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ABSTRACT

This study assessed source depletion in the vadose zones of contaminated sites. The possible range of infiltration rate in Korea was
statistically analyzed. The results showed a trend of decreasing leachate concentration of 13 pollutants used for risk assessment. Among
them, benzene, ethylbenzene, toluene, and xylene showed a lower leachate concentration in groundwater over time due to their low
distribution coefficient and also possible biodegradation effects. The average values of the relative concentration could be taken as a
default index due to a very small range of uncertainties. In the case of heavy metals, it was shown that the leachate concentration in
a pollutant does not decrease over time. Considering the annually different infiltration, a site-specific source-depletion scenario was
applied to Cheongju in North Chungcheong Province. The result was expressed as a time series of the relative concentration of the
leachate concentration, and this was compared to the trend by averaged Korean infiltration. Finally, an open-source code that used
Python was used to help calculate the leachate concentration by this site-specific infiltration scenario.
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Slsfidole A AAEiAlS] AR AV L =2
=5 A S 5 e o9 ThsAe R Aour f1sid
B7hs ofEl’E 7ol diell B o2 Sshe ekl Iy
o7 Tfjelxt= 1317 ARle] wiE o] JIHMOE, 2006).
United States Environmental protection Agency (USEPA)&
LATAE Aspebr] Ak FAA RS wHskaL o
(ASTM, 2000) AAAIF S 2 B $15)4d 717} USEPAZ} 2%
g Aks mEa gk

EIA g=ve Ldedo] EYIA AelrR =E4RR
ols3te] HF AN USHE =E = AP vlud 4k
Aoz g3 drkHolal H2Ql s g el A8t
= FAE &Y sk RE RS B o 2 ARt
(USEPA, 1996a). dukzlo]a Bael $JajAdmd7} o] At
e E& =EEEE Q8 FUHQ 5 9 HUYEY vt
ARE 8 AdS Artshs o] Faduo] s FASClF
A Wke s AAleE Ak Y] SfeleE e s
d|&35}a} = AEo] veR)ar ¢ltk Kim and Park(2007)
< dukolar BAQ] Sfs A W7E FASlARI S1Eid 7ol
A HgiA= BEle] 7S] sl siAfslel Al Es A8
752l ZJolo] thal FAIF o= =25} TE USEPA(1996b)9]]
AE 2o A2 ERES S ERheld 54
9 A7 2 glo) B BER Aekrdl] fYHTkL sl
Ak FUs=s A8 Ryu(2010)2 sj441E o8-8l
HlA, S2q0, ogull, =22 (benzene, toluene, ethylbenzene,
xylenes, BTEX) ¢} F2J-fAgks}4=A-F(total petroleum hydro-
carbons, TPH)®] B3t W 3], A3k A8l Verginelli
and Baciocchi(2013)& ASTMelA] AAEH 3] 27+ melo)
7IRkete] Bashiiols] BTEXS] Q¢i¢) ardst} o s/ =dellA]
o] s 23S Befslal A FA] O} L GEA e} Hasie]
R A=3sltk Mazzieri et al.(2016)= Verginelli and
Baciocchi(2013) =gl 7|¥ks)] WA, HE 2 2ddd), de
gpgoz BEs 149§ A% 2 S 94 mage
sl B 5Hme) BAE Agste] molshelrk Chang et al
(2019 BEsltis} ToRhS AR AIRDLS WAL ofF
A28 wisii) BEsh) 9 E) e 217} e 7Fge
A§F A% wE FE Gl FPe FAekch Chang
et al.(2019b)2 A& FFE(Infiltration)& 7Fg3le] 131
SRR 0] QB o FIR % A A} S o}g3e]
F7Al L=l sidshs BTEXS] 3l =3 B2 A
o5 A83lark
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o] & Verginelli and Baciocchi(2013), Mazzieri et al.(2016)
© oo S o) whegslo] FAS0lA]l Bxsh) FE
wofstara s, BEsle] 52 eit 1A e} 2 el
ol A7l Ao R F1) ke A%olE oY w7
71zto] Easit e GFEHe] Azl Ao R & S 7Ake
As Ko ZAR U3l
B 9= Verginelli and Baciocchi(2013)7} A|¢ket 294
e o EFRET T Ak Befdle] ERET v
ofEste S B Thew} g e Adsiel sk
- U] FRe W7 s R0 W9E Fgste] B8t
o 29 o] 3RS HeE 24tk

- Bl f=5 A 29 A8 Al mpiel] 7 ek
283 5 AeA doprsdtk S8 WF o e d=d
SIF= ASTM3} S S1sl g 7ol 7lvker 2zl
ESRET 5 AR g7 ies skl AR wke Azt
B ERS AT

- FASAQ] oA R st BENfES v At Akt

9 27 Aojol] 1 VI The Fke] AFES

483 5 9IS QEAA TES AFEAT,

E7olM A3k gka Bols 7 Uil Slel 8wt
Z1Z(MOE, 2006)14 ARgsh= 8ol2 Sdeith

2.

2.1 EURHE Tt XIEoN &2sh= o 7|Ht
gasil EYRETEE 2
ASTM 3= 9 =Wl 9181 37kl ofal] #lqkd & e
VYT AE S 9 RIS G AR BEA
glo] A el M52 7Pge: & okt Exsh 99
AEHE 09EA9 F7F LFEA 1o o8 sEATte
WPshs Z)ae RISk shon ofle] 45 olgle]
AR ARt WSS ARteRt
Egs. (1)~(5)= Verginelli and Baciocchi(2013) modelof 7|4k
3 0939 o) ThE Ak RS ARPAS nErk 2]
ESET 5T U= ASTM 2 ui9is g 7kx131e] Akt
A7 BASH Theat go] AR

3>

G 1
0,+0,H M
By =

Py

C,(0) =

o7IM, Cie BEdEEE [MM], p, [ML = EF849s,



H'= FAL 2V, Ke EFEAT, 0, EFT2dd,
0, EFE7I5HeIt) o ARkt C(0) Fho] Eshses 3}
SEd C(0)2] E3Fs, B 83 =(Solubility)zko 2 thal
Stk 71098 B BT theat 2o] ARttt

Kd = KOC fnc (2)

A7V ke [LMT]= §71224A1S, foe [dimensionless]& EoF
frrlekinl o)tk Eq. (1)¢] 25 3igsh= 2He ASTM
standardol|x] E& 4l Al4(soil-water partition coefficient)
2 Wtk NAPL o] &Ae1A] &= < 7Pt o Bk
= BuiATE the 2ol ARkt 4 Ak

ew + euH '
Ky = Kyt ———— Q)
Py
=

_ 911' +0aH, +pb[(d

sw

Py
EOFES 2 YRS 013k ARE Aol w2 0 FE Wk
thge] 2o g FaEr) BEYRET 5= G2 vl o] aasrt
C.(t) =C(0) exp(—pt) )
o uf
[ ASOUT{’E 0“'
)

o (Bd pKg) (o By)

e T gl oz wHd o9q :
%Ik olu), Eq (1)2 ARKE C(0) gho] Esbsreg Zatapley

ARt C(0) - £35(Solubility)gho 2 thalst H9-oll= $]9]
Eq. ()& thaat 2ol Wdd & Slrk

if t <t*
if t >t

C.(t)=S
= Sexp(—pu(t—1t*))

(©)

o] ¥ St e @=Ll g= ML o], t* [T 2. @go]
I BEdREE ) &8 o8k Werl) AlRksls A1
otk

Eq. (4= 329 3580l digh 2lo)7] wiize], slmict 258
o] Y= AgollE thadt B2 2oz g3l H88lh

Rt
o

C(t) =C(0)exp(— i],u,-At)

Wite] s FollA i o] S kS

el daroltk

0117]}"1 p’il‘f %‘ n ]
7o 2 Eq. (59 &J&f Axke

2.2 EXsil EARSST ARS fIsh 0iHs 7122 2
B oo BEES w5 ARk 948 7o = s1Eig
J7E AR (X124 611818 71l Bk 71zAkg e ARs il

o

9= B B A W A [ 1A
BT A % [ 6] 93 Bl Bast lEAR e

=

SR H7E 488 A 712 RS a3 E OHE
Aol 7|18k AlFskL ok Table 12 9343 H7} X9
A2 AEgE 718Gk oA B el AR A8l o8d
g o]88 & e 7IEES AXAISHATE Table 1] A&
S8 A3 A 6 FAF BUsie], B e 8 i
7 Uil 7ol a8k dHEe ZRkste] T3S
< HolEth EYSIeld 37t ARloMe ERRTIeRY] g
FEEQ A5 0016, AES] A9 0.0028k= ATk 2 o))
o] F71Ee] FA dledr= Ogtoltk =l $Isid W7zl
A& 53 EY AT 2 A AP & Ak
ATk S84 H7EAF BRI E Alshe e g L] Fab
4 e, A7 1ERAISgES USEPA2002)2] 7lo|=8 w=
I 9lom, FEe] Ak USEPA(2005)] 7o =5
Erhar Witk EGR7IeAaREL THEHsII(MOE, 2010)
9] 7tol=e] w2l 9tk 71EFkO 2 AABlE EFRIAIGERE
HES] EGHTIERARIES 2FE3IE 739-9] AXRE EREHEA
Fakoltk

ARl e EET AREES $13t Eq. (5 A== wivi
 F Table 194 A=A e P52 TS 2 BE3IR|G
st wize] 711 2AME B g A%tk RS
I AT HIE ARt tEgks Alkste] A8315om
AR R AT olM] Hard ghE 7o R HAE A
ok B A7l Afeist AESiAEE 0~1 year! ol 28817
=t 0.35 year'& AT Mazzieri et al.(2016)0] =3t
AEBAgRo I, 02 Fal7} o FolxA] W= 27, 1.0 year'e
A 2 2 13l S Bofgt Aotk oA ardol ot
FfsEe] 7S AR S, AR M9E B
035, AR} 0.15 elx] Brtrs was FRR9IRES 15070
oPd At Bl 1 AFo)| 7Rksl] ERES =9
A= AFsloltt. S Bt (M4 eSS = ALk
95 % tFARK95, df) AlLbE2ls Farste], 2 A7) ERE
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Table 1. Summary of the Model Parameter Default Values

Contaminant
P 1 i
arameter Benzene [Ethylbenzene| Toluene| Xylene| Cadmium | Copper | Arsenic | Mercury | Lead Chr((ir/r;;um Zinc | Nickel |Fluoride

14) soil pH 6.8

15) dry bulk density (p,, kg/L) 1.6

16) soil particle density (p,, kg/L) 2.65

17) porostiy (7, unitless) 0.396

18) water-filled soil porosity (6, , unitless) 0.160

19) air-filled soil porosity (6, unitless) 0.236

20) soil-water distribution coefficient (Kq4, L/kg)
(organic: Kd=Kcxf,c)

0.1178 0.0726 |0.364

0.48 |75 22 29 52 900 | 19 62 |65 |150

21) soil organic carbon-water partition
coefficient (Ko, L/kg)

589 363 182

240 |0 0 0 0 0 |0 0 |0 0

22) organic carbon content of soil (fi, unitless) |0.002

23) dimensionless Henry’s law constant (H, unitless) 0.228 0272 [0.323[0.29 |

o4 | [ [ | |

5’17}_ 7‘:”}1\1'1_ 71:]‘237’}”‘5 %‘7‘-“2(:1],9& O]—ﬂ]g] Eq (8)9/]- {:}O] E@_ﬂ?}]\ﬂ—
CL(t) =95% }‘\J‘E] = CL(t)arnmge + \/Uﬁ ®)

O] IIH Cl (t)averagellf
T A7 Tl D‘r

2 o7 =u %’—1?%94 H9E A7) S8 SR
ZEAPIIS] AR g 7L Ads
o833tk I<>l-r7l 2FAR= 199700 Al o] oF 1009
A eix] =Y AJela i AR =AM AR Al
AN o] AJell] dee] AJslre] e 54 B /b
ol tigk 2ARE dhe] AJekr Ak 5o VZAEE AlEdh
AFJOItHMOE, 2020). 2 FAREAL A2 A4,
=7 EdTY, A=ARAGH3] 5ol AR @91 A
TR ARl MW s WKl S18) AsleR v
Stokeke ARIEIGI=T] 1 |¢je] Salx|Aska] A 1 5507w
o] gkl el =AM, VA FEE e, Askreidelad
H, NRCS-CN, AJ&}$H55, Hybrid-WTF 5 of2] g

Boge Aslendle), SWAT-K WY % B0] 2o 2 glok
& I SRR TR YRS Aol sk
BAsha, 2|y el vag Ee U] PAEEa G
of) TR AREC]Y) Wit B ATIE YEE AR

ARE7FsEE Zlo R FEgrh
SFEskR 0 2 ZE S infiltration)?} $1%Krecharge H5= percolation)
o] TUatA= @ar HEEE Jidolrk vt SjEig A4
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ARgEE B2l 23 dukzo g eyl SRoks AAE]
TR %l % 2 /NAe R yRgslar ik wep BER)
ool FFEs TSR ZAY 2R Zg efshd Fk
= 01%-3}04 289 1EE Wl A U RE]] pd
2o g & 4 Utk £ dFelxeE 20154 o]Fe] H 51zt
izl ]ZZ*} Haxjel] vieRdt -2 B, R vlelHE
TRt B JAFEL] H9E AAsTE 2 dtelsde
v YA YT A(USDA Agricultural Research Service,
ARS)elM] 7lukek SWAT %3(Amold and Fohrer, 2005y&- o]4-
o Xl 28 7|t Fte] HUA Ak bRk APk
g SolFd 84 F ikl FAFEL 7IE AN i
&0 T BasE AYse fride R HEEo] Stk £ e
e Tle] g 5238 wkedsle] Ao ofgk A Als =
snict FEo] M3t nixe s Goprarat sieith

i_.

Al

3. g1y

3.1 X5k 7|=EAL XIRE 2835t 2EE 2

Table 2614 2015\ o]F2 35 237) ARt 7]22A
255 F7AsA RAE M F e THMOE, 2020). 2+
A 72z Uik BRIl 39 SEgds E gk
] ﬁﬂﬂ Ag VAL vk 712 2ARE 7, A, AR,

A, A5, S SE] A= Aol A Easo] glat Ikt
R ﬂ?ﬂ%k"’] e AIAIe] 96 mm, Haghel A A9

357 mm Afojol] BESEL gitk thEEe] x| HojA 2F 100~200
m 7o T2 B3xxjo] glom e 237) 2| He] Hughkd 174

mm, EFHA= 55 mm 2 AT o] AkkE A= Eq.

()] R F Rl JFE] 8B s &8Ik
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Table 2. Precipitation, Infiltration Rate Investigated by Recent KOREA Basic Groundwater Surveys

Province City Year Precipitation (mm/yr) Recharge rate (%) Recharge (mm/yr)
Gyeonggi Suwon 2019 1346 83 112
Gyeonggi Namyangju 2019 1359 12.2 165
Gyeonggi Seong-Nam 2018 1394 25.6 357
Gyeonggi Yongin 2018 1331 14.2 190
Gyeonggi Gwangmyeong 2017 1240 13.9 173
Gyeonggi Paju 2017 1278 12.3 157
Gyeonggi Pyeongtaek 2016 1226 14.6 179
Gyeonggi GImpo 2016 1287 10.2 132
Gyeongsang Haman 2018 1213 7.9 96
Gyeongsang Sancheong 2015 1670 8.1 136
Gyeongsang Andong 2016 1030 18.0 186
Gyeongsang Gimcheon 2016 950 18.2 173
Jeolla Yeonggwang 2018 1156 12.4 143
Jeolla Mokpo 2018 1143 18.4 211
Jeolla Suncheon 2017 1593 13.0 207
Jeolla Gochang 2018 1238 11.9 147
Jeolla Buan 2016 1204 9.2 111
Jeolla Jangseong 2014 1322 20.3 268
Chung-cheong Cheongyang 2019 1249 13.5 169
Chung-cheong Geumsan 2019 1296 16.0 207
Chung-cheong Buyeo 2017 1361 14.5 197
Chung-cheong Jeungpyeong 2017 1266 12.8 162
Chung-cheong Yeongdong 2016 1169 11.5 135
3.2 ARl mE 2| Miits: He| &Y Table 30l41:= frasake A4k ool ARt Ak kst
B o Rg 9 sl o3k 0l izl o) WlsR= itk B ] AME] = %S 3 ARsse] Behde
A9, 19, 24, 109, 209 Fo] BEFRES AdPs= Cuy/Cu(0)  WFESkL Q7] wieel] A=t = S WMol A 78 AR
o) 2] TS 74140} ok 27) B SR GO0 AT Bk gl o} il AT Frasel Aok o
Qe ESE e I OfBl AERT Abgelel A% T Y A ek 2 ATE AR
Egs. (4) and (5)Z ATk A7to] el ulel Egka= 11¢] E4k=

-
[CR==un

4% Ao

Eq. (el oJel Al52o s ] k] s,
o] vl 7iA] 7Rk 21 2A|1UE welet Al vina =3
Ao 2 T3t ojuf R 3’Jr7b°ﬂ/\1": ABRFe] M=
T3, 035 year!, EFAA} 0.15 year! Yol ATEEE ul=
L 2EoIzke. 1507] o AAJEIL, HE8e obx] T Flokek
;‘}—‘EA SR it 0.174 m, IFAAT 0055 m ol i
w} Zz2ke)ZkS 15070 o) WAk AE wE3igink
Ffj o 2 wke EokauAlggo 2 ole) Ajdo e
WS EaleS UEith Theg B Suse AR R w2
EoRRulA|S: gho 2 QlE)] vie- =@l 28-S ekl 2o
71711 20671A] tREe] FEEEe e 1S §X3k

dTHaS=
Ak

E

= ml
rﬁ
rlo
o F

(

T

f

[}

e

¢

[ ==

Zs ol Afatek WAl FUSHA 95 %] t£7ﬂ7 fo
2 2l=REs Fshast SlaL o] W A= 120 opde] &3
7Fgalsitk dig Sof widle) 1d 5 Adbs=e] 9] 95 % JQ%AL
£ (.7005 + 0.0009 o)1, 3}2] 95 % AlZEES 0.7005 — 0.0009
o]tk 0.7005 £ 0.0009& 9] 2 31 95 % AFTES
Hh2lolek o] uf tiite] © AR AlETtlelxe] s Wt
Zo] 1 % ngke 2 ARkt & dolis L ENA] Bl
oxle] EEHIEE Al & s a3 oR 2AlE]R 2]
EGRET T5 M) ESRET s eE 88} sl
2= Bﬂ% W7} uje- Zlo} Huto Rw T RS FHs
siodck: weA theol oloE & 4.4 Ras
e g

e AEHEE 0202 il f

DA

& g

=
=
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@A HogH A BESHY oY NS DAY EFRES S 24

dZstglon 1 Ay thREe] @ J9EF ko] 0.99 o]itke]
=099 oo =L 1= thAfsle] E3E}

Table 4= $1819 7k A A= Z1RgkER
% gk TRk, ) U IS ERE /PRSI A
AR JeEe] 29 i) gt e Fagelrh BEE
o] 2] glo} = v oF59] Sfat o] K] 2% HF Q5]
AspEael vhS 2gspl sk Qo] Lgele] BE5E

olFe S Fo7t (k& A5 e, f1e] 3ol ATet

B} Sl BN 20 ofF o] ogdlo] msle] = ghE
HEEA 3k T3S Flo g g
Table 3. Description of Relative Leachate Concentration
1yr 2yr 10yr 20 yr
Benzene 0.7005 + 0.0009 0.5501 £ 0.0013 0.0392 + 0.0006 0.0041 £ 0.0002
Ethylbenzene 0.6551+0.0010 0.4304 +0.0014 0.0227 + 0.0004 0.0018 + 0.0002
Toluene 0.8682 + 0.0004 0.7651 + 0.0008 0.2489 +0.0013 0.0933 £ 0.0011
Xylene 0.8994 + 0.0004 0.8128 +0.0007 0.3539 +0.0013 0.1443 £0.0013
cadmium 1 1 1 1
Copper 1 1 1 1
arsenic 1 1 1 1
Mercury 1 1 1 1
Lead 1 1 1 1
Chromium (VI) 1 1 1 1
Zinc 1 1 1 1
Nickel 1 1 1 1
Fluoride 1 1 1 1
Table 4. Sensitivity Test of BTEX for Various Biodegradation Rates
Lyr 2yr 10 yr 20 yr
Benzene
Aource =0 0.81 0.65 0.14 0.03
Xource =0.35 0.70 0.50 0.03 <1%
source = 1 0.54 0.30 <1% <1%
Ethylbenzene
Asource =0 0.76 0.60 0.10 0.02
Xource =0.35 0.64 0.42 0.02 <1%
source = 1 0.47 0.22 <1% <1%
Toluene
Asource =0 0.93 0.87 0.52 0.29
Xsource = 0.35 0.87 0.76 0.26 0.07
source = 1 0.77 0.59 0.07 <1%
Xylene
Asource =0 0.95 0.91 0.61 0.40
Xource =0.35 0.90 0.81 0.35 0.12
source = 1 0.81 0.66 0.12 0.02
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3.3 Case study - = X[ SIJUES 025 HIHIC| 222
0zt 1iE =

£ e o e S B AR H9IE ARkeslck
ol A Hofx= Sl B7F BRIV 5 Y- e A9
Aekr LS o3l FASoIHR] AFE AAYE S
sl LAY ES ARkkelE S gsIith £ ek
Aegh F2)= AP A5l el Ask e Aol ALsl
ARFEIR 5 A|do|ck Fig. 1 A5 A9 dpdo= 2011
1ellx] 20141 29-5%1e] A3 Jtbds ] B2 4
8l Avls a2 $¥s19ir) Chang and Chung(2015)& 1=+
T YA A(USDA Agricultural Research Service, ARS)
o4 7faksk SWAT %3(Amold and Fohrer, 2005)ox] £&3F
Aekr FFF ARE o83l AT S ool $8-5

Rt
o

vl itk BEe] lERlE R FAH #9 o 913 5 71l
B 71, B4 QAR s 5] TPIRIEE o83l
SRIREY AR AT AEE o] 833irk SWAT 1o
of oJ&l] A & gk AAY AEE BwsElE A A
R0 2 ARt sl A B3 v Alele] X|IrkE
To] EAgitk o] x|e] X|ahg FhFRF B o2 A v
oF 13.9 %o] o]2+& Aoz Hrslrh

B e 299 82w g% AAIES Al sk
{RISE 9 2o Python F=2 B20 2 ARF3ISitiAppendix A).
H20 g AFs A== Table 194 AR Faj= 28k 7185k
S 7|Eo g gAEka 9lal, ol CSV 3kl o g #FE
7 AFEE FEE AAE ASE o s et drs
7Ne] o] Aoz A7t HFE 9 1o wE {E5e] )

N

il

e

0
40
E E
: o0 £
S @
= 2
5 2
T 80 120G
[
o (12
40 160
o A MMkl Y VI T PR MY R
2011-01-01 2012-01-01 20130101 2014-01-01 2015-01-01

Fig. 1. Comparison Between Simulated Recharge Rates by SWAT (Red Line) and Precipitation (Blue Line) (Modified from Chang and

Chung(2015))

Table 5. Relative Concentration According to Source Depletion

Relative Concentration at source
Infiltration
source = O )\SO’UTC(’ = 0'35 ASOU’V‘CE = ]

0.78 0.68 0.53
2010 0.20 0817 (0.707) (0.54"

0.57 0.44 0.26
2011 0.25 (0.65") 05 03
2012 0.19 0.45 0.30 0.14
2013 0.17 0.37 0.21 0.07
2014 0.13 0.31 0.16 0.04
2015 0.11 0.27 0.12 0.03
2016 0.13 023 0.09 0.01
2017 0.18 0.19 0.06 0.01
2018 0.19 0.15 0.04 0.00

0.13 0.03 0.00
2019 0.12 (0.14%) (0.03") (<1%)
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FEE St oAE Table 52 &&= 201135 E 20197}
&5 I 2EPs Agol AtEle R ESRES
diste] grolctk o] wj st HEEAE AT B s
AP 711wl ged = glo) st RRAe] 7sskA|
%= AT, A RS Al weke AP gl
Al By FoA AMERE Wlolth WA £ Atollxle=
201135 E 20143 225 vlEko 2 SWAT 540 2 s}
Al H71E $1ekael 13.9 %= 201 1'dHE] 2019\ 37kR]9] 73<=3]
Z¥2y Agsle] it T e FEE g5tk
Table 52] APARITE] Tl WA I AlFH F=F o183}
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Appendix A. PyTheis Code
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import numpy as np

# set default parameter values for Benzene
rtho_b=1.6

infiltration = 0.15

porosity = 0.396

theta water = 0.16

theta_air = 0.236

K_oc=589

F_oc=0.002

source_degradation = 0.35

# additional input

time = 1

source_degradation = 0.35

data =np.loadtxt("cw_data.csv",delimiter=",")
n = len (data)

infiltration=np.copy(data )

# Calculate concentration by source depletion

#K d=K oc * F_oc # Activate if needed

K d=0.118

Henry_constant = 0.228

K _sw =K d + (theta water + theta_air*Henry constant)/rho_b
Retard_C = 1+rho_b*K_sw/porosity

Z=1 # Relative Concentration

# Print output

print ("Recharge(m/y), C/Co")

for i in range(0, n):
degradation_I = infiltration[i]/Retard C/rho_b/K sw
degradation_bio = source_degradation*theta_water/tho_b/K_sw
degradation C= degradation I + degradation_bio
Z=np.exp(-1*degradation_C*time )*Z
print (infiltration[i]," ", Z)
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