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Safety Evaluation of a Wastewater Reuse for the Farmland Irrigation in Jeju Island
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Abstract

Safety of reclaimed wastewater irrigation needs to be evaluated to promote public health. Quantitative microbial and toxic risk assessment was conducted
to identify the level of risk for farmland workers who use reclaimed wastewater and groundwater in Jeju island. Microbial risk through inhalation and
ingestion exposure was below acceptable level (less than 10'3) of 7.07x107® for reclaimed wastewater and 9.99x10°® for groundwater irrigation worker.
Aggregate exposure risk of Ni, As and Cu was most contributable to overall risk in both reclaimed wastewater and groundwater irrigation plot. High
cumulative exposure risk was estimated through non-dietary soil ingestion and dermal contact of soil, due to the high concentration of As, Cu and Ni in
farmland soil. Overall toxic risk was 2.68x10™ for reclaimed water and 2.39x10™ for groundwater irrigation, which could not meet acceptable toxic risk
level of 10°°. Further efforts, such as provide personal protective equipments or public health education, need to be implicated to reduce adverse health risk.
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AlFes WEAET B2 o s 150 g2 795
7= oA o ol e Bkl B E X[ 4] 54
alf 1437} 513 5 67112 shd& A 2Jek shxlo] 2] P S
o] Qlo] R Fprleto] A|skA ol (Jeju Special Self-
Governing Province & K-water, 2003). w2}A] tHE2o] 4=
AUE Ashol| A FEHaL 9o, 2005dH A= 2|5}
22 TR 1,607 A m/ARA 2|akE AA AfdEF oy
90.9 %of o]2ar glo), e HEA FU X s 575
© 7 Q] A5t 7 gHAlof thrh2 A o' KAkl 9l
T} (JDI, 2006). EgE AJFE o] AuflEo] 2A W2 F=a
£ 7THIE Aol A B Y] 87 B ast Azt

=2 Ax} ¥H3slar 91 0 (Choi et al., 2013), A=A 9 4
3R] N A1 A9 587} X144 0.2 Slela o)
cHUDL, 2006). 2P 24 401 0 572 %8 4
A YE=FAESE TFs] A= Als A7kt
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SR o] P agh Alrgolck

Sl E]4=0] U8 Aolg-2 ?i%‘— AR S 8
H3F 5= glom, thepe] JFEHS RIS
2007) 212hd A=A o & S

2 Aol LALAL 2006 0-S A|ZHo. %

T Fie SRR AT WA AE 255N Zl *dx
L Fol| Qlok A7 F AT A FA] S
2o oz 30 Hat (1971~2000)o] 1095 mm
2 thox|elel B (1,457 mm), Y22 (1,851 mm) 18|30
(1,841 mm)=#| Qo v} 2F 400~800 mm W& 7HS HO]
L lom (KMA, 2011), 7A K], 7} FollA] g, B
2ot 22 40 ALLER AujzHEo] HslsHA]
9~11970l g a7fo] F5ote] BHS BAIE L 9)
c}. o] wheh TEX| =10 Rl A P84 R0
2 79 oF49 %ol tial] 1 o' WSS T
afjof sh= 2 07 el alAfo] 8- ARlol] =2 BdAdS

ATk (Seong et al., 2009).

BlAjo] 8o HES 222198 SRSk, A 2-S- giA|S
A sk v8-2 drtele, Ao 374 7S

’C'(S‘
of ehepst 2713 0] Gl W, Ak Mel S AR A ke o)
Sz AF HFE220] A0 120 szzo] WA n| e s

g Ae 2 el 4= 9lom R oFA Ao T3l x|47 ¢ 1y
¥ o] B asieh. A7 Ao nrem A|FA] o o] WAt
of| Azl E e IS ALWL 72 10°~10" Fecal Coliform
100 mL™ 0] 355 2 NS G ) 5~144) of 2o 2] A
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W Ubgslg o] 4~7H) oA chal B alE] 1l 9t} (Peasey et
al., 2000). Mara et al. (2007)-2 GA o] Aok o2 Il =
L AC WAL E colis =7} 10° E. coli 100 mL' 0] 5}
& A Eofopit 5|87 ka3t Sl = Hol= A o= Ykt
o], AukAQl AxEde WS H85HS AL 10’ E
coli 100 mL™' 0] 5}2] 55 RIE5191-& 73907k A vto]
2 ZHeshgol] 3187t E Elrkal Harshelr.
QL A7ZE Aol §rE o8-t T A BEqt F
gl A AletpE AREE A HT 22 FE Fa40]
ZA %)= 7 0 2 e (Lente et al., 2012).

slplelso] e Aolgol diet QPAS SlelA
7} (Risk assessment) Z2IE A F & o] &3] EAT 4= 9)
o} shpAfol-8-o] nAE Hlal/dH 7= vl (Asano et al,
1992; Tanaka et al., 1998), o|&t2]o} (Forslund et al., 2010),
3.2 (Petterson et al., 2001) 18|32 =] (Jung et al., 2005;
Yoon et al., 2006) ]| 4] 21-8-%| 3101, = 78 A ol-8-ll
gk v = 9 Sa< lel/d B 7 el thgt A5t (Park, 20115
Rhee etal., 2011; Son et al., 2013) = 23§ = v} Qc}. zfo]&
S5 o83 TAE WA Sl E 7ol tiet At =99
749 &ils| R3Y 20| X4k (Hamilton et al., 2006; Lente et
al., 2012; Mara et al., 2007; Peasey et al., 2000), =] o A=
QAR APz A BarE A} o] Qo= A7t H53
7 o]t (Park, 2011). whepa] JEAREo] tfgh QP Sl
2= Aol GAIAE A2 S8l F7HA A Had A
oJck.

2 A9 F= sheAlE] Aol8rE ol-8sto] dlst
=LA NG, BES H A= FaSd A E
AnES EA5HL Q& AP ste] AlF e Tz A
sh=zfjo]gof it oF/dS B7Fsk=dl qict

Il. XZ 2 dheH
1. CHAX|TE 2 ZTAHEY

OVSA| A2 A FSEAR T A A P k] A=
KSR e Aol A2l A 2lH sl ] Aol§-
9.6 km O] FpptRo] A o] TER| Moz 355
3L Itk (Fig. 1). RYB P2 Aol 85 A o2 347t
0152120149 9H 16 3} 10€ 17 23] ZA A5
B, AlRe 2% 2~3A] Afolof] HHEI Atk A2 W8
oF EFE Aolda BN T=|aL Agk Wl A ol A 44t s
A= AEsto] Ao, w2kaS e Fuk 22
25 T A FoIA AFsto] Fok. A E= A
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Fig. 1 Study area and sampling sites

oo} mOpAI R Etlo] BAjsto] lon], RE A
e suron Salelg

B E AFEe e A=A ST
(Total coliform, TC), 244 th o<+ (Fecal coliform, FC)
9 E. coli (Escherichia coli, EC) 3}-2o] tf|5}e] 42 o F%
A& 7|0 whet 2 A=A & (Most Probable Number,
MPN)Z o]-§al5lom, SgAIE7HA] AAlskoitt HE:S
7} A2 3 ek S48l S e] K] 10,1,0.1,001,
0.001 mL= 7} 5714 STHAIHF 5, 48 + 3A|F ujeFste] QI
AF3TAR) 157) AR 2 AT 24 S WRetslct
Fd I 2L 910 A W, 502 9 =gl
H|2x (As), 7F=4 (Cd), 7-2] (Cu), HZ(Ni), H (Pb), QFE]=
(Sb), o} (Zn) ICP-AES & o]-&-5lo] S4513lem, ¥
T THALITEAR7IENA AL = A4t
23l S, sAET EoR SRS 47 A4t
At FEHY SATA= Bl 7HEg, T, YA, o, QHE
X 781 ofdo] Z+zZF 0.800, 0.060, 0.070, 0.200, 1.000,
1,000, 0.070 ppbt ZAE|9 0], AZGART B =4
A FE40] A9 AEAL 122 JHH ) AE5H9
o} 28]9] BUE Yol A ZHE E colith Fe 5wl B
sto] $lalld B71ol MBSO, BARHE R ver. 3.2.0
(R Development Core Team, 2008)-& o]-8-5}¢] =3 E t 7
A& Ak

2. ?leiEE7H Uy

e HE 7= 284Sl (hazard identification), =457}
(Toxicity assessment, Dose-Response assessment), 1= 7}

(Exposure assessment), |3 ==2 7% (Hazard characterization),



Aeli= HEFG (Risk communication) 12|31 $sf=34z2]
(Risk management) &2 ©|0]ZIt} (NRC, 1994). & =50
A= 9184 BAlo] 8] QiR S35 E Coliol dhet
ez} A BAE Sl Fae] 54
QA FH 7= 93 = Eulj 7l (Exposure media)= T8,
EY Y s st o, didA|Yolx A~z Fe
7} 03 TR0 2 ALGE] who] TS EeeE
(Inhalation)& l=%&7d &2 (Exposure pathway)of] 335} th
W4 A E9ko] H|AIAMY F] (non-Dietary ingestion), EOF
9] 1]} Z (Dermal contact) X 52HE-2] 2] AM %] (Dietary
ingestion) T3t &7 2of Egslo] =EakS AFYslg )
n A= Fleld B 7] - AU S = 57| wisoll
WS w7l R Y eE B A R = sk

7t 7] & 275 oI0EE s MY
PSS 4P| oA iAo wof A2 2
5 AE Wi ool 259 F =5 APdsfok jit) o] 2
2]&ll Teltsch et al. (1980)] laf 7= AFAskAtw g
(Gaussian plume dispersion model)& ARg-5}0] AT
2 55 Aol "olxl AR S 5 Sl Wl
o] F=E AP ST

u:lov

=
Z7
=

-exp[—(%+7)] (1)

o4, D 2ZGEH WHR s 4Rjel 54 E
LoE w3 55 (ug/m’ T MPN/m’), C= 3704 U]
204 Bl UQE A X 55 (ug/L BEMPN/L), Q= A
BEE A (L), o, o= ZEHE o] R 2kt B8 (m), u
£ 4 (3.6 ms), yi AR} AT S Afole] 7]
(m) ZL2|aL His A Ee]0) o] (m)o|t}. &2 =FoA=
w50] .88 910 A2 o] ApaH(Q)2 1 Uis, S
£ 0% o=21712.314 meF1.172 m (Wang et al., 2013), A
F50] WF-E4:91 3.6 m/s (KMA, 2011), 2F¢jzpete] A
(9} 232 ele] o) () o] Helol H Az 2 2
AR} == H 7o A AAIE 10 me} 1 m=2 21ZF 2835 59
T} (Teltsch et al., 1980). T3 H42 Q1 Qs A2 ¢)5)
of 27} 22 e 2 e vleto] ol ot o] 93]
Aoz rhgsiect

Fa4T e TAE SRS Rofol A4S
ZRE 2GRl o] 27 7HA] B, vl o= Jf&
o] Apg-go] 11 E|ojof s} (Teltsch et al., 1980). 2F
O] 2% I 1eE S (D) ASEE (B3 T A

& (0] A3l 2AEH 11 A2 offjet Lk

D' = Dx EX exp|

_97 y] (2)

714, D 2 25 v e (MPNL), £
RS O TS A )l 4R
Sad W7 S EE8E 1~5 umAe] 9 Oﬂohjn*i 7
AT 71galo] 12 esto] 2olew, o] 29 e
oft ofjo] 2] &4l0] A1 5 917 o] mao] g
o] =olAIth (Hinds, 2012). E. Coli& EH/\]'_Eﬁ} U=
Pae sl ot o2 498 8x107 ", Qo
/;)EH o ko 0B L 66x107 s 2 223510} (Teltsch
etal., 1980). whebA] 2 Atoi= AZYEHE o7} &

r{r

ol

S~

ol 3t-55HA As gttt 7y skt
L} OAMS olsiAmiyt
HA S AFHHAS 7S Ao IAT 4= o=
HE (P)<> Beta-Poisson ®3-& 0|83l T A7s/d& A4
skaict
d (a3 —«
P=[1—1+-—(2°=1)"° - Py, G
50
o]7| A, P= A pAES AAFHGH %%‘—"r Zrgo]
el 5 s Y o)1, di= n]ABEL ik (MPN/100

mL), Nsp-2- e 28 2R 250 %7H 7 2 4= = ko)
31, a4l N/Nso} HHg-&-0] vlgolt}. & Aol A= E. coli
of| T3l 4] Haas et al. (1999)0] AA|3}F N3y = 8.6 x 10’3} a=
0.17782 AR5t 2 7-5-Ad (Probability of morbidity,
Pp.)2- n| A& £33, 2FRte] A7 e 9 #g el u}
gk b 4= Qlek. SFA|TE ol A Aol 85 IS
735- YA v 25t ARy of Hof| tigt A= H
23} Aol B & 2715kl 50 % (Pp.=0.5)S AM8-3}13ick

Ch. 3% leidgot
T sl oRt WeklslE AFetk (upper-
bound excess lifetime cancer risk)-2 AF435}7] <8 FA &
B4+ == (Lifetime Average Daily Dose, LADD)1} £]3}
L5 ok AlE o] 8-8f Aliketglrt
CX ETX EFX ED

LADD= T (4)
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Table 1 Unit risks and slope factors for heavy metal species

e Unit risk Slop factor
oral ((ug/L)™) Inhalation ((ng/m°)™) Oral (mg/day) Dermal (mg/day)

As 1.36E-02° 6.67E-05" 1.05E4+02° 4. 27E+03"
cd 4.77E-03° 2.00E-04° 4 81E+01° 1,49E+03°
Cu 6.01E-03° 2.94E-05° 6.06E+01° 1.88E+03°

Ni 9.536-03° 8.00E-05" 9.63E+00° 2.99E+02°
Pb 4, 77E-05° 2.33E—07° 5,956—01 1.49E+01°
Sb 9.53E-04° 4,67E-06° 9.63E+00° 2.99E+02°
Zn 4.29E-02° 210E-04° 4.33E+02° 1.35E+04°

%EPA, 2015; bDHHS, 2015; “Calculated based on reported value

7|A, LADD= B/ U8B+t =&, C= =542
w59 HF =5, ETe =3 A7 (h/d), ET= g‘ﬂ
(d/yr), ED+= =27)7Y (yr), AT= B-A)1ZE (hr)o]Th &1
T A AR Al S84 AR (129~-29) 0l =
L5 7o) Yol T2 3192 Aol e 3
Ashoiz, 2R1A7E Aol 218 4+ Qe 717:e 8744, of
244912 BAH O JHSt] ASH 0% 1edEick 714
S, 4] A3 A36s ALk A 2o 2 AHst
t} O =ZA7e B2E A2 0] A2 24471 ZFA7H- 8

AZro 2 A4 el a, Htr |7k 607k w2 799 9]

SLES 4a7] Sl 525.600417h8 A 3hsick

0] Bl AR B0 A9 ARt ool 2
Fol BRHE 534 5ES A% naRoR Agsgon,
A gee ARAHEF S A 08 Lotk Ao 7}
Aslslck 57 mko] HAA HARE AYERE
slo] W a1E 1=2A|520] AF3HzEe] 100 mg/day 2 2-8-519th
(U.S. EPA, 2011). 5250 that A A4 Feke 3hat 1w 2]
Za =8 (Jang et al., 2007)S v} o 2 9Fu}0.33 g/kg-day,
el% 0.09 ghe-day S AHg ik B elo] 49 st
o1 Bt 7IEk A4 S4lol] et M FFOR WiE| T gl
0.4 g/kg - day S Ag-310] Bz o 2 Hrlsieict.

=op| 513 e APR S 919 440 el
291 0.107 m*7} 0314 m*S HAe}0] 2w AL A5}
o thoH A of Eok - =8k0 gA|7F AL LS HO &
3} o] 2740379 g/m’ 8hritt 1,595 g/m™ 8hr & 285}k,
1] Hof HZx EokS S|4 (dermal absorption fraction)
5 55l 48 s (effective dose) 2.2 ZHAks= 7l o] X
Zolu}, HaE B4ASE AR A 0]7] T US. EPAS]
Harof et B —‘,5—474]—,— (soil-skin permeability coefficient)
210.005& A&3}o] 88 =SS AHY31ITh (US. EPA,
2004). 27|22 (As = 0.03, Cd = 0.001)2} H2HA|2= (soil to

L
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skin adherence fraction = 0.07) 5 A5 A H o B3 A 4=
£ AR A a2 B APEs] tige] Eeaos
A=E Ast7]of At Aoz ATET (US. EPA,
2004).

Sosol Uigh vy el B viAAE e &
Yol sl AP BA Bt sl 24 Faol o
S Y &= (Unit risk, UR) S, EFQ] v|AAMAF], 124
% 931 52 AP FIeE EeE (Slop factor, SF)Z
o] APgste] 3290t T9 8= IRIS (Integrated Risk
Information System; U.S. EPA, 2015)2} ATSDR (Agency
for Toxic Substances and Disease Registry; U.S. DHHS,
2015)014 ZAME 222 ALgBL O, HAE BE FHd
of thgt T sl HarE| o] QA E9k7] wiizoll ATSDR
oA BiH 4 S4A4Y A9E T =S e wels)
of Fqiek A4S H o RS gk debe S et
A 70 Kg& v]2] Fofaeo] TS Hels] F=¢lom, Hary
| 2 0] A e eiglolet detelo) 2 el vl

£ 7120% YeI9leES el o Bishe] F9itt. of
o Uslo] 9 BSIHE H 8ol S 10°0] B3
A (AT EA 23 wiSlol 2 RIS, Bt 4
2l R B 22D ARE S Aol Bk

71 SN DME EXZD}

o = =
W] gtk 54 At Aol-84-9] & Wi &
WA bt 1)L E. coli} 212} 447 MPN/lOO ml, 224
MPN/100 ml 223 142 MPN/100 ml & % , A



54=2] A9 A|71A] o] B 2 MPN/100 ml 0|55
24|90k Park (2011 B ABATLY =2 thipo=
Sl=x el W, A el T1e]a x|se] B E. coli
s =A% A1} 717+ 504,533 MPN/100 ml, 493 MPN/
100 ml 2831 17 MPN/100 ml 2 X =] ith ¢ B33}
A T Aol §A B sl el SR TS
MO AASH o= Uehort, s a4 Al
§ AU 7|2 BHB v)X A Bl 2 0= et

1=

5
Eo0] S Eit obdl, U, s, o, e, el 1]
ATIER $OR 52 555 e vl&, e, YA 1
231 QeI S Aol ok Xl A X Sell A fiAt
R S (p>0.1), 7H=E2 A8k A
O Eoll A o7 52 S E (p<0.1), Hf obd-2 o] 8
£ WA A o] EFollM vif- A 574 = Ut (p<0.05).
2] A Aol g<rel sl mE vlht AEEA o
ko, 7FEg2 Al LRt vhE S552 Aolg7t sk
Hot & Aoz SAE U Qe (p<0.05)3 H (p<0.1)
o] ol o847} At Folt R0 R £ 5
w5 wol o Uehdth F2le] 39 AolgoiA
1.00 pg/L 1831 Z|3}<=ol| 4] 0.100 pg/L = A o]-84=of A 10
1 2 seE Bolou, & JA uize] A o2 fofjt
Ao 5 Kol A= ¢St kel A Blae HETH
Hrp g2 s g Hlow, utel ¢ 2ok otEl 2 ot
AEHAED 22 Ao 2 YElydt: w40 S5 3%
& nege) oy 121 gl £ 0% Yehton] £ Y

A3k ole] A 2 2to| S Bk wheb, 5480 5
T4 5 Aol Eofe] F4 SR A4 (bio-
accumulation factor) 2] gJ3Fo] Z 7o 2 TohEct

2. {lshdgrt At
7t DIME {siEmrt 2ot

Aol g5 IR ARSS 2R nAE $lal e
7.069x10° 2.5, 2ZPFe ool Eo] F¢ W Wi
H| 2 AP 2| 2 013t Qe 7} 22k 2.549%107' 03} 7.068% 107
O 2 AAE|QIL X|ElrE W R AR A9 SYeE
2 QIEk $ll = 3.603x10™ 0] gl on, HAAMIH O] -
9.991x10° & 2 AP =] o] o] g1} 2|3l4=7] ¢F 100 H
W2 Selmg Uitk o] Aaks Aol g WHESE
AREEE 79 Q1w o o 7o) ZhAz} Wl e
2 oA 4= 9lom, o= WHO (2011)7} =& 213l A
QFsk 1t 100085 1782] 7r%12HE (107 per person per
year) Hrh -2 s=rolct hA g A7 18 H 94710
Yo o5 HRT A HoR e 2w @ 3| n|AE 5=
7F Gol|= Al7]0| B2, tiabt w7t EolAlE ol 5
IAN7E o) FoIA S Bt 22 5o tiAto] AEE A
o2 gty

71& ArAze| w2 QA 2 sl el g A S
2] Ioljof o] 85 HP- EAA G R} 7|5 Bl Hpo#
A ggol G4 wotslom, ol vAE F =7t ot
A 4 9l A5 Ho S oldntar B askgict (Camann
and Moore, 1988). Ayres (1992)= AZH I WNE A&
S 79, u| A& 25t A Wy Eo] o= 20 Hil
E]qlom, o)= Il Lol 23 7T T Yol FEE
of) 273te] 2HAA} s AR FH ] <8l A E = 9l
ohal B E|Qle). B3 slrA |t o RER 7] Fof

Table 2 Average heavy metal concentration according to the different media, the irrigation types and the agricultural products (average

+ standard deviation)

Vietal Soil (mg/Kg) Water (ug/L) Food (mg/Kg)
RW GW RW GW Cabbage Onion Broccoli
As 591 + 185 7.70 = 0.336 N.D. N.D. N.D. N.D. N.D.
Cd 0.245 £ 0,023 | 0.296 = 0,021 | 0,100 £ 0,090 | 0.200 £ 0.200 | 0.004 = 0,005 | 0,066 + 0.070 | 0.084 = 0,004
Cu 473 £ 0699 | 466 £ 0469 1,00 = 1.00 0.100 £ 3.00 | 0.004 * 0.086 N.D. 0.156 * 0.137
Ni 56.3 £ 9.60 464 £ 523 3.00 = 2,00 1,00 £ 1,00 0.102 £ 0.143 117 £ 0.063 | 4.42 = 0.004
Pb 818 £ 204 3.27 £ 0.342 13.0 £10.0 | 0,500 = 0,200 | 0.127 £ 0,152 | 0.419 = 0.133 | 0.178 = 0.499
Sb 0.918 £ 0.031 1.20 £ 0,277 9.00 = 2,00 4,00 £ 0,700 | 0.059 = 0.003 ND 0.055 £ 0.003
Zn 444 £ 398 325 + 263 1,00 £ 0,200 | 100 £ 0,200 | 0.288 £ 0,014 | 1,09 £ 0,062 | 3.02 = 0.035

RW: Reclaimed wastewater; GW: Ground water; N.D. :Non Detectable

s gt 57 AlE, 2015 * 25
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A B9 A o2 A9 th 7] H e A m A EE]
E=7}1 100 v o]AF Z718tchar B a1k v} @it} (Blanchard
and Syzdek, 1970). webs] {54 Aol-gF o|-§3t AL
Sze) WL Ae] A7l vlAl el et 371
1 9177} W ag Holck
Lt =4 PlehedE@ot At

Table 3:2 10185} 5t TRl Tt 574 Slole

[¢]
AgaTtolnt AMdE ffellEes SE5 TFE Be e

0] U2 SIS} =S HAI5}] 918} Fie2 (agaregate exposure)
I} A =2 (cumulative exposure) 2 ZFz} L0 H]nEA]
ST, Aol 845 ARSI AR AP 17| Fieo]
w2 I =] 1.19x107 0.2 AR SIsi= 2] 44.4 %E 27|
She AC R YEhten, v, 712, QFEl, 7RE, ofd 1
23l o] o 2 AP E I} (Fig. 2). sk W7ol A=
H) A0 Z1e2 QS| =7} 1.14x107 2 714 =9rom, Uz, ¢
2], 7125, QLE]®, o} T12]3 Yo] oA & =l F1-Z 9
=2 Btk (Fig. 2). Liu et al. (2011)& Ajo] 422 1)

Table 3 Toxic risk values of heavy metal exposure to agricultural workers who used reclaimed wastewater and ground water irrigation

Type Metal Inh it Derm Aggr
Water Food Water Soil Soil

As 2.42E-09 4.59E-09 5.94E-06 3.93E-05 4.33E-05 8.86E-05
Cd 2.12E-10 2.62E-07 4.46E-06 7.48E-07 6.29E—-07 6.10E-06
Cu 2.67E-09 5.15E-07 6.55E—06 1.82E-05 1.53E-05 4.05E-05
Ni 1.27E-09 2.44E-06 5.35E-05 3.44E-05 2.89E-05 1.19E-04
RW Pb 2.75E—-10 1.20E-08 6.76E-07 3.09E-07 2.10E-07 1.21E-06
Sb 3.81E-09 5.32E-08 9.36E—06 5.60E-07 4. 71E-07 1.04E-05
Zn 1.91E—11 8.08E-08 4.68E-08 1.22E-06 1.03E-06 2.37E-06

Cum 1.07E-08 3.37E-06 8.05E-05 9.47E-05 8.98E-05 -
As 2.42E-09 4.59E-09 5.94E-06 513E-05 5.65E-05 1.14E-04
Cd 4.24E-10 2.62E—07 8.91E-06 9.03E-07 7.59E-07 1.08E-05
Cu 2.67E-10 5.15E-07 6.55E—07 1.79E-05 1.51E-05 3.42E-05
Ni 4.24E-10 2.44E-06 1.78E-05 2.83E-05 2.38E-05 7.24E-05
aw Pb 1.06E-11 1.20E-08 2.60E-08 1.23E-07 8.39E-08 2.45E-07
Sb 1.69E-09 5.32E-08 4.16E-06 7.34E-07 6.17E-07 5.56E-06
Zn 1.91E—11 8.08E-08 4.68E-08 8.93E-07 7.51E-07 1.77E-06

Cum 5.26E-09 3.37E-06 3.76E-05 1.00E-04 9.75E-05 -

RW: Reclaimed wastewater; GW: Ground water; Inh: Inhalation; Ing: Ingestion; Derm: Dermal; Aggr.: Aggregate exposure; Cum: Cumulative

exposure

sb
3.9%
%
Cu

- 15.1%

As
33.0%

(a) Reclaimed wastewater

(b) Groundwater

Fig. 2 Contribution of aggregate exposure to overall toxic risk value
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Water

(Ing)
16%

Soil
(Derm)
a41%

(b) Groundwater

Fig. 3 Contribution of cumulative exposure to overall toxic risk value
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