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A Study on the Reuse of Effluent Water from
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Supervised by Professor Yang, Sung Kee

Summary

Basic research has been conducted on the water treated in
sewage disposal plants in Jeju, in order to recycle the water for
agricultural or landscape purposes. The results show that the
water treated in the three wastewater disposal plants in Jelu
cannot be directly reused as agricultural or landscape water,
because it contains higher levels of chlorine ion and biochemical
oxygen demand (BOD) than the levels permitted for agricultural

water.
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Thus, an experiment has been carried out to see whether it is
possible to reuse the water after third Re-treatment; It is
discovered that micro-filtration membrane method is effective for
pretreatment and reverse osmosis method is suitable for removing
chlorine, BOD, and nitrate nitrogen from the water to meet the

standards for agricultural water.

For this experiment, a pilot plant with a daily capacity of 20
tons was built at Dodu Wastewater Disposal in Jeju City.
Re-treatment with reverse osmosis method resulted in the removal
of 98% of chlorine ions (Cl), 97% of sodium ions (Na), 87% of
nitrate nitrogen, and 82% of ammonium nitrogen. In an
experiment to check the microbiological safety of treated water,
the number of colon bacilli in one-milliliter water was counted.
About 600~3,000 colon bacilli were found in the treated water
without Re- treatment About 40 bacilli or less were found in the
water processed through the micro-filtration membrane, and none
in the water re-treated with reverse osmosis method. In particular,
the precise water quality analysis shows that re-treated water
meets the WHO standards of 102 WHO recommended items for

drinking water.
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<Table 1> Groundwater Budget in Jeju

B n AA 7N A AL =T FAL | AL T A
v (1981) (1989) (1993)
F O %
(90 by /1) 3,385 3,516 3,388
2" 7 E 703 703 638
(') (21%) (20%) (19%)
= % A 1,104 1,183 1,256
(W2 d) (33%) (34%) (37%)
A st g 1,542 1,630 1,494
(M km'/A) (46%6) (46%6) (44%)

<Table 2>Appropriate Development Volume of Groundwater Areas
(F9 - dAm/¥)

A At I A M | A ANEE(%)
A 4,093 1,689(41%) 41
RSP 964 492 51
A 1,176 412 35
X B2 A 970 331 o8
EHAY 1,383 498 36
AFE FALFTFNLALFHE A, 1993, =72 FA>



2. FK BEEE R FIABN
D ALdE"

1993 ~ 20024 12€97bA] A% A9t Aske A - o] &8 7ket &
A3t 22" #AFAG(Table 3)3 2o dA4o=z B 20029 &
dA s7te F Ak B = 512601, Ast & 7S 1,559
Am/dolth. At 7t 16108 - 7638 m/do] ol Folxlony o F
1,402& - 6978 m/d 2 F&re HdaL, 208% - 66 m/Ld2 vEEE
g ol .

1995~19987kA] At &7t & ¥ #4S F 11078 - 573"
m/QGoliL, 1999~20021 Atelell= 2953 - 1243 m'/Hd o] 37}t o] Fof
7] 1998 o] F4E AlgF AlskE @A S 7HF AASA Has 2

aL 9l



<Table3> Number of well & Volume of Water Development by Years

(Unit : Well, 1000m’/day)
S
sk 7 ¢ A 3
- a A | #Ere | wEe
25 |ag) we | U ae | U D s U
A | 5126] 1,559 | 1,610 763 |1,402| 697|208 | 66|3516| 796
1993 | 2,755 | 645 - - - | - 2755 645
1 T e
199 | 633 162| 158 62| 157| 62| 1| | 475 100
1996 427 | (294 |@ 3907 “26on-368 (=20 [l 26 9 37 6
1997 339 137 339| 137| 313| 127| 26| 10
1998 4277 130 285 109| 272 105| 13 41 142 21
1999 190 79 162 72 144 70| 18 2 28 7
2000 138 44 136 441 105 421 31 2 2| -
2001 150 93 92 40 42 11 50| 29 o8 13
2002 67 15 48 11 4 1] 44| 10 19 4
#* QA8 BA 1,0743 (6,519 m/ YD) Zﬂﬂi Zolm, 2001 FAs w4
588 Fdve W& 123 (740m/Y), 2002 FAdstHAAg 198 Fde vEF
105 (150m'/)e] 23 A



1993 ~ 20027441 A stel B4 T 35163 - 796 m/A (P =

ol

22 -

w5

890m'/d AEFHEAM HAA| Asltg ¥
bl 511%% AA S ¢

I~

#7g 2l 68.6%°]
ATh 2002 129 dA = AAAOR
T BA@AGE A9, =¥ Fed BH)S 48968 M,

sh b eFe 1,492,838m' /L =4 A AekaF tiv] 88%0l o] 21

tH(Table

4).

<Table 4> The Usage State of Groundwater Development('02.12.31)

(Unit : Well, m'/day)
T i e A Agdg&s | =554 | Y - 71E
T T 4,896 1,496 3,166 234
Sl 7;"
7k = 1,492,838 638,804 800,565 53,469
T T 893 722 128 43
A A
7N & 259,501 224,149 26,301 8,551
T T 1,119 302 805 12
A A
ihcia s 235,624 99,734 133,785 2,105
Gl 917 253 568 96
$AFE
7N =¥ 443 909 169,970 253,492 20,447
T T 1,967 219 1,665 83
A T
7N k=¥ 553,804 144,951 386,487 22,366

#9754 (980

) A€



Al - &2 B AT Aol A A8 40.2%<1 1,967F
of /s QaL, AAZA AL 1,1198(22.9%), AFA e HAlFT

A%
A2 7b7y 8933 (182%)¢F 9173 (187%) ¢l ok, /MaFe A F
A Fo] HA AEEFe] 37.1%%0 553,804m' /Lo R MY WA SAF

1=

-_J._l‘
o 443909m' /4 (29.7%), ATl 259501m'/ D (17.4%), A FAE
235,624m'/A4(156.8%) =22 i Ut}

>

e BHY FEPEol A B 647%9 3166F S AA
s gloen Aggo] 14963 (305%), & T 7IEkgo] 234F
(4.8%)0lW. &L AFA A o] 722807 HAA ] 483%F A
A8t Qe W, FEPES FAFE Aol 166552 A9
526%% kA8t Qlo] Al - ¥ A sk o] & & E7F FIEHA T
u, ek doME FH<Y 8] 800,566m/Y o2 HA 2 53.6%
£ A AL 638804m/L(42.8%), + 2 71EFES 53,469
m'/ 9 (3.6%)°] t}.

A8 Aoty NS AFA A Fo] 224,149m'/ L (35.1%)= 7+

T Ewe HhH w582 JATT A Yol 386,487m'/ Y (48.3%) =
-

$5YE Asks Mege] Awe AAFL gon, AP FAER
g, FEe Aol AAel 208%< 10163 W, ALBAL
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2) At o] &HF

2002 99 =w7hA] ke 483170 B 19 Hdl A5k o] &7
S 1,070 m e s ARG diH] 63%, At A7) diH|
72%0la. €= 19 Ho As5 ol & HFE HW, AFdEo] 314w
(29.3%)0] a1, FEHEo] 728Hm (68%)°1™, &4 % 7EgES 28Hm
(Table 5)°lth. Al - w+d o Hoj 1o} ol gHS B AFA A
o 155" m /Yol AAEA 170m/Y, EAFT 331m/Y, FAFT
A4dm/Ldelm. AFA AHFL AA o] &=l 81.3%(126m/Y)7F A&
£ WA, SAFT 2 FAFT AGLE AAY 16~78%7F wEAE
ojth, FFE& HA Ag o] &H A 59%E AA AL Yo,
A v o] & B &S 77%ola, ¥ Hyt o]& TS 629m/Y o]

o
o

, N o] o] 882 66%°lL, v W FHU

69.6%0ll ol2& 745H m/LdS AASL 2Uar, 100~200m Ake] A&
21.4%9%1 2298 m/<, i 200m o] A

off o of o
19
rlo
2
2
lo
©
X
ro,
©
>
R0
=1
~
4

%9,
oo L
Fo
rot
ol B
_|>i
g M
do
X
-
o)
g
A
T
s
N
o
o
o
ofo
I

©

o] A%, AFAE A 34 A FH A
0~77.7% WSO A W, AFA & 174%2 7H3

o
plv
N
i
o
i)
kI
%0
o



: Well, m'/day)

(Unit

<Table 5> The Usage State of Groundwater Utilization
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<Table 6>The Usage State of Groundwater Utilization by Water

Zones
(Unit : Well, m'/day)
Al 1,689,000 4,881 | 1,485,741| 1,070,204| 83.0
of 4 61,200 162 89,447 70,390| 146.2
AT 85,100 146 43,519 34,343| 511
i: S A5 97,900 640 148,652 30,949| 151.8
A A 90,800 638 33,434 37,228 368
= A 110,600 252 126,507 60,348 | 114.4
S 34,600 64 25,120 16,983  72.6
A 7] 53,200 210 nal3 42,623 99.5
_E:: < 86,200 506 104,964 60,607 121.8
CRa i 112,000 544 107,727 92,690 96.2
R 128,200 626 172,893 130,205| 134.9
oA 113,200 772 200,116  145404| 176.8
i: Cie 88,900 229 102,892 95,590 115.7
Fig 128,900 182 79,370 64,045| 616
T 167,900 110 69,644 46,204  41.5
i?’: 4 At 123,200 118 49,935 31,746| 405
= A 207,100 252 78,608 60,849 38.0
e Aske A4 EEs Ve o® AR I adl.
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<Table 7> The Distribution of Spring Water by Areas
(Unit : Lot)
. A A dE|
Awoa | B (e ooom | oadAd g aA
Al o] ) (31 Z200~600m) | (3¢ 600mo] )
Bl A 911 841(92.3%) 49(5.4%) 21(2.3%)
A T A 142 111 23 3
A AEA | 168 151 12 5
SAa | 398 378 14 6
FA T | 203 201 - 2
<R AT = &35, 1999, AlFE>
% 82400 WA - W RAHAY fed £A5A BGD 259
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<Table 8> The Yield of Spring Water by Areas

A% ZAH'98~"99) S A T AH93)
Ae | =y %% m’/D) =3 I
T 5 2 1 e (m’/<)
i Al 701 1,083,363 1,608,342 403 1,110,128
A F Al 105 288,118 417,607 51 229,560
A7 AT 147 272,032 421,509 61 310,508
AT 296 367,161 523,405 197 362,140
A Tt 153 156,052 245,821 94 207,920

<AE AT = &S, 1999, AFE>
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o

o} lal, AFELE HAFT AHo] 1157442 7HE gu vd82



3

Ak HAFTZA G0l 807h4ax0lH, 1ol

A T2 A & (24971 A2 ) o]
7} 397 2= ¢} 5170 o]t}

A 13

1)
=

N

Alel =

z

ZA9 A7

<Table 9> Utilization of Spring Water by Purpose

: Lot)

(Unit

18

11

182

32

20

38

42

339

39

51

141

108

19

11

103

19

44

36

218

28

39

115

40

28

12

10

4

2

fren

142

168

A5 A

A1 3EA]

A S| 398

AT | 203

>

1
N

, 1999, A|

i
olo

=

N

Al

<25

G

, A", oY A S
o2 st (Table 10).

hvA
s

olo

2]

PN
T

A}

d =7}

) 5 200 &H

T

h=d]
=



<Table 10> Spring Water Under Development or Utilized by well
Sources('02.12.31)

A /}__,j.Q.FL]: L= gk
Ao | gapy | HEE L HTE Ard s
& A | 19/M& | 207.200 106,993
YASE
s ay| 21450 8,474 1967 ~1970
o = | 14000 aoaa | Jab 19TL—1972
o] & 10,000 6078 |e 1985~1988
A=A o 1229 : 1979~ 1982
A & 55,000 29,168 e 259 1 1983~1984
e 3491 © 1092~199%
F | 18500 10161 |3 1 19819
g o 15,000 13.912 1994~ 1997
& A 95,000 10,864
op 8,000 k
A == 800 266
j R 1,000 200
A = 2 1.200 1,044
A o 1,700 1,058
5 o 150 -
e B o 13 : 1986~ 1990
A gk} 200 - 1967
ga | A E 200 - 1966
T e 13 : 1963
A ¥ 15,000 11614 | e 23} : 1990~1993
o 33 : 1996~ 1999
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<Table 12>Water Detention Basins in Golf Courses in Jeju
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<Table 13> Water Supply and Facility('02. 12.31)

b
CHFEAR R AFA B

[&
o
>4
EB
S e
N
L

% 481,300m'/d o]z, 1

FrE B
Qv =M A
Ul—o

Sow [ ATE | FAT REAT AMEF| FEF |
T OilR) | (e (D) (m/4D), | (m/L)
e A 248 552,310 | 552,199 | 481,300 | 176,059
€& " 17 286,591 | 286,591 | 185,750 98,519
A8k | 209 | 249,858 | 249,774 | 271,950 68,251
T/Loﬂgﬂﬁ,g
ZE;‘ﬂ'Oﬂ o 71 T
Al =3 9| 14(80) | (63,604) | (63,604) | (135,000) | (24,140) UA2 0%
oA 1 10,760 | 10,760 21,450 8,474
5
Al A 7 5,101 5,074 2,150 815




<Table 14> Water Supply and Facility by Cities and Counties

T % Al A F A | AFAEA | BASFT AT
A T
24, 1
(A 2) 3 67 3 83 67
E
(o) 552,310 290,664 34,862 100,824 75,960
=0
b ?;]L) v 552,199 290,664 84,362 100,797 75,876
- O
o 99.98 100.00 100.00 99.97 99.89
(%)
A8
(m'/2) 481,300 227,500 85,300 91,770 76,730
SN 176,059 96,791 29,926 27,774 21,568
(mx/?_:x1> ’ ’ ’ ’ y
1o 14 319 333 308 276 284
wrE(l)
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<Figure 1> The Size of Impurities in Water and the Method
of Separating (71]o}, 2003 <1-&)
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<Table 17> Merits and Demerits of Separate Membrane Filtration
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<Picture 1> RO Equipment of Honouliuli Wastewater Treatment Facility

in Ohau, Hawaii



<Picture 2> RO Equipment Built in Udo Desalination Plant in Bukjeju
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<Table 18> Research Results of MBR in Japan and Canada
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<Table 19>Reguirements to Reuse Discharged Water from Sewage
Treatment Plant for Different Purposes
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(Article 3 of Enforcement Regulation of Water Law)
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<Table 21> Water Quality Standards of Water Reuse System in Japan

a & 49 71 = A

o U (71/m) e 100]35

e o o =3I S A

e WA o w=HstA XS A

o SolAHEA (mg/ ¢) e 1.0°]3}

e COD (mg/#) | e 20013}

o THIFE (mg/ ¢ ) e 800°]3

A AEAS HES FAY B A= =AATAA AT Aol

59 FA7FEL (Table 22)9F 2t} o] 7]FolA B, 74 o A
= Aol E&FE FAA SFAEFE AFES= 49 BOD 20mg/ 4 ©]
&}, COD 30mg/ ¢ ©lste] 7|8 AJN=ESE g oy AN 54
T EAAE T E olel tig 71FE2 fla, o 2 FHIle 2

Ne FA FEF asha ok £, AN e 238 —’Fi A}
gt AFdd= BODE 10mg/¢ olat= FA3a of&e], ool
AEHA FEF 2752 ok



Japanese Organizations

<Table 22> Water Quality Standards of Water Reuse System Set by
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SHEE a5t o, AdvtNTS 58 AEE A E md 100
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<Table 23> Required Water Quality According to Different Purposesin
Japan
T = E e MR | A AR | g | SPES
(%) 50]3} 15015 150]5} 150735} 150]5}
. A(I) 50]s}k 100]3} 20013} 0e]3] ek
; AN 7R | SIS WAL | B WAl | Ee WA | B A
; WAl gls A | gls A e Al 9 A e A
pH 58~86 58~86 58~86 58~86 58~86
735%(mg/ £) 30013t 300018 300018 3000]s} 300e]sk
All AFaaxng £) 0201 02017 02017 02017 02017
Al Faolmg/ 2) 200013} 200013 400018 400013} 400013k
71| ABS(mg/ #) 05013} 05013 1.00]3] 1.0o]3}k 1.00]3}
T =g £) 5000]5} 50005} 500018k | 1,000018F | 1,000015}
| Hng/ ¢) 0.3¢]s} 03015 0318} 0513} 0513}
UKy 4 ) 03°]s} 0.3°]3] 0.3°]3] 05013} 05°]s}
o KVhOA5 =g/ £) 20018} 20018 40013} 40°13] 40°13]
2 AT/ ml) 100°]3} 100073} - - -
Xq =7/ m) lRatry ket 10]3 1o]s}t 1o]s}t
A FFE Ol GHUE AT AL AT, 1999, FAH>
A FEHFL A= 1970 Ao]lE 5 FHETE AN
A5 #A7FS (Table 24)5h 2o A3 2 gstm ek Eol AN
H kel Zol AAA R 147 FqE i FAVIES vtdEE w2
AEd, FEol&EE7t 6.0~7503 CODE 6mg/ 2 o3, FAAn(T-N)
Tmg/ ¢ ©)8}, H-7E2(SS)= 100mg/ ¢ o]stolt}. Tk Aol 1,000

mg/ ¢ ©] 8} o] aL
(Cu) 0.02mg/ ¢ o] &toltt. o 7]l A

=
U2 (Ni) 1mg/ 2 ©3}, ZF=8(CA) 0.03mg/ £ o3k, T2
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<Table 24> Water Quality for Agricultural Water Set by Japan
Agricultural Ministry of Agriculture and Fisheries

g = TA7+ g = FA7E
pH 6.0 - 75 Zn 0.5mg/ ¢ ©]3}
COD 6mg/ ¢ o] 3} AV AT 0.3uohm/cm ©] 3}
SS 100mg/ ¢ ©]3} ABS 5mg/ ¢ ©]3}
T-N Tmg/ ¢ ©]3} Co 0.1mg/ ¢ ©]3}
DO 6mg/ ¢ ©]3} Ni 1mg/ ¢ ©]3}
As 0.05mg/ ¢ ©]3} Cd 0.03mg/ ¢ °]3}
Cu 0.02mg/ ¢ ] 3} Cl 1000mg/ ¢ °] s}k

AR D FFE V1EAE EAAT, 1994, AERS

2) " =
(1) 8FEZHEPA)S 7+

v 374 B 33 (US Environmental Protection Agency; EPA)3} =7}
7R3 (Agency for International Development; USAID)S 43 2] 7] 4 a4t
I FEAES o] F-gatr] fste] 1980l ABE =Afolol I
71 (Guideline for Water Reuse)S 1992l 7143tdct, 1992 714 €

o
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715l &S foet (Table 25)7 Zow, o] &&Lud Hup A
ZlEE BE5o AAsEA T US EPAY] 7l&s BH, 24 - Az - 9 &

X
Al AREEE AEE] AN 23 Aol RormAYE B
o] BOD 10mg/¢ I3}, B= 2NTUol3te] #4& #As=% sha gk,
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= otal 3lew BOD 30mg/ ¢ ol&f, &4%-fr=2 30mg/¢ °lsh, 100m o
A =HE FEe fFASES feta du 5852 o] 8dhe
TSR AFFIAIE EE2 A4y sire aEH 7 st
AlEstdE 3 Fols Heds FEVES SFAYE AFES 7A
ste% stal otk 53], EPACAME BRFE BNEFE At @
woll = (Table 26)ol AIAE F27IE& A7 AFsta

<Table 25> Water Reuse Standards Set by US EPA

Aol g §x= A5z Ae)se] 44 Aes #4854
e pH: 6~9 e pH: 7 13
EAgF o 23} A3 e BOD : 10mg/ # ]} e BOD : F 13
(27 - AZ- 334 - |o }zhme] 5) e B 2NTUOI o BE A%
28t WSS 5 |e 254 o TPRTEE : BAE/000 |o FTE
o AFAL g/l (A2 |e ARG2 AL
e pH:6~9 o pH: 5 13
Fees b ] i
oo e BOD : 30mg/ ¢ ©]3} e BOD : + 13]
(A 4AE -S54 0 234 A2 , N ,
B R - o 28Ag |0 S0 SmLolE e TS5 o
ZALE AL o At 200018/100me | o AT o wd
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e pH: F 13|
S m o BE A%
. . ] ZX‘]'Z-]E] = = o - e ° EHXO]'ﬂ'E' . UH(?—:]_
A 245 = (F2) A S8 A5 . droln s
(&2 ol83he tje ofsh a2 @ ol g £ || L0000
Fzomel AFFPY) =AY HtaoF & SEo BoH 12
o Vg FEe dg
A

<A}& : Guidelines for Watwer Reuse, EPA /625/R-92/004, 1992>




<Table 26> Quality Standards for Irrigation Water Recom
mended by US EPA

<4 B &g Eg

= E e
PERECER w mYd A g7k (209 A%
AL83F= 74 9-(mg/ 4 ) A S B (ng/ )

[e) T o]

pH 45 ~ 90

L)
TDS 5,000
As 20 10.0
cd 0.01 0.05
Cu 0.2 1.0
FaEE F 2.0 5.0
Fe 5.0 15.0
Pb 510 20.0
Mn 0.2 10.0
At |2 e T 1,00071/100me

<A}& : Guidelines for Watwer Reuse, EPA /625/R-92/004, 1992>
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<E 21> A &

AL Agke] A=
T o 9
A &8l Oa~HE o Aok

£33 o] & =4 (Na) SAR <3 3~9

gz Meq/ ¢ <3 <3 >9
AAA F 32 mg/ ¢ <70 >70

¥ A0l (CD Meq/ ¢ <2 2~10 >10
e g2t mg/ ¢ <70 70~355 >355

Meq/ ¢ <3 >3

QAL F = mg/ ¢ <100 >100

B2 (B) Meq/ 2 <1.0 1.0~2.0 >2.0
g9 Meq/ ¢ <15 15~85 >85
Z B2 (HCO3) mg/ ¢ <90 90~500 >500
e mg/ ¢ <1.0 1~5 >5

<A : Guidelines for Water Reclamation and Urban Water Reuse, 2002, State of Georgia>
¥ AFES SAR(Sodium Adsorption Ratio)2k 7] Ao & 3k
= V4

, At o Rl 5ol wE FFE2 FUhekaL, SAR #

<Table 28> Recommended Maximum Level of Inorganic Elements
in Agricultural Water in Georgia

— A3 AY5E g = A9 Af5E
(mg/ ¢ ) (mg/ 2 )

Al 50 Mn 0.20
As 0.10 Mo 0.01
Be 0.10 Ni 0.20
Cd 0.01 Pb 5.0
Co 0.05 Se 0.02
Cr 0.10 Sn -

Cu 0.20 Ti -

F 1.0 A -

Fe 5.0 \% 0.10
Li 2.5 /n 2.0

<A}& : Guidelines for Water Reclamation and Urban Water Reuse, 2002, State of Georgia>
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3). South Australia

South Australia®l Human Service= 3 7 H 3o = 1993 7

¥ AR FAEe] 19999 AA (Y R F4

%S wEe] AWt 9

<Table 30>Classification Criteria for reusing Treated Wastewater
in South Australia

- WAz E | L o
= Aol g & (T3 2 52/100 gaﬂi“ e84
" mf) =
R EEEBECEEEEE)
« FAA &g s
- A9 2A8% “10 e E% ONTU '} 2 3R
B N ° - U
e e P | LN EESPN=St
A - A& = o e BOD 20mg/ = == o
. AsE - 714 - o FAVE S
- EE/g Jags S L P
o UF E9F2e ABEF|  ° Ty e e
o T =949 HAHEA 1+
o FEAEF(AS §l5)
A EEEREIEERE R E)
o ol FASHE ARA
e TEY ATt AL | o <100
B o Aty 2HEo ghs) A5 o Hio]E 2 - Y| BOD 20mg/ 2 ol3t o 2xA T+ 45
o 2 Bl A RAE BT A =R . 7] A|SS 30mg/ ¢ ° 5} RE)
REE R % A7)
o A3 Ao HjAhER] &
o 25485
e EE L RS e <1,000 o 1AHA+ AR
cl® = ATFAY] LGS | o o] 2 - 9| BOD20mg/ £ 13t | Ei 234 2]
o A3tE ZEo s B4 e % - 71 A% SS 30mg/ 2 o8t (mAEsE 22 9
o Bl W ALE2AE T A A 3 FaAl a5AE)
o AgE AEd g #F | e <10,000
D | e e e 24 9 A= o 1AHA+ AR
e Silviculture A 1) w2214 7
o N4E FHEF g4t 1AFA
<A}& : South Australian Reclaimed Water Guidelines(treated effluent, Dep. of Human Services

and Environment Protection Agency, 2002>
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<Table 31>Salinity Standard for Agricultural Water in South Australia

Electrical
conduc
tivity
(us/cm)

TDS
(ug/ #)

%

Comment

0-280

0-175

Low salinity water can be used with most crops on most
soils and with all methods of water application with little
likelihood that a salinity problem will develop. Some
leaching is required, but this occurs under normal irrigation
practices except in soils of extremely low permeability.

280-800

175~
500

Medium-salinity water can be used if moderate leaching
occurs. Plants with medium salt tolerance can be grown,
usually without special measures for salinity control.
Sprinkler irrigation with the more-saline waters in this
group may cause leaf scorch on salt-sensitive crops,
especially at high temperatures in the daytime and with
low application rates.

800-2300

500~
1500

High-salinity water cannot be used on soils with restricted
drainage. Even with adequate drainage, special management
for salinity control may be required, and the salt tolerance

of the plants to be irrigated must be considered.

2300-5500

1500-
3500

Very high-salinity water is not suitable for irrigation water
under ordinary conditions. For use, soils must be
permeable, drainage adequate, water must be applied in
excess to provide considerable leaching, and salt-tolerant
crops should be selected.

> 5500

> 3500

Extremely high-salinity water may be used only on
permeable, well-drained soils under good management,
especially in relation to leaching and for salt-tolerant crops,
or for occasional emergency use.

<A}& : South Australian Reclaimed Water Guidelines(treated effluent, Dep. of Human
Services and Environment Protection Agency, 2002>




<Table 32>Standards for Agricultural Water in South Australia in Terms
of Heavy Metal and Micro—element

o & 7] & Al (mg/ ) Comment
Aluminium 5.0 High toxicity in acid soils
Arsenic 0.1
Beryllium 0.1
Cadmium 0.01 High toxicity in acid soils
Chromium 1.0
Cobalt 0.05
Copper 0.2
Fluoride 1.0
Iron 1.0
Lead 0.2
Lithium .5 Citrus: 0.075 mg/ ¢
Manganese 2.0 0.2 mg/# in acid soils
Mercury 0.002
Molybdenum 0.01
Nickel 0.2
Selenium 0.02
Uranium 0.01
Vanadium 0.1
Zinc 2.0 1.0 mg/ ¢ for sandy soil if pH < 6
pH < 4.8 could cause solubilisation of Al, ,Mn or
pH 45-9.0 heavy metals Water with pH > 8.3 may contain
high Na, carbonate, bicarbonate.

<A}& : South Australian Reclaimed Water Guidelines(treated effluent, Dep. of Human
Services and Environment Protection Agency, 2002>
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Sewage Plant as Agricultural Water

<Table 33>Considered Quality Items in Reusing treated Water from
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<Table 34> Standards Set by the WHO for Using Wastewater for

Agriculture and Fisheries
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<Table 35> Quality Standards for Agricultural Water in other
Countries
T =
Parameter |©$] Mok n = L= L 2 o= AT | HYA
= s of A vk
pH - - - 6.0~9.0 | 6.5~85 | 55~85 | 55~85 | 55~85 | 6.0~84 | 65~85
TDS g/l 05~35 - - - 1~2 1~2 1~2 - -
Electrical < - B B B B B
Conductivity dS/m N N 0.75 0.7
SS mg/ 4 - - 100 - 150 200 100 10 30
Chloride mg/ 4 - - 175 - 250 - 250 280 2000
Sulfate mg/ ¢ - - 200 - - - - - -
TKN mg/ ¢ - - 1 - 12 30 30 - -
BOD mg/ ¢ - - - 80 150 80 10 - -
COD ng/ ¢ - - - - 200 300 150 - 90
Al g/ ¢ - 5000 5000 5000 - - - 5000 -
As g/l 100 100 1000 200 50 100 50 100 100
Ba g/ - - - 40000 - - - -
B(total) g/ # 0.5~0.6 0.75 0.75 0.7 1~3 1~3 1~3 0.5 3
Cd g/ # 10 10 10 20 5 5 5 10 10
Cr(total) g/ ¥ 100 100 100 50000 100 100 100 100 100
Co g/ ¥ 50 50 50 50 - - - 50 100
Cu g/ ¢ | 200~1000 200 200 2000 1000 1000 1000 400 500
F(total) ug/ 4 1 T = 1 243 2~3 2~3 2 3
Fe ug/ 4 F i - 100 £ - - 5000 5000
Pb ug/ 4 200 5000 100 1000 100 100 100 100 1000
Li g/ - 2500 2500 2500 - - - 70 -
Mn g/ ¢ - 200 2000 5000 - - - 200 500
Hg ug/ 4 - - 5 10 1 1 1 1 1
Mo g/ b 10~50 10 10 - - - - 100 -
Ni g/ # 200 200 500 1000 - - - 20 200
Se g/ # 20~50 20 20 - 20 20 20 20 50
Ag ue/ 4 - - - 100 - - - - -
\ g/ 100 100 10000 5000 - - - - -
7n g/ 1~5 2 2 5 2 2 2 4 2
Cyanide(total) | g/ £ - - - 10000 | 500 500 500 50 -
S‘trgagg;nt pe/ £ - - 5000 50000 5000 5000 5000 - -
Oil, grease |ug/ ¢ - - 5000 8000 - - - absent -
Benzene ug/ 4 - - - 2500 2500 2500 2500 - -
Tar e/ € - - - 30000 - - - - -
Petroleum ng/ ¥ - - - 500 1000 1000 1000 - -
Methanol ug/ ? - - - 100 - - - - -
trichloroacetyl _ _ _ _ - -
aldehyde ug/ 4 1000 1000 1000
Propion " _ _ _ _ 5 - .
aldehyde ue/ 4 500 500 500
Phenol ug/ 4 - - - - - - - 2000 -
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21 ] % Sh Al |l 2 St 2] 2 2k
A 4] =] =] 2] ¥ 8 2 1} A 2k =] 2] &
Al 37 165,000 122,735 111,491
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<Figure 2> Water Disposal Process in Wastewater Treatment
Plants in' Jeju
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<Table 37>Sewage Inflow in Wastewater Treatment Plants in Jeju

(Unit : m'/day)

TR | AF | AAER | AAAR I

H o 114,181 15,101 6,194 2001. 1 ~ 2003. 6
g 90,638 11,456 4,551 2001. 1 ~ 2003. 6
F & 75,867 10,030 3,657 2002. 1 ~ 2003. 6

2001~2003. 6€7+4] 370 strA o R Fd¥ #7148 i d
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<Table 38> Quarterly Sewage Inflow in Wastewater Treatment Plants

n JeJu
(Unit : m'/day)
dxd 7] A 5= A] A 55 A A 5

A A 90,638 11,456 4,551

1/4 77,790 10,847 3,787

2/4 81,707 11,415 4,346

2001 3/4 87,908 13,022 4,560
4/4 80,571 10,512 3,912

Bz iy 81,994 11,449 4,151

1/4 ST OB 10,310 4,346

2/4 91,823 10,937 4,462

2002 3/4 110,733 12,736 5,191
4/4 97,896 11,382 4,370

Bt 95,445 11,341 4,592

1/4 96,829 10,926 4,820

2003 2/4 99,796 12,468 5,712
Bt 98,313 11,697 5,266




<Table 39> Water Supply and Sewage in JeJu City

T % 2001 20023 =] It
s = (m/d) 81,994 95,445 % 13451m/¥
7Y T7(E) 285,097 290,664 Z 55679
ArE ¥ m/Y) 95,207 96,791 Z 1584m /¥
At 5 F(mm/d) 1,388 1,704 % 316mm
A BEEE%) 61.6 64.9 = 3.3%
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<Figure 3> Sewage Inflow Variation in three Wastewater Treatment

Plants
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T-N(ZFAx2)2> AFA EFHE g 71.4~34.2mg/ ¢ (B 49.4mg/
2)o1Qar, AAEA FEAYFS 362~188mg/ £ (B3t 26.7mg/2), A
T EA] Hfﬂwﬂ% 9.9~26.0mg/ ¢ (3t 36.2mg/ ¢ )E Z+zt YER AL
T-P(Ee)S AFA =5 ego] 52~2.1ng/ ¢ (B 39mg/ ¢ )oY L,
MAEZA THEAYGL 3.0~1.5mg/ L (Bt 24mg/ L), AFAEA AH-A

2] 4.8~2.7Tng/ ¢ (Bt 3.6mg/ ¢)E 27 YERH QAT

Fl

OPﬂ N

M

HAQers 7oz P& o, I sAFAGTd SdEd AAES
B BOD®F SSi= ofF dmdt Holxwk T-Nit T-Pe olat=
Bolal th AFA =FAYFe] F$ BOD 92%, COD 86%, SS
96%, T-N 47%, T-P 60%° AA&s Hetla da, AHAE 574
2142 BOD 93%, COD 81%, SS 94%, T-N 48%, T-P 40%°]™, A
AZ A4 4$= BOD 90%, COD 78%, SS 91%, T-N 26%,
T-P 31%% Yetd 370 A& 5 AAE] 7H skt



of Sewage and Treated Water in Wastewater

Plants in Jeju(2001. 1~2003. 6)
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<Figure 4> Monthly Variation 'in the Water Quality of Sewage
in Dodu Plant
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<Figure 5> Monthly Variation in the Quality of Treated Water in
Dodu Plant
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= Aoz Bt (Figure 8 #3)

<Table 41>Quality Analysis Results of Sewage and Treated Water in
Dodu Sewage Plant in Jeju City (2001.8~2002.4)

et i
g =

F o H A& ot Hd H x| H
pH 7.3 6.5 7.0 7.4 6.2 7.0
BOD(mg/ ¢ ) 310.0 92.5 181.3 20.0 3.7 13.8
COD(mg/ #) 114.0 42.0 73.2 16.4 6.8 12.2
SS(mg/ 2 ) 225.0 56.0 1176 13.3 1.8 53
Cl (mg/ #) 1,144.0 382.2 643.7 1,082.9 492.7 | 730.0
phenol(mg/ ¢ ) - - - - - -
1< (mg/ 2) - - - - - -
TCE(mg/ ¢) - - - - - -
PCE(mg/ 2 ) - - - - - -
NOs ~N(mg/ #) 15 0.1 04 135 2.1 6.0
T-N(mg/ 2 ) 56.8 13.5 40.9 249 134 195
T-P(mg/ ¢) 9.0 1.7 4.6 1.9 0.6 14
o7 1/100me) 3.0E+05 1.0E+03 1.3E+05 1,400 97 600
As(mg/ 2) 0.0 0.0 0.0 0.0 0.0 0.0
Ca(mg/ ¢) 249 14.1 19.8 23.8 15.1 19.7
Cd(mg/ 2 ) - - - - - -
CN(mg/ 2 ) - - - - - -
Cr¥ (mg/ ¢) 0.0 0.0 0.0 0.0 0.0 0.0
Cu(mg/ ¢ ) - - - - - -
HCO3 (mg/ ¢) 255.1 139.4 222.5 131.9 535 87.6
Hg(mg/ ¢ ) - - - - - -
K(mg/ 2 ) 52.8 19.9 32.7 46.9 20.3 30.7
Mg (mg/ 2 ) 115 51 94 11.7 5.0 9.7
Na(mg/ 2 ) 51.3 24.8 339 50.1 23.4 32.0
Pb(mg/ ¢) - - - 0.1 0.1 0.1
SiOx(mg/ #) 23.0 14.9 19.1 21.7 15.0 18.1
SO (mg/ #) 63.1 18.9 415 62.6 10.8 40.3
Zn(mg/ ¢ ) 0.2 0.0 0.1 0.1 0.0 0.0




<Table 42> Quality Analysis Results of Sewage and Treat Water in
Eastern Sewage Plant in Seogwipo City(2001.8~2002.4)

frd st WA
& =
H o H A& o H o H & q

pH 7.2 6.6 6.9 7.3 6.1 6.9
BOD(mg/ ¢ ) 260.0 100.0 176.9 26.5 29 10.0
COD(mg/ ¢ ) 81.2 54.0 68.1 17.0 5.0 95
SS(mg/ #) 195.0 14.0 85.1 7.0 2.3 3.8
Cl (mg/ #) 1,002.8 324.3 5734 721.0 382.2 529.6
phenol(mg/ ¢ ) - - _ - _ -
7121 (mg/ 2 ) - - - - - -
TCE(mg/ ¢ ) - - - - - -
PCE(mg/ ¢ ) - - - - - -
NOs ~N(mg/ #) 1.6 0.1 04 16.6 46 8.0
T-N(mg/ 2 ) 73.6 15.6 36.2 219 14.2 17.1
T-P(mg/ #) 4.8 2.1 3.0 2.7 1.1 1.7
W OH/100me) | 2.8E+05 | 82E+02 | 1.1E+05 3,200 290 930
As(mg/ 2) - - - - - -
Ca(mg/ ¢) 171 10.3 134 15.1 104 12.7
Cd(mg/ ¢) - - - - - -
CN(mg/ #) - - - - - -
Cr¥(mg/ 2) 0.1 0.0 0.0 0.0 0.0 0.0
Cu(mg/ #) - - - - , _
HCOs (mg/ ¢) 204.5 130.7 177.1 75.9 38.6 55.1
Hg(mg/ ¢ ) - - - - -

K(mg/ ¢) 324 9.9 16.7 319 9.6 15.8
Mg(mg/ #) 9.5 5.0 79 99 54 8.0
Na(mg/ 2 ) 39.5 27.0 31.9 39.9 26.2 32.0
Pb(mg/ 2 ) - - - 0.0 0.0 0.0
SiOq(mg/ #) 22.4 20.2 21.6 18.3 12.2 154
SO (mg/ 2) 28.7 1.2 20.2 424 259 31.8
Zn(mg/ ¢ ) 0.2 0.1 0.1 0.2 0.0 0.1




<Table 43> Quality Analysis Results of Sewage and Treated Water in
Western Sewage Plant in Seogwipo City (2001.8~2002.4)

et W
T =
ol Ha 3t ol HAa At
pH 74 6.8 71 75 6.2 6.8
BOD(mg/ #¢) 400.0 90.0 185.0 15.0 54 8.6
COD(mg/ #) 102.0 40.0 63.8 24.0 11.6 15.0
SS(mg/ #) 104.0 56.0 7.8 18.6 50 10.9
HAol=(mg/ ¢ ) 3,728.7 8.1 615.0 35239 | 1176 643.2
phenol(mg/ 2 ) - - - - - -
7121 (mg/ £) - - - - - -
TCE(mg/ 2 ) - - - - - -
PCE(mg/ #) - - - - - -
NO3 ~N(mg/ 2 ) 15 0.0 05 27.0 75 15.3
T-N(mg/ 2 ) 66.9 23.3 39.0 34.0 26.2 29.0
T-P(mg/ ¢) 6.1 2.4 3.4 3.0 1.6 2.5
oA 71/100me) 2.5E+05 9.6E+02 8.0E+04 700 42 400
As(mg/ 2) 0.0 0.0 0.0 0.0 0.0 0.0
Ca(mg/ 2 ) 21.6 11.0 14.7 14.0 12.3 13.1
Cd(mg/ #) - - - - - -
CN(mg/ #) - - - - - -
Cr’(mg/ ¢) 0.1 0.0 0.0 0.0 0.0 0.0
Cu(mg/ 2) - - - - - -
HCO3 (mg/ ¢ ) 326.0 206.6 255.6 87.3 41.1 61.0
Hg(mg/ ¢ ) - - - - - -
K(mg/ ¢) 339 115 24.2 345 12.9 24.5
Mg(mg/ ¢ ) 11.2 59 76 8.2 6.3 6.9
Na(mg/ 2 ) 42.5 18.1 324 415 21.3 314
Pb(mg/ ¢) 0.0 0.0 0.0 0.1 0.1 0.1
SiO2(mg/ ) 239 22.3 23.0 23.7 21.8 225
SO4 (mg/ £) 21.8 104 17.7 29.0 15.3 21.3
Zn(mg/ 2 ) 0.1 0.0 0.1 0.0 0.0 0.0
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<Figure 8> Variation in the Electric Conductivity of Treated in Jeju-si
Sewage Plant

<Table 44> Quality Comparison | of Water Discharged from Water
Disposal Plants in Jeju and in the Main Land

= = BOD | COD SS T-N | T-P | &
= (mg/2) | (mg/#¢) | (mg/2) |(mg/ )| (mg/2)| T F
=g 10 40 10 20 9 1,000
TA7E
71 EbA) ¢ 20 40 20 60 8 3,000
A 138 12.2 53 195 | 14 -
=
Xﬂ(ggf EEE 10.0 95 38 171 | 17 -
RERE: 86 15.0 10.9 200 | 25 -
4 o | 2001 116 134 88 216 | 13 -
bE| ™
B oo00m 109 132 8.1 209 | 13 -

¥ AFAGL 7EpA G o] FHT|Fo] 48y
2003. 1¥95E A&
¥A= HEARE S 20029 sFEA



9 FA%7

"o
ol
Mo

o

=

o

=

el 86~
Hol 6.0~

(Bmg/ ¢ )

Al
A

==
RLN

3
fin

Ry

E

A W 529.6~730.0
o

]

Ry

91 400~93070) 1l

A

2.1~27Tmg/ ¢ (

Ry

i

-

Al 26.5~2.9mg/ ¢ (

A=A Askrydel FLEF F47
RN

=

3,200~ 4271 (

Hdl 117.6~3,523.9mg/ 2 (
R

RESETIRY
585 7] F(250me/ £)e 23},

o

] o
Yepy &

H
™
o

=

LR
fﬂ
T

ZEhy

]
15.3mg/ ¢ )

mg/ 2 )
13.8mg/ ¢ ) 2]

@ E(100me &)
i

R

£l
file)

7
N

o
z]t

A

KeX
=

o

)

=

7191, Wz, Ak, 7h

[e)

Fol dH=,

°©

A= 10~50mg/ ¢

@ TCE(EZZ2zdd)e 13
o,

ol

)

K

—

;.01_
N
M.

k3
al7]

A7) o

o

00

32kA 27k a7 = Al gl

1

0
pul

o ¢

al

%

- 37
sk

al

g

=]
&S

1
T

1A

0

g} meba), 257 o

_(H



+ Pilot Test

k<
pul

HOE MK HAHS R/

A 2] o=

TAZ A

Eis

=
[e)

o weh Ago] 7}

B

olo

S

ary

=N
[SIE=1

bl ot

1, 222 o] dAs

=
=

Ao 2 Pilot Test

KeX
=

167 Pilot Testo #E3

=21 378 sk e del A A8}

el

L i, 3aF A g el

S
=

Ea

tach 12 H

)

b ubre} A

x

I zEo] 1, 2

Ko
1=

o}

AETE

D Pilot Test

17] 918 Ao= 2002, 3.~

7}3]

3

o -
e U

=
[

Hg 7}
2002. 54744 o 3L ST 23 HAEE

ot

)

E

A

welohel A

24

o

<

2.9 (Membrane Fouling) 7

o ot

|

of

—

ed=d

Eites

3

PN
T

1 2002. 6~2003. 7L 7}4]

9

1]

S

Pilot Test &4 A4

=i
=

o~ B
FAEA

ol

@ Pilot Test®] FL2H£&

o, e A2~ (Back-washable Micro Filter)ol A]

5|



1)

ot Atg HE gt I Ry FA-qAME AAE AT A&
1 AEHEE Y REo 2 RO A4, 44 g
S A7) 93 Feed Pressure, 24 Feed Pressel A9 RO Element

[e)
=
A, = Lddd AA F71, AAEs 484 B7HEE E7h
KR
=

A=A
o] #H(Sand Filter; S/F)¢F Micro Filter(M/F)7} 1th.Sand Filterel A}
S5 BYdAe] Z7]03~1.5mm HHlolal #e AT 1.5 o]kl
S AbgstH, FREEe AgsA FHY] Ae AFde 2d9
Sand FilterE # &3}l Sand Filter 2§ $¢ 2] RO #+4
2 7]%¢] SDI(Sludge Density Index; <8]#* WXEA4) HolstE vt
Sl dery o=z Skl el Cartridge MFE AAH RO
o a2y dEEe A oldd of#ntez= RO F9Y
S HEATA EEEE S MF #odk 12 FAY
ROY 2dS& F&stAl doA MFe ®iws wAer gH#d
=

weupe] AAY Age elu Axde 988 43 Yudle)
Gl APA GFL vl YRS Aol gol el Mg A AAA
sule] 4E AEse 4 Fod aszA 48agn aep] 2
AT A= Lelwt A4 FAYAE 2B HAES ool mAd



2)

e
S
—
%
e
B
r
ok
i
RS
o\
o
-
Jo
i
i)
2
AL
i
Ho
_O‘L
s
[3u
=
off 2
=

vl

(
A
~

&4 BMF(Back-washable Micro Filter; S9A13 Ao 24
S A gFow HESAT ol £ BMFe| M«
H ARZE vus Aol 7] wiigel ¢4 HESFATH
I FARFoRREY FHuIFEL AARES SHSH] st
A7) (sand size) @ R el A A ML
TP FH(Table 45 ). R YPAZ7I+= 0.45~1.2mm,
7~15 m/hz AAsdon wogas] e HEEe

F=4 ol 106mg/ 2% WFTE WEoR FtE

i ox

)
=

o

_

ok M2

e &
29

ol
R S

=
il

M1 oo
o

P
B
rir

i
3‘1«
Jo
bl

2 a
.‘\1-{3

Dow
o2
_O‘L

<Table 45> Charactevistics of Filtration Materials and Equipment

Used in Experiment

Bl & E4 9 ALY
Size 1042 ~ 1.2mm
u g TSAF 1 15 oldt
w o o] 7] - H] 2.7
- HNEE 7 ~ 15m/Hr

(Sand Filter)

Filter A A colad
Housing | Dimension : @20mm x 1500mmH

(Table 46))> Zefozto] o3 Fiad AALA 23 ek
A, AEEE7E Tm/hd o EdAA7] 12mmelM = Fred F
E7F 1.2mg/ 24 (887% AA)Z vrol i, 0.7mmel A= 1.1mg/ 4 (89.6%
AA), 0.45mmel A= 09mg/ ¢ (91.5% A 7H)E ZH2t e 88~91.5%
of AAES B 3, AdEEE I0m/he= 3398 wol= 2o
YA 7)o wet 1.4~1.2mg/ 2 (86.8~88.7% A1 A)E HeHlth o9
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<Table 46> Experimental Results of Sand Filtration with Treated Water

in Dodu Plant
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<Figure 9> The Number of Particles in Wastewater and Treate
Water in Dodu Plant
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<Figure 10> Distribution of Particles in Wastewater and Treated
Water in Dodu Plant

<Table 47> Results of Particle Measurement by Sand Filtration
(Unit : Set/m¢)

wef | e Q74 27) (um)

a7 | &=

(mm) | (m/h) 2~4 | 4~7 | 7~11 | 11~20 | 20~50 | 50~100 Al
1.2 15 2,341 | 1,803 876 153 16 1 5,277
1.2 10 1,952 | 1,899 951 176 18 1 5,228
1.2 7 2,043 | 1,902 | 1,051 283 56 2 5,144
0.7 10 2,327 | 1,924 687 186 23 1 5,147
0.7 7 2,811 | 1,524 607 179 23 0 4996
0.42 10 2,412 | 2,010 698 101 8 0 5191
0.42 7 2,148 | 1,872 914 148 22 8 5112

WY | 2,095 | 1,968 | 1043 548 258 174 6,086
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o= MF(pore size 0.1ym T3AFE w29 o3t A
AR B FHANA HA7IAEE, pH, BODs, CODum,
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A A=A CODere
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olA  84.2~92.2%7}
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<Table 48> Re-treatment Effect of Various Separate Membranes for
Removing Pollutants from Treated Water

g & W MF A4 | UF &84 | NF AZl4 |RO A4
EC
2,170~4330 | 2170~4,160 | 2,030~4,040 | 1,785~3,535 3577
(us/cm)
pH 73~7.2 715~72 712 6.9~7.0 59
BOD
29~87 0.6~0.9 0.6~0.9 05~09 -
(mg/ 2 )
CODwny
10.8~1.8 7~11.2 4.2 4 0.3
(mg/ ¢ )
CODc¢r
19~26 10~15 5~10 5~10 -
(mg/ 2)
55 3.8~77 0.6 - - -
(mg/ #) ' ' '
Cl
390 ~480 - 385~465 358 ~423 34~75
(mg/ 2)
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<Figure 11> Water Re-treatment Process in Pilot Plant
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<Table 49> Experimental Items for Water Quality in the Pilot Plant
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<Picture 5> BMF Equipment and Module Polluted with Microbe
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<Table 50> Quality of Re-treated Water in Pilot Plant(2002.6~2003. 7)

TR EIELREES R
3%
W54 | MF AglS |RO AdS | W75 MFA 25| ROA 2
BC(s/cm) 5030~2170 | 4900~1830 | 152~% | 30782 | 30083 69.4
PH 77~614 | 771~59 | 688~511 | 69 70 60
BODs(ng/ £) 2%~29 15~06 12~04 | 100 63 07
CODw(ng/#) | 158~67 | 172~49 11~02 | 114 97 05
CODe: 36~7 24~6 9~06 207 149 39
SS(ng/¢) 104~24 19~06 - 69 11 -
Cl(ng/ ¢) 12039~380 | 12549~405 | 189~34 | 6640 | 6398 99
Alkaéigict(y)gy £ 130~15 130~ 14 6~2 772 75 47
NOs-N(ng/ #) 65~16 55~12 | 08~01 37 70 04
NH N/ 2) | 1925~017 | 1575~008 | 082~003 | 86 57 03
T-N(ng/¢) 3%6~9.1 98~9.4 15~01 | 169 155 09
POS-Pig/¢) | 19~078 | 22~078 . | 003~001 | 15 15 -
T-P(ng/ ¢) 77009 | 56~006 | 033~005 | 24 19 01
SO (mg/ ¢) 190~55 190~53 10 1288 1228 10
SiOx(ng/ £) %1~192 | 327~197 | 042~011 | 284 %6 02
Cro(ng/ 2) - - - - - -
Ph(ng/ ¢ - - - - - -
Zn(ng/ £) 006~001 | 0.04~0.02 - - - -
Na(ng/#) 55304 | 5M6~340 | 137~45 | 4523 | 7604 78
Kng/¢) 804~23 | H8~174 | 148~023 | 399 337 07
Mg(ng/ £ CaC0s) | 345~T8 35~76 9~16 | 269 | 256 18
Calng/ ¢ CaCOy | 260~615 26~58 6~04 1038 | 1083 25
As(ng/2) - - - - - -
Cd(ng/ ¢) - - - - - -
Cu(mg/[ ) - - - - - -
Mn(ng/ ¢) 0.08~0.03 - - - - -
Bro(ng/ ¢ ) 038~006 | 025~008 | 004~003 | 02 02 -
Br(ng/¢) 12~12 093~08 | 013~013 | 12 09 01
Fe(ng/ /) 018~005 | 01~008 | 002~002 | 01 01 -
Cr(ng/ ¢) - - - - - -




A7 A =T+ 35~152us/cm(F T 69.4us/cm) 24 97% o] Aol A A

= Th BOD 86% ©], CODwmn= 93% oAl A = ATESS+= 100%
AAENe™, ME A Aol 81% o] d AlA = Atk 40

=2 8% o, HEFOI=E 97% ol AAHJUT Hiolee
98%0°]%, HEFO|Z2 97%°ld AAHJT, diddies 87% ©

A, FEYoI AT 82% oY, T 9% o AAHUT &

2, v, TAME 59 7)E o] @A R ER 90% o4 AlAEAT
g MAETA M-S FIsky] 98] 20039 9Y 3¥HH 949 5
A7 &7 2384 diFd S B A WRFE 600~3,000

A/mee} hgtto] A=
Aggols HEHA 2okHh

<Table 51> Result of Colon Bacilli Analysis
(Unit : Set/ml)

RO
a9 A Az BEa O IME Ade|
4
2003-9-3 10:30 1,100 1 -
2003-9-3 16:00 3,000 36 -
2003-9-4 10:00 1,700 36 -
2003-9-4 16:00 2,100 8 -
2003-9-5 10:00 600 - -
2003-9-5 16:00 2,000 2 -
HEe A2 3RE Y £ 5l 1088, sk FIa 52
Aet7] 918l WHO &85 42 Zhol=gile] A= A+ 12170
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<Table 52> Result of Precise Water Quality Analysis

78 R el | W0 |Ame| SRS RO
Total coliforms /100 | EXE | AE | BEHE | EHE AE
u| A & Fecal coliforms -/100m| 2= | A€ | EHE | EHE | EHE
E. coli -/100me| EXE | EAE | EAE | BHE | EAE
Color = 15TCU | &% | B4 | EH= | E4F
Total dissolved solids mg/ ¢ 1000 10 42 52 42
Turbidity NTU 5 1.3 0.14 | 015 | 0.13
Aluminium mg/ ¢ 0.2 0.04 - - -
Ammonia mg/ ¢ 15 - - - 0.31
GRS Chloride mg/ ¢ 250 2 5 7 11
dF=2 Copper mg/ ¢ 1 - - - -
Iron mg/ ¢ 0.3 - - - -
Manganese mg/ ¢ 0.1 - - - -
Sodium mg/ ¢ 200 059 | 5.02 | 6.76 | 10.7
Sulfate mg/ ¢ 250 3 3 4 2
Zinc mg/ @ 3 0.015 - - 0.025
&= Monf)ltjlll(;:rlznine Ei; i g - - - -
2,4,6-Trichlorophenol mg/ ¢ 0.2 - - - -
2,4-Dichlorophenol mg/ ¢ NAD - - - -
2-Chlorophenol mg/ 4 NAD - - - -
Bromochloroacetonitrile | mg/ ¢ NAD - - - -
Bromodichloromethane | mg/ /¢ 0.06 - - - -
Chloralhydrate mg/ ¢ 0.01 - - - -
= Chlorite mg/ £ 0.2 - - - -
ke Dibromoacetonitrile mg/ ¢ 0.1 - - - -
Dibromochloromethane mg/ ¢ 0.1 - - - -
Dichloroacetic acid mg/ ¢ 0.05 - - - -
Dichloroacetonitrile mg/ ¢ 0.09 - - - -
Trichloroacetic acid mg/ ¢ 0.1 - - - -
Trichloroacetonitrile mg/ ¢ 0.001 - - - -
Bromoform mg/ ¢ 0.1 - - - -
F) -1 HEF3ZA o]sl, NAD : 7|2 A A8 US



¥ 52> A%
7 e | WA~
7% R wel | V7 ga | E2 2O LRO
1,1,1-Trichloroethane mg/ ¢ 2 - - -
1,1-Dichloroethane mg/ ¢ | NAD - - - -
Benzene mg/ ¢ | 0.01 - - - -
Benzo(a)pyrene ug/ ? 0.7 - - - -
Carbon tetrachloride mg/ ¢ | 0.002 - - - -
Chloroform mg/ ¢ 0.2 - - - -
Di(2-ethylhexyl)adipate mg/ ¢ | 0.08 - - - -
Di(2-ethylhexyl)phthalate |mg/ ¢ | 0.008 - - - -
Dichloromethane mg/ 2| 0.02 - - - -
Ethylbenzene mg/ ¢ 0.3 - - - -
Styrene mg/ ¢ | 0.02 - - - -
Tetrachloroethene mg/ 2 | 0.04 - - - -
Toluene mg/ 2| 0.7 0.005 | 0.005 | 0.002 | 0.006
A7z9l sl Trichloroethene mg/ 2 | 0.07 - - - -
und Vinyl chloride mg/ ¢ | 0.005 - - - -
st = Xylenes mg/ 2| 05 - - - -
1,1,2-Trichloroethane mg/ 4 1 - - -
1,4-Dichlorobenzene mg/ ¢ 0.3 1= - - -
Acenaphthene mg/ ¢ - - - -
Benzo(a)anthracene mg/ ¢ | 0.0007 - - - -
Benzo(b)fluoranthene mg/ ¢ - - - -
Benzo(g,h,i)perylene mg/ ¢ - - - -
Benzo(k)fluoranthene mg/ ¢ - - - -
Bisphenol-A mg/ ¢ - - - -
Chrysene mg/ ¢ - - _ ,
cis-1,3-Dichloropropylene mg/ ¢ - - - -
Diethylphthalate mg/ ¢ | 0.008 - - - -
Ethylene dibromide mg/ ¢ | NAD - - - -
Indeno(1,2,3-d)pyrene mg/ ¢ - - - -
trans-1,3-Dichloropropylene mg/ ¢ - - - -
Antimony mg/ ¢ | 0.005 - - - -
Rl %Sf;llc Ej %031 - - — |oi1
F7] Cadmium mg/ ¢/ | 0.003 - - - -
9 5D Chromium mg/ ¢ | 0.05 - - -
HEE Cyanide mg/ ¢ | 0.07 - - - -
Fluoride mg/ ¢ 15 - - - -
F) -1 HAE3A) o8, NAD : #2715S AT A8 S




X 52> A&
il . WHO | A% | 28 |#A=~| RO
B 24 g o

Lead mg/ ¢ 0.01 - - - -

FARAR R Mercury mg/ ¢ | 0.001 - - - -
7] Nitrate(as NOs ) mg/ ¢ 50 49 4 4 49
33 & Nitrite(as NO3 ') mg/ 4 3 - - - 04

Selenium mg/ ¢ 0.01 - - - -

1,2-Dichloropropane mg/ ¢ 0.02 - - - -

24-D mg/ ¢ 0.03 - - - -

Alachlor mg/ ¢ 0.02 - - - -

Bentazone mg/ ¢ 0.03 - - - -

Carbofuran mg/ ¢ | 0.005 - - - -

Chlorotoluron mg/ ¢ 0.03 - - - -

Heptachlor ug/ ? 0.03 - - - -

Hetachlor epoxide ug/ ¥ 0.03 - - - -

Hexachlorobutadiene mg/ ¢ 0.001 - - - -

Isoproturon mg/ ¢ 0.009 - - - -

Lindane mg/£. | 0.002 ¥ - - -

MCPA mg/ 4 0.002 Ly - - -

. Methoxychlor mg/ ¢ 0.02 = - - -

a Metolachlor mg/ ¢ 0.01 - - - -

Molinate mg/ ¢ | 0.006 - - - -

Pendimethalin mg/ ¢ 0.02 - - - -

Pentachlorophenol mg/ ¢ 0.009 - - - -

Permethrin mg/ ¢ 0.02 - - - -

Propanil mg/ ¢ 0.02 - - - -

Pyridate mg/ ¢ 0.1 - - - -

Simazine mg/ ¢ | 0.002 - - - -

Trifluralin mg/ ¢ 0.02 - - - -

1,2-Dibromo-3-chloropropane mg/ ¢ | 0.001 - - - -

1,3-Dichloropropane mg/ ¢ | NAD - - - -

Polychlorinated biphenyl mg/ ¢ NAD - - - -

2,45-T mg/ ¢ 0.009 - - - -

. Dichlorprop mg/ ¢ 0.1 - - - -

A Z A
Fenoprop mg/ 4 0.1 - - - -
Mecoprop mg/ ¢ 0.01 - - - -
F) - AEFEA o3 NAD : FAV|+=S A A5 g
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<Table 53> Quality Comparison of Water Treated by RO in Pilot

Plant
o =z A5 AEE | SAAEE | ARG A
e Pilot Plant | NEWater WF 21 NI =¥
EC(us/cm) 152~35 256~28.6 150 58
pH 6.83~5.11 6.7~5.3 6.9 7.0
SS(mg/ #) 0~0 0.6~ND 0
Cl(mg/ 2) 189~34 478~ 257 29 13
Alkaligé% i r)ng/ ¢ C 692 16~5 45
NO3;~N(mg/ ¢ ) 0.8~0.1 54~0.02 2.07
NH,~N(mg/#) | 0.82~0.03 2.14~ND
T-N(mg/ ¢ ) 15~0.1 11~ND 2.7
PO/-P(mg/¢) | 0.03~0.01
T-P(ng/ ¢ ) 0.33~0.05 | 0.084~ND
SO4 (mg/ 2) 1~1 0.54~ND 14 2.43
SiOx(mg/ ¢ ) 0.42~0.11 4.95~ND
Na(mg/ ¢) 13.7~45 42.1~3.16 21 8.75
K(mg/ ¢ ) 1.48~023 | 3.07~0.504
Mg(ng/ ¢ CaCO) 2~16 0.45~0.03 0.10
Ca(ng/ £ CaCOy) 6~0.4 0.514~0.044 0.12
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2. EB EPAS] HKiE

residual (min. )"

continuous

Types Treatment Reclaimed Water | Reclaimed Water Setback
of Reuse Quallity2 Monitoring Distanes®
Urban Reuse |*Secondary’ [*pH=6.9 *pH-weekly *50ft(156m) to
*Filtration® [*<10mg/# BOD’ *BOD-weekly potable water
*Disinfection® [*<2 NTU® *Turbidity - supply wells
*No detectable continuous
fecal coli/100m*®  |*Coliform-daily
*1mg/ £ Cls *Clp residual-
residual (min.)" continuous
Restricted |*Secondary® [#pH=6.9 *pH-weekly *300£t(90m) to
Access *Disinfection® [*<30mg/ ¢ BOD’ *BOD-weekly potable water
Area Irrigation *<30mg/ ¢ SS *SS—daily supply wells
*<200fecal coli/100|*Coliform-daily *100ft(30m) to
1314 *Cly residual- areas accessible
*1mg/ ¢ Clp continuous to the public(if
residual (min.)" spray irrigation)
Agricultural |*Secondary? |*pH=6.9 *pH-weekly *50ft(15m) to
Reuse *Filtration® *<10mg/ £ BOD' *BOD-weekly potable water
Food Crops |*Disinfection® |*<2 NTU®? *Turbidity - supply wells
Not *No detectable continuous
Commercially fecal coli/100me® *Coliform-daily
Processed® *1mg/ ¢ Clg *Clz residual-
residual (min.)" continuous
Agricultural |+*Secondary® [#pH=6.9 *pH-weekly *300£t(90m) to
Reuse *Disinfection® |*<30mg/ ¢ BOD’ *BOD-weekly potable water
-Food Crops *<30mg/ ¢ SS *SS—daily supply wells
Commercially *<200fecal *Coliform-daily *100ft(30m) to
Processed® coli/100me®314 *Cly residual- areas accessible
*1mg/ ¢ Clp continuous to the public
residual (min.)"
Agricultural |*Secondary? |*pH=6.9 *pH-weekly *300ft(90m) to
Reuse *Disinfection® [*<30mg/ # BOD’ *BOD-weekly potable water
-Non-Food *<30mg/ £ SS *SS—-daily supply wells
Crops * < 200fecal *Coliform-daily *100ft(30m) to
coli/100me®131 *Clz residual- areas accessible
*1mg/ ¢ Clg continuous to the public(if
residual (min.)" spray irrigation)
Recreational |*Secondary® |*pH=6.9 *pH-weekly *500ft(150m) to
Impoundments |*Filtration® *<10mg/ ¢ BOD’ *BOD-weekly potable water
*Disinfection® [*<2 NTU® *Turbidity— supply wells
*No detectable continuous (minimum) if
fecal coli/100me>*° *Coliform-daily bottom not
*1mg/ ¢ Clz *Cly residual- sealed
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Reclaimed

lai k
Types Treatment Rec almeq V;’ater Water S_etbac ,
of Reuse Quallity Monitoring Distanes
*<30mg/ # BOD’
*pH-weekly
) *<30mg/£ S5 |SS-daily *50£t(15m) to
Landscape |*Secondary *<200 fecal  coli/100 «Coliform-dail otable water
Impoundments |*Disinfection’ g1 «Cly residual- v Is)upply wells
*1mg/ ¢ Cl .
residual (min.)" continuous
*<30mg/ £ BOD' *BOD-weekly
*<30mg/ ¢ SS *Turbidity-
Construction *Secondary4 *<200fecal continuous *3;?52(59(;I:c)e;21b1e
Uses *Disinfection® coli/100me>31 *Coliform-daily to the public
*Ing/ £ Cl *Cly residual- P
residual (min.)" continuous
_ *300ft(90m) to
:i};)i;/ ¢ BOD' *xpH-daily potable water
*230 g/ SS *BOD-weekly supply wells
Industrial +Secondary® *ZZOOfec al *SS-weekly *100ft(30m) to
Reuse ary _coli/100 e *Coliform-daily areas accessible
slng/ £ Cly *Cly residual—- to the public(f
residual(inyt | 0moss | e BT oa
*Variable,
depends on
recirculation ratio
+Secondarv® ;(3,53?61 )Section
Remrcu.latmg *D1s1nfe‘ct1on *300£t(90m)
cooling (chemical .
. to areas accessible
towers coagulation .
and filtration®) to the public.
May be reduced
if high level of
disinfection is
provided.
Other
Industrial Depends on site specific use(See Sections 3.3.2 and 3.3.3)
Uses
Variable, but not to +BOD-weekly
. *Variable exceed: *SS-daily
Environmental 4 *<30mg/ ¢ BOD . .
*Secondary’ *Coliform-daily
Reuse Disinfection® *<30mg/ £ SS *Clg residual-
* SZQOfecal 91314 continuous
coli/100mg™>
*Site specific and
use dependent +Depends on
Groundwater |*Primary(min.) *Site specific and . .
Recharge for spreading use dependent Erse:tment and |*Site specific
*Secondary*(min.)

for injection
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Types Treatment Reclaimed Water |Reclaimed Water Setback
of Reuse Quallity2 Monitoring Distanes®
Includes, but not
+Site specific g}l;‘ignt": the | 9000£t(600m)
*Secondary* and *Site specific *pH- dailg. to extraction
Indirect disinfection®(min.) |*Meet drinking *1():1 resi?i’u al wells. May vary
Potable May also need water standards C(Z)ntinuous depending on
Reuse filtration® and/or after percolation wdrinking water treatment and
advanced through vadose g site-specific
wastewater zone standards- conditions
treatment'® quarterly .
*Other'"-depends
on constituent
Includes, but not Includes, but not
limited to, the limited to, the
4 following: following:
oy’ eTes | mem
. . 6 *<2 NTU® *Cl, residual-
*Disinfection . wells. May vary
Groundwater *Advanced *No detectable continuous depending on
. fecal coli/100m™® |+drinking water Sit‘;_s ecgiﬁc
treatment!® *1ug/ £ Cly standards- condit?ons
residual (min.)! quarterly ’
*Meet drinking *Other'’-depends
water standards on constituent
Includes, but not
Includes, but not g{il;jv?ntof the
limited to, the ey daif'
*Secondary® following: *%urbidits;—
*Filtration® *pH=65~8.5 continuous
Indirect |, 1, infection® #<2 NTU® scoliform-dail
Potable *Advanced *No detectable «Cl, residu al—y *Site specific
Reuse fecal coli/100m¢™ 22
wastewater continuous
16 *lmg/l Cly . g
treatment residual (min.)! *Drinking water
*Meet drinking Sflailr‘ti:flds_
water standards a 17 y
*Other  —depends
on constituent

1) These guidelines are based on reclamation

and reuse practices in the U.S,,

and they are especially directed at states that have not developed their own

regulations or guidelines. While the guidelines should be useful in many

reas outside the U.S,, local conditions may limit the applicability of the

guidelines in some countries (see Chapter8). It is explicitly stated that the

direct application of suggested guidelines will not be used by AID as strict

criteria for founding.
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2) Unless otherwise noted, recommended quality limits apply to the reclaimed

water at the point of discharge from the treatment facility.

3) Setback distances are recommended to protect potable water supply sources
from contamination and to protect humans from un reasonable health risks
due to exposure to reclaimed water.

4) Secondary treatment processes include activated sludge processes, tricking
filters, rotating biological contactors, and many stabilization pond systems..
Secondary treatment should produce effluent in which both the BOD and
SS do exceed 30 mg/ 4.

5) Filtration means the passing of wastewater through natural undisturbed
soils or filter media such as sand and/or anthracite.

6) Disinfection means the destructions, inactivation, or removal of pathogenic
microorganisms by chemical, physical, or biological means. Disinfection may
be accomplished by chlorination, ozonation, other chemical disinfectants, UV
radiation, membrane processes, or other processes.

7) As determined from the 5-day BOD test.

8) The recommended turbidity limit should be met prior to disinfection. The
average turbidity should be bassed on a 24-hour time period. The turbidity
should not exceed 5 NTU at any time. If SS is used in lieu of turbidity,
the averages SS should not exceed 5mg/ ¢ .

9) Unless otherwise noted, recommended coliform limits are median values
determined from the bacteriological results of the last 7 days for which
analyses have been completed. Either the membrane filter or ferentation
tube technique may be used.

10) The number of coliform organisms should not exceed 14/100m¢{ in any
sample.

11) Total chlorine residual after a minimum contact time of 30 minutes.

12) It is advisable to fully characterize the microbiological quality of the
reclaimed water prior to implementation of a reuse program.

13) The number of fecal coliform organisms should not exceed 800/100m¢ in
any sample.

14) Some stabilization pond systems may be able to meet this coliform limit
without disinfection.

15) Commercially processed food crops are those that, prior to sale to the
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public or others, have undergone chemical or physical processing sufficient
to destroy pathogens.

16) Advanced wastewater treatment processes include chemical clarification,
carbon adsorption, reverse osmosis and other membrane processes, air
stripping, ultrafiltration.

17) Monitoring should include inorganic and organic compounds, or classes of
compounds, that are known or suspected to be toxic, carcinogenic,

teratogenic, or mutagenic and are not included in the drinking water

standards.
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