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The Study of Trace Inorganic Contaminants in Drinking

Water Distribution System

Abstract

The study investigates the concentrations of 17 metals from the dead
end hydrants flushing drainage and the scale of replaced pipeline
specimens in Taipei Water Department distribution systems. The ranking
of the average concentration in the dead end hydrant drainage from highest
to lowest is calcium, iron, magnesium, aluminum, manganese, zinc, copper,
barium, lead, chromium, nickel and cadmium. Arsenic, selenium,
antimony, beryllium and thallium are not detected. The ranking of the
medium concentration in the pipeline specimens scale from highest to
lowest is iron, aluminum, magnesium, calcium, manganese, lead, copper,
zinc, barium, chromium and nickel. Arsenic, cadmium, antimony and
thallium occasionally occur, and selenium and beryllium are not detected.

The similar metal distributions in the two types of samples indicate
that the solid in dead end hydrants flushing drainage comes from the
pipeline scale. However, the concentrations of cadmium and barium in the
ductile iron pipe scale are higher than those in the lead pipe. The
concentrations of manganese, antimony, copper and thallium in the lead
pipe scale are higher than those in the ductile iron pipe.

In the dead end hydrants flushing drainage, most of the metals are in
the solid states, such as iron, aluminum, manganese, lead, nickel, zinc,
copper, chromium and barium. On the other hand, only a small part of
chromium and barium are in the solid state. Cadmium, calcium, and
magnesium are mostly in the solution state. The concentration of metals in
water solution does not correlate with that in the solid. The total iron

concentration of the dead end hydrants flushing drainage can be



approximately converted from the turbidity measurement.

Although the dead end hydrants flushing drainage is not used by
consumers, the water quality of the dead end may represent the worst
scenario in the distribution system. The conceptual exceedance factor
(CEF) was used to evaluate the water quality, and the results show that only
iron, aluminum, and manganese will exceed the regulation standards under
the condition of 25% of total iron and 100% of total aluminum and
manganese being released into water. For other metals, even if 100% of
them were present in the solution state, the concentrations would be far
below the regulation level.

The states of metals were found to be influenced by pH in the dead end
hydrants flushing drainage. Lead, aluminum and nickel were found to be
present mostly in dissolved form at the pH of between 8.0 and 9.0, while
for chromium and barium the pH was between 7.0 and 11.0. This may be
caused by the release of the adsorbed metal from the solid when pH
changed.

The major solid substrate present in the dead end hydrants flushing
drainage are formed by iron, aluminum and manganese. The solid is found
to be able to adsorb different trace metals. When the pH value is below 7.5,
iron, aluminum and manganese based solid substrates are able to adsorb
chromium, while manganese based solid are able to adsorb barium. Nickel,
chromium and barium were found to coexist in the solid, while lead, copper
and zinc also coexist. When the pH value is > 8.0, iron will adsorb lead and
coexist with barium in the solid. In the ductile iron pipe and lead pipe scale,
aluminum and manganese also coprecipitate. In the ductile iron pipe scale,
the aluminum based solid may adsorb barium, nickel, and zinc, while the
manganese based solid may adsorb chromium, nickel and copper.

Chromium, nickel and copper may coexist in the solid, and barium, zinc



and magnesium may also coexist. In the lead pipe scale, the aluminum
based solid may adsorb antimony and thallium, whereas the manganese
based solid may adsorb antimony. Antimony and thallium may coexist in
the solid, and copper and zinc may also coexist. When drinking water
comes into contact with the pipeline, liner or accessory, chromium, barium,
nickel, lead, zinc and copper will be released in the distribution system.
They will be adsorbed by the iron, aluminum and manganese based solid.
The lead pipe will release antimony and thallium.

To safeguard public health, regulating metal release from the pipelines,
avoiding dead ends in the distribution system, and implementing pipeline
flushing periodically are suggested so that the risk of metals to consumers

through drinking water exposure pathway can be significantly reduced.

Key words : dead end drainage, pipe scale, coprecipitation, adsorption
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B LL REARPLR) A RBHEF B2 AER)E R - REA
?

ERMT P8R KEZE B
ﬁ?ﬁ%’ﬁiiﬁﬁﬁifﬂﬁgﬁﬁp@’iéﬁii“é%
Q%&ﬁﬂ&ﬁi&ﬁ?%@f’ﬁ%gm& EEE SRR
BPLg o LW o 4Rl 222 §ﬁ$%?ﬁ%%ﬁﬂi£§~
ﬁ’ﬁ4ﬂﬁﬁﬂ$%a%é%w’£%

2.2.2 4B HF 4
2221 BFERHF

IR R WS M B B A Y B2
LREEM L A e o dod 221 4 F BB 2 W E o
Bt Ao BN E AR FRREE LKA B —L,*,,,Eé‘yﬁi;b
» 8% W E N 1% £HE G T ERPRRIR F B EFB 2

/:l, °
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Concentration =—>»

Operation time =

F222 £ BN ER S R PR 2ZApH AT LRI(= ¢
A %2 ¥ £ 5 ,2008)

2221 AEEHFL At s

A% EAFE A (%)

FA s | m |7 & | B | o m| & | &
(Fe) | (©) | Si) [ (Mn)| (P) | (S) | (Ni) | (Mg)

44N
’F’ (DIP)

9266 | 3.70 | 250 | 045 | 0.03 | 0.01 | 0.60 | 0.05

B4F 9318 335 | 225 | 055 | 020 | 012 | - i

& ¢ 99.12 | 0.15 | 0.17 | 050 | 0.03 | 0.03 | - ;

758 % J:Internal Corrosion of Water Distribution Systems,1996,2™
edition, AWWARF.

2222 BRGF
PERE RN N RS S S L SV VY SR R

& > F A3 4 - & F (Primary Reaction) » 5 &~ & !
13




Fesy — Fe** + 2e
Fe2*3%c 2 k¥ » ¥ it &2 #& B - % & & (Secondary Reaction) :
Fe?* + CO3> — FeCOgss (Siderite, ¥ 4% 7)
Fe?* + 20H — Fe(OH)yg
2Fe?* +1/20, +40H — Fe03.H0 +H0  (fz-k ki)

ZBFE BTV AFAVBELRL G
FeCOszs + 1/20, + H,O0 — FeOOHy+ 2CO;
FeCOss + 1/20; — FesOq) (Magnetite 248 7 ) + 2CO;

;7 FeOOH) # 4= Geothite(a- FeOOH) 44 7% ~ Lepidocrocite(y-
FeOOH) 4448 7 ~ Hematite(o-Fe,O3) A 4575 2 2% A48 3 F (V5 > 7 1Y
Fe203.NH0 St o Ktk R € 3 2 K4 T & ded

e- + 1/40, + 1/2H,0O — OH

£ N A g E € A5 = Bk & (Shell-like Layer) > & > & a-
FeOOH(4* 48 #% Goethite) 2 FesO4(# 48 # ,Magnetite) ; -k ¥ € 3 o-
FeOOH(Goethite) 2 MnOy. 4rf ] 2.2.3 -

Water a-FeOOH (Goethite)
MnO, (Manganese Dioxide)
Shell CaCQj (Calcite)
“Shell-Like” . ;
Layor ike ©aSQq-2H,0 (Gypsum) a-FeOOH (Goethite)

Fe;05 (Magnetite)
Oxidized e T
a-FeOOH (Goethite)
v-FeOOH (Lepidocrocite)
Reduced
FeCO, (Siderite)
“FeS (Pyrrhotite)

Epitactic Layer

Original Pipe Feg(PO,)s - 8H,0 (Vivianite)

Surface . .
. FeCO, (Siderite)

Topotactic 3 A 4

La)?er FeO, (Mixed Oxide)

C (Graphite)
SiO, (Silica)
FegP (Schreibersite)

—l— T — | ——

Cast-lIron Pipe
Fe (Iran)

B 2.2.3 % ¥ 454 F 47 1. B (AWWARF,1996)
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2223 Tiok  chg 4

Nk  F2bE BFIZBN 2 L0 F8 Flidghds e R
T o M FADE TR R R R - ERE R
dhirs(scale) Fl-k 4 (doinif )N K F(dog B R R) ERe D
el e A FRGRIRY > ok T e R WL 3 L
(Ferric Hydroxide) : fe 4k & sk in™ » 7§ L B kR - B 484+
(Ferrouslons) » sxiz kehkim a £ % o & Fadpic? )= - H 48
4+ (Ferrous lons) » 4Lk ? » 55 i == § 43 3 i+ (Ferric
Hydroxide);ciix m = o

Bk E FIFA A 2 kB RS $] > d Fred Kuch 4 1 >
# % Kuch Mechanism » 4[] 2.2.4 -

HiEWRR > B D FEBRAE MG
RR ¥ Bk L
A\ 4 \4
FRREE L F AL Fio | BT ¥
A% v ~ v -FeOOH OH -~ FeCOs
B R
o Fe'E M e R BB H
I “pzE s MEERREE
y 2t 3 = A\ 4
F 3
Fe:usids B ¢ & a -FeOOH(£- & %)
magnetite FOxeE g Goethite
i g 0
ok

B 2.2.4 Kuch & # =-k § 1+ & R 95 7% 4% 4] B (AWWARF,1996)
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pRoRFEFTES kP 7
BITH PHEF RV IFY
g 1t F~ (Ferric Oxide) & 40355
= § 484+ (Ferrous lons) °

KEBHERLOKY FF(RRE)FT = 45 Jmips (Fe
Ferrous lons) == 43 4ok ® TF | § v =2 FeO3(=k)=> 4 4

Bhieat ¥ o FeOs vy 3 W BRErF IV Femd & C H4BAES
(Fe?)» &7 B R & - §aiap (Fe™) s 23 #T# 5 § (2 44 )ik
ek L EAFHEB AR -

d PG B RE AR BFF FokZ by 5
(Fe203.H0) 2 = W4+ Fe?*> - H4Bdp+ Fe™ 8 7 5 BRI B E
g4 3= WaBF (4 (Fe0sH0) 5 ¥ dedi i ek 4 &> -k ¢ 715 4
&3 1~ (MnOy) -

223 4N 4

G OREREP AL FBASFE LT ApB e kP
TP d ARE 2 RIRT 5 £ A D 4

Pb + HOCI + H* — Pb?" + Cl+ H,0
ZHEREF A4

HOCI + Pb** + H,0 — PbOgys + ClI- +3 H*

PoO2 ¢ 2 e pH B2 2 3 P BRI RIRT A2 2 g
FopdREF FrEERFCERT A B > R T AT PO, F
8 4ri 2.25 -

GOk AR pdRE AR YR BMRAD G A
ROEEF G A X SF e TR 4o 2260 - A 2 0 40F A 44
it & k4 A4 3 Cerussite(PbCOs) ~ Hydrocerussite(Pb(COs3).(OH)y) -
Plumbonacrite (Pb;0(CO3)s(OH)60) ~ Litharge(PbO) %2 plattnerite(PbO,) % -

(G CA)EMGFRLOEL > K
ARE R F BRI = 8
|—§f ’;%?'JJ sk ) ﬂkﬁ/;ﬁ};’;f 71151;‘\;—’\

16



@'® ) 16
12 1 &, 1.2 1
o)
el
a
0.8 1 0.8
04 { ppz g |« T o4 5:
s 0 |z i S 3
S o | ewoostl 3 (8]| 5| Zoolo 5
w | T o (s o) I e o
~~~~~~~~~ o 2 — £
04 o 041 Umo
7 Pb
Pbs & TEN ®)
08 ) 5 & 08
£ &
92 - - 1.2 T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
pH pH

B 225 7 pH @2 5 CBRT T FAPLLE R4S A F
(@30 mg /L & 2 (b) 3mg /L & ¥ m+ 3 mg /L  #ifs % (Xie » 2010)

Q
Particulate

CO,2,PO,* CH—*
Pp2+—»

Pb(IV)O,. Pb4(CO,),0H,, PBCO, Pbs(PO,).0H
Lead Pipe PB(0) |

Bl 2.2.6 #-k 4 &4 aisd 7 A Bl(Xie » 2010)

224 kAT A

ot ok? F O grRiR E R CRER) 3]% i #82.(Cement-mortar Linings)
ERE R kB AP BERAREBEF A KRB R B o A4
E ALK e F 4 4 (Aggressive) m e

17



2241 ki &S
kiR hd GH A B R A K F 4§ R
i 5 B Kk (Portland Cement) sh=t (> e 2.2.2 o

3 222 AR OKR RE A

=~ i» | SI0, | CaO | AlbO3 | Fe,03 | SOz | Na,O | KO MgO ’,”L#E

% 21 | 67.5 S) 25 (19 | 01 | 08 | 05 2

73k % Jq :Internal Corrosion of Water Distribution Systems,1996,2" edition,
AWWARF.

2242 Rk %R

FOREH T ERE SRR R H A2 F oo kit A6tk
(Pore) ## 41 OH~Ca?*~ Na*~K*2 SO/# % g+ >>-k# » @ -k ¥ COs¥ >
HCOs 2 ClE s RIBscE kiF & matiF ke % Al iFFr 2 S

FRFLAT TR A A 0 B RIE R R BALERAT UK 5 AR T P e ihdt
ORI EFEMREREFAEFFF B Bk EB FAMLT A3 dpl
e 4T ST € AR BEA W oR Y o KRR IF R R Ao 2.2.7

CaCOg CaCo. \
Aggregates 3 Aggregates
Water Cement-Based Material Water Cement-Based Material

B 227 (A~ Bd 254 [ kR & 5 3 (B)3T 4 8 &% 2
& i3k & (AWWARF , 1996)
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2243 KR EfREk2
KRR R g R ik“ﬁg”ém*mﬁﬁ -k F%%W%&Lm
fe R~ R RN S SR KRB REBROER A 3 AR A&
TG T PH L~ e BT~ W ke R 2 B AR o
23 FRARBFT RS2
ERERRABSAY  €BE - L ARBH 0 LA AW
(Substrate ~ Sinks 2« Reservoirs) » £ ¥ & 7p Rk (T* o
2.3.1 #1875 4 ¥ 2. A ¥ (Substrate )
MEAWEBET ¢ - LFMS A AAFEATRS P o F
RAE oip FMSAL AN AR nd ke 35 4 5(Corrosion
Scale) ~ i 2 vk (Chemical Precipitatation) ~ 2 4 % (Biofilm) 2 /it *% 3~
(Sediment) - © e = %2 B 1%}%;\%@“@'5%@;]3317]( Bosokd gz g
S ELIER L & 3 SN S
2311 Fa¥
Frayemd Ak p B EHEAe T EF CRAF B TR
g FA¥eahE A s it kR (Mineralogy) ~ SHET B &2 h 4
bR R T ERER S c RE S pH E i A B RILE
P FRRTEBE S AEFERTRR AR & AT
PRt g B FR A 2R 5 NOM 3 - i pH i ~dg &
HEZBZF ~ARTPAHRER - F3F R+ €2 Rk
Lo Sl -9 X
Fra b e A e ok TRBLY R RMEMCE £ B B ik
%?ﬁﬁ’ﬁ%%ﬁ£$\ﬁﬂ%ﬁﬁﬁﬁﬁ?ﬁgw§%gﬁﬁg
B4~ EHEZE AHE -
2312 Bk

CERAAG FANERE LS N B RY BT R IREE L
AATHRIL G o A kEFERkmpHE -~ F L BRR 2E KV

EH AT ER G B

19



B BOF A it F vk L s 4T (CaCOs) s B4R g A2 §
it 7 (Oxide) ~ 2 ¥ it 4~ (Hydroxide)* 7 ¥ & % i* 4 (Oxyhydroxide)i
MR 4RI € A2 F 4~ (Oxide) ~ & ¥ i+ 4~ (Hydroxide) ~ £ifk 8 2 7 e
ELRITS SN S A - IR R S U el i R A 3 A
2313 2w

AW IAMFNE BRI A P2 RA AL T BB S
frad e fR A S v T LRI PR g R B A
- E R “p%]‘ A 3wk & & (Bacterially-mediated Formation and
Precipitation Reaction) % & 4 + & 4 (Microbiologically-induced
Corrosion) > 4483 * {7 5 B R il ) TR o X e B H 7
VOGRS E Tt P A 0 T Rt B S 2k o
2314 mFH

AR R A AN R R G- LRHUERS TV e
R mE) AR R %##ﬂ%ﬁ*i{’*%—fﬁﬁﬁrﬁmﬁﬁﬁvmﬁ%é#ﬂ‘
AR R W E N g it TR A g Poodipe FEMNESEDY SR

FWY CBEEIRFARMAY 2 ZRRAFE oV FADEEZ B
g MME R AAE LA 2 R Eha B oo Kirmeyer(2000) w £ Block
F A (1996)cF AL R ROk # 2 P I hE S e 2310

Friedman % 4 (2003)%= 3 % 3R> 17 i# (<4 feet/sec) ™ # 4 £idiciw
% 4 (Sediments) 2 *& & 4= ; & in:E (55 feet/sec) |+ #5 ‘ff i F R 3
(Scales) 2 437 (Tubercles) - 48 % t 7v ik (Post-precipitation) ® 25 = 7 &
1~ (Sediments) » ¥ 48 % H 454 -k +5(Scales) i & = i o
23 1.0 R i g B R hE 2

B EWA L DAL > A& 4 LR # (Accumulation) £ £ )
(Release)eria = 4] > 7 10 @) 231 TA 47 > FHFE* & 5
% (Sorption) ~ % itk (Coprecipitation) 2 7t *% (Sedimentation) ; $# 1 p| #
+& % 't (Desorption) ~ 2 #£(Destabilization) ~ #& #% (Transformation) 2 -k

AN

]

20



4 (Hydraulic) % i % o

% 2.3.1 4 ik 3] e = (Kirmeyer,2000)

fie ki L
% %4 18% % %4 3%
W 19% WE P 62%
I M F R 19% M F R 14%
i §F (48 15% B L 4T 9%
B e 4T 10% * s 8%
4 54 10% ]

A o

B oA B

Bl 231 grapi itz 22808407 L Bl(Andrew,2010)

WMEEEBZ AR IET b g« (LB 2 et K] i
s e 4 & ?‘r;P:,E ABe LB R ks kA kRIS

Moo P TGRSR ST R BT i e tt!%fx%ns%uww%
Mok KR hd N EEHL I IME LRI ER
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Wl IRk s R A
241 27 84

- BIURP ST BB OFARAY E B T o g M
# % 0 F1E 4 '# (Sedimentation)® s 0 P IR G ¥ F 2 A ¥ % (Dead
end) 2 fie-kid Frgok? FIZEBRAF{FHE o EHBHHRIRE FE P
EEFe kER 2 4% (Tuberculated) & 2 A2 & 3 4c @ % 4 o
242 1§43 A BH

© 8% 2 & 5w ¥ (Sorption) 2 £ jitiik (Copreciptation) - =
2 0E% g5 £ e

2% (Sorption) ¢ 45 2 48 & & < i (Adsorption) & 3 4 A p IR ih
2oz (Absorption) » Bg#s 4 ¢ 35 CEIE A S FR A RNV E . UK
Pl A4 S F AR Y o $fs a3 & fe(Inclusion) Fl4p R &
#o%ﬁ%ﬁg’&¥£#m%& Bt d VR FHEASE LD X
FREREEL > 2Pk g e

EHF e REME A 2 A E 5 Pt OH Rissriok
AF ARk E ERF P (e 240) KB 4FE2 K EF VB2
AR ARk b g o VARE P 2k S
ERER N SRR R R R Y

ok

lejRoRe!
OO0 ®) 18} (o))
SRETETS SSSEESS
a b
4
o
3
Sl delelel
CeOeOeO Ce ;O-O
C

B241 k& 2EF 222 (RFRB: £ B4+ 6 FIE:
§ #t3 )(Smith,1999)

£ E 5T LT AR
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Agg + =MeOH < MeO-A) + H*

Awg 573131754+ =MeOH % k& 45 it F 57
€ AP E T S B iR (T o

FPEAB 2B B FERR2F R T LIF B REES
AP ERZBER - FRCEPT(FF I RE AT RZ
(4 & & 2m); BMAM2 o T & Bag(Mineralogy) 2 25 i 15
(Morphological) 5 -k i 42 5 (¢ 32 pH &~ KiE ~de &k ~ 3 P BRT
= (ORP)~ 8t 55 B ~ 3 f2 12 & W (DIC) ~ L T 2 B/ B)Z Jn 4 R
(i o~ pETHRR)E > NP FEd N AR - ok kS 2 RE R
FEEARCEABEFLIEARLETG T EFA R E R A BRI
Pl iga R o
243 kKR B HE F R P

keppHE~F P BRT Ek? 2B AP EREH B 25
R EBEUERE? CBRFELEFERPES o

SMith(1999) # 7 > B2 B ' F 2 B & 51 % 205 7% 2 pH -

X F AR T2 F e G B kR B T sy

MABRAEEF 255 B2 22 Ladgdiznz § % - 4L
Ao MpHE S BRI KEMIR S F2 BER RS SH T

w

P REAMEG BEORT AR T ERARANERAG LV EE
B~ B Fe? S %Ak s Er42 2 e B (Isomorphous) B~ ik 2 £ & S AT

TRBREEMZRET "VRAG TR, Z THELG

"TARAG R R BRI BB RL 2SI AR
€20 TAm g RIRP Fav A2 R ¥ T AR AT
=XOH,*==XOH’+H"*
=XOH%==XO+H*
399 =XOHO % £ 6 4% tmnb =XOH242 XO-3 3 2 # 4 5 47
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& 4 (Complexes)# m % jm 2 A 23 %2 pH E3 M > ¢ (L4 Tk
Bt SRS > RA G 3 f T R RE D M G S AR
BF o AR

=XOH," (% pH & )<>=X0OH%-=X0O(% pH &)

EepH ERET 0 FMAGIOE B AR P 2 a4
FILRTIARE Y E R 07 RIART jm(NetCharge) 5 F - e it
m@&wﬁﬁé’ﬁ%ﬁ%ﬁmgﬁé&w%wéo
¢ /AF*FM?‘-* B2 Ao AN pHE £ P
7 rRo 4w F 7 7 pH & pHpzc(PZC,Point of Zero Charge)
P dmapFld EREHFLBZENLFTETR - &
B pHPze ¥ £ F P Ao A 2 T 0 b RHEg
P E 2o g okidik pH E® 2t pHeze pE 0 £ B3 1 4
TR ASRGH RS TR TIERET - F R G BF 52
i3 VP pEs TS 48F P2 pHeze 5 7.5~85048% it 47 2. pHpezc :
15~2.8 % ka2 pH BT Y BoMF 325 T B0 €
MARF PP E LTt R AT RTINS L A
TRIFZERHES PRI ZGNGET P A RH A FRIFRL
pHPzC fidr 2410 § B R T 4 1 H P AMPTHP B2 5 (-
Mok s BT ETRERRY EBPFE LR o

=1
a
\:4

E oo
B o=k
S e
T W g %
_I = & 3§ m‘v *
DL
ﬂ_w

T
N
¥

4y

|4

N
D,
=

4y

A
=1
34

\‘-rs

#2417 I H 4 9 2 F T J7 padk & (PHpzc)(Smith,1999)

B (B4 5) pHezc
Fe,O03.HO(k & ¥ it 37 4%) 8.1
a- FeOOH(goethite) 6-7

a- Fe,O3(hematite) 4.2-6.9
a-Al(OH)s(gibbsite) 10

8-MnO,(birnessite) 1.5-2.8
SiO; 3.5

A T FMF R TR LG L PREFETI R - &
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Mmoo Bl BARE 0 R Nfar 4 AR S RERAR] 0 A G fFAR S 0 S Nfa

pH £ s ipihi & Sodfc e B3 i i B h pH R
(¥ 1~2 H fi’.)%ﬁp o 81 (dr sl 0%~100%) - fi 5 T A
(Adsorption Edge) » 4-B] 2.4.2 » $texsfia Rk ? B+ a2 o B ok
BRARF o ¥ AR F pH Al d o A kR AR g L pH
P B B ) A A SRR R AR E AP o

Heorg A 5 o FHEB R HITRBARFIARF LIPS S
PRR fERAMSGERNF S RAWE & F T3 Gk g £
e P g Fpit 2 gt ML Fod e S & - d0r Aok
?oens 3 2 33 (o NOM A BER 2 & 3 19 3) 2 255 FlRRs &t m

O vR "T‘I °

N R T R

! \ (& pH (S

=L

# & m

LRAGE pH @

~
~
~

AR pH{E

UK

Bl 2.4.2 33 =% 7 2 Bl(Smith,1999)
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Smith(1999) s A AR FT 7 4 77 — 4 & HIF T St § (L 5 5
Wi o 5 oFihy @ pH 3 b B e TR F R 2 RF D
PH # BI(b) =t Eaksn sz BT gkt > & 2bet v de 17 (C). %
F Rl 42 OH- P 3k G4 2 i o BT T 483 o %
AREE S AT K fRAREARSE ) S ARSE o YR B4R EEF L5 R
- B &Rt 2 pH Rk 2420

%\* 242 = i%ly f%‘é}ﬁ;—? %“7L€@§é€3§ f“«ﬁ"if&?ﬁépH %

i M &% pH # ]
Cu~Pb~Hg 3-5
Zn ~ Co ~ Ni ~ Cd 5-6.5
Mn 6.5-7.5
Mg ~ Ca ~ Sr 6.5-9

%‘Nmﬁ-AH%&*%MNE%%(éiﬁﬁk‘“ﬁm%QWﬁﬁ%
EASRE)Y 0 P HAIREABTLF AR B e
i*#\iﬁW%ﬁwﬁﬁﬁﬂhi’n%mﬁﬁéi;%m%aa
i o MO, T B HRY ~ 45~ 4F ~ 42 % i i{;ﬁ # 7= 4 4~ (Trace Inorganic
Contaminants, TICs); MnO, >t i< ORP 4% % i (402 # %P 235k &)
ALk B (PH<7.5) % *t:B R 2 8 ik iﬁ%,4#o
244 2 512 B

ER TN BN IR L R mmﬁ%,,b,ﬁxﬁfx@- o
25 EL & B2 *}#4

WMEERAFE T TR B B hDT G 3 EEE B
mﬂ@ii%$ﬁio
25153248 0484

Fuots tep g kALY R M2 ok Y 2 BRI AE A € Bk
Bz e adrtBE k4 FIZAFER1IBEL RAFIFIEFE 4
ARG AT BB IR B - AT R ATS R
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RAuhgiaii iy A A2 ILFM MU T BE e 42
SR 2 SR R B B E o

ToE ek AR TG AR o F 2 PRI %o Aok BF K R G P
FoE R R RE TR R S FEE 2 2 KR
(Pressure Transient)i%r‘:,%iﬁl e EREY MFFZHD .
252 i g1

L5 48 & 4273 i3 (Dissolution) ~ 4 #& (Destabilization) 2 s
(Desorption) % = & # #1
2521 Af2

}\%‘r}k,\%mp{ g;‘a KA Z et AR £ R ﬁa*’” A
PR R TS He5LE pH &~ d& AR ~F P BRT 3 EET
ﬁ%% M AR FRpadR E o F A P2 IR G TR K IR AR
oo cRRE SRR R BRI E R IRTRE -
2522 4 &

S LR S22 KB NS FF O U S
B o R SRR E A RS ke #%4m%£$&%ri
Wi * ~pH BETE IR RFT2ZKRER* LE P&

dr

—

o

2.5.2.3 ¥

d R R R s de PH B A AR R R %
§ R R R AR A A ki A A i L F 2 PR B
% T g4 % | (Competitive Displacement) 2 © % & B & | (Surface
Substitution) » % & B~ g 4 R L E 2 (R)T L EP P F &
AMAG TLHH2 R AN FFIAL T EAA T 4o 4
y@@%@?ﬁﬁ%%%%o
2.6 f%; ’b*,.a X Fr

PESFOd BEEFOFE L AMOFGHF e B g,

X

3]
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2.6.1 4B AR 2 B
SRR BE A g 2PN ot P25 35145
(Oxyhydroxide) % s &2 it & 4= & > 72 7 & or = W 4 (Ferric) itk 4+ &
FPEIBNEBRFRLS > Lytle 4 (20040 A 15 B p Kok FE
F2 g iR gk s g BREs F G VIR 2 e
PR s R R R R RLe 4 0 2B ok 3 T TR B iR
HE e E BRI 2 Bt o LK A # m A i R s AT
Re FHMBAMBE RIS FREFL  PEAmEfpky it
ME s M pH EKRT > £ 4 N adS £ 8 7§ e (Oxoacid) v 4~
2 WEEG AR S T P RIS o
Reiber % Dostal(2000)z* & Nebraska Fremont £ -k #]4c % 2 pH
EAR S ERRFF o A E R Y BB 2 B E e
BB AR INEAL ~ AR 2 PG R R Ard o
WRF(2010)% R kA 3 g - o~ A s B 2 25 M pH &
ART o ¥k EME P A2 SR LT e
Forbes(1976)F 3 # I epH £ 45 ~ 45~ 4F ~ 4L~ B3 - &
Bt 448 7 (Goethite) 2 v *it » B % & Bdp+ 2 Bird & B 5 >E>
B>gp>gr o R 2 R ok G T A G £ BT IRA R 4]
M e
Matthew(2013) d ¥ — -k J St 453= 5 A3 5 7 i 1 205 480
2 RIEE A B EFIRBAT § AR 8 0 8 i~ R B
B EH L P RAE R B AR A R EAZER T KR T IR
B drsE BRI T LR
262 EAMF 2 B
4kchy V4% 7% 3 5 1~ (Oxyhydroxide) 7 #.8 2 % & f# % &
M2 pHzPc > & ZEP EAD ~ AL~ 45~ AR F 4G BB S A 4 0 F
My P RARR N REZE pH B TS5 KRRT I
KR RS L o

o
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Peng % < (2012)4 & # W 12 B en20 B p kKT % 72 B HH

(R Y 46 BEtRp FEPNE 26 B K RS D FHH)B
ﬁ 1L FEERAFLPF A PEREME > SR FILFY L2742 4P
Bl d > BT ARE PTG RRE S T EESBERAY B2
AR A o RE T GEERE E AR IR o Vb 7 R B sk BT dé
BB EER TG 8 & 2 E

WRF(2010) ¢ B/ k7= 3 % dn 0 > &8 ~ &~ M2 54k 8 4gd
dd e e 4 o B AA MR B ¥ AR pH ERRT &
fvo e RATETHRES F AMOERBEPE ) £ M pH ERR
Tk EEF M RamSRE S 0 b A

Gadde(1974) 1 #% fimg 33 (Pulse polarography)ii- 2 v kit {8 2. & /)
JER o 2% Pb? s Zn? o, Cd¥er stk £ 4% 4 > Pb¥r Cd?ex vt
WoREMF P o B RF PP NSMF RN B REHE
§ v panod Hulg o

2.6.3 &AM chex ¥
Kim(2011) 11 5 3c2 4o 5 > B 5 pH E8tbsated & B3
M2 WF A RS RIEY E 0 et ind & £ R
PH E=6 43 f2 R BB » 43 2R € " pH E 3 4@ "5 1< 5 42~
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Lo EF A4EAR T A H Y o k- Ha ) B s L pHE10PF s g r A
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2 ek # DIP 34 150
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5 ek # DIP 32 200
6 &k LP 50 20
7 Bk PVC 40 25
8 Bk LP 46 40
9 Bk PB 20 40
10 &k LP 40 40
11 Bk LP 42 40
12 Bk E LP 40 25
13 BokE PB 42 25
14 Eokw ®Eg 30 40
15 ek MJP 42 100
16 fe-k 8 DIP 40 150
17 ek DIP 42 200
18 ok LP 40 13
19 Eokw LP 40 20
20 Bk LP 40 25
21 fe KB DIP 28 100
22 Aok 4 MJP 33 150
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