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Abstract: Anthropogenic platinum group elements ( PGEs) are widely applied in vehicle exhaust
catalytic converters ( VECs) industrial catalysts and pharmaceutics making the PGEs especially
Pt Pd and Rh become the newly environmental pollutants in some fields. Given the positive cor—
relations between the Pt/Pd and Pt/Rh ratios in various environmental samples and the active com—

ponents of VECs

PGEs pollution. Sufficient reports indicated that in the past three decades there was a significant

the VECs containing PGEs as catalysts are regarded as the primary source of

increase of PGEs concentrations in diverse environmental matrices like airborne particulate matters

aquatic ecosystem components (e. g. river water rain water gr()undwater seawater and sedi—

ments) soils road dusts and organisms. It was generally assumed that anthropogenic PGEs be—
have in inert manner and the health risks associated with the environmental exposures to PGEs are
minimal. However the recent studies on PGEs toxicity and environmental bioavailability indicated
that once entering environment anthropogenic PGEs might easily be mobilized and transformed into
more toxic forms under the actions of various biogeochemical processes and thereby enhanced
their bioavailability and posed potential health risks to human beings through food chain. This paper
summarized the research results about the sources distribution and biogeochemical behaviors of
PGEs in various environmental media and it was considered that to establish the standards of PGEs
for human health risks to develop standard substances of PGEs for environmental measurements to

study the PGEs in the sediments of marginal seas and to assess the toxicity of PGEs to marine mol-
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lusks the present contamination status of PGEs in foods and the risks of PGEs to human health

would be the hot research topics in the future.

Key words: platinum group elements ( PGEs) ; anthropogenic emission; distribution; toxicity; mi-

gration; environmental risk.

( platinum group elements PGEs)

(Pt) . (Pd). (Rh). (Os). (Ir). (Ru)

. @« ’)‘ 6
Pt 0.4

ng*g' Pd0.4ng*g' Rh0.06nge*g"' 0s0.05
ng*g' Ir0.05ng*g' Ru0.06 ng*g’''.

PGEs ( .
) Y Y N
PGEs
PGEs
Sl PGEs
Pt.Pd Rh PG-
Es 3
1 PGEs
PGEs
PGEs;
PGEs N
Pt
2-3
2
( N
)
90% °
Pt.Pd.Rh
Ru Ir. 1994 Pt 42%

T, Pt.Pd.Rh
1998 56.0 t.152.1 t.15.0 t 2010
97.2 1.169.5t 22.5t 2010 Pt
Pd.Rh 39.7% .56.6%  83.0%
2007 128.9tPt.27.6 t Rh 2010 169.5 t Pd
8-9
PGEs
( vehicle exhaust catalytic

10

converters VECs)

PGEs
PGEs
11
PGEs 2 N
N 1994
Pt 5% 4% 4%
;
Pt.Pd.Rh
1998 104.4 t.79.0 t.2.2 t 2010
106.9 t.75.5t 4.0t 2000  122.7 t Pt.
2006 95.7tPd 2010 4.0tRh
¥9.2010
Pt.Pd.Rh
52.6 t.76.8 t.4.0 t 6.
81.43.9t.0. 11 13.8 t.12.3 t.2. 1
t?. PGEs
PGEs 3 . 1994
Pt 6% . Pt
7. Pt
2007 7.2t 2010 7.9 t.2006—
2010 Pd (

19.3.19.6.19.4.19.8  18.0 1)
2010 91978 N
N N Pt



3516 23

17-26

2 PGEs PGEs
PGEs ) ) . ;
PGEs 70% 1995 1996 PGEs
PGEs ( 24% ~32% 2% ~82% (21.5+13.8 pg * m™) 62
28% ~44% ) Pt pgem” Pt
40 33 pgem” "7, Zereini
7 1988—1998 10
PGEs ( ) Pt Rh
e ( 46 27 1998
PGEs) Pt 246 pg * m”. Schafer ~ **
PGEs . ( . PGEs
. . . ) Pt VECs
VECs 3.3% ~12.3% " . . Artelt
PGEs VECs
2 PGEs
Pt
20 80 PGEs 7000 ~ 123000 pg * m™ Pt 9000 ~
124000 pg * m™ : Pt
PGEs ) .
. . 80 km * h™' 130 km « h™" Pt
. . 6 ; 80 km * h™'
. . Pt
Pt.Pd.Rh ) 0
. Pt
2.1 PGEs Pt (0.65+0. 16
PGEs VECs pg*m”) Pt ;
. VECs PGEs VECs Pt 100
(>10  ngeg’ (
jLm) 21.7ng*g'); Pt
(<0.3 wm) VECs
PGEs Rauch " PGEs Pt
Pt.Pd.Rh ng Pt
1990 40 ~120 . PGEs
1975 Johnson 0
Pt.Pd
<0.05 pg * m>.<0.06 pg* m". Pt 5%10°
Pt pgem” 7. PGEs
(0.05~1.0pg*m™) *. .
1.
PGEs ) 2.2 PGEs
PGE VECs
PGEs PGEs PGEs

pg * m~ 2000 . Lee ™ Goldberg



12

3517

? Pt.Pd
.Hodge 7% Pt
(0.1 ng+ L") 4500 m
0.25 ng * L. (
N N N N )  PGEs
( Pt 1600
ng+ L") *. ( pH.Eh.CI",
) PGEs .
Dahlheimer % ( desfer—
rioxamine-B  DFO-B) pH
PGEs Pd
PGEs Pt.Pd
PGEs . Zereini
PGEs
10% Pt 0.1mol L' HCI
PGEs
VECs  PGEs
PGEs ( Pt~Rh
<2.2 <0.01 ng+L™") *.20
80.90 PGEs
N PGEs
( PGEs )
;10
VECs
PGEs
N PGEs
Tuit ¥
PGEs Tuit ¥
Pt Pd
( USGS)
(1987.1993 1996 )
ICPMS
Pt Pd
5 PGEs
; VECs Pt Pd
PGEs Pt.
Pd ; Pt
Pd
Pt/Pb  Pd/Pb Pt Pd

Pt Pd

PGEs
. PGEs
. PGEs
.Rauch *
Pt
20 90
Pt VECs 10
Sutherland %
Pt 4.4
~293 ng+g' 8.5~506ng*g"' Pd 2.1
~105ng*g" 3.4~70.3ng*g"' Rh 0.4
~20.1ng*g"' 0.5~60.1ng-*g"’
Pt.Pd.Rh
Rauch ¥
Pt.Pd.Rh (0.6+0.3) (3.0
1.6) (0.174 +0. 019) ng * g~
(1992—2002) 6 ~16
1890
PGEs .
2.3 N PGEs
Hodge * 1986
Pt  Pd 680 280
ng g’ ! PGEs
PGEs
PGEs . N
PGEs
PGEs . Wang *
ICP-MS 2002
2004 PGEs
Pt.Pd.Rh
396.89 44 PGEs
Rh
Pt ( R*=0.9396)
PGEs VECs
“ 2007
Pt.Pd. Rh 34.89(0.36 ~108. 6)

ng g ' 107.72(12.98 ~241.4) ng+g' 27.68

(4.50 ~61.05) ng* g 65. 83

11.12.18.33  PGEs :
PGEs



23

3518
Pt Pd Rh ( PGEs
1) PGEs : PGEs
( ) > > > > PGEs
PGEs PGEs (Pt/Pd.Pt/Rh.
Pd/Rh) (R 0.9013. 0. 9028 Pt o> > >
0. 9567) VECs PGEs . Pt
VECs o o
. Pt.Pd.Rh 0.57.
6.39 2.66ng-*g’ PGEs
Pt>Pd>Rh Pt.Pd
Rh X
PGEs oo PGEs Pd>Rh>Pt Pd
PGEs
. . Becker % N
VECs PGEs A . .
A5 Pt.Pd.Rh 1994 (Pt<0.01 ng * g™') .
2.15.1.6 Pt.Pd ( Pt ng *g') . (Pt
12 16 cm. 0.1~0.3ng*g™") (Pt 0.8~
PGEs . 3.0 ng*g™) Pt
PGEs Dongarra Pt
o Pd (Pt: 1 ~102ng*g';Pd: 1~45ng =g ")
Pt.Pd.Rh 30 ~420.13 ~440 3.5 ~91 PGEs
ng g’ PM( particu—
late matter)  PGEs
s PGEs ; Pt.
Pt.Pd 141.1  125.9ng* g’ Pd 136.273 g
35% PGEs. 3
Pt Pd ICP-MS .
2.0 1.4ng-g’ 10 .
VECs Pt.Pd 7. PGEs. Jensen »®  Ek .
80 km « h™' . . . PGEs
Pt.Pd.Rh 50.4.43.3  10.7 Pt.Pd. Rh 1.8.2.1 0.6 ng *
ng g’ 50 km « h™' g Pt.Pd.Rh 3.44.1.23
Pt.Pd.Rh 88.9.77.8 17.6  0.67nge*g’ Pt.Pd.Rh 0.2.
ngeg' 3 0.7 0.5ng-g" Pt.Pd.Rh
Pt.Pd.Rh 261.  0.2.0.3 0.3ng°*g" Pt.Pd.Rh
124 38.9ng-+g’" 1999 0.72.0.49 0.54 ng* g Pt.Pd.Rh
PGEs 0.28.0.49 0.53 ng* g™ .
. pH . PGEs Cu.Cd Zn
Pt Pd
. PGEs .
2.4 PGEs PGE . Mulholland
PGEs (5d) PGEs ( Littorina



12 3519
littorea)  PGEs PGEs N
ICPMS 20
mg * L' PGEs PGEs PGEs
Rh  Pt>Pd PGEs Pd=Pt= Pt.Pd.Rh 1.
Rh ;
3 PGEs
Rh.Pd
Rh >Pd Pt Rh. PGEs
Pd Pt N N N
.Sures ¥ ( Dreissena 2 VECs PGEs
polymorpha) ( Anguilla anguilla) PGEs
100 g+ L 24 4 3 PGEs
PGEs ( Pd>Pt
>Rh) Pd (0.18+ Pt L
0.05) ng*g'( ) Pd N ; PGEs
VECs Pd N ? Pt
Pt.Pd.Rh Pt (PtCl,PtCl, )
Pt ( PtO.PiO, )
1 Pt. Pd. Rh
Table 1 Concentrations of Pt Pd Rh in environmental and biologic samples in different cities
/ Pt Pd Rh
Sample category Country /Region Reference
Aerosol / China/Beijing 21.8 - 7.44 26
Aerosol / China/Guangzhou 10.9 - 4.68 26
PMI10 Particulate Matter ( <10 pm) / Austria/Vienna 4.3 2.6 0.4 24
PMI10 Particulate Matter ( <10 pm) / Span/Madrid 15-19 5.1-32 9.1-27 60
PM10 Particulate Matter ( <10 pm) / Italy/Rome 14.1 58.0 2.83 61
Road-dust / UK /Sheffield 146 164 - 62
Road-dust / India/Hyderabad 14.6 18.1 2.3 63
Road-dust / China/Shanghai 57.21 188.05 41.73 64
Soil / China/HongKong 62.2 38.7 10.8 26
Soil / Ttalian/Rome 11.2+4.1 - - 65
Soil / UK /Sheffield 164 272 - 62
Soil / US/Manoa 56.4 17.7 5.57 39
Mosses Austria 7.07+9.97 2.8%5.2 0.6+0.8 66
Lichens / Argentina/South Patagonia 0. 016-2.734 - 0.063-1.298 67
Grass Finland 1.7+0.3 - 0.7+0.1 68
Leaves / China/Guangzhou 3.52 1.55 1.16 26
( ) Water ( Kunyu River) / China/Beijing 1.51 50.0 4.70 54
( ) Water ( Yongding River) / China/Beijing 1.03 4.06 3.88 54
( ) Water ( Bayi Lake) / China/Beijing 1.52 18.1 5.85 54
River sediment / UK /Sheffield 17 15 - 62
Lake sediment / UK/Sheffield 7 6 - 62
River sediment / US/Palolo 70.2 16.4 6.23 39
( ) Fish ( Bayi Lake) / China/Beijing - 0.13 1.88 54
( ) Fish ( Kunyu River) / China/Beijing 0.44 1.71 2.28 54
( ) Fish ( Chaoyang Park) / China/Beijing 1.76 0.13 2.65 54
- No measured. pgem>. ng* L™ ( ) ng * ¢”' The unit of aerosol and

water samples was pg * m ™ and ng * L' respectively while that of the other environmental samples was ng * g”! based on dry mass.

The concentration of plant samples all calculated on dry mass.
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