BUTANE HASH OIL
Risk Assessment for First Responders
Principal Investigators: Dept. of Environmental Health (DEH), Todd Burton, REHS
Sponsors: San Diego Fire Department (SDFD), Metro Arson Strike Team (MAST), San
Diego Sheriffs Office Bomb Squad (SDSO), Drug Enforcement Administration (DEA),
Narcotics Task Force (NTF), University California San Diego Burn Center, Drager
Safety
ABSTRACT
Various forms of marijuana hash have been in use since Egyptian times. In the 1960’s
it is believed that major hashish production and distribution started in Morocco. A new
method of extracting THC from marijuana has caught on like wildfire in the last few
years, Butane Hash Oil (BHO) or some call it Butane Honey Oil (BHO). This is a
method where flammable butane gas dissolves the THC resin and concentrates it when
the butane boils off. That is the problem with this dangerous method. The flammable
butane vapors accumulate low to the ground and can find ignition sources causing an
explosion. These explosions have severely burned the BHO lab operators. Not only do
the lab operators get burned this often results in major damage to the dwelling
structures where this BHO lab was in operation. Often innocent people are involved in
these incidents as the fire spreads.
This type of lab is a serious hazard for first responders as the gas has no odor and can
only be detected by a combustible gas instrument (CGI). We conducted a scientific
evaluation involving some of these explosions and tried to determine if they create
serious pressure (PSI) waves with acceleration (G-Force) like a conventional explosive.
Also, the temperatures were analyzed when a varying amount of butane gas was
ignited, typically 1-20 cans. One of the most important aspects of the study was to take
a look at ignition sources that can ignite the butane. The explosions in this study do not
generate PSI and G-Force like conventional explosions. The temperatures generated in
the explosions are >500F depending on the dispersal method. Successful ignition
sources included static electricity, Taser, electric arcs and open flames. Other ignitions
sources that did not ignite the butane were hot plates, vacuum pumps, a refrigerator,
shotgun and a cigarette.

Butane Hash Oil, A Study for First Responders 2014

Page 1

Table of Contents

Abstract………………………………………………………………………………….

1

Introduction……………………………………………………………………………...

3

Study Design
Location……………………………………………………………………………...
Butane dissemination device……………………………………………………...
Temperature labels…………………………………………………………………
Blast gauges………………………………………………………………………...
Instrumentation……………………………………………………………………..

3
3
4
6
6

Results
Phase 1 PSI, G-Force, Temperature…………………………………………….
T1 – 1 Can Power 5x…………………………………………………………...
T2 – 2 Cans Power 5x………………………………………………………….
T3 – 4 Cans Power 5x………………………………………………………….
T4 – 8 Cans Power 5x………………………………………………………….
T5 – 20 Cans Power 5x………………………………………………………...

7
8
9
9
10
11

Phase 2 Ignition Sources…………………………………………………………..
T1 – Shotgun…………………………………………………………………….
T2 – Taser……………………………………………………………………….
T3 – Cigarette…………………………………………………………………...
T4 – Hot Plate…………………………………………………………………...
T5 – Refrigerator………………………………………………………………..
T6 – Vacuum Pump…………………………………………………………….
T7 – Open Flame……………………………………………………………….
T8 – Electrical Arc/Hot Wire……………………………………………………
T9 – Static Electricity…………………………………………………………...

12
12
13
15
16
18
19
21
21
21

Phase 3……………………………………………………………………………...
T1 – Simulated Apartment Explosion………………………………………..

22
23

Conclusion……………………………………………………………………………..... 24
References………………………………………………………………………………. 26

Butane Hash Oil, A Study for First Responders 2014

Page 2

INTRODUCTION
Honey oil, shatter and wax are common terms for the relatively new method of
extracting the TCH (tetrahydrocannabinol) from marijuana stems, leaves and buds
using butane. Hashish has been around for a long time but the production does not
require the volatile chemical butane to extract the small hair like trichomes that contain
the THC from the plant. The Butane Hash/Honey Oil (BHO) method uses butane to
break off and dissolve the trichomes into the solvent and carry it away from the plant
material. The butane is dispensed as a liquid but quickly turns into a heavier than air
gas that accumulates in low lying areas. This condition creates a highly flammable
dangerous environment. Butane is an extremely flammable material and is typically
found in cigarette lighters. The BHO method allegedly provides for a greater yield than
other methods and has become very popular. While this method has taken off like
methamphetamine in the 1980’s so have the ignitions of butane in these labs. The
explosions are becoming common place in metropolitan areas or in states where
marijuana is now legal. This study was conducted to bring awareness to the public and
first responders on the dangers of responding to these BHO labs.
STUDY DESIGN
LOCATION
The location chosen for this study is a retired Navy Training Center, now called the San
Diego Regional Public Safety Training Center. This study is comprised of three phases
that are discussed in detail below. The overall goals of this study are to bring
awareness to the public and first responders.
 Phase 1 was designed to observe the temperatures, blast pressure and
G-Force that could be generated from one can up to twenty cans of Power
5x.
 Phase 2 was specific to ignition sources. Numerous potential ignition
sources were tested to see if they could ignite the Butane gas.
 Phase 3 was designed to demonstrate the explosive potential and
dangers of BHO labs. A small space was used to simulate a BHO lab and
was filled with Butane gas and ignited.
For Phase 1 and 2 we utilized an old navy fire simulator. Inside the simulator there are
rooms that are lined with concrete along the walls and ceiling. Also, half inch steel
plates line the walls over the concrete. The floor is metal grating that had to be covered
by half inch plywood. All seams were sealed with aluminum tape. The room is
10x10x12’ high. We constructed a door from 2x4 wood and plastic wrap so one could
see inside the room when the ignition occurred. The door was wrapped two times with
the plastic to create a more resistance and a life like explosion.
BUTANATOR
To disseminate the Butane safely it had to be controlled remotely. There were two
dissemination devices built to meet this goal. The first one was constructed out of metal
pipes that were strapped together and had a sharp object at the base to puncture the
cans (Butanator 1). This released the Butane quickly, but in liquid form, that pooled on
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an automotive drip pan below the Butanator 1 and did not boil off as expected due to
auto refrigeration of the cold Butane when dispensed.
Picture 1. Butanator 1

The second device was created after phase one to aerosolize the butane effectively
(Butanator 2). Both devices were remotely controlled to release the Butane gas safely.
This one was made out of wood so it was covered with fire gel to protect it from the heat
of the ignition.
Picture 2. Butanator 2

TEMPERATURE LABELS
To determine the temperatures generated by the ignition of the Butane, temperature
labels were obtained from Delta Trak. The temperature labels ranged from 100F-500F.
These are peel and stick temperature labels that are clear when applied and darken
when the temperature is reached leaving a black box in its place. These temperature
Butane Hash Oil, A Study for First Responders 2014
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labels were located inside the burn areas, placed on a mannequin, and outside of the
ignition area, spaced at intervals of 3, 5, 7, 9’ from the door. These labels were placed
on ceramic tile that was fastened to a piece of metal rebar which was set in a concrete
block. Temperature sensors were places at 30” from the ground because in some test
runs the expelled flame was very low to the ground due to the nature of the gas being
two times heavier than air.
Picture 3. Temperature Labels on ceramic tiles. The red circle indicates a temperature
of 100F as the 100F block is now a dark color.

According to the University of California San Diego Burn Ward, a severe injury would
be, at minimum, a deep second degree burn and possibly a third degree burn in a
young child or someone older than 65. In most cases, temperatures over 160°F with a
1-second exposure would cause a severe burn.
Figure 1. Scald Index
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BLAST GAUGES
In addition to temperature sensors we also wanted to find out if there is any significant
blast pressure generated as in a conventional explosive. We obtained blast gauges
from BlackBox Biometrics. They provide blast gauges for the military to wear on their
clothing and helmets. The gauges measure pressure in PSI and acceleration in GForce. These gauges were placed in the same locations as the temperature labels,
outside of the room. In one instance we did use one inside but it melted when the gas
was ignited. However, we were still able to recover the data!

Picture 4. Blast Gauge

INSTRUMENTATION
To measure the Butane gas in the room we plumbed in combustible gas indicators with
tubing that were placed near the center of the room and located at 1, 3 & 5’ high. The
Eagle 2 (4-Gas instrument) from RKI was used for this task. All Eagle 2 instruments
were set to data log for all tests. The Eagle 2, was calibrated to Hexane and a
correction factor (CF) of .64 was calculated for the Power 5x brand Butane that we
used. We also used the MSA Safe Sites with a combustible gas sensor (4-Gas
instrument) as a safety measure. The MSA Safe Site units surrounded the room where
that gas was expelled, to monitor for migrating gas that could be a safety hazard. We
could remotely read the MSA Safe Site instruments inside and outside the burn room.
Safety issues included potential escaping gas or gas that did not ignite that needed to
be ventilated to the outside. We could not effectively use a Photo Ionization Detector
due to the high Ionization Potential (IP) of the Iso-Butane and Propane. The IP of the
lamp in our PID is 10.6 eV. The IP of Propane and Butane is greater than 10.6 eV.
The Butane that was used for this study is the Power 5X brand. This brand seems to be
very popular among the BHO lab operators because it has been refined five times (5x).
The ingredients are not pure Butane. The Safety Data Sheet lists Iso-Butane, Propane
and Butane as the ingredients. The SDS physical and chemical properties are listed in
yellow below.
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Table 1 Chemical and physical properties of Power 5x
Property

Safety Data Sheet
100%

Boiling Point
Auto Ignition
Odor/Color

11F
806F
Gasoline/colorless

Relative Gas
Density
Vapor
Pressure
Flammable
Range

2

Composition of Power 5X, properties obtained from
NIOSH, WISER
Propane 9.5%
Iso-Butane 90%
Butane 0.5%
-42F
11.7F
31F
842F
860F
550F (761)
Odorless/colorless
Natural
Gas/natural
gas/Colorless
Gas/Colorless
1.55
2
2.11

4.7 ATM

8.4 ATM

3.44 ATM

2.05 ATM

1.4-8.4%
14,000 ppm = LEL
84,000 ppm = UEL
-117F
None

2.1-9.5%

1.8-8.4%

1.6-8.4%

-156F
11.07 = NIOSH

10.74 = NIOSH

10.63 = NIOSH

None

2100 IDLH
10% LEL
1000 PPM

1800 PPM IDLH
10% LEL
800 PPM TWA

1600 IDLH
10% LEL
1000 PPM TWA
800 PPM REL

Flash Point
Ionionization
Potential
OSHA Values

As noted there are three different materials with different chemical and physical
properties. The main ingredient of the Power 5x can is Iso-Butane. Many BHO lab
operators think that if they freeze the Butane cans or the expelled Butane THC mixture
it will stay as a liquid because the boiling point of Butane is 31F. That will work for
“Butane” but not for Iso-Butane or Propane as their boiling points are much lower 11.7F
and -42F respectively. Therefore 99.5% of the extracted THC Butane mixture will
volatilize into the immediate area and find an ignition source if the Power 5x brand is
used. Other brands of compressed “Butane” will have varying ingredients.
RESULTS PHASE 1 – Temperature, PSI, G-Force
Video link to Phase 1
Phase 1 goals were to take a look at the temperature, PSI and G-Force as the number
of cans increased. We started off with one can of Power5x to set a standard. Then the
cans were doubled as we proceeded up to twenty cans. The design of this Butane
dissemination (Butanator 1) device did not allow for the liquid to effectively aerosolize.
This was not intended, as the theory was that flammable liquid would boil off quickly, but
the opposite occurred due to auto refrigeration when the contents were released. The
cans were punctured from the bottom and the liquid auto-refrigerated as it was
released. The released liquid was captured in an automotive drip pan. There was a two
minute delay from the time the Butane cans were punctured to ignition. All Phase 1
tests (1-5) did ignite via an electric arc from an extension cord that was placed on
ground level and remotely activated to generate an electric arc. All data is in raw form
and not corrected unless otherwise stated.
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Phase 1(P1): Test 1 (T1) Observations – 1 can of Power 5x
Table 2

PEAK DATA
21% LEL when the cans were dispensed at the 1’ level.
IGNITION DATA
Monitoring at the 1’ level resulted in an 8% LEL at the time of ignition. The results show
you are still below the required 10% LEL exit value with a 90% safety factor. When
monitoring at 3 & 5’ levels there were 0% LEL readings, most likely due to the auto
refrigeration of the liquid Power 5x. When the ignition source was initiated it did catch
fire and burn. This indicates that there is a varying concentration of gas from ground
level to the 1’ level where the Eagle 2 (CGI) inlet is located. The variance is enough
that it is in the flammable range (1.4-8.4%). We could not detect below 1’as there were
no sensors on the ground. Remember the gas is twice as heavy as air and will spread
out to the lower lying areas. In this 10X10X12’ room the gas has spread out to a thinly
concentrated layer below the Eagle 2 inlet tubing at 1’. Also the Eagle 2 is calibrated to
Hexane and there is a correction factor of 0.66 for iso-Butane (90% of Power 5x) and
0.61 for Propane (9.5% of Power 5x). Average the two correction factors and it is 0.64.
That makes the 8% LEL actually 5% LEL, even more deceiving considering it ignited at
5% LEL.
Many of the Butane cans we see in the field are various mixes of gases and it appears if
you start to get any flammable readings, you may be in the flammable range if the gas
concentrates low on the ground. In addition, the correction factor for the gas being
measured will vary from instrument to instrument. Therefore, it is imperative that
readings be taken as close as possible to the floor in order to obtain an accurate
reading.
The temperature of one can of Butane in this 10x10x12’ tall room did not generate
enough heat to cause any serious skin burns.
The PSI and G-Force did not register on the detectors in this test.
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P1: Test 2 Observations – 2 Cans of Power 5x
Table 3

PEAK DATA
17% LEL at the 1’ level.
IGNITION DATA
Results were similar to the phase 1 test. At 1’ it was 14% LEL but 0% LEL at the 3’ and
1% LEL at the 5’ level. The 5’ sensor may have experienced some drift as the 3’ sensor
indicated 0% LEL. The auto refrigeration of the liquid is not allowing the Power 5x to
boil off effectively prior to ignition two minutes after puncture. This concentration was
varied enough to flash when initiated by the ignition source.
The temperature of test two did register higher than test one by 5 degrees. But it is still
not a serious skin burn according to the scald index (figure 1).
No PSI or G-Force detected.
P1: Test 3 Observations – 4 cans of Power 5x
Table 4

PEAK DATA
The 67% LEL peak level indicates that it is definitely a flammable environment upon
release but look at the 3’ level. Only 2% LEL peak is indicated at the 3’ level due to the
auto refrigeration of the Power 5x.
IGNITION DATA
However, if you look at the “At Ignition” column, this is the %LEL of the gas when
actually ignited. It was 9% when ignited. If we apply the correction factor (0.66 CF) to
the reading its even less at 6%. Again, indicating that the gas is more concentrated at
the ground level below the instrument intake tubing set at 1’ height.
The ambient temperature is increasing with each test, as expected, and has reached
serious burn temperature with 4 cans of Power 5x. Above 156F for a one second
exposure, is considered a serious burn according to the Scald Campaign Burn Chart
(figure 1). The 170F temperature is only detected inside the room and not outside.
Butane Hash Oil, A Study for First Responders 2014
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The PSI and acceleration G-Force is not registering any data at this point.
P1: Test 4 Observations – 8 cans of Power 5x
Table 5

PEAK DATA
At 8 cans of Power 5x we have high concentrations of >100% LEL at the 1’ height and
2% LEL at the 3’ and 0% LEL 5’ heights due to auto refrigeration of the Power 5x. But
this time we do see a drop in the oxygen level to 19.9% at 1’ height. If we calculate the
oxygen displacement it is 50,000 ppm and that equals 59% of the upper explosive limit
(UEL), which is in the flammable range (14,000-84,000 ppm).
(To calculate the oxygen displacement you multiply the displaced oxygen percentage x 5. Normal
atmospheric oxygen 20.9% - 19.9% Oxygen reading = 1.0% displacement. 1% = 10,000 ppm. We have
to account for the total atmosphere, Nitrogen 4:Oxygen 1 = 5. Therefore 1% x 5 = 50,000 PPM of
contaminate in air.)

IGNITION DATA
At ignition, we only read 24% LEL at 1’ and the oxygen percentage has returned to
normal. The gas dissipates quickly to lower elevations (0-11”) where we did not have a
combustible gas indicator (CGI) intake for measurement. The gas did ignite when the
ignition source was activated even though at 1’ we are only reading 24% LEL, or 16% if
a correction factor is applied. Any reading above 10% LEL would prompt a responder
to leave the immediate area. But consider that a first responder is typically holding a
CGI at or near their waist that is about 3’ from the ground. In this case they would only
be detecting 2% LEL at peak reading or ignition. This is a serious problem if a
responder is in the area of a dish with Butane boiling off as the CGI will not detect this
flammable hazard.
The temperature in the room is now reaching 230F and approaching serious skin burn
temperature. Outside the room the temperature at the door, is130F.
During this test we did pick up 0.4 PSI and 25G at one foot from the door. The pressure
gauges did detect low pressure but a fast moving wave. This seems to be an anomaly
when looking at the rest of the data for this study. It may have occurred when one of
the rebar posts got tipped over and impacted the ground.
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P1: Test 5 Observations – 20 cans of Power 5x
(The 16 can test was skipped due to time limitations)

Table 6

PEAK DATA
The 20 can deployment is extremely flammable at the 1’ level but not at the 3’ & 5’
levels. Results indicate it only gets to 4% LEL at the 3’ level.
IGNITION DATA
When the ignition takes place two minutes later the gas concentration is still 100% LEL
at 1’ but only 4% LEL at 3’ elevation. Considering the CGI is in full alarm it is expected
the responder would have exited the area. Examine the oxygen displacement reading
on initial disbursement of the gas, it is actually above the flammable range (14,00084,000 ppm). The gas quickly sinks to the floor and the oxygen sensor at ignition only
indicates 35% of the LEL.
This test generated >500F temperatures inside the room. Also, there were high
temperatures generated out to 5’ away from the point of origin. A person within a
couple feet of this doorway would have received very serious skin burns.
No PSI or acceleration observed in this test.
Figure 2. Temperature of phase 1 tests in degrees Fahrenheit
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RESULTS PHASE 2 - IGNITION SOURCES
Phase 2 focused on potential ignition sources of the Power 5X. Phase 2 was split into
two segments. First, large test conducted in the fire simulator (Used in Phase 1) and a
second test was conducted inside a small clear tote.
The potential list of ignitions sources was obtained from law enforcement officers and
BHO lab responders. This list includes the following:
Large Scale – Video Link
1. Taser
2. Shotgun
3. Refrigerator
4. Cigarette
5. Vacuum pump
Small Scale – Video Link
1. Cigarette
2. Static electricity
3. Vacuum pump
4. Hot plate
5. Open Flame
The large testing of the ignition sources were conducted with four cans of Power 5x for
each ignition source. The Butanator 2 was used for this Phase to effectively aerosolize
the gas. The cans were positioned in an inverted position and depressed to dispense
the liquid gas into an aerosolized gas. There was no auto refrigeration associated with
this Phase 2 testing.
P2: Test 1 - Shotgun (4 cans Power 5x)
No Igniton
Table 7

Note: During the deployment of the Power 5x the makeshift plastic covered wooden
door fell into the burn simulator room allowing some of the Power 5X gas to escape.
PEAK DATA
Initially the CGI did detect high levels of flammable gas, 100% on the Eagle 2 at 1’.
Also, at the 3’ and 5’ elevations it reached 36% and 17% LEL respectively. The
aerosolized Power 5x indicates that the gas was effectively dispersed in this phase of
Butane Hash Oil, A Study for First Responders 2014
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testing. If the oxygen displacement is calculated it indicates that it is 71% LEL at the 1’
level upon dispersal.
IGNITION DATA
At ignition it was 84% of the LEL at the 1’ height, 22% at 3’ and 7% LEL at 5’ indicating
a well aerosolized gas. In this particular test the %LEL could have been affected by the
door falling into the room allowing some of the gas to escape. The shotgun did not ignite
the gas inside the room counter to the high levels of gas that were present.
The temperature sensors did not register any significant temperatures >100F due to no
ignition of the gas.
The PSI and acceleration were non-detect due to no ignition of the gas.
P2: Test 2 - Taser (4 cans Power 5x)
Successful Ignition
Table 8

PEAK DATA
This was an energetic response! The CGI read 100% LEL indicating it was a very
flammable environment up to the 3’ height. If you look at the oxygen displacement at
the 3’ peak level, the released gas concentrated above the flammable range (>84,000
ppm).
IGNITION DATA
At ignition, the gas was 100% LEL at the 1’ and 3’ elevations. The oxygen displacement
remained the same as peak concentrations, of 47% at 1” and above the UEL at the 3’
level. The gas was moving much better in this particular test as noted by the higher
values at 3’ level. Between the 1 & 3’ level the gas was in the flammable range. The
Taser was located on ground level. You can see the Taser green laser in the video
prior to ignition. The aerosolized gas created an explosive environment.
The temperatures generated from this test were impressive. Greater than >500F inside
the room and out to 5’ away from the room. At 7’ it was 240F. Very serious skin burns
would result for anyone in the immediate area out to 7’ from the door. It is evident that
the different methods of aerosolizing the gas has contributed to increased temperatures
in this phase.
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Even with the more violent ignition of the Power 5x gas, the blast gauges did not
register any PSI or G-Force.
Picture 5a. Taser Ignition

Picture 5b. Thermal image of the room 920F. Video link
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P2: Test 3 - Cigarette (4 cans Power 5x)
No Ignition
Table 9

Cigarettes have been suspected as an ignition source in many BHO lab fires. We set
out to see if this could be a possibility. Smoldering cigarettes burn between ~500-750F.
Cigarettes with “draw” can burn up to 1,300F well above the flash point (requires an
ignition source) of Power 5x (-117F ) or auto-ignition temperature of Power 5X (806F).
The core of the cigarette will be the hottest area with the surrounding outer layer cooler.
Five cigarettes were placed around the room, lit and smoldering at the floor area. The
cigarettes did not have any active draw that could have increased the temperature from
more oxygen flowing through the cigarette. The cigarettes did not ignite the gas. A fail
safe was initiated to ignite the gas.
PEAK DATA
Very flammable environment , >100% at the 1 & 3’ height. 26% LEL at the 5’ level.
IGNITION DATA
The cigarette did NOT ignite the gas in this test. The gas was ignited by a failsafe
ignition source. Similar results to test 2 conducted with the Taser
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Picture 6. Thermal image of a smoldering cigarette

The Temperatures are consistent with P2: Test 2 that utilized 4 cans of Power 5x.
Serious 3rd degree burns for anyone within 7’ of the source.
No PSI or acceleration detected.
P2: Test 4 – Hot Plate (4 cans Power 5x)
No Ignition
Table 10

LARGE ROOM TEST
In this test, the hot plate did not ignite the gas. The hot plate was allowed to come up to
its operating temperature within 5 min. After 5 minutes the Power 5x was deployed.
The fail safe also failed and the gas had to be safely ventilated. You can see that the
%LEL was in similar ranges for other ignitions in previous tests.
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SMALL AREA TEST (Tote)
The hot plate was placed into a large clear tote and then Power 5x was deployed inside
the tote to create a flammable atmosphere. The hot plate was run for 5 minutes to allow
it to heat up to operating temperature. At 4.5 minutes the hot plate exceeded the
thermal imaging temperature range of >680F. Unfortunately there were no gas
measurements (using the CGI) taken for this small volume experiment. The hot plate
was allowed to run for ~10 min. The hot plate did not ignite the Power 5x, but the fails
safe (Static electricity) did ignite the Power 5x gas mixture indicating it was within the
flammable range.
Table 11. Hot plate Temperatures
Time
30 Seconds
1
2
2.5
3
4
4.5

Degree F
200F
300F
460F
530F
590
675F
>680f

Picture 7. Thermal image of the hot plate
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P2: Test 5 - Refrigerator (4 cans Power 5x)
No Ignition
Table 12

LARGE ROOM TEST (No small scale test conducted)
Refrigerators have caused explosions in previous BHO lab responses. In this test 4
cans of Power 5X were dispensed inside the freezer (1 can), refrigerator (1 can) and 2
extra in the Butanator 2. After two minutes of the gas releasing the freezer door was
opened first and allowed the gas to escape to the lower levels inside the room where
the motor components are located. An additional two minutes were allowed for ignition
but no ignition occurred. Then the refrigerator door was opened after the freezer door
for an additional two minutes. When there was no ignition, two more cans of Power 5x
were dispensed via the Butanator 2. The refrigerator was left to run for additional 15
min. to allow the compressor to come on. Although the Eagle 2 was reading over 100%
LEL, no ignition occurred and the room was vented as the fail safe actually failed.
Prior to the test the refrigerator was examined with an infrared camera to determine how
hot the motor, condenser, light bulbs and other components would become. This would
aid in determining if the gas would ignite. The flash point of the Power 5X is -117F
according to the SDS. The flash point test is typically conducted on flammable liquids.
Power 5X is a compressed liquefied gas. Flash point is also conducted with an open
flame. Therefore the heated refrigerator components listed below are not hot enough to
simulate a flame that can be ~1000-1500F. Also, the auto-ignition temperature is 806F.
Again the heated elements below are just not hot enough to ignite the gas in this study.
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Table 13. Refrigerator component temperatures
Time

Hottest Part of the
Motor/Coil Area

9 min

120F

13 min
20 min

145F

Refrigerator Light Bulb

Freezer Light Bulb

414F-New Bulb

82F

300F-New Bulb*

75F

149F-Old Bulb
*Just opened refrigerator door, the bulb would come on and
seconds later it was 300. Waited about 30 seconds and it
was at 425F
Total run time = 27 min.

Picture 8. Infrared pictures of the refrigerator components

P2: Test 6 – Vacuum Pump
Small Scale Only
No Ignition
A vacuum pump is a common item found at many BHO labs used to reduce the
atmospheric pressure on the hash oil in order to allow the Butane (Power 5x) to boil off.
The residual Butane gas is exhausted via plastic tubing normally into the immediate
Butane Hash Oil, A Study for First Responders 2014
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area. This Butane can be exhausted into the same area as the pump or piped to a filter
or directly outdoors. In this study the vacuum pump was run for 1.5 hrs. prior to placing
it into the clear tub to ensure it was hot and ready to go. The Butane gas was inserted
into the tub and then the vacuum pump was turned on and allowed to run for 15
additional minutes. The Power 5x gas did not ignite with the vacuum pump running.
However, the fail safe did ignite the gas indicating the Power 5x gas was within the
flammable range.
Table 14. Vacuum Pump Temperatures
Minutes
1
2
3
5
15
23
40

Degree F
78F
91F
140F
150F
172F
185F
200F

Picture 9. Thermal image of the vacuum pump
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P2: Test 7 – Open Flame
Successful Ignition
LARGE & SMALL SCALE
Burning matches are approximately ~1000-1500F. This is well above the flash point
and auto-ignition temperature of the Power 5x. Remote activation of an open flame
(Sterno can) was used as fail safe to ignite the Power 5X gas that did not ignite during
the testing. The open flame was always successful at igniting the residual gas. Many
BHO labs have caught fire by a lab operator lighting a cigarette during the THC
extraction.
Picture 10. Burning Match, Infrared Camera

P2: Test 8 - Electrical Arc/Hot Wire
The electrical hot wire consisted of a stripped electrical extension cord with a piece of
metal wired to each end in order to create a short circuit. The heat generated when the
wire short circuited was captured with an infrared camera at >600F. We suspect that
there are areas hotter than measured, because the camera could not capture the actual
temperature. This method was used as a failsafe to ignite residual gas in other tests
that did not ignite. There were no separate tests conducted using this ignition source.
P2: T9 - Static Electricity
Successful Ignition
Small Scale
Static electricity can range anywhere from 600-20,000 volts. A piezoelectric igniter can
generate a few thousand volt sparks at the touch of a button. This igniter is very similar
to a BBQ igniter. Here are some examples of static electricity that can generate high
voltage.
 Nylon clothes: 21,000 volts
 Wool clothes: 9,000 volts
 Cotton clothes: 7,000 volts
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RESULTS PHASE 3
Video Link
This phase of the study was undertaken to simulate a real extraction in a small
apartment area such as a bedroom or bathroom. A 10x10x8’ wooden box was
constructed to contain the Power 5x gas. The front of the box was covered with 1/2”
Plexiglas and screwed to the box with lag screws and nails. The space was filled with
normal household items such as chairs and tables. A rescue dummy was utilized to
represent the lab operator. This dummy was clothed with a shirt, jeans, hat and boots.
Temperature labels were applied to the dummy’s skin in various locations to determine
the degree of burn. Just like in the other tests, the temperature indicators and blast
gauges were placed at the same spacing from the building. The purpose of this test
was purely for the shock and awe of a BHO explosion. A picture is worth a thousand
words.
Picture 11. BHO Lab operator

Picture 12. Butanator 2 with 12 cans of Power 5x
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Phase 3: Test 1 Observations – 12 Cans of Power 5x
Table 15

PEAK DATA
Results indicate100% LEL at the 3-5’ levels inside the simulated apartment. Also the
displaced oxygen or contaminate level inside the box was calculated to be above the
flammable range up to the 5’ from the source. The Power 5x was well aerosolized
within the 10x10x8’ wooden box.
IGNITION DATA
Unfortunately the 12 cans of Power 5x fully displaced all air inside the box which
remained above the flammable range. The ignition sources did not ignite the Butane
gas when first initiated. A supplemental ignition source had to be added to the room by
sliding it through a pre-drilled hole at the 6’ height level on the back wall. This was a
very small finger size container of black power used to ignite the gas inside. This
ignition source was successful and did not have any major influence on the
temperature, flame size or destruction of the simulated apartment. The simulated
apartment suffered major damage by having the Plexiglas blown off the face of the box
and the interior walls bowed out.
Figure 3. Simulated apartment temperatures
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Figure 4. Dummy surface temperatures
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Conclusions:
Phase 1 Conclusion
The auto refrigeration of the Power 5X hampered phase 1 testing due to the flammable
liquid not boiling off as expected. Therefore we did not see significant %LEL at 3’ where
first responders typically monitor for gases. This reinforces the principal of the 10%
rule. If you are detecting flammable gases at 10% or more of the LEL, its time to exit
the area. It may even suggest that if you are at 5% or less it is still a dangerous
environment due to the vapors concentrating on the ground below the combustible gas
indicator. As most responders must understand it is imperative to monitor where the
gasses are located, which can be lighter or heavier than air. Butane used in this case
study is extremely low lying and responders need to monitor from the ground up to the
1’ height. BHO lab response personnel should have at least one combustible gas
indicator to measure the Butane gas as they enter the dwelling. The Butane gas is
odorless and can only be detected by using a combustible gas indicator.
As for the temperature it is very apparent that if someone has suffered serious skin
burns in a BHO lab, they have been using four or more cans according to this study.
And others can be seriously burned up to three feet from the area of ignition.
Due to the auto refrigeration we did not see the explosive nature of the aerosolized gas
that we had anticipated. Limited pressure was observed in the 8 can test. Also, there
was a significant acceleration reading detected only on this test. This may be an
anomaly from a sensor that was blown over causing a faulty reading?
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Phase 2 Conclusion
It is apparent that electrical sources can be a significant source of ignition. Static
electricity, electrical arcs and a Taser easily ignited the butane gas every time.
Considering power sources in a typical dwelling, it may be advised to shut down the
power from the main panel to eliminate any electrical sources that can arc in the house.
It would also be advised not to unplug any equipment that may be in use which could
cause an electrical arc.
The other source of ignition was the open flame. This one is fairly obvious but the
sources in a dwelling may be pilot lights on the gas stove, water heater and HVAC
systems. It would also be appropriate to turn off the gas to eliminate any open flame
ignition sources. The other ignition sources tested did not ignite the gas but that is not
to say that they cannot cause an explosion, it just did not occur in this study. Be
cautions around hot elements used in a lab. They were not an ignition source in this
study.
Phase 3 Conclusion
This phase was more for the shock and awe of a BHO explosion to demonstrate the
dangers resulting from BHO production. The temperatures were off the scale, and any
BHO lab operator would have been significantly burned in this simulated explosion. As
for the pressure and G-Force measurements, we didn’t see any significant readings.
Therefore, in all phases, the explosion is an over pressure event that can cause serious
damage when contained. This study indicates that there should be no internal injuries
related to a BHO explosion like you would expect to see with a conventional explosive.
The above data and conclusions will be incorporated into a first responder safety
bulletin, in order to bring awareness to first responders who could encounter Butane
Honey Oil laboratories in the future.
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