1.0 Introduction to Allergan Pharmaceuticals
Allergan Pharmaceuticals was founded by Gavin Shearer Herbert Senior. on the 26 February 1948 and began its operations in a small room over one of Mr. Herbert’s pharmacies in Los Angeles. There, in a building where several ophthalmologists were also quartered, began the compounding of ophthalmic products for physicians according to new sterility rules. The firm soon added ear, nose and throat products, one of which contained neoantergan, an antihistamine. When an ophthalmologist working with the Herbert’s suggested using neoantergan as an anti-allergy eye-drop, the variant was called ‘Allergan’.

After achieving success in the L.A. market, the products name became the companies. In 1958, and with only ten employees, Allergan put together a small group of consultants and, after months of analysis and planning, decided to launch its first product nationally.

Allergan first took up residence in Orange county in California with a small manufacturing and administrative facility in Santa Anna in 1962.

Between 1963 and 1970 employees increased in number to over three hundred and sales increased five-fold. In 1968, corporate headquarters moved to the Irvine industrial/ business complex in California. Today, Allergan Pharmaceuticals has gone on to become Allergan Inc., a research innovator, with specialist sales teams and business operations in several countries.

In 1976, the President of Allergan Inc. and a company executive traveled to Ireland to find a suitable base for their planned industrial expansion. When they came to the West, they were taken in tow by the Regional Manager of the Industrial Development Authority and sites were examined in Galway and Mayo. The existence of a nearly completed advance factory in Westport undoubtedly helped to swing the decision pendulum in favor of the town, but other factors also worked to Westport’s advantage; its pristine environment, its range of social amenities and an available workforce. They considered it an ideal location for their manufacturing base which because of its high standards of clean processing, would not damage the environment in any way.

Allergan Pharmaceuticals went into production in Westport in 1977 with a workforce of seventy people, which has since expanded on numerous occasions, to eight hundred and fifty people in 1997.

The activities on site comprise of aseptic formulation of all classes of ophthalmic preparations including prescription drugs, contact lens care solutions and tablets, optic muscle relaxants and ophthalmic surgery solutions. The facility also manufactures its own plastic bottles to package the solutions produced. Sterilization of bottles is achieved by external contractor sterilization.

At Allergan Westport, the quality system is accredited to EN46002. They are approved by F.D.A (Food and Drugs Administration), MCA (Medicines Control Agency), IMB (Irish Medicines Board) and other regulatory bodies. The contact lens care products are also manufactured  with CE mark accreditation.

2.0  Processes within the Company
The production activities on site can be classified by department as follows:

1. Plastics manufacture

2. Compounding (formulation of solutions)

3. Filling

4. Tabletting

5. Packaging

6. Unit Dose

7. Kits

8. Botox/ Vitrax (separate building)

The range of activities carried out onsite are related to the production of eyecare solutions and tablets. The primary packaging for the solutions (plastic bottles) are also manufactured on site. All other operations are simply formulation and packaging operations. Raw material is dispensed and mixed with mostly aqueous solutions, filter sterilized and filled into bottles, labeled and packaged. Tablet production consists of blending of raw materials, pressing and packaging. Some of the tablets may be coated; it's this coating process which has resulted in the necessity for Allergan to obtain an Integrated Pollution Control licence, due to the quantities of acetone used in the process. This licence was granted by the EPA in March of this year. 

At each stage of production, quality control checks are carried out to ensure product of acceptable quality. Product failing these tests will be rejected.

Extensive quality management systems are in place to ensure minimization of product of unacceptable quality and this system will automatically be part of the waste minimization program in place. 

The Botox Facility was built in 1993, and was the subject of an Environmental Impact Assessment, due to the product it manufactures. This product is currently been used for the treatment of muscular disorders, It is a sterile, injectible, vacuum dried form of purified botulinum toxin, produced from a culture of the Hall strain of Clostridium botulinum. The botulinum bacterium is not grown, used, or present in any way in the Allergan facility, nor is the toxin concentrate produced in Ireland - it is imported under licence.

Vitrax is used in the course of eye surgery, as a replacement for the fluid contained in the eyeball. It is a sterile, non-pyrogenic, visco-elastic preparation of sodium hyaluronate.
3.0 Emissions Compliance Monitoring
3.1 Wastewater
Industrial processes within Allergan generate large quantities of wastewater, a large proportion of which arise from the various cleaning and washing operations, in place throughout the plant. One such cleaning process is the clean in place/ steam in place (CIP/ SIP)  process. This utilizes pure steam and distilled water to wash and clean the various lines, which transport liquid product and liquid waste from one department to another within the plant.

The remaining wastewater originates in the Compounding and Filling departments where product is rejected due to in-process checks and quality assurance checks. This liquid product waste is directed via a dedicated line, depending on the product. Waste containing no mercury or hydrogen peroxide is discharged to foul sewer. Mercury containing wastes are directed to the mercury line which leads to a mercury storage tank for on-site treatment. Hydrogen peroxide containing wastes are directed to a dedicated holding tank for subsequent treatment.

Bottled liquid wastes are collected in bins and brought to the shredder for disposal. The bottles are shredded and the resulting liquid product is directed to its respective line for treatment and disposal.

Other sources of wastewater include; canteen wastes, bathroom facilities and laboratory wastes.

The effluent is discharged via foul sewer into a well-mixed water column at Cleveragh Strand in Clew Bay. The receiving water is impacted by domestic discharge and sewerage sludge. Although there are shellfish fisheries in the vicinity, the trade effluent is of A1 standard and has no impact on its surrounding environment. The BOD loading is also insignificant. 

At present there is no organic wastewater treatment facility at Westport but, in line with deadlines of the EC Wastewater directive, there are plans in progress for a UDC effluent treatment facility.

Wastewater is emitted to sewer via three emission points located around the plant. Emissions arise during all times when processing is occurring which requires the disposal of wastewater. As the operation is run on a shift basis, emissions occur both day and night and also at weekends, although emissions are proportionally reduced when low production occurs.

Daily checks:
Each emission's point contains a composite sampler which extracts a certain volume of wastewater on a flow proportional basis, to produce a representative sample over a twenty-four hour period. The composite sampler is normally emptied to drain if no wastewater analysis is to be carried out on that day, to allow a representative sample for the following day to proceed.

A flow recording unit and pH recording unit are also en-suite at each emission's point. The discharge volume is recorded on a daily basis. The previous 24 hours pH paper is also extracted and dated, timed and initialed, and then the instrument is reset to continue its pH recording. The unit is also checked for proper functioning and adequate paper and ink for the pH charts. Discharge volumes and pH charts are then reviewed in the laboratory for compliance with IPC licence limits.

Weekly checks:
Sampling of all three emission points occurs on a weekly basis and these samples can be composite or grab in nature. Samples are taken into clean pre-labeled containers and a spilt sample is retained in the fridge for at least a month after sampling, in case any tests require repeating or further investigation. 

Normally a 2 liter spilt sample is sufficient to carry out the weekly analysis. These tests include:

· Temperature

· Hydrogen peroxide

· PH

· COD

· Total residual chlorine

· Mercury

· Suspended solids

(Procedures for these analyses are outlined in the appendix.)

Each of the analyses are carried out according to SOPs (standard operating procedures) and all results are carefully monitored for compliance with IPC licence limits. If an out of specification result does occur, a corrective action procedure is initiated and followed up. A corrective action procedure entails the investigation into the out of compliance result, firstly by informing each relevant department of the occurrence and locating its origin. Measures are then put in place to prevent its re-occurrence and minimize any effects to the environment. The EPA are also notified regarding the incidence. 

Monthly checks:
Again all three emission points are sampled on a monthly basis, which is similar to the weekly wastewater analysis, however the following tests are also included:

· BOD

· Ammonia

· Nitrates

· Detergents

· Oils, Fats & Greases

· Total Phosphates

(Procedures as outlined in the appendix.)

The monthly wastewater results are carefully monitored to ensure compliance with IPC licence limits and then a report is sent to the EPA regarding all wastewater emission results for that month.

3.2 Surface water monitoring  
In accordance with Allergen`s Environmental Management Plan, periodic monitoring is carried out on a stream which flows within the northern boundary of the site. There are no wastewater emissions discharged to the stream, however surface run-off and storm waters are directed into the stream at three points. The surface water originates from roof drainage, walkways, carparks and site roads. There is also discharges further upstream by an IDA small enterprise, the Gammaster plant and a textile factory. The impact of the surface run-off on the stream is minimal by use of properly constructed chemical containment areas and bunded contaminated areas. The stream discharges to Clew Bay.

Daily checks:
A visual check is carried out around the site for indications of spills and leaks and a visual check is carried out on the stream. If any visual indication of surface water contamination is observed, then an investigation is carried out immediately to isolate the source of contamination and measures are put in place to prevent further re-occurrences in the future.

Monthly checks:
Grab samples are taken from three points of discharge along the stream into clean pre-labeled containers and the following analyses are carried out:

· PH

· Hydrogen peroxide

· COD

· Conductivity

· Temperature

· Mercury

All results should correlate each month but, if there is a significant elevation in biochemical parameters or significant increase/ decrease in pH, then it is evident that contamination has occurred and is to be investigated.

3.3 Air emissions monitoring 

The main atmospheric emission to the environment is emission of acetone waste stream from the tablet coating process. Approximately 70% of tablets are coated with a mixture of acetone and Hydroxy Propyl Methyl Cellulose (HPMC) because of its binding properties with the enzyme catalase onto the tablets.

Catalase is a constituent of some of the tablets manufactured , because of its ability to break down proteins that may build up on contact lenses in time, and cause impaired vision.

An acetone abatement system is provided for the tablet coating and drying process. The abattoir in use is a Donaldson VOC Abator System. Low concentration acetone contaminated from the coating process is passed through a pre-filter system (4 by extended media, cartridge type) to remove potential particulate contaminates (as this could decrease the performance of the air to air heat exchanger of catalytic cells).These prefilters are routinely monitored. The air stream then passes through a heat source where it's pre-heated to approx. 350 0F. This heat source cycles on and off, maintaining an inlet temperature to the catalytic bed of approx.  350 0F. When the catalytic beds reach this temperature, the unit is ready to process acetone. The hot air then enters the catalytic bed, where the acetone is removed from the air stream in accordance with the following equation:                                   

   C3H6O +  4O2     ----------------- catalyst ----------------->  3CO2 + 3H2O + heat

The catalyst present in the catalytic beds is a mixture of manganese dioxide and copper oxide. The heat given off by this reaction will raise the temperature of the catalytic beds of the effluent air stream in proportion to the amount of acetone introduced into the system. The resulting hot air stream proceeds through the air-to-air heat exchanger and exits the system through the fan.

The system is designed and guaranteed to remove at least 95%  of the acetone from the exhaust stream of the coating operation.

Monthly checks:
The single most important air emission monitoring is carried out on the acetone abator. Sampling normally takes place at the beginning of the coating cycle, for a duration of 30 minutes. The ‘SKC Aircheck sampler is pre-calibrated in the laboratory using an ‘Ion Science flow meter’ to a flow of 300 mls/ min. Charcoal tubes are used to analyze for concentrations of acetone, and are inserted into the sampler port on the acetone abator ducting on the roof top. The sampler will automatically switch on at the pre-set time and sample for the 30 minute duration. After sampling, both ends of the charcoal tube are capped and stored in the fridge until they are sent off for acetone analysis at a contract laboratory. However this method is now under review, due to the purchase of a portable gas chromatograph, which will allow for on-site acetone analysis. 

3.4 Boiler Efficiency Tests
Boiler efficiency is the controlling parameter in monitoring emissions from boilers. Boiler efficiency tests are carried out on the boilers using the ‘Landcom 6500 Flue Gas Analyzer’, and are conducted on the boilers at both low fire and at high fire. The analyzer contains a self calibration programme which is initiated before monitoring begins. The probe is then inserted into the sampling port and the temperature is allowed to stabiles. Once readings have stabilized, the efficiency and other flue gas parameters are recorded. Although not required by the licence, NOx, SOx and CO2 concentrations are also measured for information purposes. The analyzer then initiates a self purging process after the probe is removed from the sampling port.

3.5 Boiler Water Treatment 

The steam generating plant consists of three 12,000 lbs/ hour steam boilers. The three boilers are chemically treated with an oxygen scavenger, an alkalinity builder and a phosphate/ sludge conditioner. The three boiler water treatment chemicals are fed with separate dosing pumps to each boiler. The make-up water is first softened by a  water softener. This water softener will regenerate after softening a certain volume of water and this regeneration process is automatic and will not disrupt the flow of water to the tank. 

Weekly tests:
The reason for these tests is to ensure that a high quality steam is produced and the boilers are protected from corrosion. The boiler tests actually measure the volumes of the three dosing chemicals in the water, to ensure they are within licence limits and these tests are primarily a colorimetric analyses.

3.6 Waste Disposal 
Waste management and disposal is of vital importance in any industry, and in a large pharmaceutical industry, wastes especially of a hazardous nature can create disposal issues on a daily basis. The hazardous waste is the most important due to its deleterious nature and can occur in the following forms:

· Mercury-containing waste

· Chemical waste

· Reject product waste

· Waste oils

· Fluorescent tubes

· Battery waste

It is the responsibility of the different  departments to ensure the waste generated for off-site disposal is correctly collected, labeled correctly, and stored appropriately on-site before off-site disposal. The EHS department determine when off-site disposals are required and carry out the necessary arrangements. Therefore, different checklists were drawn up for the various hazardous wastes, to ensure that all documentation is in order before the waste leaves the site, and that the correct safety procedures have been maintained regarding the waste. 

4.0 Wastewater Treatment
4.1 Mercury Treatment System

Mercury is present in process wastewater from the addition of Thimersol or  Phenyl Mercuric Nitrate to the product, which act as preservatives. Mercury-containing wastes are directed via dedicated lines to a 2,000 liter stainless steel tank for treatment. The mercury treatment plant operates on the basis of an ion exchange reaction (see diagram 1.) A Duolite (GT73) ion exchange resin is added to the tank and agitated for a period of approximately 20 hours. Two impellers mounted on the rotating shaft inside the tank, keeps the resin in suspension. The Duolite resin is a weakly acidic cation exchange resin with very pronounced selectivity for certain metal ions. The selectivity sequence is :        Hg > Ag > Cu > Pb> Ni > Co> Fe> Ca> Na.

Therefore, the Duolite resin would have a greater affinity for mercury than other metal ions, which is essential for optimum efficiency of the treatment system.

 It is insoluble in common solvents and stable over the entire pH range. 

The resin consists of sulphahydrl (thiol) groups with a negative charge which have a strong affinity for mercury ions (positive charge). Mercury will therefore be removed from the stream until all the free sulphahydyl spaces on the resin have been filled.

The mercury containing effluent in the tank, is sampled on a daily basis and analyzed for concentrations of mercury until an acceptable level is obtained. The treated effluent is then passed through a filtration system for another four hours to remove the resin and polish the effluent. Polishing can be defined as the process where, due to further direct contact with the resin, the levels of mercury are reduced to insignificant concentrations.

The final quality of the effluent is checked, and if found to be below consent limits is allowed to discharge to the process sewer. The resin is then reused until exhaustion. Resin exhaustion is determined by decreased efficiency of removal of mercury. In these incidences, the resin is replaced and held for removal for off-site treatment. There is a documented inspection checklist which is used to check the mercury treatment system before each treatment cycle begins.

Previous problems with the system included settlement of the resin to the base of the tank to such a degree that resuspension was difficult. Numerous attempts to resolve this included manual agitation of the resin which failed to produce a significant decrease in the removal of mercury from the effluent.

Other tests carried out, analyzed the actual efficiency of this particular batch of resin and compared it with anther batch of the Duolite resin. Tests on Amberlite ion exchange resin and iron filings with the mercury effluent showed that the Duolite resin is the most efficient mercury remover of the three substances analyzed. The system, complete with a new batch of Duolite resin is now ready for operation but a slight manual problem with a pump, to divert the mercury containing effluent into the tank, is delaying the process.

(See appendix for diagram of treatment system).

4.2 Hydrogen Peroxide Treatment System
Hydrogen peroxide is used in products as a disinfecting agent. It is also used as an alternative to preservatives (such as mercury) in some product lines. Hydrogen peroxide-containing wastewater is directed via dedicated lines to a 16,000 liter holding tank for on-site treatment. A sample is taken and analyzed for hydrogen peroxide concentration. A quantity of non-inventory catalase is then added to the tank. This neutralizes the peroxide. When assay indicates consents levels, the contents of the tank are allowed to be discharged to the process sewer.

Weekly tests:
The reason of the shredder is the separate the reject bottled products into its separate components. The liquid waste is directed to dedicated treatment systems, depending on the product. The bottled waste is collected for off-site collection and disposal. A sump is situated in the shredder area, to collect any drips, spills or possible leaks from the shredder. This is most likely to occur when the shredder is been emptied by external contractors. The sump can also collect rainwater which dilutes any waste liquids. Each week the sump is checked for the presence of liquid. If a significant amount does exist, then a pH check is carried out and the liquid is neutralized with manual addition of acid/ base as relevant. A sample is taken for mercury analysis. If mercury does exist in concentrations exceeding consent limits, then the liquid is pumped to the mercury holding tank for treatment. A sample is also taken for hydrogen peroxide analysis. If it is present in levels exceeding limits, then the liquid is pumped to the hydrogen holding tank for treatment.

5.0 Environmental Management System
In order to be pro-active in the area of the environment, Allergan decided to implement an Environmental Management System in February of 1996. At this time, they were the first in Allergan Inc. to implement such a system, and among the first in a new worldwide trend where environmentally responsible companies were doing the same.

5.1 What is an EMS ?

It is a tool or formula which guides the examination and management of any activities in the plant which have any potential to affect the environment. It is similar to the ISO Quality Management System - so it requires every department to take responsibilities for its own issues - only it concentrates on issues relating to the environment rather than quality. Like the ISO system, it requires the carrying out of reviews, checks and double checks, documentation, corrective action, training, auditing all related to the environment.

The main points of the system are shown in the diagram overleaf - its a system for continuos improvement.
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The system is integrated into the overall running of the plant. The focus on the environment and its aim for continuos improvement never ends.

Whilst there has already been environmental programmes in place at Allergan, this system is a much more formal system of addressing these programmes, which are now audited by outside bodies. It allows Allergan to have a greater confidence in its environmental programmes.

5.2 Elements of the EMS

The EMS is reviewed yearly by the Steering Committee at their Management Review and individuals elements of the EMS are assessed, and compared to objectives and targets. Performance measurements such as emissions compliance and corrective actions were reviewed for the past year. With the help off this information, new targets and objectives were agreed upon.

This  involved the compilation of all wastewater analyzes results for the past year, and presenting them individually on graphs. The graphs were an excellent way to express the information and highlighted any weak spots, as regards non-compliance with IPC licence limits. These issues could then be dealt with efficiently by the Steering committee.

Waste management plays a very important role in the Environmental Management System and must be continuously monitored to ensure the waste minimization programme in place is meeting targets. For 1996 and 1997, waste quantities and costs of disposal were compiled on a quarterly basis, and this information was expressed visually on graphs. It gave an excellent depiction of the trends for the various wastes for that time period. It also drew attention to the are that required more work and waste minimization, while highlighting the areas that were continuously improving. This information was also used by the Steering Committee in the Management Review.

6.0 Conclusion
My work placement in Allergan Pharmaceuticals gave me the chance to utilize the knowledge I had gained through the first three years of my course, and allowed me to gain further knowledge on industrial environmental practices.     

Allergan with its advanced technology and innovative environmental systems, was an ideal location to achieve experience in the environmental field.

The EHS laboratory incorporates both environment and health and safety practices, therefore health and safety in the workplace was paramount.

The placement proved to be immensely enjoyable, whilst the experience was invaluable.

7.0 Appendix
Wastewater Analysis:

(1) Temperature - this is carried out at the emissions point immediately after the sample is taken where the thermocouple of the thermometer is immersed into the sample container and a suitably stable reading is obtained. This is then recorded into a small sampling notebook, which is transferred into the effluent logbook in the EHS department. The temperature is measured using a ‘HI 9043 microcomputer K thermocouple thermometer’ and is recorded as degrees Celsius.

(2) Hydrogen Peroxide - this is also carried out at the emissions point and measured using ‘Merckoquant 10081 Peroxide analytical test strips’. The reaction  zone of the test strip is immersed in the wastewater solution for one second. The excess liquid is shaken off and the strip is compared with the colour chart on the container, after a reaction time of 15 seconds. The concentration of peroxide is measured as mg/ l.

(3) pH - this procedure involves the operation and use of the `WTW 320 pH meter’. The meter is calibrated before use, with buffer solutions 7 and 4. The slope value of the electrode must be between 56.0 and 59.0 for an acceptable calibration. The probe is then inserted into the sample and the reading is allowed to stabilize before recording the result. The probe is rinsed between samples with deionised water.

(4) COD -This analysis is carried out using the ‘Hach COD Reactor’, ‘D/R 2000 Spectrophotometer’, and COD reagent vials 0-1500 ppm range. This instrument is calibrated before use and an accuracy is also carried out with standard solution 1000 mg/l COD reagent. The samples are carried out in triplicate including a blank (2 ml of sample per reagent vial) and are digested in the preheated COD reactor for 2 hours and then allowed to cool for 20 minutes, before analyzing on the spectrophotometer. 

(5) Total Residual Chlorine - the chlorine analysis incorporates the use of the ‘Lovibond Colorimetric Meter’ which contains a UV light that allows the comparison of a blank cell with a 10 ml glass cell containing one DPD No. 4 tablet dissolved in 10 ml of sample. Each glass cell is inserted into its respective compartment in the Lovibond. Viewing through the window, its possible to rotate the chlorine 10 ml filter across the blank cell until there is a colour match between the two cells. The corresponding dial reading indicates the concentration of Cl in ppm. The reading is then recorded in the effluent logbook.

(6) Mercury analysis - a new method for the determination of mercury is currently under research but the previous method involved the use of the ‘Perkin Elmner AA Spectrophotometer’. The mercury hydride system was used to ensure low levels of mercury could be detected. The instrument was calibrated before use with a series of mercury standards made up from a standard solution of 1000 ppm Hg. When an acceptable linear regression for the slope of the line was obtained from these set of standards, the instrument was calibrated. The absorbency of the samples was readout from the instrument as they were analyzed, which could be converted to concentration of mercury using the slope of the line. 

All other analyzes were carried out by contract laboratories, due to the lack of manpower available.

�PAGE \# "'Page: '#'�'"  �Page: 12���





PAGE  
28

