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LOGISTICS AND SUPPLY MANAGEMENT

The Design and Validation of Effective Thermo-Assisted 
Drying and Decontamination Process for Biosecure Pig Transport 

All means of transportation (especially pig trucks) is 
likely to spread diseases. Especially in the winter, as the 
temperature turns low, disinfection effectiveness can 
be greatly compromised, rendering biosecurity risks of 
disease introduction into farms. Thermo-Assisted Drying 
and Decontamination (TADD) had been pioneered 
and applied in the United States pig industry, as it 
was indicated that drying eliminated certain bacterial 
pathogens. Initially TADD was applied at low temperatures 
for the purpose of bacterial pathogens mitigation; later, 
the drying unit went to higher temperatures at 72°C 
and higher, was used to effectively decontaminate the 
trucks for PRRSV and PEDV prevention. It was proven to 
be essential and highly effective for health assurance to 
protect the pig farms from disease invasion. 

However, the proper design and monitoring for effectiveness 
of a TADD facility is not always clear to pig veterinarians and 
operators. There are many important details that can be 
overlooked, and as a result, mistakes made, allowing viable 
infectious microorganisms to escape the inactivation process. 

The purpose of this paper is to illustrate PIC’s experience in 
China about designing and implementing TADD, especially in 
the backdrop of the application of this approach to inactivate 
the African Swine Fever virus (ASFV).

1. The Layout of a Truck Washing Facility with Clear 
Boundary of Clean-Dirty Areas
When designing a washing facility, there is a need to 
demarcate the clean area from the dirty area with clean 
dirty lines (CDLs), and the number of washing rooms and 
baking rooms was decided based on the number of trucks 
to be washed for the needs of transfer and pig haul. The 
CDLs concept is to ensure biosecurity, and the capacity of 
the site is determined by the maximum numbers of pigs 
to be transported. A truck comes in the washing site with 
presumed contamination, needing to go through a single 
direction flow process of pre-flushing, foaming, complete 
flushing, disinfecting, draining and sitting time to remove 
water before baking, then being driven by a driver who is 
mandated to change into clean clothes and boots to drive 
the truck into the baking room (TADD). After being baked, the 
driver must take a shower, and change into clean clothes and 
boots to drive the baked truck into the parking area defined 
as a clean zone. In PIC’s facility, the parking place was roofed, 

Fig 1A, the entry to washing room

Fig 1B. The washing room to baking room

Fig 1C. The baking room and the parking room

and bird proofed to avoid further contamination and potential 
contamination by aerosols.  Here, the key purpose of each 
step was defined: 

Pre-flushing: to remove all crude materials in the interior and 
exterior of the power unit and the trailer part. 
Foaming: to assist for effective washing.
Power washing: to remove all organic materials present in 
the interior of the trailer, and exterior of the truck.
Draining/drying of water: after power washing, to allow time 
for the water to drip and drain, to be ready for the next step 
disinfection.
Disinfection: allow disinfectant to cover all surfaces and to 
effect for a minimum of 30 minutes. In our practice, 2% Virkon 
S was used, but many disinfectants had been validated by 
scientists to be effective against ASFV.5
Baking: to use the heating to effect further decontamination. 
we require water to be removed before baking, and effect 
decontamination at 56°Csurface temperature for a minimum 
of 70 minutes.1,4

To ensure effectiveness, we need to safeguard the process 
so truck, people, and materials follow the one-way direction 
flow and avoid crossing (Fig 1A, 1B and 1C). 

It was especially required that the driver to take a shower 
and change into clean clothes after the truck is washed, and 
to be driven into baking room (Fig 1B). 

The practitioners should always be mindful that this 
risk mitigation approach is a multiple layer process, each 
layer plays its role for the goal of pathogen elimination. 
Adopting only one layer of practice might risk in pathogen 
introduction. 
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Table 1: Survival time of ASF and PRRS viruses under various conditions

Virus Condition Survival time  Source 

ASF  
50°C 3 h 

USDA, 1997 
Mebus et al., 1997 56°C 70 min 

60°C 20 min 

PRRS   

56°C 6-20 min 
Benfield DA, 1992 
Scott Dee, 2005 

Heated at 71°C 10 min 
Dried at 20°C after 
washing  8 h 
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Fig 2.  high-open crate truck (A), enclosed non-air-conditioned truck 
(B) and enclosed air-conditioned truck with air filtration (C)

Fig 3 A. Model 1: air outlets on side walls, a turbo-blower and a rear end 
fan

2. Determine the Target Temperature and Lasting Time in 
the Baking Room 
It was first and foremost to develop a science-based and 
practically feasible heating procedure before a TADD facility 
was set up. The guiding principle is to determine the heating 
temperature and time according to the characteristics of 
a specific pathogen and the time needed to inactivate, 
to ensure that during the temporal monitoring of different 
points in the vehicle, the target temperature can be achieved 
consistently. 

The below table (table 1) showed the survival time of the 
ASFV and Porcine Reproductive and Respiratory Syndrome 
(PRRS) virus under various conditions as reported in the 
literature. The target heating temperature and duration 
widely adopted in the swine industry were 65–72°C for 45–60 

minutes.1  PIC  China had conducted some trials and 
developed the procedure based on published research data 
that at 56°C, it takes 70 minutes to inactivate ASF virus.1,2,4

2.1 Illustration of Three Most Commonly Used Pig Transport 
Trucks in China
IIn China, there are three types of pig transport trucks being 
commonly used in the industry. The high-open-crate truck 
(Fig 2A) is usually used for the transfer of pigs (from the 
loading facility in a pig farm to the external transfer site) 
and the transportation of cull sows and slaughter pigs, etc. 
Nowadays, the use of this type of truck to haul breeder pigs is 
on the decline. The enclosed non-air-conditioned truck (Fig 
2B) is mainly used for the transportation of piglets, finishing 
pigs and breeding pigs. The enclosed air-conditioned truck 
with air filtration (Fig 2C) is used for the transportation of 
high-value breeder pigs. Knowing the structure and purpose 
of the different types of vehicles helps us identify and 
implement the critical control points for effective washing, 
disinfection and heating.

2.2 PIC China’s Drying Room Design
As biosecurity was increasingly recognised, across the 
industry, car washing rooms and heating rooms were being 
upgraded with enhanced equipment. The author hereby 
summarised the vehicle/truck heating and drying.

ASFV was introduced into and spread around China 
since 2018, over time, PIC China has gradually improved the 
procedure from drying vehicles at 20°C overnight to heating 
them up at 56°C for 70 minutes. 

Currently, PIC China has two models of the heating room, 
as illustrated below:

• Model 1: thermal exchange with air circulation, with air 
outlets on the side walls, a turbo-blower and a fan at the 
rear end (Fig 3A). Despite the additional turbo-blower and 
rear fan, there are noticeable temperature differences to 
the left and right sides of the truck during heating. It poses 
safety risks to tires close to the air outlet sides.
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Fig 4. Monitoring of temperature at different points of a truck in the 
heating process

Fig 5. The front left and the front right corners (A); the rear left and the 
rear right corners (B) in the first layer of the trailer. 

• Model 2: thermal exchange with air circulation, with a 
rear end air outlet and a rear end fan (Fig 3B). It directly 
heats up the truck trailer and so takes less time and 
energy to reach the target temperature compared with 
Model 1.

2.3 Heating Process Validation 
During the biosecurity audit for truck/car washing for bio-
secure transport, the team often found that some farm 
operators were mistaking the ambient temperatures (room 
temperatures) as actual surface temperatures at different 
points of the truck. 

(Note: truck terminology: in countries such as the USA and 
UK, the truck is comprised of a power unit and a trailer, each 
can be separated; in China, the power unit (the driver cabin) 
and the trailer part are connected, usually not separable). 
For truck decontamination, we need be especially cognizant 
of these aspects:

First, the viruses mainly contaminate the surfaces of the 
vehicle rather than the space of the heating room. Second, 
be mindful that viruses harboured on the vehicle surfaces 
probably ca not be completely and thoroughly inactivated by 
the single heating process. The decontamination is a multiple 
layer process of cleaning, disinfection, and TADD. Each step 
plays a role to mitigate. We found that the temperatures 
vary at different heights in the heating room. The closer to 
the ground, the lower the temperature usually is (Fig 4). 
Even when the temperature inside the trailer exceeds 70°C, 
the temperature of undercarriage and other lower areas 

can hardly reach greater than 55°C. Over time at increased 
heating costs with enhanced equipment, these locations may 
finally reach the thermal target. Besides, it is a question to note 
if the tires can withstand that high heat for prolonged heating.

Third, be attentive to the temperature of the inside surface 
of the trailer and the tail plate/cover, because these are the 
main areas contacting with pigs and the loading facility in 
a pig farm. When not being completely decontaminated, 
viruses can possibly be carried and spread into the farm via 
contamination in the loading process and can also pose a 
major biosecurity threat to downstream customers.

The half-life of viruses varies at different temperatures. 
Temperature and holding time (i.e. the temperature and 
time pathogenic microorganisms are exposed to this 
temperature) are two major factors that affect the survival 
of a virus. Therefore, it is important to know the temperature 
of space in the heating room and the interior surface of the 
trailer.

Take the enclosed non-air-conditioning truck (Fig 2B) 
as an example. Under the conditions of the first heating 
room model (Fig 3A), the heating equipment is set to run 
at 65°C for 160 minutes (local temperature at about 20°C) 
in the 300-minute run experiment (fully monitored with the 
temperature recorder/sensors). The temperatures of the front 
left, the front right, the rear left, and the rear right corners in 
the first layer of trailer (Fig 5) are compared with the readings 
of the thermos-sensors of the heating equipment outside the 
truck (i.e. ambient temperature).  In this case, the hot air outlet 
is on in the rear left side wall of the heating room.

The data showed that the ambient temperature was 
inconsistent with the inside surface temperature of the 
trailer. When the ambient temperature of the heating room 
reached the target temperature, the temperature of some 
spots inside the trailer and in the cabin stayed below the 
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Fig 3 B. Model 1: A rear end air outlet and a rear end fan 
(no air outlets on the side walls) 
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Fig. 6 Temperature profile of various spots in the trailer and the 
environment 

Fig 8. Enclosed air-conditioning trailer with air filtration

Fig 9. A rear end fan

Fig.  7  Time taken for the different spots inside the trailer and for the 
heating room to reach 56°C, and holding time  for them to stay over 

56°C.

target because hot air can not reach such areas (Fig 6 & 7). 
Therefore, if the heating procedure was set based on the 
ambient temperature, the temperature and holding time of 
certain spaces inside the trailer may not reach the target.

2.4 Lowest-Temperature Point Inside the Trailer
It is necessary to identify the lowest-temperature point inside 
the trailer.  Some spots inside the trailer may not receive 
adequate heated air thus not sufficiently decontaminated, 
and the viable viruses might escape the heating, especially 
in high moisture situations. 

Generally, the lowest-temperature points inside the trailer 
is linked with the vehicle design, the model of the heating 
room and the equipment used. Multiple measurements 
suggested that the lowest-temperature points inside the 
trailer were usually one of the four corners in the bottom 
layer of the inside trailer (i.e. the front left, the rear left, the 
front right, and the rear right corners, as shown in Fig 5). It is 
necessary to make multiple measurements with temperature 
recorders placed at these corners and different parts in 
the cabin to determine proper operating temperature for 
a specific type of trailer. You should set up the heating 
procedure (the target temperature and time) to ensure the 
spots identified to be the slowest to heat up to the target 
and sustain the time needed. For that reason, you might 
need to adjust the outlet direction of the hot air blower and 
the configuration of the turbo-blower. 

The continuous monitoring of the heating temperature 
also showed that the more enclosed the vehicle, i.e. the 
enclosed air-conditioning truck with air filtration (Fig 2C), 
the longer it took for the temperature in the trailer to get 
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to target, especially when a rear end fan was not in place, 
because it was difficult to blow adequate hot air into inside 
the trailer (Fig 8). It was quite often that when the ambient 
temperature outside the truck exceeds 70°C, the innermost 
corner in the first layer of the trailer of the air-conditioning 
truck not yet reached the temperature of 56°C. To mitigate, 
all heating rooms were installed with a rear end fan (Fig 9).
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Group Front right corner Front left corner Rear right corner 

1 48 mins, 
held for 159 mins 

36 mins, 
held for 174 mins 

57 mins, 
held for 138 mins 

2 51 mins, 
held for 222 mins 

42 mins, 
held for 225 mins 

63 mins, 
held for 114 mins 

3 

Fail to reach 56°C, 
due to water in the 
compartment after 

heating 

111 min, 
held for 180 mins 

72 mins, 
held for 112 mins 

 
 
 
 

Table 2: Time taken for each heating group to reach 56°C and the 
holding time (after reaching the target temperature)

Fig 12. Temperature curve of group 1

Fig 13. Temperature curve of group 2

Fig 14. Temperature curve of a truck of group 3

Fig 10. The truck is draining water before heating

Fig 11. Water remain in the vehicle trailer after heating

2.5 The Effects of Sitting and Draining Water and the Rear 
End Fan on Heating 
It was a crucial but often an overlooked step to drain water 
and dry after washing and disinfection, to remove all water 
on the surfaces (Fig 10). In the heating room for some farms, 
quite often water was seen inside the trailer after heating 
(Fig 11). This can have an impact on the effectiveness of 
decontamination. 

Use the enclosed non-air-conditioning truck (Fig 2B) as 
an example. Under the conditions of the first heating room 
model (Fig 3A), the experiment was split into three groups: 

• Group 1, Drained and heated with a rear end fan, 
• Group 2, Drained and without a rear end fan, 
• Group 3, Not drained and with a rear end fan.

The heating equipment was set up to run at 65°C for 
160  minutes (local temperature at about  20°C) in the 
300-minute experiment (fully monitored with the temperature 
recorder).

The data was shown in Fig 12, 13 & 14, and the time taken 
to reach 56°C and the holding time above 56°C during 
the heating are shown in Table 2.  In Group 3, when water 
remained inside the trailer and the undrained group was 
heated, and some spots failed to meet the temperature 
requirements. As such, draining and removing water before 
baking was critical for the heating effectiveness.

Compared the results of Group 1 & 3 with that of Group 2, 
we saw that the rear end fan can remarkably shorten the time 
to reach the target temperature by ensuring an even air flow. 
Interestingly, the front left and the front right corners in the 
first layer stay above 56°C longer in group 2, without a rear 
end fan than the groups 1 and 3 with one. But in group 2, the 
temperature maintenance time of the rear right corner was 
the shortest. Once the dryer stopped working in 160 minutes 
after start-up, in group 2, the heat in the front left and front 
right corners in the trailer dissipated more slowly, but the 
temperature of the rear right corner dropped quickly due to 
rapid heat dissipation, resulting in a reduced temperature 
maintenance time. The shorter the time for each temperature 
point inside the trailer to reach the target and the similarity 
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Fig 15. Keep the doors and windows open during heating

Fig 16. The tail plate is at its lowest point

Fig 18. Temperature curves of the tail plate at different heights during 
heating

Fig 17. The tail plate is at the same height as the bottom layer

of time for different spaces to sustain temperature as set, 
the lower the heating costs.

We emphasized that the driver cabin doors should stay 
open and the side windows of the trailer be lowered down 
during heating, to enhance hot air circulation and water 
evaporation to raise up the temperature (Fig 15).
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2.6 Setting the Height of the Tail Plate/Cover During Heating   
Almost all large trucks for the transport of breeding pigs 
commercially available now have an escalate tail plate/
cover. There was no uniform standard for the tail plate height 
during heating. In a trial when the tail plate/cover was placed 
at different heights (Fig 16 & 17), the results showed that it 
was difficult to reach the target temperature when the rear 
plate/cover was adjusted at the lowest possible (below the 
floor of the bottom layer of the trailer) (Fig 18).

2.7 Setup and Regular Adjustment of Vehicle Heating 
Equipment  
There are two operation modes of the heating equipment 
in the heating room: 

• Mode 1.  to set the temperature and the total operating 
time of the equipment, that is, the heating equipment starts 
timing when powered on. If we set it for 60 minutes, the 
equipment will start timing on start-up, and stop operating 
in 60 minutes.

• Mode 2.  to set the temperature and the holding time, that is, 
the heating equipment starts timing when the temperature 
sensor reaches the set-up target temperature. For 
example, if we set it to hold for 60 minutes at 70°C, the 
heating equipment will start timing when the temperature 
sensor reaches 70°C and stop operating in 60 minutes.

The set heating temperature should allow the lowest-
temperature point inside the trailer to reach and consistently 
stay above the target temperature. 

Efficiency-wise, the higher the target temperature, the 
shorter the holding time, which was undoubtedly preferred 
for large-scale pig farms. However, we need to consider the 
time for heat penetration, that is, the time for the vehicle to 
be evenly heated and for the lowest-temperature point to 
reach the target temperature. 
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Fig 19. Recording showing an incident when the temperature is not 
meeting standard
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Setting up for the heating equipment mode 1: 

Setting up for equipment mode 2:                                                                                   

 Apply the same setting up principles as mode 1.                                                           (note: superscripts denotes type of truck) 

Vehicle type
Set temperature 

of heating 
equipment T (°C)

Time required for the lowest point of the
inside trailer to reach the target 

temperature after start-up X (minute)

Holding time for each
target temperature  

Y (minute)

Safety  
cushion 

time 
 (minute)

Total run 
time

(minute)

High-open
rack truck T1 X1

Y

15 X1 (high) 
+Y+ 15

Enclosed
non-

airconditioning
T2 X2 15 X2 +Y+ 15

Enclosed 
airconditioning
with air filtration

T3 X3 15 X3+Y+ 15

Vehicle type

Set temperature 
of heating 

equipment N  
(°C)

The time interval between the start-up and 
when the lowest point of the compartment 

reaches the target temperature X1 
 (minute); the time interval between  

the start-up and when the heating equipment 
starts timing X2 (minute)

Holding time  
required for each 

target temperature  
Y (minute)

Guard 
time 

(minute)

Holding 
time 

(minute)

High-sided T1 (X1-X2)1

Y

15 (X1-X2)1 + 
Y+ 15

Enclosed  
non-air-

conditioned
T2 (X1-X2)2 15 (X1-X2)2 + 

Y+ 15

Enclosed  
air-conditioned 
with air filtration

T3 (X1-X2)3 15 (X1-X2)3 + 
Y+ 15

As the baking room is one room fits all vehicles, technically 
we do not recommend changing it often by the room 
operator. As such, other key considerations when setting 
up temperature of equipment.

You need to know the X and Ys for each type of trucks, and 
technically, it is needed to use the highest set up temperature 
for the three types of vehicles (choose from T1, T2 and T3) 
and choose the longest running time (X+Y). 

The heating process is affected by many factors including 
the ambient temperature (the temperature inside the TADD 
chamber), equipment stability, truck sitting after washing and 
water drainage, etc. Therefore, be it the mode 1 or 2, the values   
of X and X1–X2 are changing all the time. The purpose of safety 
cushion time is to ensure sufficient temperature sustaining 
time when the heating temperature is compromised for 
certain reasons. It is suggested to adjust the equipment setup 
twice a month, and once a week at change of seasons. We 
use past data as reference to set up the machine with proper 
X and X1–X2. 

3. Other Critical Control Points Over the Heating 
Room Operation 

3.1 Continuous Monitoring of the Heating Temperature  
Continuous temperature monitoring allowed us to keep 
an eye on the heated vehicles. Even automated heating 
equipment cannot guarantee that all heating processes 
measure up to the standards. When a vehicle was being 
heated, there may be occasional “hiccups”. During the long-
term temperature monitoring, we found that there was one 
incident that the heating temperature was below the target 
(Fig 19). After investigation, it turned out that the heating was 
interrupted because equipment run out of fuel.

To avoid such “hiccups”, it is necessary to check whether 
there is sufficient fuel and fill in the inspection records before 
each heating. Use a wireless temperature recorder to monitor 
the heating temperature in real time if available.

3.2 Heating Cost Calculation
For the heating room, it took about 29.7L of diesel for each 
heating. Counting the electricity bill, the overall cost was 
about 250 yuan (40 dollars) per vehicle per heating. At 
present, when pig prices were sluggish, it had become 
the focus of the whole swine industry to reduce costs and 
increase efficiency. One may realize cost reduction from the 
following good practices:
• Drain the vehicle and remove surface water before TADD 

to shorten the time to reach the target temperature.
• Reasonably adjust the heating time when requirements 

are met.
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• Use a large air flow blower for heated air circulation to 
balance the temperature all over the inside trailer. 

• Check whether there is sufficient fuel to ensure the high 
performance of each heating. 

• Use more intelligent heating equipment for the automatic 
adjustment of the vehicle-specific heating procedure.

4. Conclusions
A truck washing facility and bio-secure truck washing and 
decontamination are essential for pig businesses to sustain 
and thrive. When building a truck washing facility, there is 
a need to have the right infrastructure to ensure the single 
directional flow always from dirty to clean, and to minimize 
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and avoid potential cross contamination. All staff involving in 
truck washing should have a mindset of clean-dirty lines. For 
baking purpose, the heating effectiveness can be affected 
by a range of factors, including vehicle design, washing and 
water removal, disinfection and sufficient contact time, the 
installation of a rear end fan, the height of the tail plate, the 
temperature differences between the sensor reading and the 
actual temperature inside surface of the trailer, the timing set 
up modes of the heating equipment, available fuel, and water 
residue in the trailer.

It is critical to be aware of the nature and design of trucks, 
know the potential pitfalls, thus set up equipment correctly so 
they fit for different type vehicles, and continuously monitor 
the temperature to ensure the targets being med rightly. 

Another critical point for managers to be mindful is 
that nowadays clients ask for one source breeder supply, 
and demand breeders to be delivered less frequently. In 
coupling with the need for truck downtime, our experience 
and recommendation are that, a washing facility is better 
designed with a maximum washing/baking capacity for 7 
trucks per day to accommodate the peak need. 

A TADD facility can only function effectively when it does 
what you expect it to do, and you need to monitor and use data 
to prove and sustain your confidence for health assurance. 
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