Korean J. Limnol. 41(3) : 275~282 (2008)

M = 7 og3ke v A9 44 W TR aEAA 54

o) zlo] S §ukslr] wjite) (Genderen et al., 2007; 3,

SAEA W SERe 4 BEe Al W ook 1088) SASAI bIA Ramow welslol sh <lxt
=2 - 3P QlAbEel o oJ3FE WAl =™ (Meyer, olct. dubH oz A W B 454 FH50
1999; Riethmuller et al., 2001; Markich et al., 2006), ©] 244 Y2 AEse S v, Axr} =242 ca’t, Mg**
gt QAEe = A=, pH, 2%, $34%, $ZEE B I 2 ofolo] UMl wel FFET Fel 1
o] i} 53] A= &9 AV|E vepllE AmeEA 44 Wz F5 AAe] WASIHA HAe] FAad
A W 63 Cca*t? Mgt? Fet?, Mn*2 Srt2 5 27} ¢ko) 3 F=F& o]} BhAbY (carbonate) 7+ ZAdto =z ol
2 F459 FFE o]ol W83 CaCO;[mgL = At 3] 2 (complex)o] FA=E ] 2 o] o] FF5
gte] A ok Axl A Wl EAlsE 72 F o] &AJo] AatEHA HAo| FAastAl Fd(Townsend

Hardness Correction Algorithm Applicable to Korea as Related to Aquatic Toxicity Variation
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ronmental Science, Konkuk University, Seoul 143-701, Korea)

Water hardness is a significant parameter as related to aquatic toxicity of some hea-
vy metals. Hardness dependent metals include cadmium, copper, chromium (I11),
nickel, lead, zinc and silver. Developed countries have applied the hardness correc-
tion procedure to derive the water quality criteria for protecting the aquatic organi-
sms. In the present study, we investigated the hardness correction algorithms used
in United States of America, European Union, Australia/New Zealand, and Canada,
and analyzed the details associated with those algorithms. Toxicity values of heavy
metals were definitely different after hardness correction for all of algorithms an-
alyzed. We found that the hardness corrected toxicity values followed by the algori-
thms of USA and Australia/New Zealand were very similar or same, however they
were slightly different for cadmium at the hardness less than 30 mg CaCO; L%
Among the hardness correction algorithms studied, the algorithm used in Australia/
New Zealand appears to be a good choice to apply in Korean situation due to its
simplicity compared to the algorithm of USA.
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Table 1. Equations and parameters for calculating freshwater dissolved metals criteria that are hardness-dependent in

US EPA (2006).

Criteria CMC (ugL™) CCC(ugL™
Equations exp{ma[In(hardness)]+b,} (CF,) exp{mC[In(hardness)]+b.} (CFc)
Parameters Mg ba CFa m; b, CF¢
Cd 1.0166 —3.924 1.136672—[In(H)(0.041838)] 0.7409 -4.719 1.101672-[In(H)(0.041838)]
Cr+t®  0.8190 3.7256 0.316 0.8190 0.6848 0.860
Cu 0.9422 —-1.700 0.960 0.8545 —1.702 0.960
Chemical Pb 1.273 —1.460 1.46203—[In(H)(0.145712)] 1.273 —4.705 1.46203—-[In(H)(0.145712)]
Ni 0.8460 2.255 0.998 0.8460 0.0584 0.997
Ag 1.72 —6.59 0.85 - - -
Zn 0.8473 0.884 0.978 0.8473 0.884 0.986
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Table 2. Water hardness (as mg CaCO; L) distribution
of surface waters in some EU countries (EU,

2007).
10t 25t 50t 9ot
percentile percentile percentile percentile
Finland 6.5 9 12 25
Sweden 5 8 14 107
Norway 0.7 1.7 4 18
Denmark 14 86 155 272
France 48 83* 217 335 -
Belgium
(Flanders) 109 - 240, 500 -
Germany 30 105 210 —

*: 20™ percentile

A= 7 WAe T3 AEEY, 2 $AE 082~127=
2] we} Abe]s}}l (ANZECC and ARMCANZ, 2000;

HMTV=TV (H/30)! facter

HMTV : Hardness Modified Toxicity Value, 7= HA]
" EAA (wg LY

TV:7]% % =([B0mg CaCO; L ™) & w E7A(ug L™

H Az 54 A=

slope factor : A3 A Z=el we A¥ 4 49
71-&7] (%, Cd 0.89, Cr®* 0.82, Cu 0.85, Pb 1.27, Ni
0.85,Zn 0.85 %)

g sFAdEs QxS W 24 A= 99 .
soft, moderate, hard, very hard, extremely hard)e)| w}z}
FAAE TEIT glow, A7ke] Ax WY F1 %
=5 7Eer F7AE AXE stk & 7= 30mg
CaCO, L& 7]Fo=2 TVE AAse, 4= 90, 150,
210, 400 mg CaCO, L™te)] we} 72+ 249 Qlx} 2.5~
56.7& F3te] = F7AE Table 33 o] A|As}
37 ¢Jv} (ANZECC and ARMCANZ, 2000).
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278

o=
?_I'ET' o

8 . UMs}

= -

Table 3*. Application factors for soft water trigger values in freshwater of a ragne of water hardness (mg CaCO; L ™) in
Australia and New Zealand (ANZECC and ARMCANZ, 2000).

Water hardness

Hardness category (Mid-range value

by CCREM (1987) of each water Cd Cr+3 Cu Pb Ni Zn
hardness category)
Soft (0~ 59) " etautvall o TV TV TV TV TV TV
Moderate (60~ 119) 90 x 2.7 x2.5 x2.5 x 4.0 x2.5 x2.5
Hard (120~ 179) 150 x 4.2 x3.7 x3.9 x7.6 x3.9 x3.9
Very hard (180~ 240) 210 x 5.7 x 4.9 X 5.2 x11.8 X 5.2 X 5.2
Extremely hard (400) 400 x10.0 x8.4 x 9.0 x 26.7 x 9.0 x 9.0

*This table is adopted from ANZECC and ARMCANZ (2000)

Table 4. The hardness-related equation and freshwater
quality guidelines in Canada (CCME, 2003).

Hardness-related
equation or range

ideli -1
Metals of hardness Guideline (ugL™)
(mg CaCO,L™)
Water quality guideline
Cd =10 {0.86[log(hardness)]-3.2} 0.017
0~120 2
Cu 120~180 3
>180 4
0~60 1
60~12 2
Pb 120~180 4
>180 7
0~60 25
Ni 60~12 65
120~180 110
>180 150
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Table 5. Comparison of hardness correction algorithms used in the developed countries.
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USA (US EPA, 2006)

CcMC

CCcC

EU (EU, 2007)

Australia/

New Zealand
(ANZECC and
ARMCANZ, 2000)

Canada
(CCME, 2003)

In{1.0166[In(H)—3.924}*

In{0.7409[In(H)—4.719}*

NOEC 5= HMTV=
cd {1.136672—[In(H) {1.101672—[in(H) NOECH{_SS(())/H}O'”OQ TV (H130)°%° 10{0-86[log (hardness)] 3.2}
(0.041838)1} (0.041838)]} H
Cr+ In{0.8190[In(H)+3.7256}*  In{0.8190[In(H)+0.6848}* _ HMTV= _
0.316 0.860 TV (H/30)°82
Cu In{0.9422[In(H)—1.700}* In{0.8545[In(H) —1.702}* _ HMTV= _
0.960 0.960 TV (H/30)°8
In{1.273[In(H)—1.460}* In{1.273[In(H)—4.705}* HMTV=
Pb {1.46203—[In(H) {1.46203—[In(H) - TV (H/30)127 -
(0.145712)]} (0.145712)]}
Ni In{0.8460[In(H) —2.255}* In{0.8460[In(H)+0.0584}* _ HMTV= _
0.998 0.997 TV (H/30)°8
In{1.72[In(H) —6.59}*
A — — — —
9 oss
7n In{0.8473[In(H)+0.884}* In{0.8473[In(H)+0.884}* _ HMTV= _
0.987 0.986 TV (H/30)°8
—~ 60 15 - 40 -
4
(=) L
S a0} 10+ 30
()
=}
© 20 r
>
> 20} 5r
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5
) 0 0
Cd Cr(VI) Cu
_ 100 ¢ 330 | 37
2 sof 320 |
3 2 -
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®
> 40t 300 1
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"o '+ 280 0
Pb Ni
‘ ] v [ HCT_USA Il HCT_Australia/New Zealand
Fig. 1. The toxicity values corrected by algorithms of USA and Australia and New Zealand. TV: Raw toxicity value, HCT

Daphnia magnaol] @3 =AJz}8 (Kszos et al., 1992; A APz Ax B
X, 2001; Shaw et al., 2006)E vlelo = u|Z3} SF/%H o3 3F/FA

_USA: Hardness corrected toxicity value by USA's algorithm, HCT_Australia and New Zealand: Hardness correct-
ed toxicity value by Australia and New Zealand. The HCT presented in the graphs are the toxicity values at the
hardness of 100 mg CaCO, L™; TV in graph is based on the raw hardness of 253, 253, 253, 253, 109, and 30 mg
CaCO, L1 for Cd, Cr(VI), Cu, Pb, Ni, and Zn, respectively.
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Fig. 2. The hardness corrected toxicity values (ug L) followed by the algorithms of US EPA and ANZECC/ARMCANZ.
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€ 547

slope factor : Cd 0.89, Cr3* 0.82, Cu 0.85, Pb 1.27, Ni
0.85,Zn 0.85
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