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Ñòàòüÿ ïîñòóïèëà 19 íîÿáðÿ 2014 ã.

Ïðåäñòàâëåí îáçîð ïóáëèêàöèé 2011 – 2013 ãã., ïîñâÿùåííûõ èñïîëüçîâàíèþ ðàçëè÷íûõ ìåòîäîâ

àíàëèçà äëÿ èññëåäîâàíèÿ òåõíîãåííîãî çàãðÿçíåíèÿ îáúåêòîâ îêðóæàþùåé ñðåäû ìåòàëëàìè

ïëàòèíîâîé ãðóïïû (ÌÏÃ). Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ïîñëåäíèõ ëåò ïî ñîäåðæàíèþ

ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû áîëüøèõ ãîðîäîâ.

Êëþ÷åâûå ñëîâà: ìåòàëëû ïëàòèíîâîé ãðóïïû; îáúåêòû îêðóæàþùåé ñðåäû; ìåòîäû àíàëèçà;

òåõíîãåííîå çàãðÿçíåíèå.

Äëÿ îáúåêòîâ îêðóæàþùåé ñðåäû (âîçäóõà, ïî÷âû, äî-

ðîæíîé ïûëè, ðå÷íîé è ìîðñêîé âîäû, áèîëîãè÷åñêèõ

ìàòåðèàëîâ è ò.ä.) õàðàêòåðíî íèçêîå ñîäåðæàíèå

ÌÏÃ — êàê ïðàâèëî, íà óðîâíå íåñêîëüêèõ íã�ã è ìå-

íåå. Äî ñèõ ïîð ñ÷èòàëîñü, ÷òî ÌÏÃ íå ïðåäñòàâëÿþò

ñåðüåçíîãî ðèñêà äëÿ æèâûõ îðãàíèçìîâ. Áîëåå òîãî,

ïîëîæèòåëüíóþ ðîëü ÌÏÃ â çàùèòå îêðóæàþùåé ñðå-

äû òðóäíî ïåðåîöåíèòü: áëàãîäàðÿ èõ èñïîëüçîâàíèþ

â àâòîìîáèëüíûõ êàòàëèòè÷åñêèõ íåéòðàëèçàòîðàõ

âûõëîïíûõ ãàçîâ çíà÷èòåëüíî ñíèçèëîñü ñîäåðæàíèå

âðåäíûõ ãàçîâ â àòìîñôåðå ãîðîäîâ. Îäíàêî â ïîñëåä-

íèå ãîäû íàáëþäàåòñÿ òåíäåíöèÿ ê óâåëè÷åíèþ ñîäåð-

æàíèÿ ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû ãëàâíûì

îáðàçîì âñëåäñòâèå ìàññîâîãî èñïîëüçîâàíèÿ àâòî-

ìîáèëüíûõ êàòàëèçàòîðîâ, ñîäåðæàùèõ Pt, Pd, Rh, è

âûäåëåíèÿ ÌÏÃ â îêðóæàþùóþ ñðåäó âìåñòå ñ âû-

õëîïíûìè ãàçàìè. Ïîìèìî ïðîèçâîäñòâà êàòàëèçàòî-

ðîâ, ðàñòåò èñïîëüçîâàíèå ÌÏÃ â ôàðìàöåâòè÷åñêîé,

ýëåêòðîííîé è þâåëèðíîé îòðàñëÿõ ïðîìûøëåííîñòè,

îòõîäû êîòîðûõ òàêæå âíîñÿò ñâîé âêëàä â çàãðÿçíå-

íèå îêðóæàþùåé ñðåäû.

×àñòèöû, ñîäåðæàùèå ÌÏÃ, â âûõëîïíûõ ãàçàõ

èìåþò ðàçìåð ìåíåå 80 ìèêðîí [1]. Ïðîíèêàÿ â ëåãêèå

ëþäåé, îíè ìîãóò îêàçûâàòü àëëåðãè÷åñêîå è òîêñè-

÷åñêîå äåéñòâèå. Â ìåòàëëè÷åñêîì ñîñòîÿíèè ÷àñòèöû

ÌÏÃ íå ÿâëÿþòñÿ òîêñè÷íûìè, íî â âèäå ðàçëè÷íûõ

ìåòàëëîîðãàíè÷åñêèõ ñîåäèíåíèé îíè ìîãóò ðàñïðî-

ñòðàíÿòüñÿ â ïî÷âå è ïðèðîäíûõ âîäàõ è òàêèì îáðà-

çîì âêëþ÷àòüñÿ â ïèùåâûå öåïè. Â ýòîì ñëó÷àå îíè

óæå íå ÿâëÿþòñÿ èíåðòíûìè ïî îòíîøåíèþ ê æèâûì

îðãàíèçìàì.

Îïóáëèêîâàí öåëûé ðÿä ìîíîãðàôèé è ñòàòåé

[2 – 23], ðàññìàòðèâàþùèõ âîïðîñû òîêñè÷íîñòè

ÌÏÃ, ïóòè èõ ïîïàäàíèÿ â îêðóæàþùóþ ñðåäó, áèî-

àêêóìóëèðîâàíèÿ è âëèÿíèÿ íà æèâûå îðãàíèçìû.

Ýòè èññëåäîâàíèÿ ïðîâîäÿòñÿ çà ðóáåæîì ñ êîíöà 70-õ

ãîäîâ ïðîøëîãî âåêà, êîãäà ÌÏÃ ñòàëè èñïîëüçîâàòü

â êà÷åñòâå êàòàëèçàòîðîâ â àâòîìîáèëüíûõ êîíâåðòå-

ðàõ, à òàêæå ïîÿâèëèñü è íàøëè øèðîêîå ïðèìåíåíèå

ëåêàðñòâåííûå ôîðìû, ñîäåðæàùèå ÌÏÃ. Ðåçóëüòàòû

èññëåäîâàíèé ïîêàçûâàþò, ÷òî òåõíîãåííîå çàãðÿçíå-

íèå îêðóæàþùåé ñðåäû ìåòàëëàìè ïëàòèíîâîé ãðóï-

ïû ïðåäñòàâëÿåò ãîðàçäî áîëüøèé ðèñê äëÿ çäîðîâüÿ

÷åëîâåêà, ÷åì ñ÷èòàëîñü äî ñèõ ïîð. Îñîáóþ îïàñ-

íîñòü ïðåäñòàâëÿþò ÷àñòèöû ÌÏÃ, ïîïàäàþùèå â îð-

ãàíèçì ÷åëîâåêà âìåñòå ñ âîçäóõîì.

Â òàáë. 1 ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ïî-

ñëåäíèõ ëåò ïî ñîäåðæàíèþ ÌÏÃ â äîðîæíîé ïûëè,

âîçäóõå, ðàñòåíèÿõ âáëèçè àâòîìîáèëüíûõ äîðîã

êðóïíûõ ãîðîäîâ ÑØÀ, Ãåðìàíèè, Èòàëèè, Èíäèè,

Êèòàÿ è äðóãèõ ñòðàí. Òàêèå èññëåäîâàíèÿ â Ðîññèè

ïîêà íå ïðîâîäÿòñÿ. Ïðèâåäåííûå äàííûå ïîêàçûâà-

þò, ÷òî ñîäåðæàíèÿ ÌÏÃ â îêðóæàþùåé ñðåäå âáëèçè

äîðîã ñ èíòåíñèâíûì àâòîìîáèëüíûì äâèæåíèåì ñó-

ùåñòâåííî ïðåâûøàþò ñîäåðæàíèÿ, õàðàêòåðíûå äëÿ

ïðèãîðîäîâ è ñåëüñêîé ìåñòíîñòè. Ïðè ýòîì ñîîòíî-

øåíèå ñîäåðæàíèé Pd:Pt:Rh â ïðèäîðîæíûõ îáúåêòàõ

êîððåëèðóåò ñ ýòèì ñîîòíîøåíèåì â àâòîìîáèëüíûõ

êàòàëèçàòîðàõ, îòêóäà ìîæíî ñäåëàòü âûâîä, ÷òî

îñíîâíûì èñòî÷íèêîì çàãðÿçíåíèÿ ãîðîäñêîé ñðåäû

ìåòàëëàìè ïëàòèíîâîé ãðóïïû ÿâëÿþòñÿ àâòîìîáèëü-

íûå êàòàëèçàòîðû.

Îïðåäåëåíèå ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû

ÿâëÿåòñÿ ñëîæíîé çàäà÷åé ïî ñëåäóþùèì ïðè÷èíàì:
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î÷åíü íèçêèå óðîâíè ñîäåðæàíèé ÌÏÃ, ñ ÷åì ñâÿ-

çàíà íåîáõîäèìîñòü èõ îòäåëåíèÿ è êîíöåíòðèðîâàíèÿ

äëÿ îáåñïå÷åíèÿ ïðàâèëüíîñòè ðåçóëüòàòîâ àíàëèçà;

òðóäíîñòè ñ ðàçëîæåíèåì îáðàçöîâ;

ñëîæíûé ñîñòàâ îñíîâû ïðîáû;

îòñóòñòâèå àäåêâàòíûõ ñòàíäàðòíûõ îáðàçöîâ

ñîñòàâà äëÿ ìíîãèõ îáúåêòîâ îêðóæàþùåé ñðåäû, ÷òî

çàòðóäíÿåò êîíòðîëü ïðàâèëüíîñòè àíàëèçà.

Çà ïîñëåäíèå ãîäû îïóáëèêîâàíî íåñêîëüêî ìîíî-

ãðàôèé è îáçîðíûõ ñòàòåé ïî ìåòîäàì àíàëèçà îáúåê-

òîâ îêðóæàþùåé ñðåäû è îïðåäåëåíèÿ â íèõ ÌÏÃ

[24 – 29]. Íèæå ðàññìîòðåíû ðàáîòû, îïóáëèêîâàííûå

â 2011 – 2013 ãã.

Ìåòîäû îòáîðà è ïîäãîòîâêè ïðîá

Íàäåæíîñòü ðåçóëüòàòîâ àíàëèçà îáúåêòîâ îêðó-

æàþùåé ñðåäû ñóùåñòâåííî çàâèñèò îò ïðåäñòàâè-

òåëüíîñòè àíàëèçèðóåìûõ ïðîá è âîçìîæíîñòè êîëè-

÷åñòâåííîãî ïåðåâîäà ÌÏÃ â ðàñòâîð. Îòáîð ïðåäñòà-

âèòåëüíîé ïðîáû äëÿ èññëåäîâàíèÿ òåõíîãåííîãî âîç-

äåéñòâèÿ âðåäíûõ ýëåìåíòîâ íà îêðóæàþùóþ ñðåäó

ÿâëÿåòñÿ ñëîæíîé çàäà÷åé. Â äàííîì ñëó÷àå èìåþò

çíà÷åíèå òàêèå ôàêòîðû, êàê ðàññòîÿíèå îò èñòî÷íèêà

çàãðÿçíåíèé, âðåìÿ ãîäà, âðåìÿ ñóòîê è äð.

Àâòîðû ðàáîòû [30] ïðåäëîæèëè ëþáîïûòíûé

ñïîñîá îòáîðà ïðåäñòàâèòåëüíîé ïðîáû äîðîæíîé

ïûëè êàê èíäèêàòîðà çàãðÿçíåíèé îêðóæàþùåé ñðåäû

òåõíîãåííûìè ÌÏÃ. Â ýòîì èññëåäîâàíèè ïîêàçàíî,

÷òî ëèñòüÿ ëàâðîâèøíè (Prunus laurus cerasus), ðàñòó-

ùåé íà îáî÷èíå äîðîãè, ÿâëÿþòñÿ ýôôåêòèâíûìè êîë-

ëåêòîðàìè ÷àñòèö äîðîæíîé ïûëè, ïðè ýòîì ïðåäñòà-

âèòåëüíóþ ïðîáó ìîæíî îòîáðàòü ïóòåì ïðîñòîãî

ñìûâà ïûëè ñ ëèñòüåâ ñìåñüþ âîäû è 2-ïðîïàíîëà.

Ïûëü îòäåëÿëè îò æèäêîé ôàçû öåíòðèôóãèðîâàíèåì,

ðàñòâîðÿëè â êèñëîòàõ è àíàëèçèðîâàëè ìåòîäîì àòîì-

íî-àáñîðáöèîííîé ñïåêòðîìåòðèè (ÀÀÑ).

Â ðàáîòå [31] ðàçðàáîòàíà ñèñòåìà ïðîáîîòáîðà

òâåðäûõ ÷àñòèö âûõëîïíûõ ãàçîâ àâòîìîáèëåé ñ âîç-

ìîæíîñòüþ îäíîâðåìåííîãî êîíòðîëÿ ñîñòàâà ãàçîâîé

ôàçû. Ñèñòåìà âêëþ÷àåò öèêëîí, óñòàíàâëèâàåìûé íà

êîíöå âûõëîïíîé òðóáû, ñ êâàðöåâûì ôèëüòðîì, êîòî-

ðûé çàäåðæèâàåò 99,95 % òâåðäûõ ÷àñòèö. Èñïîëüçî-

âàíèå öèêëîíà ïîçâîëÿåò ñîáèðàòü òâåðäûå ÷àñòèöû,

íå ïðåðûâàÿ ïîòîêà ãàçà, êîòîðûé ïîäàåòñÿ â ãàçîâûé

àíàëèçàòîð. Ôèëüòð ñ òâåðäûìè ÷àñòèöàìè îáðàáàòû-

âàëè öàðñêîé âîäêîé â àâòîêëàâå ïðè òåìïåðàòóðå

150 °C, ðàñòâîð óïàðèâàëè, îñàäîê ðàñòâîðÿëè â 1 Ì

HNO3 è àíàëèçèðîâàëè ìåòîäàìè ÀÀÑ ñ ýëåêòðîòåð-

ìè÷åñêîé àòîìèçàöèåé èëè ìàññ-ñïåêòðîìåòðèè ñ èí-

äóêòèâíî-ñâÿçàííîé ïëàçìîé.
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Òàáëèöà 1. Ðåçóëüòàòû îïðåäåëåíèÿ ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû âáëèçè àâòîìîáèëüíûõ äîðîã

Îáúåêò èññëåäîâàíèÿ Ìåñòî îòáîðà ïðîáû
Îïðåäåëÿåìûé

ýëåìåíò

Åäèíèöû

èçìåðåíèé

Óðîâåíü

ñîäåðæàíèé
Ëèòåðàòóðà

Âîçäóõ

(àýðîçîëüíûå ÷àñòèöû)

Ãåðìàíèÿ, ã. Ôðàíêôóðò Pt ïã�ì
3

12,4 10

ñåëüñêàÿ ìåñòíîñòü 2

Äîðîæíàÿ ïûëü Èíäèÿ, ã. Õàéäàðàáàä Pt íã�ã 1,5 – 43 12

Pd 1,2 – 58

Rh 0,2 – 14,2

Äîðîæíàÿ ïûëü

íà òðàññàõ

ñ èíòåíñèâíûì

äâèæåíèåì

ÑØÀ, ã. Õüþñòîí (øòàò Òåõàñ):

â òîííåëå Pt íã�ã 529 ± 130 14

Pd 770 ± 208

Rh 152 ± 52

â îòêðûòîì ïðîñòðàíñòâå Pt íã�ã 6 – 8

Pd 10 – 88

Rh 6 – 8

Äîðîæíàÿ ïûëü Þæíûé Êèòàé,

àâòîìîáèëüíûå äîðîãè

â äåëüòå Æåì÷óæíîé ðåêè

Pt íã�ã 9,1 – 187 16

Pd 12 – 287

Rh 0,93 – 29,4

Ru 0,083 – 29,4

Ir 0,064 – 3,15

Os 0,024 – 0,14

Au 42 – 453

Êèòàé, ã. Ïåêèí Pt íã�ã 28,2 21

Pd 57,5

Rh 9,8

Þæíàÿ Êîðåÿ, ã. Ñåóë Pt íã�ã 3,8 – 444 22

ïðèãîðîä 2,3 – 5,2

Ïî÷âà âáëèçè òðàññ

ñ èíòåíñèâíûì

äâèæåíèåì

Áðàçèëèÿ, ã. Ñàí-Ïàóëó Pt íã�ã Äî 208 20

Pd Äî 378

Rh 0,2 – 45



Ïðîñòîé ìåòîä ðàñòâîðåíèÿ îáðàçöîâ ãîðíûõ ïî-

ðîä è óïîðíûõ ðóä äëÿ îïðåäåëåíèÿ ÌÏÃ ïðåäëîæåí â

ðàáîòå [32]. Äàííàÿ ïðîöåäóðà ìîæåò áûòü èñïîëüçî-

âàíà è ïðè ðàñòâîðåíèè ïðîá îáúåêòîâ îêðóæàþùåé

ñðåäû. Ïðîáó îáðàáàòûâàþò ðàñòâîðîì HF ïðè íàãðå-

âàíèè â òåôëîíîâîì ñòàêàíå äëÿ óäàëåíèÿ êðåìíèÿ.

Çàòåì òåôëîíîâûé ñòàêàí ñ ñóõèì îñòàòêîì ïîìåùàþò

â àâòîêëàâ, äîáàâëÿþò ñìåñü HF + HNO3 è âûäåðæèâà-

þò â òå÷åíèå 48 ÷ ïðè 190 °C. Íåñìîòðÿ íà îòíîñè-

òåëüíî íèçêóþ òåìïåðàòóðó âñêðûòèÿ è èñïîëüçîâà-

íèå òîëüêî äâóõ êèñëîò (HF è HNO3) ÌÏÃ ïðàêòè-

÷åñêè ïîëíîñòüþ ïåðåõîäÿò â ðàñòâîð, ÷òî ïðîâåðåíî

ïóòåì àíàëèçà ñåðòèôèöèðîâàííûõ ñòàíäàðòíûõ îá-

ðàçöîâ ãàááðî, ïåðèäîòèòà è äð.

Íåñìîòðÿ íà òî ÷òî ïðè îïðåäåëåíèè íèçêèõ

ñîäåðæàíèé ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû èñ-

ïîëüçóþò âûñîêî÷óâñòâèòåëüíûå ìåòîäû ñòàäèÿ êîí-

öåíòðèðîâàíèÿ ÌÏÃ íåîáõîäèìà äàæå ïðè àíàëèçå

îáúåêòîâ ïðîñòîãî õèìè÷åñêîãî ñîñòàâà, òàêèõ êàê, íà-

ïðèìåð, ëüäû Àíòàðêòèäû è Ãðåíëàíäèè.

Äëÿ âûäåëåíèÿ è êîíöåíòðèðîâàíèÿ ÌÏÃ ïðèìå-

íÿþò ìåòîäû ñîðáöèè, ýêñòðàêöèè, ñîîñàæäåíèÿ,

ýëåêòðîõèìè÷åñêîãî êîíöåíòðèðîâàíèÿ. Â òàáë. 2 ïðè-

âåäåíû õàðàêòåðèñòèêè íåêîòîðûõ ìåòîäèê îïðåäåëå-

íèÿ ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû ñ óêàçàíèåì

ìåòîäîâ, èñïîëüçîâàííûõ äëÿ âûäåëåíèÿ è êîíöåíòðè-

ðîâàíèÿ ÌÏÃ. ×àùå âñåãî èñïîëüçîâàëè ìåòîä ñîðá-

öèè ëèáî àíàëèòà, ëèáî ýëåìåíòîâ îñíîâû ïðîáû.
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Òàáëèöà 2. Ìåòîäèêè îïðåäåëåíèÿ ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû

Ìåòîä àíàëèçà Ìåòîä ðàçëîæåíèÿ�êîíöåíòðèðîâàíèÿ Îáúåêò àíàëèçà
Îïðåäåëÿå-

ìûé ýëåìåíò

Ïðåäåë

îïðåäåëåíèÿ
Ëèòåðàòóðà

ÈÑÏ-ÌÑ Ðàçëîæåíèå â êèñëîòàõ â àâòîêëà-

âå, äèñòèëëÿöèÿ OsO
4
, îñòàëüíûå

ÌÏÃ — ñîîñàæäåíèå ñ Òå

Äîðîæíàÿ ïûëü,

ïðèäîðîæíàÿ ïî÷âà

Os 0,005 íã�ã 16

Ir 0,025 íã�ã

Ru 0,017 íã�ã

Rh 0,026 íã�ã

Pt 0,18 íã�ã

Pd 0,37 íã�ã

Ðàçëîæåíèå â êèñëîòàõ Äîðîæíàÿ ïûëü Pt <3,2 ïã�ì
3

34

Rh <1,2 ïã�ì
3

Ìèêðîâîëíîâîå ðàçëîæåíèå â

êèñëîòàõ, óäàëåíèå îñíîâû ïðîáû

èîííûì îáìåíîì

Âûõëîïíûå ãàçû

àâòîìîáèëÿ

Pt 4,3 íã�ã 35

Pd 1,6 íã�ã

Rh 0,4 íã�ã

Ðàçëîæåíèå â êèñëîòàõ ïðè 320 °C

è 130 áàð, ñîîñàæäåíèå ñî ðòóòüþ

Àòìîñôåðíàÿ

ãîðîäñêàÿ ïûëü

Pd 0,05 ïã�ì
3

36

Áåç êîíöåíòðèðîâàíèÿ Ñòî÷íûå âîäû

áîëüíèö

Ag 37

Pt 0,58 ìêã�ë 0,01 ìêã�ë

ÝÒÀÀÑ Ìèêðîâîëíîâîå ðàçëîæåíèå â

êèñëîòàõ, óïàðèâàíèå äîñóõà, ðàñ-

òâîðåíèå â HNO
3

Äîðîæíàÿ ïûëü,

ïðèäîðîæíàÿ òðàâà

è ïî÷âà

Pt 1,7 íã�ã 43

Pd 0,6 íã�ã

Rh 0,8 íã�ã

Ðàñòâîðåíèå â êèñëîòàõ è òâåðäî-

ôàçíàÿ ýêñòðàêöèÿ íà öåëëþëîç-

íîé ñìîëå Cellex-T

Äîðîæíàÿ ïûëü Pt 0,02 íã�ìë 44

Pd 0,012 íã�ìë

ÀÀÑ ñ àòîìèçàöèåé

â ïëàìåíè

Ýêñòðàêöèÿ Òåðãèòîëîì TMN-6 Ïðîìûøëåííûå

ñòî÷íûå âîäû

Pt 2,8 íã�ìë 45

Pd 1,4

Au 1,2

ÈÑÏ-ÀÝÑ Ñîðáöèÿ íà ñèëèêàãåëå, ìîäèôè-

öèðîâàííîì öèñòåèíîì

Ðå÷íàÿ è

ìîðñêàÿ âîäà

Pd 0,03 ìêã�ìë 46

Pt 0,06 ìêã�ìë

Èíâåðñèîííàÿ

âîëüòàìïåðîìåòðèÿ

Ïîäãîòîâêà ïðîá ïîäðîáíî íå

îïèñàíà

Ïðèðîäíûå âîäû,

äîííûå îòëîæåíèÿ

Pt 0,04 ìêã�ë 50

Pd 0,12 ìêã�ë

Rh 0,23 ìêã�ë

Áåç êîíöåíòðèðîâàíèÿ Ðå÷íàÿ è ìîðñêàÿ

âîäà âáëèçè

àâòîìîáèëüíûõ òðàññ

Os 6,5 – 10 íã�ë 51

Ir 2 – 3 íã�ë

Ru 8 – 12 íã�ë

Âîäà ðåêè Ïî âáëèçè àâ-

òîìîáèëüíîé òðàññû

Ir 2 – 3 íã�ë 52

Ïðîòî÷íî-èíæåêöèîííûé

êèíåòè÷åñêèé

— Âîäà Ir 5,8 · 10
–9

ìîëü�ë

(0,11 ìêã�ë)

54

Ïðîòî÷íî-èíæåêöèîííûé

õåìèëþìèíåñöåíòíûé

Ñîðáöèÿ íà èììîáèëèçèðîâàííûõ

ìèêðîîðãàíèçìàõ

Ðå÷íàÿ âîäà,

ñòî÷íûå âîäû

Pt 0,02 íã�ìë 56

Ñïåêòðîôîòîìåòðè÷åñêèé Ðàñòâîðåíèå â êèñëîòàõ,

ýêñòðàêöèÿ äèõëîðìåòàíîì

Äîðîæíàÿ ïûëü,

ïðèäîðîæíûå ðàñòåíèÿ

Pt 22,4 íã�ìë 57

Pd 20,0 íã�ìë



Â ðàáîòå [33] îïèñàí íîâûé ñîðáåíò íà îñíîâå

2,6-äèàìèíîïèðèäèíà, çàêðåïëåííîãî íà àêòèâèðîâàí-

íîì óãëå, äëÿ êîíöåíòðèðîâàíèÿ ñëåäîâûõ êîëè÷åñòâ

Au (III), Pd (II), Pt (IV) ïåðåä èõ îïðåäåëåíèåì ìåòî-

äîì àòîìíî-ýìèññèîííîé ñïåêòðîìåòðèè ñ èíäóêòèâ-

íî-ñâÿçàííîé ïëàçìîé. Â êà÷åñòâå ýëþåíòà ïðåäëîæåí

5 %-íûé ðàñòâîð òèîìî÷åâèíû â 0,05 Ì ÍÑl. Ìåòîäè-

êà èñïîëüçîâàíà äëÿ îïðåäåëåíèÿ Au, Pd, Pt â ãîðíûõ

ïîðîäàõ è ðóäàõ.

Ìåòîäû îïðåäåëåíèÿ

Íàèáîëåå ÷àñòî ïðèìåíÿþò ìåòîä ìàññ-ñïåêòðî-

ìåòðèè ñ èíäóêòèâíî-ñâÿçàííîé ïëàçìîé (ÈÑÏ-ÌÑ)

[10, 14, 16, 34 – 40].

Ìåòîäîì ÈÑÏ-ÌÑ îïðåäåëÿëè Au, Pt, Ir, Pd â áèî-

ëîãè÷åñêèõ îáúåêòàõ ðåêè Ýëüáà â Ãåðìàíèè (îáðàç-

öàõ ðûáû, íàñåêîìûõ, äîííûõ îòëîæåíèé è äð.) [39]

è Æåì÷óæíîé ðåêè â Êèòàå [41]. Àâòîðû ðàáîòû [39]

ðåêîìåíäóþò ýòîò ìåòîä êàê íàèáîëåå ïîäõîäÿùèé

äëÿ öåëåé áèîìîíèòîðèíãà.

Ðåçóëüòàòû îïðåäåëåíèÿ Ag, Pt, Gd ìåòîäîì

ÈÑÏ-ÌÑ ïðåäëîæåíî èñïîëüçîâàòü êàê ìàðêåðû ìå-

äèöèíñêîé àêòèâíîñòè áîëüíèö [37, 38]. Óñòàíîâëåíî,

÷òî â ðàáî÷èå äíè ñîäåðæàíèå Ag è Pt â ñòî÷íûõ âîäàõ

áîëüíèöû ïðåâûøàåò ñîäåðæàíèå ýòèõ ýëåìåíòîâ â

ãîðîäñêèõ ñòî÷íûõ âîäàõ ñîîòâåòñòâåííî â 3 è 27 ðàç

[38].

Àâòîìàòè÷åñêèé ïðîòî÷íûé ìåòîä ÈÑÏ-ÌÑ äëÿ

îïðåäåëåíèÿ Pt, Pd, Ir â îáðàçöàõ îêðóæàþùåé ñðåäû

ïðåäëîæåí â ðàáîòå [42]. Èñïîëüçîâàëè ñòàíäàðòíóþ

óñòàíîâêó äëÿ ïðîòî÷íîãî àíàëèçà. Ðàñòâîð àíàëèòà

ïîìåùàëè â êîëîíêó ñ ñîðáåíòîì, â êà÷åñòâå ýëþåíòà

èñïîëüçîâàëè àçîòíîêèñëûé ðàñòâîð òèîìî÷åâèíû.

Ïðèâåäåíû ïðåäåëû îïðåäåëåíèÿ ÌÏÃ â ðàñòâîðå

(íã�ë): Pt — 78,5; Pd — 55,5; Ir — 0,1.

Ìåòîäû àòîìíî-ýìèññèîííîé ñïåêòðîìåòðèè

ñ èíäóêòèâíî-ñâÿçàííîé ïëàçìîé (ÈÑÏ-ÀÝÑ) è àòîì-

íî-àáñîðáöèîííîé ñïåêòðîìåòðèè ñ ýëåêòðîòåð-

ìè÷åñêîé àòîìèçàöèåé (ÝÒÀÀÑ) òàêæå èñïîëüçóþò

äëÿ îïðåäåëåíèÿ ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû

[43 – 48]. Ïðåäñòàâëÿåò èíòåðåñ íîâûé êîìáèíèðîâàí-

íûé ìåòîä ÝÒÀÀÑ îïðåäåëåíèÿ ñëåäîâ Pt è Pd â ïðè-

ðîäíûõ îáúåêòàõ [48], êîòîðûé áûë ïðèìåíåí ê àíàëè-

çó ðóä è ãîðíûõ ïîðîä, íî òàêæå ìîæåò áûòü óñïåøíî

èñïîëüçîâàí äëÿ îïðåäåëåíèÿ ÌÏÃ â îáúåêòàõ ãîðîä-

ñêîé îêðóæàþùåé ñðåäû. Ìåòîä âêëþ÷àåò ñîðáöèîí-

íîå êîíöåíòðèðîâàíèå òâåðäîôàçíûìè ýêñòðàãåíòàìè

(ÒÔÝ), ïîëó÷åííûìè èìïðåãíèðîâàíèåì ïîëèìåðíûõ

íîñèòåëåé (ñâåðõñøèòîãî è âûñîêîñøèòîãî ïîëèñòè-

ðîëà) èìèäàçîëèåâîé èîííîé æèäêîñòüþ. Ýëþèðîâà-

íèå ïðîâîäèëè àöåòîíîì â îáû÷íûõ óñëîâèÿõ èëè ðàñ-

òâîðîì òèîìî÷åâèíû â HCl â óñëîâèÿõ ìèêðîâîëíîâî-

ãî íàãðåâà. Èñïîëüçîâàíèå íîâûõ ÒÔÝ äëÿ êîíöåíòðè-

ðîâàíèÿ ïîçâîëèëî îïðåäåëÿòü áëàãîðîäíûå ìåòàëëû

íà óðîâíå 10–7 – 10–4 % íà ôîíå çíà÷èòåëüíûõ èçáûò-

êîâ æåëåçà, ìåäè, õðîìà è ïîðîäîîáðàçóþùèõ êîìïî-

íåíòîâ. Îòíîñèòåëüíîå ñòàíäàðòíîå îòêëîíåíèå ìåòî-

äà ñîñòàâèëî 0,15 – 0,30.

Íîâûé êîìáèíèðîâàííûé ìåòîä, âêëþ÷àþùèé

ñîðáöèîííîå êîíöåíòðèðîâàíèå â ïðîòî÷íî-èíæåêöè-

îííîì ðåæèìå è îïðåäåëåíèå ìåòîäîì ÈÑÏ-ÀÝÑ,

ïðåäëîæåí äëÿ îäíîâðåìåííîãî îïðåäåëåíèÿ Pd, Pt,

Rh â ïî÷âàõ âáëèçè àâòîìîáèëüíûõ äîðîã [49]. Ìåòîä

èìååò íèçêèå ïðåäåëû îáíàðóæåíèÿ è óäîâëåòâîðè-

òåëüíóþ òî÷íîñòü (îòíîñèòåëüíîå ñòàíäàðòíîå îòêëî-

íåíèå — 2 – 7 %).

Â ïîñëåäíèå ãîäû ïðåäëîæåíû âûñîêî÷óâñòâè-

òåëüíûå âîëüòàìïåðîìåòðè÷åñêèå ìåòîäû îïðåäå-

ëåíèÿ óëüòðàñëåäîâûõ êîíöåíòðàöèé ÌÏÃ â îáúåêòàõ

îêðóæàþùåé ñðåäû [50 – 53]. Ñäåëàíà ïîïûòêà èñ-

ïîëüçîâàòü ñòåêëîóãëåðîäíûé ýëåêòðîä, ïîêðûòûé

ïëåíêîé âèñìóòà, êàê àëüòåðíàòèâó ðòóòíîìó ýëåêòðî-

äó äëÿ îïðåäåëåíèÿ ïëàòèíû, ïàëëàäèÿ è ðîäèÿ â âèäå

äèìåòèëãëèîêñèìàòíûõ êîìïëåêñîâ ìåòîäîì äèôôå-

ðåíöèàëüíîé èìïóëüñíîé èíâåðñèîííîé âîëüòàìïå-

ðîìåòðèè â âîäàõ è ðå÷íûõ îñàäêàõ ðåê Þæíîé Àô-

ðèêè. Äîñòèãíóòû ïðåäåëû îáíàðóæåíèÿ â ìîäåëüíûõ

ñòàíäàðòíûõ ðàñòâîðàõ (ìêã�ë): Pt — 0,04; Pd — 0,12;

Rh — 0,23, ëèíåéíîñòü ñîáëþäàåòñÿ â äèàïàçîíå

0 – 3,5 ìêã�ë ïðè âðåìåíè íàêîïëåíèÿ 150 ñ äëÿ Pt è

Rh è 90 ñ äëÿ Pd. Ïðèâåäåíû ðåçóëüòàòû àíàëèçà ïðîá

âîäû ðåê Ñåâåðî-Çàïàäíîé ïðîâèíöèè Þæíîé Àôðè-

êè è ðå÷íûõ îñàäêîâ ðåêè Ëèìïîïî [50].

Ìåòîäàìè âîëüòàìïåðîìåòðèè îïðåäåëÿëè Os

(VIII), Ru (III) è Ir (III) â ïîâåðõíîñòíûõ è ìîðñêèõ

âîäàõ [51, 52], Os (VIII) è Ru (III) — â àýðîçîëüíûõ

÷àñòèöàõ âîçäóõà [53]. Â îñíîâå îïðåäåëåíèÿ â îáîèõ

ñëó÷àÿõ ëåæàëè ìíîãîêðàòíî ïîâòîðÿþùèåñÿ êàòàëè-

òè÷åñêèå ðåàêöèè âîññòàíîâëåíèÿ-îêèñëåíèÿ àäñîð-

áèðîâàííûõ íà ïîâåðõíîñòè ýëåêòðîäîâ ìåòàëë-áðî-

ìàòíûõ ñèñòåì. Os è Ru îïðåäåëÿëè ïî êàòàëèòè-

÷åñêèì âîëíàì âîññòàíîâëåíèÿ íà ðòóòíîé âèñÿùåé

êàïëå ìåòîäàìè êâàäðàòíî-âîëíîâîé è äèôôåðåíöè-

àëüíî-èìïóëüñíîé âîëüòàìïåðîìåòðèè íà ôîíå àöå-

òàòíîãî áóôåðíîãî ðàñòâîðà â ïðèñóòñòâèè NaBrO3,

à Ir — ìåòîäîì êâàäðàòíî-âîëíîâîé êàòàëèòè÷åñêîé

àäñîðáöèîííîé èíâåðñèîííîé âîëüòàìïåðîìåòðèè

íà ñòåêëîóãëåðîäíîì ýëåêòðîäå íà ôîíå àöåòàòíîãî

áóôåðíîãî ðàñòâîðà ñ äîáàâëåíèåì NaBrO3 è áðî-

ìèäà öåòèëòðèìåòèëàììîíèÿ. Ïðåäåëû îïðåäåëå-

íèÿ äëÿ Os, Ru è Ir â âîäíûõ ðàñòâîðàõ ñîñòàâèëè

6,5 – 10; 8 – 12 è 2 – 3 íã�ë ñîîòâåòñòâåííî; äëÿ Os

è Ru â àýðîçîëüíûõ ÷àñòèöàõ — 10,6 è 11,9 ìêã�êã

ñîîòâåòñòâåííî.

Êèíåòè÷åñêèå ìåòîäû â ðåæèìå ïðîòî÷íî-èí-

æåêöèîííîãî àíàëèçà (ÏÈÀ) áëàãîäàðÿ èõ âûñîêîé

÷óâñòâèòåëüíîñòè óñïåøíî èñïîëüçóþò äëÿ îïðåäåëå-

íèÿ íèçêèõ ñîäåðæàíèé ÌÏÃ. Ìåòîä îïðåäåëåíèÿ

èðèäèÿ, îñíîâàííûé íà êàòàëèòè÷åñêîì äåéñòâèè Ir

â ðåàêöèè ðàçëîæåíèÿ âîäîðàñòâîðèìîãî ïîðôèðèíà,

èñïîëüçîâàí äëÿ äåìîíñòðàöèè íîâîãî òèïà ñèñòåìû

ÏÈÀ ñ âûñîêîòåìïåðàòóðíûì ðåàêòîðîì (àâòîðû íà-
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çâàëè ìåòîä ãèäðîòåðìàëüíûì ïðîòî÷íî-èíæåêöèîí-

íûì àíàëèçîì, ÃÒ-ÏÈÀ) [54]. Ñêîðîñòü èíäèêàòîðíîé

ðåàêöèè ïðè êîìíàòíîé òåìïåðàòóðå âåñüìà ìàëà,

íî çíà÷èòåëüíî óâåëè÷èâàåòñÿ â ñèñòåìå ÃÒ-ÏÈÀ.

Ïðåäåë îïðåäåëåíèÿ Ir ñîñòàâèë 5,8 · 10–9 ìîëü�ë

(0,11 ìêã�ë).

Â ðàáîòå [55] ïðåäëîæåíà ìåòîäèêà îïðåäåëåíèÿ

Rh, îñíîâàííàÿ íà åãî êàòàëèòè÷åñêîì äåéñòâèè â ðå-

àêöèè îêèñëåíèÿ ñóëüôàðñàçåíà ïåðèîäàòîì â ðåæèìå

ÏÈÀ. Äèàïàçîí îïðåäåëÿåìûõ êîíöåíòðàöèé Rh ñî-

ñòàâëÿåò 0,005 – 0,1 ìêã�ìë. Ìåòîäèêó îïðîáîâàëè

äëÿ àíàëèçà âîä.

Ïðîòî÷íî-èíæåêöèîííûé ìåòîä èñïîëüçîâàí òàê-

æå äëÿ õåìèëþìèíåñöåíòíîãî îïðåäåëåíèÿ Pt (IV) â

îáðàçöàõ ðå÷íûõ è ñòî÷íûõ âîä [56]. Äëÿ ïðåäâàðè-

òåëüíîãî êîíöåíòðèðîâàíèÿ ïëàòèíû ïðèìåíÿëè áèî-

ñîðáåíò — ãðèáîê Aspergillus sp., èììîáèëèçîâàííûé

íà öåëëþëîçíîé ñìîëå. Ìåòîä èìååò âåñüìà íèçêèé

ïðåäåë îáíàðóæåíèÿ Pt: 0,02 íã�ìë.

Ñïåêòðîôîòîìåòðè÷åñêèå ìåòîäû â íàñòîÿùåå

âðåìÿ ðåäêî ïðèìåíÿþò äëÿ îïðåäåëåíèÿ ÌÏÃ. Â ðà-

áîòå [57] ïðåäëîæåí ïðîñòîé è ñåëåêòèâíûé ñïåêòðî-

ôîòîìåòðè÷åñêèé ìåòîä îïðåäåëåíèÿ Pt è Pd, îñíî-

âàííûé íà îáðàçîâàíèè îêðàøåííûõ êîìïëåêñîâ Pt

(II) è Pd (II) ñ 2-[(5-áðîìî-2-ïèðèäèëàçî)]-5-äèýòèëà-

ìèíîôåíîëîì. Êîìïëåêñû ýêñòðàãèðîâàëè èç âîäíûõ

ðàñòâîðîâ äèõëîðìåòàíîì è èçìåðÿëè îïòè÷åñêóþ

ïëîòíîñòü îðãàíè÷åñêîé ôàçû ïðè 570 è 550 íì ñîîò-

âåòñòâåííî. Ìåòîä èñïîëüçîâàí äëÿ îïðåäåëåíèÿ Pt è

Pd â ïðèäîðîæíîé ïûëè, ðàñòåíèÿõ è äðóãèõ îáúåêòàõ

îêðóæàþùåé ñðåäû, íàõîäÿùèõñÿ âáëèçè àâòîìî-

áèëüíûõ äîðîã ðåãèîíà Äåëè (Èíäèÿ). Îòíîñèòåëüíîå

ñòàíäàðòíîå îòêëîíåíèå ðåçóëüòàòîâ àíàëèçà ñîñòàâ-

ëÿëî îêîëî 1,5 %.

Òàêèì îáðàçîì, áîëüøîå êîëè÷åñòâî ïóáëèêàöèé,

ïîñâÿùåííûõ èññëåäîâàíèþ óðîâíÿ òåõíîãåííûõ çà-

ãðÿçíåíèé îêðóæàþùåé ñðåäû ìåòàëëàìè ïëàòèíîâîé

ãðóïïû, ïîêàçûâàåò âîçðàñòàþùèé èíòåðåñ ñïåöèà-

ëèñòîâ ê ýòîé ïðîáëåìå. Â Ðîññèè òàêèå ðàáîòû ïðàê-

òè÷åñêè íå ïðîâîäÿòñÿ, íåñìîòðÿ íà áîëüøîå ÷èñëî

èññëåäîâàòåëüñêèõ ãðóïï, çàíèìàþùèõñÿ îáúåêòàìè

îêðóæàþùåé ñðåäû.

Íåñìîòðÿ íà òî ÷òî äëÿ îïðåäåëåíèÿ íèçêèõ ñî-

äåðæàíèé ÌÏÃ â îáúåêòàõ îêðóæàþùåé ñðåäû èñ-

ïîëüçóþò âûñîêî÷óâñòâèòåëüíûå ìåòîäû (ÈÑÏ-ÌÑ,

ÈÑÏ-ÀÝÑ, ÝÒÀÀÑ, êèíåòè÷åñêèå, ýëåêòðîõèìè÷å-

ñêèå), êàê ïðàâèëî, íåîáõîäèìî ïðåäâàðèòåëüíîå êîí-

öåíòðèðîâàíèå ÌÏÃ. Äëÿ ýòîãî ïðèìåíÿþò ìåòîäû

ñîðáöèè, ýêñòðàêöèè, ñîîñàæäåíèÿ, ýëåêòðîõèìè÷å-

ñêîãî êîíöåíòðèðîâàíèÿ.

Îòáîð ïðåäñòàâèòåëüíîé ïðîáû äëÿ îöåíêè

óðîâíÿ çàãðÿçíåíèÿ îáúåêòîâ îêðóæàþùåé ñðåäû òàê-

æå ÿâëÿåòñÿ ñëîæíîé çàäà÷åé. Ïðè îòáîðå ïðîá èìåþò

çíà÷åíèå ðàññòîÿíèå îò èñòî÷íèêà çàãðÿçíåíèé, âðåìÿ

ãîäà, âðåìÿ ñóòîê è äðóãèå ôàêòîðû. Â ýòîì íàïðàâëå-

íèè òàêæå ïðîâîäÿòñÿ èññëåäîâàíèÿ.

Ñåðüåçíîé ïðîáëåìîé ÿâëÿåòñÿ âåñüìà îãðàíè÷åí-

íîå ÷èñëî äîñòóïíûõ ñòàíäàðòíûõ îáðàçöîâ ñîñòàâà,

àäåêâàòíûõ àíàëèçèðóåìûì îáúåêòàì ïî ñîñòàâó

îñíîâû ïðîáû è äèàïàçîíàì ñîäåðæàíèé ÌÏÃ. Íà-

ðÿäó ñ ïðîáëåìàìè ïðîáîîòáîðà, îòñóòñòâèå íåîá-

õîäèìûõ ñòàíäàðòíûõ îáðàçöîâ ñîñòàâà çíà÷èòåëüíî

çàòðóäíÿåò îáåñïå÷åíèå ïðàâèëüíîñòè ðåçóëüòàòîâ

àíàëèçà.

ËÈÒÅÐÀÒÓÐÀ

1. Prichard H. M., Fisher P. C. Identification of platinum and

palladium particles emitted from vehicles and dispersed into

the surface environment � Environ. Sci. Technol. 2012. Vol. 46.

N 6. P. 3149 – 3154.

2. Sen I. S., Peucker-Ehrenbrink B., Geboy N. Complex An-

thropogenic Sources of Platinum Group Elements in Aerosols

on Cape Cod, USA � Environ. Sci. Technol. 2013. Vol. 47.

N 18. P. 10188 – 10196.

3. Urban Airborne Particulate Matter. Origin, Chemistry, Fate and

Health Impacts � Zereini F., Wiseman C. L. S. (eds.). — Ber-

lin – Heidelberg: Springer, 2010. — 656 p.

4. Mapping the Chemical Environment of Urban Areas � John-

son C. C., Demetriades A., Locutura J., Ottesen R. T. (eds.). —

John Wiley and Sons, 2011. — 640 p.

5. Bencs L., Ravindra K., Van Grieken R. Platinum: Environ-

mental Pollution and Health Effects � Encyclopedia of Environ-

mental Health. Five-Volume Set. 1st Edition � Editor in Chief:

J. Nriagu. — Elsevier Science, 2011. P. 580 – 595.

6. Iavicoli I., Fontana L., Bergamaschi A. Palladium: Exposure,

Uses, and Human Health Effects � Encyclopedia of Environ-

mental Health. Five-Volume Set. 1st Edition � Editor in Chief:

J. Nriagu. — Elsevier Science, 2011. P. 307 – 314.

7. Puls C., Limbeck A., Hann S. Bioaccessibility of palladium

and platinum in urban aerosol particulates � Atmospheric Envi-

ron. 2012. Vol. 55. P. 213 – 219.

8. Asharani P. V., Lianwu Y., Gong Z. Valiyaveettil S. Compari-

son of the toxicity of silver, gold and platinum nanoparticles in

developing zebrafish embryos � Nanotoxicology. 2011. Vol. 5.

N 1. P. 43 – 54.

9. Tseren-Ochir Soyol-Erdene, Youngsook Huh, Sungmin

Hong, Soon Do Hur. A 50-year record of platinum, iridium,

and rhodium in Antarctic snow: volcanic and anthropogenic

sources � Environ. Sci. Technol. 2011. Vol. 45. N 14.

P. 5929 – 5935.

10. Zereini F., Alsenz H., Wiseman C. L. S., et al. Platinum group

elements (Pt, Pd, Rh) in airborne particulate matter in rural

vs. urban areas of Germany: Concentrations and spatial patterns

of distribution � Sci. Total Environ. 2012. Vol. 416.

P. 261 – 268.

11. Zereini F., Wiseman C. L., Püttmann W. In vitro investiga-

tions of platinum, palladium, and rhodium mobility in urban

airborne particulate matter (PM10, PM2.5, and PM1) using

simulated lung fluids � Environ. Sci. Technol. 2012. Vol. 46.

N 18. P. 10326 – 10333.

12. Ramavati Mathur V., Balaram M., Satyanarayanan S. S.,

Sawant S. L. Ramesh Anthropogenic platinum, palladium and

rhodium concentrations in road dusts from Hyderabad city,

India � Environ. Earth Sci. 2011. Vol. 62. N 5. P. 1085 – 1098.

13. Lifeng Zhong, Jie Li, Wen Yan, et al. Platinum-group and

other traffic-related heavy metal contamination in road sedi-

ment, Guangzhou, China � J. Soils and Sediments. 2012.

Vol. 12. N 6. P. 942 – 951.

14. Spada N., Bozlaker A., Chellam S. Multi-elemental characte-

rization of tunnel and road dusts in Houston, Texas using dyna-

mic reaction cell-quadrupole-inductively coupled plasma-mass

spectrometry: Evidence for the release of platinum group and

�������	�
���
�������
�����������	��������������� �� ��������� �� @



anthropogenic metals from motor vehicles � Anal. Chim. Acta.

2012. Vol. 735. P. 1 – 8.

15. Mahmood Q., Rashid A., Ahmad S. S., et al. Current status

of toxic metals addition to environment and its consequences �
Environmental Pollution. Vol. 21. Plant Family Brassicaceae �
N. A. Anjum, I. Ahmad, M. E. Pereira, A. C. Duarte, S. Umar,

N. A. Khan (eds.). — Springer Netherlands, 2012. P. 35 – 69.

16. Liang Qi, Mei-Fu Zhou, Zheng Zhao, et al. The characteris-

tics of automobile catalyst-derived platinum group elements in

road dusts and roadside soils: A case study in the Pearl River

Delta region, South China � Environm. Earth Sci. 2011. Vol. 64.

N 6. P. 1683 – 1692.

17. Yajun Wang, Xiaozheng Li. Health Risk of Platinum Group

Elements from Automobile Catalyst � Procedia Eng. 2012.

Vol. 45. P. 1004 – 1009.

18. Sobrova P., Zehnalek J., Adam V., et al. The effects on

soil�water�plant�animal systems by platinum group elements �
Central European J. Chem. 2012. Vol. 10. N 5. P. 1369 – 1382.

19. Ïåòðåíêî Ä. Á. Ýëåìåíòû ãðóïïû ïëàòèíû â îêðóæàþùåé

ñðåäå è èõ ýêîëîãè÷åñêàÿ îïàñíîñòü � Âåñòíèê ÌÃÎÓ.

Ñåðèÿ: Åñòåñòâåííûå íàóêè. 2011. ¹ 5. Ñ. 49 – 53.

20. Ribeiro A. P., Figueiredo A. M. G., Sarkis J. E. S., et al. First

study on anthropogenic Pt, Pd, and Rh levels in soils from major

avenues of São Paulo City, Brazil � Environ. Monitor. Assess.

2012. Vol. 184. N 12. P. 7373 – 7382.

21. Bo Gao, Yanke Yu, Huaidong Zhou, Jin Lu. Accumulation

and distribution characteristics of platinum group elements in

roadside dusts in Beijing, China � Environ. Toxicol. Chem.

2012. Vol. 31. N 6. P. 1231 – 1238.

22. Lee Hea-Youn, Chon Hyo-Taek, Sager M., Marton L. Plati-

num pollution in road dusts, roadside soils, and tree barks in

Seoul, Korea � Environ. Geochem. Health. 2012. Vol. 34. N 1.

Supplement. P. 5 – 12.

23. Sikorová L., Lièbinský R., Adamec V. Platinové kovy z auto-

mobilovych katalyzáorû v þivotnim prostøedí � Chem. Listy.

2011. Vol. 105. N 5. P. 361 – 366.

24. Dean J. R. Environmental Trace Analysis: Techniques and

Applications. Wiley, 2013. — 278 p.

25. Balcerzak M. Methods for the determination of platinum group

elements in environmental and biological materials: a review �
Crit. Revs. Anal. Chem. 2011. Vol. 41. N 3. P. 214 – 235.

26. Êóáðàêîâà È. Â., Íèêóëèí À. Â., Êîùååâà È. ß., Òþ-

òþííèê Î. À. Ïëàòèíîâûå ìåòàëëû â îêðóæàþùåé ñðåäå:

ñîäåðæàíèå, îïðåäåëåíèå, ïîâåäåíèå â ïðèðîäíûõ ñèñòå-

ìàõ � Õèìèÿ â èíòåðåñàõ óñòîé÷èâîãî ðàçâèòèÿ. 2012. Ò. 20.

¹ 6. Ñ. 645 – 656.

27. Butler O. T., Cairns W. R. L., Cook J. M., Davidson C. M.

Atomic spectrometry update. Environmental analysis � J. Anal.

Atom. Spectrom. 2010. Vol. 25. N 2. P. 103 – 141.

28. Butler O. T., Cairns W. R. L., Cook J. M., Davidson C. M.

Atomic spectrometry update. Environmental analysis � J. Anal.

Atom. Spectrom. 2012. Vol. 27. N 2. P. 187 – 221.

29. Puls C., Limbeck A., Hann S. Ultra-Trace Analysis of Palla-

dium: State-of-the-Art and Future Challenges � Urban Airborne

Particulate Matter � F. Zereini, C. Wiseman (eds.). — Ber-

lin – Heidelberg: Springer, 2010. P. 217 – 234.

30. Fumagalli A., Faggion B., Ronchini M., Terzaghi G., et al.

Platinum, palladium, and rhodium deposition to the Prunus

laurus cerasus leaf surface as an indicator of the vehicular traffic

pollution in the city of Varese area: an easy and reliable method

to detect PGEs released from automobile catalytic converters �
Environ. Sci. Pollut. Res. Int. 2010. Vol. 17. N 3. P. 665 – 673.

31. Paraskevas M. S., Papoutsi K., Ochsenkuhn-Petropou-

lou M. A novel way of sampling particles containing platinum

group elements from automobile catalyst � Anal. Lett. 2012.

Vol. 45. N 5 – 6. P. 539 – 550.

32. Qi L., Gao J., Huang X., et al. An improved digestion tech-

nique for determination of platinum group elements in geologi-

cal samples � J. Anal. Atom. Spectrom. 2011. Vol. 26. N 9.

P. 1900 – 1904.

33. Li D., Chang X., Hu Z., et al. Selective solid-phase extraction

of trace Au (III), Pd (II) and Pt (IV) using activated carbon

modified with 2,6-diaminopyridine � Microchim. Acta. 2011.

Vol. 174. N 1 – 2. P. 131 – 136.

34. Bujdos M., Hagarova I., Matus P., et al. Optimisation of

determination of platinum group elements in airborne particu-

late matter by inductively coupled plasma mass spectrometry �
Acta Chimica Slovenica. 2012. Vol. 59. N 1. P. 124 – 128.

35. Cairns A., Warrwn R. L., De Boni A., et al. The use of cation

exchange matrix separation coupled with ICP-MS to directly

determine platinum group element (PGE) and other trace ele-

ment emissions from passenger cars equipped with diesel

particulate filters (DPF) � Anal. Bioanal. Chem. 2011. Vol. 399.

N 8. P. 2731 – 2740.

36. Alsenz H., Zereini F., Wiseman C. L. S., Püttmann W. Analy-

sis of palladium concentrations in airborne particulate matter

with reductive co-precipitation, He collision gas and ID-ICP-

Q-MS � Urban Airborne Particulate Matter � F. Zereini,

C. Wiseman (eds.). — Berlin – Heidelberg: Springer, 2010.

P. 261 – 274.

37. Goullé J.-P., Lacroix C., Saussereau E., et al. Intérêt du

dosage de quatre éléments minéraux dans les eaux usées pour le

suivi des activités médicales � Ann. Toxicol. Anal. 2011.

Vol. 23. N 2. P. 53 – 59.

38. Goullé J.-P., Saussereau E., Mahieu L., et al. Importance of

Anthropogenic Metals in Hospital and Urban Wastewater:

Its Significance for the Environment � Bull. Environ. Contamin.

Toxicol. 2012. Vol. 89. N 6. P. 1220 – 1224.

39. Krejcova A., Cernohorsky T., Pouzar M. O-TOF-ICP-MS

analysis of rare earth elements, nobleelements, uranium and

thorium in river-relating species � Int. J. Environ. Anal. Chem.

2012. Vol. 92. N 5. P. 620 – 635.

40. Zhong Li-feng, Yan Wen, Li Jie, et al. Pt and Pd in sediments

from the Pearl River Estuary, South China: background levels,

distribution, and source � Environ. Sci. Pollut. Res. 2012.

Vol. 19. N 4. P. 1305 – 1314.

41. Puls C., Limbeck A., Hann S. Bioaccessibility of palladium

and platinum in urban aerosol particulates � Atmospheric Envi-

ron. 2012. Vol. 55. P. 213 – 219.

42. Alonso Castillo M. L., Garcia de Torres A., Vereda Alon-

so E., et al. Multi-element determination of Pt, Pd and Ir traces

in environmental samples by ICP-MS after pre-concentration �
Talanta. 2012. Vol. 99. P. 853 – 858.

43. Akrivi A. A., Tsogas G. Z., Giokas D. L., Vlessidis A. G.

Analytical determination and bio-monitoring of platinum group

elements in roadside grass using microwave assisted digestion

and electrothermal atomic absorption spectrometry � Anal. Lett.

2012. Vol. 45. N 5 – 6. P. 526 – 538.

44. Woiñska S., Godlewska-Ýyùkiewicz B. Determination of plati-

num and palladium in road dust after their separation on immo-

bilized fungus by electrothermal atomic absorption spectromet-

ry � Spectrochim. Acta. Part B. 2011. Vol. 66. N 7. P. 522 – 528.

45. Yuanpei Lian, Wei Zhen, Zhigang Tai, et al. Cloud point

extraction and flame atomic absorption spectrometry analysis of

palladium, platinum, and gold ions from industrial polluted soil

� Rare Metals. 2012. Vol. 31. N 5. P. 512 – 516.

46. Mladenova E., Dakova I., Karadjova I., Karadjov M.

Column solid phase extraction and determination of ultra-trace

Au, Pd and Pt in environmental and geological samples �
Microchem. J. 2012. Vol. 101. P. 59 – 64.

47. Sid Kalal H., Hoveidi H., Thagiof M., et al. Pre-concentration

and determination of platinum (IV) in water samples using che-

lating resin by inductively coupled plasma atomic emission

spectroscopy (ICP-AES) � Int. J. Environ. Res. 2012. Vol. 6.

N 3. P. 739 – 750.

48. Ìîõîäîåâà Î. Á., Íèêóëèí À. Â., Ìÿñîåäîâà Ã. Â., Êóáðà-

êîâà È. Â. Íîâûé êîìáèíèðîâàííûé ìåòîä ÝÒÀÀÑ îïðåäå-

�� �������	�
���
�������
�����������	��������������� �� ��������� ��



ëåíèÿ ñëåäîâ ïëàòèíû, ïàëëàäèÿ è çîëîòà â ïðèðîäíûõ îáú-

åêòàõ � Æóðí. àíàëèò. õèìèè. 2012. Ò. 67. ¹ 6. Ñ. 589 – 594.

49. Herincs E., Puschenreiter M., Wencel W., Limbeck A.

A novel flow-injection method for simultaneous measurement

of platinum (Pt), palladium (Pd) and rhodium (Rh) in aqueous

soil extracts of contaminated soil by ICP-OES � J. Anal. Atom.

Spectrom. 2013. Vol. 28. ¹ 3. P. 354 – 363.

50. Van der Horst C., Silwana B., Iwuoha E., Somerset V.

Stripping voltammetric determination of palladium, platinum

and rhodium in freshwater and sediment samples from South

African water resources. � J. Environ. Sci. Health. Part A. 2012.

Vol. 47. N 13. P. 2084 – 2093.

51. Locatelli C. Sequential Voltammetric Determination of Ultrat-

race Osmium, Ruthenium and Iridium. Application to Superfi-

cial Water � Electroanalysis. 2011. Vol. 26. N 6. P. 1329 – 1336.

52. Locatelli C. Catalytic-adsorptive stripping voltammetric deter-

mination of ultra-trace iridium(III). Application to fresh- and

sea-water � Talanta. 2011. Vol. 85. N 1. P. 546 – 550.

53. Locatelli C. Ultratrace osmium, ruthenium and lead in airborne

particulate matter: peak area as instrumental datum to improve

their simultaneous voltammetric determination � Electroana-

lysis. 2012. Vol. 24. N 12. P. 2273 – 2282.

54. Kawamura K., Ikoma K., Igarashi S., et al. Flow injection

analysis combined with a hydrothermal flow reactor: applica-

tion to kinetic determination of trace amounts of iridium using

a water-soluble porphyrin � Talanta. 2011. Vol. 84. N 5.

P. 1318 – 1322.

55. Õîìóòîâà Å. Ã., Îñòàíèíà Î. È., Çàãîðîäíèêîâà Â. À., Çà-

ãîðîäíèêîâà Ñ. À. Îïðåäåëåíèå ìèêðîêîíöåíòðàöèé ðîäèÿ

êàòàëèòè÷åñêèì ìåòîäîì â ïðîòî÷íî-èíæåêöèîííîé ñèñòå-

ìå � Èçâ. âóçîâ. Õèìèÿ è õèì. òåõíîëîãèÿ. 2011. Ò. 54. ¹.

11. Ñ. 50 – 53.

56. Malejko J., Szygalowicz M., Godlewska-Zylkiewicz B.,

Kojlo A. Sorption of platinum on immobilized microorganisms

for its on-line preconcentration and chemiluminescent determi-

nation in water samples � Microchim. Acta. 2012. Vol. 176.

N 3 – 4. P. 429 – 435.

57. Pushpa Ratre, Devendra Kumar. Spectrophotometric deter-

mination of Pt (II) and Pd (II) in environmental samples collec-

ted from highly polluted areas of Delhi region of India � Int. J.

Emerging Comput. Technol. Appl. Sci. (IJETCAS). 2013.

Vol. 5. N 4. P. 421 – 429.

�������	�
���
�������
�����������	��������������� �� ��������� �� ��




