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Abstract : There is a need to establish systematic procedure of groundwater quality standards, however, there were no specified
basis for establishing substances and values in Korean groundwater quality standards for non-drinking water. In this study, we
reviewed basis for deriving groundwater quality standard in the developed countries, considering carcinogenic and non-carciongenic
risk via inhalation and dermal contact exposure pathways. Also, we reviewed the prior systematic procedure of standards related
to water quality (e.g. drinking water, surface water, and wastewater). USEPA RAGS, ASTM RBCA, and Massachusettes presented
the formulas for deriving groundwater concentrations of chemicals and there were similarity and differences. We suggests syste-
matic procedure of groundwater quality standards, as follows. (1) Selection of groundwater pollutants population, (2) Possibility of
risk assessment, (3) Selection of monitoring priority substances, (4) Monitoring, (5) Risk assessment, (6) Selection of groundwater
quality standard candidates, (7) Selection of new substances and values for groundwater quality standards. Especially, groundwater
concentration of hazardous material were presented according to revised risk formulas via inhalation and dermal contact.
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Table 1. Korean groundwater quality standards for specific harm-

ful substances (unit : mg/L)
Substances Uses

Domestic  Agri&Aqua-culture  Industrial
Cadmium 0.01 0.01 0.02
Arsenic 0.05 0.05 01
Cyanide 0.01 0.01 0.02
Mercury 0.001 0.001 0.001
Organophosphorus 0.0005 0.0005 0.0005
Phenol 0.005 0.005 0.01
Lead 0.1 0.1 0.2
Chromium (VI) 0.05 0.05 0.1
Trichloroethylene 0.03 0.03 0.06
Tetrachloroethylene 0.01 0,01 0.02
1,1,1-Trichloroethane 0.15 03 05
Benzene 0.015 - -
Toluene 1 - -
Ethylbenzene 0.45 - -
Xylene 0.75 - -

A 71X A (Risk Assessment Guidance for Superfund, RAGS),
v =R 2 A 8 83](American Society for Testing and Materials,
ASTM) 9] el Ad7|vt Al Z*|(Risk-based Corrective Ac-
tion, RBCA), AF A= 0|9 =& HRE ulgto g AA|g
2 A% 2715 GAS U 2T SO Aske)
Mg A4S Bajstglon], S e 42 w iR 7]
AR AAE v s &% 3= Asker]ee] AAAA
Aokstsich, sl 2 A7E At Aok @22 7]
AANA gy AV dghoz, ue-g B0 4R

go
Ao digt Ask A7I1E AEAA 5 Al L EH A

1 B N TR HN i

2. M=o & CHE=E 1t X|5h7|&E
243 2AH g+

2.1. USEPA RAGSCe| X|5t=7|& MH™ 27

USEPA+ Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA; €™ Superfund)
o =g 2d A Aot HAo =, 1989d(Part A)
FE] 2004 (Part E)7HA] A8l A F5, B 4SS F4
o2 oA s H 7 XA (Risk assessment guidance for su-
perfund, RAGS)& tle1st ™ o] 3 sl wel =2
ARE &85 HA, FALHBA] AUE
Aol S, wek R vl e AR EF S
4g AN ek AREY AR AP et R vl

=1 AbAd E‘* A Abo](site-specific), ‘r=HE= 3
d B AGH AdolE A5 &5k glon, 4 4
ojflolof whe} APAZIZEE 0.25~1AIZWAR Ee A A
0|2, LE7|7F 6~30d 02, AT HA-L 66,000~18,000 cm’
2 25 Akl ok

2.2. ASTM RBCAQ| X|st7|&= MH 27

ASTM RBCA: £2] - Sil 54, 434, 1Al 2 3
Aol g AAA 9ol 5o Aeld Solgg |z @
HAA ARl whef, Al B 2HE RS 9t oAEA
IAR o] &EL=d, RBCA:= t7], A|3}<, surficial soil,
subsurface soil 5 24 WAE Ao R ket 1l Hjwehed
gFo] ot Risk Based Screening levels (RBSLs)el #sl7]|&
& AAstAL Gk o] F A&l WY =EHPERE A5k
A5, Astgol A ARkt Gl &gt AF71ed, skl

A AeZ71GY0R BRA of i) §Y 42 $42 Us-
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okeaE - izt - 0|R0| - BAA| - BEIE - HE? - o - 3T - HElS

T A IAe] gt Aol ALE it HEFEA= 0.2 RS A5 483 A= et USEPA RAGSS] ]
= USEPA RAGSY.Th 5 ZFst=]glon, =3t 2abaere] TS P AR A AR ofRlele] 27 #EAR T
A=t 10902 A5 AgEdct 53] 84 Aol wote] AwHd, 23] JEAZ, =&V ASE A8
uheh AR B Awd, 23] HEARY mET StR oL, n| ujAEA 250 WS 24 00AFe] 9
L AES ARE A § FHEte] B A5 AASE 184, 8~154], 15~304], 304 olFoR ke skl A
I glom, HiARrIEe] ¢ 184 oldolE =R A Y diEats A AEstel HEstglon, 53 uigery
AlstaL gl fh HF Astarle=s AAsh] s sl Fo| ¢ 184 tighs A8 = AdFs] Byl 4
4R ot AR A, i s 5 IR /AR tEjet WS AlEstolnh Wi AulE]le] 4 USEPA RAGS+=
ek WA wekglal el TAT v, wueklaidel = #WAS 71424t 0.0005 < 1,000 Lim'E 285 ¥, ASTM
AT FkE, 50% WA Q14 93 F g W2 A a5 Al RBCASH vl vjAREA 2= fEAl 9 S¢S 0]
4ot 3, A ast A FE 0.005% T W2 3] bE AA B3 IS HgForn Ao, B, AUET] § 2
g oo 2 3] b, 24 e A, widsE ALe2RE SEAMA S egd 2] 2obd Ex
M w2 $A & AR F, A oo U fFESA B (ol 2 A, BF 254, o7l T A, 258
g2 Rredd 25 HE 7IeeR At o) N HEehalnt. gk ek B wjEr g Aol A
BorES AT 709, vEGIF 30dE F2 AR
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USEPA RAGS, ASTM RBCA, u|= ofASA|259] X =9 EAA] A, AR Hegrle 43S e s
7l A SAE Bt 2, k23R EE 524 9 A A mUE ™ FEe ApgoA HE 15T =
ARIAE IR A T AR AolatA HE3t Aoz 1} A, = v)atA HiEE7|E 5, WHO 98272, A
Bttt & 20 79 AE<-> USEPA RAGS, ASTM o] HEEY|E B A4 5 vieR AAgth R
RBCA, "= ojAbz=A| 23 BE A A5G0, A5 42 oA dlolate AEE A7 e =2, 3
ASTM RBCAVYE AAJ8HIL §low, 1] 52 USEPA RAGS Z% AHIE gl BdolgtE A&l 23, Y /-5
O} u|3t wfASA| = A A|ASEL Qe o] o FEHE Fol B2 242 AT Hes AR =49
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o] FUS A4S H83 Aoz Yoy, FHEH 44 AA7F 7 AL Qs B85, (ChRHEEA, ek, 7Ie =

Table 2. Comparison of parameters for calculating groundwater standards in the United states

Classification
USEPA RAGS ASTM RBCA Massachusetts

Indoor vapor inhalation
and dermal contact

Parameters

Exposure pathway Indoor vapor inhalation and outdoor vapor inhalation  Indoor vapor inhalation and dermal contact

1~8, 8~15, 15~30, and 30~
Receptors Adult and child Adult (Especially, when non-carcinogenic effects
was assessed, 1~8 of age was used.)

Volatilization factor was derived from effective diffusion  Inhalation exposure factor was derived
coefficient through foundation cracks, capillary fringe, from indoor air generation rate, air
between groundwater and soil surface, and etc. exchange rate, and etc,

Volatilization factor

Inhalation factors 0.0005 x 1,000 Lm?

70 year for carcinogenic 70 year for carcinogenic effects and 30 (residential)
Averaging time effects and 30 years for or 25 (commercial and industrial) years for
non-carcinogenic effects non-carcinogenic effects

70 year for carcinogenic effects and 7
years for non-carcinogenic effects

Equation for dermal contact is based

Note - h on the USEPA RAGS.
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Table 3. Comparison of procedure for establishing drinking water, surface water, and effluent water quality standards in Korea

Korean water quality-related quality standards

Procedure —
Drinking water Surface water Effluent water
e Domestic filtration plant monitoring e Domestic and external water-related quality e Domestic and external water-related
) chemicals standards quality standards
Selection of . ) . ) . . ' : : .
ollutants e Domestic non-regulation chemicals  ® Domestic toxic released inventory chemicals @ Domestic toxic released inventory che-
P ) e External drinking water quality stan- e Domestic surface water monitoring che- micals
population ) ) o
dards micals ® Domestic effluent water monitoring che-
micals
e Priority of chemicals using exposure, e Available data review (Slope factor, unit e Priority of chemicals using exposure and
toxicity, and issue risk, references dose, reference concentra- toxicity
e Monitoring tion, and bioconcentration factor) * Monitoring
Selection of e Human health risk assessment e Priority of chemicals using CRS-CROWN e Human health and ecological risk assess-
priority (Exposure, toxicity, issue, and reliability) and ment
substances analysis (Possibility and cost of analysis)
e Monitoring
e Human health and ecological risk assess-
ment
Selection of e Technical and economical analysis e Technical and economical analysis ® Technical and economical analysis

standard values

e Comparison using Domestic and external
water-related quality standards

e Comparison using Domestic and ex-
ternal water-related quality standards
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4. 3H2 X|5H 7|2 M| A MOt B AT, HlEset 2o T 22T 2L w5l
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RS F9 A RS RRALE DA A 7] 0 YA TS SR D). %6 1A S
W ASTIE A 2ASH S e 2 e oAl 1R & el Abgl Al AW 9 9 913 U FEY uer
BAUAS Moz Ngs G4 R ASesE A W uier A0S 44 0 uaslol 4EH Ao AT
AAE o 2ol Agtetarst 3tk k= Aske7|E & A v 5 A% #AE AR, WiRsE, oA
= B 71EA] AAAIE Ao ded B A, fisl HAAA A7, Askr, Hes, AxEe, iEeet 22 U
47t 7Fs o F B4, BYHY SRS A4, ZUET 9] PAUAYES LEste] 7 SetE +AE e 7]
73, szt Astr Ve SEEE A, S8R A2 ARk o] wf Aol Y % HRAE A=d T
= Aotk E7E Al A F e Ve A oF A oEpdet AR U AAS wEgsh] flE Al
A dAZ Aok At dEd BT =9 A5t =& AT, ARHAILE AR MR AR A EE
7% FE D =Y Sont E o] B 5 A= A, =&712t B, dYagEol e wuE =5
£ E3st, BYA) L NonCas No. B9 ASlskn 44 A48 4857 Sxzaueres 9 SEgaAs
Sk SSAETE b clRE A3 WS, B WIS =100 20 02412 AAF =% Aueet Agden
e, A5 2 S HERaLA] 7RSS Am EA of R AetrE A3 FE5t0] AEETE AT A AR Al A
& nhgo® Bdth BUEY A5 CRS-CROWNY  W3715q 9 fRy5e nejsin), Adxoz A5 —
o] =% 7HeAd, Al B A=A, AR, WA AA, A EY — t7E S AYSTIEYS LRtk i s Ee
& AFE g7t QRS A Esto] SAREESE FET & FTasol gl Aste HUET A7 90% RS &
A golol we &4 IESRtE BYEFEE A4, Hl B3tk SRR/ BAA FF T A FEFS AA
& Ak 59 21 aeste] aysty, v &Y 9 o] k4] A& Yol o8 A & + 44 FEE 1t
5 HE 25 e I @ npdet Ao et 4k & ¢ Qleug RYHY Amo Haghs &8st &
g Aot 2 e =, BUEE A5 1 ¢ X2 4geke ul=x NEMI (National Environmental Methods

+  Common sub of external ground
il - - - - i ot o s N CAS o
pollutants_population «  Korean chemical distribution capacity (more than
1 500,000 tons)
Reservation = — — — — gy @) Possibility of m=w==1 s+ Available datareview (CSF, UR. RfD. RfC)

N risk assessment
No

1 Yes
- — — *  Priorities of chemicals using CRS-CROWN
B e - e T e T e
substances i@

, *  Consideration of monitoring spot. frequency and

(4) Monitoring depth

*  Toxicity based on carct ic and non-
carcinogenic risk via inhalation and dermal contact

+  Exposure assessment using monitoring data

*  Cumulative detection rate (twice/year, 3 years)

*  Social interests

_P_HTCE a_tlT (6) Selection of groundwater quality +  Groundwater concentration of hazardous material
1 standard candidates based on risk via inhalation and dermal contact

(lower value among concentrations based on
Committee for o carci ic and non-carcinogenic effects)
administration of - »  Background (for heavy metal)
water quality *  Technical and economical analysis

*  Domestic and international standards related to
water quality (e.g. groundwater, drinking water,
surface water, and wasterwater)

*  Selection of greatest value in the 4 cases cited above

1
| I values for groundwater quality
Participation standards

(7) Selection of new substances and

Fig. 1. System of establishing groundwater quality standards for specific harmful substances in Korea,
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