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Abstract: Proper laboratory design is a key element in minimising the risk of contamination in the laboratory. In most countries, ISO/IEC 

17025 is the standard for which most labs must hold accreditation in order to be deemed technically competent, and the studies for meeting 

the requirements of this standard starts from the design, especially in Forensic Genetic Laboratories. Contamination is the top concern in 

Forensic Genetic Laboratories. In the laboratories designed according to this standard, particular attention is paid to the physical 

separation between the post-PCR, PCR and pre-PCR area, avoiding the back-movement of samples and material from the post-PCR area to 

the pre-PCR area. Separate physical spaces for the processing and analysis of known and questioned samples must be guaranteed, and 

simultaneity must be avoided in the processing and analysis of high and low DNA content samples. In this study, a Forensic Genetics 

Laboratory has been designed regarding the requirements of 17025 standard. This is the first study demonstrating a prototype of a Forensic 

Genetics Laboratory design from an internal architectural point of view, regarding the compliance with the ISO/IEC 17025 standard, 

including some recommendations for the new Forensic Genetics Laboratories planned to be built. 
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1. Introduction 

Interior design in laboratories is an important process that 

involves manipulating the interior spaces as well as surface 

treatment to improve functionality in labor and worker health, 

which requires a wide range of skills and technical knowledge in 

many disciplines (architecture, graphic design, decorative arts, 

furniture, lighting, etc.). Designing and building a forensic 

laboratory is a complicated undertaking [1]. Design issues include 

considerations and special requirements involving environmental 

health and safety, hazardous materials, management, operational 

efficiency, adaptability, security of evidence, preservation of 

evidence in an uncontaminated state, as well as budgetary concerns. 

There is no one globally correct design for a forensic laboratory. No 

two labs are the same. Requirements of the personnel and functional 

processes are the driving forces. Firstly, the scientists who will 

occupy the space in a building should be in contact with the 

designers to tell what are especially needed for the laboratory. The 

flexibility must be provided in crime labs to support adaptability, 

change or renewal in line with the latest technologies in time. 

Laboratory is a space where science and design is used together. 

To ensure the quality, reliability and certainty of reports produced 

by laboratories conducting genetic analysis in all member countries 

of the European Union, the European Council announced a 

framework decision: 2009/905/JHA on November 30, 2009, 

regarding accreditation of forensic services providers, who 

implement laboratory activities [2]. 

The correct construction, choosing the right technology and the 

correct material or product in a forensic genetics laboratory, require 

a detailed investigation first, considering the accreditation standard, 

the health of the analysis processes, results and needs of analysts 

and customers [3].  

A modern forensic laboratory should be designed with the 

flexibility to be able to meet different requirements and adapt to 

procedures. As the techniques in DNA analysis evolve, the 

laboratories are required to adapt to new designs for minimizing 

contamination and provide the maximum accuracy of the results.   

In our study; it is demonstrated how to design the laboratory 

along with the requirements of ISO 17025 accreditation, how to 

provide the ergonomy and health and safety of the staff andthe 

Forensic DNA laboratory environment and the sustained accuracy 

and sensitivity of the experimental results.  The design standards 

and recommendations presented in this paper mostly based on 

guidelines. Although most laboratories have many similar 

characteristics, there may be other specifications and/or 

requirements unique to a particular laboratory, according to 

different procedures used. 

2. Material & Methods 

In order to take architectural actions that will facilitate 

accreditation of the designed laboratory according to the ISO 17025 

standard, which will ensure international recognition in the courts, 

the articles of the standard related to “facilities and environmental 

conditions” were used. Standard operating procedures including the 

characteristics of the equipment to be used in the analyses, 

operating principles and practices were considered basicly in the 

placement of the equipment. In order to provide a suitable working 

environment and to facilitate the use of techniques and methods 

suitable for the latest technology; instrument instruction booklets, 

standard operation procedures, ISO 17025 standard and the related 

books and handbooks were utilized in the forensic laboratory. 

First of all, considering the facility layout plan (FLP) regarding 

the instruments;the points where the gas, electricity and water 

installations will circulate were decided, and the floors, ceilings and 

walls were covered with the necessary material to minimize the risk 

of contamination. Then, lighting and the placement of the benches 

in each room were carried out according to the layout plan. 

Instruments and equipment planned to meet the standard 

requirements for accreditation were placed in appropriate rooms and 

locations, taking into account occupational health and safety, and 

waste management of the laboratory. AUTOCAD was used to draw 

the inner plan of the floor where the laboratory building existed. 

The sketch drawn for the facilities is shown in Fig.1. 

 

Fig. 1. Process flow chart for the study area for Istanbul University-
Cerrahpasa, Institute of Forensic Sciences and Legal Medicine [4]. 
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Colors have been selected based on the knowledge gained in the 

discipline "Painting and Color Science", which will combine the 

requirements of standards and good style. In order to achieve the 

tasks in the design, a thorough literature review was made, both 

from printed publications and from internet sources.  

3. Results 

3.1. Laboratory requirements 

Quality control and assurance became a major element in all 

forensic laboratories. Due to the high sensitivity of PCR-based 

typing systems, contamination prevention is the most important 

requirement. To eliminate this risk, as recommended; dedicated 

work areas were established and complete physical separation of 

pre- and post-PCR processes was performed in our laboratory. 

Ideally, three separate work areas with dedicated equipment should 

be available for DNA extraction, PCR setup, and handling and 

analysis of amplified PCR products, in addition to contamination 

protection measures taken during analysis processes. 

A molecular genetic laboratory environment prototype for the 

forensic molecular genetic scientists who plan to build a new 

laboratory for every type of forensic DNA analysis was developed 

here, representing a two-storey object located in Istanbul: Istanbul 

University-Cerrahpaşa Institute of Forensic Sciences and Legal 

Medicine, Forensic Molecular Genetic Laboratory, taking the main 

steps that should be gone through as; making a dimensional plan, 

locating furnitures and equipment, choosing antibacterial furniture, 

flooring, covering and lighting fixtures, chosing the style and 

preferred colors; and to make a visualization of the laboratory 

environment. 

3.2. Technical and Functional Requirements in the 

Interior Design of a Molecular Genetics Laboratory 

A priority task to be solved was to create a functional, 

comfortable and modern interior. The laboratory space should be 

large enough to allow all procedures to be performed in the relevant 

laboratory. Adequate lighting and ventilation were provided. The 

colors chosen were soft and warm. The basic principles of design 

were applied on spatial and functional connections, emphasizing the 

structural and aesthetic qualities. Chairs, tables, etc. were selected 

specifically regarding ergonomy for a good concentration to work.  

3.2.1. Basic interior requirements 

Regulatory requirements in each country regarding the 

provision of healthy and safe working conditions, fire protection, 

storage of chemical, biological and radioactive materials, should be 

considered for each laboratory independently. At this stage of 

design, all factors relevant to the issue should be analyzed. For the 

future accreditation of the laboratory, laboratory design plans must 

be drawn up in accordance with the relevant local regulations. In 

order not to be responsible for accidents that may occur in the 

future, laboratory installations must be made in accordance with the 

relevant regulations. Auxiliary laboratory equipment is a necessary 

condition for providing experimental work. Appropriate apparatus, 

instruments and other facilities must be equipped according to the 

different experimental contents of each laboratory, e.g. ultra-clean 

furniture tables, centrifuges and sampling points. 

According to the guidelines in literature; the widths of the 

spaces are recommended as minimum 1.83 m (6 ft), for primary 

circulation and exit corridors, minimum 1.37 m (41 /2 ft) for 

secondary circulation and non-exit corridors (3). A minimum of 

0.914 m (36 inches) wide active leaf is enough for a Forensic DNA 

Laboratory door. The sign-in and badging area should be located at 

the visitors’ entrance and visitors cannot directly enter the 

experimental spaces but to the security area that is allowed for them 

to audit the experiments from other side of the windows with the 

accompaniment of a personnel. Card-key access system is 

indispensable features of our laboratory. By the way, the door, 

evidence delivery areas and all rooms inside the laboratory are 

monitored with cameras (closed circuit television (CCTV) systems). 

Electrical panels and power supply have been located outside the 

lab. In our laboratory, we have smoke detectors embedded in the 

ceiling. 

Chemically inert, light colored surface materials are used to 

facilitate better cleaning and they are endurable to the chemicals 

used as hypochlorite. The flooring is also chemically inert and non-

slipping. In constructing a laboratory, it should be noted that, using 

antibacterial polymers in surface materials are important for 

preventing contamination. Decontamination is much easier with 

such surfaces.  

3.2.2. Lighting & Color 

Lighting tools used in lighting design can have different types 

and different characteristics. Daylight provides the perception of the 

objects in their natural colors. In our laboratory, daylight is used as 

much as possible. At night, only fluorescent lighting is used to 

reach the required lighting levels. The lamps are at the same level as 

the ceiling, avoiding hanging lamps and hanging pipe systems in the 

laboratory. The color of the fluorescent light source is close to that 

of natural light. In daytime, natural sunlight is utilized directly 

because of the large outer windows.  

Color is one of the most important parameters of interior design 

gives identity to the space used and affects the psychological and 

personal motivation of the user. In this study, the criteria 

influencing the selection of the colors that are critical to the interior 

design of health structures were considered. 

First, the psychological effects of color, the spatial relationships 

between consumers, the composition of colors, the psychological, 

physiological and cultural meanings, the relationship between 

human character and the criteria that affect the designer and the 

consumer when choosing a color are taken into account.  Concepts 

such as color, light and formal qualities of the space, as well as the 

materials used are design elements that affect the visual perception 

of the space. Obviously, however, all plans for these studies must be 

completed in an integrated manner. 

3.2.3. Laboratory sections 

The first factor to be considered is the integrity of samples and 

correctness of the test results which can be affected by physical 

factors in the laboratory environment [5]. Physical environment 

must be designed in a way that eliminates contamination. To 

prevent unauthorized personnel having the potential to accidentally 

contaminate the samples, in order to protect the integrity of the 

materials, access control is critically important. As another measure 

to prevent contamination, the order of the rooms in the laboratory 

follow a single direction sequentially according to the order of the 

DNA analysis process. The general plan of the building drawn 

using AUTOCAD is given in Fig. 2. The order has been designed as 

sample receipt (1), isolation (2), PCR (3), electrophoresis (4) and 

report writing room (5) (Fig. 2). Outside the laboratory area; 

preferably four rooms where no special restriction is necessary for 

the non-staff individuals: (1) A storage room for supplies, (2) a 

room for quality documentation works (3) a room for the staff 

where they can work with documents, eat and rest and (4) a sample 

reception room where the patients/clients directly apply, are 

registered, giving their samples and where the results are submitted 

to the clients. These rooms are outside and separate from the 

experimental area in the building of our Institute. 

Isolation room and PCR room are covered with antimicrobial 

flooring; the walls are painted with antibacterial and special paint 

and the ceilings have special lighting. Doors are in the dimensions 

mentioned to open easily, the tables must have a special coating. 

The tables in the analysis area are resistant to weight due to the 

large weight of the devices that are placed on them. They have a 

long-lasting and antibacterial coating. The floor should be covered 

with special tiles and antibacterial coating. The lighting is mostly 

natural (sunlight is supported by fluorescent when needed). 
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Fig. 2. The interior design of the Forensic Molecular Genetics 
Laboratory 

 

Fig. 3. Area for analysis of the obtained product. 

Archived files should be kept in locked cupboards at room 

temperature around 22oC. Instruments for temperature and moisture 

control with logbooks also exist in this area. It is important that the 

tables are suitable for the room, the lighting in the room should be 

very good for reading (we used fluorescence). Special cabinets were 

placed in the room for archiving.  

The necessary cleaning should be carried out in laboratory WC 

and baths. A high level of hygiene for stuff before work should be 

provided. And ergonomy should be provided, with adequate space 

and adequate number of rooms for the comfort of the personnel. 

Sinks should be resistant to strong abrasion, impact and to 

contaminants. 

3.2.4. Properties in interior design 

The furniture should be suitable in terms of their purpose, their 

place in the interior space and price. Furniture that looks good may 

not be comfortable or the price may not suit us. The goal should be 

to buy furniture that is durable, comfortable and affordable. 

Using colorful, dynamic and exciting aesthetic new materials 

would motivate the stuff. Colorless, impersonal, overly tidy, 

monotonous spaces, equipped with stereotypical products, do not 

attract attention. There is a need to design aesthetic spaces with the 

use of colors and patterns, mixing modern and classic furniture, 

specific to a forensic DNA lab. New designs such as stretch 

ceilings, interactive light floors will contribute as a very impressive 

aesthetic dimension to the design. 

In order to increase the effectiveness of an action, the items 

used must be functional. Functional furniture is used to fulfil the 

purpose for laboratory work, comfort and convenience. In addition, 

for causing physical discomfort, such as back, lower back and leg 

pain, bad furniture will have a negative effect on the staff.  

3.3. Ergonomics of a molecular genetic laboratory 

The basic principles of ergonomics have been taken into 

account in the design, to maintain adequate comfort to motivate for 

work and to keep the attention of the personnel at highest level. The 

laboratory devices and equipment used are placed in such a way as 

to prevent unnecessary performance losses and body strains [6].  

The design was planned so as to minimize lifting, manipulation 

and repetitive movements. Laboratory equipment and materials are 

placed so as to prevent unnecessary loss of productivity and stress 

for the body. Articulations performed by the body, such as 

reversing, reaching or turning, must be minimized by additional 

equipment. Stairs and the benches are chosen according to the 

heights of the staff to work comfortably on the bench while sitting. 

No cabinets were mounted to higher locations, all cabinets are 

reachable for a sitting individual. 

The positions of machines and other laboratory devices are 

located in the best way to provide ease in movements and the 

processes. The tables and chairs were adjusted according to the 

body structure or length of the personnel. The working height of the 

tables, is considered to be 90 cm for an adult, in order to minimize 

movement during permanent work. 

3.4. Selection of materials for laboratory 

At the design stage, the materials to be used must be selected to 

meet certain standards in accordance with the studies to be carried 

out. The first step is to do the physical planning properly. Materials 

should be chosen with the appropriate parameters according to the 

study.  

In a general laboratory design; epoxy resin in laboratory spaces 

where fume hood or chemically rated biological hood is 

recommended as we have in our laboratory. Stainless steel was used 

in spaces of our hoods, where biological sample is to be placed on 

the work surface. Chemical resistant plastic laminate was used in 

benches of all other laboratory spaces. Standard plastic laminate 

was used in non-laboratory spaces such as offices, conference 

rooms, lunch room, toilet rooms, etc. 
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3.4.1. Selection of flooring, wall coverings and 

ceilings 

Floors are made of a easily cleanable, non-slip laboratory 

standard material, which have high chemical resistance and consist 

of as few parts as possible (industrial ceramics).  

Our laboratory floors are constructed with chemical-resistant 

sheet industrial ceramic with welded seams.  Vibration-proof and 

high-strength flooring is important for a comfortable work  

In modern buildings, the ceiling is not just a white flat board on 

which to place a light fixture. Modern trends require the use of the 

ceiling as a major part of the interior of the room, so its proper 

structuring and lighting are the key to comfort. When designing, 

levels and details of the ceilings, paints and colors to be used must 

be taken into account. 

3.4.2. Windows and Doors 

One-leaf opening windows with colorless glasses were selected 

at the request of the molecular genetics laboratory workers. 

Doors with one-leaf opening have been selected for all 

laboratory sections. The doors consist of approximately 1 m2 of 

active wing area. The glazing of the doors is with two-layer 

tempered glass. The laboratory doors must open to the outside. 

There is no equipment and workbench to prevent entry and exit near 

the laboratory door.  

3.4.3. Choice of furniture 

Furnitures should be in very vibrant and non-irritating colors. 

Another feature of the new generation of furniture is their 

flexibility. Furniture should have different and remarkable 

characteristics. The cabinets have a special surface with an 

antibacterial coating and portable system. 

Plastic laminate was preferred for standard laboratory work. 

White benching is recommended, to facilitate cleaning. The 

thickness of the benches in laboratory is approximately 18 mm. The 

outer surface layer is highly resistant to acidic environments. In 

addition, it has high resistance to shocks, heat and moisture. It can 

be used without any problems in Molecular Genetic Laboratories 

for chemical analysis.  

Approximately five-shelves filing cabinet located near the 

tables and at least a 3-drawer movable cabinet located under the 

table is provided for each analyst at the area of the non-laboratory 

workstation. 

A space for a big roundtable and chairs exist in another floor of 

the building where the staff can meet formally or informally. 

Laboratory chairs are height adjustable and are covered with an 

antibacterial non-porous material, which can withstand frequent 

cleaning. In our laboratory; there are ergonomic chairs which allow 

3D movement of the seat, being tilted not only backwards but also 

forwards, having the ability to rise and descending. These chairs are 

designed mainly for laboratories, which, in addition to the health of 

the employees to take care of their posture. Movable chairs were 

preferred, because they are appropriate to the criteria for a 

molecular genetics laboratory for comfort during operation. 

Bench workstation drawer units provide sufficient storage 

capacity to enable bench surfaces to be kept clear, other than 

equipment in daily use.  

3.4.4. Laboratory sinks and nozzles 

Sinks at the side of benches are corrosion resistant, heat 

resistant and UV-resistant stainless steel. The valves are epoxy 

coated ceramic, having switch life more than 500000 times. Parts 

that come into contact with liquids must meet the standard. The 

welding compounds used must not contain cadmium.                                        

 

4. Conclusion 

The current study presents a prototype of an interior design, for 

the forensic scientists who would like to build a forensic molecular 

genetics laboratory regarding the requirements of ISO/IEC 17025 

standard for accreditation and regulatory standards. The laboratory 

mentioned here is built at Istanbul University-Cerrahpaşa Institute 

of Forensic Sciences and Legal Medicine with the name: Forensic 

Molecular Genetics Laboratory.  

A discussion was held on the selection of laboratory furniture, 

lighting fixtures, cladding, furniture and construction materials. 

Measures have been taken to keep the laboratory under control are 

as follows; a) access to and use of areas affecting laboratory 

activities has been limited, b) contamination and interferences on 

laboratory activities have been prevented, c) an effective distinction 

has been made between areas related to incompatible laboratory 

activities d) measurements of the molecular genetic laboratory were 

made e) the diagrams of the technical units were drawn, together 

with projections of the walls. 

Information on our laboratory was given along with short 

evaluations about the possible division of the laboratory premises 

into zones, choice of style, materials used, the most important 

related regulations, ergonomical concerns that were considered 

during construction, preventive measures for microbial 

contamination, locating instrumentation and furnitures and their 

importance. The properties of the laboratory elements as preferred 

colors, lighting colors, lighting fixtures, furnitures (benches, chairs, 

cabinets, etc.), floors and windows, doors and walls, electrical 

appliances, security systems and sample furniture, were detailed.  

This laboratory, which has been established, is important in 

terms of providing an accessible prototype and giving inspirations 

to new entrepreneurs who want to design a Forensic Genetics 

Laboratory according to the requirements of ISO/IEC 17025 

standard. However, it should be considered that each laboratory has 

its own characteristics of interior design and no two labs are 

identical. Once such a laboratory is established, measures are 

required to keep the laboratory under control, opportunities should 

be periodically identified, selected for improvement and any 

necessary actions should be taken.  
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