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ABSTRACT: Inappropriate industrial hazardous waste management can cause immediate, short-term and long term public health problems as well as long-term environmental pollution. An investigation of hazardous waste management (HWM) practices in the Northern Region Industrial Estate (NRIE) of Thailand was conducted to ascertain the current situation and identify major management problems and to assess if a treatment facility should be located in the Northern Regions. This investigation has identified the types and quantities of hazardous wastes generated in the region and also major HWM problems. This investigation was conducted from June 2004 to February 2005. It became evident during this investigation that a treatment facility should be located in the northern regions. Wastes generated from all factories in NRIE are divided into 2 types: general waste (GW), which is non-hazardous waste and hazardous waste (HW). GW is mostly managed by local municipalities, while HW is mainly managed by a private company located in the central part of Thailand. The total quantities of GW and HW in 2004 are about 9,156 tons and 10,386 tons, respectively. Most of HW is heavy metal in the form of solid state. The level of HW generators consists of large size and medium size. The quantities of HW in the large and medium sizes of studied plants are in the range of >2,000 -180,000 kg/month, and 833 - <2,000 kg/month. Storage containers are used for HW collection in all facilities, but only some have secondary containment systems. In most cases the duration of HW storage before transportation and the use of manifest met the requirements of the notification of the Ministry of Industry procedures about manifest system use in all factories. It was identified that there is a serious lack of inspection protocol in the factories regarding the storage of hazardous waste and during the transportation phase. As for the HW treatment, all HWs are treated outside of the factories. The methods of HW disposal are mainly incineration and landfill. These methods of disposal can have adverse impact on human health and the environment if not properly done. It was also observed that there is a general lack of inspection protocol in the industries by government agencies. It is recommended that a hazardous waste treatment facility should be located in the Northern region to eliminate transportation hazards and ultimately reduce the cost of treatment and disposal. In order to improve these HWM practices and to prevent pollution and preserve the environment, it is recommended that staff training and better inspection protocol should be implemented. All of these should be coupled with strong enforcement programs from the implementing agencies. [The Journal of American Science. 2006;2(2):44-49].
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INTRODUCTION

Hazardous waste management remains a significant problem in many developing countries as a result of priority assigned to it which is lower than wastewater and municipal solid waste problems. According to the state of Thai hazardous waste in 2004, it has been reported that the quantity of hazardous waste increased from 1.6 to 1.8 tons annually during 1999 to 2003. The capacity of hazardous waste treatment and disposal facilities is only about 20% of this quantity. The rest is mostly stored on-site to wait for proper treatment and disposal [1].

Coping with industrial hazardous waste problem, the Royal Thai Government (RTG) through the Ministry of Industry (MOI) issued first the Notification of MOI in 1988 which stated that all factories must carry out proper treatment and disposal of hazardous waste. In 1997, the MOI issued another Notification that stipulates the list of characteristics and properties of hazardous and unusable materials, including the criteria and methods of detoxification, disposal, discarding or landfill of wastes or unusable materials [2]. In addition, the Industrial Estate Authority of Thailand (IEAT), which is a state enterprise under the jurisdiction of the MOI, issued and amended some Notification of MOI regarding the manifest system. This notification stipulates that the waste generator should be responsible for proper collection, transport, and disposal of waste. Besides, they should keep records and submit these reports to IEAT on a monthly basis. 

As for the treatment and disposal facility, the MOI had built the hazardous waste treatment center in Thailand called Bangkhunthien (Same Dam) Center in Bangkok in 1988, including the first secure landfill in Ratchaburi in 1991. In 1993, another treatment plant and secure landfill were built in Eastern part at Rayong called Mab Ta Pud Center for serving the industry in the central region and the Eastern Seaboard Area. This facility has collaborated and invested together with the MOI, IEAT and private company called “General Environmental Conservation Co., Ltd.” (GENCO). Both sites are also operated by GENCO. Furthermore, all private treatment plants in the country (13 plants) are mostly located in the central region. This does not only cause high cost of treatment but also high probability of environmental contamination in the process of transportation and disposal of hazardous waste from the northern part to the central region, particularly from the Northern Region Industrial Estate (NRIE) to the center treatment plant. In order to overcome the limited number of treatment and disposal site and provide more efficient implementation of HWM for NRIE, major work still remains to be done.

CURRENT STATUS

BACKGROUND AND SITE OF NRIE

The Industrial Estate Authority of Thailand (IEAT) set up the Northern Region Industrial Estate (NRIE) at Lamphun in 1983 in accordance with the 4th National Economic and Social Development Plan (1977-1981) of the RTG. The purpose of this plan was to decentralize industrial development from the Bangkok Metropolitan Area to the regional zones [3]. The NRIE is the first regional industrial estate among a total of 28 industrial estates through out the country. Of these industrial estates, 10 are owned and managed by IEAT (including NRIE) and other (18 private industrial estates-joined industrial estates) are under supervision of IEAT. Presently, there are a total of 64 operating factories in NRIE. Among these factories, about 30 generate hazardous waste. Types of industries that produce hazardous waste are mainly involved in electronics (production or assembly of electronics components). Other industries are engaged in machinery parts manufacture, equipment manufacture and manufacture of other items. NRIE has a good public utility system, and abundance of labor and agricultural raw material and good communication and transportation links. Furthermore, NRIE received the ISO 14001 certification of environmental management system from SGS International Service AG, Zurich, Switzerland on October 18, 2000.

Currently, there are only two industrial hazardous waste treatment facilities and landfills as mentioned above. Therefore, all hazardous wastes are transported to the central plants by trucks or tankers. These hazardous wastes can cause adverse impacts on human health and ecosystem if accidentally discharged This increases the cost of treatment and disposal of hazardous waste for the factories in NRIE.

REGULATIONS AND RESPONSIBLE AGENCIES 

Thailand has a number of legislative provisions covering the operation of HWM by several agencies as already mentioned earlier. The keystone pieces of legislation are the Factory Act, the Enhancement and Conservation of National Environmental Quality Act and the Hazardous Substance Act (ECNEQA) [4]. Other relevant legislation includes the Public Health Act. The Factory Act requires generators to submit information about waste quantities, composition and treatment /disposal methods. The ECNEQA requires all HW treatment and disposal facilities to undergo a full environmental impact assessment. The Office of  Environmental Policy and Planning is responsible for approving such facilities and for setting conditions for licensing treatment and disposal facilities. Based upon these acts and facilities, good opportunity exists for much greater control of HW in Thailand. However, such facilities are limited and enforcement of the laws has been ineffectively implemented in the nation. 

MANAGEMENT  STRATEGY

An industrial hazardous waste management strategy is a blueprint that provides general outline on how, by whom, as well as the type of industrial hazardous waste to be managed [5]. It would specify procedures for collection, transportation, treatment and disposal. Moreover, regulations and administration control measures as well as other supporting measures such as necessary training and information should be included. As for HWM of NRIE, the NRIE manages HW control and abatement matters by referring to the MOI and IEAT notification as mentioned in the previous part. In summary the management strategy can be summarized as follows:

- Minimization

- Analysis and segregation 

- Storage and collection

- Transportation and transfer

- Treatment and disposal

OBJECTIVE

The study was carried out in the Northern Region Industrial Estate of Thailand during June 20004-February 2005. This study involved surveying and collecting preliminary data, site visits, and interviewing the staff of NRIE who work on waste management and the environmental officers in factories that generate hazardous waste in NRIE. The primary data were collected by discussion with the staff responsible for hazardous waste management and using the questionnaire which broadly included information on the type, quantity of waste generated and existing hazardous waste management practices (HWMP) for related factories.

RESULT AND DISCUSSION

Hazardous waste generated in NRIE can be categorized into 9 types as shown in Table 1.

The quantity of waste generated in NRIE in 2004 is shown in Table 2. This quantity was obtained from all factories (64 plants) in NRIE. It was found that the quantity of hazardous waste was the highest. Based upon the quantity of hazardous waste generated, the level of hazardous waste generators can be classified into two sizes as shown in Table 3.

Table 1. Type of Hazardous Waste Found in NRIE

	Type of Hazardous Waste
	      Characteristic of Hazardous Waste

	1. Oils
	              Used  lubricant oil for engines and machine

	2. Liquid organic residue
	Used Chemicals for assembly of electronics components

	3. Organic sludge and solids
	                      Sludge from organic industry

	4. Inorganic sludge and solids
	Inorganic Sludge such as Lime sludge from wastewater treatment

	5. Heavy metal sludge and solids
	Scrap generated from cutting of electronics components

	6. Solvents
	     Used solvents for cleaning and maintenance factories

	7. Acid wastes
	Wastewater from electroplating and tannery or acid waste for cleaning

	8. Off specification products
	         Expired date product and product below standard

	9. Domestic waste
	Waste from offices such as chemical for rest room cleaning, fluorescence, battery, pesticides


Table 2. Quantity of Waste Generated in NRIE in 2004

	   Type of Waste


	                           Average Quantity

	
	 Daily (ton/day)
	    Month (ton/month)
	  Year (ton/year)

	1. Hazardous waste
	       28.46
	         865.52
	   10,386.29

	2. General waste
	       28.08
	         762.96
	    9,155.54

	3. Domestic waste
	       10.44
	           313.26
	    3,756.09

	    Total
	
	
	   23,297.92


Table 3. Level of Hazardous Waste Generator in NRIE

	Size of Waste Generator
	Quantity of Hazardous Waste Generated

	         1. Big size
	< 2,000 – 180,000  kg/month

	2. Medium size
	833 - < 1,000 kg/month


From Table 3, majority of factories that generate hazardous in NRIE are the big size. The existing HWMP of the big size and medium size factories is shown in Figure 1-2 and Table 4-5.

From Figure 1 to 2, wastes generated in the big and medium size factories were divided into 2 types; general waste (GW) and hazardous waste (HW). Some of GW such as paper and other wastes, like plastic core were sold and treated at private companies. Most of the hazardous wastes were mainly heavy metals or scrap of product or assembly of electronics components. Scraps that have the same texture or contain the same type of heavy metal can be sold for reclamation or treated at a private company. Scraps that have different texture or contained different types of heavy metals were treated and disposal at a privately owned landfill. Scarps that contain the same type of heavy metals can be disposed not only by landfill but also by incineration. Also sludges from wastewater treatment plants were treated at private companies. Those companies are mostly in the central part of Thailand, particularly, the companies that HWs are treated by secure landfill.  Some companies that have incinerators, like the cement plants, HWs were also used as fuel for cement production. This can cause adverse impact on human health and the environment, if the incinerator is not operating efficiently. Other companies that HWs are reclaimed are mostly aboard such as in Japan and Malaysia.
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Table 4. Characteristics of HWMP in the Big Size Factories

	Characteristics of Hazardous Waste Management Practices
	Hazardous Waste Management Practices

	
	      Operation
	   Investigation

	1.Waste Segregation

-General Waste

-Hazardous Waste
	     ( 

      (
	     -


	      ( 
	    -

	2. Waste Collection

    -Container

    -Store

    -Duration of Storage
	      ( 

      (
      (
	      -
	      (
      (
	      -

      -

	3. Transportation and transfer

     -Transportation

     -Manifest use
	      (
      (
	
	      (
	      -

	4. Treatment and disposal

    -Incineration

    -Landfill

    -Reclamation
	      (
      (
      (
	
	
	     -

     -

     -


Note: (  there are both operation and investigation,  - No operation and investigation

Table 5. Characteristics of HWMP in the Medium Size Factories

	Characteristics of Hazardous Waste Management Practices
	Hazardous Waste Management Practices

	
	     Operation
	     Investigation

	1.Waste Segregation

-General Waste

-Hazardous Waste
	     (
     (
	
	       (
       ( 
	

	2. Waste Collection

    -Container

    -Store

    -Duration of Storage
	     (
     (
     (
	     -
	      (
       (
	      -

      -

      -

	3. Transportation and transfer

     -Transportation

     -Manifest use
	     (
     (
	
	      (
	      -

	4. Treatment and disposal

    -Incineration

    -Landfill

    -Reclamation
	     (
     (
	     -
	
	      -

      -

      -



From Table 4 to 5, it was found that waste segregation was not done in all the big factories but was practiced in all medium factories. This can lead to HW contamination in the environment. Besides, in this step, there was no investigation by NRIE. It should be conducted and inspected by the generator and related agencies. As for waste collection, most of the factories used a drum 200 litre (52 gallon) for waste storage. Some factories had safe storage that included fire extinguishers, personal protective equipments and secondary containment systems. All factories met proper duration of waste storage for each type of waste generator (<90 days for the big size and < 180 days for the medium size). However, there were no inspection of storage containers and storage areas. Therefore, staff training should be done and inspection protocol for each phase of HWM should be developed along with strong enforcement programs from the related agencies. 

As for hazardous waste transportation and transfer, manifest system was used in all factories. Despite the use of manifest, most of the waste generators had never checked the operations of waste collectors and waste processors. This can be improved by providing the true understanding of the liability associated with hazardous waste generation. All transportation and treatment facilities were conducted by private companies. The lack of inspection in the process of transportation and disposal was mainly due to the belief of NRIE authority that by the mere fact that private companies have a permit that they must be complying with the regulations .for waste transportation, treatment and disposal. This can lead to a release of hazardous waste to the environment, if dumping occurs on the way. In particular, cost of treatment and disposal was increased due to the long distance between the site of waste generation (NRIE) and waste processors. If the HW treatment facility is located in the Northern region, it can reduce both the cost and transportation hazards.

CONCLUSION AND RECOMMENDATION

The following conclusions were down from this study.

-Among the majority of big waste generators, the waste segregation can be noted in 2 types; general waste (GW) and hazardous waste (HW). The quantities of GW and HW are 1,200-8,333 kg/month and 4,800-180,000 kg/month, respectively. According to the Notification of MOI about manifest system, all factories met this notification for waste storage and transportation. However, there were no inspections during transportation, treatment and disposal phases including determining the impacts in these steps.

-As for the medium waste generator, waste generated can also be classified into 2 types; GW and HW. The quantity of waste collection and storage were suitable for this size of generator. Moreover, the duration of storage and waste transportation met the notification of MOI regarding the manifest system. However, there was no investigation in the steps of transportation and method of treatment and disposal in the medium size of factories as well as in the big size of factories, including the impact of waste treatment and disposal. 

 In recommendation, the following actions should be implemented:
-HW treatment facility should be located in the Northern region.

-Investigation should be accomplished for HWM in NRIE by initiating staff training and better inspection protocol and improving the understanding of liability associated with HWM practices.

-Strong enforcement programs should be developed and implemented by agencies such as NRIE and DIW.
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Figure 2.  Waste Management Practices in the Medium Sized Factories
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