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Table 1 INVENTORY OF TUBE WELLS AND BOREHOLES

o Yame .1. Uwnert ; lLocation [h‘\l{li;m{ “{: pri ‘ Dia. swl SN 2 S s or . e “}‘.L L Led
[E— imp_ fimchl’ s A VN ' o
woit KR, Kluang 1942 My 3 n,1 - 761 Rl in":.,_:_ EA‘EU--}.‘:
w3 Bstare ol Moriulle, l,nbi.“f 1982 131.1 £ a.l a8.8 VT Vo l..:.;mn- [)—; .
¥l Senai ALr Port, Senai 1984 213 - . Xo wiler Granite 0 o
Wb f.en Ruber, T.:l.m[)ﬂi _ 91 .1 4 o IR o 5. canglo. !xl )
V-3 Prawn Firm, Tg. Kaharg 1684 106.7 - _ 109 S5, LS. ol 'L,UOC‘!"PH o
Y-f Honaw Estate, " 1981 48 .3 & a4 Bk 38, shale n N
[ Kulni Orchad, " : 82 2T [ 0.9 1.3 13 Tuft ,-P_r’,
w-3 Unkaown, 3impang Renggan - 1219 - - No owaler - Siud s tone D i'f?"l—';
w9 UM E’inf:.apple, Johare (G5 190} 19536 Y - No ownier - Bouldar, gravetr N }1,\1_-§
4-10  Senai Rubber. Senal (G5 194) 1956 38t - 3.7 - ny 35 iN
v-il Lee Pincapple, Skudai (G5 195) 1936 17.1 - -~ Na water - Clav. 43 iy ‘
¥-12 . Lee Pineapple, N (G5 196} 1956 33.3 - -~ Xo water - Clav, gravel IN '
¥-13 K"l“ Village, Helai (G3 232) 1938 5.1 - —  No water - Clav. granite i "
¥-14  Kulai Village, " (G5 233} 1958 5.6 - ~ No water - Clay, sraatie b
a-i3 Kular Village. v (GS 233) 1G58 REES] 3 g 19.8 39 38 B "
¥-i6 Kulai Village, " {Gs 235F 1938 A - - No water - Clav. granite b
17 Kulayr Village, " iGS 230) 1453 21.0 - - No wnter - Clay, pranite v} .
WoIS Senai Yillage, Senar (G5 237) 1938 .5 o 4.3 19.% 32 35, granite b "
y-19  Benai Yillage, » (G5 238} 1958 9.2 - - ¥o waler - Zlax, granite i "
¥-23 Lee Pineapple. Skudai (G5 249) 1856 26.3 - - No watker - Boulder, gravel. sand IN !
w=-21 Cancrall Malay, Pekari Nanas 1966 193 ) 4.9 0.8 109 GFranite N *
Ab3e, Machap, Kluarg 1932 w7 ! i.5 - - firavel. clay D RESD LA
RESP, lHergan, " 19R2 15.3 - 7.h - - Clay, fine sand B RS
W24 RESP, SP Rengam, " 1953 10.7 5 4.0 - - Olay =/ 2and i+ Tl At
V-23 2E5?P, HKyg. Snyangt Pinang, KT 1941 8.2 4] 3.0 - - " - i 2R
%-26  RESP, By. Wedan, JID 1984 12,0 4 5.0 - - T H] "oas
N-27 RESP, Ry. Laul Shudai, JB 1534 i2.3 -4 oG - - b RN
RESP, @ 1384 9.3 3 2.4 - - " B T35l
AESP, Hg. Bukib Kuching, JB 1954 28.0 Bl 3.0 - - n " [RE
RESP, Kg. Felda Sg. Tiram JB 1983 B2 3 1.6 - - " B R
RESP, Kg. Payn, wis Tiram JB 1983 1.3 3.0 - - " b L1080
RESP, Kg. Bukil, Kuching JB 1983 21.3 1 4.6 - - Samd and gravel n AL R
¥~33  BESP, Kg. Bukil Batu JB 1983 13.7 3 3.0 - - Dlay v sand 2 ST
LESE RESP, Xg. Skudai Laut JB 1983 9.8 1 2.3 - - " J " R
W35 HESP, Rg. Beseoi, Murani 40 1933 4.1 -t 1.2 - - " B R
¥-36  RESP, " 1983 12.8 4 1.2 - - B Lo
¥-37 RESP, Hy. Pok, Tg. Kupang 1942 9.8 3 1.6 - - " 2! v BRI
W-18 RESE, Sg. Redan. Syg. Tiram 1932 3.5 H 4.3 - - " 2 SRS
¥-39  RESP. Kg, air Manis, Sedenak 1932 6.8 3 i.2 - - Gravel, clay < sawd D FRER
W10 RESP, Kg. Bukil Batu, Sednak 1982 3.2 3 3.7 - - Clay »:sapd s PRl
Rl BESP. Ky. Sinaraw Paru, Tebras 1982 9.1 3 1.6 - - ) & ) SR
¥~i2¢ Felera Ky. Sg. Koharg 1981 30.0 f - - 173 5E 2] 200
¥-43* GSD Kg. Baharu Batu Pahat ag2 15.0 <3 R - T2 Alluvium A GEE
¥od4r GSD Rg. Assam Bubuk 1982 12. 8 a5 1L R " oy
¥=i5% GSD Ky. Panchor Risda Estate 1952 20.0 8 1.06 - 2410 Fractured ygranite [
V1% GSD Kg. Tg. Labu Bstate 1932 20.6 3 ~ YNo water - Feathered wranite s
Nate: * Drilling at outside .01‘ study area )
.'[_1. . Sandstone. 2 Test well, o3 Pamestic water use, S Industriai <ater use
3 Agriculture water ust, ih Foderal driller zo, S: Pacifie Tedustry and Mining
8 Malayan Driller co
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PHE SUMMARY OF TUBE. WELLS AND BOREHOLES

Table 2
6 3.
Unit: @ = x 10 m /yr
' / /6 Total
GSD e tndv :
3 MOH FLD~~ PIM— DID Study .
(MAL}Lw : Aren 0ut$1de
7 .
Domestic No L1 7 24l 4 1 VAR 1
e o2 0.16 0.27 0.22 O 0.06 0.65  0.06
Industry No'. 6 - 1 - - 7T _
use 0 0.12 - 0.10 - - .22 -
Agrieunlture No, ' - - 2 _ - 2 ~
e Q - - 0.05. - - 0.05 -
Test well . No. 4-/_—I - 111 - - - 5
) 0.12 - - 0.28 - - - 0.40
Total No. 13 246 I 1 - 267
study area Q 0.8 0.27 0.37 o ~ 0.92
Outside No. 4 - 1 - 1 6
0 ¢.12 - 0.28 - 0.06 0.46
Note: No. of WEDL

Quantity of well
Malayan Driller Co,
Small tube well

Federal Driller Co.

Pacific Industry and Mining Co.

SRR R

Drillingat outside of study area.



Table 3  INVENTORY OF RESP WELLS IN STUDY ARRA
: (1976 - 1984)

Unit: No. ol well

Year . . - )
histrict 1976 1977 1978 1979 198C 1981 1982 1983 1984 Total
Johor Bahra 6 10 10_ 33 39 25 10 10 5 148
Kota Tinggi - 1 2 6 6 10 5 2 4 8 44
Pontian 0 2 9 6 8 4 0 1 0 30
Kluang* _ 0 2 0 6 8 . 1 2 4 1 24
Total 7 16 25 51 64 35 14 19 14 246

‘Note: * only Mukim Layang Layang, Macam, and Most{ Part of Rengam.



Geologieal

Table 4

HYDROGEQLOGICAL CLASST

Geological sondition

FICATION CHART

Ground water potential

Stage * Geology Lithology Type  Class. Description Well %,
Recont Alluvium Alluvium, eluvial soils . G-3 Moderste-Falr, Sand dune o ,
: o . . - = . in < : . 18 wel)
2 Gula Formation (marioe sand dune, peaty clay «,3 UG- Fair -Potu., thin egnd 18':"“';'"—_ .
v : ; vy X ine y
n B deposils), Berumno For. ¢lay w/sand and gravel ‘:é. -5 very poor, _sal\ne .umt‘ex and
g ;5 {inland fresh water 9 dominaut of clay layer
E deposits) _'é
o . _—
H —
&g o Pt
. 3 Simpare For. Angular quarfz sand with x tc-3 Medevate-Fair, Sand, RESE
It 3 ] - @ ‘ih send wells
M 3 (Terrestrial deposits}) Trounded quartz ] clay vith sand
b . =
; ":’: Boulder, gravel, sand clay W-30
3 )
Layang Layang For. Semi doensalidated white c-2 Moderate-Fair, except
eream or pale gray arkesic shale member
s -
= lfmgeh sands e, sand with minor argillaceous
E layers. .
E Badak shule mem. Dove yray to brown and black
clay shale wilh plaht
remalns.
Mainly cnafse, ¢ross-bedded ¢-2 Moderate~Fair, except
g quartiz sandstone with con- massive bard roek Weedd 2
E Panti sandstone For. ’
g glomeruvte layers.
= Tebak For. L .
» (Tebak ) Typically massive, thick-~
) B v
bedded and flat-lying X
-
o
w5 <
2 .
a2 o
= -r: 4
a € ~
* o o
2 " 5
= = :
3 —
=]
a
3
" Gemas [ar. Tuffaceaus gonglomerate o Cn3 No potential, except cracks ¥-7
Bt . . .
@ sandstone shale and inter- in froctured zone
» . . . .
o bedded tuffs ¥o potential, except sandy W18
Ead .
Blumet For. Granite materiaks in frectured zone
3edili voleanic For, Prominent flows andesibic C~d No potential w-3
crystal tuffs ignimbrite
Linggiu For. Meinly calcarecus sandstone
15
- = minor argillaceous strongly
: Z
2 g folded mainly psammitic
E = low grade metasediments,
with some pelitic and acid
metavoleanic bands
Mersing Group
Source: Refs. 11-17



Kg./village'

Table 5

" Mukumu

District

Tur-—

BPH Color  bidity TDS

{units} (units) (mg/1l) (mg/1) (mg/l)} (mg/1) (mng/1)

WATER QUALITY DATA OF RESP WELLS

[83 ]

i
xamoq

cons.

Fe

Hard-

Alkali-

ness as nity as

CaCO3

CalCos
(mg/1)

3

.

o
a

10,

-Source:

5g. Suloh

. Seri Desa

Pinggir Jaya

Temiﬁqéal
uelaﬁu Raya
éawah'Bafu
Tebiﬂg Runtoh

Sinaran Baru

‘air Manis

Sg. Dansa

HOH

‘Peg, Kes Kanan

Si‘mguné Rengam:

Kaﬁang

Kahang

pekan Nanas '

¥esihatan Kanan
Kesihatan Ranaa

Kesihatan Kanan

“Johor

Batu Pahat
Kluaﬁg
Kluang
Kluanﬁ
Pontian
Pontian
Johor Bahru
Johor Bahru
Bahru

Johoz

Bahru

6.3

5.0

5.6

4.4

E-25

0

B0

70

30

20

10

38

150

63

o

a3

30

&G

27

16

230

40

20

90

80

15

" 30

40

25

12

13

2%

5.50

0.85

- .30

Q.05

24,60

0.56

0.36

11.20

3.20

62

22

18

10

68

32

10

.14
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Table 7 WHO INTERNATIONAL STANDARDS FOR ﬁRINKING WATER

Substance or

Characteristic

Highest
Desirable level

.-Maximum By
" Permissible level

=Coidui-
Odour
Taste

Turbidity

Total dissolved solids

pH Range

Total hardness.aS-CaCO3

Bofon- _
Calcium as Ca
Chloride as C1

Copper as Cu

Iron {total) as Fe

Lead. as Pb

. Magnesium as Mg

Nitrates & Nitrites as N

Sulphate as S04.
Zine as Zn
‘Phenol

Anjonic detergenfs
Minerai oil

Manganese as Mo

5 Colour units
Unobjectionabie
Unobjectibnablé

-

5 Turbidity units

500 ppm
7.0~ 8.5
100 ppm
1.0 ppm
75 ppm
200'ppm
0.05 ppm
0.1 ppm
Absent
30'ppm
Absent
200 ppm
5.0 ppm
0.001 ppm
0.2 ppm
0.01 ppm
0.05% ppm

50 Colour units
Unobjectionable
Unobjectioﬁabie
25 Turbidity umits
1,500 pPpm

6.5 - 9.2

500 ppm

1.0 pom

200 ppm

600 ppm

1.5 ppm

1.0 ppm

0.1 ppm

150 ppm
‘10 ppm

400 ppm
15.0 ppm
0.002 ppm
1.0 ppm
0.3 ppm
0.5 ppm

Source: World Health Organisation — Water Quality Criteria

" (International Drinking Water Standard, WHO 1971)
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Table 8 HYDROGEOLOGICAL LAND GLASSIFICATION BY BASIN

0.0 254.

N

. Pable 9 THICKNESS, SPECIFIC YIELD, DEEP PERCOLATION
AND PROBABILITY USED FOR POTENTIAL ANALYSIS

Unit:  km2
' B : Congolidated Rocks
class : .Uh_cbnsclidated Aquifer A;tifér ,
Basin - _ : ' : ' SO
code 1 23 4 51 3 4 Total
1 6.0 00 0.0 0.0 907.2 0.0 0.0 0.0 522.8 1430.0
> 0.0 6.0 208.7 26.2 200.8 0.0 0.0 214.8 359.5 1010.0
3 0.0 0.0 249.8 72.7 277.3 0.0 239.0 0.0 2271.2 3110.0
4 0.0 0.0 38.8 91.0 197.1 0.0 .2 0.0 1457.9 1800.0
Total 0.0 0.0 497.3 189.9 1582.4 214.8 4611.4

7350.0

Probability of

Average - : '
. . Average Deep.
. thickness oo . . .
Aguifer class of Aquifer Specific Percoratlon occurence of
) yield (%) Rotio (%) = Aquifer (%)
Unconsolidated 1 30 17 22 90
' " 2 10 15 22 70
" 3. 7 13 12 - 30°
u 4 10 22 20
Consolidated Rocks 1 15 8 15 50
" 2 10 5 10 120
" 3 5 3 3 10

E~-28



Table 10 :ESTIMATED STORAGE POTENTIAL BY BASIN

" Table 11 ANNUAL PRECIPITATION

Unit: mm/y

Basin Code Precipitation
1 2353
2 2435
5 2402
a4 2674

Unit: 106 53
class Un-Consolidated Consolidated Rocks
Aquifer Aquifer
Basin : .

. code . _ S 3 4 2 . 3. Total
1 0.000 - 0.000 - 0.000 0.000 0.000
2 189.917  5.240 0.000  32.220  227.377
3 ., 2270318 14.540  -119.500  0.000 361.358.
4 35,308 18.200 7.600 0,000  61.108

Total 452.543  37.980 127.100  32.220 649,843



Table 12 ESTIMATED :GROUNDWATER RECHARGE BY BASIN

Unit: 106 m3/y

Consolidated Rocks

Unconsolidated
Aquifer Agquifer
Basin e i e e e
Code 3 4 2 3 Total
1 0.000 0.000 0.000 0.000 0.000
2  0.982° 14,035 0,000  15.691 ~  90.708
3 72,002 = 38.418 126,297 - 0.000 236,717
4 12.450 53,534 8.942 0.000 74,926
Total 145,434  105.987 135,239 15,691 402.351
Table 13 PRELIMINARY ESTfMATE QOF SAFE YiELD BY BASIN
Unit: 106 n3/y
Unconsolidated Consolidated Rocks
Aquifer Aquifer
Bagin 00 2 meeeeemeseeeen oo
Code 3 4 2 3 Total
1 0,000 0.000 0,000 0,000 0,000
2 18,295 1.048 0.000 1.569 20,912
3 21.601 2,908 23.900 0.000 48,409
4 3,735 3,640 1,520 0.000 '8.895
Total 43,631 7.596 25.420 1.569 78,216



Table 14 TRINCTPAT. FEATURE AND COST ESTIMATE OF
ASSUMED. GROUNDVATER SOURCE PACTLITIES

Uc-4

Case UC-3 c2 Cc-3
Aquifer Un-Consolidated Consolidated
Class 3 4 2 3
_Depth of_we11'(m)_ 50 20 50 .50
 Pumping discharge: @ (n3/d) 100 20 150 100
Drawdown (m) 5 5 15 20
: TianSmiSSinityﬁx'T {m?/d) 30 5 ' 30 0

_ well type:

B T

Shallow Tube well

Deep Tube well

3.3

__Pump capacity (PS) _ 1.5 1.5 > o
‘Motor capacity (kW) 0.75 0.75 1.5 2.2
Vater Sd@rcé InvéStmént Cost _

Wellconstruction (M3103) 70 40 80 80
Sﬁbﬁersiblé.§ﬂmp (M$103) 6 6 - 7 9
Diesel gemerator set (M$103) 9 9 9 11
Buildihg'(M3103) 15 15 15 15
5. Quarter (M5103) 13 13 13 13

.6. Land acqulsltlon (M$103) 13 13 13 13
7. Engineering (M8103) 6 6 6 6
8.  Physical contingency (M$103) 13 10 14 15

“Total (M$107) 145 112 157 162
0 & M Cost
1. Poﬁer generation
o (MSle/y) 1.1 1.1 2.2 3.2
2. Chloriation -
(M3103/y) 0.7 0.2 1.1 0.7

AL Welf“éiééning
T (M8103 /) 0.7 0.7 O.? OﬂT
4. Other ¢ost |

- {M3103/y) 1.3 1.3 1.3 143
Total (M8103) 3.8



able 15 ESTIMATED COST STREAM OF ASSUMED
| GROUNDWATER SOURCE FACILITIES

Unit: M$103

Toar Capital Cost | 0.& M Cost
in . Case o ' - Case
Order U3 UC-4 -2 C-3 UC-3  UC-4 C-2 © C=3
1 145 112 157 162 - - - -
2 7 _ - - - 3.8 3.3 5.3 5.9
8 15 15 16 20 3.8 3.3 53 5.9
9-15 - - - - 3.8 3.3 5.3 5.9
16 15 15 16 - 20 3.8 3.3 5.3 5.9
17-23 - - - 3.8 3.3 5.3 5.9
24 ‘15 15 16 20 3.8 3.3 ‘5,3 _ 5.9
25 '70 40 80 80 3.8 3.3 5.3 5.9
26-31 - - - - 3.8 373 5.3 5.9
32 15 15 16 20 3.8 3.3 5.3 5.9
33-39 - - - - 3.8 3.3 5.3 5.9
40 15 15 16 20 3.8 3.3 5.3 5.9
41-47 - - E - 3.8 3.3 5.3 5.9
48 15 15 16 20 3.8 3.3 5.3 5.9
49-50 - - .- 3.8° 3.3 5.3 5.9

Table 16 ESTIMATED UNIT COST OF WATER SOURCE

 Unit: M$/m3

Discount Case . L
Rate uc-3 Uc-4 -2 03
0.06 © 0.134  0.540 0,104 ~ 0.168
0.08 0.117 - 0.469  0.090 = ~0.144
0.10 0.106  0.423 0.081  0.129
0.12 7 0.098 0.391 0.074 0.119
0:14 0.092 0.367  0.070 0.111
0.16 10.088 0.349  0.066  0.105
0.18 | 0.084  0.334 0.063  0.100
0.20 0.081 0.321 0;051 0,096









0 ) 20 40 60 . 80 100 l2g™m 20 40
! ¢ } { m——-e—--——d—n-——-z;}a—ﬂ—i

n '
§ 3 + + + L

No. 10 30 50 70 80  Ilo No. 10
bepth in meter —=

Depth in . meter —»

’
w-— | ASS W~ 42 /:,_:, S5 _} Mudstone
w-3 P2 G w - 43 [

W 4W///// SS & Conglomerate
wW-5 %//////%Z 55 i  Limestone
W6 f/////////é sggse

W /////// Tuff | | EX =17 %sm@

W-—8 | Mudstone EX — 33 fé - Shale
w-o [ 305 Z’%‘LE;% | EX - 35 5?/ - Shale
W— 10 ,///// 6l

w2 (A )

W13 7 ;SGS LEGEND

Clay 5S . Sondstone

_ 147 12
w15 [0

Sand G Granite

By

Grovel

<
o
. N
=
(9]

Clay with sond

=
i
@
N
o
o
&
o
Y|

"/ 4

W _3* r’/ ": % p - Hard Rock
4.0

w32 ;,/;—-'::'LH
"y N
. Ciye & GOVERNMENT OF MALAYSHA
Fig. | Summary of Drilling NATIONAL WATER RESOURGES STUDY, MALAYSIA
L SOUTH JOHOR
Geologic 1.ogs REGIONAL WATER RESOURCES STUDY
JAPAN INTERNATIONAL COOPERATION AGENCY




Fig. 2 'Locéﬂon Map of Tubewells
and Boreholes
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1. INTRODUCTTON

This sectoral report presents a study on Lhe projection of river
water quality improvement from 1985 to 2005 in nine river basins in South
Johor, Malaysia; namely, Benut, Pontian Besar, Pontian Kechil, Pulai,
skudai, Tebrau, Johor, Sedili Besar, Sedili Kechil, including historical
and present conditions of river water guality, the present water guality
monitoring systems, development plans for public sewerage systems, and

pollution load abatewent plans for river water,

Pollutant lcad abatement plans for river water were projéected to
keep the river water guality at less than 5 mg/l in BOR concentration
for domestic and industrial water supnly and less than 10 mg/l in BOD

concentration for conservation of river environments.

In this study, the river water gquality from 1985 to 2005 is
estimated by using the existing and proposed pollution sources. And the
improvement of construction of water purification systems for rubber
processing factories, palm oil mills, pineapple processing factories,

stock farms and public sewerage systems in cities are proposed.

For the purpose of analysis, necessary data were collected with the

cooperation and assistance from several agencies under the Government of

Malaysia.






2a EXISTING FACILITIES FOR POLLUTION LOAD ABATEMENT

2.1 - Sewerage Systenm

At presenf  there is no central sewerage system in the Region.
However, there are five forms of sanitary fa0111t1es in general use which
are explalned hereunder, namely, septic tank, pour-filush toilet, plt
latrine, bucket eystem, and direct discharge,' The population using these

forms of facilities are summarized in Table 1,

Septic Tank System

Accordlng to the data of 1980, 455,072 people corresgondlng to 28%
'of the total populatlon in the state of Johor use septic tanks for the
dlsposal of raw sewage, The private septic tank system has a tank with a

design capacity of 114 1/day/person.

Septic tank systems that are well maintained usually have the

following efficieneies: (Ref, 1}

BOD : 45 - 85% removal

5 — 25% removal

.

S8

Pour- Flush Toilet

About 47% of the total population in the state of Johor use toilets
where excreta_and urine are flushed by pouring 2 to 3 llters_of water.
Wastes are aischaiged through a pipe to an adjacent solids retentiqn
chamber to ailow the liguid to percolate into the ground. Sullage is

discharged to roadside drains,

Pit Latrime . _

Abdut.ll% of the total populatidn in the state of Johor use pit
ietrineé' for Wéste disposal. pischarge is made directly through an
untrapped squattlng plate over the pit or retention chamber, Sullage is

'dlscharged separately to open dra;ns, so that the operation is similar to

that of pour—flush toilets.



" Bucket System and Direct Discharge
d by 7.1% of the total populatlon in the

The bucketl %ystem is use

state of Johor., Waste from 108,404 people correspondlng to 6.8% of the

total population is discharged directly to water courses.

2.2 Purification System for Rubber Processing Factories

Raw effluents from natural rubber processing factories have been
one of the major sources .of water pollutlon in the Study Area. The
characteristics of effluents from factories that process or manufacture

various types of rubber are tabulated in Table 2. (Refs 2)

At present, anaerobic and facultative pond systems are mainly used

as the waste water purification systems of rubber processing factories,

2.3 Purification System for Palm 0il Mills

Raw effluents from palm oil processing factories can be generally
described as a high viscous brown liquid of high total solids and oil
with high- BOD3 ‘and COD values of 24,100 to 28,100 mg/l and 51,200 to

55, 300 mg/l, respectively.

The most pdpular purifiéation system applied in palm oil mills in
the Study Area is the anaerobic and faéﬁltative ponds'system. Table 3
summarizes the BOD, COD, and 858 concentratlons under different stages of

this treatment system. (Ref, 3)

2.4 Purification System for Pineapple Processing Factories

The distinctive characteristics of raw effluents from pinéapple
processing factories that product canned pineappies éré'acidic and highly _
organic. At present, purification systems such as land disposal and

anaerobic and facultative ponds are used,



2.5 Purification System for Stock Farms

The number of livestock has been increasing in the state of Johor,
therefore, raw effluents from stock farms have become ohe of the sources

6f water pollution.

The concentrations of raw effluent are as follows: (Ref. 4)
BOD3 : 1,900 - 21,600 mg/l |
CcoDn : 4,800 - 39,000 mg/l
ss 3,600 - 22,400 mg/l

The most common purification systems used in purifying animal waste
“are anaerobic ponds, - aerobic -ponds, oxidation ditches, barrier ditches

~and biological filtration.






3. HISTORICAL AND PRESENT CONDITICNS OF RIVER WATER QUALITY

3.1 Water Quality

Since 1978, regular river water quallty monitoring programs have
been carrled out partly to assess the existing condltlons of public water

by the Division of Env1ronment {DOE) .

The locatlons of water quallty monltorlng statlons {WQMS) and the
area of water quallty control regions (WQCR) in the Reglon are shown in

Fig. 1, and the rlver water quality monitoring done by the branches of

DOE in the reglons has been carried out since 1978,

__The‘data gathered from the said monitofing stations consisting éf
mean, maximum and minimum values of the five selected parameters, i.e.,
BODs, COD, pH, SS and NH4-N, are tabulated in Table 4 to 9. The

explanation of these parameters are in 6.2, Watex Quality-Prbjectibn.
391.1 BDDS

BOD5 is the mdst suitable parameter as a primary indicator of
organic pollutic’m.= Distribution of mean BODg levels on six rivers whose

data éince 1978 were obtained from WOMS are shown in Fig. 2.

An dcceptable United Kingdom (UK) water classification formulated

by D Balfour and Sons (Ref. 5) is based on BOD5 as follows:

BODB. Classification
0 - 4 mg/l _ Clean
4 - 8mg/l ~ Mildly Polluted
g ~ 12 mg/l " Moderately Polluted
Moré than 12 mg/1 Grossly Polluted

If thls BODS classlflcatlon is applled to the data in Tables 4 to

9' it can be said that some portlons of the Skudai, Tebrau, and Johor

'rlvers have become moderately or grossly polluted durlng the period from.

1980 to 1983 as shown in Table 10.

7-7



3,1,2 Suspended solids (S8)

Suspended solids (SS) in the Region mainly caused by the operation
of rubber processing factories. The digtribution of mean S35 lgvels from

1978 to 1983 are shown in Fig. 3.

The concentration of SS can be classified as follows: (Ref, &)

55 Classification

0 - 50 mg/l : Class A°
50 - 100 mg/l _ Class B
100 ~ 150 mg/1 Class C
More than 150 mg/l Class D

If this SS classification is applied to the data in Tables 4 to9,
it can be said that some portions of the Benut, pontian Besar and Johor

rivers have become polluted up'to Class D as shown in Table 11.

3,1.3 Ammoniacal Nitrogen (NH4-N)

Ammonlacal ‘Nitrogen (NH4—N) in the Reglon mainly caused by the
discharge of untreated or partially - treated sewage and animal wastes.

The distribution of mean NH4—N levels from 1978 to 1983 are shown in Flg.

4,

According to the standard of water gquality in 5apﬁh, the

concentration of NH, -N can be classified as follows:

NH4‘N Classification

0 - 0.1 mg/l Mildly Polluted
0.1 - 0.5 mg/1  Moderately Polluted -
More than 0.5 mg/1 Grossly Polluted

If this NH,-N classification is applied to the data in Tables 4 to
9, it can be said that most of the_pbrtions of all the rivers 'in the

Region are moderately or grossly polluted, Especially, the middle reach

F-8



of Skuda1 rlver and Johor rlver and the down reach of Tebrau river are

groasly polluted in 1983, as shown in Fig, 4

3;1;4 Other pollutants

The.distribution of mean COD and pH levels in the Region during the

period from 1978 to 1983 are as shown in Fig. 5 and Fig. 6, respectively.
341.5 Water quality condition of each river

_ The monitoring stations on each river are listed in Tables 12 and
13. By u51ng flve parameters, i.e., BODg, COD, pH, S8 and NH4-N, water
quality condltlons in the Benut, Pontian Besar, Pontian Xechil, Pulai.
Skudai, Tebrau,' Johor,' Sedili Besar, and Sedili Kechil rivers are

explaihed as follows:
(1) Benut River

The mean BODS'levels at three WOMSs wexe in the range of 1.4 to 1.6
mg/l in 1981, 2,1 to 3.2 mg/l in 1982, and 1.9 to 2.8 mg/1l in 1983. fThe
" river water has become polluted since 1982, Especially, WQMS NO.1832654
representing the upper reach at 39.77 river km had recorded higher levels

‘in 1982 and 1983 compared with the down reach, as shown in Fig. 2.

It is considered that the pineapple processing factory which
discharges acidic}and highiy organic waste water near that WQMS has been

contributing to the high BODs5 level.

The 58 1evels_at‘the'down reach are higher than the levels at the

upper reach,-as;shown in Fig. 3.
(2)  Pontian Besar River

. : The mean BOD5 levels at twe WOMSs were in the range of 0.6 to 0.9
mg/l in 1981, 1:8 to 2.2 mg/l in 1982, and 1.2 to 1. 4 mg/l in 1983. The
mean NH4-N levels from 1981 to 1983 were in the range “of 0.22 to 0.51
mg/1l at the down reach of WQMS No.1534604 and 0.09 to 0,24 mg/1l at the

upper reach of WQMS No.1734614, as shown in Tig. 4.
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The level of.Nﬂa—N at the down reach is higher than that at the
level.is not so high in the down reach

upper reach, although the BOD5
Tt is considered that the stock

compared with that of the upper reach.

farms near those WOMS have contributed to the NH4~N level.

The level of S8 at.the down reach has become polluted since 1982.

(3} pPontian Kechil River

The mean BOD5 level at WOMS No.1534603 was 0.6 mg/l in 1981, 0.8
mg/l in 1982 and 0.6 mg/l in 1983. At the same station, the mean NH,-N
level was 0.04 mg/l in 1981, 0.09 mg/l in 1982 and 0.17 mg/l in 1983,

1t seems that Pontian Kechil River is not polluted at present.

(4) Pulai River

_ There is no water quality monitoring station in Pulai River.
Therefore, the pollution level cannot be obtained. The DOE has palnned a

monitoring astation for water guality in Pulai River in 1985.
(5) Skudai River

Skudai River is the most polluted river in the Region, There are
many cities, towns and factories as the pollution sources, such as Kulai, .

Senai, and Skudai.

The mean BODg levél from 1978 to 1983.was in. the range of 0.7 to
2.0 mg/l at the upper reach, 2.2 to 5.7 mg/l at the middle reach, and 0.8
to 2.4 mg/l at the down reach. NHg-N level was in the range of 0,08 to
0.23 mg/l at the upper reach, 0.54 to 1.58 mg/l at the middle reach, and

0.11 to 0.54 mg/l-at the down reach. These are shown in Figs, 2 and ©..

The levels of BOD5 and NHd—N-show that -the middle reach is much
more polluted than the upper and down reaches, It is considered that thé
domestic waste water from towns, and the effluent water from factories

have been polluting the Skudai River.

=10



{6) Tebrau River

Tebrau River is one of the pulluted rivers in the Region, The mean
BOD5 levels at three WQMSs were in the range of O. 8 to 9,7 mg/l in 1982
and 0.8 to 2.4 mg/l in 1983,

The $S levels were in the range of 13 to 30 mg/l in 1982 and 43 to

115 mg/l":in 1983, © The N, N levels were in the range of 0.08 to 0,19

mg/1l in 1982 and 0.11 to 0.85 mg/l in 1983. The levels of S8 and NHd“N

in 1983 were higher than the levels in 1982,

The main pollution sources in the Tebrau River basin are considered

as one rubber processing faétpry and one palm coil mill,
{7) ~Johor River

The Johor River water is polluted by domestic waste water and

effluent water from rubber processing factories and paim oil mills.

The mean BODS

_ and NH,-N levels at the upper reach from 1980 to 1983
were in the range of 0.7 to 1.3 mg/l in BOD and 0.05 to 0.6 mg/l in NH4~

N; at the down reach, they were 0,9 to 1.4 mg/l in BODg and about 0.1
mg/l in NHg-N. 'Whilé, the mean RO and NHyg-N levels at the middle reach
which is. situated between WQMS No.1834609 and WOMS No.1737606 were in the
fange of 1,7 to 3.0 mg/l in BODg and 0.6 to 2,5 mg/l in NHg-N.

The middle reach of Johor River is polluted, same as the Skudai

River middle reach.
{8} Sedili Besar River

Sedili Besar River is not so polluted because there are only . a few

po]_lutj_oﬂ SOUrces. The mean BODg levels of three WOMSs show less than

1.2 mg/1 in 1982 and 1983.:
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{(9) Sedili Kechil River

Phere is no water gquality monitoring station in Sedili Kechil

River. The river is clean because there are few pollution Sources.

3.2 - Pollution Sources and Their Locations

Major industrial towns, rubber processing factories, palm oil

mills, pineapple processing factories and stock farms are considered as

the main pollution sources of river water in the Region.

The location of existing pollution sources are as shown in Figs. 7

and 8, and the inventories including data on existing effluent treatment

facilities are in Table 14 for rubber processing factories, Table 15 for

palm oil mills, Table 16 for pineapple processing factories and Table 17

for stock farms.
3.2.1 Major/industrial town

There are five major/industrial towns; Pontian Kechil, Kulai, Johor
Bahru, Kota Tinggi and Pasir Gudanq. Among these-towns( the'waste waters
of Kulai and Kota Tinggi are being discharged into the river, while
t}eated or untreated waste water from the vicinity of Pdntian Kechil,'
Johor Bahru, and Pasir Cudang are being dischafged into the river mouth

or the sea directly.
3.2.2 Rubber processing factory

There are 20 rubber processing factories in the Region. There is
one factory each in the Pontian Besar, Pontian Kechil, Pulai, Tebran and
Johor river basins, seven in the Skudai river basin, The waste water

from eight factories are discharged into the river mouth or other basins.

Among'these twenty factories, 17 factories have thé‘;mrification

systems such as anaercbic and facultative ponds or biological ponds,



3.2.3 Palm oil mill

There are 25 palm oil wills in the Region. There is one- palm oil
mill each in the Benut, Pontlan, Kechil and Tebrau river ba51ns, two each
- in Lhe Pontian Besar, Sedili Besar river basins, four in the Skudal river -
bas;n,‘nlne in the Johor river basin. The waste water from five palm oil

mills_are discharged intce the river mouth or other basins.

o Among the above-mentioned 25 factories, 13 palm oil mills have the
purification system such as anaerobic and facultative ponds and nine have

the land disposal system.

In future, one palm oil will in each Benut, Pontian Besar,'Pontian
Kechil, Sedili Besar and Sedili Kechil river basin are scheduled to be

provided.
3.2.4 Pineapple processing'fﬁctory

There are four pineapple'processing.factories in the Region. There
is one piheapple processing factory in each Benut and'Pontian Besar river
basin, ahd two:in the Skudai river basin. = These four factories have the
pﬁrificatibn system such as anaeroblc and facultative ponds' or land

digposal system.

In future, one facfory in the Pontian Besar river basin, and two in

the Pontian Kechil river basin will be proposed.
3.2.5 Stock farm

¥n the state of Johor, the number of 1ivestocks in stockfarms has
. incréased;” It assumed that the livestock production will grow with the
annual average rate of 2.3% during the period from 1980 to 1990, and 1.7%
from 1§§0 to 2005. Accordinq‘to the data of 1982, the stock farms which

'hdve moré than 1000 heads in 2005 are picked up.

There are two farms in each Benut, Pontian Besar and Purai river

ba81n, one farm in each Betrau and Johor, Sedili Besar river basin, 21
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farms in the Pontian’ Kechil river hagin, and four in the- Skudai river

basins.

The simple purification system is the most common system used by

the stock farm in the Region. (rRef. 4)

3.3 Major Pollutants on Each Pollution Source

The major pollutants in domestic waste water are BQD;:COD,.SS, and

‘ammoniacal nitrogen. Industrial waste water contain various kinds of.

pollutants, but BOD, COD, SS, 0il and grease, N and P are the major

pollustants. (Ref. 7)

In the effluent water of rubber fact@riés, the concentrations'of o

BOD, COD, total solids, 58, and dissolved solids are very high, (Retf. 8)

In the palm oil mill waste water, the concentrations of BOD, COD,

and SS are very high. (Ref. 9, 10}

The waste water in the pineapple proceSsing factories has acidic
and highly oxganic characteristics. Therefore, the concentrations of BOD

and COD are very high and the value of pH is very low.

The major pollutants of stock farm effluént water are BOD, COD, and

ss. {(Ref, 4}



.4. PRESENT MONITORING SYSTEM OF WATER QUALITY

4,1 Water Quality Monitoring Stations and Their Locations

. The water quality sampling and analyzing systeﬁ has been initiated
by DOE since 1978,

The number of water quallty monltorlng stations (WOMS) in watex

quallty control reglons (WQCR) are shown in Table 18, The monltorlng

stations on each rlver are listed in Tables 12 and 13, and the location

of these statlons are shown in Fig, 1.

The présenp monitoring stations are matnly located on the
downstream near the = water quality pollution sources, e.q.,, rubber

processing factories,_palm 0il mills, and pineapple processing factories.

4.2 Water Quality Parameters and Frequency of Sampling

Natural water is principally used for irrigation, power generation,
domestlc and 1qdustr1a1 water supply, waste disposal, transportation,
recreation, environmental conservation, fishing, bathing and propagation

of aguatic life.

Water quality reguirements are most demanded for, domestic water
supply, less so for water used in recreation and propagation of aguatic
life, and least so for water used in the industries and agricultural

irrigation,

Water quallty parameters vary in accordance with the abovementioned
four sectors of water use, Water quality parameters which are generally.
:énélysed in labOraféries in order Lo know the state of river water
quallty are pH, ﬁbD5, COD, Ammoniacai Nitrogeh, Nitrate Nitrogen, Total
‘Nltrogen, Chlorlde,_Fluorlde, Suspended Solids, Dlssolved Solids, Arsenlc
" {As), Boron . {B}, Caic1um (Ca), Total Chromium (Cr), Lead (Pb), Magnesium

{(Mg) and Mercury (Hgl.
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Sampling frequenciés from 1978 to 1983 which have been executed by

the bz_:anch of DOE in Jchor BRahru are as shown in Table 19.
Quantitative analysis ‘of all river water quality samples in the

Study Area is carried out by the laboratory under the _Department orf

- Chemistry in Johor Bahru.
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under the Fourth Malaysla Plan (4MP).

5.  DEVELOPMENT PLAN FOR PUBLIC SEWERAGE SYSTEM

General Description of Public Sewerage System in the State of

Johor

There are three sewerage system projects planned in the Region

- The project areas are Johor Bahru

Town, Skudal Valley and Pa31r Gudang Corridor.

The ‘general conditions of the above-said sewerage development plans

are as described below. (Ref. 1)

(1)

{2)

(3)

(4)

'The development perlod accordlng to the Master Plan is lelded inta

three stages- ‘1980 to 1990 (Phase 1I), 1991 to 2000 {Pnase II): and
2001 to 2010 {Phase III).

The estlmateﬁ populatlon in the respectlve areas by year are as

follows
Estimated Served Population
1990 2000 . 2010
Johor 'Bahru Town 53,100 131,070 324,235
- Skudai Valley 20,175 87,890 282,650
Pasir Gudang Corridor 4,200 16,160 16,160

The projeotlons for future water demand of the areas indicate a
growth ratico of 2% per annum. Therefore, the estimated domestlc
QaSte_water volume per capi?a for the various planning stages are
forecasted - as .140 (1/head) in :1980, 170 (l/head) in 1990, 200
(1/héad) in 2000, and 250 (1/head) in 2010,

The standard concentrations of effluent water from sewage treatment

syStems are préjected to be 50 mg/l in BODg and 100 mg/1l in SS.



5,2 Johor Bahru Towu

Two treatment sites are propbsed, one is in the west of the Sungai
Skudai estuary (West Site) and another in the east of the Sungai Tebrau

estuary (Bast Sitel.

Although treatment system by aerated ponds is proposed for ultimate
flows at the West Site, facultative maturation pond System'is:ini;ially
reéommended;. The construction cost and operation and mainténance (O & M)

cost are as shown in Tables 20 and 21,

5,3 Skudai Valley

Three local treatment sites have been selected and proposed for the

urban area of Kulai, Senai and Skudai,

Treatment by facultative aerated and maturation syétenl has been
proposed for Kulai and Senai, and for Skudai site, faCultative'aerated

system is proposed.

The construction cost and operation and maintenance cost are as

shown in Tables 20 and 21.

5.4 Pasir Gudang Corridor

Masai site has been proposed for the construction. of treatment
facilities, and the treatment method by facultative maturation syétem'is

planned. The construction cost and operation and maintenance cost are as

shown in Pables 20 and 21,
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" O. PROJECTION OF WATER QUALITY

6.l General -

“The pollutant load and water gquality of rivers by basin were
projected based on the projection of D & I water demand., Now, the major
polluti@n sources are four cities/towns, rural area of five districts, 20
rubpét'pfOCGSSing'faCtoriés, 25 palm oil ‘mitls, four pineapple pfocessing
faéfdriés-and the many stock farms iﬁ the Region; Five palm oil mills
and.three pineépple pracessing factories are proposed, and some of the
cities/towns will become pollution - sources with the increase of its
population, These pollutant sources are classified into ten categories

as follows:

(1) Urban domestic sewerage
(2) Urban domestic non—sewerage
{3) Rural domestic |
(4) Urban manufacturing sewerage
(5) Urban manufacturing non-sewerage
(6) Rural manufaéturing
{7) -Palm oil mill
(8) Rubber processing
" (9) Pineapple processing

(10} animal husbandry

" Each category has its own values in- net unit pollutant load,
diséhérge;fratio, runoff ratio and infiltration ratio, These assumed
values are listed in Tables 22 to 25, The composition of the abave

pollution sources is illustrated in Fig. 9.

In order to know the organic water pollution level in rivers, BODg

was selected among the five parameters of BOD, 85, DO, pH and NH4-N.



6.2

Water Quality Projectior

6.2.1 Methodology

The water quality of the rivers was projected for nine bagins in

the Region, Water quality was calculated by the following order:

(1)
(2)
(3)

(4)

Pollutant Load from Pollution Source (PLS) = Customer Demand (CD) x
Discharge Ratio (R"Raﬁio) x Net Unit Pollutént Load (NUPL) 
Pollutant Load Inflow to River (PLR} = (PLS X Runoff Ratio (R~
Ratio) % (1 + Infiltration Ratio (I-Ratio)

Pollutant Load at Some Point (PLSP) = PLR x Residual Purification
Ratio (RP-Ratio) '

Water Quality at Some Point (WQ} = CD x D-Ratio x NUPL x R-Ratio X

(1 + I-Ratio) x RP-Ratio/Maintenance Flow at Some Point

Water Quality was calculated .by return point  of polluted waste

water in basin. The water quality projection flow-chart is given in Fig.

10, and the calculation of water quality was carried out based on the

following assumptions:

(1)

(2)

(3)

(4)
(5)

{6)

Hydraulié discharge used for water quality projection is the basin
discharge in 1977 which is the driest year between 1961 and 1980;
when the river water is abstracted at intake, pollutant load of the

river is decreased. The decreased load is expressed as {(Abstracted

volume x Water Quality);

Urban domestic and manufacturing Qaste water in the coastal area is
discharged not inte the river, but into the @ sea difectly after
treatmenty . _ '

& part of the abstracted watef from a river is reduced by (SC-
D)}/ 23 ' |

The effluent from pn}lution sources is discharged at the return
point; and o
I-Ratio of groundwater into sewer pipe in city/town having'public

sewerage system is 20% of the average daily treatment.,



6.2.2 Net unit pollution load (NUPL)

~ In order to know the water péllution levels in a river, five
parameters such as pH, BOD, SS, PO and NH,-N will be used. Of these
parameters, BOD is the most suitable parameter to know the organic

pollution_level of river water. The reason is described hereunder.

-The river water is, first of all, polluted organically because of
the=dire¢t discharge of domestic waste water, Theh, industrial effluent
containing heavy_metals and chemical materials pollutes the river water
chemically, but industrial @ffluent with heavy wmetals should not Be
discharged'to the body of water without treatment. Therefore, heavy
metals are not suitable parémeters tq.know man-rmade pollution of river

water.

".Rivers_have the self purification mechanism which purifies organic
pollution. This mechanism is caused by the fact that aerdbic bacteria in
river water transforms organic matters to inorganic matters using
dissolved oxygen. The volume of dissclved oxygen used by aerobic

bacteria is BOD.

For the above reasons, BOD load was used in the study as pollutant

load,

Data of NUPL of sewerage, urban, rural, manufacturing, processing

and stock farm are available in Malaysia. {Ref, 10)

NUPL was estimated bhased on several reports {Ref, 11, 12, 13 & 14),
assuming that the purification measures remain at the present level of

BOD concentration unltil 2005.
.6,2,3 Discharge ratio (D-Ratio)

',Watér cénsumers use clean water and then discharge‘pélluted water
into ithe"drainage{. river or sea directly. D-Ratio 1s the ratio of
Consume¥ Qétef deménd and dischafged water., D-Ratio of domestic consumer
were determiﬁed based. on the Malaysia data., D-Ratio by pollution source

ié as shown in Table 22.
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DHRatio wag debtermined with- consideration - of

In manufacturing, .
“In palm oil mills and rubber processing

recyclic water use development.
factories, the land disposal system ig assumed to be progressively

applied,

D-Ratio of palm oil mills and rubber proce531ng factories are

determineéd with consideration of land disposal development and outflow of

10% of pollutant load from land disposal area.

6.2.4 Runoff ratio fR-Ratio)

The ratio of the reduction in dlschalged pollutant load, which is
the ratio before and after dlscharged pollutants reach a river, is called

the runoff ratio.

R-Ratio is about 0.1 in rufal areas bubt increases with the progress

of urbanization. For a discharge channel made of concrete, R-Ratio rises

to nearly 1.0.

R~Ratio by pollution source is as shown in Table 22.°
6.2.5 Infiltration ratio (I-Ratio)

The infiltration ratio in the existing sewerage systems in the
region is equivalent to about 25% to 30% of the average flow. Sinée
exiéting systems are constructed with rigid cement: joints, it is to be
expected that, with provision of flexible watertight joints in the
future, the infiltration ratioc will be about 20% of the:average daily
flow. (Ref. 13, 15, 16 & 17), I-Ratio is assumed to be 20% in the

study,
6.2.6 Residual purification ratio (RP-Ratio)
Pollutant Lload in a river reduces by deposition, adsorption,

biological decomposition, and so on, The ratio of reduced pdliutant'load

by these mechanisms to the original pollutaﬁt load is called the:residual



purification ratio. In other words, RP-Ratio is the ratio of pollution

load of the upperstream and the downstream,

_ ‘RPmRatib.has a figure in the range of 0 to 1 by condition of water
‘quality, water velocity, water discharge, water depth and riverbed of a
river basin. The relationship between RP-Ratio and water quality is
closed RP-Ratio is about 0.7 in a river with clean water and RP~-Ratio

rises to nearly 1.0 in a river with polluted water.

6.2.7'River.maintenance_flow

The river maintenance {low used for water quality projection is the
99% runoff estlmated by means of frequency study using the recorded data
between 1962 and 1983 except for the Johor river. For the Johor river
the specific discharge of 0.15 wm3/s/100 km?%, the recorded minimum

disdhafge; was adopted as the river maintenance flow.
6.2,8 Projection of water quaiity

Water guality of 9 basins, i.e., the Benuit river basin, the Pontian
Besar river basin, the Pontian Kechil river basin, the Pulai river.basin,
the Skudai ri#er basin, the Tebraun river basin, the Johor river basin,
the Sedili Besar river bhasin and the Sadili Kechil river basin was
projected. Watef demand projection of rubber factories, palm oil mills
and pineapple factories are as shown in Tables 26 to 28. Further,
domestic and industrial water demand projection are as shown in Tables 29
to:BOQ pProjection of stock farms is as shown in Table 31. Projected BOD
load and BOD concentration by basin in 1995 and 2005 are as shown in
Tabie 32, Total BOD load from pollution scurces in the Regibn will be
35.4 ton/d in 1995 and 61.9 ton/d in 2005, respectively.

It:is'assumed that waste water from 4 cities mentioned hereunder

oﬁt of.17 cities is discharged to the sea directly because these 4 cities

are locéted near the sea coast, These 4 cities are Johor Bahru, Masai &

P:G., Bander ?enawan and Pontian Kechil.

BOD load 1nto main stream will be 13.1 ton/d in 1995 and 25.4 ton/d

in 2005' reupectlvely. CompOSltlon of BOD load into river is as shown in
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able.33. In 1995, urban doméstic and urban industry will be the biggest
pollution sources and thoge BOD load will be 9. 5 to_n/d ‘béi_nq e’quivélent:
to 73% of the total BOD load of 13.1 ton/d.  In 2005, the biggest
will be also urban domestic and urban 1ndustry and

pollqtlon sources
valent to 85% of the total

thoge BOD load will be 21.5 ton/d belng equi
BOD load of 25.4 ton/d.

Pro;lec.ted maximum and minimum BOD concentratlon by basin a’fe as-’
shown in Table ‘32. The highest BOD concen_tratlon. 43 mc_;/l in 1995 and 68.
mg/l in 2005, was projected for the Skudai river basin' because of the
non-—tfeatéd effluent from urban drea, rubber. factorles and palm 011
miils. Distribution of BOD concentration along the rivers of 5 bas:ms is
1llustrated as 1n Figs. 11 to '13. These 5'ba31ns __are. the Benut rJ.ver-
‘basin, the Pontlan Besar river basin, the Skudal river basin, the Tebrau

river basin and the Jochor river basin.

Some .of the 1ntakes for domestic and 1ndust;:y water supply are
located at the down part of pollution sources. There are four 1ntakes.
which show higher BOD concentration than 5 mg/l in 1995 or 2005, i.e.r
(R29) in P.cmtian Besar river basin. (R31) in Skudai river basin and
(r26), (R41) ir_1 Johor river basin. Therefé're, polluted'ri'vér wateﬁr

affects the D&I water supply.

F-24



T POLLUTANT LOAD ABATEMENT PLANS FOR RIVER WATER

7.1  General

As the result of the water quallty projection in the Study area
for 1995 and 2005,=Skuaa1 river, upstream of Johor river and down stream
' of pontian Besar and Pontian Kechll river will be polluted Therefore'
it is neﬂessary to cons;der the pollutant load abatement from v1ewp01nts
of water use and env1ronmental quallty in river. The bést method for'
pollutant load abatement is that pollution sources control polluted

effluent from sources by themselves.

7.2 Setting of Water Quality Criteria
Water quality standards are of two kinds as follows:

(1) standards for drinking water which pertain to water delivered
to consumers after treatment; and

(2) standards for raw water which are classified depehﬁing upon
the purpose of utilization, i.e., domestic and industrial
water supply,_flshery, irrigation, bathing and coﬁservation

of environment.

Ihtern&tional Standards for Drinking Water have been promulgated
.by-7thé: Wo#lé Health Organization (WHO) as a worldwide guide to  the
.'impr0vement of water quallty.and treatment. In Malaysia, there are
StandardS'of Béctériological Qualtiy of Water and Standards for Toxic

Substances derived from the WHO Standards and they have been used by

.relevant agencies.

Tﬁe Standafds for Toxic Substances inélude Toxiéity Limits and
Water Quallty Criteria for 4 categories, .i.e., (i) municipal water
supply, (ii) rpcreatlon, propagation of fish and other aquatic w1ldllfe,
(iii) agricultural 1rr1gat10n and (iv) 1ndubtr1al water supply. Adopted
. parametefé are 74 in number but they do not include BOD. - Standards of

raw water in some countries, Holland, U.S.A., U.S.S5.R. Philippines and
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Japan have adopted several parameters including BOD. Concerning  the

living environment, river water quality is classified aCCOrdlng to water

usage, and environmental quality standards values for BOD, Do, 58, PH:

and. Coliform are established for each class, Japanese Srandardb

relating to living environment is as shown in Table 34 and philippines'"
18 & 19), 1In the

water quality criteria is as shown in Table 35 (Refs.

Study, BOD is adoped in order to observe the river water gquality. Some

relationships between BOD concentration in a river and enV1ronmenta1

guality, ‘and river water guality standard in some countrles are

illustrated as in Fig, 14.

As the water quality criteria, two targets for‘the water pollhtion
abatement are proposed from the viewpoint of environmental gquality in
the Study. One target is BOD concentration in a river at less than=5
mg/l for the purpose of D&I water supply -and another target is BOD

concentratlon in a river at less than 10 mg/l for the conservatlon of

river environment..

7.3 .Plénninq of Treatment Facilities

To reduce BOD concentration to the proposed limit in a river, the
improvement of treatment facilities in pollution sources should be

conducted.

First of all, the improvement of purification methods in all palm
oil-:mills, rubber factories and plneapple factories is assumed,
Improved purification methods are rubber 1nvestlgatlon in Palm 0il
Research Ingtitute of Malay31a (PORIM) and Rubber Research Instltute of
Malaysia (RRIM} to attain ‘the limit of BOD concentratlon for .wa;er
course discharge from palm oil mills and rubber factories, DOE proposed
50 ppm for the future limit. Present 11m1ts for water course- dlscharge
in palm cil mills and rubber factorleq are as shown in Table 36 (Refs.
20 & 21}, The limit for watercourse discharge from plneapple factorles

is assumed to follow the limit of palm oil mills,
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If there still remains a river stretch of higher BOR concentration
than the prqposed limit, the construction of sewerage system in the

urban area immediately upstream of. the river stretch is assumed,

Urban domestic and manufacturing waste water is collected and
treated in public sewerage treatment facilities, BOD concentration in

the effluent from a sewerage system is estimated to be 20 mg/l..

Mo purificabtion wmeasure.is assumed for the effluent from.rural

area and stock farm,

For purification method of effluent from palm oil mills and
__pinéapﬁle factofies,'anaerobic digestion with extended aeration or land
disposal are proposed, As treatment method of éffluént from rubber
factories, aerobic and. facultative pond for SMR and oxidation ditch for
Latex Concentrate. The layout of the stabilization pond process,

combing facultative pond with maturation pond, is shown in Fig. 15,

-For public sewerage system, aerated lagoon process is proposed in
the Study. This process is historicélly developed from stabilization
pond.'-Floating aerator for surface aeration is commonly used to supply
the necessary oxygen and arise reduction level of load., Maturation pond
is necessary to reduce coliform after treating in £he aerated lagoon,

The layoﬁt of aerated lagoon process is shown in Fig, 16.

Ted Planning. of Pollutant'Load Abatement for River Water

As mentioned in 6.2.8, high BOD concentration was projected at the
downstream of big pollutioﬁ sources, i.e., cities/towns. Therefore, it
is necessary to plan the treatment facilities in the Benut river basin,
the Pontian. Besar river Dbasin, the ?ontian Kechil river basin, the
Skudai-fiver basin, the Tebrau riﬁer besin, the Johor river basin and
thé Sedili Besar river basin.

Thédpublic sewerage Systems_in the urban area to be constructed in

1995 and 2005 by basin are as follows:
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Basin Name City/Town

Pontian Kechil pontian Kechil
skudai : Kulai, Senai .
Johor . Bandar Tenggara, Kota Tinggi

Johor Bahru, Masai, Pasir Gudang

Johor Bahru, Masai, Pasir Gudang and Pontian Kechil are located in

coastal area, therefore the effluent from those cities is discharged to
the sea directly. However from the viewpoints Qf public health and

water quality of the sea, public sewerage systems in these citiegs are

proposed.

Renggam and Layang-Layang have been urbanized and the BOD

concentrations at the downstream of these areas are presumed- to. he
poliuted, Since these areas are located at the upper rgach of Sayong
dam, the waste water from these areas shouid be purified as much as
possible. With this regard, septic tank and treatment system by soil
such as the underground trench are proposed at Layang—-Layang and Renggam

in order to prevent from the pollution of. the water in Johor river,

Outlines of proposéd public sewerage system are as shown in Table

37. And effluent volume to be treated in rubber factories, palm oil

mills and pineapple factories is as shown in Table 38,

according to the result of the river water qguality projection on
the assumption of the impfdvement of purification .system in rubber
factories, palm oil mills, pineapple factories and the construction of
public sewerage éystem in urban area in 1995 and 2005, BOD concentration
of river water will be'improved. But at the intake for D&I waﬁer.supply
in the upper stream of Johor river and the Skudai fiver, there still
remains a higher BOD concentration than 5 mg/i in 2005.: And-ét the
river mouth in the Pontian Besar river basin and Pontian Kechil river
basin, there still remains a higher BOD concentration thanilo-mg/l in
2005, BOD load and maximum BOD concentration in 1995.and'2005:by'b55in

with and without project are ag shown in Table 39,



- 8. PLANNING MATERIALS, ECONOMIC BENEFIT AND
COST AND MANPOWER REQUIREMENT

8.1 Planning Materials
8.1.1 Construction cosgt

Construction coéts of purification facilities for.palm oil millé,
rubber factories, pineapple factories and sewerage facilities for urban
area composed of sewer,.pumping station and treatment facilities are
estimated, basing on the data from DOE and the previous studies
available, i.e., Butterworth Project, The constriction cost of
pretreatment facilities for domestic and industrial water supply are

estimated using the data of the previous studies available.

Construction cost is estimated in the four categories, i.e, (1)
direct construction cost, (2) engineering sefvice & adminiétration, (3)
land acquisition, and (4) physical contingency. Engineering service and
administration costs are assumed to be 10% of the direct cost. Physical

contihgency is assumed to be 30% of the total of the above (1) to (3).

For the sewerage facilities, direct construction costs by
facilities in reference of the hearing data of Butterworth Project as

shown in Table 40 are as follows:

Cs = 0.699 x Q

o = 4,55 + 0,07 x O
P _

i

where, Cs: Direct construction cost of sewer, M$106
CT: Direct construction cost of treatment facilities,
M$106
. \ 3 3
Q : Treatment capacity, 107 m™/d
Unit direct construction cost of sewerage facilities per 100 x 103

. S 6
m3/d of treatment capacity is M$81.5 x-10%,



Land acguisition cost for sewerage facilities in reference of the

hearing data of Butterworth Project as shown in Table 40 are as follows:

= 0,112 %
CL Q
_ N e a0
where, ¢ : Dand acquisition cost of treatment facilities, M$10
L . :

, 3
QO : Treatment capacity, 10 m3/d

Unit land acquisition cost of sewerage facilities per:loo x 10

m3/dfof treatment capacity is estimated to be MS$11.2 x 107, .

Cconstruction and land ‘acquisition costs of sewerage facilities are

generally born by the public and the private sector._ Therefdte
calculation of - costs for sewerage ‘systems'_was carried out on “the

following assumptions:

(1} In the existing urban area, cost of house connectign pipe is’

horn by the private; and

(2) In the new development urban area, costs of branch sewer and’

house connection pipe are born by the private,

Cost and share of branch sewer and house connection pipe to total

costs .of sewerage systems are as shown in Table 41.

_ For the'purification_facilities for palm oil mills and pineaﬁple
facilities, direct construction costs are -M$3,780/m3/d of treatmeat
capacity for anaercbic digestion with extended'aeratibn and M$2,520/m3/d

of treatment capacity for anaerobic digestion with land disposal,

regpectively,

If

3.78 x
CPA g

fl

CPL 2.52 x Q

Direct construction cost of-purificatibn facilitieé
. 3

he :
where, CPA

with extended aeratibn,5M$lO

CPL: Direckt construction coét of purification facilities'

with land disposal, M$10°
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Q : Treatment capacity, m3/d4

‘Unit direct construction cost of purification facilities of palm
01l mills and pineapple factories are estimated to be M$3,780/m3/d of

treatment capacity,

Purification facilities of palm oil mills and pineapple factories
are assumed to be constructed in the factories area, so no land

acqguisition cost is needed.

For - the purification’ facilities for rubber factories, direct
construction- costs are M$740/m3/d of treatment capacity for SMR
productlon and M$2, 210/m3/d of treatment capacity for hLatex concentrate

productlon, res pectlvely.

I

0,74 %0
= 2.2l xQ

Crs
Crr,

Where'.CRS:. Direct construction cost of purification facilities
for SMR production, M$10?

C L: Direct construction cost of purification facilities
R

for Latex concentrate production, M$103

Q : Treatment capacity, m3/3

Unit direct construction cost of purification facilities of rubber
factories is estimated to be M$740 of treatment capacity for SMR

production and M$2,210 of treatment capacity for Latex concentrate

produétién.

The'réw water Ffor domestic and industrial water supply is treated

‘at the intake point, For the raw water,'which BOD concentration is less

than 20 mg/l, is treated. by the treatment facilities, such as slow sand

filtration or rapid sand filtration.

The pretreatment ‘facilities are needed, if the BOD concentration

in raw water is more. than 20 mg/l. As the pretreatment facilities, the

treatment method such as an aerated lagocn process, consist of aerated

lagoon or maturation pond, is proposed (Primary treatment}. The direct
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consktruc

tion cost of the primary treatment faqilities ar

follows:

o =5 2.9
“pre 3,94 x 10~ g L X (Qp *+ Q)
wﬁere, C . Direct construction cost of primary pretreatment
pre . . 6 .
facilities, Ms10
L. : Reduction level of pretreatment facilities, %
QD . Treatment capacity for domestic water supply,
103 wm3/d .
Qy : Treatment capacity for industrial water supply,

103 m3/4

Unit direct construction cost of pretreatment facilities are

estimated to be M$33.3 x 106 per 100 x 103 m3/d of treatment capacity

for primary pretréatment facilities as 50% reduction level.

Pretreatment facilities is assumed to be constructed in the

treatment plant area, so no land acquisition cost is needed.

e estimated as

Pretreatment capacity to be pretreated in D&I water demand is as

shown in Table 42,

The unit construction cost are estimated as shown in Table 43 and

summarized below.

Type of Treatment Facility

Unit. Construction Cost
(M$106/100 x 103 m3/d)

- Public sewerage system _ 130
- purification facilities of palm oil mills and
pineapple factories with extended aeration system 540
- pPurification facilities of palm oil mills and
pineapple factories with land disposal 360
- Purification facilities of rubber factories (SMR} . 105
- Purification facilities of rubber factories (Latexj. 320
48

-~ Primary pretreatment facilities as 50% reduction level
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For the= proposed river water pollution abatemeht, estimated
pdblip and private development expenditure for public-sewerage system
are as shown in ?hble544 and 45. For the proposed improvement of
purification in’ rubber factories, palm . oil mills and pineapple
factories estimated private development expenditure ié as shown in
Table 46, |

8.1.2 Operation and maintenance cost (0&M cost)

The O&M costs include 0&M cost of sewér, pumping station and
aerated lagoon process for pubiic sewerage system, O0&M cost of ponding
process for purification facilitieg: in palm oil mills, rubber

- factories and pineapple factories and 0&M cost of aerated lagoon for

primary pretreatment,

Relationship between construction cest and ratio of 0&M cost and
cbnstruction_cést'by city is shown in Fig. 17. The ratio has the
range from 1 to 4%. In the Study, the apnual 0sM cost is assumed to
be 4% of the total construction cost for public sewerage system and 2%
of the total construction cost for purification facilities of palm oil
mills, rubbey factories, pineapple factories and  pretreatment

facilities,

B,2 Economic Benefit and Cost

Economic benefit for water pollution abatement is assumed to be
compbsed with the sewerage benefit and the saving in pretreatment

facility.

The sewerage benefit is the willingness—to-pay by served people
'and.saVing in the cost of purification of industrial waste water. It

is aSsumed.to be 0,6% of real income of served people and gross value

of manufacturing production of served industries in this Study.

Pretreatment facilities are necessary if BOD concentration in

raw water is more than 20 mg/l for domestic water supply and

industrial water supply. Its cost can be saved, if the proposed water
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pollution abatement measures reduced BOD concentration in the river

across this lianit. This saving in cost is counted as a part of water
pollution abatewent benefit.

Fconomic cost for water pollution abatement is estimated to be

80% of the financial cost of public sewerage sysiem, _purificatiqn

facilities of palm oil mills, rubber factories, pineapple factories
and pretreatment facilities for D&I water supply.

Beneficial and adverse effects of 'water poilution abatement

plants are as shown in Table 47. The length of. river stretches where

* BOD concentration is more than the limit is as shown in Table 48,

8,3 Manpower Requirement
8,3,1 Manpower requirement-for construction

Manpower requirement for construction is estimated, basing on
the data of Ministry of Local Government and Federal Terrltory. The
staff in the Construction Pivision of Sewerage Pepartment is- composed-

with four categories as follows:

Staff Category Nuitber of Staff

o s S oy e R e

Executive Engineer 1
" Assistant Engineex : 3
Technical Assistant 2
Pechnician 3
Total 2

In consideration of the above staff-requirement and construction
schedule, manpower requirement is estimated for construction schedule

3 .
of every 50 x 10~ m3/d per year as follows:



Staff Category Number of Staff Share (%)

Engineer _ 2 25
Technical Assistant 2 25
Technician 2 25
Others o ' : 2 . 25
Total 8 100

Estimated manpower requirement for construction by city with

public sewerage system are as shown in Tables 492 and 50.
8.3.2 Manpower requirement for O&M

ManpOwer.requi;ement for O&M is estimated, basing on the data of
the staff-requirement of the Operation Division, Sewerage Department,
Ministry Qf Local Government and Federal Territory as well as manpower
requirement for construction. The staff in the Operation Division of

Sewerage Department is composed with categories as follows:

Staff Category Number of Staff
_'Treatment Plant _
f‘Labbratory Assistants 3
;fMG Workers 18

Pumping Stations

- Mﬂéhahical Supervisors 1
IMG Workers 11
~ Sewer Inspectors 2
MG Workers 29
Otﬁér Operations
Wofks'Manager i
ChemiSt/Biologist 2
Pechnical Assistant (Electrical) 1
SupefviSbrs_(Works) 1
Assistant Clerk/Typist. _ 2
Techniciané (Sampling Meter Reader) 1
3

Security
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IMG Workers

o et R A e ek vt S b ok e

In consideration of the above stﬁffnfequirément and _staff

requlred in the D&I water supply. manpower requirement is estimated

for treatment capacity of every 200 x- 103 m3/d as follows:

Staff Catégory: Mumber of Staff . Share (%}
Engineer -2

Technical Assistant 3 6
Technician 18 38
Others: S 24 .. 52
Total 47 100

Manpower requirement for O8M by city with public sewerage system

are as shown in Table$ 45 and 50.
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Table

System

1. POPULATION SERVED BY VARIOUS TYPES OF
SAHTTATION SYSTRHS Ix 1980

Central Sewerage Systenm

Population Served

Percentaye

Septic Tank 455,072 28.4
Pour-Flush Toilet 751, 500 46,9
Pit Latrine 172,835 10.8
Bucket Systém 113,135 7.1
Direct Discharge 108,404 6,8

Total L, 6G0, 946
Table 2. PUYSICAL AND CHENMICAL PROPERTIES OF BEFFLULNT
FROM DIFFLERENT TYPES OF RUBBER FACTORIES
(Unit: mg/l except pi)
Sus-
Type of pended Total
Factory pt Sclids Solids COob BOD NIy -
Block Rubber 6.3 230 995 1,620 1,140 55
Latex Concentrate 4,2 190 6,035 45,5490 2,580 395
RSS 4.9 140 3,745 3,300 2,630 10
Remilling 6.2 350 430 900 740 15
Table 3. COHCENTRATION OF DIFFERENT STAGES GF
ANAEROBIC AND FACULTATIVE PQHDS
(Unit: mg/l except pH)
Stage pH BOD con 55
Raw Ef fluent 5.0-5,% 24,125-28,125  51,230--55,340 17,680-20,85
After Deolling 4.0-4.2 27,000-27,125 56,920-67,170 19,910-22,09
Acidification 4,9-5.5 11,125-11,400 16,510-18,480  4,200-4,930
Anaerobic Digestion 7.2-7.4 90—460 1,260-1,4820 350-1,120
80-160 700-840 .80~240

Facultative Ponding 8.4-8.7

0

0



POLLUTANT LEVELS OF RIVERS IN 1978

Unity mg/l except pHt

Amuagniacal

i ] ded

River . Ho. pil . Bdbg con Suspended " ¢

Name & HOHS of . Solid o Nitragen
Baain No, No. Samples  Hean Max Min  Mean Max  Min  Mean Max  Hin  Mean HMox Hin .E"lx.nn_ Max . Hin

' 105 135 oy

Henut 1632601 | 1.7 1 " by “02

23 18313602 1 5.6 1 5 ‘02

1833603 | 5.7 i 20 S -

'\ ’ 3 - | .18 .45 .02
Sekudai 1536601 9 6.2 6.7 5.9 1.7 3 | 18,2 3g 8.; 5932 4?2 ;2 O S
23 {536602 9 6.2 6.6 5.9 1.9 4 Hil 16.5 El 8. - . b6,

[§316603 9 6.2 6.7 5.7 1.9 5 1 15.2 25 3 4B 75 : 30 Ay V54 .D&
1636601 3 5.5 5.4 3.5 2.1 3 Hil 8.9 110 11,3 23.8 gg g .f;'i :.;g .;0
1638605 9 6.1 5.7 3.6 2.5 5 | i5.7 10 5 2.1 . v L .
Y )83 35 5 35.6 0 %5 D .5B-1,20 .23
1636606 g bk 6.5 55 2.6 ? . N 150, " o1 n 02
1635607 9 6.t 6.6 5.6 1.4 % ¢ 17.9 35 5 5 ) . ‘u] .22 .{)l
1235608 2 5.0 &.8 5.6 1.4 3 nil 4.5 kD] 5 23.8 105 5 . - .
Johor 1239604 & 6.4 1.4 5.6 1.5 2 1 13.7 ¥ 5 - ~ : gg ]lﬂ gg
24 1738605 3 6.1 6.2 5.7 .7 ! 1 s!g g; Hf; - ~ .“ .30 .0;--
606 & 6.0 5.9 5.7 2 3 1 8. - - - . - .
{g%gﬂ}& 5 . 5.8 6.3 5.3 6.4 21 ] 257 1440 12 - 1.65 1.8 0t
1834609 & 5.1 b.2 3.% 4.2 14 -Hil 30.8 BO to - ~ - a6 1.4 19
1814610 & 6.4 2.6 5.9 0.7 i Hil 13.2 20 4 - - - .04 .08 01
Table 5. POLLUTANT LEVELS OF RIVERS IR 1979 S
Upit: mgll excepr pH-
River Ho. pH BODg oD Suspended Aﬂ"‘?"“i“ai
Nage 4 YGHS of - _ Solids Hitrogem -
Basin No. o, Sasples  Mean Max MHin HMean Max Hin Hean Hax Hin Mesn Hax Hin Hean Hax Hin
Benut 1632601 9 4.8 5.9 3.8 6.7 2 Hil 107 390 30 iog 230 25 Y W2 .06
23 1833602 9 6.2 6.8 5.6 0.9 i Hil 8.3 50 5 40,6 8B5S 5 11y L8 0 .03
Sekudai 1536601 g 6.4 6.6 6.0 b5 2.0 1.0 19 . 30 3 68 1715 . 5 J18 .50 _._0]'_
23 1536502 9 6.4 6.6 6.1 1.9 4.0 1.0 0 . a5 5 9 145 - 39 V23 ) B L
1636603 2 6.6 6.5 [ 2.0 4 H 15 30 3 64 - 1G5 15 26 .60 - .05
1635601 9 6.4 6.6 6.0 i.8 4.0 1.8 2 49 10 52 - 115 25 570 1.90 .02
1616605 9 6.4 6.6 6.1 1.6 17 0.9 20 45 5 51 © 90 0 44 71,30 A0
1636606 9 6.4 6.7 6.2 2.8 5.6 1.0 27 90 5 6 225 30 L4649 §.80 .02
1635607 9 6.5 6.7 86,2 1.2 2,0 Rl 14,4 30.0 5 46.1 750 15 .07 A9 7,00
1735608 g 6.3 6.8 5.9 1.2 [ Hil 16,7 30 5  29.4 . 11D 5 09 W22 W04
Jahor 17192604 2 6.1 6.8 3.5 I F 2.9 Hil 17.8 0 5 70.6 140 3 .07 A8 L0
24 1738605 [} 6.1 6,7 5.6 0.9 2 Hil 181 20 5 Bl1.3 265 . .20 .04 .10 Ml
17376048 G 5.9 6.5 4.7 1.6 3.0 0.7 i6,7 25.0 5 83.9 120 - 20 05 Lk 02
1835608 9 5.8 6.3 5.4 .5 3 i 26.7 4D 12 84.4 150 20 .36 .19 01
£834609 9 5.8 6,4 4.8 2.9 5 0 19.4 35 10 63.3 115 W ,20 0 .58 7,01
1834610 2 6.2 700 5.3 0.6 1.0 Hik 10 ke 5 28.1 50 10 .04 W O
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Table 6. POLLUTANT LEVELS OF RIVERS IN 1980

e Untrs =g/l exceps ph
ﬁi.:ir; . . Lh:. oo . Rony cob . su;x;i];:_,;d_.____ _fy???iﬁg ' —
M' li‘]!lSJ}d. Sonples iogn Hax Hin ilzgn tHax Hin llean Hnx tlin lleaf_ Hax Hin Hean Hax Hin
s:«sn)lul 1536601 12 6.6 6.8 5. T T WA W' 16 2 s 15 w10 0.7 0.20 0,07
1336602 12 63 6.8 5.8 L4 42 03 is 45 3 e 15 w0 0.25 0,58 0.08
1635607 12 .1 69 5T Lo Y 0.2 1] 35 5 34 &0 20 0,07 017 0.01
l63.6'6.01 L2 6.3 6.9 5.5 L9 36 0.5 i4 15 5 16 s W - 6.52 .40 G.0L
1636603 12 6.4 6.9 5.9 2,3 4.4 0.8 2t 55 5 81 290 15 .35 L0 D
1636605 12 6.3 1.0 Y 2.7 ‘.S l._2 16 Jo 5 62 140 15 0.5  L.70 0.05
1636606 12 63 1.0 58 20 A 0.7 13 3 s 46 140 0 0.47 LD 0.0%
1735608 12 6.1 6.8 5.6 S0 LS 04 15 20 5 0 100 5 0.13  0.54  0.01
Jul?mt 1638611 n 5.2 . 8.9 b W03 K260 2% 2608 G000 15 326 HISO 25 3229 12,0 0.3
m L7604 84 8.1 &.5 5.8 ¢,0 1.7 Kl 0 . bs 5 9 130 5 0,12 0,26 0.05%
1737606 T 6.1 6.3 3.5 Lo & 06 24 65 5 " 82 185 55 0.1z 0.26 0.05
1737607 n 6.4 6.8 5.5 G4 0.9 Kt 19 55 5 33 0 10 008 04 D.02
S 1738605 1t 6.0 6.9 . 5.0 L1 1.8 0.5 25 0 . a2 725 20 .12 0.22  0.05
1834608 1 5.7 6.7 4.4 2.6 0.0 0.8 26 50 5 168 530 50, 1.82  6.60 0.13
1834609 1) 5.8 7.0 4k 24 5.6 0.7 % -0 5 83 130 20 1.69  9.60 0,27
1e36t0 . 1L 6.2 1.0 5.6 8.7 1.6 m ¥4 50 5 3 75 6 6.06 0,16  0.07
Sedill 1832604 3 6;-‘5 6.7 6.1 0.2 0.4 K11 . 27 45 15 42 73 20 4.05 0.14 0.0t
sz;r 1839605 3 66 66 6.5 3 0,5 nwl 25 13 5 98 140 60 0.67  0.19  0.0§
Sedf1§ :I_QMGOI o 12 1S 1o 0.7 1.0 D 418 610 40 45 0 25 S.41 0.24  5.02
ﬂfs';r 2030608 3 6.7 6.8 6.5 b 6 0.5 18 4 5 30 55 10 .05 007 0.02
2028609 3 6.2 6.5 5.6 6.3 6.5 0. 20 0 5 7. 180 15 2.03  0.07  0.01
7128610 3 6.3 6.5 %59 0.4 0.5 03 72 25 1§ 20 0 5 0.06 0.2 .01

2!386“ 3 b.2 6.6 5.6 8.6 0.7 0.4 3% 140 5 125 325 30 0.11 12 0.0
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Table 7. POLLUTANT LEVELS OF RIVERS IN 1981

T :'ag./l éxca'pt.pli ‘

B Susponded - Amnmondacal
River Moo - pH B b co Solids Hitrogen =
32:TH“N°‘ —— sﬂ:;IEB- Hean  itax Il Hean  Max  fHn Bean - Hax  Hin Hean - Maox  Bin' . - Mean = Hax .. Min
— 1632601 ! - ; o - = as - - o - - 0ar - -
w 1833602 1 - - - 1.6 - - 5 - “ 3 - - 043 - -
1833603 i - - - 1.6 - - 5 - - s - - .11 - -
1632604 1 - - - |.4. - - H - - : 25. - - els - -
Pontian 1534604 3 6.0 7.5 hB 0.0 L 0. 600 1690 43 130 225 20 0.22 0.3 0.3
o 1534605 2 6.6 7.0 6.1 ¢ 0.1 W F2 N LR 8 30 57 oae 0.7 o
1734614 3 5.8 1.2 6.5 0.6 0.1 0.3 83 i0 5 3 e 2% 0,00 O.14 0.0
Fontlan 1534603 3 6.1 1.4 5.2 0.6 0.7 DS 17 30 5 Ter 143 5 a0k 005 DGl
Reehdl . . .-
(3 _ _
Skudal 1536501 ' 6.2 - - 0.8 - - s - - s - - Dz - -
& 1536602 1 6.1 - - 1.2 - o s - - 50 - - 0.2y - -
" 1636801 3 6.5 B.5 6.k 2% 3T L8 9 s 2 75 28 0 4.9 2,90 D.63
1436603 t 6.2 - - 1.4 - - 5 - - 55 - - 019 - -
‘1636605 t 6.3 - - 2.2 - - 0 - - 55 - - 0,48, - -
1636606 3 6.2 - - 1.9 - - 15 - - 30 “ - _b.aa - -
1636607 ' 6.2 - S 0.5 - - 5 - - w0 - - 005 - -
1735508 1 6.0 - - 1.8 - - 1o - - 10 - - o1l - -
Tebram 1537609 3 6.7 6.3 6.3 721 & 0.5 7 395 -8 7 45 10 649 1.0 0.1
© 1577613 3 6.2 7.4 4.7 0.6 L2 0.3 5 5 s 0 25 15 o6 0.1 vl
Johor i638611 ? 6.7 T.6 6.3 298 2060 1.3 505 4060 s ‘:49; 3130 ) 103 16,5 013
& 1737604 6 6.4 1.0 6.0 1o 2.2 0.6 s 5 48 3 BT o1 0.8 005
1737505 7 g4 70 5.9 I I w8 s 68 145 1 . 0,08 D6 0.0
1737667 7 6.7 7.5 6.0 - 6.6 2.1 Nt & 20 3 w e Lo 0.08 0,29 0.01
1814508 6 6.0 7.0 5.5 2.7 43 1.3 % il 5 ter - 255 30 167 360 0,04
1836609 7 bt . 7.2 7 52 LB b L2 n w5 U T 248, 620 0,36
6.7 7.5 6.l 0.9 2.7 W 9 5 o2 s 0.08  -0.29 0.0

1835610

F-42



Table

8  POLLUTANT LEVELS OF RIVERS TH 1982

2138611 1 5.2

= , Unity. offl except olt
wiver No. pll BODg con Suspended Arponfacal
Wamg b . of X < - Sollde Hegragen
sastn la. UGS Mo, Sanples Hean © - ftax - Min HNean Hax tikn - tlenn '_ Hax Hn Hean tHax Hin Htenn Hax . 1in
-5\(5*1“)“ 1632601 3 69 65 4 75 W OS5 8135 5 06 e 0 0.7 Lo 0.0
1833602 L R Tt TS de e w15 s 85 10 0,25  0.38 08
1831603 s Y T Y N LB 2.4 13 15 5 5 51 63 30 09 0,22 008
. 1832604 5 5.6 6.6 5.0 1T &5 LS 6 3. 1% W 48 5 u.is 062 0.05
:::::an 1574604 T &3 S8 A3 EELIE T R B 5% (%) 50 85 148 45 0,36 o.t;ﬂ'. 6.29
£/ R T T B T T 1.9 33 0 EC T COR 3w 0,20 %23 07
1134614 2 5.4 5.1 . 46 2.2 .8 LS 18 0 1B 130 50 10 nt2 012 L
::Z:::.;n 1936600 2 SRR TUINE S T 8.8 L5 W 0 20 0 10 10 1 0.09 0.1 6.06
(»
S;t;u)lal 1526601 5 5.5 81 K9 24 33 b PR Y S 530 125 15 0.65  1g 6.1t
1536602 .05 51 62 52 2.6 RS 0.2 W 0 5 2 %0 15 2,61 . 140 0,12
‘ 1638600 5 5.8 B3, Sk 2.7 43 0.8 W 1 5 56 lza 25 L0 2.90 0.9
1636603 % 58 8.5 5. 0 6T L6 8 3% s 40 &t 5 0,08  2.40 0,14
1630603 5 5.8 6.3 5.5 3.5 5.8 1§ 9. 30 10 §s 160 15 .20 360 0.29
1626608 . o 5.1 - 6.2 _' 5.2 2.0 4.8 1:1 16 30 5 36 8Q 5 ‘0,69 [ 0.25
1636607 3 5.8 6.9 a2 SC S TR W 15 50 5 sa 95 25 01 0,22 0.08
1735806 3 5.5 8.3 &3 1.8 2.8 b 7 10 5 73 45 5 0.1 018 .10
Tebray 1537609 2 6,3 1.4 %2 45 20 12 1 45 15 0 55 5 0.9 0.30 0.07
o 1537613 2 5.0 % b 9.8 18.0 1.6 10 Ly s 13 0 5 .66 0.08 0.0
1626612 2 5.0 3.7 A5 0.8 0.8 0 5 5 5 13 15 w0 608 0,10 0,06
Jobor 1638681 L3 6.1 7.6 &6 BLD 32 LY 72 &S5 % sgn 2770 45 6.18. 250 170
o m:not; 5 5.6 Bk Sl 14 20 o8 13 15 10 7 45 5 011 017 0.06
:?37665. & 5.4 6.3 &S 30 AB 2.0 13 20 5 25 1 v 06 003 006
1737607 s 5.8 &3 5.3 L1 23 W 1t E0 s 1 45 Y D8 0,13 .07
1834808 4 5.2 6.2 &2 7.5 ki DY 19 0 5 T34 55 5 0.69 1.20 .24
1834609 5 D50 61 42 2.5 3.3 1§ 1 ) s 530 15 10 ‘6.9 130 0.3
1835610 5 5.0 s;s PR 1.3 2.8 0.8 2 15 -5 43 fi 20 0.07 0.8 0.0%
Sedili. 1830604 1 - . 55 - - - - s - - s - - a2 - -
Bosag .
(8) 1829605 1 5.3 - - .2 - - 15 - - 0 - - 0,60 - -
1840602 1 5.3 - - 0.1 - - 5 - - as - - 4.70 - -
2038608 T 5.2 - - 1.2 - - 10 - - 15 - - o.lo - -
' - - 1.2 - - 5 - - LI - 0,56 - -



Table 9  POLLUTANT LEVELS OF RIVERS IN '1983.

Unit:  mpfl excapt pi

; suspcﬁded Kamandacal
River Ho. M_____w,.:‘.ll______.-_ﬁ _—__BL%“H_——— . con . Equda : Nitrogen
‘:ﬂiﬁh. wais Ho. h:;es fean  Max 1 ewa  Hax N veen  fox M1 feon ﬁ“- e lwnn_IMa. M
Peaut 1632601 8 L9 62 hi 2.0 N1 1.4 g0 1 40 00 765 35 0,25 T0.E3 0u12
W 1431602 H 5.2 5.8 A5 L9, 2.7 Ll 23 35 10 92 1%0. 20 0,42 0.56 0,12
1833403 . 8 55 5.0 53 Ll e 0 13 25 5 a0 175 10 .22 0,30 - 0up
1432604 b 5.6 5.7 5.5 2.6 5.3 0.7 29 50 10 6L 10 5 0.20  0.30  0.06
1833605 8 5.8 6.5 4.8 2.8 &5 L6 22 50 5 83 %0 5 0.38 0,84  0.05
Yontian 1534604 5 6 5.3 3.9 Le 2.6 0.7 69 120 35 278 91 50 0.51 .60 0.26
u?;;r 1534605 4 Gl 5.2 .4 6.5 De? 0.3 51 w40 RETR T 5 028 0.41  0.18
1738614 5 53 58 &8 L2 23 A PR LR 5. 40 10 0,24 D48 .09
Pontian 1534601 & a2 &5 W1 0.5 1 0.2 w2 s0 290 o 0.17 31 o.M
¥echil
{3 .
Skudal 1536401 8 6.0 6.9 5.4 L7 26 05 13 30 5 & 100 10 0.54 0.6 0.3
& 1536602 E: 5.8 &2 5.2 T2, 30 b6 22 85 5 a2 t5 0.61 . 1.10 O.1a
1636601 8 5.8 B 5.5 2.7 36 20 19 25 10 51 200 5 150 %10 - 0.4%
1536603 8 5.9 6.4 (4B 2.9 39 . 2 55 10 sh 95 '25_ 0.95  L.J0 0.2l
1636605 8 5.9 6.3 5.3 5.7 10.0 . 1D 25 40 10 6 . 130 36 1,58 1.60 066
1636606 3 6.0 63 5.5 45 94 2.4 2 40 5 @ L0 30 LG 200 0.1
1436607 8 5.8 6.2 5.4 L} Lk 0.6 12 25 5° 52 118 0 0,19  0.36 0.1
1735608 8 5.8 6.5 5.2 2.0 18 0.9 16 25 5 53 120 15 623 647 0.1
Tebreu 1537609 3 8.0 6.6 Sl 18 ED 0 w170 20 1S 300 20 .45 130 0.%4
.m 1537613 5 5.5 5.3 4.6 0.9 LA 0.5 9 15 5 &3 . 100 0 il 8.5 0.85
1636612 5 5.3 6.0 4.8 0.8 L7 03 18 15 s (YR TT] 15 o.t4  0.27  0.05
Johor 1638661 B 5.4 5.8 A9 38 %6 LA 19+ 30 e 1L - 315 10 0.34  0.50 0 0.16
o 1637602 8 5.0 5.8 %0 ET I N | 41 . 10D 10 52 HS 20 0,38 1.40 . 0.06
1638611 9 $.7 6.6 &7 6.0°. 19.0 0.9 72405 10 53 150 15 0.92  1.60 0.0
1640601 9 6.1 6.5 5.7 1.4 50 2,5 83 245 13 196 530 35 13T hA 008
1137604 9 5.6 6.0 - &9 i 20 0. 17 1 16 18 35 s 0.09 0.22 0.02
1737666 7 5.8 13 AT 2.2 5.3 07 18 35 5 49 10 3 0,35 :o.és .08
1137607 5 5.5 6.2 5.2 o 1.3 0.6 6. - 220 10 79 £3 s 0,06 © 0.11 G048
1834690 8 5.3 5.7 4.8 1.7 R0 0.9 14 25 3 &4 7% 10 0.57 1.80. .13
1834609 8 5.4 5. 4.9 23, T.6 0.3 18 s 5 52 115 1D 0.73°  1.80 .O.ISI
1834610 8 5.5 B.b 5.2 0.8 L3 0.2 g i5 5 5 ' 80 10 0.07 = 0,13 0,04
1835611 8 5.6 6.0 Sl 0 63 L6 3 45 s 6 150 15 035 130 0.08
1536601 s 5.6 6.5 5.0 1.7 34 03 22 55 s 17 o 5% 0,38 1.0¢  0.04
1836602 5 .0 5.8 L6 1 L4 o7 13 30 5 30 s 5 ‘023 0.4B 0,07
1836603 5 5.6 6.0 5.0 0.6 1.e 0.2 a 10 5 15 e 5 0;07 0.0t 0.04
1837604 s 5.5 6.0 5.0 L 3.2 0.5 20 30 5 85 165 25! 0.6 n.b# 0,02
ii:;? 1839604 3 1 500 3 037 0.9 <0 8 10 5 15 125 s 0,09 0.1 0.05
(8) 1839605 3 5.2 34 5.0 0.5 0.9 0.1 15 25 3 15 20 1;) ' 0ud D21 0.08
1840602 3 33 X5 L0 v 0.9 0.1 1 i 10 15 15 1 ['RTY é..‘lﬁ .09
039606 3 Sk 5.1 S.l 0.7 1.3 0.3 20 30 5 53 80 'j 45‘_ 0.1% .o.za' .07
2038608 3 5.2 5.2 5.1 0.7 1.3 0.4 15 . 20 10 25 30 20 01 032 Gl
2138611 2 Y] b4 [ ) Lo 0.4 8 10 5 5 3 5 n,ba 0.tL 0.0%
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. Table 10, CLASSAIF.ICAT_ION OF WQS ACCORDING TO
BODs CLASSIFICATION USING MEAN BOD5
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Table 11. CLASSIFICATION OF WQMS ACCORDING TO SS
CLASSIFICATION GSING MEAN S8

1978 c 1979

River WGCR No. of 0=50 50-100 100-150 >150 = No. of 0-50 50-100 100~150 >150
Name No. .WOMS mg/l mg/l mg/l g/l Wous wg/l we/l wp/l  wg/l
Benut 1 3 1 i | SR 2 1 v 1 0
Portian :

Besar 2 - - - - - - - - - =
Pontian

Kechil 3 - - - - - - - - N
Sukudai. 5 8 6 2 0 0 82 6 0 0
Tebrau 6 - ~ - - - - - - -
Johor - 7 - - - - - ) 1 S 0 0
Sedili

Besar 8 - - - - - - - - - -

; 1980 - . . o ' 1981 S

River WOCR No. of 0-50 50-100 100-150 >150 Ho. of 0-50 50-100 100-150 >150
Hame No. WOMS ng/l mg/l  mg/l mg/l  WOMS mg/l wmg/l  mg/l  mg/l
Benut 1 - - - - - 4 3 4] 1 0
Pontian _ : _

Besar 2 - - - - - 3 2 -0 1 O
Pontian :

Kechil 3 - - - - - 1 0 1 0 0
Sukudai 5 3 4 2 2 0 8 3 5 g 0
Tebrau 6 - - - - - 2 2 0 0 0
Johor 7 8 3 3 0 2 7 3 2 1 ]
Sedili o

Besar 8 7 4 2 1 0 - - - - -

. 1982 - 1983 .
River WQCR No. of 0-=50 50-100 100~150 >150 MNo. of 0-50 50-100 100-150 >150
Name No. WQHMS wmg/l mg/l  mg/l mg/l  WOMS mg/l mg/I mg/l  mg/l
Benut 1 4 2 1 .0 1 5 1 3 0 "1
Pontian ' o

Besar 2 3 2 ] 0 0 3 2 0 0 1
Pontian i :

Kechil 3 1 1 0 0 0 1 0 1 0 0
Sukudai 5 8 4 4 0 0 8 1 7 0 - 0
Tebrau 6 3 3 0 0 0 3 1 i H 0
Johot 7 7 5 l 0 1 15 7 6 ! 1
Sedili : ’ e

Fesar 8 5 5 0 0 0 6 5 1 0 G
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