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HA3HAUYEHWNS B HACEAEHHBIX ITYHKTAX TYPCYH3AAE

X.H. 5TAMHA3APOB!, 'I./1. BABAEB?|C.I1. AAVIEB?

1 Kadeapa rurnensr okpykaores cpeast, TaaXIKCKIUII roCyAapCTBEHHBIN MeAMIMHCKMI yHuBepeuteT uM. AGyaan udbun Cuno, dymante, Pecrrybanka Taa-
KUKUCTaH

2 Hayuno-uccaegosaTeAbcknit MHCTUTYT IpoduaakTudeckoit meguiunsl, Aymante, Peciybanka TagXukucran

Llenb: aHanu3 coaepkaHna GTopuaoB B BOAE XO3ANCTBEHHO-NUTLEBOIO HAa3HAYEHWUA HACENEHHbIX NMYHKTOB TypCyH3aze B 3aBMCMMOCTM OT PO3bl Be-
TPOB M CE30Ha.

MaTtepuan u MeToabl: MCXOAA U3 AaHHbIX MO PO3e BETPOB, 6blin BbiGPaHbl ABe 30HbI, BKAOYatoLme 12 HacenEHHbIX NYHKTOB. K nepBoi (onbiTHOM)
30He 6bl/IM OTHECEHbI 5 A)KamoaToB, BK/IIOYAIOLLMX 9 CEN, Tae UMEIOT MecTo 3anafiHoe, CEBEPHOE U CEBEPO-BOCTOYHOE HanpasneHus BeTpoB. [)kamoaT
[. PaxMOHOB, BK/tOYalOLWMit 3 cena, bbin OTHECEH B KOHTPO/IbHYIO 30HY C BOCTOYHbIM HanpaBAeHNEeM BETPOB C HAMMEHbLUMM 3arpAsHEHMEM aTMOC-
depHoro Bo3ayxa GTOPUCTBIMU COEAVHEHUAMM aNtOMUHMEBOTO 3aBoZa. OnpeaeneHve pTopnaos B 48 npobax BoAbl XO3AMCTBEHHO-NUTLEBOTO Ha3Ha-
YeHMA BbINONHEHO KONOpPUMETpUYeckumM meTogom SPADNS. Bblin Mcnosib3oBaHbl 3aKoHbI Pecnybaukun TagKMKUCTaH, NMoctaHoBaeHua MpaButenbcTea
Pecnybnunku TagsKMKUCTaH, HaLuMoHanbHble NporpaMmbl, CTaTUCTUYECKME MaTepuansl.

PesynbTathbl: CpefHErogoBoe cogepaHme GTopnaos B npobax BoAbl NO HaceN&HHbIM NyHKTam TypcyH3aze BapbMpOBaao B LUMPOKUX npeaenax —
0,43-1,50 mr/n co cpegHum 3HadeHnem 1,04 mr/n. Hanbonbluas KoHueHTpaumsa ¢propa (1,52 mr/n) 6bina ycraHosneHa B Axamoate Hasobog (ceno
LWoanéHa) B oceHHMit nepuog,. KoHueHTpauma ¢ptopa B npobax BoApbl, OTOBPAHHbLIX 13 3aKPbITbIX MCTOYHMKOB (CKBaXKMHbI) B 30HE PaCMOOMeHUs
alOMUHWEBOTO 3aBOAA, Obl1a HE3HAYUTENLHO BbIlLE, YeM B BOAE APYrUX BOZOMCTOYHMKOB. B npobax Bofbl, 0TOGPaHHbIX U3 BOAOUCTOYHUKOB KOH-
TPO/IbHOM 30HbI (AamoaT [l. PaxMoHOB), KOTOpas pacnonaraeTca BOCTOYHEE OT 3aBOAa, B Pa3NnyHble nepuodbl roaa 6blav o6Hapy»eHbl GTopuabl B
Konuuectee ot 0,39 o 0,60 mr/n, uto He npesbiwano MAK.

3aKnloueHue: MakCMMasibHOe KONMYEeCTBO coeanHeHuii dTopa B Boae 6bi10 06HapYKEHO B OMbITHOM 30He (AamoaT HaBoboa) ¢ 3anagHbiM Hanpas-
JIEHMEeM BETPA, YTO HaMpPAMYHO CBA3AHO C GYHKLMOHUPOBAHMEM aItOMUHMEBOTO 3aBOAA.

Kntouesble cnoBa: ggmop, hmopudel, KOHYeHMpPayus, 8004, ANOMUHUEBOE MPOoU3800CMB0, PO3d 8eMpPO8.
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STUDY OF THE FLUORINE CONTENT IN THE HOUSEHOLD AND DRINKING WATER
IN THE TURSUNZADE SETTLEMENTS
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Objective: Analysis of fluorine content in the household and drinking water in the Tursunzade settlements, depending on the wind directions and the
season.

Methods: Based on the wind directions, two zones were selected, including 12 settlements. The first (experimental) zone consists of 5 administrative-
territorial units (jamoats), including 9 village with west, north and northeast wind directions. Jamoat D. Rakhmonov, which includes 3 villages, was
assigned to the control zone with the east wind direction and the least pollution of the atmospheric air by fluorides from the aluminum plant. Fluoride
content was analyzed in 48 samples of household and drinking water using the SPADNS colorimetric method. The Laws of the Republic of Tajikistan,
Resolutions of the Government of the Republic of Tajikistan, National Programs, and statistical materials were applied.

Results: The average annual fluoride content in water samples from the settlements of Tursunzade varied within 0.43-1.50 mg/I with a mean value
1.04 mg/l. The highest concentration of fluorine (1.52 mg/I) was found in Navobod jamoat (Shodiyona village) in autumn. The concentration of fluorine
in water samples taken from sealed wells in the area of the aluminum smelter was slightly higher than in the other water sources. In water samples
taken from the water sources of the control zone (jamoat D. Rakhmonov), which is located to the east from the plant, fluorides were found ranging
from 0.39 to 0.60 mg/I in different seasons of the year, which did not exceed the maximum permissible concentration (MPC).

Conclusion: The highest amount of fluorine compounds in the water was found in the experimental zone (Navobod jamoat) with a west wind direction,
which is directly related to the operation of the aluminum smelter.

Keywords: Fluorine, fluorides, concentration, water, aluminum production, wind direction.
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BBEAEHUE INTRODUCTION

KaK 13BECTHO, MMUKPO3/IeMEHT GpTOp HEOOX0AMM 419 HOPMasb- It is well known that the fluorine trace element is necessary
HOTO POCTa M Pa3BUTWA OPraHW3ma M NpoTekaHna B HEM obmeHHbIX  for the normal growth and development of the body and its met-
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npoueccos, a MoH ¢Topa cnocobeH 3pPeKTMBHO 3ameLLaTb MOH u-
[POKCMAA He TONbKO B KOCTHOW TKaHM, HO U B HEMUHEPAIN30BaHHbIX
TKaHAX. MHOrMe 3KCnepTbl MMEIOT pasHble MHEHUA O 3HAYMMOCTU
¢dTOpa Kak broanemeHTa 418 opraHM3ma yenoseka [1].

AHanu3Mpys cCoBpeMeHHble HayyHble JaHHble, MOKHO MPUITK
K 3aK/II04EHWMIO, 4TO GTOP BAMAET Ha Pas/MyHble OpraHbl Yenoseye-
CKOTO OpraHM3ma C ABYX OCHOBHbIX MO3WLMIA: nepsas obycnosneHa
C TOKCMYECKMM BO3ZeicTerem $Topa Ha pasinyHble OpraHbl Npu ero
M3NULIHEM COLEpPXaHUM B 0bObEKTax BHelHel cpefbl. Bropas no-
31UMA BAMAHMA GTOpPa PacCMaTPMBAETCA C TOYKM 3PEHUA BaXKHOTO
MWKPO3/IEMEHTA, KOTOPbI HEOBXOAMM ANA PaLMOHANBHOMO Pa3Bu-
TWA OpraHM3ma 4esoBeKa. Mcxoga U3 aToro, U3ydeHne TOKCMUYECKOro
[encTBnA coeMHEHWIM GTOpa HAa OPraHU3M YenoBeKa ABIAETCA BECh-
Ma aKTya/IbHOW CaHUTAapHO-TUIMEHNYECKOW Npobaemoit. PesynbTatbl
MHOTFOYMCIEHHBIX UCCIEA0BAHMI CBUAETENBCTBYIOT O TOM, YTO NPOSAB-
NIEHME XPOHUYECKON GTOPUCTON MHTOKCUMKALMKM — GNoopOo3a Y AeTen
M/I3ALEro BO3PacTa U KUBOTHbIX — MPOUCXOAUT B NPUPOAHO-KAMMA-
TUYECKMX 30HaX, rAe coAepaHve GTopa B NoYBe M BOAE 3HAUUTENBHO
Bbiwe MAK [2-10].

PesynbTaThl MCCNEA0BAHMI CTOMATONOMMYECKOTO CTaTyca AeTel,
KOTOpbIE NPOKMBANM B Pa3NINYHBIX PErVOHaX, MOKa3asu, 4To Pa3BUTUIO
bnroopo3a 3yboB cnocobCTBYET Ha/IMUME NOBBILIEHHOTO YPOBHA GTopa
B XO3AWCTBEHHO-NUTbeBOW Boge [5, 7, 11-14]. OcHOBHbIM haKTOpOM
BO3HWUKHOBEHWA BONE3HM CUMTAETCA 0NToe U U3BbITOYHOE UCMOAb30-
BaHWe MUKpo3anemeHTa GpTopa ¢ NMTbeBOW BOAOW. [pOTUBOKapHECHbIM
apdekTom 06nasaeT NUTbEBAA BOAA, B KOTOPOW cofepaHue ¢Topa
HaxoauTca B amanasoxe 0,7-1,2 mr/a, npu ero Haamuum 1,2-1,5 mr/n
NPOUCXOAMT nopaxeHue 3y60B, a Npu cogepxaHun 8 mr/n dropa 8
MUTLEBOI BOAE BO3MOXKHO NopakeHue ckeneta [1, 15-18].

Bcneacteme MHAYCTPUANBHOWM AEATENbHOCTM, Kaxkapli rog B at-
mocdepy BbIbpaAChIBAETCA OKOO 2 MAH. TOHH $TOpa, Honbluas YacTb
KOTOPOro MonafaeT B HeLEeHTPa/sn30BaHHbIe M LEHTPann30BaHHble
CUCTEMbI BOJOCHAOXEHMSA, @ TaKke 0KoMo 1 MAH. ToHH TBEpAbIX doc-
baTHbIX 1 cynepdocdaTHbIX yA0OpeHUIA MONAA0T Ha MPPUraLMOHHbIe
nons. YCTaHOBNEHO, YTO MOBbILIEHWE COAEPKaHUA BOAOPACTBOPUMBIX
¢dTOpPMAOB B NouBe M reorpadmyeckoe pacnpocTpaHeHUe sHAeMUYe-
CcKoro ¢noopo3a UMeeT NPAMYHO KOPPENALIMOHHYIO CBA3b C HELLeN1ecoo-
6pasHbIM NPUMEHEHUEM MUHePa/IbHbIX yaobpeHwit [19-23].

TNaBHbIM UCTOYHUMKOM MMKpO3emMeHTa GTopa cuMTaoTCa Npu-
poaHble BOAbl, U Hannume GTopa B HWUX 3aBUCUT OT NMOBEPXHOCTHBIX U
ry6MHHbIX NaacToB [24]. OCHOBHbIE XapaKTEPUCTUKN GTOPUCTON WH-
TOKCMKaLWMK (L03a M SKCNO3ULMA) NPUBELEHDI B UMEIOLLIMXCA HAY4HbIX
nccneposanuax [16, 25]. Tak, ynotpebneHve nuwy ¢ cogepaHmem
B HeWi ¢Topa B Npegenax ot 20 £o 80 Mr B CYTKM MOXKET NPUBECTU K
TAXKENON MaTonorMm — KocTHomy dntooposy. CopepskaHne pTopuaos
B NMUTbEBOW BOAE C KOHUeHTpaumen 6onee 50 mr/n onacHo B niaHe
CTPYKTYPHbIX ¥ GYHKLMOHANbHbIX M3MEHEHWI LMTOBUAHOMN XKenesbl.
Hanvuve ¢TOopMaoB B NUTHEBON BOZE ABAAETCA HEOBXOAMMbBIM, O-
HaKo MX KoHueHTpauwma 100 mr/n npusoauT K 3aaepskke pocTta 3y6os
[1,6, 8].

M3BecTHO, UTO H0NbLIME KOHLEHTPaLMK dTopa B NoYBe, NUTbe-
BOM BOZE M PaCcTUTENbHON cpeae TeCHO CBA3aHbl C HAIMUMEM B TOM
WY MIHOM PerMoHe atoMUHUEBOTO NMPOU3BOACTBA U NPUMEHEHMEM B
CeNbCKOM X03AaicTBe GpochaTHbIX yA06PEHUI U NecTUUMA0B. MMeHHO
3TV acnekTbl 1, B YaCTHOCTU, POHOBOE COAEPKaHME MUKPOINEMEHTa
¢dTOpa B pasnauuHbix obnactax Pecnybavkv TagUKUCTaH HepoCTa-
TOYHO M3yyeHbl [26]. CneflyeT OTMETWUTb, YTO AHTPOMOTEXHOTEHHaAA
Harpyska Kak no o6bémam BbIGpOCOB, Tak 1 MO YPOBHIO 3arpAsHeHUA
aTMmochepHOro Bo3ayXxa B PasNMYHbIX perMoHax TafKMKUCTaHa He-
paBHOMepHas. B HacTosLwee Bpema B CTpaHe GYHKUMOHUPYET eauH-
CTBEHHbIV CePbE3HbIN UCTOYHMK 3arpA3HeHMs aTMoCchepHOro Bo3ayxa

abolic processes; the fluoride ion is able to effectively replace the
hydroxide ion not only in bone, but also in non-mineralized tis-
sues. Many experts have different opinions about the importance
of fluorine as a biological element for the human body [1].

Analyzing modern scientific data, one may conclude that
fluorine has two main effects on the human organs and systems:
toxic effect of excess fluoride contaminating environment and the
effect of fluorine as an important trace element on the human
body development. Therefore, the study of the toxic effects of
fluorine compounds on the human body is an essential modern
sanitary and hygienic problem. The results of numerous studies
indicate that manifestation of chronic fluoride intoxication — flu-
orosis in young children and animals — occurs in natural climatic
zones where the fluorine content in soil and water is significantly
higher than the MPC [2-10].

The results of studies of teeth condition of the children who
lived in different regions showed that development of dental flu-
orosis is facilitated by the increased level of fluoride in household
and drinking water [5, 7, 11-14]. The main factor in the onset of
the disease is considered to be long and excessive consumption
of the trace element fluorine with drinking water. Drinking water
has an anti-caries effect with fluorine content in the range of 0.7-
1.2 mg/|, it may cause teeth damage with fluorine concentration
ranging 1.2-1.5 mg/l, and may affect the skeleton if it reaches 8
mg/l [1, 15-18].

As a result of industrial output, about 2 million tons of flu-
orine is emitted into the atmosphere every year, most of which
ends up in decentralized and centralized water supply systems,
besides about 1 million tons of solid phosphate and superphos-
phate fertilizers are applied to the irrigation fields. It was found
that the increase in the content of water-soluble fluorides in the
soil due to inappropriate application of mineral fertilizers directly
correlates with a zonal distribution of endemic fluorosis [19-23].

Natural water is considered to be the main source of the
trace element fluorine, and the presence of fluorine is different
in the surface-water and groundwater [24]. The main parameters
of fluoride intoxication (dose and exposure) are described in the
available scientific papers [16, 25]. Thus, consumption of food
with fluoride content in the range between 20 to 80 mg per day
can lead to development of severe pathology, such as bone fluo-
rosis. The content of fluorides in drinking water with a concentra-
tion of more than 50 mg/I is dangerous in terms of structural and
functional changes of the thyroid gland. Presence of fluorides in
drinking water is necessary, but their concentration of 100 mg/I
leads to a delayed teeth growth [1, 6, 8].

It is well known that high concentrations of fluorine in soil,
drinking water and plants are closely associated with aluminum
production processes in a particular region, as well as with agri-
cultural application of phosphate fertilizers and pesticides. These
aspects of the background content of the trace element fluorine
in various regions of the Republic of Tajikistan have not yet been
sufficiently studied [26]. It should be noted that the anthropo-
technogenic load both in terms of emissions and the level of air
pollution in different regions of Tajikistan is uneven. Currently,
the country has the only essential source of air pollution with
various fluorine compounds, which is the Tajik Aluminum Com-
pany, located in the densely populated area of the Gissar Valley in
the city of Tursunzade. The distribution of the main emissions of
this enterprise depends on the direction of the prevailing winds.
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Pa3IMYHBIMU COeAMHEHMAMM GTOPa, KOUM ABASETCA «TafKMKCKan
aNtoM1HWEBas KOMMaHWA», PACNONOKEHHAA B NYCTOHACENEHHOI 30HE
TMccapcKoit 4ouHbl, B ropoge TypcyHsage. PacnpocTpaHeHye ocHOB-
HbIX BbIGPOCOB NPEANPUATUA 3aBUCUT OT HaNPaBAEHWsA FOCMOACTBYIO-
LMX BETPOB (po3bl BeTpoB). B TeyeHme roga okoso 80% BpemeHn oc-
HOBHbIM HanpPaBieHNEM BETPOB B 3TOM PETMOHe ABASAETCA 3aNasLHOE,
B OCTa/IbHOE BPEMA CeBEepHOe M CeBepo-BocTouHoe >

LLENb UCCNEAOBAHMUA

AHanu3 cogepkaHusa GTOpMAOB B BOAE XO3AMCTBEHHO-NUTHEBO-
ro Ha3Ha4yeHWsA HACeNEHHbIX MyHKTOB TypcyH3asde B 3aBUCMMOCTU OT
pO3bl BETPOB M CE30Ha.

MATEPUAN U METOADbI

Mcxoas Y3 faHHbIX HanpasneHus BeTPoB, 6biav BbibpaHbl ABe
30HbI, BKAOYatowme 12 HacenéHHblx NyHKTOB. K nepBoii (onbITHOM)
30He OTHeCeHbl 5 A)KamoaToB, BK/IKOYAOWMX 9 Cén, rae OTMevatoT-
A 3anafiHoe, CEBEPHOE M CEBEPO-BOCTOYHOE HANPaB/iEHWUSA BETPOB.
[kamoat [. PaxMoHOB, BKAtOYatoWmii 3 cena, bbl1 OTHECEH B KOH-
TPONbHYO 30HY C BOCTOYHbIM HanpaBAeHUEM BETPOB, F4€e OTMEYaeTcs
HauMeHbLLee 3arpasHeHVe aTMochepHOro Bosayxa GTopuCTbIMM CO-
€AMHEHUAMM aNIOMUHUEBOTO 3aBoAa. HeobXxoaMmo OTMETUTb, U 3TO
06LLEN3BECTHO, YTO 3arpA3HEHMe BOLOMCTOYHMKOB MPOMCXOAMUT 3a
CYET BbIOpOCOB B aTMOchepy coeanHeHn GTopa NyTEM MX ocesaHns
Ha NOBEPXHOCTM MOYBbI ¥ MPOHUKHOBEHWSA NO e€ Npoduio.

B npouecce paboTbl OblA MCNONb30BaH KOAOPUMETPUYECKUIA
metoa SPADNS ¢ nprmeHeHnem nopTaTMBHOro Konopumetpa DR/890
(HACK, China). Llenecoobpa3sHocTb 1CMONb30BaHMA AaHHOTO METOAA
3aK/04aNacb B TOM, YTO OH 6bl1 0406peH BO3. Mpobbl Boabl B 06b-
éme 1 anTp BbiM oTOOpPaHbl NO ABA Pasa, B pasHble CE30HbI roga B
cneumanbHble GIaKOHbI U3 MOMITUIEHA BbICOKOM MIOTHOCTU U aHa-
NM3MPOBANUCL B TeyeHue 24 4acoB B XMMMYECKMX NabopaTopusax
npu LleHTpe rocysapcTBEHHOTO CaH3NMAHa3opa ropoaa TypcyHsaze.
CTaHgapTHble 3TafIoHHbIE (pedepeHc) pacTBopbl, NPMMeHAeMble aNs
onpeaeneHns KOHUEHTpauum ¢Topa, bbimn NPoaHaNU3MPOBAHbI A0 U
nocne U3MepeHuin, Npu OTHOCUTENbHOWM NorpewwHoctT 2%. JaHHble
Mo KOHUEHTpauun ¢Topa rpynnuMpoBanu B 3 KaTeropuu, B 3aBUCK-
MOCTU OT MX BO3LENCTBMA HA 340POBbE YEI0BEKA, B COOTBETCTBUM C
pekomeHgaumammn BO3: nutbeBana BOAA C BbICOKMM coAepaHuem
¢dTopnaos (ebiwe 1,5 mMr/n); NMTbeBaA BOAa C ONTUMaJIbHbIM COAep-
»aHunem dTopugos (B gnanasoxe ot 0,51 fo 1,5 mr/n); nuTbeBan Boga
C HM3KMM coaepaHnem propunaos (4o 0,5 mr/n). Bcero 3a Aga ce3oHa
(BecHa 1 oceHb) bb110 B3ATO 48 NPO6 BOAbI XO3AUCTBEHHO-MUTHEBOTO
Ha3HaYeHWs B HaCeNEHHbIX NyHKTax TypcyH3aze.

CraTucTMyecKan 0bpaboTka AaHHbIX NPOBEAEHa C UCMO/b30Ba-
HMEM CTaTUCTMYECKOro NakeTa AnA CoLManbHbIX HayK SPSS Statistics
21.0 u «Statictica 10» (StatSoft Inc., USA). laHHble 6binn 0606LeHbI
C UCMONb30BaHWEM TabauL, U PUCYHKOB. OnucaTenbHan CTaTUCTMKA
BK/IOYM/IA YACTOTY M NPOLLEHTbI B OCHOBHOM [i/151 KAaTEropuasbHbIX ne-
pemeHHbIX. ABCONOTHbIE YMCNA AaHHbIX NPeLCTaB/eHbl B BUAE MUHU-
MYMa, MaKCUMyMa, CPeAHUX BEUYMH U CTAaHZAPTHOTO OTKNOHEHMS.
AHaNUTUYECKAA CTAaTUCTMKA BK/OYaNa aHaNW3 CPaBHEHWS He3aBW-
CUMBbIX MepemeHHbIX ¢ npumeHeHnem metoga ANOVA Kpyckana-Yo-
N1Ca, NapHble CPaBHEHWUA HE3ABMUCUMBIX NEPEMEHHbIX NPOBeAEeHa
no U-kputeputo MaHHa-YUTHW. CpaBHUTENbHBIN aHAsM3 CE30HHbIX

1 Global Weather «Apxue nozods! 8 TypcyH3adex»: https://global-weather.
ru/archive/tursunzade

2 Meteoblue — weather close to you «Po3a ckopocmeli sempa TypcyH3adex:
https://www.meteoblue.com/ru/nozoda/archive/windrose/TypcyH3ade,
Tadxucukucmar_1282601
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During the year, about 80% of the time, west wind direction is
dominating in this region, while the remaining time it is north and
northeast™2.

OBIJECTIVE

Analysis of fluorine content in the household and drinking
water in the Tursunzade settlements, depending on the wind di-
rections and the season.

METHODS

Based on the wind direction data, two zones were select-
ed for the study, including 12 settlements. The first (experimen-
tal) zone included 5 jamoats with 9 villages, where west, north
and northeast wind directions were dominating. Jamoat D. Ra-
khmonov, which includes 3 villages, was assigned to the control
zone with the east wind direction, where the least pollution of
the atmospheric air by fluoride compounds of the aluminum
smelter was registered. It should be mentioned, and it is gener-
ally known, that water sources get polluted due to the emission
of fluorine compounds into the atmosphere through their set-
tling on the soil surface and penetrating along its stratification
profile.

During the study implementation, the SPADNS colorimetric
method was applied using a portable colorimeter DR/890 (HACK,
China). The feasibility of this method is confirmed by its WHO
approval. One liter of water was sampled in special high-density
polyethylene bottles, twice during different seasons of the year,
and analyzed within 24 hours in chemical laboratories at the Cen-
ter for State Sanitary and Epidemiological Surveillance in the city
of Tursunzade. Standard (reference) solutions used to determine
the fluorine concentration were analyzed before and after mea-
surements, with a relative error of 2%. The data on the concen-
tration of fluorine were grouped into 3 categories, depending on
their impact on human health, and in accordance with the WHO
recommendations: drinking water with a high content of fluo-
rides (above 1.5 mg/l); drinking water with an optimal fluoride
content (in the range from 0.51 to 1.5 mg/l); and drinking water
with a low content of fluorides (up to 0.5 mg/l). Total of 48 sam-
ples of water for household and drinking purposes were taken
in the settlements of Tursunzade during the two seasons (spring
and autumn).

Statistical data processing was carried out using the statisti-
cal package for social sciences SPSS Statistics 21.0 and “Statistica
10” (StatSoft Inc., USA). The data were summarized using tables
and figures. Descriptive statistics included frequency and per-
centages mainly for categorical variables. Absolute numbers of
data are presented as minimum, maximum, means, and standard
deviation. Analytical statistics included the analysis of the com-
parison of independent variables using the Kruskal-Wallis ANOVA
method, paired comparisons of the independent variables were
carried out using the Mann-Whitney U-test. The comparative
analysis of seasonal differences was tested using the Wilcoxon
T-test. The null hypothesis was rejected at p<0.05.

1  Global Weather “Weather archive in Tursunzade”: https://global-weather.
ru/archive/tursunzade

2 Meteoblue - weather close to you “Tursunzade wind speed directions”:
https://www.meteoblue.com/ru/weather/archive/windrose/Tursunzade
Tajikistan_1282601
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pa3nMuMin NpoBepanca ¢ UCNoNb3oBaHWEM T-KpuTepua BUNKOKCOHa.
Hynesas runotesa otsepranacb npu p<0,05.

PE3YNILTATbI U UX OBCYXXOEHUE

Hamu yCTaHOBNEHO, YTO B 30HE PACMONOKEHWUA ANOMUHUEBO-
ro 3aBoAa pAj, BOAOMCTOYHMKOB CENbCKMX PErVOHOB M pa3BoaALLan
ceTb ropoaa TypcyH3age 6epyT Hauano 1 UCNOAb3YIOT BoAy BbICTPbIX
TOPHbIX PEK, KOTOPbIE He YCMeBaloT B NONHOW Mepe 3arpA3HUTLCA ero
BpesHbIMK Bbibpocamu. Mo3Tomy B UcCaeayembix npobax Bogpl Xo-
3AUCTBEHHO-MUTLEBOTO HA3HAYEHMA CpeAHerofoBas KOHLEHTpauma
¢$TOpa 6blNa OTHOCUTENBHO HU3KOM UK, BoNbLIEN YacTbio, C ONTH-
ManbHbIM ero cogepskaHunem — ot 0,7 ao 1,5 mr/n (tabn. 1).

Kak BuaHoO 13 Taba. 1, Hanbonbluas KoHueHTpauus dtopa (1,52
mr/n) 6blna ycraHosseHa B Axamoate Hasobog (ceno Loanéxa) B
OCEHHMI nepuog,. B npobax Boabl, 0TO6PAHHbIX M3 BOAOUCTOYHUKOB

RESULTS AND DISCUSSION

We found that in the area of the aluminum smelter, a num-
ber of water sources in rural regions and the water distribution
system of the city of Tursunzade originate from the fast mountain
rivers and use their water before it gets fully polluted with harm-
ful emissions. Therefore, in the studied samples of household and
drinking water, the average annual concentration of fluorine was
relatively low or, for the most part, it was optimal, ranging from
0.7 to 1.5 mg/| (Table 1).

As you can see from the Table 1, the highest concentration
of fluorine (1.52 mg/I) was found in Navobod jamoat (Shodiyona
village) in autumn. In water samples taken from water sources of
the control zone (jamoat D. Rakhmonov) in different periods of
the year, the amount of fluorides ranged from 0.39 to 0.60 mg/I,
which did not exceed the MPC. This finding is confirmed by the

Tabauya 1 CodepxcaHue 8000pacMBOPUMbIX COeOUHeHUl hmopa 8 800e X03ALUCMBEHHO-NUMbEB020 HA3HAYEHUS 8 OCEHHEe-8ECEHHUE CE30HbI

200a (me/n)

_ Mecto ot6opa npob 30Ha BeceHHuit OCeHHuit Cpeaneroposoe
3HaueHue
ceno O6wwopoH 1,44 1,38 1,41
[k, Hasobog, ceno Woanéna 1,48 1,52 _
ceno 3axmaTKall 1,36 1,39 1,38
[k, CewaHbe ceno W, bosopos 1,27 1,36 1,32
ceno Ayctn OnbITHan 1,24 1,30 1,27
Ok, T, Tyiumnes
ceno Capkop 1,18 1,28 1,23
ropogok YmHop 1,00 1,20 1,10
r, TypcyH3aae
3XMBTAK 1,15 1,15 1,15
[k, NaxTaobop, ceno AHambap 0,70 0,70 0,70
ceno C, Leposun 0,39 0,47
[, [, PaxmoHoB ceno 3apkamap KoHTponbHasn 0,34 0,54
ceno O, HybmoHoBa 0,46 0,60

Mpumeyanus: K. — Axkamoart; 3XMBTAK — 30Ha X03AiCTBEHHO-NUTLEBOTO BOAOCHAbXEHUA TagKMKCKOM antoMUHUEBOI KOMMAHUK

Table 1 The content of water-soluble fluorine compounds in water used for household and drinking purposes in the autumn-spring seasons of the

year (mg/l)
Obshoron village 1.44 1.38 1.41
J. Navobod Shodiyona village 1.48 1.52 _
Zakhmatkash village 1.36 1.39 1.38
J. Seshanbe I. Bozorov village 1.27 1.36 1.32
Dusti village Experimental 1.24 1.30 1.27
J. T. Tuychiev
Sarkor village 1.18 1.28 1.23
Chinor town 1.00 1.20 1.10
Tursunzade city
ZDDWSTAC 1.15 1.15 1.15
J. Pakhtaobod Anjibar village 0.70 0.70 0.70
S. Sherozi village 0.39 0.47
J. D. Rakhmonov Zarkamar village Control 0.34 0.54
O. Nu'monova village 0.46 0.60

Notes: J. — jamoat; ZDDWSTAC - zone of domestic and drinking water supply of the Tajik Aluminum Company
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KOHTPO/bHO 30HbI (Akamoart [l. PaxmoHOB) B pa3Hble nepuoapl rosa
Konmyectso ¢ropuaos Konebanock B npegenax 0,39 go 0,60 mr/n,
yTo He npesbiwano MAK. JaHHbIA GaKT NoaTBEPKAAETCA TEM, YTO B
3TOM [)KaMOaTe OTMEYaeTcA BOCTOYHOE HanpaB/ieHWe BETPOB, Npu
KOTOPOM NPOUCXOAUT HaMMeHbLUEee 3arpA3HeHne 0ObEKTOB BHELLIHeW
cpeapl PTOPUCTBIMU COEANHEHNAMM.

B 1abn. 2 npuBeAeHbI CpeaHErofoBble KOHLEHTPALIMK COepIKa-
HUA GTOPUAOB B NPOHAX BOABI XO3AMCTBEHHO-MUTLEBOTO HA3HAYEHMA.

Kak nokasaHo B Tabn. 2, cpeaHeronoBoe cofepraHue GTopuaos
B Npobax BoAbl NO HACeNEHHbIM MyHKTaM TypcyH3aze BapbMpoBaio
B LWMpOKMX npeaenax: 0,43-1,50 mr/n co cpeaHnm 3HaueHnem 1,04
mr/n (CO 0,38) npu 95% OW. B 6 (14,6%) npobax ux coaepxaHue
6bi10 HUXe 0,5 mr/n, onTMmanbHoe 3HaueHue ¢ropmaos (0,5-1,5
mr/n) umeno mecto B 40 (81,3%) npobax. Jonyctumblit npeaen (1,5
mr/n) 6bln NPeBbILLEH TO/bKO B 2 Npobax (4,2%). OAHAKO KOHLEHTpa-
uua ¢topa B Npobax BoAbl, OTOOPAHHbLIX M3 3aKPbITbIX UCTOYHMKOB
(CKBaKMHbI), B 30HE PACMONOXKEHUA aNOMUHMEBOTO 3aBofa 6bina
He3HaYMTEeNbHO BbILLE, YEM B BOAE APYrMX BOAOUCTOYHMKOB. ITO CBU-
[EeTeNbCTBYET O TOM, YTO OCEBLUME HA MOBEPXHOCTb NOYBbI COEAUHE-
HWA GTOpa MUTPUPYIOT MO eé NPoduAto, 3arpA3HAA rPYHTOBLIE BOAbI.
B 0TOBpaHHbIX 13 BOAOUCTOUYHMKOB Npobax BoAbl, KOTOPasA NoaaéTcs
B camom ropoge TypcyH3aze, B pasinyHble Nepuogpl roaa ooiam ob-
HapyKeHbl dTOpUAbI B Koandectse ot 1,10 go 1,15 mr/n, 4To He npe-
Bbiwano MAK. HaceneHne axamoarta HaBobog, (onbiTHaA 30Ha) ¢ 3a-
NaZHbIM HanpaBaeHWeM BeTpa ynoTpebasno Body C MaKCMManbHOM
KOHLeHTpaumel dtopa 1,50 mr/n, B TO Bpems, Kak MMHUMa/ibHas KOH-
LeHTpauua ¢pTopa B Boge bbina 06HapyKeHa B AxkamoaTe MaxTaobog,

fact that in this jamoat the east wind direction is common, which
provides the least pollution of the environment with fluoride
compounds.

Table 2 shows the average annual concentration of fluoride
in samples of water for household and drinking purposes.

As shown in Table 2, the average annual fluoride content
in water samples in the settlements of Tursunzade varied with-
in wide limits of 0.43-1.50 mg/|, with an average value of 1.04
mg/| (SD +0.38) at 95% Cl. In 6 samples (14.6%), their content
was below 0.5 mg/|, while the optimal value of fluorides (0.5-1.5
mg/l) was found in 40 samples (81.3%). The permissible limit (1.5
mg/l) was exceeded in only 2 samples (4.2%). However, the con-
centration of fluorine in water samples taken from sealed sources
(wells) in the area of the aluminum smelter was slightly higher
than in the other water sources. This finding indicates that flu-
orine compounds deposited on the soil surface spread along its
stratification profile, polluting the groundwater. In water samples
taken from water sources which supply the city of Tursunzade, in
different seasons of the year fluorides content ranged from 1.10
to 1.15 mg/l, which did not exceed the MPC. The population of
the Navobod jamoat (experimental zone) with a west wind direc-
tion used water with the highest fluorine concentration of 1.50
mg/|, while the lowest concentration of fluorine in the water was
found in the Pakhtaobod jamoat (experimental zone) with a north
wind direction. Previous similar studies on the health condition of
workers in the workshops of the aluminum plant also indicate the

Tabnuya 2 CpedHe20008ble KOHUEHMPAUUU COOepHaHUA 8000pACMBOPUMbIX coeduHeHUl pmopa 8 npobax 800kl X03ALUCMBEHHO-NUMbEB020

Ha3HayeHus (mMa/r)

Bcero B3aTbIX

npo6

[x. Hasobog, 12
[x. CewaHbe 4
LK. T. Tyiiumes OnbITHaA

r. TypcyH3sage 8
[x. NaxTaobop, 4
0. [. PaxmoHoB KoHTponbHaa 12
Bcero 48

MuH. Makc. Cp.3Hau. CO95% Aun p
138 150 143 0,06
1,32 1,32 1,32 0,01
1,23 1,27 1,25 0,03
<0,001
1,10 1,15 1,13 0,04
0,70 0,70 0,70 0,01
Coa | o83 |04 | o0

MpumeyaHus: p — CTaTUCTUYECKAn 3HAYMMOCTb PA3NUYMIA NOKa3aTeNel Mexay LienesbiMu 30Hamm TypcyHsage (no kputeputo Kpyckana-Yonnuca); MuH. — MuHUMYM; Makc.
— MaKkcumym; Cp. 3Hau. — cpegHee 3HaueHune; CO — cTaHaapTHOe OTKoHeHWe; IV — aoBepuTebHbIA MHTepBan

Table 2 Average annual concentrations of water-soluble fluorine compounds in samples of water for household and drinking purposes (mg/l)

_--- N e e i

J. Navobod 12 1.38 1.43 0.06
J. Seshanbe 4 1.32 1.32 1.32 0.01
J. T. Tuychiev Experimental 8 1.23 1.27 1.25 0.03
<0.001
Tursunzade city 8 1.10 1.15 1.13 0.04
J. Pakhtaobod 4 0.70 0.70 0.70 0.01
1.0 Rakhmonov Contro 2 e esm [em oo

Notes: p — statistical significance of the differences in indicators between the target zones of Tursunzade (according to the Kruskal-Wallis criterion); Min. — minimum; Max.

—maximum; Mean — average value; SD — standard deviation; Cl — confidence interval
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(onbITHas 30Ha) C ceBepHbIM HanpaBieHWem BeTpa. MpoBeagHHbIE
paHee aHaNorn4YHble UCCAEA0BAHMA MO U3YYEHWIO COCTOAHMA 340P0-
BbA PabOOTHMKOB LIEXOB a/IlOMUHUEBOTO 3aBOAA TaKKe CBUAETE/NbCTBY-
10T O HaXOXAEHUU GTOPUCTBLIX COEAMHEHUI 0BbEKTAX OKpyKatoLLei
cpeppl roposa TypcyHsage [27, 28].

CpaBHWTENbHDbIM aHAN3 UCCAeaYEMbIX TPYRN B 33aBUCMMOCTU OT
Ce30Ha roga npuBoAuTCA B Tabn. 3.

Kak BugHO 13 Tabn. 3, Npyu CpaBHEHWM FPYNN NO COAEPKAHMIO
$TOPMAOB B BOAOMCTOYHMKAX B 3aBUCMMOCTU OT BPEMEHM roga bbiam
YCTaHOB/EHbI CTaTUCTUYECKM 3HAUYMMBbIE Pa3/nuKA, KaK B BECEHHUN,
TaK W OCEHHMIA Nepuoabl. bonee HarNAAHO AaHHbIE PA3NNYUA MEXKIY
30HaMV B BECEHHMUIA CE30H rofa NpeacTasBneHbl Ha puc. 1.

KaK BuaHo 13 puc. 1, cpeaHuii ypoBeEHb coaepKaHus Gropnaos
B BOZOMCTOYHMKAX KOHTPO/IbHOM 30HbI BecHOM coctasnsn 0,39 mr/n
[0,34; 0,46], a onbITHOM 30HbI — 1,24 [1,15; 1,36] co cTaTUCTUYECKOM
3HaYMmocTbio (p<0,001).

Ha puc. 2. oTpakeHbl BbIABNEHHbIE PA3/IMUNA MEXAY Uccneaye-
MbIMW 30HaMM B OCEHHMI CE30H rofa.

KaK NoKa3aHo Ha puc. 2, CpeaHuit ypoBeHb cofepaHusa Gropu-
[l0B B BOAOMUCTOYHMKAX KOHTPO/IbHOMN 30HbI OCeHbto coctasnan 0,54
mr/n [0,47; 0,60], a B onbiTHOM — 1,30 [1,20; 1,38] co cTaTUcTUYeCcKoi
3HauMmocTbio (p<0,001). MpoBesEHHbIV aHaN3 CBUAETENLCTBYET O
HanbosbLUeit 3arpA3HEHHOCTM BOAbI XO3AMCTBEHHO-NUTLEBOTO HA3Ha-
YEHWA B HACENEHHbIX NyHKTax TypcyH3aze B OCEHHee BpemA roaa.

Ha ¢oHe nporpeccrBHOro pasBmTUA TEXHONOTMIA U NOBbILEHHOW
TEXHOTeHHOW Harpysku, BAMAHUA HebnaronpuaTHbIX GaKTOPOB COLM-
a/IbHO-3KOHOMMYECKOTO XapaKTepa, HabntoaaeMbiX NPaKTUYECKU BO
BCEX CTpaHax, BK/IOYasA U Pecnybanky TafKMKUCTaH, 60/1bLYO pob
MrpaeT oxpaHa 1 NoaAdepsKaHue 340P0BbA HaceNeHus. YCTaHOB/EHO,
YTO YCTPaHEHWE WM MUHMMM3AUMA HebnaronpuATHbIX $aKkTopos
OKpY»KatoLLeit cpeapl 3arpsA3HEHHbIX MECTHOCTEN C YYETOM peLueHuit
pAAa 3aZay No ONTYMMU3ALMKM CUCTEM BOAOCHabKeHUA 1 Bogoobecne-
YEHWA HaceNIeHUA, a TaKKe OpraHM3aLms ONTUMANbHOMO M NOMHOLEH-

presence of fluoride compounds in the environmental objects of
Tursunzade city and are consistent with the results of studies car-
ried out by scientists from other countries [27, 28].

A comparative analysis of the studied groups depending on
the season of the year is given in Table 3.

As it is seen in the Table 2, when comparing groups by the
content of fluorides in water sources depending on the season,
statistically significant differences were found both for spring and
autumn. More particularly, these differences between zones in
the spring season are shown in Fig. 1.

As can be seen from Fig. 1, the average level of fluoride con-
tent in water sources of the control zone in spring was 0.39 mg/I
[0.34; 0.46], while in the experimental zone — 1.24 [1.15; 1.36]
with statistically significant difference (p<0.001).

In Fig. 2 the observed differences between the studied
zones in the autumn season of the year are shown.

As shown in Fig. 2, the average level of fluoride content in
water sources of the control zone in autumn was 0.54 mg/1[0.47;
0.60], and in the experimental one — 1.30 [1.20; 1.38] with sta-
tistically significant difference (p<0.001). The analysis shows the
highest contamination of water for domestic and drinking pur-
poses in the settlements of Tursunzade in the autumn season.

On the background of the progressive technological devel-
opment and increased technogenic load, the influence of unfavor-
able socio-economic factors on the people is observed in almost
all the countries, including the Republic of Tajikistan, therefore
protection and maintenance of health of the population plays an
important role. It has been established that elimination or mini-
mization of unfavorable environmental factors in polluted areas
contribute to the increase of the human body’s resistance to the
influence of these factors, provided the problems of optimization
of waterworks and water supply to the population, as well as of

Tabauya 3 CpasHumesbHbIl aHAIU3 COOPHAHUA hmMopudos Mexdy UccnedyembIMU 30HaMU U 8pemeHamMu 200a (Me/n1)

Boems roaa KoHTponbHas
P A (n=12)

BecHa 0,39 [0,34; 0,46]
OceHb 0,54 [0,47; 0,60]

=0,109 (>0,05)
Po (T=0; z=1,60)
CpeaHerognyHoe 0,44 [0,43; 0,53]
cofeprkaHune

OnbITHaA
(n=36) P
<0,001
1,24 [1,15; 1,36] (U=0; 2=-2,40)
<0,001
1,30 [1,20; 1,38] (U=0; 7=-2,40)
=0,076 (>0,05)
(T=3,5; z=1,77)
<0,001
1,27 [1,15; 1,38] (U=0; 7=-2,40)

TprmeYaHa: p — CTaTUCTUYECKaA 3HAYMMOCTb Pa3NMUMIA NOKa3aTeNeit My KOHTPONbHOM W ONbITHOM 30HaMK (o U-kputepuio MaHHa-YuTHH); p, — CTaTUCTMYeCKaA

3HaYMMOCTb Pa3/MuKA NoKasaTenei no cesoHam (no T-kputepuio BunkokcoHa)

Table 3 Comparative analysis of fluoride content between the studied zones and seasons (mg/l)

Control
(n=12)

Spring 0.39 [0.34; 0.46]

Autumn 0.54 [0.47; 0.60]
=0.109 (>0.05)

Po (T=0; 2=1.60)

Average annual content 0.44[0.43; 0.53]

Experimental

(n=36) P
1.24 [1.15; 1.36] (U:S,OZT-);40)
1.30[1.20; 1.38] (U=;?;2?21.4O)
=0.076 (>0.05)
(T=3.5; 2=1.77)
1.27 [1.15; 1.38] (Uzéf)ﬁ‘_’zl,m)

Notes: p - statistical significance of the differences in indicators between the control and experimental zones (according to the Mann-Whitney U-test); p, — statistical

significance of the differences in indicators by seasons (according to Wilcoxon’s T-test)

179



Egamnazarov KhN et al Study of the fluorine content in water

AVICENNA BULLETIN
Vol 23 * No 2 * 2021
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Fig. 1 Comparative analysis of fluorine content between zones in the
spring season of the year

HOrO NUTaHWUsA CNOCOBCTBYHOT MOBBILLEHMH YCTOMYMBOCTM OpPraHM3mMa K
BANAHMIO 3TUX PpaKTOPOB [29-33]. OZHMM U3 XMMUYECKUX 3/IEMEHTOB,
Hanbosee YacTo 0OHAPYKMBAEMBIX B 3arPA3HEHHBIX 0OBEKTAX, ABNA-
eTcA GTOp, KOTOPbIV NPEeACTaBNAET CEPbE3HYHO Yrpo3y ANA 340P0BbA
YenoBeKa U ABNAETCA SHAEMUYHOM NPUYMHOMN pa3BuTMa Gpatoopo3a, a
€ro HegoCTaToK Bbi3blBaeT Kapuec [2, 34, 35].

HeKkoTopble aBTOPbl K pailioHam MOBbLILEHHOTO COAEPKAHUA
¢dTOpa B NWUTbEBOW BOZE M APYrMX 0ObEKTaxX BHELIHeW cpeabl, Hapaay
¢ JcToHuel, Mongasueit, HekoTopbiMK obnactamm Poccuiickoin de-
aepaumn (KanuHuHcKow, MoCKOBCKOM, PizaHcKoM v ap.), owMbo4HO
npuancaatoT u Pecnybamky TagsKukuctaH [36). OgHaKo NpoBeAEHHbI-
MM paHee MccnefoBaHMAMM Obiso LOKA3aHO, YTo, HAOOOPOT, MHOTME
TeppuTopuM TagKUKUCTaHa OTHOCATCS K SHAEMMUYECKMM 30HaM C He-
[LOCTaTOYHBbIM coaepikaHnem $Topa, KPOMe PermoHa PacrooKeHUs
aZlOMUHWEBOTO 3aBOAQ, A MMEET MeCTO TEXHOTEHHOE 3arpsAsHeHue
OKpy»KatoLew cpeabl GTOPUCTBIMU COEAUHEHNAMM, TAKUMM Kak $TO-
pUCTbIN BOAOpOA v TBEpable dTopuabl [11, 26].

HeobxoaMMO OTMETUTb, YTO AAWTesbHOe HabaloaeHMe 33 Ka-
YeCcTBOM BOAbl NOA3EMHbIX BOZOWCTOYHMKOB B CAHUTAPHOM 30HE
aNlOMUHMEBOrO 33aBOAA MOKa3asio, YTo cogepKaHue Gpropuaos B eé
npobax, Kpome eanHNYHBIX Cy4aeB, peaKo npesbiwano MNAK. MoHu-
TOPUHIOM NMOA3EMHbIX BOAOUCTOYHWUKOB He Bbl10 YCTAHOB/IEHO BblIpa-
KEHHOM B3aMMOCBA3N MeXAY A/MTENbHOCTbIO GYHKLMOHMPOBAHMA
NPOM3BOACTBA U KOHLEHTpaLumen ¢ptopmaos B Boge. OgHAKO B HEKO-
TOPbIX U3 HUX TaKas B3aMMOCBA3b bblna BbifB/EHa. Haly AaHHble OT-
HOCWUTE/IbHO 3TOrO COMIACYHOTCA C pe3y/ibTaTaMu UCCeaoBaHui paaa
yuéHbix [11, 26].

3AKNIOYEHUE

CpepHeropoBoe cogepikaHve ¢propuaos B npobax Bogpl No Ha-
CeNnéHHbIM nyHKTam TypCcyH3a4e BapbUPOBasIo B LUIMPOKMX Npeaenax —
ot10,43 go 1,50 mr/n co cpeaHUm 3HaueHnem 1,04 mr/n. HanbonbLuas
KoHUeHTpaums ¢topa (1,52 mr/n) 6bina yctaHosseHa B cenie Loanéna
Axamoata HaBobog, B oceHHMiA nepuog,. KoHueHTpauma gTopa B npo-
6ax BoAbl, 0TOBPAHHbIX U3 3aKPbITbIX UCTOYHUKOB (CKBaXMHbI) B 30He
PacnoNOXKeHWU aIOMUHUEBOIO 3aBOAA, OblNa HE3HAYMTENLHO BbilUe,
YyeMm B BOZE APYr1X BOAOUCTOYHUKOB. B npobax Boabl, OTOBPAaHHbIX U3
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Fig. 2 Comparative analysis of fluorine content between the zones in
the autumn season of the year

the balanced food and nutrition, are being solved [29-33]. One
of the chemical elements most often found in contaminated ob-
jects is fluorine, which poses a serious threat to human health
and is an endemic cause of the fluorosis development, while its
deficiency causes caries [2, 34, 35].

Some authors erroneously classify the Republic of Tajikistan
as an area of high fluorine content in drinking water and other
environmental objects, along with Estonia, Moldova, and some
regions of the Russian Federation (Kalinin, Moscow, Ryazan, etc.)
[36]. However, earlier studies proved that, on the contrary to this
statement, many territories of Tajikistan belong to endemic zones
with insufficient fluorine content, except for the region where the
aluminum plant is located, with a technogenic pollution of the
environment with fluoride compounds, such as hydrogen fluoride
and solid fluorides [11, 26].

It should be noted that long-term monitoring of the water
quality of underground water sources in the sanitary zone of the
aluminum plant showed that the content of fluorides in its sam-
ples, except for isolated cases, rarely exceeded the MPC. Moni-
toring of underground water sources did not reveal a significant
interplay between the duration of manufacture and the concen-
tration of fluorides in water. However, in some of the water sourc-
es, this crosstalk could be revealed. Our data on this issue are
consistent with the results of studies by a number of scientists
[11, 26].

CONCLUSION

The average annual fluoride content in water samples in the
settlements of Tursunzade varied over a wide range from 0.43 to
1.50 mg/l with a mean value of 1.04 mg/l. The highest concen-
tration of fluorine (1.52 mg/l) was found in the village of Shodi-
yona, jamoat Navobod, in autumn. The concentration of fluorine
in water samples taken from sealed sources (wells) in the area of
the aluminum smelter was slightly higher than in water from oth-
er water sources. In water samples taken from water sources of
the control zone (jamoat D. Rakhmonov) in different seasons of
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BOAOMCTOYHUKOB KOHTPO/IbHOM 30HbI (AxKamoat [l. PaxMoHOB) B pas-
Hble nepuoabl roga Konndectso GTopuaos Konebanocb B npeaenax
0,39 #0 0,60 mr/n, uto He npesbiwano NAK. JaHHbI daKT cornacyerca
C Tem, 4TO B Axkamoarte []. PaxMOHOB OTMEYAETCA BOCTOYHOE Hamnpas-
JIEHVE BETPOB, MPU KOTOPOM NMPOUCXOANT HAUMEHbLUEE 3arpsA3HeHMe
06BEKTOB BHELLHEN cpesbl GTOPUCTBIMU COEAUHEHUAMM.

the year, the amount of fluorides ranged from 0.39 to 0.60 mg/I,
which did not exceed the MPC. This finding is consistent with the
fact that in D. Rakhmonov jamoat the east wind direction is reg-
istered, at which the pollution of the environment with fluoride
compounds is the least.
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