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Evaluation of Korean Water Quality Standards and Suggestion of Additional Water
Parameters. An, Youn-Joo*, Woo-Mi Lee and Chun-Gyeong Yoon (Department of
Environmental Science, Konkuk University, Seoul 143-701, Korea)

Korean water quality standards for the protection of agricultural water uses were
originally derived based on management of public water resource. They were not
prepared to protect crop plants from contaminants, and therefore required water
parameters in agricultural uses were excluded in current water quality standards.
Korean water standards in river and lake have five levels, and level IV is
correspondent to agricultural water uses. Currently, there is no Korean guidelines
to protect crop plants from contaminants contained in agricultural water. In
Canada, agricultural water guidelines are provided to protect crops from
contaminants. In this study, agricultural water quality standards in Korea were
compared with them in developed countries to evaluate the adequacy of Korean
water quality standards for the protection of agricultural water uses. Additional
water quality parameters in agricultural uses were also proposed. Suggested
parameters include electric conductivity, sodium, chloride, boron, copper, iron, zinc,
and microbiological quality, They are the required parameters to protect crop
plants as well as human health. Current water quality standards in agricultural uses
was not considered to be appropriate in terms of crop protection. Additional water
parameters should be included in agricultural water quality standards.

Key words : agriculture, water quality standard, water quality parameter, crop,
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Table 1. Comparison of agricultural water quality standards in different countries.

Country Classification
USA Level IV in agriculture Irrigation water
and wild life protection of wild life, habitat, and public health
. — Eutrophic lake-TP 50~100mg m™3
Italy Level D in lake classification Agriculture and industrial uses. No acute effects to aquatic life.
Canada Agricultural uses Proposed the _cqncentratlon of each parameter to each crops.
Include pesticide parameter.
s River-
Level D within water pH: 6.0~ 7.5, BOD:8mg L, SS: 100 mg L™}, DO: 5 mg L™
guality standard in river
Japan Level B within water and lake Lake -
ctandard in lake pH:6.5~7.5,BOD:5mg L%, SS:15mg L%, DO:5mg L™},
TP:0.1mgL™%, TN: 1mg L™
. BOD:12mg L™, COD:100mg L™, DO:3mg L%, pH:5~9
Malaysia Level IV Conductivity: 6,000 um hos cm™?, Salinity: 2%
. Level 111 within water quality Require water treatment and disinfection
Thailand R -
standard in river Clean water resources for agricultural uses
Philippine Level D within water quality pH: 6.0~9.0, DO: 40mg L™}, BOD: 10~15mg L™}, SAR: 8~ 18
standard in river
River-
. - . -1 . -1 . -1
Level IV within water quality pH:6.0~8.5,BOD:8mg L ™", SS:100 mg L™, DO:2.0mg L
Korea Lake-

standard in river and lake

pH:6.0~8.5, BOD:5mg L™, SS:15mg L™}, DO:2.0mg L™,
TP:0.1mg L% TN:1.0mg L™
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Table 2. Guideline for interpretation of water quality for irrigation! (FAO, 1994).

Degree of restriction on use

Potential irrigation problem Units -
None Slight to moderate  Severe
Salinity (affects crop water availability)?
or EC,, dsm™ <0.7 0.7~3.0 >3.0
TDS mg L™ <450 450~2000 >2000
Infiltration (affects infiltration rate of water into the soil. Evaluate using EC,, and SAR together)®
=0~3 >0.7 0.7~0.2 <0.2
=3~6 >1.2 1.2~0.3 <0.3
SAR =6~12and EC,, >19 1.9~0.5 <0.5
=12~20 >29 29~13 <13
=20~40 >5.0 5.0~2.9 <29
Specific lon Toxicity (affects sensitivity crops)
dium® Surface irrigation SAR <3 3~9 >9
Sodium Sprinkler irrigation me L8 <3 >3
hloride® Surface irrigation me L™? <4 4~10 >10
Chloride Sprinkler irrigation me Lt <3 >3
Boron mg L™ <0.7 0.7~3.0 >3.0
Miscellaneous effects (affects susceptible crops)
Nitrogen (NO;-N)® mg L <5 5~30 >30
Bicarbonate (Sprinkler irrigation only) me L™! <15 1.5~85 >8.5

pH

Normal rang 6.5~8.4

!Adapted from University of California Committee of Consultants 1974. 2ECw means electrical conductivity, a measure of the water
salinity, reported in decisiemens per metre at 25°C (dS m™?) or in units millimhos per centimeter (mmho cm™%). Both are equivalent. TDS
means total dissolved solids, reported in milligrams per liter (mg L™1). 3SAR means sodium adsorption ratio. At a given SAR, infiltration
rate increases as water salinity increases. Evaluate the potential infiltration problem by SAR as modified by ECw. Adapted from Rhoades
1977, and Oster and Schroer 1979. “For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the
values shown. Most annual crops are not sensitive; use the salinity tolerance tables). With overhead sprinkler irrigation and low humidity
(<30 percent), sodium and chloride may be absorbed through the leaves of sensitive crops. °NO;-N means nitrate nitrogen reported in

terms of elemental nitrogen (NH,-N & Organic-N should be included when wastewater is being tested). ®me L *=milliequivalent per liter

(mg L *+equivalent weight).
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Table 3. Canada water quality guidelines for the protection of agricultural water uses (CCME, 2003).

Parametre Concentration (ug L™1) Parameter Concentration (ug L™1)
Aldicarb 54.9 Diclofop-methyl 0.18
Aluminum 5000 Dinoseb 16
Arsenic 100 Fluoride 1,000
Atrazine 10 Iron 5,000
Beryllium 100 Lead 200
Boron 500~ 6,000 Linuron 0.071
Bromacil 0.2 Lithium 2,500
Bromoxynil 0.33 Manganese 200
Cadimium 5.1 MCPA 0.025
Chloride 100,000~ 700,000 Metolachlor 28
Chlorothalonil 5.8 Metribuzin 0.5
Chromium (111) 4.9 Molybdenum 10~50
Chromium (V1) 8.0 Nickel 200
Cobalt 50 Selenium 20~50
Coliforms, fecal 100/100 mL Simazine 0.5
Coliforms, total 1,000/100 mL Tebuthiuron 0.27
Copper 200~1,000 TDS (salinity) 500,000~ 3,500,000
Cyanazine 0.5 Uranium 10
Dicamba 0.006 Vanadium 100
Zinc 1,000~ 5,000
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Table 4. Standards for agricultural water quality in river,
lake and groundwater in Korea.  (Unit: mg L™)

Parameter River Lake Groundwater
pH 6.0~85 6.0~8.5 6.0~8.5
BOD 8

COoD -

SS 100 15 -
DO >2 >2 -
T-N - 1.0 -
T-P - 0.1 -
NO;-N - - 20
cl - - 250
Cd 0.01 0.01 0.01
As 0.05 0.05 0.05
Pb 0.1 0.1 0.1
Crt6 0.05 0.05 0.05
Hg* N.D N.D N.D
CN? N.D N.D N.D
Organic P? N.D N.D N.D
Phenol - - 0.005
ABS 0.5 0.5 -
pcB* N.D N.D -
TCE - - 0.03
TeCE - - 0.01

Detection limits: 10.0005 mg L™ (Atomic absorbtion; Cold Vapor
Generation Method), 20.01 mg L ! (Atomic absorbtion), 0.0005 mg
L ! (Gas chromatography), “0.0005 mg L (Gas chromatography)
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Table 5. Korean agricultural water quality standard compared with foreign countries. (Unit: mg L)
Parameter Korea FAO Canada Japan China (rice) Malaysia Thailand

pH 6.0~8.5 6.5~8.4 - 6.0~7.5° 5.5~8.5 5.0~9.0 5.0~9.0

- BOD 8! - - 8! 80 12 2

S COD 82 - - 6° 200 100

E DO 2 - - 5° - 3 4

2 SS 100%, 152 - - 100° 150 - =

>

S . 2 N- _ 3 Kjeldahl- NH;-N: 2.7 NO;-N: 5

w TN L0 NOa-N:5 L N: 12 NOJ/NO, 5 NHs-N: 0.5
T-P 0.1? - - - P:5.0 - -
Cd 0.01 0.01 0.0051 0.01* 0.005 0.01 0.005°%, 0.05"
As 0.05 0.1 0.1 0.05° 0.05 0.1 0.01
CN ND - - Total: ND* 0.5 - 0.005

= total: 0.0005*

cé Hg ND - - alkyl: ND* 0.001 0.002 0.002

c . . -

G ) _ chemical chemical B B pesticide

g Org-P ND specific specific parameter

= PCB ND - - ND* - -
Pb 0.1 5.0 0.2 0.01* 0.1 5 0.05
Cr(VI) 0.05 Cr:0.10 0.008 0.05% Cr:0.1 0.1 0.05
ABS 0.5 - - 55 LAS: 5 - -

Water quality standard of river, 2Water quality standard of lake, °Irrigation water quality standard on Japan, “Human health protection
parameter, STolerance limit concentration of paddy rice at Chonhyubhyun in Japan, ®Hardness <100 mg L™* as CaCO,, "Hardness > 100 mg

L tas CaCO,

o, didet=e] A$ 8 AgelA wjd 02~1.3mg L
9] F=rt Fksk 5} ) s 5
Lt o]l M= od3ks whed i
30mg L o= & ¢33k& Wkx] ¢kt (FAO, 1994). ¢
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MAA 7 285 852 Qs 247 2 4 ik ¢l
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2= 0.479 mg L 1¢Jo} (WHO, 2004b). A|qF-e o7l A
g F5o FAEEA HiE B wdHEd (WHO,
2003a). A2k HIEF B9 45 *I8dh=d, WHO
9] M 2 7]FM = 0.07mg L= A3k 9ek o
2e Evete} v|EA A7t R S EC A CNE
EAEE A U S el dig IgS 7]
ZFA 0.5mg L& Asla gict

PCBL: 19299 o] %2 {319} =4 5 ok
gt 452 AMEER|EE 1966 37HA] 37| FE=EA] ok
ohe} oA 2 xo] PCBE: Mo F4Ho] &7
2 ol53H, WE E33st o8 A& e FA5H B
=9l (Chu et al., 1999; Bi et al., 2002; Lin et al.,
2006). ABS (So] 2AHEAANE 374 W wiAs=,FE
NME FAEAEE F838kA gAIRE ABS 0.1mg L™ o]
ot AR EA s didsle Aoz dulA 9l
o} (Ying, 2005). 7]&ol] Byl Lo]2AWEAA ] I
Z73 LASe dsk A E5AdAt50l o3 LASE A&
HAEGol] ©dFS m]A]™ bush bean, grass, 2| 7}
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Table 6. Proposed parameters of agricultural water quality standards. (Unit: mg L)
Parameter FAO! Canada Japan Chinese (rice) Malaysia Thailand
EC 0.7dSm™ - 0.3mS cm™2 - 6,000 pm hos cm™?
1,000 (non saline
Na 3 SAR B B alkaline area) 3 SAR
2,000 (saline salinity: 2%
alkaline area)
Cl 4melL™ 100~ 700 500~ 700° 250 79
1 (B sensitive)
Boron 0.7 0.5~6.0 14 2~3 0.75
(B resistants)
Cu 0.20 0.2~1.0 0.022 1 0.2 0.1
_ _ 1 (leaf)
Fe 5.0 5.0 5 (others)
Zn 2.0 1.0~5.0 0.5? 2 2 1.0
Microorganism
(T. Coliform, - 1,000 100 mL™* - Colifoms: 10,000n L™* 5000 100 mL™* 20000
F. Coliform) 100 100mL™*? ascarid egg: 2 eggs L' 5000 100 mL ™! 4000

'Recommended maximum concentrations of trace elements in irrigation water, ?Water quality standard on Japan, 3Tolerance limit
concentration of paddy rice at Chonhyubhyun in Japan, “Human health protection parameter

AR FAPFsEE 16mg kg2 2PHG 0w o)y
A2 HYS v LASE SAEZH| T4 EAS 1)
XA k= Aoz 7FFE T} (Ying, 2006). 3HH 47]9le
wopAlg s QAgke] glidl, W el EHEe] 9l
TebufenzoideE Ql7to] AFsl= kS 0.0012 mg day
o2 A= v} ¢ltH(WHO, 1997).

3. $ehte ¥984 212 FA5ARE A

2 ﬂ%ﬂ*i% ) 5985 2A7F 2hE Lo
el e &+ A7 ==, v £,
aela 57IH A (e, Ba 72, A, okd)E A
Qrsldeh A QHE Fo14AgEe 92 As ojn] 7%
kel AR e FEE=E, FURIIEE dF o=
9] 7]% k2 Table 63} 7t

99 TAHE & 4 Gl I A $ALE
¢l EC (A7|Ax=x)2} v E-(E. coil, Fecal coilform), 2
Ha SAEAQ 94, B4 A, ol Sof fsk gre

AR olu] 7)e] Ao} Q& - oheh, ol

E $5e 42 A e e Asted weA
weise] & FHolmw sl ® 7EUYe] B
23 s %o s Hog,
D gEG ANAEE
WA= EO)E G Az e Sl
owl SpAN o eHYE YU Az

=t %
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49 ol 2ol 5 54~1 °.37<1°a94 SEEERD
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H—Eg Ecoﬂ 2 z}
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guete] A e AA 7R 1
A = WAL 22.1%E A3} g}u}(z] %, 2004). =3
A7) 9] gdnt hXMWE 1714l WhE 3l
‘:'7;91 °] /}:13’:]'5] g 1:! o 2
2R B K P R A i P B R B b B B
a3t

2) M AEFE

AR A Fsteh e st RS (EHeAES)
2 xqesg TI gASAPdoes Aaslr] <6
A o] A sEe FAE A e 1y A o] Sof F
83 271N g ANt el 284 oY
2}, Al o] gm0 AT ol wpEE ] QA o} FAE
5 Aol go] FAEA X3k gl AA ol A e
7t wdESE FFE AS =] 3 of s A
SHE-2 FHA] ‘z;'giﬁﬂ‘a 7)Qlel= w3} o).
wetr] Z) A (Total Coliforms)® olu]gl BHA &
o) A=} HE A o)A+ (Fecal Coliforms)o]i}
E. coli 8&2o] HltA] Z7}5e] & Aoz IdzElt) n
= AL AR B Nme A
PAFZRD E. colis o] UL 2z=z A3ty 9ok
E.coli®] A& #HA e A=rt & # opzh o
WA AR 3EsAEE AARlER 5S4
A} EA4)7} Dok (Anetal., 2005) webr] skeAE ot o
NEFE AolgHE H8

Zo] F7huelok & Aelch

—

50 A 7])ZFe] E. coli 3

Agel A Aoz s 9t A9 o= 4
& % Qiolch Age] Baz s B5ULE 174 3
=7} Qe eleld ejel )R Ao 4 2
A S FFAD FAE e A e
A BE Bl o] mopit] o3 F453 FAs

& ga) Qo) FAFe] ABAT &

AL
<) [}
o 4 zg:a% A%k g e ik sl

2

(Chlorlde) L‘rEf—r(Sodlum) )| (Cupper
2] 3 o}l (Zinc)e] YTt
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2G> FhA ol 2] T2 Auf el M= Ao A
sA] ka1 ‘H—‘:‘r”—‘l sje] oz <lat BA|7} ukA) gk} (ut
3 71,1999). G4 A F5E I AEA W olgA ol
Folutr] ool Xd s 233 *‘Eiﬂ‘%ﬂ %—X*El
o 5 EAAT AL, SF
FAOY: 4me L' ||% slviehe “‘—E‘Qi —‘-‘i—%‘s}c’%
100~700mg L!, 42 =80 glojA 3-23H%
2L 500~700mg L! o]3}, =2 250mg L 1= A A5}
UL

oy A AR zAA e A EAT #AE 7
A3 gl F2 kRt FAE ] slo] AEA| el
AMe A9H7] o 2oko] &2 E Hd B F
Ho] ofsfA] 1 E"J 2 B4t Aol H7] wiie|
A EAWe M= B4vF 2999 340 299" AE
2] ZHel7t % °WJ- Az o] FAbstAY M xrte] 3§
o] ofsf#]7] wjEe] Fr|zAe] IaE o] A

FrolE, FEEFS Hee F4ek olFol Hhs]]ﬂl-——l;]-

>4E
ol
e
12
I 01
>
il
o
)
-

-

297} A R
4 Aol B4 a2 R
o AdsRe) B vES} YY A 5A B

o gt vigos mE g Y] YAl
(3]
=

Lte] F=or #gAde]
(USGS, 1998). Al ol M 49 HAlo] A9 ¢lon}
SEEo} AN E 5 SA4S 2 UF v B

A7F EAE|= gl BAe] 542 Ao BE 2E

ks X}, R} o] Z7he] 2HEe] WA
UH% Z HAE gefsieh R 2] SRS 5

=7 %ellA 250~300mg kg g Z#EHH vebd
U} Bave] W8t 7152 FAO, v}, 4, 5= 5ol A
33 9l:d], FAO: 07mg L™t vk slvel= 05~0.6
mg L, 82 Fo7A S 9 23X A 0.2mg L
o]}, =0 g Fdvel RIS 22 AAE, 18

Aol T AER vire] 7|EAE AABI 9l

Al
8
Agejoprozd Felv A8 ma 249 2 B
g Alel AAALAA Lof s}, T a
Aol A= 3 W} Alge] 7



7} 100 mg kg we] 10%7} 7FA3}ar, 300~500 mg
kg™e] FElFxol s AAAEL] vk A= Fe], g
31 1,000 mg kg 8] FElFEeME AL £F3E & $
dx= Aoz YePdT(Xu et al., 2006). FAO2] 7% T
2o HysLsAs == 02mg LY Ae= 0.2~1.0
mg LY, 429 545,71 0.02mg L o
3k F5] 7% 1mg L2 A3t ok =oF 2HE
o] £43 729 sEv 229 A 33 71A <l
7ke] 77 el = 913 ] "ok (Xuet al., 2006). u]=rel|A A
T3 AAsel| sl A ;4] FE]9] FEE 0.0005~41
mg Le]™, 47k 0.01mg L A=l Aoz vyt
o} (WHO, 2004a).
A2 A5 gle] B, 5 A JA, A 2
4, 183 J54aE FAEH Fod I 3
o] #e) FFAllE mide] A E ] <lAke] o]
Agkek 2k 71, 1999). €3 AR 7| FA = A
gt 7)) A= A kot A|FHol = A EF
o] AUAA Eotl FHETE ]8T & 9 Bt %
ok AueRe] S g5 He| J|Ee] 5mgL TR
A= glar w5 EzEd F w3 385 7]Eel
1mg L™ o]3t2 A3lar glc)

ot 2719 Sfol 2oz FHvt HHl, A ESklA
=4S doy|n ¥ RS Hle) g (Dong, 2006). of
A2 A sMESES 5o 5245 A3}
Al7IH REA = Al Es2 R F sl SAls=fo
HAtell JekE 7|X= ez deix e (F 5 2001).
otd o] AFHH ulr]rto|7} FrolA| 1L, gle] WA E T @
HE 5 2 3skEld (Dong, 2006). ofdel =3t 54
45 $£37)EE FAOYAME 2.0mg LY Ay

UE2 05mg Lt o3}, 18] F2
2mg L2 Asla 9lok Ak W A mpol] Ee] 9l
T oolde FELE 10ug L A=en, A=9 #H4F
of & ZHAFEF 6,00049718] 7] EE $-Eolr 24
mg L™t o] 9] =2 Fxo ofde] HEHH (WHO,
2003b).
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