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environmental considerations 



Disclaimer 
Points of view are the presenters and do not necessarily represent the 
official position or policies of the National Institute of Standards and 
Technology.

Certain commercial equipment, instruments and materials are identified in 
order to specify experimental procedures as completely as possible. In no case 
does such identification imply a recommendation or endorsement by the 
National Institute of Standards and Technology nor does it imply that any of the 
materials, instruments or equipment identified are necessarily the best 
available for the purpose.



Preservation

1 Merriam-Webster Dictionary 

Preserve1: 1. To maintain (something) in its original or existing state 
2. To keep intact or free from decay
3. To keep safe from harm or destruction

Maximize Preservation



Why Preserve Evidence?
• Complying with Evidence Retention Laws: Retention laws vary from state

to state, "case status” (open, charges filed, adjudicated, no further
investigation) crime category (homicide offenses, sexual offenses, assault, etc.)

• Reanalysis: Defense expert, court ordered, training aids, audits/tampering, etc.

• Advancements in Technology: safeguarding the evidence of the future
• Testing may not available at the time of the original trial
• Technology has advanced to a level that provides a more accurate test than the

one used previously

Preserving evidence can help solve cases and exonerate the innocent



Literature Review Goal
Goal: Establish storage guidelines that maximize the preservation of forensic evidence 
based on peer-reviewed data

• First, determine best practices independent of resources 
• Then, as a community close the gap between ideal vs. practical 

Ø Identify data gaps/needs for the forensics research community

Type of 
Evidence

Frozen Refrigerated Temperature 
Controlled

Room Temperature 

X Never Best Less than 24 hours 
Y Best Less than 24 

hours 

z Best Acceptable

Storage Conditions Matrix 



Storage Conditions Terminology

Frozen Thermostatically at or below –10°C ( 14°F)
Refrigerator Thermostatically between 2°C and 8°C (36°F and 

46°F) with less than 25% humidity
Temperature Controlled Between 15.5°C and 24°C (60°F to 75°F) with less 

than 60% humidity
Room Temperature Temperature is equal to the ambient temperature 

of its surroundings, storage area may lack 
temperature and humidity control methods

Standardizing terminology ensures that the community of practice (including hospitals 
and courts) have a common understanding of the recommended parameters 
for environmental storage conditions



Environmental Conditions at Storage Facilities

• Temperature-controlled facilities manage temperature
• Climate-controlled facilities may manage both temperature and humidity

• Both humidity and temperature work together to control moisture levels in  
storage space.

• As humidity in the air increases, air’s ability to hold heat increases
• When humidity decreases, it also helps keep temperatures low

HoneyCombe
®Technology



Forensic Evidence Environmental Foes 
• Extreme temperatures 
• Moisture/Humidity
• Light (UV) 
• Bacteria
• Fungus/Mold 
• Insects 

• At 70°F on a sunny day, after 30 minutes, the temperature inside a car is 104°F
• After one hour, it can reach 113°F.

• When temperatures outside range from 80°F to 100°F, the temperature inside a car parked 
in direct sunlight can quickly climb to between 130°F to 172°F.



Effects of Environmental Conditions 
• Condensation
• Evaporation/Volatilization
• Corrosion/Oxidation
• Hygroscopic
• Photodegradation
• Bacterial or microbial

degradation
• Chemical breakdown
• Artifacts

TATP
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Temporary Storage Equipment
• The environmental requirements for temporary storage are the same

as those for long-term storage

• Units used for temporary storage can include:
• commercially manufactured evidence lockers
• commercial storage containers
• commercially manufactured temporary evidence freezers and refrigerators,
• home refrigerators, 
• under-the-counter refrigerators,
• repurposed lockers, and
• rooms and closets



Mitigation Strategies 

Insulated bags Dessicant

Cost-effective options

Temperature/humidity sensor
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Ice packs 

• A time temperature indicator (TTI) is a device or 
smart label that shows the time-temperature history 

• Time temperature indicators are commonly used 
on food, pharmaceutical, and medical products to 
indicate exposure to excessive temperature 

Advanced Technology

Evidence transport

https://en.wikipedia.org/wiki/Label
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Pharmaceutical
https://en.wikipedia.org/wiki/Medical_products


Literature Review 



Types of Evidence (excluding biological samples)

• Digital Evidence 
• Document Examination 
• Explosives
• Firearms and ammunition
• Fire Debris
• Footwear Impressions 
• Friction Ridge 
• Geological Materials 

• Gunshot Residue 
• Materials (Trace)
• Odontology 
• Seized Drugs 
• Tire Impressions
• Toxicology
• Toolmarks
• Wildlife 



Toxicology
Largest body of research investigating the stability of 
samples as a function of storage condition and time 

1Biological evidence handbook provides storage guidance for the matrices of toxicology samples (blood and urine)

Long-Term Storage Conditions1



Drugs 

Ø Findings:
Most of the temperatures and RH levels were acceptable. 
However, the RH levels in the drug vault during the July visit 
were > 50% which can promote mold growth.

Ø Recommendations:
Provide conditioned air to maintain an RH at 30%–50% to the 
drug vault throughout the year. This will help minimize mold 
growth.

Employer submitted an evaluation request because employees working in a vault used 
to store drug evidence were experiencing health symptoms.



Trace Drugs 
Goal: Evaluate how environmental conditions affect the persistence and detection of trace drug residues

30°C /90% RH
30°C/



Trace Drugs Results 



MDMA Degradation



Unstable Drugs – Legal Implications 

Ø Results show that solution pH, time, and storage temp
are important factors affecting the rate and extent of
GBL hydrolysis to GHB.
Ø Heat increased and refrigeration decreased the rate 

of GBL hydrolysis relative to ambient conditions
Ø GHB is a Schedule I, GBL List I chemical (chemical used

in the manufacture of a controlled substance)

hydrolysis

GHBGBL
Intramolecular esterification 



Unstable Drugs – Legal Implications 
Ø A primary concern with the forensic analysis of the khat

plant is preserving the principle psychoactive component, 
cathinone, which converts into less active cathinine after 
harvesting 
• Cathinone – Schedule I controlled substance
• Cathinine – Schedule IV controlled substance 

Ø A quantitative study of the composition of khat samples 
seized as dried plant material found cathinone remained 
identifiable while stored at room temp for > 10 years.

Ø Drying the moist leaves at either room temperature or by 
the application of heat are effective means to preserve 
seized khat evidence for long-term storage.



Explosives

• Some explosives attract and hold moisture, which may result in the degradation of 
explosive performance 

• SAFETY: Moisture also increases the potential for the formation of sensitive explosive 
crystals between the fuze and main body of the munition. 

• Every effort shall be made to ensure dry conditions prevail in storage and transportation.

UNDP – United Nations Development Programme
RMDS/G 05.40 4th Edition (2006-07-20) 

Ø Keep dry and well ventilated to prevent condensation 
Ø Keep as cool as possible and free from excessive or frequent changes of temperature;
Ø Keep protected from direct sunlight; and
Ø Keep free from excessive and constant vibration



Trace Explosives

% loss < 20 % 20 % - 50 % > 50 %

Day 35 -4 °C Lab 30 °C Ozone 47 °C 90% RH UV

HMX

PETN

RDX

TNT

ETN



Fire Debris 

Key Takeaways:
• Carbon disulfide is the preferred solvent 
• No statistically significant difference measured for 

vial type, laboratory vs. freezer storage 
• While parafilm shows improvements, it may 

introduce artifacts into evidence
• Heat sealed secondary packaging bag



Firearms 

Caring for Your Collectible Firearms 
By Doug Wicklund, Senior Curator 

Temperature Ideally, firearms collections should be stored at about 70°F year-round. 
Variations in temperature cause wood stocks to expand and contract 
causing permanent cracks. Keep temperature constant. 

Humidity A middle ground figure of 50% relative humidity caters to both wood 
and metal components. Too much humidity and the metal parts 
corrode. Too little and stocks start cracking. Keep humidity consistent. 



Ammunition 
SAAMI (Sporting Arms and Ammunition Manufacturers’ Institute)

he SAAMI Standards are published to provide safety, reliability, and interchangeability for commercial 
manufactures of firearms, ammunition, and components.

Temperature A general rule of thumb for ideal storage temperatures is between 55°F and 85°F. 
Extreme high temperatures (over 150° F) should be avoided.

Ammunition manufacturers advertise their loaded ammo, if stored properly, to have a 10 year shelf life.



Documents 

Source: Head of Conservation Minnesota Historical Society 
Temperature Ø Heat accelerates deterioration: the rate of most chemical 

reactions is doubled with each increase in temperature (18°F)
Humidity Ø High humidity promotes harmful chemical reactions in 

materials and encourages mold growth and insect activity
Ø Extreme low humidity (winter in centrally heated buildings) 

may lead to dessication and embrittlement.

Fluctuations in temperature 
and humidity are damaging 



Photographs 
Source: Library of Congress

General Guidelines for the Proper Storage of Photographs and Negatives  
Ø A relative dry (30-40% relative humidity), cool (room temp (<70°F) or below),
Ø Minimal exposure to all kinds of light; no exposure to direct or intense light
Ø Distance from radiators and vents 
Ø Minimal exposure to sulfur-containing atmospheric pollutants 

• Relative humidity is the single most important factor in preserving photographic prints
• For contemporary color photographs and for film negatives, however, temperature is 

the controlling factor that affects stability
• Storage at low temperatures (40°F or below) is recommended  



Key Takeaways

Literature Review Results
Ø Temperature and humidity play a critical role in the preservation and integrity of forensic 

evidence
• Avoid extreme temperatures and high humidity 
• Most evidence is stable at room temperature, 35-65% RH

• Consider safety aspects to storage conditions 

Monitor climate during the entire life cycle of evidence management
• All parties involved in chain custody must also follow best storage practices 

ØThe goal is to maximize the preservation of evidence  
• Some materials have a shelf-life, are inherently thermally labile, etc. 

Ø Minimize transit time between collection of evidence/laboratory analysis and storage 
• Law enforcement agency policy should reflect this effort 
• Consider implementing mitigation strategies for transport 



Key Takeaways II
More research is needed to issue data-driven storage conditions recommendations
Ø Forensic labs have a wealth of information, consider publishing your data! 

Considerations for researchers:
Ø Research studies should be performed using real-world conditions of forensic 

evidence transportation and storage (captures the effects of drying, packaging, etc.)
• Environmental chambers do not always reflect real-world conditions
• Studies should include time temperature trackers (TTI)

Ø Design of Experiments (DOE) can be employed to understand the relative effects of 
different factors on a response

• Can greatly reduce the number of runs necessary for the same information

Leverage other Industries/Sources:
Ø Medical, pharmaceutical, food industries are all concerned with how storage 

conditions/transport affects products: leverage their practices and technologies 
Ø Smithsonian Museum Conservation Institute, Library of Congress, etc. 



Thank you! 
Marcela.Najarro@nist.gov

(301)975-5395
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