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Abstract

Objective To study the effectiveness and feasibility of cryogenic disinfectants in different cold
scenarios and analyze the key points of on-site cryogenic disinfection.

Methods Qingdao and Suifenhe were selected as application sites for the manual or mechanical

spraying of cryogenic disinfectants. The same amount of disinfectant (3,000 mg/L) was applied on cold
chain food packaging, cold chain containers, transport vehicles, alpine environments, and article
surfaces. The killing log value of the cryogenic disinfectant against the indicator microorganisms
(Staphylococcus aureus and Escherichia coli) was used to evaluate the on-site disinfection effect.

Results  When using 3,000 mg/L with an action time of 10 min on the ground in alpine regions, the
surface of frozen items, cold-chain containers, and cold chain food packaging in supermarkets, all
external surfaces were successfully disinfected, with a pass rate of 100%. The disinfection pass rates for
cold chain food packaging and cold chain transport vehicles of centralized supervised warehouses and
food processing enterprises were 12.5% (15/120), 81.67% (49/60), and 93.33% (14/15), respectively;
yet, the surfaces were not fully sprayed.

Conclusion  Cryogenic disinfectants are effective in disinfecting alpine environments and the outer
packaging of frozen items. The application of cryogenic disinfectants should be regulated to ensure that
they cover all surfaces of the disinfected object, thus ensuring effective cryogenic disinfection.
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INTRODUCTION years, several severe acute respiratory syndrome

pandemic poses a significant threat to
public health and the safety of the global
population. So far, the COVID-19 outbreak has
caused over 6.2 million deaths globally'. Over the

T he coronavirus disease 2019 (COVID-19)

coronavirus 2 (SARS-CoV-2) variants with increased
transmissibility and deteriorating epidemiological
conditions have appeared. The COVID-19 outbreak in
some regions remains “extremely grim”[z“”.
SARS-CoV-2 is sensitive to ultraviolet rays and
heat. The virus can be effectively inactivated at 56 °C
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for 30 min® and at 70 °C for 5 min®®. Common
disinfectants and classical disinfection methods can
effectively kill SARS-CoV-2 at room temperature[7’8].
However, SARS-CoV-2 may survive relatively longer
at low temperatures (4 °C and below)"**"”. Liu et al.
found that infectious SARS-CoV-2 can survive for at
least 60 days on the surface of cold-chain food
packages (under -18 °C)™. Moreover, Kwon and
colleagues discovered that SARS-CoV-2 could survive
under winter conditions with a survival post-
contamination on most surfaces for up to 21 days,
followed by spring/fall conditions for up to 7 daysm].
Also, the survival time of SARS-COV-2 in nasal mucus
and sputum at 4 °C is significantly longer than at
normal temperaturem]. According to existing World
Health Organization (WHO) reports, some other
coronaviruses are highly stable in a frozen state and
can survive for up to two years at -20 o™,

Viruses live relatively longer on surfaces in cold
environments and are also more active at low
temperatures[6’15'17]. Since the outbreak at Xinfadi
Market in Beijing, multiple local outbreaks related to
the contaminated outer packaging of cold-chain
goods occurred in china™™. In October 2020, the
Chinese Center for Disease Control and Prevention
(China CDC) isolated the live virus from the cold-
chain food packaging in Qingdao, which suggested
that cold-chain goods were the potential carriers for
long-distance cross-border import of SARS-CoV-2%7.

Traditional disinfection methods are usually
performed at room temperature and high-
temperature conditions. Temperature has a great
influence on chemical disinfectants. In cold
environments below 0 °C, the disinfection effect of
commonly used chemical disinfectants decreases
significantly, and even icing occurs, making
disinfection impossible. Yet, in order to prevent and
control the COVID-19 epidemic and solve the
cryogenic disinfection challenges, China has started
developing related technologies since June 2020. In
February 2021, the National Institute of Environment
Health of China CDC successfully developed two
cryogenic disinfectants (-18 °C and -40 °C,
respectively), which were freely available to the
publicm]. This cryogenic disinfectant in the
corresponding low temperature conditions, maintain
the liquid state, with the ability to play a disinfection
role to ensure effective disinfection at low
temperatures. Since then, domestic cryogenic
disinfection technology has rapidly developed.
However, as cryogenic disinfection is a new
technology, factors and key points influencing its
field application are different from traditional

disinfection technology. In this study, Staphylococcus
aureus and Escherichia coli with higher resistance

than SARS-CoV-2, were wused as indicator
microorganisms to study investigated the
effectiveness and  feasibility = of  cryogenic

disinfectants in different cold scenarios and analyzed
the key points of on-site cryogenic disinfection”.

MATERIAL AND METHODS

Study Site Selection

Cryogenic disinfectant is mainly used for cold chain
food packaging and environmental items in alpine
regions. In this study, Qingdao, Shandong Province,
China, was selected as the research site to evaluate
the disinfection effect of cold chain food packaging
cryogenic  disinfectant. The  low-temperature
disinfection site was divided into 3 areas: 1)
centralized supervision warehouse: imported cold
chain food is transported from the customs to the cold
storage of the centralized supervision warehouse
through cold chain containers. This link requires low-
temperature disinfection of the inside of the cold
chain containers and the outer packaging of the cold
chain food; 2) cold chain food processing enterprises:
imported cold chain food is transported from the
centralized supervision warehouse to the cold storage
of food processing enterprises through cold chain
transport vehicles. This link requires low-temperature
disinfection of the inside of the cold chain transport
vehicles and the outer packaging of the cold chain
food; 3) shopping malls (supermarkets): imported cold
chain food is transported from the cold storage of the
food processing enterprise to the refrigerator of
shopping malls, supermarkets, and stores through the
cold-chain transport vehicles. This link requires low-
temperature disinfection of cold chain food outer
packaging (small packaging) and inner packaging.

Suifenhe City, Heilongjiang Province, China, was
selected as the research site for low-temperature
disinfection in alpine regions. The outdoor
temperature in Suifenhe City is about -15 °C in
winter, so low-temperature disinfection is required
for the outdoor environment and items, including
containers, outer packaging, and outdoor
environment.

Material and Methods

Cryogenic Disinfectant  The effective chlorine
concentration of the -18 °C cryogenic disinfectant is
3,000 mg/L, and the disinfectant contained 25%
calcium chloride, 9.5% ethanol, and 0.31% sodium
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dichloroisocyanurate. Ethanol and sodium chloride
were used for anti-freeze. The formulation of
cryogenic disinfectant was developed by the
National Institute of Environment Health, China CDC.
Reagents and Media Reagents and media were
purchased as follows: neutralizer (0.3% sodium
thiosulfate, 0.1% lecithin and 1% Tween-80 in 0.03
mol/L PBS), diluent (0.03 mol/L PBS solution of 0.1%
Tween 80), tryptic soy broth (TSB), and tryptic soy
agar (TSA).

Bacterial Carrier Staphylococcus aureus (S.
aureus, ATCC 6538) and Escherichia coli (E. coli,
8099) bacteria were cultured on a TSA medium. A
TSB medium was used for bacterial carrier tests to
dilute the bacteria cultured overnight (18 h—24 h).
Then, 10 uL of fresh bacteria were applied to cloth
carriers (1 cm x 1 cm), which were left at room
temperature for approximately 20 min to dry. After
drying, samples were placed at -18 °C for more than
30 min to ensure that the surface temperature of
the carriers reached -18 °C%??.

In field tests, three samples for each bacterium
were used as a positive control group without
disinfection, while other conditions were the same
as in the test group. The concentration of the
positive control group was 5 x 10° - 5 x 10°
CFU/tablet.

On-Site Experiments

Qingdao  From January 5 to February 5, 2021, on-
site experiments were carried out in centralized
supervision warehouses, food processing
enterprises, and shopping malls (supermarkets) in
Qingdao. The temperature of disinfected objects in
each scenario was about -18 °C.

Centralized Supervision Warehouse  The six
sides of the cold chain food packaging were pasted
with bacterial carriers (Figure 1A) and placed at
-18 °C for more than 30 minutes to ensure that the
temperature of the outer packaging and the bacteria
carriers reached -18 °C. A handheld infrared
thermometer was used to ensure temperature has
reached. The cryogenic disinfectant was loaded into
two six-sided sprayers used to disinfect the surface
of the carton (Figure 1B). The spraying time of device
A (90 cm x 60 cm x 80 cm, spraying rate: 5 m/min) to
the carton was 3-4 s, and for device B (150 cm x
60 cm x 80 cm, spraying rate: 1.5 m/5 s) was 7-8 s.
The spraying devices A and B are original to the site;
no adjustments or modifications were made to the
original devices during the study. After spraying, the
cartons were left for 10 min. Then the bacterial
carriers were placed into test tubes containing 10 mL

of neutralizing agent and sent to the laboratory for
further analysis within 4 hours. Five cartons were
sprayed and disinfected by each spray device, with a
total sample size of 120.

Cold  Chain  Container Three cold-chain
containers (12 m x 2.2 m x 2.6 m) were selected as
objects of disinfection. After the containers were
emptied, the bacteria carriers were respectively
attached to the inner side (3 points), front wall (1
point), and bottom (1 point) of the container, and 2
bacteria carriers were attached to each point (one S.
aureus carrier and one E. coli) (Figure 1C), with a
total sample size of 30. Next, the researcher placed
the cryogenic disinfectant into a constant sprayer
and sprayed the inner wall of the container. The
spraying volume was about 200-300 mL/m’. After 10
min, the bacterial carriers were put into test tubes
containing 10 mL of neutralizing agent and sent for
analysis.

Cold Chain Food Processing Enterprises The
outer packaging of 15 piles of cold chain food (chassis:
1.2 m x 1 m, cold chain food packaging box: 30 cm x
60 cm x 10 cm) was selected as the object of
disinfection, and the prepared bacteria carriers were
respectively pasted on the front, back, left, and right
sides of the outer packaging of cold chain food
(piles) (Figure 1D), with one S. aureus carrier and one
E. coli carrier on each side, with a total sample size of
120. The disinfection staff of the enterprises placed
the cryogenic disinfectant into a constant sprayer
and sprayed the piles of cold chain food outer
packaging. The disinfection operation was consistent
with the daily disinfection operation of the
enterprise. The research team did not provide
special technical training for the disinfection staff of
the enterprise. After spraying, the cold chain food
was left for 10 minutes. Then, the bacterial carriers
were put into test tubes containing 10 mL of
neutralizing agent and sent for analysis.

Cold Chain Transport Vehicles Three cold chain
transport vehicles (4.2 m x 2 m x 2.1 m) were
selected as disinfection objects. After the goods
were emptied, the bacteria carriers were attached to
the inner side (2 points), front wall (1 point), above
(1 point), and below (1 point) of the cold chain
transport vehicle, and 2 bacteria carriers were
attached to each point (one S. aureus carrier and
one piece of E. coli carrier) (Figure 1E), with a total
sample size of 30. The disinfection staff of the
enterprises placed the cryogenic disinfectant into a
constant sprayer and sprayed the inner wall of the
cold chain transport vehicle for disinfection. After
spraying, vehicles were left for 10 min. Then, the
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bacterial carriers were put into test tubes containing
10 mL of neutralizing agent and sent for analysis.

On the first day, the disinfection staff of the
enterprise did not receive training. The next day,
professionals from the research team performed a
demonstration in the field, telling the disinfection
staff in enterprises that the spray disinfection
operation should ensure that all surfaces are
covered with low-temperature disinfectant and that
these surfaces remain wet for half an hour (In this
study, the time of disinfection was 30 min). On the
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second and third days, the research team carried out
special technical training for disinfection staff in
enterprises, requiring them to spray 200-300 mL/m’
to ensure enough low-temperature disinfectant to
cover the inner wall.

Shopping Malls and Supermarkets Twenty cold
chain foods were selected as objects for disinfection,
and the bacteria carriers were respectively pasted on
the outer packaging (minimum packaging) and inner
packaging of cold chain food (Figure 1F), amounting
to a total of 80 samples. Briefly, the cryogenic

Equipment A:

B 90 cm x 60 cm x 80 cm

Spraying rate: 5 m/min
Equipment B:
150 cm x 60 cm x 80 cm
Spraying rate: 1.5 m/5 s
Equipment C:
Height 130 cm x 120 cm x 90 cm

Length

1.2 meters

30 cm

@ Staphylococcus aureus (ATCC 6538)
@ Escherichia coli (8099)

Figure 1. Schematic illustration of the location of bacteria carriers for different disinfection objects.
(A) The six sides of the cold chain food packaging with bacterial carriers; (B) six-sided equipment; (C) cold
chain container; (D) cold chain food outer packaging (stacked); (E) cold chain transporter vehicles; (F) the
outer packaging (minimum packaging) and inner packaging of cold chain food; (G) empty container

placed outdoors.
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disinfectant was placed into a manual pressure
watering can, and the salesman sprayed the outer
packaging (minimum packaging) and inner packaging
surface of the cold chain food (30 cm x 60 cm x 10 cm,
spraying amount of 200-300 mL/m?). After spraying,
the cold chain food was left for 10 minutes. Then,
the bacterial carriers were put into test tubes
containing 10 mL of neutralizing agent and were sent
for analysis.

Suifenhe City From January 10 to February 10,
2021, the outdoor temperature in Suifenhe during
the day was about -5 °C to -15 °C, and the surface of
the storage warehouse (without heating), empty
containers, and outer packaging of items were
selected for low-temperature disinfection research.
The researchers themselves did all disinfection
operations.

Storage Warehouse The bacteria carriers were
placed in sterile plates and scattered on the floor of
the storage warehouse; ten sites were placed at
each time, with 2 bacterial carriers per site (one
piece of S. aureus carrier and one piece of E. coli).
The experiment was repeated three times with a
total of 60 samples. During the test, the indoor
temperature was about -13 °C to -15 °C. A
disinfectant sprayer equipped with the cryogenic
disinfectant was used to disinfect the ground, and
the spraying volume was about 200-300 mL/m’.
After spraying, it was left for 10 minutes. Then the
bacterial carriers were put into test tubes containing
10 mL of neutralizing agent and sent for analysis.

Containers Ten empty containers (16 m x 2.6 m
x 2.8 m) placed outdoors were selected as
disinfection objects, and the internal temperature
during the experiment was about -5 °C to -9 °C. The
microbes were placed at the inner, middle, and
outer points at the bottom of the container, with 2
bacteria carriers (one S. aureus carrier and one E.
coli) at each point (Figure 1G), with a total sample
size of 60. A disinfectant sprayer equipped with the
cryogenic disinfectant was used to disinfect the inner
wall of the container; the spraying volume was about
200-300 mL/m’. After spraying, the containers were
left for 10 minutes. Then the bacterial carriers were
put into test tubes containing 10 mL of neutralizing
agent and sent for analysis.

Outer Packaging of Items  Five items were
selected as objects of disinfection, and the surface
temperature of the outer packaging of the items was
about -7 °C to -10 °C during the experiment. The
point distribution method and disinfection method
were the same as above (Figure 1A and Figure 1B).
The spraying time of the six-sided spray equipment C

(130 cm x 120 cm x 90 cm, disinfected box: 65 cm x
53 cm x 45 cm) is about 30-40 s. The spraying device
C is original to the site; no adjustments or
modifications were made to the original devices
during the study. After spraying, those items were
left for 10 minutes. Then the bacterial carriers were
put into test tubes containing 10 mL of neutralizing
agent and sent for analysis.

Laboratory Experiments

After mixing, samples were transferred to a
sterile plate (each sample was inoculated into 2
plates in parallel). The culture medium was added
and evenly shaken while pouring. After the culture
medium was solidified, samples were placed at 36 *
1 °C for 48 h, after which the number of colonies was
counted. Positive control samples were properly
diluted with diluent, then cultured and counted
following the same method. The following formula
was used to calculate the killing log value of each
sample:

KL=N,—-N

o x

where ki is the killing log, N, is the log value of

average viable bacteria concentration (CFU/tablet) in

the positive control group and N_ is the log value of

viable bacteria concentration (CFU/tablet) in the

experimental group. The log kill value > 3.00 indicted
.. . 22

a good level of disinfection™ ™.

RESULT

Cold Chain Food Outer Packaging (Qingdao)

Centralized Supervision Warehouse After
disinfection with equipment A (spray for 3-4 s), six
sides of the outer packaging were not wet, and 60
bacteria carriers pasted on the surfaces could not be
counted (grown as bacterial lawn); the qualified
disinfection rate was 0%.

After disinfection with equipment B (spray for
7-8 s), the bottom surface of the cold chain food
outer packaging was relatively wet, while the other
five surfaces (the top, front, back, left, and right
sides) were unevenly wet. The average Kkilling
logarithm of E. coli carriers pasted on the outer
packaging of cold chain food by cryogenic
disinfectants was 2.36 (0.85-5.51), [The killing log
values 2.36 (0.85-5.51) means that the average
killing log value of the 30 samples in this test was
2.36, of which the lowest value was 0.85 and the
highest value was 5.51.] and the qualified
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disinfection rate was 20% (6/30). The average killing
logarithm value of S. aureus carriers was 2.52
(1.22-4.62), and the qualified disinfection rate was
30% (9/30). Only 15 out of the 60 samples were
adequately disinfected and were distributed on the
bottom (9), top (3), back (2), and left (1) surfaces
(Table 1).

Cold Chain Container After disinfection, all parts of
the inner surfaces of the cold chain container were
wet, and the low-temperature disinfectant
completely covered the inner wall surfaces. The
average killing logarithm of E. coli carriers pasted on
the inner surfaces of the cold chain container by
cryogenic disinfectants was 3.52 (3-4.59), and the
average killing logarithm of S. aureus carriers was
3.63 (3.02-5.02). All samples were adequately
disinfected, and the qualified rate was 100% (30/30)
(Table 2).

Cold Chain Food Processing Enterprises  After
disinfectant was sprayed, the surfaces of the stacked
cold chain food's outer packaging were unevenly
wet. The average killing logarithm of E. coli carriers
pasted on the outer packaging surfaces by cryogenic
disinfectants was 3.44 (1.91-5.28), and the qualified
disinfection rate was 80% (48/60); the average killing
logarithm of S. aureus carriers was 3.90 (2.45-5.44),
and the qualified disinfection rate was 81.67%
(49/60). Among the 120 samples, the disinfection
result of 23 samples was unsatisfying, including 6
samples from the front, 4 samples from the back, 8
samples from the left, and 5 samples from the right
surfaces (Table 3).

Cold Chain Transport Vehicles The average killing
logarithm of E. coli carriers pasted on the inner walls
of the cold chain transport vehicle by cryogenic
disinfectants was 3.96 (2.71-5.9), and the qualified
disinfection rate was 86.67% (13/15). The average
killing logarithm of S. aureus carriers was 3.88
(2.60-4.85), and the qualified disinfection rate was
93.33% (14/15) (Table 4).

The enterprise staff disinfected the inner
surfaces of the cold chain transport vehicle by spray.
On the first day, the inner surfaces were not fully
covered, and the disinfection qualified rate of the
bacteria carriers was 70% (7/10). On the second and
third days, after professional and technical training,
the low-temperature disinfectant was evenly
sprayed on the inner surfaces of the cold chain
transport vehicle, and all surfaces were fully
covered. The disinfection qualified rate of the
bacterial carriers was 100% (20/20).

Shopping Malls and Supermarkets After
disinfection, the cold chain food outer packaging

Table 1. Disinfection effectiveness in different parts
of the cold chain food outer packaging
(Equipment B)

Position of the A S. aureus

Item number tablet on the E. colikilling killing log
packaging surface log value value
1 Top surface” 2.33 2.37
Bottom surface’ 3.05 2.86
Left surface’ 1.68 1.28
Right surface” 1.98 1.72
Front surface” 191 2.27
Back surface’ 0.85 3.22
2 Top surface” 2.12 4.62
Bottom surface 3.87 4.44
Left surface’ 1.27 1.53
Right surface” 1.44 2.50
Front surface” 1.54 2.01
Back surface’ 2.54 271
3 Top surface” 2.50 3.20
Bottom surface 4.25 3.96
Left surface’ 2.22 2.09
Right surface” 1.99 1.22
Front surface” 1.58 2.07
Back surface’ 2.37 1.36
4 Top surface” 2.79 2.60
Bottom surface 5.51 3.14
Left surface’ 1.57 3.89
Right surface” 1.99 1.87
Front surface” 1.82 1.93
Back surface’ 2.03 3.50
5 Top surface” 3.13 2.28
Bottom surface 4.23 4.35
Left surface’ 1.82 1.33
Right surface” 2.10 1.88
Front surface” 2.10 1.87
Back surface’ 2.25 1.47

Note. The mean log value of E. coli in the
positive control group was 5.91 and the mean log
value of S. aureus was 5.79. 'Indicates that the
surface disinfection failed (the surface of
Staphylococcus aureus or Escherichia coli any piece
of bacteria failed to pass then marked as
unqualified).
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surfaces were wet. The average killing logarithm of
E. coli carriers pasted on the outer packaging
surfaces by cryogenic disinfectants was 3.93
(3.00-5.77); the average Kkilling logarithm of
S. aureus carriers was 4.77 (3.00-5.00). All test
samples were adequately disinfected, and the
qualified disinfection rate was 100% (80/80)
(Table 5).

Alpine Region (Suifenhe)

The floor of the storage warehouse and empty
containers placed outdoors were spray-disinfected
by researchers, with low-temperature disinfectant
covering all surfaces. After sprayed disinfection, a
test group of the bacterial carriers placed on the
storage floor and in the container did not show any
signs of growth. The average killing logarithm of
E. coli carriers was 5.89 (5.82-5.93), and that of
S. aureus carriers was 6.20 (5.92-6.35). All the test
samples were adequately disinfected, and the
qualified disinfection rate was 100% (120/120).

After disinfection with equipment C (spray for
30-40 s), the surfaces of the outer packaging of
items were wet. The average killing logarithm of

Table 2. Disinfection effectiveness in different parts
of the cold chain container (Constant Sprayer)

Container Positioning of the tablets E. coll killing Ifm‘l’::l:;
number in the container log value value
1 Front wall 3.12 3.07
Bottom 3.88 4.08
Side walll 3.01 3.76
Side wall2 4.37 4.43
Side wall3 3.92 4.04
2 Front wall 3.03 3.04
Bottom 3.05 3.02
Side walll 3.26 3.05
Side wall2 3.07 4.2
Side wall3 3.23 3.09
3 Front wall 3.95 5.02
Bottom 3.74 3.61
Side walll 4.59 3.27
Side wall2 3.00 3.47
Side wall3 3.54 3.36

Note. The mean log value of E. coli in the
positive control group was 6.07 and the mean log
value of S. aureus was 5.74.

E. coli carriers pasted on the outer packaging of
items by cryogenic disinfectants was 5.45
(3.25-6.16), and the average killing logarithm of
S. aureus carriers was 5.37 (3.00-6.31). All the test
samples were adequately disinfected, and the
qualified disinfection rate was 100% (60/60)
(Table 6).

DISCUSSION

The prevention and control of the novel
coronavirus pneumonia have resulted in a new
demand for disinfection, i.e., low-temperature
disinfection. At present, scientific research reports
on low-temperature disinfection have been mainly
based on laboratory research data, which proved
that different types of cryogenic disinfectants are

Table 3. Disinfection effectiveness in different parts
of the outer surface of the cold chain food pile

(Constant Sprayer)

Item Positioning of the  E. coli killing S. aureus killing
number tablets on the surface  log value log value
1 Front surface” 3.12 2.81

Back surface’ 3.15 2.82

Left surface’ 3.18 2.45

Right surface 3.96 5.14

2 Front surface 3.28 4.54
Back surface 3.22 3.73

Left surface 3.07 3.62

Right surface 5.19 5.44

3 Front surface 3.34 4.44
Back surface 3.19 3.78

Left surface 3.07 3.53

Right surface 4.58 5.44

4 Front surface 3.01 4.96
Back surface 3.09 3.18

Left surface 3.21 3.99

Right surface 4.36 5.44

5 Front surface 3.19 4.84
Back surface 3.07 3.76

Left surface’ 2.97 3.77

Right surface 3.25 5.14

6 Front surface 3.60 4.94
Back surface 3.33 3.11

Left surface 3.49 4.37

Right surface’ 2.29 2.65




On-site assessment of a cryogenic disinfectant

181

Continued
Item Positioning of the  E. colikilling S. aureus killing
number tablets on the surface  log value log value

7 Front surface 3.05 4.05
Back surface’ 2.54 4.21

Left surface’ 2.28 3.03

Right surface” 2.41 4.80

8 Front surface” 2.60 3.73
Back surface 3.52 3.23

Left surface’ 191 2.46

Right surface 3.35 3.53

9 Front surface” 3.12 2.49
Back surface 3.01 3.13

Left surface 3.01 4.54

Right surface’ 2.65 5.07

10 Front surface” 2.37 3.64
Back surface 3.34 5.15

Left surface’ 2.12 2.57

Right surface 3.03 4.33

11 Front surface 5.28 491
Back surface 4.06 3.32

Left surface 3.76 4.83

Right surface 3.95 4.23

12 Front surface 4.88 4.76
Back surface 3.47 3.11

Left surface 4.98 3.29

Right surface 3.56 3.61

13 Front surface 3.89 3.10
Back surface’ 3.86 2.95

Left surface 4.02 4.05

Right surface 4.58 4.25

14 Front surface” 3.40 2.80
Back surface’ 2.96 3.21

Left surface 3.00 4.66

Right surface” 437 2.92

15 Front surface” 4.46 2.93
Back surface 4.07 3.98

Left surface’ 2.94 491

Right surface 5.28 4.61

effective for disinfection under low-temperature
conditions in the Iaboratory[23'27]. Still, no field
application research on cryogenic disinfectants has
been applied in the real world. In this study, in
accordance with China’s low-temperature
disinfection site evaluation criteriam],
Staphylococcus aureus (ATCC6538) and Escherichia
coli (8099), which have higher resistance than SARS-
CoV-2, were used as indicator microorganisms for
field research, and the results and conclusions
obtained from the study have good significance for
the on-site low-temperature disinfection of COVID-
19 epidemic prevention and control. Low-
temperature disinfection is mainly used for the
disinfection of high-risk cold chain food packaging
and environmental items in alpine areas. In this
study, we performed an on-site assessment of a
cryogenic disinfectant for the alpine environment
and outer packaging of frozen items. Suifenhe and
Qingdao (the entry and exit port of cold chain food)
were selected as the research field. The main
methods of low-temperature disinfection included
manual spraying of cryogenic disinfectants and
mechanized six-sided spraying. Our results showed

Table 4. Disinfection effectiveness in different parts
of the cold chain transport vehicle compartment
(Constant Sprayer)

Item Positioning of the tablets E. colikilling S. aureus killing

number in the carriage log value log value

1 Top surface” 2.82 3.02
Front wall’ 3.58 2.60

Bottom surface’ 2.71 3.01

Side walll 4.07 3.56

Side wall2 3.62 3.06

2 Top surface 3.35 4.21
Front wall 4.22 3.25

Bottom surface 3.67 4.85

Side walll 4.79 4.53

Side wall2 4.18 4.85

3 Top surface 5.90 4.42
Front wall 3.67 4.23

Bottom surface 4.41 4.60

Side walll 4.19 4,53

Side wall2 4.22 3.44

Note. The mean log value of E. coli in the
positive control group was 6.07 (5.98-6.17) and the
mean log value of S. aureus was 5.74 (5.84-6.24).
“Indicates that the surface disinfection failed (the
surface of S. aureus or Escherichia coli any piece of
bacteria failed to pass then marked as unqualified).

Note. The mean log value of E. coli in the
positive control group was 5.90 and the mean log
value of S. aureus was 5.94. 'Indicates that the
surface disinfection failed (the surface of S. aureus or
E. coli any piece of bacteria failed to pass then
marked as unqualified).
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Table 5. Disinfection effectiveness in different parts
of the inner and outer packaging of cold chain foods
(Manual Pressure Watering Can)

Item Positioning of  E. coli killing  S. aureus killing
number the tablets log value log value
1 Outer surface 3.68 5.80
Inner surface 3.97 3.51
2 Outer surface 3.06 5.80
Inner surface 3.68 3.18
3 Outer surface 3.00 5.80
Inner surface 3.75 3.11
4 Outer surface 3.01 5.80
Inner surface 4.39 5.49
5 Outer surface 3.63 5.80
Inner surface 3.06 3.75
6 Outer surface 3.08 5.40
Inner surface 3.25 4.11
7 Outer surface 3.03 5.80
Inner surface 3.18 4.97
8 Outer surface 3.09 5.80
Inner surface 3.01 4.19
9 Outer surface 3.22 5.80
Inner surface 3.06 5.49
10 Outer surface 3.19 5.80
Inner surface 3.68 5.37
11 Outer surface 3.53 3.00
Inner surface 4.90 4.23
12 Outer surface 3.05 4.00
Inner surface 5.77 5.80
13 Outer surface 3.40 4.02
Inner surface 5.77 5.40
14 Outer surface 3.80 3.07
Inner surface 5.77 5.40
15 Outer surface 3.12 3.05
Inner surface 5.77 5.80
16 Outer surface 3.13 3.13
Inner surface 5.77 5.80
17 Outer surface 3.47 3.04
Inner surface 5.77 5.10
18 Outer surface 3.16 421
Inner surface 5.37 5.80
19 Outer surface 3.82 3.20
Inner surface 5.77 5.80
20 Outer surface 3.19 4.45
Inner surface 5.77 5.80

that the correct use of cryogenic disinfectants could
effectively disinfect the outer packaging of cold
chain food, the inner surfaces of cold chain transport
vehicles, and the surfaces of items in alpine areas.
However, improper, mechanized operation or
manual spraying can lead to unqualified disinfection.

In this study, all six sides of the outer packaging
of items were disinfected by mechanical spraying.
The cryogenic disinfectant was loaded into the
equipment and sprayed on the six sides of the

Table 6. Disinfection effectiveness in different parts
of frozen goods outer packaging in alpine regions
(Equipment C)

Position of the
Item E. coli

S. aureus
tablet on the

number packaging surface killing log value killing log value

1 Top surface 4.18 6.31
Bottom surface 6.16 3.52

Left surface 4.98 6.31

Right surface 3.77 6.31

Front surface 6.16 4.29

Back surface 6.16 5.92

2 Top surface 6.16 6.31
Bottom surface 3.80 3.00

Left surface 6.16 5.01

Right surface 6.16 6.31

Front surface 6.16 6.31

Back surface 6.16 6.31

3 Top surface 6.16 5.62
Bottom surface 6.16 3.01

Left surface 3.25 6.31

Right surface 6.16 6.31

Front surface 6.16 3.58

Back surface 3.40 5.92

4 Top surface 6.16 6.31
Bottom surface 6.16 5.62

Left surface 3.34 6.31

Right surface 6.16 3.79

Front surface 6.16 5.43

Back surface 6.16 6.31

5 Top surface 6.16 6.31
Bottom surface 6.16 3.00

Left surface 3.76 6.31

Right surface 3.74 3.99

Front surface 6.16 6.31

Back surface 6.16 4.63

Note. The mean log value of E. coli in the
positive control group was 5.77 and the mean log
value of S. aureus was 5.80.

Note. The mean log value of E. coli in the
positive control group was 6.16 and the mean log
value of Staphylococcus aureus was 6.31.
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packaging when the items passed through the
equipment. The three types of equipment were
sprayed for different durations, and the amount of
cryogenic disinfectant was different. The spraying
time of equipment A was 3-4 s. After disinfection, all
six sides of the item were almost dry. There was no
disinfectant left on the surface, and the qualified
disinfection rate was 0%. For equipment B, the
spraying time of each item was 7-8 s. After
disinfection, several surfaces of the outer package
were wet, but most of the surfaces were not wet (no
disinfectant left). The disinfection qualified rate was
25%. The spraying time of equipment C was 30-40 s.
After disinfection, all sides of the items were wet,
and the qualified rate was 100%. In the process of
mechanized low-temperature disinfection, a
sufficient spraying dose of cryogenic disinfectant is
the key factor. The relevant parameters of the
equipment should be adjusted to ensure that after
spraying, the six sides of the outer package are wet
in order to ensure that the low-temperature
disinfection is effective.

Next, we examined scenarios involving manual
spraying. The cold chain containers in Qingdao, the
storage warehouses, and containers in Suifenhe
were manually disinfected by researchers using
standardized low-temperature disinfection
operations, and the disinfection qualified rate was
100%. The staff of the enterprises disinfected the
surfaces of the outer packaging of the stacked cold
chain food. Due to the incomplete spraying and
disinfection, some surfaces were not sprayed with
low-temperature disinfectant, and the disinfection
qualified rate was 81.67%. The staff of the
enterprises also disinfected cold chain transport
vehicles in Qingdao. For the same reason, the
disinfection qualified rate on the first day was only
70%. After professional technical training, the low-
temperature disinfectant was more evenly sprayed
on the inner surfaces of the cold chain transport
vehicle covering all the surfaces, and that these
surfaces remain wet for half an hour (observed by
the naked eye), the disinfection qualified rate
reached 100%. Although manual spraying of
cryogenic disinfectants is simple and convenient, the
improper operation of disinfection personnel can
easily lead to unqualified disinfection. Standardized
disinfection operations and spraying a sufficient
disinfectant are essential to ensure qualified
disinfection. Therefore, the technical training of
disinfection staff should be strengthened for manual
spraying and disinfection. Also, it is necessary to
standardize the disinfection operation to ensure the

disinfection effect.
CONCLUSION

Cryogenic  disinfectants are effective in
disinfecting alpine environments and the outer
packaging of frozen items. The application of
cryogenic disinfectants should be regulated to
ensure that they cover all surfaces of the disinfected
object, thus ensuring effective cryogenic
disinfection.
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