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I. Purpose: 

 Plant material containing less than 0.3 percent ∆9-tetrahydrocannabinol (THC) by dry 

weight is now legal in the state of Tennessee as well as federally. Testing methodology and in 

particular a screening method that can distinguish hemp (less than 0.3 % THC) from marihuana 

(greater than 0.3% THC) is needed. The Forensisches Institut Zürich developed a color test (4-

aminophenol or 4-AP) that gives different color results based on the ratio of cannabidiol versus 

∆9-tetrahydrocannabinol. While this color test cannot determine the percentage of THC present 

in the sample by dry weight, it can be indicative of whether or not a sample might be marihuana 

or hemp. This color test’s distinction between the ratios of cannabidiol (CBD) to THC would be 

useful as a screening or presumptive test for forensic scientist and law enforcement officers in 

the field. 

This validation study will examine the results of the 4-Aminophenol (4-AP) for known 

hemp samples (obtained for the Tennessee Department of Agriculture), marihuana samples 

(submitted to the Tennessee Bureau of Investigation and used with the permission of submitting 

agencies), negative controls (oregano and cilantro), and positive controls (Cerilliant standards for 

multiple cannabinoids). These results will be compared to the expected results of blue (THC rich 

samples) and red/purple (CBD rich samples). Negative controls will be compared to blank 

results. The results for the various cannabinoid standards will also be documented to ensure that 

other cannabinoids would not interfere with interpretation of results from casework. A controlled 

study of known ratios of CBD to THC will be compared and monitored over time to give our 

laboratory and idea of what ratios give blue results versus red results. This controlled study will 

be prepared by pipetting known amounts of  Cerilliant CBD and THC standards. A side by side 

comparison of purchased test kit results to in-house prepared reagents will be conducted to 

ensure that our prepared reagents give similar results to purchased test kits. This study will also 

give our laboratory confidence to recommend these test kits to other law enforcement agencies. 

The 4-AP color test validation will be successful and fit for use when it has been 

demonstrated that the observed colors for known hemp samples are distinct and differ enough 

from observed colors for known marihuana samples. It will also be a criterion for successful 

completion of this study that positive and negative controls are identified so that each batch of 

prepared reagents can be independently tested for fitness for use in casework. Each analyst must 

complete a competency test which will be documented in this validation study before the method 

can be used in casework. 

   

  



II. Methodology: 

 This color test consists of two reagents described below. 

Reagent 1: 

995 mL Ethanol or Reagent Alcohol 

5 mL 2 N Hydrochloric Acid 

300 mg 4 – Aminophenol 

Reagent 2: 

700 mL Ethanol or Reagent Alcohol 

300 mL Water 

30 g Sodium Hydroxide pellets 
 

 Reagent 1 is added to a small amount of plant material immediately followed by an equal 

portion of Reagent 2. Amber dropper bottles, disposable pipettes, and test tubes should be used 

when conducting this color test. The resulting color is observed after a brief period of vortexing 

the mixture. The resulting color should be documented after a brief period of time (typically less 

than a couple of minutes) as the mixture continues to darken over time. Both reagents should be 

stored in amber glass bottles in a refrigerator. The reagents should remain fit for use for ninety 

days. The reagent preparation, storage, and use were all recommended by another forensic 

testing laboratory that is also in the process of validating this color test. The test was developed 

by the Forensisches Institut Zürich as a field test kit. The recipe above can be adjusted as long as 

all the ratios of ingredients are all changed proportionally. The following chemicals were used to 

prepare Reagents 1 and 2 for this validation study. 

Reagent Alcohol – Fisher – Lot # 179329 

2 N Hydrochloric Acid – Fisher – Lot # 191098 

4-Aminophenol – Aldrich – Lot # BCCB0380 

Water – In-house – ELGA purification system 18.2 MΩ 

Sodium Hydroxide pellets - Fisher - Lot # 117238 

 

  



III. Cannabinoid Study: 

 Multiple cannabinoid standards were purchased from Cerilliant. The 4-AP color tests 

were run on these standards. These standards are listed in the table below. Some miscellaneous 

items were run as well. Patchouli oil, coffee, tea, and a factory cigarette butt were chosen either 

because of know interferences with the modified Duquenois-Levine color test or  

Cannabinoid Resulting color 

Cannabigerol CBG Reddish purple 

Cannabichromene Green 

Cannabidiol CBD Reddish purple 

Cannabinol CBN Bluish green 

∆9 Tetrahydrocannabinol Bluish purple 

∆8 Tetrahydrocannabinol Blue 

Tetrahydrocannobinolic acid Blue 

Patchouli Oil Yellow (similar to blank) 

Coffee Grounds Gray with blue overtones 

Orange Black Spice Tea Light Yellow 

Found Cigarette Butt Light Yellow 

 

 

The expected results were a blue color for marihuana and a red color for hemp. The CBD 

standard did result in a red color at first then darkened to reddish purple over time. All of the 

standards darkened over time and when performing the test the best results were observed 

between twenty seconds and a minute. A lighter background made observing the results easier.  



IV. Repeatability: 

 Plant material from T. B. I. case 132-006906 was approved for use in method 

development and was used to perform experiments in the 4-AP color test validation. A sample of 

this plant material was made homogeneous by grinding to a fine powder in a coffee grinder. This 

powder was used to perform 100 4-AP color tests. These samples were run in batches of ten with 

a blank run with each batch. The amount of plant material powder, 4-AP reagent # 1, and 4-AP 

reagent #2 were all approximately the same for each test. The resulting colors for all the plant 

material tests were blue and consistent. There was some variation to the intensity of the blue; 

however, this could be explained by the fact that some variations existed in the amounts of plant 

material analyzed or the amounts of reagents added. A stem was selected from the plant material 

and the leaves and buds were completely picked off the stem. This stem was then analyzed with 

the 4-AP color test. The stem resulted in a blue color that was similar to the color results 

obtained by analyzing the buds and leaves that were used to make the homogeneous sample. A 

seed was also selected from this plant material and analyzed with the color test. The seed 

resulted in a light yellow color that was consistent with the blank. 

 The pictures below were all taken within one minute of adding the reagents to the plant 

material. The samples were all vortexed for a couple of seconds to mix reagent # 1 and # 2 with 

the plant material. 

  

  



 

 

 

 

 

 

 



 

 

 

  



 

V. Plant material samples: 

 Our laboratory requested and received permission from some law enforcement 

agencies to use a portion of plant material exhibits for the purposes of method development and 

training. I analyzed these samples and the results are listed below. These samples had previously 

been quantitated for THC by our laboratory. 

Laboratory number Resulting Color Quantitation Result 

191-001912-002a Reddish purple 0.38 % THC 

191-001737-001a Dark reddish purple 0.44 % THC 

191-001584-001a Light purple 0.33 % THC 

191-001518-001a Reddish purple 0.45 % THC 

191-011450-001a Dark blue Greater than 1 % THC 

191-002060-001a Light reddish purple Greater than 1 % THC 

191-001496-001a Reddish purple 0.38 % THC 

181-025151-001a Reddish purple 0.45 % THC 

191-002292-001b Blue Not quantitated 

 

  



 

 

 

 

 

 



 

The plant material sample from 191-002060-001a had a quantitated THC value greater 

than one percent indicating that it was marihuana and therefore a controlled substance. However, 

the 4-AP color test result was reddish purple which is consistent with hemp samples. This result 

might be considered a false negative, however upon reviewing the gas chromatograph mass 

spectrometry data the amount of CBD in the sample is much greater than the amount of THC 

even though the THC percentage by dry weight exceeds the legal limit. The analyst must 

understand that the results of the color test are not quantitative in nature, but are limited to the 

ratio of CBD to THC. A blue result occurs when the amount of THC present in the sample 

exceeds the amount of CBD. A red or purple result occurs when the amount of CBD exceeds the 

amount of THC present in the sample. The resulting color cannot be used to accurately determine 

or make conclusions about the dry weight percentage of THC in the sample. This color test is a 

presumptive or screening test and must be performed in conjunction with other test in order to 

make conclusions about the legality of a plant material sample. 

 Our laboratory requested and received multiple hemp samples from the Tennessee 

Department of Agriculture. Some of these samples had been quantitated and issued a report. 

Several of those samples were analyzed with the 4-AP color test and the results are found in the 

table below. When available a small amount of the bud (flowering portion) was sampled. If no 

bud was available then a portion of the leaf was sampled; this is indicated in the table. 

TN Department of 

Agriculture Number 

Resulting Color Quantitation Result 

C1818814 Reddish purple 0.150 

C1818813 (leaf) Light purple (leaf) 0.256 

C1818813 (bud) Reddish purple (bud) 0.256 

C1818442 Reddish purple 0.304 

C1818128 Reddish purple 0.306 

C1818815 (leaf) Light purple (leaf) 0.069 

C1816402 Reddish purple 0.064 

C1816608 (leaf) Light purple (leaf) 0.203 



C1816527 Reddish purple 0.054 

C1816032 Reddish purple 0.169 

C1816383 Reddish purple 0.051 

C1816656 Reddish purple 0.126 

C1816056 Reddish purple 0.221 

C1816076 Reddish purple 0.128 

C1816404 Reddish brown purple 0.103 

C1816528 Reddish purple 0.089 

C1816381 Dark Reddish purple 0.050 

C1816447 Reddish purple 0.103 

C1816033 Reddish purple 0.068 

C1816075 Light reddish purple 0.117 

C1816085 Reddish purple 0.133 

C1816807 Reddish purple 0.121 

C1818438 Reddish purple 0.069 

C1818266 (bud) Reddish purple (bud) 0.234 

C1818266 (seed) Light yellow (seed) 0.234 

C1818669 (bud)-See picture Dark Reddish purple (bud) 0.149 

C1818669 (stem)–See picture Light reddish purple (stem) 0.149 

C1816802 Reddish purple 0.105 

C1816068 Reddish purple 0.109 

C1816612 (bud)-See picture Reddish purple (bud) 0.147 

C1816612 (stem)-See picture Light reddish purple (stem) 0.147 

C1816612 (seed)-See picture Light yellow (seed) 0.147 

C1816524 Light reddish purple 0.049 

 

  

 Throughout May of 2019 one analyst worked exclusively plant material and obtained 

GC/MS data for each exhibit. In total there were 167 exhibits of plant material analyzed. 

Assuming a 9:1 or greater ratio of THC to CBD would give a blue result and any ratio less than 

that would give a reddish purple result, 149 exhibits would have resulted in a blue 4-AP color 



test result and 18 exhibits a reddish purple result. If these exhibits are representative of all the 

plant material exhibits our laboratory receives, then approximately 10.8 % of our cases would 

require further analysis (THC quantitation analysis or GC/MS analysis) in order to further 

ascertain their legality. The 89.2% of cases would have enough data to confidently identify 

marihuana as long as it was made clear no quantitative analysis or instrumental analysis was 

performed. 

  



VI. Test Kit Evaluations: 

 On 7/16/2019 our laboratory received the field test kits. Hemp samples were run with our 

in-house prepared 4-AP reagent in conjunction with the purchased field test kits. 

Agriculture ID # TBI 4-AP color Field Test color TDA Quant Result 

C1816066 Reddish purple Reddish purple 0.160 

C1816632 Reddish purple Light reddish purple 0.058 

C1816077 Light reddish purple Light reddish purple 0.126 

C1816525 Reddish purple Reddish purple 0.053 

C1816227  Dark reddish purple Reddish purple 0.047 

C1818446 Reddish purple Reddish purple 0.253 

C1818123 (Leaf) Light reddish purple Light reddish purple 0.138 

C1818078 Reddish purple Reddish purple 0.205 

C1818129 Reddish purple Reddish purple 0.093 

C1818443 Reddish purple Reddish purple 0.189 

 



 

  



VII. THC to CBD Ratio Study: 

 ∆9-Tetrahydrocannabinol (Cerilliant lot # FE08221804) and Cannabidol (Cerilliant lot # 

FE08071702) standards were used to prepare a series of ten solutions with different ratios of 

THC to CBD. The solutions were prepared by pipetting these standards into test tubes in 

different ratios. The standards were in a concentration of 1 mg/mL. These mixtures were 

analyzed using the 4-AP color test. This experiment was conducted in an attempt to determine at 

what ratio of CBD to THC the resulting color changes from reddish purple to blue. 

Ratio of THC to 

CBD 

Resulting Color 

1 Minute 

Resulting Color 

10 Minutes 

Resulting Color 

20 Minutes 

Resulting Color 

50 Minutes 

0 : 10 Light purple Reddish purple Reddish purple Reddish purple 

1 : 9 Light purple Reddish purple Reddish purple Reddish purple 

2 : 8 Light purple Reddish purple Reddish purple Reddish purple 

3 : 7 Purple Reddish purple Reddish purple Dark purple 

4 : 6 Purple Reddish purple Reddish purple Dark purple 

5 : 5 Purple Reddish purple Reddish purple Dark blue purple 

6 : 4 Purple Reddish purple Reddish purple Blue 

7 : 3 Purple Reddish purple Bluish purple Blue 

8 : 2 Purple Bluish purple Blue Blue 

9 : 1 Blue Blue Blue Blue 

 

 

After 1 minute 

 

After 10 minutes 



 

After 20 minutes 

 

After 50 minutes 

 

After 40 minutes 

 As the color test was allowed to sit the colors definitely darkened and the mixtures with 

lower concentrations of THC began to develop a bluer color. The results for the 3:7 THC:CBD 

never turned to a predominately blue color, but the results for the 4:6 THC:CBD and higher did 

change to a blue color. Once again, this study demonstrated that results of the color test should 

be interpreted within a minute or two of the addition of both reagents to the plant material.  



VIII. Controls: 

 It will be important to verify that each time the reagents (4-AP #1 and 4-AP # 2) are 

prepared that they give consistent results to the previous preparations. Therefore, when preparing 

these reagents they should be run against the same controls. The negative control will be a non-

controlled spice such as oregano or cilantro. The positive control will be a ∆9-

tetrahydrocannabinol standard.  

 The McCormick’s Parsley proved to be a good choice as a negative control. No color 

developed in either the 4-AP color test prepared in our laboratory or with the field test kit that 

was purchased. 

 

Parsley run with 4-AP color test and field test kit 

 Conversely, the McCormick’s Oregano did not prove to be a good choice as a negative 

control. Oregano has cystolithic hairs and gave both blue color results for the prepared 4-AP 

reagents and the purchased field test kit. After obtaining the unexpected blue result for oregano, 

the spice was run five more times with our prepared reagents and the results were consistently 

blue. Two different analysts ran the test to ensure there was not a technique issue causing 

contamination of the oregano. A modified Duquenois Levine test was completed on the oregano 

as well as a gas chromatograph mass spectroscopy test (GC/MS) to verify that the source of 



oregano had not been contaminated with THC. The Duquenois Levine and GC/MS testing were 

negative for THC on the oregano. 

 

Oregano run with 4-AP color test and field test kit 

 The ∆9-tetrahydrocannabinol standard gave blue results to both the field test kit and the 

prepared 4-AP reagents. This result was expected and demonstrates that a THC standard is an 

appropriate positive control to verify fitness for use with prepared 4-AP reagents. The THC 

standard used in this study was purchased from Lipomed (Lot # 135.1B71.0L6). 

 

∆9-Tetrahydrocannabinol Standard with 4-AP color test and field test kit 



Purchased Cannabidiol standard will be used as a positive control for the result of the 4-

AP color test associated to hemp. The 4-AP color test was conducted on a Cerilliant CBD 

standard and resulted in a reddish purple color. These three controls will be run at the time of 

preparation of the color test reagents. 

 While the false positive results for oregano are disappointing, they do not preclude the 4-

AP color test from providing useful results. If run in conjunction with the modified Duquenois 

Levine or instrumental analysis, analyst could still distinguish marihuana from hemp and other 

plant materials. It is also reminds us that color test are and can only be used as presumptive test. 

It will be necessary to combine the 4-AP color test with other methodology in order to make 

conclusions about the legal status of the submitted plant material. 

  

   



IX. Conclusions 

 Current testing procedures in our laboratory for plant material do not allow for a 

distinction between marihuana and hemp without a GC/MS THC quantitation. Our quantitation 

method is time consuming, challenging, and only performed when requested and approved. The 

addition of the 4-AP color test would allow for a cheap and fast test that would give the analyst 

confidence to distinguish illegal cannabis from legal cannabis.  

 Sample selection between different components of the plant was investigated on a limited 

basis. For a select number of samples stems, seeds, and or leaves were analyzed at the same time 

as portions of the flowering bud. The validation showed that analyzed seeds resulted in a color 

similar to the blank and could not be interpreted in a manner which distinguishes hemp and 

marihuana. Analysis of leaves and stems did result in interpretable colors, but were not as quick 

and vibrant as the results from the bud. When sampling the plant material portions from the bud 

should be taken, but if not available the analyst could sample leaves or as a last resort stems. 

Seeds should not be analyzed with the 4-AP color test. 

 Identifying oregano as a false positive indicated that this color test should be a 

supplement to our current testing and not a replacement for the Duquenois Levine test. The 

results encountered while testing 191-002060-001a also demonstrated the importance of 

understanding the capabilities of this color test. Because the test only investigates the ratio of 

CBD to THC in a sample, it is possible for a sample to contain greater than 0.3 % THC and still 

give a reddish purple hemp result. Plant material cases exist that will need quantitative analysis 

in order to determine their legal status. 

 Every experiment that involved a side by side comparison of the 4-AP reagents to the 

field test kit yielded similar colors. It can be concluded that the formulation used to prepare our 

reagents is in fact the same or very similar to the manufacturer’s. Comparing the purchased field 

test kits in to the prepared 4-aminophenol reagents not only validated our capability to prepare 

the reagents, but also allows us to recommend these test kits with some confidence to other law 

enforcement agencies. The implementation of field test kits could reduce the number of 

submitted evidence lessening the burden of the forensic chemistry unit. Several agencies have 

already reached out to our laboratory seeking a field test for hemp and marihuana.  

 

  



X. References: 

Forensic Science International, “Cannabinoid Level In the Leaves as a Tool for the Early 

Discrimination of Cannabis Chemiovariants”, Barni-Comparini, S. Ferri and F. Centini, 24 (1984) 

pages 37-42. 

 

International Journal of Legal Medicine, “Cannabinoid concentrations in confiscated cannabis 

samples and in whole blood and urine after smoking CBD-rich cannabis as a ‘tobacco 

substitute’”, Marianne Hädener, Tim J. Gelmi, Marie Martin-Fabritius, Wolfgang Weinmann and 

Matthias Pfäffli, online publication January 5th 2019. https://doi.org/10.1007/s00414-018-01994-

y 

 

Forensisches Institut Zürich, “Cannabis Typification Test”. CA-RE Trade paper, November 23rd 

2018. 

 

  

https://doi.org/10.1007/s00414-018-01994-y
https://doi.org/10.1007/s00414-018-01994-y


XI. Competency Tests: 

 Performing the 4-AP color test does not differ from other color tests performed in the 

Forensic Chemistry unit. The amount sampled, the amount of reagents used, the time frame in 

which observations should be made, and vortexing the mixture are all similar to other color test. 

However, analyst should be trained in the subtleties and specifics of the 4-AP color test. It will 

also be prudent to document and demonstrate that the analyst correctly interpreted their 

observations for positive and negative samples. Correct identification of the color associated to 

hemp and marihuana is critical to the appropriate use of the color test reagents. Therefore, before 

use in casework the analyst must perform and pass a competency test as well as be trained in the 

specifics of the 4-aminophenol color test. The results of the competency test will remain in this 

validation study. 


