ABEESEE  Vol. 18(3), p. 23~32, 2013

<l >
= X[ot+ TEHZFA U 2let 7E XSk 28t
HMEH - 020|' - HED? - AT - YHT - YEHS - ot
st B8

st 733k
SR EPRSE T

Comparative Study of Groundwater Threshold Values in European Commission
and Member States for Improving Management
of Groundwater Quality in Korea

Sun-Hwa Nam' + Woo-Mi Lee' - Seung-Woo Jeong” - Hye-Jin Kim®
Huyn-Koo Kim® * Tae-Seung Kim® - Youn-Joo An'*
'Department of Environmental Science, Konkuk University, Korea

’Department of Environmental Engineering, Kunsan University, Korea
3Soil and Groundwater Division, National Institute of Environmental Research, Korea

ABSTRACT

Korean groundwater quality standards were established in 1994, and revised in 2003 and 2010. The substances for which
standards have been developed are classified into two groups, general pollutants, 4, and specific pollutants, 15. The
standards have been applied to household water use, agriculture, aquaculture, and industrial use. However, there is no
systematic methodology for either selecting candidate substances or establishing groundwater standards. We investigated
various derivation methodologies for groundwater standards used by the European Commission and 27 member states and
compared their methods for determining threshold values. The European Commission presented to their member states
groundwater standards for two substances and a list of required substances for derivation of threshold values along with
the member states. Interestingly, they first considered national background levels and then considered other criteria for
water protection, such as drinking water standards, environmental quality standards, and irrigation standards. We suggest
that Korean background levels in groundwater should be included in the methodology for establishing groundwater quality
standards. These results may be useful in developing a systematic methodology for establishing Korean groundwater
quality standards.
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Table 1. Revision history of Korean groundwater standards

Pollutants
Enforcement Law Uses Revision history
General Specific
The Prime 5 (pH, COD, 10 (Cd, As, CN, Hg, household,
1994.8.9  Minister Decree  coliforms, nitrate  organophosphorus, phenol, agriculture, and New establishment
No. 461 nitrogen, CI") Pb, Cr*®, TCE, PCE) industrial
1™ revision
The Ministry of 5 (pH, coliforms, or ljno(cfgsAhsérE;\I’ }Ife %1’01 :Olil:z}lltzlri’ - Deletion of COD
2003.6.18 environment  nitrate nitrogen, CI, ganop +6p » P ? £ > - Addition of general bacteria,
. Pb, Cr"®, TCE, PCE, aquaculture, and
Decree No. 140  general bacteria) . . 1,1,1-TCE, and BTEX
1,1,1-TCE, BTEX) industrial ...
- Addition of aquaculture use
15 (Cd, As, CN, Hg, 2" revision
.. organophosphorus, phenol, household, - Deletion of coliforms and gen-
The Mlmstry of 4.7H (pH, tqtal Pb, Cr', TCE, PCE, 1,1,1- agriculture, eral bacteria
2010.2.16 environment coliforms, nitrate

TCE, BTEX; Only change of aquaculture, and - Addition of total coliforms
values for CN, Hg, industrial - Change of values for CN, Hg,
organophosphorus) organophosphorus

Population

—I Drinking water standards (37) I— I Environmental quality standards (9) |

Decree No. 362 nitrogen, CI")

Specific harmful substances (11)

Turbidity, Color, pH, odor, taste,
evaporation residue, hardness,
ammonia nitrogen, nitrate nitrogen,
Cl-, SO4%, potassium permanganate
consumption, fluorine, Cu, Fe, Mn,
Pb, Zn, Crf*, As, Cd, CN, Hg, Se,
diazinone, parathion, malathion,
fenitrothion, anionic surfactant,
phenols, general bacteria, coliforms,
total THM, 1,1,1-trichloroethan, TCE,

Cu and its compounds, Pb and its
compounds , As and its compounds,
Hg and its compounds, CN
compounds, Cd and its compounds,
PCE, phenols, and PCBs

As, Cd, CN, Hg, organophosphorus,
Pb, PCBs, Cré*, and anionic
surfactant

and PCE
Priority pollutants for groundwater
General (3) Inorganic (6)

Ammonia nitrogen,

Heavy metals (9) Organic (6)
Phenols, TCE, PCE, 1,1,1-
6+ , TCE, PCE, 1.1,
nitrate nitrogen, CF, SO42, Cu, F:SMHn' Zar;ngéCr i trichloroethan, PCBs, and
F-,and CN compounds » 19 anionic surfactant

Foundation research for groundwater
Heavy metals (5) Organic (3)
TCE, PCE, and 1,1,1-
. , PCE, 1,
Cd, Cr*, As, Hg, and Pb trichloroethan

Fig. 1. Flow chart for establishing of groundwater quality standards and groundwater pollution judgement standards presented by Council
for Environmental Science (1993).

pH, electronic
conductivity, and
suspended solids
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conductivity, and
suspended solids

7] 913 F7H=E A

MOE2007)°ll w2, 2010 22} 718E X8k 4
7E 198 5 TGNkl 2 2 CON, Hg 71EA]
&3} A i3] AL Ak AWAle] 75 Q1A
Qalge] vre Ax=, gty 2 tE rE
Eo07 FPEEZ AAE AR vl 9low, CN ¥ Hg
o] A9 HeE iRt Aslkd BHER =] 7]
ujEol 28l ZdollA HeE 71 0.01 2 0.001 mg/

LZ AAG v} ST} A7) 371 HuAE upge g )
Al FAVE 5 2 7IER] AR A dis) 4
stRo, 1994 iR Al FEE VIER] AR A,
2003 12} 7B Al GubAlE, 1,1, 1-EZEER2dEd =
7} 2A, 998 B4 7} A4, BTEX 715X AR
<A, 20100 22+ B Al {7IR) 7IER] A8 A
oigh AL wWiEslE Als AR Q8 ETsH

J. Soil & Groundwater Env. Vol. 18(3), p. 23~32, 2013



2 s} - ol§u] - HE - sl

3. 7 XY9| X5k 7IE 4™ AHA A+

3.1. 78 ¢ 3|(European Commission, EC)

9 9¥3]= European Water Framework Directive
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Table 2. Approaches presented by Member States of European Commission (EC) according to relation of background levels (BL) and

criteria value (CV) (EC, 2010)

Approaches

Member states of European Commission (EC)

TV=BL

Bulgaria, Czech Republic (for metals), Latvia
(for ammonium and BTEX) and Romania

(BiaieCIV) TV =between Bl and CV or 0.5 x (CV +BL) Belgium (Flanders) and Slovak Republic

TV =between Bl and CV Spain, Malta (TV = percentage of CV)

TV=CV Germany, Denmark and the Netherlands

Belgium (Flanders), Cyprus (for sulfates, chloride and conductivity),
TV=BL Czech Republic, Germany, Denmark, Spain, Ireland, Italy,
Malta, Slovak Republic
Case 11 TV =BL + small addition The Netherlands

(BL>CV) TV =BL + small addition of 10% Bulgaria
TV =BL + small addition of 20% Romania
TV =2BL Finland

L

= B2ZL 137l(chloride, arsenic, sulphate, ammonium,
lead, cadmium, mercury, conductivity, nickel, copper,
TCE, PCE, TCE®} PCE®] ZF3ehelw, E4 5 chloride
7F 7P B =N #Belekal e EEld Aew
UERIT}. Chloride®] 79 227050l 4 24~12,300 mg/LE
AAEIar 910, Arsenic, Sulphate, Ammonium®] 73-$-
2070 A Z2; 0.75~189 pg/L, 129.75~4,200 mg/L,
0.084~52 mg/L2 AAslal St} Leade] 739 207]=rol]
2] 5~320 ug/L, Cadmiume] 73-%- 197§=to A 0.08~27
pg/L= A3kl o™, Mercury®] 785 187150l A]
0.03~1 pg/LZ AA3}aL o}, Nickel?] -9 1170514
10~60 pg/LZ A7dstar o™, Copper, TCE, PCE,
TCE®} PCEY 3] 739 107h=rllA ZF2}F 10.1~2000
pg/L, 1.1~50 pg/L, 1.5~50 pg/L, 5~40 pg/LE A3}
At

TV A4 Al 28], oldR=E, ZERSl=, Udeies
T AFE s, L2ERol T 140 LTS
Askret A FAEA 2 HE SHAEAIE
slgon, 2 S8 Bxog TVE A3tk Table
3). AAAEAS 7By Id=mitt A= Ak a1y
sle] BLY Cve] AHAE B3l TVE AkEsialon,
Ad=rt 7P sk TV *‘% T4E A8skal ot
o W Brkelol, Frlle} F& X% A 9 AA 4R
< 98 918 BEol ol YL B F8AE BB
T 5 g R TRlEel wPEERG o) 9815
o TVE BN, 3 W, Fohlol, el 3
% WA FE 4F=E A] Baseline?} Background criteria
for the of groundwater thresholds

(BRIDGE)Z 1123}{t}. Baseline?} BRIDGE:= A3l

identification

o] wiAGEE 3EE] $18l 1999~200437} 2005~2006
ldoﬂ Z¥z} 218 = /R].Cﬂ_i x];dtﬂ-ﬁ E_/Ho =S, x].
A ke sekEAY] Aelkrds Tefstal, ek
38k JHIE Hrkslr] el 2-8Ee WHEC|TH(Table
4). TE A= A T2 dewTie B AR A
TS TAAZE AMEEINeH, 7|Z2 s e 9 B
sl=o] A9 WESVIES, 5 A A € A
5AAE et H} th}(Table 5) (EC, 2009, 2010).

971 clUE=E EC006) XP‘“OH At & A%,
Rekral AEFES) 5, 88, 9188 %2l wel 4
A BRse] 40 B4 disl TVE ANk e,

4 HF9] 7§ Chloride?t F71H==0l $Hl] 2H2} 24
mg/L2} 800 uS/cm= AAIEATE o] w) TV A7 A] uj
ATt Ao, vl E=E O ‘Callaghan Moran
and Associates(2007)°ll AXE B7EEE=S] AJSHko] A&
HAT AEollA] Al Aoz Q1% I Bt
9] ¢ Ammonium¥} Molybdate reacive phosphorusoﬂ
38l 22t 65 pg/Lst 35 pg/LE AAFR oM,

Al Minister for the environment heritage and local
government Ireland(2009)0] A|AJE RS 7]5E0] 31
Aok -8 549 9 Nitrate 37.5 mg/L, Ammonium
175 pg/L, ’57]785_‘::_ 1,875 uS/cm, Nitrite 375 pg/L,
Chloride 187.5mg/L, Sulphate 187.5 mg/L,
150 mg/L, Boron 750 pug/L, & &°F 0.375pug/L, 7N
%‘?*(Atrazine, Simazine, MCPA, Lindane, Diuron, 4,4-
DDT, Dieldrin, Cypermethrin, Bentazone, Glyphosate,
Chlortoluron,  Mecoprop, 2,4-Dichloro-
phenoxy acetic acid) 0.075 pg/LZ A= ATE TS H

28 =29 A% &8 BA9 YB3 1 57} BUsH

Sodium

Isoproturon,
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Table 3. Considered elements in the establishment of groundwater threshold values by Member States of European Commission (EC)
(EC, 2010)

Member Saltwater Uses and functions Associated aquatic and dependent At risk
State intrusion of groundwater terrestrial ecosystems considered*
Austria No intrusion Drlr.lkmg water Considered. TV for phosphate although no
(main receptor) ecosystem endangered.

Drinking water, mineral water,

Belgium industrial use Considered for each groundwater body
Bulgaria Drinking water
Cyprus Drinking water, irrigation
Czech Republic Drinking water No EZ‘:}Z?SE?E; Zrtld:;negenrqeo(iniﬁ not Yes
Germany Drinking water Considered
Limitations in knowledge of both state and
Denmark Drinking water processes. Not included in TV
establishment.
Estonia Drinking water No substantial impacts on ecosystems. Yes
Spain Considered Drinking water where relevant All relevant criteria considered. Yes
Finland Drinking water All relevant criteria considered. Yes
France Drinking water Considered Yes
Greece
Hungary Drinking water Considered
Ireland condZZ?vift(;/r and Drinking water Considered. TV for ammonium and
chloride phosphorus
Italy Drinking water Considered
Lithuania Drinking water Considered
Luxemburg Drinking water
Latvia
Malta Considered Drinking water, irrigation Considered
The Netherlands TV for chloride Considered Considered
Poland Drinking water (main receptor) Considered
Portugal No groundwater body at risk, no threshold values established.
Limitations in knowledge of both state and
Romania Drinking water processes. Not included in TV
establishment.
Sweden Drinking water
Slovenia Drinking water (main receptor) Yes
Slovak Republic Drinking water
United Kingdom Considered Considered Yes

* Member States that explicitly mentioned that all substances posing a risk to groundwater bodies were considered within the threshold
value establishment.

™, o] Q% Chromium 37.5 ug/L, Arsenic 7.5 ug/L, Cadmium 3.75 pg/L, Copper 1500 pg/L, Aluminium
Lead 18.75 pg/L, Nickel 15 pg/L, Mercury 0.75 pg/L, 150 pg/L, Cyanide 37.5 ug/L, 1,2-Dichloroethane 2.25

J. Soil & Groundwater Env. Vol. 18(3), p. 23~32, 2013
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Table 4. Relationship between threshold values and background levels by Member States of European Commission (EC) (EC, 2010)

Member State

Relationship between threshold values

and background levels Background levels

BLs are considered in the status assessment and not Country wide assessment for each groundwater body

Austria in the TV establishment. and for a considerable number of parameters.
BL have been considered only in Flemish region according
Belgium to EC (2009) : EQS>BL — TV =0.5(EQS +BL), BLs were derived according to the BRIDGE approach.
EQS<BL — TV=BL
Bulgaria For SO,, Cl, EC — TV=BL, CV>BL — TV=BL, B
TV<BL — TV=1.1BL
Cyprus For SO4, Cl, EC — TV =BL BLs usually <DWS except SO4, Cl, EC

Czech Republic

For Metals, DWS >BL — TV =BL,
For Sulphates, DWS <BL and anthropogenic source

was not known — TV =BL

BLs calculated for natural occurring metals and sulphates
as 95% (monitoring data between 2000 and 2005)

EQS>BL — TV=EQS, EQS<BL — TV=BL

Germany (Only for the groundwater body concerned) -
Denmark EQS >BL — TV =the strictest EQS, _
EQS <BL — TV=BL
Estonia - Consideration of BL was reported for chloride.
. . _ BLs were defined for each groundwater body at risk, based
Spain For dinki:gorwj::r mctr\tllsiog,LTZ ;3?12 TV <CV. on either the 50, 90, .97.7% of each. parameter.
P <,BL L TV=BL =~ "  Elevated BL.s are not conS}dered as pollution and are not
- taken into account in the status assessment.
Finland TV =2 xBL For Hg, Cfl, C.r, Cu, and Zn the BL is calculated as the 90%
of monitoring data from pristine groundwater body.
France The origin of substances is in France either completely 3
natural (no TV established) or completely human (DWS)
Greece - -
BLs for ammomium, sulfate and EC were calculated as the
Hungary - 90% of monitoring data from unpolluted water. For these
substances/indicators the BL was above the DWS.
Ireland EQS<BL — TV =BL A study on BLs has been undertaken recently.
Italy National TVs <BL — TV =BL -
. . BLs for ammonium and hydrochemical anomalies of
Lithuania - . .
chloride and sulphate considered.
Luxemburg - _
Latvia For all, TV >BL, 3
For ammonium and BTEX, TV=BL
Malta CV>BL — TV = percentage of CV, _

CV<BL — TV=BL

The Netherlands

CV>BL — TV=CV, CV<BL — TV=BL
A maximum permissible addition
was considered except for chloride.

BLs need to be derived for each groundwater body.

Poland - BLs where considered in status assessment.
Portugal No groundwater at risk, no threshod values established.
Romania CV>BL — TV=BL CV<BL — TV =12BL BLs were derived as 50, 90% considering the BRIDGE
> methodology.
Sweden B National ref.ere.nce val.ues must. bs.: .considered when
establishing regional or individual TVs.
Slovenia Not needed. No BLs needed. TVs only established for

anthropogenically induced substances.

Slovak Republic CV>BL— TV =0.5x (CV +BL), CV <BL— TV =BL

For synthetic substances the BL =0

United Kingdom

Ranges of BL determined according to the methodology of

>
TV=BL Baseline and BRIDGE.
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Table 5. Relationship between threshold values and environmental quality objectives and other standards for water protection by
Member States of European Commission (EC) (EC, 2010)

Member State Relationship between threshold values and environmental quality objectives and other standards for water protection

- All TVs except for ortho-PO, are based on national drinking water standards.

Austria . -
- ortho-PO, are based on the existing national decree on groundwater threshold values.

- In Brussels Capital region, all TVs are based on the EQS for surface water and the existing norms existing in the Brus-
sels area for water protection.
- In Flemish region, TVs are partly based on the standards for drinking water or mineral waters and source water (Cl, Ba,
Belgium B), limit between fresh and brackish water (Ec), clean-up values for groundwater (Cu, Zn, As, Ni, Pb), and expert
judgement.
- In Walloon region, TVs are based on national drinking water standards, adding specific values for several parameters
such as 2,6-dichlorobenzamide, total phosphorus, and Zn.

- For groundwater used as drinking water supplied, background levels are compared with quality standards in Annex I

Bulgari ..
ugaria from Directive

Cyprus - All TVs except for conductivity, SO4, and Cl are based on drinking water standards.

Czech Republic - For synthetic substances, TVs were equal to drinking water standards.

The methodology for deriving TVs follows the concept of so called insignificance thresholds. TVs are always laid
Germany down according to the lower values of the human-toxicological and ecotoxicological derivation. Groundwater eco-
systems were considered. If no ecotox values are available then PNEC values were taken.

Fro polluting substances are based on EQS Directive (2008/105/EC).

D k L . . .
enmar - For non-EQS directive polluting substances, national statutory orders were considered.

Estonia - TVs based on national decrees.

Spain - Drinking water standards from Directive 98/83/EC were considered.

For organic substances, 0.5 x national drinking water standard, lowest odor or taste limit values, 0.5 x TVs for ground-
water used in risk assessment for contaminated soil sites, 0.5 x WHO drinking water guideline values, maximal con-
Finland centrations in surface water used as raw water for drinking water production were considered.

For inorganic substances, 0.5 x drinking water standards were considered.

For Cl, national legislation were considered.

France - In case of significant contribution from groundwater to surface waters, the EQS directive was considered.
Greece - Not presented.
Hungary - Nitrate are based on DWS, but nitrate in cold karstic are based on EQS.
- For ammonium and molybdate reactive phosphorus — surface water EQS
Ireland - For EC and chloride — salt intrusion
- For other substances — 75% of relevant drinking water standards
Italy - In case of interaction with surface water bodies, EQS Directive were considered.
Lithuania - Main groundwater b.()dy — national drinking water
- Shallow part of aquifers = EQS
Luxemburg - National drinking water
Latvia - TVs for Cl, TCE + PCE, As, Cd, Pb, trichloromethane, 1,2-dichloroethane, ammonium and BTEX were more strin-
gent than EQS.
Malta - Water quality standards related to potable water and ‘good’ irrigation water standards
The Netherlands - For naturally occurring substances (chloride, metals, phosphate), environmental risk levels were considered
Poland - Human being is treated as a main receptor.
Portugal - No groundwater at risk, no threshod values established.
- Drinking water standards were considered.
Romania - Surface water standards were not considered due to limited knowledge of connections between groundwater and sur-
face water.
- National objectives and drinking water standards were considered.
Sweden

EQS on regional level not yet considered.
Slovenia - TVs more stringent than DWS and EQS
Slovak Republic - Drinking water standards were considered.

- TVs based on national and European EQS taking into account dilution and attenuation in groundwater.

United Kingdom _ For usage protection, TVs are based on 75% of drinking water standards.
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