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The complex sources of heavy meatal pollution in agricultural lands include:
inappropriate discharge, contaminated irrigation water, fertilizer application and
atmospheric fallout. The excessive heavy metal concentration can affect crop production
and quality. The heavy metals enter the water body and exist in dissolved free 1ons or
complex forms. The dissolved metal ions can be stored in bottom mud via sedimentation,
ion exchange, adsorption or conversion to complex. The concentration of heavy metal
in bottom mud can be higher than in water and air due to the accumulation effect of
heavy metal in bottom mud. In Taiwan, there are more than 1000 hectare of
contaminated agricultural lands, which are mainly located in Taoyuan, Changhua and
Kaohsiung. This project aims to investigate the agricultural ditches, Sankuaizho, in
Taoyuan, conduct the water and bottom mud sampling for analyzing the heavy metal
concentration in water and the bottom mud to establish the water-sediment heavy metal
transport model, and further evaluate the effect of heavy metal desorption by the
electrolytic reduction method. The research results show that the water body of the
Sankuaizho is mainly polluted by heavy metals such as copper, nickel and zinc, but only
copper exceeds the water quality standard for irrigation (>0.2 mg/L). The bottom mud
is polluted by heavy metals, such as chromium, copper, nickel, lead and zinc, especially
copper pollution is the most severe one. A maximum concentration of 81.46ppm was
measured, exceeding the lower limit of copper concentration (50mg/kg) of the heavy
metal control standard. The problem of bottom mud pollution is serious. The results of
electrolytic reduction of bottom mud show that the lowest electrolytic reduction
efficiency is 43.93% and the highest is 97.52%. It is shown that this experiment could

effectively remove heavy metals from bottom mud.

The simulation results of the WASP model show that the simulated changes of three
heavy metal concentrations (copper, zinc, and nickel) all indicate that the highest
concentration of heavy metals at the most downstream of the model (segment 7) will be
seen when mixed with the polluted water from the upstream flow. The concentration of
heavy metals gradually increased from the discharge outlet of the electronics factory.
From this, it is known that the discharge water from the electronics factory is one of the
main sources of polluting the water body of the Sankuaizho. The MAPE values of model
simulation results and sampling point observations are: copper=47.12%, zinc=26.62%,
nickel=36.66%. It shows that the WASP model performs well and reasonably. Thus, the



research results of this study could be used as a reference for future decision makers to

improve the water quality and solve the bottom mud issues.
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0.30~0.45m/sec P& » P g =B (8% chg 4 » @2 " AIHRE G ARfE D
oA oo g kMY RIF T o 85 eh 4o (Velz, 1953; Imhoff and Fair, 1956) °

GEERTTELHBERF AFAREY S H RS LR 3 IE S H
KA e T L EOF REAP Y A2R g T (Balls, 1989) 7 VR AR F1R B
FlF i R o EA R R AR TRE G TR AR B
LHFHIRS R EG A RA Y £ & fenE 1 (Remobilization) Tl -k 4 e
(Calman et al., 1993) -

LR N FRB A o RS ATRAEE R APPSO LEEEY P o 1Y
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R RE AR E £ R BRI R RER R e L P T

CREER VD ATABIFNH- A PREFAELERE  ARFEAD L&
fesh PRBEERITH B EAT IS EREL £ HDER T gﬁn&ﬁwméA
2013) o & BaNhs DX R LET EBRFTL 0 AR £ AR B &
G A2 I QML BARLE SRS TR RS T4 2009) o £ AL
WOFH L KRR LGS cRNEBPAFEERETREL T REQHE
2004)c R E LA D A2 R INE - BAEYEREANE AH AR S ALE
G AVE BB T 0 BB RIEE &R - 4k e0i5 4 B 3E(Sin et al, 2001) 5 % §
P14 4 5 A (Kimetal.,, 2010) 5 B 4575 45 5 BcE > 2 =% 5 4 o4t (Yang
etal.,2009) - B E R R F ARy ERRAREE 2B - 45~ 4~ 45 rdEs
%4 fx & (Heiny and Tate, 1997) ; & B 7 /&% 4575 % I* 48 (Hudson-Edwards et al., 1997) ;
g 317 Pl E_RK K 4577 4 R 4E(Gonzélezetal., 1999) ; # "8 &2 & < {35F RiT S & K
£ & kR PREULE § A 4 Pk % (Karageorgis et al., 2003; Farkas et al., 2007) °

-

FAEBE AP F AR AP AR T A AR KM PR
¢ __éiﬁfqﬁ 2 F A Bt F 48 (Ikemetal., 2003) c A&k A-kEEP 52— 344

}i?&“ z\mﬁ ARG A LR A a5 Rk RS BTk
447'(Maruyaetal 1996)c € &£ fhie » p AR R8s > A B F AR p o 3
BEPH o BREOEBYT § D UK T SRR L P
2N EERREY > TR ELEBERT R 0 RES T 4.@7«%!?'“’1—’!7& "t
AR RELEHAERREY hERRY kP frE § ¢ & 3 (Navas and
Lindhorfer,2003; Duetal.,2019) (@ 4)> K- 3 # £ 7% +5- Bp L
> Zf 4 B 42 (Fernandes et al., 2008; Kucuksezgin et al., 2008) » /& /& 4R 5 £ IR 5 ¥
z B8R 4 kP £ & i & KR 2 - (Beck and Sanudo-Wilhelmy, 2007) »
FOERE T Ak LR 2l 90%hE £ rﬁ%f,g-ﬂ%ﬁ/,mf 3 B (Amin
et al., 2009; Zahra et al., 2013; Zheng et al., 2008) - 2 ;5= ~ £ = ““(2003)?‘ 4p &
RiFrme REAHE & s @ﬁi&l'ri o — LM 5 o e B i“%_uin
<o kG fpEc] o PEFRIZE ] "E@ﬁ?]'f“if—”i“’ ’ Eﬁ%iﬁ{? LJ%//’““ #
w; ﬁm%@*’v‘ﬁ v Fem AR O IVHEC) B2 ko RELER
m A B o

+ m&“@(%’r

_5
£ 45

FEAREAFT AL AL kA A BB pF s RIE ¢ £ ¥ (Resuspension)
A ARLBEAL Ry CBRTE(ORP) 35 LR ik E - G 184 &
1%Li%g%ﬁ%% EHERD AFRH kP E LT RETRELE LR
)k & (Simpson et al. 1998 ; Kalnejais et al., 2007) » i@ #-k ¢ 2 e R ff o £
A Sdrdend P s TER O H A RS S A R~ B 3 (Panand Wang, 2012
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FEpEER D 2022#4% 1p = 05:10

N é;ﬁ%‘?faﬁ

David et al., 2012) -

ATMOSPHERIC
DEPOSITION

B

MAN-MADE POLLUTION

Particulates Dissolved

Precipitation J
Adsorption

WATER Bioaccumulation

|
AQUATIC PRODUCTION

V@Biodeposition of Dead Cells Feces

BOTTOM SEDIMENT

Suspended
Farticulate

Matter

B 3 k%% kA= 4% (Literathy et al., 1987)

I I
I i I
I| DOCsorbed | _ Dissolved |_ _| Particular I
| <> T |
| phase phase phase |
Water L |
column —_ A 7 N ___"_-;__J
S
s s » g
W o = o
2 = = W
S 5 3 z
& Water-sediment interface | © e g
1+ Bl R v

| -
| v :

! |

Bed | n q I

. | Dissolved phase Particular phase

sediment | :
l ; I

]

B 4F &% 0
32 &2 PR

-~ BEREEBHFRILRTF) AAETFZ AR > ol X RKFETEL
FF ARILE BB S B F ERFFERIREY > L ERRELERATLY
ok 197 HBEY L EBBRLE R GBI AF B R THESRE B
R CUEFEZIEEEY £ 0 192) AP EERAMZRY T KPP
BB M A B BRI A E AR e T AR A EHE
3 Ao

kagz R @ 454)(Duetal, 2019)

RBEA AR AT BRI B SR 3 RRR . BG4
BFRGRIT & ¥ 2 E R - A T EH A A 2B B(F R
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R R RRE &G B TIE T RER R e L P T

F 11 ¥Pd R4y
£ i
¥ Al |Ag|As|Au|Ba|Be |Bi|Cd|Co|Cr|Cu|Fe|Ga|Hg|In|Mn|Mo|Os|Pb|Pd|Ni|Sb|Sn|Ta| Ti|TI Zn
P AN oo C BN NN o o [ N ) °® °® [
L1 ° ° ° °® e o600 o (NN ) e o 0|0 )
£ ) ) o ) )
& & ° [ [ o
% L ) °® [ AN ) )
rge ° ° °® [ °® L BN
e ° C ) °® )
A ° ° ° o oo ° °
e o o o o o °®
37 sl °® °® °® o o |0 °® °® °® °® °
b ° [ o o o o °® ° °
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3.2.1 #¥(Arsenic, As)

GRS TR D S
EHAK A rnggapd o 2 AL

ALK R RS R %a%“§@§ﬁ$1% *ﬁ&*hﬂm%%? ik
¥) e

3.2.2 4 (Cadmium, Cd)

BEARR E T MRS MR P EL S FRY FHELS TS
%wﬁ%JAﬁ%?ﬁ’ﬁ?ﬁﬁﬂl¥%$iﬂ%ﬁ%ﬁﬁ%%%ﬂ°@%#
BAMBEASF 47 3 E5IAR A - 1983 v FIGA T2 2L ez
Bt BEARCKIEEL Y GvRRY o ERAEN TS w%%gﬁ¢ﬁmui,
EPRBHE SR A g TIREE - EF A ARG ES e BT 2
B A A RS FEFFR TR S B T (FRARRRFES)

3.2.3 4&(Chromium, Cr)

BB RT BB A BTH R AZ AT EE L Ly
PAp - MR ERAA  RRREFRG AL 2 FEHCHRT B
Ao g N A R PR S ROBIET AP A TR 2
REmrgF Aok o RIS RS M PR T I RRY S D

AR F AR (AR ERES) -
3.24 4k (Copper, Cu)

_lfﬁ"—‘.-g?f},@pfﬂl??‘ﬁ‘fr & o TRARE NN
S BV g~ TAEL RUUTEERCK § AR

R ERIPLET T IR R b p
AL T 0 RS E €13 2T r? 7 K
j}fﬁ" ’r/?‘? ‘K/r/gm%‘iﬁ'é}—%]ﬁ“lﬁ?ﬁ-ﬁa’ﬁ
) e

3.25 sk (Mercury, Hg)

el ~ RS -G
% ﬁ‘f}% k# ’/»\/E/%E
~AZ > HEIME AR E
%°Eﬁ%¢ii%%i’i
'-IH" (f”f{FmI%?'/R-pE

5

% 1A
=5
]

3

ABRFTRT HUFLE» LEBBZLZ 2 FATEA LY > AR INF R
xR AT %@mm&v°%%iﬁ?”@ma%m’w79@?*ﬂ%%%%
fok 2R REA BIALGIR o R ERE P FLABRIRIL-BE LRI P ok
BOAARPFTLEAG AN 2h - 2B EF 2B EY - 2

h
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%“%ﬁ%ﬁﬁﬁ%ﬁﬁ%ﬂﬁéﬁﬁﬁéﬁwﬁﬁipﬁ
AT I kP AA BT A S A AL S HOMREE G T
Bt f AR B R PE A G A TRE B (Frmkg ik g)e

3.2.6 4% (Nickel, Ni)

WY I VAN ARy T B
;ﬁgéﬁﬁfs’{'ﬁ:}fg:}i,arﬁ‘@ Yoo 4B g SR AT R~ LA

T#fr@dwttF T o WHO R
Wi W

% BP’?;%#B,;‘; —L}JF% 3 W%‘V?—:‘—i ;?_‘ﬁ??‘i 1;37* "'TCNIOSH)* T H E t%ﬁxi. l#Fly(-‘)%'
3 (F % W 2003) -
3.2.7 4&-(Lead, Pb)
gLl B BTEE S ﬁq'ff'ﬁﬂ?i &% fl'\/r'Jgi'f‘—"ﬁE" ¥ 7/\@3\3}?‘}‘ NRLEY SR A
R I =

THAIRE 3 EitkpFRr W EL R RERDF A
/kﬁirs m’fr-gﬁjlb J\{g ; ﬂ e A2 f it é\v*" ’ *’\",”M%E&g:}}‘?\' zﬁ’p«ff_‘*_ﬁ%ﬁ—’#
PRACT R o RUEIRAATEA T KA 4 g Aok A g BH o &

CRAEY o gt &L F BBk 0 B ARy

_’}suﬁi"l‘ Q:J—r'} I*’:P,t_p_%y
TR AL EHTREA L LGS G T o A

AR P (7 Fe P TR B I3 %) ©

3.2.8 4 (Zinc, Zn)
G AL KRB R 4B ﬁ?; SRECHE I AR L 7 A X
T BER R AT EEkS

:Fp.fh’fﬂ;}'ﬂ7 Vi 71.»-% ’ 4;[;;;-}’—3}%//;_
Bk 6 RPN 45~ £ oh

%##Wéﬁﬁwm¢°%ﬁ4@m4ﬁm@’&%_
A o R ey B R Ak ke slARReR S P AsY

] ﬁ?ﬁ\:/l) > gu)t §
‘*\F' I e 4,fnrr1.;,. f'}}i :?J, f"t(f‘rfifmij%

W) o
33§#ﬁﬁ%§ﬂ%$
+ﬂi§%ﬁ’ﬂ&ﬁﬁ%%ﬁ%%%%&?

iﬁﬁﬂ*%ﬁﬁ~iﬁ\¢ﬁ
* 254 WE 2B 2 REE A 4
£F 7

= H RS 28 B AINRINahE ks 0§

A ﬁ fiﬁm&¢¢%%%f
a?m&p&fo
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ks aiiEt | 0|e| e ) oo o
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Bor B AR E & RGBT R R BT
PR TR RE S R TRAA MR KT £ AR 34
oo B R ORISR oo~ < F RGBT KX TS

BEEE 7RI

7

2 3k E£BEHIERE

%R
5 RAK FARE | BT KK TR | kR
££%
5 0.01 0.01 0.03
g 0.1 0.1 1.0
BA - 0.1 2.0
= i 4 0.05 - 0.5
$ A - - 7 (84 J
wA 0.002 0.002 0.005
i 0.03 0.2 3.0
4 0.5 2.0 5.0
# 0.05 - 0.5
4 - 0.2 1.0
@ 0.05 0.02 0.5
7 0.05 0.05 0.5
o - 0.75 1.0
g - - -

“ » %/;%%,’?’%IJ v H o>t mg/Lo




EE RS 8
1 PR R R AP L RN R R L £ B E HEE R 4
e I ___%}g,i:”ﬁ Bcteent TR Lﬁ#‘f’

2 AREE LR IEE

AR EE AR | P E | TR
i 33 11
&% 2.49 0.65
& 233 76
Eiid 157 50
X 087 | 023
& 80 24
& 161 48
& 384 140

i H 5 mg/kg e
BARKE &2 AT

T EBA B i RiEAL DI IEEC s % 'iH(Adsorption)-#i st (Desorption) ~ 7T
oL RF M BRI ZFOFTE LN iR B EINF I
#.= -] 7 B (Bradl, 2004; Liu et al., 2017; Zhuang et al., 2018; Liu et al., 2019; Rugner
etal,,2019) o AfdFEARY > K FALE A NI ) F R ASE R fR ik
s @ IR Aok 0 v FiE { R anpRdE(Yietal, 2017) 0 AR T AR

T £ )k B A% 3 (Sakai et al., 1984 ; Shikazono et al., 2012) - Yang et al. (2012)
FI* e - MIFR T IOEE R R ME 4§ B o R R DK
FReFuE o~ 3 )‘)%f“m‘ﬁ FARR S frl RIFEBFEFIZHEHCES T A
kg R ek R % 3 B - Kerr and Cooke (2017)4 457k FEREEE & B (Cd ~
Hg~Cu~Pb) 7 & ~ 35 z—?—rW*"”ff LA N ERRR S ARITFINT K
Fl th o iTE R > AT ERRK AT FRE T 2R e 4 B 4 (Lee
etal., 2018; Xiong et al., 2018; Kang et al., 2019) » #A @ » = % Hcrx b9 2k & &
AL LSBT c £ B A2 B et P AR B (boipH & § B
BT A )R 2R S (e A BT (B (AVS) s B o 4
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RBov g AR E &GRS TR RS

/4% TP~ 4/4RE P~ 2B2 F4) (Chapman et al., 1999; Simpson et al., 2012;
Rashad et al., 2013; Xu et al., 2017; Hu et al., 2018; Liu et al., 2018) g2 58 o A pefd
BB TSI E H Ao PR RS LRIk Y (Calmano etal., 1993) ; 4+ ¥
FrmT o PRI E ¢RI ERI L A 8P B4R
it ARt AT URE £ BT ARG N P RRT P (Zhangetal.,2014)’
HET S M/ARF P iR 2 {4 & B (Buyangetal., 2019) -

3.5 Rk £ & BT RSB

FEILEFE T AR LY PEET  AHIHEBE o E s £
BREERY Rk L A% XTI ﬁ?r b s Bicg 2L A BF 4 o -
Hdm T o RIREF R IEZ FISHNRIT > VA GRS VR D RS
(Gongetal.,2018) » 3 ¥-fm4c™ @ 3@ Hjw 4 ig ¥ #% % (Soil Replacement) ~ 333 it
;2 (Vitrification) ~ 7 # 4 ;* (Electrokinetic Remediation) ~ #t g 32 ;* (Thermal
Treatment) & ; * & FjiF 1 i & 4% € ;2 (Chemical Stabilization) ~ 7 i* /§& T_i*
(Solidification/ Stabilization) ~ 2 3 % ;% (Soil Washing) ¥ ; 2 4 $Ljiv @ {54 Ko
F(EF R T B oy 3 B2~ A 550502 (Microbial Remediation)
M2 7 &5 B4 % (Microbial Assisted Phytoremediation) % (8] 5) o 47 3 &5 Hjisig
BT RRARA LS TR RSN BAPRE 1 &
Bl ARE CRSLFREFERG U MEFESPNERS 7 I ETF S 22
BE Tddp e 2 B REAGELERF T fRRAR pma
FUHF 2P NREe 32 A0 E R 7 SRR - X754 5428
Fisae 4 fomd@iF A G '~ B L (Gong et al., 2018) -

C—‘L"

Remediation of soil conlaminjm‘d with heavy metals

! | |

[ Physical remediation | [ Chemical remediation | [ Biological remediation |

Phytovolatilization
1) Soil replacement (8) Ph\lor\-mednl n" I T I
" (1) RACOINONS. (3) Electrokinetic remediation

Phnou"a(llon
Surface ground

57 et + FR Pranocs
Ly oA (5) Chemical immobilization Ph\lmnmmtm s
(6) Solidification/stabilization
T (9) Microbial remediation
Heavy metals contaminated | Immobllization | M Metal Metal
plume area M M i bilization mobilization
| —
M Mobilization | M M
] Microbi !
(4) Thermal treatment M: Heavy metal . a9 l“mb“'-.\}“kd
(7) Soil washing phytoremediation

(2) Vitrification Soil solution Soil particles

B 53T &HF L5 H#(Gong et al., 2018)
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351 Hi/A8RE

Hitdp e F AR AR F IRV e A £ 45 L5 F
oL AL OBEHERRE S - G T o X L REY X THE R G
%%@éiﬂ?ﬁ@’ﬁj%%?%&@@ﬁﬁ\@ﬁﬁﬁﬂmiﬁﬁﬁ,ﬁﬂ
FEAINHAC G CERRRLY BRI HBE L EFEr 53
j\«i“f)%,ﬁt‘mﬁ—’,b#ﬂox‘?n-\r]ﬁ@“’.gmﬁ,ﬁﬁiiguﬁ,ﬁ BBk B F
FRAFLE THERS S A RZEZ AP R RE A S AFET R
BHE AL EEFF P H R 2 ](Kim et al., 2005) -

352 #ggRiE

%“

BORIL % T L AT RIE 0 ) ML R R IR 1100C T F R AR IS
4‘;}.,,?;?;1 Ffe 78 N (LB i,f;»i—i:]{:‘_?’f ) j;’ﬁ P BB T B3 R P ”}5 T e
REFAES PR R R R & T 2 p r(Weather and Ogada, 1999) o # &2 & 2
G A R AS T BB AF T AL FaE A A 2
FrZ_F i ﬁk‘*’”%ﬁl ilﬂ AL E o

353 { &AgE:

RILGAN* ¢ ok oo Foofstdh 0 L iBR S ERLS AP o b
Al F B ROTEY D RRRLFREFRPTE A2 F AR RPE R
FoRlR R A R e Bk g pH Y T WRRR P 2 £ BB
ISl pH 4 0 7 Mg A 5 ek BAET U 0 L L ASERGR)E < 0
R T Y X PR

354 2 $RJEE

4] # LY mzéa\ﬁ”—"z%ir'}%,ﬁ SR FEY et ol ﬁ‘ mApE R A
%?ﬁ* %@ﬁﬁmm%#ﬁﬁﬁﬁﬁ—iﬂﬁ‘ﬁﬁﬁ ORI
FARE KD TARL P ARG BEAL e B NIRRT § A AR
aRiﬁA B u i AR R AR AP TR SRS
AR PR RS AP TR A R o KA S B RGER D mER i
BE - ;R%Qrﬁﬁirﬁ v P dFE FnE 1L p{]ﬁ;zx”ﬁ ‘iﬁ-ﬁ%"ﬁiﬁﬁf%g it 4~ B
BEPRBEAL RS RS A L2 R0 AR dak § X

>

B
44

H*

m>

IIREE 1 (Vahx et al., 2001) -
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B R AR E &GOS0 T iRR R o B
355 1o E

J—ﬁi/éﬂ—l{%}}}]? o 72 g\ Lﬁmfé’ j\/rﬂ%/ﬁ-ﬂfﬁfnﬁ-@ ’ﬁ (1)3‘;:} .
ERER gl SRS %rs;ﬂ%mr&:ﬂ DL e SRRSO AR
éﬁ—‘%fr)%iﬂ CQ)d T RFEAPERREBITE D2 AL RSB EAPRERS
PSR E R MR RMIRS A RE B2 ARF AR B T
ﬁi,é FREE?P £ EHAETE nn%f; - T ;‘%ﬂff?,i”'\'izfév’ﬂf’t’% T A KR ARk
FAe M PR G EATA AR E BRI R FEAFE LR F AT

o

CV IR PES éﬁué\%‘rfﬁ”ﬁ P TR IL S R F B E £ RT A enh 52
A RKR) HL o fRBENARRY E GG L BT AT FREINT
Eagante o Ut S ESC FLEB)BA AT R 2 I ARSI R(E
W) @ F f T2 RULE RSB 5 0 b B 2l BV A
d 22g e niEd f TS A2 P

Th S 2R AR P e R FEN T EB R AZLBE R RfEF
MeiBAe® > hHiRA 4 nd T €A pH & fIE S BB KA TP
B B GRS R AT AR T L 5 g‘is\iiéﬁ:iﬁw}ﬁﬁiﬁ
Fp o 3tIEie b 2 & § 14+ €@ 4 pH B A s Ao E £ RIS A
TUHRY o ERY a B3 Vi A %‘rra’}"‘ﬁi%%y M d F RSV e B REA
AU E B frd F RGBT B AR > pH BV A4 R EFR 0 ol 6 o7
7+ (Cameselle et al., 2013) ©

g
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FEpEER D 2022#4% 1p = 05:10

N é;ﬁ%‘?faﬁ

Contaminant treatment Contaminant treatment
system system
Conditioning of Conditioning of
anode solution Anode | Cathode cathode solution

¥

Fluid circulation 'Tﬂi (b R A | LRI/ Fluid circulation
system AN Yy’ ) / t
Q i Q e N JRRN, N 7 system

|

‘(‘) *)
e o ©

Bl 6 Rd 4 2 FioBiradi e 535 i+ 2 B4l ama
(Cameselle et al., 2013)

(1) ##%&n

k'

- A o KRR AG LT R EA (Electric double layer) 12 # o ¥
ok B RIS 5 0 s A T HT R BT ¢ ARET v #F 0 &
FAEALY TR AT SOTAHT > P RRATVHOKERT L B A i
* (Drag force) » & &k ¥ L -KLIEH&> w5 > 352 7 % % i (Acaretal., 1995;
Leinz et al., 1998) -

(2) ©&H

FOEAR ORI RL Y B LIS RS A 248 Pl F 2 (Acarand
Alshawabkeh, 1993) -

(3 @i

TR A T FT LR AL SR - A g o R
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B B AR & B @RI TR R s L AT
P B RN % F P A (Acar and Alshawabkeh, 1993) -

(4) =fzF

T4 2 LB TR § A4 khT f2F i (Alshawabkeh and Sarahney,
2005)° % B4 B HAEE F T I BB ()Y R EPE R A T T R PR
Wik 2 e ol 2 () e B EISBRTER & Q)i H g f - & E
EH > TTHREHPRA WAL I BEREITREFEL D AL
RIAY ~ ()3 § N F N T enhdeir i FHLRT ‘(6)’§‘/éf‘$ﬁf#ﬁ§ﬁ&m ;b b 2
A T g (DR LRSS TR L E £ (B AL b
Fock il ~ Q)R Hams e ™ B AP pH Efcd L BB F 3 1 o

TE A B S A R YRR A B2 4 3 0 Virkutyte and Silanpéiéi
(2007) 5 B i 17 85 BB L TS BT RRS A2 gk
v £ 85% ; Genc et al. (2009)*“1 RGBT 4 2 BNLE S L E AT z‘,L
PR AP KR 0 B2 f e A w G 18% ~ 12%% 20% ; Haroun et al. (2010) *%
FHRIYRdA ZELRE 1”93?& S oREPFEWAEBRE R 29 M7 Rk
BenE g3 3 “f S 5 20% 5 Yangetal. (2015)35F % 2 P o J1* T ¢4
% 4 2 nano-FesO4/S;0s* i+ 2 %% 7 § DnBP » DEHP % DiNP /53 2 {8 % &
Joo L d R T 94% ~ 65%2 99% § Yang et al. (2016) 1% e 5 5t 2 4 i
BAERBERTE A ZH 5% DnBP~DiDP-DEHP~DIiNP 2 DnOP 5 & 2 /@ "' Kk >
ﬁé“f‘—? iZ 100% ~ 86% ~ 56% ~ 62%% 61% o

P AR IIGEVRE S A S AR s
Boo AU dp 5B sk S TR R T T’ﬁl“’#’” 2RREIRT 2ZRR T
CH bR R R R I EHEY R FPFRIEY S ZF T2 FE 0T
BB P H L AR B Bl P EREA PTT AL (R
BREFERE LG ITPTLAL GRARIRILLEIHFAIRG :*3\1%‘
P2 RER FBEONALHSHE CRBERE T HEE Y RFRT
FGANF S CAER R AR L R EL AR 1ﬁ1+%aﬁﬁ£&
FE O RPRERLD ZEFRKE B E R EIT s R ER E RS2 F)E L
B2 AR T A AP fden RSB AL TR S RPN P RE AR
g Bt 4l FEEE FIE A AT

o

Wi
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36 £ & B BRHCS

B3 F AT HFAE & k8~ AR - h 82 49 B P (Ahmadetal., 2010;
Karadede- Akin and Unl{i, 2007) > ™4 % $£3¢ &k & & B 527 55 (5 # (Shimp et al.,
1990; Malamis and Katasou, 2013; Mittal et al., 2014; Fang et al., 2016) - Shimp et al.
(1990)45 1-K A # R 5% A cic B 4o P s E 7 > 7 3Lt ek 30 i 8 e I ik
A AL RE K BB KR Y B g P (Residence Time) ' &8 & A P gt
{ FlEg - 2R 7™ ;ﬁ d 4 fie (% #ic(Partitioning Coefficient)3+ & it 5 4 B & &Kk ¥ 3z
Wkl R o REEE ROR B IC B 5 B eh)k B M % o Malamis and Katasou (2013) 14 = F#
B4 B2 a Bl B AR T ER LA BV @A BT -
Mittal et al. (2014) 48 & ¥ P #cd5 2 Freundlich #7113 = & & B E R4 o
Fangetal. (2016)R|#E > - 2 H N EFE-k=2 ~RiidcE & fﬁa@ﬂﬁl FEAEBA o Ui
BIPBLELEBEI R LA ERETRIFALSGIORHYE £HT > TRtk
ﬂlMlﬂﬁ%ﬁ%kﬁﬁﬁﬁb‘%&ﬂﬁkii%ﬁ%u‘*%\ﬁﬁiﬁﬁ

o e g A KT B ER RS R T RS R
ki %ﬁ€$b7F“iiﬁ—,%ﬂ*arﬁ%ﬁﬁﬁ%mﬁxﬁﬁﬁﬂﬂ%

: R.,ng;% » 2011)

BERGFAPNREL AR AR BEHS W A2 kWS RS0
ﬁﬁﬁ@ﬁﬁ&ﬂﬂbﬁ%@\mwm'&WJ(XMMK5¢T§?$%J#
TN VRS LS AT BE PRI KT LT £ 2T
PP REETHRIEP T, WASP A -5 48§ 41 SiJLLn%?* S FORLR
KRR PRI R OPE IVIERRER A S ERF R K
TRt - 4AHL 2R THESF | e 253 BASIN &2 SWAT % >t
A TR P R R R TR o R A T RIS (WASP) AL
- AR LR RS TR R B AR e p Y g A P TER
e pE R e B2 R o i (Knightes et al., 2019) ©

WASP -k Hi-5¢ ﬁw&A;éﬁwm$? it T Y ESEP R
Br~%% ~ 4 323 ﬂf‘f' £l 3?‘ P~ R KR E }\%ﬁmxﬂﬁﬂ Bt o AP
B 7 7 7 :Ernst and Owens (2009) g * WASP ;=i @ &% i* ¢ Cedar Creek "k E
A KR BEFRAREN DEZZOLBER L TR E PN L8R G RS
B+ ; Yangetal. Q012)fi3 % &% ’L‘Lf? iz @B T 2 BOD frg § 3 £ %1
FrchTk 5% (2011)2F = A-k% ~ & j» WASP -k RS o Hoor = on B Fima
225 R 5% 22§ BIEFME RPI(River Pollution Index)-k F 38 o » 3=
o I IR % B R R AR R i AR ORRIRE S R VR S R e &
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Bov R REE & B GBS TR R R s L

wn P A KR BT 7408 44505 5 Lai et al. (2013) Ko B i%in s
2 RFAMIcE §F kAR E 3 E P RPI4ptk - WASP #0582 it i@ * 4 ik
?ﬁ*ﬁﬁﬁﬁﬁﬂﬁﬂmwxﬁzdfwema@w“m9<ms & § P i
E A 0 R RRE PR BN AR AIEE R A kR 2
My E LB RF AR ZHE R K %fr,{% R o

<

RSN SLANRTE N ELRNE S M S AR R R = S GRS

FEH { e £ARS —’xbffwt’ffwﬂ /’Lf#m@ﬁﬂfﬁp %o BER N RIEHIN G E LR
}\?ﬂf&— LR S LR P R ER R SRR S
PEHRE R P L5 R TR o 5 & 2(2004) % W%Pkﬁﬁéﬂ
SMS -k I H M - Eanid g iR ik 2 £ %@3@%]3&‘%& Bte & Bor -
G5B - BEEPIT AT - BE M2 HNAREEG - R 1‘7?'»(2010).:
Tatip R EE REEIRRLE C NBREIFT RS CRELTEALKEA X
wREELEEZE  EFARLEFTTG > JI* WASP }\%“fr“ VIS A BRI
FERROREL G 'I“i" B FPQ2018) & WASP #Fitm SUERE 2 F £ & Hr
REFAIRGEHP P L2 BWERDEE  BIEEFE LVRER K0E -

RiEHMAR "L & K54 Y £ & 9> De Smedt et al. (1998)z& =
Scheldt 7 v & £ & WASP #-3¢ » f-ﬁ‘%g/ﬁ’ rIMAE LB LGRS e
RFFARBE> S > FIes 2P rprf £ pRRLIELINP Y HE S F i

Fr BB s £ g R RIS AMERE £ AR K ME AR L5 4 BHT A
PR ERESIGE o - Ba T o B R ok AR B LR R R
T o 3t e RIS R G FTR A 20t R SRR o B AURARY o 39T WA S
RERE > w2 TRBERATHAPM 23 2~ F LR R o ke RIR
TALABE - Py 2 BB Y

F* ’“‘?x\

% WASP #i:8 ¢ (B 7)0 £ £ % 4% » -k (Surface Water)fe & % 3¢ 14 -k (Pore
Water)z. FF i@y » 544 %&ﬁ W T oRTE(GW  Qow K E B TR E ~ Cow B &
BEKFAER)ANTQrid & e Crid & 2054 ER)BRF 4 (PS:
Qps M & BB E ~ Cps N & BRI LR R )fr2b 8RR 2 (NPS & Qnes & 2L 2R
B~ Cnes R & ZEEERT 40k B )ie ~ fiokt PPJﬁ?nP\ B PE 2R (QE S Lk
BC)RE o 6 RiZfRA £ B ERECow)E £ 6 K3 ik & Bk R (Cow) v '
(Adsorption) ¥ ;% fi#/% ¥ (Desorption) i 42.¢ A 4 T {7 M @ﬁ%ﬁ d & oo kT e
fe A Bc(Kow):* & 5 ' ii € £ B 75 wwf i * (Deposition)?) = & ik & %t 1 & /6
(Cps) » %ﬁ d &k T e e Be(Kps)it & &2 KR 3 A £ & Bk R (Cps)2 B e
%o R R E & BT 5 440 E 7 (Dispersion) R = MCE » KA - A 46 K
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L BpER 202247 1p T = 05:10

N v;‘&waﬁ
MAPREE AR P EERFEEDFM S RE 5 (3 FERE RESF
2018) -

TorPS
NPS Qs ( catteaton Mps Q,

c high flows CT
NPS

h A4

surface water

Q——

Kpw
Q adsorption/  (cajibration) L

IN precipitation
Cpw : Cpw Qout

desorption/
dissolution
dispersion scour || deposition

calibration’
high flows

pore/ﬂw/ v C/T/ /““‘“7( 7

calibration)

(calibration)

GW QGW hard input (Cwm)

CGW

Bl 7 £ &5 GHERF RER FEE > 2018)
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RBov g AR E &GRS TR RS
yrE FLREPEPEHEER

AELARHEG TR RERRE £ BB IE R B R s B
AT 0 EERPEIR Y RS F o 22 RGERM-AR 2 € £HF L B
pmﬁﬁﬁéifgﬁé$%\$;oiyg%éiL%&£ﬁﬂﬁ.7? E
FRTIFLAFERE ARE-H R IRPHE LR MR H 2 FH
T ?& AR P 2877 3 A 4 REp

41T EH

iﬂéﬁWP““ﬁwﬂQSwf’%w BLe 5 WA RPN ChORE KR 2
€A AR e g £ R B AR R AR R FR T RE R
*'} WO~ AT 2 2 R }%/ﬁﬂf%ﬁ-i@ﬁ%ﬁ-ﬁ— \“/513’}‘? @ 2R R

AApRREEBL o @A RNEY TIHERE DAL L DL R
o -

BB ERP }?}gkwiiﬂi FTEZFRFTR LY X FFRIMAMZ
CRELARAEL Y e D FRRE R R AR AR B TR R
AT EBEIAT RFR R AR A RAR R DR R R RS
TEEREAN RSP RERFLOREFNEE TR RESITLR Y URR
TR S SRR FS (REEEHRA CEC AR/TIER)HE
BB S BP o RS BRFE RO R RBREI S AL E LB
P F ORI AR AT R T ITA A RS R £ -

v v
| s asanis | [ kttsur s |
| ks-mmmmpes | | ek | | angas |

| Amgman | | RERRIH |

Y

ERE vl FRERERTF |
|
'

B rrerey

B 847§ % £

30



427 % B

AP ST ERAEHGFI05 # L E > S EANEPFER PN 95-104
ERRAFRE BT S) TR IIT AR RS BRI B R s
ZARE 14 Ap B ERE(R 6) 2 ﬂua;é*ﬁﬁlfﬁw*‘ﬂWPH
EC”};;EH};,;),‘;{QpH‘ECﬂ‘#”g/ REHAGTPBEEK 2 K £ £ 53R
iﬁéﬁiwaﬁA%\%\%\%w%ﬁ$?9@¢“$?iﬁiﬁéﬁ*ﬁ
ZAR KT RP RN TAR G LR HE KR AR TG 2 ST T

BT o @é‘%\*-ﬁr/w%:rf&—Q&]/E]\/)EIE’\}\V"K'TE%(f Fl= )2 258
*Wﬁﬁ“%ﬁ° RRGeEF E - CE L ZHBAR R L) £ A&

BRT X O LM FRL(HY 255 __.%/i’:"m/?«é') S - g A

2

m.‘_

;L;®%¢m%¢ra$a§ﬁ@aag@;waswzzf’gﬁﬁﬁ%&
KRB TEBE R ALY 1,683 20 o p BRI T RIS R 0 P F A
PUE 2 RIRK A A A RYERE CATRE AT AP L1 E5% 4
B REF £ &R LA FELERT A 22 R R AL RTR A
ﬁ%%ﬁﬁ’ﬁiﬁﬁiiéimﬁ*%ﬁ9%#&&»%%ﬁ’§ﬁwgﬂ
TR(S % F02016) 1395 5 % £ Q016)4F 2 45 1 I % ~ Bl % 101~102 &
FARAABTHEET (R 1) ERFIEHRZELEEAD Z4Q25%) 2% 5 &
(53.5%)% 45(71.8%) » Fpt » At & % = W L S4F € & T BRI TR 10)1F
FPRERAEEDAN LS RE-E BT A BRES L2 L 5

=

=

ZHBARE PRSI F AR SRR PRI PRBITE R B
ForHEAE P FRAEFFD A e e d A o FF]D B AL
A ETHERYN2IC TETHERY2TC A TTE R 15C - £ L5
a2 X 2,000mm s R P P OEE D R RBFREFE il 2 kiR e
Bl 32 % KRB RREPRE (I 47%) > @@ "Bk RiRe 7 a 80K -
X ESRTHE S REE AT ESCRTE LR > pEkB B 5K HikEE
KRz 53% o BT 2 BT AL B d FEF A S HEZ PRI ES R D
£ 5154228 5 A (A)HE 322922082 > BRI EORE SRR L (SR
EOgORER B3R5 2,658.84 2 s BokEE L 116 22 (S F > 2016) o
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R RV LR SIE R YR SRR S L
LSEBEABE A FlI Tk 95~104 & BT KR A (LB F 5 2016)

¥ KRB A ] ] TR L
KR 35 983|14.00 | 37.90 | 24.93 | 4.37
pHE 6~9 |983| 2.85 | 10.54 | 7.16 | 0.62

T ¥ & (uS/cm) 750 983| 7.00 [5350.00/936.59|709.96

% is E 4% (mg/L) 100 |658| 0.00 |501.0026.07 | 43.29

4 (mg/L) 0.2 |944| 0.00 | 18.16 | 0.073 | 0.635
4=(mg/L) 0.1 |944| 0.00 | 0.14 |0.003|0.014
4 (mg/L) 0.2 |944| 0.00 | 1.97 |0.015|0.099
& (mg/L) 2.0 |944| 0.00 | 1.13 |0.032|0.078
4 (mg/L) 0.01 |943| 0.00 | 0.01 |0.000 |0.001
& (mg/L) 0.1 |944| 0.00 | 0.40 |0.000 |0.013
2 OFHIF HRIBTRT P B E R 14 APlHGBEAATA (2 F 5 2016)
BE, IR S A Kk Rk A RA Rl
1 g o Fe ] & ¥ A A A
2 Sl O 3 WA FF < #& &3
3 ¥ R P ¥ % 7 7
- im
4 TP ARk g TP AR 7 A A
5 Bk 24 SRk B % 7 &3
6 Bk 25-7 Bk ¥k 7~ 4
7 AT FeF] S ¥ £~ 7
8 CHBAMS25E LR | ZHEBAR | Z4EM # Al
9 F WL 5 ¥ Yok £ 45
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bR 2022847 1p T = 05:10

Srd FLRE - EOER
ZHBLRITE 3 B ZHEBLIR iR
L Fe ) < ¥ A A
4-6 ¥ FeF = ! o Nl
T £ A
AR 34 5LE kR Rk £ A
ZHB L AR 25 Bk ZHBL R 7 * A
4
25-21%
537
8
14 i
PLTT P —
25- B8 18 7K 3 e
—— T b I
5 = "
— PR g (@)=t 25. 358 18 7K 74 g
e 910
B =EN
- 8 —— iz amE
© K HBEHEHL S
z by 2447 55 18 7K B8
® BAVAVEIRER Bas i
. e x 7
K EEMONBWEHL o
WEAE )
b ¥4 -l 7 1
bl B
. | BhIg :
? 'hg = )
# 3 *
* ] *
p— SEA

Bl 9= & SUKH A 5 Rl sk 2B L M (S 8 2016)
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FEpER 2022842 1p = 05:10

BB RRE & DB EBE TR R R

2 TEAEART 101~102 8 B AR D SRI AL (LB F > 2016)

KRB P | EREH | F ERETHE| LRF
i 71 0 100%
& 69 2 97.2%
& 67 4 94.4%
afF 16 55 22.5%
A 70 1 98.6%
44 51 20 71.8%
& 69 2 97.2%
& 38 33 53.5%
8000 08
¢ 1}
9+ . .
: §6000 . 06 - .
: | i £ | )
8 : v g E .
] ¢ :
i ' l I é 1000 : g 04 - T .
= | | 2 ‘g
B B g
! 13 | ’é 2000 - O o2l
e @ T e
J : i 0 l 0 AL

2018 2019 2018 2019 2018 2019
Year Year Year

B 10+ Fl= BBt pH-EC- 4 &€ £ HERE 2 84484
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A ?Ffi\‘ > _5/;?53@7?3

S
it

it
o+

AZIP FEKERHKA T

IV LTl S ALY §ZM6ﬁ4#§$ BRIV CERIE AZHBLR
KEABHREFE 1) 29 52 BHRFHECHB 1B 6 6B FE
ﬁ&@%%wﬁ$§&%%'ﬁﬁﬁw<& WEARE S ZHN TR AR
TFROTUR P KM S £ 3 RO RR e B2 ke R ook AT B4

BITKK AR -

Bl R 2R PE o Pk - AR E RS R B TSR
PE RN E MRS FREK VAR D EERALEERER
2~BES W ZHABAIMRY > ZHBASPEILR S PHERES R AR
B BE6 GEES R cnPw B (254 Fok%) EEEEE ] fpi o RTRERE T B K
FTHR Bt BET S R R2 Bow Bip (253 FokR) 0 Flpts RGO RIE
UMK > BE 8 RN BB A HLE s @}'\5’)7?’?’— Ei F;?}'ﬁ,;\' ’ﬁnﬁﬁ.’ﬁ J& R T
(A - F~5-2016) A4 Bagifid ) BB R T HNTHER -

APFERPER IRPEF - A TEROCRHEER S SARBEREEFR
Wop % R BOKF R RI(NIEAWIL04.51C) 3 vk 5~ PEsgmatd wd + 4
1 AR SE G RREES N RIREF 2 R HES 2 (NIEASI04.32B) » #r4 &
KRR AES I BB pudwd 241 kP %FEFEEIH LR

L EERA AT

(<) kAt

KRGS RES 2 E & BRI 2 AR (NIEAMI03.02C) fe e # 5 g
&M E T in f &+ 4 & & ¥ & (Inductively coupled plasma-atomic emission
spectrometry, ICP-AES) » ik Bz i P& U E &) 5 0.005mg/L » 5 - 224 H#
B RE o MHE B v R ke r i F AR AP 0 R L 022 2 5
FPTFE)E R K T 7 * B8 e TRRF F L FRIEHR LY A~ L2 B2k
B o
(=). Rl SRS

R AT RiRF 2 2 Y £ &R R S B - e 3 R 1 2 (NIEA
S301.61B) > #&2%*% % R R E T :F]{‘ Ja & 3 545k 2 ik (Inductively coupled plasma-
atomic emission spectrometry, ICP-AES) o v k2. KL 513 5 k& > Jf L %5E
Faif o TR IBG I (8B 0.5g~1.0g B ELY o e E QSR M B IY R
B 175CRETF B 10 245 4 Fris ) v Fg2 3% m) » 2857 - TP RFTIR
ZE(ICP-AES)~ 47 > b fs B RiL £ £ kR ©
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B g R E &R OEBHETEER

i RSB 4T

+ E q PSR W
% 8 X BB wma Pl

w|E j e PE ;H‘%’i o
ZH K EE+ _
121.246819 | 25.02182 - N B | s ZHBA
A1 8 i Bl Bt /TL%?,L e
o | 121242304 | 25.026031 | -kt WL PRET kAR L R R
3] 2 = E I . .
bl e il T
= BT F R k22 8 N
e 3 | 121.242054 | 25.026350 | k4 Rk E 6| R RO
= e i
= B Kok 3 Ron-kde | 375 =
121.242175 | 25.027403 | k4 SRR ST S SR FTIEz B
% 4 = s oE 5 4L
J‘ we 'f‘—"—’» = 5 *% TN
= K s
5 5 | 121241768 | 25.027994 9% i - AT Z B
it
5 o | 121241516 25027808 | TR LT B AR | A A
K AR I Y
Z K - .

e 7 | 121.240502 | 25.029873 k %f” - W
L i 125-3
=5 121.23 : SR A S

A 236248 | 25.032197 | k44 Boat BT iR B 2 %
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g pERr o 202240 1p T = 05:10

Fr R FYRE AR

B RS OR BLE ) w— = 0 % 4 ¢
B s#soka) PE SN
O RIPoEBERS w«@n

0.4 i

0 0.2
N Eaa— ) S

Bl 1l =85 EEHREETE B
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R RE AR E £ R BRI R RER R e L P T
4.4 2B RiE
AFFTRBERRFEAAH A G A IE > - 0L R B E }@*%%%
## 1% (Inductively coupled plasma-atomic emission spectrometry, ICP-AES) 4 7 2 %
BArE 2B 2 ¥ - A AP REFIRZWE < B iR A E P BT %
FEFRMBERZZR MREFTRIRIFI B, T HRESHR e R e
B*FFRABEVTEFFN L E oS  FREPR Y KT A REEL R
RPERE s N A RRAR Y L & B > B b THEREF SR SRS
BRAF 0 FEw R DR IR AE CFRET R E S AEF PP A
Lhd ATER o

o]

i

TLEFRY CHBEE MR RiERY AL T A A IR
(BRiE)F RiEAY PRBARSTRETY @R TR0 45

TIMEATRRRDI D A R CREILHF BEF LR Sl 1R
B hR R BRF RARE Tt 4 A0 TR TR R F R
Sk Y £ ERR T AL TARR BB o Ft 0 A E BRI AT R I E
BRI AIARRFIFELEBER - RER -TR/ZCEEFRTHEIRBERS o
AR BRI SR SRR S S R BRI R Y kR F %
ALY #-o rpihdr /}&fim/pui’/] IR O FRERRRIAALSE PR
TuF SRR FEFERBATELAG TR E- AR ALY TERA
e o AR ERZFRE S R FEREY KRR TL R IEE R W %
FIRITREY RRR RV ERRE AR T RER TR D RER R A oS

2R AT e BRF (R 12)7 o % f#i% (Electrolyte) T AR % £ ¢ 5 4
T £ B3 15 1&(Cathode) ¥ AL 5 1 1T 7 & £_€ & B aF s '41& - 15 H&(Anode)
FAGAAHTI RS LR BEE A TR FE A ERTEEY hE & s
I EAn P RASRAFALDALELEBE X - KL ¥ LahE &+
Z4F ~ 4~ &~ 4% > 2L L Bl(Pourbaix diagram)(B] 13)3 7 wp iR 2 ¢ 4F
ﬁimﬁmﬁﬁﬁﬁ@+@m~ﬁ$ﬁ@ﬁ%?@$ﬁ@+mn~%$+dﬁmﬁﬁ
X &R F (Zn) 433 (PO*)B R 2 4R 3 (Po)E A W ei® B 7 & 2 5 0.34+-0.25-
-0.76 ~ -0.13 VshE °

M‘f{;
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W|l}payE0aag

LigpE R 02022847 1p T = 05:10

E B RE R

BRE BT LB

E (Vggg) Ni—Cl - H,0 - System at 25 °C
2‘0 T T T T T T T T T T T T
15 - Ni(OH)3 -]
10 -
05
0.0
05
-1.0
15 - : -
Ni
20 - |
25 _
3.0 1 1 L1 1 [ [ [
0 6 8 10 12 14 16
pH
a2+ =
[Pb3*] o= 10.00 xM
1.0 T
0.5
=
. 4
z
W Ph(CH)y(e)
=00 -
=05 - - R
Phic) T ]
t= 25°C
-1.0 L L L \ : : L L L
4 6 8 10 12
pH

(d)

B 13 (a)4¥ ~ (b)4t ~ (c)% ~ (d)4- B B (Pourbaix diagram)
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RS IS ¥ YT ISIER S RY-3 SE SR 8L

BAE?P £ BB R>CFEIBLP|IMET R
R REAR? L EF BN L Metal* +2e0 —Metal > 12452
’]‘4\33_,/:: lE"h’x?}%’ @f‘$%@f‘ﬂmrﬁglé“\“’ T\—T‘F'"JI‘

BELERERRE 4B
% iﬁ % _fx(Faraday's laws) -
I

L 2
FW .
Q=1IT=nFN =n—— (% 1)
_ITM £ 2)
nkF
#e 5Q:RE(C) LT (A T:FF F(sec) ~ n:fZ 4 #ic ~ Fi2 3 % ¥ #(96500)
N:% f #c(mole) ~ M: 4~ + £ (g/mol) -
L BB RITF(n)7 8- HE AT 5
100%W, .
n=-—%}i (5 3)
Y Wa s BRI NELEEEE WEiZhBhhE 2 HEd

AARFEEED > P el I E LB R AT IHAE S AR AL TR

PR ERRE AR AT R R R T AR 1 FR ARG ff D
KPP RGFEFFHF DI - a v A EARRE Y FRE EHDTRB K
(@Ff “-BRIRBCEGTORBEIVAEASFLIFIE LT THRAEE T4
BEpHTE - bL LB

B BR LB ETREL  (OFEF LB R TE
W l}éﬂ frw%}%r EE‘;‘(E] 14)0



LR 2022842 1p T = 05

(®

©

Bl 143 t-ERT B ~(b)
T (

\f‘“’:«

EH+ BRI ETEL ~ (o)iF ks -R AR
O AR AHTR Od £ 2EER
*"Q}%’ﬂ,’fﬁi)

4.5 WASP -k F #i-5¢

WASP(The Water Quality Analysis Simulation Program)#i-;% 5 &L d & v4 3 &
%IRRT LD FRBRRFERAE B za & o WASP BN W I P ¢ 35
éﬂvwﬁz}&(pH\ KER) REEM S5 EHE I AFT(ELB A
LT RIS I ﬁ:ﬁ;ﬁf:igﬁ), ;gﬁég@%s :}é. 8 ~ AL~ B A
B s FG s 4 0 WASPT s el A 5 o~ il > A E R e
(Eutrophication) ~ :&f# i & i #-% (Advanced Eutrophication) ~ #§ ¥ & {4 F ice
(Simple Toxicant) 3*4%}&—:‘ 4 {4 7 #- %2 (Non-lonizing Tox1cants) > ’ﬁ 1353'1:% e S
‘2 (Organic Toxicants)~ & #- % (Mercury)~ # fi- e (Heat) = f83 % £ i (Metad)>
-?—! 2 IR S RN £ o NS R s SR 17 ’J\ﬂlk 7 Hft
AT e B ETE Sp R S RB/ZER R ST s A AE S H 2
AERPGEFEIE T G oo BORERE LA %]% . Lg;ﬁﬂ;,’l'ﬂh ’ *"’fﬁ?
ABWE2 G AP FTHRF '}] 4 2_ =% ¥ (Sorption) ~ i ## (Sedimentation) ~ £ & ¥
(Resuspension)iE 42 > i&m #-4EP 1K E P N RE AR TEH BE TR o

AT R P W BITEA S F REEF A 2019 & 27 F 9 WASPS » WASPS
¢ * iEFF ik A& 1 #0 2 (Advanced Eutrophication) £ i&ff & 44 B -2 (Advanced
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B B AR & B @RI TR R s L AT

Toxicant) » WASP8 # 7 Advanced Toxicant H-lest = 2% » @ H it g sk~ &
RESE:BFOCEFT S 2R A B0y B ER C BRrw
#( Ambrose et al., 2017) -

WASP #2357 7 7 CRCR A - s s 2 M2 BT 4T S R TR AL
B kR T AR LRSS AR VRS R (VA B R
“*#?EWW*#?'ﬁ?*%%%‘»%%%~ﬁﬁﬁ%ﬁﬂﬁﬁ£%@*
PLBERS A WASP R 5 2ok 4 foinsf AR E e 4 0 R3F A g %
FrRBEFEETREFIELI O ORERET S KB L 2% 8 =~ WASP
B ? P REARFHIRL A RL SR PGSR AR RS AP
(Wool et al., 2020) °

tCA P e (Ul A (Advanced Toxicant) 5 WASP #:\ ## & & ok 5 #1
E B R WP T AR A RV ESE D F)(Sand) ~ 2 2 (Silt) & 4k 2 (Clay) 0+
it W OTR V) g @‘J i# & (Rate) » ] 4ot "% (Settling) ~ i Jik (Deposition) % # 4
(Scouring) & - ¢* ¢} > Simple Toxicant #-%. 7 fr FF i3k = f83 |24 & (Toxic Chemical)
Ed R ek o fiER X 'H(Adsorption) ~ i fi(Desorption) ~ 34 (Volatilization)
& 2 (Photolysis) ~ -k fZ(Hydrolysis) ~ 7. #t(lonization) ~ # #~ *% i#(Biodegradation) ~

% i (Decay) ~ fiedg © fo % @ﬁﬂ#ﬁﬁ; o MUOKRERFFIMITE E RIS DTS ERE
£ A B o T B s W s SO - TR R R 7 5 (Ist-order decay)(## 1t
ERP LIPS P e LA %}3‘$ A5 0% f)o KitEE 2B 4‘4””?‘*4 4% RN
ﬁﬁmﬁ@@ﬁUWHa%R%é% 2011) -

-

WASP 04 rUgede 5 B i B R 5 A BRI E A LR 8
AARSIEF S ARGEFEE > DAL RIS SR B L KT RRAHRE
Fengis > FHELFIHT S uii - L RBFE A L BER AT AP
Bl TR AN LG4

QE::-g;(U;C)-g}(U;C) 5, U0 + i (E ac) 51(5 95)

ot ox) ody\ 7o .
I R O
+£(EZE) +SL +SB +SK
2HY 5 CtF 4 kR (mgL & g/m’)~t: pFRF(day) ~ Ux > DB~ FE

g @%]3; B (m/day) ~Ex~Ey~E,: #he ~ § o &2 a"raviﬁ’a‘;c(mz/day) SL: gk
ZLBERS A fe(g/mP-day) ~Sp R 5% f F(g/mi-day) ~ Sk F BIEF 5RO
i (g/m’-day)
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A ?Ffi\‘ > _5/;?3@7?3

S

el
ht!

o+

PV B AR AT

R
ac ac
oo ove_2(53) 2(EE) 5
ot T ox dx 9z LK
Bk gl Az
ac
ac a(Zw)_S (+ 6)
- YK

ot 0z

He b U i xwmiE(m/s)~C 23534+ kR(gm’)~Ex~E, % x %% zwitighh
B(m?/s) » Si & hIME dE £ (g/m¥/s) Sk & kIR (g/mi/s) o

kRge 5 AR A ARG GG RS RN
C = Crq + Cyp (5 7)
Ct
4T 14 KSST Ot
K,SSC,

T 14+K,SS P (3 9)

HY G i€ & BRER(gMmY) Cu 53 1321k E (g/md) Cyp 5 ' itk B (g/m)»
SS 5 R /-‘}-ﬁ;ﬁ % E(gmd) Kq 5 i % de(L/g) o

WASPS8 ¥ J& I 7 i #dg 2 ;‘: Badth AR TPEERE B PE2Z LR
A S B Y AR TR e OSSO A & @ % Hjulstrom-Sundborg Diagram
PRl LRI AR R T R4 R HETR e T RA S BEARMHR 15) &
ﬁ;szf) PHEr P kL A F e BRE D& 5 -K(Surface Water) ~ = % m -k
(Subsurface Water) ~ % & & (Surface Benthic) ~ =t % & é] (Subsurface Benthic)z i &
FoHPE e EFLE R T A R L R TERATFREHME > 3
BEARTIE AT UERPEEFT L H ik 23K T (Ambrose et al., 2017) ©

RAKBEY R FF FIRHRE REHFARA e TAE & T
ZEM | P RERTE A «é’l“*/ﬁ'ﬁ‘ oW ] AP g R B 5N ’;»H'f'l&éq At
domd o EEGRIE T 0l mm 2 RS T ARG A 0 B 5 2ERRER A 0 T R
TRb 2R A SR ) 0 g 2 D RS RE- TERF PV P A
PEARMP R R TP 0 RAE GRERT ARH Z&ﬁﬁi& AR ﬁ%ﬁ}ﬁﬁ%‘i“ » WASP & R
Fhe BRI EFEIG A S Z B REF(B 16): % 6 -k & (Surface Water
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B B AR & B @RI TR R s L AT

Column) ~ -k-7# & i# % & (Water-Bedload Boundary Layer)% Tk 4 % & % (Surface
Sediment Layer) o -k % & 1 & 22472 Jid LT B > Uk £ 5 KR € ¥ BT
P EPHREEFRE IRF CRRAZFRT VP EI R Y 2 L
EEEH G FERFFAF S KPR 23R ERPFAT R kE > T HE

& WASP8 ¥ - i# * van Rijn & Roberts 2 ;'35 % B 7 k3 | iz
T e

& B frid £ ovanRijn #2803 @75 B v LA BRe g e Fant 5o
4 B (We)E_E foiit "% i & (Ws)ihak f# ¢
wg = Ewg (3 10)
#¢ > vanRijn &£ F|=& E 5 :
E=0015y, ‘;—:R;"-Z o 1)

HY » yp A # i‘iﬁ Tenakodic B 1o DoAY ERS(m) ke AR kER B R
(m) > Ra AUTH AT A T ol n R * Hdp T B35 L5 dhdplic 748
Fl P R4 o

Roberts Z4 2>\ 5 5 B 2% FEok ) eniEzAb ik B WE (m/s) i® 5 &30 gt
&4 To (Nm2)frfff % & o5 (kg/m3) i i

X\
We = YgApp' Ty (*12)

Hodooye AR Fip bl B s DYk £ () 3 5.7 nm) Il £ (<
125 mm)eh7 s > il A-mfon A4 FEREF D AE o

Wrs & 253k £ T £dp AN RS & 20 5 R4 & kil eh
B o AT RGN K P B R R KL LR FDRA T
O s (N/m2) o @ § KR TR A AR T s FF gﬁ‘f—lkﬁ%ﬁ"éﬂ%ﬁ'}t* F IR E
R F e
gol @ AR AP APUELE > FRAPLANT R KERLBRAT R
MR TESNIR AR R S SRR R oR RN SL/ o SRS TS ek LI A
B R IBR EREATH T L5 A o FH TR FPLE g (Pm-
s)d van Rijn = V&4
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ER RS BB

Dgo\ 12 (5 13)
Ypr = OpP Uh( ;0) M;

AN

B¢ g A ERE R v AR (m/s)  h ZUFAR(m) > h L8 E4pdk > Me3" & 2

FNAeT ol
U— UcE

M — U 14)
‘ J (_Ps;vfw) 9 Dsg )

van Rijn #-7 & §438 & 2 23 108 5 R £ hdicdg (van Rijn, 2007) > ap=15 fo h
=1.5> &= WASP8 ® » qpitd 23840 T
op; = 15 x vBLmult (4 15)

H¥¢ > yBLmult £7 & § jmil £ Jf*_%%f\gc(mk e 1)>h3k ® 5 vVRNonCohExp »
WAL L R PT B4 fpE(BiL s 1S) o
FEFRAV B EE LB L @,ﬁ.,,ﬁg_jvﬁ T% 5 AF R* WASP ﬁ—%&#ﬁ
&3 —’M?" TERG T RALEER TR LEFE N O REE LW AF L 'Q%J 7k
WEORF 248 ke 73~ 2 5nin £ (flowrate) ~ 7 & #& /& (roughness) ~ i@ }?]< B
222 4 R (elevation & slope) ¥ A # 741 » %8 F £ T ffir(mass balance) ~ # & T {7
(momentum balance) ~ it £ T {f(energy balance) ¥ /& & #7113 -k %7 F# (cross
section area) ~ -k #8 #% (volume) iﬁziﬁ (velocity) ~ -k # % & (hydraulic depth) & -k 4 %
SR e § BT R R R R S R R T e
ERF RSO ERRBP RN RAT «Jrf' %‘r 4 52 g R4S IR A0 T F 18 S E (settling)
£ & ¥ (resuspension) ~ £ fg(dispersion)Z_ 3K T A TF A A RE ERRERE 2

£ g o

iﬁ%%«%&&ﬁiﬁ%@ﬁvéé@ﬁ@&&ww°—%m€’éﬁ%
Bokd A AR LRI TR R A RIERE RS S s S
Bl o - BORMY o BOER BREAEL RTRE > %7 YRR *?ﬂ@%
22 F P BR o mEKMERLFASGABE - "B 2 BB AT
FET 7 LBAcE 17 977 > B8 Bk i 2 4™ (el 8 3k ¥ - 2014) :

N ST TS A
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2. TEBUAEFEFHE

3.

[rh
1-\17

BB A 52

4, KHLY M Bk L SAg G

S "h’%é’—gi 3R E

5. /%ﬁ;, 4?/%11?}—@@1%;(1 NACkEIE RERASE o
6. iR~ LR E RSB TR 5K e

7. AR ARFREICHFL YV H-
8. k¥ BEFThICmcy ST

9. M-I FREEAREE

EROSION

TRANSPORTATION

SEDIMENTATION

Mean Stream Velocity (cm/sec)

02 =

~-0.002 -
—0.003 —
0.005 -
0.01 =
002 -
003 —

- 0.05 =

0 -o.m‘

LAY SILT

Particle Size Diameter (mm)

r316

28.4

3.16

0.284

0.0316

0.00284

0.00032

Bottom Shear Stress (N/m?)

0.00003

0.00000

$2022&47% 1p ™= 05:10

FEAR VIR - SF e

2 ggf&fso

AT L EET T Y-
2 AT AL Rt KA A B -

Bl 15 Hjulstrom-Sundborg Diagram -+ & Bl (WASP8 user manual: The Solids

Module, 2017)



FapER 202247 1p T = 05:10
e

B FLRES - ERER

Components of noncohesive sediment transport:
* Erosion from surface sediment: Eg, Wg

+ Deposition from the boundary layer: Dg, Wg

» Entrainment from the boundary layer, W,

* Net resuspension from sediment to water, Wgg
» Bedload through boundary layer: g,

Surface Water Column Cw

B 16 WASP 2-3L147 & fickt -2 4 Bt & B (WASPS user manual: The Solids
Module, 2017)

A ¥
YT @
ks 5 ;__ w | seemed
T ] b G UREE ) / S
[(z2me ——f sms ﬂ*‘
Imﬂ!‘""' -

Bl 17 € &K kMERELFTETHFER(H L6 (s 8~ F 2019 (FR X
Ja - Nice et al., 2008)
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3.RFINVI PRREE LB
g ¥ 4, 2> TR R T HRRKA EXK
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i
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S
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AP ERE S B R T

£ 10 A EREF A Y

b 4 peage H o /BAL 1(F0 i g v
BRLE Ly Rz f @541 kalk 12 %%ﬁz:gf%jﬁ‘g
Fal i dE 4 | | R E S F ARk R 12 ﬁy?%ﬁi%§ﬁ~?%
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RBov g AR E &GRS TR RS
FIF BFREHEB
S5l B FEHk &2 L

AP ERAPF RIS EFEHRG I ~100 o E D - ) KR FE AL PR,
728107 megpf e 1l 2% 127 A RE- X £ 6xFHER o E R
Tl A EHEERERIT (320 A BB LR AR > T T E

Figkiv o @ lypﬁ‘fﬁ?’f@/z AREIRFETY CFREZBHEFET B R Ad
RFRECATER DRI T RETRERILEELEATTEGRY @
At F i EAE A e ¥ - BT L SI3 F o X EERER L 630 ¥ =
KHEEEFR /12y % e IBEEFFIIT 5T I HFHEFF ISR B2 I HFERFF
12/3 7 32 6 R F 8 Bk E AL I3 BREF A G TR TEFA T -
A FHkEe z3(2 1) F- v e HEBRFFHREINAR FT HEED
AFFRAY 786287 BL] ALK %7 AHERDARLEAL 7 B 6
Bl ag 7R ALK SEHE R E TR ARRFR S 5~10 2 )
FRIWAAFA TR ERALPMBERFRER T AR AR ERFFEAD
RARIE TR 2§ F KRR R KE T B o

2012 AAEMBPORME EBER AT BRI LR 7

TER 4 4 B et R kR THERLERY R
s e E £ BAr T kR 5 03ppm B Y ELY K }x?”ﬁ—«%(ﬁhféﬁz B LA

PR IRIR T TGS E ERWERRBR DL B T IR A
FED AR E AR E EE 2 - o BRIV EZ B L 2 A Ok
BF B B(E< 8 > 2016)c x5 2 kHE £ FERTHREE 430 558
S H 2016 £y S kRN (R S) AT ORMAFET RREZ 0 KA AFY
ZEEBERTHEE BB 2 THE LR X A TR AT SHE
2016 #2. A 7 HFtkEp T 2 (944 ) a AP 2 RF HEEREREE 6L 0 AR b
AERBEEHERRCETEE .

AEFFTREABEA L LI BTT Y CH BB RED TR = BEE
sha REFR(F 13) FTAERIBFEF L 2017~2020 & > EpleEMEF L - B -
Ko BEAeR 11577 0 2 ¢ Z Z BB MR PRV HRET AL 28 2
BB AR 253 5P KT HBI AL 28T Z 8B LR 25 R kR i
Py TR R 72 { T e RER LY w2 TR A 2R
BEAT O CRBMEEBIERY 774 4~ &5 A A BRI ARPIT O A
G~ BRAET R Y BRI KRR > e B 18 Bom 25-3 LR kIR dr i

/4
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bR 2022847 1p T = 05:10

R % RAZHR(X 2 02mg/L) > BRI L) EBT R 0 F oA Ko }:4 £ ;E;"@E,
FOROREIRE B 19 SR 20 o2 BB MEREF LT RR LD ER

T KA EEY KR R ?€Fd9ﬁ$%’;ﬂ%iﬁiixﬁﬁ%w
fﬁ_@o
]

Z 1l IFHEE REAITERRE

, N ) F 4R 5
= ) 1 fEIf
S G e 1123145678
B viviviviviv]iv]v
T
. 55 135 ”ﬁﬂ;i olololo]ololo]o
R (T 3) o olo
AR (T E1) o) oo
B viviviviviv]iv]v
LR A
, 6 300 _Ly.ﬁ’ olololo]lololo]o
Rk (7 fa) o) olo
Bk (R f15) o) oo
i v v]v]v
L RE A
3 871 12 p _ME ﬁ., 0 01010
Rk (T fE) o) oo
Bk (R f315) o) oo
i v v]v]v
KRS A
. 05 171 .ME il o) ololo
R (T 35) o) oo
Bk (7 f215) o) oo
B v vI|v|v
KRS A
: v an ‘Mg %fr” o) ololo
Rk (T fE) X olo
Rk (R f315) X oo
B v v]v]v
Ll RE A
; 2 3n ‘ME ﬁ’ 0 ololo
Rk (T fE) X 0| X
Rk (7 215) X 0| X
HOVEEREZD QL&Y XL AREINAL TRLARE AR

51



RBov g AR E &GRS TR RS
% 12 By k2 £ 2 BERAITES

A
pEp ghLix :

As Cd Cr Cu Hg Ni Pb Zn

ZHB1 | ND | ND | ND [ 002 | ND | ND | 0.01 | 0.05

ZHB2 | ND | ND | ND | 001 | ND | ND | ND | 0.04

ZHB3 | ND | ND | ND 0.3 ND | 0.12 | ND | 0.03

51 13 p ZH¥B4 | ND | ND | ND | 025 | ND | 0.14 | 0.05 | 0.05
ZHB5 | ND | ND | ND | 021 | ND | 0.11 | ND | 0.03

ZH/B6 | ND | ND | ND | 013 | ND | ND | ND | 0.04

ZHBT7 | ND | ND | ND | 019 | ND | 0.13 | 0.01 | 0.03

ZH/B8 | ND | ND | ND | 031 | ND | 015 | ND | 0.04

Z¥/B1 | ND | ND | ND | 001 | ND | 0.01 | ND | ND

ZH/B2 | ND | ND | ND | 001 | ND | 0.01 | ND | ND

ZHB3 | ND | ND | ND | 031 | ND | 019 | ND | 0.02

61 30 ZH¥B4 | ND | ND | ND | 027 | ND | 0.15 | ND | 0.02
ZHB5 | ND | ND | ND | 025 | ND | 015 | ND | ND

ZHB6 | ND | ND | ND | 009 | ND | 0.01 | ND | 0.01

ZHBT7 | ND | ND | ND | 020 | ND | 0.16 | ND | 0.01

ZH¥/B8 | ND | ND | ND | 018 | ND | 015 | ND | ND

=ZHB1 | ND ND ND ND ND 0.02 | 0.04 | 0.08

ZH/B2 | ND | 002 | ND | ND | ND | 0.02 | 0.05 | 0.08

Z#/3 | ND | ND | ND | 1.16 | ND | 0.46 | 0.02 | 0.09

81 12 p Z#J/54 | ND | 001 | ND | 041 | ND | 0.22 | 0.04 | 0.09
Z#J/55 | ND | ND | ND | 045 | ND | 0.23 | 0.04 | 0.05

Z#J/56 | ND | ND | ND | 041 | ND | 0.03 | 0.02 | 0.2

ZHB7 | ND | ND | ND | 0.32 | ND 02 | 003 | 0.1

ZH¥/B8 | ND | ND | ND | 025 | ND | 0.18 | 0.02 | 0.1

Z¥/B1 | ND | ND | ND | ND | ND | 0.01 | 0.02 | 0.06

ZH¥/B2 | ND | ND | ND | ND | ND | ND | 0.03 | 0.08

ZH¥/B3 | ND | ND | ND | 1.03 | ND | 0.34 | 0.04 | 0.1

91 17 p Z¥B4 | ND | ND | ND | 061 | ND | 0.25 | 0.03 | 0.12
Z#J/55 | ND | ND | ND | 043 | ND | 021 | 0.03 | 0.1

Z#.J/56 | ND | ND | ND | ND | ND | 0.01 | 0.03 | 0.04

Z#J57 | ND | ND | ND | 036 | ND | 018 | ND | 0.15

Z#./58 | ND | ND | ND | 026 | ND | 0.16 | 0.01 | 0.07

117 37 Z#J/51 | ND | ND | ND | 001 | ND | 0.01 | 0.01 | 0.05
Z#.J/52 | ND | ND | ND | 001 | ND | 0.01 | 0.01 | 0.05

52




2 4L pha 21 2,
F A% es

Z#%3 | ND | ND | ND | 077 | ND | 0.15 | 0.02 | 0.04

Z#EB4 | ND | ND | ND | 033 | ND | 0.18 | 0.03 | 0.06

Z#B5 | ND | ND | ND | 026 | ND | 0.13 | 0.03 | 0.05

Z#B6 | ND | ND | ND | 024 | ND | 0.02 | ND | 0.08

Z#B7 | ND | ND | ND | 021 | ND | 014 | ND | 0.11

Z#/%8 | ND | ND | ND | 02 | ND | 015 | 0.01 | 0.07

Z#/&B1 | ND | ND | ND | 001 | ND | 0.01 | 0.02 | 0.03

ZH/AB2 | ND | ND | ND | 001 | ND | ND | 0.01 | 0.04

ZH/B3 | ND | ND | ND | 091 | ND | 0.26 | 0.02 | 0.06

121 3 =254 | ND | ND | ND | 043 | ND | 021 | 0.04 | 005
ZH/AB5 | ND | ND | ND | 031 | ND | 0.15 | 0.03 | 0.08

Z#B6 | ND | ND | ND | 03 | ND | 0.01 | 0.02 | 0.09

Z#B7 | ND | ND | ND | 028 | ND | 0.16 | 001 | 0.12

Z#%8 | ND | ND | ND | 024 | ND | 0.15 | 0.01 | 0.08

Tiam - o015 - | 030 | - | 013 | 002 | 007

(R 2%~ % >2016) - | 0000 | 0.000 | 0073 | - | 0.015 | 0.003 | 0.032

st ND 3 M3 2 @ B[4&'I(MDL) ; ¥ = : mg/L

2 BB R EI Y Yo

z. = B L R IBE PFH(2017~2020)

= plEE
ZHELR | ZHBLIR2EE | Z HA LR 2535
AF B4 7 7K Ik 2 7K ¥k
TRIEP
KE(C) 25.67 25.66 25.68
pH 7.64 7.45 7.45
& (mg/L) | 0.03(0.01) 0.07 0.18(0.26)
&.(mg/L) | ND (0.02) ND ND (0.02)
(mg/L) | 0.03(0.01) 0.03 0.07(0.16)
&(mg/L) | 0.03(0.05) 0.03 0.02(0.09)
4% (mg/L) ND ND ND
4. (mg/L) ND ND ND

P

X I ND 5 M3t 202 B p&'I(MDL) ; 3&5p) 5 AT 2 F %5
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R RE AR E £ R BRI R RER R e L P T

Copper concentration

0.35

0.3

0.25

0.2
0.15

0.1

0.05

6/020T
L/0T0T
$/020T
€/0707 W
¥%
10207
42
11/6102 mw
66100 G o
L6107 W
de
S/6107 ® &
no e
€/610T
1/6102
/8100 po
2 %
6/8107 X
L/810C ww
» ]
G/810T ¥ ¥
o
€/8107 o o
o 90
1810 0 i
T1/L10T _ _
6/L10T
LILTOT

A SERIT A ()

R
"

Zinc concentration

25

1.5
1

/8w

0.5

€1/6/020T
€1/L/020T
€1/5/020T
€1/€/0207  w
%
EU/1/020T ¢
CT/TI/610T
Qo
€1/6/610T Mﬁ
=
€1/L/610T -
€1/5/6107 8 K
nio e
€1/€/610T _
€1/1/610T
CI/T1/8T07 & &
2 ¥
€1/6/8107 & =
EE S
E1/LB10T 3
% ¥
E1/S/B10T oy 4t
Em  EE
CUEBI0T 5 g
¢80z Mo
€T/TT/LT0T _ _
€1/6/L10T
CT/L/LT0T

ST RIFAL(4)

Bl

B 19 = ./
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Nickel concentration

0.25

0.2

0.15
0.1

/8w

0.05

e

€1/6/020T
€1/L/020T
€1/5/020T
E1/£/070T b
e
€1/1070T
€U/T1/610T 3R
¥
€1/6/6107 o #F
€r/L/6T07 W o
de
CI/S/6107 ® &
nio e
€1/5/610T
€1/1/610T _
E/T1/810T w o
2 %
E1/6/8100 1 1
~ M
€1/L/810T M.ﬂw
cr/58107 ¥ ¥
/S %%
€1/€/810T Em ED
2
€/1/810T |
€1/T11/L10T _ _
€1/6/L10T
€1/LILTO0T

ST RIT A4

B

Bl

R 20 =
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LR 2022842 1p T = 05

Bor R R E & B @IS TR Rk L i
TiER R

Atd 2 REHEET P Slciue R ﬁi’%%ﬁﬁﬁé%ﬁ?%
50g > 4o~ 2 3k 3000ml 0 4o~ AR ES T EAR BT R Rz AT A

FAER Y B T L R AR R R IEEF O S FINARKLER 5
16ﬂﬂ&ﬁ<é$+k.wg3OMmDﬂwﬂ RR AR S GRS HR
Ry RIS TR T R ERT ALY R REARFFRTERE R
REFAFHF RRF - 0 FIR 27 3 JI* FRpldria i g T %R o A LA
FRpLR R TR R R o fI* P RFFTHE A BMF SEE SR £EHYLF 53
9#’%@ﬂﬂﬁ»%~§ﬂﬁﬁﬁf’ﬁﬁﬁiﬁﬁﬁii%ﬁ?%’ﬁ¥%
B i TRERE KISV 2 R T % 7 & Bl4cB 21 977 >
R AT F KL R Ao B 22~B) 24 rom e

TRERZPILFETLEe 7 TR-DCER KL TR -BEL
TR~ RfER ~ KL~ TR o LIRS T B4k FRE R o R R gt
ERS A FE AL Fl AR iﬁlﬁ‘*ﬁi‘f?“iﬁ‘—.&m@‘a,>;ll‘f£4f§.l
TR BRI TR TR - LAT R RERY 2R AMT
@m" BT UL AR T F I A AR SIEFER T

RA TR RS VR A ET RO TR FUFETRRROET > Ty
mﬁ@@@ﬁﬂlm Bd ARH AR TR E § e EER e SRR (P
1‘}5 P2 B (2RI € 34 > BRI (TR 2 A8 UK T € 3 4 o

p RS FARET U TR ERGFERTIBRRAEE - AT 2
@ﬁ%&mam%wm%ﬁ%&ﬁwﬁ%T:?@:mvxiﬁ:MA\m&:
25C ~MKtmtr i 24 BiEE: FE TR D SvoL%MELR R ~ B FIFE
@R 200RPM ~ 7 2B R F BEFRE 1 0.1~3 % o

56

110



LR 202242 1p T = 05:10

# i S

S e O
®

B 229 %%

-

[iD3C ]
ACPOWER'

FHAPTRSIcd 14 17> A2 HRAELEFERAT  BEHET A
PP T FAE A A AT S A B G BE 0 &3 R 81.46ppm >
cARMRAE EBEAIEEHFIER 2 T UE(S0mg/ke) BAE £ BER T ARE

FHTRE A AP E = 5 25 FUAE o DR ARD EREEE e
oo AR $Bm%9ﬁ%ﬁ#_bk§9 o BER LA TIER R AL
ﬁf L EERERZRE o R IS RERTLECNAEEBER G T AR
2

e ML FRES LTRSS @kg@»%ﬁ', HERFEFEEHA,T 5
HRRl— FRF A AT TR @Qﬁﬁ %QNWFQ%7%ﬁﬁﬁﬁ
B FlH MR REBRETEIAE A AR ﬁ‘@%ﬁﬁiﬁ ¥R 2

e ik B 0 T R R #wiﬁ%’¢@ﬁ%mmﬁ#$%ﬁﬁ%%%
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BB REE &R @8 T iR R e PR AT
Ry A m TR SATHRRR T RES X 2P REF RS TREFHS
Aamd o RS (RBRYELEBER-RACELABER)T ED zniéifs?,,};
B *100%] B X 43.93% > 3§ 97.52% 0 M B R EIIH T Q017§ 2 E &k i
REFRRFET LG oakd g ARE
* ARFE2ZEERERSITRS
AT
p oy 2k :
As Cd Cr | Cu Hg Ni [Pb| Zn
ZHBL TR ND ND |1.68|2.47| ND |1.03|0.47|6.25
ZHBL TR ND ND |1.74|1.63| ND | 0.9 |0.49]4.65
51 13 5 ZHBE6 Tz ND ND [0.93|31.7| ND |0.990.85|5.38
ZHB6 TR ND ND |1.87[27.54| ND |1.57(0.57| 5.1
W T TR ND ND |1.27|15.65| ND |1.050.29|2.26
BB T TR ND ND |1.57|12.34| ND |1.34|0.28/2.03
ZHE1LTEw ND ND |2.06|231| ND |[1.490.44|4.95
ZHEL TR ND ND |552|521| ND |[3.221.86|3.55
61 30 s ZHB6 T fEw ND ND |1.16(31.65| ND |[1.17|0.66|4.75
ZHB 6 TR ND ND |5.99|704| ND |4.74|153353
ZHET T Ew ND ND |243|121| ND |[1.7810.36/1.98
ZHEBT TR ND ND |251(27.07| ND |21 [1.72| 4.1
ZHA LT E ND 0.01 [3.04|7.18| ND |2542.42/8.25
ZHBL TR ND 001 [6.08/7.26| ND |5.67|1.122.84
81 12 p ZHA6 TR ND 0.03 |2.77|81.46| ND |3.14|2.2914.27
ZHBE6 TR ND 0.01 [3.33|44.18| ND |2.421.14]2.41
W T TR ND 001 [6.24|569| ND |3.68|0.93]3.95
ZHBT TR ND ND |99 |741| ND |7.39/0.83/1.96
ZHB LT B ND 0.01 |15.57/5.36| ND |10.64|1.7|9.77
ZHB LR ND 001 (274|557 | ND |2.33]1.28/2.89
91 17 ZHB6 T fEw ND 0.03 |6.01(63.38 ND |4.67 [2.03|14.51
ZHB 6 TR ND 0.01 |3.23[49.73| ND |2.461.18/3.01
ZHBT T E ND ND |7.16[8.19| ND |5.08(0.99 3.5
ZHBT TR ND ND | 13 |7.68| ND |1.31/0.832.41
ZHB LT R - - - - - - - -
ZHB LTRSS - - - - - - -] -
117 3p| ZHB6 Tz ND ND |1.22(36.28| ND |1.22|0.56| 4.44
ZHBE6TE% - | ND ND |0.64|3.94| ND |0.38|0.34]/0.26
ZHBE6TIES X ND ND [059|1.28| ND |0.36(0.13/0.11
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ZHBT T E ND ND [4.08|752| ND |3.28|0.44|1.86
ZHBTTMEY- 2| ND ND [0.95|585| ND [0.73]0.2{0.19
ZHBTTMEY - 2| ND ND [0.51|207| ND |0.31/0.08/0.12
ZHBL TR - - -] - - S I
ZHB LTRSS - - - - - - -] -
ZHB6 T ND ND [0.89|21.73] ND |1.07|0.37|2.46
12" 3pl=zHB6TfES- X| ND ND |0.74|1851| ND |0.86|0.32|2.29
ZHBO6TES - | ND ND |0.41|11.67| ND | 0.6 |0.2]0.61
BB TR - - - |- - - - -
ZHBT TR - - - - - - - -
3 IND 2 M3 2 i p4EI(MDL) 5 -5 & ALk~ 5 H = mg/L
2 ISREEEBERTER RS S S
. o % 3 R0 (%)
As| Cd Cr Cu |Hg| Ni Pb Zn
=8Bl - - -3.57 | 3401 | - | 1262 | -4.26 | 25.60
5" 13p |ZHBKO6| - - |-101.08| 13.12 | - | -58.59 | 32.94 5.20
ZHBT - - -23.62 | 21.15 | - | -27.62 | 3.45 10.18
ZHBL - - 1-167.96 | -125.54 | - [-116.11|-322.73 | 28.28
67?30p |[ZHBO6|-| - |-416.38|-12243| - |-305.13 |-131.82 | 25.68
ZHBT - - -3.29 |-123.72| - | -17.98 | -377.78 | -107.07
ZHB1L - - 1-100.00| -1.11 | - [-123.23| 53.72 | 65.58
81" 12p | =86 - |66.67| -20.22 | 45.76 | - | 2293 | 50.22 | 83.11
BB - - -58.65 | -30.23 | - |-100.82 | 10.75 | 50.38
=H8B1 - - 8240 | -3.92 | - | 7810 | 24.71 | 70.42
9" 17p |=ZH/B6| - (66.67| 46.26 | 21.54 | - | 47.32 | 41.87 | 79.26
BB - - 81.84 6.23 - | 7421 | 16.16 | 31.14
ZHBL|-| - - - - - -
112 3p |=Z8B6|-| - | 5164 | 96.47 | - | 70.49 | 76.79 | 97.52
ZHBT - - 8750 | 7247 | - | 9055 | 81.82 | 93.55
ZBA1 - - - - - - -
122 3p |=Z8B6| - - 53.93 | 46.30 | - | 43.93 | 45.95 | 75.20
ZHEET| -] - - - - - -
PR QLN A e
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AR HSRES o F R 21?‘);%5“%’ BIFA R T B LI R Sz
F L RSB HRL AR R PSR SR AR S %2
t2 0 WASP Ho5 #gpebad = Rk (g kMR- R) =R EFE £ HW
AoKREZ BRI LT B R B

AR E* WASP #5538 P e[ & M B - (Advanced Toxicant):& {7 #-4%
1 WP G Z R L AR 1) ATARIG S 2 B AR A2 TR (&
241 2 2) o PRpR 2 FRERZ BB L MBS L T BiPER(ER)(E 25); KR
SR TR B 4 BREE FRERES B T E S ER M;;ﬂ' 7V
5o REBAMBER G R0 B~ RE R EX k85001 B (K=
HF 2016) F BRZHEARIBIRE o BHRPFEF L 1T B2 o gt ot ’1‘1%‘&
FEB R o s lE: 4 48 Flow Routing > ¥ £ -k HHF L2 L £ F R i 2
0 I T PER R EEL 0.041 % & 0 - X B (Wool,2017) o = g £ MBS R R
RA# S+ Rz A~ 5302016 #2382 5 044cms; KR E & Bk R P Sk it
» WASP #5348 %k B 2 i » B(BKCKMPFL G £ 2B %) PEFEmFR e
FERESE TR CBAE CRER CRFERST R S E 2016 & AT
ZREIA(F 1T R EE RGN A

HoS Sk Tdod 18 97 o ¥ HoK TAcd 19 977 o HONHOER = BB L R
B ER SRFERSGEFTRRR  HIRE R 4o ~F 28977 B R KT
FoN s N dcid 15 S 48 UK A (Steady State) » = 6 € & ik B fE
WEP N R T (PR DR AT L X5 A kBT AREABE RS -
RARSHGET R R I A B MG MR bR BRE 7 WASP 05 S
R TR FTHREZGEFFETRREZFRE R TEHET TG HEE A FAL
2 (MAPE) » 2+ 8 = ;%40 38 > MAPE FEip| i 4 A Bdrd 20 #r7 » H @a%] > &
F P B 22 R P EARERIT o

ZI?‘&%EE;ZE;?‘JE |><100
MAPE = ———1 (5 16)
KB E 2 BERBIRS S S X T RH S %40 29~B 31 11 ,}'ﬁ‘]ﬂ
HHT R 1200 22 iz BE &£ BkARE m$4,&aykl+mikwr,
d 0B Rk A R 2 B L SR E Mi%ﬁ%mm B d iRz — o
%%”fvl%lﬁﬁﬁﬁﬁﬁ V2P 2016 £ AT R E o AT
2 BRREET R TSNS %2 MAPE 5 ¢ 4=47.12% ~ £=26.62% ~ &

D
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g pERr o 202240 1p T = 05:10

=36.66% > &gor AP TERl A B LR .

4 w“mm>.ﬁm7% FAL(L g~ 5 2019)

S M BE 1 imIE f H =
" «@iﬁ%& 1~2-3...
#4741 (Data Set) W o day
#5904 1R (Print Interval) | PF R R 1§ day
#ELT 9 G 1~2~3...
RELE R m
e A7 4o KR8 R AR m?
E 3% B 14 (Segments) PR -
Z?” 4o KR8 i m/sec
S R R A e B m¥'sec
i Bu g H(System Data) a{ Th 5 ISHLFEAFRERZALEFE o
% #c&k % (Parameters Data) | /8 & °C
¥ #c(Constants Data) K T EREARY o A PR R e o
f 47 (Loads) Lk s ZLEERGS 4§ kg/day
P B 3 $c(Time Functions) | ¥ 2% e R » T8 >4k ~h 2 - PRE -
” e (T od H Bk
2 (Flows) « ﬁ,?l i : LY m¥sec
¥ % Jk B (Boundaries) 815 91k B mg/L

it ZWE1GE ZRB2(EFR ZREICET ZRBAE ZRE 5(%? ZHET(2- =ZHB8(:
Bh KR ) AR T AT) BHR )  ZSRAGET) =3 3T 7KIE) NS

T T T 11T
N N N R N R

direction of flow

B 25WASP #5877 B3k 2
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317 P EEm TR (B KR B S E 5 2016)

e B LA length | width [slope(m|roughn|depth(| # & £ | 84 | & &
B (m) | (m) | /m) ess | m) | (m?) | (md) | (mls)
P —
| FTIR ij 77| 495 |7.065]0.0068 | 0.032 |0.215| 0.151 |74.75| 0.21
AT B4R R R T3
2 - 620 |7.155|0.0052 | 0.032 |0.515| 0.365 [226.3| 0.50
3 (v m P2iir | 70 |7.155|0.0052|0.032 (0.515| 0.365 |25.55| 0.50
oL T FIATREZ B
4 6 110 |7.155]0.0052 | 0.032 |0.515| 0.365 |40.15|0.309
5 FiA2 BART SIRT 113 |7.175]/0.0029 | 0.032 |0.584 | 0.414 |46.78| 0.36
5= 5 : : : : : : :
6 FiAE= B 31 253 314 |7.175(0.0029 | 0.032 |0.584 | 0.414 |130.0| 0.25
i 2 ' ' ' ' ' ' '
25-3 7 k¥R 4 B
7 UL 688 |12.04|0.0022 | 0.032 {0.383| 0.460 |316.5|0.212
% 18 WASP #i55¢ S8k %
Parameter Data system | scale factor
Solid Settling Velocity in Segment [m/day] sand 0
Solid Settling Velocity in Segment [m/day] silt 0.5
Solid Settling Velocity in Segment [m/day] clay 0.5
Solid Settling Velocity in Segment [m/day] POM 0.5
Biodegradation Rate Multiplier [fraction] Cu 1
Biodegradation Rate Multiplier [fraction] Zn 1
Biodegradation Rate Multiplier [fraction] Ni 1
Temperature of Segment [°C or Multiplier] None 1
Temperature Time Function for Segment Temperature None 1
Segment Scale Factor for Wind None 1
Wind Speed Time Function None 1
Air Temperature of Segment [°C or Multiplier] None 1
Pointer to Air Temperature Time Function None 1
Solar Radiation Multiplier [unitless or watts/m2] None 1
Solar Radiation Time Function None 1
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FIF BEEEH
F 19 #5553 ¥ oK T
Constants system|value |default| minimum | maximum
Particle diameter for Solid sand [4.031| 0.025 | 0.004 0.063
Particle diameter for Solid silt  {0.006] 0.025 | 0.004 0.063
Particle diameter for Solid clay [0.002| 0.025 | 0.004 0.063
Particle diameter for Solid POM |0.005| 0.025 | 0.004 0.063
Lower critical shear stress for Solid sand 1 0 0 0.05
Lower critical shear stress for Solid silt 1 0 0 0.05
Lower critical shear stress for Solid clay 1 0 0 0.05
Lower critical shear stress for Solid POM | 1 0 0 0.05
Upper critical shear stress for Solid sand 2 0.2 0.01 0.2
Upper critical shear stress for Solid silt 2 0.2 0.01 0.2
Upper critical shear stress for Solid clay 2 0.2 0.01 0.2
Upper critical shear stress for Solid POM | 2 0.2 0.01 0.2
Molecular weight [g/mole] Cu |635| 12 12 1000
Molecular weight [g/mole] Zn |65.38] 12 12 1000
Molecular weight [g/mole] Ni |58.69| 12 12 1000
Henrys Law Constant [atm/(mole/m3] Cu 0 0 0 0.01
Henrys Law Constant [atm/(mole/m3] Zn 0 0 0 0.01
Henrys Law Constant [atm/(mole/m3] Ni 0 0 0 0.01
Vapor Pressure [atm] Cu 0 0 0 0.01
Vapor Pressure [atm] Zn 0 0 0 0.01
Vapor Pressure [atm] Ni 0 0 0 0.01
47 /R & WASPHL 35 45 R [E]
0.400
0.350
0.300
%0.250 Rl
@ T2
2 0.200 STEE3
5 T fd
0-100 STEG
0.050 — T
0.000 -
0 10 15 20
HRAK
Bl 26 = My L SR R R BORE R
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(F# %R : Delurgio, 1998)
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