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Îáîáùåíû è ðàññìîòðåíû ðåçóëüòàòû ìíîãî÷èñëåííûõ èññëåäîâàíèé ìû-
øüÿêà â ïðèðîäíûõ âîäàõ ðàçëè÷íîãî òèïà. Ïîêàçàíî, ÷òî â íåçàãðÿçíåííûõ ïî-
âåðõíîñòíûõ âîäíûõ îáúåêòàõ åãî ñîäåðæàíèå êîëåáëåòñÿ â ïðåäåëàõ íåñêîëü-
êèõ ìèêðîãðàììîâ â 1 äì

3
. Âûñîêàÿ êîíöåíòðàöèÿ ìûøüÿêà â ïîâåðõíîñòíûõ è

ãðóíòîâûõ âîäàõ õàðàêòåðíà äëÿ ðåãèîíîâ, ãäå íàõîäÿòñÿ ãîðíîðóäíûå ïðåäïðè-
ÿòèÿ è ïðîèçâîäñòâà ïî äîáû÷å öâåòíûõ ìåòàëëîâ. Îñîáóþ îïàñíîñòü ïðåäñòàâ-
ëÿåò çàãðÿçíåíèå ýòèì õèìè÷åñêèì ýëåìåíòîì ãðóíòîâûõ è êîëîäåçíûõ âîä êàê
èñòî÷íèêîâ ïèòüåâîãî âîäîñíàáæåíèÿ. Çíà÷èòåëüíîå âíèìàíèå óäåëåíî âîïðî-
ñàì èññëåäîâàíèÿ åãî ñîñóùåñòâóþùèõ ôîðì, îïðåäåëÿþùèõ òîêñè÷íîñòü äëÿ
æèâûõ îðãàíèçìîâ, â òîì ÷èñëå è äëÿ ÷åëîâå÷åñêîãî. Ðàññìîòðåíû îñíîâíûå
ôàêòîðû è ïðîöåññû, îêàçûâàþùèå âëèÿíèå íà ñîñòîÿíèå ìûøüÿêà â ïðèðîä-
íûõ âîäàõ. Ïîêàçàíî, ÷òî íàðÿäó ñ õèìè÷åñêèìè ôàêòîðàìè (îêèñëèòåëüíî-âîñ-
ñòàíîâèòåëüíûé ïîòåíöèàë, pH ñðåäû, ñîäåðæàíèå êèñëîðîäà è îðãàíè÷åñêèõ
âåùåñòâ, íàëè÷èå îêèñëèòåëåé è âîññòàíîâèòåëåé) âàæíîå âëèÿíèå íà òðàíñ-
ôîðìàöèþ åãî ñîåäèíåíèé îêàçûâàåò áèîëîãè÷åñêàÿ ñîñòàâëÿþùàÿ âîäíûõ ýêî-
ñèñòåì, â ÷àñòíîñòè ôèòîïëàíêòîí, âûñøèå âîäíûå ðàñòåíèÿ è áàêòåðèè. Äàíà
ñðàâíèòåëüíàÿ îöåíêà òîêñè÷íîñòè íåîðãàíè÷åñêèõ ôîðì ìûøüÿêà è ïðîäóêòîâ
åãî ìåòèëèðîâàíèÿ è îòìå÷åíà âàæíîñòü èõ îïðåäåëåíèÿ ñ ýêîëîãè÷åñêèõ ïîçè-
öèé.

Êëþ÷åâûå ñëîâà: ìûøüÿê, ôîðìû ñóùåñòâîâàíèÿ, íåîðãàíè÷åñêèå ñîåäè-
íåíèÿ, ïðîäóêòû ìåòèëèðîâàíèÿ, òîêñè÷íîñòü, òðàíñôîðìàöèÿ, ïðèðîäíûå
âîäû.

Â ðåçóëüòàòå èíòåíñèâíîé ðàçðàáîòêè çåìíûõ íåäð è èñòîùåíèÿ çàïàñîâ
êîíäèöèîííîãî ìèíåðàëüíîãî ñûðüÿ ÷åëîâå÷åñòâî îêàçàëîñü ïåðåä íåîáõî-
äèìîñòüþ ïåðåðàáîòêè íåêîíäèöèîííûõ ðóä ñ âûñîêèì ñîäåðæàíèåì ïðè-
ìåñåé. Â ïðîöåññå äîáû÷è è îáîãàùåíèÿ ýòè ïðèìåñè íàêàïëèâàþòñÿ â ñòî÷-
íûõ âîäàõ, õâîñòîõðàíèëèùàõ, òåõíîëîãè÷åñêèõ ðàñòâîðàõ è îòâàëàõ, ïðåä-
ñòàâëÿÿ ýêîëîãè÷åñêóþ îïàñíîñòü, ïîñêîëüêó ÷àñòî ïðè íåïðåäâèäåííûõ îá-
ñòîÿòåëüñòâàõ ïîïàäàþò â îêðóæàþùóþ ñðåäó, â ÷àñòíîñòè â ïîâåðõíîñòíûå
âîäû [2].

Ïî ðàñïðîñòðàíåííîñòè â çåìíîé êîðå (5·10–4%) ìûøüÿê çàíèìàåò äâà-
äöàòîå ìåñòî ñðåäè ýëåìåíòîâ. Â ñâîáîäíîì ñîñòîÿíèè îí âñòðå÷àåòñÿ ðåä-
êî, îáíàðóæèâàåòñÿ ïðåèìóùåñòâåííî â ñîåäèíåíèÿõ ñ ñåðîé, êèñëîðîäîì è
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æåëåçîì. Ìûøüÿê âõîäèò â ñîñòàâ áîëåå ÷åì 200 ìèíåðàëîâ, èç êîòîðûõ
îêîëî 60% ñîñòàâëÿþò àðñåíàòû, îêîëî 20% — ñóëüôèäû è ñóëüôàòíûå ñîëè,
à îñòàëüíûå 20% — àðñåíèäû, àðñåíèòû è ðàçëè÷íîãî ðîäà îêñèäû [11, 46,
75, 89]. Ê íàèáîëåå ðàñïðîñòðàíåííûì ìèíåðàëàì ìûøüÿêà îòíîñÿòñÿ àóðè-
ïèãìåíò (As2S3), ðåàëüãàð (AsS), ëåëëèíãèò (FeAs2), àðñåíîïèðèò (AsFeS), ñêî-
ðîäèò (FeAsO4�H2O), íèêåëèí (NiAs), êîáàëüòèò (AsCoS), òåííàíòèò
(As4Cu12S13), ýíàðãèò (AsCu3S4) è íåêîòîðûå äðóãèå [18, 26, 78]. ×àùå âñåãî
ìèíåðàëû, ñîäåðæàùèå ìûøüÿê, âñòðå÷àþòñÿ â çîëîòîíîñíûõ êâàðöåâûõ
æèëàõ (àðñåíîïèðèò) è ïîëèìåòàëëè÷åñêèõ ðóäàõ. Íàïðèìåð, â ñóëüôèäíûõ
çîëîòîíîñíûõ ðóäàõ åãî ñîäåðæàíèå ñîñòàâëÿåò îêîëî 20% [2]. Âûñîêîé êîí-
öåíòðàöèåé ýëåìåíòà õàðàêòåðèçóþòñÿ òàêæå îòäåëüíûå âèäû óãëÿ.

Èñòî÷íèêè ïîñòóïëåíèÿ ìûøüÿêà â ãèäðîñôåðó ìîæíî ðàçäåëèòü íà
ïðèðîäíûå è àíòðîïîãåííûå [11]. Ïðèðîäíûå èñòî÷íèêè ñâÿçàíû ãëàâíûì
îáðàçîì ñ ïðîöåññîì åãî âûâåòðèâàíèÿ è âûùåëà÷èâàíèÿ èç ìûøüÿêñîäåð-
æàùèõ ãîðíûõ ïîðîä è äîííûõ îòëîæåíèé [46, 53, 121]. Îäíàêî ðèñê çàãðÿç-
íåíèÿ ñîåäèíåíèÿìè ìûøüÿêà ïîâåðõíîñòíûõ âîä (ðåêè, âîäîõðàíèëèùà,
îçåðà) íàìíîãî íèæå, ÷åì ãðóíòîâûõ [11]. Âåðîÿòíîñòü çàãðÿçíåíèÿ âîçðàñ-
òàåò â ðåãèîíàõ ãåîòåðìàëüíîé àêòèâíîñòè, ãäå òåðìàëüíûå âîäû ñ âûñîêèì
ñîäåðæàíèåì ýëåìåíòà âûõîäÿò íà ïîâåðõíîñòü è ïîïàäàþò â ïîâåðõíîñò-
íûå âîäíûå îáúåêòû [46, 75]. Ê òàêèì ðåãèîíàì îòíîñÿòñÿ Åëëîóñòîíñêèé
íàöèîíàëüíûé ïàðê â ÑØÀ, âóëêàíè÷åñêàÿ ãåîòåðìàëüíàÿ çîíà Òàóïî â Íî-
âîé Çåëàíäèè è äð. [46].

Àíòðîïîãåííûå èñòî÷íèêè çàãðÿçíåíèÿ ïîâåðõíîñòíûõ âîä ñîåäèíåíèÿ-
ìè ìûøüÿêà — ýòî, ïðåæäå âñåãî, ñòî÷íûå âîäû ïðåäïðèÿòèé öâåòíîé ìå-
òàëëóðãèè è ìåòàëëîïëàâèëüíûõ çàâîäîâ, à òàêæå âûáðîñû ýëåêòðîñòàíöèé,
ñæèãàþùèõ êàìåííûé óãîëü [25, 29, 46, 110, 111, 114]. Ñóùåñòâåííîå çàãðÿç-
íåíèå âîçìîæíî òàêæå âñëåäñòâèå ïîâåðõíîñòíîãî ñìûâà ñ ñåëüõîçóãîäèé è
äðóãèõ òåððèòîðèé, ãäå øèðîêî èñïîëüçóþòñÿ ìûøüÿêñîäåðæàùèå ïåñòè-
öèäû, ãåðáèöèäû è êîíñåðâàíòû äðåâåñèíû [12, 29]. Äî 1970-õ ãîäîâ îêîëî
80% ïåñòèöèäîâ ñîäåðæàëè â ñâîåì ñîñòàâå ïðîñòûå íåîðãàíè÷åñêèå ñîëè
ìûøüÿêà. Â íàñòîÿùåå âðåìÿ â ñîñòàâ ïåñòèöèäîâ âõîäÿò ïðåèìóùåñòâåííî
ìûøüÿêîðãàíè÷åñêèå ñîåäèíåíèÿ, ñ÷èòàþùèåñÿ íåêàíöåðîãåííûìè [46,
78]. Ìûøüÿê èñïîëüçóåòñÿ òàêæå â ïðîèçâîäñòâå êðàñîê, êåðàìè÷åñêèõ èç-
äåëèé, ïèãìåíòîâ è âåùåñòâ, ïðåïÿòñòâóþùèõ îáðàñòàíèþ, ÷òî ñëåäóåò ðàñ-
ñìàòðèâàòü êàê ïîòåíöèàëüíûé èñòî÷íèê çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû,
â òîì ÷èñëå ïîâåðõíîñòíûõ âîä. Îñîáóþ îïàñíîñòü ïðåäñòàâëÿþò íåïðåäâè-
äåííûå àâàðèè íà ïðåäïðèÿòèÿõ ïî äîáû÷å çîëîòà è öâåòíûõ ìåòàëëîâ, ïî-
ñêîëüêó çíà÷èòåëüíûå êîëè÷åñòâà ìåòàëëîâ è ìûøüÿêà, íàêàïëèâàþùèõñÿ â
õâîñòîõðàíèëèùàõ, ìîãóò ïîïàñòü â áëèçëåæàùèå ïîâåðõíîñòíûå âîäû.

Ñîäåðæàíèå ìûøüÿêà â ïðèðîäíûõ âîäàõ. Îáîáùåííûå ñâåäåíèÿ î
êîíöåíòðàöèè ìûøüÿêà â ïîâåðõíîñòíûõ âîäíûõ îáúåêòàõ ðàçëè÷íîãî òèïà
ïðèâåäåíû â òàáëèöå 1. Â íåçàãðÿçíåííûõ ïîâåðõíîñòíûõ è ãðóíòîâûõ âî-
äàõ îíà îáû÷íî íå ïðåâûøàåò 1—10 ìêã/äì3 [15, 16, 110, 111, 115], îäíàêî íå-
ðåäêî äîñòèãàåò âûñîêèõ çíà÷åíèé (100—5000 ìêã/äì3) [15, 125]. Ýòî êàñàåò-
ñÿ, ïðåæäå âñåãî, âîäíûõ îáúåêòîâ â ðåãèîíàõ ñóëüôèäíîé ìèíåðàëèçàöèè è
ãîðíîðóäíîé ïðîìûøëåííîñòè, èñïûòûâàþùèõ âëèÿíèå ñòî÷íûõ âîä ìåòàë-
ëîîáðàáàòûâàþùèõ ïðåäïðèÿòèé [16, 25, 46, 62, 79, 82, 101, 110, 111, 125]. Â
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1. Ñîäåðæàíèå ìûøüÿêà â ïîâåðõíîñòíûõ âîäíûõ îáúåêòàõ

Âîäíûå îáúåêòû Asîáù, ìêã/äì3 Ëèòåðàòóðíûå
èñòî÷íèêè

Ðåêè

Ðåêè ìèðà 1,7* (ñð.) [76]

Ðåêè Åâðîïû 0,21—2,71 [45]

Ðåêè Ðóìûíèè < 3,0— 85,3* [81]

Ýñòóàðèé ð. Êðêà (Ñëîâåíèÿ) 0,09—1,81* [108]

Ðåêè Ôðàíöèè 0,66—3,75 [107]

0,22—1,28* [43]

Ðåêè Ôèíëÿíäèè 0,38—0,54* [102]

ð. Çåííå (Áåëüãèÿ) 157 552

305

, ,

,

� [21]

Ðåêè ðåãèîíà Êàëàáðèè (Èòàëèÿ) 0 7 92

24

, ,

,

� [97]

ð. Ïî (Èòàëèÿ) 0,96—2,07* [93]

1,34 ± 0,43* [92]

Ðå÷íûå è îçåðíûå âîäû (Âåíãðèÿ) 3,0—12,0 [42]

ð. Îíäàâà (Ñëîâàêèÿ) 4,05—4,27 [61]

Ðó÷åé Êèéîâ (Ñëîâàêèÿ) 393,5—466,7

Ðåêè âîñòî÷íîé ÷àñòè Âåëèêîáðèòàíèè 000 2562

168

, — ,

,

*

000 1756

025

, — ,

,

**

[83, 84]

Ðå÷íûå è îçåðíûå âîäû þãà Øâåéöàðèè 0,5—25,8 [94]

Íèæíåå òå÷åíèå è äåëüòà ð. Âîëãè (ÐÔ) 1,45—3,21 [3]

Ðåêè Ñåâåðíîé è Þæíîé Àìåðèêè 0,14—0,91 [45]

ð. Ìîéðà (Êàíàäà) 2,0—140 [131]

Ïðèòîêè ð. Êåíàé (ÑØÀ) 0,8—7,6 [73]

ð. Ìàéë, Àëÿñêà (ÑØÀ) 0,68—1,6 [73]

Ðåêè áàññåéíà ð. Óîêåð (ÑØÀ) 0,2—264 [22]

ð. Òðàêè (ÑØÀ) 202 134 8

165

, — ,

,

[62]

ð. Óîêåð (ÑØÀ) 202 64 9

121

, — ,

,

[62]
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Ïðîäîëæåíèå òàáë. 1

Âîäíûå îáúåêòû Asîáù, ìêã/äì3 Ëèòåðàòóðíûå
èñòî÷íèêè

ð. Êàðñîí (ÑØÀ) 502 175

264

, —

,

[62]

ð. Ìýäèñîí (ÑØÀ) 35—370 [87]

ð. Ìèññóðè (ÑØÀ) 2,0—69,0 [87]

Ïðèòîêè ðåê Ìýäèñîí è Ìèññóðè (ÑØÀ) <1,0—10,0 [87]

Ðå÷íûå âîäû Áðàçèëèè �

�

05 401

1321 1238

, — ,

, ,

[24]

�

�

05 2910

1075 1016

, — ,

, ,

[24]

Ðå÷íûå âîäû Áðàçèëèè 36,7—68,3 [118]

â òîì ÷èñëå âáëèçè ðóäíèêîâ ïî äîáû÷å
çîëîòà

04 350

305

, —

,

[79]

Ðå÷íûå âîäû þãà Âåíåñóýëû 0,03—0,47* [117]

Ïîâåðõíîñòíûå âîäû ×èëè 30,0—3310 [16]

Ïîâåðõíîñòíûå âîäû Áðàçèëèè â áàññåéíå
ðåê

[27]

Âåëõàñ 3,0—349

Êàðìî 7,0—43,0

Êîíñåéñàî 1,0—74,0

Ðåêè ×èëè, íàõîäÿùèåñÿ ïîä âëèÿíèåì
ìåäåïëàâèëüíîãî çàâîäà

7,2—358 [82, 101]

Ïðóäû âáëèçè ãîðíîðóäíûõ ïðåäïðèÿòèé
Ìåêñèêè

21,0—265,0 [100]

Ðåêè Àçèè 0,15—2,00 [45]

ð. Àíüÿí (Þæíàÿ Êîðåÿ) 0 86 4 00

272

, — ,

,

[72]

Ïîâåðõíîñòíûå (ðå÷íûå) âîäû þæíîé
÷àñòè Òàèëàíäà

4,8—583 [126]

Ðåêè Öåíòðàëüíîé Ñèáèðè (ÐÔ) 006 084

021

, — ,

,

* [95]

Âîäíûå èñòî÷íèêè, ïðîâèíöèÿ Êàíêèðè
(Òóðöèÿ)

2 6 186

1121 292

, — ,

, ,�

[32]

200 54 0

3200 913

, — ,

, ,�
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Ïðîäîëæåíèå òàáë. 1

Âîäíûå îáúåêòû Asîáù, ìêã/äì3 Ëèòåðàòóðíûå
èñòî÷íèêè

5 9 165

1070 271

, — ,

, ,�

220 64 5

3850 1092

, — ,

, ,�

Ðåêè Àôðèêè

ð. Íèë (Åãèïåò) 2,4 [36]

ð. Òèãð, â ðàéîíå ã. Áàãäàäà (Èðàê) 11,0—333 [8]

Ðåêè, âïàäàþùèå â îçåðà ðèôòîâîé äîëè-
íû (Ýôèîïèÿ)

19 228

60

, — ,

,

[132]

ð. Îêïîêâó (Íèãåðèÿ) 0,02±0,01 —
0,09±0,04

[7]

ð. Êóáàíè (Íèãåðèÿ) 2020 [30]

Ðå÷íûå âîäû (Êàìåðóí) í. î.—0,16* [120]

Îçåðà è âîäîõðàíèëèùà

Îçåðà èç ðàçëè÷íûõ ïðèðîäíûõ çîí ÐÔ [1]

ñðåäíÿÿ òàéãà �

�

05 390

078 049

, — ,

, ,

þæíàÿ òàéãà 026 034

029 003

, — ,

, ,�

ñìåøàííûõ ëåñîâ 010 340

070 057

, — ,

, ,�

øèðîêîëèñòâåííûõ ëåñîâ 016 129

066 036

, — ,

, ,�

ëåñîñòåïü 023 209

095 059

, — ,

, ,�

ñòåïü 124 264

194

, — ,

,

ïîëóïóñòûíÿ è ïóñòûíÿ 264 121

632

, — ,

,

îç. Èìàíäðà (ÐÔ) [3]

ïîâåðõíîñòíûé ñëîé 15 24

19

, — ,

,

**
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Ïðîäîëæåíèå òàáë. 1

Âîäíûå îáúåêòû Asîáù, ìêã/äì3 Ëèòåðàòóðíûå
èñòî÷íèêè

ïðèäîííûé ñëîé 133 178

14 9

, — ,

,

**

îç. Èìàíäðà (ÐÔ) 0,17—0,50* [3]

Îçåðà Øâåöèè 0,34—0,60 [109]

Îçåðà Ôèíëÿíäèè [25]

Ïàðîñüÿðâè

ïîâåðõíîñòíûé ñëîé 05 160

666

, —

,

ïðèäîííûé ñëîé 12 910

1553

, —

,

Íÿñèÿðâè

ïîâåðõíîñòíûé ñëîé 15 60

29

, — ,

,

ïðèäîííûé ñëîé 60 660

234

, — ,

,

îç. Ñðåáûðíà (Áîëãàðèÿ) 20,0—28,0 [41]

îç. Ìîéðà (Êàíàäà) 22,0—62,0 [19]

îç. Ïèðàìèä (ÑØÀ) 996 1178

1057

, — ,

,

[62]

îç. Óîêåð (ÑØÀ) 989 1398

1138

— [62]

Îçåðà áàññåéíà ð. Óîêåð (ÑØÀ) 0,38—1000 [22]

îç. Áèâà (ßïîíèÿ) 0 52 067

063

, — ,

,

[52]

Îçåðà ðèôòîâîé äîëèíû (Ýôèîïèÿ) 2 7 7018

1493

, — ,

,

[132]

Âîäîõðàíèëèùà Âîëæñêîãî êàñêàäà (ÐÔ) 0,87—2,60 [3]

Êóéáûøåâñêîå âîäîõðàíèëèùå (ÐÔ) 0,2—1,0 [106]

Ýñòóàðèè, çàëèâû, ìîðÿ

Ýñòóàðèè Âåëèêîáðèòàíèè 2,7—5,9 [71]

Ýñòóàðèé ð. Áîëüå (Âåëèêîáðèòàíèÿ) 0 84 139

119

, — ,

,

[56]



ðåêàõ ×èëè, íàõîäÿùèõñÿ â çîíàõ âóëêàíè÷åñêîé àêòèâíîñòè (èçâåðæåíèÿ,
ãåéçåðû, òåðìàëüíûå èñòî÷íèêè), ñîäåðæàíèå ìûøüÿêà äîñòèãàåò
3,0 ìã/äì3, à â áîëüøèíñòâå äðóãèõ ðåê — áîëåå 100 ìêã/äì3 [16]. Â ïîâåðõ-
íîñòíûõ âîäàõ Èíäèè âáëèçè ïðåäïðèÿòèé ïî ïðîèçâîäñòâó âåòåðèíàðíûõ è
ëåêàðñòâåííûõ ïðåïàðàòîâ è ïåñòèöèäîâ êîíöåíòðàöèÿ ìûøüÿêà ñîñòàâëÿ-
åò 0,30—8,95 ìã/äì3 [46]. Ñîîáùàåòñÿ òàêæå î åãî âûñîêîì ñîäåðæàíèè â
ãðóíòîâûõ âîäàõ îòäåëüíûõ ðåãèîíîâ ìèðà [10, 15, 33, 38, 46, 59, 74, 75, 80, 86,
88]. Çàãðÿçíåíèå ìûøüÿêîì ãðóíòîâûõ âîä êàê èñòî÷íèêà ïèòüåâîãî âîäî-
ñíàáæåíèÿ íåñåò óãðîçó çäîðîâüþ íàñåëåíèÿ è ñòàíîâèòñÿ ïðîáëåìîé ìèðî-
âîãî ìàñøòàáà [11, 16, 46, 68, 80, 85, 91, 110, 111]. Òàê, â ãðóíòîâûõ âîäàõ íå-
êîòîðûõ ñòðàí, íàïðèìåð, Áàíãëàäåø, Èíäèè, Âüåòíàìà, Òàèëàíäà, Àðãåíòè-
íû, ×èëè, Òàéâàíÿ, Ìåêñèêè, Àâñòðàëèè, ÑØÀ, Êèòàÿ, Ôèíëÿíäèè, åãî êîí-
öåíòðàöèÿ ñîñòàâëÿåò 1000—9900 ìêã/äì3 (òàáë. 2) [11, 34, 46, 60, 68, 75, 85,
100, 116, 126]. ×àùå âñåãî ýòî ñâÿçûâàþò ñ ãåîõèìè÷åñêèìè îñîáåííîñòÿìè
îêðóæàþùåé ñðåäû, â ÷àñòíîñòè ñ íàëè÷èåì îòëîæåíèé àëëþâèàëüíîãî ïðî-
èñõîæäåíèÿ, âóëêàíè÷åñêèõ îòëîæåíèé, à òàêæå ñ âûõîäîì ãåîòåðìàëüíûõ
èñòî÷íèêîâ. Íàïðèìåð, â òåðìàëüíûõ âîäàõ Íîâîé Çåëàíäèè ñîäåðæàíèå
ìûøüÿêà äîñòèãàåò 8,5 ìã/äì3, ßïîíèè — 0,7—4,6 ìã/äì3, Ðîññèéñêîé Ôåäå-
ðàöèè (Êàì÷àòêà) — 0,1—5,9 ìã/äì3 [46, 75, 130]. Âûñîêèå êîíöåíòðàöèè ìû-
øüÿêà îáíàðóæåíû òàêæå â êîëîäåçíûõ âîäàõ þãî-âîñòî÷íîé ÷àñòè Ôèí-
ëÿíäèè (17—980 ìêã/äì3), Êèòàÿ (0,05—850 ìêã/äì3), Òàèëàíäà (120—
6700 ìêã/äì3), Áàíãëàäåø (< 10—> 1000 ìêã/äì3) è ðÿäà äðóãèõ ñòðàí [70, 75,
129]. Â ðåçóëüòàòå êà÷åñòâî ïèòüåâîé âîäû â ðåãèîíàõ ñ ïîâûøåííûì ñîäåð-
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Ïðîäîëæåíèå òàáë. 1

Âîäíûå îáúåêòû Asîáù, ìêã/äì3 Ëèòåðàòóðíûå
èñòî÷íèêè

060 131

094

, — ,

,

*

ð. Òåéìàð (Âåëèêîáðèòàíèÿ) 2,7—8,8* [55]

Ýñòóàðèé ð. Õóàíõý (ÊÍÐ) 076 299

169

, — ,

,

* [58]

Ýñòóàðèé ð. Ëåíû (ÐÔ) 0,14—2,31 [76]

×åñàïèêñêèé çàëèâ (ÑØÀ) 0,21—1,18 [105]

Çàëèâ Îñëî-ôüîðä (Íîðâåãèÿ) 0,64—2,02 [9]

Àçîâñêîå ìîðå <0,2— 9,3 [5]

ð. Êàíàäèàí Êðèê (Àâñòðàëèÿ) 5,1—145,2 [114]

Âîäîïðîâîäíàÿ âîäà (Èòàëèÿ) 0,02—27,2 [40]

Ïîâåðõíîñòíûå âîäû âáëèçè ãîðíîðóäíîãî
ïðåäïðèÿòèÿ íà þãî-çàïàäå Àíãëèè

11,0—4592 [124]

Ï ð è ì å ÷ à í è å. Çäåñü è â òàáë. 2 è 3: íàä ÷åðòîé ïðåäåëüíûå, ïîä ÷åðòîé — ñðåäíèå çíà÷åíèÿ;

* ðàñòâîðåííàÿ ôîðìà; ** âçâåøåííàÿ ôîðìà; í. î. — íå îáíàðóæåíî.
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æàíèåì ìûøüÿêà ñóùåñòâåííî ñíèæàåòñÿ, îòðàæàÿñü, â êîíå÷íîì èòîãå, íà
çäîðîâüå íàñåëåíèÿ [13, 46, 63, 66, 113].

Ôîðìû íàõîæäåíèÿ. Â áîëüøèíñòâå íàó÷íûõ ïóáëèêàöèé, ïîñâÿùåí-
íûõ ñîñòîÿíèþ ìûøüÿêà â ïðèðîäíûõ âîäàõ, ðàññìàòðèâàåòñÿ ãëàâíûì îá-
ðàçîì åãî ðàñïðåäåëåíèå ñðåäè ðàñòâîðåííûõ ôîðì. Ïî âñåé âèäèìîñòè, ýòî
îáóñëîâëåíî òåì, ÷òî â ïîâåðõíîñòíûõ âîäàõ îí ìèãðèðóåò ïðåèìóùåñòâåí-
íî â ðàñòâîðåííîì âèäå. Òàê, â îç. Ìîéðà (ïðîâèíöèÿ Îíòàðèî, Êàíàäà) ìàñ-
ñîâàÿ äîëÿ ðàñòâîðåííûõ ñîåäèíåíèé ìûøüÿêà (Asðàñòâ) äîñòèãàåò îêîëî 92%
åãî îáùåãî ñîäåðæàíèÿ â âîäå (Asîáù) [19, 131]. Â îçåðàõ Ôèíëÿíäèè Asðàñòâ

ñîñòàâëÿåò 25—100% (â ñðåäíåì 60,5%) Asîáù [25]. Îò 68,3 äî 73,9% ìûøüÿêà
â ðàñòâîðåííîì ñîñòîÿíèè îáíàðóæåíî â îç. Áèâà (ßïîíèÿ) [52]. Îòìå÷àåòñÿ
âûñîêàÿ äîëÿ Asðàñòâ è â ðå÷íûõ âîäàõ, íåñìîòðÿ íà òî, ÷òî ñîäåðæàíèå âçâå-
øåííûõ âåùåñòâ â íèõ, êàê ïðàâèëî, âûøå, ÷åì â îçåðíûõ. Íàïðèìåð, â ðå-
êàõ âîñòî÷íîé ÷àñòè Âåëèêîáðèòàíèè îòíîñèòåëüíîå ñîäåðæàíèå Asðàñòâ êî-
ëåáëåòñÿ â ïðåäåëàõ 49,4—93,6% (â ñðåäíåì 74,3%) Asîáù [83, 84]. Á�ëüøàÿ
÷àñòü ìûøüÿêà â ðàñòâîðåííîì ñîñòîÿíèè — 33,0—88,7% (â ñðåäíåì 65,4%)
Asîáù îáíàðóæåíà â âîäå ð. Çåííå (Áåëüãèÿ) [21]. Ïðåîáëàäàíèå Asðàñòâ îòìå-
÷åíî äëÿ ð. Àíüÿí (Þæíàÿ Êîðåÿ) [72], ïðè ýòîì ñîäåðæàíèå ìûøüÿêà â ñî-
ñòàâå âçâåøåííûõ âåùåñòâ áûëî íèæå ïðåäåëà åãî îáíàðóæåíèÿ. Â âîäå
ð. Ïî (Èòàëèÿ) Asðàñòâ ñîñòàâèë 40—97% (â ñðåäíåì 60,9%) Asîáù [92]. Ðåêàìè
Öåíòðàëüíîé Ñèáèðè ìûøüÿê òàêæå ïåðåíîñèòñÿ â îñíîâíîì â ðàñòâîðåí-
íîì ñîñòîÿíèè, äîñòèãàÿ 92% Asîáù [95]. Ñîîáùàåòñÿ î ïðåîáëàäàíèè Asðàñòâ

â ýñòóàðíûõ âîäàõ [56]. Â ãðóíòîâûõ âîäàõ Âíóòðåííåé Ìîíãîëèè (ÊÍÐ)
äîëÿ Asðàñòâ ñîñòàâëÿåò â ñðåäíåì 83,6% Asîáù [48].

Â îáúåêòàõ îêðóæàþùåé ñðåäû ìûøüÿê íàõîäèòñÿ â ðàçíîé ñòåïåíè
îêèñëåíèÿ (+5, +3, 0 è -3). Â âîäíûõ ýêîñèñòåìàõ îí îáû÷íî ñóùåñòâóåò â
âèäå íåîðãàíè÷åñêèõ ôîðì àðñåíàòà As(V) è àðñåíèòà As(III). Îêèñëèòåëü-
íî-âîññòàíîâèòåëüíûé ïîòåíöèàë (Eh) è ðÍ ñðåäû — íàèáîëåå âàæíûå ôàê-
òîðû, âëèÿþùèå íà ñîñòîÿíèå è òðàíñôîðìàöèþ óêàçàííûõ âûøå ôîðì
[69]. Â àíàýðîáíûõ (âîññòàíîâèòåëüíûõ) óñëîâèÿõ è ïðè íèçêèõ çíà÷åíèÿõ
Eh äîìèíèðóåò As(III), òîãäà êàê â àýðîáíûõ — As(V) [16, 17, 31, 69, 121, 122].
Íàïðèìåð, â çàë. Îñëî-ôüîðä (Íîðâåãèÿ) êîíöåíòðàöèÿ As(III) â àíàýðîáíûõ
óñëîâèÿõ îêàçàëàñü âûøå, ÷åì â àýðîáíûõ, â ñðåäíåì â 5,6—15,5 ðàçà [9].
Ïðè ýòîì ñîäåðæàíèå As(V) â àýðîáíûõ è àíàýðîáíûõ óñëîâèÿõ ðàçëè÷àëîñü
íåçíà÷èòåëüíî. Ôîðìû ñóùåñòâîâàíèÿ àðñåíàòà, â ñâîþ î÷åðåäü, îïðåäåëÿ-
þòñÿ ðÍ âîäíîé ñðåäû (ðèñóíîê). Â îêèñëèòåëüíûõ óñëîâèÿõ ïðè ðÍ < 6,9
ïðåîáëàäàåò H AsO2 4

� , à ïðè áîëåå âûñîêîì çíà÷åíèè ðÍ — HAsO4
2� [16, 99,

110]. Â âîññòàíîâèòåëüíûõ óñëîâèÿõ è ïðè ðÍ < 9,2 äîìèíèðóåò As(III) â âèäå
íåçàðÿæåííîé ôîðìû H AsO3 3

0 .

Â áåñêèñëîðîäíûõ ñóëüôèäíûõ ñèñòåìàõ ìîãóò ïðåîáëàäàòü òèîàðñåíè-
òû è òèîàðñåíàòû, â êîòîðûõ íàõîäèòñÿ îêîëî 83% îáùåãî ñîäåðæàíèÿ ìû-
øüÿêà [69]. Íàðÿäó ñ åãî íåîðãàíè÷åñêèìè ôîðìàìè âàæíîå ìåñòî çàíèìà-
þò îðãàíè÷åñêèå ñîåäèíåíèÿ ñîñòàâà CH3AsO(OH)2 è (CH3)2AsO(OH) — ìî-
íîìåòèëàðñîíîâàÿ (ÌÌÀ(V)) è äèìåòèëàðñèíîâàÿ (ÄÌÀ(V)) êèñëîòû [52].
Îíè îáðàçóþòñÿ áèîëîãè÷åñêèì ïóòåì, â ÷àñòíîñòè âñëåäñòâèå ðåàêöèé
ìèêðîáèîëîãè÷åñêîãî ìåòèëèðîâàíèÿ [69, 111, 115, 122]. Â íåçàãðÿçíåííûõ
ïîâåðõíîñòíûõ âîäàõ èõ êîíöåíòðàöèÿ íåñóùåñòâåííà, à â âîäíûõ îáúåê-
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òàõ, ïîäâåðæåííûõ ïðî-
ìûøëåííîìó çàãðÿçíå-
íèþ, îíà çíà÷èòåëüíî
âûøå [110, 115]. Ñóùåñòâó-
åò òàêæå ðÿä äðóãèõ ìûøü-
ÿêñîäåðæàùèõ îðãàíè÷å-
ñêèõ ñîåäèíåíèé, â ÷àñòíî-
ñòè àðñåíîáåòàèí (AsB),
àðñåíîõîëèí (AsC), àðñå-
íîñàõàðà è àðñåíñîäåðæà-
ùèå ëèïèäû, â êîòîðûõ
ìûøüÿê íàïðÿìóþ ñâÿçàí
êîâàëåíòíîé ñâÿçüþ ñ àòî-
ìîì óãëåðîäà. Àðñåíîáåòà-
èí è àðñåíîñàõàðà ÿâëÿþò-
ñÿ îñíîâíûìè ñîñòàâëÿþ-
ùèìè â ïðîäóêòàõ áèîñèí-
òåçà ìîðñêèõ æèâîòíûõ
[64]. Ìåòàíîãåííûå áàêòå-
ðèè ñïîñîáíû ê ìåòèëèðî-
âàíèþ ìûøüÿêà ñ îáðàçî-
âàíèåì òàêèõ ìûøüÿêîð-
ãàíè÷åñêèõ ñîåäèíåíèé
êàê ìåòèë- è äèìåòèëàðñèí
(CH3AsH2 è (CH3)2AsH)
[44].

Â òàáëèöå 3 îáîáùåíû
äàííûå î ñîäåðæàíèè ðàñ-
òâîðåííûõ ôîðì ìûøüÿêà
â ïðèðîäíûõ âîäàõ. Â ïî-

äàâëÿþùåì áîëüøèíñòâå ïðåîáëàäàþò íåîðãàíè÷åñêèå ôîðìû, â ÷àñòíîñòè
As(V), îòíîñèòåëüíîå ñîäåðæàíèå êîòîðîãî äîñòèãàåò 72,9—94,6 è äàæå 98%
Asðàñòâ [131]. Â ðå÷íûõ âîäàõ îòíîøåíèå As(V)/As(III) ìåíÿåòñÿ îò 0,1—2,2 äî
3—93, ÷òî òàêæå ïîäòâåðæäàåò äîìèíèðîâàíèå As(V) [92]. Äîëÿ ìûøüÿêîð-
ãàíè÷åñêèõ ñîåäèíåíèé îáû÷íî íå ïðåâûøàåò 2,5—4,7%, îäíàêî èíîãäà îíè
ñîñòàâëÿþò 51,6% Asðàñòâ [124]. Óâåëè÷åíèå ñîäåðæàíèÿ ìûøüÿêîðãàíè÷å-
ñêèõ ñîåäèíåíèé îòìå÷åíî â ïîðîâûõ è ïî÷âåííûõ ðàñòâîðàõ ñ âûñîêèì ñî-
äåðæàíèåì îðãàíè÷åñêèõ âåùåñòâ [111]. Â ýñòóàðèè ð. Áîëüå (Âåëèêîáðèòà-
íèÿ) â õîëîäíîå âðåìÿ ãîäà (îêòÿáðü — àïðåëü) ñðåäè ðàñòâîðåííûõ â âîäå
ôîðì äîìèíèðóåò As(V), òîãäà êàê â òåïëûé ïåðèîä ãîäà — As(III) è ìåòèëè-
ðîâàííûå ôîðìû [56]. Ïîâûøåíèå ñîäåðæàíèÿ As(III) â âîäîåìàõ ëåòîì, êîã-
äà ïðåâàëèðóþò îêèñëèòåëüíûå óñëîâèÿ, îáóñëîâëåíî áèîëîãè÷åñêèì âîñ-
ñòàíîâëåíèåì As(V) [108, 115].

Èíòåíñèâíî ðàçâèâàþùèéñÿ ôèòîïëàíêòîí â ïåðèîä «öâåòåíèÿ» ìîæåò
ñóùåñòâåííûì îáðàçîì âëèÿòü íà òðàíñôîðìàöèþ ñîåäèíåíèé ìûøüÿêà, â
ðåçóëüòàòå êîòîðîé As(V) áûñòðî âîññòàíàâëèâàåòñÿ äî As(III) è ìåòèëèðî-
âàííûõ ôîðì, ÷òî áûëî îáíàðóæåíî â ×åñàïèêñêîì çàëèâå (ÑØÀ) è äðóãèõ
âîäíûõ îáúåêòàõ [14, 105, 108]. Ïðè ýòîì áèîëîãè÷åñêèé ïóòü òðàíñôîðìà-
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Äèàãðàììà ñîñóùåñòâóþùèõ ðàñòâîðåííûõ ôîðì ìûøüÿêà â
çàâèñèìîñòè îò îêèñëèòåëüíî-âîññòàíîâèòåëüíîãî ïîòåíöèà-
ëà (Eh) è ðÍ âîäíîé ñðåäû â ñèñòåìå As-O2-H2O ïðè òåìïåðà-
òóðå 25oC è îáùåì äàâëåíèè 1 áàð ([110] ñ èçìåíåíèÿìè).
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öèè As(V) â As(III) ñ÷èòàåòñÿ ïðåîáëàäàþùèì
ïî ñðàâíåíèþ ñ õèìè÷åñêèì îêèñëåíèåì ìå-
òèëèðîâàííûõ ôîðì [108]. Îñîáîå âíèìàíèå
óäåëÿåòñÿ âîçäåéñòâèþ áàêòåðèé íà ñîñòîÿ-
íèå ìûøüÿêà è òðàíñôîðìàöèþ åãî ñîñóùå-
ñòâóþùèõ ôîðì [69, 75, 78, 111, 121]. Â îïûòàõ
ñ äèàòîìîâîé âîäîðîñëüþ Thalassiosira pseu-
donana òàêæå áûëî îáíàðóæåíî, ÷òî îíà ñïî-
ñîáíà ê òðàíñôîðìàöèè àðñåíàòà â àðñåíèò è
ÄÌÀ [14]. Òåñíûå ïîëîæèòåëüíûå êîððåëÿöè-
îííûå ñâÿçè ñóùåñòâóþò ìåæäó êîíöåíòðà-
öèåé As(III), ÌÌÀ, ÄÌÀ è òàêèìè èíäèêàòîð-
íûìè õàðàêòåðèñòèêàìè ïåðâè÷íîé ïðîäóê-
öèè, êàê êîíöåíòðàöèÿ õëîðîôèëëà è 14Ñ-ïî-
ãëîùåíèå [14]. Â ðÿäå ðàáîò [14, 56, 105]
óòâåðæäàåòñÿ, ÷òî ìåòèëèðîâàííûå ñîåäèíå-
íèÿ ìûøüÿêà ïðîäóöèðóþòñÿ ôèòîïëàíêòî-
íîì in situ.

Ñîîòíîøåíèå As(V) è As(III) âàðüèðóåò â
ñòðàòèôèöèðîâàííûõ îçåðàõ ñ áîëüøèì ãðà-
äèåíòîì çíà÷åíèé Eh. Ñëåäîâàòåëüíî, íàêîï-
ëåíèå ìûøüÿêà â äîííûõ îòëîæåíèÿõ âîäî-
åìîâ ìîæåò ðàññìàòðèâàòüñÿ êàê âíóòðåííèé
ïîòåíöèàëüíûé èñòî÷íèê ïîâûøåíèÿ åãî
êîíöåíòðàöèè â òîëùå âîäû âñëåäñòâèå äèô-
ôóçèè â ïåðèîäû ñòðàòèôèêàöèè [131]. Íàëè-
÷èå â ïîâåðõíîñòíûõ âîäàõ ãóìóñîâûõ âå-
ùåñòâ ñ÷èòàåòñÿ âàæíûì ôàêòîðîì ñóùåñò-
âîâàíèÿ ìûøüÿêà â âèäå As(III), ïîñêîëüêó
ýòè îðãàíè÷åñêèå êèñëîòû îáëàäàþò âîññòà-
íîâèòåëüíûìè ñâîéñòâàìè. Â òî æå âðåìÿ â
ãðóíòîâûõ âîäàõ ìûøüÿêîðãàíè÷åñêèå ñîåäè-
íåíèÿ ïðàêòè÷åñêè íå ñîäåðæàòñÿ [33, 111].
Ñîîòíîøåíèå As(III) è As(V) â ýòîì òèïå ïðè-
ðîäíûõ âîä çàâèñèò îò îêèñëèòåëüíî-âîññòà-
íîâèòåëüíîãî ñîñòîÿíèÿ òâåðäîé ôàçû, íàëè-
÷èÿ îðãàíè÷åñêîãî óãëåðîäà, æåëåçîìàðãàí-
öåâûõ îêñèäîâ, ïîòåíöèàëüíûõ îêèñëèòåëåé
(êèñëîðîä, íèòðàòû, ñóëüôàòû) è ìèêðîáèîëî-
ãè÷åñêîé àêòèâíîñòè [111]. Â ïîðîâîì ðàñòâî-
ðå äîííûõ îòëîæåíèé ýñòóàðèÿ ð. Òåéìàð (Âå-
ëèêîáðèòàíèÿ) ìûøüÿê îáíàðóæåí ïðåèìó-
ùåñòâåííî â âèäå íåîðãàíè÷åñêèõ ôîðì
(96,8% Asðàñòâ), à ñîäåðæàíèå ìåòèëèðîâàí-
íûõ ñîåäèíåíèé (ÌÌÀ è ÄÌÀ) ñîñòàâëÿëî
ëèøü 3,2% Asðàñòâ [55]. Â ãåîòåðìàëüíûõ ñèñòå-
ìàõ îáû÷íî ïðåîáëàäàåò As(III), îäíàêî ïðè
ñìåøåíèè òåðìàëüíûõ âîä ñ ïîâåðõíîñòíûìè
è ïîä âîçäåéñòâèåì áàêòåðèé îí áûñòðî îêèñ-
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ëÿåòñÿ äî As(V) [54]. Â ãðóíòîâûõ âîäàõ îòìå÷åíî ñóùåñòâåííîå ïðåîáëàäà-
íèå As(III) ïî ñðàâíåíèþ ñ As(V) [48]. Íàëè÷èå îðãàíè÷åñêèõ âåùåñòâ (çà
ñ÷åò áûòîâûõ ñòî÷íûõ âîä èëè òîðôÿíûõ îòëîæåíèé) ìîæåò áûòü âàæíûì
ôàêòîðîì ôîðìèðîâàíèÿ âîññòàíîâèòåëüíûõ óñëîâèé â ãðóíòîâûõ âîäàõ è,
ñëåäîâàòåëüíî, âîçäåéñòâèÿ íà ñîñòîÿíèå ìûøüÿêà â íèõ [121].

Òîêñè÷íîñòü ñîåäèíåíèé ìûøüÿêà. Ìûøüÿê îòíîñèòñÿ ê ÷èñëó íåìíî-
ãèõ õèìè÷åñêèõ ýëåìåíòîâ, îáëàäàþùèõ ìóòàãåííûì è êàíöåðîãåííûì âîç-
äåéñòâèåì íà æèâûå îðãàíèçìû [44, 112]. Îí õàðàêòåðèçóåòñÿ òàêæå ãåíî-
òîêñè÷íûìè ñâîéñòâàìè ïî îòíîøåíèþ ê ÷åëîâå÷åñêîìó îðãàíèçìó [115].
Îäíàêî òîêñè÷íîñòü ìûøüÿêà, êàê è ìíîãèõ äðóãèõ ýëåìåíòîâ, â çíà÷èòåëü-
íîé ìåðå çàâèñèò îò ôîðìû íàõîæäåíèÿ â âîäíîé ñðåäå [29, 31, 47, 69, 91,
98]. Ïðè ýòîì âàæíóþ ðîëü èãðàþò ñòåïåíü îêèñëåíèÿ è ñóùåñòâîâàíèå â
âèäå íåîðãàíè÷åñêèõ èëè îðãàíè÷åñêèõ ñîåäèíåíèé [29, 47, 60, 69, 91]. Âûñî-
êîé òîêñè÷íîñòüþ îáëàäàåò íåîðãàíè÷åñêèé ìûøüÿê, â ÷àñòíîñòè àðñèí èëè
ìûøüÿêîâèñòûé âîäîðîä (AsH3), à H3AsO3 ïðåäñòàâëÿåòñÿ íàìíîãî áîëåå
îïàñíûì ñîåäèíåíèåì, ÷åì H3AsO4 [11, 96]. Ïðè òèïè÷íûõ äëÿ ïðèðîäíûõ
âîä çíà÷åíèÿõ ðÍ àðñåíàò ñ÷èòàåòñÿ ìåíåå áèîäîñòóïíûì, òàê êàê â áîëü-
øåé ñòåïåíè ñîðáèðóåòñÿ ïîâåðõíîñòüþ ãèäðîêñèäîâ æåëåçà ïî ñðàâíåíèþ
ñ àðñåíèòîì.

Îáû÷íî ìåòàëëû â âûñøåé ñòåïåíè îêèñëåíèÿ îáëàäàþò áîëüøåé
òîêñè÷íîñòüþ. Íàïðèìåð, Cr(VI) ÿâëÿåòñÿ êàíöåðîãåíîì, à Cr(III) ñëàáîòîê-
ñè÷åí. Ê òîìó æå, íàõîäÿñü â ýòîé ñòåïåíè îêèñëåíèÿ, îí àêòèâíî ñâÿçûâà-
åòñÿ â êîìïëåêñû ñ ðàñòâîðåííûìè îðãàíè÷åñêèìè âåùåñòâàìè (ÐÎÂ) ïðè-
ðîäíûõ ïîâåðõíîñòíûõ âîä, ÷òî òàêæå ñïîñîáñòâóåò åãî äåòîêñèêàöèè. Îä-
íàêî ýòî íå îòíîñèòñÿ ê ñîåäèíåíèÿì ìûøüÿêà, îñòðàÿ òîêñè÷íîñòü êîòîðûõ
óìåíüøàåòñÿ â ðÿäó: àðñåíèò > àðñåíàò > MMA > ÄMA. Ïî ðàçíûì îöåíêàì,
òîêñè÷íîñòü As(III) ïðèìåðíî â 6—10 ðàç (è äàæå â 20—60 ðàç!) áîëüøå, ÷åì
As(V), à òîêñè÷íîñòü íåîðãàíè÷åñêèõ ôîðì â 70—100 ðàç âûøå, ÷åì ìûøü-
ÿêñîäåðæàùèõ îðãàíè÷åñêèõ ñîåäèíåíèé [11, 15, 16, 44, 60, 96, 98, 99, 115,
121, 122].

Àðñåíàò ïî ñòðóêòóðå ÿâëÿåòñÿ àíàëîãîì ôîñôàòà è êîíêóðèðóåò ñ íèì
âî ìíîãèõ ôåðìåíòíûõ ðåàêöèÿõ. Îí èíãèáèðóåò îêèñëèòåëüíîå ôîñôîðè-
ëèðîâàíèå è ñíèæàåò ýíåðãåòè÷åñêîå ñíàáæåíèå êëåòîê [69]. Âûñîêàÿ
òîêñè÷íîñòü As(III) îáóñëîâëåíà åãî ñðîäñòâîì ê òèîëüíûì ãðóïïàì (-SH)
ïðîòåèíîâ è îáðàçîâàíèåì ñ íèìè òåðìîäèíàìè÷åñêè óñòîé÷èâûõ ñîåäèíå-
íèé, âñëåäñòâèå ÷åãî èíãèáèðóåòñÿ ôóíêöèÿ ñàìèõ ïðîòåèíîâ [11, 38, 69,
121]. Èç-çà èíãèáèðîâàíèÿ áåëêîâ è áîëüøåé áèîäîñòóïíîñòè àðñåíèòà â
íåéòðàëüíîé è êèñëîé âîäíîé ñðåäå ýòà ôîðìà áîëåå òîêñè÷íà è îïàñíà äëÿ
æèâûõ îðãàíèçìîâ, ÷åì àðñåíàò.

Òîêñè÷íîñòü íåîðãàíè÷åñêèõ è îðãàíè÷åñêèõ (ìåòèëèðîâàííûõ) ôîðì
ìûøüÿêà ðàçëè÷àåòñÿ ïðèìåðíî â 100 ðàç [49]. Ìåòèëèðîâàííûå ñîåäèíå-
íèÿ îáû÷íî ñ÷èòàþòñÿ ñðåäíåòîêñè÷íûìè, õîòÿ íåêîòîðûå èç íèõ, íàïðè-
ìåð àðñåíîáåòàèí è àðñåíîõîëèí, ðàññìàòðèâàþòñÿ êàê íåòîêñè÷íûå [11,
31, 64]. Îäíàêî â ïîñëåäíåå âðåìÿ ïîÿâèëèñü ðàáîòû, â êîòîðûõ îòìå÷àåòñÿ,
÷òî òîêñè÷íîñòü îðãàíè÷åñêèõ ïðîèçâîäíûõ êàê As(III), òàê è As(V) íåäîîöå-
íèâàëàñü è îêàçàëàñü íàìíîãî âûøå, ÷åì ñ÷èòàëîñü ðàíåå [65, 90, 121—123].
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Îñîáåííî ýòî êàñàåòñÿ îðãàíè÷åñêèõ ñîåäèíåíèé, â êîòîðûõ ìûøüÿê íàõî-
äèòñÿ â ñòåïåíè îêèñëåíèÿ +3 [122]. Îíè ïðîÿâëÿþò á�ëüøóþ òîêñè÷íîñòü,
÷åì íåîðãàíè÷åñêèé ìûøüÿê, ïîñêîëüêó â áîëüøåé ñòåïåíè ðàçðóøàþò
ÄÍÊ.

Ïîëó÷åíû èíòåðåñíûå äàííûå î íàêîïëåíèè ìûøüÿêà ïðåñíîâîäíûìè
ðàñòåíèÿìè, â ÷àñòíîñòè, â ð. Ìîéðà è îç. Ìîéðà (Êàíàäà), ãäå êîíöåíòðàöèÿ
ìûøüÿêà â âîäå ñîñòàâëÿëà 50—75 ìêã/äì3, îíè ñîäåðæàëè îò 21 äî
117 ìã As/êã ñóõîé ìàññû [131]. Îáû÷íî êîíöåíòðàöèÿ ìûøüÿêà â ðàñòåíèÿõ
íàìíîãî íèæå è íå ïðåâûøàåò 0,2—2,0 ìã/êã ñóõîé ìàññû. Â ñîñòàâå ñîåäè-
íåíèé ìûøüÿêà, âûäåëåííûõ èç ðàñòåíèé, ñîäåðæàëèñü As(V), As(III), ÌÌÀ
è ÄÌÀ (ñîîòâåòñòâåííî 61,6—190 ìêã/äì3, 14,5—337, 1,2—3,1 è 1,1—
2,8 ìêã/äì3), à òàêæå íåêîòîðûå äðóãèå ìûøüÿêîðãàíè÷åñêèå ñîåäèíåíèÿ.
Èìåþòñÿ òàêæå äàííûå î íàêîïëåíèè ýòîãî ýëåìåíòà ìîðñêèìè âîäîðîñëÿ-
ìè [64].

Â ïðîöåññå æèçíåäåÿòåëüíîñòè ÷åëîâåê ñòàëêèâàåòñÿ ÷àùå âñåãî ñ òàêè-
ìè ñîåäèíåíèÿìè ìûøüÿêà, êàê àðñåíàòû è àðñåíèòû, ìåòèëàðñîíîâûå è
ìåòèëàðñåíàòíûå êèñëîòû, àðñåíîáåòàèí è àðñåíîõîëèí, àðñåíîóãëåâîäû.
Ïðè ïîâûøåííîé êîíöåíòðàöèè ñîåäèíåíèÿ ìûøüÿêà òîêñè÷íû äëÿ æèâîò-
íûõ è ÷åëîâåêà, òàê êàê òîðìîçÿò îêèñëèòåëüíûå ïðîöåññû è óãíåòàþò ñíàá-
æåíèå êèñëîðîäîì îðãàíîâ è òêàíåé [4]. Ïîïàäàÿ â ÷åëîâå÷åñêèé îðãàíèçì ñ
ïèòüåâîé âîäîé è ïðîäóêòàìè ïèòàíèÿ, àðñåíàòû êîíêóðèðóþò ñ ôîñôàòàìè
è îêàçûâàþò îòðèöàòåëüíîå âëèÿíèå íà âûðàáîòêó ÀÒÔ â ïðîöåññå ãëèêîëè-
çà, ÷òî ïðèâîäèò ê ðàçðóøåíèþ êëåòîê [20]. Íàêàïëèâàÿñü â ùèòîâèäíîé æå-
ëåçå, ìûøüÿê ñòàíîâèòñÿ ïðè÷èíîé âîçíèêíîâåíèÿ ýíäåìè÷åñêîãî çîáà. Â
îðãàíèçìå ÷åëîâåêà åãî ñîåäèíåíèÿ âûçûâàþò çàáîëåâàíèÿ êîæè, âîçäåéñò-
âóþò íà êðîâåíîñíóþ ñèñòåìó è óâåëè÷èâàþò ðèñê âîçíèêíîâåíèÿ ðàêîâûõ
çàáîëåâàíèé [69]. Ñìåðòåëüíàÿ äîçà ìûøüÿêà äëÿ ÷åëîâåêà ñîñòàâëÿåò
0,1—0,3 ã. Â òî æå âðåìÿ â ìàëûõ äîçàõ åãî èñïîëüçóþò â ìåäèöèíñêîé ïðàê-
òèêå äëÿ ëå÷åíèÿ íåêîòîðûõ áîëåçíåé, â ÷àñòíîñòè àíåìèè.

Ìûøüÿê ïðèíàäëåæèò ê ÷èñëó íîðìèðóåìûõ õèìè÷åñêèõ ýëåìåíòîâ.
Ìàêñèìàëüíî äîïóñòèìûé óðîâåíü çàãðÿçíåíèÿ èì ïèòüåâîé âîäû ñîñòàâëÿ-
åò 0,05 ìã/äì3. Â ñîîòâåòñòâèè ñ íîðìàòèâàìè Âñåìèðíîé îðãàíèçàöèè çäðà-
âîîõðàíåíèÿ è Åâðîïåéñêîãî Ñîþçà êîíöåíòðàöèÿ ìûøüÿêà â ïèòüåâîé
âîäå íå äîëæíà ïðåâûøàòü 0,01 ìã/äì3 [6, 15], à â ðÿäå äðóãèõ ñòðàí, íàïðè-
ìåð â Ìåêñèêå, Àðãåíòèíå, Áàíãëàäåø, Ìàëàéçèè, Âüåòíàìå, Åãèïòå, Êèòàå,
×èëè, Èíäèè, Èíäîíåçèè, åå äîïóñòèìûé ïðåäåë âûøå — 0,05 ìã/äì3 [16, 91,
100, 126].

Çàêëþ÷åíèå

Òàêèì îáðàçîì, àíàëèç äàííûõ î ñîäåðæàíèè è ñîñóùåñòâóþùèõ ôîðìàõ
ìûøüÿêà â ðàçëè÷íûõ òèïàõ ïðèðîäíûõ âîä ïîêàçàë, ÷òî â íåçàãðÿçíåííûõ ïîâåð-
õíîñòíûõ âîäàõ åãî êîíöåíòðàöèÿ íåâûñîêà — íåñêîëüêî ìèêðîãðàììîâ â 1 äì3.
Â òî æå âðåìÿ â ïîâåðõíîñòíûõ âîäíûõ îáúåêòàõ, íàõîäÿùèõñÿ âáëèçè ãîðíîðóä-
íûõ ïðåäïðèÿòèé è ïðîèçâîäñòâ ïî äîáû÷å öâåòíûõ ìåòàëëîâ, ñîäåðæàíèå ìûøü-
ÿêà ñóùåñòâåííî âîçðàñòàåò è äîñòèãàåò äåñÿòêîâ, ñîòåí è äàæå òûñÿ÷ ìèêðî-
ãðàììîâ â 1 äì3, ïðåäñòàâëÿÿ óãðîçó äëÿ æèâûõ îðãàíèçìîâ. Îñîáåííî îïàñíî
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çàãðÿçíåíèå ãðóíòîâûõ è êîëîäåçíûõ âîä êàê èñòî÷íèêîâ ïèòüåâîãî âîäîñíàáæå-
íèÿ, ÷òî õàðàêòåðíî äëÿ ìíîãèõ ñòðàí ìèðà. Îïàñíîñòü äàëüíåéøåãî çàãðÿçíåíèÿ
êàê ïîâåðõíîñòíûõ, òàê è ãðóíòîâûõ âîä óñóãóáëÿåòñÿ èç-çà èñïîëüçîâàíèÿ â ïå-
ðåðàáîòêå íåêîíäèöèîííûõ ðóä ñ âûñîêèì ñîäåðæàíèåì ïðèìåñåé. Â ðåçóëüòà-
òå ïðîáëåìà çàãðÿçíåíèÿ ïðèðîäíûõ âîä ñîåäèíåíèÿìè ìûøüÿêà ïðèîáðåòàåò
ãëîáàëüíûé õàðàêòåð, ÷òî îòìå÷åíî â áîëüøèíñòâå îáçîðíûõ ðàáîò, ïîñâÿùåí-
íûõ èññëåäîâàíèþ ýòîãî õèìè÷åñêîãî ýëåìåíòà. Âî ìíîãèõ èç íèõ ðàññìîòðåíû
èñòî÷íèêè çàãðÿçíåíèÿ ïðèðîäíûõ âîä ìûøüÿêîì, à òàêæå îáðàùåíî âíèìàíèå
íà íåîáõîäèìîñòü èçó÷åíèÿ ñîñóùåñòâóþùèõ ôîðì, ïîñêîëüêó èìåííî îíè
îïðåäåëÿþò åãî òîêñè÷íîñòü äëÿ æèâûõ îðãàíèçìîâ, âêëþ÷àÿ ÷åëîâåêà. Àíàëèç
ìíîãî÷èñëåííûõ äàííûõ ñâèäåòåëüñòâóåò î òîì, ÷òî ïîâåðõíîñòíûå âîäû ïåðåíî-
ñÿò ìûøüÿê ãëàâíûì îáðàçîì â ðàñòâîðåííîì ñîñòîÿíèè. Çíà÷èòåëüíîå âíèìà-
íèå óäåëåíî ìåòîäàì îïðåäåëåíèÿ åãî ñîñóùåñòâóþùèõ ôîðì (â íàñòîÿùåì ñî-
îáùåíèè îíè íå ðàññìàòðèâàþòñÿ), à òàêæå ôàêòîðàì è ïðîöåññàì, âëèÿþùèì
íà èõ òðàíñôîðìàöèþ â âîäíûõ ýêîñèñòåìàõ. Íàðÿäó ñ õèìè÷åñêèìè (îêèñëèòåëü-
íî-âîññòàíîâèòåëüíûé ïîòåíöèàë, ðÍ âîäíîé ñðåäû, íàëè÷èå îðãàíè÷åñêèõ âå-
ùåñòâ, ñîäåðæàíèå êèñëîðîäà, îêèñëèòåëåé è âîññòàíîâèòåëåé) ïîêàçàíà âàæíàÿ
ðîëü áèîëîãè÷åñêîãî ôàêòîðà â ñîîòíîøåíèè ôîðì ìûøüÿêà è åãî èçìåíåíèÿõ
âñëåäñòâèå òðàíñôîðìàöèè. Íå ìåíüøåãî âíèìàíèÿ çàñëóæèâàþò ðåçóëüòàòû èñ-
ñëåäîâàíèé, êàñàþùèõñÿ ïðîáëåìû òîêñè÷åñêîãî, êàíöåðîãåííîãî è ãåíîòîêñè-
÷åñêîãî âîçäåéñòâèÿ ñîåäèíåíèé ìûøüÿêà íà îðãàíèçì ÷åëîâåêà.

**

Óçàãàëüíåíî òà ðîçãëÿíóòî ðåçóëüòàòè áàãàòî÷èñåëüíèõ äîñë³äæåíü àðñåíó ó
ïðèðîäíèõ âîäàõ ð³çíîãî òèïó. Ïîêàçàíî, ùî â íåçàáðóäíåíèõ ïîâåðõíåâèõ âîäíèõ
îá’ºêòàõ éîãî âì³ñò êîëèâàºòüñÿ ó ìåæàõ äåê³ëüêîõ ì³êðîãðàì³â â 1 äì3. Âèñîê³ êîí-
öåíòðàö³¿ àðñåíó ó ïîâåðõíåâèõ ³ ´ðóíòîâèõ âîäàõ õàðàêòåðí³ äëÿ ðåã³îí³â, äå çíàõîäÿ-
òüñÿ ã³ðíè÷îðóäí³ ï³äïðèºìñòâà òà âèðîáíèöòâà ç äîáóâàííÿ êîëüîðîâèõ ìåòàë³â.
Îñîáëèâó íåáåçïåêó ñòàíîâèòü çàáðóäíåííÿ öèì õ³ì³÷íèì åëåìåíòîì ´ðóíòîâèõ ³ êî-
ëîäÿçíèõ âîä ÿê äæåðåë ïèòíîãî âîäîïîñòà÷àííÿ íàñåëåííÿ ó çâ’ÿçêó ç âèêîðèñòàí-
íÿì òà ïåðåðîáëåííÿì íåêîíäèö³éíèõ ðóä ç âèñîêèì âì³ñòîì äîì³øîê, äî ñêëàäó ÿêèõ
âõîäèòü àðñåí. Çíà÷íó óâàãó ïðèä³ëåíî ïèòàííÿì äîñë³äæåííÿ éîãî ñï³â³ñíóþ÷èõ
ôîðì, îñê³ëüêè âîíè âèçíà÷àþòü òîêñè÷í³ñòü àðñåíó äëÿ æèâèõ îðãàí³çì³â, âêëþ÷àþ-
÷è ëþäèíó. Ðîçãëÿíóòî îñíîâí³ ÷èííèêè ³ ïðîöåñè, ùî âïëèâàþòü íà ñòàí àðñåíó â
ïðèðîäíèõ âîäàõ. Ïîêàçàíî, ùî ïîðÿä ç õ³ì³÷íèìè ÷èííèêàìè (îêèñíî-â³äíîâíèé ïî-
òåíö³àë, pH ñåðåäîâèùà, êîíöåíòðàö³ÿ êèñíþ ³ îðãàí³÷íèõ ðå÷îâèí, íàÿâí³ñòü ó ñèñ-
òåì³ îêèñíþâà÷³â ³ â³äíîâíèê³â) íà òðàíñôîðìàö³þ ñïîëóê àðñåíó çíà÷íîþ ì³ðîþ
âïëèâàº á³îëîã³÷íà êîìïîíåíòà âîäíèõ åêîñèñòåì, çîêðåìà ô³òîïëàíêòîí, âèù³
âîäí³ ðîñëèíè òà ì³êðîá³îòà. Äàíî ïîð³âíþâàëüíó îö³íêó òîêñè÷íîñò³ íåîðãàí³÷íèõ
ôîðì àðñåíó ³ ïðîäóêò³â éîãî ìåòèëóâàííÿ òà â³äçíà÷åíî âàæëèâ³ñòü ¿õíüîãî âèçíà-
÷åííÿ ç åêîëîã³÷íèõ ïîçèö³é.

**

The results of numerous studies of arsenic in natural waters of different types are sum-
marized and reviewed. It is shown that its concentration in unpolluted surface water bodies
is about some micrograms in 1 dm3, which is typical for the river and lake waters. High con-
centrations of arsenic in surface and groundwater are characteristic for the regions of mi-
ning activities and production of non-ferrous metals. The contamination of groundwater
and well waters as sources of drinking water supply by this chemical element due to using
and processing of sub-standard ores with high content of impurities, which include arsenic,
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is especially dangerous. Considerable attention is paid to the study of arsenic coexisting
forms, since they determine its toxicity to living organisms, including the human organism.
The main factors and processes that affect on the arsenic state in natural waters are consi-
dered. It is shown that along with the chemical factors (redox potential, pH of the medium,
concentration of oxygen and organic substances, presence of oxidizing and reducing
agents) biological components of aquatic ecosystems (phytoplankton, aquatic plants and
microbiota) have an important influence on the transformation of arsenic compounds. A
comparative assessment of the toxicity of inorganic forms of arsenic and products of its met-
hylation is given. The importance of determination of arsenic different forms along with
consideration of environmental positions is noted.

**

1. Ãàøêèíà Í.À. Ïðîñòðàíñòâåííî-âðåìåííàÿ èçìåí÷èâîñòü õèìè÷åñêîãî
ñîñòàâà âîä ìàëûõ îçåð â ñîâðåìåííûõ óñëîâèÿõ èçìåíåíèÿ îêðóæàþ-
ùåé ñðåäû: Äèñ. ... äîêò. ãåîãð. íàóê. — Ì., 2014. — 207 ñ.

2. Êîâàëåíêî Ê.À. Ñîðáöèîííàÿ î÷èñòêà ñòî÷íûõ âîä ãîðíî-ïåðåðàáàòûâà-
þùèõ ïðåäïðèÿòèé îò ìûøüÿêà ñ èñïîëüçîâàíèåì ïðèðîäíûõ ìèíåðà-
ëîâ // Àâòîðåô. äèñ. … êàíä. òåõí. íàóê. — Ïåðìü, 2013. — 23 ñ.

3. Ìîèñååíêî Ò.È., Êóäðÿâöåâà Ë.Ï., Ãàøêèíà Í.À. Ðàññåÿííûå ýëåìåíòû â
ïîâåðõíîñòíûõ âîäàõ ñóøè: Òåõíîôèëüíîñòü, áèîàêêóìóëÿöèÿ è ýêîòîê-
ñèêîëîãèÿ. — Ì.: Íàóêà, 2006. — 261 ñ.

4. Ðóêîâîäñòâî ïî õèìè÷åñêîìó àíàëèçó ïîâåðõíîñòíûõ âîä ñóøè / Ïîä
ðåä. À. Ä. Ñåìåíîâà. — Ë.: Ãèäðîìåòåîèçäàò, 1977. — 542 ñ.

5. Ðÿáèíèí À.È., Øèáàåâà Ñ.À. Ñîâðåìåííûé ãèäðîõèìè÷åñêèé ðåæèì è
çàãðÿçíåíèå Àçîâñêîãî ìîðÿ. — Êèåâ: Ôåíèêñ, 2012. — 424 ñ.

6. Ôîìèí Ã.Ñ. Âîäà. Êîíòðîëü õèìè÷åñêîé, áàêòåðèàëüíîé è ðàäèàöèîííîé
áåçîïàñíîñòè ïî ìåæäóíàðîäíûì ñòàíäàðòàì: Ýíöèêëîïåäè÷åñêèé
ñïðàâî÷íèê. — Ì.: Ïðîòåêòîð, 2000. — 848 ñ.

7. Abah J., Ubwa S.T., Onyejefu D.I., Nomor S.A. Assessment of some trace me-
tals content of Oreochromis niloticus obtained from River Okpokwu, Apa Be-
nue State, Nigeria // Res. J. Chem. Sci. — 2013. — Vol. 3, N 3. — P. 70—75.

8. Abdul-Kareem B.M., Rabee A.M., Al-Fatlawy Ya.F. Monitoring heavy metals,
cations and anions levels and its possible health risks in Tigris River at Bagh-
dad region // Iraqi J. Sci. — 2011. — Vol. 52, N 3. — P. 306—316.

9. Abdullah M.I., Shiyu Z., Mosgren K. Arsenic and selenium species in the oxic
and anoxic waters of the Oslofjord, Norway // Mar. Pollut. Bul. — 1995. —
Vol. 31, N 1—3. — P. 116—126.

10. Agusa T., Kunito T., Kubota R. et al. Exposure, metabolism, and effects of ar-
senic in residents from arsenic-contaminated groundwater areas of Southeast
Asia // Interdisciplinary studies on environmental chemistry — environmen-
tal pollution and ecotoxicology. — TERRAPUB, 2012. — P. 125—132.

11. Akter K.F., Owens G., Davey D.E., Naidu R. Arsenic speciation and toxicity in
biological systems // Rev. Environ. Contam. Toxicol. — 2005. — Vol. 184. —
P. 97—149.

12. Ali I., Jain C.K. Advances in arsenic speciation techniques // Intern. J. Envi-
ron. Anal. Chem. — 2004. — Vol. 84, N 12. — P. 947—964.

108

Ãèäðîõèìèÿ



13. Ammann A.A. Arsenic speciation analysis by ion chromatography — a critical
review of principles and applications // Amer. J. Anal. Chem. — 2011. —
Vol. 2. — P. 27—45.

14. Andreae M.O. Distribution and speciation of arsenic in natural waters and
some marine algae // Deep-Sea Research. — 1978. — Vol. 25. —
P. 391—402.

15. Arsenic and arsenic compounds (Environmental Health Criteria 224). — Ge-
neva: World Health Organization, 2001. — 521 p.

16. Arsenic in drinking-water // IARC Monographs on the evaluation of carcino-
genic risks to humans / Some drinking-water disinfectants and contami-
nants, including arsenic. — Lyon, 2004. — Vol. 84. — P. 41—267.

17. Arsenic in groundwater: geochemistry and occurrence / Ed. by A. H. Welch,
K. G. Stollenwerk. — Dordrecht: Kluwer Academic Publichers, 2003. —
488 p.

18. Azcue J.M., Nriagu J.O. Arsenic: Historical perspectives // Arsenic in the En-
vironment. Part I: cycling and characterization / Ed. by J. O. Nriagu. — New
York: Wiley, 1994. — P. 1—16.

19. Azcue J.M., Nriagu J.Î. Impact of abandoned mine tailings on the arsenic
concentrations in Moira Lake, Ontario // J. Geochem. Exploration. — 1995.
— Vol. 52. — P. 81—89.

20. B’Hymer C., Caruso J.A. Arsenic and its speciation analysis using high-perfor-
mance liquid chromatography and inductively coupled plasma mass spectro-
metry // J. Chromatography. A. — 2004. — Vol. 1045. — P. 1—13.

21. Baeyens W., de Brauwere A., Brion N. et al. Arsenic speciation in the River
Zenne, Belgium // Sci. Total Environ. — 2007. — Vol. 384. — P. 409—419.

22. Benson L.V., Spencer R.J. A hydrochemical reconnaissance study of the Wal-
ker River basin, California and Nevada // U. S. Geological Survey Open-File
Report 83-740. — 1983. — 53 p.

23. Berg M., Tran H.C., Nguyen T.C. et al. Arsenic contamination of groundwater
and drinking water in Vietnam: a human health threat // Environ. Sci. Tech-
nol. — 2001. — Vol. 35, N 13. — P. 2621—2626.

24. Bidone E.D., Castiihos Z.C., Santos M.C.B. et al. Arsenic levels in natural and
drinking waters from Paracatu, MG, Brazil // One century of the discovery of
arsenicosis in Latin America (1914—2014). — London: Taylor & Francis
Group, 2014. — P. 162—164.

25. Bilaletdin Ä., Kaipainen H., Parviainen A. et al. A transport model of arsenic
for surface waters — an application in Finland // Project «Risk assessment
and risk management procedure for arsenic in the Tampere Region». — Es-
poo, Geological Survey of Finland, 2007. — 36 p.

26. Bissen M., Frimmel F.H. Arsenic — a review. Part I: occurrence, toxicity, spe-
ciation, mobility // Acta hydrochim. hydrobiol. — 2003. — Vol. 31, N 1. —
P. 9—18.

27. Borba R.P., Fingered B.R., Matschullat J. Geochemical distribution of arsenic
in waters, sediments and weathered gold mineralized rocks from Iron Quad-
rangle, Brazil // Environ. Geol. — 2003. — Vol. 44. — P. 39—52.

28. Buschmann J., Berg M., Stengel C., Sampson M.L. Arsenic and manganese
contamination of drinking water resources in Cambodja: coincidence of risk

109

Ãèäðîõèìèÿ



areas with low relief topography // Environ. Sci. Technol. — 2007. — Vol. 41.
— P. 2146—2152.

29. Butcher D.J. Environmental applications of arsenic speciation using atomic
spectrometry detection // Appl. Spectroscopy Rev. — 2007. — Vol. 42. —
P. 1—22.

30. Butu A.W., Iguisi E.O. Increasing levels of metal pollutants in River Kubanni
Zaria, Nigeria // Res. J. Environ. Earth Sci. —2012. — Vol. 4, N 12. —
P. 1085—1089.

31. Caussy D. Case studies of the impact of understanding bioavailability: arse-
nic // Ecotoxicol. Environ. Safety. — 2003. — Vol. 56. — P. 164—173.

32. Caylak E. Health risk assessment for arsenic in water sources of Cankiri Pro-
vince of Turkey // Clean Soil, Air, Water. — 2012. — Vol. 40, N 7. —
Ð. 728—734.

33. Chen S.-L., Dzeng S.R., Yang M.-H. et al. Arsenic species in ground waters of
the Blackfoot disease area, Taiwan // Environ. Sci. Technol. — 1994. —
Vol. 28. — P. 877—881.

34. Choprapawon C., Rodcline A. Chronic arsenic poisoning in Ronpibool Na-
khon Sri Thammarat, the southern province of Thailand // Arsenic exposure
and health effects / Ed. by C. O. Abernathy, R. L. Calderon, W. R. Chappell.
— London: Chapman & Hall, 1997. — P. 69—77.

35. Choprapwon C., Porapakkham Y. Occurrence of cancer in arsenic contamina-
ted area, Ronpibool District, Nakorn Srithmmarat Province, Thailand // Ar-
senic: exposure and health effects IV / Ed. by W. R. Chappell, C. O. Aberna-
thy, R. L. Calderon. — Amsterdam: Elsevier, 2001. — P. 201—206.

36. Dekov V.M., Komy Z., Arahjo F. et al. Chemical composition of sediments,
suspended matter, river water and ground water of the Nile (Aswan-Sohag
traverse) // Sci. Total Environ. — 1997. — Vol. 201. — P. 195—210.

37. Del Razo L.M., Arellano M.A., Cebrián M.E. The oxidation states of arsenic in
well-water from a chronic arsenicism area of Northern Mexico // Environ.
Pollut. — 1990. — Vol. 64. — P. 143—153.

38. Dhar R.K., Biswas B.K., Samanta G. et al. Groundwater arsenic calamity in
Bangladesh // Curr. Sci. — 1997. — Vol. 73. — P. 48—59.

39. Dimkic M., Djuric D., Josipovic J., Jevtic G. Solutions for groundwater mana-
gement in areas affected by high arsenic content: Vojvodina case study // In-
tern. Conf. «Transboundary Aquifers: Challenges and New Directions»
(ISARM2010), 6—8 December 2010. — P. 1—6.

40. Dinelli E., Lima A., Albanese S. et al. Major and trace elements in tap water
from Italy // J. Geochem. Explor. — 2012. — Vol. 112. — P. 54—75.

41. Ecosystems of the biosphere Reserve Srebarna Lake / Ed. by Y. Uzunov,
B. B. Georgiev, E. Varadinoiva, N. Ivanova, L. Pehlivanov, V. Vasilev. — So-
fia: Professor Martin Drinov Acad. Publ. House, 2012. — P. 197—212.

42. Elbaz-Poulichet F., Nagy A., Cserny T. The distribution of redox sensitive ele-
ments (U, As, Sb, V and Mo) along a river-wetland-lake system (Balaton regi-
on, Hungary) // Aquat. Geochem. — 1997. — Vol. 3. — P. 267—282.

43. Elbaz-Poulichet F., Seidel J.-L., Casiot C., Tusseau-Vuillemin M.-H.
Short-term variability of dissolved trace element concentrations in the Marne

110

Ãèäðîõèìèÿ



and Seine Rivers near Paris // Sci. Total Environ. — 2006. — Vol. 367. —
P. 278—287.

44. Ferguson J.F., Gavis J. A review of the arsenic cycle in natural waters // Wa-
ter Res. — 1972. — Vol. 6. — P. 1259—1274.

45. Gaillardet J., Viers J., Dupré B. Trace elements in river waters // Treatise on
geochemistry. — Elsevier, 2003. — Vol. 5. — P. 225—272.

46. Garelick H., Jones H., Dybowska A., Valsami-Jones E. Arsenic pollution sour-
ces // Rev. Environ. Contamin. — 2008. — Vol. 197. — P. 17—60.

47. Gong Z., Lu X., Ma M. et al. Arsenic speciation analysis // Talanta. — 2002.
— Vol. 58. — P. 77—96.

48. Gong Z., Lua X., Watt C. et al. Speciation analysis of arsenic in groundwater
from Inner Mongolia with an emphasis on acid-leachable particulate arsenic
// Analyt. Chim. Acta. — 2006. — Vol. 555. — P. 181—187.

49. Guerin T., Molenat N., Astruc A., Pinel R. Arsenic speciation in some environ-
mental samples: a comparative study of HG-GC-QFAAS and HPLC-ICP-MS
methods // Appl. Organometal. Chem. — 2000. — Vol. 14. — P. 401—410.

50. Gurzau E.S., Gurzau A.E. Arsenic in drinking water from groundwater in
Transylvania, Romania // Arsenic: exposure and health effects IV / Ed. by
W. R. Chappell, C. O. Abernathy, R. L. Calderon. — Amsterdam: Elsevier,
2001. — P. 181—184.

51. Habuda-Stanic M., Kules M., Kalajdzic B., Romic Z. Quality of groundwater
in Eastern Croatia. The problem of arsenic pollution // Proc. of the 9th Intern.
Conf. on Environ. Sci. and Technology. Rhodes Island, Greece, 1—3 Sept.
2005. — P. 286—291.

52. Hasegawa H., Matsui M., Okamura S. et al. Arsenic speciation including
«hidden» arsenic in natural waters // Appl. Organometal. Chem. — 1999. —
Vol. 13. — P. 113—119.

53. Hering J.G., Elimelesh M. International perspective on arsenic in groundwa-
ter: problems and treatment strategies // Proced. of the National meeting of
the American Water Works Association, Anaheim, June 18—22, 1995. —
P. C1—C6.

54. Hering J.G., Wilkie J.A., Chiu V.Q. Arsenic geochemistry in source waters of
the Los Angeles aqueduct // Technical completion report. Project Number
UCAL-WRC-W-829. — 1997. — 28 pp.

55. Howard A.G., Apte S.C., Cornber S.D.W., Morris R.J. Biogeochemical ñontrol
of the summer distribution and speciation of arsenic in the Tamar estuary //
Estuar. Coastal and Shelf Sci. —1988. — Vol. 27. — P. 427—443.

56. Howard A.G., Arbab-Zavar M.H., Apte S. The behaviour of dissolved arsenic
in the estuary of the river Beaulieu // Ibid. — 1984. — Vol. 19. —
P. 493—504.

57. Hu S., Lu J., Jing C. A novel colorimetric method for field arsenic speciation
analysis // J. Environ. Sci. — 2012. — Vol. 24, N 7. — P. 1341—1346.

58. Huang W.W., Martin J.M., Seyler P. et al. Distribution and behaviour of arse-
nic in the Huang He (Yellow River) Estuary and Bohai Sea // Mar. Chem. —
1988. — Vol. 25. — P. 75—91.

59. Islam M.R., Salminen R., Lahermo P.W. Arsenic and other toxic elemental
contamination of groundwater, surface water and soil in Bangladesh and its

111

Ãèäðîõèìèÿ



possible effects on human health // Environ. Geochem. Health. — 2000. —
Vol. 22. — P. 33—53.

60. Jain C.K., Ali I. Arsenic: occurrence, toxicity and speciation techniques //
Water Res. — 2000. — Vol. 34, N 17. — P. 4304—4312.

61. Jankulár M., Hiller E., Jurkoviè L. et al. Arsenic and zinc in impoundment ma-
terials and related stream sediments from a polluted area in Eastern Slovakia:
distribution, mobility, and water quality // J. Hydrol. Hydromech. — 2009.
— Vol. 57, N 3. — P. 200—211.

62. Johannesson K.H., Lyons W.B., Huey S. et al. Oxyanion concentrations in eas-
tern Sierra Nevada Rivers — 2. Arsenic and Phosphate // Aquatic Geochem.
— 1997. — Vol. 3. — P. 61—97.

63. Juhasz A.L., Smith E., Weber J. et al. In vivo assessment of arsenic bioavailabi-
lity in rice and its significance for human health risk assessment // Environ.
Health Perspect. — 2006. — Vol. 114, N 12. — P. 1826—1831.

64. Karthikeyan S., Hirata S. Arsenic speciation in environmental samples //
Anal. Letters. — 2003. — Vol. 36, N 11. — P. 2355—2366.

65. Kenyon E.M., Hughes M.F. A concise review of the toxicity and carcinogeni-
city of dimethylarsinic acid // Toxicology. — 2001. — Vol. 160. —
P. 227—236.

66. Khan A.W., Ahmad S.A., Sayed S.U. et al. Arsenic contamination in ground-
water and its effect on human health with particular reference to Bangladesh
// J. Prevent. Soc. Med. — 1997. — Vol. 16. — P. 65—73.

67. Kim M.-J., Nriagu J., Haack S. Arsenic species and chemistry in groundwater
of southeast Michigan // Environ. Pollut. — 2002. — Vol. 120. —
P. 379—390.

68. Kondo H., Ishiguro Y., Ohno K. et al. Naturally occurring arsenic in the gro-
und waters in the southern region of Fukuoka prefecture, Japan // Wat. Res.
— 1999. — Vol. 33, N 8. — P. 1967—1972.

69. Kruger M.C., Bertin P.N., Heipieper H.J., Arsène-Ploetze F. Bacterial metabo-
lism of environmental arsenic — mechanisms and biotechnological applicati-
ons // Appl. Microbiol. Biotechnol. — 2013. — Vol. 97. — P. 3827—3841.

70. Kurttio P., Komulainen H., Hakala E. et al. Urinary excretion of arsenic speci-
es after exposure to arsenic present in drinking water // Arch. Environ. Con-
tam. Toxicol. — 1998. — Vol. 34. — P. 297—305.

71. Langston W.J. The behavior of arsenic in selected United Kingdom estuaries
// J. Fish. Aquat. Sci. — 1983. — Vol. 40, Suppl. 2. — P. 143—150.

72. Lee S., Moon J.-W., Moon H.-S. Heavy metals in the bed and suspended sedi-
ments of Anyang River, Korea: implications for water quality // Environ.
Geochem. Health. — 2003. — Vol. 25. — P. 433—452.

73. Litchfield V.P., Kyle G.B. Kenai River water quality investigation. Completion
report // Alaska department of fish and game division of fisheries rehabilita-
tion, enhancement, and development. — 1992. — N 123. — 48 p.

74. Mandal B.K., Chowdhury T.R., Samanta G. et al. Arsenic in groundwater in se-
ven districts of West Bengal, India — the biggest arsenic calamity in the
world // Curr. Sci. — 1996. — Vol. 70, N 11. — P. 976—986.

75. Mandal B.K., Suzuki K.T. Arsenic round the world: a review // Talanta. —
2002. —Vol. 58. — P. 201—235.

112

Ãèäðîõèìèÿ



76. Martin J.M., Guan D.M., Elbaz-Poulichet F. et al. Preliminary assessment of
the distributions of some trace elements (As, Cd, Cu, Fe, Ni, Pb and Zn) in a
pristine aquatic environment: the Lena River estuary (Russia) // Mar. Chem.
— 1993. — Vol. 43. — P. 185—199.

77. Matisoff G., Khourey C.J., Hall J.F. et al. The nature and source of arsenic in
Northeastern Ohio ground water // Groundwater. — 1982. — Vol. 20, N 4. —
P. 446—456.

78. Matschullat J. Arsenic in the geosphere — a review // Sci. Total Environ. —
2000. — Vol. 249. — P. 297—312.

79. Matschullat J., Borba R.P., Deschamps E. et al. Human and environmental
contamination in the Iron Quadrangle, Brazil // Appl. Geochem. — 2000. —
Vol. 15. — P. 181—190.

80. Mukherjee A., Sengupta M.K., Hossain M.A. et al. Arsenic contamination in
groundwater: a global perspective with emphasis on the Asian scenario // J.
Health Popul. Nutr. — 2006. — Vol. 24, N 2. — P.142—163.

81. Nagy-Korodi I. Environmental impact of gold and polymetallic mining in the

Nistru-B�i�a, North Romania: PhD Thesis abstract. — Cluj-Napoca, 2012. —
42 ð.

82. Narváez J., Richter P., Toral M.I. Arsenic speciation in water samples contai-
ning high levels of copper: removal of copper interference affecting arsine
generation by continuous flow solid phase chelation // Anal. Bioanal. Chem.
— 2005. — Vol. 381. — P. 1483—1487.

83. Neal C., Davies H. Water quality fluxes for eastern UK rivers entering the
North Sea: a summary of information from the Land Ocean Interaction Study
(LOIS) // Sci. Total Environ. — 2003. — Vol. 314—316. — P. 821—882.

84. Neal C., Robson A.J. A summary of river water quality data collected within
the Land-Ocean Interaction Study: core data for eastern UK rivers draining
the North Sea // Ibid. — 2000. — Vol. 251—252. — P. 585—665.

85. Ng J.C., Wang J., Shraim A. A global health problem caused by arsenic from
natural sources // Chemosphere. — 2003. — Vol. 52. — P. 1353—1359.

86. Nicolli H.B., Suriano J.M., Gomez Peral M.A. et al. Groundwater contaminati-
on with arsenic and other trace elements in an area of the Pampa, province of

C�rdoba, Argentina // Environ. Geol. Water Sci. — 1989. — Vol. 14, N 1. —
P. 3—16.

87. Nimick D.A., Moore J.N., Dalby C.E., Savka M.W. The fate of geothermal arse-
nic in the Madison and Missouri Rivers, Montana and Wyoming // Water
Resources Res. — 1998. — Vol. 34, N 11. — P. 3051—3067.

88. Nordstrom D.K. Worldwide occurrences of arsenic in ground water // Scien-
ce. — 2002. — Vol. 296. — P. 2143—2145.

89. Onishi H., Sandell E.B. Geochemistry of arsenic // Geochim. Cosmochim.
Acta. —1955. — Vol. 7. — P. 1—33.

90. Petrick J.S., Jagadish B., Mash E.A., Aposhian H.V. Monomethylarsonous acid
(MMAIII) and arsenite: LD50 in hamsters and in vitro inhibition of pyruvate
dehydrogenase // Chem. Res. Toxicol. — 2001. — Vol. 14. — P. 651—656.

91. Petrusevski B., Sharma S., Schippers J.C., Shordt K. Arsenic in drinking water
// Thematic overview paper 17. — IRC International Water and Sanitation
Centre. — 2007. — 57 p.

113

Ãèäðîõèìèÿ



92. Pettine M., Camusso M., Martinotti W. Dissolved and particulate transport of
arsenic and chromium in the Po River, Italy // Sci. Tot. Environ. — 1992. —
Vol. 119. — P. 253—280.

93. Pettine M., Mastroianni D., Camusso M. et al. Distribution of As, Cr and V
species in the Po-Adriatic mixing area (Italy) // Mar. Chem. — 1997. —
Vol. 58. — P. 335—349.

94. Pfeifer H.-R., Beatrizotti G., Berthoud J. Et al. Natural arsenic-contamination
of surface and ground waters in Southern Switzerland (Ticino) // Bull. Appl.
geol. — 2002. — Vol. 7, N 1. — P. 81—103.

95. Pokrovsky O.S., Schott J., Dupré B. Trace element fractionation and transport
in boreal rivers and soil porewaters of permafrost-dominated basaltic terrain
in Central Siberia // Geochim. Cosmochim. Acta. — 2006. — Vol. 70. —
P. 3239—3260.

96. Pontius F.W., Brown G., Chen C. Health implications of arsenic in drinking
water // J. Amer. Water Works Assoc. — 1994. — Vol. 86. — P. 52—63.

97. Protano C., Zinnà L., Giampaoli S. et al. Heavy metal pollution and potential
ecological risks in rivers: a case study from southern Italy // Bull. Environ.
Contam. Toxicol. — 2014. — Vol. 92. — P. 75—80.

98. Rajakoviæ L.V., Todoroviæ �.N., Rajakoviæ-Ognjanoviæ V.N., Onjia A.E. Analy-
tical methods for arsenic speciation analysis // J. Serb. Chem. Soc. — 2013.
— Vol. 78, N 10. — P. 1461—1479.

99. Rakhunde R., Jasudkar D., Deshpande L. et al. Health effects and significance
of arsenic speciation in water // Intern. J. Environ. Sci. Res. — 2012. —
Vol. 1, N 4. — P. 92—96.

100. Razo I., Carrizales L., Castro J. et al. Arsenic and heavy metal pollution of
soil, water and sediments in a semi-arid climate mining area in Mexico //
Water, Air, Soil Pollut. — 2004. — Vol. 152. — P. 129—152.

101. Richner P., Seguel R., Ahumada I. et al. Arsenic speciation in environmental
samples of a mining impacted sector of central Chile // J. Chilean. Chem.
Soc. — 2004. — Vol. 49, N 4. — P. 333—339.

102. Roos M., Åström M. Hydrochemistry of rivers in an acid sulphate soil hots-
pot area in western Finland // Agricult. food science. — 2005. — Vol. 14. —
P. 24—33.

103. Rowland H.A.L., Omoregie E.O., Millot R. et al. Geochemistry and arsenic
behaviour in groundwater resources of the Pannonian Basin (Hungary and
Romania) // Appl. Geochemistry. — 2011. — Vol. 26, N 1. — P. 1—17.

104. Sancha A.M., Castro M.L. Arsenic in Latin America: occurrence, exposure,
health effects and remediation // Arsenic: exposure and health effects IV /
Ed. by W. R. Chappell, C. O. Abernathy, R. L. Calderon. — Amsterdam: Else-
vier, 2001. — P. 87—96.

105. Sanders J.G. Arsenic geochemistry in Chesapeake Bay: dependence upon
anthropogenic input and phytoplankton species composition // Mar. Chem.
— 1985. — Vol. 17. — P. 329—340.

106. Sedykh E.M., Starshinova N.P., Bannykh L.N. et al. Determination of heavy
metals and their speciation in waters and bottom sediments of water reservo-
irs using inductively coupled plasma atomic emission spectrometry and elec-

114

Ãèäðîõèìèÿ



trothermal atomic absorption spectrometry // J. Anal. Chem. — 2000. —
Vol. 55, N 4. — P. 344—349.

107. Seyler P., Martin J.-M. Distribution of arsenite and total dissolved arsenic in
major french estuaries: dependence on biogeochemical processes and anth-
ropogenic inputs // Mar. Chem. — 1990. — Vol. 29. — P. 277—294.

108. Seyler P., Martin J.-M. Arsenic and selenium in a pristine river-estuarine sys-
tem: the Krka (Yugoslavia) // Ibid. — 1991. — Vol. 34. — P. 137—151.

109. Sjöstedt C. Metal speciation in excessively limed lakes. — Stockholm: Stoc-
kholms universitet, 2008. — 43 p.

110. Smedley P.L., Kinniburgh D.G. A review of the source, behaviour and distri-
bution of arsenic in natural waters // Appl. Geochemistry. — 2002. —
Vol. 17. — P. 517—568.

111. Smedley P.L., Kinniburgh D.G. Arsenic in groundwater and the environment
// Essentials of medical geology: Revised edition / Ed. by O. Selinus, B. Allo-
way, J.A. Centeno et al. — Dordrecht; Heidelberg; New York; London: Sprin-
ger, 2013. — Chapter 12. — P. 279—310.

112. Smith A.H., Hopenhayn-Rich C., Bates M.N. et al. Cancer risks from arsenic
in drinking water // Environmental Health Perspectives. — 1992. — Vol. 97.
— P. 259—267.

113. Smith A.H., Lingas E.O., Rahman M. Contamination of drinking water by ar-
senic in Bangladesh: a public health emergency // Bull. World Health Orga-
nization. — 2000. — Vol. 78. — P.1093—1103.

114. Sultan K., Dowling K. Seasonal changes in arsenic concentrations and hyd-
rogeochemistry of Canadian Creek, Ballarat (Victoria, Australia) // Water,
Air, Soil Pollut. — 2006. — Vol. 169. — P. 355—374.

115. Terlecka E. Arsenic speciation analysis in water samples: a review of the
hyphenated techniques // Environ. Monitor. Assessment. — 2005. —
Vol. 107. — P. 259—284.

116. Tondel M., Rahman M., Magnuson A. et al. The relationship of arsenic levels
in drinking water and the prevalence rate of skin lesions in Bangladesh //
Environ. Health Perspect. — 1999. — Vol. 107. — P. 727—729.

117. Tosiani T., Loubet M., Viers J. et al. Major and trace elements in river-borne
materials from the Cuyuni basin (southern Venezuela): evidence for orga-
no-colloidal control on the dissolved load and element redistribution betwe-
en the suspended and dissolved load // Chem. Geol. — 2004. — Vol. 211. —
P. 305—334.

118. Varejão E.V.V., Bellato C.R., Fontes M.P.F., Mello J.W.V. Arsenic and trace
metals in river water and sediments from the southeast portion of the Iron
Quadrangle, Brazil // Environ. Monit. Assess. — 2011. — Vol. 172. —
P. 631—642.

119. Varsányi I., Fodré Z., Bartha A. Arsenic in drinking water and mortality in
the Southern Great Plain, Hungary // Environ. Geochem. Health. — 1991. —
Vol. 13. — P. 14—22.

120. Viers J., Dupré B., Polvé M. et al. Chemical weathering in the drainage basin
of a tropical watershed (Nsimi-Zoetele site, Cameroon) comparison between
organic-poor and organic-rich waters // Chem. Geol. — 1997. — Vol. 140. —
P. 181—206.

115

Ãèäðîõèìèÿ



121. Villaescusa I., Bollinger J.-C. Arsenic in drinking water: sources, occurrence
and health effects (a review) // Rev. Environ. Sci. Biotechnol. — 2008. —
Vol. 7. — P. 307—323.

122. Wang S., Mulligan C.N. Occurrence of arsenic contamination in Canada: so-
urces, behavior and distribution // Sci. Total Environ. — 2006. — Vol. 366. —
P. 701—721.

123. Wanibuchi H., Salim E.I., Kinoshita A. et al. Understanding arsenic carcino-
genicity by the use of animal models // Toxicol. Appl. Pharmacol. — 2004.
— Vol. 198. — P. 366—376.

124. Watts M.J., O’Reilly J., Marcilla A.L. et al. Field based speciation of arsenic
in UK and Argentinean water samples // Environ. Geochem. Health. — 2010.
— Vol. 32. — P. 479—490.

125. Welch A.H., Lico M.S., Hughes J.L. Arsenic in ground water of the Western
United States // Ground water. — 1988. — Vol. 26, N 3. — P. 333—347.

126. Williams M., Fordyce F., Paijitprapapon A., Charoenchaisri P. Arsenic conta-
mination in surface drainage and groundwater in part of the southeast Asian
tin belt, Nakhon Si Thammarat Province, southern Thailand // Environ. Geo-
logy. — 1996. — Vol. 27. — P. 16—33.

127. Xia Y., Liu J. An overview on chronic arsenism via drinking water in PR Chi-
na // Toxicology. — 2004. — Vol. 198. — P. 25—29.

128. Yadav I.C., Dhuldhaj U.P., Mohan D., Singh S. Current status of groundwater
arsenic and its impacts on health and mitigation measures in the Terai basin
of Nepal: an overview // Environ. Rev. — 2011. — Vol. 19. — P. 55—67.

129. Yinlong J. Progress on arsenic in China // Proceedings of the First Internati-
onal workshop on arsenic pollution of drinking water in South Asia and Chi-
na, National institute of environmental studies, R-166-201 / Ed. by M. Kabu-
to. — Tokyo, 2001. — P. 35—39.

130. Yokoyama T., Takahashi Y., Tarutani T. Simultaneous determination of arse-
nic and arsenious acids in geothermal water // Chem. Geol. — 1993. —
Vol. 103. — P. 103—111.

131. Zheng J., Hintelmann H., Dimock B., Dzurko M.S. Speciation of arsenic in
water, sediment, and plants of the Moira watershed, Canada, using HPLC co-
upled to high resolution ICP—MS // Anal. Bioanal. Chem. — 2003. —
Vol. 377. — P. 14—24.

132. Zinabu G.M., Pearce N.J.G. Concentrations of heavy metals and related tra-
ce elements in some Ethiopian rift-valley lakes and their in-flows // Hydro-
biologia. — 2003. — Vol. 429. — P. 171—178.

Èíñòèòóò ãèäðîáèîëîãèè ÍÀÍ Óêðàèíû, Êèåâ Ïîñòóïèëà 16.01.15

116

Ãèäðîõèìèÿ


