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1) Benzene
TAAMEZ2 CeHeZ —17t2 2HRAE MEf. A3t0f olsif Foll. Benzenell X ZEaME2
CO52} HoOO0|CF, CO.9| Xt +40|2=2

2) TCE
EAAER CoHCILE +17t2 MstEl MEf. 2o Qs 2o, TCES ZTEHMES
CoH4OICt. CoH4ll A= —20|22 SHRIE A0

2. Cometabolism2 TCE9Q 37|d A8 o2 0 AHSIN 2.
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CESl Z% MMO(Methane Monooxygenase)
of o3 23. MMO= CH4E &dlist= &4. CH.2t TCEQ FE7t H[ZStL MMO2| 7|
& £0|4o| %ot TCEE =alistAl == A. MM O._ CHsE =dlistr] Rlolil =H| =X e
TCEZF U7 W=Z0l TCEE &aistl TCEE MMOS| C—source?Zt & £ 27| =0
population? &7t= it TCE= MMOO| 23 =3 =0 TCE—epoxideZt =M, 0] A
2 =oll7t 2 =0 XAYE oM ZHO| & FX f=rt

3. Aquifer§ S3tot= X ot4 2EI| BEESES aquifer LHOIA Q] AX £ T2 xtolof of
A HAESIA L.
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1. 2587 B4&
— Darcy velocityE WOECtH 2 E pathwayE 12350 Ha W gk =0 20[X| L=

222 ET pathwayZtX| 25 E&St= macroscale.
- % =v;= dT]ll K: Hydraulic conductivity.

2. Aquifer Ol Qo AX&E



— Seepage velocity: Darcy velocityE =82 Liw g2 & vwE2CF 2 Zf. AHA
SEf9 n2 0.3~0.40|22 HQ| 3~4Hi29| gtO|Ct.
- =Y n: Porosity

n,=Xn (N2ECH &d H2 ) v,=—"=2 LEE 4 At (A= effective porosity

factor2A &Aggt, YHINSZ  sand, gravel2 1, claye
0.01-0.5).

4. Hydraulic conductivity, intrinsic permeability, transmissivity®ll CHSHA Zt=Hs| Hjw A
HolA| 2 (2o oHlof Cigt MH ZE.
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1. Hydraulic conductivity
— aquiferdlM =2| 0|52 & UEIW= @t

— k=K insic * [L/T]
— medium@ Ed (Kinvinsic) 2t fluid2l S (o :fluid density. fluidel S8 LEHH.)S
25 gkget g
2. Intrinsic permeability (Kintrinsic)
— medium@ S48t gFH . fluidel §d1t= F a5t
- L7
3. Transmissivity
— transmissivity=k*Z 3}zl aquifere SH [L%/T]
5. 3dmdE 2= 2H=HE X5l /A o|SZHO| Cfsf dF3Stal, advection,
dispersion, retardation, reaction? ZM #50| LE 2F=EH9 0|3y HaE UHEIH=

otat3 M (breakthrough curve)E JIHEAN2
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» ADRE ( Advection—Dispersion—Reaction Equation)
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ot R 8.2 R oz R

D: Dispersion coefficient

R: Retardation factor, 1+@kd, porosity@l &0 2§t velocity XH0|E LIEFH
n

v: velocity
k: first—order reaction constant
2 EZFEH &MU E dispersion, advection, transformation—reaction term
— O|dH2=Z = advectionO| olai O|sstX|CH dA=zZ= CiYdet SHEZE Ot 0|
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— Retardationg 18stH Ct33} ZCt.
Rs > R > Ry
Retardationi|

sl o7t HE =A LIEHC;

— Reactiong I&#H35HH C/Coz= 101 =2 = A ELCL
ks > ko > ki
6. =959 (acute toxicity) H BHI=Y (chronic toxicity)el HISEF=N
(dose—response curve)oll CHs] AHSI1, RfD (reference dose)2t CPF (cancer

potency factor)Q E&E3}F0| CHiM = ZHHS| AHSBIAI 2,
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1. Acute toxicity D—R curve
R(%)

D
- YEH o2 ResponseZt 0 = 1000 T=E3IX = %=
— U™ RZE linear (16%~80%)

— ResponseZt 50% ¥ M2 DoseE LD50(mortality®l AR)2E HA|ISHH,
responsel EF0| 2t ED50, EC50 S22 LIEMH
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2. Chronic toxicity D—R curve
R(%)

)
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— LO(A)EL: g+80| YojLt= TtE &2 €hs 7HX = AFE.
Low observed (adverse) effect level
— NO(A)EL H|-Oo| Olo.I|_+7| XII—|O| 7(|7E-|
No observed (adverse)effect level
3. RfD: Reference Dose. Non carcinogen. Chronic toxicity D—R curveg® 0| &.
(mg/kg—day)

rfp— NO(A)EL

safety factor
: 10 for variation among individuals
10 for extrapolation from animals to humans
1-10 for professional judgement ("modifying factor")
4. CPF (cancer potency factor): Carcinogen. Acute toxicity D—R curve O|&.

£+2l: (mg/kg—day) ™
D-R curve & 22 5Z0|M2 SF(Slope Factor)
commonly acceptable risk: 1x107°

7. Risk®2 hazardQ AIO|H 1} Risk assessment ™0 Cis] M E&SHA 2.
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1. Hazard: intrinsic, @LE =& AtM (22FQ) Sd-Faiy
Risk: Hazard*(exposure, probability, availability)
ex)Z2 Hazard SHX|EF Xt 40 &A U0 F00| 22E0 JACHH Riske= ZrCt
2. Risk assessment
—Hazard assessment: = «AHZTAIE Sl site L2 chemicalol CHsi LOotE= Z.
—Toxicity assessment: D—R curveE O| &3l acute, chronic toxicity, RfD, CPF &
e . YU=E 2 8H. == US EPAQ IRIS
database 0| &
—Exposure assessment: Pathway analysis, Site—specific analysis, 3|4te=dl«3|A
2 58 13t +EHM0A AYHez dErHes 2EEH
of sEE OEstn, dEEHE=E d2(=EZ2)E Zd8ste I
& 2 Y 528 oA,
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—Risk characterization: %
a. non—carcinogens



N
RfD
O Zto| 1:2Ch R7{Lt ZOW 37t 11 12CH 3™ 87t UCt

HI [: mean exposure concentration

b. carcinogens
Risk = Ix SF(CPF)
Ol %ol 1x107°0|5tH a7t 41 0|40
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8. saturation kineticsOll Cisff Zt=to| AHTIA| 2.
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Saturation kinetics
—enzyme B2 M Langmuir isotherm2} H| %
C
-V=Vv ——
max C+ km
V: rate of transformation (mg/L—h)
Vmax: maximum rate of transformation (mg/L—h)
C: contaminant concentration (mg/L)
km: half—saturation constant (mg/L)
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9. A7t E EHS
of thalAM Z+Zf linear plot2 2 ZH2f5| LIEHHAI 2.

— ko2 &I 23HO| YTt knO| FETEF 2272, EH-J[E Zt9| TstH0[ 7
=] Ql

28 (.e., LYEA)9 sEHFE zero, first, second—oder reaction

Sol>
, Differential Rate Integrated Rate ) Slope of Linear
Reaction Order Linear Plot
Law Law Plot
zero —d[A]l/dt=Kk [A]l=[A]o—kt [A] vs t —k
first —d[Al/dt=k[A]  [Al=[Alee ™™ In[A] vs t —k
1/[A]=1/[Alo+k
second —d[Al/dt=k[A]? Al t [Alo 1/[A] vs t Kk
[A] In[A] 1/[A]
graph S S
D D D
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10. B Z{o| AbdZ 4l (acid mine drainage)2 g0l tfsi AFsHA 2.
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B3 MBEOR FHo| XeI4ol pHE WEA EM, ALMnZnCdPbS 534S
A SBLOE QWE T W4T LM, ¥ S2 HS 0|34 Us 2O
(Thiobacillus) S & A ZA4E MYA7IE ROIO2 XHEFiCt

Yy

2FeS; + 70, + 2H,0 — 2FeS04 + 2H:S0s (1)
4FeS0O4 + 2HS04 + 02 — 2Fex(S04)s + 2H.0 (2)
FeS, + Fex(SO4)3 — 3FeSO4 + 2S (3)

28 + 30, + 2H.0 — 2H,SO, (4)

Fe®* + 3H0 — Fe(OH)s + 3H" (5)

2FeS, + 70, + 8H,O — 2Fe(OH)s + 4S0,% + 5H' (6)

ol g F (1), (2), (4= nId=0l ofst= 880l (3),(6) =+ F71HY
SO|Ch. EEM9 Meto= s M3AT|= Al EE UM 7= BdE=E80 2F
[eZ <13

Thiobacillus ferrooxidans: &1 M2 25 AMSIANZL = JUS
O’4 =0 dla HA=EO| Zslf &4 Hi4of Md5to JtE IA J[0dst= A2z &

HA AL



