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ABSTRACT

Keywords: Yang-Min Shan, National Park, Soil, Heavy metals, Geology,

Background

1. Main Purpose

This study analyzes soil and rock samples along Yang-Gin highway, and
from main tourist spots and main rock stratum in Yang Ming Shan national
park for heavy metal contents. The purpose is to find out if there is any heavy
metal pollution of soil in the national park, and to establish the background of
element content of the soils and igneous rocks in this'area. The content of
trace elements in the soils are influenced by their mother rocks. Nevertheless,
the domestic soil survey for heavy metal pollutions ‘seldom takes account of
this important geological factor. Therefore,. the. relationship of heavy metal

contents in soils and their mother rocks in study area are also investigated.

2. Method of study

76 soil and rock samples altogether are taken according to the standard
method of EPA, including the following areas: (1) Soil along Ynag-Gin
highway in national park, (2) Soil from ten main tourist spots, (3) Soil
weathered from main rock stratum in this district for background, and (4) Rock
of main igneous rock stratum in this district. These samples are analysis in the
domestic and/or international authentication laboratory for the content of

heavy metal.

3. Important results

The result shows the content of the trace element of the soil of area of
Yang Ming Shan deeply influenced by the igenous mother rock, and the
content of the heavy metal in the soil is higher than that in mother rock. Due to
the influence of igenous mother rock, geological environment of post-volcano,
and even mineralizations, the content of the arsenic and copper is generally
relatively higher in background soils. The background content of the arsenic
often exceeds the datum of monitoring, even is higher than the standard of

controlling, and the background content of the copper is higher than
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monitoring data of the edible crop.

Content of mercury in background soil doesn’t be investigated for short of
funds. Nevertheless, the up to 0.84 value of coefficient correlation of the
content of arsenic and mercury in soil samples along Ynag-Gin highway
indicates the unusually answering of mercury has the same reasons as the
arsenic.

Such content of element backgrounds as the cadmium, chromium,
copper, nickel, lead, zinc, etc. are lower than the monitoring value. Contents
of cadmium, copper, lead, and zinc from different types of soil and igneous
mother rock do not have regular relationship. However, chromium and nickel
contents are obvious relatively high in the base igenous rock and their
weathered soil.

Every sample is comparatively outstanding with the content of arsenic
along Yang-Gin highway. The sample Rd7 and Rd8 exceeds the standard of
controlling, and Rd9 exceeds the 'datum of monitoring. Similarly, the samples
of main tourist spots are also comparatively outstanding with the content of
arsenic, several of them exceed the datum of monitoring, and others are also
quite high. These higher arsenic content of soils in Yang Ming Shan national
park, as mentioned before, are due to background value.

Rd7 to Rd9 sample has higher mercury content beside arsenic content,
especially the Hg.content of Rd7 has already exceeded the monitoring datum
of the edible crop. The reason of mercury anomaly is possible as the same as
arsenic, due to special geological environment.

The Copper contents of the soils along Yang-Gin highway and from the
main tourist spots do not exceeded generally monitored datum, but quit high.
Among them, the sample Rd4, Rd7, Rd8 and Rd10 have copper content
exceeded the monitoring datum of the edible crop, and others are close to
that. Because the background value of copper content in the igenous rock in
Yang Ming Shan was originally high, the high copper content in soils might
also be caused by background value.

Cadmium, chromium, nickel, lead and zinc contents of the soils along the
line of the primary highway and in the main visiting areas are lower than to

general monitor the datum.



4. Suggestions

(1) The results of this study indicates the higher arsenic content of the soil in
Yang Ming Shan national park are caused naturally by their igneous
mother rocks, post-volcano activities, and even mineralizations, etc.
Nevertheless, They were thought as pollutions over the years one
investigation, fee a lot of meaningless manpower and funds in vain in
inquiring after the pollution sources or thinking deeply in renovating.
Therefore, the author propose the monitoring standard of arsenic content
of soil in the igenous rock areas like Yang Ming Shan national park should
be modified to suit to such special geological conditions.

(2) Though this research indicates the distinguishing arsenic contents of soils
in Yang Ming Shan are caused by the geological background, but the
spatial relationship of arsenic content and the centers of post-volcano
activities still remain to study further.

(3) This research has already had ‘preliminary setting-up to such background
of the content of heavy metal as arsenic, cadmium, chromium, copper,
nickel, lead and zinc in Yang Ming Shan. Nevertheless, the background
content of mercury which is not established due to limit of funds in this
study, should be study in the further.

(4) Beside igneous rocks, there are some sedimentary rocks occurred in Yang
Ming Shan ‘national park. The author suggests the background of trace
elements content in the sedimentary rocks and the their weathered soils
should be study as this study to establish the database of trace elements
of soils and rocks completely in Yang Ming Shan national park.
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AR RECAERS AR REEFL M AV IEGAL G5 SR

ARRAIIET A R RE AR FERA A A
FETEEREEREZEOAREFTAD AL ELR 2 AL KA

(Tiller, 1993) >4 Mitchell(1955)%F g 2 ## (Scottish) ¥+ & 2 3 ehf LA & > 11 2
WCHS(196O)FJ TRhe kT xR Rt S BFEp R #FI T it R IEME
R S bk e A R 3 XAt

SR NSRS R TR B 0 b L IERARE 0 RAd N AR R BA
T g B RAD RN IR AEE T BPTHIERE~AE TR
PR FER LS BT RP B IREELEHFL S R

PHEL R TR AR VAR AR RTEI IR RER
LA R A AT 2 F A EME S
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A 3]{* e R RERIT o (e d 4 3]{*/»\ £ ¥ % (Magmatic differentiation) ¢ 7 = & f&
NSRS NI - R A El REE S el S N SO

m%;%&ﬂm?iﬂﬂ$méﬂ AT A E (Ao R RE
33)’5ﬁ*¢m&%§%~%&?\iﬂ“%iiﬁéﬂ%#ﬂ Z«t"‘fléﬁ« 37
BB - I RBEE A BEPMAFE (£ 2-1)0 'Jf:/n\if

%k Hp A ;\mﬁj\ Z‘(’lif’—k\lyx;[,\ﬁa%\ﬁﬁ%g)’ﬂﬁiﬁi%é‘&ﬁﬁﬁ
TP AL SRS ZE TS FESNZA S L E LN F
BN E SRS L B AR A o BRI 2 (1990) 0 F LA 2
o N B EE e e &l

3
P E s U R
%

o3P ER

™
‘anl

245 % 13-74ppm > 3 44 12-38ppm.» X @ o FF A Rt
¥ % i 90-313ppm > @ 7 4477 iE 219-434ppm ©

®2-1 JFEEAFHEE S8 (B ppm: - RREEH)

As| Cd | Cr | Cu'lHg | Ni | Pb | Zn AR R

ERaAr 2| 0.19] 200[ "100] 0.09| 160| 8.0 130|(Govett,1983)

2( 0.22( 170 &7 0.09] 130 6| 105|(Siegel, 1974)

2| ©0.2| "200[ 100| 0.01| 150f 3.5 100|(Krauskopf, 1979)

iR R A 0.8{0.06 22 13] 0.2 2 49 45|(Mason and Moore, 1982)

= A 1.5| 0.1 25 20{ 0.08 8 20 60|(Govett,1983)

1.9] 0.13 22 30 0.08 15 15 60|(Siegel, 1974)

1.5| 0.1 20 12| 0.03f 0.8 20 50|(Krauskopf, 1979)

F# 6.6/ 0.3 100 57/ 04 95 20 80|(Govett,1983)

2.2 03] 100{ 110f 0.2 78 8 82|(Mason and Moore, 1982)

13] 03 90 45| 04 68 20 95|(Siegel, 1974)

10 0.3} 100 50 0.3 80 20 90|(Krauskopf, 1979)

2 AR A <4| <0.4| 60| 20 | 32| 16]  74|(&mE,1994)
¥)# 1| ~0.1 35( ~10] 0.03 2 7 16|(Krauskopf, 1979)
kR R # ~5| <0.4| 38 8 -~ 23 10|  44|(&m B, 1994)
S 13| 0.42] 90| 250, ~1| 225 80| 165|(Siegel, 1974)
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CEBE R AL PR BT BT G AR AR AR

S LI AP T ) SR T BT & ST N T SR N N S O - 1
P Rm TELRREFOCE I oA ER L ER TR EFA R
AR REFHEEIDANBHFISAA L od W LRI L IEF 3R
Tod L AFORERLE A AR AR OB A E oA F Y
AR R U ERGTRIFVEFRT I LR (VB w2 jicd ~ 4
FRER G AT R R B RRF R TR ARD B o R E Y 5 - B

3
Erdz Ews (& 2-1)-

i
e

¥a3 7 i3 2000ppm > % ) #E 55 £ 2ppm -

Fo A RPHEF Gl T R T3 & 19ppm 0 3

3 z
Biteomd At 23 Alcg A28 2%7 2o

B #H-EXTHIH~AZFELY

pPRRDEREFE T G0 FRSE BTG RA
o AR A BRI R MRS AR LG ES AR AR IEY A2
PIEr 2 VEREMBSELERBEFT R R LFEELT

A hdH A (B TAFLE~F (HFFT) Lhite Rz L7 &
%“ﬁ”5$é“iﬁ%ﬁ’%@ﬁdWﬁ‘éﬁmﬁﬁﬁi%ﬁiﬁﬁﬁﬂﬁ’
Wk Ak (BPF)DZEFR A A>3 HMWe bldctF a3 - ChEF
€ ¥ 7472 1~2% (10,000~20,000ppm) 12 F oo EFHAEL A EF F AT LEB
B s Bldede £ 4 Sullivan F 0w F 7 4eiE 6.6%(66,000ppm) 0 ok 4L K

7 AT IBE K& =E 48Lb/Ton($ 5 0.25%:z 2,500ppm)'Z + % % (Jensen and
Bateman, 1985) c ¥ L A AHM P %A~ F 7 £ T ALY B o
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Ao HEPMFTARREAFRELN S A EAACHSE ARG
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BB EAF N ENT LR EFHMP INPE T 7 47 iE 384ppm>
z A7 i 99999ppm v 7 457 iF 1.8ppm - 7 4F ¥ £ 7433ppm > 7 & ¥ £ 300ppm >
7 47 i 3178ppm ¢ % 4 ¥ i 31230ppm °

7 47 ¥ & 3695ppm % (£ 'm E, 1994) -
dp v FHitrd B A AREAF I RAY LB N F o

FHOETFTIRE DI ELFLET oA BIHEI(- ) £ F DRk 0T
oo (Z ) A iEr o FRAR LIER AT L LI ELFR LA
L S LI A S I IS I R P S N R e R - A BN
A idale s AFE S Ele N A 2 T CER RITI AT 5 R R L E R
WELBRATE > 2 g R FEFPHH - FR T T o A FBRYE 0 -
ARROFHHFFFL P AP L VR 2R P EIRAFGEI LN R
PHEDLES S T - R RAIFBF LGN XL FHP o bl B HE ~ R
FFHEE AR R B o .uf#;hjigﬁ Boimehd e o 3 (FF P& F24 b
C e i4TEd fod KA TEH o4 Fo iV B enh 41T 51 s PR T A 4
I EREPTAEFES PR BT BRI AR T LLRE gt EA
PELES R Z L] ii@m*@ Aot kAT 2l A kT R ¢
Ry L R LRATHE MBS GRS R T SR

AREPIIFIFOBGEETE L FR ARG B MAchAdEd Y F
MEE~EF~ZAZRAIFBFELOEFL AR AF &% Bh 5 SR
F AR AR A B OB ERD BRE L LRI FEE 3
BE2RMEF P FEAFH 5 A0 ViEARY 2 BRI AoR 2-6 2T (2
- 22,1997)

R oS FAI BRI AT HT(SAINHLD, 1988) 0 5t 3
TELHmy A AN B ZERL LA R FEFE B ETL 0 -
AP AL EESZAERIB T S BRI HE T ARG E
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B 2-6 43T AE LG 2 MG 52, 1997)

&2-2 RENMTRABEZTENHETREE
1R & S gL 4 (ppm) £ (ppm) A (ppb)
S1 93.4 66.5 204
S2 51.9 66.2 56
S17 81.2 57.1 557
SI8 95.2 40.9 42
S5 11.2 30.7 93
S6 15.3 56.9 57
S15 10.8 47.8 37
S7 60.1 187.4 925
S8 34.9 100.6 83

-2-23 -




i
™
e
17
(F'™
W
i%\
ek
Al
0
frebs

A AT ;é'ﬁ;é_—z‘ }?’P}'ﬁjﬁii% gi%&ﬂ;?’ , ) o d
A R R RS LR E R EE s S RS SRR

25 1874ppm - AR s

)

e

.
in|

kT

® 7
XA Hend sy RS ST sk EB i 925ppbd S17 HRs B i

THEAEZEL LR

<CS1280
(ORSELE]
SORIEE
-
KCST4
<CSTEW

&
-3
/L}
&
o
o
O
e
2 /8
K — 42
~{ a1
— 40
o
N —{ 512
—{ 511
DM SV7) SR | AT oo
glf , - %
” 200 300 500 2R)

[ ansnmneen [ ]rkeus [ st
O LA ===}t

(L] st T SAs LA

[ss]ams [ w#

B 27 EMEBEAaLET FREURSIEE

224 -



Fri¥ Rz sy 2 i

I
Hels

£ 3 R#LF
2000 —
100K
Au(ppb) 1000 |-
0 +—260-
Sn(ppm) - 100
800 $—0»
Sb(ppm) 400
0 40 —e—
Bi(ppm) - 20
200 =
Hg(ppm) 100 -
0 $—2600
As(ppm) ;
20 e e e e e
Ag(ppm) 10 +
0 $+—860 —
Ba(ppm) \/,,._/‘\.
200 | O | ‘
Cu(ppm) 100 :__/__/\\/‘/‘
0 -.800
Pb(ppm) - 400 : ,
800 { T
Sr(ppm) 400 + |
0 T T T T T T T T T T T T T 1
cs1480 ©s1500

B28 £4A7LLE RIBRHRAKE~ZZERLVE

E REAE - EE ¥ e 2b 28 K-

B R EHREE e R BT R A G

¢
PR TR AR AT - B T RETE AR oD E A B R
R 2 end g 7 i 1857ppm 0 7 & iE 130ppm 0 7 4-:iE 1423ppm # o
Bl 2-7 &/ PR L BB G B B hE s EAHMT R

-2-25 -



2-8) HEFRMBATHBWORANEE &> L F AFBW S Py o 4
B
E

FabiafEd B EF FREASIAMBEAF IR BIRE > ar M F
PR TR ERE > v - BAFERPBAFES L LT S

- BEHF ARDIERRE CELSORE AL AKEAF I ERB R
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FOORMAT T L hE AT £ 35 PR A B
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FRie Tokmitai B FgE o SR A K e E o Fla R KEAES €

B Rt Uk & A MR o
b2 ﬂ%ﬁﬁﬁ%ﬁ&¢%ﬁﬁi%’/arﬁ%ﬁw%mi%&T,
",f TOREONIEMN G E LR 2 AR R SR AR E A EREF M0 A
P FRYF R NER LT BN H R ARAEEFER T I

%%fh?’ééiézwﬁ’ﬁué%%wmiéim. FEHG:2X2 22 (F29)-

BERAREFEAA L BRI IEAATEDIERY A EY
% 150~250ppb's £ 7 £ 9% 10~30ppb > His & 5 hiRengk - B A F B ¥ o e
HREFEL A B on ATy TR EERADREFE PR AT I RT EX &5

HREFG TR RER ot AT F e > hd 3780k > 2oz £33 &
3840ppb > @ £ 7 & 7niE 28ppb e it 2 ek 4G R 5 UAZES RARE 0 7 iE

LR EE TS -8 i g R - el RN
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and clay
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Szeleng
Sandstone
Hg Mercury
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B2-9 T &m Lk %3 3R-RAB H ek 2 B %

AR TR R BEF I IS AR AR o
AL EBAR L RTE AN IREE BT EF R P
WoBERALFAEIAREECER YN T 32

2EHERAFBETE

m

KEe 2-1 S| B ehf AR B eneE r *E et 2
FERE-RFAFA AARHE T H- R R R R PE L TA
AR TR A A O BB AN R TR A BT ER H B
ARG T AFALEN T L LPH

F?F’/Tﬁ‘fﬂ“ﬁé FAEFAEAAE 23T A FHAETAT: Lk
PR REBAFERF I EAF L GEIR LSRR Y A LARE
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BRPLRF B EEE B ERE2 U TR &2 4

SRR ARG R IE L G b SRS A TR IR BB e blok
R &R BEF IR 5 (Lepanto) £ &F T % 3 T 71 5 Fik e0b kA § 5
BEAELEB(E 23) He blder §# B2 HF ARG E 4300ppb(L = T

1992) » ¢ & LR L AL A LB R 4 3 F RS FiE 4100ppbGEE T ¥, 1990)% »

UM TEL TR

xR 23 ABEBEDRESESEREESRESEIIRG Wi, 1987) iR
L IELEE

s | As Cd Cr | Cu Hg Ni Pb Zn
CEIINCED

Yo m (#2)]| - - B R R u - <15
- m () 4 <] <005 <041 M| <01 <2| <] 1610
Y -m (°) 49| 415/ 0.050.39]0.1-10] 1 12-20[0.1-039] _ 2-10] 1-15] 11-25

s (%) 10-60] 15-60]  0.4-10{ 11-16] 21-100| 0.4-20] 11-100| 16-120] 26-80

FIimx(a33)| >60 >60 >10{ « >16| >100 >20 >100] >120 >80

£ N B (R x| 1857 - 1 228/ 1015 184000 252 1423 199
1991 ; Tan, 1994) 0

Lepanto(32/= 7 )| 197 g ~[ 31| 12082 1o 173 142
( Tan, 1994)

(H @ ppm > - Z7ma FA)
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AQEA 2345 ehd T E BT o ok 1P A 23 iR s A A 2 0 3
FIHmBARFL S TR0 L2 B A5 DF A RIFRL R D R A0z R
MIAEZBAZZEAFTNERT o Aok R ARREFFRI(FRARR K
F.1995) % 4 ~ 4255 % AR A ¢ 4pAZiE 15ppm v SRAZE 25ppm f IR AL B A 0 K
i P iv?v,u'}m‘r‘}'i’ﬁ BEiEsSLTom 2 - L i*m%‘;é’ ’ﬁ_ﬁ—’lbgsa@
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®2-4 HR—RT METRSER

Btz Wi Co Cu Mn Zn Mo R kR

> If 1-40 2-100|  200-3000 10-300 0.2-50 (Swaine, 1955)
R 0.1-15 1.6-200( 100-12000 20-120 1-12|  (Vinogradov, 1959)
2R <3-70 <1-300 <1-7000] <25-2000 <3-7| (Shacklette, et al., 1971)
SRy <2-170 <1-190 4-5100 <2-180 <1-20 (Tiller, 1993)
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ERL 0 AEFD0 AT (20F) A P2
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e s (10 ~ 60ppm) » 5 17,20 % % #.id 7 &% (>60ppm) > 42+ B 5
% 1,2,4,5,6,7,8,9,10,11, 12,13, 14,15, 16,17,18,20 & % Hid v L& (16
~60ppm) > %L 19 2. B HET LR B (>60ppm) - & 7 £IA > £ 3 F L1,
2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,16, 17, 18,19,20 & % it v %L #(0.4 ~
20ppm ) » A&} B jedhdn 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 18, 19, 20
£ FHE e &R E (0.4~20ppm ) e 11, 17 £ %HET 5% (>20 ppm) °
Foohhp g B30e 0 &2 HES R w B4R E (26~80ppm) v A2 BT HEh
l R dide &L (26~80ppm)

B8 ER L F I T RILEREE &Pm(*xﬁoi’w%ﬂkﬁw
ki B 87T ERAME A ZEET BEEE R 2 VEZ BRABFIEME X
NZ ERE > BRFORESITY P EIS LT E HESIThRAEE
AR (10 ~ 60ppm ) > 42 4 5 RAZiEw Ak o K 7 £MA 0 B F HILSIL 2
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E Rk 9T AREET BRE o

89&&(‘%,, £ 2000) 0% T K 4 R Buks R B TR P90 & R (R
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ol # R (RFF 2002) 3% 90 ERHBE 142 1S RFEARE PR
Bl 14 BHF IS LR ZERBE R E > I 1S B AL R T E

R BRI

SR EaE- B NP

R AEE(1993) 7 i i7 A A LKA R YL 2 BT AR G 2
o RRE R E MBS BT R RSB A LR RES B
MR EFEE AL kP AR LG R T A S ) R BT
= A L@ Yth Ll LA 3 B (Andisols) 2l PR AR B o B R F IR B2 R
Renft LB 72 4 > 2 ami & bdid 3 % (Andisol) 0 2 & R > @ A 4 5
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FICEE(1994) i f7ens @ LG X LY L R R R kR 2 s

&
3

BT TR SRR A LB G X L2 B ERT BT R ER

=}
‘g;

2R AR e R o R A TR e BRI Adp ek 1 T
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Certified values of soil reference materials {Certification 1986, Revision 2003)
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SOME MINERALS MAY BE PARTIALLY
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REFRACTORY AND GRAPHITIC SAMPLES CAN LIMIT AU SOLUBILITY. FOR SOME MINERALS & MAY VOLATIZE SOME ELEMENTS, ANALYSIS BY ICP-MS.
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All results are considered the confidential property of the client. Acme assumes the liabilities for actual cost of the analysis only.




