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ABSTRACT

Key words : Heavy metals, Environmental distribution, Long-term transmission,
Ecological risk assessment

Base on the results of initial research studies, shows the environment and ecosystem
in of Taroko National Park have been affected by pollutants resulted from agricultural
activities. But in the high altitude area, pollutants resulted from long-range transmission is
the main factor. Therefore, the objectives of this study are (1) to investigate the
long-range transmission of persistent pollutants in the Taroko National Park, and (2) to
develop ecological risk management model of persistent pollutions in the terrestrial
environment. Summarizing the findings of 5-years study (2010-2014) reveals that: (1) the
distribution of lead and mercury in farmland and high altitude are similar, and the
concentration of chromium, copper, and zinc in farmland soil are higher than altitude area, ;
(2) the pollution maps developed base on the heavy metals measurement results, which
shows high altitude area is the main settlement area of pollutants which resulted by
long-range transmission may come from the industries in East Asia and China. In future
study, it is strongly suggested to : (1) continue long-term monitoring of concerned
pollutants in ecosystem and environment ; (2) strengthen the monitoring and management
of agricultural land ; (3) design the long-term monitoring program of pollutants long-range

transmission ; (4) develop the ecological risk assessment and management system.
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FAL kR - 31 * p Pirrone and Keating (2010)

PR S A Q01)R AR EF L X E 22 0 AL % F & BT ) 2006
£41 32011 &10% B & 4 F A$ AT 300k A (218 £)4 5 2 GEM:1.69(x0.35) ng m-3 -
RGM : 20.11(+16.35) pg m-3 » PHg : 3.06(x4.61) pgm-3 - # # GEM ~ RGM ~ PHg 4 | it 4
F A& 7 % & (Gaseous Elemental Mercury, GEM)~ 7% 12 % ik 5% (Reactive Gaseous Mercury, RGM >
I Ak - B &)& 3k & (Particulate Mercury, PHg) e GEM ~RGM & PHg 322 ik 4 < § Ak
A £198.65% ~ 1.17%%* 0.18% > *r2 GEM & & 1 & ch=~ 5 A% 8 > RGM = 2 » & PHg #7
b BB X 0 e 4p ¥R X (relative standard deviation » RSD ; T {E 2% X &7 T35 Gt @ > 1Y
F oA £ 7 )R T 0 RGM(81%) 22 PHg(151%):k & % i 422 % ** GEM(21%) - @ PHg
Pl 23 Rk s i B d? Rehd & kiR o

FoobgEA ¢ L B a3k B REBEFRA G L F AERE(E p Pirrone et al., 2010)4-
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Referenc
SC NFMP PISP CP CSP MP GP WD O T
e year
S. Africa 326 03 13 38 00 00 03 06 13 402 2004
China 2680 2033 89 350 00 275 447 141 76 6091 2003
India 1246 155 46 47 62 00 05 774 75 2409 2004
Australia 22 16 08 09 00 90 03 02 06 166 2005
Europe 766 187 00 188 63 90 00 101 147 1452 2005
Russia 460 52 26 39 28 90 43 35 15 698 2005
N.America 652 347 128 151 103 90 00 130 17 1528 2005
S.America 80 136 18 64 22 90 162 00 15 497 2005
Total 6232 3029 328 886 278 275 663 1189 364 13243
Restof the World  186.8 7.1 104 1471 1351 275 3337 685 282 939.4 2006
Total 8100 3100 432 2357 1629 50.0 4004 1874 646 223197

ok k& : 4 p Pirrone and Keating (2010).
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37 ¢ BERERL TS

K5 (Si) o F

Ps : 10.4 %

gl

S1 t2 Pi : 85.12 % ~ 76.16 % ~ 67.2 % ~ 58.24 % ~ 49.28 %

B Pi:45%-~134%~224% ~31.4% ~40.3%

Ps:2%
S2 12 Pi:93.1% ~833%~73.5% ~63.7% ~53.9%

B Pi:49%~147%-~245%~343%~441%

pPaedd hME 2B E (mg/kg) ¢
S3 4 (Pb):0.11;45(Cd):0.03; 4(2Zn):34:45(Cr):0.5: 4 (Cu):

3.8

Fanse hFELBIE (mg/kg):
S4 4:(Pb) : 22.80 ; 4£(Cd) : 10.20 5 4:(Zn) : 529 ;

#(Cr):18; 4 (Cu): 111

T kR:S1 31 A USEPA (2007);S2 51 * p Sé& Dena Hes Mine (2014):S3 £ S4 31 * p Hill (2001)
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28 e fafFkeasp AEME %%
£ 2R BB R g EBAE BBE P REAE
Si Exposure Dose min Exposure Dose max

S1 0.0348 (/% 37) 0.3386 (& #)
S2 0.0181 (& 3 0.3056 (& #)

& (Pb)
S3 0.0181 (& 3 0.0917 (& )
S4 0.0569 (& 37) 0.3386 (& #)
S1 0.7117 (=) 6.6485 (& 37)
S2 0.6165 (i = 6.8739 (7% 37

& (Zn) (ijﬁ) pmd
S3 0.6165 (=) 1.1057 (7% %)
S4 1.2901 (1) 6.8739 (& 37)
S1 0.0900 (£ 7= ) 1.5724 (7% 3%
S2 0.0216 (= 1.4228 (7% 37

& (Cu) (ilﬁ) ppw)
S3 0.0216 (1= ) 0.3720 (& 37)
S4 0.1675 (£ 7= ) 1.5724 (7% 3%
S1 0.0146 (& 37) 0.1294 (& )
S2 0.0159 (7% 37 0.1407 (&

% (Cd) Ve S
S3 0.0159 (i& 3 0.0271 (& )
S4 0.0373 (7% 37) 0.1407 (& ¥)
S1 0.1072 (i£7=3») 0.4550 (i&37)
S2 0.0856 (7= ) 0.3291 (& 37)

£ (Cr) e, .
S3 0.0856 (i1~ ) 0.3024 (& 37)
S4 0.1568 (&£ 1=# ) 0.4550 (i&37)

()RR ERZEESTAE F 5 (H = @ mg/kg body-weight/day )

B EEF P RBHE IR LR R EAFE RN B H A PR R %
&

<+ &£ (Wildlife Toxicity Reference Values, TRV ) » 3+ & &w f& -5 3
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Si HQ min HQ max
S1 0.0213 (;% 37 0.2077 (& %)
i S2 0.0111 (;& 32 0.1875 (& %)
= (PP) S3 0.0111 (;% 37 0.0563 (7 ¥)
S4 0.0349 (;% 37 0.2077 (& %)
S1 0.0108 (£ =) 0.1006 (i% 37
& (zn) S2 0.0093 (%?:/a ) 0.1040 (i 37
S3 0.0093 (£ =) 0.0167 (;% %7
S4 0.0195 (£ =4 ) 0.1040 (i 37
S1 0.0222 (;£7E#) 0.3882 (i 37
# (Cu) S2 0.0053 (%?:/a ) 0.3513 (g, 2z
S3 0.0053 (£ =74 ) 0.0919 (i 32
S4 0.0413 (i) 0.3882 (i 37
S1 0.0099 (i& 37 0.0880 (& %)
% (Cd) S2 0.0108 (::%»—;:: 0.0957 (& %)
S3 0.0099 (i& 37 0.0184 (& %)
S4 0.0254 (&7 ~ % 37) 0.0957 (& #)
S1 0.0412 (£ 0.1750 (i 37
& (Cr) S2 0.0329 (;ii?ja ) 0.1266 (g, 2z
S3 0.0329 (£ =) 0.1163 (;% 37
S4 0.0603 (L= ) 0.1750 (i% 37
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