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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Seed 
Production 

Biological Nglg-Low Nglg-Med Low 

Concern that the Pathogens present If seed becomes Some foodborne 
Pre- future seed crop may in water, soil, and contaminated from pathogens are 
Production become contaminated soil amendments this stage of easily transmitted 

by foodborne could potentially production the directly by 
Site Selection pathogens from the contaminate the probability of person-to-person, 
and environment where seed (55, and exposure is related or by the fecal to 
Preparation the crop is grown (2, 

8, 9, 55, and 122). 
122).  However, 
the long time 

to the pathogen’s 
ability to survive on 

oral route (9, 10, 
and 21).  If 

Pre-production Numerous foodborne period between seed, or inside the infection occurs, 
activities outbreaks of E. coli site selection and seed and during the secondary spread 
including and Salmonella have preparation, and sprouting process among humans 
application of 
soil 
amendments 
(manure, 
biosolids, 
pesticides, 
chemical 
fertilizer, etc.,) 
prior to 
planting. 

been previously linked 
to sprouted seeds, 
with seeds being 
implicated as the likely 
source for many of 
these outbreaks (122, 
126, 133, and 135).  In 
addition, the 
pathogens Listeria 
monocytogenes, 
Staphylococcus 
aureus, Bacillus 
cereus and 
Aeromonas 
hydrophilia, Klebsiella, 
Cryptosporidum and 
Giardia have been 
isolated from sprouted 
seeds (126, 131, 139, 
143, and 160).  See 
Appendix A for a list of 
outbreaks and 
Appendix B for a list of 
pathogens known to 
contaminate produce. 

the production of 
seed allows for 
microbial and 
environmental 
degradation of 
pathogens, which 
reduces the 
likelihood of 
contaminating the 
seed crop (15, and 
17).  The ability of 
pathogens to 
survive depends 
on a number of 
factors including 
soil type, moisture, 
acidity, and 
exposure to air 
and sunlight (55). 

(55, and 122).  Some 
pathogens are able to 
survive extended 
periods of time. 
Illness caused by 
sprouted seeds has 
been previously linked 
to contaminated seed 
(133, and 135).  Many 
Good Manufacturing 
Practices (GMPs) 
used by sprouters 
(sanitation, 
disinfection, 
inspection, testing, 
etc.,) reduce the 
probability of 
exposure (126, 127, 
136, and 137), 
although even a few 
pathogenic cells on 
or in seeds can be 
amplified by the 
sprouting process 
and become a 
health hazard (2, 

can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 
secondary spread 
is expected to be 
local. 

122, 123, and 135). 

5.2 Sprouted Seeds - Risk Assessment 
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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 Illnesses have Although the Follow Good Agricultural 
occurs, the healthcare specific been linked to impacts are Practices (GAPs) in the 
impact is costs vary studies are contaminated variable, the production of seed (29, 
variable, with known, the seeds as well overall risk at 30, 31, 33, 134, and148). 
depending pathogen presence of as to the this stage of Determine the history of 
on the virulence, biological sprouting production is the land to be used and 
pathogen individual hazards in facility (124, expected to consider adjacent lands 
and the susceptibility, food crops and 135), but be negligible for potential 
individual and size of is expected not directly to to low, due to contamination by water 
(9).  The outbreak (2). to have the site the very low run-off or airborne 
young, If an negligible selection and probabilities contaminates. 
elderly and outbreak is impact on preparation of Test soil and water for 
immune- traceable to the stage of contamination pathogens where deemed 
compromised a specific environment. production. and exposure. necessary. 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

Capability to 
compare DNA 
patterns of 
pathogens 
lends 
certainty to 
the 
conclusions 
that outbreaks 

Illnesses have 
been linked to 
seeds, 
although how 
seeds 
become 
contaminated 
is not well 
known (124, 

In particular follow Good 
Agricultural Practices 
(GAPs) and all regulations 
relating to use of manure 
and biosolids.  Dedicate 
specific production 
acreage to seeds grown 
for sprouting.  Keep 
records of all activities 

extreme were caused 126, 133, and and applications made to 
cases 
where death 

by 
contaminated 

135). the field. 
Where possible, 

may occur seed lots. communicate and 
(9, 11, 24, 
25, and 44). 

Many 
possibilities 

coordinate with seed 
purchasers to ensure their 

for seed seed quality and safety 
contamination requirements are being 
exist (123). met. 

5.3 Sprouted Seeds - Risk 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 

Seed Chemical Low Nglg Nglg 
Production 

Pre-
Production 

Site Selection 
and 
Preparation 

Pre-production 
activities 
including 
application of 
soil 
amendments 
(manure, 
biosolids, 
pesticides, 

Concern that 
intentionally applied 
products or chemicals 
from the environment 
at or near the 
production site will 
contaminate the future 
seed crop (40). 

No specific issues 
have been 
identified at this 
stage of seed 
production. It is 
normal during 
growth for plants 
to absorb 
chemicals from the 
environment (37). 
Agricultural 
chemicals may be 
applied at this 
stage of 
production. 
Regulations and 
guidelines 

When pesticides are 
applied according to 
label instructions, 
residues are unlikely 
to exceed allowable 
Maximum Residue 
Limits (MRLs). 
During the growing 
season, microbial 
and environmental 
degradation reduces 
the likelihood of 
chemical 
contamination of the 
future seed crop and 
subsequent 
exposure.  If 
contamination of 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

chemical 
fertilizer, etc.,) 
prior to 
planting. 

regarding use and 
application of 
chemicals to 
agricultural land 

seed occurs, the 
probability of 
significant consumer 
exposure depends on 

vary by country. 
In Canada and in 

the toxicity and 
persistence of the 

many countries, 
processes are in 
place to control 
chemicals in water 

chemical and on the 
individual exposed 
(39, 40, and 44). 
Seeds grown for 

sources, air, soil, 
and on foods (46, 
and 74). 

sprouting are not 
normally consumed 
directly as an 
unsprouted product. 
Any chemicals that 
may exist in seed are 
likely to be diluted 
through the sprout 
production process, 
reducing the 
probability of 
consumer exposure. 

5.4 Sprouted Seeds - Risk Assessment 
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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 Nglg-Low Nglg 
To reduce risk: 

Chemicals Direct At the levels Chemicals Although the Follow Good Agricultural 
are very healthcare at which present in impact is Practices (GAPs) (29, 30, 
rarely found costs vary chemicals foods are not variable and 31, 33, 134, and 148). 
on produce with the level are found in usually found specific data Investigate and determine 
in high and extent of seed, the at harmful are limited, it potential chemical 
enough 
concentrations 
to cause 
acute health 
effects. 
Although the 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 

impact on 
the 
environment 
would be 
negligible. 

levels (35, 
36, and 40). 
The long-
term impact 
of chemicals 
in food on 

is reasonably 
certain that 
the overall 
risk is 
negligible, 
due to the low 

residues from previous 
land uses. 
Review and monitor 
adjacent land uses for 
water run-off or airborne 
contaminates that could 

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 

company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 
(43). 

human 
health is not 
well known. 
While no 
specific food 
safety 
concerns 
have been 
noted, low 
levels of 
chemical 
residues 
have been 
found in 
sprouted 

probability of 
contamination 
and negligible 
probability of 
exposure. 

potentially contaminate 
the site. 
Test soil and water 
sources for chemicals 
where the possibility of 
contamination exists. 
Ensure any biosolids or 
other products applied are 
appropriate. 
Apply pesticides 
according to the product 
label and ensure only 
those properly trained and 
certified prepare and 
apply pesticides. 

cause seeds. Apply pesticides with the 
numerous 
health 
effects 
including 

knowledge that the seed 
produced will be used as 
food following sprouting. 

cancer (35, 
36, 39, 40, 
41, and 42). 

5.5 Sprouted Seeds - Risk 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 

Seed 
Production 

Biological Nglg-Med Nglg-Med Low 

Concern that the seed Contamination If seed is Some foodborne 
Growing the 
Crop 

crop may become 
contaminated by 
foodborne pathogens 

from a number of 
sources during 
crop production is 

contaminated, the 
probability of 
exposure is related 

pathogens are 
easily transmitted 
directly by 

Includes crop present in water, soil, possible (122,126, to the pathogen’s person-to-person, 
and soil manure, applied 133, 134, and ability to survive on or by the fecal to 
management amendments, or from 135).  Water can seed, or inside the oral route (9, 10, 
techniques animals or pests (2, 8, be a carrier for seed through the and 21).  If 
used, and 9, 53, 55, 61, 122, and pathogens (55, sprouting process infection occurs, 
application of 126).  Numerous and 92).  Recent (55, and 122). secondary spread 
fertilizer, crop foodborne outbreaks evidence suggests Some pathogens among humans 
protection of E. coli and that some bacteria are able to survive can also occur (9, 
materials and Salmonella have been are able to grow in extended periods of 22, 23, and 44). 
other soil or linked to sprouted pesticide tank time.  Illness caused While primary 
crop seeds, with seeds mixes (61). by sprouted seeds exposure may be 
amendments. being implicated as Contamination has been previously broadly 
Some alfalfa the likely source for from insects linked to distributed, 
seed crops are many outbreaks (122, during pollination contaminated seed secondary spread 
chemically 126, 133, and 135). In may be possible (133, and 135). is expected to be 
desiccated addition, the (150). Wild Many Good local. 
(diquat) prior to pathogens Listeria animals or sheep Manufacturing 
harvest. monocytogenes, may also Practices (GMPs) 

Staphylococcus contaminate the used by sprouters 
aureus, Bacillus crop.  Sheep are (sanitation, 
cereus and sometimes used to disinfection, 
Aeromonas “clip” perennial inspection, testing 
hydrophilia, Klebsiella, alfalfa crops prior etc.,) reduce the 
Cryptosporidum and to seed probability of 
Giardia have been production. Good exposure (126, 127, 
isolated from sprouted Agricultural 136, and 137), 
seeds (126, 131, 139, Practices (GAPs) although even a few 
143, and 160).  See for growing seed pathogenic cells on 
Appendix A for a list of for the sprouting or in seeds can be 
outbreaks and industry may not amplified by the 
Appendix B for a list of always be sprouting process 
pathogens known to followed, as the and become a 
contaminate produce. majority of seed is health hazard (2, 

grown for forage 122, 123, and 135). 
production. 

5.6 Sprouted Seeds - Risk Assessment 
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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 Illnesses have The Review and monitor 
occurs, the healthcare specific been linked to probability of adjacent land uses for 
impact is costs vary studies are contaminated contamination water run-off or airborne 
variable, with known, the seeds as well is variable contaminates.  Ensure 
depending pathogen presence of as to the depending on that water sources used 
on the virulence, biological sprouting the are protected from 
pathogen individual hazards in facility (124, agricultural contamination.  Ensure all 
and the susceptibility, food crops 126, 133, and practices water used meets the 
individual and size of is expected 135). used. If seed quality standard required 
(9).  The outbreak (2). to have Capability to is for the use intended.  Test 
young, If an negligible compare DNA contaminated water quality.  Follow 
elderly and outbreak is impact on patterns of exposure Good Agricultural 
immune- traceable to the pathogens could occur. Practices (GAPs) (29, 30, 
compromised a specific environment. lends The impacts 31, 33, 126, 134, and 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

certainty to 
the 
conclusions 
that outbreaks 
were caused 
by 
contaminated 
seed lots. 
Many 

of exposure 
are variable 
but potentially 
high. 
Illnesses 
have been 
linked to 
seeds. 
Where 

148).  In particular, follow 
Good Agricultural 
Practices (GAPs) and all 
regulations relating to use 
of manure and biosolids. 
Do not use sheep for 
clipping the crop and 
eliminate domestic 
animals from the field. 

extreme possibilities pathogens Use practices, which 
cases for seed are eliminate or minimize wild 
where death contamination internalized in animals from the seed 
may occur 
(9, 11, 24, 
25, and 44). 

exist (123). the seed 
during 
production, 

field. Ensure all activities 
are appropriate for seeds 
destined for the sprout 

the overall industry. Dedicate 
risk may be specific production 
medium. acreage to seeds grown 

for sprouting.  Keep 
records of all activities 
and applications made to 
the field. 

5.7 Sprouted Seeds - Risk 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 

Seed Chemical Low-High Nglg Nglg 
Production 

Concern that Through normal When pesticides are Chemicals are 
Growing the 
Crop 

seeds grown for 
sprouting may 
become 

growth plants absorb 
chemicals from the 
environment (37). 

applied according to 
label instructions, 
residues are unlikely 

not conducive 
to secondary 
spread among 

Includes crop contaminated by Agricultural chemicals to exceed allowable humans. 
and soil applied chemicals are routinely applied Maximum Residue 
management or chemicals in the at this stage of Limits (MRLs) when 
techniques environment production, although seed is harvested. 
used, and during crop regulations and During the growing 
application of production. guidelines regarding season, microbial and 
fertilizer, crop application of environmental 
protection chemicals vary by degradation also 
materials and country. Additional reduces the likelihood 
other soil or contamination may of chemical 
crop occur where errors are contamination of the 
amendments. made in application by seed and subsequent 
Some alfalfa not following product exposure. If 
seed crops are label information, or contamination of seed 
chemically where chemicals not occurs, the probability 
desiccated registered for use, are of significant 
(diquat) prior to used.  In Canada, consumer exposure 
harvest. Health Canada varies with the toxicity 

regulates chemicals and persistence of the 
used in the production chemical and on the 
of food (46, and 64). individual exposed 
Alfalfa seed crops (39, 40, and 44). 
may be chemically Seeds grown for 
desiccated (diquat) sprouting are not 
prior to harvest, and normally consumed 
some chemicals used directly as an 
to control pests and unsprouted product. 
weeds are not Chemicals that may 
registered for use on exist in seed will be 
seeds destined for diluted through the 
sprouting (126). sprout production 

process, reducing the 
probability of 
consumer exposure. 

5.8 Sprouted Seeds - Risk Assessment 
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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 At the levels Chemicals The impacts Review and monitor 
are very healthcare at which present in are variable adjacent land uses for 
rarely found costs vary chemicals foods are not and specific water run-off or airborne 
on produce with the level are found in usually found data are contaminates that could 
in high and extent of seed, the at harmful limited. While potentially contaminate 
enough 
concentrations 
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 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 
(43). 

impact on 
the 
environment 
would be 
negligible. 

levels (35, 
36, and 40). 
The long-
term impact 
of chemicals 
in food on 
human 
health is not 
well known. 
While no 
specific food 
safety 
concerns 
have been 
noted, low 
levels of 

chemical 
contamination 
at some point 
during seed 
production is 
likely, it is 
expected that 
the overall 
risk of this 
hazard is 
negligible, 
due to the 
negligible 
probability of 
exposure. 

the site.  Ensure only 
those properly trained 
apply pesticides.  Follow 
label requirements on any 
chemical products used. 
Ensure any desiccants 
used to dry the crop prior 
to seed harvest are 
appropriate for seeds 
destined for sprouting. 
Ensure any biosolids or 
other products applied are 
appropriate. Maintain 
equipment in good 
working order. 
Ensure all water used 

certain 
chemicals 
over a long 

chemical 
residues 
have been 

meets the quality 
standard required for the 
use intended.  Dedicate 

period of 
time can 

found in 
sprouted 

specific production 
acreage to seeds grown 

cause seeds. for sprouting.  Keep 
numerous 
health 

records of all production 
activities.  Follow Good 

effects 
including 
cancer (35, 
36, 39, 40, 

Agricultural Practices 
(GAPs) (29, 30, 31, 33, 
126, 134, and 148). 

41, and 42). 

5.9 Sprouted Seeds - Risk 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 

Seed 
Production 

Biological Low-Med Nglg-Med Low 

Harvesting 

Seeds, 
E.g. alfalfa, 
are typically 
harvested by 
cutting and 
windrow 
curing, 
followed by 
threshing with 
a combine. 

Concern that seeds 
can become 
contaminated by 
foodborne pathogens in 
soil and debris during 
harvest (122, and 134). 
Contamination from 
workers and pests may 
also be of concern. 
Numerous foodborne 
outbreaks of E. coli and 
Salmonella have been 
previously linked to 
sprouted seeds, with 
seeds being implicated 
as the likely source for 
many of these 
outbreaks (122, 126, 
133, and 135).  In 
addition, the pathogens 
Listeria 
monocytogenes, 
Staphylococcus 
aureus, Bacillus cereus 
and Aeromonas 
hydrophilia, Klebsiella, 
Cryptosporidum and 
Giardia have been 
isolated from sprouted 
seeds (126, 131, 139, 
143, and 160).  See 
Appendix A for a list of 
outbreaks, and 
Appendix B for a list of 
pathogens known to 
contaminate produce. 

If plants are 
contaminated 
during production, 
then there is some 
likelihood that 
during the physical 
process of 
harvesting, some 
seeds will become 
contaminated.  This 
is likely to be 
limited to the 
exterior of the 
seed.  Clipping the 
ground during 
combining may 
also potentially 
contaminate seed 
(122, 124, and 
126). Workers and 
pests that contact 
the seed during 
harvest may also 
be a source of 
contamination. 
Good Agricultural 
Practices (GAPs) 
that relate to 
harvesting seed for 
the sprouting 
industry may not 
always be followed. 
The majority of 
alfalfa seed is 
grown as seed for 
forage crops and 
not for the 

The probability of 
exposure is related to 
the pathogen’s ability 
to survive on the 
seed surface and 
contaminate the 
sprouts through the 
sprouting process 
(55, and 122).  Some 
pathogens are able to 
survive extended 
periods of time and 
illness has been 
linked to 
contaminated seed 
(133, and 135). 
Many Good 
Manufacturing 
Practices (GMPs) 
used by sprouters 
(sanitation, 
disinfection, 
inspection, testing 
etc.,) reduce the 
probability of 
exposure (126, 127, 
136, and 137), 
although even a few 
pathogenic cells on 
or in seeds can be 
amplified by the 
sprouting process 
and become a health 
hazard (2, 122, 123, 
and 135).  Damaged 
seed may be difficult 
to disinfect due to 

Some foodborne 
pathogens are 
easily transmitted 
directly by 
person-to-person, 
or by the fecal to 
oral route (9, 10, 
and 21).  If 
infection occurs, 
secondary spread 
among humans 
can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 
secondary spread 
is expected to be 
local. 

sprouting industry. cracks and crevices 
(126). 

5.10 Sprouted Seeds - Risk Assessment 
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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 Illnesses have The Follow Good Agricultural 
occurs, the healthcare specific been linked to probability of Practices (GAPs) (29, 30, 
impact is costs vary studies are contaminated contamination 31, 33, 126, 134, and 
variable, with known, the seeds as well ranges from 148). 
depending pathogen presence of as to the quite low to Ensure that any 
on the virulence, biological sprouting medium and desiccants used to dry the 
pathogen individual hazards in facility (124, is likely to be crop prior to seed harvest 
and the susceptibility, food crops 126, 133, and limited to the are approved for seed 
individual and size of is expected 135). seed exterior destined for the sprouting 
(9).  The outbreak (2). to have Capability to during industry. 
young, If an negligible compare DNA harvest.  If Minimize contact with the 
elderly and outbreak is impact on patterns of seed is ground during combining. 
immune- traceable to the pathogens contaminated Establish a hygiene 
compromised a specific environment. lends exposure training program for 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

certainty to 
the 
conclusions 
that outbreaks 
were caused 
by 
contaminated 
seed lots. 
Many 

could occur. 
The impacts 
of exposure 
are variable, 
but potentially 
high. 
Illnesses have 
been linked to 
seeds, 

workers. 
Clean and sanitize 
equipment and bins 
before harvesting and 
ensure that filled bins are 
covered. 
Inspect harvested seed 
carefully and adjust 
harvesting practices to 

extreme possibilities although the minimize damage to the 
cases for seed cause of seed. 
where death contamination contamination 
may occur 
(9, 11, 24, 
25, and 44). 

exist (123). is not always 
known (124, 
126, 133, and 
135). 

5.11 Sprouted Seeds - Risk 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 

Seed 
Production 

Chemical Nglg Nglg Nglg 

Harvesting 

Seeds, 
E.g. alfalfa, 
are typically 
harvested by 
cutting and 
windrow 
curing, 
followed by 
threshing with 
a combine. 

Concern that seeds 
may become 
contaminated with 
chemicals at harvest 
from equipment or 
other sources. 

Agricultural 
chemicals are not 
normally applied 
during harvest. 
Although chemical 
contamination of 
seed during 
harvest is unlikely, 
the remote 
possibility of 
cross-
contamination 
from equipment or 
containers 
containing 
chemical products 
exists. 

If contamination of 
seed occurs, the 
probability of 
significant consumer 
exposure varies with 
the toxicity and 
persistence of the 
chemical and on the 
individual exposed 
(39, 40, and 44). 
Seeds grown for 
sprouting are not 
normally consumed 
directly as an 
unsprouted product. 
Chemicals that may 
exist in seed will be 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

diluted through the 
sprout production 
process, reducing 
the probability of 
consumer exposure. 

5.12 Sprouted Seeds - Risk Assessment 
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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 At the levels Data Although the Ensure equipment is 
are very healthcare at which regarding impacts are properly maintained. 
rarely found costs vary chemicals chemical variable, the Workers need to be 
on produce 
in high 
enough 
concentrations 
to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 
are not well 

with the level 
and extent of 
contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 

are found in 
seed, the 
impact on 
the 
environment 
would be 
negligible. 

contamination 
of seeds 
grown for 
sprouting are 
limited. 
Chemicals 
present in 
foods are not 
usually found 
at harmful 
levels (35, 
36, and 40). 

overall risk is 
negligible, 
due to the 
negligible 
probability of 
contamination 
and exposure. 

aware of potential for 
chemical contamination of 
seeds.  Ensure only those 
properly trained apply 
pesticides.  Follow all 
label requirements on 
chemical products used. 
Keep records of all 
production activities. 
Follow Good Agricultural 
Practices (GAPs) (29, 30, 
31, 33, 126, 134, and 
148). 

known, there industry 
is evidence could be 
that significant 
exposure to (43). 
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 

Seed 
Production 

Biological Low-Med Nglg-Med Low 

Cross-contamination Contamination is The probability of Some foodborne 
Post Harvest 
Handling,
and Seed 
Conditioning 

Conditioning 
removes soil, 
weed seeds, 
and other 
debris from the 
seed. Seed 
may also be 
scarified to 
improve 
germination. 

from contaminated soil 
or seed, or from 
contaminated 
equipment, infected 
workers, rodents, 
birds or other pests 
may contaminate the 
seed (55, and 126). 
Scarification may 
cause difficulty in 
decontaminating seed 
prior to sprouting. 
Foodborne outbreaks 
of E. coli and 
Salmonella have been 
linked to sprouted 
seeds, with seeds 
being implicated as 
the likely source for 

possible.  Large 
volumes of seed 
could become 
contaminated 
through cross-
contamination 
from contaminated 
seed, or from 
equipment where 
it is not cleaned 
and sanitized 
effectively (126). 
Workers as well as 
rodents, birds and 
other pests could 
potentially contact 
the seed and be a 
source of 
contamination. 

exposure is related to 
the pathogen’s ability 
to survive on seed 
through the sprouting 
process (55, and 
122).  Some 
pathogens are able to 
survive extended 
periods of time and 
illness caused by 
sprouted seeds has 
been linked to 
contaminated seed 
(133, and 135). 
Many Good 
Manufacturing 
Practices (GMPs) 
used by sprouters 
(sanitation, 
disinfection, 

pathogens are 
easily transmitted 
directly by 
person-to-person, 
or by the fecal to 
oral route (9, 10, 
and 21).  If 
infection occurs, 
secondary spread 
among humans 
can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 
secondary spread 
is expected to be 
local. 

many outbreaks (122, Mixing seed lots inspection, testing, 
126, 133, and 135). 
Pathogens Listeria 
monocytogenes, 
Staphylococcus 
aureus, Bacillus 
cereus and 

may also increase 
the volume of 
seed that 
becomes 
contaminated.  If 
seed is 

etc.,) reduce the 
probability of 
exposure (126, 127, 
136, and 137), 
although even a few 
pathogenic cells on 

Aeromonas 
hydrophilia, Klebsiella, 
Cryptosporidum and 
Giardia have been 
isolated from sprouted 
seeds (126, 131, 139, 
143, and 160).  See 
Appendix A for 
outbreaks and 

contaminated 
during this stage, it 
is likely to be 
limited to surface 
contamination 
unless the seed 
coat is injured 
through damage 
or scarification 

or in seeds can be 
amplified by the 
sprouting process 
and become a health 
hazard (2, 122, 123, 
and 135).  Damaged 
or scarified seed may 
be difficult to 
disinfect, due to 
cracks and crevices 

Appendix B for a list of 
pathogens known to 

treatments. (126). 

contaminate produce. 
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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 
occurs, the 
impact is 
variable, 
depending 
on the 
pathogen 
and the 
individual 
(9).  The 
young, 
elderly and 
immune-

Direct 
healthcare 
costs vary 
with 
pathogen 
virulence, 
individual 
susceptibility, 
and size of 
outbreak (2). 
If an 
outbreak is 
traceable to 

Although no 
specific 
studies are 
known, the 
presence of 
biological 
hazards in 
food crops 
is expected 
to have 
negligible 
impact on 
the 

Little data is 
available from 
this stage of 
production. 
Illnesses 
have been 
linked to 
contaminated 
seeds as well 
as to the 
sprouting 
facility (124, 
126, 133, and 

Contamination 
and exposure 
could occur. 
The impacts 
are variable, 
but could be 
quite high. 
Illnesses have 
been linked to 
seeds, 
although the 
cause of 
contamination 

Follow Good 
Manufacturing Practices 
(GMPs) for seed cleaning 
and handling practices to 
minimize the introduction 
of pathogens at this stage 
(126, 134, and 148). 
Workers should be trained 
in hygienic food handling 
practices.  Cover bins 
after filling to minimize 
potential for 
contamination. 

compromised 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 

a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 

environment. 135). 
Capability to 
compare DNA 
patterns of 
pathogens 
lends 
certainty to 
the 

is not always 
known (124, 
126, 133, and 
135).  Harvest 
contamination 
is normally 
limited to the 
seed exterior, 

Where appropriate, use 
treatments such as 
irradiation shown to be 
effective in reducing the 
level of contamination 
(148).  Regularly clean 
any equipment used for 
scarification of seed. 

and upset 
stomach, to 
extreme 
cases 
where death 

28). conclusions 
that 
outbreaks 
were caused 
by 

which is 
easier to 
decontaminate 
than internal 
contamination. 

Inspect seed for damage. 
Ensure adequate rodent, 
reptile, bird and pest 
control procedures are 
used.  Maintain good 

may occur 
(9, 11, 24, 
25, and 44). 

contaminated 
seed lots. 
Many 

record keeping and stock 
tracking systems, 
particularly when seed is 

possibilities blended. 
for seed 
contamination 
exist (123). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Seed Chemical Nglg Nglg Nglg 
Production 

Concern that Chemicals are not If contamination of Chemicals are 
Post-Harvest 
Handling,
and Seed 
Conditioning 

Conditioning 
removes soil, 
weed seeds, 
and other 
debris from the 
seed. Seed 
may also be 
scarified to 
improve 
germination. 

chemicals used during 
post-harvest handling 
and seed conditioning 
may contaminate the 
seed. Contamination 
could occur from 
cleaning, sanitation or 
pest control products 
that may be used. 

likely to 
contaminate the 
product. Although 
unlikely, cross-
contamination 
could occur from 
chemicals used for 
facility cleaning, 
pest control, and 
sanitizing 
equipment. 
In Canada, 
regulations are in 
place to control 
the registration 
and application of 

seed occurs, the 
probability of 
significant consumer 
exposure varies with 
the toxicity and 
persistence of the 
chemical and on the 
individual exposed 
(39, 40, and 44). 
Seeds grown for 
sprouting are not 
normally consumed 
directly as an 
unsprouted product. 
Chemicals that may 
exist in seed will be 

not conducive to 
secondary spread 
among humans. 

chemicals used 
(46, and 74). 
Regulations and 
guidelines 
regarding use and 
application of 

diluted through the 
sprout production 
process, reducing 
the probability of 
consumer exposure. 

chemicals vary by 
country. 
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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 At the levels Data Although the Follow Good 
are very healthcare at which regarding impacts are Manufacturing Practices 
rarely found costs vary chemicals chemical variable, the (GMPs) when handling 
on produce 
in high 
enough 
concentrations 
to cause 
acute health 

with the level 
and extent of 
contamination 
and 
exposure. If 
contamination 

are found in 
seed, the 
impact on 
the 
environment 
would be 

contamination 
of seeds 
grown for 
sprouting are 
limited. 
Chemicals 

overall risk is 
negligible, 
due to the 
negligible 
probability of 
contamination 

chemicals (29, 30, 31, 33, 
126, 134, and 148). 
Workers should be trained 
in chemical use and be 
aware of the potential for 
cross-contamination. 

effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 
are not well 
known, there 

is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 

negligible. present in 
foods are not 
usually found 
at harmful 
levels (35, 
36, and 40). 

and exposure. Ensure that any 
chemicals that may 
contact seed are 
approved for use for 
seeds destined for the 
sprouting industry.  Follow 
all label requirements on 
chemical products used. 
Chemicals should not be 

is evidence 
that 

could be 
significant 

stored in close proximity 
to seed and stored in a 

exposure to 
certain 
chemicals 

(43). manner that prevents 
potential contamination. 

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 

Seed 
Production 

Biological Nglg-Low Nglg-Med Low 

Concern that It is known that If seed is Some foodborne 
Seed Storage unsanitary equipment 

or storage facility and 
pests can be a 
source of 

contaminated during 
storage it is likely to 

pathogens are 
easily transmitted 

Seed is rodents, birds, or pathogens via be limited to surface directly by 
commonly employees could feces (55). contamination.  The person-to-person, 
stored in contaminate the seed. Contamination probability of or by the fecal to 
50 lb. sacks or Numerous foodborne would likely be exposure is related oral route (9, 10, 
in bulk bins outbreaks of E. coli limited, but could to the pathogen’s and 21).  If 
prior to and Salmonella have be widespread, ability to survive on infection occurs, 
distribution. been previously linked depending on seed through the secondary spread 
Prior to sale to sprouted seeds, seed volume and sprouting process among humans 
and distribution, 
the temperature 
and humidity 
are normally 
controlled. 
This section 

with seeds being 
implicated as the likely 
source for many of 
these outbreaks (122, 
126, 133, and 135).  In 
addition, the 

distribution.  A 
greater risk of 
contamination 
occurs where seed 
is not protected 
from 

(55, and 122).  Many 
Good Manufacturing 
Practices (GMPs) 
used by sprouters 
(sanitation, 
disinfection, 

can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 

also includes 
seed storage 
at the 
sprouting 
facility. 

pathogens Listeria 
monocytogenes, 
Staphylococcus 
aureus, Bacillus 
cereus and 

contamination 
through proper 
storage or where 
open weave sacks 
are used rather 

inspection, testing 
etc.,) reduce the 
probability of 
exposure (126, 127, 
136, and 137), 

secondary spread 
is expected to be 
local. 

Aeromonas than solid wall although even a few 
hydrophilia, Klebsiella, bags (148). There pathogenic cells on 
Cryptosporidum and is also increased or in seeds can be 
Giardia have been risk of amplified by the 
isolated from sprouted contamination sprouting process 
seeds (126, 131, 139, where bags of and become a 
143, and 160).  See seed have been health hazard (2, 
Appendix A for a list of opened but are not 122, 123, and 135). 
outbreaks and fully used. 
Appendix B for a list of 
pathogens known to 
contaminate produce. 
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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 It is known The Follow Good 
occurs, the healthcare specific that pests can probability of Manufacturing Practices 
impact is costs vary studies are contaminate contamination (GMPs) (126, 134, and 
variable, with known, the stored seed and exposure 148).  Maintain equipment 
depending pathogen presence of via feces (10, are quite low. and facility in good repair. 
on the virulence, biological 55, and 122). While Ensure a pest control 
pathogen individual hazards in Illness has contamination program is in place. 
and the susceptibility, food crops been linked to is possible Maintain an inventory and 
individual and size of is expected contaminated and the clear records of seed lots. 
(9).  The outbreak (2). to have seeds as well impact could Store seed in covered 
young, If an negligible as to the be quite high, bins or in solid wall bags 
elderly and 
immune-
compromised 
are at 
greater risk 
(21). 
Symptoms 

outbreak is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 

impact on 
the 
environment. 

sprouting 
facility (124, 
126, 133, and 
135). 
Capability to 
compare the 
DNA of 

contamination 
is likely to be 
limited to 
smaller 
quantities of 
seed and to 
the surface of 

rather than open weave 
sacks. Inspect seed 
carefully for 
contamination. Inspection 
of seed bags with a black 
light may help to identify 
rodent contamination. 

are variable 
from mild 
diarrhea 
and upset 
stomach, to 

impact could 
be high (23, 
26, 27, and 
28). 

pathogens 
lends 
certainty to 
the 
conclusions 

seed. 
Illnesses 
have been 
linked to 
seeds, the 

Workers should have 
training in hygienic food 
handling practices. 

extreme that outbreaks cause of 
cases were caused contamination 
where death 
may occur 

by 
contaminated 

is not always 
known (124, 

(9, 11, 24, seed lots. 126, 133, and 
25, and 44). Many 135). 

possibilities 
for seed 
contamination 
exist (123). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Seed Chemical Nglg Nglg Nglg 
Production 

Concern that No specific issues If contamination of Chemicals are 
Seed Storage chemicals could 

contaminate the 
are known and the 
probability of 

seed occurs, the 
probability of 

not conducive to 
secondary spread 

Seed is stored seed.  Cross- chemicals significant consumer among humans. 
commonly contamination could contaminating the exposure varies with 
stored in occur from cleaning, seed is very low. the toxicity and 
50 lb. sacks or sanitation or pest Cross- persistence of the 
in bulk bins control products that contamination chemical and on the 
prior to may be used or stored although unlikely, individual exposed 
distribution. near seeds. could occur from (39, 40, and 44). 
Prior to sale chemicals used for Seeds grown for 
and distribution, 
the temperature 
and humidity 
are normally 
controlled. 
This section 
also includes 
seed storage 
at the 
sprouting 
facility. 

facility cleaning, 
pest control, and 
sanitizing 
equipment. 
In Canada, 
regulations are in 
place to control 
the registration 
and application of 
chemicals used 
(46, and 74). 

sprouting are not 
normally consumed 
directly as an 
unsprouted product. 
Chemicals that may 
exist in seed will be 
diluted through the 
sprout production 
process, reducing 
the probability of 
consumer exposure. 

Regulations and 
guidelines 
regarding use and 
application of 
chemicals vary by 
country. 
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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 At the levels Data While the Follow Good 
are very healthcare at which regarding impacts are Manufacturing Practices 
rarely found costs vary chemicals chemical variable, the (GMPs) when handling 
on produce 
in high 
enough 
concentrations 
to cause 
acute health 
effects. 
Although the 

with the level 
and extent of 
contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 

are found in 
seed, the 
impact on 
the 
environment 
would be 
negligible. 

contamination 
of seeds 
grown for 
sprouting are 
limited. 
Chemicals 
present in 
foods are not 

overall risk is 
negligible, 
due to the 
negligible 
probability of 
contamination 
and exposure. 

chemical (148). 
Workers should be trained 
on chemical use and be 
aware of the potential for 
cross-contamination. 
Ensure that any 
chemicals that may 
contact seed are 

effects of 
long-term 
exposure to 
many 
chemicals 
are not well 

company or 
industry, the 
economic 
impact to 
that 
company or 

usually found 
at harmful 
levels (35, 
36, and 40). 

approved for use for 
seeds destined for the 
sprouting industry.  Follow 
all label requirements on 
chemical products used. 
Chemicals should not be 

known, there 
is evidence 

industry 
could be 

stored in close proximity 
to seed and stored in a 

that 
exposure to 
certain 
chemicals 
over a long 

significant 
(43). 

manner that prevents 
potential contamination. 
Maintain equipment in 
good working order. 

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 

Seed 
Production 

Biological Nglg-Low Nglg-Med Low 

Transportation 
and 
Distribution 

Seed is 
commonly 
packaged and 
distributed in 
50 lb. sacks. 
Packaged seed 
may be stored 
for periods of 
time before use. 

Concern that 
contamination may 
occur from 
contaminated 
vehicles, equipment, 
employees or from 
pests 10, 55, 98, and 
122). 
Numerous foodborne 
outbreaks of E. coli 
and Salmonella have 
been previously linked 
to sprouted seeds, 
with seeds being 
implicated as the likely 
source for many of 
these outbreaks (122, 
126, 133, and 135).  In 
addition, the 
pathogens Listeria 
monocytogenes, 
Staphylococcus 
aureus, Bacillus 
cereus and 
Aeromonas 
hydrophilia, Klebsiella, 
Cryptosporidium and 
Giardia have been 
isolated from sprouted 
seeds (126, 131, 139, 
143, and 160).  See 
Appendix A for a list of 
outbreaks and 

The probability of 
pathogens 
contaminating 
seeds during 
transportation and 
distribution is 
considered very 
low, but possible. 
Contamination 
from pests and 
rodents, and 
cross-
contamination 
during 
transportation and 
distribution are 
concerns. 
Seed is usually 
distributed in 
sacks, which may 
offer some 
protection, 
particularly when 
solid wall bags are 
used. 

Pathogens have 
been found on 
seeds. 
If contamination 
occurs, consumer 
exposure is possible 
(40). Seed 
treatments may not 
be able to remove 
all pathogens (126). 
Many Good 
Manufacturing 
Practices (GMPs) 
used by sprouters 
(sanitation, 
disinfection, 
inspection, testing 
etc.,) reduce the 
probability of 
exposure (126, 127, 
136, and 137), 
although even a few 
pathogenic cells on 
or in seeds can be 
amplified by the 
sprouting process 
and become a 
health hazard (2, 
122, 123, and 135). 

Some foodborne 
pathogens are 
easily transmitted 
directly by 
person-to-person, 
or by the fecal to 
oral route (9, 10, 
and 21).  If 
infection occurs, 
secondary spread 
among humans 
can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 
secondary spread 
is expected to be 
local. 

Appendix B for a list of 
pathogens known to 
contaminate produce. 
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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 It is known The impacts Follow Good 
occurs, the healthcare specific that pests can of exposure Manufacturing Practices 
impact is costs vary studies are contaminate are variable (GMPs) (29, 30, 31, 33, 
variable, with known, the stored seed and the 126, 134, and 148). 
depending pathogen presence of via feces (10, probability of Use clean transportation 
on the virulence, biological 55, and 122). contamination vehicles and maintain a 
pathogen individual hazards in Illness has and exposure log of all uses. 
and the susceptibility, food crops been linked to are mainly Maintain equipment in 
individual and size of is expected contaminated quite low. The good working order. 
(9).  The outbreak (2). to have seeds as well overall risk Protect seed from cross-
young, If an negligible as to the from contamination. 
elderly and outbreak is impact on sprouting transportation Transporters should not 
immune- traceable to the facility (124, and transport other goods that 
compromised a specific environment. 126, 133, and distribution of could contaminate the 
are at 
greater risk 
(21). 
Symptoms 

company or 
industry, the 
indirect 
economic 

135). 
Transportation 
and 
distribution 

the seed is 
expected to 
be negligible 
to low. 

seed. 
Implement a cleaning and 
sanitizing program. 
Protect seed in covered 

are variable 
from mild 
diarrhea 

impact could 
be high (23, 
26, 27, and 

has not been 
identified as a 
major source 

Where seed 
is transported 
in bulk or in 

bins and/or in solid wall 
bags rather than open 
weave sacks. 

and upset 
stomach, to 

28). of 
contamination 

weave sacks 
there is some 

extreme 
cases 

(126, and 
130). 

potential for 
an increase in 

where death the risk. 
may occur 
(9, 11, 24, 
25, and 44). 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Seed 
Production 

Chemical Nglg Nglg Nglg 

Transportation 
and 
Distribution 

Seed is 
commonly 
packaged and 
distributed in 
50 lb. sacks. 
Packaged seed 
may be stored 
for periods of 
time before use. 

Concern that 
chemicals could 
contaminate the 
seeds during 
transportation and 
distribution. 
Cross-contamination 
could occur from 
contaminated 
vehicles or 
equipment. 

No specific issues 
have been 
identified. 
Processes are in 
place to control 
the use of 
pesticides and 
chemicals (46, and 
74).  Although 
unlikely, there may 
be potential for 
cross-
contamination 
from other 
chemical sources 
during 
transportation and 
distribution, where 
mixed loads or 
unclean vehicles 
or equipment are 
used. Localized 
contamination is 

If contamination of 
seed occurs, the 
probability of 
significant consumer 
exposure varies with 
the toxicity and 
persistence of the 
chemical and on the 
individual exposed 
(39, 40, and 44). 
Seeds grown for 
sprouting are not 
normally consumed 
directly as an 
unsprouted product. 
Chemicals that may 
exist in seed will be 
diluted through the 
sprout production 
process, reducing 
the probability of 
consumer exposure. 

Chemicals are 
not conducive to 
secondary spread 
among humans. 

possible, while 
widespread 
contamination is 
very unlikely. 
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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 At the levels Data While the Follow Good 
are very healthcare at which regarding impacts are Manufacturing Practices 
rarely found costs vary chemicals chemical variable, the (GMPs) (30, 31, 74, 134, 
on produce 
in high 
enough 
concentrations 
to cause 
acute health 
effects. 
Although the 

with the level 
and extent of 
contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 

are found in 
seed, the 
impact on 
the 
environment 
would be 
negligible. 

contamination 
of seeds 
grown for 
sprouting are 
limited. 
Chemicals 
present in 
foods are not 

overall risk is 
negligible, 
due to the 
negligible 
probability of 
contamination 
and exposure. 

and 148). 
Use clean transportation 
vehicles and maintain a 
log of all uses. 
Maintain equipment in 
good working order. 
Protect seed from cross-
contamination. 

effects of 
long-term 
exposure to 
many 
chemicals 
are not well 
known, there 
is evidence 
that 

company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 

usually found 
at harmful 
levels (35, 
36, and 40). 

Transporters should not 
transport other goods that 
could contaminate the 
seed. 
Implement a 
cleaning/sanitizing 
program.  Protect seed in 
covered bins and/or bags. 

exposure to (43). 
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 

Sprout Production Biological Nglg-Low Low-Med Low 

Seed 
Decontamination 
and 
Pre-Germination 
Soak 

Seed is normally 

Concern that 
contaminated 
equipment, water, air, 
employees, or pests 
could contaminate the 
sprouting seed (40, 
98, 122, and 126). 
Cross-contamination 
from contaminated 

This step in the 
sprouting process 
is designed to 
reduce microbial 
contamination. 
The likelihood of 
adding 

Contamination at 
this step significantly 
increases the 
probability of 
consumer exposure 
(40). 
Seed treatments 

Some foodborne 
pathogens are 
easily transmitted 
directly by 
person-to-person, 
or by the fecal to 
oral route (9, 10, 

rinsed, sanitized seed is also of contaminants is may not be able to and 21).  If 
and rinsed again 
before sprouting. 
With some types of 
seed, pre-
germination soaks 
are used to hydrate 
and soften the seed 
in preparation for 

concern.  Numerous 
foodborne outbreaks 
of E. coli and 
Salmonella have 
been previously 
linked to sprouted 
seeds (122, 126, 133, 
and 135).  In addition, 
the pathogens 
Listeria 

very low.  Lack of 
effective 
decontamination 
of the seed could 
lead to 
contamination 
from pathogens 
already present on 

remove all 
pathogens (126). 
Even a few 
pathogenic cells on 
seeds can be 
amplified by the 
sprouting process 
and become a 

infection occurs, 
secondary spread 
among humans 
can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 

sprouting. monocytogenes, or in the seed. health hazard (2). distributed, 
Sprouters 
commonly inspect 
and test seed lots 
prior to production. 

Staphylococcus 
aureus, Bacillus 
cereus and 
Aeromonas 
hydrophilia, 
Klebsiella, 

Also, there is 
some possibility 
for contaminates 
to be introduced 
from contaminated 

Further irrigation 
and rinsing steps in 
the sprouting 
process may reduce 
the number of 

secondary spread 
is expected to be 
local. 

Cryptosporidum and 
Giardia have been 
isolated from 
sprouted seeds (126, 
131, 139, 143, and 

water, equipment, 
employees or from 
nutrients that may 
be added to 

pathogens, but not 
eliminate them 
completely. Where 
pathogens are 

160). Yersinia 
enterocolitica and 
Shigella species are 
also potential 
hazards.  See 

enhance growth. 
(40, 98, and 126). 

internalized in the 
sprouted seed the 
probability of 
exposure increases. 

Appendix A for a list 
of selected outbreaks 
and Appendix B for a 
list of pathogens 
known to contaminate 
produce. 
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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 Research has While it is not Carefully inspect seed lots 
occurs, the healthcare specific shown that likely that the prior to sprouting. Follow 
impact is costs vary studies are conditions seed will Good Manufacturing 
variable, with known, the present become Practices (GMPs) for 
depending pathogen presence of during contaminated sprout production, 
on the virulence, biological sprouting are during this including effective 
pathogen individual hazards in also step in sprout cleaning and sanitation 
and the susceptibility, food crops conducive to production, if programs (22, 126, 134, 
individual and size of is expected the growth contamination 136, 137, 138, 140, 141, 
(9).  The outbreak (2). to have and does occur or 144, 148, and 149). 
young, If an negligible multiplication seed Ensure that water used is 
elderly and outbreak is impact on of pathogens decontamination pathogen free and test 
immune-
compromised 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 
cases 
where death 
may occur 
(9, 11, 24, 
25, and 44). 

traceable to 
a specific 
company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

the 
environment. 

(123, 128, 
129, and 131). 
Seed 
decontamination 
reduces 
microbial 
contamination 
of seeds used 
in sprouting 
(126,127, 138, 
140, and 142). 
Seed 
decontamination 
and soaking 
has not been 
identified as a 
source of 
contamination. 

was not 
effective, 
exposure may 
occur and the 
impacts could 
be significant. 
The overall 
risk is 
expected to 
be low. 

incoming water on a 
regular basis.  Treat 
incoming water if 
necessary.  Also consider 
air as a carrier of dust and 
a possible source of 
pathogens.  Train workers 
in personal hygiene and 
hygienic production 
practices.  Ensure the 
production area is free of 
pests including insects, 
rodents, and domestic 
animals. 
Test decontamination 
procedures to ensure 
effectiveness. New 
techniques are needed to 
improve decontamination 
of seed. While not 
approved for use, 
irradiation is being 
reviewed as a treatment 
for eliminating microbial 
contamination of seed. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout Production Chemical Low-High Nglg-Low Nglg 

Seed Concern that Chemicals The probability of Chemicals are 
Decontamination chemicals used registered for use significant consumer not conducive to 
and on the seeds may are commonly exposure varies with secondary spread 
Pre-Germination contaminate the used to minimize the toxicity and among humans. 
Soak sprouts and microbial persistence of the 

impact human contamination of chemical and on the 
Seed is normally health. Also, seed prior to individual exposed 
rinsed, sanitized some concern sprouting, and to (39, 40, and 44). 
and rinsed again that chemicals clean and sanitize While contamination 
before sprouting. used to clean and utensils and is likely, consumer 
With some types of sanitize facilities facilities. exposure is not 
seed pre- could Contamination likely. When applied 
germination soaks contaminate could also occur according to label 
are used to hydrate seed. While the where errors are instructions, 
and soften the seed level of chemicals made in chemical residues 
in preparation for in food is application, are not likely to 
sprouting. generally quite following product exceed allowable 

low, it has been label information, Maximum Residue 
suggested that or where Limits (MRLs). 
foods are a chemicals not Seeds are 
vehicle of registered for use commonly rinsed 
exposure to are used. Health with water to remove 
chemicals (35, Canada regulates any chemicals that 
and 36). chemicals used in may exist from the 

the production of seed sanitizing 
food (46, and 64). process. Any 

chemical residues 
that may exist on 
seed are likely to be 
diluted or eliminated 
through the sprout 
production process, 
greatly reducing the 
probability of 
consumer 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-Med Low Nglg Low Nglg-Low 
To reduce risk: 

Chemicals Direct At the levels There is a Chemical Follow Good 
are very 
rarely found 
on produce 
in high 
enough 
concentrations 
to cause 
acute health 
effects.  The 
effects of 
long-term 
exposure to 
many 
chemicals 

healthcare 
costs vary 
with the level 
and extent of 
contamination 
and 
exposure. 
If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 

at which 
chemicals 
are found in 
seed or 
sprouted 
seeds, the 
impact on 
the 
environment 
would be 
negligible. 

lack of 
previous 
incidences. 
Chemical 
residue 
concerns 
have not been 
noted in 
finished 
product 
relating to 
chemical 
contamination 
of seeds from 

contamination 
of seed during 
the seed 
decontamination 
process is 
common. 
The overall 
risk is 
expected to 
be mainly 
negligible, 
due to the 
negligible to 
low probability 

Manufacturing Practices 
(GMPs) for sprout 
production including 
effective cleaning and 
sanitation programs (22, 
126, 134, 136, 137, 138, 
140, 141, 144, 148, and 
149). 
Use only registered 
chemicals.  Follow label 
directions and store 
chemicals properly. 
Employees should be 
trained to handle and use 

are not well 
known, but 

impact to 
that 

decontamination 
processes or 

of exposure. 
Should 

chemicals. Maintain, 
clean and sanitize all 

there is 
evidence 
that 
exposure to 
certain 

company or 
industry 
could be 
significant 
(43). 

from facility or 
utensil 
cleaning and 
sanitation. 
Chemicals 

exposure 
occur, the 
impacts are 
expected to 
be mainly low. 

equipment and clean and 
sanitize all surfaces that 
may contact the seeds. 
Protect seed from cross-
contamination and rinse 

chemicals 
over a long 
period of 

present in 
foods are not 
usually found 

seed thoroughly with 
potable water following 
seed decontamination. 

time can at harmful Test decontamination 
cause 
numerous 
health 

levels (35, 36, 
and 40). 

procedures to ensure 
sprouts are free from 
contamination. Ensure 

effects 
including 

seeds used for sprouting 
are free from chemical 

cancer (35, contamination. 
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 

Sprout Production Physical Nglg Nglg Nglg 

Seed Concern that No issues have If contamination Physical hazards 
Decontamination extraneous been identified at occurs, the are not conducive 
and physical materials this stage of probability of to secondary 
Pre-Germination such as metal, production. The consumer exposure spread. 
Soak wood, glass, probability of any is negligible. 

plastic, or hard physical material Sprouts are often 
Seed is normally seeds etc., may being incorporated rinsed prior to 
rinsed, sanitized contaminate into the seed at packing, which 
and rinsed again sprouts. Physical this stage of reduces the 
before sprouting. hazards are sprout production probability of 
With some types of known to cause is negligible. exposure.  Large 
seed, pre- injury (47, 48, and Though unlikely to extraneous material 
germination soaks 49). occur, extraneous may also be visible 
are used to hydrate See Appendix C material may fall or felt by consumers 
and soften the seed for a list of on the seeds. and subsequently 
in preparation for physical material Unwanted debris removed prior to 
sprouting. hazards. or other physical consumption, 

materials are likely reducing exposure. 
to be removed 
during rinsing. 
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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 Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

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

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

specific 
studies are 
known, the 
impact of 
physical 
hazards in 
any food on 
the 
environment 
is 
considered 

issues or 
concerns 
have been 
identified from 
this stage of 
sprout 
production. 

probability of 
contamination 
and exposure 
are negligible. 
If exposure 
occurred, the 
impact is 
likely to be 
quite low.  No 
previous 
incidences 

material hazards and 
provide information to 
employees on potential 
physical contaminants 
and hygienic production 
practices. Use Good 
Manufacturing Practices 
(GMPs). 
Rinse seeds thoroughly, 
prior to, and following 
decontamination. 

hazards are 
known to 
cause injury 
(47, 48, and 
49). 

negligible. are known. Ensure all utensils used 
for handling sprouts are 
appropriate.  Protect lights 
from accidental breakage. 
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Activity Hazard/ Concern Risk Characterization 
Probability

(Likelihood of Going Wrong) 

of 
contamination 

of consumer 
exposure 

of secondary 
spread among 

humans 
Sprout
Production 

Biological Nglg-Med Low-Med Low 

Growing the 
Sprouts 

Sprouting is 
normally 
performed 
without a 

Concern that pathogens 
present on or in the seeds, 
or that contaminated 
equipment, water, soil, air, 
employees, or pests could 
contaminate the growing 
sprouts (40, 98, 122, 126, 
and 136).  Numerous 
foodborne outbreaks of E. 

Contamination 
has been traced 
to sprouting 
facilities (124). 
Where 
unsanitary 
facilities or 
contaminated 

The probability of 
exposure varies with 
the pathogen and 
individual (40, and 
44). 
If contamination 
occurs, exposure is 
possible.  From this 

Some foodborne 
pathogens are 
easily transmitted 
directly by 
person-to-person, 
or by the fecal to 
oral route (9, 10, 
and 21).  If 

growing coli and Salmonella have water, or stage in production infection occurs, 
medium in a been previously linked to nutrients are forward, no secondary spread 
warm, humid 
environment. 
Rotating 
drums, trays, 
barrels or 
buckets are 
used, 
depending on 

sprouted seeds (122, 126, 
133, and 135).  In addition, 
the pathogens Listeria 
monocytogenes, 
Staphylococcus aureus, 
Bacillus cereus and 
Aeromonas hydrophilia, 
Klebsiella, Cryptosporidum 
and Giardia have been 

used, the 
probability of 
contamination 
increases. 
Where 
unsterilized soil 
mixes are used 
there is 

treatments are 
applied to sprouted 
seeds that 
completely eliminate 
all pathogens prior 
to fresh 
consumption. Even 
a few pathogenic 

among humans 
can also occur (9, 
22, 23, and 44). 
While primary 
exposure may be 
broadly 
distributed, 
secondary spread 

the type of 
seed and the 

isolated from sprouted 
seeds (126, 131, 139, 143, 

increased 
potential for 

cells can be 
amplified by the 

is expected to be 
local. 

design of the 
sprouting 
facility (126). 
Less often, 
seeds are 
sprouted in a 
variety of soil 
mixes.  Along 
with water, 
nutrients may 

and 160). Yersinia 
enterocolitica and Shigella 
species are also potential 
hazards due to their ability 
to proliferate during 
sprouting.  See Appendix 
A for selected outbreaks 
and Appendix B for a list of 
pathogens known to 
contaminate produce. 

contamination. 
Soil mixes are 
not common in 
larger 
commercial 
sprout 
production (122, 
and 126).  One 
of the higher 
risks of 

sprouting process 
and become a 
health hazard (2, 
122, 123, and 135). 
Sprouts are normally 
rinsed before 
packaging and 
cooled before and/or 
after packaging, 
which helps to 

be added to contamination reduce the number 
enhance appears to be of pathogens and 
growth or from seed that slow further growth. 
increase was not 
nutritional effectively 
qualities. decontaminated 

prior to 
sprouting. 

5.32 Sprouted Seeds - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                                  December 2002 

Risk Characterization Risk Summary Recommendations 
for Action 

Impact
(Consequences of Going Wrong) 

Uncertaint 
y 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 
occurs, the 
impact is 
variable, 
depending 
on the 
pathogen 
and the 
individual 
(9).  The 

Direct 
healthcare 
costs vary 
with 
pathogen 
virulence, 
individual 
susceptibility, 
and size of 
outbreak (2). 

Although no 
specific 
studies are 
known, the 
presence of 
biological 
hazards in 
food crops 
is expected 
to have 

Research 
has shown 
that that 
conditions 
present 
during 
sprouting are 
also 
conducive to 
the growth 

If sanitary and 
hygienic 
production 
practices are 
not followed, 
sprouts could 
become 
contaminated. 
If 
contamination 

Follow Good Manufacturing 
Practices (GMPs) for sprout 
production including effective 
inspection, cleaning and 
sanitation programs (22, 
126, 134, 136, 137, 138, 
140, 141, 144, 148, and 
149).  Ensure that water 
used for irrigating the 
sprouting seeds is pathogen 
free.  Test incoming water, 

young, 
elderly and 
immune-
compromised 
are at 
greater risk 
(21). 
Symptoms 

If an 
outbreak is 
traceable to 
a specific 
company or 
industry, the 
indirect 
economic 

negligible 
impact on 
the 
environment. 

and 
multiplication 
of many 
pathogens. 
(123, 128, 
129, and 
131). 
Traceable 

occurs, or if 
contaminated 
seed was not 
effectively 
decontaminated 
exposure is 
possible 
resulting in 

sprout rinse water, and 
sprouts for potential 
foodborne pathogens.  Tests 
should be done sufficiently in 
advance of harvest to 
eliminate or re-test any 
product that may be 
contaminated before it is 
distributed.  Health Canada 

are variable 
from mild 
diarrhea 

impact could 
be high (23, 
26, 27, and 

cases have 
been linked 
to the 

potentially 
significant 
impacts. 

has published 
microbiological guidelines for 
alfalfa and bean sprouts 

and upset 
stomach, to 
extreme 
cases 
where death 
may occur 
(9, 11, 24, 
25, and 44). 

28). sprouting 
facility (40, 
and 124). 
Capability to 
compare 
DNA 
patterns of 
pathogens 
lends 

Effective use 
of Good 
Manufacturing 
Practices 
(GMPs) will 
minimize the 
risk. The 
overall risk is 
expected to be 

(161).  Train workers in 
personal hygiene and 
hygienic production 
practices. Ensure the 
production area is free of 
pests including insects, 
rodents, and domestic 
animals.  Consider air as a 
carrier of dust and a possible 
source of contamination. 

certainty to 
the data. 

low to medium. Where soil or other media 
are used to sprout seeds, 
use only sterilized media or 
media known to be free of 
pathogenic microorganisms. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Chemical Nglg-Low Nglg-Low Nglg 

Concern that chemical There is a very low No previous issues Chemicals are 
Growing the 
Sprouts 

residues from 
sanitizing, rinsing, and 
handling equipment 

probability that 
residue may be 
present from 

have been identified. 
If contamination 
occurs, the 

not conducive to 
secondary spread 
among humans. 

Sprouting is could contaminate the previous probability of 
normally sprouts. Some production steps, significant consumer 
performed concern that from contaminated exposure varies with 
without a chemicals may be water, or from the toxicity and 
growing applied to sprouts cross- persistence of the 
medium in a during production. contamination. chemical and on the 
warm, humid While the level of Most producers do individual exposed 
environment. chemicals in food is not add any (39, 40, and 44). 
Rotating generally quite low, it chemicals to the When applied 
drums, trays, has been suggested sprouts during according to label 
barrels or that foods are a production. A few instructions 
buckets are vehicle of exposure to producers may chemical residues 
used, chemicals (35, and add nutrients are not likely to 
depending on 36). (chemical or exceed allowable 
seed type and organic-based Maximum Residue 
design of the products) to their Limits (MRLs). 
sprouting sprouts during Germinating seeds 
facility (126, production to and sprouts are 
and 148). achieve desired commonly rinsed 
Less often, growth with water, which 
seeds are characteristics. can reduce the level 
sprouted in a Regulations are in of some chemicals 
variety of soil place to control (55).  Any chemical 
mixes.  Along the use of residues that may 
with water, chemicals in and exist are likely to be 
nutrients may on foods (46, and diluted or eliminated 
be added to 74). through the sprout 
enhance production process, 
growth or greatly reducing the 
increase probability of 
nutritional consumer exposure. 
qualities. 
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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 At the levels The lack of The Follow Good 
are very healthcare at which traceable probability of Manufacturing Practices 
rarely found costs vary chemicals cases contamination (GMPs) for sprout 
on produce with the level are found in provides and exposure production including an 
in high and extent of sprouted some are very low. effective cleaning and 
enough 
concentrations 
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 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 
(43). 

seeds, the 
impact on 
the 
environment 
would be 
negligible. 

certainty.  No 
previous 
issues have 
been 
identified for 
this stage of 
production. 
Chemicals 
present in 
foods are not 
usually found 
at harmful 
levels (35, 
36, and 40). 

If exposed, 
the impact is 
most likely to 
be quite low. 
There is a 
lack of 
previous 
incidences. 
The overall 
risk is 
expected to 
be negligible. 
If sprouts are 
contaminated, 
there is a 
small risk that 

sanitation program (22, 
126, 134, 136, 137, 138, 
140, 141, 144, 148, and 
149). 
Use only registered 
chemicals.  Follow label 
directions and store 
chemicals properly. 
Employees should be 
trained to handle and use 
chemicals. Protect 
sprouts from cross-
contamination. Maintain, 
clean and sanitize all 
equipment and clean and 
sanitize all surfaces that 

certain 
chemicals 

exposure and 
a health 

may contact the sprouting 
seeds.  Ensure all water 

over a long 
period of 
time can 

impact could 
occur. 

used in the sprouting 
process is potable and 
free of chemical 

cause contamination. 
numerous 
health 
effects 
including 
cancer (35, 
36, 39, 40, 
41, and 42). 

5.35 Sprouted Seeds - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2002 

Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Physical Nglg Nglg Nglg 

Concern that No issues have If contamination Physical hazards 
Growing the 
Sprouts 

extraneous physical 
materials such as 
metal, wood, glass, 

been identified at 
this stage of 
production. 

occurs, the 
probability of 
consumer exposure 

are not conducive 
to secondary 
spread. 

Sprouting is plastic, or hard seed The probability of is very low.  Any 
normally done etc., may contaminate any physical unwanted physical 
without a sprouts. Physical material materials are likely 
growing hazards are known to contaminating the to be removed 
medium in cause injury (47, 48, sprouts at this during rinsing. 
rotating drums, and 49).  See stage of Any large 
trays, barrels, Appendix C for a list of production is extraneous material 
and buckets physical material negligible. may also be visible 
depending on hazards. or felt by consumers 
the type of and subsequently 
seed and the removed prior to 
design of the consumption, 
sprouting reducing exposure. 
facility (126, Any exposure would 
and 148). be fairly localized. 
Less often, 
seeds are 
sprouted in a 
variety of soil 
mixes.  Along 
with water, 
nutrients may 
be added to 
enhance 
growth or 
increase 
nutritional 
qualities. 
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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 Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

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

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

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

issues have 
been 
identified 
during sprout 
production. 

probability of 
contamination 
and exposure 
are negligible. 
If exposure 
occurred, the 
impact is 
likely to be 
quite low. 
No previous 
incidences 
are known. 

material hazards and 
provide information to 
employees on potential 
physical contaminants 
and hygienic production 
practices. 
Use Good Manufacturing 
Practices (GMPs). 
Ensure all utensils used 
for handling sprouts are 
appropriate.  Protect lights 
from accidental breakage. 

cause injury 
(47, 48, and 
49). 
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Activity Hazard/ Concern Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Biological Nglg-Med Low-Med Low 

Concern that There is some The probability of Some foodborne 
Harvesting, 
Cooling 
and 

employees, unsanitary 
food surfaces, air, pests 
and packaging materials 

possibility for 
foodborne 
pathogens to be 

exposure varies with 
the pathogen and 
individual (40, and 

pathogens are 
easily transmitted 
directly by 

Packaging could contaminate the 
sprouts during 

introduced from 
contaminated 

44).  If 
contamination 

person-to-person, 
or by the fecal to 

Sprouts are harvesting and equipment, the occurs, exposure is oral route (9, 10, 
commonly packaging. Also, a air, employees, possible.  After and 21).  If 
rinsed then concern that previously pests, or from packaging, no infection occurs, 
packed in contaminated sprouts materials used treatments are secondary spread 
bulk or may cross-contaminate during packaging applied to sprouted among humans 
individual additional product. (40, 50, 55, 98, seeds which can can also occur (9, 
bags, rigid Numerous foodborne and 126). completely eliminate 22, 23, and 44). 
plastic boxes, outbreaks of E. coli and Contamination pathogens prior to While primary 
clamshell type Salmonella have been could be localized consumption, should exposure may be 
packages, previously linked to or widespread pathogens exist. broadly 
trays or other sprouted seeds (122, depending on the Sprouts are normally distributed, 
containers. 126, 133, and 135). source of rinsed before secondary spread 
Employees Pathogens Listeria contamination. packaging and is expected to be 
commonly monocytogenes, Sprouts are often cooled before and/or local. 
package the Staphylococcus aureus, packaged by after packaging, 
sprouts by Bacillus cereus and hand which which helps to 
hand. Aeromonas hydrophilia, provides an reduce the number 
Sprouted Klebsiella, opportunity for of pathogens and 
seeds may be Cryptosporidum and contamination slows further growth, 
cooled by air Giardia have been where proper decreasing the 
or water isolated from sprouted staff hygiene and potential for 
before and/or seeds (126, 131, 139, sanitary food exposure.  Prior 
after packing. 143, and 160). Yersinia handling testing for 

enterocolitica and practices are not contamination of 
Shigella species are consistently spent irrigation 
also potential hazards. followed.  Rinsing water allows an 
See Appendix A for a and rapid cooling opportunity to 
list of selected of product eliminate 
outbreaks and Appendix reduces the contaminated 
B for a list of pathogens probability of product. 
that could contaminate contamination. 
fresh produce. 

5.38 Sprouted Seeds - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                                  December 2002 

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 While no The Follow Good 
occurs, the healthcare specific specific probability of Manufacturing Practices 
impact is costs vary studies are foodborne contamination (GMPs) for sprout 
variable, with known, the outbreaks are is variable, production including an 
depending pathogen presence of known from although effective cleaning and 
on the virulence, biological harvesting where sanitation program (126, 
pathogen individual hazards in cooling or sanitary and 134, 136, 137, 138, 140, 
and the susceptibility, food crops packaging, hygienic 141, 144, 148, and 149). 
individual and size of is expected outbreaks production Health Canada has 
(9).  The outbreak (2). to have have been practices are published microbiological 
young, If an negligible linked to the followed, the guidelines for alfalfa and 
elderly and outbreak is impact on sprouting potential for bean sprouts (161). 
immune- traceable to the facility (40, contamination Employees should be 
compromised a specific environment. and 124). is expected to knowledgeable and 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

Conditions 
present 
during 
harvesting 
and 
packaging are 
conducive to 
the growth 
and 

be quite low. 
If 
contamination 
does occur, or 
where sprouts 
were 
previously 
contaminated, 
exposure is 

trained in sanitary food 
handling practices (50, 
58, 59, and 60). 
Employees who are ill 
must not be allowed to 
contact food. 
Packaging materials 
should be stored and 
handled according to 

extreme multiplication possible and Good Manufacturing 
cases 
where death 

of pathogens. 
(123, 128, 

the impacts 
could be 

Practices (GMPs). 
Only materials approved 

may occur 
(9, 11, 24, 
25, and 44). 

129, and 
131).  Most 
outbreaks 

significant. 
The overall 
risk is 

for use with foods should 
be used (64). 
Once harvested, sprouts 

have been expected to should be rinsed followed 
traceable to be mainly low, by removal of excess 
contaminated although water and quickly cooled 
seed (122, there is some to below 4° C to minimize 
126, and potential for the potential for microbial 
130). medium risk. growth. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Chemical Nglg Low Nglg 

Concern that chemical No chemicals are No previous issues Chemicals are 
Harvesting, 
Cooling 
and 

residue from rinse 
water, cooling 
equipment, or cross-

applied at this 
stage of 
production. 

have been identified 
at this stage of 
production. If 

not conducive to 
secondary spread 
among humans. 

Packaging contamination from 
surfaces and 

Containers in 
direct contact with 

contamination 
occurs, the 

Sprouts are packaging materials sprouts are probability of 
commonly could contaminate the required to be of significant consumer 
rinsed then sprouts. While the food grade quality. exposure varies with 
packed in bulk level of chemicals in Regulations are in the toxicity and 
or individual food is generally quite place to control persistence of the 
bags, rigid low, it has been the use of chemical and on the 
plastic boxes, suggested that foods chemicals in and individual exposed 
clamshell type are a vehicle of on foods (46, and (39, 40, and 44). 
packages, exposure to chemicals 74). Prior to packaging, 
trays or other (35, and 36). It is unlikely that sprouts are 
containers. chemicals would commonly rinsed 
Employees be present at with water, which 
commonly levels higher than reduces potential 
package the allowed. surface 
sprouts by contamination (55). 
hand. While chemicals are 
Sprouted not likely to exist, if 
seeds may be sprouts are 
cooled by air contaminated during 
or water before harvesting and 
and/or after packaging, the 
packing. probability of 

consumer exposure 
becomes more 
likely. 
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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 At the levels No previous The Follow Good 
are very healthcare at which issues have probability of Manufacturing Practices 
rarely found costs vary chemicals been contamination (GMPs) for sprout 
on produce with the level are found in identified and exposure production including an 
in high and extent of sprouted from this are very low. effective cleaning and 
enough 
concentrations 
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 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 
(43). 

seeds, the 
impact on 
the 
environment 
would be 
negligible. 

stage of 
production. 
Chemicals 
present in 
foods are not 
usually found 
at harmful 
levels (35, 
36, and 40). 

If exposed, 
the impact is 
likely to be 
quite low. 
There is a 
lack of 
previous 
incidences. 
The overall 
risk is 
expected to 
be mainly 
negligible.  If 
sprouts are 
contaminated, 
there is a 
small risk that 

sanitation program (22, 
126, 134, 136, 137, 138, 
140, 141, 144, 148, and 
149). 
Use only registered 
chemicals.  Follow label 
directions and store 
chemicals properly. 
Employees should be 
trained to handle and use 
chemicals. Maintain, 
clean and sanitize all 
equipment and clean and 
sanitize all surfaces that 
may contact the sprouts. 
Protect sprouts from 
cross-contamination. 

chemicals 
over a long 
period of 
time can 

exposure and 
a health 
impact could 
occur. 

Rinse sprouts thoroughly 
with potable water 
following harvest.  Used 
approved food grade 

cause packaging materials (64). 
numerous 
health 
effects 

Ensure cooling facilities 
are maintained properly. 

including 
cancer (35, 
36, 39, 40, 
41, and 42). 

5.41 Sprouted Seeds - Risk Assessment 



Food Safety Risk Assessment  OMAF Food Inspection Branch 
Foods of Plant Origin                                              December 2002 

Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Physical Nglg Nglg Nglg 

Concern that No issues have If contamination Physical hazards 
Harvesting, 
Cooling 
and 

extraneous physical 
materials such as 
metal, wood, glass, 

been identified at 
this stage of 
production. The 

occurs, the 
probability of 
consumer exposure 

are not conducive 
to secondary 
spread. 

Packaging plastic, or hard seed 
etc., may contaminate 

probability of any 
physical material 

is very low.  Sprouts 
are often rinsed prior 

Sprouts are sprouts. Physical contaminating the to packing, which 
commonly hazards are known to sprouts at this reduces the 
rinsed then cause injury (47, 48, stage of probability of 
packed in bulk and 49). production is exposure.  Large 
or individual See Appendix C for a negligible. extraneous material 
bags, rigid list of physical material Though unlikely to may also be visible 
plastic boxes, hazards. occur, extraneous or felt by consumers 
clamshell type material may fall and subsequently 
packages, on the sprouts. removed, prior to 
trays or other Unwanted physical consumption. 
containers. materials are likely 
Employees to be removed 
commonly during rinsing. 
package the 
sprouts by 
hand. 
Sprouted 
seeds may be 
cooled by air 
or water before 
and/or after 
packing. 
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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 Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

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

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

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

issues have 
been 
identified from 
this stage of 
sprout 
production. 

probability of 
contamination 
and exposure 
are negligible. 
If exposure 
occurred, the 
impact is 
likely to be 
quite low.  No 
previous 
incidences 
are known. 

material hazards and 
provide information to 
employees on potential 
physical contaminants. 
Use Good Manufacturing 
Practices (GMPs). 
Ensure all utensils used 
for handling sprouts are 
appropriate.  Protect all 
lights from accidental 
breakage. 

cause injury 
(47, 48, and 
49). 
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Activity Hazard/ Concern Risk Characterization 
Probability

(Likelihood of Going Wrong) 

of 
contamination 

of consumer 
exposure 

of secondary 
spread among 

humans 

Sprout
Production 

Biological Nglg-Low Low-Med Low 

Concern that sprouts While The probability of Some foodborne 
Transportation 
and 

may become 
contaminated during 

contamination is 
possible, no 

exposure varies with 
the pathogen and 

pathogens are 
easily transmitted 

Distribution transportation and previous specific individual (40, and directly by 
distribution from issues are 44).  While not likely person-to-person, 

Transportation unsanitary conditions known. Where to occur, or by the fecal to 
of sprouts by or through contact with sprouts are contamination oral route (9, 10, 
the producer pests (2, 7, 9, and 11). individually during transportation and 21).  If 
directly to retail Also, some concern packaged in and distribution infection occurs, 
outlets, that pathogens may clamshells and could cause secondary spread 
restaurants etc., grow and multiply if then packed consumer exposure. among humans 
or via temperatures are not inside master Since any can also occur (9, 
distribution properly maintained. containers they contamination is 22, 23, and 44). 
through Numerous foodborne are quite likely to be localized, While primary 
wholesale or outbreaks of E. coli and protected from it is not expected exposure may be 
grocery chain Salmonella have been contamination. that exposure would broadly 
warehouses. previously linked to Where cold be widespread. distributed, 

sprouted seeds (122, temperatures Good cold chain secondary spread 
126, 133, and 135). are not properly management and is expected to be 
Pathogens Listeria maintained rinsing sprouts prior local. 
monocytogenes, throughout to consumption 
Staphylococcus transportation helps to reduce the 
aureus, Bacillus cereus and distribution, probability of 
and Aeromonas pathogens exposure. 
hydrophilia, Klebsiella, should they 
Cryptosporidum and exist, could grow 
Giardia have been and multiply. 
isolated from sprouted Where sprouts 
seeds (126, 131, 139, are not properly 
143, and 160).  See packaged or are 
Appendix A for a list of transported in 
selected outbreaks and non-refrigerated 
Appendix B for a list of conditions, the 
pathogens that could risk of 
contaminate fresh contamination 
produce. increases.  Any 

contamination is 
likely to be 
localized. 
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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 No previous If sprouts Use clean transport 
occurs, the healthcare specific issue relating become vehicles, pallets, master 
impact is costs vary studies are to sprouts has contaminated containers and packaging. 
variable, with known, the been at this stage, Maintain a log of previous 
depending pathogen presence of identified from exposure may transport vehicle uses. 
on the virulence, biological transportation occur. While Consider the potential for 
pathogen individual hazards in and the impacts of foodborne pathogens on 
and the 
individual 
(9).  The 
young, 
elderly and 
immune-
compromised 

susceptibility, 
and size of 
outbreak (2). 
If an 
outbreak is 
traceable to 
a specific 

food crops 
is expected 
to have 
negligible 
impact on 
the 
environment. 

distribution. 
Information 
from 
outbreaks 
indicates 
contaminated 
seed or 

exposure 
could be 
significant, 
the overall 
risk is 
expected to 
be very low, 

other products shipped in 
the same vehicle. 
Maintain product 
temperatures below 4 °C 
during transportation and 
distribution and minimize 
the time in transport. 

are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

sprout 
production as 
the main 
causes of 
contamination 
(122, 126, 
and 130). 

due to the 
mainly 
negligible 
probability of 
contamination. 
Previous 
information 
does not 
implicate 

Handle product with care. 
Ensure proper rotation of 
stock in distribution 
facilities. Ensure 
adequate pest control 
programs are in place. 
Employees involved in 
transportation and 
distribution should follow 

extreme 
cases 
where death 
may occur 
(9, 11, 24, 

transportation 
and 
distribution 
practices as a 
significant 

and have training in 
sanitary and hygienic food 
handling practices (50, 58, 
59, and 60). 

25, and 44). source of 
contamination 
for sprouted 
seeds. 
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Activity Hazard/
Concern 

Risk Characterization 

Probability
(Likelihood of Going Wrong) 

of contamination 
of consumer 

exposure 
of secondary 

spread among 
humans 

Sprout
Production 

Chemical Nglg Low Nglg 

Concern that No previous If contamination Chemicals are 
Transportation 
and 

chemical 
contamination of 

issues have been 
identified. 

occurs, the 
probability of 

not conducive to 
secondary spread 

Distribution sprouts could occur Protected inside significant consumer among humans. 
from climate control packaging, sprouts exposure varies with 

Transportation of equipment, cleaning are not easily the toxicity and 
sprouts from products, pest contaminated. persistence of the 
producer directly control materials, Sprouts are chemical and on the 
to retail outlets disinfectants, or commonly individual exposed 
or via distribution sanitizers during packaged in (39, 40, and 44). 
through transport and clamshells and While chemicals are 
wholesale or distribution. then further not likely to exist, if 
grocery chain While the level of packed inside sprouts are 
warehouses. chemicals in food is master containers, contaminated during 

generally quite low, which are then transportation and 
it has been placed on pallets. distribution, the 
suggested that Containers in probability of 
foods are a vehicle direct contact with consumer exposure 
of exposure to sprouts are becomes more 
chemicals (35, and required to be of likely. 
36). food grade quality. 

Regulations are in 
place to control 
the use of 
chemicals in and 
on foods (46, and 
74). 
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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 environme 

health nt 

Nglg-Med Low Nglg Low Nglg 
To reduce risk: 

Chemicals Direct At the The lack of If sprouts Use clean transport 
are very healthcare levels at traceable become vehicles, pallets, master 
rarely found costs vary which cases contaminated, containers and packaging. 
on produce with the level chemicals provides exposure Maintain a log of previous 
in high and extent of are found some could occur. transport vehicle uses. 
enough 
concentrations 
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 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 
could be 
significant 
(43). 

in sprouted 
seeds, the 
impact on 
the 
environment 
would be 
negligible. 

certainty.  No 
issues have 
been 
identified 
during 
transportation 
and 
distribution. 
Chemicals 
present in 
foods are not 
usually found 
at harmful 
levels (35, 36, 
and 40). 

If exposed, 
the impact is 
expected to 
be mainly 
quite low. 
The overall 
risk is likely to 
be negligible, 
due to the 
negligible 
probability of 
contamination. 
There is a 
lack of 
previous 
incidences. 

Consider the potential for 
cross-contamination on 
other products shipped in 
the same vehicle. 
Maintain, clean and 
sanitize all equipment and 
clean and sanitize all 
surfaces.  Use only 
products registered for 
cleaning and sanitizing 
and follow label 
recommendations. 
Employees should be 
trained to handle and use 
chemicals. Ensure 
cooling facilities and 
equipment are properly 
maintained. 

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 

Sprout
Production 

Physical Nglg Nglg-Low Nglg 

Concern that Through individual If contamination Physical hazards 
Transportation 
and 

extraneous physical 
material such as 

portion packaging 
inside master 

occurs, the 
probability of 

are not conducive 
to secondary 

Distribution metal, wood, glass, containers that are consumer exposure spread. 
or plastic, etc., may placed on pallets, is low.  Sprouts are 

Transportation of contaminate the sprouts are often rinsed prior to 
sprouts from sprouts. Physical normally protected consumption, which 
producer directly hazards are known from reduces the 
to retail outlets to cause injury (47, contamination. No probability of 
or via distribution 48, and 49). issues have been exposure.  Large 
through See Appendix C for identified at this extraneous material 
wholesale or a list of physical stage of may also be visible 
grocery chain material hazards. production. or felt by consumers 
warehouses. and subsequently 

removed prior to 
consumption. 
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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 Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

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

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

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

issues have 
been 
identified from 
transportation 
or distribution. 

probability of 
contamination 
and exposure 
are mainly 
negligible.  If 
exposure 
occurred, the 
impact is 
likely to be 
quite low.  No 
previous 
incidences 
are known. 

material hazards and 
provide information to 
employees on potential 
physical contaminants. 
Keep all transportation 
and cooling equipment in 
good repair.  Protect all 
lights from accidental 
breakage. 

cause injury 
(47, 48, and 
49). 
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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-
Production 

Biological Nglg-Low Low-Med Low 

Concern that sprouts Although data Although unlikely, if Some foodborne 
Retail may become indicates that contamination pathogens are 

contaminated by store people can occurs at the retail easily transmitted 
This includes personnel, customers, contaminate level of trade, limited directly by 
storage, unsanitary food produce (31, 50, consumer exposure person-to-person, 
handling, surfaces or by flies and and 55), sprouts may follow.  The or by the fecal to 
display and sale other pests that may are usually pre- probability of oral route (9, 10, 
at retail outlets. harbour and transmit packed when exposure varies with and 21).  If 
Sprouts are foodborne pathogens they arrive at the pathogen and infection occurs, 
usually sold (50, and 55). retail and are individual (40, and secondary spread 
pre-packaged Numerous foodborne protected from 44).  Contamination among humans 
and outbreaks of E. coli and employee or would likely be can also occur (9, 
refrigerated.  In Salmonella have been customer localized and not 22, 23, and 44). 
some retail previously linked to contact.  If cause widespread While primary 
establishments, sprouted seeds (122, sprouts are sold exposure. Good exposure may be 
bean sprouts or 126, 133, and 135).  In in bulk or are cold chain broadly 
other types of addition, the pathogens delivered to management and distributed, 
sprouts are sold Listeria retail in bulk or rinsing sprouts prior secondary spread 
from bulk monocytogenes, unharvested, to consumption, is expected to be 
containers. Staphylococcus then packaged helps to reduce the local. 
Also, aureus, Bacillus cereus at retail for sale, probability of 
occasionally and Aeromonas the likelihood of exposure. 
product may be hydrophilia, Klebsiella, contamination 
delivered in Cryptosporidum and increases.  Any 
bulk or Giardia have been contamination is 
unharvested, isolated from sprouted likely to be 
and harvested seeds (126, 131, 139, localized. 
and/ or packed 143, and 160).  See 
at the point of Appendix A for a list of 
sale or use. selected outbreaks and 

Appendix B for a list of 
pathogens that could 
contaminate fresh 
produce. 
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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 No previous If sprouts Follow Good 
occurs, the healthcare specific issue relating become Manufacturing Practices 
impact is costs vary studies are to sprouts has contaminated (GMPs) for retail 
variable, with known, the been at this stage, establishments (50). 
depending pathogen presence of identified at exposure may Employees at retail 
on the virulence, biological retail. occur. While should follow and have 
pathogen individual hazards in Information the impacts of training in sanitary and 
and the susceptibility, food crops from exposure hygienic food handling 
individual and size of is expected outbreaks could be practices, particularly 
(9).  The outbreak (2). to have indicates significant, anyone involved in 
young, If an negligible contaminated the overall packing sprout products 
elderly and outbreak is impact on seed or risk is (50, 58, 59, and 60). 
immune- traceable to the sprout expected to Employees who are ill 
compromised a specific environment. production as be very low, must not be allowed to 
are at 
greater risk 
(21). 
Symptoms 
are variable 
from mild 
diarrhea 
and upset 
stomach, to 
extreme 

company or 
industry, the 
indirect 
economic 
impact could 
be high (23, 
26, 27, and 
28). 

the main 
causes of 
contamination 
(122, 126, 
and 130). 
Although 
there is some 
knowledge of 
the retail 
industry and 

due to the 
mainly 
negligible 
probability of 
contamination 
and localized 
exposure, if 
contamination 
does occur. 
There is no 

contact food. 
Any packaging materials 
used at retail should be 
stored and handled 
according to Good 
Manufacturing Practices 
(GMPs) and should be of 
food grade materials (64). 
Ensure proper rotation of 
stock and maintain 

cases 
where death 
may occur 

the potential 
pathogens, 
there remains 

evidence to 
indicate retail 
sale as a 

appropriate temperatures 
in storage and display 
areas. 

(9, 11, 24, 
25, and 44). 

some 
uncertainty. 

major source 
of 
contamination. 

Use sneeze guards where 
product is sold in bulk. 
Ensure a pest control 
program is in place. 
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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- Chemical Nglg Low-Med Nglg 
Production 

Concern that Most sprouts are If contamination Chemicals are 
Retail chemical sold in closed occurs, the not conducive to 

contamination could containers, which probability of secondary spread 
This includes occur from minimizes the significant consumer among humans. 
storage, equipment, cleaning probability of exposure varies with 
handling, display or sanitizing chemical the toxicity and 
and sale at retail products, or from contamination. persistence of the 
outlets.  Sprouts pest control Where sprouts are chemical and on the 
are usually sold products. While the sold in bulk or are individual exposed 
pre-packaged level of chemicals in packaged at the (39, 40, and 44). 
and refrigerated. food is generally retail level of While chemicals are 
In some retail quite low, it has trade, there is a not likely to exist, if 
establishments, been suggested that greater risk of sprouts are 
bean sprouts or foods are a vehicle contamination. contaminated at the 
other types of of exposure to Any contamination retail level of trade, 
sprouts are sold chemicals (35, and is expected to be the probability of 
from bulk 36). very local. consumer exposure 
containers. is more likely. 
Also, Exposure would be 
occasionally localized. 
harvesting and 
packing may 
take place at the 
retail level of 
trade. 
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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 At the levels No previous If sprouts Follow Good 
are very healthcare at which issues have become Manufacturing Practices 
rarely found costs vary chemicals been contaminated, (GMPs) for retail 
on produce with the level are found in identified at exposure establishments. 
in high and extent of sprouted the retail could occur. Use only registered 
enough 
concentrations 
to cause 
acute health 
effects. 
Although the 
effects of 
long-term 
exposure to 
many 
chemicals 
are not well 
known, there 

contamination 
and 
exposure. If 
contamination 
is traceable 
to a specific 
company or 
industry, the 
economic 
impact to 
that 
company or 
industry 

seeds, the 
impact on 
the 
environment 
would be 
negligible. 

level of trade. 
Chemicals 
present in 
foods are not 
usually found 
at harmful 
levels (35, 
36, and 40). 

If exposed, 
the impact is 
expected to 
be mainly 
quite low. 
The overall 
risk is likely to 
be negligible, 
due to the 
negligible 
probability of 
contamination. 
There is a 

chemicals, follow label 
directions and store 
chemicals properly. 
Employees should be 
trained to handle and use 
chemicals. Maintain, 
clean and sanitize all 
equipment and clean and 
sanitize all surfaces that 
may contact the sprouted 
seeds.  Use only products 
that are registered for use 
and follow label 

is evidence 
that 
exposure to 

could be 
significant 
(43). 

lack of 
previous 
incidences. 

directions.  If packaging at 
the retail level of trade, 
ensure water used is 

certain 
chemicals 
over a long 
period of 
time can 

potable and use only 
approved food grade 
packaging materials (64). 
Ensure cooling facilities 
are maintained properly. 

cause Generally, washing 
numerous 
health 
effects 

produce before 
consumption can reduce 
the levels of some 

including 
cancer (35, 

chemicals (55). 

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 
Production 

Physical Nglg Low-Med Nglg 

Concern that No previous If contamination Physical hazards 
Retail extraneous physical issues have been occurs, consumer are not conducive 

material such as identified.  The exposure is to secondary 
This includes metal, wood, glass, probability of any possible.  Sprouts spread among 
storage, 
handling, display 
and sale at retail 

or plastic, etc., may 
contaminate the 
sprouts. Physical 

physical material 
contaminating 
sprouts at retail is 

may be rinsed prior 
to consumption, 
which reduces the 

humans. 

outlets.  Sprouts 
are usually sold 
pre-packaged 
and refrigerated. 
In some retail 

hazards are known 
to cause injury (47, 
48, and 49). 
See Appendix C for 
a list of physical 

negligible.  Most 
sprouts are sold in 
closed containers, 
which minimizes 
the probability of 

probability of 
exposure.  Large 
extraneous material 
may also be visible 
or felt by consumers 

establishments, material hazards. physical and subsequently 
bean sprouts or 
other types of 
sprouts are sold 
from bulk 

contamination. 
There is a very low 
probability that 
sprouts sold from 

removed prior to 
consumption. Any 
contamination would 
affect a very limited 

containers. bulk containers quantity of product, 
Also, could become and exposure would 
occasionally 
harvesting and 
packing may 
take place at the 
retail level of 

contaminated. 
Any contamination 
that may occur 
would impact only 
a limited quantity 

be local. 

trade. of product. 
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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 Nglg Nglg Nglg-Low Nglg 
To reduce risk: 

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

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

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

issues have 
been 
identified from 
this stage of 
sprout 
production. 

probability of 
contamination 
is negligible. 
Should 
contamination 
occur, 
consumer 
exposure 
could follow. 
Any resulting 
impact is 
likely to be 
quite low.  No 
previous 
incidences 

material hazards and 
provide information to 
employees on potential 
physical contaminants. 
Practice Good 
Manufacturing Practices 
(GMPs) for retail 
establishments. 
If packaging at retail or 
selling in bulk, ensure all 
utensils used for handling 
sprouts are appropriate 
and protect all lights from 
accidental breakage. 

49). are known. 

5.55 Sprouted Seeds - Risk Assessment 


