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Abstract

Korean water quality guidelines for agricultural were derived to protect agricultural water uses according to the Canadian
methodology. The adverse effect of heavy metals in agricultural water was of concern due to its persistence, bioaccumulation
and ecotoxicity to crop plants. The ecotoxicity data of cadmium, copper, lead, and zinc were collected for the crops grown in
Korea, and used to estimate the species maximum acceptable toxicant concentration (SMATC), which corresponds to the
water quality guideline. Values of irrigation per year and soil bulk density were revised to reflect the Korean situation. The
estimated guideline values for cadmium, copper, lead, and zinc were 0.01, 0.5, 0.1, and 1.0 mg/L, respectively. These values
are in agreement with the agricultural water quality guidelines of foreign countries and current Korean water quality standard
for the protection of public health. Current water quality standards in agricultural uses were for management of public water
resource, and was not prepared to protect crop plants from contaminants. The results of this study will be a basis for the
designation of Korean water quality guidelines for the protection of agricultural water uses in the future.
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T 5(2006)2 U FAET FAVIEY HAEHS
Brleta, 5985 A7 FrrEolof & FAFFES
2 YEEF WARE, HAETE, 283 mF FIFEF
£ AR 1t QU o] F FFES ALY FHLLE @
2 3 28 BESIA oy 54& oplay] Wil #
A7 Aok dE 5o ofdolu FEg 2L AEAZ
AR F5%5, 7Jl=FTH 2ol A& #ild 555 5
2 dEEE ol FFE =&HW A=Y ALANE
doz B ol w& HESH/J(bioaccumulation) &2
sl FFEA FHH o]F HFste dANE AT
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FHEF FEALR AFES Canadian Water Quality
Guidelines for the Protection of Agricultural Water Use’
(CCME, 2003)E Fd3td H&atth Autte] &
< SEARY ¢ Ao wE AAA G wet 71T
Zo] Jhssith wEtA AvEel A& Aute dx
2 AEgAs mE2E FUst Jtsd ddale sWdAE
Agate] THAEE et daAs YRR F
Zg7¢ mel g4 ALAFUl Guideing)®t WA AL
(Interim Guiddine)= Yt F4 AxX Y A F#/, 4
Z, B2 5 Ud IR o FY J& J 47 2L
3 2 9 FHE AS 54 ol de] Fel tig A&
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BAEZHUS EPA)IA AZste
ECOTOX DB¢t SCI(B)H4 He54d d7=% € U9
#H AFHIA(CANTOX Environmental INC, 2001; US
DOE, 1997)& &&atith o189 S48 Axx 43
£ 98 Bsd 22 71EE Fol EFSATh 1) & - 94
TEE A% =270 w2t E/FSIAT 2) SH4TLH
NOEC(No-Observed-Effect-Concentration)©] ohd EC50(Me-
dian Effect Concentration) %=+ LC50(Lethal Effect Con-
centration)2 AAlE F$ “Austraian and New Zedand
Guidelines for Fresh and Marine Water Quality” (ANZECC
&ARMCANZ, 2000)914 AAlStL e ATAE o] &3}
4 NOECLo.2 #tatATh(4l ().

NOEC= ——"— @)

212 TEYH
CCME(2003)8] =42 71&s S48 w2t 27t
A2 vyh
1) S4%9 297 &
¥ B¢

pu

W C9EAEEmgL)E B

sl

(A)

Cereals, Tame hays, pastures

FEA =327 sF/EY F4AT ARt &5 Wl
EZAFE(MgL)E HiF Fo 4 (25 ol&std =
T J. F Ad 38545 =(Species Maximum
Acceptable Toxicant Concentrations, SMATC)+= &(Species)
d 54 259 LOEC® NOECY 7387 A& +,
A4 A 4 (Uncertainty factor, UF)Z UFolEo2A 4F
A 7 AUk ol BE&AY Ase 1082 1FZE #S

ey

ox. Mr

|

(LOECx NOEC)?
UF )

SMATC=

SMATC = Species Maximum Acceptable Toxicant
Concentrations (ug/L)

LOEC = Lowest-Observed-Effect Concentration (ug/L)

NOEC = No-Observed-Effect Concentration (ug/L)

UF = Uncertainty factor (unitless)

Eo dig & 7ot EFEE(Acceptable Soil Con-
centrations, ASCs; A37] &< & & TS vAA &
t EYsR)E Fdt AsCeE 54AEY LOECH
NOECY 7]st8#S EFAGATE UFolFo2A &
g AHA (). 224 Y & LFEZFH(Maxi-
mum Allowable Contaminant Mass, MACM)9] =& 2
(Q)NA 4tEE ASCH WHEYY BHa H&: 9 ZHolg
AgAA ALE F AHAE @), AT 38AdA =
MACMS #/l&(Irrigation Rate, IR)E UFolEo 2 A
SMATCE =53 7+ AHA (5). =31 SMATCsE 7t
& s FEY SMATCE 2 dV|ELe =2 Ageitt
SHH &2 F A& JFesT s 1AV de B oE
ol gstd I AAE 1A FU AT IANE(R)S
‘= WETE AES % 484 AT (184, 2005)°l
A BaE olEXTFY INHAH(2,063 ha) ¥ & AMEH

(e.g. wheat, barely, sorghum..)

(= 3 studies on = 3 species of (A) Yes .
= 3 studies on = 5 species crops, — FUll Guideline

(B) including at least 2 families of (B) )

Leguminosae(e.g. soybeans, peas),
Compositae(e.g. lettuce, sunflower),

No

A

Cruciferae(e.g., cabbage)
Cucurbitaceae(e.g. cucumber),
Liliaceae(e.g. onion), Solanaceae(e.g.

(= 2 studies on = 2 species of (A) | yes . . .
= 2 studies on = 2 species crops, —— Interim Guideline
\including at least 2 families of (B) )

tomato), Umbeliferae(e.g. carrot),
Chenopodiaceae(e.g. sugar beet)

Fig. 1. Minimum toxicological data set requirements for guideline derivation.
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(17.9 m’lyea)S EXZ, WY 2&5(8.34x10" L/halyear)
£ sPgste] ol &ttt NELY FHEFLE(SBD)=
‘ELo AR AAT 88 AFARZE A7 (3

A5, 2006)91A BHiE U FHFEA 1,600 kg/me FHE
Tt WHELY Zol(LD)e EGH REsEe mjZo|2
& aFAF7] P B AFdMEs Adte e
0.15 mZ o] &3ttt
~ (LOECx NOEC)"™®

ASC= UF ©)
MACM= ASCx SBDx (100m < 100m X LD) (4)
SMATC= ijgM < 10° ®

ASC = Acceptable Application Rate (mg/kg soil)
LOEC = Lowest-Observed-Effect Concentration (mg/kg soil)
NOEC = No-Observed-Effect Concentration (mg/kg soil)
UF = Uncertainty Factor (default=10, unitless)
MACM = Maximum Allowable Contaminant Mass (mg)
SBD = Soil Bulk Density (default = 1600 kg/m®)
LD = Leaching Depth in Soil (default = 0.15 m)
IR = Irrigation Rate per Year (L/halyear)
3. 21t & IH

31 SHEF & AIRX £
48 8= F9AE= &5
(mgkg)2 Eid ZAsESoldth T B¢ F4 A1X
el Jheailen JtEE, |, okdd B dAIEIA
dzol Jhestdth RS 670 E(Species)oll W F
42719 S4AE FREJLH olF M 9FSd ¢
YeRd Triticum aestivume] ASCE 0.31 mgkg soilo]th
Tee) 2% 859 wHEd U@ 3719 S4AR} 4
Hom o]F HA ASCE Avena sativa® 19.43 mgkg
soilo] ot B3 otd 2 A7 5Fo ek 287, VRS =
A7 FRHEJLeH JA ASCE 474 1.96 mglkg soil
(Allium cepa), 24.92 mg/kg soil(Hordeum vulgare)©] 91Tt

Z+ FF&] tid HA ASCE ol &3std FHE&EF A

A

% 2% JI=E, T, @, 283 ofde Ay
Z+ 0.01, 05, 0.1, 233 1.0 mglLE AFHATDG

32 2 Y8 RASIS FIWIIE EHY
£ ATy =29
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975 (Species Sensitivity)oll 1
=3

ZHEgd dd 9 FHE&EF FAVEL AUtet S5
oA Z+Z- 0005 mg/L, FAOY dEdHE= 001 mylLE
Agstal lom E AFdA =& #l 001 mglLe
FAOS 4713 Zoh ¥ AZd W 01 mgLe 7=
Fol &, ZU, &F 5 54& o + ke AT2
H(&AEHNZFAN, 1997)7F J2™ Codex Alimentarius
Commission(CAC)el A AAlsAL e FFE W FI=EY
AY FE&EEE 005~02 mg/lLolth(A &Y kErA A,
2006). wWeEtd 2 AFA A¢HE 001 mglle Atk
I AlREY. a8y FAOIAME FF  B/N$3(10,000
mhalyr)& Izlate] 001 mgLS AFstn Uk L o
ARG BNEF FAOANA AFF A INFES =
Fettd AXXE Hold F JoER F=Fd g A
I71E2 AGHA Aol dg 1Btk ddth

T2 = Z Z7PEE 0.01 mg/LolA 1.0 mg/L7kA] okt
71Eehs YERR 9la, dd Fu EidelAdE 05
mglLZ Ao k. E AFer =&® AILXE 05
mglL2 Authet S 712 vl g2 FX ol 7]&
39 79 YZANLAAA(An, 2005 Xu et d.,
2006)= 0.1~1.0 mg/Le] HHelA A EAA &S o3t
t 99z LT F A, woll v ZHE o =4
Pl 2 AL 4HA vt Busta ik 2 A
79 05 mgL AXXNE 9 71F MY el EFH o

4 3@ KoK
39 ol

[

Table 1. Proposed guidelines of agricultural water quality for heavy metals in Korea, water quality standard for public hesath

protection in Korea, and agricultural water quality values of foreign countries (Unit : mg/L)
Guideline SMATCs Korea” FAO? Canada® Japan®” China”
Cd Interim guideline 0.01 0.005 0.01 0.0051 0.01 0.005
Cu Full guideline 0.5 0.5 0.2 02~10 0.02 1.0
Pb Interim guideline 0.1 0.05 5.0 0.2 0.01 0.1
Zn Interim guideline 1.0 2.0 1.0~50 0.5 2.0

) Korea water quality standard for public heath protection
) FAO (1994)

3) CCME (2003)

4) Korean rural community & Agriculture corporation (1997)

N =
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9] Zo] Atk £ dFoA =&"E Z#E 01 mg/Li
Z271%(0.1 mg/L)F 2ow FAOY BI/|E Yo T
gk goll oid 7€ ATl gatd Ee F - AHH o=
10 mg/LoldE 4T 4% Aol FH5= Aoz 4
A AoH(FoIEEFAL 1997), CACAIA wHEH AE
el ALE XSG HE U @Y Hd J&FEE 01
mg/L (4 F Q) &, 2006)2 THIL Jorz B
TolA AtE FX= FFsitta gerdTh

old ol AL AUdE 1.0-50 mg/L7tA m$ ZE g
=¢he HFetxn ok FAOS FFAMe 20 mglLE
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. ofdel dig ZE A d7E= Dong 5(2006)
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