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Description of Test Methodology 

During the study, a ventilated and a non-ventilated trailer were utilized. The ventilated trailer had 

two fans built in on the front side and vent holes were positioned along the side and at the rare.  

 

Mold Cultures:  

Penicillium sp.; Aspergillis sp.; Verticillium sp. species were isolated and cultivated in a petri 

dish using a 5% acidified potato dextrose agar according to ASTM D4445. To prepare the spore 

suspension 5ml tap water was added to the petri dish and the surface of the culture was rubbed 

with a blunt glass rod. The loosened spores then were washed into 1gal bottle. All the three mold 

species were mixed into the same tank then the water level was adjusted. Altogether, 5gal mixed 

spore solution was prepared. The solution was kept in an ice cooler until its application.  

  

Pallets: 

One thousand and forty (1040) three stringer hardwood pallets (GMA Pallet) were manufactured 

on September 6, 2012 using green ash, oak, and maple lumber. The moisture content of the 

pallets was 30% - 39%. The pallets were labeled individually. The numbering systems started 

from the bottom of each stack located on the left side of the trailer. The pallets were loaded in 

Jackson, WI and were transported to the Unit Load lab in Blacksburg, VA. The fans did not 

operate during the trip. 

 
Figure 1 Back and front view of the used three stringer hardwood pallet (GMA Pallet) 

 

Experimental Design 

After arrival the pallets were unloaded and ten (10) percent of the pallets were inoculated with 

the mixed spore solution of Penicillium sp.; Aspergillis sp.; Verticillium sp. in Blacksburg, VA 

on September 9, 2012. The inoculation was conducted by spraying the top deck boards of the 

pallets with the mold solution. There was no visible mold on the pallets prior to the inoculation. 

Fully randomized design was used to position the inoculated pallets in the pallet stacks (Figure 

2a,b). Then the pallet stacks were organized in a staggered design in the trailers (Figure 2c).  



 

 

 
Figure 2 Location of inoculated pallets (a, b), loading pattern of pallet stacks (c) in the trailer. 

  

To monitor the environmental conditions in the trailer, OMEGA Om-40 data loggers were 

installed at the front and rare of the trailers on the left as well as on the right side. The locations 

of the data loggers are presented in Figure 3. Temperature, relative humidity and dew point were 

recorder every 30 min throughout the duration of the study. 
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Figure 3 Location of OMEGA data loggers. 

      

The ventilated trailer was connected to the electrical grid of the building and both trailers were 

kept for 28 days and were opened an unloaded on October 7 (closed trailer) and October 9 

(ventilated trailer). The moisture content of the first pallet, 10
th
 pallet, and 20

th
 pallet in the stack 

were measured using Delmhorst J-2000 wood moisture meter (Figure 4). The level of 

degradation was determined using the recommendation of ASTM D4445 standard. The 

categories used for grading is presented in Table 1. 

 

Figure 4 Pallets used the measure the moisture content after unloading 
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Table 1 Grading levels based on the amount of surface mold 

 

 

 

 

 

Results 

 

The history of the temperature, relative humidity, and dew point in the non-ventilated trailer is 

presented in Figure 5. The relative humidity was continuously above 80% and in some nights it 

exceeded 100%. After opening the trailer condensation on the ceiling and the side wall of the 

trailer was observed. It is hypothesized that the seal of the door did not work properly during the 

study because the pallets on the right side of the trailer at the rear were fully saturated and sensor 

5 (Rear Left) was defected due to the long term moisture exposure. Meanwhile, on the left side 

of the trailer at the rear sensor 6 experienced reductions in the relative humidity of the air 

possibly due to the ventilation effect of the defaulted door seal. 

 

Figure 5 Moisture and temperature history in the non-ventilated trailer 

 

Grades Amount of 

Surface Mold 

0 0-5% 

1 5-20% 

2 20-40% 

3 40-60% 

4 60-80% 

5 80-100% 
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The history of temperature, relative humidity, and dew point for the ventilated trailer is presented 

in Figure 6. It was found that the utilized fans successfully kept the relative humidity lower than 

100% throughout the investigated 28 days. 

      
Figure 6 Moisture and temperature history in the ventilated trailer 

 

The moisture content of the bottom, middle, and top pallets were measured for every stack after 

unloading the samples from the trailer. The summarized result of the moisture content 

measurement is presented in Table 2. The moisture content of the pallets in the non-ventilated 

trailer was above the fiber saturation point. While the moisture content of the pallets in the 

ventilated trailer were below the fiber saturation point.  

The moisture content of the pallets located on the top of the stacks were lower than the moisture 

content of every other pallet which might be due to the increased free air circulation on the top of 

the stacks. The results of the moisture content measurement are visualized in Figure 7. 

 

Table 2 Summary of the moisture contents of pallet parts after unloading them from the trailers  

 Moisture Content (%) 

 
Top Deck Stringer 

 
Bottom Middle Top Bottom Middle Top 

Non-Ventillated Trailer 32.0 34.2 35.5 28.6 29.4 30.8 

Ventillated Trailer 15.5 16.9 12.2 14.3 15.1 12.8 
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Figure 7 Summary of the moisture contents of pallet parts after unloading them from the trailers 

 

The results of the level of mold degradation of the pallets were summarized in Table 3. Greater 

mold degradation was found for the pallets in the non-ventilated trailer than for the pallets in the 

ventilated trailer. The results of the mold degradation were visualized in Figure 9. The pallets in 

the ventilated trailer were practically mold free.  

 

As expected, further analysis of the results also showed the amount of mold degradation follows 

the changes in moisture content of the pallet. The amount of mold was reduced close to the top 

of the stack for the ventilated trailer where the pallets had significantly lower moisture content 

(Figure 9).  

 

Table 3 Summary of the level of mold degradation 

 Level of Mold Degradation 

 
Top Deck Stringers Bottom Deck Average 

Non-Ventilated Trailer 1.0 0.8 1.4 1.1 

Ventilated Trailer 0.1 0.0 0.2 0.1 
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Figure 8 Summary of the level of mold degradation 

 

 
Figure 9 Level of mold degradation by location of the investigated pallets 
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Representative Pictures of each pallet ñgradeò 
 

 
Figure 10 Representative photos of grade 0 (little to no visible mold growth).  (A) Top deck 

boards, (B) Stringers, (C) Bottom deck boards.  

 

 



 
Figure 11 Representative photos of grade 1. (A) Top deck boards, (B) Stringer, (C) Bottom deck 

boards. (Without AFTS installed in trailer) 

 

 
Figure 12 Representative photos of grade 2. (A) Top deck boards (B) Bottom deck boards (With 

AFTS installed on trailer) 

 

 

A 

B 

B 

A B 



 
Figure 13 Representative photos of grade 3. (A) Bottom deck boards (B) Stringer. (Without 

AFTS installed in trailer)  

 

  

 

Summary 

The 28 days study verified that the ventilated trailer has a significant effect on the mold growth 

on green hardwood pallets transported in the physical distribution. The majority of the 520 

pallets transported in the ventilated trailer had less than 5% visually observed mold which is 

considered mold free in any practical application. Contrary pallets in the closed trailer 

experienced mold on 20-40% of their surface. It needs to be mentioned that the study was 

conducted in September when the weather was not ideal for mold growth; therefore, in the spring 

or summer season the difference between the observed mold degradation in the two trailers could 

be even more significant. In addition to the mold prevention, the continuous ventilation reduced 

the moisture content of the pallets to12-17%. 

 

Disclamer 

Center for Unit Load Design at Virginia Tech certifies that the testing reported, was conducted 

using agreed upon procedures or agreed upon industry standards. All reasonable efforts have 

been made to provide accurate results from the testing outlined in this report. The Center for Unit 

Load Design at Virginia Tech assumes no responsibility or guarantees / warranties regarding 

(stated or implied) performance and only assumes responsibility for the test data reported. All 

other warranties expressed or implied including any warranty that the product or package tested 

is merchantable, fit for a particular purpose or application or is in compliance with any state or 

federal compliance is disclaimed. In no event shall the Center for Unit Load Design at Virginia 

Tech liability exceed the total amount paid by the customer for services rendered.  
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