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(2)

3 Boene Meal Plant C

Qutline of the factorx

Name of factory

Name of ownher

Address of factory
Date of establishment

Industrial category

Manufacturing products

Raw materials

Operating hours

Number of employees

Surrounding land usage

Site area

Building area

Factory layout

Sungserm Bone Meal
(Thaprautsahagen)

Mr . Amunut Patanapaibunsih
27 Soi Wat-nangsaw, Setakit 1
Road, Moo 5, Td Mai District,
Amphor Kratumban, Samutsakhon
1956

animal bone grinding and

"boiling
bone meal 90 tons/yr:
bone oil 5 tons/yr.

salted hide
animal bone 100 tbns/yr.
animal hide

7 130 ;;17:00'(8 hours/day)
30 (2 engineers)

industrial area

32,000 m?

factory building 3,090 m?

garage 1,700 m?
960 m?

warehouse

Shown in Figure 4—17..

Production process and operation management

Bone meal and bone o0il are produced from the bones of

cattle and water buffalo at this factory. The productltion

process 'is shown in Figure 4-14 and the specifications

of majeor eguipments are shown in Table 4-10,
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ray material bone

Figure 4-18

Production Process

raw material
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Table 4-10 Machine List (Bone Meal Plant C)

No. Name of Equipment Qty. Specifications Remarks
1. | truck scale 1 _
2. | cooker 6 |1,550° x 3, 400" SN
3. | condenser 1 | 1,400* x-4, 600" 8s
4. | condenser 1 1.800¢ x-3, 240" ss
5. | boiler 1 | heavy oil burning 2, 000* x 4, 700" | SS
(for_bone meal factory) i Burnér ' refractory
_ . material
6. | water supply fank 171,270 x 1,440% x 1, 230" S8
_ 2 n
7. |'sand filter column 2 |600° x 1,800" SS
water supply tank x 2 units
8. | exhaust chimney 1 | lower part water washing éolumn 55
1,600¢ x 2, 500"
upper part  400* x'37,000“
9. gfinder 1 connectipg belt conveyer X 1 unit
N diesel power generator X 1 unit
10. | shaking sieve 1 | platform scale x 1 unit
11, 2 | slake lime hopper 1'ss )
12. | eylinder with cone botton | 2 |8 u’ | 1ss
13. | 0il extraction potboiler 2 11,200 x 2,500% x 650" SS
| (pot cooker) 5
4. | boiler | 1] 2.050° x 4,600
(for oil factory) burner, evaporator 0il pump
Teed pump, chimney
15. | animal fat cooker 2 11,300° x 2, 000" SS/FC
16. | animal fat tank ~ 2 11,4507 x 3, 850" Sus
17. | 3-phase separator 2 SUs o
18. | vacuum pump 1 h .SS/FC
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3)

4)

After'beinQIWeighed, the received animal bones are piled
in the courtyard and then steam boiled by means of 6
cookers (adtoclaves).-The cookers are old-fashioned and
worn out and raw materials are procegsed for long hours

at low temperatures and 1low steam pressures. It is

‘assumed that this is why large gquantities of waste water

and o0il crud {cooking o0il), which is the major odor

source, are generated.

Although-the production process'at the oil factory was a
general process that did not require much manpower, the
bone production process congisted mainly of manual work
such as drying, bagging and mixing of slake lime for oil

crud recovery.

Beéides the bcne meal for livestock feed and the bone

0il, fertilizer was produced from the o0il crud and low-

"grade oil for socap was recovered from animal grease,

etc. at this factory. Also, a salting tank for raw hide
was installed a8t one corner of the'grouhds for salting
cattle and water buffalo hides to be sold to tanning

firms.

Only two truck loads of raw material were received at
the most and the operation rate was low. The factory
owner also pointed out the shortage of raw material. On
the déy of the diaghostic investigations, the amount of
raw material bone remaining was about 2m3 and the meal
factory and oil factory were_stopped for half a day and

a full-day respectively due to lack of raw material.

- There was a recepticn of raw hides on that day and five

employéés were steeping about 30 to 40 sheels of raw

hide in water as part of the galting process.

At the time of the First Field Study, the area for
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dutdoor storage and sun—drying. of steamed bone, the
wastewater pit and the wastewater conduits were full and
the scattering of offensive odor sources such as product
scraps, raw materiai scraps énd waste fluids was seen.
But such conditions were not seen during the Second
Field Study due to the low operation rate and conditions
were quite improved due to cleaning, etc. However, the
indoor oil c¢rud drying afea and the northwest side
draine were in the same conditions they were in

previously.
7) Directions within the factory were given directly by the
factory manager. There were also two employees who were

cleaning.

(3) Conditions of offensive odor generaticn

1) Raw material storage area

The processing capacity of the factory is small and the
raw material_réceived.cannot be processed immediately. But
an adequate raw material stbrage area has not been secured
and the raw material animal bones were placed outdocors.
Although the factory grounds are spacious, the decomposition
odbr spread throughout the factory aﬁd even outside the

factory grounds.

2) Boiling and drying processes

Because faw material bones ate processed by boiling, the
gases emitted constitute an offensive odor. Also the process
at the present factory, ih which -éteamed bone  from the
boiling process and thé residue from-the 0il factory 'are
spread outside in the courtyard tOHbe‘éun—dried, instead of
being machine dried, constitutes a large source of offensiVé

odors.
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3) 0il fertilizer production process

The o0il crud discharged from the cooker is mixed with
slaked lime to produce fertilizer. Bul since the c¢rud 1is
dried naturally over a large area 1inside a pdorly enclosed

building, strong offensive odors are generated.

4) Wastewater treatment process

The wastewater from the cooker is one of the large
offensive odor sources at the bone meal factory. But the
wastewater +treatment facility' at the present factory is
maintained poorly and overflowing with scum (cil crud). It

is one of the offensive odor sources.

5} Others _
The odors from the raw hide galting process and from the

oil factory were of relatively low levels.

(4} Present state of measures for prevention of offensive

odors

1) The present factory has a structure by which the
offensive odor components of the c¢ooker emission gas,
which is the greatestISOUrce of offensive odoré at the
factory, are reduced at a scrubbing tower installed
below the exhaust chimney. But since‘the attached pump
was damaged and could not be used, the exhausts were
emitted practically without any treatment.

2) There were no other measures taken in this factory for

offensive odor prevention or deodorization.
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(5} Present state in the surroundings

The present factory is located in an industrial zone in
the northern part of Samut Sakhon province. Figure 4-19

shows the layout of the surroundings of thisg factory.

Although there are various factofies neighboring the
present factory,'there.was an odor that was unmistakably of
the bone meal factory at the streef next to the factory on
the northeast side and in the vicinity of the entrahce to

the textile factory to the north.

A five-floor apartment is located about 50 m north of
the . present factory and it is surmised that, depending on
the wind direction, odors from the fabtory could be smelled

strongly.

Although the waterways around the factory did not flow,
was turbid from decomposition and emitted gases, the odor

was not very strong on the day of the survey.
The o©il crud discharged from the cooker flowed towards

the pdnd'frbm the boundary walls on the north side of the

present company and emitted offensive odors.

4-62



Eoute 3091

Textile mill

Street

Plastic manufacturing conputy

Street

Foumd

Restaurant flouse

1)
AN

Apartuent (mﬂg ‘ l Temple' House

Surrounding Layout of the Factory

Figure 4-19

¥ _

(Bone Meal Plant C)

4-63

e Tanal

Textile will




{6) Results

of hearing investigation

16 I
A
0 2
A
Q 3
A
0 4
A
.Q :
A
0 6
A

From where are the raw materials received ?

Raw materials are carried in by three-ton trucks
or gsmaller trucks from Samut Sakhon province.
Large quantities are carried in by large vehicles
from Ubon and Udon provinces in northeastern
Thailand. Most come from'slaughterhouses.

About how much raw materials'a:e received 7

Two large truck loads when the amount 1is large
and 1 truck load when the amount is small. The
amount is not stable.

How many hours a day is the boiler opera- ted 7

On the average, about five to éix hours a day.

Tell us the cooking hours and the cooking

conditions at the bone meal factory.
The cooking hours are one to two hours at a time
and the pressure at that time iS 60 pounds. The

temperature is not known.

How fregqguently are the drains behind the cooker

cleaned ?
The drains are cleaned once a week.
When are the busy periods during the year ?

It is irregular throughout the year and cannot be
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10

11

specified.

.About how many hours are the steamed bones sun-

dried ?

When sun-drying 1is nol possible, drving 1is
pérformed indoors. But during the dry season,

sun-drying is performed five to six hours a day.

- The factory is far from private houses and so far

there have not been any complaints.

Tell ‘us the price of the products produced at

this factory.

0il is sold at '7,000 to 8,000 bahts per ton.
Fertilizer productlts are used as = organic
fertilizer in agriéulture, eSpeCially for fruit

trees.

How frequently is the cleaning of the factory

interior performed 7
Cleaning is performed daily.

Is there anyone with the responsibility among the

employees ?
Yés there is.

Does the factory get flooded at times during the

rainy season 7

There-is no flooding. It is possible to drain via

the waterways within the factory.
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13

T4

15

16

How 1is the supply of raw material bone in
Thailand ?

The raw materials are extremely scarce.

It seems that a lot of the o0il in the cooking
wastewater 18 discharged. How is  the oil

recovered 7

The oil is manually collected with absorbent
paper.
We can smell the odors from the waterways around

the factory. What do you think of this 7

I don't smell any odors. However, there is a

household sewage odor.

Please tell us where the products produced at the

factory are shipped to.

Export. prices for foreign nations are not so
good. On the other hand, prices within Thailang
are higher. As far as foréign nations go, there

are many shipments to Japan.

:. How .much does the electricity, water and fuel'

used in thé factory cost 7

It takes about 15,000 to 20,000 bahts per day.
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{7) Results of odor measurement

The' ddor measurement and analysis ‘results for the
interior and exterior of the factory are shown in Table 4-11

and 4-12: odor sampling locations are shown in Figure 4-20.

The odor concenkration from the cooker chimney, being
9,800, was relatively low considefing that it was threated.
However, this_value was measured by operating the fan with
the  cooker being empty since there 'were no raw material
animal  bones at the time of sampling. Thus when the cooker
is in actual operation, it is thought that the odor would be

much stronger.

Among other measurement points, the upper part of the
wastewater pit showed the highest odor concentration of
23,000 and the dried oil crud extracted from the cooker
showed an odor  concentration of 4,100. The cdor
concentration at the courtyard, where the stéamed bones were
being dried, was 170. The odor cOncentrationé at .the
boundary grounds and at the side facing private homes were:

low, being 18 and 10 or less, respectively.

The results of instrumental analysis showéd high values

of ammonia, trimethylamine and acetaldehyde.
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Table 4-11 Results of Odor Measurement by Sensory Test
and Detection Tube (Bone Meal Plant C)

No. Odor Detection tube _ Sampling Point

Concentration ~ NHj i, 5

< first Fieid Study>> (Noﬁember A, 1992}

C- 1 18 2 N D On the boundary line (beside entrance)
C- 5 98 15 N D | Over extracted fat sludge

C- 5(*%) —-— 9 N D [ Over extracted fat sludge

C- 6 4,100 2 N D | Over remnants of frésh meat

C- 8 170 8 N D | Over steamed bone drying yard outside
c- 9 — 2 N D | Beside boiler for tallow production
C-10 - 2 N D | Center of bone meal storage house

C-11 23 2 N D | Inside salt-pickling shed of raw hide
£-12 23,000 10 N D | Over wastéwater treatment facility
C-13 —— 2 N D | Beside bone cooker

< Second Field Study> (March 8, 1993)

c- 2 < 10 0.4 NP | On the boundary line (morth side)
C- 3 41 2 N D | Outdoor stockyard of raw haterials
C- 4 9,800 — —_—— Smoke stack of gases from autoclave
C- 5 130 2.5\ N D | Drying shed of limed bone oil -

C- 6 310 2 N D | Workshop of bone oil extraction’

C- 7 41 0.5 N D | Storage space of bone meal

c- 9 41 0.3/ N D | Inside bone meal storage house

c-11) 23 N D N D | Salt-pickling shed -of raw hide

Notes 1. ND : Below the value of detectable limit.

2. -—- : Non measured.
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autoclave -

Table 4-12 Concentration of Odor Substances Determined
by Instrumental Analysis (Bone Meal Plant C)

Sample No C-2 C-4 C-3

1. Ammonia (ppm) | 0.2 2.3 362””A”u T
2. Methyl mercaptan (ppm)| ND(<0.003) | ND(<0.003) | ND(<0.003) |
3. Hydrogen sulfide (ppm) | ND(<0.003) | ND(<0.003) | ND(<0.003) |
4. Methyl sulfide  (ppu) | ND(<0.001) | ND(<0.001) | ND(<0.001) |
5. Nethyl disulfide (ppm) | ND(<D.001) | ND(<0.001) [ WD(<0.001) |
6. Trimethylamine (ppm) | ND(<0.001) |  0.015 | 2
7. hcetaldehyde  (ppm) |  0.054 | 23.3 | 6.2 |
8. Styrene  (ppm) | ND(<D.1) | WD{<0.1) |®p(<0.1) |
9. Propionic acid  (ppm) | ND(<0.002) | ND(<0.002) | ND(<0.002) | -
{6f"ﬁiBQE}?EE"QEE&*""ZQ;ES""EB(E6f66¥J'"&bilb"bﬁ{i‘"ﬁ6[26f6635"L“""m"""""""
11. N-valeric acid  (ppm) | ND(<0.001) | ND(<0.001) | o0.001 |
12. Isovaleric acid (ppm) | ND(<0.001) | ND(<0.001) | Wp(<0.001) |

Odor Concentration < 10 130 ——-

Detection tube | NH; (ppm) 0.4 2.5 —

HpS(ppn) | ND | 8D | ——— |
S Boundary Stockyard | Smoke stack
Point of sampling line of raw bong of gas frdn

Notes 1.

Non measured.

Date of Sampling : March 8, 1993
2. ND :
3. -

4. Emission Rate Measurement Results

C-4 (cooker chimney)

Emission rate {(measured} Q = 2,970m*/h

Emission temperature :

Emission velocity :

41°C

0.5m/sec

Moist gas flow rate Qn = 2,580Nm* /h

Dry gas flow rate

QN:Q-

380Nm3 /h
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Table 4-13 shows the OER, for the major offensive odor
sources, calculated from the odor measurement results. The
cooker emission is the ¢greatest offensive odor source., The
influence of the animal bones, that are stored outdoors upon

reception, is also thought to be great.

Table 4-13 OER of Offensive Odor Source (Bone Meal Plant C)

No. Sampling Point Odor Emission Gas OER
o Concentration | Flow {(Nm®/min)
C-4 | cooker flue 9,800 160 1.6 108
C-5 | oil cake repository 130 980 1.3x 108
C-9 | animal fat extraction 4] . 264 1.1X be_W
apparatus

(8) Problems

1) 35 years have passed since thé present factory was
constructed and the {factory shows significant wear .
Although modifications seem to haﬁe been made sevéral
times, most of the facilities afe old and worn out with
the exception of the animal oll extraction facilities in
the recently built oil factory. Also, many facilities
are nolt automated and much of the work depend on manual

labor.

2) Although there are & cookers, they afe small and lack in
processing capacity. Thefefore, raw materials cannot be
processed rapidly.upon reception and are stored within
the grounds where they generate animal bone odors and
decdmposition odors. There are no raw material storage
containers installed and the raw materials are stored

outdoors in the courtyard until they are processed.
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4}

7)

Because the processing capacity of the cookers are low,
the steam boiled products are dried naturally outdoors

where they generatew a strong offensive odor.

The reception periods of raw materials are sporadic and
unsteady. The factory therefore faces financial
difficulties and investments for ‘new facilities are

difficult.

The factory building is an open structure with only a
roof and pillars. Shielding of odors 1is therefore

impossible.

Although the grounds are spacious, since most of the
facilities are concentrated near the boundary of the

grounds "and the spatial arrangement of operaltions is

poor., Maintenance and cleaning theréfore become
inadequate, leading to -the generation of offensive
odors.

Although a deodorization apparatus was installed for the
cooker émission ihitialiy, it is - left in a faulty
condition.. The deodorization is a very simple: water

washing type with a low processing Capacity.
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.4 Bone Meal Plant D

Outline of the factory

1} Name of féctory

2) Name of owner

3} Address of factory

4) Date of establishment
5) ‘Industrial category

6) Manuféctured products

7) Raw materials

8) Opérating'hours

9) Numbét_pf employees

10) Surréundingiland-usage :

11) Site area

12) Building Area

13). Factory Layout

: 'Thai Bones Industry Co.Ltd.

Mr. Lek Sretabhakdi
27/1 Paholyothin Road, Muh 5,

Tambol Klongnuang, Amphur
Klongluang, Patumthanee
1963
bone meal industry
(Code No. 32-1/28)
steamed bone powder
16,000 tons/yr.
ossein 2,400 tons/yr.
'caicium phoéphate
. 5,000 tons/vyr

aﬁimal horns, animal hooves
animal grease (tallow)
fertilizer

24;000 tons/yr.

5,000 tons/yr.

cattle

bone oil
cattle horn
24 hours/day continuous
(three ShiftS)

about 300 (4 ehgineers)

industrial area

24,200 m? _
{entire factory 160,000 mé)
11,300 m?

(entire factory 16,000 m?)
warehouse 960 m?

Shown in Figure 4-21.
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(2)

1)

Production process and operation management

The preseht factory is a rendering factory where bone
meal, etc. are produced from animal bones. Tt is one of
the larger rendering factories in Thailand in terms of
scale. Along with bone meal and bone oil production,
steamed bone powder (bone meal) production, which takes
up about 70 2% of the raw material bone, manufacturing
of ossgein, which 1s the protein separated from animal
bones, and the recovery of dibasic calcium phosphate
from the Ca}cium; which 1is the main constitutent of
bones dissolved 1in hydrochloric acid in the ossein
manufactufing process, are performed here. The main

production processes are shown in Figure 4-22.

Such Complex proceséés as the oil manufacturihg procesé}
iﬁ which oil is produced as a by-product of -animal bones
and sold to soap firms, the steaming of horns ‘and hooves
for use in craftwork (stamp material, buttons, etc.) and
the .productioﬁ of fertilizer from the . sludge, .etc.,
formed. from raw material scraps, product scraps and
wastewatler treatmenﬁ;are élso performed. Thus, most of
the prbceéses performed in the rendering industry are

per formed here.

After being weighed, the bones of cattle and water

‘buffalo are carried to the platform where the horns-ahd'

hooves are cut off. The bones are then ground and after
being degreased with hot water, the bones are divided
among £he 3 prqduction ptocesées;- the steamed bone
powder production process, the ossein production process
and the dibasic calcium phosphate production process.

The present company receives technical cooperation from

a Japanese. fat and oil factory «concerning theses

processes.
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3)

6)

The bone oil  production process is performed in a
factory building in the center of the grounds and animal
bone and animal hide are processed together. This
factory building@is an open structure with iny a-;oof
and without walls. The structure shows considerable
wear. The raw material bones are steamed in an autoclave
to extract bone o0il. The steam bones are forced dried by
a fan in a drying room and then ground to prodUCe'bone

meal.

The raw materials are collected from a wide area; the

animal bones are collected by trucks and carts from the

-entire areas of central and scouthern Thailand.

With regards to the operation conditions of the factory,
although one main boiler was stopped for: periodic
inspection and maintenance, there were no proﬁlems in
each of the production process_énd average operafibns
were being conducted. Directives from those responsible
for the horn production process were carried out well
and processes were performed smoothly from recéptién to

processing and shipment.

Although the tfactory interior was cleaned relatively
well, due to the nature of the raw material, fats and
oils adhered.onto the floors and drains of the "grounds
and the bone o0il production -process was particularly

messy among the processes performed.

4-76



Ossein Production Process
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Secondary Calcium Phoshphate Production Process
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Table 4-14(1)

Machine list (Bone Meal Plant D)

No. Name of Equipment Qty. Specifications Remarks
A Reception Management :
truck scale 1 max. 25 tons S5 )
_Eij__;;;?ﬂézé};éiﬁgig;agc ! block structure, three inner rooms
1 180" x 21" X 5.5 u"
(3.0m"‘effective) _
capacity: approx. 1, 100m®
3. | rav material storage 6 1. dm x 2. 0m _ ) SS -
4. {air fan 2 | approx. 200250 m®/min. SS
5. | vater washing deodoriza- 2 1, 400% x 2,500 x 1, 500"
tion column _ '
6. | washing water circulation 2 approx!'1 o*/hr. | h
bunp
B. Ossein Process o
1. | raw material bone feeding 1 bell conveyer 5 -
conveyer ' 500% x 5, 000 wﬂmr:
2. | First stage grinder 1 : FC/SUS o
3. 1cooker feeding convever | .1 |screw conveyer 800 x 4, 000"
4. | cooker 1 semi-cylindrical, continuous type
1,500 x 3,600 x 2 100"
80 °C
5. | cooker discharge conveyer | 1 {screw conveyer
600" x 5,200%, with chute
6 cookerJéischarge conveyer | 1 | belt conveyer 400% x 10, 000
7. | Second stage grinder 1 _I,OOOWIX 1,300" x 2,Sﬁaa_w—umké_UAak#mgulgﬂAmkmﬂ
8. | screen 4 | rotary type.
| 600* x 1,500" x 2 nits
5007 x 2,500 x 2 units _
9. ldelivery conveyer -1 | belt conveyer 600" x 6,000
10. | shaking sieve 1| 1,500% x 4,500 x 7,000" |
: . -with chute
11. | bucket conveyer ) 1 6 500"
12. | degreaser 1 3,000% x 5, 000% x 3, 000

warm water type
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Table 4-14(2)

Machine list (Bone Meal Plant

pitation tank

with gathering device

No. Name of Equipeent - | Qty. Specifications Remarks
13." | shaking sieve o 1 |3,000° x 5 000" x 5,000" h
warm water type
14. { pump for washiﬁédwmu— 1 portable o unusable
15. | hydrochloric acid steeping 14 | 3,000% x 3, 000" x 3,500" concrete
tank
16. | hydrochloric acid waste- 1 3, 0000 x l.600ﬁmmmumi concrete
water tank-
17. | acid washing tank 2 | 2.600% x 5,000" x 4,500"
: _ with stirring device
i8. | washing water pump for 2
above _
19. { osscin drying fan 1 for acid steeping, six interior
' compartments
4, 000% x 12, 800" |
20. | ossein drying fan 1 | with hot air furnace and burner 11~15K¥
91. | lime steeping tank 22 | 5,500% x 7,500" x 2,8&0“ concrete
992. | 1ime washing tank 3 {3,300 x 5500% x 2, 000"
' with stirring device
23. | ossein drying bed 1 | for lime steeping,_foufﬁiHEEEESEW%U_ S
compartments
12,800 x 5,000 x 2, 400"
_ with air fan
94. | line steeping wastewater "9 |5, 000% x 5, 000" concrete
95. | refrigerator 1 set I
26. | compressor 3 11 unit
damaged -
97. | cooling tower 3
98, | water intake well and punp 4 10 w®/hr., 20 m*/hr.
' ' 25 e /hr., 45 wd/hr.,
| | | | Total: 100 w3/hr.
99. | fresh hydrochloric acid 7 | 3,300% x 4,000" x 2,300"
tank |
C. calcium phosphate
1. [ tine dissolving tank 3 [3,000° x 2, 400" $S
_ _ _ | with stirring device
2. | calcium phosphate preei- 3 14,6007 x 2 700" -SS
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Table 4-14(3)

Machine list (Bon_e‘Me'al Plant D)

No. Name of Equipment (ty. Specifications Remarks
3. | drawing pump for above
A. | compressor 1,200 L/min. x 8 kg/cm? 5. HKw
5. | hot air drier 1,200 x- 9, 500" R
. with gas burner
6. | cyclone B 2 with fan
7. | product hopper A .
8. | centrifugal drier 3 _c_é;ltrifuge X two units
belt press X one unit
D. Bone Meal Process
1. | nain boiler 2 |3,500° x 2,500 fire
Onc unit is under overhaul in brick
2. | autoclave 3 | 1,500¢ x 3,300
. 116 *C, 1.5 ke/cn? .
3. | hood for autoclave 1 {1,700% x 8, 000" S8
4. | truck for autoclave - 7 | | Ress
5. | washing water pump for 1 1,600° x 3,500" 58
autoclave .
6. | washing water pump for 1
above R _
7. | dry bone grinder 1 .12 800" x 3,600 x 2, 900" -
"“8. cyclone S 2 , SS
9. | shaking sieve b1 1,300% x 4,000 x 2, 800"
with chute '
10. | drying chamber 1 wooden, one-story structure
_ ' 94u" X 2o+ x 8u"
1. | vaste oil c_oll:encvtni'a;{“tank 1 |1,800°% x 1, 200" S8
E. 0il Process :
1. | raw material feeding i bucket conveyer I
conveyer
2. | cooker No. 1 1 ]2,200° x 3,500"
3. | cooker No.2 1] 1,000% x 4,000"
4. foil pressurizing tank 1 1, 800¢ x 2, 000"
F. Horns, llooves, etc, ‘ .
1. | boiler 2 - [ 1,600° x 3, 500"
2. | autoclave 2

1,500* x 3, 000"
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Table 4-14(4)

Machine list (Bone Meal Plant D)

No. Name of Fauipment Qty. |- Specifications ~ Remarks
3. |hot air drying chamber | 1 | wooden, l-storied structure
6m* x {5m" x 3. 5m"
4. ot air drying bed 6 |2 000" x 3,000
(G fans, 1 burner)
5. | horn and hoof drying 1 wooden structure
chamber '
i G. Wastewater Treatment
1. | wastevater pit 1 | 4,000m x 3,000° concrete
with screen _ B
2. | precipitation tank 1 112, 000° concrete
(pressurized floatation) gathering device
3. | vastewater feed pump 2 -
4. | floated sludge drying bed | 1 | 500" x 8, 500"
5. | studge drier 1 |'semi-cylindrical; 2, 000¢ x 12, 000"
direct flame
8. | lagoon o 12
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(3)-§onditions of offensive odor generation

Since this fac{ory possesses almost ~ all of the
production processes of a rendering industry and is a large-
scale factory, animal bone odors typical to'fhe rendering
industry may be deteclted at various parts of the féctory.
Also, strong odors are generated from the wastewéter, waste
and their respeclive treatment procegsges. The results of all
three Investigations, from the Tst to the 3rd, show that
odors of approximately the same level, mainly consisting of
ammonia, sulfur oxides and fatty acids, were generéted at

the same locations.

The platform, the vicinity of the animal bone grinder,
the vicinity of the cooker, the vicinity of the bone oil
extractor, the steamed bone drying room, the raw métérial
storage and the vicinity of the drYer for the wastewater
sludge were sources of particuiarly large amodnts bf
offensivé odors. Offensive odors were also generated from
the vicinities of the grinder, degreaser and sieves of the
oésein pfoduction process, the acidulaltion process, the

liming process and the wastewaler pond.

{(4) PreSent\§}Eﬁe of offensive odor prevention measures

As measures for offensive odor prevehtion, a
deodorization apparatus ({(water scrubber) 1s installed for
gases emitted from the autoclave and from within the.raw
material storage and a wastewater treatment facility is also
installed. However, conditions are such that these measures

are not functioning sufficientiy and effectively.
Besides the office and the ossein factory, which are

made of reinforced concrete, the factory buildings are open

structures of iron frame or wood which are inadeguate in
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terms of shielding odors.

(5) Present state in the surroundings

The present iactory is located in the northern part of the
Bangkok metropolltan area and is sltuated along Route one which
is a major national road. Flgure 4-23 shows the layout of the

surrodndings of this factory.

The east side of the factory faces a major publlc street ‘and
the north and west sides are next to factories. Private homes
are located about jOOm away at the nearest, Bangkok University
is located abeuf' 300m_ to. the north while a golf course is
located about 500m further north. There are times when the
offensive odors from the present factory.are detecied even at

the golf course and people there have complained.

Altheugh the infldences of offensive odors generated from
the present factory to the surrounding area depend on the wind
direction andi ve1001ty, it is presumed that :the "entire
surrcounding area. is influeneed. During the 3rd'1nvestigationr
wastewater'treatmentIOdors and odors from gases emitted in the
drying pfOCess were detected along ‘"with smoke at a downwind

location on Route 1.
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(6) Resultls of hearing investigation

Qg 1 : From where are the raw materials for this factory
received 7 Also what sort of places are the

discharging sources of these raw materials ?

A : Raw materials are received from all most all
areas 1in ~central Thailand. Most of the raw
material bones are colleéted in cargo and there
are collecting firms that specialize 1in this
matter. Also there are cases 1in which raw
materials are received from farmers in

northeastern Thailand.

QO 2 : Are there any variations in the amount of raw

materials received 7

A : With regard to weekly variations, only 50 % of
the usual amount is received dn a Buddhist ‘day
while.more than the usual amount is received on
the previous day. During the year, since meat is
not eatén during the Enshrining of Buddha
(Wampra) , hardly any raw materials are received
dufing that time. The amount received also

becomes low in July and August.

0 3 : About how 1long are the received raw materials
stored 7
A : As a rule réceived raw materisls are processed on

that day. The part that could not be processed is

put into storage. .

Q 4 : Please téll us the present processing capacity of

" this factory.
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Operations are ‘usually performed - at 100 9%
capacity and there is not much room. Conditions
are such that accomodations cannot be made when
the amounts received are increased and @ when

problems cccur.

How are the maintenance and repéir of production
facilities and equipments in the factory handled

?

Problems concerning facilities and equipments are
handled by the maintenance facltory within the
factory. Equipments that have become unusable_are

replaced by new or second-hand eqﬁipments.

About how much wastewater is discharged from this

factory ?

The water used within this factbry is taken from
four wells (a total of about 100 m®/min.). The
daily wastewater ~quantity 1is therefore about

2,000 to 2,400m® .

Please tell us about the management organization

system of this factory.

The management organization consists of - one
factory manager (administrative matters) and two
production managers (one for the ossein process,
one for. others). There are 300 emplbyees.workihg
in two shifts. The factory is divided into 10
sections and a person'responsible_is placed in
each section (sections having two—shift services

have one each for the day shift and the night
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1

shiff).

The ten sections are:

1._butt0n factory; 2. raw bone factory; 3. steam
factory; 4. ground bone factory; 5. egquipment
fepair factory; 6. osseln factory; 7. oil
factory; 8. warehouse; 9. shipment and 10.

miscellaneous work.

How is cleaning performed in and around the

factory 7

Four full time cleaners are stationed. When there
is a Shortage,'assistance igs provided from other
sections. I think some parts are not thorough

yet{

About how much is the capacity of the boiler used

within the factory ?

Concerning. the two main boilers, the capacity is

four t/unit-day.

Please tell us the preocessing capacity of the

autoclave, the steaming time, etc.

The processing capacity is 80 to 100_t/day. it is

"not continuous, but of a batch-type and the

steaming time 1is 1 - hour for 1 time, the
conditions for 1 time being; a pressure of 1.5

kg/cm? and a temperaiure of about 110°C., The gas

‘emitted from the autoclave is treated 24 hours a

day with a water washing scrubbér. The washing

wafer is not circulated but passed through once.

Please tell us about the working system in this
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factory.

The bone meal process lasts from 7:00 to 12:00

_midnight and is a two-shift operation. Overtime

is performed when the amount received is large.
Do you think that there still méy be s=ome
recoverable matter of value in the wastewater

discharged from the factory ?

I think +that there would be more -effective

substances if further recovery is perfbrmed.
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(7) Results of odor measurement

1) Rééu{ts_of odor measurement

The odor measurement and analysis results for the
factbry interior and exterior are shown in Tables 4-15 and
Table 4-16; odor sampling locations are shown in Figure 4-

24.

The locations next to the Ist ‘stage grinder (odor
concentration 23,000), below the 2nd'stage.grinder {73,000},
within the raw material bone storage house (23,000), the
vicihity of the dryer for the wastewater slﬁdge {41,000) and
next to the steamed bone and dried bone dryer (9,800} had
high odor concentrations. The odor concentration is also 44

~ 56 at the boundary lines next to the factory entrance.

The instrumental analysis results show that all
offensive odor substances tested for besides styrene are
detected within the grounds and that large amounts ére

detected in the vicdinity of the grinder.
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Table 4-15(1)

Results of Odor Measurement by Sensory Test

and Detection Tube (Bone Meal Plant D)

No. Odor Con- | Detection tube -Sampling Point
centratioh NH3 Hy S
< First Field Study>  (November 11, 1992)
D- 6 23,000 25 N D |In front of fresh bone storage room
D-11 9,300 20 N D | Over wastewater treatment facility
p- 1 .2,300 9 N D | Inside raw bone & hide platform shed
D- 9 1,780 5 N D | Horns and looves storage yard
D-10 550 20-50 N D | Inside bone meal drying room
D- 8 550 4 N D | Beside steam bone meal autoclave
D-18 .3]0 ND N D | Over dry bone meal |
D- 2 98 2 N D | Beside fresh boné'crusher
D- 1 56 0.5 N D | On the boundary line (beside entrance)
D- 2(*) — 5 N P | Over fresh bone on platform
——- ND N D i Beside drier inside ossein factory

D-22

< Second Field Study> (March 11,

D- 2
D~ 2
D- 3
D- 4
D- 5
D- 8
D- 9
D-10
D-11
D14
D-15
D-16
D-17
D-18
D~19
D-22

= o= o= mm o o=
C-R- R~ B -~

ND
N D
5

= = EmEm =
[ =R L - - -

1993) _

Over storage of bones before crusher
Beside first bone crusher

Under second bone crusher

Over ossein stockyard

Beside watermill of limed ossein

In front of steém autoclave (boiling)
Stockhouse of horns and hooves
Drying room of.horns and hooves
Wastewater treatment facility

Under bone screening machine

100mm over acidulation tank
ESOOmm.over acidulation tank

Ossein dry bed

Stockyard of dicalusium phdsfate
Over liming tank

Inside of ossein prdcess building

4-92



Table 4-15(2). Continued —

Bone Meal Plant D —-

2..-—-— : Non measured.

4-93

No. Odor Con- | Detection tube Sampling Point
centration Ni; Hy S

D- 6 Al 4 ND Stockyard of fresh bone

D- 7 e ' 5 N D | Beside bone oil extractor

D- B(*) —_— 15 1 In front of steam autoclave {open)
D-13 e 11 N D ! Beside steamed and dried bone crusher
D-20 ——- 5 N D | In front of boiler

p-21 ——— 15 N D | Back of 5one autoclave

< Third Field Study> (September 6, 1993)

D- 1 W 2 N D | On boundary line (beside entrance)

D- 2 23,000 2 ND Over fresh bones on platform

D- 2(*) -- . 3.5 0.2 | On corridor heside bone crusher

D- 3 13,000 - 15 3 Over conveyer for crushed and washed bone
D- 4 | 23,000 3 N D | Over ossein stockyard after acidulation
D- 5 730 2 N D | Beside washer of limed ossein

D- 6 - 13 0.7 | Warehouse of fresh bones

D- 7 — 2 N D | Corridor beside bone oil extracter

D- 8 - : 4 ND In front of steam autoclave (under hood)
D- 9 - - ND N'D | Drying room of horns and hooves

D-10 9,800 50 N D | Drying room of autoclaved bone

p-11 - ‘ 2 ND Over wastewater treatment facility
p-12 41,000 120 ND Beside drier for wastewater sludge
b-13 9,880 15 N D | Beside steamed and dried bone crusher
D14 - 30 .4 Under bone screening machine

D-15 -— 2 3 100mm over acidulation tank

b-16 - 1 2.5 _lSUOhm over acidulation tank

D-17 - 1 N D | Ossein drying bed

D-18 - 2 ND Stodkyard of calcium phosphate

D-19 - 5 N D | Over bone liming tank
“p-22 -— 1 N D | Inside of ossein process building -
D-20 _— 1 0.5| In front of main boiler

D-21 o 10 N D | Back of bone autoclave

Notes 1. ND Below the value of detectable limit.



Table 4-16

by Instrumental Analysis

" Concentration of Odor Substances-Determined

(Bone Meal Plant D)

Sample No D1 p-3 D-10
1. Ammonia {ppm) 0.4 40 2417

2. Methyl mercaptan(ppm) | ND(<0.003) | 2.6 | ND(<0.003) |
3. Hydrogen sulfide(ppn) | ND(<0.003) | 223 | W< 003y | T
4. Wethyl sulfide (ppm) | ND(<0.001) |  0.33 | mwp(e.001)| 7
5. Mothyl disulfide(ppm) | ND(<0.001) | 0.033 | Wp(<0.001) |
6. Tcimethylamine (ppm) |  0.002 | 0.5 | 2.9 |
7. Acetaldehyde  (ppm) | ND(<0.01) | ror | .83 |
8. Styrene (ppm) | ND(<0.T) | WD(<0.1) - | ﬁﬁ(ib"ii """"""""""""""""
9. Propionic acid (ppn) | ND(<0.002) |  0.016. 0.02 |
10. N-butyric acid (ppm) |  0.002 | | 0.017 | ros |
11. Nevaleric acid (ppm) |  0.001 0.002 | 0.017 |
12, Tsovaleric acid(ppm) | ND(<0.001) | 0.012 | ot |

Odor Concentration - _ hi 13,000 9,800

Detection tube Nﬁ;(ppm) 2 15 50
HoS(ppm)  ND | 3 | No |
1| Boundary Conveyer Drying room
Point of sampling line for crushed of bones
boﬁes
Notes 1. Date of Sampling : September 6., 1993
2. N D : Below the value of detectable limit.
3. --- : Non measured.
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The OER calculated from the odor measurement results for
the major offensive odor.soutées are shown .in Table 4-17. 1t
can be seen that sitrong odors .ére genératéd at all
locatiens. It is also presumed that iarge.amouhts of bdors
are discharged f{from’ the outlets of thé deodorization

apparatus and the chimney.

Table 4-17 OER of Offensive Odor Source (Bone Meal Plant D)

No. |- Sampling Point Gdor Emission Gas - DER

Concentration | Flow (Nm®/min)

D- 3} below second stage 31,000 30 g.3x10%
grinder '

P-10| horn and hoof dry- 9,800 100 9.8x10°

ing chamber

D-12 | next to drainage . 41,000 100 4,1x108

sludge

{8) Problems

1) Since the present factory which performs almosf all of
the processes found in the rendering industry, it can be
said that the o:fensive odor generation is inevitable.
Howaver,.additions to the.structure have been repeated
several times since the founding of the facfory -and
there are many processes for which the facilities are
‘outdated. In particular, buildings and equipment for the
raw material teceptibn, grinding process, bone meal
production process and bone o0il process are old and

ihadequate in terms of shielding odors.

2) Although deodorization facilities are installed for the
cooker emission and interior’ Ventilation 0f  the 'faw
material storage house, the deodorization méthod is not.

suitable and the deodorizing performances are
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3)

inadequate. flardly any deodorization measures are

provided for the other processes.

Although thé operation rate of the factory ié very high
and the production management system is relatively good,
cleaning of the grounds and accomodations for pollution
prevention such as wastewater and waste treatment are

inadequate,
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8)
9)
10)
11)
12)

13)

(2)

.5 Tannery E

Outline of the factory

Name of factory . Lotus Leather and Trading

(Kkwang Ha Huad)

Name of owner : Mr. Somsak Bongrot Pannaral
Address of féctory : 175 Sukhumvit Road Km 30, Tai
Ban Road, Amphur Muang,

Samutprakan

Date of establishment : 1961

Industrial category : taﬁnery (Code No. 29-51/25)
Products : leather : 140,000 m? /yr
Raw Materials : raw hide : 2,000 tons/yr

synthetic hide : 200

_ _ _ tons/yr.
Operaling hours : 8:00 ~ 17:00 (8 hours/day)
Number of employees . : 62 (2 engineers) '

Surrounding land usage : industrial area
Site arca : 4,100 m? °
Building area : dye factory and office

670m?* (4 fls.)
tannery @ 2,500m?

Factory Layout : Shown in Figure 4-25.

Production process and production management

The.present factory is located near the center of the
Samutprakan Tannery Industrial Estate and is medium in

scale among the tanneries.

The tanning and dyeing of cattle and water buffalo hide
are performed at the present factory. Synthetic leather
is also dyed: along with the leather tanned at the

factory.The production process is shown in Figure 4-26
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and the specifications for major eguipmenis are shown in

Table 4-18.

The raw material hide are salted hides imported ﬁrbm the
USA, Australia, elc. After being unloaded, the raw hides
shipped into the factory under go such preprocessing
such as steeping in water, liming and decalcification.
Most o©of the hides are then chrome tanned. Production
processes and equipment that are pretty much standard

are implemented.

Although there are other factories in which tanned hides
are sun-dried, due to- the small plottage of this
factory, drfing is performed with a dryer and. the
finishing of the drying process is performed in the

attic.

Although the areas for the preparation process and the

tanning process al the eastern side of the tactory had

low floor levels, drainage. was poor. Conditions were
fiithy and shaved hide scraps were scattered in these

areas,
The cenhtral passageway serves as a repository for

chemicals, painting_materials, raw hide etc. But this

area was not arranged properly and in disorder.
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Table 4-18 Machine List (Tannery E)

No. Name of Equipment  Specifications Remarks
ﬁ?l. rehydration, lime stee- paddle type; 3,000 x 4, 000"
ping drum .
2. decakcific%&ion, water ___5.000“ x 4, 000" -
washing drum {existed until the time of the
Second Field Sfudy)
3. tanniné drum 2, 6007 x 2.505“ o
4. | tanning drun_ 1, 200° x 900"
;;;E_giéeging drum 2, 200¢ Z,QGOL
6. Scraping ﬁ;chinc 2, 500% x 3;500L X 2, 150"
(band knife machine} _
T. | polishing machine ] 1.566; x 3,500" x I,BOOJ_
(buff machine) _
8. | bag filter 1,000% x 4,000 x 3, 000"
| fan, 60 filter elements
9. | shaving machine 1, 000" ¥ 1,500" x 1{500“ '
10. dyéing machine (1F) 2, 100° X 2,300" x 2, 300" )
11. driefr direct é;ying of netfspreadéd hide o
4, 000" x 10, 500" x 4, 000"
L . 3 air fans
12. | drier (office bldg. 2F) 3,000 x 3, 300% x 3, 000" *
13, { drier (office bldg. 2F) | 1,000% x 5, 100+ 3, 200"
14. | dyeing machine | 2, 200° x 2, 300" -
(office bldg. 1)
15. | embossing maChI;é 1, 000% x 2, 300" -
(office bldg. 1F) |
16, | truck scale ' 1,800% x 3,500° x 1, 400" )
(office bldg. 1F) _ _
mi%iig;;iﬁting apparatus ~ 9 sets 5, 000% x 28,000" .
(office bldg. 1) with drier, with autospray
ﬂ18. boiler B with 1 heavy oil lank

with 1 feed pump
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(3) Conditions of offensive odor generation

The major offensive odor sources in the present factory

are as follows:

1) Qﬁﬁgpgiygmqugﬁ_ggnerated from raw hides and final

products

Although the raw materials are dry when received and
emit 1little odor, when they become wet after the water
steeping process, they emit odors. Also the odor generated

from the hides during the drying process cannot be ignored.

2) Odors generated frem the wastewater in the preparat{gﬁ;

process and the tanning process

The wastewater genefated in the production processes are
said to be the greatest solurce of Qdors_and.offensive odors
are generated from wastewater puddles found here and there

within the factory.

There are no wastewater treatment facilities that are
installed within . the present Ifactory and wastewater 1is
discharged into drains ‘in the factory surroundings from
where it is transported to'the central wastewater treatment
plant for treatment. The contamination of the water in the

~drains is significant and a large amount of odor is emitted.

3) Odors generated from wastes sucﬁ'as hide scraps and

debris

Hide - scraps, hide debris, epidermal fats, etc;,
generated from such processes ag fleshing (reﬁoval of meat
from raw hide), hair;removal, decalcification and bating,
constitute one of the odor sources. Most of these waste
materials are not Separated sufficiently and are dissolved

Within the waslevwater.
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4} Odors generated from the dyeing process

Oders from the organic solvents in the dyes used in the
dyeing process are adrift around the dyeing machines and

exhausts from the machines are emitted to ambient air.

(4) Present state of measures for prevenlion of offensive

odors

Although there are no deodorization apparatuses
installed within the factory, a dust collection apparatus
(bag tilters) for the dust from the tanned leather dryers
and a ventilation apparafus for the dyeing machine are

installed.

(5) Present state in the surfoundings

The present factory is located .in the midst of an
indgstrial estate for tanneries and is surroﬁnded by other
tanneries. Therefore odors .from tanneries other than the
present factory are obvioﬁsly included in the odors outside
the factory. Figure 4—27_shows the layoul cof the.éurroundigs

of this factory.

The. ﬁntreated wastewater from each  factory, which
contain large quantities of organic matter as well as
chromium from the tanning_ process, flows into the_.drains
next to the factory.Although the drains near the ehtrande‘of
the present factory is 2.5m wide and 1.8m deép, since sludge.
has depdsited to a depth of apprbkimately im, there is flow

of water only to.-a depth of about 0.8m.

The water in the drains is c¢olored black or green. Methane
and hydrogen sulfide are generated from anaerobic fermentation.
Indicator tube measurements showed that this ‘water .contains

about 10 ppm of hydrogen sulfide. Conditions were observed in
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which the gases evolved in the =ludge collect within the sludge
and floatate masses of sludge to the water surface at once. At
such times, the hydrogen sulfide concentration temporarily

reaches nearly 100 ppm and a strong odor is noticed.

Although some of the odors within the industrial estate are
odors discharged from each factory, it is nol an exaggeration to
say that almost all of the odors in the entire industrial estate

are generated from these drains.

Work _iS presenfly being perforhed ~hear the central
wastewater tfeatment plant to cover part of the drains. Odor
conditions have improved in parts where this work has been
coﬁpleted and the odor in the streets is'very low. But since the
coveréd conduits are of steel-reinforced concrete, sufficient
examination ‘and wmaintenance are necessary. Also, since high
concentrations'of'hydrogen gulfide (100 bpm'by indicator tube
measurements) are genefated within the covered conduits,
sufficient safety measures are required for inspecting and

maintaining the inside of the covered conduits.
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(6) Results of hearing i“VGStigation

0 1
A
Q 2
A
0 3
A
o 4
A
0 5
A
0 6
A
0 7

How is the managément organized in this factory 7

Four to Five pebple wilth respdnsibility are

stationed below the factory manager.

From where are the raw hides used as raw material

received 7
All raw hides are imported.

How are the grease from the Scraping‘ pfocess,

etc. in the production process trealed 7

They are delivered to a factory in the back. They

seemed. to be processed into dog food.

About how {reguently is c¢leaning performed inside

the factofy ?
Cleaning is performed every day.

How are the hide debris discharged from the

shaving process, etc. disposed 7

Firms that specialize come to receive them.
About how much watef ig used in this fact- ory 7
I do not know for sure.

Please:tell us where'the.leather produced in this

factory is shipped to.
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A : " Mainly central east Asia.

(7) Results of odor measurement

The odor measurement and analysis results for the
factory interior and exterior are shown in Tables 4-1% and
4-20; odor sampling locations are shown in Figure 4-28.
Although the highest odor concentrations were that meaéured
above the drain fldwing in front of the factory (3,100} and
that of the dyeing machine exhaust (3,100), high values of
1,300~1,700 were also measured within the factory. The odor
concentration is also 1,300 at the road outside the front of

the factory.

Table 4-19 (1) Results .of Odor Measurement by Sensory Test
and Detection Tube (Tannery E)

No. | Odor Con-| Detection tube Sampling Point
centration NH, Hy S '
< First Field Study> (November 9, 1992)
E-1 1,300 1 ND Beside pédding drum
E- 3 150 i N D | On the boundary line (south fence)
E- 5 140 ! N D | In front of leather drier
E- 9 130 ND N D | Vapor from dyeing machine
E-10 ——— N D N D | Inside products stock room (4F)
E-11 230 - .2 ND Over-draihagé canal outside the factory
E-12 —— N D | Over drainage’caﬁal cutside
£E-13 - N I | Center of.the front road
E-14 —— : 2 N D |.Raw hide unloading platform shed
< Second Fieid Study> {(March 10, 1993)
E- 2 -— 2 N D | over raw fur washing drum
E- 4 ——— ? N D | Beside tanning drum {No 1)
B 4(%) - 2 N D | Beside tanning drum (No 2)
E- 6 —— 2 N D | Beside bag filter
E- 7 . 8 N D | Center of courtyard under roof
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Table 4-19(2) Continued (Tannery E)

No. - | Odor Con- | Detection tube Sampling Point
centratiof WH;g HyS

E- 8 R 0.5 N D | Beside drier for treated fur (?ﬁ}m"
E- 9 - ND N D inside painting process room (3F) -
E-10 - ND | ND | Storage room of products
E-11 ——— 2 12 Over wastewater canal beside entrance
E-14 ——- 1 N D | Beside fur shaving mill
E-15 ——— 0.5 ND Inside elevator
E-16 e 1 ND Out of window in dyeing room (2F)
E-117 ——— ND N D | Over stockyard of organic solvents

< Third Field Study:>.(5eptember 13, 1993)

E- 1 690 1 2 On boundary line {(beside entrance)
E-11 3,100 3 10 Over wastewater canal beside entrance
E- 4 | 1,700 2 N D | Workshop beside tanning drum
E- 2 - 3 0.1| Over raw fur pickling drum
E- 3 — 0.5 0.2 | Seuthern part of workshop
E- a(*) - = 1 N I | Beside tanning -drum
E- 5 -- 1 N D | Beside fur shaving machine

CE- 6 980 0.5| N D |Beside bag filter for shaved fur
E- 7 1,300 i 0.2 Center of courtyard .under roof
E- 8 980 N D N D | Beside drier for treated fur (2F)
E- 9 3,100 N D N D | Inside painting room (3F)
E-10 — ND N D | Storage room of leather products
E-15 = 0.5 N D Inside elevator
Notes 1. ND : Below the value of detectable limit.

2. ——— : Hon measured.
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Table 4--20

Concentration of QOdor Substances Determined

by Instrumental Analysis {

Tannery E)

Sample No

E-1 E-4 E-11
1. Ammonia(ppm) 0.5 2.0 . 4.0
2. Methyl mercaptan(ppm) | ND(<0.003) | ND(<0.003) |  0.024 |
3. Hydrogen sulfide(ppm) | = 0.55 | WD(<0.003) | 12.4 |
4. Methyl sulfide(ppm) | ND(<D.001) [ ND(<0.001) | ND(<0.001) | -
5. Methyl disulfide(ppm) | ND(<0.001) | ND(<0.001) |  o.001 |
6. Trimethylamine(ppm) | C0.002 | 0.004 | o.004 |
7. Acetaldehyde(ppm) | ND(<0.01) | ND(<0.01) | ND(<0.00) |
8. Styrene(ppm) | ND(<0.1) | ND(<0.1) |mp(<0.1) |
9. Propionic acid(ppm) | ND(<0.002) | ND(<0.002) | ND(<0.002) |
10. N-butyric acid(ppm) | ND(<0.001) | ND(<0.001) | ND(<0.001) |
1. N-valeric acid(ppm) = | ND(<0.001) | ND(<0.001) | ¥D(<0.001) |
12. Tsovaleric acid(ppm) | ND(<0.001) | ND(<0.001) | ND(<0.001) |
Odor Concentration : 690 1,700 3;100
Detection tube NHa(ppm) I 2 3
HpS(epm) | 2 | N | 0
Bqundary Workshop Wastewater
Point of sampling line by tanning | canal
- drum (entrance)

Notes 1. Pate of Sampiing

: September 13,

1993

2. ND: Below the value 6f detecfable limit,

3. ——

Non mea

sured.
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The OER calculated from the measurement results for the

major source of offensive odorg is shown in Table 4-21.

Table 4-21 OER of Offensive Odor Soufce (Tahnery E)

No. Sampling Point Odor Emission Gas OER

Concentration Flow_(Nm3/min)

E-4 | vicinity of tanning 1,700 1,000 1.7% 108

drum

(8)'E£pblems

1) The present factory is located within the tannery
industrial estate and its production processes are
pretty much the same as those performed in the other
factories. However, due tO'the.Small plottage, expansion

of production capacities is bécoming difficult,

2) The wastewater, which is the greatest offensive odor
source at the tannery, is discharged .into the dréins
wittht treatment. Also, although wet processes are
arranged in one place, due to the inadequéte inclination
of the floors, there is accumulation of wastewater

within the grounds.

3) The ‘hide c¢rud and hide scraps generated from the
fleshing, hair removal and other processes are not
collected and most of it is suspended in wastewater and

diScarded.

4} Offensive odcfs fill the entire industrial estate and
there is a limit to how much can be accomplished through
offensive odor countermeasures by individual factories.
‘Because of this, there is a lack of awareness by'eaﬁh
factory towards poliution'prevention measures for odors,
wastewater, etc. It is therefore necessary to clarify

the range of responibilities of the factories.
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4.2.
{(n

1)
2)
3)

4)
5)
6)
7)
8)
o)
10)
1)
12)
13)

(2

1)

6 Tannery F

Outline of the factory

Name of factory : 0.C. Tannery
Name of Owner : Mr. Samart Srisakuarakul
Address of factory : 209 Sukhumvit Road Km 30, Tail

Ban Road, Amphur Muang,

_ . Samutprakan

Date of establishment ¢ 1967

Industrial category : tannery (Code No. 29-1/34)
Products = : leather : 892,000 m?/yr.
Raw materials : raw hide : 240,000 animals/yr
Operating houfs : B:00 ~ 17:00 (8 hours/day)
Number of employees : 200 {incl. 10 experts)
Surrounding land usage : industrial area

Site area : 46,000 m?

Building area : 8,000 m? (tannery only)
Factory layduf : Shown in Figure 4-29 and

Figure 4-30.

Production process and production management -

The present factory is divided into the tanning factory
and the painting factory. This investigation is
concerned only with thé tanning factory from the
standpoint of odor generation. The production process is
a. standard process as shown 1in Figure 4-31. The
specifications of major equipmernts are given in Table

4-22.

The factory has .a relativély large processing capacity
as 'a tannery and the annual number of animals processed
amount to 240,000. The quantity of leather produced from

one cattle or water buffalo is, on the average,
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3)

4)

5)

approximately 40 square feet ({approx. 3.7m?)

The factory building is spacious and is constructed from
reinforced coﬁcrete. There are 20 water steeping/liming
drums, 10 décalcifying/washing drums, 9 tanning drums, 4
acidulation drums and 4 splitting machines. However,
only 1/3 ~ 1/4 of the machines for each-process were

being operated and several drums were not being used.

Although the grounds were well cleaned in general, there
was accumulation of wastewater and conspicuous soilage
along the passageway al the factory entrance, especially

around the raw matérial repository.

The tanned hide is sun-dried at the empty lot within the

grounds.

A dyeing factory is.presently being constructed at a
site adjacent to the tannery and the hide drying area.
The new factory is almost complete, leaving only the
furnishing of the.interior and there were some processes

in which operations have partly begun.
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(3) Conditions of offensive odor generation

The major offensive odor sources are fthe same as thosge at
the Tannery E. Offensive odors are generated from the wastewater
and wastes discharged'from the raw material repository, tanned

leather repository, preparation process and tanning process,

Although the factory building igs large, there was drainage
that accumulated on the floor which were discharged to the

cutdoor drain without treatment.

Also, the tanned leather, that are sun-dried at the empty
lot on the southwest side of the grounds, generate offensive

odors.

The dyeing process is performed at - another factory and
although a new factory for this purpose 1s under construction
within the grounds, investigations concerning this'process were

not performed.

(4) Present state of measures for prevention of offensive odors

There aré no facilities for odor prevention/deodorization
installed at this factory; nor are +there any venltilation

facilities.

(5) Present state in the surroundings

The present factory is located within an industriél.esfate
fdr ténneries and is approximately 360m't0 the south of Tannery
E.. The southeast side faées the central wastewater treatment
plant all +the other sides face other tanneries."Figure 4-27

shows the layout of the factory surroundings.

The sides of the reoads in the front of the factory are

4-118



strewn with drains. The covering of the drains at the north side

of the factory has been completed. The drains are surrounded by

concrete on four sides and 12 inspection porlts are installed.

Although offensive odors fill the entire tannery industrial
estate area, much has been improved by the <covering of +the

drains.
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(6) Results of hearing investigation

g 1 : Please tell wus where the raw malterials are
received from. Also, are there any variations in

the guantity received ?
A : Raw materials .are received from out of +the
province and through foreign imports. Quantities

are stable.

@ 2 : Please tell us the quantity and source of waler

used in the factory:

A : All of the water used is taken from the well but

I do not know the quantity.

g 3 : How are the grease, etc. from the scraping of the

raw hide in the production process handled ?

A : These are sent out to outside firms as fish food.

Q 4 : How is the management organized in this factory.
A : There is one person in charge.

Q 5 : How frequently is the factory cleaned ?

A : The factory i1s cleaned once a day in the morning

by all employees.

Q 6 : Please tell us how the new factory in

construction next to this building will be used.

A : The painting process which is being performed at

a separate -place presently will be transferred
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into the new factory.

{7) Results of odor measurement

The odor measurement and analysis results for the
factory interior and exterior are shown in Tables 4-22 and
Table 4-23; odor sampling locations are shown in Figure 4-

32.

Among the measurement locations, the location above the
drains had a high odor concentration (1,700 ~ 5,500). High
values between 730 and 980 were also detected at such places
within the factory as the areas for the fléshing process and

the hair removal process and the raw hide repository.
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Table 4-22 Results of Odor Measurement by Sensory Test
and Detection Tube (Tannery F)
No. Odor Detection Lube Sampling Point
Concentration NHy Hy S |
< First Field Siudy)- {(November. 9, 19923_
F- 2 980 ? N D | Over salt-pickled raw hide storage
F- 730 8 N D | Beside trim-soak-depilation drum
F- 4 170 ? N D | Beside squeezing operation
F- 6 —— 1 ~ 3 ND Center of factory
_F— 7 310 40~ 50 ND Beside fanning drum
F- 8 —— 9 ND Beside tanning drum
F~12 49 1 N D- | On the boundary line (south-east end)
< Third Fieid Study> (September 20, 1993)
F- 1 55 ND N D On boundary line {beside entrance)
F- 2 980 3 N' D | Over storage of raw hide
F- 3 " 310 i N D | Beside lime-pickling.and hand cutting
F~ 4 730 0.5 N D | Under shaving machine
F- 5 410 3 ND In front of tanning drum
- 9 - 6 3 Inside new wastewater underdrain canal
F-10 5,500 Z 2 Beside drainage pump behind facility
F~1} 1,100 | i Over outlet of drain pipe
< Second Field Study> (March 17, 1993).
E- 2 - 3 i Over storage of rav hide
F- 3 —_— 2 N D | Over storage of raw hide
F- 4 e 2 0.5]| Over stofage of rav hide
F- 5 -— 3 ND Over storage of raw hide
F- 6 -— 9 M D | Over storage of raw hide
F- 7 — 5 0.5 Over storage of raw hide
F- 8 - 2z 1 Over storage of raw hide
F-10 - 2 22 Over sfqrage of raw hide
F-11 - 1.2 1 bver storage of raw hide
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Table 4-23

by Instrumental Analysis

Concentration of O0dor Substances Determined

(Tannery F)

Sample No F-1 F-2

1. Ammonia {ppm) O.Qj 1.9
2. Methyl mercaptan (ppm) ND(<0.003) | ND(<0.003) |
3. llydrogen sulfide (ppm)  0.032 [ ND(<0.003)|
4. Methyl sulfide  (ppmw)| ND(<0.001) | ND(<0.001) |
5. Methyl disulfide (ppm) ND(<0.001) | ND(<0.001) |
6. Trimethylamine  (ppm) ND(<0.001) |  0.006 |
7. Acetaldenyde  (pem) ND(<0.01) | ND(<0.01) |
8. Styrene  (ppm) ND(<0.T) | ND(<0.1) |
9. Propionic acid  (ppm)  0.024 | 0.038 |
0. Wobutyric acid  (ppm) AD(<0.001) | Wp(<0.00) | T
T1. N-valeric acid  (ppm) ND(<0.601) | ¥D(<0.001) |
12. Isovaleric acid (ppm) ND(<0.001) | ND(<0.001) |

_Baor Concentration 55 98ﬁ

wDetection Tube | NH; {(ppm) N 5_ 3
H,S (ppm)  ND | WD |

_ Boundary Storage

Point of Saﬁpling line of raw hide
Notes: 1. Date of sampling : September 70, 1993
2, N D : Below the value of detectable limit.
3.1

Non measured.

 The OER calculated from the measurement results at major

odor sources are shown in Table 4-24.

Table 4-24 OER of Offensive Odor Source (Tannery F)

No. Sampling Point Odor Gas Flow OER
Concentratiod (Nm®/min)
F-2 | raw materials repository 980 1,400 1.4 108
F-3 | lime steeping drum 310 | 2,100 | 6.5x 10
"F-5 | tanning drum 410 900 | 3.7% 10°
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(8)

1)

2)

Problemg

The ﬁresent factory 1is located within the tannery
industrial estate. A dyeing factory is under
construction to integrate the dyeing process with the
tanning process..The site 1is spaciocus and the buildings
are spacious structures bullt of reinforced concrete,
Expénision of the factbry scale is also being planned.
However, ventilation and accomodations for odor

prevention and deodorization seem to be inadequate.

The wastewater i1is discharged into the drains without
treatment. AlSo, due to the inadequate drainage.
inclination of the floors for the wet processes, there

is accumulation of wastewater within the grounds.

Most of the hide c¢rud and hide scraps generated from the
tanning processe is suspended in the wastewater are and

discarded.

The tanned leather is sun-dried outdoors and this is

another cause of offensive odors.

Offensive odorS-fill the entire industrial estate and

there is a limit to how much can be accomplished through

offensive odor countermeasures by individual factories.

Because of this, there is a lack of awareness by each
tactory towards pollution prevention measures for odors,
wastewater, etc, It is therefore necegsary to clarify

the range of responibilities of the factories.
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4.2.7

(1)

4)
5)

6)

8)
9)
10)
1)
12}

13)

Outline of the factory

Néme of factory
Name of Owner

Address of faclory
Date of establishment
Industrial category
Products

Raw materials

Operating hours

Nunmber of employees

Surrounding land usage

Site area

Building area

Factory layout

Automobile Painting Factory G

Narong Rungrueng
Mr. Narong Sombatborisut
42/8-9 Ratana Tibet Road,
Tambon Bangkraso District,
Amphur Muahg,'Nohthaburi
February, 1989
automobile painting

{(Code No. 95(1)-3/33)
automobile repairs:

10 ~ 20 vehicles/day
sheet iron: 30 sheets/month
paint 50 gallons/month
8:00 ~ 17:00 (B8 hours/day)
70 (incl. 3 experts) .

commercial area.

1,600 m? |
Office 224m?
Factory 1,000m?

Shown in Figure 4-33.
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Production process and operation management

The present factory is a small-scale automobile repailr
factory located in the suburbs of Bangkok. Painting is
performed alongside car repairs. The painting process is

a standard process as shown in Figure 4-34.

Due to its location along a national route and within a

commercial district, business is good. There were always

40 to 50 cars in the main factory behind the office and

the factory was always full. Putty painting and painting
were being performed on four cars respectively, or on a

total of eight cars on the day of the investigation.

Employees are not assigned car repair and painting jobs

according to process but are 1left up to their own

'fesponsibility upon' perfbrming the Job. The: working

areas therefore did not seemed to be fixed. Painting was
being performed near the entrance and further inside to

the left sgside "of the factory at the time of the

investigation. It was explained that there were plans to

improve the painting room.

The'major équipment maintained at the factory inc}ﬂde 2
welding apparatus, 2 compressors, 1 drying fan and 3

electric sanders. Paints and solvents are stored far

inside the facfory on the left side.

Since the painting area and the area where flames are
being wused in the automobile repairs are relativély
close to each other and since there are no diyiding
walls, the location of each job should be set frqm the
standpoint of safety. Also cars, tools and machines were
scattered around in the inside of the factory, bringing

about conditions with poor foothold for work and much
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(3} Conditions of offensive odor generation

Organic solvent odors were génefated when painting was
being performed. Since walls surround the factory boundaries
and since indoor vehtilation depended on natural
ventilation, the oders do not disperse easily. Organic odors

were extremély strong arcund the painting areas,
Sometimes painting is performed outside at the
passageway in front of the factory and neighboring

residences may he affected.

Odors from inside the factofy leaked outside and some

odors could be noticed at the boundaries of the gfdunds.

(4) Present state of measures for offensive odor prevention

A painting room was installed behind the offipe (at the
time of the 1st Investigation). But because the painting
room was small and because it was difficult to access the
painting room due to there being too many cars within tﬁe
factory, the painting room was not used. The painting room
was removed by the time of the 2nd Investigation. According

to factory personnel, there were plans for modifications.

There are no ventilation facilities within the factory
and 'ventilatidn depended on natural ventilation through
openings at the upper part of the outer block walls and

through the entrance.

{5) Present state in the surroundings

The office is in a building facing the Lrunk road and.is
next Lo a shop. The repair and painting factoty_is located

behind the office and an'édjacent road provides the entryway
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to the factory. Residences comprise the second.to the fourth
floors above the office and shop. Figure 4-35 shows the

layout of the surroundings of this factory.

Although odors could not be detected a few ten melters
away from the factory, offensive odors from the factory may

affect the shops and residences nearby.

X

Z

[ First floar: Shap nnd 8iflec

%},Second tlooe and over: llouse

House

Office
PN

House

Bouse I\ °

Figure 4-35 Surrounding Layoﬁt of the Factory

,(Autombbile Painting Factory G)
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{6) Results of hearing investigation

O 1 : Are areas for painting fixed in this fact- ory'?

A : The factory 1s being renovated presently and we

are thinking of fixing the area for painting.

Q0 2 : Please tell us the kinds and amounts of the

materials used in this factory.

A : Most of the paints are acryl lacquers and thinner
is used as the solvent. We do not know'the amount
used off hand. Leftover paints are stored to be
used the next day. Empty paint cans and empty

thinner cans are discarded.
g 3 : How do the employees feel about the solvent odor?

A : It seems 1like they are used to it. They say that

it doesn't bother them.

Q0 4 : It seems_liké many cars are brought in. How much

overtime is performed 7?7
A : Each emplbyee is respongible for himself and does
overtime for about 1 hour {(up to about 6 P.M.) to

finish off the day's work.

Q 5 : Tell us the kinds of cars that are handled at

thisg factory.

A : Most are small passenger cars. Pickup trucks come

next.

0 6 : Please tell us the «capacity and number ©of
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compressors used in the factory.
A : Two:  3.7kW compressors {about 1,000 L/min.,
atmospheric pressure) are used but due to a power

shortage, only one is in operation today.

(7) Results of odor measurement

The odor measurement and analysis results for the
facfory interior and exteriocr are shown in Table 4-25 and
Table 4-26; odor sampling locations are shown in Figure
4-36. Although odor conéentrations attain levels of 4,100.to
23,000 within the factory, the values at the boundaries.are
about 37 to 39. Toluene and xylene were detected by

instrumental analysis.

_Table 4-25 Results of Odor Measurement by Sensory Test and
Detection Tube (Automobile Painting Factory G)

No. Odor Detection tube Sampling Point

Concentration NH; H,S

‘< First Field Study> {(November 11, 1992)

G- 1 19 N D ND On the boundary line {beside entrance)
G- &1 - ND | ND [|center of inside factory

G- 5 1,300 ‘N D N D |Inside paints wérehouse

G- 6 23,000 ~ ND N D |Beside painting opefatioﬁ

< Third Field Study> (September 15, 1993)
G- 1 37 Toluene : ND |On the boundary line (east side)

G- 4 4,100 Toluene : 80 [In the car repaif shop
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Table 4-26 Concentration of Odor Substances Determined by
Instrumental Analysis

(Automobile Painting Factory G)

Sample No G-2 G-4

13. Acetone (ppm)l ND(<0.6) "I ND{(<0.6)

14. Toluene (ppm) MD(<0.2) | |
15. Ethyl benzene  (ppm) ND(<0.2) | ND(<0.2) | ~
16. Xylene O (epm) ND(<0.2) | >

Odor Concentration —— o

Detection tube.| NHs (ppm% —_— —

Boundary Beside
Point of Sampling - line spray

painting

Notes 1. Date of Sampling : March 11, 1993
2. ND ; Below the value of detectable limit.

3. --- : Non measured.

The OQER calculated‘from the measurement results for the

major source of offensive odors is shown in Table 4-27.

Table 4-27 OER of Offensive Odor Source
(Automobile Painting Factory G)

No. Sampling Point odor | Gas Flow |  ORR
Concentration {Nm* /min)

G-4 | painting room ‘ 4,100 . 120 £,9% 105
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(8)

3)

Prob{ems

The present factory is located along a national route
within a commercial district and handles a large number
of vehicles. But due to the sméll plottage, the grounds

are congested and the working environment is poor.

Although a painting room was insgstalled, because it wés
small and of a structure which was hard to use, it was
not used. Therefore, painting was and gtill is performed
within the factory or outdoors. Also, the painting room
did not. have deodorization facilities nor ventilation

facilities.

Storage areas for +tools and paints are not properly
designated and working areas are not fixed. The
awareness of the employees £owards bffensiﬁe odors and
the working environment are low and not even masks are

worn.
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4.2.

{1)

1)
2)
3)

8 Automobile Painting Factory H

Outiine

of the factory

Name of factory : Tavan Garage
Name of Owner : Mr. Montri Monthienkaserm
Address of factory : 90/70 Soi Tavon, Patanakarn
Road, Tambon Suanluang,
Amphut Pravert, Bangkok
Date of establishment : February, 1992
Industrial category : automobile painting
(Code No. 95(1)-22/35)
Manufacturing roducts : automobile repairs
| 30 vehicles/month
Raﬁ materials : paint - : 30 cans/month
Operating hours : B:00 ~ 17:00 (8 hours/day)
Number of employees 1 8
(1 expert, 7 inexperienced)
Surrpunding land usage : residential area
Site area : 783 m?
Building areca : 368m?
Factory layout _ ¢ Shown in Figure 4-37.
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2)

3)

4)

Production process and operation procedures

The present factory is a small-scale factory in which
only. sheet metal painting for cars are performed. Car
repairs are not performed., A standard painting process

is adopted as shown in Figure 4-38.

Péinting is performed in a4 painting room that 1is
installed within +the grounds and emissions of the

painting room are passed through filters.

With less than two years after establishment, the
factory is a new, relatively small factory. The number

of vehicles brought in seems to be intreasing gradually.
Although'there are.only a few.employees, there were two
persons with responsibility who each managed Utheir own

section.

The factory_hés 1 welding apparatus, 1 compréssor (2.2

_kW); 1 ventilation fan (5.5 kW), 3 electric sanders and

1 paint mixing device. A warchouse for the storage of
paints and solvent 1is ‘installed and the maintenance

conditions of tools and paints were good.
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{3} Conditions of offensive odor generation

Perhaps because the number of automobiles in the factory
is still small, offensive odors were hardly generated. There
were hardly any solvent odors within the grounds; in fact,

toilet odors and cooking odors were stronger.

(4) Present state of offensive odor prevention

The painting room that is instailed is provided with
facilities that ensure the discharge of indoor soivent odors
6utdoors by anAexhaust fan during painting and drying. The
air in the painting room is taken in from the ceiling and
drawn out from the floor and fiiters afe installed for the

air inlet and outlet. Also, spilt solvents and paints are

collected.

(5) Present state in the surroundings

Figure 4-39 shows the layout o©f the surroundings of this
factory. Although. a automobile repair facto;y is located
adjacently, there are only a few residehces in the
surrounding area and the factory is located away from the

trunk road.

Since the painting is performed within the painting room
the generation of odors is small and it can be said that

there are no effects on the surroundings.
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(6) Results of hearing investigation

g 1 : Please tell wus the kinds and amounts of the

materials used in this factéry.

A : The paints used are acryl lacquers. The solvent
is ‘thinner and 1 gallon (3.7853 L) is used per
vehicle. Since aboult 30 cars are painted a month,

30 géllons are used per month.

g 2 : Please tell wus the capacity and number of

compressors used in the factory.

A : Presently one 22kw compressor is used but we wish

to have some more.

0O 3 : About how much is disscolution ratio of paint to

solvent upon painting ?
A s It is 1:1.

Q@ 4 ; Is there anybody responsible for the storége of

the paint and solvent used ?

A : There are two persons with respdnsibility under
the factory manager and one of them is
responsible for storage. The'paint storage does
not have a lock.

Q0 5 : What types of automobiles are painted ?

a Almost all are sméll, paésenger cars.

0.6 : Do you know how the employees feel about the

solvent odof during painting 7?
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10

They are used Lo the smell and do not like it nor

dislike it.

Has there been any complaints about the smell

from the surroundings of this fact- ory 7

The factory is away'from private homes and so far

there hasn't been any complaints.

When was that painting room built 7 Also, please

tell us about its system.

It was complelted three months ago after spending
400,000 Bahts on it. In this system, outdoor air
is drawn in through display filters for air
intake and the spray exhaust is sucked via the
filter installed on the floor to the air chamber
installed.outside by means of an exhaust fan and
then discharged oufdoors via .a 5 m high .flue.
Solvent that  has dripped on the floor is
coliected inte an iﬁdbor drain on the outer
circumference of the room and is then drained
outdoors. Also several lightings are installed in
the room so that the drying process can be

performed faster.
What are the working hours 7

Work is done from 8:30 to 19:00 and overtime is

hardly ever done.

Please tell us about the services of the factory

once more.

The present ' factory is 'only. concerned with
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automobile sheet metal and painting; maintenance

ig not performed.

(7) Results of odor measurement

The odor measurement and analysis results for the
factery interior and exterior are shown in Tables 4-28 and
4-29; odor sampling 1ocations.are shown in Figure 4-40.

Although the odor concentrations at the boundaries afe
between 13 to 75, painting is not performed there and it is

thought that these odors are not due to organic solvents.

Table 4-28 Results of Odor Measurement by Sensory Test
' and Detection Tube '

(Automobile Painting Factory H)

No. Odor Detectioﬁ tube Sampling Point

Concentration NH, [— H:S
< First Field Study> (November 16, 1992)

H- 2 13 ND N D | On the boundary line (west side)
H- 4 98 ND ND Inside paints warehouse

< Second Field Study> (March 16, 1993)

H- 1 75 e —~— | On the boundary Iine
H- 3| 13 —_— --~ | Center of the car repair shop
H- 4 17 —— ——— In the paint stock room

Notes 1. Date of Sampling : March 16, 1993
2. ND : Below the value of detectable limit.

3. ——=~ : Non measured.
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Table 4-29 Concentration ot Odor Substances Determined
by Instrumental Analysis

{Automobile Painting Faclory H)

Sample No : H-1 . H-3 H-4
13, Acetone (ppm) ND(<0.6) | ND(<0.6) | ND(<0.6)
W4, Toluene  (ppm)| ND(<0.2) | ND(<0.2) | ND(<0.2)
15, Ethyl benzene  (ppm)| MD(<D.2) | ND(<0.2) | ND(<0.2)
16. Xylene  (ppm)| ND(<0.2) | ND(<0.2) | ND(<b.2)

Odér Concentration . 15 13 - 11

Detection Tube | NH; (ppm) - S IR

HoS (ppm)] = ——- ——— o=

Boundary Center of Inside
Point of Sampling line workshop paint stock

room

Notes 1. Date of Sampling : March 16, 1993
2. N D : Below the value of detectable limit.

3. ——— : Non neasured.
The OER calculated from the measurement results for the
major sources of offensive odors are shown in Table 4-30.

Table 4-30 .OER of Offensive QOdor Source
.(Automobile Painting Factory H)

No. | ~ Sampling Point Odor Gas Flow OER
Concentration (Nm® /min)

— painting room _ 4,100(%) 120 3.3% 10°

H-4 { paint warehouse 98 | ig 9.8% 102

Note: ¥ Since the odor concentration of the painting room was not
actually measured, it was estimated from the measured value

for the painting work at the Automobile Painting Factory G.
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(8)

2)

E£9blems

The present factory 1is a new factory which is only a
little over a year old and with a well~furnished
painting room. Althodgh preéently'there are no problems
because the number of vehicles handled are still low,
since the factory area is smail and there are no outer
walls, it is important in terms of management that
painting is always performed inside the painting roonm

even in the future.

Although the ventilation facility of the painting rbom
has an adequéte capacity and the emissions are filtered,
more advanced decdorization procesées should be
considered for the future when the number of fesidenceé

in the surroundings may increase.
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4.2.9 Central Tanning Wastewater Treatment Plant

(1) Outline of the plant

The induét:ial wastewater and the household wastewater
within the tannery industrial estate are not treated by each
factory individually but ail flow together with rainwater
- through the open drains installed along the streets in all
directions to the <central wastewater treatment plant.
(constructed jointly by the tanneries) located in the

southern part of the industrial estate to be treated all

together.

Besides lime, chromium, acids and other chemical waste
fiuids'diécharged from the tanning process, this wastewater
.also contains large'quantities of'solid'organic matter such
ags the hair, blood, grease, meat pieces and mud éttached to
raw hide as well as hide scraps produced in the processing.
Because of this, the wastewater is characterized by settling

"and decomposing readily and having a green, chromic color.

The present wastewater treatment plant is a treatment
plaht for the wastewater discharged from the tanneries
within the industrial estate and was constructed between
1979 and 1982. An outline of the treatment plant according
to material from the Ministry of Industry is as shown below

and the treatment flow is shown in Fiqure 4-41.

1) 30 km district

Treatment capacity 4,500 m?/day

Treatment method Activaﬁed Stludge Method
Discharge rate 2,000 ~ 4,000 m*/day
Area of_plant 13 rai

Construction costs 10 million Bahts
Operation costs 200,000 Bahts/day
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Number of factories

Current accomodated 77

Requeéting approval 6

Requeéting exXpansion 5
34 km district o .
Treatment capacity 4,500 m®/day
Treatment method Activated Sludge.Method
Discharge rate 2,000 ~ 3,000 m®/day
Area of the plant 12 rai
Construgtidn costs * 10 million Bahts
Operation costs 200,000 Bahts/day
Number of factories '

Current accomodated 52

Requesting approval 5

Requesting expansion 3

:| Wastewater/Rain water |

|

| Filter ]

|

| Wastewater Reservoir l

| First Settling Basin | (24 hrs)

l- Rapid mixing Tank 1 (3 mins.)

| Slow mixing Tank | {20 mins.)

lChemical Settling Basin| (2 hrs.)

| Aeration Tank | (24 ~ 18 hrs.)

| Final Settling Basin | (2.5 hrs.)

L | |

Discharge Water l 1 Sludge Drying Bed |

Figure 4-41 Treatment Process of Central Tanning

Wastewater Treatment plant
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1

2)

L 4)

5)

Conditions of the operation and management

Due to the heavy rain in the morning on the day of the

.investigation, water accumulated in the streets within

the industrial estate. The said wastewater freatment
plant was not capable of handling the amount and part of
the water was directly discharged. But because the
capacity of the raising pump was insufficieht, the water
that had overflown into the industrial estate did not

seem to decrease.

The aeration . tank i1s divided into three tanks and
surface aeration is perfofmed at each tank. 8 ~ 12
aerafors are installed on each tank. Although the final
settling pend also has three tanks, flock was flowing
out and it is surmised that the_extracfion balance of

the slurry had been lost.

The treatment rate (inflow rate) of +the wastewater
treatment plant was approximately 1,400 m® /Hr (measured

value of flow rate at the drain).

Within the treatmént plant,'relatively_strOHg oders were
detected at the inflow conduits and drain conduits, the
initial. setiling pond-and alt the sludﬁe drying bed. The
aeratiQn tank and settling ponds are also sources of
offensive.odOréu The tanks are of -an open structure and

covering lids are not provided. .

Although there is a cohtrol building at the center of

the wastewater treatment plant, there did not seem to be
any operators. who were stationed there'full—time.-Also,
although pumps were being repaired, no information was

available concerning equipment inspection, cycle, etc.
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(3)

1)

4)

Conditions of the surroundings

The treatment plant: - is located in the south of the
tannery industrial estate and is surrounded on all sides

except for the south side by factories. Offensive odors

drift throughout the entire'industrial estate and, in

particular, hydrogen sulfide  concentrations were
extremely high above the drains. It seemed that
offensive odors were stronger ocutside on the roads than

ingide the factories.

Although the. drains are dug along the sidés of +the
streets within the induétrial.eState, the flow of water
is“not good because of the shallow incline.

Also, since most of the drains are open and _facto:y
wastewater and rain water are not differentiated,‘roads
within the estate become flooded - and 'the operations of

factories become impaired during the heavy rainsg of the

‘rainy season.

Presently, construction is being performed to enclose
the drains and raise the level of +the streets. The
construction is being performed successively, starting

from the treatment plant area and 1is partly near

‘completion. On comparing closed and open parts of the

drains, the odoeor is clearly reduced by the enclosure. and
it is thought that an effect has been achieved. in terms
of countermeasures for odors. .

However, if the properties of the wastewater (low pH,
generation of Hy;8) are considered, there are many podints
that need to be éttended to such as the degradétiOn.of
concrete and precautions for inspecting and cleaning the

inside of the drains.

Damaged sections in the drain walls and concrete walls .
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caused by land subsgidence due to excessive drawing up of
ground water and degradation of concrete degradation by

the wastewater, were noted at several places along the

drains.

(4} Results of odor measurement

The odor measurement and analysis results for the
interior and exteriof of the treatment plant are shown in
Tables 4-31. A hydrogen sulfide concentration of 110 ppm was
detected within the c¢losed sections of the drains while
above the drains the concentration reaches 20 to 40 ppm. A
considerably high odor concentration between 170 to 550 was

detected within the treatment plant.

Tabie.4_31 Results of Odor Measurement by SensoryITest
and Detection Tube '

(Central tanning wastewater treatment plant)

No. Odor | Detection tube Sampling Point

IConcentratiof NH; | H,S

< First Field Study> (November 16, 1992)
I-10 170 1.5 ND Beside control cabin
I--11 550 5 3 Over sludge drying bed

< Second Field Study>> (November 16, 1992)

2 2 Pump station at entrance

-1

I- 2 1 0.3 | Over canal on the ndrth'

-3 g.5 ND Beside aeration tamk

I- 4 3 22 Pump station back of tannery
I- 5 b 3 Inside canal

I- 6 ND | N D On the road of tanning complex
I--1 | 10 110 | Inside canal

‘I- 8 5 . A0 Over canal

-9

ND 0.5 i 0On the road in fron of tannery
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(5)

Probkgmg

The problems of the wastewater {treatment plant at

present can be summarized as follows:

1)

2)

3)

4)

5)

Eleven years have passed since the plant was constructed

and many of its facilities are ocutdated and worn out.

Since the plant  is a confluent facility for bofh
wastewater and rain water, wastewaters are discharged
without treatment for the removal rainwater during. heavy

rains in the rainy season.

Although the total'déily treatment capacity is 9,000m3,
this includes the rain water. It 1is therefore becoming
impossible to accomodate for jincreases in the wasfewater

guantity due to increases in the number of tanneries.

Although the activated sludge method is used mainly and
the coagulation settling method is used supplementarily,
because the facility “is of a confluent type, the
wastewater treatment efficiency is poor and operation

costs are high.

The number of operation/maintenance personnel is few and
there is lack of water quality management facilities
such as pH meters, etc. Water quality checks are: not

being performed regularly.

No odor prevention/deodorization méasures are being
implemenfed at the treatment plant. In particular, the
sludge is being treated by sun-drying and due to poor
management, it dis . unsanitary and. is a source _ot_

offensive odors. Wastes are also thrown into the sludge.
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The following problems can also be pointed out with

regards Lo pollution such as waslewater and offensive odors

of the tanning industrial complex as a whole.

1)

3)

Individual wastewater treatment facilities are not
installed within each tannery and monitoring system 1is

not established for wastewaters from each tannery.

Because tanning industrial’Complex_is.located in flat
lowland area, wastewaters in the drains are stagnant.
Alsc, since most tanneries discharge their wastewater
without treatment, offensive odors is generated in the
progress of sedimentation of suspended matter ‘and

decomposition of organic matter within the wastewater.

Since drainage of bolh wastewater and rainwater are
being performed in a confluent manner, the drains often

spill over during rains.
Tanneries use large amounts of water. But since much of

the water for industrial use is underground water that

is pumped up, there is danger of land subsidence.
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4.3 Measurements and Analyses of Offensive Odors
4.3.1 OQutline of Odor Measurement Survey

In the periods of First, Second and Third Field Study,
odor measurement surveys were carried out in eight selected
factories and central tanning wastewater treatment plant of

Samut Prakan.

Three methods - were 'employed for odor measurement;
sensory test (triangle odor bag method), detection tube

method and instrumental analysis method.

The eqguipment and devices fbr' odor measurement and
analyéis was prepared and dispatchéd_by JICA. The devices
for sensory ‘test . angd detection tube was sent before the
First Field Study and the equipment and devices for
instrumental analysis before the Second Field Study, whiéh
were installed and used in the Bang Yie Kang office of the

Department of Industrial Works, MOIL.
The date of odor gas sampling at each factory is shown

in Table 4-32 and the number of samples is shown in Table 4~

33.
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Table 4-32 Date of Sampling Survey of Oftensive Odors
Name of Factories First Second Third
. , Field Study Field Study Field Study
ngh meal
A.Niwat Fish Heal Nov. 4, 1992 | HMar.15, 1993 —
B.Samutprakan Fish HMeal Nov.16, 1992 | Mar.22, 1993 —
Bone meal .
C.Sungserm Bone Meal Nov. &4, 1992 | Mar. 8, 1993
D.Thai Bones Industry Nov.11, 1992 1| Mar.11, 1993 | Sept. 6, 1993
Tannery .
E.Lotus Leather and Trading | Nov. 9, 1992 | Mar.10, 1993 Sept.13, 1993
F.Q.C.Tannery Nov, 9, 1992 | Har.17, 1993 | Sept.20, 1993
I.Central Wastewater Plant | Nov. 9, 1992 —_— —
Automobile Painting
G.Narong Rungrueng Nov.ll, 1992 | Mar.11, 1993} Sept.15, 1993
H.Tavon Garage Nov.16, 1992 | Mar.16, 1993 _
Tabkle 4-33 Number of Sampling for Measurement and
Analysis of Offensive Odors
First ~ Second Third Tatal
$/T D/T S/T D/T G/C S/T DT G/C S/T D/T G/C
Fish meal Plant
A 5 I 8 13 & - — ~ 13 20
B 5 6 8 14 4 - — - 13 20 4
Bone meal Plant '
C 6 10 8 7 3 - - ~ |7 A
D’ 9 1 - 22 - 8 23 317 56 3
Tannery
E 5 -9 - 13 - 1 i3 3 12 15 3
F 5 1 - 9 - 7 8 2 12 24 ;
Automobile Painting Factory
O 2 2 2 - 5 6 2
H 2 2 3 - 3 - — - 5 2 3
Central Tanning Wastewater Plant
T 2 2 - - - - — — 2 7 -
Total 42 58 27 718 16 . 24 46 893 182 24
ST SgnSory.Test.

Notes H
' D/T Detection Tube Method
G/C Instrumental Analysis Melhod
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4.3.2 Methodology of Odeor Measurement

Odor measurement survey was performed according to the
following official methods of measuring offensive'bdors in

Japan.

a. Senéory test
Triangle odor bag method prepared by the Association of
Study and Research on Odor Control

b. Detection tube method : |
Manual of facile _méthbds of ﬁneasuring offensive 'odor
subétances (1990) prepared by the Envirohment_Agency in
Japan

c. Instrumental analysis method
Notification No.47 (1989) of the Environment Agenéy,

method of measuring offensive odor substances

JICA Study Team preparéd the Englisﬁ manual  of each
methods of odor measurement and submitted to Thai side and

carried out the survey according to these manuals.

After starting the Study, the Environmént Agency of
Japan has notified the “method of odor test usihg olfactory
sense" on December 1992, which contents are almost the éame
as the methods o0f sensory test prepared by the Association
of Study and Research on Odor Control. With the supplement
of designation of offensive odor substances from 12 to 22,
the Environmental.Agency had notified the revision of the
official methods of measuring offensive odor substances in
September 1993, which shall be effective from April 1994,
The revision intludeSVthe reform df gas samplingiprocedures
and the alternation of analysis method for trimetylamine.
Hoﬁever, Lthey are not so big change in the'prdcedhres aﬁd

methods employed in the Study.
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1) Gas sampling of odor sources on the ground

k% Absorption bottle might be placed
Sample suction tube to sampling bag in accordance with

(Teflon tube) odor substances.

l Drain pot

L, S
- U

5 — ' |
/s )1 D

¥ind direction

—2

3,

<

Absorption bottle Suction pump HWet-type gas meter

_ In case of gas sampling of odor source which was héaped
up on the ground level, a sample suction tube was fixed on a

holding stand leeward at a height and a distance of 0.5 m

and the sample gas was sucked through ébsorption bottle.

2) Gas sampling at the flue, stack and duct

Duct

Heater

e

' :¢/ Drain pot

suction glass pipg

R BN P

—trtain,

lue gas
£ B Suction punp

Absorption bottle Wet-type gas meter

or sampling bag

In case of gas_sampiing in a flue, suction flow rate was

also measured by means of a  pito-meter, fogether with

measurements of pressure, temperature and water content.
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Specific density of flow gas, however, was calculated as air
density because of lack of.Cog/Oz analyzers. Water content
also has been expressed in the calculated value, provided
temperature in the flue was 1low and water was Lthought

oversaturated.

After the suction pipe had been fixed with a silicone-
rubber plug in the center of the flue at the measuring
position, sample gas was sucked, confirming the operation of

warming and heating to avoid coagulafion of water content.

3) Sampling on the boundary line

Suction pipe

{ Teflon tube )

Wind direction
’

—— T > ¥

LAN

% The gas suction parts are the same as those

described above in (1).

For gas sampling on the boundary line, a suction pipe
was_set at a height of about 1.5 m from the ground level
using a tripod to suck_gas'at'the constant flow rate for

five minutes,

(2) Procedures of odor gas sampling and the apparatus

1) Ammonia (NHj)

Absorbing solution : 0.5 % boric acid

Sucked air : 50 ¢ at the flow rate of 10 £/min.
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Gas sampling apparatus

B [
- . (25Lq

A : Absorption bottle

B : Suction pump

C : Gas meter

2) Methyl mercaptan {(MM), hYdrggen sulfide (HyS), dimethyl

sulfide ({DMS) and diméthYl disulfide (DMDS)

The calibration gas was prepared for each of substances

according to the prescriptions.

Each sample g¢gas was taken by'running the suction pump
and then depressing the suction case to let the sample gas
pasg into the sampling bag made of vinyl—pol?fluoride and

having an internal volume of about 5 £.

Gas samplihg apparatus

: Sampling tube
: Flvorine plastic cock
Sampling bag

Suction case

Suction cock

ILCAUE 1 B o B o B = = B

Suction pump

3) Trimethylamine (TA, on the boundary line)
Sampling filter : silica filer paper dripped with
' sulfuric acid after being baked in an
electric_oveﬂr

Sucked air : 50 ¢ at the flow rate of 10 £/min.
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Gas sampling apparatus

B

A: Sampling {ilter paper B: Holder

C: Suction pump D: Gas meter

4) Trimethylamine at the flue

Absdrbing solution : 0.1 N sulfuric acid (H;S0,4)
Sucked air : 50 ¢ at the flow rate of 10 2/min.
Gas sampling apparatus was the same as that

for ammonia sampling.

5) Acetaldehyde (AA)

Sample gas was sucked at the flow rate of 10 ¢/min. into
a sampling'bag, made of vinyl polyfluoride film and having

the inner volume of about 50 ¢.

Then, the sample gas was extracted into the absorbing
solution of 2,4—dinitropheny1hydrazine_ by sucking at the

rate of 1 £/min.

Gas sampling container

A Suctioen pump

o — B: Fivorite plastic pipe
B
: l C: Sampling bag
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Extraction apparatus of sample gas in solution

Tl

3]

A: Sampling bag containing gas B: Absorption bag
C: Suction pump D: Gas meter
6) Styrene

The sample gas was taken, by sucking 1 ¢ of air at the
flow rate of 200 mf/min. into the gas sampling tube made of

borosilicate.glass and filled with the polymer beads.

Gas sampling apparatus

o

B c
A: Gas sampliﬁg tube B: Suction pump
C: Gas meter
7) Propionic - acid = {PA), Normalbutyric acid (n-BA),

Normalvaleric acid (n-VA) and Iso-valeric acid {i-VA)

Each'gas gample was taken, by sucking 30 ¢ of air at the
flow rate of 5 £/min., into the gas sampling tube.
The apparatus for gas 'sampling was sgimilar to that for

styrene sampling.

8) Organic Solvents; Acetone,_Toluene; Ethylbebzene, Xylene

The sample g¢gas wag taken into the sampling container
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made of grass and having 1 ¢ of the inner volume, which had

been preliminarily evacuated 'sufficiently with a vacuum

pump .

Gas sanmpling apparatus

A: Silicore rubber plug

Bj B: Fluorine plastic valve

C: Silicane rubber tube

{(3) Procedures of sensory test

1) Sampling on bbundary line

The sample gas was taken by opening the valve of the gas
sampling container, which had béen previcusly evacuated
below 10 mmHg with a wvacuum pump. The inner volume of the
container was - 10 £, and tﬁe sampling was carried out at the

very moment when odor seemed to be at the strongest level.

Gas sampling apparatus

ling

Teflon cock

setting spot

(:::> A: Vacuoum boft}e for ﬁas sampling

8 B: VYacuum pump
C: Yacuum gauge

D: Threeéway cock

2} Sampling at odor sources :

10 ¢ of the sample gas were collected into the sampling
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bag placed inside the suction case which had beén depressed

sufficiently with a suction pump.

3)

Gas sampling-apparatus

B D E F A Sampling tube
A 0 B: Flvorine plastic cock
¢ C: Sampling bag
D: Suction case
oo E: Suction cock
F: Suction pump
Panel Test

Panel test was carried out by members of JICA Study Team

and two operators of Thai side as well as 9 ~ 11 panelists

on. the day after of sampling. Specific points of the tftest

are as follows.

(4}

For execution of the test, at least four operators was

required; chief operator engaged in data management and

works to inject sample odors to odor bags, one operator

in charge of work to inject odor free air to odor bags,

- one operator in charge of qollection of panel sheets and

finished odor bags, and one or two operators in charge

of treatment and arrangement of odor bags.

Two team of Panelists, six members for one team, was to
engage in the test, one team for one sample. Even when
meﬁbersiwés not sufficient, the members had changed as
frequently as poésible to take a rest by turn.

The panel test had taken around six or nine hours from 9

am to 3 or 6 pm for eight sample with two team of

Panelistis.

Measurement of gas flow rate

The Seéond Field Study had included the odor measurement

of flue gas.
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In case of flue gas sampling at smoke stack or in the
duct, gas tlow rate was also measured as wuwell as gas
pressure, temperature and velocgity. ©Specific matters in the

survey are as follows.

1} Specific density'of flue gas has been calculated as air,
which consists of N, {(79.4% ), 0, (20.6% ) and CO,
(0.0% ), because of lack of Coz/0; analyzer.

2) When the temperature was observed so low to be
saturated, water content has been expressed in a
calculated value.

3) When the sampling hoie was too smdll to use pito tube
for determination of flue gas flow rate, only static
pressure and temperafure had been measured.

4} Section area of the flue had been measured to calculate

the flow rate.

(5) Instrumental analysis of odor substances

To determine the concentration of odor substances in
five factories, instrumental analysis was carried out, using

gas cﬁromatograph and Spectrophofometer.

Number of analysis items is 12; ammonia (NHs ), methyl
mercaﬁtéh _(MM), hydrogen sulfide (st); methyl "sulfide
(DMS), methyl disulfide (DMDS) , 'trimétylamine {TM} ,
acetaldehyde (AA), styrene, propionic acid (PA), normal
butyric acid {n-BA), normai .valeric acid {n-VA) and
isovaleric acid (i-VA) except for the automobile.painting
faqtories in which was analyzed for four itemé;' acetone,

toluene, ethylbenzene, and :-xylene.. Table 4-34 shows the

actual condition of instrumental analysis.

- The outlines of method for analyzing offensive odor

substances are summarized in Table 4-35
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Table 4-34(1)

Methodg for Measuting Offensive

Odoré Substances

Odor Substarices

Method  for measurement and'anélysis

Anmonia

{Site border concentration measurement)

Catch ammonia - by passing a lot of air through a
parchment paper filter, and determine the ammonia
amount by'__absorption spectrometry {pyridine-
pyrazolone method)

(Outlet port concentration)

Japanese Industrial Standards (JIS) K 0099.

Methyl mercaptan
Hydrogen sulfide
Metyl sulfide

(Site border concentratlon measuremeint)

Catch these offensive odor substances by passing
sample air of about one (1) liter sucked into a
vacuum bottle through a U-figured tube chilled with

liguid 'oxygen, and separate and determine the

amount of these substances by gas chromatography.

{Outlet port concentration)

Catch these substances by passing sample air of
about one (1) liter sucked into .a bottle
depressured by 1/10 through a ‘U-figured tube
chilled with liquid -oxygen, and separate and
determine the amount of these substances by gas

chromatography.

Trimethylamine

(Site border concentration measuremégt)

Catch trimethylamine as salt by passing a lot of
air through a parchment paper filter, decompose the
salt with strbng alkali  so as to produce

trimethylamine, and pass it through a U-figured

. tube chilled with liquid oxygen, and separate and

determine its amount with the gas chromatograph
provided with a_flamé ionization detector.

(Outlet port coscentration)

Catch. the substance by passing sample air ol about
one(]) iiter sucked into a boitle depressured by
1/10 through a U-figured tube chilled with liguid
oxygen, and separate and determine its amount by

.gas .chromatography.
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Table 4-34(2)

Methods for Measuring Offensive

Odors Substances

Odor Substances

Method for measurement and analysis

Acetaldehyde

Catch acetaldehyde-2,4-dinitrophenylhydrazone by
passing gas taken in the sampling bag throuﬁh
phosphoric acid solution of 2,4-dinitophenyl-
hydrazine. Extract acetaldehyde firom the caught
compound with carbon tet, and separate and
determine 1its amount by introducing the solution
into the ‘gas -chromatograph provided with a flame

iconization detector.

Styrene

Catch styrene as thickened by passing gas taken in
the sample gas container {a vacuum bottle) through
a sample thickéniﬁg ~tube <chilled with liquid
oxygen. By heating the thickening tube, introduce
Styrene directly into the gas chromatograph with a
flame ionization detector and determine its amount.
{Other. method)

Catch styrené as thickened by passing sample gas

through a catching tube filled_with porous polymer
beads at the room Cemperature, By heating the
catching tube, introduce styrené directly into the
gas chromatograph with a flame ionization detector

and determine its amount.

Hethyl disulfide

Catch dimethyl disulfide as thickened by passing
gas taken in the sample gas container {(a vacuum
bottie) through a sample thiékening tube chilled
with liquid oxygen. By heating the thickening tube,
introduce styrene directly into the gas chromato-
graph with a flame “ionization detector and
determine its amocunt.

Normalbutyric acid
Isovaleric acid
Normalvaleric acid

Propionic acid

Catch lower fatty acids in the air into the sample
catching tube filled with glass beads covered with

‘strontium hydroxide at the room temperature. By

injecting formic acid ihtO‘the.catching tube and
heating it, introduce "~ the lower fatty acids
directly into the gas chromatograph with a flame
jonization detector and determine their amount .
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Table 4-34(3)

Methods for Measuring Offensivé

Odors'qustances

Qdor Substances :

Method for measurement and analysis

Toluene

Xylene

Acetic ether

Metyl isobutyl ketone
Isobutyl alcohol

Catch these components as thickened in the sample
thickening tube by passing gas taken in the sample
bag through 1it. By heating the tube, introduce
these components directly into the gas chromato-
graph with a flame ionization detector and
determine their amount.

{Other method, exceﬁt for isobutanol)

Catch these components-as thickened by passing gas
taken in the sample bag. through the catching tube
filled with pbrous polymer beads. By heating the
tube, introduce these components directly into the
gas chromatograph with a flame jonization detector
and determine their amount.

(Note) If these components hé#e high concentration,
their amount can be determined by introducing
sample gas directly into the gas chromatograph with

a flame ionization.

Propionic aldehyde
Normalbutylaldehyde
Isbbutyialdehyde
Isovaleraldehyde

Catch these components as thickened by passing gas
taken in the sample bag through the sample catching
tube filled with silica gel covered with DNPH (2,4-
dinitrophenylhydrazine). Elute these componenis
from the tube with acetnitrile, evaporate the
acetnitrile, dissolve the residue into acetic ether
and introduce a'part of the solution into the gas
chromatograph with a flame ionization detector to
determine the amount.

{Other method) _

Catch these components as thickened by passing -gas
taken in the sample bag through the sample catching
tube filled with TENAX-GC or the like. Then,

rethicken ;heSé components in the sample thickening

tube chilled with liguid oxygen. By heating the
thickening = tube, introduce these . components
directly into the gas chromatograph mass analyzer

and determine their amount.
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4.4 Conclusion of the Survey
4.4.1 Factory Investigation

The field survey on selected eight factories had been
carried out in the First Field Study on October and November
1692, the Second Field Study on February and March 1993 and
Third Field Study on August and September 1993. The general
data such as scale, layout, production process, and others
were checked in the First Field Study period, whereas the
list of facilities Qas made and.hearing survey was executed
with regard to production process and production management
bf each factories in the Second and Third Field Study

period.

Both of +the . fish meal plants dischrge considerable
‘amount of offensive odors because both factories have becdme
too old as a whole, including production facilities and
buildings. As the preventive measﬁres for offensive odors, a
deodorizer is. equipped in the main process line in both
factories. The measures, however, 1s not sufficient to
intérrupt the offensive odors to the surroundings. The
facilities in the factories work so intermittently.because
of the lack of raw materials, mainly fishes and shrimps,

that the manhagement is forced to be unstable.

.Both of the bone meal plants also have very old building
structure and production facilities and they have many
troubles in terms of operation and management. The quality
of odors is the most dingsting.among four dindustiries as a
résqlt of the characteristics of raw materials or animal
bones, and the offensive_odors are generated in most process
of the factories. Compared. with two factories, Bone Meal
Plant C is thé comparatively small like typical bone meal-

factory, whereas Bone'Meal Plant D is larger than it and has
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complex processes including refining process of calcium
phosphate and ossein in addition to the production process

of bone meal and bone oil.

Most of tanneries are located in the tanning industrial
complex in Samut Prakan. Major sources of offensive odofs
are preparation process before tanﬁing, drving process after
tanning, painting process, and wastewater from the
factories. From the point of prevention of offensive odors,
it is important to treat the residues of treated fur and the
wastewater from the raw fur washing, liming, and fur dregs
shaving process. Actually the wastewater is not treated in
each factories but transferred to the central wastewater
treatment facility in the tanning complex. The tanning
industry of Thailand has been developed rapialy until now,
however the recent performance of business shows the signs -
of depression "due to the pursuit of other developing

countries such as China and Vietnam.

Both of the automobile painting factories are small auto
repair shops where the source of the offensive odors is
organic solvents for the most part. The environmental
impact, however, is comparatively Small_ because the
factories are small. Automobile Painting Factory G has old
and messy workshop and the painting room is too small to be
used for painting; whereas Automobile Painting Factory H is

a new factory where the modern painting room is installed.

The JICA Study Team had checked the influence sphere of
offensive odors from each factories by fie1d5reconnaissancé
around the factories. Based on the survey, Fish Meal Plants:
A and B and Bone Meal Plant C extend the infiuence of
offensive odors as far as about 100-200 meters leeward. Bone
Meal Plant D influences wider areas, about 500-1,000 méter&

far from the factory. Tanning industrial complex, in where
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selected factories are 1located with other dozens of
tanneries, is full of offensive odors inside and outside the
factories without regard to the intensity from each
factories. Automobile painting factories have smaller

influence in offensive odors as far as dozens of meters.
4.4.2 Measurement and Analysis of Offensive Odors

Offensive odors had been measured and analyzed in eight

factories and the central tanning wastewater treatment

plant.

According ‘to the. results, the odor sensory test 1is
defined the best mefhod'beihg effective for the formulation
of preventive: measures - against offensive odors in the
factories ags the odor concentration determined by sensory
teat is roughly corfesponding with human ol factory sense. On
the contrary, most of the résults of ammonia and hydrcgen
sulfide measured by detection tube are under detection limit
value except .the points at where the level of smell is
considerably high, and the Conqentrations of odor substances
determined by instrumental analyéis are also shown as below
the quantitative limit exéept for ammonia and a few items
~even at the points guch as the flue where the concentration

must be high.

On boundary line, odor concentration determined by
sengsory test is desirable to be below the value of 10 and
neéds to be below 60 even in the industriai district,
whereas actual results of measurement indicates beyond 10 at
most points and still beyénd 60 in some factories. Odor
concentration of smoke stack should under 300, and needs to
be below 1,000_or 3,000 at.the worst, Howeyer, the results
at most points of odor sources are beyond 300; for example,

odor concentratibn_ of flue gas is 170,000 at inlet of
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deodorizer and 23,000 or 98,000 even:at outlet of deodorizer

in fish meal factories.

At any rate, the results of sensory test has indicated
the 1intensity of offensive odors quantitatively in each

points and reflected the value of olfactory sensation.

The conc¢entration of ammonia by instrumental analysis
are about 0.2-.0.7 ppm on boundary line and 40-362 ppm at
outlet of deodorizer. However, most results of analygislfor
other substances by gas chromatograph are divided in value,
and shows the value of below detectable limits even at the

point where the concentration is supposed to be high.

Table 4-36 shows the performance of failures to meet  the
Japanese regulation standards of offensive odors to evaluate
the results bacause the standards are not established in
Thailand. Japanese standards are adapted for only on boﬁdary
line and at smoke stack but 'here includes the Compafison in

other places.

The results of odor measurement in Fish Meal Plant A and
Automobile Painting Féctory G are in compliance with the
standards on the boundary 1lines. However, this is simply
bacause the sampling points are far .from the odor sources.

In other points any items failed the standards.
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Chapter 5 PREVENTIVE MEASURES OF QFFENSIVE ODORS
IN THE SELECTED FACTORIES

5.1 Approach to Preventive Measures. of Offensive Odors

5.1.1 Fundaméntals of Preventive Measures of Offensive

Odors

Offensive odors occur as a mixture of trace amounts of
various odor components. Offensive odors are thus difficult
to remove once they are generated. Countermeasures against
odor sources are therefore the mest important . aspect of
offensive odor prevéntion measures. Production processes
which minimalize the amount of odor generafed. must be
adobted and suitable production management must be
practiced. Also, in ofder to prevent leakage of odors
outside'the.factory, efforts must be made to enclose the
odor source and to implement effective and efficient

deodorization measures.

Lomprehensive measures. that are the most effective,
laSting and efficient, should be implemented based on the
odor prevention measures.given below. Among these measures,
odor prevention facilities consist of the odor collection -
t.t*e;:—11:111er1t_~a discharge steps. Odors of low concentration may
be éccomodated‘for at times simply by dilution ventilation

and deodorization may not be necessary.

1} Improvements in the. production  processes (processing
capacity, processing method, etc.).

é) Improvements "in the way offensive odor sources are
utilized (cleaning, inspections, repairs).

3).0ptihiiation of operations management (reception of raw
materials; storage methods).

4) Enclosing of offensive - odor generating: facilities
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6)

{fequipment, buildings, etc.)

Installation or improvement of odor preventive
facilities.
Provision of open areas for buffering purposes.

The following points should be considered upon taking

measure for the prevention of offensive odors from

factories:

1)

Investigate and grasp the exact sources of offensive
oddrs as well as the odor emission rate, the substances
causing offensive odors and odor generétion time.

Select production and processing processes that do not
emit offensive odors easily or impfove processes so that
offensive odors are not easily émitted.

Improve methods of handling raw materials and wastes to
reduce odor emission rates.

Reduce the number of odor sources. Also, prevent odors
from being discharged in a concentrated manner.

Odor prevention measures.should be implemented step-by-
step, starting.with éources with the greatest effects
and highest odor emiséion rates (gas flow rate X
concentration]) .

Enclqse the odor sources to prevent the leakage and
diffusion of offensive odors as small as possible. It
is desirable to take multiple enclosingxmeasures from
equipment to rcocoms to the entire factory building.
Suitable duct work that would keep the building interior
under negaive pressure are also 1mportant

At each odor source, odor collection and 1nsta11at10n of
deodorization apparatus should be performed separately
for each tybe'of odors with‘similar properties and/or
concentrations. Discharge but_ of =a chimney,- without
treatment, may be adequate at ‘times fdr_ low

concentration odors.



8) Collecl odors efficiently by induction with an adequate
flow of air. Excessive induction may have no effects at
times.

9) Since the coslt of odor preventive measures are not low,
consider meésures which are lasting and cost-effective.

10) Operate and maintain the deodorizing egquipment
adequately. Inspéction of the effects for deodorizer 1is
élso important as well as the condition of installation
such as capacity. .

11) Endeavor_to get  rid of public complaints as well as to
satisfy the legislative standards. Evaluate the effect
of the measures based on human olfactory sensation, not
on the removal rate of odor substances.

12) It is desirable to select factory locations far from
urban areas and with few residences in the surroundings
in order to avoid complaints priorly. _

'13) Provide enough.extra space around the factory to provide

odor buffering zones.

5.71.2 Procedures to Establish Preventive Measures of

Offensive Odors

_ To establish the preventive measures of offensive odors,
the most important is to grasp the actual state of offensive
oderg and to identify the cause of tLthe. impact. The
investigator must'ideﬁtify the source. of offensive odors and
verify the quality, quantity, concentration and generation

time of the odors.

The preventive measures of offensive cdors from
factories is orderly proceeded according to the following

procedures.

1) Compile and analyze public complaints around the



factory.

2) Perform surveys of the awafeness of neigboring residents

towards pollution.

3) Perform an inspection of the odor sources to determine
the degree of the problem in the iacfory, including odor
measurement by sensory test and instrumenl analysis.

4) Perform a field survey of the environmental state around
the factory.

5) Plan the preventive measures of offensive odors (set
objecti?es, set prospective values of treated air
flow/cohcentration, select ftreatment methods, etc.)

6) Estimate and ésses the odor removal rate and the
concentration at the boundary line.

7) Install deodorizing equipment.

8) Check the effects of measures (ihfluences at landing

points and boundarieé).

Upon plahning odor preventive measures, set how. much
odor (concentration) will be treated, to what 1level the
odors will be treated to ahd what kind of emission rates
will be used in. treating the odors. Upon performing the
survey of odor sources, it is desirable td find out the
Total OER (TOER) as shown in Figure 5-1 so that measures can
be implemented starting from the source of the greatest

effect.



L List up of all odor sources in the fdctory ‘

Heasurement or estimation Measurement of odor
of emitted gas amount intensity or odor concen-
at each odor source tration at each source
\ _
Calculaticn of OER Field survey of
' —=

factory surroundings.

Calculation of TOER .1 Establishing the goal of

the preventive measures

Ratio of OER in each Determination of the'odo;T
sources L substances at each sourced
Determination of the rankg Selection of system for

to take measures in all the preventive measures
S0uUrces '

Figure 5-1 Flowchart of the Survey and Planning of Odor

Prevention

5.1.3 Outline of Odor Trapping

Various offensive odor sources are present within a
factory. These ihciude‘equipment sich as cookers and dryers,
recebtion pits and'repositories for raw materials, treatment
facilities and outlets théréof'for wastewatér and wastes and
repositories for products, by-products and wastes. Since the
conditioné_ of odors, such as constituents, quantity and

concentration, differ widely for each process, odor



preventive measures must be implemented according to the
characteristics of each source. Figure 5-2 shows an eXample

of how odorization facilities may be arranged.

P

Exhaust air /
(non-treated)
/// Exhaust:gas,,’/’fﬂm“

] (treated)
//_m/—_____’::

Duct Decdorizer

m ﬂ . . Qzl 1 1
' Offensive

’ﬂh\\\H‘;H Hood == /’;ﬁvhw__*;ﬂw#/f,fﬂf’ odors
g

Odor source

Figure 5-2 Schematics of Arrangement of Deodoriiation

Facility

With regards to the deodorization of offensive odor
gases, the rationai procedure would be to trap the offensive
cdor at locations as near as possibie to the odor source and
to introduce the trapped odors to the deodofization
apparatus. Ventiiation apparatus for this purpose are
comprised of a fan, duct and hood. It is desirable that
‘these apparatus be made of polyvinyl chloride in order to
avold corrosion. Since the performance of tﬁe ﬁan ‘has .a
large effect on the running cost, it is'necessarx té_seléct
fans of suitable power and to design ducts so that the

pregsure loss 18 small.
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The.ventilation'rates for trapping odors are basically
set so that induction is performed by a minimum air flow
rate. Figure'5~3 shows a good method for enabling efficient
odor trapping by use of hood. Although ventilation rates of
buildings differ for different types of buildings, these
rates are usually designed so thaﬁ a volume thaf is 10 times
the volume of a room is ventilated in one hour. Also, since
trapping of odors is difficult for offenéive odor sources
that are located outdoors, it is desirable to perform odor
generating operations indoors and to trap the odors at

locations as near to the odor source as possible.

Odors should be classified - into those  of high
concehtration, medium concentration éhd low concentration
and these should be trapped accordingly and separately. High
concentration odors and medium concentration odors require
treatment suited for each odor qualify..Low concentration
odors may be handled by simple treatment methods or, at

:times, by simpiy discharging from a tall chimney.

_#_Blower : — Blower .T 3fw* Blower
@ 7 O) Pulley

Hood Hood Bellows - Weight

AOdor
. Sgurce

Figure 5-3 Odor Trapping by Use of Hoods at Odor Source

-
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5.1.4 OQutline of Deodorization Technologies

{1) Outline of decodorization methods

Deodorization 1is a process for removing odor-creating
substances from emitted and atmospheric gases.'Deodorization
methods can be classified ag shown in Figure 5-4 but is
usually roughly classitfied - into three methods, wet
deodorizing method, dry deodorizing method and combustion

deodorizing method.

Wet deodorization is a geﬁéral term for deodorization
methods that use water, chemical agents ahd/dr sludge. These
methods use a scrubbing process denerally, but in some
cases, eémploy an aeration process in the activated sludge
tank o©of waste water treatment. This method is .classified
into the water scrubbing 'mefhod, the chemical scfubbing
method and the bioclogical {sludge) decdorizing method

depending on liquid used.

Dry'deodorization is a proéess for removing offensive
odors without water, using adsorption, bio-chemical action
and others. The typical methods are activated carbon

adsorption method and soil-filter deodorizing method.

Combustion deodorizing is a process for  removing
offensive odors by combustion, which is classified in to two
methods; thermal combustion method and catalytic oxidation

method.

Other deodorization methods include the ozone oxidation

method, ion exchange method and‘the”masking method,

Deodorization methods for the industries subjeéted to

the survey shall be described in outline. here.

5-8



Physiqal Methods

——  Water scrubbing methods
L———  Adsorption methods
‘+—— _Condensation methods

——— Dilution methods
. Chemical Methods
— Chemical absorption methods

———  Oxidative absorption methods _
{ozone, chlorine, sodium hypochlorite,
etc.)
——— Acidic absorption methods
(éulfuric acid, hydorchloric acid, etc.)

L .  Basic absorption methods

(sodium hydroxide, etc.)
|-~ Chemical adsorption methods (ion-exchange resins)
———  Combustion methods

. Thermai compbustion method

—.— Catalytic oxidation method

L .—  Neutralization methods
(masking agents, neutralization agents)

Biological Methods

L 'Soil adsorption method
L "Activated sludge method

L Oxygen agent method

Figure 5-4 Classification of Deodorization Methods
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1) Watef scrubbing

This is a scrubbing decodorization method in which water
is used and is effective for water-soluble odor substances
such as ammonia but is not effective for sﬁch substances as
hydrogen sulfide, mercaptans, highér'amines and fatty acids
which are not highly soluble in water. Although the facility
and operation costs for.this method are low, because it does
not have a strong effect. by itself, it is used in
conjunction with other deodoroizatibn'methodé. _

Figure 5-5 1is a flow diagram pf fhe 'watér scrubbing
method. The odor drawn.by.the fan enters the scrubber. The
scrubbing tower contains packings (usually of polyethylene)

and a shower of water is applied from the upper part.

As the odor gas, that enters the IOWer paft of the
tower, aséends thrbugh the packing, the odor gas comes in
contact with the water énd deodorizétion takes place as the
odor—causing substances are absorbed by the water. The ﬁater
dfops within the gas are remoﬁed at the mist separator abhove
the spray and the gas is discharged into the atmosphere as

treated gsas.

The spray water may consist partially of reciréulated
water or totally of supply water .depending on the
constituents and concentration of the odorf Alfhough the
deodorization effect of water lbwers as it is.recirculated,
relatively high levels of deodorization méy be enabled by
the _cohstént use of fresh water.. Odors that c¢an be
deodorized by this method are those that coﬁtain water-
soluble components and that are low in concentration. Thus,
this method is used in many cases aé a pretreatmenf process
for other deodorization methods. Mists; fumes.and dust may

also be removed by the water scrubbing method.
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pump - chemicals chemicals
supply pump tank

Figure 5-5 Schematic of Water Scrubbing

2) Chemical agent scrubbing

This is a method by which the odor is removed by
chemicals such as acids and bases. A suitable chemical is
selected for use according to the constituents of the 6d0r.
The chémicals generally used for different odor componentls
are shown in Table 5-1. Sulfuric acid.is used for odors that
mainly contain ammonia while sodium hydroxide or sodium
hypchlorite is used for odors that contain hydrogen sulfide.
The formulas for the reactidns between the odor compdnents
and chemicéls_ are shown in Table 5-2. Although hydrogen
sulfide'can'be removed by sodium hfdroxide, the regults may
not be good: ét some. pH wvalues. Sodium hypochlorite is

therefore generally wused for the removal of hydrogen

sulfide.
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Since the chemical agents used deﬁend on the objective
odor components, the scrubbing towers may be dual or triple
"type. In many cases, odor is issued from putrid .organic
matter (particularly proteins} dnd. contains ammonia and
hydrogen sulfide simultaneously. Therefore, dual scrubbiﬁg
towers using acidic + alkaline hypochlorite are often used

for such odors.

Figure 5-6 shows the process flow of this -method.
Although similar to the water scfﬁbbing method, the
scrubbing fluid is recirculated by'a recirculation pump in

this method.

— g1 e

fan EARA S

supply water

scrubber circulating

o pump
overflow

Figure 5-6 Schematic of Chemical Scrubbing
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Concenfrations ;of acid and alkali are continuously
measured with pH meters, If the amount of chemical falls below
the épecific amount, . it is autohatically supplied with an
injéction pump. The effective chlorine concentration in the
_sodium hypochlorite solution may also be measured with an
exclusive meter (residudal chlerine concentration meter) and
automaticélly controlled so as to maintain stable -performance
even 1if there are variations of inlet concentration and air

flow rate.

Table 5-1 Correlation Between 0Odor Components and

Chemical Agents

Odor component Molecular Chemical agent

_ Formula to be applied
Ammonia NH; sulfuric acid, or

hydrochloric acid

Trimethylamine {CH;) 3N ditto

Hydrogen sulfide Hy S sodium hydroxide, or

sodium hypochlorite (alkaline)

Methyl mercaptan | CHsSH | ditto

=Methyl sulfide (CH3)2S | sodium hypochlorite (alkaline)
Methyl disulfide (CHs )2 S, ditto

Propionic acid C, Hs COOH sodium hydroxide
n-Bulylic acid C4H; COOH | ditto A
n-vValeric acid C,Hs COOH | ditto i
i-Valeric acid C,Hg COOH | ditto
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Table 5-2 Reaction Formulas Between Odor Substances

and Chemical Agents

Odor component Reaction formula
 Ammonia MH; + HpSO4 > (NHg),S04

Trimethylamine - {(CH3)sN + H2S04 > (CHj )3 NHHSO,4
.”ﬁ;arogen sulfide Hy 5 + 2NaOH — Na,S + 2H.0

Na,S + 4NaCl0 — Na,S0, + 4NaCl
NapS + NaCiO + H,0 -> § + NaCl + 2NaOH

Methyl mercaptan | CHySH + 3NaCl0 —> CHySOgH + 3NaCl

Dimethyl sulfide | (Cg)zS + NaClO —> (CHy)sSO + NaCl

Dimethyl disulfide| (CHs);S, + 5NaClO + H,0 —> 2CH;SO # 5NaCl

Propionic acid CHy CH; COOH + NaOH — CHyCH,COONa + H,0
n-Butylic acid CH (CHz ), COOH + NaOH — CHg (CHy ), COONa+H, 0

n-Valeric acid CHg (CH; )3 COOH + NaOH — CHs (CHg )5 COONa+H, 0

i-Valeric acid (CHy ), CH3COOH + NaOH—> (CHg ) CqHs COONa+H, 0

3) Sludge deodorization

This is a biological deodorization method. Although'the
schematic is fundaméntally the same as the water scfubbing
method as shown in Figure 5-7, sludge (in many cases,
activated sludge from wastewater treatment) is recirculated
as the scrubbing fluid and the odor is removed at the
absorption tower. Siﬁce the concentration of suspended seolid
(S8} of the recirculated sludge is high, the scrubbing.tower
of this method employs a system of trays with perforated
poards instead of the layer packings 'as 1in the chemical

scrubbing tower 1in order to prevenlt blocking.

With this systém, nearly every +L{ype of odor can be
removed. But, unlike deodorization methods that use chemical
reactions, it requires a certain amount of time before the
sludge (bacteria) becomes adapted to odof-components. Hence;
this system is hard to control in cases where the changes of

odor concentration with time are larde or 1in cases where



odor components change quickly.

treated gas

)

perforated
plate

scrubber

0 & 9 8 o
. T ale & g
9 98 A o @
S & nla o @

® 9 aqie & e 8 ,

c @ 9 Big o0 co o o

a 6 0w

odorous
gas

circulating
pump

sludge circu-
fan ' lating tank

aeration
blower

Figure 5-7 Schematic of Sludge Deodorization

4) Activated carbon adscorption
In this method, the odeorous gas is passed through layers

remove odor components by

of activated carbon which

adsorption. The activated carbon must be that for gas phase

use only since nearly no effects can be obtained with that

for water use.

Crushed coal grains of 4 to 8 meshés.are generally used
as the activatéd carbon. Gréins of 4 to 6 meshes are most

popularly used to reduce : pressure loss since small grains
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increase the pressure loss extremely.

treated
gas

e
odorous =rem— e
gas
fan

‘activated carbon
adsorption tower

Figure 5-8 Schematic of Activated Carbon Adsorption

A raised LV (Linear_Velocity'at which gas passes through
the layer) may be effective in reducing the size of the
tower. But pressure 1055 in the packing layver increases
exponentially wifh LV?2 . Hence, It is importént to achieve a
reasgonable baiance between the initial cost and the running
cosl by sélecting a suitable LV valﬁe. In the usual désign,
LV is set to approk. 0.3 m/sec., bringing about-a'pfeSSure
loss of approx. 100 mmAq. per meter thickness of activated

carbon packing.

_ Activated carbon adsorbs odor compohents physically.
Consequently, some _compbnents- canhot. be adsbfbed (e.qg.
ammonia) . But a special activated carbon has beeh.developed:
through chemical treatment. This type of active carbon can
remove almost all odor componeritsT Another type of

deodorizing equipment makes use of fibrous activated carbon
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aimed to remove and recover organic solutions. But it is not
vyet used practically for deodorization in  automobile
painting nor in any of the other three industrial fields

covered in this survey.

Activateq carbons exhibit excellent  adsorption
capacities for organic substances and are effective for a
wide variety of odors. These are especially effective for
alcbholé, fatty écids, mercaptans but are not as effective
for 'ammonia, anines and aldehydes. Activated carbons are
suited for the deodorization of odordus géSes of low
concentration and high emission rates. However, the number
of replacements and/or recoveries “become Iafge for high
concentration odors. Otherwise, activated carbons are
affected little by variations in the load of odorous gases

and are easlily maintained.

5) Soil-filter deodorization

This method deodorizes the suéked odorous gas by passing
it through a Soil layer, in which bacteria removes the odor

components by decomposition.

LV in the soil 1layer is wusually near 10 mm/sec.,
bringing about a pressure loss.of 250 mmAg. or less. Hence,
a large area of land is necessary for installation of this
type of deodorizing equipment. Actually, an area of 800 m?
(20 m x 29 m) is required to treat a gas flow of 500
m3 /min., togefher with some additional area for installation

of appended machines such as fans.

When soil is dampened wet by-rain, the pressure loss
increases. When draining is poor, fhe system is blocked and
rendered uéeless with water in the soil. Hence, this type of
‘equipment should be located with sufficient care in the

draining of the so0il in the vicinity.
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Whereas this type of equipment can handle almost every
odor component,

odor

its performance is temporarily degraded if
component

concentration changes largely or

guickly,
similarly to the sludge deodorizing method.

. Soil-Filter Deodorizer o

e

Odor Source

addoh e
RS
. Fan.

—_—

Main Duct’ Branch Duct

L.ayout Suction Duct

bﬁorous
T gas

Branch Duct Main Duct Derivery buct

Section A-A

Figure 5-9 Schematic of Soil-Filter Deodqrization
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6) Thermal combustion

This method decomposes odor components by oxidation at a
high temperature of 600 to 800 C +to deodorized gas, and can
treat a wide variety of'odors. The temperature must be held
for épprox. 0.3 to 1 sec. ({retension time). If hydrogen
sulfide is included in odor components, assoclating
desulfufization equipment should be installed, if the
component concentration is high, in order to avoid adverse

effect of sulfur oxides (SO«).

COmbusfion uses heavy oil, kerosine or gas. The key for
low funning cost is effective recovery of heat for
ﬁinimization of the total fuel consumption in the factory.
If a lot of steam is coﬁtained in odorous gas, consideration
is necessary in the removal of wafer by condensation through

pre-treatment (cooling the gas) before deodorization.

combustion 550kg/h, Bkg/cm? 2
air- fan : steam 5{é
115kg/h N 5 ' T
: 8 IL - -
A heavy oilms] d?odqri:>retent1on gas [ = i}
blow steam ™= |* 08 Ch"":berr preheater | waste 23 0%
Ska 2 furnace 7607 : heat )
g/on ' boiler ¥
bo L
odeorous gas 20°C supply
water

200m3N/min at 80°C :
exhaust

fan

Figure 5-10 Schematic of Thermal Combustion
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7) Catalytic combustion

This method paSses odor gases through a catalyst layer
at a temperature of 300 to 400 C and decomposes them by
oxidation. Thus, the fundamental concept is similar to the

thermal combustion system.

An advantage of this method is that it deodorizes at a
tempefature lower than the thefmal qombustion system,
because it uses a catalyst. Additionally, if *the heat-
generated in the oxidizing decomposition process can hold
the temperature in the catalyst layer, the burner operation

can be stopped after the start-up stage.

The deodorizing effect of it is highef than that of the
thermal combustion system, especially when the odor
concentration is comparably “low, because oxidizing

decomposition proceeds quickly in the former process.

treated gas

L
‘heat = 235 &
pre— QXChanger _ ég:?h heater., f—
d treatmen —y o . o {
odorous ' - . - - fue
gas 7A(:}~—= R
.._,q% . .
. : co bué 1
catalyst :.m stion
air blower
tower

Figure 5-11 Schematic of Catalytic Combustion
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The catalyst is constituted of metal stuck to the
carrier, and is largely divided into three systems as listed

in the table below:

Table 5-3 List of Catalysts

System Metal Remark
Noble metal Pr(platinum) Vigorous catalytic activity.
system Pd(palladium) Strong to poisons., Long life,
{ Ra{rhodium) Recoverable, high price.
Base metal 7 Co{cobalt) 7 Effective metal depends on

oxide system Mn{manganese) object component. MHore than three

Cu(copper) metals having to be combined.
Cr(cromium} Unrecoveréble. Cheap price.
& otﬁers '
Metal sulfide Th(thor{um) for odor components containing o
system Ni(nickel) sulfur (such as hydrogen sulfide

Ho(morybdenum) | and SO.), for which the two systems

Co{cobalt} above cannot treat

& others

Iin the usage of the catalysts, care should be taken
against catalyst poisons., If they are cohtained in odorous
gas, they must bé removed preliminarily. Catalystndamage by
poison can be .diVided into two categories, temporary and
permanent. Temporary catalyst—damage can be regenerated, but
permanent catalyst—démage cannot be regeneratéd and must be

eliminated.

Table 5-4 Catalyst Poisons

Category . Poisonous substance

Permanent damage | heavy metals .

Temporary damage sulfur, halogen, excessive water,

carbon dioxide, tar, dust
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(2) Comparison of deodorization methods

Table 5-~5 shows the comparison of deodorization methods
with regard to effective type of odor substancés, gas flow,
concentration and temperature for which the method is suited
to as well as ease of- maintenance, accomodation of load

variation, initial cost and running cost.

Upon actually designing deodorization facilities or
arrangements thereof, the deodorization methods shown below
are either used singularly or in combination according to
the type, compesition, emission rate, concentration of the
odor. For example, high concentration oddrs may be handled
by thermal combustion while medium concentration odors may
be handled by a combination of chemical scrubbing and

activated carbon adscrption.

The most popular methods among the above methods are the
chemical scrubbing, the activated carbon adsorption and the
thermal combustion methods. Table 5.6 shows the estimation
of 'running costs for these three methods for a low
concentration odor consisting of about 1 ppm ammoriia and 0.2
ppﬁ hydrogen sulfide (Case 1), a medium concentration odor
consisting of - about 10 ppm ammonia and 2 ppm hydrdgen
sulfide (Case 2) and a high cdncentration odor c¢onsisting of
about 100 pbm ammonia and 20 ppm hydrogen sulﬁide. The
conditions - that were assumed for this estimation are as
follows and the details of the estimation for the medium

concentration odor case is shown in Table 5-7.

Gas flow : 100 Nm® /min.
Gas temperature 1 30 C
Operatioﬁ time period . : 24 hr/day, 365 days ber year

Pregsure loss at ducts : 100 mmAq.
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Comparison of Deodorization Methods

5-5
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Table 5-6 Comparison of Annual Running Costs
' ~ (Unit: Bahts)

| Chemical Thermal Activated

Case Item -carbon
scrubbing combustion adsorptiocn

Low concent- | Chemicals 111,000 2,102,400 573,600
ration odor | Electricity 199,900 168,600 191,200
Total 310,900 | 2,271,000 764,800

Medium concend Chemicals 208,900 | 2,102,400 | 2,770,600
tration odor Electricity 299.900. 168:600 191,200
Total 408,800 2,271,000 2,961,800

High concent- | Chemicals 1,126,300 | 2,102,400 | 23,614,00
ration odor | Electricity 199,900 168,600 - 191,200
Total 1,426,200 2,271,000 23,805,600

Note

Operation hours of deodorizer

: Gas flow

Pressure loss at ducts

100 Nm®/min (30°C)
: 24 hr/day, 365 days/year
100 mmAq

Activated carbon method employs three-bed system using -

treated carbon.

Concentration of odor substances (CO; : 1,000 ppm)

(units: ppm)

NH, H, S MM DMS DMDS
Low concentration odor 1 0.2 0.02 0.01 0.005
Medium concentration odor 10 2 g.2 0.1 O.dggi
High concentration odor - 100 20 ? 1 0:;___
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Table 5-7

Medium Concentration Odor

a. Chemicals (including Water, 0il, Activated Carbon)

Breakdown of Running Cost for Deodoriziation of

item Chemical Thermal Activated carbon
scrubbing combustion adsorption
“Annual Consumption| SA| 2,816kg HO| 525,600kg | AC 990kg
(kg/yr) Cs 4,956kg - AL 5,655kg
HP | 24,324ke - NT 1,403kg
WT 768m® -
Init Price SA b/kg HO 4ike AC 282 /kg
(Baht/kg) csS 9/kg AL 353 /keg
“HP 6/kg NT 353 /kg
WT 5.6/m8
Annual Cost SA 16,896 HO | 2,102,400 AC 279,529
(Baht/yr) ¢S G ,004 AL | 1,995,882
' HP 145,944 N 495,176
W 1,501 .
(total) 208,945 2,102,400 2,770,588
b. Energy {(Electricity)
Ratings Fan 7.5k¥W 7.5kW 11kW
Pump 3kW — —
Others 1. 1kW 2., 2kW —

_ Total 11.5k¥ 9.7kW 11kY
Effective rating 9.2kW 7.76kW 8.8kHW
Annual consumption 80,592k¥Wh- 67,978kWh 17,088k¥h
Unit Price (Baht) 2.48/kWh 2.48/kWh 2.48/KWh
‘Annual Cost(Baht) 199,868 168,584 191,178
c. Sum-up (Bahr/yr, %) _ _ _
Chemicals cost 208,945 (51.1) ] 2,102,400 (92.6) | 2,770,588 (93.5)
Electricity cost 199,868 (48.9) | 168,584 (. 7.4) 191,178 ( 6.5)

Total . 408,813(1009% ) | 2.270,984(100% ) | 2,961,766(100% )
Note : SA: sulfuric acid, CS: caustic soda, HP: sodium hypochlorite,

WT: AC: acidic gas, AL: alkaline gas,

NT: peutral gas

water, HO: heavy oil,

Chemical concentrations Unit price of activated carbon

4?“ifuﬁiﬁ_§93ﬂumm“mw_mg§;g%i, acidic gas use 1,200 ¥/kg
‘caustic soda 50.0% _alkaline £as use 1,500 ¥/kg
sodium hypochlorite | 10.0% neutral gas use + 1,500 .¥/kg

(Japanese domestic price)
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Table 5-6 shows that among the three methods, chemical”
scrubbing is the cheapest, regardless of the odor

concentration.

.The'fuel consumpltion of the thermal combustion system
depends only on tﬁe gas flow rate, nearly independent of
- odor concentration because the temperature of the.odorous
gas must be raised to about B00 °C . The running cost of this

method is therefore pretty constant.

On the other hand, the running cost of the activated
carbon adsorption methed is nearly in pfoportion with odor
concentration because the necessary quantity of activated
carbon depends on the quantify of odor components. Heﬁée,
this method is advantageous when odor concentration is low -
~ such as the deodorization of room atmosphere and the
finishing deodorization of gas pretreated by chemical
scrubbing. It is also effective, even if the concéntration
is high, when the absolute‘ quantity of odor component
generatibn is 1im1téd as  in the case.when the generation
time is short.However, as the daily control of the operation
of_the activated carbon adsorption method is very easy, in

some cases, decision based on running cost may be modified.

Therefore, the deodorizing method should be selected
baséd not only on running cost but on comprehensive
conditions including the maintenance of the equipment and

the state of the odor generation.
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(3) Selection of'deodbp}zatyggAmeﬁhods

1} High concentraltion odors of fish meal plant and bone

meal plant

These odors are generated from the raw material heating
processes such as those involving the c¢ooker. The components
include high concentrations of nitrogen containing compounds
{such as ammonia and trimethyl-amine) and sulfides ({such as
hydrogen sulfide and methyl mercaptan) which are geherated
from putrid protéins. Besides those components,.aldehydes
and organié acids are alsc found. It should be noted that
high boiling point components like fats and oils and a lot
of water (steam) are also generated, thch must be
sufficiently taken into account.in selecting the deodorizing

system.

The systems practical for these factories ‘include the
thermal combustion method, the chemical (of walter) Scrubbing
method, and the s0il decodorizing method. However 1t can
generally be said that the thermal combustion method is
effective for +these high concentration odors, reasonable
economy cannot be attained without using the treéted gas as
the boiler's combusticn air for the efficieht recovering of
heat, because running cost will be raised unreasonably when

an exclusive deodorizing furnace is appended.

While the 'spil deodorizing method ‘is effective, the
decision is largely affected by the location of the factory.
This method requires the lérgé area of land as well as the
s0oil of good draining quality such as one looking blackish.
Actually, the area of approx. 170 m? is necessary for
deodorizing gas at a rate of 100 m® /min:, and draining
channels must be secured to prevent water ponds generated by
rain. ;Cohéidéring- that * flooding " is prevalent 'in the

moderately raihy areas 1in the vicinity of- Bangkok and
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Samutprakan Prefecture, the soil deodorizing method mightl be

hard to use in this project.

Although flexible to odor generating conditions, the
chemical scrubbing method reguires the combination of
several scrubbing towers, because 1t uses chemical agents
specific .to each odor component. Whereas sufficient care
should be taken for handling agents, this method may be more
efficient than the sail deodorizing or the thermal

combustion methods.

2) Low and medium concentration odors of fish meal plant,

bone meal plant and tannery

Most df the medium and low concentration odor gases are
those genérated at room temperature and mainly consist of
ventilated room atmosphere. As a large amount of gas must be
induced, the chemical (including water) scrubbing method,
the activated carbon adsorptiqn method, and the so0il

deodorizing method may be suitable.

Since the s0il deodorizing method requires a large
installation épace, it is_disadvantageous when the gas flow
rate 1is large, 'especially in such a case as Lreating
ventilated room atmosphere which would regquire & vast area.

.of land.

‘The chemical scrubbing method is effective and can
‘handle - large gas flow rate. But the . problem is the
complicated maintenance and control of the chemicals and the

instruments.

The activated carbon adsorption method is effective'for
low concentration odor. Whereas ithe cost of fhis method for
unit gquantity of odor is rather expensive, but its

operation, maintenance and conltrol is very easy with this
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methed, since a daily operation procedures are limited to

the start and staop of the fans.

3) Organic solvent odors of autombbi}g_ggintingVfaétory

The odor of ofganic solvents can be treated by most of
the deodorizing methods, particularly the acltivated carbon
adsorption method énd, the combustion {including catalytlic
oxidation) method, but not the water scrubbing method since

organic solvents hardly react wiih inorganic chemicals.

The acltivated carbon adsorption method is effective for
odor in car coaﬁing workshops since a dally operation
control is limited to the start and stop of the fans.

The running cost of the combustion method is comparably high
due to such factors as auxiliary combustion agents unless
the organic solvent odor is generated at é concentration
more than a certain level continuously for é'certain period.
The maintenance and control of the equipment regquires a 1ot
of man-power because the équipment is more complicated than
the activated carbon adsorption method. The combusticon (or
catalytic oxidation) method may be in-efficient. for the
deodorization of the odor in car coating shops, where odor

concentration changes greatly.
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5.2 Concepts of Deodorization by Industy
5.2.1 Fish Meal Plant

(1) Outline of fish meal industry

Fish meal manufacturing is an industry processing fish
entrails and bones to recover fats and oils and fertilizers
(proteins and inorganics) as the final products. Fish
entrails are the.unéaten parts of the fish including the
head, interﬁal organs, bones and fins and are discharged
from marine prbducf retéilers, supermarkets, fish markets

and sea food manufacturing factories, etc.

The raw materials of a fish meal factory can be divided
into the fish itself, procesééd fish scraps and urban fish
scraps. Factories which use the fish itself and proéessed
fish scraps are located near fishing ports while factories
using urban fish scraps are lccated near fish markets in and
around urban areas. In an areas where there are no fish meal
factories, these raw materials are usually disposed as.urban

waste.

The fish meal production process is shown schematically
in Figure 5-12. Since the water content of fish and other
marine products is high (about 75 % ), the réw materials are
usualiy not steam-boiled and dried in the same cooker but
are separated into 1liquid and solid parts with a screw
press, eté) after beihg steamed. The solid parts.apé then
dried with a dryer to produce fish meal. The liquid pért is
removed of the solid content with a decantor (centrifugal
separator) and is then separated into fish oil and stick
water (fine solids) with a 3-phase separaltor. The .stick
water 1s concentrated further at réducedfpressure to prodﬁce

solubles.
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The fish meal product is used as livestock feed and the
fish oil is refined for food and industrial use.
_ .The ratio of product (fish meal) to raw material is
about 22 % when fish itself is used but becomes lower when
othef substances are mixed together. Urban fish scraps may
be unfresh depending on the season and may contain such
miscellneous matter as plastic, vegetable scraps, metal

scraps etc. which may cause plant failure.

fresh boné}
[ boiting |
_. . —

Solid/liquid
separation
|

0i1/1iquid j drying |

separation
I”’/”//ﬂ\\f\\‘“l B [:j"ﬁeEEGél of “1 demoisturing
con@en— fish oil fqrelqumatters]
sation ; : heat exchanging
fish Cooling
B solublé combustion
T deodorizing
(crushing) equipment |
|
fish meal

Figure 5-12 Process of Fish Meal Production

(2} Odor generation in fish meal plant

Odor is generated in all  processes including the
unloading, Storage and selection of raw malterial, the
steaming/p:esSﬁrizing'p:ocess, the drying/grinding process,

the 611 treatment process, the Wastewéter treatment process,
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the storage of products and the combdstion of wastes. The
guantities and intensities "0of +the odors depend on the
operation conditions of the factory. Generally, the biggest
sources are the exhausts from the cooker _and the drying
procéss after cooking. Other odors include odors of the raw
material itself and the decomposition theredf, offengive
odors leéking from the connections and openings of

equipmentand odors due to.heating of the product.

Table 5-8 and Table 5-9 show the resulls of offensive
odor measurments performed at fish.meal plants in Japan. At
the plant for Table 5-8, the odors were collected from the
major odor sources within the factory and deodorized. The
OER at the outlet of the deocdorization apparatus constituted
58 9% of the'TOER_of this factbry while the 0OER due to
leakage of odors from the roof fan and naturally opened

parts constitu{ed 42 9% .

The -odors of fish meal plant ﬁave high concentrations of
ammonia, trimethylémine' and fatty 'acids and may contain
hydrogen sulfide, methyl mercaptan,:methyl sulfide, méthyl
disulfide and aldehydes.

Table 5-8 Results of Odor Meaéurement in Fish Meal Plant

{(Japan)

Sampling Point Odor - Gas Flow OER Ratio
Concentration (Nm® /min) : (%)

IDF over cooker - 510 : 232.8 1.3 105 16.0
Ventilation over cooker | 280 | 314 | 0.9x 1041 1.1
“Ceiling opening | 510 | 214.8 1.2% 1051 14.8
Ceiling ventilation | 280 | 6.4 | 0.4% 104} 0. 57
"1DF over cyclone | 510 | 60.2 | 3.4x 104 4. 2
“Over cyclone | 570 | 12.2 | 0.7% 107 [ 0. 9
IDF over vibrator . | 570 | 61.1 | 3.4x10%| 4.2
“Outlet of deodorizer | 1,100 | &17.3 | 4.7% 105 | 58,0

T.0.E.R ' 8.1x 10% | 100.0
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Table 5-9 Results of Odor Measurement in Fish Meal Plant
{Japan)
Sampling Point Odor Characteristicy Concentration of Offensive Odors (ppm)
Concentration of odors HoS 1 CHGSH § CuHeS | CallgSs 3 Nilg THA )
Haterial room 230 | fishy odor '
Auto  feeder 4,100 | fishy odor | 0.020 | 0.011 |0.011 |0.003 o
{ver screw press 55, 000 roasting-.wpi 0. 42 0. 44 014 0.05 )
[ishy odor
Conveyor after 53,000 1§ burning fféﬂ; 0. 62 0. 40 0.12 0. 03 :
SCIEw press odor )
Inlet Conveyer . 2,300 | fish meal’s | 0.008 |0.005 |trace | 0,003
of drier odor . )
‘Press water 17,000 | burned fish |0.10 0.03 |0.07 |0.002
heat tank .| odor
Jey steam of 73,000 | fish meal's
3-phs separater | stimulous odor
Products storage N0 | ditto o
200N o ‘
Inlet of boiler 550,000 | burned fishy | 0.14 |0.50 | 0.10 | 0,06 S
stinulous .
Outlet of boiler 1,300 | stinulous odor] ND ND ND ND | 0.189 | 0.0087
with bﬁrning
¥ater scruber 930, 000 | Fish meal’ s ¥ | trace |0.12 0.13
odor
Chemical scruber | 1,300,000 | ditto 0.22 [0.25 {0.17 10.03 213
Aration tank 73 | musty, rawish
exhaust tower odor

Preventive Measures of offensive odor in fish

meal plant

1)

General measures of prevention and removal of offensive

odor

a. Process materials while fresh to prevent the generation

pf odor due to putrefaction.

b, Remove all interfering matter within the raw material

prior to processing in order to prevent plant failures.

c. Select production processes which enable production 1in

the shortest time possible.
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d. Use c¢oncentrators and other apparatus witlh enbugh
capacity margins for handling liquid flows greater than
the amoﬁnt_of raw maferials processed. |

e. Enclose each process in the factdny to prevent_leaks and_
diffﬁSion of odor, and to suck and remove odor
efficiently

f, Install deodorization apparatus which will provide a
balanced relationship between the local induction
performed at each process and the total ventilation of
the factory interior.

g. Install wastewater treatment facilities for treating the
wastewater generated from raw materials etc. withinlthé
factory and discharge the wastewater as rapidly as
possible. .

h. Execute good production control so as to pfévent
putrefaction of sewage and wasfe water including wasted
materials, which causes odor generationt together with

.pérfect cleaning of the factory.

Z)IDeodorization system

Each production process should be enclosed to prevent
the leakage/dispersion of odors. Odors from each process
should be trapped separately éccofding to the concentration
(high, medium and low) in order.tb deodorize the gases by
the methods most. suitable for each odor concentration. The

treated gas should then be discharged.

Figure 5-13 shows examples of desirable odor collection
1ocations and deodorization methods. Depending on the odor
-strength, low Concentratidn odors may be ﬁreated” by a
combination of chemical scrubbing and 'activéted carbon
adsorption or by éctivated Cafbbn'édsoprtioh alone. Since
recovery.of fish oil is not pérformed in. many of the fish
meal factories in Thailand, the high concentration 6dors'

from the fish o0il recovery process may not apply. Chemical
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scrubbing or combustion methods may be used to deodorize
high concentration odors., For cases wherein the entire
production facility is renewed, as in the construction of a
new factory building, combustion methods may be more

effective.

High concentration odor
1.| Auto-feeder

2. Cooker |

T Strainer ] n | demoisture }——| combustion exhausf}mww&;
4| Drier — deodor _

: B .

6

| Thickening tube jJ
| Triple effect tube

Nos. 5 & 6: fish oil recovery process

Medium concentration odo

[ 1.] Blood/water pit - — water scrubbing +
2. Material tank __:j*é acid + atkali hypo + exhaust — =

3. Stick water pit activated carbon

Low concentration odor(room atmosphere)

1.4 Top of each building acid +
42; Matepigl'takeﬂin vesgibuie — > alkali hypo + exhaust | ———>
3. Crusher room : . — activated carbon -

Figure 5-13 Deodorization Flow in Fish Meal Plant
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