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2. o8 280 YotAle. 3. 434(CaCoNT YL O Uk ASIAE FRolo FA BASACY ewst
25°C, pH7} 80, Ca¥'9] 57} 80 mgLYrE. o] A5[2E FE G402 Jpget, o

1) Acidithiobacillus ferrooxidans+= 21} &g A} &80 &-&oto] XA ot vtEl2jot=2 o oo UatAle
daiA gt o] wieajop B2 UAF AJEjQ] S )S FAF 0] 2(S0HR AstAl7] L = oEeE .
37F A o] 2(Fe™)g 27t A o] 2(Fe) o2 FAATIHA olUx] S BErh o] T2 A g)

ol Bast ?as O7] 9 oigtgardE d=th o] dEots ofuyx] it

: CaCOs dissolution/ ipitation: aCOo,(s)= at +Cco?~ K =108

Etado]  met 7 of"@Al BR{EE7F? (phototroph,  chemolithotroph, atLs dissolution/preciprtation () 5 '

chemoorganotroph, autotroph, heterotroph % 2YZ} &) (473) Carbonic acid dissociation: H,CO¥=H"+ HCO K,=10°%%
HCOy = H'+CO}™, K,=10"1%

2) A FZ7NL(LID) A9 AE Al 7HR] o]/ AAISHA L. (57) 1) o] A15t2:9] bicarbonate(HCO5)9} carbonate(COs5)0] B &2 o Z51A] 0. (124)

3) 2 7] 2 IS ofl AAtel AAlstRTE AR AE F 7HE tiERl0A 2) o] A|5}29] carb alinitv2 L as CaCO; THe]2 73[A1Q. (55
sl AE4d EAY AUl e AES st MY olF 1T A ) OF ASIREL carbonate alkaliniy mel. as CaCO: HEE wEAL ()
oA 2. (67)

Oxygen demanding materials Nutrients

Pathogens Heavy metals

Chlorinated ethenes antibiotics' 4. o8 SHEA A7 59 A 287 ¥HEE A POl 23 CE HgEn,

BTEX o] ZF A9 ®hg2 Z7f SRt ki, koQl 1AMEHG0l2kar Fict

'8A Lk

A— B— C

D X1 O Oaf o] al o] = o] colAa=aHvuE AAsL7] ol =}
‘IQI"% ’\i%ﬁ}*]i (“:_4_’ 0‘-17174 O] =2= 7o Q A—] ot Cy, B R C—‘] s 0¢! TrHTET1 1]7'](’]' ] HOI'OE] -

1) o] CMFRY] =7 A0 th3l steady stateo]]A]Q] =% 4~A|Al(mass balance equation)S 2>
Y31, o2 o] 830l 9E0IMY A H& C,2 B3 E0| A BAIZHretention time)

to, SFSAS ki, RYS 5 Cadl A2 YA, (57)

2) o] CMFRQ] =74 Bo| th3t steady stateOf| 4]2] 72 4~X|Al(mass balance equation)S 4>
Hst, ol o]&sto fFE4ol42] B 5% CsE BHeX 9] A|FA|{H(retention time)

to, §H3444 ki ky, UG BE Cad AoZ LJERHAIQ. (157)
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5. H7]E wiBAl shRolle tBXloA st AE YAIs7] st &g
SA+50 emo] FES E= 100 emO] HEZS EPEsIY, o] O AEZO LA
% (hydraulic conductivity)= 107 cm/s ©]3}ojof 3t} =274 AKhydraulic gradient)7} 1
cm/em T, A&7 22X T T 107 cm/fs, Z=ZE(porosity) 55%, T4 100 cm¢l A
EZS sts 9 Aee ARKEH: |2 s, (138)
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factor= 42.0 kg-day/mgo]t}. 30 5
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=2 10° olst2 staxt @ik of Al AU 871 U 7128 ek ot ofsh
ojo} =717 (averaging time = 75 years, body 7
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1) & EAE ligand2 35t= APo]2(complex ion)2] FAo| LX|gH 24 0] 22 Lewis
2016. 10. 24. acido]c}.
) 0
CERE?
2) 2=7t 54 10° M NaCl 883} 0.1 M NaCl 8ol 1A b &(CaCOs)g 2H
5 % 5 s stoio 2+ A
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- - _ ol § =
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3 ZAIS ulel ol, RARAS ¥ A9 T AxEAC 80%E HolEch Ly W X
= s EN )
= 2 &9l eyt 4) DNAE= adenine, thymine, guanine, cytosine 5 7|5 TWEFA|(monomer)2 dt= &3HA|

(polymer)o] cF.

4. SHIARTO] Q1S AQ, B el 7|5, AEE TS ALRSIAAIL. Te walX
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ol 1L olahstr] AA FIASHAIAL L =) X

5) Hjo]2{ A= DNA E+= RNAS H{sti Qe AAYA|ife)e] 3t G H(domain)o]Tt.

) X
W A T}S0] YRIEF ZHS AFRSIA Q. 6) A2THY S (biodiversity)2t AERAl ZF QA THo] EASH AZAY X (network
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C: 12.0; H: 1.0; N: 14.0; O: 16.0; Ca: 40.1
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&) 0

9) U]= EPAQ] 95l 7Hrisk assessment) A% A} 8|2 -EA (non-carcinogen)?] 732 1
H3Igol QA 2% olstold S4o] gl Aoz T
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2. T 280l Totile.
1) Acidithiobacillus ferrooxidans= 81} &g A} A& &-85to] AA}st= dtE|2jot2
LeiA Qlrh o] utEj2jol £ AR} 9] FH(S)E FAF o] (S0,) 2R AtetAl7]
37F A o] &(Fe’)g 271 A o] (F) o2 TFAIZIUA oUR]S At o] T2 A
ol Bagh §Aag oi7] $9 olistEAazRE A=t of HE2ots oyX Lt
Etadol] o=t A7z ofgA 2 25=71?  (phototroph,  chemolithotroph,

chemoorganotroph, autotroph, heterotroph % Ztzh AER) (474)

&) chemolithotroph, autotroph

2) A GEFINL(LID) Ade] AHE Al 7FA] o] AAISHAIL. (573)
D)
A AR 5] (bioretention), 2/f=3k(green roof), 4 E % (permeable pavement), A5 2

(grass swales, grass channels), Bl- 2|5 X (rain barrels, rain cisterns), L0 1} A} (tree box
filter), Al-ZAjullStE(planter box) =
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Oxygen demanding materials Nutrients
Pathogens Heavy metals
Chlorinated ethenes antibiotics'
BTEX

Oxygen demanding materials: 71& AMA|Q] CjR22 BESA Eofji7t 7Fsst /712018

2 ol50] A4E 41

Nutrients: 7}& A, 2k Soll= JFe A4, Qo] Exjgd

d

Pathogens: w2 7| 2H 0= life cycle 4 YA 7oA FAstoz gt EAf

5 e

Antibiotics: 7|%4% H4F SoIA 715 AWEE SRS stol APl PAAE Fof3l

S XA o]o
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4) ¥RPHo= BOD F4utET COD =73kl olFE Meshre. (&, A971A
].

BOD: % £BOD[ultimate BOD]2 @3 (5%)

- A2 237t ol 87120 Ex)

- BOD 574 Al U2 AFOR QAsto] Ak A8 glo] §71F 48

3. MEHCCONT BEE o2 Ak AstaE Yaatel B4 ALY et
25°C, pH7F 80, Ca¥'®] %7} 80 myLYh o] Aohg £ §AoR Mgst, of

= =50 AL
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CaCOs dissolution/precipitation:  CaCO;(s) = Ca*" + CO;~ K,=10"%%
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Carbonic acid dissociation: H,CO*= H + HCOy , K,=10"%%
HCO; =H'+C0; ", K,=10"""%

1) o] X]&}49] bicarbonate(HCO;)Q} carbonate(CO:*)2] Ex T2 o&3IA] Q. (127)

)

_ 1 _
(G =80mg/Lx103 g/mg X ———F——=2.00x10" > M/
40.1 g/mole

10783 = [GH][COZ ]
(€O} ] =229%10"% M

[co;7NH]
[HCO; ]

—10.33 _

(H=10%" M

[HCO; 1 =4.90 <10~ ' M

2) o] A|5}49] carbonate alkalinityS mg/L as CaCO; T Z LSHA| 2. (57)

)
Alke=[HCO;1+2[CO 1 =4.90 X 10~ * M+2x2.29 107" M= 4.95%10"" eq/ L=0.495 meq/L

=24.8mg/L as CaCO,

4. ol EHBA A7

L. — }
o] z} @A vhg2 A7} vkt ki, k)l

o] 242 7Y Q AY 5k (), B % C9 =& 00 RYSEHH A7) Y] £
o] VQl completely mixed flow reactor(CMFR)S A}8-5t 1A} sttt o] m, th29] &2
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1) o] CMFR9] =7 A0 th3t steady stateo]]A]Q] E7Z4X|Al(mass balance equation)2 £
235t1, o] 0] 83t0] SEL0A9 A9l & Cy2 WIS X 0] A|FA]7H(retention time)

to, S ki, U &5 Cao?l A2 LHERHAIL. (53)
)

1=

0=QCy~ QC,—kC,V

CAﬂ
G= L+kt,
2) o] CMFR9] =74 BoJ| th3l steady stateo]| 419 E7&4A|Al(mass balance equation)S 4>

2l5lal, o]2 o]83te S &5 4049 BY B% CpE Y2 x9] & FA]ZH(retention time)
to, Y3744 ki 2 ky, U8 55 Ca2] Alo2 HERAI2. (157)
=)

0=—QCy+kC,V—k,C,V

_ kyt, C = ko Cyg
oAkt M (T Ryty) (1 Kyty)

5. 971= WiBAl shRole mi@AeA YAk e &2 WAlsH] sto &4
2AIH50 cmo] AHES TE 100 emo] HEES EPel0], of 1 HEFO HeldE
% (hydraulic conductivity)= 107 cm/s ©o]3tojof st} =27 AKhydraulic gradient)?} 1
cm/em O], A&} 22X T T 107 cm/s, Z=F(porosity) 55%, F7| 100 cmQl A
ESS Bste o 2ee ARKEH: W) st (133)

_\9

)

Darcy’s velocity, v=K-i=10""em/s X1 em/em=10""cm/s

. , v 1077cm/s
Seepage velocity, v = —=————

=1.82x10 "¢
n 0.55 82107  em/s
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Time for seepage, 7'=—= Lﬁn =5.49x10% s = 17.4 years
v 1.82x10" "em/s

6. 67FAZ(Cr") 37 F Yo o
factor= 42.0 kg-day/mgo|C}. 303 = A
oA dste ZEAS] BAY SQtY] AR AUl 57 & SYULlE °
&g 10* o]st2 stuAt gt o
oo} 5}=7}? (averaging time = 75 years, body weight =
rate] = 15.2 m¥day2 7H3IA Q. (154)

=)

—_— _ CXCRXEFD
Risk= CDIx SF, CDI= ~BWxAT
= Risk= CX C‘RXEFstF

BWXAT

Risk  BWXAT
r (0= DAL
Ee O SF CRXEFD

Risk=10"", SF=42.0 kg—day/mg, BW="70 kg, AT=27375days, CR=15.2m>/day
EFD=8 hrs/day x5 days/week < 50 weeks/day < 30 years = 60000 hrs = 2500 days

_ 1074 70 kg X 27375 days
42.0 kg—day/mg "~ 15.2 m®/day < 2500 days

=1.20x10"* mg/m3
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