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Abstract

As the development of the global industry rapid, the effluent
wastewater release to environment without treatment, and lead to the heavy
metal contamination of farmland and soil. The contaminants also may
transfer to the groundwater by eluviation. There are many pollution sources
distributed across the central river basin and Changhua costal areas. The
discharge of wastewater may release heavy metals to the associated water
bodies, thereby deteriorate the water quality and accumulation in the
sediment, which is the matter that deposited on the bottom of the river, and
transmitted via the water flow. When the surrounding environment changes,
it may make the heavy metals in sediment re-released into the water.

It is plenty of ecological resources from Wu river north bank to the
Zhuoshui river south bank, including Da-Du and Da-Cheng wetland.
Heavy metal residues in contaminated habitats may accumulate in aquatic
flora and fauna, which may enter into human food chain and result in health
problems. USEPA set the maximum contaminant level for drinking water,
which long-term exposure to the concentration may cause liver or kidney
damage, allergic dermatitis and high blood pressure. The objective of this
study is to survey the distribution of heavy metals in the sediment around
central river basin and Changhua costal areas, and to discuss the
relationship between soil characteristics and heavy metals concentration.

The result of heavy metal distribution shows that Fazih River
contained higher amounts of Cu, Zn and Ni. The levels of such metals
exceeded the top limits of sediment quality criteria. Due to the relatively
higher flow rate in the Wu River, the heavy metal contents were generally
lower than the top limits of sediment quality criteria. At Chang-hua costal
area, the heavy metal contents were generally lower than the top limits of
sediment quality criteria. The result of correlation analysis, at Wu river
exhibited a significantly correlation between TOC and Cu, Zn, Ni, Pb, and
Cr. Amorphous Fe and Al also have correlation with Cu, Zn, Ni, Pb, and
Cr. At Chang-hua costal area, Neither Eh value and rainfall have
correlation with Cu, Zn, Cd, Ni, Pb and Cr. TOC have correlation with that
of Cu, Zn, Cd, Ni, Pb, and Cr. Temperature have correlation with Cd, Ni,
and Pb. Cu, Ni,Cr, Cd and Pb exhibited the strong correlation with
amorphous Fe and Al. pH value exhibited the positive correlation with Cd,
Ni,and Pb, but negative correlation with Cr, Cu, and Zn.

Keywords : sediment, heavy metals, distribution, redundancy analysis
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* 1 P+;’f«#§§i 90 & 8 * 31 S . 1o 1 FEE S R ]
J 44 ‘35&7 ,EEL—)_L" iﬁ;:
**7J\\ f‘lf':,l'l——)Kmv’iéﬁfx“lp_%’,m]—:’]l\,m% lE %@,Pﬁ’ ]\ﬁ%.i\i?f%

*hk 4o 15 ) i,?;ﬁ;’!u’gﬂf‘ﬁl-?/}%fimf “rH%%91#26" 10 p %Q‘Fﬁ;ﬁ'yﬁ;io
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24+~ # & fpehE FIEE

204 L ORERBRREFTILAE SRR kMY £ 4R
B o35 AT RHERE S S T R I EERRE R &
FARME b 9fE i TR B IR ik g A KRR (7 re TR
F)s 2 FREFEFT LAY LB F FFE AR (Maximum
contaminant level, MCL) & # 4§ % # & & (Criterion continuous
concentration, CCC)  # A ik R cha & 5 kP 2 5.3 7 F kA
FRokEAP CRED RGBT I EE R T o

%04 3 RREZ MY ELERERE
Cr Ni  Cu Cd Zn Pb
mg L*
Aow ok 0.05 04 1.0 0005 50 0.1
ok 2.0 1.0 3.0 003 5.0 1.0
BT AL 0.1 02 02 001 2.0 0.1
ERES: ¥ 3 0.05(Cr(vi)) - 003 001 05 0.1
B FFER 0.1 01 1.3 0.005 5  0.015
FERAMER 0.011 0.052 - 0.00025 0.12 0.0025
mg kg™
4 d 175 130 220 10 1000 1000
&% (v B - - 120 25 260 300
Bk (L rE)e 233 80 157 249 384 161
Rk (T rLiE)e 76 24 50 065 140 48

13



Thgh R RN R AR TR R F R T 4 3 ¥ 1030001229 L4 g g E
R 2 AP MR

bRk R RIRE AR T Ack TR R S R F ok 3 % 1030005842 B4 i
RET N EE 2 MR

CEEN RO R GG AL AR ¢ 24 B HF ¥ 0920031524 52 4p
B AL

T T REEe & v B ST RHRE U AR R R F 2 5
% 1000008485 54 7 # 2 ¥ £ A iF 0 ERNEE Gdp AT L TR)A R
STV o ATRT E_R BT 2 i,%’f‘i -)IL_p_/P ] 44””/%& ?# Jfﬂ—?l“#ﬁ ER R t%f
(FTR)FRES TR IREALEFIUR -

CREEFTIESAIRA R S TREAESEY AL E TRl SRR Y
S T R Sl R S b S R e S
BeF L3 1000116349 B4 fTAAF 2 v 2 i AR S piRiEL L TR
ARGUAMERE 4 EE > 2 &ﬁznfﬁi’f_’ﬁ;*wffﬁmﬂ ANLEE
ERFREPYAEREABE DAL FE LB A BEEFT L%2 - L T %k
BARETIE ~TIE

:1 -

EFRB T oo £ & BRET R e kY o 25
Y R

3 .][%qu Ky B b 0;/7\;{1"3&_%%",2{7}4);*\"‘]{@’\[%/{@& y —
&

TEBPI T §F i IompEE AL SEAME > & 2 3E pH

TAMARY &5 PROH)2 fEI(COM) RS ik B » & Flpt P58
14



o

g n

R H AR B2 BER A G ool d 07 A pH E
IEP R FFLILE LS o

252 % it ® R T =(Eh &)

B2 EE BB APFENO) AR R T g 7o R (B E

ERARS AR TR S M E AR B AR PR B

o AR ETE I o — L3R F VB R T o At340mV L L PEF 5 o R

% +225mV pEA L9 (NOS) B 45:8 Fr - +200mV, pi4 a+ (Mn2*) B 4o iR

J

+120mV pF4g e+ (Fe?t or Fe*) B 4B R > @ -150mV PFaifs 49

(SO )R 4o B R o 4 2 AR Y 2 Eh & LA & Baitdpehg

B ST S e R S MR b A b SR B L B

23 4o g & e (Calmanoetal.,1993) - @ AR FE B0 1 3¢ §

R Rk R TR 2 5T 5w 5 (0 2008) :

() 23 2 A2 3 BIsE BT EERIF AT 5
T > 3IEMAUSRI$ 3 PRAET TR o

Sl
k“

(2) 2l FRR LML kA T ERMY L F H
PFo d LA F R F VP BRT A AR 2 4
Pood AR FOERBRM . F MR RT AT E

() EF I kehit 3 EP R kv AR EFET R TR EBE
2y i RRF -

15



(4) PRRPRPH TR B F R
EiERA it BRrIEM: a alBROEBIR

u
SRR R EREFCRRTAF o

HEFR R AR <RI AT Ao D W AR AP S
Bk~ B R AR R AR B o Bk s BB Hip 3 T
& 0 5 [fl A %) 5 0.05-2mm ~ 0.002-0.05mm £<0.002mm - # ¢ #jje
BAE A SRR BRI FTE S FIMSRHE £ 4T
Pt S AP RO AR S R S o) o B R G R o TR S £
£ A2 A & =~ 5 £ E (Quartz) ~ A48 7 (Hematite) ~ -k 42
% (Gibbsite) 2 # p& 45 @ (Aluminosilicates) i 4f f2 7 # — B 4 F
(Kaolinite)~ &= % % (Illite) 2 % # % (Montmorillonite) (USDA, 1999; f#& »
2008) -

-
A
=1

=
¥_

2

A=
A
o

LB E & e 4o
@?’aiﬁﬁﬁﬂwéﬁﬁkaw%ﬁ@’ SE & A B

—dm T ALY R ER I R - R THE RS ER

& B % % A A% 3 % g (infiltration) kK 0 5 & 0 %R

7_
Ik

7 i
A EEARRET AIEIG Y T HE ST RS 2B R D

o



255 % W

JEY D PF e FERAFME AW A SIS LA
ARG AR L RGN IR BT S 2R
THRT LG RALS TR Hasat § 112 HA B 0355
“?ﬁ?ﬁ%%ﬂ%%4§%%4iﬁ§§%%—&%i%%o?%

£

j%ﬁ%%@%’wﬁﬁﬁ%%iﬁﬁ%iﬁﬁw*i%%&
(Guisquiani et al.,1998) - & * ALk 7 v B F 2 3 - T
SRR AR T BB P Y G E RS Dy bﬁ?‘r(l‘ﬂi 2008) -

25.6 & T 3|44F 7 € (amorphous Fe and Al)

‘,%”J Sife Oz ¢ » & B Fna B2 i Fepd Al 33
ZREY 73 PR eE P s a0 £ 2 ok (Ferrihydrite) ~ &
4 7 (Hematite) &2 4445 7 (Goethite) = % L 2 43 i - Hg4d ¥
Bl B h3 e Fl- BERAT e s e - A5 27V RTF
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T G B T 0 AR AR 4 4

beits
Jrhy
i
o
4o
\m
l
—EZ
)‘f
=
-4

6E &t A2 ApH 1L

MY SpHAcEh BV B R E £ BA R a
CERBLRLY 207F o JEBH T P LMY E & RS
FWE2ZERT Y KT CrrCuzf# it fpk s+ > Cd& Zn 2 #
# BB~ 33 pH 22 Cd~Zn 2 4% # 48 (Kalbitz and Wennrich, 1998) -
mAZFAT Y FRGRTERR T LR M 5 TPk 22 pH

=~ % fp B 1+ (Peng et al., 2009; Dragovic et al., 2008) o # @ A

fk
¥
N =

003)F= 3 %R pHEH Cu~Zn % Pb a7 I 2 3¢ 2 iV &
U GRFIIRT 2RI PTH TR~ PBR2AEL

Cu~Znz PoE# 1 &y A2 AP L - 7 e 95%(1999)2 #

a
=y
#
a
A

4
)
=

USRSV LR RS S B
Pk B R Y H CreCuZn §REEF s T ES(E
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27 £ £ He 2 AN PILFF 2 Mg o AT

REEREFOY GV L T 8 2 T M G R&F
Sl Tadek ¥ ¥ M ah S By R S A M TR a3 o TR T AL
COTRER G AR M G REE RSBk o Al A T
P LY R FAPI M G R o R VARSI 4y D
Fetdpthde it ST A FE LM Thon- fEEest 2 02 o @ iR B A TR
Ao BB BApT B 8% Solicd o b2 Mo 30T R R
MR 2 (+k 0 2011) - 74k 4 +7(Redundancy Analysis, RDA) % — A+ &
o P A Ry R F 2 AP Tl s e £ & R(F 0 2003) -
VIR R A P R R L A E F - iz £ R
Byt R RE A £ (3 2003) -

FES A 5 0 A(1998)2 #7 § 14 Fl4 %~ 17/% (Factor Analysis)
Kot o #r R BLEREZ EDATRIF HE ST L0 &3
Boro A R PRI EL £ K5 4573 Ni~Cr-Zn»
Cur B kR idsE 440 AUL Sy $R0RRRF AL §
SAB RIS 50 23 o RDASE B 202 $ 458 0 4opi (2013)
" RDAFHAERE F]F+ B35y HR 2 T o181 Bl 5 (2012)
2 RDA » #1 % BFIF 24 AREFANGE SR bl 25 4
(2011)r2 RDA A~ {7853k BT TR F]+ 2 Ap B > BEon R F]F ¢ 2 4
BB BB IRAEAE A R A E AR R o
AT RDA 21182 < £ & /A 2 AP H 2 P F]S
T BB RS AT 2 40 M e e (Eigenvalues) » #7334 H
S U
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= MR
3.1 kR

Ay P iEE2 * £ £ B/Cr~Cu~Cd-~Ni~Zn-Pb)f* 3R
BB AR RZIRRAT KR KA A BIFE D E - 08 S
BAEAAREEHEF P BRT T 2BFE R R
EREP)E A A E ERRR L DA S A AEE(PH &
FURRRRT IR TE 05 BREOBEBEREP)E S <L Rk

B2 B e WAL o B 5 2 Hidc ) 3 R

K REH
!
oLk &
!
FE M ERATRIE
i
}
EX: £ ¥ X2 LB RERBREELRRE
pH /& ICP-AES
AALER B ICP-MS
LR H
48 h Hems
48 R
:
A8 MM 547

3% 5% % 1 W
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32 5B

BRI 2 R REFERE TR Bl H a2 4 &
GEFE LY I EFRE OV ﬁﬂ%‘fﬁl?pﬁ’kf&%iﬁ? P F R FRFIENE
ERB LA A T 2 e B B ORR BRI S 3 Ao kB B
Bd 5 0P 2 B3 E(FL-FE) s £ E(WI-WB) 2 - ¢ B BT F s
HHRPEF R -c? 2 EFR o7 #EFI® = P22 (S1-85)% 17
Foo 4ol 4577 c B F AR F- SO BEFER LR RE LG
B L EERGERR R R D BRI o R R SR g%
RrigpiEis » ¥ v iz Edsiro

b
FHAZEE
&b KA BER /’
J
A
W6 0
* 7
‘"P%Sﬁé &%%érzr.;
/ ! ‘
// i BX g—‘ bt
A‘?lgg//' :
//
/
W5 >
* ol 4 { :
g <7 F3 S
: ; A\ AW
/ & PR EMBAH W ﬁ)\\ .
S5 7 HREE 84‘ \{\7
F4
2L B o - r
& 5 KRIE B *W4
<= ‘g%ﬁh‘ﬁ & % T 3% W3 Fé
i R O FAR R & & s ; o
Y @EplET: S Corns e il sa *le

Bl 4 5 iimBEELT R
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AR R EEERREA S Y FELB & D 2
L% T A A (CHOL) ~ + Ak

MoKEN AT 2 B e ikE B 3
% A (CHO2) ~ # i 37 #+c 8 (CHO3) ~ © % 35§ (CHO4) ~ A

B doxr-§ se ok v (CHOS) ~ Auib 1 ¥ % A4 -5 5 7% ¢ (CHO6) ~
v (CHO8) ~ & Fir ¥ i%

1ET 3 AR et #£(CHO?) ~ e 574 k%
i3 F 3 B % (CHI0) ~ i Frves 424 1km (CH19) ~ 379
Sk (CH12)~ A2 % % $(CH13) -

T

4

r (CHO9) ~
§F@pok o (CHLL) ~ 3 #
soits 4 A 1km (CH20) ~ 5 35 (CH14) ~ 3747% 3(CH15) « A ¥
W okiEr @ A(CH18) » = 20 e

i% v (CH16) ~ % k% 4 A-(CH17) ~
e T 15 oA

4oB] ST ORISR S E ) - o BIER L2

ARG E I DR F e IR EEN T

N
] @
Kig 9 =
1
THE
[ #wzes foa )
BEVEREE
AT E RIS
. BN fsm
IES =/ &
=ys1-%:0)" - T
O FNKEEERLS
O z=Ressus BAED
A EEAKRRNLE CHO7
« CHO8
0112 4 6 8 f !
N —— kT A FKH JEimsp
s 54
BEEIER
IS KIS
s B
Zhia L
fiiis ._J =
B B KOS
e =] ;
) MR MR
s g
20 A BERATEE B
A T8 ,J=E¢ﬂ
PEABYRETHE AR LRE
, FNE
s ;< -

B 5 3%y RHEERET LE



3.3 2 EE AR A RJIL

_;

FHEARR 2L RILE FEIEF - FREEGZ BB R
Rigz 2 EJRETHILEREY > BIORACHE Y o FELE
PR R A B e o B ARSI I EUE L R SRR
WEEF O AT T P 2mm 2 A Ahd R IE G R 3R G D TR

CpB RS o F - B A

34 3 A A

3.4.1pH &

pH T Hed BT ATy AT R F T HE 0 4
ARIEL 53T W THRiB A 2 HRFRE 5 - T F o -
T e &R ErE > 4255 (Nernstequation) « 4577 T 18 %4 T HR2
FeAs-BREL J 054 THNT CAF LA S p Tt
ST E 2R R ER o

KFF 5 MR EBILE B2 pH @ # # sk E £ HORIBA U-
50 i 71 5 %%k FE Bk (Kyoto, Japan) » i (7 Rk Bt 0 0 2 3
TR R TR £ ST F DRI R KR AR Y
10 24 %R FpH BT obidl B THREBHE G EH A

N\

v

Ftq o ¥ AL

T
SRET T PN

Pz

F2F o L TEBR AT TR
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342 3 i BR T >

BFF 3T o R R T =(EhELARERER DB
L VHREHD (- e it g > £ H IR R T 2R
+200mV B 0 R 3 Eh #Rl T F F HRAcE 5 (ODR)& & R b B ek &
Lo RAARBRPE > Eh 481 o

lzt P

*E T PIEEh BT ik B
HORIBAU-50 /& 7] % %k 7 & | %k (Kyoto, Japan) I o - £
EEFRBREG UL I RERF AT R L BT ERD B
AR KR e KR 10 2 AFER  FF CBRRT e BT
g PRRT S DEBE A EAFPHRAES S SELTF
R R L AR R AAR S AR -

-

=

(w.

343 23 A4

FHEFH AR RE D A PR F 2 AT ek 2 LSRR A RS
Fifosg 2 AR 7 £ 2 4Rt Bo pom e i A RE k SLE R R
B s AR S ) A SRR R B R A AT R
* £ R B ¥ %(United States Department of Agriculture, USDA)2_ & #§
B H L s & Bl4cB] 6 7m o USDA A S5 28 -1 8
Foa s Z A5l B A ER s BB A BT R T A T R
£ 4 & 0.05-2mm ~ 0.002-0.05 mm ¥2<0.002 mm - %fri*'v Bl T % R 358
BES R o ARUT AR Y o AT R I AR AR 2 A
Fro R FHEBBEEFEWRY P A RBIFLEHEP o ZEM P T A
e i Kfapu’m BET A} BT BT RER TR
A Lo T Gt BRI ATR 2 T

BATie 2 3R RE - R NGB E S TR H W 3 s ok
24
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A2 RIS 0 AR AR AR RILE LR
21 z_{2(Stokes’ law) » 1 * 7L *E E R TR A 0 TIR SR R
PREAFEe T AE 2 % ik & (Terminal velocity) 2 $g kL j5 e
Tt o H e FIRARER AR TR g XD LA T
Gz F A vk s w4 B R ST m F S Bl
A Z AR S D

USDA Texture Triangle

100 9
10
20
80 7/ =
\ 30

e 70/ . § o,

N / cla “%
¥ o/ A V40 ‘@

§ 7 3
& A AN 50 2
_{o 50 / o AX %
\’b Sllty ‘\\ -0_2
O °

/ clay silty N\
clay loam clay loam \ 70
30
sandy

4 / clay loam / \\(80

loam silt loam

sandy
loam

10
/\
o0 £3and Nsand : gy

100 90 80 70 60 50 40 30

Sand Separate, %
Bl 6 %P £M(USDA)Z + 3 i 2 4= & [

AR BRBFEWEE R TIEFTE TR ik FE A ASTM
No.152H » & 3 12 gLt &7 2 # 5 %| & (Bouyoucos scale) » % 5+ 3

L el IN L 4n i % (AlfaAesar) » #28~ 509 3 3 4k & > #3540
FIEFEAFR & IOMLIN Hapadh 3 iR » T4v AR T 2k o X K1
WREED A AR B0 AR RF A TE F R CUARUE S
N etk o0 4 AR K TR T 1000 mL e 12 R AL S b T 4R 20 = o

20 §) 15 x b F 34 5 20 45 16 se ket i 5 (PS) T I B B R R A (T1) -
25



ARIEIDS > S WA TR AT E RV ESHARTEEE 6]
e 8 6 PRI o et £t kgl 5 (P) 0 A (T2) 0 et
B giEd >3 1 022 83, B mk s AP 2 A 5

LW 6 & mps

FydeE A % =(1- (Ps+0.3(T1-19.4))/W )x 100 |
fede A F=( (Pc0.3(T2-19.4))/W )x 100 &2
(v 47 BRF 194 Ci+ 430194 C5-)

P A F=100-(1 4T A ST A F) 3

344 8.} 8t B

BT EMESE > 3E%E BEP 0 f 900~1300 °C e - 4
BWRHfRE 2 - §F PRk R RS RS F R @
B g RN F MR D 2 A s AT R R RIS SRR
JE B et (Total Carbon, TC) 4 474277 & B4 @ 7 #1777 o ok » &
BRRT BRAERMEPLERZ ZEONNFY - POARTHBKRSRT
F e 12 ] B > A% B it ik 50 Sy i MAT e S - F LRt
PR R S AUE R o

02 gas Drying Halogen trap
Solids — —» H20 + X2 + CO2 + X2 + CO2

900~1300°C

d
«

— (CO2— NDIR detection - TC signal

B 7 %% (Total Carbon, TC)A 742
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*F AT 20 R B S Analytik Jena multi N/C 2100 % 7] TOC
AR AEFTRBR LRDENEIT UAF P R 49 (Potassium
hydrogen phthalate, KHP) %l # 1~150 mgL-1 z_ %7 stk £ &R - &%
Heo JoAGEZ G R EfER 050 I HREAY  TediteE £ o
k2 2 A 0 A S RS 2 B R 4 1 mL 10%
2 BEfE (HaPOg)ia R o4k &o® » B E L F B 2 ) FFiS » Bk 53 4r
Wegh ¥ 11 105°C 5z o ",f—i Ba? FAR RS o MRS PIER AT A
4CO2 3 B4 LR ERIT AT HAER -

345 & TA/BEFF P

*F Bz > E Tk R Methods of soil analysis. Part 3. Chemical
methods. Soil Science Society America Book Series:5 2z Acid
Ammonium Oxalate in darkness—Tamm’s Reagent > o **~ * § % ¥ it %
KFF oG SN TUBIK FWALRETTRES Y R BT
s FE > L0560 2 4 A 4o~ 30mL ¥ L% 0% 0 4 140 rpm
BT 2 P FER&ETKES R T i%i&ﬁﬁ%i HE e YRR
(ICP-AES)~ {748~ 45k & > H JE R & £ & 2 2447 (Amorphous Fe&Al)

;A
% °

|

F A & L 4&(ammonium oxalate)z_ @] # §_r2 24.87 g 2_ (NH,;).C,0,
((NH,)2C204* H20, Sigma= 99.5%)2* 12.61 g 2. H,C,04 (H2C204* H,0,
Vetec 98%) %>+ 800mL 2. 2 g+ -k ¥ » L& 7 4e NH4OH & HCI #-3%
Fegeiddlz pH @R &3 3-F 12 35 -k £ T 1L(Bremner, 1996)-
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35 2 Rypiviz

AF 2D ERBEE T I £ ERRRIS 3R

L ;2 (NIEA S321.63B) » #-2 3 jad@ et 3k 522 5] 3:1 2. HCl v

HNOs iR & » B T# % 55~ 16 [ - L 4 # 1 180C X in 4]

CE MG R E R R RS TR TR LR

(Inductively Coupled Plasma-Atomic Emission Spectroscopy, ICP-AES)
AR A E ERER -

PR Sh gl RS RRRRITL IR RS FTE
BlE > —£ E2(NIEAS280.62C) B2 2 &% kA2 7 & Y B
FEHSEH05g B 100 mL F RFEL? o Eter 75 mL EH
Fe» R MB4e» 3mL JEABE > BT LA R £330 o LWL SR
EAARINFE P i Fler c R UFFFINRFETEE LR
B 16 )R VI RERE BAIEL ® LA Kk 016 ) BRI 0 B 4
B n i R R 180°0 ) B AR HGR T s 41 B 4
Bl g HE 1+ 10mL05SM ﬁrﬁﬂ'ﬁﬁ‘}ﬂ" R FE O T TR R
BFLP o R A2 @Sk BT 4A0mL T35 0 FA B AERS
0.22pum 2 jj *-(PVDF, Millipore )i g » /4 & %75 1 PP & + % f sk

TS p?%ﬁta el RELRSE KR -

36 = 4 F & BA

#erd 3R B N R RS ehpé f27% - 11 SPECTRO GENESIS EOP
B 48 & % R 5 63 & & 4 47 & (Inductively Coupled Plasma-
Atomic Emission Spectroscopy, ICP-AES)ip|z 2 ¢ = ~ € £ JH2 k& o
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3.7 4k % +7(Redundancy analysis, RDA)

MBS RAE A Rl AR MR R > KA B A M ik
(Pearson coefficient) ™ 2 {8 4o SEF jp A2 - H Ap Rk G843 1
FI-12 B o SBPAREIT LI N2 F RAE M ARBIT-1 R A F R 4p
BE o AXBEIT O R N AAXTZ ARR o AT L 1% oL A7 TRE 715 & 2
BEERZ Bt o tra BRI FHEXEY 2 B infp i 12
L E eoAp B A Ao 3T R BT ] H AP Cilie > U 28R /ey
BAZR ~ ]2 DARM S F AR F TR BIR L AT

EREMEGFEL - RITEY LN o

RARS TS RE A AN AL BHYEE -
PR g Al ehdp AT R B0 ) B S el dn B A 4T
2 FehgRnlwE L% - BRETERY - BRSNS R
BB O HERS S B S BT R AU AR R B S o AR 47 1R
IR A G BB A G2 4p MR B TS (Ter
Braak etal., 1994) » ~# % %12 %ezt 3048 R 3.2.1 (The R Foundation for

)

Statistical Computing, 2015):& {7 &4 47 o

¥~ E &R 75 AR 4 7 (Detrended Correspondencd
Analysis, DCA) 4~ 47 KL R b § F AR iR E B L < 455
FlesH% 7 % CCAs DCCA #2475 &> 3RG> 4 7
R RUF o i RDA A 45 5 R fhkat 3-4 RIS ¥ 4 i
i¢ * (Leps & Similaur,2003) -

AFE 2 DCA 2 (7 R #hE 247 > S5 T A E |3 3
Fl AL ERE L AL T RFH IR AARRT e AL 2R
ERZ M B 1M SR8 W (TOC) ~ 2 ik &

29



(pH) ~ ¥ B R 7 = (Eh) ~ B3 8 A (Temp) ~ * L 5% & £ (rainfall) ~
T A)454F 7 £ (Amorphous Fe&Al) 2 Ak 7 £ (clay) o #-23 3 43 14 7]

L
1

H
Bl e (FHARIRE L A A E A AR T S R B

YA

4
N

Hio L BT LRSS T o

AT ERZRY ERFFZRFER P ESERTAR

ST HPAREEOPE A ] o3 B
Pz ApMME ] o5 A A ERE 000 B2 > 3 FHcZ R DA

Mg 244885 00~180 B2 FRIE A 4Pl s 5 22 &85 90 B

o AR A K EAEF i MM TR (3R > 2013)
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- 2L by 21 A
[V lﬁ%ﬁgﬂ"a{{\rj .

4.1 2 RF 2 L AT

B 8 FijirAtEAFESY 2 pH o FHEE A F
6.18~9.22 » H i@ it ¥ AEF T § ABF L o

JEEhEEFY 3 2 RERT P FSOENT G ER
£ cnficE 0 HBcE AR T-265~364mV 2 B o et R G RERFR R
BE 5 AR eng it o 13 Eh E#cdpdcB] 9977 o

B 10 % & i%ins® F EREHE ST *r:;ﬁ W (TOC)2. z & » H
7 EA G HEE G 1.16~99.41gkgt - < * ¥ & F2~F3-F6 ¢
37 5B TOCHIE - B 11 A5 P 2HMAFERSE? B
B(TOC)2 z £ - # 7 £~ i ## [ 5 0.69~13.64gkg™ - TOC & A"§ ¥
Vi BRI FE R Pl o B ¢ CHO7 ~ CHO8 2 CH13~CH16 #p
FOSERITH R B RB PR 1 EA YL 1.07-13.64
¥ 0.97~7.55 g kg? -

\mL
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pH

9.5

9.0

8.5

8.0

7.5

7.0

6.5

6.0

[ ]
P L ]
@
L J
[ ] ® °
¢ e
o 8/ s 2
, -
@ o
L ] ® ®
L ] e A
[ ] e [ ]

L X 1]

CHO1 CHO2 CHO3 CHO4 CHOS CHO6 CHO7 CHO8 CHO9 CH10 CH11 CH12 CH13 CH14 CH15 CHl1e CH17 CH18 CH19 CH20

Sampling sites

W 8 e 2 MAR 2 pH L
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Eh (mV)

300

200

100

-100

-200

-300

[ ]
®
® ®
®
® [ ]
] ® °
® @ . ® ® ] )
® 4 ° @
L J PY ®
T T T T T T T T T T . T T T T T T T ._
[ ] . s @ L]
° o e © ° °
> | °
® N
[ ] \ ®
[ e o ®
° ° : -\ = ¢
[ ]
[
@ [ ] ([ ] ® °
@

CH1

CH2 CH3 CH4

CH5 CH6e CHY CH8 CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16 (CH17 CH18 CH19 CH20
Sampling sites

Bl 9 §5% 3R L2Z ENE
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TOC concentration (g Kg™)

16

14

12

10

TOC concentration (g kg™')

100 &
©2014.03
90 1 ®2014.06
80 . 2014.09
®2014.11
70 1 - 2015.01
60 -
50 A °
° . .
10 -
30 A °
-
20 1 4 . 0
10 | . o ° 8
® 8
0 [ ] [ ] ® : ) ® 1) v '
T T T T T T T T T T T
F1 F2 3 F4 F5 F6 W1 W2 W3 W4 W5 W6 S5
Sampling site
Lo ok - S . s o L P
Bl 10 B i%inid ARIL 2 M Py £
o
e
2014.01
®2014.02
\ ©2014.03
) Py ®2014.04
L4 ©2014.05
» e o o
® [ ] ® 2014.06
° . e 3
2 o o ® @
(] W H ° o8 i «'® g 8 8 [
[ ] e [ ]
e s $ ! 6 o § o i ° H ' § ¢

CHO1 CHO2 CHO3 CHO4 CHOS CHO6 CHO7 CHO8 CHO9 CH10 CHI1 CH12 CH13 CH14 CH1S CH16 CH17 CH18 CH19 CH20
Sampling sites

Bl 11 §57%ina 2 AR 2 35 B 7 2
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FE 45 Y oAbk B A3 2.79-33.73% B ¢ Abk 7 B 10T 10%
2 % o B R AT 1F A TOC ,k}ij BRAPMM(LE 12)> R2 %
0.6207 -

8
y =0.1687x+0.3399 °
, R? =0.6207 °
°
6 e® o
° ™ )
° ® ey
— 5 ‘ L
-ae ® o &
4
3 ° 4 5 ¢
c o e o
0 ® ®
3 .
O ° o “‘.o °
> ° "0 @ 9
™ ) o ®
O 2 MRl s
" ..
1 .Q <
0
0 10 20 30 40

TOC concentration (g kg)

Bl 12 Apde s Bt AU R 2 i M i

ik 2 & AR AR 13 fra 0 HIER FF A
2097.50 ~ 33214.26 mg kg™ > # ¢ r2 @] 13b 4 2. 2014 £ 6 7 #1ip
B ® B i 0 0 4> 3021.35 ~ 15109.18 mg kgt o & T A 4Bi4EIE B
FANEERERT G AP ABE > ot F3F6 @ PR A il o F] 14~ B
15 23 irA2 g TAMBEEER RS > BRAR R A 5213.85 ~
35947.71 mg kgl v £ & ;i nsd > 2014 & 6 0 (LB 15C) %R 1 Kk
i # > §5 F] 4 > 5213.85 ~ 17986.64 mg kg™t » * % F pE AR R £ B

35



i 4 o d 2 F% M CHO6 - CHO8 ~ CH14~CH16 % #£8: - ¥ § &

F2 @ AR > 24 G278 TOC 2 3 % L & &0 -

AR

30,000
(a) HFe mAl

25,000 -

20,000 -

15,000 -

10,000 -

5,000 -

Amorphous Fe & Al content (mg Kg?)

F1 F2 F3 F4 F5 F6 . W1 W2 W3 W4 W5 Wb S5

18,000
(b)
15,000 -
12,000 A
9,000 -

6,000

3,000 -

Amorphous Fe & Al content {mg Kg!)

F1 F2 F3 Fa F5 F6 w1 W2 W3 w4 W5 W6 S5
B 13 g i AR 2 & 245 £ (22014 £ 31 (b)
2014 & 6 7 (c)2014 & 9 » (d)2014 & 11 » 2 (e) 2015 & 1
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25,000

20,000 H

15,000 -

10,000 -+

5,000 -+

Amorphous Fe & Al content (mg Kg*)

F1 F2 F3 F4 F5 F6 W1 w2 W3 W4 W5 Wé S5

g

30,000

25,000 -

20,000 -

15,000 ~

Amorphous Fe & Al content (mg Kg?)

F1 F2 F3 F4 F5 F6 Wil w2 W3 W4 W5 W6 S5

35,000

30,000 -

25,000

20,000 -

15,000 -

10,000 -

5,000 -

Amorphous Fe & Al content {mg Kg™)

F1 F2 F3 F4 F5 F6 w1 w2 W3 W4 W5 We S5
Sampling sites

B 13(4) B B AL 2 & 748457 £ (@) 201423 (b)
20146 (c)2014%9" (d)2014#11" ¢ (e)2015# 1"
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o | @

30,000 -
25,000 -
20,000 -
15,000 -
10,000

5,000 -

Amorphous Fe & Al content (mg Kg1)

0_
N A D .s) 4 DN DD W b A 9% O D
FEFLITELFSFLFLIF RIS T L

25,000
(b)
20,000 -
15,000 -

10,000 -

5,000 +

0_
S D H oo A D AN W W © A % O O
FTEFLFITFTFSFLLLIFLILEFL RS

Amorphous Fe & Al content (mg Kg™)

25,000
(c)
20,000 -
15,000 -

10,000 A

5,000 ~

Amorphous Fe & Al content {(mg Kg™)

Sampling sites

Bl 14 §57% -3 2 AR 2 & T 34848 7 £ (a) 2014 £ 1 7 (b) 2014

£2 0¥ (C)2014 & 3 7
38



25,000

(@)

20,000

15,000

10,000

5,000 -

Amorphous Fe & Al content {mg Kg™)

0_
S D & 2\ QO N & & O A 9% 9 0
STEESTELELSFLF I LIS TP

25,000

(b)

20,000

15,000

10,000

5,000 -+

Amorphous Fe & Al content {mg Kg™)

) “ A o 2
& & 0&@&0&&&@’&'»&0&»&

%, 1
CS’O
Cy
o
%

20,000
(c)
15,000 1

10,000 -+

5,000 -~

Amorphous Fe & Al content {mg Kg™)

3 & 5 Q O LN L WD
FF I F L F P SF S

Sampling sites
Bl 15 §;7%ir% 2 ERR 2 & 234848 7 £() 2014 £ 4 7 (b) 2014

£509 ¥ (c)2014 £ 6 7
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42 3IHmRERL? 2 A E &AL

B Ein e 2 # R BL(F1~F6 ~ W1~W6 £ S5 [B] 4)2 4 3 &k =
CEEBAEEA YT R 16 2B 1720° > BY H nas
3 FHRHET I RN LR R SFIRE2 P Bl
PERTS BT G HAR KRl A2 P < BB S 50%2

25% ik R A WAL S T E o B R B S L 420 .

B 16 ¢ 2 5 ZmB I BALAESY £ 4/ Cr-~Cd & Zn 2k
& > Cr ,};‘)i?;rﬁ] #i %+ 16.57 ~ 297.32 mg kg* ~ Cd k& & 4 ** nfa~5.02
mg kgt ~Zn k& B 4 %+ 60.21~900.20 mg kg - 4 B 16a ¢ ¥ 14
FICrkRfB &k &AEs b s F6~W3 s 3 gkt 2014 & 3 2
(248.76 mg kg™ ~ 247.70 mg kgt)12 2 F6 >+ 2014 & 11 * (297.32 mg
kg') % 6 & F 5 2 1 (233 mg kgl) - © F6 2015 & 1 7 i»
(198.18 mg kg!) 2 A& iF e F 2L ¥ 421 KR B HRE Lo/ 16b
Cd et RES HERSFCd A A £ 4 K7 L4 RE DEL
o DB Send P o0 FR T R R RE Y DA K
E(249mgkg?) - Cd 2 k& » & 4§ 5 nfa~502mgkg™ > » 23K
¥k o L K33 02 1R 560 mg kgl B 16c & Zn B g iEin
BAEARY 2 0H 5, FIL Zn BB S - F A AF 0 Fl A
RPN EHCEE L AR B o A FL-F2-F3 -F4-~
F6 22 W3 2 p| #3597 Agi Zn 2 &k & 53 + *1 384 mg kg™ -

B 17a 2 Ni 3 Rk ® 2 kR 4> nfa~291.55mg kgt #
¢ F3~F4-~F6 22 W3 32426 Ni &k 5 F % + '180mgkg?- B 17b

Pl3 Cu el ALY chg £ 4 6.88~200.82mg kg™ » ik & # i i
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HELF F2F6 22 W3- 2. F2 42015 # 1 7 jp|{¥ 166.16 mg kg™ -
F6 22 W3 B>+ 2014 # 3 7 (186.38 mg kg* ~ 200.82mg kg )4 i 7 Cu
Rk 5B AR (157 mg kgh) @ F3 T 3oip] B BE AR A AT B RR 5 R
2 b e gkt HAR IR X 2 BRI o 2RI Y Pb kR SR
B 17c > iRl e so K A48 A&k & F 1R (161 mg kgh) 0 Bk A B
5 nfa~56.80mgkgt 2 B - A B RBFZ AR P LB I HF
4

22 E £ Cr-Cu~2Zn& Ni &3 BERE P 3 FREE DA
mAREL o @ Pb A R REEF 2 ER S AR TG B F kS - Cd
FIR R R S 300 YL REAT O RHEI Fl AR P B H W E £ R
AR Aple ek 3 5 A F6 & W3 B X Rl # A A e TOC

LN EE I o
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350

300

250

200

150

100

Cr concentration (mg kg™')

50

Cd concentration (mg kg™")

1000

900

800

700

600

500

200

Zn concentration (mg kg™')

100 +

400 -

300 A

] o
1 @
| 233 mg kg’
_ o
] @
[ ® °
| 0
e o | a
1T & 2 - ~
S °o 2 80 g $§ 8 g ¢
F1 | F2 | F3 | F4 | F5 | F6 | w1 | w2 | W3 w4 | W5 | W6 | S5
-1
| ° 5.60.mg kg
o
| e 2.49 mg kg
| [
O ¢ & @ a0 . ¢ »
s o 8§ Z € o
1 ® L ® [ ]
\ ® ¢

D

F1 F2 F3 F4 F5 F6 W1 W2 W3 W4 W5 W6 55
- . .
- . .
o
v 384 mg kg’
[
1 @ v ® e
: o ()
] © _ e 8
T T T T T T T
FL F2 F3 F4 F5 F6 W1 W2 W3 W4 W5 W6 S5

Sampling sites

ERmERE
2014.03
2014.06
2014.09
2014.11
2015.01

MDL

Bl 16 &k AR ££B@Cr()Cde()Znz 5 £
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300

250

200

150

100

Ni concentration (mg kg')

50

200

150

8

50

Cu concentration (mg kg")

60

50

40

30

20

Pb concentration (mg kg')

10

®
®
®
o
g o 80 mg kg™
:- e bbbkl Rk btk
g o
J 8
o e ' l ‘
e o o o ® $ '
T T T T |.—|—.|!| T
F1 F2 F3 F4 F5 F6 W1 W2 W3 W4 W5 We S5
o
o
Py 157 mg kg™’
[ ]
PY ®
] ¢ 2
i/
¢ '
° e :
-
C e - n ‘
U @ e $ v
F1 F2 F F F5 F6 W1 W2 W3 W4 W5 W6 S5
° 161 mg kg’
®
e o
$ o
o
® ] ]
® o ® o
o ® PY
[ ]
o O o
o : ® o . ' o ' °
) . ° L
o
) ° o ® o
[ ° e
[ ] °
o
|.| |'_I_.\ T |.\ |.| |'_I_._

F1 F2 F3 F4 F5 F6 W1 W2 W3 w4 W5 W6 55

Sampling sites

ERmERE
2014.03
2014.06
2014.09
2014.11
2015.01

Bl 17 gixmt EREY £ 2 K@Ni(D)CuZ(c)Pbz 7z &
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422 35% i is

$50% ieid 2. $# 2L(CHOL~CH20 - ] 5)2. 2 3 Ak » < £ £ A
s A AR 18 2E 1927 > B 2 BRAE 2
PR I BRA L P 5 RE SRS L B gt
SEBV R HARR R A2 Pt B S RS 50%2 25%¢ik &

ABITI T S BRI 420 o

Bl 18 ¢ L35t nm AL E S £ 40 Cr-~Cd &2 Zn 2k
B o Crik & # B 4> 13.16 ~ 130.67 mg kg ~ Cd & & 4 ** nfa~7.18
mg kg™ ~ Zn k& R 4 % 47.92 ~ 375.98 mg kgt o o @] 18a ¢ ¥ 114
3] Crik B 8 &kt &A% 5 CHO6 ~ CHO7 2 CHO8 » i ¥ & &
¥R AR s Cr gk B S.CHOL 3 CHO8 § <& i+ < et o
B 18b 5 Cd et ARy ek R %> FCd A * £ 4 H7 &3
PR B RR G0  HEN 2 g e e Fp Y ROR TR
PR B MenE(249mg kgt e Fo= Lau b2 4 KGR R IS L M
2 PR 5.60 mg kg-1 o B] 18C % Zn & g L F 3| RKL P 24
AL BRI & B YRR SRR (384mgkgY) - F1E Zn A
BEY G- FLAZ TR AIBEALY D ERFEREE AR
%% o J Bl 18c ¥ 5 ) CHO6 »+ 2014 & 4 1 2_jp| {8 (375.98 mg kg™)
% CHO8 *+ 2014 & 3 # 2 jp| 8 (331.72 mg kgD2L 4 4517 & ik & F 1
B 15, 2 4 CHOL 3 CHO8 7 § i& i b = e 4t o
Bl 19a 3 Ni A3 AR P 2 kR 4 062 ~ 6213 mg kg' > H
Bl o EAgiE Ni Rk &8 F 1 80mgkg™te B 19b ] % Cu
HRRY g B kR A3 419~135.28mg kgt v kB B ik R
CHO5 ~ CHO6 ~ CHO7 27 CHO08 - CHO06 % 2014 & 3 * (135.28 mg kg™)
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BiT Cu AR & F AR+ (157 mg kg-1) » ¥ & CHOL X CHO8 7 3
b b HendBg o B 19c 5 2 3EARKE P 2 Pb A oo PlEISAATIE K
o R F r(161 mg kg-1) - H R & 4l 5 9.50 ~38.58 mg kg-1 2
B2 P HRBFZERB LRI ¥ BT -

A2 E£HY CroCu~Zn g Ni et AR § F R GA
wARE o @ P2 P RBFZ EARC LR TG By odEd - Cd
FIH kR & 30 SRR BT RRL Flt A ARR B E £ R

sk
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160

233 mgkg!
& 140
o o
v
g)120— °
\gloo— ...
= 80 A 8.
5 ®e
g 0 ® °
O ®
bt fapaiteg
o '. ° °§ v
5 201 .. . .. ..
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Cd concentration (mg kg™")
S

0 +H0-0-0- 00900 00 0008602006060 &

)
o* ®
o ® 560 mgkg
""““‘.""‘!‘ TeTETTTTee - R
]
R 1 9
8
2.49 mg kg™'

Yy & D e Q\ D N e - O S -
FIFFE LI FF LI F R LTS F S

- ERmERE
® 201401
® 2014.02
® 2014.03
® 2014.04
®  2014.05
® 2014.06

400

g g

Zn concentration (mg kg™
g

e e e e L BT

384 mg kg™
o 8

&
&

O TSP
FFFTEF

A PO O D DD
S SRS S
FFT TR

Sampling sites

= e e MDL

Bl 18 §5%ina 23 rii? £ £ K@Cr(b)CdeE(c)zZnz 7 &
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70
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40

30

20

10

Ni concentration (mg kg™')

150

120

90

60

30

Cu concentration (mg kg™

50

40

30

20

10

Pb concentration (mg kg™")

0

B® 19

80 mgkg!
| ° gKg
® ® o 0
| e ° ® ®e
8. Soeoe . °
1 3. ° °* & o’ ® o,
-'.. : ..:... !!. ®
. o0 [ 3 o O
| s e®°.0"° ..'.
°o ° *®*"3 ©
o ) '..
10 @ ... $
® e °® $
. v * O OO0 OO OO
FETEITEEFS FTLELFLIFFTFLELE L
° 157 mg kg™
®
7 ®
. e
| €
[ ] ..
' C )
° Se ..' ‘ '.
' | . . o0

1—r

>
Qp Qs) Qg&&@&d"dg &@&0"’& ,z;» Q\w Q@&»&w&»&»&»&w@w

Sampllng sites

ElkmERE
2014.01
2014.02
2014.03
2014.04
2014.05
2014.06

$kins L AR Y £ & () Ni(b)Cu&(c)Pb2 3 &



433 AR 2L A EEHEIRFHETFF 2 B304
431 X E AR5 R mBETFI 2 kP

A e el EAEAY ) KRR Sl S

FE2ZEEApM > TOC & & 2 3
WAES EHCr-Ni~Cu~2Zn % Pb 5 REZF M (P=<001)> = +x &
£ 0 Cdroet s ot B Ar % A4p B (p=0.01) - Cd £ Cr~ Ni
TR EIR > 2 Pb R E¥ L 4K (p=<0.01)-

R AF A E AR EEIEFHETF T2 MBS R0 6
o T EEhEZ v E B A A HZE2Z R EMME 7 Eh
TOC & B % f 4p B (p=0.01)-pH i& ¥ 22 Ni 2. & 7 & ¥ 49 b (p=0.01)°
TOC L &z AlM4r s EH- £ 4 BT T HF M (P=001) &
*Cd& Nijp&F [k (pP=001)y &£ ~E2Z PR R R F
1B (p=<0.01) - k47 £ (clay)¥t>> Cu~Ni~Pb~TOC 7 & F4p ¥ (p
=0.01)> 2 Crz Cd ™~ % 4p ¥ (p=0.05) " & Zn R m B F 4R B -

g AR B S E B AR 2 A Tl
TLFEAMFHE SRS BT LB s g F S e L g
P T+ chbf 0 K- R F AR T
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25 AR L E BB T AR HipH ik

TOC rainfall amorphous Fe&Al
Cr 0.749™ -0.083 0.621™
Ni 0.739™ -0.196 0.546™
Cu 0.761™ -0.121 0.650™
Zn 0.750™ -0.027 0.578™
Cd 0.175 -0.024 0.080
Pb 0.448™ 0.128 0.525™
TOC 1 -0.102 0.617"
rainfall 1 -0.397"
amorphous Fe&Al 1

*x 4 REEOKE L001PF (BE) M EFE o
* AREE-KEL0.05 F (BE) PMEF -
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L6 s A E AR R T AR S0 M Gk

TOC clay pH Eh rainfall temp amorphous Fe&Al
Cr 0.829™ 0.227" -0.009 -0.169 0.065 -0.083 0.317™
Cu 0.654™ 0.242™ -0.044 -0.048 -0.013 -0.116 0.295™
Ni 0.492™ 0.503 0.239™ -0.064 -0.119 -0.439™ 0.694™
Cd 0.362™ 0.197" 0.073 0.045 -0.255™ -0.311™ 0.402™
Zn 0.770™ 0.124 -0.034 -0.109 0.035 -0.044 0.263™
Pb 0.610™ 0.538™ -0.012 -0.236™ 0.222" 0.025 0.424™
TOC 1 0.364™ -0.016 -0.278"™ 0.078 0.023 0.323™
clay 1 0.141 -0.142 -0.039 -0.221" 0.585™
pH 1 0.108 -0.130 -0.385™ 0.220"
Eh 1 -0.289" -0.203" 0.185
rainfall 1 0.678™ -0.271"
temp 1 -0.557"
amorphous Fe&Al 1

OB FOREL001 (BE) AMAEF
*EERFRFS005 BT () MAMAEF -
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432 A £ 2B E 3B E TG 2 AL T

BikinB iy Rl A 2 E AR MR TF (G B

P R TAMBAE S B2 T T a B)iE 7 RS {5 B E R

Eent EEP TS G GERA 7)) R B E £ (p=0.001)% & T3
4% 3 £ (p=0.005) -

A

A% 4ol 20 “r7 » FLBPb~Cu~Zn g Cr 2 i 7
LTOC 2 a v A4sr s £:7 TOC 2 @ 244845 B2 Hop & 4

RO R  FIP g kY »TOC 7 R & & T B ¥

PR BTy E A (2006)z AT B dg 4T G d 2 4B ek B S Y

Faz MAFEFWREIRE B AAAMIE(D<00

BEEAPR 0 0 (2010) 0 Ep MR AEy TR R S A pH [ § B

WwEFEEHIEY Pb-Zn ~Cd-As T & &£ Ek L R - A

* EPEF AR pH & WA R? PbikR

A o AR AR E i 06278 ¢

51



Ni
toc i
O Nous Faand Af e A eSS I =
o~ Ty T
< :
a) :
o é
-
rainfall
Pb
| | | | | |
3 -2 = 0 1 2
RDA1

Bl 20 §iiimss A€ 4 HE 1 WA 2 RDA A2 5%

% 7 2 3EPFHTF)S 5 RDA B FHLPI%HE %

e P F

&% e (TOC) 0.001 *** 93.67
I 5% & £ (Rainfall) 0.220 1.47
£ T_A)4845(Amorphous Fe&Al) 0.005 ** 7.73

Signif. Codes : 0 : *** > 0.001 : **-0.01:*>005:.-0.1:
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Sive
aid
-—A\

L. t%%ﬁﬂé(.@@*p Wopt 3
T -pHE -EhE - %RBEARE AL 78 Az £2 ) T35

#//é’/p)‘*ulﬂi/?] 2 ’ji_-_

N

A R)EF RS FIEFREL SO EBERTT G (R
% 8):i % et 5 £ (p=0.001) A4~ 7 £ (p=0.001)~ 2 3% & (p=0.002)
%@ L 3|44 7 £ (p=0.028) -

A% drB 21 v opH 22 CAd-Ni 2 Pb R 2 E4phd > @
2 Cr~Cuz Znk fiph > 2(2010)2 3 B %4 > 24Pk o0 pH
BT ik Cdef iR pHeA e ¥ Cuai g &
Cu~7v 3 ths a2 32 B £ % AT IRV BT B 7 #F
> Cu SRR ARk 0 A ‘M’ WRLT S B R ok Cuy 8 g 3§

Wl pH BT 0 A7 TG BRT ERBF CUL PR mieh

FICUF F3BIRT o

mERTABEEZEH S £ 4K Y &4 M > Caccia(2003) 2 #
THETHANPO-Cr-Cuz Zny &2 Al Z 25 M > AR RLY
2 B plmihS s (R RB)P R FlE By R 2 e KL &

)?7“1 B $pk ko o

RIWHEZEESAEEB LM 0 A Cd 2 4P BE R
P & > Caccia(2003)z. # 3 %% 7 4g 21 Ni~Pb~ Cr~ Cu 2 Zn % & 5

Wrkz B FPM

WAL R CRBERSE AL T [ M 55(1999)
FRBR EHE £ B e m i o R R T L £ R
TSEA B EAEM i@iﬁé‘ﬁ@%ﬁ"%\'ﬁ‘fﬁ /.w.}i\}r—g %'3‘43%@'75?»

w3

WE A BB I BB E Y o A RERE £ 05721
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Ni

1.0

amorphous.Fe.and Al

RDA2

0.0

foc

-0.5

T T T | |
-1.5 -1.0 0.5 0.0 0.5

RDA1

B 21 §3%0ck 2 2 £ £ B8 1 BRILF S 2 RDA & {15 %

% 8 4y )3 s RDA K F MR %

R F-lENE P F

&% s (TOC) 0.001 *** 120.95
87 £ (Clay) 0.001 *** 8.50
ALk & (pH) 0.075. 2.47

§ 3% R T =(Eh) 0.124 2.06
1T sk & ¢ (Rainfall) 0.203 1.52
2388 & (temp) 0.002 ** 9.99
£ T4 4 47 (Amorphous Fe&Al) 0.028 * 4.25

Signif. Codes : 0 : ***, 0.001: **>0.01:*-005:.>0.1:
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2 =/
i ~5w
5 %308 (FL~F6)% 11 & 7% 5 P2 % % » Cr-Cu~Zn 2 Ni 35
”ﬁ _@ﬁw%ﬁ’ﬂ}:ﬁ__gl—l(‘l7 F‘:ﬁangﬁ‘Q%/&}iﬂgbgii_%«qzk%ﬁé
Bl 52
- R

AE 3
P A4 BE B Rem KN (W1W6)B4$5~’7‘ B eFlEs
-3

WohE §HERY W3 PIMAIEALBRERERE STEE -

F_&
TﬂL‘S‘-

Ak EmE T DAY Pl 2 B L AEEz 22 Cr
Ni-Cu~Znz Ph kR F B enit 4ph - FIZ 03 a2 £ 2 & 2
sz ERFORECE AR E LB 2 AAHRF - ED R H
o HER AT AR AERREERITH DG T oL RA REE

BBk ARG LG R F BRI S 2 B

¥;% v % (CHOL-CH20) 7 1 ik & F iR kg2 <~ £ & el
A H S H AR 22 R RE o Cu~ Zn 22 Cr >t CHO6~CHO8 #p 3>t #
#iRELy BB ER > F_CHOL 1 CHO8 75 i&brt 2 dg4r - Cd &
AL EHY B REDEEL G P HEHN A SR S )
Foo oz PR 5 M2 02 12 5.60 mg kgl o &
kaEzk i * PRI 2 & B4 ICP-MS M #F5 { d#dp s o
Ni 22 Pb e 23 RE? FERARMK  REFPRELR 2P IBA
AT AR B R o

Ik irAZFRFFY EhEZ2 R B8~ 2F7
M o TOCE R 2 AMEFF EH- A4 BRI FHM  RE
EAEHY CAd-Pb 2 NiBg7 3 AApM > RRABETELI P T E
$> Cu~Ni~Pb B E4ph > 2 Cr 2 Cd 7+ A ¥ 4p b (p=0.05) >

lf“lﬂ

2B R

pHE2 Cd-~Ni 2 Pb R 2% 4phf > 22 Cr~Cu % Zn % f 4p R
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5

SiHe— s AT T2 gr.g_/rqﬂ?
AP R R R KA RS T 0E

SEEHR I EAFAIT T EFHLIE T A R R AR

s 2 R R SRR E 3 E S RS P

B L AR HBEES TR EER D P REATREE
S FE M RO R M R R ? 2 1A ER e F AT
AP 510 BHRE - EZREE 1P i iRiE T AT c ERKRE
- FAPEFER L KA 00995 ko hRF Y R J Rk
WIRE S G g S T2 g B HRE &L 5 5 2 R R 73R B
7 #7(National Institute of Standards and Technology, NIST) e+ 3 £ %
SRM 2709a (San Joaquin Soil) » & fd &Rl H v e kipd 3 4
M2 R s
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2013.10 2013.11 2013.12 2014.01 2014.02 2014.03 2014.04 2014.05 2014.06
CHO1 loam loamy sand loamy sand sandy loam loamy sand sandy loam sandy loam loamy sand sandy loam
CHO02 loamy sand sand sand loam sandy loam sandy loam sandy loam sandy loam loamy sand
CHO3 loam loam loam sandy clay loam loam sandy loam loam loam sandy loam
CHO4 sand sandy loam sandy loam sandy loam sandy loam loamy sand sandy loam sandy loam loam
CHO5 silt loam sandy loam sandy loam sandy loam loam sandy loam loamy sand sandy loam loamy sand
CHO06 loam silt loam silt loam loam loam loam sand sandy loam sand
CHO7 sandy loam sandy loam sandy loam silt loam silt loam loam loamy sand silt loam loam
CHO08 sandy loam sandy loam sandy loam loamy sand silt loam loam silt loam silt loam silt loam
CHO09 sand sandy loam sandy loam loamy sand loamy sand loamy sand sand loamy sand loamy sand
CH10 sandy clay loam loam loam sandy loam silt loam sandy loam sandy loam sandy loam sandy loam
CH11 sandy loam sandy loam sandy loam sandy loam sandy loam sandy loam sandy loam sandy loam sandy loam
CH12 sandy loam sandy loam sandy loam sandy clay loam sand sandy loam sandy loam loamy sand loamy sand
CH13 silt loam silt loam silt loam loam sand sand loamy sand loam sandy loam
CH14 silt loam silt loam silt loam silty clay loam clay loam silt loam silt loam silty clay loam silty clay loam
CH15 silt loam silty clay loam silty clay loam silty clay loam silt loam silt loam silt silty clay loam silty clay loam
CH16 silty clay loam silty clay loam silty clay loam silty clay loam silt loam silt loam clay silt loam silt loam
CH17 silt loam silt loam silt loam sandy loam sandy loam sandy loam silt loam loam loamy sand
CH18 sand sand sand loam loam loam loam loam loam
CH19 silt loam loam loam sand sand sand sand sand sand
CH20 loam loam loam loamy sand sandy loam sandy loam loamy sand loamy sand sandy loam
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EINIE DI FAMRE

TEREE SN S

2014.07 2014.08 2014.09 2014.10 2014.11 2014.12 2015.01 2015.02
CHO1 sandy loam sandy loam sandy loam sandy loam silt loam sandy loam loam loam
CHO02 loamy sand sandy loam sandy loam sandy loam sandy loam sandy loam silt loam sandy loam
CHO3 silt loam loam loam loam loam loam loam loam
CHO4 silt sandy loam sand loamy sand loam loam loam sandy loam
CHO5 loamy sand sandy loam loamy sand sandy loam loamy sand sandy loam sandy loam loamy sand
CHO06 silt loam silt loam sandy loam loam silt loamy sand silt loam silt loam
CHO7 silt loam loam loam loam sandy loam silt loam silt loam loam
CHO08 silt loam silt loam silt loam silt loam silt loam silt silt loam sandy loam
CHO09 sandy loam loamy sand sandy loam sandy loam loamy sand loamy sand sandy loam sandy loam
CH10 loam loamy sand loam sandy loam silt loam silt loam silt loam sandy loam
CH11 sandy clay loam loam sandy loam loam sandy loam silt loam loam silt loam
CH12 sandy loam sandy loam loamy sand sandy loam sandy loam sandy loam loamy sand loamy sand
CH13 loam loamy sand silt loam silty clay loam sand silt loam silt loam silt loam
CH14 silt loam silt loam silt loam silt loam clay sandy loam silt loam silt loam
CH15 silt loam silt silt loam silt loam silt loam silt loam silt loam silt loam
CH16 silt silt loam silt loam silt loam silt loam silt loam silt loam silt loam
CH17 sandy loam sandy loam loam sandy loam silt loam silt loam silt loam loam
CH18 sandy loam silt loam silt loam silt loam silt loam silt loam silt loam loam
CH19 sand loamy sand sand sand sand sand sand sand
CH20 loamy sand loamy sand sandy loam sandy loam loam sandy loam sandy loam sandy loam
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Mt 2 2014 # 3P BEMBIBMARESY 2 X 2 BEA

¥ = :mgkg?

201403 Cr Ni Cu Zn Cd Pb

F1 130.02+1.37 68.99+2.94 108.89+4.28  596.38+23.17 1.67+0.41 33.68+1.57
F2 38.32+1.85 13.72+0.78 29.62+1.13 167.94+2.07 0.99+0.14 45.35+45.11
F3 156.10+1.15 94.08+0.12 129.21+1.19 600.99+5.37 1.72+0.65 35.59+6.14
F4 150.39+0.85 85.62+1.80 135.20+£0.91 538.98+5.95 2.75%0.27 51.08+5.36
F5 33.59+1.99 11.21+0.01 26.16+£3.01 139.37+0.71 1.55+0.08 7.63%0.73

F6 248.76+2.25 102.53+3.41 186.38+2.59  880.20+17.54 2.20+£1.30 56.80+2.72
W1 92.50+0.82 16.81+2.78 61.78+0.47 239.91+0.88 1.30+1.13 26.63+12.32
W2 22.21+0.52 n/a 6.88+0.65 66.50+0.92 0.64+0.01 14.51+0.73
W3 247.70%£5.20 118.02+1.79 200.82+3.42 ~ 900.20+20.46 1.49+0.29 48.82+7.59
W4 124.29+1.02 28.28+1.43 55.56+0.48 242.62+0.94 1.19+0.15 37.23+9.59
W5 59.07+0.68 12.62+1.42 42.88+1.90 150.92+6.39 0.39+0.10 35.40+5.42
W6 38.33+6.29 n/a 25.15+4.24 112.09+17.67 0.80+0.05 16.58+11.93
S5 37.75+0.05 3.65+3.91 25.24+0.10 105.60+0.87 n/a 22.95+6.00

n/a :

A T RE T o
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Mt 3 2014 #67 BEMBIBALESY 2 X 2 BERE

¥ = :mgkg?

201406 Cr Ni Cu Zn Cd Pb

F1 42.94+12.37 12.79+4.87 37.40+13.86 210.59+9.13 1.30+0.46 9.73+0.40

F2 71.82+0.37 46.39+0.78 56.26+1.35 333.01+7.76 1.56+0.20 37.58+15.03
F3 32.47+2.71 14.08+4.71 21.58+1.48 174.21+8.39 1.75+0.38 8.12+2.94

F4 31.08+0.16 3.99+0.69 18.16+1.29 100.67+4.11 0.29+0.41 28.36+2.85
F5 30.29+3.58 2.79%+2.59 17.13+1.18 98.15+6.38 1.00+0.83 6.52+6.05

F6 21.14+0.37 n/a 12.50+0.36 74.45+2.92 1.28+0.08 11.76+11.46
W1 88.64+371 28.91+2.32 43.67+4.56 229.49+2.46 0.75+0.24 25.43+10.19
W2 22.86+0.23 0.76x1.07 10.35+0.71 70.90+0.34 1.40+0.58 23.74+2.58
W3 22.68+2.47 n/a 9.56+0.53 82.82+3.45 1.14+0.11 20.26+19.02
w4 37.39+1.00 10.36+1.95 18.22+1.10 100.91+2.10 1.13+0.31 22.66%3.26
W5 62.25+0.95 22.09+2.22 37.04+1.19 154.86+0.86 1.11+0.19 29.75+11.75
W6 34.83+1.11 2.02+2.27 18.94+0.09 94.29+2.89 0.90+0.76 21.96+4.65
S5 42.84+2.18 9.48+2.79 20.76+0.18 117.39+2.97 0.95+0.07 32.13+6.74

n/a :

A T RR T o
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HE 4 2014 E 9 BiEABIBARESY 2 X 2 BER

¥ = :mgkg?

201409 Cr Ni Cu Zn Cd Pb
F1 71.07£4.52 50.31+5.10 53.81+4.04 342.90+29.09 1.78+0.33 41.81+4.18
F2 130.95+0.37 76.08+1.69 100.84+2.89  579.35+14.36 0.77+0.24 45.62+0.74
F3 154.77+1.37 100.50+0.45 118.98+0.05 671.98+3.17 1.99+0.41 46.69+8.40
F4 120.72+1.26 95.98+0.72 92.73£1.75 477.94+3.42 1.56+0.56 26.25+1.05
F5 21.32+0.46 12.71+0.56 13.08+0.11 85.40+0.71 1.18+0.23 12.39+3.90
F6 74.80+2.56 38.33+0.73 29.89+0.80 160.64+0.36 1.63+0.27 28.72+0.58
W1 60.10+0.54 26.05+2.42 42.84+0.90 253.03+2.84 1.48+0.27 17.75+6.04
W2 30.53+0.37 14.02+3.77 9.92+0.18 79.02+3.64 1.56+0.45 25.77+4.25
W3 36.17+1.71 20.51+1.23 13.33+0.25 102.96+2.04 1.19+0.28 13.99+4.52
w4 45.89+1.38 22.14+1.26 18.08+0.66 103.47+1.38 1.21+0.33 23.62+6.14
W5 105.01+1.72 44.29+2 .04 67.13+0.07 227.91+1.41 1.57+0.43 39.50+3.97
W6 69.66+0.45 37.30+£1.03 33.98+0.16 169.46+0.04 1.76+0.01 33.94+0.4
S5 38.76+£1.13 19.03+2.94 30.19+0.02 101.31+1.24 0.74+0.81 22.61+7.77

n/a :

A T RHR T o
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A& 5 2014 & 11" gk I ALK SEY 2 X 2 BER ¥ i+ 1 mgkg?

201411 Cr Ni Cu Zn Cd Pb
F1 68.61+0.51 53.36x1.72 58.72+1.94 359.01+8.66 n/a 10.26+1.00
F2 25.52+1.54 28.61+0.81 15.91+1.76 130.94+0.22 n/a n/a
F3 134.14+1.96 106.71+0.05 128.68+1.97 582.53+2.25 4.53+0.36 14.01+5.14
F4 18.96+0.09 20.68%1.63 14.23+£0.90 80.74%0.53 n/a n/a
F5 32.14+0.30 28.92+1.22 22.82+0.74 113.89+0.55 n/a n/a
F6 297.32+0.02 154.47+1.81 109.91+2.50 457.23+4.29 5.02+£0.25 24.97+1.71
W1 73.67+0.99 43.18+2.04 28.67+1.25 135.71+2.26 n/a 10.24+1.10
W2 17.73+£0.45 15.71+£0.12 8.05+1.86 60.21+£0.72 n/a n/a
W3 173.67+3.34 291.55+8.84 50.81+2.01 216.98+3.14 n/a 2.68+£3.79
W4 27.47+0.20 20.45+0.91 11.53+0.45 76.17+5.03 n/a n/a
W5 58.26+1.06 41.10+£0.28 49.11+4.49 166.15+0.09 4.92+0.50 6.27+8.86
W6 25.55%0.22 21.48+1.71 19.84+0.88 80.46+6.11 n/a n/a
SH 27.91+0.08 24.09+0.10 24.61+2.09 89.36+0.31 n/a 0.05£0.07

nfa : M1 PR o
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Mt 6 2015 # 12 kB I BMARESY 2 X £ HER

¥ = :mgkg?

201501 Cr Ni Cu Zn Cd Pb
F1 38.74+5.70 42.61+1.31 32.24+0.47 221.47+2.30 n/a 25.78+2.56
F2 103.72+1.59 75.27+5.03 166.16+0.92 628.83+0.63 n/a 47.79+1.94
F3 107.07+0.12 136.56+0.91 148.51+0.38 550.32+4.67 n/a 38.59+1.52
F4 18.57+2.49 25.54+2.22 14.50+1.48 79.05+£3.92 n/a 21.55+0.40
F5 44.70+1.36 38.99+0.09 47.36+11.78 146.42+14.97 0.68+0.04 26.06+0.70
F6 198.18+0.19 98.30+0.21 107.80+7.05  482.20+16.18 0.31+0.02 53.56+0.03
W1 71.74+0.41 34.62+0.29 30.85+0.41 145.28+0.75 n/a 29.45+1.23
W2 16.57+0.15 15.97+0.52 9.33+0.58 63.27+0.49 n/a 25.67+1.99
W3 131.09+1.94 78.21+0.78 54.55+0.35 294.04+0.79 0.19+0.05 39.41+0.11
w4 33.69+2.76 22.43+0.08 15.37£1.76 78.83+1.12 n/a 30.58+4.39
W5 53.61+0.03 35.39+0.30 50.55+1.65 151.62+0.69 n/a 28.93+1.35
W6 37.60+0.46 26.89+0.31 26.61+1.67 107.08+1.31 n/a 27.48+0.10
S5 28.90+£2.05 27.26+0.61 23.70+1.64 84.80+1.72 n/a 32.23+1.25

n/a :

A T RR T o
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A 7 2014 E 10 {5 n s

IHERLREY A S ERER

¥ = :mgkg?

201401 Cr Ni Cu Zn Cd Pb
CHO1 33.59+£1.96 29.79+0.38 17.63+0.17 96.43+3.27 n/a 20.26%1.60
CHO2 37.03+2.23 40.47+1.42 27.25+0.77 133.79+14.64 n/a 29.14+7.75
CHO3 36.81+0.48 43.51+0.73 32.26+1.05 117.31+1.47 n/a 22.76x1.13
CHO4 50.33+1.15 53.48+0.99 28.03+0.74 124.24+1.24 n/a 26.88+2.67
CHO5 45.83+1.19 39.50+0.58 45.95+0.48 156.81+0.67 n/a 20.54+1.05
CHO6 68.12+0.90 43.62+0.72 79.70+0.53 220.81+2.41 3.00+£2.60 23.48+1.66
CHO7 95.62+1.54 56.90+0.72 63.42+4.13 260.30+1.85 5.56+0.04 32.30+5.33
CHO8 101.39+0.52 58.02+0.46 74.98+0.99 291.03+3.22 5.43+0.04 29.27+0.74
CHO09 29.82+0.22 33.49+0.34 11.81+0.31 103.34+0.83 4.50+0.04 23.80+£1.15
CH10 33.28+1.09 31.71+0.18 16.46+0.62 104.82+1.40 2.98+2.58 19.08+4.27
CH11 28.52+2.52 28.88+2.41 14.68+1.59 95.97+7.73 n/a 20.04+3.83
CH12 29.58+1.36 36.19+0.71 13.42+0.56 86.79+2.003 n/a 17.74+0.36
CH13 36.35+1.01 39.89+0.82 27.69+0.49 139.45+1.71 4.53+0.00 22.27+0.52
CH14 34.40+£1.25 42.03+1.13 23.83+0.13 111.45+0.61 5.07%+0.09 24.15+0.81
CH15 38.00+1.91 55.74£1.35 24.38+0.24 110.85+1.12 5.50+0.01 24.06%1.46
CH16 36.01+0.36 53.90+1.76 25.46+0.65 120.35+2.65 5.82+0.08 24.81+2.52
CH17 23.03+£1.07 38.50+0.28 9.86+0.24 69.55+0.59 n/a 15.98+0.40
CH18 31.14+1.21 45.45+0.88 14.34+0.36 84.78+1.27 4.70+0.01 17.42+1.26
CH19 21.72+3.23 37.99+2.22 7.68+0.87 112.55+15.97 5.26+0.45 29.25+4.28
CH20 18.91+1.34 36.17+£1.03 6.10+0.08 62.90+1.04 n/a 13.46+0.30

n/a :

M R o
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WA 8 2014 # 2 i EAERAESY S X EBER

¥ = :mgkg?

201402 Cr Ni Cu Zn Cd Pb
CHO1 19.24+1.15 27.40+1.03 8.08+0.20 62.66+0.98 n/a 15.10+1.36
CHO2 32.98+0.46 56.65+0.75 20.18+0.11 130.75+1.96 n/a 16.25+1.01
CHO3 31.92+0.67 45.68+0.86 29.29+0.30 118.48+2.67 n/a 18.33+0.29
CHO4 51.65+0.67 62.13+0.66 30.76+0.22 116.10+£1.10 n/a 23.32+1.30
CHO5 72.85+1.33 57.89+£1.79 99.18+2.23 240.57%0.65 1.40+2.43 30.63+£1.40
CHO6 57.39+0.81 45.78+1.40 66.19+0.52 183.57+3.17 n/a 25.05+3.54
CHO7 73.28+0.42 29.68+8.90 54.36+1.68 201.32+1.76 6.61+0.12 29.90+£0.95
CHO8 130.67+3.06 51.89+2.41 87.43+1.85 347.56+6.85 6.97+0.06 30.79+1.55
CHO09 23.88+0.19 20.67+0.31 7.33£0.21 99.18+0.98 5.80+0.02 15.89+0.28
CH10 26.45+0.10 16.79+0.22 14.90+0.23 93.29+0.30 5.42+0.05 17.92+0.29
CH11 27.69+1.37 19.50+1.19 15.71+0.30 95.94+0.95 5.45+0.08 17.25+0.59
CH12 13.16+0.10 10.68+0.48 4.19+0.04 47.92+0.14 3.94+0.04 11.48+0.29
CH13 19.50+1.66 14.35+0.46 4.63+0.11 60.89+0.69 4.37+0.03 10.95+0.61
CH14 31.05+£1.18 31.58+1.50 20.69+1.22 103.75+3.94 6.73+0.23 23.72+1.73
CH15 44.50+0.97 22.61+0.70 29.36+0.52 117.55+1.50 5.41+0.18 28.08+0.31
CH16 41.20+1.21 21.79+0.34 31.69+3.86 124.45+1.93 4.96+0.06 24.95%0.74
CH17 24.63+0.87 11.52+1.36 10.11+0.39 67.59+0.66 n/a 15.06+0.84
CH18 32.09+1.82 15.90+1.08 13.91+0.17 79.83+0.67 n/a 18.77+0.79
CH19 19.34+0.06 7.28+2.08 5.84+0.05 72.69+4.61 n/a 14.28+1.32
CH20 24.35+1.18 15.25+0.55 9.91+0.08 77.27£1.55 n/a 19.68+0.30

n/a :

M R o

66



M4 9 2014 # 30 §Lisad MARESY 2+ £ FER

¥ = :mgkg?

201403 Cr Ni Cu Zn Cd Pb
CHO1 27.70+1.69 17.53+0.70 12.14+0.47 92.11+0.95 n/a 18.43+0.32
CHO2 37.69+£1.02 36.96+0.24 28.88+0.59 137.94+0.82 n/a 25.33+1.40
CHO3 30.75%0.26 30.57+0.65 27.40+0.51 107.47+0.81 n/a 15.45+1.12
CHO4 49.66+1.14 46.38+1.02 30.27+0.21 115.84+1.34 n/a 24.05+3.01
CHO5 41.23+1.79 29.26+0.73 50.43+£1.40 147.74+3.70 n/a 18.06+1.29
CHO6 99.03+2.17 56.29+0.88 135.28+3.12 331.72+3.21 4.94+0.04 31.47+0.33
CHO7 83.14+£1.85 44.79+0.55 54.98+0.09 220.81+2.28 3.21+0.04 26.29+1.54
CHO8 105.76+1.84 57.26+1.00 78.86+1.15 334.31+6.00 5.44+0.04 32.45+1.52
CHO09 29.86+1.08 29.96+0.31 10.63+0.31 113.53+0.21 1.53+£3.25 20.52+0.14
CH10 31.64+0.67 26.48+0.98 14.76+0.61 105.75+3.17 n/a 21.92+1.68
CH11 29.68+0.03 25.09+0.73 17.97+£0.55 111.13+1.92 n/a 19.25+2.08
CH12 40.91+0.28 32.56+0.62 19.59+0.39 132.53+2.89 n/a 24.53+4.76
CH13 22.39+2.18 17.27+1.17 4.27+0.77 69.06+3.36 n/a 9.75+0.61
CH14 39.81+0.38 32.70+0.62 24.14+0.11 118.15+2.24 5.38+0.02 24.66+1.31
CH15 42.55+0.53 35.11+0.40 26.01+0.17 118.02+0.85 6.10+0.17 28.86+0.41
CH16 37.77+0.42 32.52+0.17 23.20+0.18 112.90+0.47 5.40+0.01 24.52+0.82
CH17 22.32+1.65 19.67+0.51 7.60£0.59 66.72+1.89 n/ax0.00 13.78+1.80
CH18 35.31+0.24 29.49+0.33 16.43+0.45 92.39+1.11 4.84+0.02 20.22+0.95
CH19 18.53+1.41 16.61+0.48 5.51+0.39 83.08+8.51 n/a 18.18+1.06
CH20 24.17+1.12 12.39+0.69 8.92+0.36 78.66+1.23 n/a 23.05+£1.59

n/a :

M R o
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4 10 2014 & 4 % §55% e 2 AR

& 2 s 2R

¥ i+ : mgkg?

201404 Cr Ni Cu Zn Cd Pb
CHO1 28.70+0.05 2.20+0.98 18.88+0.38 88.97+0.23 n/a 17.25+0.58
CHO2 28.77+0.40 9.29+0.49 22.33+0.60 110.40+1.56 n/a 17.33+0.66
CHO3 31.63+0.36 20.31+0.34 53.60+31.80  134.33+27.30 n/a 19.76+3.62
CHO4 38.25+0.75 27.00+0.46 24.69+0.21 104.24+0.36 n/a 18.03+0.71
CHO5 31.79+1.06 15.79+1.35 46.04+1.52 149.31+2.44 n/a 15.26+1.22
CHO6 16.28+0.19 0.72+0.01 12.85+0.14 100.17+4.58 n/a 9.50+0.35
CHO7 23.91+0.42 3.49+1.05 13.64+0.69 83.53+0.82 1.29+2.23 12.47+1.16
CHO8 102.72+4.30 44 47+4.45 79.22+0.22 375.98+2.49 5.66+0.07 30.30+0.43
CHO09 26.06+0.67 10.31+1.36 8.38+0.23 105.16+1.10 4.57+0.04 14.11+0.98
CH10 28.65+1.12 6.85+0.34 13.49+0.53 108.65+23.50 2.93+2.54 13.85+0.89
CH11 27.06+0.55 8.63+0.37 17.25+0.07 100.08+1.65 4.56+0.02 15.17+0.70
CH12 26.05+0.42 5.19+1.86 13.67+0.33 85.33+1.09 4.27+0.05 15.57+1.03
CH13 21.87+0.55 13.88+0.52 9.21+0.13 79.82+0.51 n/a 14.19+0.23
CH14 34.03+3.29 28.11+0.33 24.91+0.34 114.58+2.82 5.50+0.22 30.02+2.13
CH15 39.81+0.82 30.53+0.34 28.31+0.26 117.02+3.18 6.12+0.20 37.25+0.35
CH16 34.14+1.92 26.53+0.36 25.21+0.39 110.60+0.80 5.54+0.07 30.41+2.43
CH17 28.60+0.30 22.58+0.55 18.48+0.05 86.36+0.28 4.88+0.00 18.37+0.64
CH18 32.15+0.23 23.82+0.57 16.82+0.30 85.46+0.36 4.95+0.04 19.92+1.97
CH19 16.30+0.28 7.91+1.41 6.30+0.64 97.04+42.59 n/a 16.29+1.31
CH20 20.18+0.22 12.96+0.56 8.72+0.32 67.02+0.96 n/a 15.69+0.40

n/a :

M R o
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201405 Cr Ni Cu Zn Cd Pb
CHO1 22.23+1.13 9.77+0.63 7.80+0.03 70.80+2.08 n/a 17.78+2.39
CHO2 32.16x£1.72 31.43+2.01 23.65+0.40 129.22+7.64 n/a 24.74+2.22
CHO3 42.19+0.78 33.81+0.40 32.01+0.90 119.20+0.76 n/a 19.39+1.39
CHO4 47.47+0.35 41.04+0.79 23.73+0.65 110.95+1.95 n/a 21.03+0.52
CHO5 46.51+1.03 26.64+0.32 55.99+1.90 166.63+3.25 n/a 25.41+0.44
CHO6 45.72+0.31 25.33+1.13 45.28+0.78 170.10+0.48 n/a 20.22+2.45
CHO7 81.85+2.14 40.35+0.77 45.41+0.49 192.30+3.77 4.90+0.06 24.47+0.96
CHO8 114.18+4.25 51.05+1.58 80.55+1.48 332.84+6.00 4.96+0.07 28.59+1.02
CHO09 40.41+27.94 36.70+24.48 14.07+10.38  161.77+108.96 7.18+4.89 38.58+26.27
CH10 31.38+0.60 23.15+2.48 14.78+0.74 103.18+2.84 2.713+2.37 18.24+2.75
CH11 27.79+0.26 25.32+0.29 14.12+0.39 102.92+1.32 1.32+2.29 16.85+0.45
CH12 32.32+1.75 20.16+£1.52 12.50+0.62 104.84+5.49 n/a 28.08+1.52
CH13 39.89+4.09 23.33+1.76 24.16+2.46 120.24+11.97 n/a 24.90+2.73
CH14 50.89+2.57 33.58+2.41 33.27£2.15 151.47+9.28 n/a 36.29+1.34
CH15 50.65+0.81 33.59+0.77 32.89+0.64 139.33+2.19 n/a 36.84+0.85
CH16 44.22+0.69 27.58+0.34 27.13+0.67 122.12+1.68 n/a 28.39+0.66
CH17 29.94+2.22 20.76x1.09 14.70+1.06 84.16+6.76 n/a 20.53+1.84
CH18 35.53+1.80 22.98+1.04 15.88+1.13 88.39£5.35 n/a 22.35+£1.56
CH19 19.03+0.77 13.11+1.25 6.70+0.40 96.48+20.36 n/a 24.98+2.59
CH20 22.80+1.67 13.02+1.31 7.75%0.89 64.04+4.47 n/a 20.83+3.26

n/a :

1 1 RHR T o
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201406 Cr Ni Cu Zn Cd Pb
CHO1 26.00+0.32 0.62+0.02 12.25+0.49 83.38+0.95 n/a 19.55+0.47
CHO2 32.13+1.83 17.06+1.61 19.56+1.04 120.70+£5.92 n/a 19.05+1.10
CHO3 46.92+0.89 22.39+1.13 37.83+0.74 128.49+1.86 n/a 23.65+0.57
CHO4 46.66+0.45 25.25+1.28 23.77+0.70 103.27+1.45 n/a 21.70+0.51
CHO5 28.51+0.99 5.07%0.70 40.34+6.58 134.05+1.71 n/a 15.72+0.48
CHO6 29.51+1.17 1.30+0.61 19.52+0.37 146.06+15.27 n/a 13.42+0.64
CHO7 74.68+1.80 25.98+1.12 47.24+1.84 179.95+4.49 n/a 25.20+0.31
CHO8 84.12+8.59 30.34+3.43 60.33+12.62  279.56+84.72 n/a 29.26+3.44
CHO09 49.12+33.88 14.14+13.22 30.13+32.47  183.10+123.54 n/a 25.77+4.85
CH10 26.79+0.11 1.17+0.97 13.06+2.01 94.11+1.06 n/a 17.05+0.48
CH11 26.91+1.73 3.06+£1.23 16.35+0.85 104.80+6.90 n/a 21.36+2.86
CH12 22.38+0.12 11.77+0.67 8.46+0.48 76.85+0.35 n/a 21.07£1.73
CH13 32.14+0.33 16.09+0.58 16.99+0.55 98.64+4.60 n/a 21.63+0.37
CH14 42.15+0.47 32.11+0.58 27.43+0.30 123.53+1.88 n/a 33.93+1.59
CH15 37.82+0.25 25.91+1.30 23.76+0.64 107.91+1.41 n/a 25.36%5.10
CH16 35.53+0.99 22.47+0.90 24.92+0.09 116.66+0.36 n/a 25.57+0.69
CH17 21.58+0.32 9.07+1.33 7.51%0.56 65.77+1.67 n/a 20.55+1.75
CH18 30.33+£0.65 13.16+10.25 14.06+0.28 80.85+1.28 n/a 19.83+1.22
CH19 21.54+3.26 4.51+3.75 5.54+0.54 67.25+1.30 n/a 15.82+0.53
CH20 24.57+1.71 14.12+0.24 10.09+0.70 74.76+0.12 n/a 21.66+4.24

n/a :

o 1 R HE
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2014.01 2014.02 2014.03 2014.04 2014.05 2014.06

CHO1 1344 7.90 8.72 8.74 6.35 11.75
CHO2 19.43 9.96 14.70 4.76 10.36 7.75
CHO3 17.43 11.91 9.27 5.35 14.35 15.75
CHO4 2141 17.70 16.84 11.05 14.35 12.04
CHO5 14.83 23.69 9.32 8.47 10.36 6.35
CHO6 23.43 13.79 18.65 2.76 8.35 6.06
CHO7 2141 17.95 8.99 3.06 11.75 13.75
CHO8  9.42 9.84 19.23 5.36 5.76 9.74
CH09 9.43 5.94 6.69 2.76 8.55 7.75
CH10 1541 9.87 10.15 4.16 10.54 6.00
CH11 1543 9.13 11.53 11.55 10.56 9.87
CH12 21.43 4.52 11.47 11.55 8.55 5.76
CH13 2141 5.15 6.93 6.35 12.56 11.74
CH14 31.43 26.98 19.49 22.33 30.53 33.73
CH15 30.82 19.05 11.53 9.35 32.52 31.84
CH16 2944 25.04 19.54 22.44 26.53 23.73
CH17 9.44 7.11 6.90 14.53 10.56 5.75
CH18 1944 13.12 14.95 16.46 16.55 11.74
CH19 543 5.13 7.53 6.54 4.56 5.75
CH20 1143 13.03 11.55 8.47 10.54 11.75

Wi 14 S AR TREC LF R A) How

LIPS 2014.03  2014.06  2014.09 2014.11  2015.01

T 5

iap 10.5 19.2 28.4 5.8 3.3
Wi 15 i mEA R EEC L F R A) ¥ E

v

» 2014.01 2014.02 2014.03 2014.04 2014.05 2014.06

T35

0.5 3.4 6.3 2.9 26.3 10.3

%
%% F

71



\\\?{r

sl s
WP i AN A RFE AP ES G FBE2ET A LH Y 0 2013 -

FleE o2 FRHEEL & B4 -84 5 845 qF R2F o Lk
2012 -

2R KRR EEBATEEZFEH > L% 0 2003 -

BAE IMESLAEIME IREZ AT FLERBRAIEFRAAEH
> § » p37-44 » 1997 -

BEP ST RN LRSI REFRTRPLBEFL LS

< 52007 -
fﬁg’,ﬁ ll}\\:l &%E—-)-}‘-J‘% [%/ﬁ. 4}%/%:‘1”’]‘?2—%‘&’&%—"1 /‘Q’ZOOSO

e a5 bt 3 7 PR 205 a3 2 3 S PR e s » 2008 -
GEAT PR FARLER IR IT LA L% 0 1998 -

2R 2 PL240 2l ads L (2)s ¢ E D s LE ¢ 520090
TR R OPAT I E R o (- ) ¢ E L & ¢ 52008-

BRY > 2 L BRT o P6468 I E A I (Z) ¢ E D e
g ¢ > 2009 -

SR HIZE X F Rt Bk FESSIEE KL -TR A R(S
TOEBR) (AL 4§ > 2001 o

Rt AR L AN N ;‘J.TE‘J;;‘; ) -“f'ﬁﬁjﬁ_%“g,:fﬁﬂﬂa iufaﬂ4 e maFE
TR B SRR SN EF T R4 21(3):327-37 5 2006 -

e ot FREF RIS ARG N4 fal > 2002

#* mIa"’ PP RSB REFRCREH L £ B RERIGT L ZFEHT LS
~ » 1999 -

FRE O TG RS L e e AR 2 B AL 0 2011
ZrH o SRR ALRATE L LREEA 2T 0 ALk 0 2003 ¢
HEE o BRENRSEREELI LAY

v PEIEY L ERBR AR FF Y Lm0 2011 -

AAR O MIBEREAL P LR AT HER R T R L HRA G iR
AL AL#k~ 0 2011 -

AL wm~ 0 20083 -

BP O AL R SPME SRS e 2 ARG A SRR 2 20120
72



x> 3R A ARAT G, 2 FFLFPERSHELE SR 2013

HoBIEAR R AT T MY e E 2009 a4 E 2 (4
A )R A - FEhaRkHRhD AT £ 27 p205-215 -

gt s R s~ 5V B > SPSS St A 412 % 0 2011 o

MEF P RIEBRBEERTIEN A A7 (Trciatkin® > 1998 -

B EF 0 2P pldg R T2 2 NIEAS410.61C » 2005 -

B % kY g BaeR S 2 — v o AP 202 NIEAWS30.51C - 2009 -

Aydinalp, C.,and S. Marinova,2003. Distribution and Forms of Heavy Metals in Some
Agricultural Soils. J. Environ. Stud. 12:629-633

ATSDR, 2008. Chromium - ToxFAQs™

Bremner, J. M. 1996. Acid Ammonium Oxalate in darkness—Tamm’s Reagent of Soil
Analysis: Part 3-Chemical Methods. SSSA Book Series No. 5. D. L. Sparks et al.,
eds. Madison, WI: Soil Science Society of America, Inc.

V. G. Caccia, F. J. Millero, Albert Palanques, 2003. The distribution of trace metals in
Florida Bay sediment. Marine Pollution Bulletin 46 1420-1433.

Dragos V Nica, Marian Bura, losif Gergen, Monica Harmanescu and Despina-Maria
Bordean, 2012. Bioaccumulative and conchological assessment of heavy metal
transfer in a soil-plant-snail food chain J. Chemistry Central

Jian-feng Peng,Yong-hui Song,Peng Yuan,Xiao-yu Cui,Guang-lei Qiu,2009. The
remediation of heavy metals contaminated sediment, J. Hazard. Mater. 161 633-
640.

K. Kalbitz, R. Wennrich,1998. Mobilization of heavy metals and arsenic in polluted
wetland soils and its dependence on dissolved organic matter, Sci. Total Environ.
209 27-39

Kuang-Chung Yu, Li-Jyur Tsai, Shih-Hsiung Chen, Shien-Tsong Ho, 2001. Chemical

binding of heavy metals in anoxic river sediments, Water Res. 17 4086-4094.

Suen-zone Lee, Herberte Allen, C.P. Huang, Donaldl. Sparks, Paul F. Sanders, Willie J.
G. M. Peijenburg, 1996. Predicting Soil-Water Partition Coefficients for Cadmium.
J. Environ. Sci. Technol.

Leps J. and Similaur P.,2003. Multivariate analysis of ecological data using CANOCO
Published by the press syndicate of the university of Cambridge. 1-261.

Michael O. Angelidis and Maria Aloupi,2000. Geochemical modeling of cadmium
sorption to soil as a function of soil properties. Marine Pollution Bulletin 77-82

M.A.Ashraf, M.J.Maah, and I.Yusoff,2012. Chemical Speciation and Potential
Mobility of Heavy Metals in the Soil of Former Tin Mining Catchment J. Scientific
World

Ming Chen and Lena Q.Ma, 2001. Comparison of Three Aqua Regia Digestion
73



Methods for Twenty Florida Soils. J. Soil Science Society of America

RENE “P.T. J ANSSEN et al.,1997. Equilibrium partitioning of heavy metals indutch
field soils. 1. Relationship between metal partition coefficients and soil
characteristics J Env. Toxicology and Chemistry, Vol. 16, No. 12, pp. 2470-2478

S. Dragovi¢, N. Mihailovi¢, B. Gaji¢, 2008. Heavy metals in soils: distribution,
relationship with soil characteristics and radionuclides and multivariate
assessment of contamination sources, Cemosphere 72 491-495

S.N. Sin, H. Chua, W. Lo, L.M. Ng, 2001. Assessment of heavy metal cations in
sediments of Shing Mun River, Hong Kong. Environ. International 26 297-301

Ter Braak, C. J. F., 1994. "Canonical community ordination. Part I. Basic theory and
linear methods." Ecoscience., vol. 1, iss. 2, pp. 127-140

USEPA, 2009. National primary drinking water regulations.

USDA, 1999. Soil Taxonomy - A Basic System of Soil Classification for Making and
Interpreting Soil Surveys. Second Edition.

Woodwell G. M., 1967. Toxic substances and ecological cycles Sci. American 216(3):
24-31.

W. Calmano, J.F. Hong, U. Forstner, 1993. Binding and mobilization of heavy metal in
contaminated sediment affected by the pHand redox potential, Water Sci. Technol.
28 223-235.

Zalidis.,G.,N.Barbayirinis and M.T. Matsi, 1999. Forms and distribution of heavy
metals in soils of the Axios Delta of Northen Greece. Commun. Soil. Sci. Plant
Anal.

74



