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As Cd
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Cr

9
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Cu
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1999 2000 2001 2002)

(Scottish)
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( 1998

(Tiller, 1993) Mitchell (1955)
Wells(1960)



(

(

mg/kg)
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As | Cd | Cr | Cu|Hg| Ni | Pb| Zn
2| 0.19| 200/ 100| 0.09| 160| 8.0 130|(Govett,1983)
2| 0.22| 170 87| 0.09] 130 6| 105|(Siegel, 1974)
2| 0.2 200| 100| 0.01] 150[ 3.5] 100|(Krauskopf, 1979)
0.8/ 0.06] 22 13 0.2 2| 49| 45|(Masonand Moore, 1982)
1.5 0.1 25 20| 0.08 8 20| 60|(Goveit,1983)
1.9/ 013 22| 30 0.08 15[ 15 60|(Siegel, 1974)
15 0.1 20| 12/ 0.03] 0.8 20| 50|(Krauskopf, 1979)
22| 03] 100 110] 0.2 78 8 82|(Masonand Moore, 1982)
6.6 0.3 100, 57| 04| 95 20| 80|(Govett,1983)
13| 03] 90| 45/ 04| 68 20 95|(Segd, 1974)
10 0.3] 100 50 0.3] 80| 20| 90|(Krauskopf,1979)
1| ~0.1 35 ~10| 0.03 2 7| 16|(Krauskopf, 1979)
13| 0.42| 90| 250 ~1| 225/ 80| 165|(Siegel, 1974)

)

(1990)
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RD-1 RD-2 RD-3

1 |304553,2781920 1 |304674,2783036 1 (303928,2784446
2 |304505,2782062 2 1304848,2783136 2|303770,2784506
3 1304600,2782222 3 [304857,2783206 31303632,2784628
4 1304516,2782412 4 1304705,2783294 4 1303665,2784706
5 1304572,2782634 5 [304765,2783465 51303670,2784995
6 |304628,2782800 6 |304798,2783630 6 [303658,2785116
7 1304525,2782940 7 |304204,2783822 7 1303670,2785334
8 (304310,2782970 8 (304045,2783934 81303738,2785006
9 1304160,2782935 9 [304042,2784088 9 1303912,2785036
10|303985,2782990 10|304038,2784282 10{304115,2785069
RD-4 RD-5 RD-6

1 |304020,2785730 1 |305196,2785954 1 {305295,2786600
2 (304090,2785908 2 1305300,2785810 2 1305414,2786506
3 1303914,2785998 3 [305325,2785860 3305458,2786326
4 |304000,2785990 4 1305224,2786000 4 1305660,2786314
5 (304148,2786070 5 |305106,2786164 51305695,2786146
6 |304302,2786054 6 |305088,2786190 6 [305822,2786032
7 |304500,2786100 7 1305270,2786150 7 1305858,2785872
8 1304640,2786080 8 [305460,2786176 81306128,2785740
9 1304830,2786046 9 [305386,2786252 9 ( )
10|305030,2786042 10|305266,2786418 10 ( )
RD-7 RD-8 RD-9

1 |306485,2785860 1 |307128,2786308 1 {307820,2786150
2 306548,2786032 2 1307014,2786470 21307926,2786335
3 |306662,2786212 3 [307072,2786462 31308026,2786478
4 |306765,2786342 4 1307215,2786300 4 1308023,2786690
5 [306920,2786352 5 |307212,2786122 51308133,2786732
6 |306990,2786242 6 |307210,2786002 6 [308134,2786905
7 |306894,2786370 7 1307446,2786042 7 1308302,2787063
8 1306842,2786496 8 [307530,2785920 81308416,2787028
9 1307032,2786388 9 [307648,2786050 9 1308578,2787038
10|307104,2786268 10(307882,2785994 10(308740,2787115

RD-10

400
1 |308878,2787185 5 |308855,2787735 8308980,2788182
2 |308300,2787384 6 |309032,2787848 9 (308995,2788405
3 |308917,2787565 7 1309153,2787975 10{309030,2788610
4 1309000,2787736
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(KL) (YM) (SYK)
1304323,2783301 1 |303616,2784113 1 |304310,2785758
2 |1304345,2783292 2 |303568,2784140 21304326,2785789
3(304302,2783339 3/303508,2784163 3(304299,2785719
4 1304284,2783347 4 1303462,2784112 4 1304269,2785685
5 (304254,2783348 5 1303495,2784052 5 1304304,2785652
6 |304318,2783353 6 |303594,2784155 6 1304366,2785670
7 1304339,2783368 7 1303627,2784140 7 1304398,2785675
8 (304371,2783373 8 (303656,2784111 8 |1304311,2785608
9 |1304350,2783354 9 |1303622,2784166 9 1304266,2785673
10|304394,2783377 10|303613,2784184 10|304209,2785715

(CSS) (LSK) (CTK)

1 |304956,2785006 1 |306131,2784367 1|307164,2784579
2 |1304967,2784985 2 1306149,2784375 21307168,2784542
3 (305010,2784959 31306232,2784231 31307172,2784507
4 1305051,2784907 4 1306219,2784212 4 1307183,2784526
5 1305086,2784890 5 |1306188,2784065 51307180,2784477
6 |305043,2784836 6 |306224,2784089 6 |307194,2784496
7 1304935,2784994 7 1306225,2784170 7 1307189,2784441
8 [304855,2784985 8 1306184,2784270 8 |307204,2784466
9 |304868,2784932 9 |1306169,2784234 9 1307186,2784566
10|304848,2784925 10|306125,2784407 10|307195,2784616
(SC) (LFK)
1|301833,2786651 11308161,2780966 1(302387,2781925
2 1301817,2786643 2 |308147,2780971 2 1302361,2782026
31301818,2786637 31308169,2780992 31302401,2782051
4 1301811,2786626 4 1308163,2781021 4 1302441,2781937
5 (301821,2786630 5 1308188,2780975 5(302471,2781897
6 (301836,2786625 6 [308178,2781014 6 |302463,2781965
7 1301844,2786631 7 1308176,2781057 7 1302529,2782062
8 1301848,2786612 8 (308174,2781077 81302498,2782093
9 1301834,2786600 9 |308207,2780965 9 1302535,2782083
10/301821,2786614 10|308227,2780939 10|302463,2781923
(CCH)

1|303513,2784958 5 1303563,2784940 8 |303559,2784915
2 1303528,2784914 6 |303536,2784940 9 1303575,2784964
3(303521,2784972 7 |303577,2784918 10|303552,2784988
4 1303546,2784953
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Soil-1-1a,b 301017,2788113
Soil-1-2a,b 300560,2787315
Soil-2-1a,b 309270,2787960
Soil-2-2a,b 309400,2787415
Soil-3-1a,b 300610,2783125
Soil-3-2a,b 303680,2791620
Soil-4-1a,b 307575,2782100
Soil-4-2a,b 317556,2786130
Soil-5-1a,b 303850,2782075
Soil-5-2a,b 301060,2786135
Soil-6-1a,b 314834,2787110
Soil-6-2a,b 314619,2787226
Rock-1-1 301101,2788001
Rock-1-2 300560,2787315
Rock-2-1 309195,2788105
Rock-2-2 309200,2788010
Rock-3-1 300610,2783125
Rock-3-2 304550,2792300
Rock-4-1 307575,2782100
Rock-4-2 307525,2785825
Rock-5-1 303850,2782075
Rock-5-2 304965,2784985
Rock-6-1 314980,2787110
Rock-6-2 314940,2787030




(
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(90) 46819
NIEA S102.60B

( 0~15 ) ( 15~30 )

30

AMS Flighted screw 30

30
0.1
200
10 100
30+4
2mm 10 mesh <2mm
20 mesh 0.84 mm 100

28

5000 6000
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20
1SO9002 ACME 20
()
20
ACME
-AA/ICP
ACME 1SO9002
GrouplT-MS HClO4-HNO;-HCI-HF
ICP-Mass
56 600
(NIEA S310.60T) (NIEA S310.60T)
0.1N -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
0.1N -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
0.1IN -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
0.1N -FAA
(NIEA S340.60T) (NIEA M317.01C)
0.1N -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
0.1IN -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
0.1N -FAA -AA/ICP
(NIEA S321.60T) (NIEA S321.63B)
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0.IN

-FAA -AA/ICP
(2002)
Glen Spectra Reference
Materials NCSDC73389 NCS DC73302
ACME NCS
NCS NCS
10%~40% NCS
56 NCS
25 16 NCS 30%
NCS
NCS 40% 56 NCS
13 34 NCS 30%
20
1.0
ACME
ACME NCS 20%~30%

()

(1994)
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ELEMENT As | Cd | Cr| Cu Ni Pb [ Zn
Rock-1-1 5.6 0.15] 83| 123.07] 26.9] 7.94] 86.6 )
Rock-1-2 4.00 0.12| 54] 91.63| 24.1| 6.83] 92.7 )
Rock-2-1 4.3] 0.31] 336] 99.87| 168.5| 7.26] 72.2 )
Rock-2-2 4.3] 0.11| 93] 130.40[ 14.7] 7.86] 69.9
Rock-3-1 7.0) 0.09] 13| 102.16] 8.2] 8.67] 70.8
Rock-3-2 5.7) 0.13] 5| 34.70] 1.0 14.13] 78.8 )
Rock-4-1 4.2] 0.08] 14 129.57] 3.9 10.96] 76.8
Rock-4-2 4.7 010 5] 66.91| 48| 6.77) 675
Rock-5-1 231 0.09] 6] 68.76] 26| 7.95| 734
Rock-5-2 7.2) 0.08] 9] 6451 4.6 9.24] 711
Rock-6-1 26.3] 0.09] 5| 12.19] 4.2] 9.23] 748
Rock-6-2 30.5] 0.10] 7] 29.34] 4.1] 10.80[ 63.7

30| 10| 175 220 130( 1000] 1000

(2.5) (120) (300) (260)
60| 20| 250 400 200( 2000] 2000
(5) (200) (500) (600)
1 ppm
2. /
(2001)
(1600 ) (400
)
2 9
11 GIS
(58~67% 64%)
(2003)

NCS
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As| Cd | Cr| Cu Ni | Pb [ Zn
Soil-1-1a | 20.2| 0.11| 88| 82.08| 44.2| 27.00( 114.6
Soil-1-1b | 21.3| 0.16] 95| 85.87| 42.3]| 28.97( 122.5
Soil-1-2a | 13.0] 0.25| 93| 129.41] 38.4{ 21.70| 124.3 ( )
Soil-1-2b | 12.0] 0.26 98| 140.82] 38.0{ 20.69| 123.4 ( )
Soil-2-1a | 20.2| 0.15| 131| 121.86] 24.9{ 40.84| 106.8 ()
Soil-2-1b | 21.6] 0.13| 138| 129.75] 27.4{ 30.77| 100.1 ()
Soil-2-2a | 28.2] 0.14| 86| 85.59] 33.2{39.05| 99.6 ( )
Soil-2-2b | 26.5| 0.12| 76| 80.92] 29.8| 35.54| 88.4 ( )
Soil-3-1a | 18.3| 0.09] 26| 170.77| 21.9] 21.25 92.0
Soil-3-1b | 19.2| 0.15| 26| 177.89| 22.2| 21.47| 89.1
Soil-3-2a | 31.6| 0.16] 109| 79.86| 25.0| 42.49( 93.8
Soil-3-2b | 32.6] 0.15| 109| 82.18| 27.1| 37.95 97.5
Soil-4-1a | 13.0| 0.14| 42| 145.13| 26.8| 30.87( 137.7
Soil-4-1b | 11.4| 0.15| 40| 137.81| 24.3] 25.73| 133.1
Soil-4-2a | 90.3| 0.17| 72| 114.77| 32.7| 41.87( 104.7
Soil-4-2b | 69.8| 0.12| 57| 118.26| 26.4| 34.01| 97.9
Soil-5-1a | 14.8] 0.09] 20| 88.95| 11.0] 18.55 72.8
Soil-5-1b | 14.4] 0.08] 19| 85.54| 10.6| 18.18| 68.5
Soil-5-2a | 23.1| 0.14| 40| 68.17| 22.5| 31.25( 107.0
Soil-5-2b | 26.0] 0.17| 42| 67.97| 22.9] 30.86( 101.8
Soil-6-1a | 50.3| 0.13] 70| 47.99| 27.9]| 32.59 96.3
Soil-6-1b | 49.4| 0.14| 45| 105.02| 25.2| 32.14( 131.2
Soil-6-2a | 35.4| 0.14| 34| 106.47| 19.6| 24.85( 111.8
Soil-6-2b | 55.4| 0.08| 65| 42.34| 24.8|31.08| 75.6
300 10(175 220 130] 1000( 1000
(2.5) (120 (300)| (260)
60 20[250] 400 200] 2000( 2000
(5) (200) (500)| (600)
1 ppm
2. /
Soil-3-2  Rock-6-2
Soil-6-1 Soil-6-2 Soil-4-2

Rock-6-2

Soil-6-1  Soil-6-2

0.84



76

g

Vol. 15, No. 2

2 MNaaeo el noll_ cnoffll

S | T Y
lfﬂﬂﬂr__ ___HHH mmﬂﬂﬁ nold . coon [lnefl

_ HHHHHHHHHHHHHHHHHHHHHHHH

Bl

nn[00n

0000 oopd- 0nfidfd_ . cono. O0sn

ol T

HHHHHHHHHHHH__HHHHHHHHHHH_HH

— ] o] H
-N‘—cﬁwﬁ

ééﬁﬁﬁﬁm

nnnnnnnnnnnnnnnnnnnnnnnnnnn
HHHHH

T ¥ X £ I
188880:1188880:mﬁétﬁﬁmmtﬁﬁﬁzﬂmmﬁi‘g@g



77




Vol. 15, No. 2

78

(2

i85~
>

00000
RS

v
00000

e E88&a
Berocs
ﬂ&ﬂﬁ%ﬂ
2 5 £ § 8 8 8 ¢ 8 °©

= +
0000000
LA -

e e b ey
ooooooooooo
»»»»»»

0000000

ke 2|-

ke 4 -

SBR-BE-EE - EE )

ol
0000000

160

; S.d-iab
Sd4- 1904 22

d-ida
Zn RokeA-RECk""SZ



79




80 Val. 15, No. 2

100.0

o | ek

> i 1

O e
>
P
Plhier

10.0

> e

oo e

[P el
>

]|
]|
H,L

mgegog f}——7 - A —
1

Oiii%.

(©

Rock2-1

120mg/kg
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RD7~RD8 RD9
( )
RD7~RD9
RD7~RD9
RD7
RD4 RD7 RDS8
RD10 ( )
( )
( 300ppm)

. mg/kg
ELEMENT As) Cd) cn (Cu) Hg) (Ni) Pb) Zn)
SAMPLES |ACME ACME ACME ACME ACME ACME ACME ACME
RD1-a 120 122] 021] No | 36 62] 6.1 942 - o165 159] 28.0[ 77.5] 76.0[ 1415] 148.0
RD1-b 15.4] 13.1] 0.21] ND 37 51 101.3] 102.0f - ] 0.134| 17.0| 23.4| 83.2] 73.9| 142.2] 142.0
RD2-a 156] 1350 0.17] ND | 36| 59| 77.3] 702 - |o0.311] 144] 24.2] 82.3] 70.8] 116.9] 106.0
RD2-h 175 1560 017] ND | 30 38] 830 79.0] - o0.257 125] 156] 67.8] 60.8] 1206] 1110
RD3-a 145 122] 035] ND | 38] 59| 882 80.7] - |o0507] 156] 24.1] 100.0[ 91.5] 164.0] 1610
RD3-h 154 11.7] 030 N | 35] 60] 811 76.9] - [o0.593] 16.0] 27.1] 60.9] 50.5[ 137.2] 140.0
RD4-a 183 136 035] ND | 36 52f 842 1680 - |o0.251] 128] 205 82.6] 65.2] 151.2] 136.0
RD4-b 19.0] 12.6] 0.25| ND 27 58| 815| 713 - 0178 12.9| 23.0] 40.7] 34.7{ 122.1] 117.0
RD5-a 165 135 024 ND | 34 96| 657 577 - o170 128] 37.0[ 57.5] 52.3] 119.2] 1040
RD5-b 17.0] 13.1] 0.16] ND 28 42] 68.1| 55.0] - |0.159] 105| 15.7] 39.7 31.3] 103.9] 75.5
RD6-a 250 194 022l ND | 38 41| 800 718 - o0413] 11.0] 141 41.0[ 31.8[ 101.0] 9056
RD6-h 233 189 0.16] ND | 36| 45| 688 57.9] - 0452 119] 165] 27.1] 17.4] 77.8] 653
RD7-a | 137.5] 131.0] 0.24] ND | 53| 53] 129.0[ 126.0] - [ 2120 153 17.6] 559] 40.0] 109.0] 99.1
RD7-b 1335] 126.0] 0.20] ND | 64| 49| 1238] 1280] - [2.790[ 16.3] 15.4] 473 32.8] 104.3] 103.0
RD8-a 71.2| 76.5| 0.16] ND 24 491 783| 74.9| - | 0.449 6.1 17.9| 79.5| 525 58.1] 525
RD8-h 87.8] 838 0.8 ND | 23] 15| 89.8 1190 - |o0.346] 98] 46| 104.4] 67.4] 59.7] 588
RD9-a 311 26.7] 0.24] ND | 36| 37] 87.3[ 820 - |o0.093] 139] 14.9] 44.3] 37.4] 106.6] 106.0
RD9-b 340 308 0.8 ND | 39| 61 839 srs| - [o0.087] 151 150[ 36.1] 20.6] 99.1] 9438
RD10-a 18.1] 135 0.21] ND 67 42] 1279 121.0] - | 0.049] 20.2| 17.8] 24.6] 17.3] 1045 93.7
RD10-b 189 134] 030] ND | 6] 39 111.4] 1000] - [o0.088] 182] 165 34.7] 28.1] 1235] 1180

1.ND Cd  MDL=0.16ppm)

2.——

)
20
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(

ELEMENT| As Cd Cr Cu Ni Pb Zn
LSK-a 344 0.20 52| 67.50 8.4| 4251 673
LSK-h 34.7] 0.16 44 64.54 7.3] 39.50[ 55.7
LFK-a 19.2] 0.15 28 75.771 11.1| 23.74] 694
LFK-b 17.8| 0.20 23| 79.42 9.3] 22.54| 655
SYK-a 51.8[ 0.24 54/ 100.54] 16.8] 50.25] 98.3
SYK-b 415| 0.23 48 92.86] 11.8] 32.75| 92.2
CCH-a 37.8] 031 43| 105.27 8.4] 78.83| 101.1
CCH-b 358| 0.21 32 99.98 8.2| 59.33] 93.6
KL-a 13.2] 0.13 43| 51.72] 225 22.57] 96.8
KL-b 16.0 0.13 40 65.49] 19.4| 20.97| 89.2
YM-a 279 0.11 28(102.17 8.4] 38.07 87.8
YM-b 31.0f 0.4 31(104.48 8.9| 42.69] 76.0
DT-a 24.2] 0.16 54 94.01] 24.3| 28.75] 1105
DT-b 19.0 0.14 38 82.52| 21.4| 25.82] 933
CTK-a 41.4] 0.12 43| 96.77] 10.3| 45.26] 54.0
CTK-b 411 0.10 40(101.99] 11.4| 40.25] 57.6
CSS-a 39.2| 0.17 25| 58.31 8.7 49.33] 65.7
CSS-b 46.7] 0.16 26| 64.54 8.7] 45.95| 74.0
SC-a 7.5 0.25 19] 100.90 9.7] 24.23| 108.4
SC-b 7.0 0.23 21| 96.21 9.7] 20.06] 87.8
30 10| 175 220] 130[ 1000{ 1000
(2.5) (120) (300)| (260)
60 20 250[ 400, 200; 2000; 2000
(5 (200) (500)| (600)

1 ppm
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Soil-3-2 Rock-6-2  Soil-6-1  Soil-6-2

0.84

120mg/kg

RD7~RD8

RD4 RD7 RDS8

RD10

Soil-4-2

RD9
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2002

EPA-91-E3$4-02-04
1998
1999
2000
2001
2002
2003

1990 137
2001 (1,
, NSC89-2621-B002-042
1994
32:3 294-308
Govett, G J. S, 1983. Rock geochemistry in mineral exploration, Elsevier Scientific Pub.
Company, 461 p.
Krauskopf, K. B., 1979. Introduction to geochemistry, 2nd ed., McGraw-Hill Book Company,
617 p.
Mason, B. and Moore, C. B., 1982. Principles of geochemistry, 4th ed., John Wiley & Sons,
344p.
Mitchell, R. L., 1955. Trace elements, in " Chemistry of the Soil.", Van Nostrand Reinhold:
New York, p. 253-285.
Siegdl, F. R., 1974. Applied geochemistry, John Wiley & Sons, 353 p.
Tiller, K. G, 1993. Micronutrients, Soils: an Australian viewpoint, CSIRO, p. 365-387.
WEells, N., 1960. Total elements in topsoils from igneous rocks: an extension of geochemistry.
Journal of Soil Science, No. 11, p. 409-424.
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Heavy metal contents of soil in Yang-Ming Shan National Park, and the
influence of geological characteristics

Bing-Sheng Yu" 2

Manuscript received 9 September 2005 accepted 12 December 2005

ABSTRACT Thisstudy analyzes soil and rock samples from Yang-Gin highway, major tourist spots, and chief
rock stratum in Yang Ming Shan Nationa Park for heavy metal contents in order to examine heavy metal
pollution of the soil, and to establish the background of element contents of the soils and igneous rocks in this
area.

The results show that contents of trace elements in the soils of this area are deeply influenced by the geological
environment. Due to the influence of igneous rock, post-volcanic activity, and even mineralization, the contents
of Asand Cu are relatively high in background soils. The background As content often exceeds EPA monitoring
or controlling standards whilst that of Cu is higher than EPA monitoring standards for edible crops. Cd, Cr, Ni,
Pb and Zn contents of the soils from Yang-Gin highway and the main tourist spots are lower than their relative
EPA general monitoring standards.

KEYWORDS: Yang-Min Shan National Park, soil, heavy metals, geology, background

1. Department of Resource and Material Engineering, National Taipei University of Technology.
2. Corresponding author.
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