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Abstract 

Nuclear Malaysia is engaged to produce quality promising Tc-99m generator for the medical usage which 

is carried out at the production area of block 21, compromise of grade A, C and D clean room. This study 

applies to the trending of the environmental monitoring of the clean room for the year 2014 in order to 

ensure that the clean room complies with the cGMP requirement in term of environmental specification 

which is room temperature, relative humidity, room pressure and particle count. The room temperature 

specification is 22±2oC and result showed that both preparation and pharmaceutical room are within the 

limit. But it was found that the result from gowning and degowning room temperature was more than 24 

oC. Whereby, result for average percentage relative humidity of the gowning, preparation, pharmaceutical 

and degowning rooms were found 51%.±7, 60%.±4, 61%.±5, 61%.±5 and 58%±4 respectively  are out off 

the  range ( < 60%).  The target level of pressure differential for all rooms is 1.5mmH2O and only 

pharmaceutical room was found not within the target with the reading of 3.3mmH2O.±0.5. Result for 16 

location  showed that particle counts  which particles size 5.0µm were within the limit namely ≤ 2000/m3  

except location number 21 and 18 in the pharmaceutical room and location number 23 in the degowning  

rooms were exceeding more than 2000/m3 for the month of July 2014. However results for all location 

particles size of 0.5 µm, were within specification (≤ 350000/m3). All location of all rooms with class C 

grade is within limit that is < 50 CFU of microbiology growth except location number 8, 9 and 10 of 

preparation room whereby this location is a class A grade. Generally, the environmental monitoring result 

for the clean room are satisfactory for the year 2014 since all the final product of all batches has passed 

the sterility and endotoxin test. In conclusion, Malaysian Nuclear Agency had fulfills the cGMP 

requirement with regards to the environmental monitoring of the clean room for the manufacturing of the 

Tc-99m generator. 
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INTRODUCTION  
 

Technetium – 99m (Tc-99m) is the isotope used for over 80% of all nuclear medicine procedure 

around the world [3, 4]. Tc-99m is produced by the decay product of Molybdenum-99. Molybdenum-99 

is formed during the nuclear fission of Uranium-235 and then extracted and placed in generators. Tc-99m 

emitted the gamma radiation that is easily detected and has the suitable energy to provide high quality of 

image with low radiation doses. With the chemical characteristics, it can be used to target different organs 

and diseases as required by different diagnostic procedures which make it very versatile for attaching to 

different chemical substances, however, allow it to pass through the body with ease and quickly [2,4].  

 

As a nuclear medicine tool, it is most used by intravenously injected in a molecular form that is 

best suited for a certain diagnostic purpose. To ensure the sterility of the products, all the chemical 

processing are undertaken under clean room conditions class A, C and D with complete Good 

Manufacturing Practices (cGMP) regulation. GMP regulations require a standardize quality approach to 

manufacturing, it is important to minimize or eliminate instances of contamination, and to assure that 

quality is built into the design and manufacturing process at every step. Thus, stringent Quality Control 

(QC) test are in place to provide the highest quality product. These products undergo radiochemical 

processing, radionuclide purity, sterility and pyrogen tests before being approved for usage. QC is also 

performed on the starting material of each product. Starting material used are analytical grade reagents. 

These products are registered with Drug Control Authority of Malaysia. 

 

The importance of environmental monitoring program is to provide meaningful information on 

the quality of the aseptic processing environment as well as environmental trends of clean areas. It will 

also provide data for the state of control of that facility, to ensure the sterility of products produced. [4] 

 

This paper applies to the trending of the environmental monitoring of the clean room for the 

manufacturing of the Tc-99m generator for the year 2014 by the Malaysian Nuclear Agency. This is to 

ensure that the clean room complies with the cGMP requirement in the term of environmental 

specification. 

 

Activities 

A comprehensive procedure on environmental monitoring program which conducted at 

production area, block 21, Malaysian Nuclear Agency are based on cGMP document numbered 

SOP/QA/MN/02-04. This procedure covers frequency and technique of monitoring, sampling location, 



specification and the action to take if failure occurred. Activity is carried out at the production area, block 

21 which compromise of grade A, C and D clean room at Malaysian Nuclear Agency complex. 

Environmental monitoring in the clean room is divided into five components - Microbiological, particle 

count, temperature, humidity and pressure differential. Since most of the production activity for the year 

2014 cover for the period of not less than 1month frequency of monitoring is referred by Table 1. 

 

 
Class 

 

 
Temperature, Humidity and 

Pressure Differential 

 
Particle Count 

 
Settle Plate 

 
A 

 
Daily 

 
Once a Month 
At Rest 

 
Once a Month 
At Rest 

 
B 

 
Daily 

 
Once a Month 
At Rest 

 
Once a Month 
At Rest 

 
C 

 
Daily 

 
Once a Month 
At Rest 

 
Once a Month 
At Rest 

 
D 

 
Daily 

 
Once a Month 
At Rest 

 
Once a Month 
At Rest 

 

Table 1: Frequency of Monitoring for activity of production more than one month. 

A complete GMP specification requirement recommended limit for microbial contamination as written in 

the referred SOP are as follow: Table 2. 

 

Class 

 

Settle Plates: Colony Form Unit (cfu) 

 

A 

 

Less than 1 cfu 

 

C 

 

50 cfu 

 

D 

 

100 cfu 

            

          Table 2: Specification for microbial contamination 



Air-borne particle counts, for the air-borne particulate classification for the available grade at the premise 

are referred at the following table: Table 3. 

Grade At rest 
Maximum Particles/cubic meter equal to 
or above 
 

 0.5 micron                           5.0micron 
 

A 
 

3500                                     0 

C 
 

350000                                 2000 

D 
 

3500000                               20000 

 

           Table 3: Particle count permitted 

The procedure of monitoring temperature, humidity and pressure differential shall be performed daily and 

recorded in the Environmental monitoring logbook. The temperature average must be in range 22 degrees 

Celsius ± 2, whereas the pressure differential must be between 1.0 to 3.0 mmH2O. The humidity average 

must be less than 60%.  

If the test results for the environmental monitoring are exceeding the level action is required such as 

disinfection of an area or parts of equipment as well as counseling to retrain personnel. 

 

 

 

 

 

 

 

 

 



Result and Discussion 

Temperature 

 

Figure 1: Temperature trending study for the year 2014 

The temperature target level of the clean room should be 22 ± 2 degree Celsius. Action level is more 24 

degree Celsius. There is an increase of temperature for all rooms exceeding the action level from the 

month of February to March 2014 however overall average reading throughout the year is within target 

limit (Fig.1). This fluctuation most probably is due to the malfunctioning of the heating, ventilation, and 

air-condition system (HVAC) which control the temperature, humidity and the ventilation of the room so 

that it is within the specification documented (GMP) 

Humidity 

 

Figure 2: Relative Humidity trending study for the year 2014 

 



The humidity target level should be less than 60% and action has to be taken if the levels increase to more 

than 65%. There is an increase of more than 65% at room 21019C (degowning room) significantly, 

especially during the month of February to March (fig.2). High humidity (85%) presented at the room is 

due to the high temperature occurring at the same room on the same month. High humidity is due to the 

process of condensation. However the average reading of relative humidity throughout the whole year of 

2014 is within target.  

 

Pressure 

 

Figure 3: Pressure trending study for the year 2014 

The pressure differential target level is 1.5mmH2O and the action level is more than 3.0mmH2O. All 

rooms are observed to be within specification (fig. 3).  

 

 

 

 

 

 

 



Particle Count 

 

Figure 4: Particle count trending study for the Gowning room for particle size less than 0.5µm 

 

 

Figure 5: Particle count trending study for class C preparation room with particle size less 0.5µm 

 

 



 

Figure 6: Particle count trending study for the class C pharmaceutical room 

 

Figure 7:  Particle count trending study for class C gowning room   

The source of fungal and microbial contamination in the clean room comes from particle available in the 

environment within the clean room.  Complete GMP requirement for the sterile product like Tc-99m is 

suggested a class A or at least class C clean room. Since most of the production activity for the year 2014 

cover for the period of not less than 1month frequency of monitoring is therefore once a month. For class 

A the particle count should be less than 3500 particles/cubic meter, while class C the particles count 

should be less than or equal to 350000/cubic meter with respect to particles size of 0.5 micron. All rooms 

of all class for the NM premise is observed to be within limit for particles size of 0.5micron (fig. 4, 5, 6 

and 7). 



Microbial Growth 

 

Figure 8: Microbial growth trending study for class C gowning room 

 

 

Figure 9:  Microbial growth trending study for class A preparation room 

 

 



 

Figure 10: Microbial growth trending study for class C preparation room 

 

 

Figure 11: Microbial growth trending study for class A pharmaceutical room 

 

 

 



 

Figure 12: Microbial growth trending study for class C pharmaceutical room 

 

Figure 13: Microbial growth trending study for class C degowning room 

Complete GMP requirement for microbiological growth for class A is less than 1 colony forming unit 

(CFU) while class C is less than 50 CFU. All class C location is observed to be less than 50 CFU thus 

fulfill the requirement (fig.8, 10, 12 and 15). However, both location of class A, laminar flow cabinet in 

the preparation room and pharmaceutical room are observed to be more than I CFU (fig.9 and 11). The 

laminar flow in the preparation room is used for alumina and column preparation while the other in the 

pharmaceutical room is used for the generator white top and column installing therefore the chances of 

cross-contamination will be occurring at this site is very high.  

 

 



Conclusion 

Generally, the environmental monitoring result for the clean room are satisfactory for the year 2014 since 

there is no evidence which shows  contact  of the environment with the final product. All the final product 

of all batches for the year 2014 has passed the sterility and endotoxin test. However, many efforts are still 

needed as to improve the situation as in compliance with the cGMP requirements. In conclusion, 

Malaysian Nuclear Agency had fulfills the cGMP requirement with regards to the environmental 

monitoring of the clean room for the manufacturing of the Tc-99m generator. 
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