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ÂÂÅÄÅÍÈÅ

Ïðè äîâîëüíî ñëîæíîì ãåîëîãè÷åñêîì ñòðîåíèè
Ïðèìîðüÿ (ðèñ. 1) áîëåå 70 % ïëîùàäè çàíèìàåò Ñè-
õîòý-Àëèíñêàÿ ãèäðîãåîëîãè÷åñêàÿ  ñêëàä÷àòàÿ îá-
ëàñòü, ãäå íàèáîëåå õàðàêòåðíûì òèïîì ÿâëÿþòñÿ
ãðóíòîâûå âîäû âåðõíåé òðåùèíîâàòîé çîíû [3] ñ
ãëóáèíîé àêòèâíîé öèðêóëÿöèè äî 35–50 ì. Â çîíàõ
òåêòîíè÷åñêèõ ðàçëîìîâ ãëóáèíà ïðîíèêíîâåíèÿ ìî-
æåò ñîñòàâëÿòü íåñêîëüêî ñîò ìåòðîâ [5]. Ïîðîâûå
ãðóíòîâûå âîäû íàëîæåííûõ êàéíîçîéñêèõ ñòðóêòóð
è àëëþâèàëüíûõ îòëîæåíèé èìåþò ïîä÷èíåííîå çíà-
÷åíèå.  Áîëåå äåòàëüíî èçó÷åííûé ï-îâ Ìóðàâüåâà-
Àìóðñêîãî, íà þãå êîòîðîãî ðàñïîëîæåí ã.Âëàäèâîñ-
òîê, ïðåäñòàâëÿåò ñîáîé ñðåäíåãîðíûé ðàéîí ñ âûñî-
òàìè äî 400 ì  è ñîñòàâîì ïîðîä, ïðåäñòàâëåííûì
ïåðìñêèìè âóëêàíèòàìè, ãðàíèòàìè, òðèàñîâûìè
îñàäî÷íûìè îòëîæåíèÿìè (ðèñ. 2). Óðîâåíü òðåùèí-
íî-ãðóíòîâûõ âîä, íàèáîëåå ïîäâåðæåííûõ çàãðÿçíå-
íèþ, ðàñïîëîæåí çäåñü íà ãëóáèíå îò ìåíåå 1 äî áî-

ëåå 20 ì è èçìåíÿåòñÿ â çàâèñèìîñòè îò ñåçîíà è êî-
ëè÷åñòâà àòìîñôåðíûõ îñàäêîâ. Ñðåäíåãîäîâîå êî-
ëè÷åñòâî îñàäêîâ ñîñòàâëÿåò 1000–1200 ìì. Ïî-
ñêîëüêó Ïðèìîðüå ðàñïîëîæåíî â çîíå ïåðåõîäà îò
ñóøè ê îêåàíó, êîëè÷åñòâî è ñîñòàâ àòìîñôåðíûõ
îñàäêîâ, ïèòàþùèõ ïîäçåìíûå âîäû, îïðåäåëÿåòñÿ
êàê êîíòèíåíòàëüíûìè öèêëîíàìè, òàê è òðîïè÷åñ-
êèìè òàéôóíàìè.

 Íåñìîòðÿ íà òî, ÷òî îïðåäåëåíèå õèìè÷åñêîãî
ñîñòàâà âîä ÿâëÿåòñÿ îáÿçàòåëüíûì ïðè ââåäåíèè
ñêâàæèí â ýêñïëóàòàöèþ, îïóáëèêîâàííûõ äàííûõ
ïî ñîñòàâó ïîäçåìíûõ ãðóíòîâûõ âîä, ïðåæäå âñåãî
ïî ìèêðîýëåìåíòàì, êàê Ïðèìîðüÿ, òàê è ï-îâà Ìó-
ðàâüåâ-Àìóðñêèé íåìíîãî [1, 2, 5], â îñíîâíîì – àâ-
òîðîâ ñòàòüè [6, 7, 13, 14].

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ îöåíêà êà÷å-
ñòâà ãðóíòîâûõ âîä þãà Ïðèìîðüÿ, îñîáåííî ï-îâà
Ìóðàâüåâà-Àìóðñêîãî è ð-íà ã.Âëàäèâîñòîêà, ãäå
ñîñòàâ âîä ìîæåò èñïûòûâàòü àíòðîïîãåííîå çàã-
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Ïîñòóïèëà â ðåäàêöèþ 27 ìàòðà 2008 ã.

Èññëåäîâàëèñü ãðóíòîâûå âîäû Ïðèìîðüÿ, â òîì ÷èñëå ïðèáðåæíûõ ðàéîíàõ â ïåðèîä ïîñëåäíèõ 10
ëåò. Íà îñíîâàíèè èçó÷åíèÿ îñíîâíîãî è ìèêðîýëåìåíòíîãî ñîñòàâà áîëåå  ÷åì 130 âîäíûõ ïðîá óñòà-
íîâëåíî, ÷òî íåãëóáîêèå ãðóíòîâûå âîäû þæíîãî Ïðèìîðüÿ ïðè ðÍ â ïðåäåëàõ 5.4–8.4 ñîäåðæàò êèñëî-
ðîä (äî 10 ìã/ë) è èìåþò ÷àùå âñåãî ñìåøàííûé ñîñòàâ îñíîâíûõ èîíîâ.
Âàðèàöèè ñîäåðæàíèÿ ìèêðîýëåìåíòîâ îòðàæàþò êàê ïðèðîäíûå îñîáåííîñòè âìåùàþùèõ ïîðîä, òàê
è âîçìîæíîå àíòðîïîãåííîå çàãðÿçíåíèå â íàèáîëåå çàñåëåííûõ ðàéîíàõ.
Èíòðóçèè ìîðñêèõ âîä â èçó÷åííûõ ðàéîíàõ íå íàáëþäàëèñü, ÷òî ïîäòâåðæäàåòñÿ êàê õèìè÷åñêèì ñî-
ñòàâîì âîä, òàê è ñîîòíîøåíèÿìè ñòàáèëüíûõ èçîòîïîâ êèñëîðîäà è âîäîðîäà â ïðîáàõ ãðóíòîâûõ âîä,
à òàêæå àòìîñôåðíûõ îñàäêîâ è ìîðñêèõ ïðèáðåæíûõ âîä Ïðèìîðüÿ.
Íåñìîòðÿ íà âàðèàöèè ñîäåðæàíèé îòäåëüíûõ êîìïîíåíòîâ, èñïîëüçóåìûå íàñåëåíèåì äëÿ ÷àñòíîãî
âîäîñíàáæåíèÿ ãðóíòîâûå âîäû ïî õèìè÷åñêîìó ñîñòàâó èìåþò óäîâëåòâîðèòåëüíîå êà÷åñòâî è ñîîò-
âåòñòâóþò ñòàíäàðòàì Ðîññèéñêîé ôåäåðàöèè è Âñåìèðíîé îðãàíèçàöèè çäðàâîîõðàíåíèÿ. Âìåñòå ñ
òåì, ó÷èòûâàÿ âîçðàñòàíèå ñîäåðæàíèé ðàçëè÷íûõ ìèêðîýëåìåíòîâ è áèîãåííûõ êîìïîíåíòîâ â âîäàõ,
êàæåòñÿ öåëåñîîáðàçíûì ïðîâîäèòü ìîíèòîðèíã è òùàòåëüíûé êîíòðîëü ñîñòàâà ýòèõ âîä ñ öåëüþ ñî-
õðàíåíèÿ èõ äëÿ ïèòüåâîãî èñïîëüçîâàíèÿ.

Êëþ÷åâûå ñëîâà: ãðóíòîâûå âîäû, ìèêðîýëåìåíòû, õèìè÷åñêèé ñîñòàâ, ñòàáèëüíûå èçîòîïû,
Ïðèìîðüå.
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ðÿçíåíèå. Ïðîáëåìà êà÷åñòâà ïèòüåâûõ âîä íàðÿäó ñ
èõ àíòðîïîãåííûì çàãðÿçíåíèåì ìîæåò áûòü ñâÿçàíà
è ñ ïðèðîäíûìè ïðîöåññàìè (ïîâûøåííûå èëè âûñî-
êèå êîíöåíòðàöèè òîêñè÷íûõ ýëåìåíòîâ âî âìåùàþ-
ùèõ ïîðîäàõ, ìîðñêèå èíòðóçèè â ïðèáðåæíûå âîäî-
íîñíûå ãîðèçîíòû è äð.).

ÌÅÒÎÄÈÊÀ ÐÀÁÎÒ

Â ðàáîòå èñïîëüçîâàíû àâòîðñêèå äàííûå, ïî-
ëó÷åííûå ñ 90-õ ãîäîâ äî 2006 ã. â îñíîâíîì â þæ-
íîé ÷àñòè Ïðèìîðüÿ è íà ï-îâå Ìóðàâüåâà-Àìóðñ-
êîãî, â ð-íå ã. Âëàäèâîñòîêà è ïðèãîðîäà â ðàçíûå ñå-
çîíû ãîäà â îäíèõ è òåõ æå òî÷êàõ (ðèñ. 1, 2). Â îñ-
íîâíîì, îïðîáîâàëèñü êîëîäöû, ðåæå – ñêâàæèíû,
èñïîëüçóåìûå äëÿ âîäîñíàáæåíèÿ, è èñòî÷íèêè.

Íà ìåñòå îòáîðà ïðîáû ôèëüòðîâàëèñü ÷åðåç
ìåìáðàííûå ôèëüòðû (0.45 ìêì), çàìåðÿëàñü ãëóáèíà
óðîâíÿ  ãðóíòîâûõ âîä, t°Ñ, âî ìíîãèõ ïðîáàõ – Eh,
÷àñòè÷íî ðàñòâîðåííûé êèñëîðîä, pH, HCO3

-, ýëåêò-
ðîïðîâîäíîñòü. Ïðè îòáîðå â ïðåäåëàõ ã.Âëàäèâîñòî-
êà pH è HCO3

- îïðåäåëÿëèñü â ëàáîðàòîðèè â òå÷åíèè
íåñêîëüêèõ ÷àñîâ ïîñëå îòáîðà.

Äëÿ îïðåäåëåíèÿ ðÍ èñïîëüçîâàëèñü ïîðòàòèâ-
íûå ðÍ-ìåòðû ôèðì Hariba è Hanna, íåðåäêî ïðîâî-
äèëèñü ïàðàëëåëüíûå îïðåäåëåíèÿ, à òàêæå ïðîâî-
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Ðèñ. 1. Óïðîùåííàÿ ãåîëîãè÷åñêàÿ ñõåìà ñ òî÷êàìè îïðîáîâàíèÿ.
1 – òî÷êè îòáîðà âîäíûõ ïðîá, 2 – îñàäî÷íûå ïîðîäû (Q -N), 3 – âóëêàíè÷åñêèå è îñàäî÷íûå ïîðîäû (Ê1), 4 – âóëêà-
íè÷åñêèå ïîðîäû (Ê2), 5 –áàçàëüòû è îñàäî÷íûå ïîðîäû (J), 6 – âóëêàíè÷åñêèå ïîðîäû (Ð), 7 –ïëàòîáàçàëüòû è îñà-
äî÷íûå ïîðîäû (ïåñ÷àíèêè), 8 – ãðàíèòû, ãðàíîäèîðèòû, 9 – ãðàíèöà âîäîñáîðà ßïîíñêîãî ìîðÿ.

Ðèñ. 2. Ãåîëîãè÷åñêàÿ ñõåìà ï-âà Ìóðàâüåâà-Àìóð-
ñêîãî ñ òî÷êàìè îïðîáîâàíèÿ.
1 – ÷åòâåðòè÷íûé àëëþâèé, 2 – ïàëåîãåí-íåîãåíîâûå ïåñ-
÷àíèêè, ñëàíöû, êîíãëîìåðàòû è óãëè, 3 – íèæíåìåëîâûå
ïåñ÷àíèêè, ñëàíöû, êîíãëîìåðàòû è óãëè, 4 – òðèàñîâûå
ñëàíöû, ïåñ÷àíèêè, ãðàâåëèòû è êîíãëîìåðàòû, 5 – âåðõíå-
ïåðìñêèå ãðàíèòû, 6 – âåðõíåïåðìñêèå àíäåçèòû, àíäåçè-
òû, äàöèòû è âóëêàíè÷åñêèå îñàäêè, 7 – ïåðìñêèå ïåñ÷àíè-
êè, ñëàíöû, äèàáàçû, àíäåçèòû, 8 – òî÷êè îïðîáîâàíèÿ.
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äèëñÿ êîíòðîëü çàìåðîâ â ëàáîðàòîðíûõ óñëîâèÿõ íà
óíèâåðñàëüíîì èîíîìåðå ÝÂ-74.

Äëÿ îïðåäåëåíèÿ ÍÑÎ3
- íà ìåñòå îòáîðà ïðîâî-

äèëîñü òèòðîâàíèå ñ 0.16N H2SO4 â ïðèñóòñòâèè
áðîìêðåçîëîâîãî èíäèêàòîðà. Ïðîâîäèëîñü òàêæå
ïàðàëëåëüíîå òèòðîâàíèå â ëàáîðàòîðíûõ óñëîâèÿõ ñ
0.1N HCl.

Îñíîâíûå èîíû îïðåäåëÿëèñü â ëàáîðàòîðèÿõ
ÒÈÃ è ÄÂÃÈ ÄÂÎ ÐÀÍ. Îïðåäåëåíèå àíèîíîâ
SO4

2-, Cl- ïðîâîäèëîñü êîëîðèìåòðè÷åñêè, íà ïðè-
áîðå ÊÔÊ-2ÌÏ: Cl- – àðãåíòîìåòðè÷åñêèì ìåòî-
äîì, SO4

2- – òóðáîäèíàìè÷åñêèì; êðîìå òîãî, ïðî-
âîäèëîñü èõ îïðåäåëåíèå ìåòîäîì èîííîé õðîìà-
òîãðàôèè íà æèäêîñòíîì õðîìàòîãðàôå LC-10Avp.
Ñõîäèìîñòü ìåòîäîâ ïðè ïàðàëëåëüíîì îïðåäåëå-
íèè áûëà óäîâëåòâîðèòåëüíîé.

Îïðåäåëåíèå áèîãåííûõ ýëåìåíòîâ (àçîòà è
ôîñôîðà) ïðîâîäèëîñü ñòàíäàðòíîé êîëîðèìåòðèåé:
NH4

+ – ñ ðåàêòèâîì Íåññëåðà, NO3
- – ñ ñàëèöèëàòîì

íàòðèÿ, NO2
- – ñ ñóëüôàíèëàìèíîì.

Îñíîâíûå êàòèîíû îïðåäåëÿëèñü ìåòîäàìè
àòîìíîé àáñîðáöèåé íà ïðèáîðå Hitach-180/70 ñ êîí-
òðîëåì ìåòîäàìè ICP-ÀES è èîííîé õðîìàòîãðàôèè.

Ìèêðîýëåìåíòû îïðåäåëÿëèñü â îñíîâíîì ìå-
òîäîì ìàññ-ñïåêòðîìåòðèè ñ èíäóêòèâíî ñâÿçàííîé
ïëàçìîé â Òîêèéñêîì óíèâåðñèòåòå (ßïîíèÿ) íà ïðè-
áîðå ôèðìû Hewlett Packard 4500.

Ñòàáèëüíûå èçîòîïû êèñëîðîäà è âîäîðîäà îï-
ðåäåëÿëèñü â ÄÂÃÈ ÄÂÎ ÐÀÍ íà ìàññ-ñïåêòðîìåòðå
Finnigan MAT 252.

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Òåìïåðàòóðà îïðîáîâàííûõ âîä èçìåðÿëàñü â
ïðåäåëàõ 7–12°Ñ. Çíà÷åíèÿ ðÍ âñåõ ïðîá, ñîáðàííûõ
â Ïðèìîðüå êîëåáàëèñü â ïðåäåëàõ 5.2–8.4, â ñðåäíåì
6.6; íàèáîëåå âûñîêèå çíà÷åíèÿ áûëè ñâÿçàíû ñ âîäà-
ìè îñàäî÷íûõ îòëîæåíèé. Â ãðóíòîâî-òðåùèííûõ
âîäàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî â ðàçíûå ñåçîíû
çíà÷åíèÿ ðÍ èçìåíÿëèñü â áëèçêèõ ïðåäåëàõ (5.2–
7.5), ïðè÷åì äëÿ îäíîãî è òîãî æå êîëîäöà â ïðåäåëàõ
íåñêîëüêèõ îïðîáîâàíèé ýòè çíà÷åíèÿ íàõîäèëèñü â
ñðàâíèòåëüíî óçêèõ ïðåäåëàõ: îòêëîíåíèÿ îò ñðåäíåé
âåëè÷èíû ñîñòàâëÿëè ëèøü 3.8–14.9% (â ñðåäíåì
8.4%). Ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ ñ âîçðàñòàíèåì
ãëóáèíû îòáîðà âîäû îòìå÷àëñÿ áîëåå âûñîêèé ðÍ,
íàïðèìåð, â ñëó÷àå ðÿäîì ðàñïîëîæåííûõ êîëîäöà è
ñêâàæèíû (òàáë. 1).

ÎÑÍÎÂÍÛÅ ÈÎÍÛ

Îáùàÿ ìèíåðàëèçàöèÿ (ðàññ÷èòàííàÿ êàê ñóììà
îñíîâíûõ èîíîâ Ca2+, Mg2+, Na+, K+, HCO3

-, SO4
2-, Cl-)

íåâûñîêà. Â îïðîáîâàííûõ êîëîäöàõ è ñêâàæèíàõ çà
ïðåäåëàìè ï-îâà Ìóðàâüåâà-Àìóðñêîãî îíà èçìåíÿ-
ëàñü â ïðåäåëàõ 27–227, â ñðåäíåì 138 ìã/ë, à â öå-
ëîì äëÿ þãà Ïðèìîðüÿ â ïðåäåëàõ îïðîáîâàííûõ
âîä – 160 ìã/ë (òàáë. 2). Íà ï-îâå Ìóðàâüåâà-Àìóðñ-
êîãî ñóììàðíûå êîíöåíòðàöèè îñíîâíûõ èîíîâ â
ïðîáàõ (16.4–445.4 ìã/ë) áëèçêè ê óñòàíîâëåííûì
çíà÷åíèÿì äëÿ òðåùèííûõ âîä Ïðèìîðüÿ. Â ïðåäå-
ëàõ îäíîãî èñòî÷íèêà èëè êîëîäöà çíà÷åíèÿ ìèíåðà-
ëèçàöèè åùå áîëåå ñòàáèëüíû, íàïðèìåð, â êîëîäöå
íà óë. Áàñàðãèíà – 62–126 (â ñðåäíåì 96.4 ìã/ë); â èñ-
òî÷íèêå ï.Ñîëîâåé Êëþ÷ – 127–200 (â ñðåäíåì 143.2
ìã/ë), â èñòî÷íèêå óðî÷èùà Ëàçî – 16.4–18 (â ñðåä-
íåì 17.1 ìã/ë). Äëÿ îòäåëüíûõ êîëîäöåâ îòêëîíåíèÿ
ìèíåðàëèçàöèè îò ñðåäíèõ çíà÷åíèé ñîñòàâëÿëè 13–
66 %, òîãäà êàê ïî îòíîøåíèþ ê ñðåäíåìó äëÿ Ïðè-
ìîðüÿ ýòà âåëè÷èíà ìîæåò äîñòèãàòü 300 %. Íàèáî-
ëåå íèçêèì óðîâíÿì âîäû (â ôåâðàëå ìåñÿöå) ñîîò-

Òàáëèöà 1. Èçìåíåíèå ðÍ è ìèíåðàëèçàöèè (ìã/ë)
ãðóíòîâûõ âîä â ð-íå óë. Âåðåùàãèíà, ã. Âëàäèâîñòîê.

рН Минерализация 

скважина (n=2) 7.1–6.5 99–133 
колодец (n=2) 6.2–6.3 84–87 

Òàáëèöà 2. Èçìåíåíèå óðîâíÿ âîäû, âåëè÷èíû ðÍ è ìèíåðàëèçàöèè, êðåìíèÿ è õëîðà (ìã/ë) â ãðóíòîâûõ âî-
äàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî (14 ðåæèìíûõ êîëîäöåâ) â ðàçíûå ïåðèîäû îïðîáîâàíèÿ*.

Ïðèìå÷àíèå. * â ÷èñëèòåëå – ïðåäåëû èçìåíåíèÿ, â çíàìåíàòåëå – ñðåäíåå çíà÷åíèå.

Параметры 2002 2005 2006 (1) 2006 (2) 2007 (1) 2007 (2) В целом 
Глубина, м
до уровня 

– 0.9–29
10 

<1–15
4.3 

1.64–9.10
3.76 

1.9–15
5.7 

0.7–8.5
3.3 

<1–29
5.6 

рН 5.45–7.2
6.44 

5.55–7.5
6.58 

5.2–7.18
6.55 

5.45–6.78
6.24 

6.15–7.2
6.7 

5.9–7.4
6.6 

5.2–7.5
6.46 

Сумма 
основных 
ионов 

76.7–309
192.8 

122–367
236 

101–301
198 

70.8–324
167 

130–346
235 

131–449
252 

70.8–449
218 

Si – 5.2–14.7
9.0 

4.3–11.4
6.4 

4.4–21.1
8.7 

– – 4.3–21.1
81 

Cl 5.4–41.4
18.8 

17.1–127
45.6 

10.5–75.4
31.5 

8.6–59.4
32.8 

19.2–80.7
52.3 

15.1–89.3
36.7 

5.4–126
36.9 
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âåòñòâîâàëà áîëåå âûñîêàÿ ìèíåðàëèçàöèÿ è áîëåå
âûñîêèé ðÍ (ðèñ. 3), êàê ðåçóëüòàò áîëåå àêòèâíîãî
âçàèìîäåéñòâèÿ “âîäà–ïîðîäà”.

Çàìåðåííûå çíà÷åíèÿ ðàñòâîðåííîãî êèñëîðî-
äà (çà ïðåäåëàìè ï-îâà Ìóðàâüåâà-Àìóðñêîãî) ñî-
ñòàâëÿëè 2.4–7.7 ìã/ë, ò.å. îáñëåäîâàííûå íåãëóáî-
êèå ãðóíòîâûå âîäû íàõîäèëèñü â îêèñëèòåëüíûõ
óñëîâèÿõ. Â ïðåäåëàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî
çàìåðåííûå çíà÷åíèÿ êèñëîðîäà êîëåáàëèñü îò 1.4
äî 10 ìã/ë; ñðåäíåå çíà÷åíèå îêèñëèòåëüíî-âîññòà-
íîâèòåëüíîãî ïîòåíöèàëà, çàìåðåííîãî äëÿ 18
ïðîá, ñîñòàâëÿëî 186 mV.

Êîíöåíòðàöèÿ îñíîâíûõ áèîãåííûõ ýëåìåí-
òîâ (N, P) áûëà íåâûñîêîé. Âåëè÷èíû ðàñòâîðåí-
íîãî ôîñôîðà (P-PO4

3-) áûëè, êàê ïðàâèëî, ìåíåå
0.1 ìã/ë. Êîíöåíòðàöèÿ ñóììàðíîãî àçîòà (ñóììà
N-NO3

- +N-NH4
+ N-NO2

-) èçìåíÿëàñü îò <0.1 äî 23
ìã/ë; îêîëî 94% N áûëî ïðåäñòàâëåíî îêèñëåííîé

Ðèñ. 3. Èçìåíåíèå óðîâíÿ âîäû, ìèíåðàëèçàöèè è ðÍ âî âðåìåíè â äâóõ òî÷êàõ ìîíèòîðèíãà (êîëîäöû
ã. Âëàäèâîñòîêà: 1– óë. Ãîãîëÿ; 2 – óë. Ñèáèðöåâà).

Ðèñ. 4. Ñîîòíîøåíèå îñíîâíûõ èîíîâ â ãðóíòîâûõ âîäàõ Ïðèìîðüÿ (ýêâ-%).
1 – ï-îâ Ìóðàâüåâà-Àìóðñêîãî; 2 – Ïðèìîðüå çà ïðåäåëàìè ï-îâà Ìóðàâüåâà-Àìóðñêîãî.
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-. Íàèáîëåå âûñîêèå çíà÷åíèÿ àçîòà

áûëè âñòðå÷åíû â âîäå íåêîòîðûõ êîëîäöåâ òåððè-
òîðèè ã. Âëàäèâîñòîêà è ñêîðåå âñåãî îáóñëîâëåíû
àíòðîïîãåííûì âëèÿíèåì, íå ïðåâûøàþùèì òåì
íå ìåíåå óñòàíîâëåííûõ ñòàíäàðòîâ êà÷åñòâà ïèòü-
åâîé âîäû [4].

Âîçäåéñòâèå ìîðÿ íà ñîñòàâ îïðîáîâàííûõ ãðóí-
òîâûõ âîä íåçíà÷èòåëüíî èëè ïðàêòè÷åñêè îòñóòñòâóåò,
÷òî ïîäòâåðæäàåòñÿ ñîäåðæàíèåì õëîð-èîíà (òàáë. 2), à
òàêæå ñîîòíîøåíèÿìè îñíîâíûõ èîíîâ. Â ÷àñòíîñòè,
â ãðóíòîâûõ âîäàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî íà äè-
àãðàììå (ðèñ. 4) ëèøü íåáîëüøîå ÷èñëî òî÷åê íàõî-
äèòñÿ â îáëàñòè Na è Cl. Óâåëè÷åíèå ðîëè SO4

2- â íå-
ãëóáîêèõ ãðóíòîâûõ âîäàõ ï-îâà Ìóðàâüåâà-Àìóðñêî-
ãî (ðèñ. 4) îáúÿñíÿåòñÿ, ñêîðåå âñåãî, àíòðîïîãåííîé
ýìèññèåé SO2 â ïðåäåëàõ ã.Âëàäèâîñòîêà. Àíàëîãè÷íîå
ñîîòíîøåíèå èîíîâ ìû íàøëè è â àòìîñôåðíûõ îñàä-
êàõ â ïðåäåëàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî (ðèñ. 5).
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Â ãðàíèòíûõ ïîðîäàõ â Ïðèìîðüå, à â ÷àñòíîñòè
è íà ï-îâå Ìóðàâüåâà-Àìóðñêîãî âñòðå÷åíû õàðàê-
òåðíûå ãèäðîêàðáîíàòíûå ñî ñìåøàííûì Na-Ca êà-
òèîííûì ñîñòàâîì âîäû (ðèñ. 6).

ÌÈÊÐÎÝËÅÌÅÍÒÛ

Áëàãîäàðÿ òîìó, ÷òî ìèíåðàëèçàöèÿ ãðóíòîâûõ
âîä ÿâëÿåòñÿ äîâîëüíî íèçêîé, îíè ñîäåðæàò îòíîñè-
òåëüíî íèçêèå êîíöåíòðàöèè ìèêðîýëåìåíòîâ, âêëþ-
÷àÿ òîêñè÷íûå ýëåìåíòû. Íàïðèìåð, ìàêñèìàëüíàÿ
êîíöåíòðàöèÿ ôòîðà èç 19 çàìåðåííûõ çíà÷åíèé
ëèøü â îäíîì ñëó÷àå ñîñòàâëÿëà 1.45 ìã/ë, ïðèáëè-
æàëàñü ê âåðõíåìó íîðìàòèâíîìó çíà÷åíèþ äëÿ ïè-
òüåâûõ âîä (1.5 ìã/ë), à â îñíîâíîì ôòîð ñîäåðæàëñÿ

Ðèñ. 5. Ñîîòíîøåíèå îñíîâíûõ èîíîâ â äîæäåâûõ
âîäàõ Ïðèìîðüÿ (ýêâ-%).
1 – ï-â Ìóðàâüåâà-Àìóðñêîãî; 2 – Ïðèìîðüå çà ïðå-
äåëàìè ï-âà Ìóðàâüåâà-Àìóðñêîãî.

Ðèñ. 6. Ñîîòíîøåíèå îñíîâíûõ èîíîâ â ãðóíòîâûõ
âîäàõ ãðàíèòíûõ ïîðîä Ïðèìîðüÿ (ýêâ-%).
1 – ï-â Ìóðàâüåâà-Àìóðñêîãî; 2 – Ïðèìîðüå çà ïðå-
äåëàìè ï-âà Ìóðàâüåâà-Àìóðñêîãî.

â êîëè÷åñòâå äàæå íèæå ôèçèîëîãè÷åñêîé íîðìû äëÿ
ïèòüåâîé âîäû, ñîñòàâëÿþùåé 0.5 ìã/ë [4].

Ñðàâíåíèå óðîâíåé ìèêðîýëåìåíòîâ â ãðóíòî-
âûõ âîäàõ Ïðèìîðüÿ è íåïîñðåäñòâåííî ï-îâà Ìóðà-
âüåâà-Àìóðñêîãî ïîêàçàëî â ïåðâîì ñëó÷àå ïîâûøå-
íèå ñîäåðæàíèé As, U, Cr, Mo, Li, Cs îáóñëîâëåííîå,
ïðåæäå âñåãî, ñîñòàâîì âìåùàþùèõ ïîðîä (òàáë. 3).
Â ÷àñòíîñòè, íàëè÷èå ïîðîä, ñîäåðæàùèõ ñóëüôèä-
íûå ìèíåðàëû, â ð-íå ïîñ. Ãîðíûé îïðåäåëÿåò ïîâû-
øåííûå ñîäåðæàíèÿ ýëåìåíòîâ ñóëüôèäíîé ãðóïïû.

Â ãðóíòîâûõ âîäàõ ï-îâà Ìóðàâüåâà-Àìóðñêîãî
âîçðàñòàþò, èíîãäà î÷åíü çíà÷èòåëüíî, êîíöåíòðàöèè
Zn, Ga, Mn, Cd, Ba. Â ýòîì ñëó÷àå äîïîëíèòåëüíûé
âêëàä â óðîâíè ñîäåðæàíèé óêàçàííûõ ýëåìåíòîâ
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âíîñèò, ñêîðåå âñåãî, çàãðÿçíåíèå. Â òî æå âðåìÿ, êîí-
öåíòðàöèÿ Br â ãðóíòîâûõ âîäàõ ï-îâà âûøå, ÷åì â
ñðåäíåì ïî Ïðèìîðüþ è ìîæåò áûòü îáÿçàíà ïðè-
áðåæíîìó ïîëîæåíèþ òåððèòîðèè, òàê æå êàê è äðó-
ãèì èñòî÷íèêàì (ñì. íèæå). Â çèìíåå âðåìÿ, êîãäà
óðîâíè âîäû ÿâëÿþòñÿ íàèáîëåå íèçêèìè, êîíöåíòðà-
öèè ìèêðîýëåìåíòîâ, êàê ïðàâèëî, ñòàíîâÿòñÿ íàèáî-
ëåå âûñîêèìè, êàê ðåçóëüòàò áîëåå çàìåäëåííîãî âîäî-
îáìåíà, áîëåå ïðîäîëæèòåëüíîãî âçàèìîäåéñòâèÿ

Òàáëèöà 3. Ñîäåðæàíèÿ ìèêðîýëåìåíòîâ â ãðóíòîâûõ âîäàõ Ïðèìîðüÿ, ìêã/ë.

Ïðèìå÷àíèå. 1 – Ïðèìîðüå çà ïðåäåëàìè ï-îâà Ìóðàâüåâà-Àìóðñêîãî, 2 – ï-îâ Ìóðàâüåâà-Àìóðñêîãî, 3 – ãðàíèòû
Ïðèìîðüÿ, 4 – íîðìàòèâíûå çíà÷åíèÿ [4].

.
Òàáëèöà 4. Õàðàêòåðíûå (ïðåâûøàþùèå ñðåäíèå äëÿ
ðàññìîòðåííîé òåððèòîðèè) ýëåìåíòû äëÿ îòäåëüíûõ
êîëîäöåâ (æèðíûì âûäåëåíû ýëåìåíòû, èìåþùèå
ìàêñèìàëüíûå äëÿ îïðîáîâàííûõ êîëîäöåâ çíà÷åíèÿ)
â 2002–2006 ãã.

âîäû è ïîðîäû. Êðîìå òîãî, ìîæíî ïðîñëåäèòü è çà-
ìåòíûå ðàçëè÷èÿ â êîíöåíòðàöèÿõ ýëåìåíòîâ ìåæäó
îòäåëüíûìè êîëîäöàìè, à òàêæå è ñïåöèôè÷åñêèå àñ-
ñîöèàöèè â íèõ ýëåìåíòîâ (òàáë. 4). Â ãðóíòîâûõ âî-
äàõ ãðàíèòíûõ ïîðîä (ïî ñðåäíèì äàííûì) ïðîñëåæè-
âàåòñÿ óâåëè÷åíèå U, à òàêæå óìåíüøåíèå Rb, Sr, Ba,
Y, Fe, Ni, Co, Cu, Zn (òàáë. 4).

Èç ñîïîñòàâëåíèÿ ñ àòìîñôåðíûìè îñàäêàìè
ñëåäóåò, ÷òî êîíöåíòðàöèè ìèêðîýëåìåíòîâ, òàêèõ,
êàê Br, Li, Fe, Zn, Sr, Ba â ãðóíòîâûõ âîäàõ áûëè íàé-
äåíû âûøå (ðèñ. 7), ÷åì â äîæäåâûõ âîäàõ íà þãå
Ïðèìîðüÿ (êîíöåíòðàöèè ýëåìåíòîâ â àòìîñôåðíûõ
âîäàõ äåòàëüíî îáñóæäàëèñü íàìè â [8, 9,11,12]). Ýòî
óêàçûâàåò íà èõ èçâëå÷åíèå èç âìåùàþùèõ ïîðîä â
ãðóíòîâûå âîäû, ïî êðàéíåé ìåðå, â ñëó÷àå Sr, Ba, Li,
Fe, ñîäåðæàíèÿ êîòîðûõ â ãðóíòîâûõ âîäàõ â íå-
ñêîëüêî ðàç âûøå, ÷åì â äîæäÿõ. Âîçìîæíî, ÷òî Br
òàêæå ÷àñòè÷íî ïðèõîäèò èç âìåùàþùèõ îñàäî÷íûõ
ïîðîä, ïîñêîëüêó åãî ðàñòâîðåííûå êîíöåíòðàöèè â
äîæäåâûõ âîäàõ íàìíîãî íèæå. ×àñòè÷íî Br ïðèõî-
äèò íà þã Ïðèìîðüÿ ñ çèìíèìè ñíåãàìè ñ ñåâåðíîãî
Êèòàÿ è Ìîíãîëèè. Íàïðèìåð, êîíöåíòðàöèè Br â
“æåëòîì ñíåãå”, êàê â ðàñòâîðåííîé ôîðìå, òàê è â
òâåðäîì íåðàñòâîðåííîì îñòàòêå â íåñêîëüêî ðàç
âûøå, ÷åì â îáû÷íîì ñíåãå [9].

Àíòðîïîãåííîå âëèÿíèå íà ðàñïðåäåëåíèå ìèêðî-
ýëåìåíòîâ â ãðóíòîâûõ âîäàõ òàêæå íå ìîæåò áûòü èñ-
êëþ÷åíî: áîëüøèå âàðèàöèè Zn â ðàçëè÷íûõ êîëîäöàõ
è ïîâûøåííûå êîíöåíòðàöèè Cr, Mo, Cu, Cd â ðÿäå îï-

элементы 1 2 3 4  1 2 3 4 
Fe 3–1200

70.4 
18.6–252

91.2 
7.9 300 Sb <0.2 0.07–9.6

0.49 
<0.2 50 

Mn <0.1–4.14
0.24 

<0.1–330
21.5 

3.2 100 Li 2.5–119
17.9 

0.01–12.3
1.35 

5.9 30 

Cu 0.02–10.1
1.2 

0.14–12.1
3.0 

0.6 1000 Rb 0.02–3.7
0.68 

<0.01–4.3
0.85 

0.25 100 

Zn 0.5–462
49.5 

1.0–2917
194.7 

12.3 5000 Cs 0.04–1.6
0.35 

0.002–0.04
0.02 

0.06  

Ga <0.1 0.04–19.1
5.7 

<0.1  Sr 7–62
24.9 

10–304.7
79.3 

97  

Cd <0.05 <0.05–0.4
0.12 

<0.05 1 Ba 0.5–36.2
7.74 

5.7–235
61.9 

3.8 100 

Co 0.02–0.39
0.1 

<0.1–12.6
0.64 

0.06 100 Y 0.01–0.35
0.1 

0.06–0.42
0.15 

0.04  

Ni 0.3–2.1
1.1 

0.13–10.7
1.7 

0.8 100 U 0.025–2.0
0.62 

0.02–0.95
0.13 

0.8  

Cr 0.57–2.1
1.3 

<0.1–2.1
0.33 

1.1 500 Sc <0.8 0.33–1.62
0.7 

<0.8  

Mo 0.17–5.6
2.3 

0.01–3.65
0.46 

2.0 250 Br 7–36
23.1 

10–304.7
79.3 

26.3 200 

As 0.14–3.9
1.1 

<0.1–1.4
0.3 

0.95 50 I 1.2–7.8
3.3 

3.0–41
11.2 

8.6  

Номер колодца Характерные элементы 
1 Li, Sc, Cd, Zn 
2 Li, Sc, Se, Rb, Ba 
3 Mn, Zn, Se 
4 Zn 
5 -
6 Rb 
7 Y, Rb, Co, V 
8 V, Fe, U 
9 Cr, Mn, Co, Rb, Y, U 
10 V, Cr, Sr 
11 Cr, Fe, Cu, Se, Sr 
12 V, Cr, Cu, Zn, As, Se, Cd 
13 - 
14 Ga, Rb, Ba 
15 - 
16 Mn, Co, Ni, Cu, Zn, Ga, Rb, Ba 
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ðîáîâàííûõ êîëîäöåâ ìîãóò áûòü ðåçóëüòàòîì çàãðÿçíå-
íèÿ, â òîì ÷èñëå è â îáëàñòè ïèòàíèÿ ãðóíòîâûõ âîä.

Õîòÿ èñòî÷íèêè ìèêðîýëåìåíòîâ ðàçëè÷íû,
ñðàâíåíèå èõ êîíöåíòðàöèé â íåãëóáîêèõ ãðóíòîâûõ
âîäàõ, êîòîðûå èñïîëüçóþòñÿ äëÿ ïèòüåâûõ öåëåé,
ïîêàçûâàåò, ÷òî êà÷åñòâî âîäû èñòî÷íèêîâ, êîëîäöåâ
è ñêâàæèí ÿâëÿåòñÿ â öåëîì óäîâëåòâîðèòåëüíûì
äàæå â çèìíåå âðåìÿ, êîãäà êîíöåíòðàöèè ýëåìåíòîâ
âîçðàñòàþò, ò.å.  ñîîòâåòñòâóåò êàê ðîññèéñêèì ïèòü-
åâûì ñòàíäàðòàì [4], òàê è ìèðîâûì. Âìåñòå ñ òåì
îòäåëüíûå ó÷àñòêè, ðàñïîëîæåííûå â ïðåäåëàõ ðóä-
íûõ ïîëåé òðåáóþò áîëåå òùàòåëüíîãî íàáëþäåíèÿ.

Ñðàâíåíèå äàííûõ ïî ñòàáèëüíûì èçîòîïàì δ18O
è δD â àòìîñôåðíûõ îñàäêàõ (âêëþ÷àÿ ñíåã, äîæäü è
ñìåñü äîæäÿ è ñíåãà [10]) ñ äàííûìè ïî ãðóíòîâûì âî-
äàì Ïðèìîðüÿ è íåïîñðåäñòâåííî ï-îâà Ìóðàâüåâà-
Àìóðñêîãî âûÿâëÿåò áëèçêîå ðàñïîëîæåíèå òî÷åê
ãðóíòîâûõ âîä ê òî÷êàì àòìîñôåðíûõ îñàäêîâ (äîæ-

äÿì íà ï-âå Ìóðàâüåâà-Àìóðñêîãî) – ðèñ. 8. Èçîòîï-
íûé ñîñòàâ (18O/16O è D/1H) ãðóíòîâûõ âîä ï-âà Ìóðà-
âüåâà-Àìóðñêîãî íåñêîëüêî òÿæåëåå, ÷åì äðóãèõ ðàñ-
ñìîòðåííûõ âîä Ïðèìîðüÿ è îòðàæàåò áîëåå íèçêóþ
øèðîòó ìåñòíîñòè è áîëüøåå ïðèáëèæåíèå ê ìîðþ,
÷òî ïðîñëåæèâàåòñÿ è â ñîîòíîøåíèÿõ îñíîâíûõ
èîíîâ (ðèñ. 4). Â òî æå âðåìÿ òî÷êè, îòðàæàþùèå èçî-
òîïíûå îòíîøåíèÿ êèñëîðîäà è âîäîðîäà äëÿ ãðóíòî-
âûõ âîä íà äèàãðàììå ðàñïîëîæåíû äàëåêî îò ñîîò-
âåòñòâóþùèõ òî÷åê äëÿ ìåñòíûõ ìîðñêèõ ïðèáðåæ-
íûõ âîä Ïðèìîðüÿ. Ýòî ñâèäåòåëüñòâóåò îá îòñóò-
ñòâèè èíòðóçèè ìîðñêèõ âîä.

ÎÑÍÎÂÍÛÅ ÂÛÂÎÄÛ

1. Íåãëóáîêèå ãðóíòîâûå âîäû þæíîãî Ïðèìî-
ðüÿ è îñîáåííî ï-îâà Ìóðàâüåâà-Àìóðñêîãî èìåþò
çíà÷åíèÿ ðÍ â ïðåäåëàõ 5.4-8.4, ñîäåðæàò êèñëîðîä
(äî 10 ìã/ë); ñîñòàâ îñíîâíûõ èîíîâ ÷àùå ñìåøàííûé.

2. Èíòðóçèè ìîðñêèõ âîä â èçó÷åííûõ ðàéîíàõ
íå íàáëþäàëèñü, ÷òî ïîäòâåðæäàåòñÿ êàê õèìè÷åñ-
êèì ñîñòàâîì âîä, òàê è ñîîòíîøåíèÿìè ñòàáèëüíûõ
èçîòîïîâ êèñëîðîäà è âîäîðîäà â ðàññìîòðåííûõ
ïðîáàõ ãðóíòîâûõ âîä, à òàêæå àòìîñôåðíûõ îñàäêîâ
è ìîðñêèõ ïðèáðåæíûõ âîä Ïðèìîðüÿ.

3. Ìèêðîýëåìåíòíûé ñîñòàâ âîä äîñòàòî÷íî
ðàçíîîáðàçåí, âàðèàöèè ñîäåðæàíèÿ ìèêðîýëåìåíòîâ
îòðàæàþò êàê ïðèðîäíûå îñîáåííîñòè âìåùàþùèõ
ïîðîä, òàê è íåêîòîðîå àíòðîïîãåííîå çàãðÿçíåíèå,
ïðåæäå âñåãî â íàèáîëåå çàñåëåííûõ ðàéîíàõ.

Ðèñ. 7. Ñîîòíîøåíèå ýëåìåíòîâ â ïîäçåìíûõ âîäàõ
ï-îâà Ìóðàâüåâà-Àìóðñêîãî (1), Ïðèìîðüÿ çà ïðåäå-
ëàìè ï-îâà (2) è äîæäåâûõ âîäàõ ðåãèîíà, ñðåäíèå äàí-
íûå äëÿ Ïðèìîðüÿ (3). À – ëèíåéíûé ìàñøòàá, Á –
ëîãàðèôìè÷åñêèé ìàñøòàá.

Ðèñ. 8. Äèàãðàììà ñîîòíîøåíèÿ ñòàáèëüíûõ èçîòî-
ïîâ δ18O è δD â àòìîñôåðíûõ îñàäêàõ, ãðóíòîâûõ è
ïðèáðåæíûõ âîäàõ Ïðèìîðüÿ.
1 – äîæäè, 2 – äîæäü + ñíåã, 3 – ñíåã, 4 – ãðóíòîâûå âîäû
ï-îâà Ìóðàâüåâà-Àìóðñêîãî, 5 – ãðóíòîâûå âîäû Ïðèìî-
ðüÿ çà ïðåäåëàìè  ï-îâà Ìóðàâüåâà-Àìóðñêîãî, 6 – ìîðñ-
êèå ïðèáðåæíûå âîäû.
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4. Íåñìîòðÿ íà âàðèàöèè õèìè÷åñêîãî ñîñòàâà
ãðóíòîâûå âîäû þãà Ïðèìîðüÿ, èñïîëüçóåìûå íà-
ñåëåíèåì äëÿ èíäèâèäóàëüíîãî âîäîñíàáæåíèÿ,
ÿâëÿþòñÿ ñðàâíèòåëüíî óäîâëåòâîðèòåëüíûìè è
ñîîòâåòñòâóþò ñòàíäàðòàì Ðîññèéñêîé ôåäåðàöèè
è Âñåìèðíîé îðãàíèçàöèè çäðàâîîõðàíåíèÿ. Îäíà-
êî, ó÷èòûâàÿ âîçðàñòàíèå ñîäåðæàíèé ðàçëè÷íûõ
ìèêðîýëåìåíòîâ è áèîãåííûõ êîìïîíåíòîâ â âî-
äàõ, öåëåñîîáðàçíî ïðîâîäèòü ìîíèòîðèíã è òùà-
òåëüíûé êîíòðîëü ñîñòàâà ýòèõ âîä ñ öåëüþ ñîõðà-
íåíèÿ èõ äëÿ ïèòüåâîãî èñïîëüçîâàíèÿ.
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V.A. Chudaeva, O.V. Chudaev, S.G. Yurchenko

The chemical isotope (18O/16O è D/1H) composition of ground water of central and southern
Primorye

Ground and fracture water of Primorye including coastal zones were studied during the last 10 years. The study
of basic and microelement composition of more than 130 samples shows that shallow ground water of southern
Primorye with pH ranging between 5.4 and 8.4 contains dissolved oxygen (up to 7.7 mg/l), and more often has
basic ions mixed composition. Microelement content variations reflect both the natural features of host rocks
and possible man-caused pollution in the most populated areas.
Intrusions of sea waters in the study areas were not recognized, which is proved both by the chemical composition
of ground water and stable isotopes relations (18O/16O è D/1H) in the ground water samples, as well as meteoric
waters of the study area and sea coastal waters of Primorye. The chemical composition of the ground water used
for potable purposes is rather satisfactory as compared to the Russian and the World Health Organization standards.
At the same time, given an increase in the content of different microelements and biogenic components in the
ground water of the populated areas, it seems expedient to carry out monitoring of, and thorough control over, the
groundwater chemical composition for their protection for portable purposes.

Key words: ground water, microelements, chemical composition, stable isotopes, Primorye.




