V EXPERIMENT RESULT & DISCUSSION

5.1 Wastewater Characteristics

The characteristics of the wastewater generated from this
slaughterhouse from the anal
high in COD concentration &:
because the pollutiol

is were not typical. They were not as

ially expected. This is probably
by holding back in the

manufacturing 'ﬂ‘al processing and blood
collecting. : est _‘more diluted by excessive

water consumptien’ e ted the quality  of

through the air flotation

unit for suspended) pg 3 ndy, gres removal. After which,
dispersed particles mm. were removed by the drum
screen. AveraL% values o wast (¥ ?passing the floatation
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The pH of the wastewater was always slightly higher than

zﬁlsﬂm tej mlﬂ aixmc treatment eand no
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the mper range for treatment by anaerobic process, and it was
possible therefore to treat wastewater at ambient temperature.
McInerney and Bryant (1979) illustrated that the organisms were
divided into two main temperature groups ; the thermophilié group
which was active between 45°C - 70°C and the mesophilic group from
20°%C -40°C. As for pH, the optimum was about 7.0, the range being
5-8. Souza (1986) stated that anaerobic process occured at an
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acceptable rate between 15 and 35°C and at a relatively high rate
between 30 and 40°C.

Table 5.1 Wastewater Characteristics After Floatation Unit
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wastewater was highly biodegradable and suitable for treatment by

biological process.

Suspended solids seem to be rather high. Nevertheless,
considering the high volatile suspended solids, the wastewater still
had high opportunity to be treated biologically due to its high




56

degradability. The average ratio of VSS to SS was approximately 0.4.
Sayed et al. (1984) successfully treated slaugterhouse waste which
contained high suspended solids without preliminary sedimentation.

Nitrogen and phosphorus were undoubtedly high in the protein
enriched wastewater. It was rich in macronutrients needed for
anaerobic treatment, for this slaughterhouse the ratio of s Nen P
was approximately 100

anaerobic process = ‘Walladolid, Spain stating
that for nutrien

as 51 haracterized with respect
to its macronutrigft oénient. Ideally, 5.: N : P ratio should be

Cer ioh due to a variety of
processes during the day made it difficult to identify the water

quality, ?ﬁﬂm fficiency. To cope
with this o L% t'all samples have been
taken by composite samples, €xcept on site measuringgfor physical and
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Nevertheless, the number of animals slaughtered still caused
the problem of high fluctuation from day to day. Hogs killing was a
regular event but no exact amount was attainable. Together with
cattle killing, which took place once a week and on Buddha day which
might be also once a week, there were 3 different ca‘cagori&e' of
wastewater characteristics; high, moderate and low concentrations,
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based on both cattles and hogs killing, hogs killing only and no
killing respectively.

Results obtained from grab sampling of wastewater during
working hours are shown in Fig. 5.1. It is evident that the COD of
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Figure 5.1 Wastewater Concentration During Working Hours.

wastewater during working hours varied. Two peaks were found, ore in
the morning around 9.00 to 9.30 a.m. and another in late afternoon
between 3.00 to 4.00 p.m. The difference between COD on cattle
killing day and hogs killing day is also shown.
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The equalization tank could not be a solution to this problem
~ due to its vulnerability to septicity. After being tested by pumping
the wastewater into a 12 mS tank (used as an equalizing tank) for one
day, it was found that the outcoming wastewater COD concentration was
reduced. The pre-acidification which was unfavourable was likely to
occur. Pre-acidification would be benificial in case specific toxic
or obnoxious compounds were nt in the wastewater, i.e., sulfite
or compounds that | sludge flotation and foaming
(Lettinga and Pol, '

equalize the and/or the pollution
strength of ~ i o, an .addif eason for installing an
equal ization tankfin, e > c vater treatment scheme was to
achieve the desirs ant! (1.6 of pre-acidification. The
installation of i gh
for higher stre

particularly beneficizal
. COD values exceeding
approximately 10 g/T. 1991) stated that at least

partial acxdxf‘lcatlon ogg;:';" theninfluent storage or equalization

tank prior tg ¥ reactc ot any encouragement, or

I'breover',“ng shortage of hogs production in Thailand since
Septembe feclis 3 Who: data. The amount of
hogs SIZ@M £ 3 ﬂﬂm the start of this

of the i tigation. By the
mﬁ’ﬁ&ﬁéﬁﬁﬁ?ﬁl AR e oo

days week.

5.3 Influent Distribution

Organic loads fluctuated with respect to the 3 catagories;
both hogs and cattles killing, hogs killing and no killing. As a
result, the concentration of wastewater could be classified as high,
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medium and low, respectively.For this study, high concentration
ranged between 600-900 mg/1 COD, medium 300-600 mg/l1 and low with
lower than 300 mg/l. The COD distribution curve of the whole influent
samples which collected after screening during experiment period is
shown in Fig.5.2.

It was found that most of the samples were of the medium to

low range (or about 200 hich conformed to the operation
function of this medium range was hogs
slaughtering whi times a week whereas
others were onl ng feature was the data
range of 200-400 of the whole data,which

J of - ;M., £ result was calculated, it
- was found that the S0 '_,{'yn ties of the influent COD were
300 and 600 mg/l, getively. Theprobebility of the influent was
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Figure 5.2 Distribution of Influent Westewater
Note : 63 samples of wastewater were taken during study period
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5.4 Process Start-up

Both processes were started-up in June, 1990. Sludge, brought
from Burirum distillery plant where the pilot plant was previously
located, was used as seeding. The amount of seeding sludge was
approximately 11% and 16% for fixed-bed and RAUS respectively.
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guaran%ee the success of the start-up.

5.4.1 Anaerobic Fixed-bed Reactor

The anaerobic fixed-bed reactor had been started with the
flow rate of 0.14 mS/h at Burirum by others (GTZ, 10901). The
hydraulic retention time which was calculated from the ratio of
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effective volume of the reactor (3.4 mS) to the flow rate was 24 h.
The volumetric orginic loading rate was 0.6 kg/(m .d). After 3 weeks,
acclimatization was gained. The COD removal efficiency showed high

performance as seen in Table 5.2.

Young & Dahab (1982) stated that during a period of maturing,
or, waste decomposition and methare

he surfaces or accumulated in the

microorganisms r&eponsible‘

formation became attach
interstitial void spac 7

*_‘
settling. Tests hav—-m-'tha’ th{ﬂ“ ranged from 3 to 10 weeks

depending on memm/

After gecs

action of flocculation and

gradually increagéd
commenced, the prog
a last flow of 0.8

1991). The hyd : was also calculated
from the ratio E _ ,@low rete. The effective

volume used was the volume of‘ both reactors added together (3.4

. e sm:sm;m sty
mﬁﬁﬁﬁaﬁiﬁm‘ S Erateg

oer‘oa n intervals of time. OCbviously, it was necessary to raise the
number of active cells in both reactors. The process started with 8
working hours a day. Two hours feeding in the first direction, stop
for 1 hour for sedimentation and, finally, 2 hours reversing feed
direction, this procedure was repeated 4 times a day when the
experiment started. The start-up flow pattern and the effluent
quality are shown in Fig 5.4 and Table 5.2, respectively.
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Wieland and Rozzi (1991) discussed that the duration of
start-up depended on numerous biological, chemical and physical
parameters. The start-up was influenced by the wastewater composition
and strength, the volume, activity and adaptaion of the inoculum,
environmental parameters like temperature, pH, nutrient and trace
elements content, operation parameters like loading rate, retention

time and liquid mixing ’, finally, on reactor configuration

geometry and size.

ng Start-up
TIME FROM coD EFFYY (%)
STARTED RAUS AnFB RAUS
1 week 605 30 1
3 weeks 743 60 35
1 month 494 66 34
2 months 386 62 51
- |3 months 256 B2 58
4 months 157 54 57
5 months M 273 62 53
6 months 246 61 60

9 months 312 62 62

by staffs of GIZ project before

f@méﬁmm mn'n TG
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Process Treatability

5.5.1 COD Treatabilit

Both processes reacted similarly with fluctuating wastewaters.
The effluent COD closely related to the influent OOD. On the other
hand, high influent COD could induce high effluent COD.Therefore,
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constant effluent quality could not be seen even at steady state. The
influent and effluent COD concentration of the whole experiment are
presented in Fig.5.5.1 for fixed-bed reactor and Fig.5.5.2 for RAUS
reactors. For easily comparison, the average value of the influent
and effluent OOD concentration of fixed-bed reactor and RAUS reactors
are also shown in Fig.5.5.3 and Fig.5.5.4, respectively.

trend of change could " ompared As” , parallel lines followmg
’eedinfluent COD  fluctuated
throughout the s ded on number of animals
killed at the timesths heidifference between total
COD and  filtered 00D A5/ &/rraetion o oluble COD in solid form

the same pattern. C

\-{‘ position.

The eff Fluctuated, 1 especially the filter
effluent which aludy=fstousd the | lcast value and wes quite steble.
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effluent quality at h1 1 ,- 1i ‘:":-;. ing rate than at low hydraulic
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i ﬂumwamwmm

In Fig 5.5.1 anddFig 5.5.24if influeng and effluent COD
e8] 0 VU] 19 b arrre

twedn them, or the removed COD, gradually decreased with increasing
flow rate.Thus, the efficiency decreased when higher flow rate cr
higher hydraulic loading rate was applied.
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Young & Dahab (1982) stated that COD removal efficiency of
aneerobic packed bed of a given height and design was inversely
related to the hydraulic retention time (HRT) in the wvoid volume
within the reactor.

The removal efficiency percentage, which is widely used for
presenting process treatability, was not an effective representation
for this research. For ;‘\:
efficiency showed no :"\Q

both processes would DEVEr OCCi

percentage of reme

hich was almost stable

\.\ high), could guarantee

In facty
(except when i comi
the stability arfl cohsiStency! c
removal efficiendy ! ; N tter illustrate the whole
feature of research Spae . 5.5.7 and Fig.5.5.8.

ses. Nevertheless,average

it should be clearly seen that
draulic loading rate was

From Fig. 5.5.7
COD removal efficie .
increased. On "5»’!:—;—-:--;- ik, ——the COE 7\3 efficiency decreased
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5.5.2 Solids

~ Suspended solids in the wastewater were normally in the range
of 60-300 mg/1 but sometimes oscillated with irregular events.

Souza (1986) described that the smaller the concentration of
suspended solids in the wastewater, the less problematical the
treatment would be. The ‘geptable suspended solids depended
on the total concen

the case of a lo w---‘--—« wmcal COD 500 mg/l) and
which proved to

i f iccessfull ated, the suspended solids
- concentration re \ \ epproximately 250 mg/1),
5 S y

For fi or (£ & avera \t centrations of suspended
solids stretedlin  Teble 5.3. Suspended
solids in influent Nt are own in Fig. 5.5.9 with an
average influent and efflus spended €olids in Fig.5.5.10.
gl A"eme luent “and Effluel pended Solids of Fixed-

bed | *
Flow rate HRT LR SS Influent SS Effluent

= ﬁ/ﬂﬁ’wamﬂ'm——
oamammwwwmzaaym

52 247 140 8 92 49 21 60
0.7 4.8 1.43 79 219 136 49 46 140 82 30 36
1.0 3.4 2.38 26 311 150 79 64 283 162 74 0
2.0 1% 5.90 60 1868 727 571 96 244 184 43 70
4.0 0.9 5.60 208 868 434 307 64 360 205 121 47




Suspended Solids [ml-s11

Day of Operation

2070 re
5 | VOLR= 0.94 kg/(m>d) | VOLR= | kg/(m° d) | VOLR= 1.43 kg/Am d) vouuz".;o vom;:is wt::.ﬁ:
 HRT = 11 h HRT = 6.8 h HRT = 4.8 h m'f::s.:; M::I.T:) HR :o.e:n
1500 |- i
1000 |-
oo mmat— | W2,
/ S
0 ;?%lﬁﬂﬁ\\\h~ o e g
\:\3\ 90 100 110
ed M maCtOI‘

2OOOSuspemded Solid'
. VOLR=094 w(nun | VOLR =1 g /tr 3 KgAmd) VOLR:2.38  VOLR:S.9 v '}u
bz ‘ 2m4)  KgAmd)  Kg/Amd)
~ WRT=Ilh. e —T1. .::4 =3.4h. HRT: 1.7h. HRT=0.85h.;

| - wd e

ISOO v csil y 3 Ry
: [ 'Y,

1008 |- ﬂUEJ'J‘VIEJ TWEﬂﬂi |
L S - , Y, |
- ! y ' 1

 EQRIANNIUNRIINEIAE

- sool- 98 '

|  EFFLUENT

-~ INFLUENT {
0 B R Fomriwss sewarse e N I T PR P APITPIRR § Ceen

O 10 20 30 40 S0 &0 70 B8O S0 100 110

Figune 5.5.10 Average Suspended Solids of Fixed Bed Reactor




74

From Table 5.3 and Fig.5.5.9, it can be seen that the
suspended solids in influent from HRT 11 h. t0 3.4h or a day of
operation from O to 93, had a range from 26-311 mg/1. This value was
in the typical range of this slaughterhouse wastewater. When the
influent COD was taken into consideration with SS, the ratio of
SS/COD was undoubtedly less than 0.5 g SS/g COD which is supposed to
be an acceptable level for ‘T tment by anaercbic process (Souza,

1086) .

Fig.5.5.9
very low at the
time to time. It
high removal éf‘ : - :
retention time e A115 . -ased with a shorter hydraulic

- of' suspended solids wes
work and higher from
r worked properly with a
at a long hydraulic

L uent suspended solids.
Supported by = sett 50 —,- £ \ tewater effluent in
Fig.5.5.11, significenflyfinercasiitsat tlesble solids ocould also be
detected at 3.4 h. l‘:@
hydraulic retention time, )
automatically a,h_} ng t luent qualit wing back to the COD
that & this washout HRT the
effluent total (DD also apparentl increased, while the effluent

e IV NEINT
soudaiiﬁ'h‘fébiﬂ ETE (L Qrak TTTV-) iy

r' from the slaugterhouse process, so that backwater from the
nearby anaerobic pond comnected to the influent sump occured.

value in Fig.5.5%

Consequently, these high suspended solids were not typical for this
wastewater. The process could however, still remove these relatively
high suspended solids, calculated to be 70% for HRT 1.7 h. and 47%
for HRT 0.85 h.




For RAUS reactors,
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the average influent and effluent

suspended solids is shown in Table 5.4.

Table 5.4 Average Influent and Effluent Suspended Solids of RAUS

Flow rate HRT VOLR
 (m3/h)  (h) kg/(m%/d)

SS Influent SS Effluent

0:3 2120
0.5 12.6
[ ey 4 9.0
1.0 6.3
2.0 31
Set.Solids
20 3
_ VOLR=094Kg/(m.d)
~HRT =11 h.
el =
10—

O

AUt
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a

10 20 30 40 50

%EFF
_ 1 minmax X 4
154 b 20 72 44 16 60
3P~ 23 128 57 27 54
43! 8103 90 52 58
), 188 0 403 216 113 57
§ 77 487 270 121 52
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sKgs L moa) 1 43K/ AVOLR = 2.38 VOLR = 5.9IVOLR= 56
—_— h 9/(m3d) Ko/t by [Kgl/trPa)
HRT = 7 8 h  HRT=3.4h/HRT=1.7h. [HRT=085h

ANYNTNY
o]

et i ) b Jm

60 70 80 90 100 110

—~ N

T

Day of Operation

Figure 5.5.11 Settleable Solids of Fixed-Bed Reactor
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Souza (1986) stated that there were two criteria which, if
occuring simultaneously (SS <1 g/l and SS/COD < 0.5), would not
impede the treatment of the wastewater in a suspended growth
anaerobic reactor.

In this case, if the suspended solids in the HRT of 6.3 h.
were neglected (the same ree of backwater from anaercbic pond),
the influent suspended ' y ‘
ratios which are always , / ensure the possibility of
treating this amouniwef-suspended S the wastewater with RAUS.
The results in TablE | pport the assumption, that the
suspended solids BT -t i tenibar . by
RAUS could mainidingtie/ range of 52-60%. even if the hydraulic
retention time we S 3

The influe and -efit] sper {- solids together with an
" - il A 1 1
average value are sl Fig.5:9 anc Fig.5.5.13 and settleable
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Figure 5.5.1.9Ave uspended Solidsm“ RAUS Reactors
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solids were \ﬁry low and qul}e stable at the longest HRT of 21 h.

=9 o/
Althouga Wﬂiﬁs& 1 w g 3 fed, there
seems togbe no ch,fmgeﬁ‘rjx per ormance. | ﬂm deviation of

the effluent which is approximately 3 times less than the deviation
of the influent illustrates the stability of SS removal. Fig. 5.5.14
shows that there is sometimes biomass washout in the effluent but not
as serious as in the fixed-bed reactor as seen in the average value
of RAUS settleable solids in Fig.5.5.15. Since there were both
flocculent and granular sludges in RAUS reactors, the flocculent
sludge was more likely to washout than the granular.
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5.5.3 Temperature

The temperatm'e of the influent wastewater was in the range
of 20.4-31.2°C. After being treated, the effluent  wastewater
temperature was around 29.8-30.0°C. Effluent temperatures were always
quite constant even if sometimes the influent was lower than its
averagetanperatm'easshown iSSlSandFig 5.5.17.

Temp. [ CI
§ VOLR .= 0.94Kg/(rB )| VOLR = | Kov tm3) | 3Kg/nd ) |VOLR=2.38 VOLR =5.9 VOIR= 5.6
: K/ (md) [Ke/(mod) K/t ma)
HRT= 1l h HRT= 3.4h/HRT= |.7h/HRT;0.85¢
E A‘l.lu‘h §  ‘ '_’_,; '. | | Ci::::jtf%&¥f5§:
} INFLUENT
t EFFLUENT. o
0 | IIO ZID 3 | 4D 50 6 70 9‘0 150 liO_—_
ﬂUﬂ'ﬂM&Jﬂ@%Eﬂﬂi
m qﬁ&ﬂmmf}eﬂm&lm e
Both Fig.5.5.16 and Fig.5.5.17 illustrated that ﬂb
temperature was in the proper range for anaerobic treatment. No
effect could be detected from oscilation in : temperature.

Nevertheless, during the research, the standard deviation of
temperature was only 0.9. Supported by Fig.5.5.18 and Fig.5.5.19




80

which are the average value of influent and effluent Temperative of
fixed-bed and RAUS reactors only slightly chages were cbserved In the
past aneerobic packed beds have been operated successfully at
temperatures ranging from 20-35°C (Young & Dshab 1982). The previous
reserarchers also reported the same results of no effect from
temperature when treating slaughterhouse wastewater. Bull et al.
(1983) studied effects of t rature on fluidized bed reactor by
using synthetic meat ot | He found that  10°C
temperature incresse. or decreaéeflad little effect on effluent

quality.

Temp. [ CJ
0

‘\\\ mn‘a’vom-nszwm?u vou.nnﬁl.so ,
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g
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'Figure 5.5.17 Influent and Effluent Temperature of RAUS
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Figure 5.5.19 Average Influent and Effluent Temperature of RAUS
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Steiner et al. (1985) experimented on an anaerobic digestion
system with a 2 litres fermenter. The wastewater contained 2.9% to
10.5% volatile solids. The experiments were carried out at 35°C and
55°C. The result showed that the reduction efficiency on COD and
volatile solids were identical at both temperatures.

For pH, bo
from the influent™ jas
from pH was detectedfduring the mental work as seen in Fig

5.5.20:and 5:.5.21. M plearly __; Bl; es with an average value of

pH of fixed-bed and RAUS reectors  imFig 5.5.22 and Fig.5.5.23 which
always show the'\s aight 1ine ‘of equa ¥ was also no report
about the detnif erobic  treatment from wastewater

pH rargeequalBJ ' alow pH for long term
operation was not ?oormended (Young & Dahab 1982, Bull et al. 1983).

o/
Souza (19 - j m robic process was
around 7.0 1¢ 7.5'might be harmful to the
bacteria, mainly to the me

)il e e
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Figure 5.5.23 Average pH of RAUS
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5.5.5 Alkalinit:

One of the most important control parameters in anaerobic
treatment is alkalinity and its associated alkalinity ratio
parameter. This value is strongly related to the pH control strategy.
For this kind of wastewater alkalinity needed as a buffer for both
processes was sufficient. Influent pH always showed figures above 7.0
\’ ghout the research, pH never
acidic condition never took

and  alkanity was also p

place.

. - y presented no problem
for slaughterhoyse’ wastaiater. = \ llustrates alkalinity
for both proc : dent | \\

Ly was always higher than

the influent alkalindty, _ 7'7" i sar - —.\- during anserobic

(5.1)
(5.2)
(5.3)

‘H“ ¢ ‘ o uA |
RUNINTUNRINYINY
| = mrLuent -~ rixeooen - maus |

° ! ! - 1 1
0 8 10 15
HRT(n) = ®

Figure 5.5.24 Average alkalinity of Fixed-bed and RAUS at
different HRT




5:5.6: VEA
Volatile fatty acids were detected in very low quantity. Not
more than 25 mg/1 was found. Acetic acid occupied a larger percentage

of 80-100%. Propionic acid was sometimes found as seen in Table 5.5.

Table 5.5 Volat;

Fatty Acid in reactors

Flow rate HRT (h)
(m3/h) AnFB RA

0.3 11 e 4 =
0.5 6.8 i 6 =
0.7 4.8 B 6 -
i.O 3.4 - 9 -
2.0 1.7 3 20 -

80

the influent showed that
: ‘ t stream. "Low VFA in
the effluent indicat nic _-acteria in the reactor
could use the volatile fatty acid produced during acidification. Fig.

o Ty T SR eITT

(1988) cenducted the eéxperiment with a

Sayed and de Zeeuw)
A S AT D AR e
wasteflater at 30°C to the 10.5 litres reactor, VFA of 50 mg/l could
be detected for 1,025 mg/l COD westewater. With different
concentrations of 2605, 6056 and 11,118 mg/1 COD, the result of VFA

detected were 65, 420 and 600 mg/1 respectively.

The result conformed to Sayed & de Zeeuw, therefore,
slaughterhouse wastewater could detect small amount of VFA. It could




87

be because of the volatile acid produced from hydrolysis was
immediately used by various kinds of methanogenic bacteria (as seen

by scanning electron microscope in Topic 5.9).

VFA (mg/l )

30

26

16

10

o 1
0 20 25
Figure 5.5.25 isbed and RAUS at different. HRT
Gas production wa$ measuredsby gas measuring instruments

el O R o A VE e o

whichwas linked to a pressure sensor. The sensor would automatically
switch on the pressure pump to pump out excess pressure accumulated
by gas production. The procedure was controlled by computer.

The gas production, which was recorded by computer, is still
being questioned. Only a small amount was detected over a short
period of two weeks, after which, no more was detected.
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The problem could be leakage of gas along the pathway to the
measuring instrument. Attention was paid to sealing joints and holes.
It was however found not worth solving this problem. Production
volume still showed the same value. Gas condensed to water could be
one reason as condensate water was seen in the gas pipe during piping

investigation.

\ lue observed when the measuring
instrument functio operl: m3/d with an average of

‘m3/kg OOD applied. McCarty
(1964) showed production from the
complete stabi 7] Dy ¢ “1.kg COD was 0.348 m® at
standard tempe { 44 preseure, | Sayed, et.al (1984) conducted a

that the gas p

30 m3 UASB pilot ik spofiment, with slaughterhouse waste.
COD was reported e, Z 00 mg/ At an averege loading of
1.6 kg con/md.d, #6.3 m3/a: could be obtained. The
methane yield amounte g:i;@:o S/kg of COD removed, the methane

content of the biogas f‘mﬁ;—‘ﬁf} wastewater varied between 65 and 75%

—r ,..--""' e

since all datq showed 5(@ of COD was soluble.
Nevertheless, thesoluble (I)Dr'emcval efficiency still showed the

mmmz:mm 1l e
’Q el @m@ RPN B bt 0 1

reactbrs but sulphate reduction should not be the main problem for
low sulphate wastewater. This suspicion was confirmed by sulphide
enalysis for influent and effluent from fixed bed and RAUS. The
results of 36, 48 and 28 mg/l sulphide contents in influent, effluent
from fixed-bed and RAUS reactors respectively, show that the sulphate
reduction took place in the influent stream before being fed to the
reactor and increased a little in the fixed-bed reactor.
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Ammonification also occured in the reactor. The. NHz-N
analysis for influent, effluent from fixed - bed and RAUS reactors
show values of 38, 34 and 32 mg/1 respectively. Souza (1986) said
that the N and P removal in an anaercbic reactor was practically nil,
with the transformation of the organic N into ammonium N.

5.7 81 Inside the Reacto

The main co

Vﬂgm i

retaining as high oE as possible. Unless such
a high biomass af el g from washout, the proper
// Hickey et 1001) stated that one
common feature o d _ the_high-ra was the ability
to effectively sepers foraitic b ds retention times. In

dependent on W , are flocculent while

some are gr‘anu]B‘. al l)m also described that

granulation did notf occur in all cases No granulation occured in a
F=

reactor fi um concentrations
(1,000 mg ‘ nmm as cheese whey,
granul did not devél usi ranular Wméterials, but if
maaﬁffé ngm g XTI TR

, it was possible to operate UASB reactor without formation
of _gremul&e i.e.slaughterhouse wastewater (Sayed et al., 1984).
Nevebthelees, granular sludge was not formed in a reactor fed with

slaugjhtertm:se wastewater directly, while granulation was observed
when the suspended solids were removed.




5. 71 Sl Concentration

For Slaughterhouse wastewater which was treated by fixed- bed
and RAUS processes, granular sludge could be obtained. After start-up
of one year, both processes contained a high concentration of sludge
at the bottom of the reactors, estimated to be 0.3-1.0 m.depth with
concentration of 50 g./l for fixed-bed and 90 g/1 for RAUS. The sludge .

was a very dense blackish 1 id, fand granular could not be seen from
the draw-off sludge - { mes with water. The biggest
pellet of granulag JWES ludge from RAUS was more
flocculent than i fihile highetimiconcentration. Fig.5.7.1

showed the concen

RAUS

: B

coneentration along the

and RAUS reactors

at effective biomass

e o) SRANETY

mee SR BOTE LT

5.7.2 Biomass of Fixed-Bed Reactor

Besides suspended biomass through out the reactor space and
granular sludge in the bottom, it is important to note that there was
also fixed film biomass that took part in the treatment activity of
the fixed-bed reactor. Fixed-film that attached the filter media,
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accompanied by granular sludge that entrapped the matrix space and
suspended biomass ensured the treatment efficiency of fixed-bed
reactor. Hickey et.al, (1991) said that much of the biomass is
present as suspended and/or entrapped biomass in the interstitial
pore volume of the support media.

llustrated that a major part of the
bed are held loosely within the
interstitial spaces . Only about one—quarter to
one-half of the ws @ttachnent to the media
surfaces. He also"8did.tHat th area of the media was
] stics such as shape and
3 1 Ey‘}\\ -atment performence. The
most important & ahe / “atic \ \ 5 be the ebility to hold a

Young and Dehab (1982)

_ solids i\ e media matrix, either
attached to F - ] r beld loosely within the

interstitial void spa

high concentration

Hickey et al. ( ?éﬁ : hat. biofilms, formed on various
plastic and wﬁ > £ negs of about 1 to3 mm.for
fixed-bed reactop€i— Y

Filter insg,ection revealed about 3 mm. of attached biofilm as

ks Ttﬂw‘”ﬂ 14 e
were fi w sl'; inside which was

the filter ring n thesmring structure. It could be
mm%amw ST Y2) ) aicmt 1n e
settl of suspended solids in the wastewater. Young (1991) said
that the growth on media surfaces and the settling of biological -
solids provides some COD removal. Fig. 5.7.2 showed the filter media
of fixed-bed reactor.
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suspended biomass as a
of RAUS was due to the
Moreover, RAUS had a big

3 tion and could entrap organic

contact digester
production and ris
advantage of high g_.-w/-.x#w i
particles as wﬂl es mrma

NVEII0 1130 (N )1 o
the sedinﬂa iLe volume of sludge in

U-shape and V-shape reactor§ were significantly deteégted after 4.0 m.
an@ W) BoiD AL VLR B roriie

1nformation about the settling ability of the sludge during
the feeding pauses. The SVI of the sludge was approximately 20 ml/g.
Vieira and Souza (1986) studied the treatment efficiency of UASB with
low strength wastes (domestic sewage). They reported that granular
sludge with good activity and settling characteristics was observed
within 8 months of operation. The average diameter of the pellet was
4 mm. with a SVI of 25 ml/g.
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REACTOR 2
REACTOR 1

Figure 5.7.3 Sifidge fprofi lekaliring| sedimentation period

0\

The sludge profiles in both, reactors were made during two
! ‘ J e dére ever imutes for the first hour
and every half' SheT e S S500 ‘* , the measuring times
were 15, 30, r feeding. The distance
reactor height so there
in 2 hours. It weas
élids by gravimetric

of the measuring points was O. 5 m. along

el 071 A 1) () (13
method. An instrument was sélected andeused to show the expansion of
T T —
solid8 value since there was no instrument available for measuring
suspended solids ranging from O to 100 g/1. The results show only a
relative wvalue of sludge concentration in percentage but cannot
relate to suspended solids. Fig.5.7.4 and Fig.5.7.5 show the sludge
profile (in precentage of detection limit) during feeding step.
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DEPTH FROM
WATER SURFACE (m

‘;\ A CONDITION : sedimentation
R e
\ HRT = 12.6 h
v = 0.3 m/h

* \ 30 ml

- -- l!qulu

4 dte pof ile .
Iy

N

.Lac imentat i

: step of RAUS

DEPTH FROM
WATER SURFACE(m) \\
0. ;
s ¢ \
.
7 OUR CONDITION : reactor
wa HRT = 12.6 h
T g v \‘\ 4 5 v = 0.3 m/l.l

J95

t‘ e

:
ﬂu.,~ NN

o Viiadlsls IRNRIVINY IS Yoe

(Reactor 2; V-shape)

Fig. 5.7.4 and Fig. 5.7.5 show the sludge profiles of both
reactors of RAUS when the hydraulic retention time was 12.6 h. and
the upflow velocity was 0.3 m/h. The V-shape reactor acted as a
reactor while the U-shape acted as a sedimentation tank (feeding
direction was from V-shape reactor to U-shape reactor).
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The V-shape vessel which acted as a reactor in this
measurement started with sludge detected at the depth of 4.0 m. from
the surface water after feeding for 15 and 30 minutes. This sludge
depth is similar to the depth of the sludge during the sedimentation
period of this reactor as seen in Fig.5.7.3. The sludge was expanded
to a depth of 3.9 m. after the feeding had started for 45 and 60
minutes. In the same way the U-shape started with sludge detected at ‘
4.5 m, after 60 and x v; ih U-shape expanded to the
depth of 4.4 m. frou _the wate ﬁe.ﬁ, was concluded that the
sludge expansion ia "-“-‘-‘ low. At HRT 12.6 h. or
upflow velocity pansionef sludge in the reactor to
which the waste ‘ V-sh s case) was only 0.1 m.
after feeding fopf 454Mmif T The sxpane ion in the sedemention tank
“BaE \t\ nly be detected after, a

(U-shape) was alsgfo

longer period o ‘a ’a\ g for 60 minutes, that is

o 1€

to say 15 minutes

Y22
a’itt"-;ﬂ';:i J
5.7.3.3 pH anfl Temperaturt

]

E nnmﬁ ned by the activity
of aci D i i | latile acids. High

concentration of biomass atfthis part eeuld entrap epganic particles,

S T e A TR B
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pH Profile of U-Reactor

63 h HRT 3.1 h HRT

N mr‘iﬁmweﬁ’ﬁ?ﬁaa

Figure 5.7.6 pH profiles

~ The difference between pH at each HRT depends on the
environmental factor of the measuring day, i.e, the influent pH.
However the results was not much different. The range was between 7.2
to 7.7 except at the failure HRT that presented apparently low pH.
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Temperature profiles of each hydraulic retention time seem to
be the same. High temperature at the top due to sunlight exposure and

lower at the lower part as seen in Fig. 5.7.7.

Temperature Profile of U-Reactor
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o
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Figure 5.7.7. Temperature profiles




60
| 30
f 40
| 30

B8 timate loadi

5.8.1 Fixed bed Reactor

The fixed-bed reactor was unable to work properly after 1 m3/h
flow rate was applied. Severe biomass washout was observed. An
average removal of COD and suspended solids of fixed-bed reactor were

shown in Fig 5.8.1.. y
Removal Eff. paaes &

100 42 p——
=0
80
70

085 |

Ss

20
10
o :

lII]lllIIITTTII,]IIllll]ll][llT[ll!llTl

5
o . '3

AUEINUNINGINT
RN A T NY S

From Fig 5.8.1 the process failure in terms of suspended
solids occured at 3.4 h HRT. The removal efficiency of suspended
solids dropped drastically from 60% at 6.8 h. HRT to zero at 3.4 h
HRT. This failure was due to the washout of biomass which was evident
form higher solids in the effluent. 30% average removal was,
however, still achieved. After the failure, the SS removal efficiency
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seems to be higher while the COD removal efficiency gradually
dropped. The higher SS removal efficiency at 1.7 h HRT was achieved
due to the fact that no biomass washout was no longer experienced.
The explanation for this happenning may be that small biological
solids were already washed out of the reactor at the failure HRT. The
remaining granular and biofilm that retained in the reactor could
however function again. eover, at 1.7 h HRT the suspended solids
in the influent was signifiantly Migh due to the backwater from a

nearby pond. These high SS w re £ ped in the interstitial void

better quality removal could be better

illustrated that : atability. At this failure
: (/)i NN
 hydraulic reten ) e metric rganic loading rate was
2.38 kg/(m3.d) wit C ' m/h.

5.8.2 RAUS
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21 12.6 - :
Eﬂ Iy

ﬂﬁwﬂwﬁwawni

100
90
80
70
60
50
40
30
= — S5

= ‘ ~—— COD(FS
0 g * ' : - o 1—— oM

31|

22

COD( FILTER)

lIIlIIIIIJIlll]lll!l’]l)llllIIIIIJIIIII]

O
N

Figure 5.8.2 Average Removal of RAUS
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The absolute failure of RAUS could be seen when the COD
removal efficiency approached zero at 3.1 h HRT while the SS removal
efficiency seemed to be no changed. It could be concluded that RAUS
could retain high suspended solids by granular sludge inside the
sedimentation unit. At.this failure hydraulic retention time, RAUS
was operated with 1.3 m/h upflow velocity and the volumetric organic
loading rate achieved was 1.6 7/(m3 .d). Flocculent biomass washout

could be seen due to higt\ velocity.

There mremortﬂ ﬂxﬂ%ﬁiﬂe dilute the waste, the

velocity at a specified
type of sludge present
permissible superficial
oading rate applied. For
arficial velocities of 0.5 m/h
5 m/h. For granular sludge
t at - approximately 3 m/h
S ‘ters and at 1-1.25 m/h or
partially soluble wastewﬁ_‘ SMpOIa 11y, for a few hours per day,

superficial vegzi:it.ies— ‘l-.lp to |¥h can be tolerated for
= 5 respectively. Under these

i g
conditions most1 T will be retained in the

reactor.. The hi super*ﬁcial velociti&e may result in the washout of

e BT ﬁmﬁ‘m g
mumwmaa

From the experimental result with this wastewater, the fixed-
bed could be optimally operated at the hydraulic retention time of
6 h whereas RAUS at O h. At the HRT, both fixed-bed and RAUS could
achieve the volumetric organic loading rate around 1 kg/(m3.d) with
50% COD removal efficiency. The upflow velocity at the optimum HRT
for fixed-bed reactor was 0.5 m/h while RAUS wes 0.4 m/h. .

1 || '5;_1_




101

5.10 Microorganisms Observation

5.10.1 Granular Size

Granular sludge was observed by scanning electron microscope
(SEM). The sample were prepared by Chulalongkorn Science and
Environmental Research Insti Average size of granulars was found
to be 400 to 600 micron @s sha /) . 5.10.1 and Fig. 5.10.2.

Q‘W’]ﬂ\‘iﬂ‘im URIAINYAY

5 10.1 Granular sludge from Anaerobic Fixed Bed Reactor
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5.10.2 Mi

Migroorganisns on grenular surface
GUAILIENES e

microo 1sms on ranulaf sl sﬁf‘aoe Ore &ould easily find
pl@y ‘ %&]‘g over surface
areaasshowninFig5103 5104, 5105and5106
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Figure 5.10.4 Coccus and Rod Bacteria on Fixed Bed Granular Surface
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5.10.3 Microorganisms inside granular sludge

When granular sludge was cut to observe inside structure,the
same kinds of bacteria that covered outside surface also occupied
area inside as shown in Fig. 5.10.7 and Fig. 5.10.8

inside Fixed-Bed G

Figure 5.10.8 Coccus and Rod bacteria inside Fixed Bed Granular
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Figure 5.10.10 Bacteria inside RAUS granular Coccus and Rod
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From Fig 5.10.3 - Fig 5.10.10 Various kinds of bacteria, i.e.
Coccus, short curved rods, rods, and filaments were found both
covering the granular surface and throughout the granular space.
Filamentous cells were covered by colonies of cocci or rods and form
microflocs of 10-50 micron. In some area, bundles of filamentous
bacteria were clearly visible as seen in Fig. 5.10.5 Short curved
rods were also easily found a in Fig.5.10.8. Somtimes clumps of
cocci were also found as §.45.10.6.
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