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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Pre-
Production 

Biological Nglg Nglg-Low Low 

Concern that Although specific If contamination If contaminating 
Site Selection pathogens existing in studies are not occurs, the pathogens 
and soil, water, and identified, the probability of survive and 
Preparation applied amendments 

will contaminate the 
probability of 
pathogens present 

consumer exposure 
to pathogens is very 

infection occurs, 
secondary spread 

This stage future crop. Examples on-site at pre- low, as most between humans 
includes of pathogens include: production pathogens do not is possible. 
orchard contaminating the survive well on E.g. Verotoxin­
planting and Soil borne: apples is apple surfaces or in producing E. coli 
management considered cider (56). (VTEC) in 
until trees Listeria, negligible, as Notable exceptions households (22, 
produce fruit in Salmonella, product is not are Verotoxin­ and 23). 
3-5 years. Clostridium available for producing E. coli Pathogens are 
This also exposure. (VTEC) as in the easily transmitted 
includes tillage Manure: Environmental Odwalla juice directly from 
and application degradation of outbreak (24, 23, person-to-person, 
of any soil E. coli 0157:H7, pathogens prior to and 75). or by the fecal to 
amendments 
(manure, 

Cryptosporidium or 
Salmonella 

fruit production 
also reduces 

E. coli 0157:H7 can 
survive at low pH for 

oral route (15, 21, 
and 24). 

biosolids, likelihood of up to 4 weeks (15, Secondary 
chemical 
fertilizers etc.), 

Adjacent site uses 
such as livestock 

contamination. 
(17). 

and 24). 
Low infective doses 

spread is 
expected to be 

determination 
of site history 

operations may also 
contaminate the site. 

increase the 
probability of 

local. 

and expected Wind and water can infection (21). 
uses of 
adjacent sites 
might be 

carry pathogens from 
adjacent sites (2, 7, 
10, 11, 21, 24, 79, and 

Fresh-pressed cider 
is immediately 
offered for 

considered. 107). See Appendix B 
for a list of potential 
biological hazards 

consumption and 
pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact 
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Nglg 
To reduce risk: 

If infection Direct Although no Although little Although the Select clean sites unlikely 
occurs, the healthcare specific data are impact could to receive run-off from any 
impact is costs vary studies are known be high and biological pollution 
variable, with known, the relating to specific data source. Determine 
depending pathogen presence of contamination are limited, it previous land uses. Use 
on the virulence, biological from pre- is reasonably Good Agricultural 
pathogen individual hazards in production, certain that Practices (GAPs) (30, 31, 
and susceptibility, food crops experience, the overall 32, and 33). 
individual. and size of is knowledge of risk of this 
The young, outbreak (2). considered plant hazard at pre-
elderly, and If an to have physiology production is 
immune- outbreak is negligible and the negligible, 
compromised traceable to impact on industry, and due to the 
are at 
greater risk 
(21). 
Symptoms 

a specific 
company or 
industry, the 
indirect 

the 
environment. 

lack of 
traceable 
cases 
provides 

negligible 
probability of 
contamination 
and negligible 

may vary economic reasonable to low 
from mild 
diarrhea 
and upset 
stomach, to 

impact can 
be 
significant. 
E.g. Jack-in-

certainty for 
this 
assessment. 

probability of 
exposure at 
this stage. 

extreme the-Box 
cases of Restaurant 
Hemolytic chain 
Uremic 
Syndrome 

(J.I.T.B.) & 
Odwalla and 

(HUS) from other E. coli 
E. coli settlements 
0157:H7 
and death 
(21, 24, and 

(23, 26, and 
27). 

106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Pre- Chemical Nglg Nglg-Low Nglg 
Production 

Concern that applied During normal If contamination Chemicals are 
Site Selection chemicals or growth, trees occurs, the not conducive to 
and chemicals in the absorb chemicals probability of secondary spread 
Preparation environment 

(environmental or 
and metals from 
the soil, water, and 

significant consumer 
exposure will range 

among humans. 

This stage previously existing air. Agricultural from negligible to 
includes chemicals) may chemicals low. Those applying 
orchard contaminate apples. registered for use agricultural 
planting and Crop contamination may be applied at pesticides in Ontario 
management from applied this stage of are trained and 
until trees chemicals includes production (157) to certified. When 
produce fruit in pesticides, chemical ensure tree health pesticides are 
3-5 years. fertilizers, soil and for weed applied according to 
This also fumigants and control. There is label instructions, 
includes tillage biosolids at this stage. no fruit at this residues are unlikely 
and application stage and crop to exceed allowable 
of any soil contamination Maximum Residue 
amendments would not occur. Limits (MRLs), as 
(manure, Most chemicals set by Health 
biosolids, used in food Canada. 
chemical production are The FIB (Food 
fertilizers etc.), designed to break Inspection Branch) 
determination down in the residue monitoring 
of site history environment. The program has found 
and expected probability of minimal residue on 
uses of chemical apples (40, 45, 46, 
adjacent sites. contamination of and 78). Apples are 

apples at this not identified as a 
stage is vehicle for exposure 
considered to environmental 
negligible (37). chemicals (35, 39, 

and 40). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low-Med Nglg 
To reduce risk: 

The overall 
impact of 
chemicals on 
human health 
is generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce in 
high enough 

Direct 
healthcare 
costs vary 
with the 
scope of the 
chemical 
contaminant 
and 
individual 
affected. If 

At the levels 
at which 
chemicals 
are found 
on food, the 
impact of 
that food on 
the 
environment 
would be 

Specific 
studies of pre­
production 
orchard site 
chemical 
contamination 
and final fresh 
apple cider 
chemical 
contamination 

Although the 
impact could 
be medium 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of this 

Investigate prior site 
history and environmental 
conditions. 
Comply with legislation 
and guidelines governing 
manufacturing, handling, 
storing, application, 
disposal, and labeling of 
chemicals. 
Where off-farm biosolids 

concentration contaminati negligible. are not hazard at this are used, a certificate of 
s to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 
are not well 
known, there 
is evidence 
that exposure 
to certain 
chemicals 
over a long 
period of time 
can cause 

on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
but low 
overall. E.g. 
Alar® on 
apples (43). 

known. 
Studies 
indicate that 
chemicals can 
accumulate in 
produce (35, 
and 36). 
Specific data 
on long-term 
effects are not 
known. 
Apples are 
not routinely 
screened for 
chemicals 
other than 

stage is 
negligible, 
due to the 
negligible 
probability of 
contamination 
and negligible 
to low 
probability of 
exposure. 

approval for land 
application from the 
Ministry of Environment 
(MOE) is required, and an 
analysis of the nutrients 
applied should be 
available from the 
applicator. Application of 
sewage biosolids must 
meet the metal content 
criteria set out in Table1 
and 2, OMAF fact sheet 
95-069 (34). 

numerous those 
health effects registered for 
including pest 
cancer (35, 
36, 39, 40, 

protection. 
Lack of 

41, and 42). traceable 
cases 
provides 
reasonable 
certainty of 
the 
assessment. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Pre-
Production 

Physical Nglg Nglg Nglg 

Concern that Although no If contamination Physical hazards 
Site Selection extraneous materials specific studies occurs, the are not conducive 
and such as metal, glass, are identified, the probability of to secondary 
Preparation plastic, etc., may 

contaminate apples 
probability of any 
physical material 

consumer exposure 
is negligible.  Apples 

spread among 
humans. 

This stage used for cider. entering the are graded, washed, 
includes Physical hazards are apples at this ground, pressed, 
orchard known to cause injury stage of and filtered prior to 
planting and (47, and 48). production is cider production and 
management See Appendix C for a negligible, as fruit extraneous material 
until trees list of physical hazards is not available for is eliminated (79, 
produce fruit in and potential injury. contamination. and 80). 
3-5 years. 
This also 
includes tillage 
and application 
of any soil 
amendments 
(manure, 
biosolids, 
chemical 
fertilizers, etc.), 
determination 
of site history 
and expected 
uses of 
adjacent sites. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Low 

If 
contamination 
occurs, the 
impact is 
variable, 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 
known to 
cause injury 
(47, and 
48). 

Nglg 

If 
contamination 
occurs and is 
traceable to 
an individual 
company or 
industry, the 
indirect 
economic 
impact could 
be 
significant, 
depending 
on recall 
requirements. 
Overall 
industry 
impact would 
be negligible. 

Nglg 

Although no 
specific 
studies are 
identified, 
the impact 
of physically 
contaminated 
apples on 
the 
environment 
is 
considered 
negligible. 

Low 

No previous 
issues or 
traceable 
cases are 
known with 
apples or 
cider. 
Experience, 
knowledge of 
plant 
physiology 
and the 
industry, 
provide 
reasonable 
certainty of 
the 
assessment. 

Nglg 

Although 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at pre­
production is 
negligible, 
due to the 
negligible 
probability of 
contamination 
and exposure 
at this stage. 

To reduce risk: 
Be aware of the potential 
for possible physical 
contamination of apples 
and apple cider. Use 
Good Agricultural 
Practices (GAPs) (30, 31, 
32, and 33). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Biological Nglg-Low Nglg-Low Low 

Growing the 
Crop 

During this 
stage fruit is 
growing on the 
trees and 
might be hand-
thinned by 
workers. 
Trees might 
also be pruned 
at various 
times. Soil 
amendments 
such as 
manure, 
biosolids, 
chemical 

Concern that apples will 
become contaminated 
by workers with 
infectious diseases such 
as Hepatitis A or 
Norwalk virus while they 
thin and prune the trees. 
Or through workers 
transferring pathogens 
to the apples via hands 
or boots contaminated 
with manure (15, and 
21) containing E. coli 
0157:H7, Salmonella or 
Cryptosporidium parvum 
(11). 
Concern that apples will 
be contaminated through 
pathogens in the applied 
biosolids contaminated 
with the above 

Although possible, 
no previous issues 
have been 
identified with 
workers 
contaminating 
apples through 
direct contact or 
through transferring 
pathogens to 
apples during 
thinning and 
pruning (15, 50). 
Apples that are 
picked at this stage 
are discarded. 
Known outbreaks in 
cider of E. coli 
0157:H7, 
Salmonella and 

If contamination 
occurs, the 
probability of 
consumer exposure 
to pathogens is very 
low, as most 
pathogens do not 
survive well on 
apple surfaces or in 
cider (pH 3-4) (56). 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) as in the 
Odwalla juice 
outbreak (23) and 
others (15, 24, 50, 
73, 81, 82 and 83). 
Low infective doses 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route and 
have low infective 
doses (21). If 
contaminating 
pathogens 
survive and cases 
occur, depending 
on the pathogen, 
secondary spread 
between human 
cases may be 
significant. 
E.g. Verotoxin­

fertilizers, etc., 
might be 
applied to the 
orchard to 
improve fruit 
production. 
Fruit may also 
be exposed to 
animals (wild 
and domestic), 
rodents and 
flies in the 
orchard. 

mentioned pathogens 
(15, 24, and 44). 
Also the concern that 
animal feces will 
contaminate the apples, 
if animals have access 
to the orchard and 
apples contact the 
orchard floor, or if 
rodents and insects 
transfer contamination to 
the fruit (13, 52, 64, and 
70). Feces can contain 
pathogens such as E. 
coli 0157:H7, Salmonella 
and Cryptosporidium 
parvum (7, and 15). 
Rodents are potential 
carriers of Salmonella 

Cryptosporidium 
parvum have 
occurred when 
apples taken off the 
orchard floor were 
used for cider (15, 
24, and 82). 
Manure on the 
orchard floor was 
the identified 
source of 
pathogens.  This 
may be present 
due to animal 
access to orchards, 
or due to use of 
biosolids as 
fertilizer. Manure 

increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 

producing E. coli 
(VTEC) in 
households (15, 
and 22). 
Secondary 
spread would be 
localized. 

(52), as are houseflies (7 
and 50). 

and sewage are not 
used in most 
orchards. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Nglg-Low 
To reduce risk: 

If infection Direct Although no Specific Although the Follow Good Agricultural 
occurs, the healthcare specific studies on impact could Practices (GAPs) and 
impact is costs vary studies are manual be high and Good Manufacturing 
variable, with known, the thinning of specific data Practices (GMPs) (29, 30, 
depending pathogen presence of apple trees, are limited, it 32, 79, 109, and 110). 
on the virulence, biological contamination is reasonably Ensure protocols for 
pathogen individual hazards on of apples via certain that worker training, health 
and susceptibility, food and the soil the overall programs, and hand wash 
individual. and size of impact of amendments risk of this facilities (15, 30, 31, and 
The young, outbreak (2). that food on and hazard at this 32). 
elderly and If an the contamination stage is Develop awareness of 
immune- outbreak is environment of apples via negligible to cross-contamination 
compromis 
ed are at 

traceable to 
a specific 

are 
considered 

pests are not 
known. 

low, due to 
the negligible 

potential. 
Do not use 

greater risk 
(21, and 
40). 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases of 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 
0157:H7 
and death 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (27). 
Some 
viruses such 
as Hepatitis 
A may be 
endemic in 

negligible. However, 
research 
indicates that 
manure can 
carry 
pathogens (2, 
15, 24, and 
107) and the 
practices 
described can 
all lead to 
contamination 
of apples with 
manure (2, 
13, 15, 24, 
52, and 107). 

to low 
probability of 
contaminatio 
n, and 
negligible to 
low probability 
of exposure at 
this stage. 

manure/sewage as a 
fertilizer in the orchard. 
Do not use drop apples 
due to a higher potential 
for contamination (84, and 
156). 
Control access of wildlife 
as much as possible. 
Implement a rodent and 
fly control program. 
Keep domestic livestock 
out of the orchard. 
Follow the Canadian Food 
Inspection Agency’s 
(CFIA) Code of Practice 
(79). 

(21, 24, and 
106). 

some 
populations 
(21). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Biological Nglg-Low Nglg-Low Low 

Growing the 
Crop 

Water 

At this stage, 
water is used 
for spraying. 
Overhead or 
drip irrigation 
may also be 
used during 
the season. 

Concern of fruit 
contamination through 
direct water contact 
from spraying (12), 
overhead irrigation, 
and rain. Pathogen 
internalization may 
also occur (7, and 
154). Soil may also 
be contaminated by 
irrigation water or 
surface water 
contaminated by 
waste (12). Potential 
for pathogens to 
survive to processing 
and consumption. 
E. coli 0157:H7 can 
survive up to 4 weeks 
at a low pH. 
Salmonella is viable 
for several years 
outside the host (7, 
15, and 24). 
See Appendix B for a 
list of foodborne 
pathogens. 

Studies identify 
water as a 
possible carrier of 
pathogens (7, 24, 
and 44). Fruit is 
susceptible to 
contamination 
during growth, skin 
cracks and other 
wounds, and 
internalization is 
possible (7, and 
154). Dropped 
fruit could be 
contaminated from 
contact with soil or 
manure (12, and 
24). 
Contamination is 
possible, however, 
the probability of 
pathogens 
entering the 
finished product is 
low. 

If contamination 
occurs, the probability 
of consumer exposure 
to pathogens is very 
low, as most 
pathogens do not 
survive in cider. 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) and the 
Odwalla juice 
outbreaks (22, and 23) 
and others (15, 50, 73, 
81, 82, and 83).  Low 
infective doses 
increase the 
probability of infection 
(21). Fresh-pressed 
cider is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 
Pathogens from 
contamination earlier 
in the production cycle 
are reduced by 
microbial and 
environmental 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route and 
have low infective 
doses (21). If 
contaminating 
pathogens 
survive and cases 
occur, depending 
on the pathogen, 
secondary spread 
between human 
cases may be 
significant. 
E.g. Verotoxin­
producing E. coli 
(VTEC) in 
households (15, 
and 22). 
Secondary 
spread would be 
localized. 

degradation from UV 
light during the 
growing season and 
before harvest (8, and 
17). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Nglg-Low 
To reduce risk: 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are waterborne be high and (CFIA) Code of Practice. 
variable, with known, the pathogen specific data Do not use drop apples, 
depending pathogen presence of contamination are limited, it test water, protect water 
on the virulence, biological of apples or is reasonably quality, and prevent fecal 
pathogen individual hazards on apple cider by certain that contamination. Do not 
and susceptibility, food and the spraying, the overall spray or irrigate 
individual. and size of impact of irrigation, or risk of (overhead) during or near 
The young, outbreak (2). that food on rain is not biological harvest time. Do not use 
elderly and If an the known. hazards from damaged fruit in 
immune- outbreak is environment Research spraying, unpasteurized cider. 
compromis 
ed are at 

traceable to 
a specific 

are 
considered 

indicates that 
contamination 

irrigation, or 
rain is 

greater risk 
(21, and 
40). 
Infection 
from listed 
bacteria can 
be fatal 
(21). 
Symptoms 
may include 
mild 
diarrhea 
and upset 

company or 
industry, the 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

negligible. is possible (2, 
24, and 107). 
Outbreaks 
have been 
epidemiologically 
linked to fecal 
contamination 
(107), 
providing 
reasonable 
certainty of 
the 
assessment. 

negligible to 
low, due to 
the negligible 
to low 
probability of 
contamination 
and exposure 
at this stage. 

stomach. 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 
0157:H7 is 
possible 
(106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Chemical Med-High Nglg-Low Nglg 

Growing the 
Crop 

Concern of chemical 
contamination of the 
apple crop by 

Agricultural 
chemicals 
registered for use 

When applied 
according to label 
instructions, 

Chemicals are 
not conducive to 
secondary spread 

This stage intentionally applied are routinely pesticides are among humans. 
includes substances including applied at this designed not to 
spraying fertilizers, pesticides, stage (157). leave residues 
pesticides and and sanitizers during Probability of exceeding allowable 
chemical growing. chemical Maximum Residue 
thinners, Also concern of contamination is Limits (MRLs), as 
fertilizer chemical high at the time set by Health 
application, contamination from chemicals are Canada. Chemicals 
and other crop naturally produced applied and may also be 
amendments chemicals such as diminishes quickly removed by washing 
or soil patulin. Patulin is a thereafter. (38). 
amendments mycotoxin that can Additional Although no specific 
(manure, occur on rotten, contamination may studies have been 
biosolids, mouldy, bruised or occur where errors identified, the 
chemical damaged apples and are made in probability of 
fertilizers, etc.). produced by specific following product chemical 

moulds that may grow label information contamination from 
on the fruit. The most or using chemicals applied chemicals of 
common mould is that have not been apples at this stage 
Penicillium expansum registered for use. and the 
(154, 162, and 163). When rotten, contamination of the 

mouldy, bruised or end product, is 
damaged apples considered 
are used, the negligible to low. 
chance of (39, 40, and 44). 
contamination with Apple and apple 
patulin is greatly cider monitoring by 
increased. Patulin the Food Inspection 
is a mycotoxin Branch (FIB) has not 
produced by found chemical 
several species of contaminants from 
moulds (154, 162, applied pesticides 
and 163). above established 

Maximum Residue 
Limits (MRLs) (45). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

Chemicals 
are very 
rarely found 

Direct 
healthcare 
costs vary 

At the levels 
at which 
chemicals 

A specific 
study of 
chemical 

Although the 
probability of 
contamination 

Follow label requirements 
on any chemical products 
used. Follow 

on produce with the are found in contamination is medium to recommendations under 
in high 
enough 
concentratio 
ns to cause 
acute health 
effects. 
Although 
the effects 
of long-term 
exposure to 
many 
chemicals 
are not well 
known, 
there is 
evidence 
that 
exposure to 

scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
for that 
company, 
but low 
overall (43). 

food, the 
impact of 
the food on 
the 
environment 
is negligible. 

of apples or 
apple cider 
made from 
contaminated 
apples could 
not be found. 
The Ontario 
Ministry of 
Agriculture 
and Food 
(OMAF), Food 
Inspection 
Branch’s (FIB) 
residue 
sampling 
program has 
not found any 
chemical 
residues on 

high, and the 
impact could 
be moderate 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of this 
hazard at this 
production 
stage is 
negligible to 
low, due to 
the negligible 
to low 
probability of 

OMAF Publication 360 
(108). 
Ensure application 
equipment is in good 
condition. 
Continue certification and 
licensing programs. 

certain 
chemicals 

apples or in 
cider from 

exposure. 

over a long applied 
period of 
time can 

chemicals 
above 

cause established 
numerous Maximum 
health Residue Limits 
effects (MRLs). 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 

Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of the 
assessment. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Physical Nglg Nglg Nglg 

Growing the 
Crop 

Concern of 
contamination of 
apples by extraneous 

Although no 
specific issues 
have been 

If contamination 
occurs, the 
probability of 

Physical hazards 
are not conducive 
to secondary 

Includes materials during fruit identified, the consumer exposure spread among 
thinning, production such as probability of any is negligible. humans. 
pruning, metal, glass, plastic, physical material Extraneous material 
application of etc. entering the end should be visible to 
crop protection Physical hazards are product at this the eye or physically 
materials, soil known to cause injury stage of detectable 
amendments (47, and 48). production is (depending on 
(manure, See Appendix C for a negligible. particle size) and 
biosolids, list of physical material Extraneous removed prior to 
chemical hazards. material could fall consumption. 
fertilizers, etc.,) on the apples, but 
or any other would not remain 
activities within or would be 
the orchard. separated during 

subsequent 
operations. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Low Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

If If Although no No previous Although the Be aware of the potential 
contamination 
occurs, the 
impact is 
variable, 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 

contamination 
occurs and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact will 
be very low. 

specific 
studies are 
identified, 
the impact 
of physical 
hazards on 
apples and 
apple cider 
on the 
environment 
is 

issues have 
been 
identified with 
unpasteurized 
cider. 
Experience 
and 
knowledge of 
plant growth 
provide 
reasonable 

impact is 
negligible to 
low and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 

for possible physical 
contamination of apple 
cider. 

known to 
cause injury 
(47, and 

considered 
negligible. 

certainty of 
the 
assessment. 

at production 
is negligible, 
due to the 

48). negligible 
probability of 
contamination 
and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Biological Low Low-Med Low 

Harvesting 

Fruit is picked 
by hand and is 
placed in clean 
picking 
baskets. 

Concern of apple 
contamination with 
pathogens by direct 
worker contact, or 
indirectly from manure 
or soil on workers 
boots, equipment, or 

Although no specific 
study is identified 
regarding 
contamination from 
picking fruit, 
contamination can 
occur through hand 
contact from 

If contamination 
occurs, the 
probability of 
consumer exposure 
to pathogens is low 
to medium. Most 
pathogens do not 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route (21). 

Baskets are 
emptied into 

containers (7, and 24). 
Dust may also be a 

infected workers, 
contact with manure, 

survive on apple 
surfaces (pH 3.3-

If contaminating 
pathogens 

bulk bins or source of or dirty containers. 3.9), or in cider (pH survive and 
orchard boxes 
and are 
transported out 
of the orchard 
by bin carriers 
or trucks. 
Preliminary 
grading takes 
place during 
picking. 

contamination. Low 
numbers of viable 
organisms can cause 
illness from E. coli and 
Cryptosporidium 
(24). 
See Appendix B for 
pathogens that may 
be transmitted through 
contaminated soil, 

Contamination 
could include 
viruses: Hepatitis A, 
Norwalk family and 
bacteria such as E. 
coli 0157:H7, 
Salmonella and 
parasites such as 
Cryptosporidium 
parvum (7, 15, 21, 
and 50). 

3-4) (56). 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) and the 
Odwalla juice 
outbreak and others 
(22, 23, 73, 75, 81, 
82, and 83). 
Low infective doses 

infection occurs, 
secondary spread 
between humans 
is possible (22, 
and 73). 
Secondary 
spread would 
likely be 
localized. 

feces, or human Known outbreaks increase the 
contact. from E. coli 

0157:H7, 
Salmonella, and 
Cryptosporidium 
have occurred.  The 
probability of 
contamination 

potential for infection 
(21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 

increases if dropped 
fruit are used (24, 

pathogens may 
survive (113). 

73, 82, and 83). 
Mechanical damage 
at harvest could 
create sites for 
pathogen 
contamination (7, 
and 155). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low-Med Low-Med 
To reduce risk: 

If infection Direct Although no A specific Although the Follow accepted Good 
occurs, the healthcare specific study of impact could Agricultural Practices 
impact is costs vary studies are biological be high and (GAPs) and Good 
variable, with known, the contamination specific data Manufacturing Practices 
depending pathogen presence of from workers, are limited, it (GMPs) (29, 79, 80, 111, 
on the virulence, biological manure, soil, is reasonably and 112). Provide worker 
pathogen individual hazards on or equipment certain that sanitation and hand wash 
and susceptibility, food and the and final fresh the overall stations, training on 
individual. and size of impact of apple or apple risk of hygiene, and proper 
The young, outbreak (2). that food on cider biological picking methods to reduce 
elderly and If an the contamination contamination damage. 
immune- outbreak is environment is not known. by workers, Establish and follow 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

Actual 
outbreaks and 

manure, or 
soil is low to 

Standard Operating 
Procedures (SOPs) to 

greater risk. 
(21,and 40). 
Symptoms 
vary from 
mild 
diarrhea 

company or 
industry, the 
indirect 
economic 
impact can 
be 

negligible. research 
studies 
indicate 
contamination 
is possible (2, 
24, 73, 81, 

medium, due 
to the low 
probability of 
contamination, 
and low to 
medium 

clean and sanitize 
equipment. 

and upset 
stomach, to 
extreme 

significant. 
E.g. Jack-in-
the-Box 

82, 83, and 
107). 
Outbreaks are 

probability of 
consumer 
exposure at 

cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 
0157:H7 

Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26) 

epidemiologically 
linked to fecal 
contamination 
(3), providing 
reasonable 
certainty of 
the 

this stage. 

and death assessment. 
(9, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Chemical Nglg Nglg-Low Nglg 

Harvesting Concern of 
contamination from 

Chemicals are not 
applied to the 

If contamination 
occurs, the 

Chemicals are 
not conducive to 

Fruit is picked chemicals on apples at this probability of secondary spread 
by hand and is containers, spray on stage of significant consumer among humans. 
placed in clean apples, used production. exposure will vary 
picking containers, and wax Although no with the chemical 
baskets. on baskets. specific studies or and individual. The 
Baskets are Chemicals in irrigation previous issues probability is 
emptied into water or agricultural have been considered to be 
bulk bins or fluids from equipment. identified, the negligible to low (39, 
orchard boxes There is also concern probability of 40, and 44). Usually 
and are with potential patulin chemical only hand-picked 
transported out production if any fruit contamination of fruit is used in 
of the orchard infected with apples at this unpasteurized apple 
by bin carriers moulds/brown rot is stage of cider production, 
or trucks. consumed (patulin is a production from therefore limiting 
Preliminary mycotoxin produced containers, wax on mouldy fruit use and 
grading takes by specific moulds baskets, or potential patulin 
place during that may grow on the agricultural fluids contamination (154). 
picking. fruit) and has a is negligible. Monitoring of apples 

greater potential for Apples in poor and apple cider by 
problems in apple condition, the Food Inspection 
juice) (154, 162, and particularly Branch (FIB) has 
163). grounders, may be found no residues 

contaminated with from any applied 
moulds that pesticides above 
produce patulin established 
(154, 162, and Maximum Residue 
163). Limits (MRLs) (45). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg 
To reduce risk: 

Chemicals Direct The impact Specific Although Use Good Agricultural 
are very healthcare of chemicals studies of impact could Practices (GAPs). 
rarely found costs vary on apples or chemical be significant Follow label requirements 
on produce with the apple cider contamination and specific on any chemical products 
in high scope of on the of apples or data are used. 
enough contaminati environment apple cider limited, it is Use containers meant for 
concentratio on. If is are not reasonably apples that have not been 
ns to cause contaminati considered known. No certain that previously used for 
acute health 
effects. 
Although 
the effects 
of long-term 
exposure to 
many 
chemicals 
are not well 
known, 
there is 

on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

negligible. previous 
issues have 
been 
identified at 
this stage of 
production. 
The lack of 
traceable 
cases 
provides 
some 

the overall 
risk of 
chemical 
contamination 
at this 
production 
stage is 
negligible, 
due to the 
negligible 
probability of 

anything else. 
Maintain equipment in 
good condition. 
Use only fruit picked 
directly from trees to limit 
contamination. 
Control pests and 
diseases that may cause 
rots. 
Fruit should be handled 
gently to minimize 

evidence certainty of contaminatio damage and fruit should 
that 
exposure to 
certain 
chemicals 
over a long 

the 
assessment, 
as does 
information 
provided by 

n, and 
negligible to 
low probability 
of exposure. 

be placed in cold storage 
as soon as possible after 
harvest (162). 

period of monitoring 
time can programs. 
cause 
numerous 
health 
effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Production Physical Nglg Nglg Nglg 

Harvesting Concern of 
contamination of the 

Although specific 
studies are not 

If contamination 
occurs, the 

Physical hazards 
are not conducive 

Fruit is picked apples by extraneous known, the probability of to secondary 
by hand and is materials such as probability of any consumer exposure spread among 
placed in clean glass, metal, wood, physical material is negligible. humans. 
picking etc. contaminating the Extraneous material 
baskets. Physical hazards may product at this should be visible to 
Baskets are cause injury (47, and stage of the eye or physically 
emptied into 48). production is detectable 
bulk bins or See Appendix C for a negligible. (depending on 
orchard boxes list of physical material Extraneous particle size) and 
and are hazards. materials should removed prior to 
transported out be separated from consumption. 
of the orchard the product at the 
by bin carriers grading, washing, 
or trucks. processing and 
Preliminary pressing points 
grading takes and discarded. 
place during 
picking. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Low Nglg Nglg Low Nglg 
To reduce risk: 

If If Although no No previous Although the Be aware of the potential 
contamination 
occurs, the 
impact is 
variable, 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 
known to 
cause injury 
(47, and 
48). 

contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact would 
be low. 

specific 
studies are 
known, the 
impact of 
physical 
hazards on 
apples and 
apple cider 
on the 
environment 
is 
considered 
negligible. 

issues have 
been 
identified with 
apples or 
unpasteurized 
apple cider. 
Experience 
and 
knowledge of 
plant 
physiology 
provide 
reasonable 
certainty of 
the 
assessment. 

impact varies 
from 
negligible to 
low and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at harvest is 
negligible, 
due to the 
negligible 

for physical contamination 
of apples and apple cider. 

probability of 
contamination 
and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Post Harvest Biological Nglg-Low Nglg-Low Low 

Apple Storage 

Fruit may be 
held in short-
term cold 
storage or 
long-term 
controlled 
atmosphere 
(CA) storage. 
Apples used 
for cider 
usually come 
from apples 
not packed for 
fresh sales 
(grade outs or 
tree run fruit 
from the 
orchard). 
Apple 
production 
may be for 
juice only, 
however it is 
usually 
combined with 
fresh market 
sales. 

Concern of apple 
contamination from 
manure and soil with E. 
coli 0157:H7, Salmonella 
and 
Cryptosporidium 
parvum 
(7, and 15). 
Potential for 
pathogens to survive 
on fruit until processed 
(8, and 72). Fruit with 
condition defects 
could provide 
contamination sites 
(24). Proper storage 
conditions must be 
maintained (most are 
closed and climate 
controlled to maintain 
apple quality). 
Temperature abuse 
may allow pathogens 
to survive and grow. 
Animals and pests 
may have access to 
fruit (24). Fruit may 
be exposed to 
condensation dripping 
from refrigeration units 
etc. (24, and 28). 
See Appendix B for 
additional pathogens 
that may be 
transmitted through 

No specific studies 
have been 
identified relating 
to pathogen 
contamination 
during storage, 
therefore the 
probability of 
pathogens 
entering the 
apples is 
considered 
negligible to low. 
Contamination can 
occur from 
bacteria such as 
E. coli 0157:H7, 
Salmonella, and 
the parasite 
Cryptosporidium 
parvum (7, 15, 21, 
and 50), 
particularly if 
dropped fruit is 
used (24, 73, 82, 
and 83). 
Contamination 
could occur from 
animal feces, 
rodents, flies etc. 
(7, 52, and 53). 

If contamination 
occurs, the 
probability of 
consumer exposure 
is negligible to low, 
as most pathogens 
do not survive on 
apple surfaces (pH 
3.3-3.9), or in cider 
(pH 3-4) (56). 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) and the 
Odwalla juice 
outbreak and others 
(73, 75, 81, 82, and 
83). Time from 
apple storage to 
production to 
consumption allow 
pathogens to survive 
and potentially be 
ingested. Low 
infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route (9, and 
21). If 
contaminating 
pathogens 
survive and 
infections occur, 
secondary spread 
between humans 
can occur. 
E.g. Verotoxin­
producing E. coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

contaminated soil, 
feces, or human 
contact. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low-Med Nglg-Low 
To reduce risk: 

If infection Direct Although no Limited data Although the Follow the Canadian Food 
occurs, the healthcare specific are known impact could Inspection Agency’s 
impact is costs vary studies are relating to be high and (CFIA) Code of Practice. 
variable, with known, the storage and specific data Implement a pest control 
depending pathogen presence of biological are limited, it program. 
on the virulence, biological contamination is reasonably Maintain correct storage 
pathogen individual hazards on of fresh certain that conditions. Do not leave 
and susceptibility, food and the apples or the overall fruit exposed to the 
individual. and size of impact of apple cider. risk of this elements and store 
The young, outbreak (2). that food on Experience hazard at promptly after harvest 
elderly and If an the and lack of storage is (possible temperature 
immune- outbreak is environment traceable negligible to abuse). 
compromis 
ed are at 

traceable to 
a specific 

are 
considered 

cases provide 
reasonable 

low, due to 
the negligible 

Handle apples carefully to 
prevent any mechanical 

greater risk 
(21, and 
40). 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases with 
Hemolytic 
Uremic 
Syndrome 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the-Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

negligible. certainty of 
the 
assessment. 
Outbreaks are 
epidemiologically 
linked to 
sources 
(107), 
however, 
there remains 
some 
uncertainty of 
data. 

to low 
probability of 
contamination 
and exposure. 

damage and possible 
infection points. 

(HUS) from 
E. coli 
0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Post Harvest Chemical Nglg-High Nglg-Low Nglg 

Apple Storage 

Fruit may be 
held in short-
term cold 
storage or 
long-term 
controlled 
atmosphere 
(CA) storage. 
Apples used 
for cider 
usually come 
from apples 
not packed for 

Concern of apple 
contamination from 
climate control 
equipment in storage, 
including refrigerants, 
chemical cleaners, 
disinfectants, lime in 
lime boxes and 
sanitizers. 
Contamination may 
also occur from 
improperly stored 
agricultural chemicals 
or dirty containers. 
Post-harvest 

Agricultural 
chemicals 
registered for use 
are routinely 
applied to specific 
varieties at this 
stage of production. 
Probability of 
chemical 
contamination is 
high at the time 
chemicals are 
applied and 
diminishes quickly 
thereafter. 
Additional 

If contamination 
occurs at this stage 
of production the 
probability of 
significant consumer 
exposure is 
negligible to low. 
When applied 
according to label 
instructions, any 
chemical residues 
would not exceed 
allowable Maximum 
Residue Limits 
(MRLs), as set by 

Chemical hazards 
are not conducive 
to secondary 
spread among 
humans. 

fresh sales 
(grade outs or 

treatments of fresh 
market apples with 

contamination may 
occur where errors 

Health Canada (46). 
Mouldy/poor 

tree run fruit diphenlyamine (DPA) are made in condition fruit should 
directly from 
the orchard). 
Production 

for storage scald, 
thiabendazole (TBZ) 
for control of the 

application or 
following product 
label information. 

not be used for 
unpasteurized apple 
cider production in 

may be for 
juice only, 
however, it is 
usually 
combined with 
fresh market 
sales. 

development of 
Penicillium spp (E.g. 
blue mould) and 
Botrytis cinerea (E.g. 
gray mould) (108). If 
mouldy fruit are used, 
patulin could be a 
concern (154,162, and 
163). 

All the chemicals 
used have met the 
requirements of 
Health Canada (46, 
and 64). 
Label and storage 
directions are 
provided for most 
products. 
Container use is 

order to reduce 
patulin concerns. 

controlled (65). 
Fruit may be 
mouldy if 
treatments are not 
successful. 

5.24 Unpasteurized Apple Cider - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2001 

Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

The overall 
impact of 
chemicals on 
human health 
is generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce in 
high enough 
concentrations 
to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 

Direct 
healthcare 
costs vary 
with the 
scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

At the levels 
at which 
chemicals 
are found 
on food, the 
impact of 
that food on 
the 
environment 
is negligible. 

A specific 
study of 
chemical 
contamination 
of apples or 
apple cider is 
not identified. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of 
the 
assessment. 

Although the 
impact and 
probability of 
contamination 
are variable, 
and there is 
some 
uncertainty of 
data, it is 
reasonably 
certain that 
the overall 
chemical risk 
at storage is 
negligible to 
low, due to 
the negligible 
to low 
probability of 

Follow label requirements 
on any chemical products 
used. 
Ensure storage climate 
control equipment is in 
good condition. 
Follow the Canadian Food 
Inspection Agency’s 
(CFIA) Code of Practice. 
Implement Good 
Manufacturing Practices 
(GMPs) and proper 
training /handling of 
storage fruit or any 
treatments used. 
Follow required chemical 
storage procedures as 
well, to prevent cross-
contamination of stored 

are not well 
known, there 

exposure. fruit. 

is evidence 
that exposure 
to certain 
chemicals 
over a long 
period of time 
can cause 
numerous 
health effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Post Harvest Physical Nglg Nglg Nglg 

Apple Storage Concern of fruit 
contamination by 

Although no 
specific study is 

If contamination 
occurs, the 

Physical hazards 
are not conducive 

Fruit may be extraneous material identified, the probability of to secondary 
held in short- such as light bulb probability of any consumer exposure spread among 
term cold glass, metal, wood, physical material is negligible. humans. 
storage or etc. Physical hazards entering the end Extraneous material 
long-term are known to cause product from should be visible to 
controlled injury (47, and 48). contamination at the eye or physically 
atmosphere See Appendix C for a storage is detectable 
(CA) storage. list of physical material negligible. (depending on 
Apples used hazards. Extraneous particle size) and 
for cider material should be removed prior to 
usually come visible and consumption. 
from apples separated at the 
not packed for grading line or 
fresh sales pressing point and 
(grade outs). discarded. 
Production 
may be for 
juice only, 
however, it is 
usually 
combined with 
fresh market 
sales. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg Nglg Nglg Low Nglg 
To reduce risk: 

If If Although no No previous Although the Be aware of the potential 
contamination 
occurs the 
impact is 
negligible, 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 
known to 
cause injury 
(47, and 
48). 

contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact would 
be quite low. 
Overall 
impact is 
negligible. 

specific 
studies are 
identified, 
the impact 
of physical 
hazards on 
apples and 
apple cider 
on the 
environment 
is 
considered 
negligible. 

issues have 
been 
identified with 
apples or 
unpasteurized 
apple cider. 
Experience 
and 
knowledge of 
apple 
production 
provide 
reasonable 
certainty of 
the 
assessment. 

impact is 
negligible and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at storage is 
negligible, 
due to the 
negligible 
probability of 
contamination 

for physical contamination 
of apples. 
Keep equipment such as 
light shields in place and 
in good condition. Keep 
wooden storage bins in 
good condition. 
Follow Standard 
Operating Procedures 
(SOPs) and maintain a 
Good Manufacturing 
Program (GMP) such as 
the Canadian Food 
Inspection Agency’s 
(CFIA) Code of Practice. 

and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Nglg-Low Nglg-Low Low 

Transport 

This activity 
includes 
owned or 
purchased 
fruit. 
Fruit is moved 
from storage to 
the processing 
facility or within 
the processing 
facility, usually 
in open bins. 

Concern of 
contamination of 
apples with pathogens 
by direct worker 
contact during 
transportation or from 
water, dust, dirt, feces, 
and equipment used 
in transporting. 
Animals and pests are 
possible vectors for 
exposure during 
transport (7, and 24). 

Although no 
specific studies 
identify 
contamination 
during 
transportation, 
contamination with 
viruses or bacteria 
could occur 
through hand 
contact from 
infected workers 
(50). 
Contamination can 
also occur from 
bacteria such as 
E. coli 0157:H7, 
Salmonella and 
the parasite 
Cryptosporidium 
parvum (7, 15, 21, 
and 50), 
particularly if 
dropped or 
damaged fruit are 
used (24, 73, 82, 
83, and 154). 
Cross-
contamination 
from animal feces, 

If contamination 
occurs, the 
probability of 
consumer exposure 
to pathogens is 
negligible to low, as 
most pathogens do 
not survive on apple 
surfaces (pH 3.3-
3.9), or in cider (pH 
3-4) (56). 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) and the 
Odwalla juice 
outbreak (23) and 
others (15, 50, 73, 
75, 81, 82, and 83). 
Low infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route (21). 
If contaminating 
pathogens 
survive and 
infection occurs, 
secondary spread 
between humans 
may occur. 
E.g. Verotoxin­
producing E. coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

rodents, flies etc., 
is possible (7, 52, 
and 53). 

5.28 Unpasteurized Apple Cider - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2001 

Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Nglg-Low 
To reduce risk: 

If infection Direct Although no Although Although the Follow the Canadian Food 
occurs, the healthcare specific specific impact could Inspection Agency’s 
impact is costs vary studies are studies of be high and (CFIA) Code of Practice 
variable, with known, the biological specific data and develop specific 
depending pathogen presence of contamination are limited, it Standard Operating 
on the virulence, biological at is reasonably Procedures (SOPs). 
pathogen individual hazards on transportation certain that Wash, clean and sanitize 
and susceptibility food and the and final fresh the overall equipment. 
individual. and size of impact of apple or apple risk of Use enclosed 
The young, outbreak (2). that food on cider biological transportation vehicles to 
elderly and If an the contamination contamination prevent apple exposure to 
immune- outbreak is environment are not at birds, rodents, flies, dust 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

known, 
research and 

transportation 
is negligible to 

and dirt. 

greater risk 
(21, and 
40). 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the-Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

negligible. outbreak 
studies link 
pathogen 
contamination 
to contact 
with animal 
feces, soil, 
and water, 
providing 
reasonable 
certainty of 
the 
assessment 
(7, 15, 22, 24, 
73, and 79). 
Contaminati 

low, due to 
the negligible 
to low 
probability of 
contamination 
and exposure 
at this stage. 

0157:H7 on vectors 
and death are difficult to 
(21, 24, and pinpoint. 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Low Low Low 

Receiving and 
Grading 

Concern of fruit 
contamination with 
foodborne pathogens 

Although no 
specific study is 
identified, 

If contamination 
occurs, the 
probability of 

Some foodborne 
pathogens are 
easily transmitted 

Fruit is by direct worker contamination consumer exposure from person-to-
unloaded in contact during from fruit at the to pathogens is low, person, or by the 
the receiving grading. dumping and as most pathogens fecal to oral route 
area and is Contaminated flume sorting stage is do not survive on (21). 
mechanically water, and water possible through apple surfaces or in If contaminating 
dumped from temperature causing hand contact from cider. pathogens 
bins or floated internalization of infected workers, Notable exceptions survive and 
out in a water- pathogens (86). water quality, and are Verotoxin­ infections occur, 
filled flume, Cross-contamination temperature in the producing E. coli secondary spread 
which passes from rotten fruit and flume/tank, dirt, (VTEC) and the between humans 
over a sorting debris (soil, leaves, and debris if dry- Odwalla juice may occur. 
and grading 
line. 
Removing 
debris and 
rotten fruit may 

feces, etc.) (7, and 
24). Exposure to 
contamination may 
occur if the facility is 
not enclosed and of 

dumped. 
Potential for 
internalization of 
pathogens due to 
wash/flume water 

outbreak (23 and 
75) and others (15, 
22, 50, 73, 81, 82, 
and 83). 
Low infective doses 

E.g. Verotoxin­
producing E. coli 
(VTEC) in 
households or 
Cryptosporidium 

involve hand 
contact. 

the proper design to 
minimize 

colder than the 
fruit (24). 

increase the 
probability of 

(22, and 73). 

Maintenance contamination. infection (21). 
of water quality 
and 

E.g. screened 
windows and doors 

Proximity to 
consumption and 

temperature 
are important. 

that close properly. internalization also 
increase probability. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low 
To reduce risk: 

If infection Direct Although no Specific Although the Follow the Canadian Food 
occurs, the healthcare specific studies on impact could Inspection Agency’s 
impact is costs vary studies are biological be high and (CFIA) Code of Practice 
variable, with known, the contamination specific data and Good Manufacturing 
depending pathogen presence of at this stage are limited, it Practices (GMPs). 
on the virulence, biological in cider is reasonably Use regularly tested 
pathogen individual hazards on production certain that potable water. 
and susceptibility, food and the and apple the overall Control the flume water 
individual. and size of impact of cider risk of this temperature at 5 °C 
The young, outbreak (2). that food on contamination hazard at fruit warmer than fruit, to 
elderly and If an the are not receiving and prevent internalization 
immune- outbreak is environment known. grading is (86). 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

Research 
implicates 

low, due to 
the low 

Use water treatment 
systems and approved 

greater risk 
(21, and 
40). 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

negligible. worker 
handling, 
wash/flume 
water, and 
water 
temperature 
and quality (7, 
24, and 86). 
Actual 
traceable 
cases (73, 81, 
82, and 83) 
provide 
reasonable 
certainty of 
the 

probability of 
contamination 
and exposure 
at this stage. 

sanitizers such as ozone 
or chlorine. 
Implement quality 
standards for receiving 
and grading (amount of 
damaged fruit allowed 
etc.) (29, 110, 112, and 
132). 
Prohibit domestic animal 
access in cider 
processing areas. 
Use a pest control system 
to ensure elimination of 
mice and rats from the 
facility. 

0157:H7 
and death 

assessment. 
Contaminati 

(21, 24, and 
106). 

ng agents are 
difficult to 
pinpoint. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Low Low-Med Low 

Brushing, 
Washing,
Rinsing 

Fruit may be 
washed, 
brushed, and 
rinsed using 
brushes with 
pressurized 
water. 
Fruit is then 
elevated to the 
grinder. 

Concern of 
contamination of fruit 
from dirty brushes and 
wash and rinse water 
contaminated with E. 
coli 0157:H7, 
Salmonella and 
Cryptosporidium 
parvum (81). 

Although no 
specific study is 
identified, 
contamination 
from fruit brushing, 
washing, and 
rinsing, may occur 
through dirty 
brushes and water 
(7). 
The hazard may 
be reduced by 
brushing, washing 
and rinsing with a 
food grade 
sanitizer (7, 24, 
75, 76, and 86). 
Fruit pathogens 
may be introduced 
during cider 
processing 
through cross-
contamination 
from dirty 
equipment (86). 

If contamination 
occurs, the 
probability of 
consumer exposure 
to pathogens is low 
to medium, as most 
pathogens do not 
survive on apple 
surfaces or in cider. 
Notable exceptions 
are Verotoxin­
producing E. coli 
(VTEC) and the 
Odwalla juice 
outbreak (23, and 
75) and others (15, 
50, 73, 81, 82, 83, 
and 154). 
Low infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 

Some foodborne 
pathogens are 
easily transmitted 
from person-to-
person, or by the 
fecal to oral route 
(21). 
If contaminating 
pathogens 
survive and 
infection occurs, 
secondary spread 
between humans 
may occur. 
E.g. Verotoxin­
producing E. coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk: 

If infection Direct At the levels Specific Although the Follow the Canadian Food 
occurs, the healthcare at which studies of impact could Inspection Agency’s 
impact is costs vary chemicals biological be high and (CFIA) Code of Practice 
variable with are found in contamination specific data (79). 
depending pathogen food, the from are limited, it Use approved sanitizers, 
on the virulence, impact of brushing, is reasonably chlorinated water, and 
pathogen individual the food on washing, and certain that other Good Manufacturing 
and susceptibility, the rinsing the overall Practices (GMPs) or 
individual. and size of environment processes in risk of Standard Operating 
The young, 
elderly and 

outbreak (2). 
If an 

is negligible. cider 
production 

biological 
contamination 

Procedures (SOPs). 
Test water and use 

immune- outbreak is and apple at fruit potable water for final 
compromis 
ed are at 

traceable to 
a specific 

cider 
contamination 

brushing, 
washing, and 

rinsing. 

greater risk 
(21, and 
40). 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 
0157:H7 
and death 
(24, and 
106). 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the-Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

are not 
known. 
Research 
implicates 
wash water 
temperature 
for 
internalization 
and 
contamination 
from dirty 
brushes and 
water (7, 24, 
75, 81, 86, 
and 104). 
Traceable 
cases (22, 73, 
81, 82, and 
83) provide 
reasonable 
certainty of 

rinsing is low 
to medium, 
due to the low 
probability of 
contaminatio 
n, and low to 
medium 
probability of 
exposure at 
this stage. 

the 
assessment. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Chemical Nglg-Low Nglg-Low Nglg 

Brushing, 
Washing,
Rinsing 

Concern of 
intentionally applied 
substances including 
wax, pre-storage 

Specific chemicals 
approved for use 
are routinely used 
at this stage of 

If contamination 
occurs, the 
probability of 
significant consumer 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

Fruit may be treatments, residue, production. exposure will vary 
washed, and sanitizers in Additional with the chemical 
brushed, and water, as well as other contamination may and individual. The 
rinsed using chemicals used for occur where errors probability is 
brushes with quality or pathogen are made in considered 
pressurized control, contaminating application, negligible to low. 
water. cider. following label All food-approved 
Fruit is then Unintentionally applied information or sanitizers have 
elevated to the substances, and using chemicals specific 
grinder. cross-contamination not registered for recommended levels 
Some from equipment, use. All chemicals of use that will not 
processors fluids, and fuels during used in food leave residues on 
may vary these this stage are also production have the products. (51, 
procedures. included. met the 64, 79, and 116) 

This stage also requirements of 
includes chemicals in Health Canada. 
containers or The probability of 
equipment during chemical 
transportation to contamination of 
processing plants. apples and cider 
If mouldy fruit are at this stage of 
used, patulin could be production is 
a concern (154, 162, negligible to low. 
and 163). Production 
Pre-processing practices (usually 
cleaning must remove only tree picked 
any allergens that may fruit) and fruit 
be present if the grading, should 
processing line is reduce the 
used for other potential for 
products (163). patulin production, 

as mouldy fruit 
would not be 
processed. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

Chemicals Direct At the levels A specific Although Ensure transport 
are very healthcare at which study of impact could equipment will not 
rarely found costs vary chemicals chemical and be fairly high contaminate fruit. Use 
on produce with the are found in wax and specific clean, dedicated 
in high scope of food, the contamination data are containers in good 
enough contaminati impact of of apples or limited, it is condition. 
concentratio on. If food on the apple cider is reasonably Follow label requirements 
ns to cause contaminati environment not known, certain that on any chemical products 
acute health 
effects. 
Although 
the effects 
of long-term 
exposure to 
many 
chemicals 
are not well 
known, 
there is 

on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

is negligible. and no 
previous 
issues are 
identified. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of 

the overall 
risk of 
chemical 
contamination 
at this 
production 
stage is 
negligible to 
low, due to 
the negligible 
to low 

used. 
Ensure application 
equipment is in good 
condition. 
Continue with testing 
programs. 
Producers must follow the 
Canadian Food Inspection 
Agency’s (CFIA) Code of 
Practice, Good 
Manufacturing Practices 

evidence the probability of (GMPs), and Standard 
that assessment. contamination Operating Procedures 
exposure to and exposure. (SOPs). 
certain Grounders must not be 
chemicals used for unpasteurized 
over a long apple cider production. 
period of 
time can 
cause 
numerous 
health 
effects 
including 
cancer (35, 
36, 39, 40, 
41,and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Physical Nglg Nglg Nglg 

Brushing, 
Washing,
Rinsing 

Concern of fruit 
contamination by 
extraneous material 
such as light bulb 

Although no 
specific study or 
issue is identified, 
the probability of 

If contamination 
occurs, the 
probability of 
consumer exposure 

Physical hazards 
are not conducive 
to secondary 
spread among 

Fruit may be glass, metal, wood, any physical is negligible. humans. 
washed, etc. material entering Extraneous material 
brushed, and Physical hazards are the cider at this should be visible to 
rinsed using known to cause injury stage of the eye or physically 
brushes with (47,and 48). production is detectable 
pressurized See Appendix C for a negligible. (depending on 
water. list of physical material Extraneous particle size) and 
Fruit is then hazards. material could fall removed prior to 
elevated to the on the apples, but consumption. 
grinder. Some would not remain 
processors do or would be 
not follow all of separated during 
these steps. subsequent 

operations. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 
Nglg Nglg Nglg Low Nglg 

To reduce risk: 
If If Although no No previous Although the Be aware of the potential 
contamination 
occurs, the 
impact is 
negligible, 
depending 
on the 
physical 
hazard and 
host. 
Physical 
hazards are 

contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact would 
be low. 

specific 
studies are 
known, the 
impact of 
physical 
hazards on 
apples and 
apple cider 
on the 
environment 
is 

issues have 
been 
identified with 
apples or 
unpasteurized 
apple cider. 
Knowledge of 
cider 
production 
processes 
and lack of 

impact is 
negligible and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at the 

for physical contamination 
of apple cider. 
Remove foreign objects 
detected in bins, on the 
grading table or on line. 
Possibly use metal 
detectors, screens, etc. 
Keep bins in good repair. 

known to 
cause injury 
(47, and 
48). 

considered 
negligible. 

traceable 
cases provide 
reasonable 
certainty of 

processing 
stage is 
negligible, 
due to the 

the negligible 
assessment. probability of 

contamination 
and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Low Low-Med Low 

Grinding Concern of 
contamination of the 

Although no 
specific study is 

If contamination 
occurs, the 

Some foodborne 
pathogens are 

This activity cider from equipment identified, probability of easily transmitted 
includes and other contact contamination consumer exposure directly from 
elevation of the surfaces with E .coli from the grinding to pathogens is low, person-to-person, 
apples to the 0157:H7, Salmonella process can occur as most pathogens or by the fecal to 
grinder and Cryptosporidium from previously do not survive in oral route (21). 
(manual or parvum (15, 24, 76, contaminated cider. If contaminating 
conveyor). 84, and 86). surfaces and may Notable exceptions pathogens 
Mash may be If grinding equipment include pathogens are Verotoxin­ survive and 
held in a is not cleaned and such as E. coli producing E coli infections occur, 
hopper prior to sanitized, apples and 0157:H7, (VTEC) and the secondary spread 
pressing or cider may become Salmonella and Odwalla juice between humans 
directly contaminated. Cryptosporidium outbreak (23, and may also occur. 
dropped on the 
press (varies 
with type and 
size of 
operation). 
Apples are 
chopped in ⅛” 
to ¼” pieces. 

(24, 73, 82, and 
83). 
Contamination 
from animal feces, 
rodents, flies etc., 
may also occur (7, 
52, and 53). 

75) and others (15, 
50, 73, 81, 82, and 83). 
Low infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 

E.g. Verotoxin­
producing E Coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

consumption and 
pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk : 

If infection Direct Although no Specific data Although the Follow the Canadian Food 
occurs, the healthcare specific on biological impact could Inspection Agency’s 
impact is costs vary studies are contamination be high and (CFIA) Code of Practice. 
variable, with known, the from grinding specific data Establish and follow 
depending pathogen presence of and apple are limited, it Standard Operating 
on the virulence, biological cider is reasonably Procedures (SOPs). 
pathogen individual hazards on contamination certain that Test cider for 
and susceptibility, food and the are not the overall microbiological 
individual. and size of impact of known. risk of contamination. 
The young, outbreak (2). that food on Traceable biological 
elderly and If an the cases provide contamination 
immune- outbreak is environment reasonable at grinding is 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

certainty of 
the 

low to 
medium, due 

greater risk. 
Symptoms 
may vary 
from mild 

company or 
industry, the 
indirect 
economic 

negligible. assessment 
(73, 81, 82, 
83, and 107). 

to the low 
probability of 
contamination 
and low to 

diarrhea impact can medium 
and upset 
stomach, to 
extreme 

be 
significant. 
E.g. Jack-in-

probability of 
exposure. 

cases with the Box 
Hemolytic 
Uremic 

(J.I.T.B.) & 
Odwalla (23 

Syndrome and 26). 
(HUS) from 
E. coli 
0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/ Concern Risk Characterization 
Probability

(Likelihood of Going Wrong) 

of 
contamination 

of consumer 
exposure 

of secondary 
spread among 

humans 

Processing Biological Low Low-Med Low 

Pressing Concern of 
contamination from 

Although no 
specific study is 

If contamination 
occurs, the 

Some foodborne 
pathogens are 

This activity poor worker identified, probability of easily transmitted 
includes the hygiene/health or contamination consumer exposure directly from 
movement of cross-contamination. from pressing is to pathogens is person-to-person, 
apple Viruses include: possible (7, 15, variable, as or by the fecal to 
pulp/mash to Hepatitis A, and and 50). pathogens do not oral route (21). 
the press. Norwalk family. Known survive well in cider. If contaminating 
Rice hulls may Cross-contamination outbreaks from Notable exceptions pathogens 
be added to from manure with E. coli 0157:H7, are Verotoxin­ survive and 
improve E .coli 0157:H7, Salmonella and producing E coli infection occurs, 
pressing. Salmonella and Cryptosporidium (VTEC) and the secondary spread 
Different types Cryptosporidium have been Odwalla juice between humans 
of presses are parvum. identified, outbreak (23, and may also occur. 
available. Press racks improperly particularly if 75) and others (15, E.g. (Verotoxin-
As pressure is 
applied, cider 
flows into a 
catch pan. 

cleaned or stored in 
contact with floors. 
Press cloths not 
properly stored or 
cleaned. 

drop fruit are 
used (24, 73, 82, 
and 83). 
Contamination 
can also occur in 
the processing 
line from 

50, 73, 81, 82, and 83). 
Low infective doses 
increase probability 
of infection (21). 
Fresh-pressed cider 
is immediately 
offered for 

producing E coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

contaminated consumption and 
equipment (86). 
Cross-

pathogens may 
survive (113). 

contamination 
from animal 
feces, rodents, 
flies, etc., is 
possible (7, 52, 
and 53). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk : 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are pressing be high and (CFIA) Code of Practice. 
variable, with known, the biological specific data Establish and follow 
depending pathogen presence of contamination are limited, it Standard Operating 
on the virulence, biological and apple is reasonably Procedures (SOPs) 
pathogen individual hazards on cider certain that acceptable for the 
and susceptibility, food and the contamination the overall equipment used. 
individual. and size of impact of is not known. risk of Use approved filter cloths 
The young, outbreak (2). that food on Actual cases biological and proper press rack. 
elderly and If the the provide contamination Test cider. 
immune- outbreak is environment reasonable at pressing is Properly clean and 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

certainty of 
the 

low to 
medium, due 

sanitize the press and 
equipment used. 

greater risk. 
Symptoms 
may vary 
from mild 

company or 
industry, the 
indirect 
economic 

negligible. assessment 
(73, 81, 82, 
83, and 107). 

to the low 
probability of 
contamination 
and low to 

diarrhea impact can medium 
and upset 
stomach, to 
extreme 

be 
significant. 
E.g. Jack-in-

probability of 
exposure at 
this stage. 

cases with the-Box 
Hemolytic 
Uremic 

Restaurant 
chain 

Syndrome 
(HUS) from 
E. coli 

(J.I.T.B.) & 
Odwalla (23 
and 26). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Low Low-Med Low 

Holding, 
Storage,
Fill Tank 

Concern of 
contamination of the 
fresh-pressed apple 

Although no 
specific study is 
identified, 

If contamination 
occurs, the 
probability of 

Some foodborne 
pathogens are 
easily transmitted 

cider by poor worker contamination consumer exposure directly from 
This activity hygiene and health. from holding and to pathogens is person-to-person, 
includes Viruses may include: storage may occur variable, as most or by the fecal to 
screening and Hepatitis A, and through hand pathogens do not oral route (21). 
filtering the cider Norwalk family. contact from survive in cider. If contaminating 
to remove and Cross-contamination infected workers Notable exceptions pathogens 
eliminate smaller from animal, rodent, and contamination are Verotoxin­ survive and 
particles. After pests, feces, water, from water, soil, producing E coli infection occurs, 
filtration, cider is equipment, and bulk and equipment (VTEC) and the secondary spread 
pumped to a containers with E. (15, 50, and 86). Odwalla juice between humans 
refrigerated coli 0157:H7, Research has outbreak (23, and may also occur. 
storage or fill Salmonella and determined 75) and others (15, E.g. Verotoxin­
tank. 
Fine mesh 
screens remove 

Cryptosporidium 
parvum is possible. 

pathogen survival 
time in cider (72, 
82, and 113). 

50, 69, 73, 81, 82, 
83, and 114). 
Low infective doses 

producing E coli 
(VTEC) in 
households or 

pulp. In some increase the Cryptosporidium 
cases juice may probability of (22, and 73). 
be clarified and infection (21). 
suspended Fresh-pressed cider 
solids may be is immediately 
removed. offered for 

consumption and 
pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk: 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are holding and be high and (CFIA) Code of Practice. 
variable, with known, the storage specific data Establish and follow 
depending pathogen presence of biological are limited, it Standard Operating 
on the virulence, biological contamination is reasonably Procedures (SOPs) 
pathogen individual hazards on and apple certain that acceptable for the 
and susceptibility, food and the cider the overall equipment used. 
individual. and size of impact of contamination risk of Monitor storage 
The young, outbreak (2). that food on is not known. biological temperature and avoid 
elderly and If an the Actual cases contamination temperature fluctuations. 
immune- outbreak is environment provide at this stage Test cider for bacteria. 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

reasonable 
certainty of 

is low to 
medium, due 

Properly clean and 
sanitize. 

greater risk. 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases with 

company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-
the-Box 

negligible. the 
assessment. 
Conclusive 
epidemiologi 
cal linkages 
in outbreaks 
are limited, 
resulting in 
some 

to the low 
probability of 
contamination 
and low to 
medium 
probability of 
exposure. 

Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 

Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

uncertainty of 
data (73, 81, 
82, 83, and 
107). 

0157:H7 
and death 
(24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Low Low-Med Low 

Bottling Concern of 
contamination of 

Although no 
specific study 

If contamination 
occurs, the 

Some foodborne 
pathogens are 

Usually new cider from unclean identifies probability of easily transmitted 
containers are equipment or contamination consumer exposure directly from 
used, however, containers during from bottling, to pathogens is person-to-person, 
glass containers bottling and poor contamination may variable, as most or by the fecal to 
may be reused. worker hygiene and occur. Sources pathogens do not oral route (21). 
Containers may health. may include hand survive in cider. If contaminating 
be hand or Viruses may include: contact from Notable exceptions pathogens 
mechanically Hepatitis A, and infected workers are Verotoxin­ survive and 
held during Norwalk family. and contamination producing E coli infections occur, 
filling. Cross-contamination from water or dirty (VTEC) and the secondary spread 
Containers are with E. coli 0157:H7, equipment (15, 50, Odwalla juice between humans 
normally gravity- Salmonella and and 86). outbreak (23, and may also occur. 
filled. Cider is Cryptosporidium Research 75) and others (15, E.g. Verotoxin­
refrigerated 
immediately 
after bottling. 

parvum may occur. 
Definitive infection 
vectors are unknown 
but flies, animals, 
pests, and dust are 
implicated as agents 
(7, and 24). 

indicates that 
pathogens can 
survive to 
consumption in 
cider (72, 82, and 
113). 

50, 73, 81, 82, and 83). 
Low infective doses 
increase probability 
of infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 

producing E-coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk: 

If infection Direct Although no A specific Although the Follow a Standard 
occurs, the healthcare specific study of impact could Operating Procedures 
impact is costs vary studies are bottling, be high and (SOPs) program for 
variable, with known, the biological specific data receiving, storing 
depending pathogen presence of contamination, are limited, it containers, and bottling. 
on the virulence, biological and apple is reasonably Follow the Canadian Food 
pathogen individual hazards on cider certain that Inspection Agency’s 
and susceptibility, food and the contamination the overall (CFIA) Code of Practice. 
individual. and size of impact of is not known. risk of Containers must be 
The young, outbreak (2). that food on Actual cases biological sanitary and made of food 
elderly and If an the provide contamination grade materials with new 
immune- outbreak is environment reasonable at bottling is caps. 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

certainty of 
the 

low to 
medium, due 

greater risk. 
Symptoms 
may vary 
from mild 
diarrhea 

company or 
industry, the 
indirect 
economic 
impact can 

negligible. assessment. 
Conclusive 
epidemiologi 
cal linkages 
in outbreaks 

to the low 
probability of 
contamination 
and low to 
medium 

and upset 
stomach, to 
extreme 

be 
significant. 
E.g. Jack-in-

are limited 
and some 
data 

probability of 
exposure at 
this stage. 

cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 

the-Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

uncertainty 
remains, 
although low 
(73, 81, 82, 
83, and 107). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/ Concern Risk Characterization 
Probability

(Likelihood of Going Wrong) 

of 
contamination 

of consumer 
exposure 

of secondary 
spread among 

humans 

Processing Biological Low Low-Med Low 

Waste Concern of Although no If contamination Some foodborne 
Removal 
(Pomace) 

This activity 
includes the 
removal of 
pulp/mash/pomace 
immediately 
after pressing. 
Waste also 
includes stems, 
skins, seeds, 
and any 
pressing aids 
such as rice 
hulls which are 
usually 
removed for 
fertilizer or 
animal feed. 

contamination of 
incoming materials 
such as apples with 
identified pathogens 
from waste products. 
Waste may serve as 
a reservoir for 
pathogens and flies. 
Preliminary 
laboratory work 
indicates 
transmission of 
pathogens by flies (7, 
52, and 54). 
Other pests may also 
cause cross-
contamination. 

specific study 
identifies 
contamination 
from 
waste/pomace, it 
is known that 
flies carry 
pathogens (52, 
and 54). Waste 
(gradeouts, 
pomace, etc.,) 
harbour 
pathogens. 
Outbreaks from 
E. coli 0157:H7, 
Salmonella and 
Cryptosporidium 
are possible (24, 
73, 82, and 83). 

occurs, the 
probability of 
consumer exposure 
to pathogens is low 
to medium, as most 
pathogens do not 
survive in cider. 
Notable exceptions 
are Verotoxin­
producing E coli 
(VTEC) and the 
Odwalla juice 
outbreak including 
Salmonella and 
Cryptosporidium 
(73, 81, 82, and 83). 
Low infective doses 
increase probability 
of infection (21). 
Fresh-pressed cider 

pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route (21). If 
contaminating 
pathogens 
survive and 
infection occurs, 
secondary spread 
between humans 
may also occur. 
E.g. Verotoxin­
producing E coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Low-Med 
To reduce risk: 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are waste be high and (CFIA) Code of Practice. 
variable, with known, the (pomace), specific data Establish and follow Good 
depending pathogen presence of biological are limited, it Manufacturing Practices 
on the virulence, biological contamination is reasonably (GMPs) and a waste 
pathogen individual hazards on and apple certain that disposal program. 
and susceptibility, food and the cider the overall 
individual. and size of impact of contamination risk of 
The young, outbreak (2). that food on is not known. biological 
elderly and If the the Actual cases contamination 
immune- outbreak is environment provide at 
compromis 
ed are at 
greater risk. 
Symptoms 
may vary 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 

traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. (Jack-in-

is 
considered 
negligible. 

reasonable 
certainty of 
the 
assessment. 
Conclusive 
epidemiologi 
cal linkages 
in outbreaks 
are limited 
and some 

waste/pomace 
removal is low 
to medium, 
due to the low 
probability of 
contamination 
and low to 
medium 
probability of 
exposure. 

cases with 
Hemolytic 
Uremic 
Syndrome 
(HUS) from 
E. coli 

the-Box 
Restaurant 
chain 
(J.I.T.B.) & 
Odwalla (23 
and 26). 

uncertainty of 
data remains 
(73, 81, 82, 
83, and 107). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Chemical Nglg-Low Nglg-Low Nglg 

Grinding, 
Pressing,
Holding 
(Storage/Fill
Tank), Bottling,
and Waste 
Removal 

Steps as 
outlined in the 
previous 
sections. 

Concern that spray 
residue and applied 
substances, which 
may include 
sanitizers, 
preservatives, 
processing aids, 
metals, and oil from 
equipment, and filter 
cloths, may 
contaminate the 
cider. 
Chlorine treatments 
are recommended 

Specific chemicals 
approved for use 
are routinely used 
for cleaning and 
sanitizing at this 
stage of 
production. 
Additional 
contamination may 
occur where errors 
are made in 
application, 
following label 
information or 

If contamination 
occurs, the 
probability of 
significant consumer 
exposure will vary 
with the chemical 
and individual. 
Probability is 
considered 
negligible to low 
(80). 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

(115, and 116). using chemicals 
not registered for 
use. All chemicals 
used in food 
production have 
met the 
requirements of 
Health Canada 
(46). 
The probability of 
chemical 
contamination of 
apples and cider 
at this stage of 
production is 
negligible to low. 
Chemical 
contamination may 
also cause flavour 
problems in the 
cider. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

The overall 
impact of 
chemicals 
on human 
health is 
generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce 
in high 
enough 
concentratio 
ns to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 

Direct 
healthcare 
costs vary 
with the 
scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

At the levels 
at which 
chemicals 
are found in 
food, the 
impact of 
the food on 
the 
environment 
is negligible. 

A specific 
study of 
chemical 
contamination 
of apple cider 
at this stage 
is not known. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
reasonable 
certainty of 
the 
assessment. 

Although 
impact could 
be moderate 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of 
chemical 
contamination 
at this 
processing 
stage is 
negligible, 
due to the 
negligible to 
low probability 
of 
contamination 

Follow manufacturer 
directions for 
preservatives, cleaning 
solutions, and other 
chemicals described in 
Standard Operating 
Procedures (SOPs). 
Use food grade 
equipment, lubricants, 
drip pans, and keep a 
maintenance schedule. 
Label directions should be 
followed for sanitizing 
procedures. Food grade 
chemicals are approved. 
New, sanitized containers 
are used. 

chemicals 
are not well 

and negligible 
to low 

known, there 
is evidence 
that 

probability of 
exposure. 

exposure to 
certain 
chemicals 
over a long 
period of 
time can 
cause 
numerous 
health 
effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 

5.49 Unpasteurized Apple Cider - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2001 

Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing 

Grinding, 
Pressing,
Holding 
(Storage/Fill
Tank), Bottling,
and Waste 
Removal 

Physical 

Concern of 
extraneous material, 
metal from grinder, 
glass, or other 
foreign objects in 
containers. 
Physical hazards 
are known to cause 
injury (47, and 48). 
See Appendix C for 
a list of material 
hazards. 

Nglg-Low 

Although no 
specific study is 
identified, the 
probability of any 
physical material 
entering the end 
product at this 
stage of 
production is 
negligible to low. 
Extraneous 
material that falls 
on the raw product 
should be 
separated at the 
pressing point and 
discarded with the 
pomace (80). 

Nglg-Low 

If contamination 
occurs, the 
probability of 
consumer exposure 
is negligible to low. 
Extraneous material 
should be visible to 
the eye or physically 
detectable 
(depending on 
particle size) and 
removed prior to 
consumption. 
Metal detectors, 
filters, or magnets 
may be used. 

Nglg 

Physical hazards 
are not conducive 
to secondary 
spread among 
humans. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Low Nglg Nglg Low Nglg 
To reduce risk: 

If If Although no No previous The impact is Properly maintain 
contamination 
occurs, the 
impact 
varies from 
negligible to 
low, 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 

contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact would 
likely be 
negligible. 

specific 
studies are 
known, the 
impact of 
physical 
hazards on 
apple cider 
on the 
environment 
is 
considered 
negligible. 

issues have 
been 
identified with 
unpasteurized 
apple cider. 
Experience 
and 
knowledge of 
cider 
production 
processes 
provide 
reasonable 

negligible to 
low and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at processing 
is negligible, 
due to the 

equipment. 
Implement a preventative 
maintenance program. 
Remove foreign objects 
using filters, magnets, and 
metal detectors. 
Implement a container 
handling and storage 
program – Standard 
Operating Procedures 
(SOP). 
Use plastic and glass 
containers for visible 

known to 
cause injury 
(47, and 

certainty of 
the 
assessment. 

negligible 
probability of 
contamination 

detection of foreign 
objects. 
Follow Good 

48). and negligible Manufacturing Practices 
to low (GMPs) and the Canadian 
probability of Food Inspection Agency’s 
exposure at (CFIA) Code of Practice. 
this stage. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Cider Storage Biological Nglg-Low Nglg-Low Low 

Containers, Concern of Although no If contamination Some foodborne 
Bulk Storage contamination of 

cider or survival and 
specific study is 
identified, 

occurs, the 
probability of 

pathogens are 
easily transmitted 

Packed cider is growth of pathogens contamination at consumer exposure directly from 
refrigerated at a in cider. storage is possible to pathogens is very person-to-person, 
storage Bacteria, parasites, if cider is repacked low, as most or by the fecal to 
temperature of viruses, and or exposed to pathogens do not oral route (21). 
0-4 °C or frozen pathogens including contamination survive in cider. Pathogens can 
at –18 °C. E. coli 0157:H7, vectors. Notable exceptions survive to 
Correct storage Salmonella, and There are known are Verotoxin­ consumption 
environment and Cryptosporidium are outbreaks from E. producing E coli (113, and 119). 
storage period possible. coli 0157:H7, (VTEC) and the If contaminating 
(shelf life) is Aging and an Salmonella, and Odwalla juice pathogens 
important. increase in pH may Cryptosporidium outbreak (23) and survive and 
Cider may also 
be stored (short­
term) in plastic 
or bulk 
containers and 
packed later. 

encourage pathogen 
growth (7, and 24). 
Pathogens may be 
introduced by 
contaminated bulk 
storage. Storage 
temperature that 
prevents mould and 
yeast growth allows 
E. coli 0157:H7 to 

(24, 73, 82, and 
83). 
Storage 
temperatures and 
freezing can 
prolong shelf life 
and kill pathogens 
if contaminated, 
although a 5-log 
reduction is not 

others (15, 50, 73, 
81, 82, 83, and 118). 
Low infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 

infection occurs, 
secondary spread 
between humans 
may also occur. 
E.g. Verotoxin­
producing E coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

survive longer in 
cider. 

achieved (117). pathogens may 
survive (113). 

Secondary 
spread would be 

Warmer localized. 
temperatures reduce 
E. coli, but increase 
the growth potential 
for moulds, yeast 
and competing 
organisms as well 
as E. coli (72, 111, 
113, and 115). 

5.52 Unpasteurized Apple Cider - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2001 

Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low Nglg-Low 
To reduce risk: 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are pathogen be high and (CFIA) Code of Practice. 
variable, with known, the contamination specific data Implement Good 
depending pathogen presence of of cider during are limited, it Manufacturing Practices 
on the virulence, biological product is reasonably (GMPs) and Standard 
pathogen individual hazards on storage is not certain that Operating Procedures 
and susceptibility, food and the known. the overall (SOPs). 
individual. and size of impact of Research risk of Correctly label Best 
The young, outbreak (2). that food on studies biological Before dates. 
elderly and If an the indicate contamination Maintain proper storage 
immune- outbreak is environment contamination at storage is temperature and 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

is possible 
(120). 

negligible to 
low, due to 

equipment. 
Monitor and keep records 

greater risk. 
Symptoms 
vary from 
mild 

company or 
industry, the 
indirect 
economic 

negligible. Actual 
outbreaks are 
documented 
(73, 81, 82, 

the negligible 
to low 
probability of 
contamination 

of preservatives. 

diarrhea impact can and 83) and and exposure. 
and upset 
stomach, to 
extreme 

be 
significant. 
E.g. Jack-in-

provide 
reasonable 
certainty of 

cases with the-Box the 
Hemolytic 
Uremic 

Restaurant 
chain 

assessment. 

Syndrome 
(HUS) from 
E. coli 

(J.I.T.B.) & 
Odwalla (10, 
and 16). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Cider Storage Chemical Nglg-Low Nglg-Low Nglg 

Containers, 
Food Additives, 
Preservatives 

This activity 
includes storage 
in various 
containers, and 
the use of food 

Concern of 
contamination of 
apple cider with 
sodium benzoate or 
potassium sorbate 
(111, and 121) 
which function as 
preservatives/anti-
microbials. 

Specific chemicals 
approved for use 
are routinely used 
at this stage of 
production. 
Additional 
contamination may 
occur where errors 
are made in 

If contamination 
occurs, the 
probability of 
significant consumer 
exposure will range 
from negligible to 
low. Chemicals are 
applied according to 
label instructions. 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

additives and 
preservatives. 

This may result in 
rejected product if 
levels are incorrect. 

application, 
following label 
information or 

Residues are 
unlikely to exceed 
allowable Maximum 

Class 11 
preservatives, 
maximum 

using chemicals 
not registered for 
use. All chemicals 

Residue Limits 
(MRLs), as set by 
Health Canada. 

concentration of 
0.1% under 
Canadian Food and 

used in food 
production have 
met the 

Producer quality 
control will detect 
off-flavour from 

Drug regulations. 
Shelf life of 2–3 

requirements of 
Health Canada. 

preservatives (117). 

weeks (24). 
Containers must be 
food grade (65). 

(12). The 
probability of 
chemical 
contamination of 
apples and cider 
at this stage of 
production is 
negligible to low. 
Chemical 
contamination may 
cause improper 
flavour in the 
cider. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

The overall 
impact of 
chemicals 
on human 
health is 
generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce 
in high 
enough 
concentratio 
ns to cause 
acute health 
effects. 
Although the 
effects of 
long-term 

Direct 
healthcare 
costs vary 
with the 
scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

At the levels 
at which 
chemicals 
are found in 
food, the 
impact of 
the food on 
the 
environment 
is negligible. 

A specific 
study of 
chemical 
contamination 
of apple cider 
is not known. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of 
the 
assessment. 

Although 
impact could 
be high and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
chemical 
contamination 
at the storage 
stage is 
negligible to 
low, due to 
the negligible 
to low 
probability of 
significant 

Use Good Manufacturing 
Practices (GMPs) and 
Standard Operating 
Procedures (SOPs). 
Follow container handling 
and storing procedures. 
Use only approved 
containers and additives 
at recommended rates. 
Maintain inventory control. 
Train staff. 

exposure to consumer 
many exposure. 
chemicals 
are not well 
known, there 
is evidence 
that 
exposure to 
certain 
chemicals 
over a long 
period of 
time can 
cause 
numerous 
health 
effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Cider Storage Physical Nglg Nglg-Low Nglg 

This activity 
includes storage 
in various 
containers. 

Concern of cider 
contamination with 
extraneous 
materials. 
Physical hazards 
are known to cause 
injury (47, and 48). 
See Appendix C for 
a list of physical 
material hazards. 

Although no 
specific study is 
identified, the 
probability of any 
physical material 
entering the end 
product at this 
stage of 
production is 
negligible. 
Extraneous 
material may be 
visible, depending 
on size and prior 
screening would 
mitigate the 
hazard. 

If contamination 
occurs, the 
probability of 
consumer exposure 
is negligible to low. 
Extraneous material 
may be visible to the 
eye, depending on 
size (naturally 
occurring pectin 
could make visibility 
difficult). 

Physical hazards 
are not conducive 
to secondary 
spread among 
humans. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Low Nglg Nglg Low Nglg 
To reduce risk: 

If If Although no No specific Although Follow the Canadian Food 
contamination 
occurs the 
impact is 
variable 
depending 
on the 
physical 
hazard and 
individual. 
Physical 
hazards are 
known to 
cause injury 
(47, and 
48). 

contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact would 
be low. 

specific 
studies are 
known, the 
impact of 
physical 
hazards on 
the 
environment 
is 
considered 
negligible. 

studies on 
physical 
contamination 
of cider are 
known. 
Experience 
and 
knowledge of 
cider 
processing 
provide 
reasonable 
certainty of 
the 
assessment. 

impact is 
negligible and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at storage is 
negligible to 
low, due to 
the negligible 
probability of 
contamination 

Inspection Agency’s 
(CFIA) Code of Practice. 
Follow Standard 
Operating Procedures 
(SOPs) for container 
handling and storage 
practices. 
Label Best Before dates. 
Detect imperfections in 
containers and if 
damaged, establish and 
maintain a return policy. 

and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Nglg-Low Nglg-Low Low 

Transportation 

This activity 
includes 
transporting 
cider for retail 
sale (bulk or pre­
packed) or in 
bulk transport to 
another packer. 

Concern of cider 
contamination with 
pathogens. 
Pre-packed cider will 
not be exposed to 
contamination 
vectors. Cider in 
bulk containers for 
packing elsewhere 
will be similar to 
those identified in 
the processing and 
packing section. 
Potential for 
temperature abuse 
exists. 

Although no 
specific study is 
identified, 
contamination 
from transportation 
of finished product 
can occur, as 
indicated by 
specific outbreaks 
(73, 81, 82, and 
83). 
Cross-
contamination may 
occur similar to 
Salmonella in 
eggs and ice 
cream, due to bulk 
transport (98). 

If contamination 
occurs, the 
probability of 
consumer exposure 
to pathogens is low, 
as most pathogens 
do not survive in 
cider. 
Notable exceptions 
are Verotoxin­
producing E coli 
(VTEC) and the 
Odwalla juice 
outbreak and others 
such as Salmonella 
and Cryptosporidium 
(73, 81, 82, and 83). 
Low infective doses 
increase the 
probability of 
infection (21). 
Fresh-pressed cider 
is immediately 
offered for 

Some foodborne 
pathogens are 
easily transmitted 
directly from 
person-to-person, 
or by the fecal to 
oral route (21). If 
contaminating 
pathogens 
survive and 
infection occurs, 
secondary spread 
between humans 
may also occur. 
E.g. Verotoxin­
producing E coli 
(VTEC) in 
households or 
Cryptosporidium 
(22, and 73). 

consumption and 
pathogens may 
survive (113). 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low-Med Nglg-Low 
To reduce risk: 

If infection Direct Although no A specific Although the Follow transportation 
occurs, the healthcare specific study of impact could recommendations. Train 
impact is 
variable, 
depending 

costs vary 
with 
pathogen 

studies are 
known, the 
presence of 

transportatio 
n, biological 
contaminatio 

be high and 
specific data 
are limited, it 

staff on health and 
hygiene, product handling 
and correct temperature 

on the 
pathogen 
and 
individual. 
The young, 
elderly and 
immune­
compromis 
ed are at 
greater risk. 
Symptoms 
vary from 
mild 
diarrhea 
and upset 
stomach, to 
extreme 

virulence, 
individual 
susceptibility, 
and size of 
outbreak (2). 
If an 
outbreak is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact can 
be 
significant. 
E.g. Jack-in-

biological 
hazards on 
food and the 
impact of 
that food on 
the 
environment 
is 
considered 
negligible. 

n, and apple 
cider 
contamination 
is not known. 
Recorded 
outbreaks 
indicate 
undetermined 
sources, as 
epidemiologi 
cal linkages 
are difficult to 
pinpoint 
(107). 

is reasonably 
certain that 
the overall 
risk of 
biological 
contamination 
at 
transportation 
is negligible to 
low, due to 
the negligible 
to low 
probability of 
contamination 
and exposure. 

levels. Store at correct 
temperature and properly 
label. 
Follow Standard 
Operating Procedures 
(SOPs), clean, sanitize, 
and rinse tanks used for 
transportation. 

cases with the-Box 
Hemolytic 
Uremic 

Restaurant 
chain 

Syndrome 
(HUS) from 
E. coli 

(J.I.T.B.) & 
Odwalla 
(23 and 26). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Chemical Nglg-Low Nglg-Low Nglg 

Transportation 

This activity 
includes 
transporting 
cider for retail 
sale (bulk or pre­
packed) or in 
bulk transport to 
another packer. 

Concern of cross-
contamination of 
cider by bulk 
transport containers, 
climate control 
equipment, 
cleaners, 
disinfectants and 
sanitizers. 

Specific chemicals 
approved for use 
are routinely used 
at this stage of 
production to 
clean and sanitize 
equipment. 
Additional 
contamination may 
occur where errors 
are made in 
application, 
following label 
information or 
using chemicals 
not registered for 
use. All chemicals 

If contamination 
occurs, the 
probability of 
significant consumer 
exposure will vary 
with the chemical 
and host, however, 
the probability is 
considered 
negligible to low (39, 
40, and 44). 
Contamination is 
limited as most 
product is packaged. 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

used in food 
production have 
met the 
requirements of 
Health Canada 
(46). 
The probability of 
chemical 
contamination of 
apples and cider 
at this stage of 
production is 
negligible to low. 
Chemical 
contamination may 
cause improper 
flavour in the 
cider. 
Bulk containers 
must be clean and 
for food use. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

The overall 
impact of 
chemicals on 
human health 
is generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce in 
high enough 
concentration 
s to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 

Direct 
healthcare 
costs vary 
with the 
scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

At the levels 
at which 
chemicals 
are found in 
food, the 
impact of 
the food on 
the 
environment 
is negligible. 

Specific 
studies of 
chemical 
cross-
contamination 
of apple cider 
from bulk 
transport are 
not known. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of 
the 
assessment. 

Although 
impact could 
be moderate 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of 
chemical 
contamination 
at 
transportation 
is negligible to 
low, due to 
the negligible 
to low 
probability of 

Follow Standard 
Operating Procedures 
(SOPs) and ensure 
containers are food grade 
and are properly cleaned. 

are not well contamination 
known, there 
is evidence 

and exposure. 

that exposure 
to certain 
chemicals 
over a long 
period of time 
can cause 
numerous 
health effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Physical Nglg-Low Nglg-Low Nglg 

Transportation 

This activity 
includes 
transporting 
cider for retail 
sale (bulk or pre­
packed) or in 
bulk transport to 
another packer. 

Concern of 
extraneous material 
contaminating the 
cider. Contaminants 
may be visually 
detectable if in glass 
or plastic consumer 
containers, but 
should be filtered 
out during packing. 
Material could fall 

Although no 
specific study is 
identified, the 
probability of any 
physical material 
entering the cider 
at this stage of 
production is 
negligible to low. 
Extraneous 
material could fall 

If contamination 
occurs, the 
probability of 
consumer exposure 
is negligible to low. 

Physical hazards 
are not conducive 
to secondary 
spread among 
humans. 

into bulk containers. in bulk containers 
Physical hazards 
are known to cause 
injury (47, and 48). 

but would be 
removed by filters, 
screens, or 
workers. Closed 
consumer 
containers are not 
susceptible to 
exposure. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg Nglg Nglg Low Nglg-Low 
To reduce risk: 

If 
contamination 
occurs, the 
impact is 
negligible, 
depending 
on the 
physical 
hazard and 
individual. 

If 
contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
overall 
economic 

Although no 
specific 
studies are 
known, the 
impact of 
physical 
hazards on 
apples and 
apple cider 
on the 

Specific 
studies of 
physical 
cross-
contamination 
of apple cider 
from bulk 
transportation 
are not 
known. 

Since the 
impact is 
negligible to 
low and 
specific data 
are limited, it 
is reasonably 
certain that 
the overall 
risk of 

Train staff on proper 
container handling. 
Follow Standard 
Operating Procedures 
(SOP) and Good 
Manufacturing Practices 
(GMPs). 
Implement a return policy 
for damaged containers. 

impact would 
be negligible 
to low. 
Impact may 
be significant 
to individual 
companies. 

environment 
is negligible. 

Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
reasonable 
certainty of 
the 
assessment. 

physical 
contamination 
at the 
transportation 
and handling 
stage is 
negligible to 
low, due to 
the negligible 
to low 
probability of 
contamination 
and exposure. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Biological Nglg-Low Nglg-Low Low 

Retail Concern of cider Although no If contamination Some foodborne 
contamination and specific study is occurs, the pathogens are 

This activity potential for identified, probability of easily transmitted 
includes pre- pathogen growth contamination at consumer exposure directly from 
packed product and survival. retail can occur to pathogens is low, person-to-person, 
displayed on ice Freshly produced through handling as most pathogens or by the fecal to 
or in refrigerated cider at point of sale or on-site do not survive well oral route (21). If 
storage. could be exposed to production at in cider. contaminating 
This activity may contamination. Poor retail. Notable exceptions pathogens 
also include fill- employee and Temperature are Verotoxin­ survive and 
your-own consumer hygiene abuse at retail can producing E coli infection occurs, 
containers at and health, animals, facilitate pathogen (VTEC) and the secondary spread 
point of sale pests, flies, dust, survival and Odwalla juice between humans 
such as farm and dirt may all growth (15, 22, 50, outbreak (23) may also occur. 
markets and contaminate. and 82). and others (15, 50, E.g. Verotoxin­
roadside stands. Pre-packed product 73, 81, 82, and 83). producing E coli 

is not exposed to Low infective doses (VTEC) in 
background increase the households or 
pathogens. probability of Cryptosporidium 

infection (21). (22, and 73). 
Fresh-pressed cider 
is immediately 
offered for 
consumption and 
pathogens may 
survive (113). 
Labeling product as 
“unpasteurized” as 
well as other legal 
requirements 
include Best Before 
date, handling and 
storage instructions. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Low-High Low-Med Nglg Low-Med Nglg-Low 
To reduce risk: 

If infection Direct Although no A specific Although the Follow the Canadian Food 
occurs, the healthcare specific study of impact could Inspection Agency’s 
impact is costs vary studies are biological be high and (CFIA) Code of Practice, 
variable, with known, the contamination specific data proper handling 
depending pathogen presence of at retail and are limited, it procedures for retail and 
on the virulence, biological final apple is reasonably correct temperature 
pathogen individual hazards on cider certain that levels. 
and susceptibility, food and the contamination the overall Follow Good 
individual. and size of impact of is not known. risk of Manufacturing Practices 
The young, outbreak (2). that food on There are biological (GMPs) and Standard 
elderly and If the the recorded contamination Operating Procedures 
immune- outbreak is environment outbreaks at retail is (SOPs) if producing for 
compromis 
ed are at 

traceable to 
a specific 

is 
considered 

from 
undetermined 

negligible to 
low, due to 

direct sales at a market. 
Be aware of exposure to 

greater risk. 
Symptoms 
may vary 
from mild 

company or 
industry, the 
indirect 
economic 

negligible. sources. 
Epidemiological 
linkages are 
difficult to 

the negligible 
to low 
probability of 
contamination 

potential contaminants. 
Clean up spills 
immediately and use an 
effective sanitizer for the 

diarrhea 
and upset 
stomach, to 
extreme 
cases with 

impact can 
be 
significant. 
E.g. Jack-in-
the-Box 

determine 
which creates 
a higher 
uncertainty of 
data (73, 82, 

and exposure 
at this stage. 

area. 
Provide hand washing 
facilities and garbage 
containers. 

Hemolytic 
Uremic 

Restaurant 
chain 

and 107). 

Syndrome 
(HUS) from 
E. coli 

(J.I.T.B.) & 
Odwalla (23 
and 26). 

0157:H7 
and death 
(21, 24, and 
106). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Chemical Nglg-Low Nglg-Low Nglg 

Retail Concern of cider Chemicals are not If contamination Chemicals are 
contamination from deliberately occurs, the not conducive to 

This activity 
includes pre­
packed product 
displayed on ice 
or in refrigerated 
storage. 
This activity may 
also include fill-

containers, storage, 
cleaners, and 
sanitizers. 
Product packed at 
point of sale, such 
as farm markets 
could be exposed to 
chemicals. 

applied to the 
product at this 
stage. 
Although no 
specific studies 
are identified, the 
probability of 
chemical 

probability of 
significant consumer 
exposure will vary 
with the chemical 
and individual. 
Probability is 
negligible to low. 
The Ontario Ministry 

secondary spread 
among humans. 

your-own 
containers at 

contamination of 
apple cider at this 

of Agriculture and 
Food’s (OMAF) 

point of sale, 
such as farm 

stage of 
production is 

Food Inspection 
Branch (FIB) did not 

markets and negligible to low. find any chemical 
roadside stands. Food grade contamination from 

materials and applied chemicals of 
proper containers cider in the 2001 
for cider should be cider monitoring 
used. program. 
Good 
Manufacturing 
Practices (GMPs) 
should be followed 
and exposure is 
limited at retail. 
Pre-packed 
product is not 
exposed. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg-Med Low Nglg Low Nglg-Low 
To reduce risk: 

The overall 
impact of 
chemicals on 
human health 
is generally 
quite low. 
Chemicals 
are very 
rarely found 
on produce in 
high enough 
concentration 
s to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 

Direct 
healthcare 
costs vary 
with the 
scope of 
contaminati 
on. If 
contaminati 
on is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be significant 
(43). 

At the levels 
at which 
chemicals 
are found in 
food, the 
impact of 
the food on 
the 
environment 
is negligible. 

A specific 
study of apple 
cider 
contamination 
at retail by 
chemicals is 
not known. 
Experience, 
knowledge of 
the industry, 
and lack of 
traceable 
cases provide 
certainty of 
the 
assessment. 

Although 
impact could 
be moderate 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of 
chemical 
contamination 
at the retail 
stage is 
negligible to 
low, due to 
the negligible 
to low 
probability of 

Follow label requirements 
on any chemical products 
used. 
Use food grade 
containers meant for 
cider. 
Do not store food product 
and containers near 
chemicals. 

are not well contamination 
known, there 
is evidence 

and exposure. 

that exposure 
to certain 
chemicals 
over a long 
period of time 
can cause 
numerous 
health effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Processing Physical Nglg Nglg Nglg 

Retail Concern of cider No specific study If contamination Physical hazards 
contamination by is identified.  The occurs, the are not conducive 

Includes pre­
packed product 
displayed on ice 
or in refrigerated 
storage. 
This activity may 
also include fill-

any extraneous 
materials, handling, 
container integrity 
(no breaking seals 
etc.,) and labeling. 
Dirt, hair or other 
extraneous material 

probability of any 
physical material 
entering the 
product at the 
retail sector is 
negligible. 

probability of 
consumer exposure 
is negligible. 
Only a very limited 
amount of product 
would be 
contaminated. 

to secondary 
spread among 
humans. 

your-own 
containers at 

could also 
contaminate product 

point of sale 
such as farm 

when being packed 
at point of sale. 

markets and 
roadside stands. 
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Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertainty
of Data 

Summary of 
Risk and 

Uncertainty 
on human economic environment 

health 

Nglg Nglg Nglg Low Nglg 
To reduce risk: 

If 
contamination 
occurs, the 
impact is 
negligible, 
depending 
on the 
physical 
hazard and 
individual. 

If 
contaminati 
on occurs 
and is 
traceable to 
an individual 
company or 
industry, the 
economic 
impact could 
be negligible. 

Although no 
specific 
studies are 
identified, 
the impact 
of physical 
hazards on 
apple cider 
on the 
environment 
is 
considered 

A specific 
study of apple 
cider 
contamination 
at retail by 
physical 
means is not 
known. 
Experience, 
knowledge of 
the industry, 
and lack of 

Since impact 
is negligible 
and specific 
data are 
limited, it is 
reasonably 
certain that 
the overall 
risk of 
physical 
contamination 
at the retail 

Be aware of the potential 
for physical contamination 
of apple cider, use of 
tamperproof lids, etc. 

negligible. traceable 
cases provide 
reasonable 

sector is 
negligible. 
The 

certainty of 
the 

probability of 
contamination 

assessment. and exposure 
are negligible. 
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