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Foreword This document discusses the standards required for a laboratory conducting PCR-based analysis to limit, to detect, to assess the source of, and to mitigate contamination events as they pertain to forensic DNA analysis. This standard includes provisions for Rapid DNA analysis performed in a laboratory and does not cover the use of Rapid DNA instrumentation outside of a laboratory environment. Some, but not all, contamination events in casework and database samples can be detected. Contamination can occur from individuals and/or objects transferring DNA, including, but not limited to the transfer of DNA from individuals such as first responders, laboratory personnel, crime scene technicians to the evidence and/or the transfer of DNA from one item to another. It can never be known with certainty that a casework or database sample is contamination-free, but detection and tracing efforts facilitated though the use of elimination databases which contain the DNA profiles of first responders including law enforcement and medical personnel can assist in the identification of contamination.  Certain probabilistic genotyping software capabilities can assist in the detection of contamination events, including deconvolution of mixtures enabling database searches, and performing comparisons between unknown mixtures to assess the likelihood of a common donor, can be useful in detecting contamination.  While contamination has always been an issue in forensic laboratories, the sensitivity of testing instrumentation and methods in use in forensic DNA laboratories has steadily increased and has resulted in a greater chance of detecting low-level contamination and drop-in events. This affects the interpretation of the sample, including comparisons to known individuals.  This document was revised, prepared, and finalized as a standard by the DNA Consensus Body of the AAFS Standards Board. The draft of this standard was developed by the Biological Methods Subcommittee of the Organization of Scientific Area Committees (OSAC) for Forensic Science. The AAFS Standards Board (ASB) is an ANSI-accredited Standards Developing Organization with the purpose of providing accessible, high quality science-based consensus forensic standards. The ASB is a wholly owned subsidiary of the American Academy of Forensic Sciences (AAFS), established in 2015 and accredited by the American National Standards Institute (ANSI) in 2016. The ASB consists of Consensus Bodies (CB), which are open to all materially interested and affected individuals, companies, and organizations; a Board of Directors; and Staff. The following applies to all ASB documents:  the term ‘shall’ indicates that a provision is mandatory, and can be audited for compliance the term ‘should’ indicates that a provision is not mandatory, but recommended as good practice.  All hyperlinks and web addresses shown in this document are current as of the publication date of this standard.  
Keywords: DNA contamination, DNA elimination database. 
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Forensic Laboratory Standards for Prevention,  Monitoring, and Mitigation of DNA Contamination 
1 Scope This standard provides requirements for limiting, detecting, assessing the source of, and mitigating DNA contamination as applied to PCR-based DNA analysis conducted within a forensic laboratory (i.e. casework and DNA database). 
2 Normative References There are no normative reference documents. Annex C, Bibliography, contains informative references. 
3 Terms and Definitions For purposes of this document, the following definitions apply. 
3.1  
background DNA DNA that was present at the location of the crime-scene on items before the crime-event occurred. 
3.2  
contamination The introduction of DNA onto the evidence after the crime occurred. Contamination can occur through handling and storage of the evidence and laboratory work products. Drop-in is distinguished from contamination. (See 3.5 Drop-in.) NOTE  Contamination can occur from individuals and/or objects transferring DNA, including, but not limited to the transfer of DNA from individuals such as first responders, laboratory personnel, crime scene technicians to the evidence and/or the transfer of DNA from one item to another. 
3.3  
controls  Samples of known type, run in parallel with experimental, reference, or evidence samples that are used to evaluate whether a procedure is working correctly. A positive control is a sample that is used to determine if a test performed properly. This control consists of the test reagents and a known DNA sample that will provide a known DNA profile in the test. A negative control consists of the reagents used in various stages of testing without the introduction of sample; no results are expected from a negative control. For DNA testing, negative controls include extraction blanks, reagent blanks, and amplification blanks. A negative control in DNA testing is used to detect contamination and drop-in introduced into the assay during the testing process via reagents, disposables or handling errors (which may impact the results observed from samples tested at the same time). The use of negative controls helps assess the overall health of the testing process but cannot be used to determine whether a particular sample is free from contamination. 
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3.4  
developmental validation The acquisition of test data and determination of conditions and limitations of a new methodology; this generally occurs while the conditions and parameters are being worked out prior to the establishment of a defined assay, procedure or product. Internal validation studies follow developmental validation studies.  
3.5  
DNA elimination database  A collection of DNA profiles held in a searchable format from individuals whose access, role, and/or activities are deemed a potential DNA contamination risk. Also included are possible contamination profiles recognized by the laboratory. A DNA elimination database cannot detect all forms of contamination. 
3.6  
DNA laboratory monitoring  Activities to assess the background levels of DNA in the laboratory to assess the risk of contamination. Such activities include the taking of DNA swabs from at-risk equipment (e.g., in pre- and post-amplification testing areas) and surfaces to demonstrate they are DNA free. 
3.7  
drop-in The presence of spurious alleles, which are distinct from contamination. Drop-in alleles originate from different individuals, whereas contamination consists of multiple alleles from one or more individuals. The occurrence of drop-in alleles may be minimized, but cannot be avoided completely. If drop-in occurs then approximately 1 to 3 alleles are expected in addition to the main profile(s). The number of alleles which can reasonably be assumed to be drop-in as opposed to 'contamination' can be estimated by plotting a Poisson distribution [10]. The data are taken from negative controls. These data can be used to inform probabilistic genotyping models that take account of the phenomenon. 
3.8  
internal validation The accumulation of test data within the laboratory for developing the laboratory standard operating procedures and determining the limits of the method(s). Internal validation demonstrates that the established protocols for the technical steps of the test and for data interpretation perform as expected in the laboratory.  
3.9  
Rapid DNA analysis  The fully automated (hands-free) process of developing an STR profile. The “swab in – profile out” process consists of automated extraction, amplification, separation, detection and allele calling without human intervention. A modified Rapid DNA analysis requires human interpretation and technical review. 
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4 Requirements 

4.1 Physical Requirements for Laboratory Areas, Evidence Processing, Reagents, 
Consumables, Storage, and Personal Protective Equipment 

4.1.1 Access to laboratory areas shall be restricted to individuals actively focused on laboratory procedures to reduce the risk of the introducing extraneous DNA into work areas and samples. 
4.1.2 The laboratory shall have separate work areas with dedicated equipment and supplies for pre- and post-PCR activities to reduce the risk of introducing amplified DNA into samples.  
4.1.2.1 Separation of pre-and post-PCR areas shall be accomplished by use of physical barriers (this includes floor-to-ceiling walls and closed doors). 
4.1.2.2 Equipment, tools, and supplies dedicated to post-amplification areas shall not be moved outside the post-amplification area without first being cleaned/decontaminated. Such treatment will be appropriate to the items being moved. 
4.1.2.3 Separate personal protective equipment will be dedicated to pre- and post-amplification areas.  
4.1.3 Evidence shall be stored in pre-PCR areas separate from reagents, consumables and work products.  
4.1.4 Evidence items and samples shall be packaged and manipulated in a manner to minimize unwanted transfer of biological material.  
4.1.5 Separate storage areas shall exist for reagents and consumables, DNA extracts, and PCR products.  
4.1.5.1 Applicable reagents and DNA extracts shall be stored separately in pre-PCR areas. 
4.1.5.2 Applicable reagents and PCR product shall be stored in post-PCR areas. 
4.1.6 The laboratory shall have and follow a written, regularly scheduled, cleaning procedure to include laboratory areas, items to be cleaned, and the frequency of cleaning. The procedure shall include a DNA laboratory monitoring program and the results from the program shall be documented and made available for inspection. 
4.1.7 Laboratory work area surfaces and furnishings shall be able to withstand frequent cleaning and/or decontamination (e.g., bleaching).  
4.1.8 When practicable, the forensic laboratory should purchase reagents and consumables from an ISO 18385:2016 [9] compliant manufacturer.  
4.1.9 The laboratory shall institute procedures to minimize the possibility of contamination for reagents and consumables. These procedures may include UV irradiation, ethylene oxide treatments, bleach, etc., as appropriate. 
4.1.10 The laboratory shall have a system to track reagents and consumables.  
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4.2 Procedural Requirements 

4.2.1 The laboratory shall define and use appropriate cleaning procedures for each method, technology, tool and instrument, and laboratory area. Cleaning agents known to destroy DNA shall be used as appropriate on the items and surfaces being cleaned. 
4.2.2 The laboratory shall have procedures and policies for the proper disposal of post-PCR waste. 
4.2.2.1 Post-PCR waste shall not be stored in pre-PCR spaces. 
4.2.2.2 Post-PCR waste shall not be transported through pre-PCR areas without adequate precautions (i.e., double bagging). 
4.2.3 The laboratory shall have procedures and policies defined to reduce potential contamination events during evidence and sample processing that include the following. a) The use of personal protective equipment. b) The handling and packaging of evidence and samples to limit the possibility of contamination. c) The separate processing of reference samples from evidentiary items during the entirety of laboratory processing from screening through genetic analysis. d) The cleaning of work surfaces and examination tools with DNA destroying reagents before new items are examined. 
4.2.4 The laboratory shall document when items of evidence are packaged together and include such information in the casefile. 
4.2.5 The laboratory shall perform quality checks of extraction and PCR reagents prior to use in testing to monitor for contamination. 
4.2.6 The laboratory shall document and maintain a log containing exogenous DNA (contamination and drop-in) found in any sample or control. 
4.2.7 The laboratory shall maintain and use a searchable DNA elimination database to detect contamination of casework and database samples. 
4.2.7.1 At a minimum this database shall include biology staff and positive control samples from donors and kits; and contamination elimination profiles: unknown DNA profiles obtained from negative or positive controls, or profiles that have been putatively assigned as possible contaminant profiles (e.g., from consumables). To the extent possible, typing shall use the same genetic markers/amplification test kit(s) utilized by the laboratory. Where possible, the laboratory shall include profiles from any individuals who are professionally involved in the collection and handling of evidence, work samples, reagents, or consumables (e.g., staff, agency and other associated workers such as medical examiners, sexual assault nurses, service personnel and laboratory visitors.). 
4.2.7.2 Confidentiality of DNA profiles within the elimination database shall follow applicable laws and regulations. 
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4.2.7.3 DNA elimination database profiles shall be added in a timely manner. 
4.2.8 Intra-batch comparisons to detect contamination shall be conducted as appropriate. 
4.2.9 The laboratory shall assess the occurrence of contamination and its possibility when conducting a validation project (internal or developmental), and determine the extent of decontamination/cleaning necessary for reagents, consumables, surfaces, tools, equipment, and sample set up, etc., to produce acceptable genetic data. 
4.2.9.1 The laboratory shall include the contamination assessment and underlying data in the validation documentation.  
4.2.9.2 A contamination assessment will be conducted when a laboratory method/technology is modified. 
4.2.10 If the laboratory uses probabilistic genotyping software, the laboratory shall use such software within its capabilities to detect contamination in casework and/or database samples to include: a) comparing mixtures or deduced profiles to profiles contained within the DNA elimination database;  b) performing mixture to mixture comparisons to detect common sources;  c) performing contamination and cross-contamination checks; and d) performing batch comparisons. 
4.2.11 Contamination events shall be investigated and referenced or documented within the case record. 
4.2.12 Records of contamination events shall also be maintained in a centralized manner that allows such events to be tracked across cases/batches and over time. Tracking information shall include general description of the event, identifying information (date, case number), and outcome.  
4.2.13 The laboratory shall have and follow protocols requiring reporting and communicating contamination events to the customer. 
4.2.14 Laboratories which interpret contaminated samples shall have and follow protocols for the interpretation of the contamination and shall indicate in the report that the contamination was interpreted. 
4.3 Personnel and Training Requirements 

4.3.1 Personnel defined by the laboratory shall receive documented practical training covering the detection and minimization of contamination.  
4.3.2 The laboratory shall have and follow a training policy covering the use of personal protective equipment, evidence/sample handling and packaging, cleaning/decontamination protocols, quality control measures used to detect and minimize contamination and the documentation, investigation, and reporting of contamination incidents.  
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4.4 Requirements Specific to Use of Rapid DNA Instruments and Consumables in a 
Laboratory 

4.4.1 All previous requirements outlined in this document shall be followed. 
4.4.2 Rapid DNA instrumentation shall be maintained in a pre-amplification room. 
4.4.3 Rapid DNA consumables shall be monitored for extraneous DNA through the use of a positive and negative control per lot.  
4.4.4 Personal protective equipment shall be worn while preparing samples for and using Rapid DNA instrumentation.  
4.4.5 Lot numbers for Rapid DNA consumables will be recorded and monitored. 
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Annex A (informative) 
Bibliography 

The following bibliography is not intended to be an all-inclusive list, review, or endorsement of literature on this topic. The goal of the bibliography is to provide examples of publications addressed in the standard. 1] ENFSI DNA Working Group, Contamination prevention guidelines. Issue No 001, November 2010a. 2] Duncan, T., E. Rowe, M. Kruijver, D. Abarno, J. Bright, J. Buckleton. “Inter-sample contamination detection using mixture deconvolution comparison.” Forensic Science International: Genetics, vol. 40, 2019, pp. 160-167. 3] Duncan, T., D. Abarno, E. Rowe, L. Rask-Nielsen. “Observations of DNA transfer within an operational Forensic Biology Laboratory.” Forensic Science International: Genetics, vol. 23, 2016, pp. 33-49. 4] FBI, Quality Assurance Standards for Forensic DNA Testing Laboratories b. 2020. 5] FBI, Quality Assurance Standards for DNA Databasing Laboratoriesc. 2020. 6] FBI, Addendum to the Quality Assurance Standards for DNA Databasing Laboratories performing 
Rapid DNA analysis or modified Rapid DNA analysis using a Rapid DNA instrument d 7] Fonneløp, A., H. Johannessen, T. Egeland, and P. Gill. “Contamination during criminal investigation: Detecting police contamination and secondary DNA transfer from evidence bags.” 
Forensic Science International: Genetics, vol. 23, 2016, pp. 121-129. 8] Gill, Peter. Misleading DNA Evidence: Reasons for Miscarriages of Justice. Elsevier, 2014. 9] ISO 18385:2016. Minimizing the risk of human DNA contamination in products used to collect, 
store and analyze biological material for forensic purposes — Requirements.e 

                                                        a Available from: http://enfsi.eu/wp-content/uploads/2016/09/dna_contamination_prevention_ guidelines_for_the_file_contamantion_prevention_final_-_v2010_0.pdf b Available from: https://www.fbi.gov/file-repository/quality-assurance-standards-for-forensic-dna-testing-laboratories.pdf/view c Available from: https://www.fbi.gov/file-repository/quality-assurance-standards-for-dna-databasing-laboratories.pdf/view d Available from: https://www.fbi.gov/file-repository/addendum-to-qas-for-rapid-dna.pdf/view e Available from: https://www.iso.org/standard/62341.html 
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10] SWGDAM. SWGDAM Contamination Prevention and Detection Guidelines for Forensic DNA 
Laboratories.f 11] Kloosterman, A., Sjerps. M. and Quak, A.. “Error rates in forensic DNA analysis: Definition, numbers, impact and communication.” Forensic Science International: Genetics, vol. 12, 2014, pp. 77-85. 12] Kloosterman, A.D. “Credibility of forensic DNA typing is driven by stringent quality standards.” 
Accreditation and Quality Assurance, 2001, vol 6, pp. 409-414. 13] Duncan T., J. Bright, C. McGovern, C. Heffert, T. Kalafut, J. Buckleton. “Validation multiplexes for use in conjunction with modern interpretation strategies.” Forensic Science International: 
Genetics, vol. 20, 2016, pp. 6-19. 14] Thompson, W.C. “Forensic DNA Evidence: The Myth of Infallibility.” In Sheldon Krimsky & Jeremy Gruber (Eds.), Genetic Explanations: Sense and Nonsense. 2013. Harvard University Press, pp. 227-255.      

                                                        f Available on the SWGDAM website: https://www.swgdam.org/ 
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