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(HN03 )
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(Rectifier)
(b.C.)

. 87)

(H2502)

PVC [

(Bushars)

(Rectifier)

(HCI)

(Cr03)
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280 I

(Vapour degreasing)
86

(Soak clean)

(Pickling and dipping)

-10 % 15

1. (Strike Bath)
(Rochelle Bath)
3. I (High efficiency Bath)

o



2.
3 pH
2. I
|
L, +  (NiSOA.6H20>
2. (NiCI2.6Hz0)
3, (H3B03)
L. (Dali Nickel)
p. (Semi bright Nickel)
& (Bright Nickel) ,
4, (Black Nickel)
(Satin Nickel) J
6. (Heavy electrodeposition of Nickel)
?
T
N3 2
(Decorative chromium) (Hard chromium)

& [



2% 8%
3.3

Drag out

Drag out -

3.3

3

(Hard chromium)

«

' 9% M
|
I 1
Botidal
dip 1-2
. Drag out

Drag out
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(Nefierrows 1978)
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| (TISTR, 1982)
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L (Taj, 1986)

Tay,1986
3.1
2524

2526
3.3
TISTR,1982
LT 3.4

3.1

Cyanide
Chromium
Copper
Nickel
Zinc
Lead

Tin

[ron

cm

1-150
0.25 - 2,600
0.74 - 75
0.07 - 125
0.12 - 140
0.45-20

1.0 - 20
0.17 - 300

13

14
5
20
(Tay,1986)



FACTORY

© oo N o o b

10
1
12
13
14

3.2

TYPE

Cr,Ni,Cu,Zn
Cr,Nt,Cu,Zn

CrNi,Cu

Cr,Ni,Cu
Cr.Ni.Cu
Ni.CuZn
CrNi.Cu
Cr.Ni.Cu
Cr.Ni.Cu
CrNi.Cu
CrNi.Cu
CrNi,Cu
Cr.Ni.Cu,Zn
CrNi.CuZn

2524)

FLOW.cu.m/d

4
33

10

N O W N W A~ N

21

pH
3.2
7.4

4.5
7.7

6.1
71
8.9
7.6
6.7
7.1
7.2
7.4
6.7

7.3

D8

1410
483

2580
707
583
864
462

1722
574
272
658

1216
264

1823

1470
864

88

110
67

158

12
244
84
320
200
264
520
280
160
507
1050
72

8.2
2.9

215
0.9
10.7
5.7
11
0.2
0.4
0.7
19
0.8
0.9

( >111,2525)

0.25 ppm

CN

19.7
3.2

0.5
24
2.4

10.3
86.6
14
3.8
0.5
14

25.8
15

0.8 ppm

mg/1)

Zn

14.2
40

355

54

156
2.8

NI
10

1.6

0.22
14.3
19

20.5
5.7
8.9

25.6
0.6
104

33.6

16.1

Cr

2.6
8.9

60
2.8
7.5
0.9
47
2.2
19.4
28.3

0.2
39.5
314
16.6

REMARK

INF
EFF
INF
EFF
EFF
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3.3 ! ( 2526)

v focl M [

( / ) ( 3 1) (mu/ ) Cr 1 Cu n

Cr INi 1Cu 1Bras.' 35,000 26 0,76 3-5 252.0 166.9 10.9
Cr,Ni 200 55 27.5 61.9 163.3 16.6 16.1
Cr,Ni,Cu,Zn, 22,500 20 0.89 68.8 15.0 0.8 66.7
TArass

Cr.lti.Zn 750 2.5 3.33 12 .2 95.7 6.9 5.6
Cr,Ni 1Cu Ifirnae 130 0.2 15%1 2123 1et.0 22.1 16.6

11,716 108 6 53 .133.4 42.2
A s ke 13U e unas) 1999

< - % -~ -
\N'\u‘.;'\ﬁ:.'.'.;.uw ' nN'm'..‘ummm’mumn‘lv.;l.

(UgA J r
(MrcA) vy, 110002

\nil  cCr Ni Cu Zn L

\}.

b

1 .1
»L

633.3 1.9 61.2 36.0 3.6 80.3 0.12 0.02 11.27 2.09

215.7 3.3 63.6 2.2 2.6 51.310.78 2.56
109.3 22.9 16.7 1.2 196 s8.2 0.05 0.03

226.2 g5.3 0.0 0.9 0.3 52.5 3.02 0.7

609.8 73.9 0.2 o5 0.3 76.951.52 5.76

7. 51 63-5 9.1 1.81

1.19 o.28
2.19 . @

0.56 0.13

o.08 0.01

3.06 .73
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=

11.
12.
13.
14.
15.
15.
17.
10.
19.
20.

3.4
(TISTR,1982)

Factory Name

Jintanasuwan
Sangjaroen
Golden Lamp Co.

Thai-vasco.Electro.Ltd.

Suthichai chromium
Sermsarapad
Kimhuad

.Sawimee

Theptip-chromium
Sahajerawat

Thai jaroenkarnchang
Ha-senghuad
Samchai-Usahakam
Yongwatanaplastic
11ong-senghuad
Watanakii)
P.T.1._Battery
D.Bunnag

Sangboon

Sew-j eng

Average

Range

Plating
Activity

Cr, Au
Cr
Ni, Cu
Al

Cr
Cr,Zn
Cr
Cr
Cr
Zn
Cr,Zn
Cr
Zn
Cr
Cr
Cr
Cr
Cr
Cr
Au

Waste

m3/d.

[EnN
a1

0

U1 01 o

o w

N
ORL, NN RBRRPRRO PO W

25-3

=W o
&

6.34

0.5-
30

20

© NN
o oONN N
o © © UTW

=
o o
o1 o

AN O
~N PR W

0.05-
447.9

N e
B~ O
wo o

N

co~NO0O1I~N~NO o N B

o = P OwiN
o
- U1 O WUl oW

[EEN
D
|

420.9

Waste characteristics, mg/ll.

Cu

37.3

0.2-
185.5

Zn

144.5

0.28-
467

Au

0.75

0.05-
0.1

933

345-
1,520



(Zn)
]
(CN~)
2,
Forstner Wittmann ,1981
3.
WPCF ASCE 1977
3.6
3.6
(WPCF ASCE ,1977)
Concentration (mg/1)
Keavy metal
Carbonacous removal  Nitrification
Aluminium 15 - 26
Cadmium 10 - 100
chromium (VI) 1-10 0.25
Chromium (111) 50 -
Copper 1 0.005 - 0.5
lron 1000 -
Lead 0.1 0.5
Mercury 0.1-
Nickel 1.0 - 2. 0.25
Zinc 0.08 - 10 0.08 - 0.5
Cyanide 0.1- 0.34

17



3.5
(Forstner Wittrnann , 1.981)

I'ilcment/Compound b|oI?g|c Self- . Crustacean? l'ishb Mammmel* Man'l
Purification*  purification*

Al, (S0, 13 18 (trout 122 gk
Agc(omp%unds 8.01 ~ 003 0.083 )0.1 " (305 mgl citron.)
A compounds aﬁ] 4 91 1-23 2 Bwk&; mg/kg to 05 tng/l citron.)
I\ 1 83 -1500 005 - 83gl 30 500 mo/ky
11cS0.dlc) 5 suRﬁshcs)
1110 N ”53 ! 51 gk 20
Cdel,’Cdg 1-5 01 0.03 04 8.8(trout]§g/ 0.07- 0.15 gﬂ< 50 500%19/
C0-C0 [)und (Co 5 0.5) protozoa 0L - 01 0.7 ~ 15 % 500 mE/
Chromate [Cr(V1) 3 (1.815- 0195 1045 - 11" mg/l Titron,) 05 5gkg
CréSO (Cr) iS 88 003 - U 200
CusO0, u 1 0.08 8 003 - 0.8(trout) 8g) <8g)
IcSO >3 chposns 162 156 09 -152 5 glkg 05 - 5g/kg
N% 0.018 0.03 ISSSSs 025 frout) (01 - 1

-com ounds& n) 05 gl 005 05 %<
Ni-compounds (i) 0 01 ' 0.0055- _Tgl 08 -55 500 okg
Pb(NO,), (Pb) 5 3 1 0.3 -200 E()trout) 29/g
Se-compounds (183) protozoa 5 10, G~ - 10 mylcitron,) (0.0! my/l citron.)
Sn- com%ounds

1-3 01 194 1 - bS(trout) 19 - 22mgkg

" Data after Licomann, 1958,
b Data after Jung, 1973, und tile llygicnc-Inslitut des Ruhrgchiets, Gelsenkirchen,
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Gokcay Yetis ,1990 1 [

1-25 ./ .Cr(VI)
!

, 1983 ' 5-15 .
1983 ©1-10 .
', 1983
124 . 1.74 g 340 1.54
g 1.30 TA-. 57 .

3.4

(Patterson,1985 Wentz,1989)

1, (Precipitation)
(Solids)

2. (Flocculation)
|

3. (Sedimentation)

4. (Filtration)

5. (Oxidation-Reduction)



20

(lon exchange)

" (Regeneration)

7. (Evaporation)
1 I 1
(Fuel) (Heat transfer) '
8. (Reverse Osmosis) I
‘ (Semipermeable membrane)
9. (Activated carbon)
fl
1,
2
3
4I 1 1 1
3.5
(CN ) (HCN)
' 3.7
(CN)

(Oxidizing agent)

3.1



100

90 —
80 20
70

60 |- Auis

g 50 |- 180
0= -60
30 = 70
20 - 180
10 g0
0 ! 100
6 12 13
pH
3.7 [
(Benefield ,1982)
3.7
1*
" 2NaCN + 5CI, + 12NaOH---> N2 + 2Na2C03 + IONaCl + 6H20
2.
2NaCN + 5NaOCl 4 H20 ----eees > N2 + 2NaHC0.3 + 5NaCl
INaCN + Ca(0CN2 + 2H20 > AN Facacos)2
+ 3CaCl2 + 4NaCl
3.
2NaCN + 2KMnOA + KOH -------- > ZKgMnO* + NaCNO + H20
1. (CI12)
NaCN + CI2 + 2NaOH ---mmev > NaCNO + 2NaCl + 20
NaCN + NaQ C [---wmememe > NaCNO + N ad

NaCN + H202 > NaCNO + H O



(CN') (1)

2
?
8.
NaCN + CI2  e======- CNCl + NaCl
(CNCI)
8.
(NaCNO) 30
3.8
CNCI + 2NaOH e====- NaCNO + 2H20 + NaCl
10
9
8
7
6
5
4

3.8

Log of cyanogen chloride (mg/¢ cyanide)

Retention (min)

(NaCNO) (Benefield

(CNCI)
1982)

iTUré



2NaCNO + 4NaOH + 3C12 ?

6.82
7.35

9.23 1
(Continuous)

<CN~)
1

6.87
1,
2.
3.
4,
6.

0

3.9

23

=== 2C0f + 6NaCl 4 N2 + 2H,0

1
(Batch)
(oCI")
3.7 !
7.16
30
3
3.8
3.9
(I
2
79 " (ORP)

3.10



s S 828

licxavnlcru chromium |mg/i Cr6-)

50

45

S Y

3.9

/\I !

(Benefield

0
- 10
120
-3 T
o
s
<
_4();
E
_sog
©
E
160 =
H
x
-
- 70 ;
-1 80
-1 so
100
200
1 &=
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3.9
1 /
Faiwas laaan lté T e e Tuda lua LS FataL e
S0, Na,S,0_ FesO,.7H,0
1.85 mg/1 2.81 mg/1 Na_S,0_ 97.5% 16.03 mg/1
1.52 mg/1 H_SO, 6.01 mg/1 H,SO,

pa ' ' ( 4 ", o
S99 3. 10 LESNAMNLAdLaTAdNERand L aTuIsntu (ORP)

FAVHIIUARTED
#171A% WL ad ORP (mV)
H electrode calomel electrode
Faudas lesanlge 2.9 +165 -85
T elou s Tuda lus 2.5 +130 +130
LlasFataLve 2.0 +500 +250
1 1 1 1 1 (Batch) 1

1.

2

3. 3.10

4,

5. ' 3.9 2



3.7
3
L
(Zn+2)
(Na2 ) I (ZnS) I
2+ Qi > InS (Solids)
g (Solubility
equillibrium)
Int2 + 0H~ e > Zn(0H)2
Zn(OH)2
Ksp = CZn'I'ZLOH-:Z
* _A
=)0 -
( )
3.10 3.12
(Ca0)

(NaOH) |



1M 3.10 729 adRmFuAIIATEa 1aT L lganlssaunng

filtration)

Soluble teivalent chromium (mg/¢ Cr3' )

2.50
2.00
1.0
1.00
0.30

0

Era
! | )
i ! n
X
x ;f;/j
1 ' 1]
5.5 6.5 75 p'H 8.5 95 105

(Benefield

#
(Sedimentation)

(Filtration)

1982)

(Rapid sand filtration)

3.11

. NS

(Slow sand

27



Metal coneentrition (mg/l)

Fe® Cr| \Cu

T T T l

T T L S |

0.5

1

—

0.1 L ! 1 ! ' i

28

N 3.11 |, aita

(Ecklenfelder,1989)

15
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£
m.

\

L2 B

VHER O

ﬁ_:._ |

_::__ !

Chromium

T T ]

e

RENE ..

12

1

10

o
P

- o

10)/6w ‘Aujignios

IR, IS s Wi g ITIRR

o-
o

0.001

Solution. pH

3.12

]

2534)

(



3.11
( »,2531)
0.2-0.4
2-4
0.6-1.2
50 NTU
0.1-0.2 2 {17
1-3
2-3
15-75
0.2-0.6%

2

2-4%.

30

0.36-0.6

1.45-0.75

4-5 |

4-48

2-4

12-1.8
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3.9
TISTR 1982
3.13 3.14
05 5 | )
(1.0 0.2
) 3.15
3.12
2532
|
(V1) (1)
9.5
(V1) (V1)
1.75 2.0
(V1) 0.75 | '
8.5
05 1.

0.2-1.0 [ .



metal concentration, mg/l

32

30

28+

26

22+

Legend: Experiment No.3
Chromium -————a
Copperx’ o——o0
Zinc C——ro —a

MNickel - b— - —A

3.13

CTISTR1982)
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18

Legencé: Experiment No.l

romivm
Cocper

Zinc

Nickel

*——— -

———————0

O = A

3.14-

(TISTR.1982)

'
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Acid Waste Atkaline Cyanide
Ni Waste Waste
- ety 2 €™ e
i pH [0.5
+H, SO, Conc. Zn N Na OClL
- ; ; ro Ga0Cl
pH= 2.5 | Reducticn Cu oxidation
+Fe $O4
Cr e \%/
\ non- toxic form
) /
pH adjustment
Mixed <
: W
+Ca (OH), discharge
pH -85 .
flocculation
TN
Metal Hydroxides S Mixed Waste
Cu,Zn,Nijcrt3 | ( Sludgel
y !
Sand-‘Beds
. Filtering or Filter press
Effluent 7 \
pH adjustment Filtrate Sludge Cake
Y
discharge )
Metal Recovery Land fill

3.15

1 (TISTR. 1982)



F oS T Vo

Experiment
Ho.

O o —N oo o1 BB LW W

—
o

12
13
14
15

3.12 (TISTR,1982)
, Chemicala UBfed
Plating-plant )
Wastea™ Bampla 1Ls0,1 Cone. FeSO" Hadlll CaOCIA
-1V graltn gialin* (T »
Thaijaroen 333.33 556.67 172.2 5.03
Thaijarocn 142.06 057.14 240.0 95.71 2.5
Thaijaroen ® 162.5 425.0 500( 147.5 2.04
Thaijaroen 250.0 500.0 153.33 133.33 4,375
JIntanasuwon 1,000.0 656.67 531.67 233.33 17.5
Serasarapad 36.75 450,0 356.25 150.0 0.60
Golden Lamp Co. - - 4,033.33 -
D. Bunnag 1,320.75 +2,000.0 1,301.07 : 23.il
T. Patanakarnkol 2,356.67 456.67 3,300.33 200.0 41.24
Pimilkn 676.67 1,656.67 1,333.33 500.0 11.04
Petchkaeom 55.0 - 174,20 114.20 0.06
Song- 1 awong . 1,704.6 14,760.0 2,600.0 670.0 31.23
Kitjaroen 1,170.0 600.0 2,620.0 240.0 . 20.40
Voraeakkamchub 311.0 11,000.0 1,150.0 - 5.44
Jongnoa 745,0 9,000.0 1,900.0 670.0 13.04
Rvorige 739.1 3,426.0 1,425.0 206.7 12.93
500(2)
Remarkfl 1 (1) Lima, ccnvoorclal grada, 2 )Vkg.
(2) 2 o cone,l comerelal grad*, 17.5 Ji/l.
(3) FoSOA, coxmore 1al grad*, 10 J*/kg.
(4) tuctlf commercial grid*, 15 yilkg,
(5)  CfcOCij, commercial grado, 37 "/kg.

Scuq BMnplo collected on Har. 1, 1902

Feso/3l

5.567
0.571
4.25
5.0
6.57
4.50

20,0
4.57
16.57

147.0
6.0
110.0
90.0

34.26

Cost, d/n?

llaCAl(4L

2.50
3.6
1.0<»
2.30
7.90
5.34
60.50
19.53
49.62
20.0
2.61
39.0
39.3
17.25
. 297

21.30
[.0m

3.54
5.46
4.93
0.63
5.55

7.4
10.5

4.23
24.79

0.00

24,79

10.61

Total

13.50
10.21
13.5511
16.61
40.60
16.07
60.50
62.64
102.03
66.91
7.00
242.02
74.66
140.69
165.63

79.10
14.ssnl

co



Patterson, 1985 . '

3.13 Alkaline chlorination
10 30 2 I
3.14

'8.5-9.5

3-50 /.
(Rinse water) 0.02-1.0 %
3.17 3.18
3.17 50-1000 /.

005 | ) 7.0

36



3.13

(Patterson.1985)

Avertige
Process I'lInil)
Plating rinse 2
700
325
25
3
55 i
Brighl dip |
Alkaline cleaning bath .
Plating Bath 30,000
Plating Bath
Plating Bath
Brass
Bronze
Cadmium
.Copper
Silver
Tin-zinc
Zinc
3.14 Tm

(Patterson,1985)

Rouge

(tiigil) Refera

0.3-4

1.4-256

15-20
4,000-8.000

45,000-100.000

16.000-48 . 8.12-

40.000-50.00

20.1X10-67.000
154X10-67.000
12.000-60.000
40 8(X1—50.000
-4,000-64.000

Cyanide Concentration

(ntglh

Treatment Process Initial
Alkaline chlorination" 28 (avg)
Alkaline chlorination" .
700
325
13
Alkaline chlorination 51
Ferro-ferrocyanide -precipitation -
Electrolytic decomposition 45.000-
. N 100.000
Electro!} tic decomposition |
Ozonation 2
Kastone process 350-400

s ingle-Musc Tlori ation.
‘ ﬂ@w%ﬁlehﬁa %nrﬁ%grndttire PIOCess.

Percent
Until -~ Removal
20 929
17 i
0.1 .
04 i
00 ot
0.0 lot
05 807
0.6 .
01 9%
5-10 .
01-05 9999+
8.?| 975
0.3 @.9 +

Reference

46

11
50

[
%2

37



3,15 I
(Patterson,1985)

Chromium (\'1)
Concentration (nti’ll)

Treatment Process Initial Filial
Reduction
Sulfur dioxide 100 <0.03
— 03-1.3
W
— 0.0
— 0.03
0.23-13 0.1
Bisulfite MO 0.7-1.0
_ 0.05-0.1
430-6,SS <0.10
. _ 104 <0,005
Bisulfite plus hydrazine -20.5 01
Metahisulfite 10 0.5
~ 0.025-0.05
e 0.1
A 0.001-0.4
Ferrous sulfate _ - 10
Ferrous sulfate (waste pickle 1.300 0.01
liquor) ;
lon exchange - 0.023
= 0.025
8-10.7 0.0-0.00
Cementation 163 0.00
electrolytic (DC-12V, Carbon bed) 100-200 <1.0
Activated carbon 0.00-0.10 0.017 lave
50 0.017 Savg
100-820 0.006-0.0
5.05-105

Freeze concentration 100 0.225

Referaice

CABK NBERa RSES B8,

=<

BES & 3 BRB

o
o



316 A '
(Patterson,1985)

Chromium (malll

Method pll Initial Filuil Reference
Precipitati - - 0.75
recipitation 88 650 8 R
122 650 0.3 28
7' 140 1.0 33
— 1.300 0.06 R
Preci[)itation o 8.5 7.400 1.3-4.6 37
With sand filtration 8.5 7.4(I-g 0.3-1.3 3
Precipitation — 2 0.02 4)
1618 0.06-0.15 10
8.5-105 26. 044-0.86 49
~ Il 75 250 16
— - 0.6-30 50
85 o 4752 0.3-1.5 3
164 1 IS
Precipitation 9. -100 49.4 0.17 24
W|Ph filtration 98-10.0 494 0.05 24
Electrocoagulation 15-60 5-4 11
Microflotation =5 5-10 | il
Electrolysml i — 21 01 16
Filation 64 O T S
Followed by carbon 0.006 5
absorption
3.17
(Patterson,1985)
Freshly Prepareg Piloted caSOi
[nitial Copper CnSOj Solution Platine Hath
Concentration
(mitll) Opt. pll Min. Ca Opt. pll Milt. Ca
].0%-8 105 0.008 100 0.06
105 0.008 100 0.04
200 105 0.008 100 882
105 0.003 100 01
n Freshly Prepared Piloted CatCW'l-
Initial Copper CnICN¥ Sidation" Platine' Hath
Impll) Opt. pll Min. Ca Opt. pll Min. Co
1.000 117 0.05 130 7.0
500 120 10.02 12.8 . 12
200 120 8&% : 12 0.06
5 115 . 120 0.02
sage aIka Hglgﬁlg?m:gﬁl% 8 th rs%Fu %450Iut|ons and destroyed h> two-



3.19 7.1-8.

02 /. 02 .
| 3.20
2 1)
3.21 % .
11.6-12.0 02 /.
10 1. ' 10.0-11.0
0.2 /. 3.22

3.23
5 )
3.18 (Patterson.1985)
I'll Copper hay'll
Waxteiealer Source Initial iinal Initial linal
Chrome-FIa,ting rinse 2.0 9, 356 <0.05
Nickel-plating rinse 7A 8. 21 <0.05
Zinc-plating rinse 9 115 16. 291
3.19 (Patterson.1985
Settled Supernatant [50J Soluble Concentration 51
pll Lead (mall) pH Lead" (mall) Leadl (mall)
52 107 — _
_ - 6.3 246 130
_ - 6.6 110 -
11 37 11 — 0.035
_ - -l 0131 0.025
— — 16 — 0.040
8.0 119 85 0.055 0.075
9.2 10.7 94 0.215 4.10
105 2.9 105 0.150 —
108 15 103 — 8.3
110 4.2 — — —
116 8.9 — — —
" Inorganic carBon less than ]7] il
* Inorganlc carbon Is 3-5 mg/l.



3.20 J
(Patterson,1985)

III lating rinscwutcr 11

I
VI

ameg as 11 treated with lime 221

D

nthetic wastewater F?L, initial concentration = JA m?/1. ,
L initial concentration = 110mgl. = ,
2o%)e/ sulfate manufacturing waste, treated with caustic (221. initial concentration =

Lead Concentration (mgfl)

1

Treatment
Treatment Process pH Initial Final
lon exchange 5.0-5.2 01 001
lon exchange* - 0,055 0.0015
) , , — 126.7-144.8 0.020-0.053
Lime + sedimentation 8.3. 17 0.27.
11 0.91 0.19
82 12 0.15
— 30 1
— 6.5 01
. . . 031 01
Lime + 8-hr sedimentation 1.7 % 39
Lime + 30-hr sedimentation 68 — 0.48
Caustjc +- 1-hr sedimentation 55 _ 16
Caustic — 24-hr sedimentation 1.0 - 0.04
Ammonium hvdroxide 1.8 _ 239
Lime 4" ferric sulfate. a. . 100 50 0.25
sedimentation - nitrjtion" 0.029
Lime 7_sedimentation - 115 50 0.20
filtration" 0.019
95 09-4.6 0.11-0.21
. 95 0.9-4.6 '0.10-0.17
Caustic + soda ash' 9.0-9.5 5.0 0.01-0.03
Sodium carbonate & nitration” 6.4-8.7 10.2-70.0 0.2-3.6
Sodium phosphate — nitration” 1.2-15 3.0-5.0 0.2-0.6
Ferrlltc_ts.ulfqlte - sedimentation — 665.0 5.8 8%2
nitrjtion q) - . .
Ferrlodslsulfate - sedimentation . 10.4-%)0.8 43 L7
" Pilot-plant results.
321
(Patterson,1985)
Nickel Concentration (inp/l)
Treatment pH / I il 1Y V VI
6.0 - 93.0 _ _ _
7.0 . 77.0 14 16.2 0.55
1375 83.0 i ! i : 0.65
8.0 5 417 6.7 100 413 047
8.4-8.5 75.0 - - : 374 025
9.0 69.0 _ , 248 013
100 . - 0.20 1.60 0.70 258 0.12
no . 0.40 0.12 - . 413 e 012
[1.6-12.0 <0.10 —_ — — — 0.10
1S
[
l.

V.
V. Chlor-alkali wastewater [221. initial concentration not reported.
. Titanium dioxide wastewater [22|. initial concentration = 1.3 mg/l.
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(Patterson,1985)

Source
Plating

Mixed platine

Hectoless platng

Steel pickle rinse
Stan] ss stee Pfkle rinse
Nonlcrrous metal works

Alelance Fnanufacturmg

man thturln
P
M|xedub0|Ier Wastes

Copper sulfate
ariufa ure
Nic % ate
manufacture

nickel Concentration

Treatment M tingl)
pH Initial Filial
8 ; % it
— I A
IR |
85 3 [
0.5
100 ¥ 004
oa ol
o ue
— 51 20
82383%5 :98 o.o<]5§01.13
— 3 07
- - 0.1:0.2
e w9
102 122 30

Comments

rification only

tr fion

rification only

fration

EF L< ¥ s nd f||tr?t|0n
me polymer

P I I
Ci)or solids remova
F

cl

F|

Polymer

Sand filtration
Sand filtration

Reference

(7e ro¥os oY

S8R =t

K KBy
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Zinc Concentration

(mgll)
Industrial Source Initial Final Comments¥ Reference
Zinc platin 02:05 pH8793 46
GenePaI plgting 184 % BI 19.0 47
— 0-8 sand filtration 18
55-120 L pH 75 Ig
41 0.39 4
46 29 pH85 Y
I %% pH 9.2
. pH 9.5
29 pH 105
Vulcanized fiber 100-300 10 pH 8.5- 3
Brass wire mill 36-374  0.08-1.60 in egrated treatment for
COpper recovery
Tableware plant 161 0.02-0.23 sand nitration
Viscose rayon 20-120 08815 X
35 pH5 50
o 10 19
Metal fabrication 0.5-1.2  sedimentation Gl
_ 0 1-05_ sand filtration
Radiator manufacture 0.33-2.37  sedimentation' 52
0.03-0.38 (! filtration
Blast ftlJJtr)nace as 50 02 pll 88 53
scrubber water
Zinc smelter 144 5) 4
151 20 - %
“Ferroalloy wastes 11.2-34 0.29-2.5
3-89 42 _ _ 2
Ferrous foundry It L sedimentation 3
041  sand nitration
Deep coal mine— 33-7.2 0.01-10 1
acid waters

uAll ircalinenl jnvolved precipitaliou plus sedimentation. Special P additional a>pectN o
treatment are mdlcate(l under CFt)w tnFe)nls P P P
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44

12531)
1 .. 2528
65
o . 2531
14-15
1. 200
' 800
100
' | 5 )
0
1.
(, ST )
2 (1)
3.
| ( 1 -)
4 ( 1)
I
3.24
3.24
4.1 i
)
(1 ) = KIQDHQ#K3*150%0.03Q+K A0.03Q
4.2 2 )

(1 ) = KIQD+2*K2QH3*150%0.030+KA*0.03Q



2.1

45

% = <100 /
150 = I . ’
0.03 =
Assume = ' 1

3.24

*]

1 45 2 100

1 45

2 450 2 100
1 450 1 100
2 450 2 100

3.16 3.17



COST OF WASTE TREATMENT (TYPE I)

CENTRAL TREATMENT SERVICE

1400

AMOUNT ,BAHT/DAY

0 5 10 15 20 25 30 35 40 45 50 55 50 65 70 75
DISTANCE Km

|—a—Q=5Cum/Day —t— Q = 6 Cuum/Day —*— Q = 7 Cu.m/Day
I Q=8Cum/Day X Q=9Cum/Day -~ _- Q= 10 Cu.m/Day !

3.16 .
L )

COST OF WASTE TREATMENT (TYPE 1)

CENTRAL TREATMENT SERVICE

1800-

>.
<
Q
}—
T
<
0
'—-
pd
2
o
=
<

400- - -

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

DISTANCE ,Km m
Q=5Cum/Day —— Q=6Cum/Day — Q=7Cum/Day |

Q=8Cum/Day X' Q=9Cum/Day A Q= 10Cum/Day !

3.17 :
2 )



3.11 ' R

( 2534)
- I
f
I ™
(Costs)
(Benefits)

(Life of the Project)

(Compound Interest Rate)

(Present ValueFV)
( 2534)
V= p*(l+r)p
PV (X)
P X+n
r

(2532)



(

10,000 10,000
V 1

2530 2531

NPV

NFV

FV (benefit) -

(Future Valve,FV)

' ,2534)

FV = PACl+r)”

P (X)

RV X+N

]

(Cash flow)

10,000 20,000 30,000

. t >! \V
2532 2533 2534 2535

N .

(Net Present Value,NPV)

PV (cost)

(Net Future Value,NFV)

FV (benefit) - FV (cost)

(Benefit-Cost Ratio,B/C)

48
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