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ABSTRACT

Title aof the project: Biodegradation of Organic Pollutants
Originating from Pharmaceutical Industry

Number of the proaject: SI/JOR/94/802
Ohjective and duration of activitv:

- Getting information about the polluted chemical compounds at
the sources of the effluents

- Commencement of the selection of microbes and their genetic
improvement

- Advise cn maintenance and validation

- Giving a lecture on strain improvement. fermentation technology
and bicreactors

The =activity began on 7 October 18994 and lastaed until 28 Octceber
1864,

Main conclusions and recommen ions:

The alrsadyv-launched strain selesction and improvement experiments
provide a general selection and improvement methed which can be used
for obtaining and improving other degradation properties as well e.g.
pelicyclice, polirhenclic. substituted and normal saturated
hydrocarbons. The selected or improved bacteria can be used for the
inoculation of waste-water Dbiological treatment plants thereby
increasing their efficiency;: or for the removal of contaminants from
polluted scils. The selected microbes should be identified by their
morphological and bicchemical characteristics.

Considering the special danger of the s8cil and groundwater
contaminatiocn in Jordan. the project should be extended towards the
setting uvpr of a pilot scale fermentation plant. Th2 plant should
containn a versatile air-lift bioreactor for modelling the planned
industrial waste-water treatment processez and an approximately 1000
1 steriie fermenter for the purpose of inoculum producticn by using
several types of micrchbes capable of degrading the contaminants in
the s=0il. These microbes could be used for the inoculation of the
industrial waste-water biological treatment units as well.

The pilot scale bioreactor should be capable of being converted to a
trickling or packed bed reactor depending on its current task.




111

The biomass harvested from the 1000 1 fermenter can be preserved by
concentration (microfiltration, 0.2 micrometer pore size) and drying
(spray- /or freeze-dryving). According tc the information gathered the
small-scale production of the several chemical compound degrading
bacteria would be profitable.

Prior to the realisation of the pilot plant the instalment of a
large-scale shaker in a fixed temperature room. the investment of a
simple benchtop laboratory fermenter and a laboratorv scale air-lift
fermenter with some basic instrumentation would be required.

There are no strict rules or regulations in Jordan concerning the
aquality of industrial firms® polluting effluents and there are no
safe and controlled dumping places for hazardous wastes or
incineration facilities. That is why the setup of an independent and
strong authority for environmental protection is considered to be of
crucial importance. This authority would need a reliable laboratory
and scientific backeground. The Environmental Research Centre in the
RSS has all the experience and facilities which are required for this
purpose.

The organic solvent pollution of the pharmaceutical and chemical
factories should be determined by qualitative analvsis. The
concentration of the organic solvents in the effluents should be
regularly monitored by the RSS.




EXPLANATORY NOTES

RSS: Roval Scientific Society

ERC: Environmental Research Centre

UJASH: up-flow anaerohic sludge-blanket (bioreactor)
CPE: chlorinated phenol enrichment (media)
Ccp: chlorinated phenol

ATCC: American Type Culture Collecticn
NTC: nitroscguanidine (Mutaegen <ompound)
Uv: ultraviolet

Oh: optical density

EC: electric conductivity

BOD: binlogical oxygen demand

COD: chemical oxygen demand

TSS: total suspended solid

TDS: total dissolved soiid

ALS: alkvl benzene sulphonate




I. INTRODUCTION

The report is based on the work of Dr. I. Balogh (thead of the
L- lyvsine fermentation plant of Agroferm Ltd. Hungary)

The location of the mission was the Royval Scient.ific Society (P.O.BOX
925819 Amman. Jordan. Phone: +962-6-844701/9. Fax: +962-6-344806).

The activity began on 7 October 1994 and lasted until 28 October
1994. After 29 October a one-week home-based work has been started
(selection of the most appropriate strains from the 1994 ATCC
catalogue c¢on the basis of information collected from up-to-date
scientific publications/ preparation of the technical report)

The objectives of the mission are listed in the job description in
the Annex-1 (page Z21).

The original objectives were supplemented after all the information
concerning the present stage of the project and its possibilities
were surveyed (Annex-2. page 23).

A new modified longterm program (2.mex-3. page 24) was suggested
after consultation with Dr. Ali Elkarmi (head of the Ecology Division
of R55). According to Information collected (including informal talks)
there should be already contaminated areas which should be cleared
independently of the realisation of the planned industrial biological
treatment of the contaminated effluents. This question is
particularly serious in Jordan because water resources are limited
and there are no strict regulations =and independent environmental
protection authorities. Industrial firms always try to neglect the
regulations. perhaps this behaviour is more succesful in the
developing countries (Annex-4. page 25).

One excellent method for cleaning the contaminated soil is the
inoculation of it with bacteria having high pollutant degradation
capacity. This task can easily be solved by using an approximately
1000 1 pilet fermenter. The activity could be perfcrmed like a small-
ecale industrial production. This tvpe of venture is well-kmown and
accepted within the framework of the RS3. Probably the demand for
oil or organic solvent-degrading bacteria would be considerable in
the nreighbouring countries as well.

The isolation of bacteria from samples collected at the sites can be
of great advantage. The bacteria that can be isolated from the
sludge of the indusatrial effluents has already been in contact with
the pollutant. that is chlorinated phenols or organic solvents. In
other words. the environment on the site ia a gocod selection agent
itself. The mixed cultures living in the sludge of the contaminated
waste-water usually have better degrading capacity than a saole
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strain. and their alxotation ability vis-&-vis the day-to-day changes
in waste-water composition is better as well. That is why the
targets of the project can be reached by applying morz than one
strain. In addition to the above mentioned point of view, in some
cases the strains which are published in scientific literature are
not available, or the strains purchased from culture collections do
not show the same level of capacity which was reported in the
literature.

Therefore the selection of strains was begun in the RSS from
sludge samples and. it was decided. some known strains from the
literature should be purchased in parallel with this (Annex-5. page
29).

The collecticn of the samples was coordinated through meetings with
the management of the factories and waste-water plant. The purpose
cf these visits waa to get information about the recent levels of
polluticn. and also the waste-water treatment and handling
practices.

It should also ke mentioned. that the Arab Drug company refused both
to rprovide sludge samples and te enter inte a short consultation.
The leaders Jf the twe other (visited) companies denied the poellution
of chlorinated rhenols i{both factories deal also with chemica
synthesisl. There were found to be some basic contradictions in the
information they were prepared to supply, their small waste-water
rlants were not of the best designe. and the waste-water and sludge
treatment seemed to be unsatisfactory.

The elaboration of the strain improvement methods were begun on the
bzsia of UV mutation because the more effective NTG was not
available. For all this. the NTG treatment method was explained in
detail. emphasizing the danger of this mutagen compound. The UV
improvement method could only be demonstrated by using a
Pseudomonas aeruginecsa strain which was available in the ERC. The
limited duration o¢f the mission did not allow us to wait for the
resulting strains from the enrichment and selection process

After consultation about the experiments with the UASB reactor, UV
treatment of the consortium of the anaerobic bacteria used for the
process was also suggested. Provided the repression caused bv
some toxic comrounds is8 the reason of the insufficient capacity of
the s3svatem. the selection of resistant colonieas would give a
spectacular result.

A lecture was given. according to the modified program on the topics
of fermentation technology, strain improvement and bioreactors
focussing mainly on the waste-water treating equipment.




All the objectives of the modified program were attained.

During the mission Mr. Ali El Omari and Mrs. Lana Hamis -hoth of whom
are biologists- facilitated the work by laboratory assistance.

II. STRUCTURE AND ACTIVITY OF THE ENVIRONMENTAL RESEARCH CENTRE

The Environmental Research Centre is one of the institutes within
the Royal Scientific Society.

Director: Mr. Avman Hassan

Divisions: Water and 50il Division. head: Mr. Raid Khashman
Ecologv Division. head: Dr. Ali Elkarmi
Air Pollution Division. head: Dr. Jasseen Khayyat

The Environmental Research Centre has not only research tasks and
prajects, pbut deasls with studies. technical sServices and
consultations ordered mainly by the Jordan government. One of the
important tasks of the Enviromental Research Centre is the
continuous monitoring of several water sources such as surface
waters, ground waters and potahble water samples including regular
quality control of pottled mineral water. Also the ERC monitors the
concentraticn of air pollutants in Jordan.

As sensitivity over limited water sources concerning any Kind of
pollution 1is wvery high in Jordan, the continuous checking of the
several waste-wzter sources (industrial+punblic) is alsc an important
task.of the ERC.

In addition te the above menticned public safety and environmental
rrotection activities. the ERC is involved in many R+D projects and
special studies connected with environment.

As the buildings of the Royal Scientific Society are adjacent to the
Jordan University, there is an excellent opportunity to involve
studenta in the R+D work.

According to the above mentioned scope of activites in the
Environmental Research Centre. the projects are:

- Impact and risk asseasment
- Monitoring the environmentally-sensitive Akaba region




- Monitoring and efficiencv-increasing of the Samra waste-water
plant. finding-out hazardous ©pollution =sources regarding the
effluent wused for irrigation

- Monitoring the water quality of the King Talal water reservoir

- Monitoring the CO. 502 and NOx concentrations in the air near to
the industrial pollution sources (refinery, power station)

- Monitoring the total suspended particles (TSP) in the South-
East area

— Anaerobtic biological treatment of the effluents cof olive oil mills
by an UASB reactor

- Solar phetocatalvtic oxidation svstem for the elimination of
organic wastes from effluents

- Sclar water disinfection system for preoducing potable water

It shculd also be mentioned that the UASB reactor has a
considerable COD eliminating capacity (approximatively 70 %). the
effluent of which is treated in an aercbic reactor. The effluents of
the oil-seed mills contain scome compound(s) which are toxic to the
bacterial consortium working in the UASP reactor. This repression
seems to be the bottleneck of the precess.

The solar water disinfection system uses the UV compound of scolar
light for disinfection. It has alreadv been proved to be excellent in
a pilet scale. This is why this project is very cleose to taht of
commercial production with the collaboration of the German Technical
Cooperation Agencv.

The annual report of the R3S contains some more detailed information
conzeérning the structure of it. the R+D cooperations. scientific
reiations and the activity of the ERC (Annex-€. page 30)
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labzratories of the ERC are equipped to a good useful level., the
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111. VISITS AT POLLUTION SOURCES3

3

ers are seven pharmaceutical factories in Jordan. After surveving
he posasibilities. it was decided that the three main factories
should be visited for the purposes of consultation and taking sludge
sazmples: Hikma Tharma Group. Arab Drug Co. and Dar Al Daw. The Arab
Drug Co. had neot allow us to enter their factory. A waste-water
anxlysia data sheet ia shown in Annex-7 (page 36). Therefore instead
of the Arab Drug Co. the Sahab Waste-Water Plant was visitcd.

o

The visits were organized through the personal comnections ¢f RSS
rezearchers.




The factory of the Hikma Pharma Group is =situated in the Western
part of Amman. It has been dealing vith the production of medicines
since 1985. and there have been active chemical synthesis production
lines since early 1994. Previously the activity of the factory was
exclusively reduced to the formulation of purchased raw materials.
90 ¥ of the products are sold in Middle-Eastern countries. There are
two separate streams of waste-water. The firat tvpe is the effluent
of the synthesis plants. the daily amount of which is approximatelly
5 m3. The second type is that produced from the outlet of the
formulating plants with a 36 m3/day flow rate. There is a plan to
invest & small solvent-recovery plant for decreasing the high
solvent content of the first effluent and tco reduce the considerable
expenses comected with the high amount of organic solvents.

The waste-water containing a high solvent concentration is collected
in two concrete pits approx. 10 m3 each in velume. The organic
solvents and the amounts of them te be found in this effluent are:

acetone {traces)
Dimethvi-formamide (40%)
Methylenechloride (7N
Acetonitrvle (traces)
Triethanoizanine 7salt’ (7

Xiloxenes /several type/ (?)

-accerding to the information given by the technical management.
Onviously. the ceollected material is dumped somewhere: together with
used solvents originating from the laboratories of the factory. Some
mere information concerning the structure cof production (1993) and
the quality of waste-water can be found in the Annex-8 (page 37\

The laprger part of the waste-water is treated in an approximately
100 m3 zerated concrete tank. The pit has four =seections and a
geparate part serves as a clarifier pit. Despite this there is nco pH
control. nor can sigs of sludge treatment e found., although the
gizez zand the aeration level of this svstem seems adequate. giving
nzariy 3 davs retention time. Nevertheless it should be considered
that the factory formulates modified cephalosporines like cephalexine
and cephadoxyne. The effluent asurely contains a lot of these
antibiotics, and therefore the sludge is a scurce of 3everal
cephaloaporine reaistant microbes. Therefore the sludge should be
treated and used with special care avoiding leakage into the
communal waste-water system. Two samples were taken at Hilna




Dar Al Daw

The Dar Al Daw facteory is to be found at the South-Western part of
Amman. The factory deals with the chemical synthesis of geveral
medicines which were not listed in detail. Acceording to the
information given by the technical leader of the plant. the effiuent
contains onlv small amounts of:

ethancl,
methanol.
chloroform and
acetic acid.

It should be mentioned that concerning the parallel existence of the
chemical synthesis lines the limited solvent pollution (with regard to
beth quality and volume) seems to be unpealistic. The daily amount of
waste-water is 35 m3. There is an approximately 200 m3 covered
concrete container where the waste-water is ccollected. There are
four pieces of 10 m3 agitated. aerated and opered carbon steel
vessels under construction. which are planned to work as the aerobic
reactors o¢f the biological treatment system. For the thickening of
the sludges a big perforated stainless steel tray with a surface of
10 m2 will be installed. The present stage of the construction work
chowes that the more than 80 % water content of the sludge will
leak ocut from the tray into the seil. It was not possible teo take
samples Irom the deep coverad contzainer. therefore the sample were
tzken later when the liquid was pumped out from the tank. The sludge
was cobtained by centrifugation of the sample (2000 rpm for 20
minutes). A waste-water analvsis data sheet is shown in the Annex-9
(pzge 41).

The 3Sahalk: Waate-Water Zlant (owned by the Jordan Industrial State
Corroration) is situated in  the Sahak industrial region at
approximately 10 i from the South border of Amman. This region is a
conglomerate of ssveral industrial plants which are producing an
overall daily amount of 80Q0-1000 m? waste-water. The effluents are
not treated at all in the factories. and this would be the task of
the 3Zahab Waste-Water Plant. Conaidering the large diversity of the
factories (e.g. sznitary detergents. paints. dyes. paper and
cesmetics) and the lack of interest in the quality of the polluted
effluents., the Saheb Waste-Water Plant encounters dramatic changes
in the quality and volume of the incoming waste-water day-to-dav.
Probably the approximately 200 m3/dzy communal waste-water (which is
treated together with the industrial effluents) helpa in stabilizing
this procesas.




The volume of the .three aeration pits is 1000 m3 which is not
sufficient for the amount of waste water processed, giving only
a one-day retention time. The aeration pits are round in shape so
perhaps theyv function as clarifiers too. Seemingly. if the 760 m3
pretreatment pit with its {unction of buffering and neutralization
could be used with proper aeration and mixing. it would help in coping
with the usual problems of overloading. The mixing is performed by
two small blowers, but the pattern of the appearing bubbles shows
that the dispergation is not sufficient. The performance of this pit
would be increased by applying proper air spargers and the air
distribution should be more homogenous along the hottom of the pit.
Frequent and regular dissoclved oxygen and pH measurement by using
portable equipment would be necessary for the proper and safe
handling of the process. In the case of pH deviations caused by
changes in the waste-water being processed, the installment of a pH
regulation svstem by erecting a Ca(OH)2 sludge addition equipment
would be advisable. The sludge shculd not be used only for
pretreatment but alsc with regard to the aeration pits as well.

The average COD value loaded is 2400 mg/l and the final effluent of
the plant has a 150-180 mg/l COD level. (Western standards prescribe
100 mg/l or less. for exzmple in Hungarv 100 me/l.)

The sludge is stored and thickened in large concrete pits. After
being partially dried, the sludge is transporied to dumping places.

The final effluent of the plant is used for irrigation.

One sample was taken in the Sahab Waste-Water Plant from the
thickened sludge.

Hikma Pharma G
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Dar Al Daw

Sahab Waste-Water Flant 3




The sample originating from Dar Al Daw was an effluent sample taken
from the waste-water storage tank This sample was centrifuged (3000
rpm, 20 minutes) in order to obtain sludge. The other samples were
taken from waste-water sludge. which containse an enormously high
number of several types of bacteria. and that is why (for the
purpose of selecting CP degrading microbes) an enrichment methed was
introduced. This method increases the probability of the succesful
selection by giving an advantage to the bacteria which have the CP
degrading characteristic (or are at least tolerant to the presence
of CP) and repressing the growth of the other tvpes.

From each sample 0.2 g of sludge was added to the previcusly
sterilized flasks containing 20 ml of the CPElL. CPEZ and CPE3 mediz
(Annex-10. page 42). The media contained different amounts of pepton
and yeast extract. The reascn for varving these compounds was that
targeted microbes can have special requirements but {in this cas} no
growth could be observed in the lack of these nutrients. The CPEL,
CPE2 and CPE3 media were supplemented with phencl and chlorinated
rhencls (after sterilisisation).

The compounds were:
rhenol.
Z-chlorce-5-methyviphenol.
pentachlorophencl,
4-chloro-Z-methylphenol and
2.4-dichlorophenol.

The concentration of zll the compounds was 1068 me/l. (The overzil
concentration was 530 mg/l)) Pricr to the addition to the media the
compounds were dissolved in 1.0 ml of methanol. In many cases in the
literature it is mentioned that the microbes require cosubstrates
during the degradation of highly toric and stable compounds. In our
case the phenol is a cosubstrate. The methanol was wused for
dissclving the crvstals of the Cb-s and the phenol. There was only
0.1 g of each CP available for this work. and thzt is why the
distribution of the chemicals hetween the three types of medium
could be made only in liguid form - after the soluticen. The
measurement of a smaller amount of sticky and sublimating crvstals
can not be carried out accurately. The role of the CaC03 in the
media was the prevention of the acidification caueed by  the
generation of COZ and hydrochleric acid.

The inoculated flasks were shaken for four days by using smsll
benchtop shakers (approximately 250 rpm) at room temperature. The
shakers were borrowed from the water laboratory asnd once 3 dav
were stopped for 30 minutes by the staff of the laboratory. The
reason of this was to prevent the motors from burning out hecavse
of the heat generated. There was no possibility of incubsting the
shaken flasks at the optimal 30 oC,




On the fourth day of shaking. new flasks were started from the first
series by inoculating them with 0.5 ml! of broth. The new series of
flasks contained the same CPEl. CPE2 and CPE3 media. The newly
inoculated flasks were also shaken for four days.

The result of the enrichment was judged by the observation of
microscopic preparates stained by methyleneklue. and by measuring
the optical density. The optical dens.ty was measured at 600 nm
against distilled water after a dilution with 0.2 n HCl in order to
dissolve the CaC0O3 suspended in the media.

Result of the microscopic observation:

CPE1 CPE2 CPE3

4]

++ + ++
- no growtn
+ poor growth
++ dense culture

Result of the 0D measurement:

Hi 0.120 0.172 0.140
2 0.138 0.166 0.102

0.080 ¢.224 0..82

n o

0.262 0.220 0.294

The moset promising five flaskas (D/CPEZ. D/CPE3, S/CPEl. S/CPE2 and
3/CPE3) were used for the next selection step.

The results demensatrate that the enrichment was succesful.

The selection step has nct been completed because of a shortage of

time. Nevertheless the proper methods were presented for the
accompliehment of the selection.
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Agar plates were inoculated with 0.3 ml of each sample. The
composition of the solid medium was equal to the CP3 medium,
supplemented by the same amounts of phenol. CP-s and 2X of agar.
The agar plates were incubated for four days in a 37 oC incubator.
After the incubation period it was obvious. that the plates were
fully covered by microbes. However. the growth seemed not to be
complete. The plating was repeated with diluted samples in order to
obtain single colonies. The plating was repeated with the S/CPEl and
S/CPE3 flasks. The dilutions applied were 1/100. 171000, 1710000 =and
17100000. It was decided to incubate these plates for a longer time
(cne week) for obtairing a proper colony-size which is encugh for the
inoculation of the nutrient slant agar tuhbes. In the case of
insuificient egrowth. the plating whould be repeated by using a
nutrient agar medium.

The colonies that appear should be streaked onto slant nutrient agar
media., The selected strains should be maintained by transferring them
lant nutrient agar tubes twice a vear. Incubation should
be per f"znxed at 30 oC for three days. Three parallel slants are to
i tated. One is for the purpose of strain maintenance. the
second is a spare cne and the third should be the socurce of the
sesds -~ if required. The working seed slants should be made
by using nutrient zgar supplemented with 05 % of glucose. The
presence of glucose provides a quick and intensive growth which is
ficial in the case of using them for inoculation. The maintained
ins should be regularly validated once a year by streaking them
conteining agar. The proper concentration cof the CP-s and
! =hou 14 be adiusted by streaking the strains ontce plates with
- ? concentrztions.

After completion of the selection. the selected strains should be
identifi=2d by their morphology and biochemical characteristics.

ding capacity should be checked by measuring the
residual CFP _oncentratien after the shaking process. A standard
incocularion and shalking process enables us to uzse the results for =z
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more =zaocurates validation.

After obtaining Yenchtop freeze-drving equipment. the selected
atrains should be ifrezze-dried in order to ensure their longterm.
safz maintenance.

For the purpose of freeze-drying. the cella should be harvested from
slant agar test tubes after the incubation period of at least three
daysa. In the case of apore-forming microbes. incubation should be
evtended until sporulated cells are obtamcd The reason for using
maturated “old’ culture for the freeze-drying ia that the active,
“young' . multiplicating cells are more aensitive and the survival rate
during the liophilisation therefore tends to be low. The cells from
one glant agar are to be harvested by washing them out with 5 ml of




sterile water and sheould be centrifuged at 3000 rpm for 30 minutes.
The sedimented cells are to be suspended with 2 ml of 25 ¥ diluted
sterile milk. The suspension is to be poured in to a liophilisation
tube and connected to the freeze drver. All the steps prior to the
freeze-drying should be made in sterile conditions using sterile
pirettes and centrifuge tubes. and all operations should be done in a
clean bench. Of course., the tubes for the liophilisation should also
be sterile. The freeze-drying lasts for 24 hours at -4 oC. The tubes
should be stopped and separated bv melting znd should be stored in
a refrigerator.

The rcle of the sterile milk is in freeze protection. For the proper
preparation. 25 ml of milk should be diluted to 100 mi with water and
the ligquid should be maintained in a 100 oC water bath for 30
minutes in order to kill the vegetative cells. The treated milk is to
be stored for one dav at room temperature. This period enables the
g=rmination of all surviving spores. After this a 10 minute
autoclaving leads to a 100 % sterility because all the living spores
had alreadyv turned to a vegetative form. Nermal sterilisation
conditicns result in the milk being burned.

V. GENETICAL IMPROVEMENT OF MICROBES

An existing property of a microbe can allways be improved by genetic
methcods combined with proper selection. In the present case the CP
degrading capacity should be increased.

During the mission it was not possible to improve the selected
microbea because the results of the selection were gained at the
end of the working period. Therefore the demonstration of the
improvement Xnow-how was presented by using an available
Pseudomonas aeruginosa (ATCC 9027) strain. The demonstrated method
can be aprlied later on by the staff of the microbiology laboratory
in the case of any strain.

The freeze-dried P. a=ruginosa strzain was suspended by dilution with
sterile water and was inoculated on nutrient agar (Oxoid. code: CMiL.
with 2 % of agar) plates by using 9.3 ml of the suspension. One dish
as & control wasa placed in the 37¢C incubator without any treatment.
the others were irradiated by UV for several periods (1: 5: 30; 180
and 600 seconds). The exposure was performed by using a UV lamp
which was originally used for the evaluation o¢f thin-laver
chromatcgrams in the laboratory of the Chemical Department at the
R55. The dark cover of the lamp was removed for obtaining a higher
intensity. The device had an output of 2x6 W. the distance apgplied
wag 4 c¢m. The irradiation was made in a temporary dark manipulation




chamber. and the irradiated plates were covered by aluminium foil in
order to prevent photoreactivation.

The dishes were incubated together with the control plate for four
days in a 37 oC thermostate. After the incubation period. the
control dish contained round colonies of approximately 3 mm
diameter. The first ( 1 second) irradiated dish contained 0.1 mm size
colonies which had not shown anv growth after the first. day. The
irradiated colonies were judged to be lethal mutants which are able
to live only for some periods of multiplication. The next ( 5 seconds)
irradiated plate showed a similar picture. but all the other dishes
were clear.

Based on the results of the first irradiation. the circumstances
were changed. The control plate contained onlvy single colonies
instead of being ccvered completely by bacteria. which showed that
the living cell number was very low in the suspension. The freeze-
dried tubke was copened in July 1994, and was stored by stopring it
with = paraffin feil. Obvicusly scme moisture has been taken up by
the liophilised granules and slow damage of the living cells has

startsd, Therefore the new plates were inoculated with a suspension
made v using a new slant agar which had been started previously
from The freeze drisd tube. The intensity of the irradiation was

decrezsed. The irrzdiation distance vas increased to 40 com by
applving a tempvoraryv stand for the UV lamp. As there is a gquadratic
ction between the irradiation intensity and the distance the 10x

magnilication resuits in a 100x decrease in intensity. The irradiation
times were the same as in the previous experiment. The results were

=3
atisfacteory in this case: the first and second dishes (1 and &
seconxis) were covered completely, the third (30 seconds) contained 50
ceolenizs of normal size. and the last twe dishes (180 and 600
seconds) contained three colonies each. On the basis of these
results the proper irradiation tims was determined as 15 seconds for
t

his demeonstration.

ter obtaining the proper irradiation conditions it was decided that

rroperty to be improved in this demonstration will be the

nze against phenol. Therefore the Pseudomonas aeruginosa
was inoculated by streaking on nutrient agar dishes

nted with phenol in the range of concentrations (g/1):

0.1: 0.5; 1.0 and 2.0. The purpose of the experiment was to

he =malleat non-tolerabls concentration of phenol in the
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After three days of incubaticn zt 370C the plates were evaluated.
The growth on the first two (0.01 and 0.05 g/1) was normal. The
growth on the next plate (0.1 g/1) was repressed (the presence of the
microbes at the traces of the satreak could only just be observed).
There was no growth detected on the higher concentrated dishes.




For the sake of selecting tolerable mutants the remaining 0.1 g/1 and
0.5 g/l phenol containing dishes were incculated by P. aeruginosa cell
suspension. and were irradiated by UV for 15 seconds at a distance
of 40 cm. On the second day of the incubation it was observed. that
there was no growth on the dishes containing 0.05 g/l phenol. There
were two dishes made with 0.01 g/1 phenol concentration. One of them
contained a very vague. nearlv continuocus. blanket of microbes. The
second one contained a couple of small colonies which had overgrown
the slight blanket. These ~~2lonies were new mutants with a higher
rhenol tolerance in comparison with the original strain.

The above method was made only for the purpose of demonstration.
The reason for applying such a simple method was the shert duration
of the mission. The time and distance of the irradiation should be
adjusted more accurately. The living cell number should be measured
prior to the irradiatisn and afterwards as well. The cell number
should be measured by preparing decimal dilutions with sterile water
and plating the diluted suspensions on agar dishes. In the case of
irradiated samples the procedure shouvid be made in a dark <hamber.
anc the plates should be duly ccvered by aluminium feoil.

The irradiation sheould be made by using cell suspension in zn empty
plate. The volume of the suspension should be standard (16 ml). The
cell suspensicon is to be made by incculating 20 ml of bouillon with &
loopful of microbes from slant zgar. The 20 ml of inoculated medium
should be shaken (250 rpm, 30 oC) overnight in a 250 ml flask. This
method provides cells existing in the exponential growth phase which
are very censitive tc¢ mutagen agents having their DNA in  an
"unpacked”’ stage - with a high probability of partial damaee caused
bty the mutzgen =zgent. The cells should he separsted prior to +the
treatment by centrifugation (3000 rpm, 20 minutes). After
centrifugation the cells snould be resuspended with sterile wzter. (If
the same volume is used the resulting cell density wiil be the same
as in the case of the overnight culture))

The irrzdiation conditicns should ke modified until reaching 92-99.9 %
letnality. In the case of UV treatment this high lethality rate was
found tc¢ hbe necessarv for obtaining a relatively high number of
mutants among the survivors.

The original idea about mutation treatment was the application of
NTG. which is considered to he one of the mutagens with the highest
efficiency. Unfortunately the compound was not available and there
was no possibility of obtzining it during the mission.

In order to be able to use this mutagen a detailed explanation wae
given albout ite application which emphasized the ceriocous danger of
the compound (Annex-11, page 43).
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A brief explanation was given about the possikiiity of improving the
facultative anaerobic bacteria working in the UASB reactor.
According to the information the treated olive-oil mill waste-water
containz some tcoxic compounds which are tolerated with difficultv by
the mixed culture of the reactor. The working program for its
improvement should be the same. that is the treatment conditions
should be adjusted., and the agar media for selection should be
chosen by obtaining the smallest intolerable concentration of waste
in the solid medium. After these steps. the mutagen treatment should
be followed by the selection process, and hopefully by repeating this
procedure some improved strain can be isolated in the near future.

VI. LECTURE ON FERMENTATION TECHNOLOGY. STRAIN IMPROVEMENT AND
BICREACTORS

The RSS has no tradition in the field of hiotechnologv. Therefore the
aim <f giving this lecture is to previde hasic information about the
procucticon svstems comected with microbiology. It was emphasized
during the lecture that the mzain principles of the waste degradztion
techinolegy are the same.

For the purpose of introduction. the meaning of the word
"fermentation” was explained. mentioning the two implemented part of
it as the fermentation software (strain. technolegy) and the

entztion hardwzare (equipment). The strains and technologies are
patent=l1 btut the processes are usually kept in secret. The equipment
{(inclucirg the Dbicoreactors. piring arrangements. accessories. and
downstrzam facilities) is a crucizl part of the kmow-how. In wider
terms the operation know-how iz also an important part of the
techrology  insofer as it has a fundamental effect on the
fermentaticn results.

The treditional fermentation processes were listed that is. the
produstion of several fermented foeds and drinks. like the sour

airies” cheese. wvozhurt. kefir., koumis. sovbean sovce. koji. beer,
aral. brandy. wine. sake. sour cabbage and cucumbker. sour fish etc.

[o

The main principles of pharmaceutical fermentation technology were
chown. The several fermentation products were listed with a brief
explanation: antibiotics. vitamins. aminoacids. organic Aacids. citric
arcid., products created by means cof “genetic surgery’. solvents.
biodegradable polymers. polysaccharids and products made by
nioconversions,
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The rough connection between the amount of the marketed product and
the markel price was demonstrated using the examples of citric acid
and daunomycin. The possibility of reaching extra profit was explained
by mentioning the R+D work concerning the hyaluronic acid production
by fermentation technology. There are not only technical problems
with this because of the extremely high viscosity of the accumulated
product but with the licencing as well (due to. the fact that the
production strain is the Streptococcus zooepidemious which has
hemolytic properties). The strain was obtained from bovine mucous
membranes.

The productive industrial strain is the basic component of the
fermentation software. Th2 mutation and =election methods were
explained in detail by introducing the genealeogvy of a Corvnebacterium
glutamicum strain  having approximatelv 140 g1 1-lvsine production
capacity.

The bzsic principles c¢f the fermentation technology were explained
(the compositicn of the fermentation media. the temperature. the pH
and oxvegen supplyl The fermantation media should follow the
chemical composition oI the bred biomass togsther with the product
generated during ths The chemical composition of the
micrchbes were shown an nutrient sources used in industry
were introduced. The one of the nutrients of main
o fermentations. The mejority of the
scaling-up and engineering tasks is comnected with reaching the
required level of oxygen mzss transfer rate required by the process
in the large scale bicreactor. Thz importance of medium optimisation
was emrhzegized, and the roles of pH and temperature were explained
in connsction with the effects of pH and temperature on the
enzymatic reactions.

A short explanation wze given on the basic principles of bach
technolegy. the feed-batch. and continuous fermentation technelogy.
The role of catabelit repression was demonstrated by showing the
effect of different carton source concentrations on batch

It was shown that the relevance of the
-epression s e: valid in the case of bkiodegradation

e

Additicnally the opesraticnal kmow-hoew was introduced by menticning
some examples and showing the crucial importance of it.

The basic part of tha fermentation hardware is the bioreactor. The
main parts c¢f the fermenter were introduced by explaining theix
functions. The requirements cof sterile processes were evplained. and
the special accessories responsible for the maintenence of sterility
were described. It was shown that the arrangement of piping has a
great effect on performance and levels of sterility.




It was mentioned that. eXxcept in recent decades waste-water
treatment plants were designed by civil engineers. The equipment was
made of concrete: the usual arrangement being a flat type pit with
an (at least) 1:5 height-width ratio. The traditional waste-water
treatment basins are insufficient in terms of both their aeration
level, and mixing capacities. The design is usually made by neglecting
nearly all the relevant perspectives of industrial microbiology.

The principles of the traditional waste-water treatment plant were
demonstrated by introducing a well designed 1500 m3/day plant (Annex-—
12, page 44). The vclume of the pit segments are 500 m3. 2000 m3,
350 m3 and 150 m3. The internal recycling volume of the aeration pit
is 24-36000 m3/day. the recycling volume from the second to the
first pit is 4-7000 m3/day. The amount of returned sludge from the
clarifier is 930 m3/dav. The aeration rate of the aeraticn pit is
3500-3750 Nm3/h. Tne COD content of the final effluent is 60. the
NH3- nitrogen content is 6.7 me/l. (The loaded COD is Z900 mg/l, and
the NH3-nitrogen concentration is 700 mg/l.) The purpose of the
extremely high liquid recyciing rates is to ceompensate for the
insufficient mixing capacities of the svstem.

Scme advanced industrial biodegradation equipment was shown like the
"ONOXT system., the TBIQHGCH" =2t BAYER &g (Cermany)! and cther
bioreactor svstems produced alse by the German "UHDE” company at
SANDOZ (Switzerland) and at ZIMPRO ENVIRONMENTAL Inc. (J38) and at
NALCO CHEMICAL Ag. (Germany). Generally these reactors were designed
by calculzting the requirements «<f the biological processes. The
acdditionzl novelty of the UHDE equipment is the application of &
fluid-bed rioreactecr packed with activated carbon. The role of the
activated carbon 1is the fivation of microbes and the chemical
absorption of the chemicals to be degraded. It should he rentioned
that the f{irst such bioreactor was originally designed for chemical
absorption and for hatchwise regeneration of the activated carbon.
The operation persormel observed that in the case of 3 postponing
of the regeneration period the “absorption” capacity was not
decreased. This means that the settled/mived culture of microhes had
started to decompose the orgznic wastes.

There were scme new results published (Annex-!'4. page 46. - 2. 3 znd
4) in 1994 in the Journal! of Applied and Environmental Microbiclogy.
A laboratory svstem with a trizling asir bioreactor. an zir lift
reactor and a composite sediment column reactor were introduced
(Annex-13, page 45). Each reactor was applied to the hiological
degradation of chlorinated compounds,




VII. RECOMMENDATIONS

Investments and activity for the present tasks

For the purpecses of succesful strain selection and improvement work
some investment is necessary.

A larger shaker should be purchased and erected in a temperature-
controlled room. The capacity should be at least 50 X 500 ml flask.

For the proper strain raintenance and improvement work some
hundreds of good qualitv test tubes and other glassware should be
purchased. .
For the purpose of UV treatment an adequate UV lamp should be
invested in and a proper size dark chamber should be built. which can
be rlaced into the clean bench.

At *the present tims. the nitrosoguanidine is thought to be the most
ffective mutagen used in strain improvement. therefore the mutagen
reatment =should be perfoermed using this compound.

For ths improvement methed at least 20 g of each chlorinated
compound would be required. In the event of the continuation of the
rrogrem these compounds should be purchased.

The improvement and selection methcds can be used for the selection
and improvement of other properties as well., therefore the
Envircnmental Research Centre should select a set of microbes
capeble of degrading several contaminant compounds.

The selected micrcobes should be identified by their morphology and
the2ir biochemical characteristics.

The aclected strains should be characterized by their CP degrading
caracity that is by measuring the CP concentration after the shaking

For the proper characterization of the new strains a benchtop
1

aphoratory fermenter should be set up in the microbiology laboratory.
This fermenter would be applied to the inoculation of the planned
pilot scale sterile fermenter.

Th-:—re are several atrains known from the literature capable of

~ompoeing chlorinated products. The purchase of eight strains is
ecc'nmendedm order to provide a good basis for strain improvement.
hat is the chlorinated phenols are not the only contaminants to be
congaidered: in short the diverse purposes would require several kind
of microbea. The suggested strains are:

rf"SL..
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Sphingomonas paucimobilis ATCC-29837.
Nitrosomonas europaea ATCC-25978,
Pseudomonas putida ATCC-11172.
Pseudomonas cepacia ATCC-25416.
Alcaligenes eutropus ATCC-17697,
Flavobacterium sp. ATCC-53874,
Pseudomcnas pickettii ATCC-27511 and

Phanerochaete chrysosporium ATCC-24725.

The identification of isolated new strains can be made by using
Bergeyv's Manual of 3Systematic Bacteriology. the purchase of this
book is therefore recommended. Some other books are also
recommended for heing zble to get more familiar with biotechnology
as the "Molecular Biotechnology” by Bernard R. Glick and J. Pasternak.
ASM Press. 1325 Massachusetts Ave. NW. Washington DC 20005 USA,
April 1994, ISBN 1-55%81-071-3LF, and the ‘"Manual of Industrial
Microbiology and Biotechnology”™ by Arnold L. Demain and HNadine A.
Solomon. 1986, ISBN 0-914826-72-7LF. It would also be beneficial to
subscribe the Journal of Appli=d and Environmental Microbiology of
the American 3Society for Microbiclogyv.
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For proper and safe strain mzintenence = lahorator
freeze-drver should ke purchased.

Investment in a laberztory-scale versatile biorezcter with basic
instrumentaetion 1is also recommended in order to  study the
degradation processes and to provide a design basis for the scaling

Routine work in the microbiolegy laboratory should be based on the
ctivity of technicians and labeorztory assistants. The employment of
t least two assistants is recommended. If this would be realised
the graduate researchers would be able to deal more efficiently with
R+D work.

Investments and activity for the extended project program

Considering the lazk of sericus regulations with regard to the
gquzlity of the polluted effluents of industrial plants. the =valuation
of regulations and the setting up of an independent and strong
environmental protection authority should be promcted.

The organic solvent content of the effluents polluted by factories
should ke determined and regularly monitored.

For the purpose cof increasing the efficiency of the individual
incduetrial waste-water plants. and for the 3ake of obtaining a basis
for soil bioremediation. the extension of the present project is
suggested (Annex-3. page 24). The erection of a pilot plant is




recommended with a portable versatile bioreactor which would be able
to model the biological treatment of industrial waste-water. This
bioreactor could be taken to the polluting facteries in order to
treat their wastes. Technologv can be elaborated on a pilot scale
and together with the etaff of the f{factoryv in parallel with
consultations and demonstrations of the system\processes.

The pilot plant should contain a 1000 1 sterile fermenter (with basic
instrumentation). for the purpose of growing microbe biomass which
can be used for soil remediation. The sterile fermenter can also be
used for the inocalation of biological treatment plants by using
micrcbes with increased degrading capacitv. The biomass harvested in
the fermentation broth can be dispatched to the contaminated site or
biological treatment plant by tank cars. If the distance is bigger the
difficulties of transportation can be solved by cooled tanks.

If there is a requirement that the biomass be preserved, it can be
dryed by sprav- or fluid-bed drying equippment.

Prior tc the drying processes the fermentation broth should be
concentrated. Considering the sensitivity of the bhiomass high-speed
separation or the microfiltration is recommended for this purpose.

For the sake of a succesful continuation of the project, it would be
beneficial if the hinlogists of the microkislogv lzhoratory would be
sent to training courses or studv tours in developed countries to
cbtain further practical experience in the field of biotechnology.
There would be an excellent cpportunity for gathering information by
participation in the Third Internzational Symposium “In 3Situ and On-
Site Bioreclamation” which will deal with bioremediation as a main
topic (April 24-727. 1995 3San Diego. Czlifornia. registration:
Bioreclamation Svmposium, The Conference Group. 1939 West Fifth
Avenue. Suite 5, Columbus. Ohio 43212-1912 USA)L

Orn the basis of findinge obktained during visits at pollution
sources. the Hikmz Pharma Group could be the best industrial model
of the project. This model would cerve as a good example for the
other pharmazceutical factories and for the envircnmental authorities
in Jordan.
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UNITED RATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

JOB DESCRIPTION

SI/JOR/94 /¥XXX/11-51 RECEIVED
1 7 JUN 1394
PRAS / PMU

Post title Industrial Microbiologist
Duration 1 month

Date required ‘asap

Duty station Amman, Jordan.

Duties In co-operation with the international consultants, the
industrial microbiologist shall carry out the following
duties:

1. Identify bacterial strain of Pseudomonas to be
purchased for biodegradation of phenol and
chlorophenols.

2. Advise on bacterial strain maintenance.

3. Advise and set a programme for strain improvement.

4. Advise on establishment of a seed lot system.

S. Advise on validation of master and working seeds.

6. Prepare a technical report on the above work.

Qualifications Industrial wmicrobiologist with personal experience of
strain improvement. Working experience in developing

countries would be an asset.

Language English




Background information:

The pharmaceutical industry is one of the most important industrial
subsectors of the Jordanian economy sinte it is among those few subsectors that
are income generating and improve the balance of trade. Jordan is the number one
exporter of pharmaceuticals among the Arab countries.

The pharmiceutical industry is gemerating significant amounts of chemical
pollutants, mostly in the form of effluents. Since cleaner technologies are
important elements of the sustainable industrial development, therefore, existing
regulations are not the only ones to be considered but to aim at the most optimal
technological solutions that are economically feasible.

A specific distinction between a Jordanian and a European pharmaceutical
company lies in the fact that in Jordan neither rivers are available to dilute
effluents nor the regular disposal of the wastes either by incineration or
dumping may be feasible.

Organic pollutants such as chlorophenols and other phenclic compounds
commonly found in the effluents of pharmaceutical and other industries are
detrimental to both human and aquatic life, as well as to the environment as a
vhole, if left without effective treatment.

The Royal Scientific Society requested UNIDO's assistance to provide high
level advice for design of a pilot fermentation facility for biodegradation of
organic pollutants such as those mentioned above.
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Annex-2
Dr. Ali Elkarmi
Head of Ecology Division
RSS 12 October 1994

Modified working program

1. Sampling of the industrial waste water at sites (Consultation
about the quality, concentration and amount of the effluents)

2. Start-up of the selection of microbes (Elaboraticon of the mecdium
for enrichment: the selection medium; inoculating the appearing
monocultures on slant agar medium; advise on strain maintsnanca:
elaboration of selection medium for strain improvement)

3. Advise on purchasing strains from culture collecticons

4. Flaboration of the genetical improvement method for the strains
by using the available Pseudomonas aeruginosa ATCC 9027 strain (NTC
and UV treatment method) in order to reach the proper lethality. and
finding out the adequate dilution rate for plating

5. Advise on genetical improvement of the facultative =znaercb
microbes used in the UASB reactor

6. Advise on validation. maintenance and seed-lot system

7.Giving a lecture (Onn strain improvement. fermentation processes
and bioreactors: fermenters/ bioreacters for waste water traatment!

8. Preparation of the technical report

Dr. 1. Balogh



Annex-23
Dr. Ali Elkarmi
Head of Ecology Division
RSS
Program plan suggested in connection 12 October 1994

with the project SI/JOR/94/802

After having been acquainted with the present situation two main
goals can be declared:

A

To clean the already contaminated territories. dumping places. wadis
etc. to prevent ground water contamination

Method: inoculating the soil with special microbes cultivated in pilot
scale fermenters having a high organic solvent degrading capacity

K

To prevent the pollution of factories
Method: setting up special bioreacters with mived culture in the
factories for the biological treatment of the effluents

Steps of elaboration:

1.(A+B) Collecting information about the pollution sources. types of
pollutants. concentration and volume to find out the contaminated
territories and the rate of their contamination

2.(A) Selecting the proper strains of micrcbes from zite samples

and from culture collections. and improvement of the selected
microbes

2(B) design of a lab-scale mixed culture tioreactor. and
biodegradation technelogy

3.(A) Investment in a benchtop lzboratory fermenter. and elaboration
of the inoculation technology

3.(B) Scaling-up of the laboratorv-scale bioreacstor for microbiological
degradation to industrial scale

4 (A) Investment in a 1000 1 sterile pilot fermenter for the
preparation of microbial inoculations in contaminated territories

The above activity (in the case of realisation) could be performed
within the framework of a venture

M. 1. Balogh




Industrial Pollution Control Project, Jordan
Project Component No. 2: Industrial Wastewater Pretreaunent

*  The heavy metals concentration in the KTR effluents are within
standard Emits for irrigation use.

Most beavy metals concentrations in the KTR sediments are similar
to the content of metal in normal Jordanian soil.

6.8 Discharge of Effluents to the Wadis

The responsibility for managing the control of industrial wastes and ef-
fluents is not clearly defined today. Municipalities are involved if an acdi-
dent bappens or when dtizens voice their coacern about odours or pui-
sances, such as dumping of wastes or efflucnts. Intervention by the Public
Safety Committee happens when accidents occur that result in injuries or
lass of life. Some industries are located near populated areas, whil= cthere
are located in open land where a dry wadi serves as a convenient meaas
for wastewater disposal.

A number of industries in the study area are not served with sewer coo-
pection and others are located ouiside municpal boundarnies. This situ-
ation makes it dificult for some industries to manage their effluects in an
covironmentally acceprable and cost-effective way.

In practice, bowever, several industries are allowed, by the respective
municipality, to discharge untreated effiuents onto 2 common wastewater
disposal site in Wadi Sakkar, east of Ruscifa. Other industnies are allowed
10 tanker their wastewater (o sewage intake stations at Ain Gazal or
Zarqa. Some discharge their wastewater at undisclosed locations without
permission.

The uncontrolled siting of indusuy bas resulied in some serious pollution
problems. The following two examples illustsate this.
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Industrial Pollution Contro! Project, Jordan
Project Component No. 2: Industrial Wastewater Pretreatment

(1) The Pepsi Cola Pool

Thus is a largs pool of water (estimated volume in 1993 was 200,000
m®), which collects every winter. It is a result of the mining actvity of
the Jordan Phosphate Mining Company in Ruseifa. Large amousts of
fine silt material were discharged into a small wadi in that arez, 2ad it
blocked the nztural Jow of rain water every winter. The Pepsi Cola
Company, which is located cearby, started to discharge wastewater
inio this wadi. I has beer estimated that the Pzpsi Cela Compzny
discharged about 200 m® of wastewater every day. A large pool was
created from the impoundment of efflucats 2nd rain water. A
Palestinian refuges camp wes in 1967 located close to the pool, and
some blocks of houses were also built in the area

The pool is known as the Pepsi Pool although the company was con-
nected to the sewers in late 1990 and does not any longer discharge
effluents to the pool. The water in the pool was stagnant acd the local
people used to dump all sorts of garbage into the pool. This resulted
in the water in the pool becoming septic and dirty. Children from the
refugee camps used to play in the arca and some of them drowned in
the pool.

The Amman Municipality deaded to empty the pool in the summer
of 1993 by pumping the water from the pool over the mound of carth
to the downstream side of the wadi All kinds of rubbish and odd
objects started appearing as the bottom of the pool became exposed.
Among these objects were two live Katuosha rockets, many rusted
Falashnikov automatic rifles (these arc believed to have beez dumped
tkere afier the 1970 avil war in Jordan), and bundreds of used car
tires. The dirty water in the pool may have polluted the ground water
in the area The impact of the pool water on the eavironment, bas oot
beea studicd by any agency.




Industrial Pollution Control Project, Jordan
. Project Component No. 2: Industrial Wastewater Pretreatmeant

(2) Wads Sakkar Pond

This is a wadi to the southeast of Ruseifa. The wadi flow has been
blocked by a large amoust of ecarth disposed there by the Jordan
Phosphate Mining Company. During winter, rain waier is collected
there every year. Industries, that arc not allowed to connect to sewers,
are given permission by the Amman Mubicipality to dispose their
wastewater in the pond. This has resulted in large quantities of waste
and polluted water being collected in the pond

Tke pond is located behind mountains and is not accessible to the
public. It is located in an area where the Phosphate Company has
some ground water wells. It is possible that water may infiltrate from
the pond to the water aquifers below and thus pollute the ground
water. Nobody monitors the area for possible ground water pollution,
and wastewater discharged into the pood is aot moaitored.

The cases of the Pepsi Pool and the Wadi Sakkar Pond are the result of
industrial activities taking place in the area. The Jordan Pbosphate Mining
Co has been mining in this area for more than forty years, and has aban-
doned large exhausted quarry areas. This bas resulted in many negative
impacts on the landscape around Ruseifa and, in particular, it has dis-
turbed the satural flow of rain and flood water. Also, the Amman Munici-
pality bas permirted vanous industries to discharge their polluted eflucots
ioto the excavations that resulted from the phosphate mines. No precau-
tons have becs takea (0 safeguard against pollution of surface or ground
waler in this area as a result of this type of uncontrolled wastewater dis-
posal.
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Industrial Wastewater Characteristics. Organic, Noa-Toxic

Pollution. Flow and Pollutant Load .
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28 Anbuan 33 No Sewer e b 15 10 39
Teade and Ssmn
Fond Co WAJ 28 163 290 AD
2 Jorden 110 Neo Scwer IPCP 57 17 68 ”
Brewery Samm
Co. WAJ 28 52 55 68
23 United 6 Riol. Sewer [1 28 4 37 Y i3 1]
Factones Samas
Co WaJ) 18 3T o3t 63
24 Yag 536 No Imgsdon|{ IPCP | 2862 ) 4362 | 350 | se10
Industnes
Co. waJ 3378 | 6131 | 597 | 3869
25 Jordan RO Brol Sewer 1008 4 v 1 [ Mm
Dann Sames
Co WAJ 20 h2 3 L
26 Ala A 18 Mech. Sewer PCP 71 125 16 .
ke-crenrs Samrs
Co. WAJ - - . .
27 | 1ishma Prar- 16 No Sewer ocy 35 o LY ] 1
maccvicals Samia
Jewdan WAJ 13 21 23 | B]
28 Damsh 90 Biol. Sewer PCP 22 65 32 154
Jordaruan Semnn
Dasr Co WaAJ 28 56 19 117
v The 130 Bl Newer e | K] 11 (3] |4 423
Tanmng Chem Samea
C ompant waJ 135 4 p [ d)
30 | DenshFaod | 130 Mach, Scwer PCP Hs 187 $) 143
Ind-sines Sshab
Compens WAJ - . - -
ate) 2641 Wenmp.  IPCP | oo | 9346 | 2941 | 2497x
i & romp VWAJ A7nd | IWYSN] 2604 | 2Sais
Totel w sewer M l6comp. IPCP | 2124 | 4389 | 2131 ] 7947
12 rompn VWaAJ SInd | 219°K1 147 | 8T
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LIST OF STRAINS

(-recommended for the purpose of degradation of organic chemical

compounds)

Sphingomonas paucimobilis
Nitrosomcnas europaea
Pseudomonas putida
Pseudomonas cepacia
Alcaligenes eutropus
Flavobacterium sp.
Pseudomonas pickettii

Phenerochaete chrysosporium

Annex-5

ATCC-29837
ATCC-25978
ATCC-11172

ATCC-25416
ATCC-17697
ATCC-53874
ATCC-27511

ATCC-24725
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RSS Cooperation Relations
with Arab and International
Organizations and Institutions

RSS is connected with a good number of Arab and international
organizations and institutions through:

a. Agreements or protocols of cooperation with the follow-
ing institutions:

The National Institution for Scientific Research/Tunisia.

Islamic Foundation for Science, Technology and Development
(IFSTAD)/Kingdom of Saudi Arabia.

Acadery of Scientific Research and Technology/Egypt.

King Abdul Aziz City for Science and Technology/Kingdom of
Saudi Arabia.

Renewable Energy Development Centre (Centre de Dévelopf)e-
ment des Energies Renouvables)/ Morocco.

Scientific and Technical Research Council of Turkey
(TUBITAK)/ Turkey.

The Academy of Sciences of the Russian Federation.

National Technical Information Service/USA.

Council of Scientific and Industrial Research/India.

Council of Scientific and Industrial Research/Pakistan.
Friedrich Ebert Stiftung/Germany.

German Agency for Technical Cooperation (GTZ)/ Germany.
Cambridge Applied Nutrition, Toxicology and Biosciences
Group (CANTAB)/ United Kingdom.

Polish Academy of Sciences/ Poland.

Scottish Development Agency/ United Kingdom.

Bahrain Centre for Research and Studies/ Bahrain.

International Development Research Centre (IDRC)/ Canada.
United Nations Development Programme (UNDP).

Swiss Federal Laboratories for Materials Testing and Research
(EMPA)/ Switzerland.




Economic and Social Commission for Western Asia (ESCWA).
Islamic Educational, Scientific and Cultural Organization
(ISESCO).

Centre for Caucasian Affairs Studies/ Grozny, Chechen
Republic.

The Institute for Social and Economic Policy in the Middle East,
John F. Kennedy School of Government, Harvard University/
Cambridge/ Massachusetts, U.S.A.

The Islamic Academy of Sciences/ Jordan.

Arab Union of the Manufacturers of Pharmaceutical and
Medical Appliances/ Amman.

b. Membership in the following organizations:

Federation of Arab Scientific Research Councils/ Iraq.

World Association of Industrial and Technological Research
Organization (WAITRO)/ Denmark.

Interuatiofial Council of Scientific Unions (ICSU )/ France.
International Foundation of Science (IFS)/ Sweden.
International Association for Housing Science/ USA.

The International Federation of Institutes for Advanced Studies

(IFIAS)/ Canada. .
International Measurement Confederation (IMEKO)/ Hungary.
UNESCO/ Regional Office for Science and Technology for the
Arab States (ROSTAS). '

UNESCO/ Intergovernmental Informatics Programme (1IP).
Asian Energy Institute (AEI)/ New Delhi.

Arab Union for Cement and Building Materials/Syria.
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Environment and Public Safety Sector

a. Research and Development and Studies

. Evaluation of the efficiency of utilizing solar radiation for the
treatment of organic pollutants using a photocatalytic oxidation
process (1992-1993).

Monitoring of water quality in King Talal Dam (1980-1994).

The national project for monitoring water quality in Jordan
(1986-1993).

Study of Assamra waste stabilization ponds project (1986-1994).

. Socio-economic and environmental study of King Talal Reser-
voir Region {1991-1994).

Environmental and socio-economic study of olive oil mills waste
treatment and disposal (1993-1996).

Assessment of pollution by pesticides residues in Jordan.
Industrial wastewater treatment plants pro;ects and others
(1991-1993).

Industrial pollution control project (1992 1993)

Preliminary study to identify cement constituents in ambient
dust at Fuheis area (1993-1994).

Air pollution monitoring at Rusaifa, Fuheis, Hashxmnych and
downtown Amman (1992-1993).

b. Technical Services and Consultations

As per the agreements which RSS concluded with the Aqaba Region
Authority, RSS provided several specialized technical consultations
on studies carried out by international experts on Agaba coastal
resources, environmental management, and Aqaba marine park. RSS
also signed a number of agreements with private firms operating or
due 10 operate in Aqaba region with the purpose of protecting the en-
vironment in this region.

In 1993, RSS provided technical consultations and prepared periodic
reports vis-a-vis the performance of waste water treatment plants,




designing new plants, and control of the compatibility of water

discharged from factories with the Jordanian standards. RSS carried

out studies related to solving the problems of industrial waste watzr,

and designing treatment plants suitable for a number of Jordanian

industries. RSS rendered about (75) technical consultations for local

and foreign parties, and conducted about (18000) variant laboratory

tests for governmental departments, private companies and in-

dividuals.

- (1500) tests on quantitative and qualitative measurements or
radionuclide on food,

- (4400) personal dosimetry tests for (1100) workers in various
fields of application of ionizing radiation,

- (100) environmental dosimetry tests for 12 locations in Jordan,

- (50) tests on quantitative and qualitative radionuclides in water
samples,

- (40) tests on quantitative and qualitative radionuclides in en-
vironmental samples,

- (6) calibrations of portable radiation measuring equipment,

- (1) agreement for pcrsdnal radiation monitoring with Royal
Medical Services,

- (2) technical consultations in the field of radiation protection.

RSS participated in the provision of technical consultations through
the following committees:

- The Consultative Committee for Nuclear Energy,

- The Radiation Protection Commission,

- Permanent Licensing Committee in the Field of lonizing Radija-
tion,

- Food Hygiene and Safety Committee Regarding Radio Nuclide
Contamination.

- Procurement of Radioactive Sources for Medical Radiotherapy
Committee.

¢. Standards and Specifications

RSS participated with other concerned sides in drafting Jordan En-
vironment Act. RSS also contributed to putting instructions related to
the safe handling of asbestos, took part in the formulation of pro-
posed standards in several fields of environment, and proposes
specifications for treated wastewater and its reuse.
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d. Training

RSS3 carried out different training activities this year such as training
of technicians from various institutions on conducting tests related to
environment. RSS also participated in different seminars, con-
ferences, and technical committees related to environment. RSS also
dispatched a number of its employees on training courses abroad. A
paper on ‘“‘Wastewater Management and Sanitation Policies in Jor-
dan’’ was submitted to a seminar held in Turkey and organized by the
European Institute of Water.

RSS also participated in the following activities:

One scientific visit in the field of industnal application of radia-
tion and radioisotopes to Poland and India,

Participaton in the coordination meeting on quality assurances
and harmonization of analytical measurements in the Middle
East and preparing a technical paper on Jordan’s activities in this
field,

Participation in planning and preparedness for nuclear
emergency and radiation accidents workshop, and preparing an
emergency plan for Gamma Radiographic Accident,

Lecturing on ionizing radiation and their benefits and risks on
our daily life at Epascopal Cultural Centre.
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Apnex-8

Industrial Pollution Control Projedt, Jordan
Project Componeat No. 2: Industris] Wastewater Pretreatment Requirements

35 Enterprise no. 27: Hikma Pharma Group

35.1 Production

Hikma Pharmaceuticals in Amman has a pharmaceutical as well as a
chemical production. The two different factories are located in the same
area, but this report oaiy deals wich the pharmaceutical production. There
are appr 300 employees.

The pharmaceutical production inciudes 50 different products of which
* many exist in several varieties thus maling the total number of products
close to 200. The production can be divided into tablets, mixtures (syrurs)

and suppositories.

Production of tablets:

1. Mixing of raw materials (chemicals)

2. Werng with water and/or alcohol

3. Drying (drying cupboard or fluid bzd dryer)
4. Granulating of dry material

3. Mixng in V-shape mixer

6. Production of tablets in !ablet-machines

7. Packing of tablets )

5. Storage of packed tabiets

Production of mixtures:

1. Mixing of raw materials (chemicals)

2. Filling of mixtures into bortles and containers
5. Packing

4. Storage of packed mixtusres

Production of suppositnries:

Melting of wax

Mixing of wax and raw matenals (chzmicals)
Filling

Cooling

Culiing

Paciung

Storage of packed products
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35.1.1 Counsumption of Water

The consumption of water in the pharmaceutical production is difficult 10
estimate because the Company only has figures for the total coasumption
of water for the two factories. Total consumption is estimated, by the
Compary, as 36 m%/day. It is furthermore estimated that 10-15 m¥/day is
ased as process water in the pharmaceutical plant. Ia the production,
water is used for washing the machines, the production equipment and
general dleaning of the buildings.

Most of the water is supplied by the municipal nerwork, but 12 m¥/day is
supplied by tankers and stored in two underground tanks.

’ 35:12 Consumption of Chemicals

More than 200 different chemicals are used for production of the pharma-
ceutical products. A computer programme is controlling the storage, and
segistering all movements to and from the storage. A list of the chemical
consumption was not readily available and the Consultant therefere made
the assymptioa that the consumption of chemical is reflected in the size of
the storage. Emphacis was therefore given to those chemicals which were
stored in large quantities. Below are listed all chemicals which where
stored in quantiies of more than 1,000 kg.

Acdi-scl (cros carmeliose)
Alcohol 95%

Alcohol. absclute

Alcohol. sopropt

Ampicitha inhvcrate powder
Acrosii 0D

Avwel PH 101

CQloaxin

1206 FD&C Biue no.1

1311 FD&C Bluc no.2
Swophasm Brown Lake

1673 Erothrosin

1150 Dispersec Pink

Allura 7¢d FD&C red 0o 40
11959 Ca-mouin

14031 Quinchine Yellow

1209 Tarirazine

1351 FD&C Yellow no.b
12116 FD&C Ycliow no 6. lake
19248 Quinoisne Yetlow . lake
Denrosc Ank:<rous
Explotad

Hepane sod:vm shecp onpo
Laciose

\Maan:tof D
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Penicilia V potassium

Starch poao

Tak Gise powder
Trichloroetkylene
Witepsol E7S
Witepsol H12

The list clearly includes some main groups of chemicals. Different alco-
bols are used for wetting the mixed chemicals in the production of tablets
and different carbohydrates are used for coating the tablets and for the
mixtures. A variety of different colouring chemicals are used for final
dressing of tablets.

35.2 Present Wastewater Disposal

35.2.1 Present Wastewzter Practice

Process wastewater is primarily produced in the tablet production when
the machines and auxiliary equipment are washed at the ead of a baich
production. Residual chemicals from the machines are collected io drums
2s is the first rinse water. These drums are disposed of as chemical waste.
Further washing water is led 1o the sewer,

Tanks, pipes and awdliary equipment from the productioa of mixtures and
ototment are cleaned with water which is led directly to the sewer system
afterwards.

35.2.2 Wastewater Cosurol by IPCP and Others

lo February, March and August 1993, the IPCP bas sampled and aga2)vzed
the wasiewater from the pbarmaceutical production (August sample
acluded beavy metals only). The tested wastewater is supposed 10 include
both process and sanitary wastewater. No flow measurement was avail-
able.

A local coasultancy firm bax collected sampies of the wasicwater in >ep-
tember-October 1993. The results ase presented below because they give a
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valuable supplement for evaluating the wastewater problems at Hikma
Pharmaceuticals.

Tabl235.1 Results from IPCP wastewater control in Februasy and March.

Locatiy onn | 2o | oone | 16093 | Db
Limits
pH &n 594 561 500 | ss9s
COD. mgn 13%0 5550 280 5210 2100
BODS, mgA 0 2% 1860 3620 800
TSS. mgh s 1220 0 535 1.100
Terbidicy, NTU 135 1525 s 150 150
EC. pS/em w | 100 7s ns | -

IPCP has furthermore analyzed for heavy metals in one sample from
August 1993, where only 7inc is present in significant concentration (1.4
mg/l). Phospborus and nitrogen were analyzed in the same sample, but the
coacsatrations were below cormal sanitary wastewater.

Table 352 Results from Jordantian control program in September-Octo-

ber 1993
Loahty I CCD. mpgnt l BODS. mgl ! TSS. mgn | TDS. mgh
Nol: Tosewer ! $40-83 860 E 320-220 i 86-500 E 480-905
No2 Lab 601160 l 954430 | 2sa20 | sirem
Nok Sywptine | 6800 | 6160 | seass | w0asw
No& Washew. | 1604600 | 8105300 T 105716 | 22012600
NoS: Pemcilin | 203980 | 180 | 49170 D 90.1530

No.l:  Total masiesnater going 10 the sewer

No2  Wasiewaicr {rom laberztory

No3  Wasiewater from 5yTup (muture) uncs, ovens and toilets

Nod:  Wastenater from poader 228 coatigg room 8ith washing achivitics
NoS  Wastenarer from pematha factory

The samples were coliected from the total combined wastewater flow 1o
sewzr and from differest rman-boles with wastewaler from various parts of
the production. The samples were taken oo 5 different days. There are no
flow measurements, and the sampling perind 1s not specified.

The resulss in rable 35.1 asd 35.2 show that most of the wastewater
exceeds the discharge limits, and quite significanty so. High conteets of
organic ma:ter result in hugh values of COD and BOD. The TSS is high
but oaly periodically exceeds the limit. pH is low and sometimes below the




Annex-9

Chemicz!l zn€ Physical Charactaristics of
Wastewater Sample from Dar Al-Dawa

Characteristic Value

30D i73C¢ mz/L
COD 2370 mg/L
1SS 220 =gl
DS 900 meil
NH: 18 mell
ABS 32 mg/L
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Annex—-10

The composition of the CPE medium:
(g/1

CPEL CPE2 CPE3
CaC03 10 10 10
(NH4Y2S04 2 2 2
KH2P04 0.05 .08 0.05
CaCl2 01 Nl 0.1
MgS04 Q.1 N1 01
F=302 0.01 .01 0.01
InS04 0.005 0.005 0.005
CuS04 0.C05 0.005 0.005
NiSO4 0.005 0.005 0.005
Piridexine (B6 0.0005 0.0005 0.0005
Nicotinic acid 0.0005 0.0005 0.0005
Thizmine (Bl) 0.0005 0.0005 0.0005
Yeast extract 0.005 0.05 0.5
Peptone (casein) 0.005 0.05 0.5

nH=7.0 adjusted by 10 % B2

The trace elements and vitaminz were diszolved separately in a 10z
concentrated basic solutien and this solution (in 10 %) was added tc
the main part of the medium prior to sterilisation.
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Annex-11

MUTAGEN TREATMENT WITH NTG

The effectivzness of NTG is much higher than UV treatment or
treatment by using other types of mutagens. Usually, even in the
case of very low lethalities the 30-40 X of the survivants are
mutants. The preparation of cell suspension is the same as
described in the case of UV treatment. The cell suspension is to
be made by inoculzting 20 ml of bouillon with a loopful of microbes
from slant agar. The 20 ml of inoculated medium should be shaken
(250 rpm. 30 oC) overnight in a 250 ml flask The cells should be
separated prior to treatment by centrifugation (3000 rpm. 20
minutes). The centrifuged cells are to be suspended directly in the
NTG solution (instead of the sterile water).

il

The NTG solution should be made by measuring the weight of on
NTG crystal in a small glass centrifuge tube. The solution is mad
by adding a2 0.01 phosphate buffer (pH=6.0). The volume of i
suffer depends upon the weight of the crystal. and the soluticn
should have a concentration between 30CG - 500 microgrzm/ ml. T
NTG is net an easily dissclving compound., which is why the stoppe
centifuge tube should be shaken very carefully until complet
dissolution

0

U]

The cells suspended with the NTG =clution should be incubated fcor
30 minutes at 30 oC. After this incubation pericd has passed. the
suspension shculd be cleaned from the NTG by centrifugation and
resuspension by using sterile water. The suspended ce2lls can be
transierred te any kind of selective agar medium.

In this case the lethality should be adjusted to approximately 20
%. in order to obtain a high number of mutants. In the case of NTG
the higher lethality is followed by the sgeneration cf multipliad
mutants ameng the surviving ce2lls. and the accumulation «f thes
genetis mistakas czn cauzs  saveral Jdifficulties during ik
application of such stirains.

lh Ib

The hardling of the NTG chould be careful, forexample avoi
contact with skin. inhalation 2r swallowing because2 of itas stron:
carcinogenic preoperties. The ccmpound doez not sublimate into th
zir but it can expleds if expos2d to high temperatures.

WG e
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Annex-12

THE STRUCTURE OF A TRADITIONAL BIOLOGICAL TREATMENT PLANT

C wm e
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Annex-13

Schematic of air stripper, bioreactor, and sampling sys-
tem. 1, glass wool packing; 2, rotameter; 3, downcomer for air lift
reactor; 4, sintered steel sparging stooes; 5, sampling-and-addinon
tube; 6. reactor air outlet sampling line; 7, reactor air inlet sampling
line; 8, cosubstrate feed tube; 9, reacior air outlet; 10, vacuum pump
for sampling System.

L

Schematic diagram of a wickling air biofilter with pH
contzol and water recirculation. For details, see the text.

[o-3)

PiCi st
Diagram of the column. Secion A confained composite B . c
sediments from the saturated rone; section B and C sediments were

from unsaturated zones. Side purts were for sampling sediments and
pore waters. Vi to -3, valves: CBI. column feed water carboy: CB2,
collection carbov: AB. TeRon 2as bag; CV. check valve. Pi 10 -3. pore
water sampling poris; IF and EF influent 3nd cfluent samphing ports,
respechively: PP, penstaltic pump. Large sold circles, sediment sam-
pling ports.

vi
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