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The Scientific Working Group on DNA Analysis 10 

Methods, better known by its acronym of 11 

SWGDAM, is a group of scientists representing 12 

Federal, State, and Local forensic DNA 13 

laboratories in the United States and Canada. 14 

During meetings, which are held twice a year, 15 

Committees discuss topics of interest to the 16 

forensic DNA community and often develop 17 

documents to provide direction and guidance for 18 

the community. These guidelines were presented 19 

to the SWGDAM membership and received 20 

approval on XXXX. 21 

This document provides best practices and 22 

guidance for the prevention and detection of DNA 23 

contamination as applied to forensic casework and 24 

DNA databasing. This document is intended to apply to, but not limited to, laboratories that 25 

employ autosomal STRs, Y-STRs, mitochondrial DNA analysis, and enhanced detection 26 

methods.  The FBI Quality Assurance Standards for Forensic DNA Testing Laboratories and 27 

DNA Databasing Laboratories (QAS) define contamination as the unintentional introduction of 28 

exogenous DNA into a DNA sample or PCR reaction; therefore, this document refers to 29 
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contamination introduced at or after the start of a controlled forensic process. The start of a 30 

controlled forensic process can be defined by a laboratory as the arrival of the item at the 31 

laboratory, the moment a processor (analyst or technician) handles an item or another defined 32 

control point in the process. As human DNA is pervasive throughout the environment, 33 

contamination may not be completely avoided. In addition, the improved sensitivity of DNA 34 

methodologies and the introduction of new DNA technologies may allow low-level or previously 35 

undetected contamination to be detected and potentially cause DNA interpretational difficulties. 36 

The QAS requires laboratories to have and follow a documented policy for the detection and 37 

control of contamination. These recommendations are intended to provide guidance in meeting 38 

this standard for all laboratories that conduct forensic serological and/or DNA analysis. Because 39 

these are guidelines and not minimum standards, in the event of a conflict between the QAS and 40 

these guidelines, the QAS has precedence over these guidelines. Additionally, to avoid any such 41 

conflict, the term ‘shall’ has been used when that term is similarly used in the QAS and the use 42 

of the term ‘shall’ is not intended to transform these guidelines into standards. Laboratories 43 

conducting forensic serological and/or DNA analysis are encouraged to review their standard 44 

operating procedures and validation protocols in light of these guidelines and to update their 45 

procedures as needed. Some recommendations as written are not feasible or necessary for every 46 

laboratory, particularly when considering limitations of laboratory spaces and buildings, 47 

procedures, and the sensitivity of the DNA testing being performed. If these recommendations 48 

are not currently feasible, a laboratory should consider other mechanisms for achieving the intent 49 

of these recommendations.  50 

These guidelines should not be applied retroactively. It is anticipated that these guidelines will be 51 

updated as needed.  52 

Introduction 53 

Refer to the QAS for definitions and standards that relate to contamination. In accordance with 54 

the QAS, accredited laboratories shall have procedures to minimize contamination, perform 55 
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contamination assessments during validations and have policies for the detection and control of 56 

contamination.  57 

1. Contamination Sources 58 

1.1 A contaminant is unintentionally introduced into a sample by various means. A sample 59 

that is expected to be a mixture of DNA from more than one individual given the sample 60 

context (e.g., vaginal swab containing semen) does not constitute a contaminated sample. 61 

Sources of contamination include, but are not limited to: 62 

1.1.1 DNA from laboratory personnel to an evidentiary item or DNA sample. 63 

1.1.2 DNA from contaminated reagents or consumables to an evidentiary item or 64 

DNA sample. 65 

1.1.3 Cross contamination of an evidentiary item or DNA sample to another 66 

evidentiary item or DNA sample. 67 

1.1.4 Laboratory environment (e.g., surfaces, equipment, ventilation system) to an 68 

evidentiary item or DNA sample. 69 

1.2 Contamination can occur directly or indirectly. 70 

1.2.1 Direct contamination involves the transfer of DNA from the source of the 71 

contamination to the evidentiary item or DNA sample. This may occur when 72 

laboratory personnel handle an evidentiary item or DNA sample but may also 73 

occur without direct physical contact, such as speaking, sneezing or coughing 74 

on an evidentiary item or DNA sample.  75 

1.2.2 Indirect contamination (i.e., secondary transfer) is a result of the transfer of 76 

DNA from the source of contamination to the evidentiary item or DNA 77 

sample through an intermediary such as pens, packaging and laboratory 78 

surfaces.  79 

 80 

  81 
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2. Contamination Prevention and Control  82 

2.1 Laboratory design 83 

When designing a laboratory and the flow of activities within, several features can 84 

contribute to the prevention of contamination. These features include, but are not limited 85 

to: 86 

2.1.1 Separate work areas.  Due to the high concentration of amplified DNA in a 87 

PCR sample, laboratories must have designated spaces for pre- and post- PCR 88 

activities (refer to QAS regarding facilities). Evidence examination, DNA 89 

extraction, and pre-amplification set-up activities must be restricted to the pre-90 

PCR area while the post-PCR area is limited to PCR amplification and all 91 

analytical processes using the products of PCR amplification.  For guidance 92 

regarding Rapid DNA instruments, refer to the FBI Rapid DNA Addendum to 93 

QAS document.  Other instruments that perform both pre- and post-PCR 94 

activities may require a dedicated space. 95 

2.1.1.1 Recommended features of the pre-PCR area include, but are not limited to: 96 

2.1.1.1.1 Restricted access to appropriate laboratory personnel only.  97 

2.1.1.1.2 Activity limited to conducting laboratory procedures. Laboratory 98 

personnel should avoid casual conversations and loitering.  99 

2.1.1.1.3 Designated areas that house all necessary personal protective 100 

equipment, hooks for lab coats and operational sinks with soap and 101 

disposable towels. These areas may be immediately adjacent to but 102 

physically separated from the pre-PCR area.  103 

2.1.1.1.4 Walls and floors made of materials that are easy to clean and can 104 

withstand bleaching or other cleaning methods.  105 

2.1.1.1.5 Laboratory furniture, benches and chairs that can withstand 106 

frequent cleaning. Chairs should be covered in a non-porous 107 

material (e.g., vinyl). 108 
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2.1.1.1.6 Dedicated equipment and tools (e.g., centrifuges, pens, tube racks). 109 

These can be dedicated for use by a particular processor, for a 110 

specific piece of equipment, or for a defined location.  111 

2.1.1.1.7 Separate the preparation and storage areas for reagents away from 112 

DNA extracts and evidentiary items.  113 

2.1.1.1.8 Circulation-free or filtered air. This can be accomplished by the 114 

use of a dead-air hood or laminar flow hood at a location dedicated 115 

to a particular task(s) or incorporated into laboratory-wide 116 

ventilation system. 117 

2.1.1.1.9 Positive air pressure that is higher than the positive or ambient 118 

pressure in the adjacent common area or hallway. Air should flow 119 

from clean spaces to less clean spaces. This recommendation can 120 

refer to the entire laboratory space or a specific area.  121 

2.1.1.2 Recommended features of the post-PCR area include, but are not limited 122 

to: 123 

2.1.1.2.1 Filtered outgoing air. Refer to laboratory air quality documents 124 

listed in the references section. 125 

2.1.1.2.2 Negative or lower positive air pressure than the air pressure in the 126 

adjacent common area or hallway. 127 

2.1.1.2.3 Designated areas that house all necessary personal protective 128 

equipment, hooks for lab coats and operational sinks with soap and 129 

disposable towels.  130 

2.1.1.2.4 Dedicated equipment and tools (e.g., pipettors, pens). These can be 131 

dedicated for use by a particular processor, a particular 132 

methodology or technology, for a specific piece of equipment, or 133 

for a defined area.  134 

2.1.1.2.5 Separate the preparation and storage areas for reagents and PCR 135 

products.  136 
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2.1.2 Separate processing in pre-PCR areas by case type. References should be 137 

processed separately from evidentiary items by area and/or time. High copy 138 

evidentiary samples (e.g., blood) should be processed separately from low 139 

copy evidentiary samples (e.g., touch, hair, bone) by area and/or time. If the 140 

same work area is used, it should be thoroughly cleaned between the 141 

processing of different case types.  142 

2.1.3 To the extent possible, limit the examination of evidentiary items in a DNA 143 

clean area to items that will require DNA extraction and analysis (i.e., exclude 144 

items intended for other forensic disciplines). 145 

2.1.4 To the extent possible, limit the movement of laboratory personnel:  146 

2.1.4.1 From a post-PCR area back into a pre-PCR area within a single work day. 147 

2.1.4.2 From entering an area dedicated to the processing of high copy or 148 

reference samples to an area dedicated to the processing of low copy or 149 

evidentiary items within a single work day.  150 

2.2 Procedure planning 151 

When implementing or revising a procedure, the risk of contamination at each step needs 152 

to be assessed. This contamination assessment may include: 153 

2.2.1 Determining the impact of implementing new technologies that increase the 154 

sensitivity of DNA detection and in turn, the detection of contamination. The 155 

laboratory should consider the impact of the flow of work processes, 156 

laboratory space configurations or analysis procedures to reduce and detect 157 

contamination. When assessing contamination risks with a new technology, a 158 

laboratory can research the current literature, consult with other laboratories 159 

using the new technology and/or perform preliminary work with the new 160 

technology.  161 

2.2.2 Defining the tolerance level of contamination for each procedure and 162 

technology through validation.  See Appendix 1.  163 
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2.2.3 Determining the extent of decontamination necessary for reagents, 164 

consumables, surfaces, tools, etc. for the procedure and that the method of 165 

decontamination performed is effective.  166 

2.2.4 Incorporating the following quality measures into a validation:  167 

2.2.4.1 Assessing all controls (negative, reagent blank, and positive) for the 168 

presence of any source of contamination. 169 

2.2.4.1.1 Assessing the possibility of carry-over contamination on robotic 170 

systems by alternating a known sample or positive control and 171 

negative controls, for example using a zebra and/or checkerboard 172 

pattern. 173 

2.2.4.2 Performing a contamination investigation, if contamination is detected. 174 

Refer to section 3 on contamination detection for guidance.  175 

2.2.4.3 Implementing modifications to a procedure as necessary to minimize the 176 

risk of contamination. These modifications can be re-assessed to 177 

determine if implementation is successful. Modifications to be considered 178 

include, but are not limited to: 179 

2.2.4.3.1 Items listed in section 2.1. 180 

2.2.4.3.2 Limit the movement of equipment and tools from a post-PCR area 181 

back into a pre-PCR area. If movement of equipment and tools 182 

back into a pre-PCR area is required, it should only occur after 183 

decontamination.  184 

2.2.4.3.3 Limit access to DNA areas to persons included in the laboratory’s 185 

elimination database.  186 

2.2.4.3.4 Use only aerosol-resistant pipet tips for DNA extraction, pre-187 

amplification set-up and post-PCR processing. This may not be 188 

possible with automated or robotic systems that use fixed or non-189 

aerosol-resistant tips.  190 



SWGDAM Contamination Prevention and Detection Guidelines for Forensic DNA Laboratories – 

Draft for Public Comment 07/13/16 

 
 

  

   
  8 | P a g e  
    
 

2.2.4.3.5 Consider the number of samples processed in a batch. Several 191 

factors may be considered in determining batch size: method 192 

(manual or automated), minimizing processor fatigue, experience 193 

level of processor and type of samples.   194 

2.2.4.3.6 Reduce the number of transfers or sample manipulations, so as to 195 

minimize the creation of aerosols and drips. Incorporation of liquid 196 

robotic handlers may be used for sample transfers and minimizing 197 

the creation of aerosols.  198 

2.2.4.3.7 Incorporate additional cleaning or decontamination steps such as 199 

wiping the exterior of tubes, racks, tools (e.g., scalpels, tweezers, 200 

punchers) and equipment with bleach or ethanol. Incorporate UV 201 

crosslinking of pre-PCR hoods or areas. 202 

2.2.4.3.8 Limit the amount of time and number of uncapped tubes open at 203 

one time. 96-well plates should be covered or sealed as soon as 204 

possible.  205 

2.2.4.3.9 Incorporate robotics to reduce human contamination; however, 206 

programs should be designed that avoid moving pipet tips that 207 

contain or previously contained a sample over other samples.  208 

2.2.4.3.10 Minimize risk of cross contamination when opening seals on 96-209 

well plates by first centrifuging and then slowly removing the seal 210 

(or use puncture method to collect sample directly from an 211 

individual well). 212 

2.3 Personal Protective Equipment 213 

A variety of personal protective equipment (PPE) can be employed to not only protect 214 

laboratory personnel from hazardous chemicals and biological substances, but also to 215 

control or minimize contamination. The donning of and the removal of PPE should occur 216 

upon entrance into and exit out of a common area of the laboratory.  PPE should be worn 217 
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by all individuals upon entering a DNA work space. These PPE items include, but are not 218 

limited to: 219 

2.3.1 Laboratory coats  220 

2.3.1.1 Coats should be dedicated to specific areas, such as pre- and post-PCR 221 

areas and can be dedicated to specific activities (evidence examination and 222 

DNA extraction separate from those used for pre-amplification set-up). 223 

2.3.1.2 Coats can be made of disposable material that are discarded after each use 224 

or after a defined amount of time or number of cases/samples processed or 225 

of cotton fabric that undergo frequent cleaning.  226 

2.3.1.3 If examining heavily soiled evidentiary items, coats should be changed 227 

immediately after examination and before continuing to examine other 228 

evidentiary items or cases. Soiled coats should be disposed of or washed 229 

before next use. 230 

2.3.1.4 Coats dedicated to a particular area and/or activity should not be worn 231 

outside the dedicated area.  232 

2.3.1.5 Other PPE, such as disposable coat sleeves or aprons, can be worn over a 233 

laboratory coat to provide an additional measure of contamination control 234 

and personal protection. If these items are used, they should be disposed of 235 

after examining each case, extracting a batch or setting up amplifications. 236 

The underlying laboratory coat may not need to be changed as frequently 237 

if these additional types of PPE are used.  238 

2.3.2 Gloves  239 

2.3.2.1 All laboratory personnel working in a DNA work space should wear 240 

disposable gloves at all times.  241 

2.3.2.2 Gloves may be wiped with bleach after donning.  242 

2.3.2.3 Gloves should be changed or wiped with bleach frequently throughout 243 

each activity. This is especially important after contact with a potentially 244 
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contaminated surface or item such as packages, phones, pens, door 245 

handles, face, eye glasses, etc.  246 

2.3.2.4 Multiple layers of gloves can be worn during each activity. The outer set 247 

of gloves should be changed or removed after contact with potentially 248 

contaminated surfaces.  249 

2.3.2.5 The cuff of the gloves should be of sufficient length to reach and cover the 250 

end of the coat sleeve. Disposable laboratory sleeves can be used if the 251 

gap cannot be covered.  252 

2.3.2.6 Gloves may need to be changed during the examination of an item if an 253 

item is heavily soiled or wet.  254 

2.3.2.7 Gloves should be changed after a set of transfer steps within a procedure 255 

(e.g., after all supernatants have been transferred to concentrators in an 256 

organic extraction) and between DNA extraction batches. Gloves may 257 

need to be changed during DNA extraction if an incident such as a cracked 258 

tube, dripping or spilling occurs. 259 

2.3.3 Face masks or shields 260 

2.3.3.1 A disposable face mask should completely cover the mouth and nose. 261 

2.3.3.2 A disposable or non-disposable face shield should completely cover the 262 

mouth, nose and eyes.  263 

2.3.3.3 A face mask or shield should be dedicated to a specific activity and 264 

discarded after the activity is complete. If using a non-disposable face 265 

shield, the shield should be thoroughly cleaned between uses with an 266 

appropriate cleaner, such as, but not limited to, bleach or ethanol.  267 

2.3.3.4 If a face mask or shield is adjusted with a gloved hand, the glove should 268 

be changed before proceeding to the next procedural step.  269 

  270 
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2.3.4 Hair covers 271 

2.3.4.1 A laboratory can utilize disposable hair and beard covers as an additional 272 

precaution against contamination of laboratory personnel to evidentiary 273 

items or DNA samples.  274 

2.3.4.2 Hair covers should completely cover head and facial hair.  275 

2.3.4.3 Hair covers should be dedicated to a specific activity and discarded after 276 

the activity is complete. 277 

2.4 Personnel 278 

2.4.1 All laboratory personnel should be trained to recognize their role in 279 

contamination prevention and control. This training can be included in the 280 

training manual and assessed during training exercises.  281 

2.4.2 If a laboratory has the opportunity, contamination prevention and control 282 

training can extend outside of the DNA laboratory to other personnel who 283 

participate in the collection or processing of evidentiary items.  284 

2.5 Evidence Examination and Sampling 285 

2.5.1 Limit the examination of evidentiary items in a DNA clean area to items that 286 

will require DNA extraction and analysis (i.e., exclude items intended for 287 

other forensic disciplines). If a DNA clean area is not available for very large 288 

items, a separate examination area can be identified and decontaminated 289 

before proceeding.  290 

2.5.2 Any issue with the integrity of the packaging (e.g., tears, leaks, unusual stains) 291 

should be noted. If the issue is of concern, the laboratory may choose not to 292 

accept an item for testing. Reuse of evidence packaging or biological stains on 293 

the exterior of packaging may pose a contamination issue.  294 

2.5.3 Depending on the type of material, the outer packaging can be wiped down 295 

using pre-moistened disinfecting cloths or bleach.  296 

2.5.4 To reduce transfer from the outer package(s) to the evidentiary items, gloves 297 

should be changed before proceeding with examination. 298 



SWGDAM Contamination Prevention and Detection Guidelines for Forensic DNA Laboratories – 

Draft for Public Comment 07/13/16 

 
 

  

   
  12 | P a g e  
    
 

2.5.5 Non-disposable tools (e.g., scissors, razors, forceps, etc.) coming into contact 299 

with packaging should be cleaned before and after use. The same tool should 300 

not be in contact with evidence before cleaning.  301 

2.5.6 Items can be examined on disposable paper or pads where practical. These 302 

should be discarded immediately after use and before the examination of a 303 

new item.  304 

2.5.7 Gloves should be changed between examinations of different evidentiary 305 

items.  306 

2.5.8 Non-disposable tools used to collect each evidentiary sample should be 307 

cleaned before and after collection.  308 

2.6 Cleaning 309 

Routine cleaning is critical for reducing contamination. There are a variety of cleaning 310 

and detergent products and procedures available to assist in removing or damaging DNA 311 

so that it cannot be amplified. The most commonly used chemicals for cleaning are 312 

sodium hypochlorite (i.e., bleach) and ethanol. When cleaning with bleach, use a freshly 313 

prepared dilution as its effectiveness declines over time.  314 

2.6.1 Pre-PCR areas: 315 

2.6.1.1 Entire pre-PCR areas should be decontaminated on a routine basis as 316 

dictated by the volume and frequency of use. This cleaning can include, 317 

but is not limited to: 318 

2.6.1.1.1 Bench surfaces. 319 

2.6.1.1.2 Equipment such as centrifuges, microscopes, automated 320 

instruments, keyboards and hoods. 321 

2.6.1.1.3 Handles on doors, refrigerators, freezers and evidence lockers. 322 

2.6.1.2 On a daily basis or immediately before and after use, equipment such as 323 

dead-air hoods, laminar flow hoods, centrifuges, and pipettors should be 324 

decontaminated.  325 



SWGDAM Contamination Prevention and Detection Guidelines for Forensic DNA Laboratories – 

Draft for Public Comment 07/13/16 

 
 

  

   
  13 | P a g e  
    
 

2.6.1.3 Items such as bench surfaces, examination hoods and other equipment 326 

(e.g., microscopes, pens, keyboards, etc.) should be decontaminated. 327 

2.6.1.4 Multiple cleaning schedules (e.g., weekly, monthly) can be incorporated 328 

for additional measures of contamination control. Dedicated cleaning 329 

equipment (e.g., mops) should be used. This less frequent cleaning can 330 

include, but is not limited to: 331 

2.6.1.4.1 Chairs 332 

2.6.1.4.2 Furniture (shelving, drawers, handles on drawers) 333 

2.6.1.4.3 Floors 334 

2.6.1.4.4 Walls 335 

2.6.1.4.5 Doors 336 

2.6.1.4.6 Vents 337 

2.6.1.5 Any repaired equipment should be decontaminated before resuming use.  338 

2.6.2 Post-PCR areas: 339 

2.6.2.1 Post-PCR areas may be decontaminated with dedicated cleaning 340 

equipment on a routine basis as dictated by the volume and frequency of 341 

use. 342 

2.6.2.2 In accordance with laboratory policy, discard amplification products and 343 

plate preparations.  344 

2.6.2.3 Any repaired equipment should be decontaminated before resuming use.  345 

2.7 Reagents and Consumables 346 

Reagents and consumables used in sample collection, DNA extraction or amplification 347 

can become contaminated during the manufacturing process or packaging. When feasible, 348 

reagents and consumables should be purchased from an ISO 18385 compliant 349 

manufacturer. Laboratories can have procedures in place to detect this type of 350 

contamination before the reagent or consumable is used in casework; however, recognize 351 

it is impossible to completely guard against this type of contamination as the level of 352 

manufacturer contamination may vary across a single lot or package of reagent or 353 
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consumable product. Laboratories should document lot numbers of reagents and 354 

consumables for the purpose of tracking potential contamination.  355 

2.7.1 Any in-house prepared or purchased reagent involved in DNA collection, 356 

extraction or amplification, should undergo a quality check using the 357 

procedure for which the reagent is intended. 358 

2.7.1.1 If possible, outer packaging and reagent bottles should be wiped down 359 

before opening with pre-moistened disinfecting cloths or bleach.  360 

2.7.1.2 In-house reagents should be prepared in a designated reagent preparation 361 

area with thoroughly cleaned glassware or disposable single-use utensils 362 

and containers. In-house reagents may be autoclaved before use. 363 

2.7.1.3 Reagents should be verified to be free of contaminants or below the 364 

laboratory’s established tolerance level with the relevant procedure/ 365 

technology using the most sensitive parameters.   366 

2.7.1.4 A collection of reagents used for a particular procedure can be verified 367 

together; however, if any individual reagent is replenished with a new lot, 368 

another performance check should be conducted.  369 

2.7.1.5 If contamination is detected, additional testing may be performed to 370 

determine which reagent(s) is (are) the source of the contamination or the 371 

collection of reagents can be considered contaminated as a whole.  372 

2.7.2 Depending on the chemical composition, some consumables may be 373 

autoclaved or UV crosslinked before use.  374 

2.7.2.1 Before use in casework, determine if new consumables can tolerate 375 

autoclave and/or UV exposure. This may be previously determined by the 376 

manufacturer or available in literature.  377 

2.7.2.2 Routine performance check of UV crosslinkers should be performed. 378 

Follow operator’s manual for procedure to test the intensity of the bulbs.  379 

2.7.3 In an effort to offer DNA-free products, some manufacturers pre-sterilize 380 

consumables by a variety of methods, such as ethylene oxide or irradiation. If 381 
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a laboratory chooses to use pre-sterilized consumables, quality checks should 382 

be conducted to verify that the pre-sterilization method does not have an 383 

adverse effect on either the recovery or the amplification of DNA. Previously 384 

typed DNA extracts (e.g., proficiencies and other control or known samples) 385 

can be used to verify the performance of the new consumable.  386 

 387 

3. Contamination Detection 388 

Despite employing numerous measures to prevent contamination, contamination incidents 389 

will be encountered on occasion. Therefore, a laboratory should define a tolerance level 390 

based on each methodology, technology and sensitivity requirements. Any genetic data 391 

detected below a laboratory’s tolerance level may be disregarded. Detecting contamination 392 

incidents is critical to improving laboratory procedures and ensuring the accuracy of reported 393 

genetic data.  394 

3.1 Controls 395 

Positive, negative and reagent blank controls are critical for detecting contamination.  396 

3.1.1 Negative and reagent blank controls 397 

3.1.1.1 Any detectable peaks or sequence data in negative and reagent blank 398 

controls may indicate contamination. Refer to Appendix 1 for examples 399 

regarding acceptability of associated data.  400 

3.1.2 Positive controls 401 

3.1.2.1 If any detectable peaks or sequence data are observed beyond the known 402 

profile of the positive control, the extraneous data may originate from a 403 

contaminant. 404 

3.1.2.1.1 In STR systems, contamination is suspected when unexplained 405 

allelic peaks above the analytical threshold are observed. Caution 406 

should be used when considering peaks in positions of stutter, 407 

incomplete terminal nucleotide addition (minus A) and spectral 408 

pull-up. 409 
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3.1.2.1.2 In mitochondrial DNA sequencing, contamination is suspected if a 410 

mixture is present.  411 

3.2 Material Controls/Blanks 412 

Laboratories can request and process material controls/blanks (e.g., water used for 413 

swabbing) from crime scene investigators. Any detectable peaks or sequence data from a 414 

material control/blank may indicate contamination.  415 

3.3 Samples 416 

Samples that are expected to be single source may indicate a contamination event by 417 

producing a mixed genetic profile. 418 

3.4 Unexpected results 419 

Genetic data that do not conform to case circumstances (e.g., a male profile was obtained 420 

when a female profile was expected or a mixture was obtained from a single source 421 

sample) may indicate a contamination event has occurred. An attempt should be made to 422 

identify the source of the profile. A laboratory can conduct additional testing if 423 

circumstances warrant further investigation.  424 

3.5 Comparisons 425 

An attempt should be made to identify the source of a contaminant by comparing the 426 

genetic data from the contaminant to genetic data originating from various sources. As a 427 

result of identifying the source, a laboratory can take measures to prevent additional 428 

contamination events.  429 

3.5.1 The following sources should be compared to the genetic data of the 430 

contaminant: 431 

3.5.1.1 Samples processed in the same batch. 432 

3.5.1.2 Samples from other batches processed at the same time by the same 433 

processor. 434 

3.5.1.3 Samples from other batches processed at the same time by different 435 

processors. 436 

3.5.1.4 Previously processed samples and batches.  437 
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3.5.1.5 A laboratory elimination database that contains the genetic profiles 438 

generated from all applicable technologies from the following (as 439 

applicable laws and policy permits): 440 

3.5.1.5.1 Laboratory personnel. 441 

3.5.1.5.2 Non-laboratory personnel that have access to the laboratory (e.g., 442 

maintenance and visitors). 443 

3.5.1.5.3 Non-laboratory personnel that have had contact with the items 444 

prior to processing (e.g., law enforcement). 445 

3.5.1.5.4 Previously observed contaminants including those from 446 

contaminated reagents and consumables. 447 

3.5.2 Comparisons can be performed manually or with software that houses both 448 

the genetic profiles processed in the laboratory and the laboratory elimination 449 

database.  450 

3.5.3 A laboratory may not be able to determine the true source or identity of a 451 

contaminant if the genetic data are sporadic, low-level or not represented in a 452 

laboratory elimination database.  453 

 454 

4. Contamination Investigation and Management  455 

4.1 Introduction of contaminant 456 

Whether or not the source of the contaminant can be identified, actions can be taken to 457 

determine the procedural step in which the contaminant was introduced. Generally, 458 

repeating the procedural steps in reverse order will assist in this process and may even 459 

resolve the situation so that data originating from the evidentiary or reference item can be 460 

reported. The following actions can be used to investigate the introduction of the 461 

contaminant: 462 

4.1.1 Re-injecting or re-loading a sample. This may resolve carry-over 463 

contamination from a neighboring well or a contaminant that was introduced 464 

while preparing the sample for detection/analysis on an instrument. 465 
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4.1.2 Repeat amplification and/or sequencing if sufficient extracted DNA is 466 

available. This may resolve contamination introduced from the processor or 467 

another sample amplified and/or sequenced in the same batch. 468 

4.1.3 Repeat the DNA extraction if sufficient evidentiary material is available. This 469 

may resolve contamination introduced from the processor, cross-sample 470 

contamination from another sample extracted in the same batch or examined 471 

on the same day or contamination from a reagent or consumable.  472 

4.1.4 Swipe or swab tests can be used to investigate if the source of a contaminant 473 

is part of the laboratory environment. This process can include, but is not 474 

limited to, the following aspects: 475 

4.1.4.1 Swabbing of selected areas and equipment that make contact with 476 

processors, evidentiary items or DNA extracts and are suspected to be 477 

involved in the contamination event.  478 

4.1.4.2 Swabs used for monitoring may be verified to be free of DNA using the 479 

laboratory’s most relevant testing procedure and technology prior to 480 

commencing swabbing.  481 

4.1.4.3 After swabbing, the laboratory’s most relevant testing procedure and 482 

technology should be used to detect the contamination. 483 

4.1.4.4 The amount of swabbing should be proportional to the amount of activity, 484 

the number of processors and/or items processed in a particular area 485 

suspected to be involved in the contamination event.  486 

4.1.4.5 The results of swipe or swab tests should be documented. The 487 

documentation may include the locations of each swabbing, the genetic 488 

data observed at each location and the comparison of the genetic data 489 

against a laboratory’s elimination database and contamination records. 490 

4.1.4.6 Swipe and swab tests can be used as a preventive measure after 491 

maintenance has been performed, and after the reconfiguration or 492 

relocation of an entire laboratory or single laboratory space.  493 
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4.2 Investigate the problem 494 

The level of a laboratory’s response to a contamination event is generally determined by 495 

the amount of genetic data observed and the frequency with which the genetic data are 496 

being observed. Contamination events may be considered isolated events if the 497 

contamination only occurs once or infrequently as defined by the laboratory.  If 498 

contamination events are repetitive (either by the same processor, the same procedure by 499 

multiple processors and/or the same contaminant is observed), this is indicative of a 500 

potential systemic problem and warrants further investigation. Contamination events may 501 

be considered low-level if the contaminant produces sporadic or small amounts of genetic 502 

data. If the contaminant produces full or nearly full genetic profiles above tolerance level, 503 

this is considered gross contamination due to an elevated concentration of contaminating 504 

DNA. This concept can be visualized in the table below. 505 

 506 
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4.2.1 Isolated contamination 521 

Quadrants 1 and 2 represent random contamination events that occur 522 

infrequently and may be determined to originate from various sources such as 523 

the processor, another sample processed in the laboratory or an item 524 

contaminated before arriving at the laboratory. In some cases, particularly 525 

quadrant 1 contamination, the source of the contaminant cannot be 526 

determined. Depending on a laboratory’s tolerance level and the sensitivity of 527 

the particular methodology and technology, these contamination events may 528 

warrant minimal investigation. However, tracking of these events is critical 529 

for the detection of systemic contamination. 530 

4.2.2 Systemic contamination 531 

If a contamination event that was originally classified as quadrant 1 or 2 532 

contamination becomes repetitive over a particular timeframe, this is 533 

indicative of a systemic problem and warrants further investigation. The 534 

source of the systemic contamination, particularly quadrant 3 contamination, 535 

may be unidentified.  A laboratory should define when contamination falls 536 

into quadrants 3 and 4.  537 

4.2.2.1 Common denominator 538 

The goal of a contamination investigation is to determine the common 539 

denominator contributing to the repetitive contamination events so that 540 

corrective measures can be taken to prevent reoccurrence. The common 541 

denominator is not always as obvious as a contaminant originating from 542 

the same source. Additionally, systemic contamination may have more 543 

than one common denominator. The following common denominators 544 

should be considered: 545 

4.2.2.1.1 Common processor. Laboratory personnel may repeatedly fail to 546 

comply with contamination control measures. Systemic 547 

contamination of this type may manifest as the repeated 548 
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appearance of the processor’s genetic profile in controls or samples 549 

or the processor may repeatedly cross contaminate samples within 550 

a batch.  551 

4.2.2.1.2 Common procedure. Contamination may appear in controls or 552 

samples processed independently by different laboratory personnel 553 

using the same procedure. Systemic contamination of this type 554 

may be introduced at the same procedural step resulting in 555 

contaminants from various sources. A contamination assessment 556 

should be performed resulting in the implementation of procedural 557 

modifications as necessary (see section 2.2). 558 

4.2.2.1.3 Common source. The same genetic profile may repeatedly appear 559 

in controls or samples processed by the same or different 560 

laboratory personnel using the same or different procedure. Low-561 

level contamination (quadrant 3) may be difficult to assess if the 562 

genetic data do not overlap by common loci or sequence. Systemic 563 

contamination of this type may originate from contaminated 564 

reagents or consumables, the gross contamination of a high 565 

quantity sample, contamination from laboratory personnel or non-566 

laboratory personnel or the laboratory environment. 567 

4.2.2.2 Root cause analysis 568 

A laboratory should define which level(s) of contamination warrant a root 569 

cause analysis. Documentation of all contamination events, isolated and 570 

systemic, is needed to accurately determine the root cause(s) of systemic 571 

contamination. The root cause may be a combination of several factors 572 

including single or multiple laboratory personnel, inadequate or 573 

ineffective contamination control measures, procedural deficiencies and 574 

manufacturer contamination.  575 

 576 
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4.3 Corrective measures 577 

Once a systemic contamination event as defined by the laboratory is detected, the 578 

appropriate actions should be taken to mitigate the impact of the contamination event on 579 

casework. A laboratory may choose to implement one or more of the following actions: 580 

4.3.1 Suspension of casework 581 

As necessary, a laboratory may need to cease current and future processing 582 

involving a single processor, a particular procedure, laboratory space or the 583 

entire laboratory. Processing can resume once a contamination investigation is 584 

complete and contamination control measures are modified as necessary. 585 

4.3.2 Decontamination 586 

All affected laboratory areas should be thoroughly cleaned. Refer to section 587 

2.6 for guidance on cleaning. 588 

4.3.2.1 A thorough cleaning may be followed by monitoring the effectiveness of 589 

the cleaning using swipe or swab tests or through other mechanisms for 590 

monitoring contamination. Refer to section 4.1.4 for guidance.  591 

4.3.3 Review of casework 592 

As appropriate, the results of current and previous casework may need to be 593 

reviewed to ensure that a contaminant profile was not erroneously reported or 594 

did not hinder the reporting of the correct genetic data. Supplemental or 595 

amended reports may be warranted.  596 

4.3.4 Reevaluation of procedures 597 

Previous contamination assessments may not have adequately identified 598 

contamination risks and/or procedures may not have sufficiently addressed 599 

how to execute contamination control measures. Procedures should be revised 600 

as needed to include or clarify measures of contamination control. Refer to 601 

section 2 for guidance on minimizing contamination. 602 

 603 

 604 
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4.3.5 Retraining 605 

Laboratory personnel, either individually or as a whole, may need to be 606 

retrained to understand and exercise contamination control measures. If 607 

possible, retraining may extend outside of the DNA laboratory to other 608 

individuals who participate in the collection or processing of evidentiary items 609 

and may have been the source of a contaminant. 610 

4.3.6 Post contamination review 611 

A laboratory should review the effectiveness of any procedural modifications 612 

and/or training that were implemented as a result of a contamination event.  613 

4.4 Documentation 614 

Contamination events that exceed the laboratory’s established tolerance level, regardless 615 

of the severity, should be documented. This documentation is necessary in the event 616 

systemic contamination occurs. Documentation may be stored in individual case files, but 617 

should also reside in a single composite location, electronic or paper, for the purpose of 618 

detecting contamination trends.  619 

4.4.1 Isolated contamination 620 

4.4.1.1 A laboratory’s documentation can include the contaminant profile, the 621 

source if known, the procedural step that may have introduced the 622 

contaminant and a list of the cases affected. Any corrective actions taken 623 

should also be documented.  624 

4.4.2 Systemic contamination 625 

4.4.2.1 A laboratory’s documentation should include all items listed under 626 

isolated contamination section including the corrective actions taken, any 627 

procedural changes implemented, and a post contamination review. 628 

4.4.3 Case file documentation 629 

The contamination event should be documented in the individual case file(s) 630 

of the case(s) affected. Supplemental or amended reports may be warranted.  631 

 632 
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4.5 Management review 633 

Laboratory management should periodically review contamination documentation in an 634 

effort to continue any process improvements, identify emerging patterns that may need 635 

monitoring and to detect any change in the rate of contamination events. Laboratory 636 

management should encourage all laboratory personnel to participate in process 637 

improvements regarding the prevention and minimization of contamination. 638 

  639 
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Appendix 1. Acceptability of genetic data 792 

Once a laboratory has defined a tolerance level, exogenous genetic data generated by a negative 793 

or reagent blank control that do not exceed the established tolerance level can be disregarded and 794 

the associated sample data can be considered acceptable for reporting purposes.  795 

Some examples of tolerance levels for the negative and/or reagent blank controls are provided in 796 

the table below (AT = analytical threshold, ST = stochastic threshold). 797 

Technology Tolerance Level 

Autosomal STRs 
Up to two peaks appearing at same or different loci ≥AT but 

<ST that do not match associated sample(s) 

Y-STRs Single peak ≥AT 

MtDNA Sequence does not match associated sample(s) 

 798 

The above table is provided strictly for example purposes and does not suggest a specific 799 

tolerance level for a negative and/or a reagent blank control. In fact, laboratories can define a 800 

tolerance level for a negative control that is different than the tolerance level for a reagent blank 801 

control. Additionally, a laboratory’s tolerance level definitions may include different 802 

acceptability criteria of sample data if/when exogenous data from a negative or reagent blank 803 

control matches sample data. Note that a laboratory can also decide that any exogenous genetic 804 

data generated by a negative or reagent blank control will cause the associated sample data to be 805 

unacceptable for reporting purposes. Laboratories should balance the notion of discarding usable 806 

data with tolerating a minimum amount of inconsequential contamination.  807 


