stud ied chem i cal com po nents com ing to the Don River with the ground wa ter run off

from the left-bank built-up ar eas is in sig nif i cant and, as a rule, makes up the hun dredths of a per cent of av -
er age an nual flow of chem i cal com po nents in the Don River out let. The slightly greater con tri bu tion is typ i -
cal of the ground wa ter flow of such anthropogenic pol lut ants as ni trate ni tro gen (1.30% of its av er age an -
nual flow in the out let) and oil prod ucts (0.14%) that is caused by the im pact of ag ri cul tural en ter prises and
oil storages (Semikarakorsk, Bataisk, and the industrial zone of Rostov-on-Don) lo cated on the left bank of
the Don River.

CON CLU SIONS

The to tal av er age an nual ground wa ter flow to the Lower Don is very small and equals 0.002 km3/year
or 0.01% of av er age an nual wa ter dis charge in the estuarine out let. De spite the rather high de gree of
contamination of ground wa ter and the high con tent of prin ci pal ions in it, this causes the in sig nif i cant im -
pact of groundwater run off on the wa ter qual ity in the lower reaches of the river. The to tal av er age mass of
sub stances an nu ally com ing from the left-bank ur ban ized ar eas as a part of the ground wa ter flow is about
4.9  ́103 t or 0.04% of to tal mass of sub stances trans ported by the Don River to the Taganrog Bay. As a
rule, the ground wa ter flow of the in ves ti gated chem i cal com po nents to the Don River makes up the hun -
dredths of a per cent of av er age an nual flow of these chem i cals in the Don River out let ex cept the ground -
wa ter flow of ni trate ni tro gen whose con tri bu tion reaches 1.30%.

Thus, the ground wa ter flow ing from the stud ied left-bank built-up ar eas in the lim its of the Rostov
oblast does not play a sig nif i cant role in the for ma tion of the chem i cal com po si tion and qual ity of wa ter in
the lower reaches of the river. 

ACKNOWLEDGMENTS

This study  was accomplished in the framework of the State Contract No. 27 from April 7, 2008
concluded with the Committee on Protection of Environment and Natural Resources of the Rostov Oblast.

REF ER ENCES

1. O. B. Barstev, D. N. Gar’kusha, A. M. Nikanorov, et al., “Ground wa ter Re gime and the Scales and Rea sons of
Anthropogenic Underflooding of Set tle ments in the South of the Rostov Oblast,” Geopolitika i Ekogeodinamika
Regionov, No. 2, 10 (2014) [in Rus sian].

2. A. P. Belousova, I. V. Ageeva, and E. E. Rudenko, “As sess ment of Ground wa ter Pro tec tion in the South ern Eu ro -
pean Rus sia,” Vodnye Resursy, No. 2, 41 (2014) [Wa ter Re sources, No. 2, 41 (2014)].

3. O. A. Bessonov et al., Biogeochemical Cy cle of Heavy Metals in the Lower Don Eco sys tem (Rostov Univ.,
Rostov-on-Don, 1991) [in Rus sian].

4. The Lower Don Wa ter Eco sys tem: Long-term Vari a tions in Wa ter Qual ity, Ed. by A. M. Nikanorov et al.
(Gidrometeoizdat, St. Pe ters burg, 2006) [in Rus sian].

5. D. N. Gar’kusha, O. B. Barstev, and E. A. Zubkov, “Rec la ma tion State of Ir ri gated Lands in the Rostov Oblast,”
in Pro ceed ings of An nual In ter na tional Sci en tific and Prac ti cal Con fer ence LXV Herzen Read ings “Ge og ra phy:
Prob lems of Sci ence and Ed u ca tion” (Asterion, St. Pe ters burg, 2012) [in Rus sian].  

6. Hydrogeology of the USSR, Vol. XXVIII: The Lower Don and Northeastern Cis-Azov Region (Nedra, Moscow,
1970) [in Russian].

7. State Wa ter Ca das tre. An nual Data on Sur face In land Wa ter Qual ity, 2009–2012. Vol. 1, Is sue 3 (Rostovskii
TsGMS-R, Rostov-on-Don, 2010–2013) [in Rus sian].

8. E. A. Zubkov, D. N. Gar’kusha, O. B. Barstev, et al., “Hydrochemical Re gime and Con tam i na tion of Ground wa -
ter in the Built-up Areas in the South of the Rostov Oblast,” in Ecol ogy. Econ omy. In for ma tics, Vol. 2 (South ern
Fed eral Univ., Rostov-on-Don, 2014) [in Rus sian].

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 41   No. 7   2016 

AS SESS MENT OF GROUND WA TER IM PACT ON WA TER QUAL ITY 511



9. Quality of Sur face Wa ter in the Rus sian Fed er a tion. Year book, 2010–2013, Ed. by A. M. Nikanorov (FSGMOS,
GKhI, Rostov-on-Don, 2011–2014) [in Rus sian].

10. M. I. L’vovich, “Geo graphic Studies of the USSR Wa ter Bal ance,” in Wa ter and Land Wa ter Bal ance (Mos cow,
1965) [in Rus sian].

11. A. M. Nikanorov, Hydrochemistry. Manual, 2nd ed. (NOK, Rostov-on-Don, 2008) [in Russian].
12. A. M. Nikanorov, Re gional Hydrochemistry. Training Man ual (NOK, Rostov-on-Don, 2011) [in Rus sian].
13. A. M. Nikanorov, O. B. Barstev, and B. O. Barstev, “Anthropogenic Underflooding in the South of Rus sia in the

Rostov Oblast,” Izv. Akad. Nauk, Geografiya, No. 1 (2009) [in Rus sian].
14. Man ual on Chem i cal Anal y sis of Sur face In land Wa ter. Parts 1 and 2, Ed. by L. V. Boeva (NOK, Rostov-on-Don,

2009–2012) [in Rus sian].
15. A. D. Semenov, L. S. Dolzhenko, A. D. Dobrovitskii, et al., “Prob lems of Wa ter Eco sys tem Pro tec tion at Hy drau -

lic Works and Damping,” in Pro ceed ings of All-Union Con fer ence (Rostov-on-Don, 1991) [in Rus sian].
16. V. M Shestakov, Hydrogeodynamics. Man ual, 3rd ed. (Mos cow State Univ., Mos cow, 1995) [in Rus sian].

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 41   No. 7   2016

512 BARTSEV et al.


		2016-07-26T14:48:58+0300
	Preflight Ticket Signature




