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Phase 1  
Spring 2015, MAQS verses MAQS+: Field Trial Report ς 

Upper Temperature Limit Comparison Assessment   
 

Author/Research Lead: David VanderDussen, NOD Apiary Products.   
Technicians: Holly Porter (Quality Control), Donald (Ted) Cooper 

 
Abstract 
MAQS+ (beta product name) is an extended shelf life formulation of the honey bee mite control 
product Mite Awayϰ Quick Strips (MAQS).  This technology, developed by NOD Apiary Products 
Ltd. (NOD), is designed to release formic acid vapours over time in the brood rearing zone of 
honey bee hives.  MAQS+ strips are applied in the bee hives in the same way as MAQS, which is 
by laying the ready-to-use flexible saccharide gel strips, wrapped in the patented wicking 
compostable Ecopaper, across the top bars of brood frames in Langstroth, Dadant, or 
equivalent movable frame hives.  One dose is two strips. 
 
Honey bee colony tolerance of the MAQS technology applied at high temperatures was 
determined in the field research conducted in 2009 ς 2010, prior to applying for product 
registrations.   To generate ambient temperature tolerance comparison data with the extended 
shelf life formulation, in May 2015 NOD conducted a side-by-side upper temperature limit field 
study.  Ambient temperatures were logged in the bee yard using an electronic HOBO data 
logger and compared to environmental data (temperature and humidity) from the local 
weather station.  Additionally, to determine formic acid vapor levels in the test product treated 
hives verses MAQS verses control (placebo) hives, air samples were drawn from the brood 
rearing zone of the bee hives using calibrated Dräger® air sampling tubes. Colonies were 
monitored over a 7-week period, being assessed pre and post-treatment for disease presence, 
colony strength, queen health, activity in queen cells, and success of any queen supersedure 
activity.   The results are presented. 
 
Introduction 
Since its development in 2008, NOD Apiary Products Ltd.Ωǎ saccharide gel formic acid varroa 
control product Mite Away Quick Strips (MAQS) has been evaluated and granted market 
authorization in 22 countries around the world.  MAQS has a 12-month shelf life when stored at 
ǘŜƳǇŜǊŀǘǳǊŜǎ Җнрȏ /Φ  ¢ƘŜ shelf life limitation of a seasonally used product has proven to be a 
challenge for distributors, especially in warmer climates.  In response, NOD Apiary Products Ltd. 
(NOD) developed an extended shelf life formulation by adding a stiffener and a binder to the 
MAQS formulation during the gel manufacturing stage, giving the end product less constraining 
storage characteristics and a longer shelf life.  The beta name of the revised formulation 
product was MAQS+ or MAQS-ESL.  Each strip of MAQS+ contains the same amount of active 
ingredient, 68.2 grams of formic acid, as MAQS.  As with MAQS, the excipients in the extended 
shelf life formulation are saccharides.  
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For MAQS, in the field studies conducted to determine honey bee colony tolerance of the active 
ingredient, it was determined that with daytime temperature highs of up to 32º Celsius during 
the first three days of treatment with a full dose (two strips each containing 68.2 grams of 
formic acid), the formic acid vapors released from the strips were well tolerated by the colonies 
and did not have a negative impact on colony health, as long as the product application 
directions were followed.  However, due to beekeeper concerns around initial colony responses 
above that temperature, subsequently the label was modified to an upper temperature limit of 
29.5ºC at the time of application.   
 
In this current study, the same upper temperature constraints for MAQS+ are side-by-side field 
tested with MAQS in the spring of 2015.  Efficacy could not be assessed by monitoring mite 
mortality due to a low prevalence of varroa mites, however upper ambient temperature 
tolerance by the colonies and in the brood-rearing zone formic acid vapour levels could be 
assessed, which are indicative of how effective the formic acid products would be.  Follow-up 
studies, when varroa levels are adequate to confirm the efficacy assessment, are to be 
conducted.  
 
Materials and Methods 
Pre-treatment (Day -1): On 7-May 2015, eighteen queen-right colonies of varying strengths, 
residing in a sheltered bee yard located in the Township of Stirling-Rawdon, Ontario, Canada, 
ones with exposure to direct sunlight, were evaluated and sorted into three treatment groups.  
Eight standard Langstroth type hives in each group received treatment with ƻƴŜ ƻŦ bh5Ωǎ 
formic acid gel products being compared, plus there were two hives for controls, which 
received plastic strips as placebos.  Of the eight hives in each treated group, two were 
comprised of double brood chambers and six were single brood chamber hives.  The spring 
dandelion flow was just underway, so each hive also received a single standard Langstroth 
honey super over a queen excluder.  Each hive was checked to ensure adequate feed reserves 
were present, and the colonies were examined for symptoms of disease.  No symptoms of 
disease were observed.   
 
A 3/8-inch hole was drilled into the rear of the brood chambers, aligned to be central to the 
brood rearing zone of each colony.  The hole was taped over to discourage its use by the bees 
as an entrance, while making it readily available for insertion of a Dräger® tube for taking in-
hive air samples.   At 13:00 PM a HOBO® data logger was installed in the shade on the North 
side of the yard, approximately one meter above the ground.  The weather forecast for the next 
few days was for daytime highs at or just above 30ºC, so suitable for conducting the study.   
 
As in the previously reviewed studies for MAQS, Dräger® air 
sampling tubes for formic and acetic acid were used to 
determine formic acid levels in the brood chamber air (Figure 
1).  The formic acid tubes are calibrated up to 15 parts per 
million (ppm), the acetic acid tubes are used for measuring 
higher levels of formic acid.  The calibration lines go up to 80 
ppm.  At times the formic acid levels recorded exceeded the 80 
ppm line on the tube. If the chemical colour change was within 

Figure 1: Use of Dräger tubes 
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a third of the remaining crystals it was recorded as 90 ppm.  If not all of the remaining crystals 
discoloured it was noted as 100 ppm; if all of the remaining crystals discoloured after the 
required three pumps of the calibrated vacuum pump it was noted as 110 ppm.  
 
Application (Day 0): On May 8th, just after noon on a sunny day, a pre-application air sample 
was taken from each hive.  The bees were actively foraging.  After all the pre-treatment air 
samples were taken the hives were opened up and two strips of test product per hive were 
applied as per the MAQS label (single application of a full dose).   
 
The test product strips were weighed at the time of application.  For the control hives, plastic 
placebo strips were applied.   The time of application was noted for each hive.  Foraging activity 
was noted one hour after formic acid product application, and a single pump of the Dräger® 
pump was taken to assess the initial release of formic acid vapours into the brood rearing zone.    
 

 
 
 
 
 
 
 
 

Treatment Period: For the next seven days in-hive air samples were taken in the morning, 
starting before 08:00, so before bee flight for the day had started.  Photos were taken of the 
hive entrances to indicate overnight in-hive bee mortality on the first and second mornings 
after product application.  
 

Figure 2: Product Application 

Figure 3: Placebo Application 

Figure 4: Technicians Ted Cooper and Holly Porter 
after product applications.  The bees were calm. 
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Post treatment exams:  On Days 10 and 11 the spent strips were removed from the hives and 
weighed.  The colonies were examined to assess treatment impact.  On Day 48 (June 25) the 
three colonies that did not have brood at all stages present (eggs, larva and capped), or had 
signs of poor queen health at the time of the post treatment exam, were re-examined for 
queen-rightness and queen health.  
 
Results and Discussion 
The raw data is compiled and presented in the Phase 1 Appendix.  Chart 1 is the Yard Activity 
Schedule, Graph 1 is the Ambient Environmental conditions, Graph 2 is the average formic acid 
vapour levels found in the brood rearing zone of each treatment group, Chart 2 is the formic 
acid vapour levels found in the brood rearing zone of each hive and product weights pre-and 
post-treatment, Chart 3 is the one-hour post application formic acid level increase indicator 
data, and Chart 4 is the colony tolerance (brood, strength and queen cell activity) and queen 
vitality (age, brood volume and pattern) data.  Some elevated in-hive bee mortality was 
observed at the hive entrances in the morning for the first two days of treatments [Appendix 
Figure 1].   Treatment may trigger supersedure of fragile queens [Appendix Figure 2].   
 
Spring weather in Canada is highly variable. The first three days of the study were in the heart 
of a heat wave, with temperatures just over 33ºC at the site at the time of product application, 
so this host species high temperature tolerance study is considered to have been conducted 
under worst-case scenario circumstances because the release of formic acid vapours declines 
rapidly after the first three days.  It is interesting to note that on the morning of Day 6, a light 
frost was observed on the ground.  
 
To summarize, with daytime temperatures peaking at 33.5ºC on the day of application and the 
heat wave continuing for a couple of days after application, the study was conducted under 
conditions that were suitable to determine colony tolerance to the technology being assessed.  
The formic acid levels in the brood rearing zones one hour after product applications were very 
similar, although MAQS+ was, on average, slightly lower than MAQS.  Over the 7-day monitored 
period the formic acid levels in the brood rearing zones were essentially identical for the two 
products.  There were no differences in formic acid concentration between single and double 
brood chamber hives, or between the depths of rims on the solid bottom boards used (0.5 inch 
and 0.75 inch rims).   By Day 7 the formic acid levels had almost dropped to naturally occurring 
levels; the strips were considered to be spent. 
 
Queen supercedure was triggered in one of the MAQS treated colonies and in one of the 
MAQS+ treated colonies, plus one queen in the MAQS group was physically damaged by the 
beekeeper during the pre-treatment colony exam and was subsequently pinched by the 
beekeeper post treatment.  A queen cell was inserted into the hive, which successfully hatched.   
The new queen successfully mated and headed the colony going forward.  All of the effected 
queens could be considered as fragile pre-treatment: one due to noted physical damage that 
occurred during the pre-treatment exam (Hive #68), one that was failing and being chewed on 
by the bees (Hive #93), and one with poor brood production (Hive #89).  All three colonies 
successfully superseded the struggling queens, leaving the colonies in a more viable queen-right 
condition going forward.  Setting aside the queen that was damaged by the beekeeper, which 
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survived treatment, to summarize the comparison between MAQS+ and MAQS, one colony in 
each of the MAQS+ and MAQS treatment groups had eventually successful fragile queen 
supercedure underway during treatment, likely triggered by the application of the treatment.  
 
The natural bee birth and death rate is 1,000 to 2,000 bees per day.  Most bee mortality occurs 
outside of the hive, so is not observed by the beekeeper.  With treatment, a short-term 
increase in in-hive bee mortality may be observed at the hive entrances with both products, 
however, by the third day there was no discernable difference between the treated colonies 
and the controls.  The average colony strength grew during the treatment period in all three 
groups evaluated, as to be expected in the spring.  Colony strength (bee total) data on the 
MAQS treated colonies went from 16.8  to 17.4 , on the MAQS+ treated colonies it went from 
15.2 to 16.6.  Some colonies were so strong post treatment that they needed immediate 
attention if swarming was to be avoided, a desirable situation.   
 
Conclusion  
Under the high ambient temperature conditions underway at the time of application and into 
the treatment period, the colonies handled both the MAQS and MAQS+ treatments well, 
coming out of treatment stronger and more viable than they went in.  Therefore no change 
should be required on the label for the upper temperature limit of MAQS+.  Formic acid levels 
recorded in the brood rearing zone are deemed similar between MAQS and MAQS+ and 
therefore the release of formic acid from MAQS+ strips should be adequate to provide an 
effective treatment.   This will be further evaluated in subsequent studies where higher levels 
of varroa mites are present. 
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Phase 1 Appendix  
 

Raw Data Compilation 
 

Page 

Chart 1 - Yard Activity Schedule  ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ         мл 

Graph 1 - Ambient Environmental conditions ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ         мм 

Graph 2 - Formic acid levels of each ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇ  ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ         мм 

Chart 2 - Formic acid levels of each hive, product weights pre-and post-treatment ΧΧΦΦ          12 

Chart 3 - One-hour post application formic acid level increase indicator data ΧΧΧΧΧΧ          мо 

Chart 4 - Colony tolerance and queen vitality data ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ          мп 

Figure 1 - In-hive bee mortality photos  ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ.          15  

Figure 2 ς Queen status photos ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ          мр  

Certificate of Analysis ς a!v{  ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ      16 

Certificate of Analysis of Test Product ς a!v{Ҍ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.ΧΧΧΧΧΧΧΧΦΦΦ    мт 
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Chart 1: Yard Activity Schedule 
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Graph 1: Ambient Environmental Conditions 
 

Comparison Between Local Weather Station Data and In Yard Data Logger Results. 
 

 
 

Graft 2: Brood Rearing Zone Formic Acid Vapour Levels 
 
  



 

 

Chart 2: 7-Day Treatment Formic Acid Vapour Readings by Hive (ppm) and Product Weights Pre- and Post Treatment. 
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Chart 3: One-hour Post Application Formic Acid Vapour lncrease Indicator Reading   

 
  



 

 

Chart 4: Colony Health Exams Pre-and Post Treatment 
 



 

 

Appendix Figure 1: Photos of In-hive Bee Mortality Seen at Hive Entrance Day 
After Product Application 

 
 
 
 

 
 
 
 

 
 

 
 

Appendix Figure 2: Photos of Queen Status at end of Treatment 

 
 
  

Figure 2 Photo 2: Queen post MAQS+ treatment, no 
supersedure triggered in this hive. 

Figure 2 Photo 1: Queen supersedure cells 10 days post  
MAQS application. In this study, all of the triggered 
supersedures were successful, giving the colonies young 
queens going forward. 

Photo of hive entrance morning after treatment with MAQS Photo of hive entrance morning after treatment with MAQS+ 












































