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HYGIENIC CHARACTERISTICS OF THE CHEMICAL COMPOSITION
OF GROUNDWATER IN RYAZAN REGION
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Among the factors that have a strong impact on public health the environment, living conditions, food and water quality are
just as important as socio-economic forces. Providing the population with access to safe potable water has become a socio-
economic priority in Russia. The aim of this work was to characterize the aquifers supplying the population of Ryazan region
with water for personal and domestic needs and to compare their chemical composition. Sample collection was performed in
cooperation with the Center for Hygiene and Epidemiology (Ryazan region). The obtained data were processed using ANOVA.
The Kashirsky and Ozersko-Khovansky aquifers turn to be the most commonly used ones supplying water to 30.7% and 27.3%
of the total artesian wells. The Oksko-Tarussky and Podolsko-Myachkovsky aquifers rank second, feeding 21% and 18.9% of
the wells, respectively. The share of the Kasimovsky aquifer in the total water supply is only 2.1%. Although the recommended
lifespan of an artesian well is 25 years, two-thirds of the wells in Ryazan region have been in service for 26 to 50 years, and one
in every 4 wells is over 50 years old. The chemical composition of the groundwater drawn from different aquifers is different.
High concentrations (0.7 mg/l) of iron (Fe?*) are present in the water from the Ozersko-Khovansky aquifer (p = 0.05). Sulfates
are found in abundance in the Podolsko-Myachkovsky and Ozersko-Khovansky aquifer. The water from the Oksko-Tarussky
aquifer contains high concentrations of ionized ammonia.
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MrMmeHNYECKAA XAPAKTEPUCTUKA XUMUHECKOI'O COCTABA BO/bl
NMOA3EMHbIX BOOOUCTOYHUKOB PA3AHCKOWN OBNIACTU

0. A. Conobes'®, A. A. flemeHTbeB!, H. M. KntouHunkosa?, H. . Mpoxopos®

T PAzaHCKuMiA rocyaapCTBEeHHbIN MeaULHCKIIA yHBepeuTeT umenn . T1. MNaenosa, Ps3aHb
2 LleHTp rvrveHbl 1 annagemronorin B PsigaHckol obnacti, PsizaHb
3 MNepBbli MOCKOBCKMI rOCYAapCTBEHHbI MEAVLIMHCKIMIA yHBEpCUTET MMeHn M. M. CeveHosa (CeveHoBCKMIA yHIBEpCUTET), MockBa

Cpeon hakTopoB, BAVSIOWMX Ha 300POBbE HACENEHWUS, KPOME COLMaNbHO-3KOHOMUYECKNX, OOMbLUYIO POSb UrpatoT
COCTOSIHNE OKPY>XatoLLIEV Cpefpbl, yCNoBMs bbiTa, NTaHne, BogocHabxeHne. ObecneveHne HaceneHnst 1obpoKa4eCTBEHHOM
NUTHEBOW BOLOWN SIBASIETCA BaXKHEWLLUMM HamnpasBnieHneM coumanibHO-3KOHOMUYeCKOro padeuTus Poccun. Llenbto paboTs!
ObINI0  OXapaKTepr3oBaTb MOA3EMHbIE BOLAOHOCHbIE TOPU30HTbI, WCMONb3yeMble AN LEHTPaIM30BaHHOIO MUTHEBOrO
BOAOCHAOXEeHWs HaceneHns PsisaHckolh obnacTi, M NPOBECTU CPAaBHUTENbHBIN aHanm3 XUMUHECKOro cocTaBa WX
apTe3naHcknx Bog. Matepuanom nccnefoBaHns CRy>KUam AaHHbIE O Ka4ecTBe BOAbl BOOGOHOCHbLIX TOPU3OHTOB Psa3aHCcKom
obnacTu, MosnyyYeHHble NpK coBMecTHon paboTe ¢ PBY3 «LIeHTp rurneHbl 1 anngemuonorun B PazaHckon obnactu».
icnonb3oBanu MeTop, CpaBHUTENbHOrO aHanmda. CTaTuCTUYecKytd 06paboTKy MPOBOAMAM METOAOM AMCMEPCUOHHOIO
aHanm3a. Yaule Bcero B parioHax PsazaHckoin obnacti ans BOAOCHAOXKEHWS HaceneHus UCronb3ytoTcs Kalvpekuin u
O3epcko-X0BaHCKMIN BOAOHOCHbIE FOPU30OHTBI, Ha A0 KOTOPbIX MPUXOAUTCHA COOTBETCTBEHHO 30,7 1 27,3% CKBaXKNH OT
nx obulero konmdectea. OKcko-Tapycckuin 1 Noaonbcko-MaYkoBCKMIA BOOOHOCHbIE FOPU30HTLI MCMOMb3YKOTCA pexe (21
1 18,9% CKBaXX1H COOTBETCTBEHHO). [lons Hanbornee peaKo 1CMonb3yeMoro KacMoBCKOro BOAOHOCHOMO ropU30HTa B LIESIOM MO
PagaHckor obnacTtu coctaBnset 2,1%. XoTa pekoOMeHAyeMbI CPOK MCMOMb30BaHNS apTe3MaHCKUX CKBaXKUH COCTaBMSET
25 neT, ABe TPETU 13 HNX SKCMyaTUpytoTes OT 26 10 50 NeT, a kaxkaas YeTBepTasi CkBaxuHa — 6onee 50 net. Boga pa3nunyHbIx
FOPU30OHTOB 0ONacT! OTINMYAETCS MO XMMWYECKOMY COCTaBy. 10 CpaBHEHWIO C OPYrMU BOOOHOCHBIMU FOPU30OHTaMU,
O3epcko-XoBaHCKMN xapakTeprayeTcs 60oee BbICOKNM cofep kaHreM xenesa (Fe?*), KOHLEeHTpaLmst KOTOPOro COCTaBnNsAeT
0,7 mr/n (p = 0,05), Mogonbcko-MsukoBckmiA 1 O3epcko-XoBaHCKM — cynbaTos, a OKCko-TapyCCKMii — NOHOB aMMOHMS.

KntouyeBble cnoBa: BOOOHOCHbIE FOPU30OHTbLI, MEXXMN1aCTOBble BOAbI, apTe3naHCKMne BOAbI, XUMUNHECKUNIN COCTaB,
aAPTE3NAHCKIE CKBaXKVHbI
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Among the factors that have a strong impact on public
health the environment is just as important as socio-economic
conditions; this is particularly true for drinking water [1, 2].
Providing the population with access to safe potable water
has become a socio-economic priority in Russia [3, 4]. When it
comes to public water supply, groundwater should be preferred
over surface water [5-7]. This is because groundwater
has a more stable chemical composition, is less likely to
be contaminated with pathogenic bacteria and has better
organoleptic properties [8, 9]. At the same time, groundwater
sometimes contains high concentrations of chemical elements
and compounds that exceed safety thresholds, depending on
the sedimentary rocks that form an aquifer [10, 11]. In Ryazan
region, the majority of residential areas rely on groundwater
sources [12-15]. Therefore, it is vital to monitor the quality of
groundwater intended for public use. The aim of this study was
to compare the chemical composition of groundwater drawn
from different artesian wells across Ryazan region, the share
of individual aquifers in the total water supply and the age and
depth of the wells currently in service.

METHODS

Sample collection was done in cooperation with the Center
for Hygiene and Epidemiology (Ryazan region). Groundwater
samples were collected from every artesian well across Ryazan
region once per season from 2010 through 2015 in strict
compliance with the Sanitary rules and regulations (SanPIN
2.1.4.1074-01) [14]. The samples were tested for the presence
of iron, sulfates and ionized ammonia. The depth and age of the
wells were compared. The data were processed in Statistica 6
using ANOVA.

RESULTS

At present, there are 291 artesian wells in the region drawing
water from different aquifers. The most commonly used
aquifers are the Kashirsky and Ozersko-Khovansky supplying
water to 30.7% and 27.3% of the wells, respectively. The
Oksko-Tarussky and Podolsko-Myachkovsky aquifers have
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lower shares of 21% and 18.9%, respectively. The Kasimovsky
aquifer is the most rarely used one feeding 2.1% of the wells.

The quality of drinking water largely depends on the depth
of the well. We compared the depth of the currently used
artesian wells across Ryazan region and found out that almost
two halves of them were more than 150 m deep, every fourth
well reached 100 to 150 m in depth, and only 15% of wells
drew water from shallower depths (Fig. 1).

The deepest wells (over 100 m) are located on the territory
of the Ozersko-Khovansky and Kasimovsky aquifers, making
up 64% and 66% of the wells fed by each aquifer, respectively.
Wells shallower than 50 m are typical for the Oksko-Tarussky
aquifer (47.8%).

Well age is an important factor in assessing the sanitary
condition of the well and groundwater quality. The recommended
lifespan of an artesian well is 25 years [13]. Our analysis reveals
that the majority (60%) of the wells for public water supply in
Ryazan region have been in service for 26 to 50 years (Table 1).
About one in every 4 wells is older than 50 years, while only
14.8% of the wells have been used for less than 25 years.

This trend is typical for the majority of aquifers except for
Kasimovsky; two- thirds of the wells that draw water from this
aquifer have been used for 25 years, while the rest are as old
as 26 to 50 years.

The analysis of the chemical composition of the groundwater
samples revealed that their salinity varied between 0.2 and
0.9 g/l. There were significant differences between the Ozersko-
Khovansky, Oksko-Tarussky and Podolsko-Myachkovsky
aquifers in the concentrations of certain chemical compounds
and elements. For example, the average iron concentrations in
the Ozersko-Khovansy aquifer were 0.7 mg/I (o = 0.05), which
exceeds the threshold of 0.3 mg/l established by the Russian
hygiene standard 2.1.5.1315-03. Iron concentrations in the
studied samples ranged from 0.035 to 8.22 mg/l and were
above the established norm in 40% of cases [5]. The average
concentrations of ionized ammonia in the Oksko-Tarussky
aquifer differed significantly from those in the Kashirsky,
Kasimovsky and Ozersko-Khovansy aquifers. Importantly, the
average sulfate levels in the groundwater samples from the
Oksko-Tarussky aquifer were 113.9 mg/I, differing significantly

Kashirsky 3.3 57.0 39.7
Ozersko-Khovansky 2.5 31.5 66.0
[J] >50mdeep
Oksko-Tarussky 47.8 431 9.1
Il 51-100 m deep
[ 100 m and deeper
Podolsko-Myachkovsky 6.0 30.0 64.0
Kasimovsky 11.7 23.6 64.7
I | | | |
0% 20% 40% 60% 80% 100%

Fig. 1. The proportion of the artesian wells of various depth feeding from different aquifers
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Table 1. The proportion of the artesian wells of various age feeding from different aquifers of Ryazan region

Proportion of artesian wells of various age, %

Aquifer
< 25 years 26-50 years 50 years and above
Kashirsky 16.3 60.4 23.3
Ozersko-Khovansy 16.9 60.0 23.1
Oksko-Tarussky 13.6 65.5 20.9
Podolsko-Myachkovsky 2.6 58.0 39.4
Kasimovsky 64.7 35.3 0
Table 2. The average concentrations of ionized ammonia, iron and sulfates in the studied groundwater sources
Aquifer X + tm, mg/ml
lonized ammonia Iron ions Sulfates
Ozersko-Khovansy 0.2 +0.1 0.7+0.2 125.1 £ 27.9
Podolsko-Myachkovsky 0.4 +0.1 0.3+0.1 113.9 £ 20.4
Kashirsky 0.2 +0.1 0.3 +0.1 60.5 + 8.1
Kasimovsky 0.2 +0.1 0.2+0.2 43.4 +22.4
Oksko-Tarussky 0.6 + 0.1 0.4 +0.1 54.5 + 6.1

Note: X is the average concentration, tm is confidence interval.

from the corresponding concentrations measured for other
aquifers (p = 0.05). Sulfate levels reached their minimum at
0.3 mg/l and maximum at 810 mg/I. No significant differences
between the aquifers were observed in the levels of fluorides,
magnesium, manganese, bromine, beryllium, and chlorides.

To sum up, the concentrations of iron, sulfates and ionized
ammonia differ significantly between the aquifers of Ryazan
region (Table 2).

The levels of sulfates are higher in the Podolsko-
Myachkovsky and Ozersko-Khovansky aquifers than in their
counterparts. The average concentration of ionized ammonia
in the Oksko-Tarussky aquifer was higher than in other aquifers.

DISCUSSION

Ryazan region relies on the groundwater stored in the
carboniferous and Upper Devonian water-bearing layers of the
Moscow artesian basin. The majority of Ryazan aquifers are
part of the carboniferous aquifer system. The aquifers studied
in this article were formed by water percolating through gypsum
deposits; therefore, the groundwater in them is rich in sulfates
and calcium.

Qur study demonstrates that groundwater samples collected
across Ryazan region are different in their chemical composition,
which can be explained by the history of the corresponding
aquifers [1]. The Ozersko-Khovansky aquifer has increased
concentrations of iron (0.7 mg/l on average) exceeding those in
other aquifers (p < 0.05); 40% of its groundwater samples do
not meet the Russian hygiene standards of 0.3 mg/I (standard
2.1.5.1315-03). Such high figures mean that measures
should be taken to deferrize the groundwater drawn from
these artesian wells. The groundwater drawn from Ozersko-
Khovansky and Podolsko-Myachkovsky aquifers contains
more sulfates (125.1 and 113.9 mg/l, respectively) than other
aquifers, which again can be explained by the specifics of
their formation, such as gypsum dissolution [2]. Interestingly,
the Oksko-Tarussky aquifer has the highest (0.6 mg/l) average
concentrations of ionized ammonia (p < 0.05). However, the
presence of ionized ammonia is not typical for this aquifer

and can indirectly suggest organic contamination resulting
from the misuse of the wells [2]. The supposition about the
organic origin of ionized ammonia is underpinned by the fact
that the wells drawing water from this aquifer are mostly shallow
(< 50 min depth) (p < 0,05) and the majority of them (86.4%)
have been in service longer than their recommended lifespan of
25 years. Obviously, shallower artesian wells are at a higher
risk of surface water contamination. The large proportion of old
(> 25 years) wells in Ryazan region prompts their renovation
[16-18].

CONCLUSIONS

In Ryazan region, public water supply relies mainly on the
groundwater of the Ozersko-Khovansky and Kashirsky
aquifers. The deepest artesian wells (= 100 m) are located on
the territory of the Kasimovsky and Podolsko-Myachkovsky
aquifers where they also prevail. The Podolsko-Myachkovsky
aquifer feeds the majority of the old wells (= 50 years). The
highest concentrations of sulfates are found in the Podolsko-
Myachkovsky and Ozersko-Khovansky aquifers, the highest
levels of iron (Fe?*) are observed for the Ozersko-Khovansky
aquifer, and the highest concentrations of ionized ammonia
are found in the Oksko-Tarussky aquifer. The groundwater
drawn from the Ozersko-Khovansky aquifer does not meet the
sanitary standards adopted in Russia (standard 2.1.5.1315-03)
in terms of its iron levels, which are expected to be no higher
than 0.3 mg/l, and requires deferrization. Because we covered
a very limited range of chemical elements and compounds
in our study and the sampling schedule was arbitrary, there
could be some uncertainties in the results of the analysis.
Therefore, we believe it reasonable to conduct another
study in order to compare the concentrations of fluorine and
molybdenum in the groundwater of the same aquifers. On the
whole, our study demonstrates that the quality of water drawn
from the aquifers with different chemical composition should
be monitored on a regular basis. Measures should be taken
to deferrize the supplied groundwater and to renovate old
artesian wells.
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