
R
esearch S

ignpost 
3
7
1
6
6
1
 (2

), F
o

rt P
.O

., 
T

riva
n

d
ru

m
-6

9
5

 023, K
erala, In

d
ia

 

R
ecent R

es. D
evel. E

ntornol., S
(2006): 1-26 IS

B
N

: 81-7736-246-1 

Irrad
iatio

n
 as a p

h
yto

san
itary 

tre
a

tm
e

n
t fo

r insects an
d

 m
ites 

on ag
ricu

ltu
ral co

m
m

o
d

ities 

P
e

te
r A

. 
F

o
lle

tt', R
o

b
e

rt L. G
riffin

2
 a

n
d

 M
a

ria
 E

m
ilia

 B
u

sto
s G

riffin
3

 
'U

S
D

A
-A

R
S

, U
.S. P

acific B
asin A

gricultural R
esearch C

enter. H
ilo. H

aw
aii 

'U
S

D
A

-A
P

H
IS

, 
C

enter for P
lant H

ealth S
cience and T

echnology, R
aleigh, N

C
 

'C
IC

A
T

A
-IP

N
, Legaria 694 C

ol. lrrigacion M
exico. D

.F. 1 1500 

A
bstract 

Trade in agricultzlral com
m

odities is grow
ing at a 

rapid rate. At the sam
e lim

e thal agriczrltural trade is 
increasing, 

the probability 
of 

introducing 
exotic 

insects into areas w
here they m

ay becom
e pests w

ill 
increase. 

Q
uarantine 

or 
phytosanitary 

treatm
ents 

elim
inate, sterilize or kill regulatory pesls in exported 

conzm
odities 

to 
prevent 

their 
introdztction 

and 
establishm

ent 
into 

new
 

areas. 
Irradialion 

is 
a 

versatile 
technology to disinfest fresh 

and durable 
agricultural conzm

odities of quarantine pests. Irradiation 
is 

broadly effective 
against 

insects 
and 

m
ites, 

and 
generally does not significantly reduce con~

m
odity 
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quality at the doses used to control insect pests. R
esearch m

ethodology specific 
to developing 

irradiation treatm
ents 

to control 
insects is presented, 

and 
several research issues includit~

g probit 
9, generic treatm

ents, and varietal 
testing are discussed. 

The recent publication of an international standard on 
the use of irradiation as a phytosanitary tneasztre, and the establishtnent of 
generic doses for 

tephritid fruit flies 
and other insect groups. w

ill prom
ote 

w
ider acceptance and application of the technology. 

Introduction 
Q

uarantine or phytosanitary treatm
ents elim

inate, sterilize or kill regulatory 
pests in exported com

m
odities to prevent their introduction and establishm

ent 
into new

 areas. Irradiation is a versatile quarantine treatm
ent technology to 

disinfest 
fresh 

and 
durable 

agricultural 
com

m
odities 

of regulated 
pests. 

Irradiation is broadly effective against insects and m
ites, cost com

petitive w
ith 

other disinfestation 
m

ethods (such as fum
igation, heat and cold) and fast. 

Irradiation generally does not significantly reduce com
m

odity quality at the 
doses 

used 
to 

control 
insect 

pests, 
and 

m
ay 

even 
extend 

shelf-life. 
A

dditionally. irradiation can be applied to the com
m

odity after packaging. 
A

 quarantine pest is a plant pest of potential econom
ic im

portance to an 
area that is not yet present there, or present but not w

idely distributed and 
being officially controlled. U

nlike other disinfestation techniques, irradiation 
does not need to kill the pest im

m
ediately to provide quarantine security, and 

therefore live (but sterile) insects m
ay occur w

ith the exported com
m

odity 
m

aking 
inspection 

for the target 
pests 

redundant 
as a 

confirm
ation 

of 
treatm

ent application and efficacy. T
his places an added level of im

portance 
on 

the 
certification 

procedures 
for 

irradiation 
facilities 

and 
proper 

docum
entation 

accom
panying 

each 
shipm

ent 
confirm

ing 
treatm

ent 
at 

approved doses. It also places a responsibility on researchers to ensure that 
the m

inim
um

 absorbed dose approved 
for each 

quarantine pest 
has 

an 
adequate m

argin of safety. 
Ionizing 

radiation 
breaks 

chem
ical 

bonds 
w

ithin 
D

N
A

 
and 

other 
m

olecules, thereby disrupting norm
al cellular function in the insect (D

ucoff 
1972, K

oval 1994).  many tissues and functions of the insect m
ay be disrupted 

by exposure to irradiation (V
inson et al. 

1969: N
ation and B

urditt 
1994). 

Insects and other living organism
s are able to repair m

olecular dam
age done by 

sm
all am

ounts of ionizing energy, but large am
ounts are fatal and this is the 

basis for using irradiation to disinfest com
m

odities of insects. Insect life stages 
vary in their susceptibility to radiation dam

age and this m
ay be related to the 

degree of reproductive activity in cells and to the level of cell differentiation 
(B

ergionie and T
ribondeau 1959). R

adiation induced injury in an early stage of 
developm

ent m
ay 

disrupt developm
ent later 

on 
w

hen 
a 

particular 
tissue 

becom
es im

portant to the function or survival of the insect. 
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T
he history of quarantine uses of irradiation and the relative tolerance of 

various arthropod 
groups have been review

ed by 
R

igney (1989), H
eather 

(1992), B
urditt (1994), and H

allm
an (1998, 2001). In this review

 w
e provide 

an update and synthesis of previous inform
ation, and discuss current trends in 

the use of irradiation 
as a phytosanitary treatm

ent, 
w

ith an em
phasis on 

research m
ethodology and the regulatory fram

ew
ork. 

D
eveloping irradiation quarantine treatm

ents 
M

ethodology 
T

he 
goal 

of 
irradiation 

as 
a 

phytosanitary 
treatm

ent 
is 

to 
provide 

quarantine security for any regulated pests residing in or on the exported 
com

m
odity. T

his is m
ost often accom

plished by preventing developm
ent to the 

reproductive stage or sterilizing the reproductive stage of the insect. If m
ultiple 

species on a com
m

odity 
are regulated pests, 

irradiation 
studies begin 

by 
com

paring the tolerance of the quarantine pests, then, in-depth studies focus on 
the m

ost tolerant stage of the m
ost tolerant species, to arrive at a single dose 

providing quarantine security for the com
m

odity. T
ypically the m

ost advanced 
developm

ental stage of the insect occurring in the com
m

odity is the m
ost 

tolerant w
hen the goal is preventing adult em

ergence or reproduction. T
he 

m
ost advanced stage m

ay be the larva (or nym
ph), pupa, or adult. W

hen larval 
developm

ent is com
pleted in the host but the insect pupates outside the host, 

irradiation is applied to prevent adult em
ergence. In the case of tephritid fruit 

flies, 
preventing 

adult 
em

ergence 
is 

the 
desired 

response 
required 

for 
regulatory purposes because it prevents the em

ergence of adult flies that could 
be trapped and trigger regulatory actions, despite being sterile. W

hen the insect 
pupates in the host, preventing adult em

ergence m
ay be difficult so adult 

sterility is the goal. 
O

ften adults occur w
ith the com

m
odity. W

hen the adult stage can occur in 
the com

m
odity and is the m

ost 
tolerant 

stage, the m
easure 

of treatm
ent 

efficacy is the level of sterility. For sexually reproducing species, sterilizing 
one sex m

ay be sufficient to prevent reproduction but both sexes m
ust be 

sterilized if m
ating status is unknow

n as is usually the case. M
ales are often 

but 
not 

alw
ays 

m
ore 

tolerant 
than 

fem
ales. 

R
eciprocal 

crosses 
betw

een 
irradiated and control m

ales and fem
ales at several sub-sterilizing doses are 

useful to d
eten

in
e the m

ore tolerant sex (Follett and L
ow

er 2000). In large- 
scale confirm

atory tests, m
ales and fem

ales should be m
ated before treatm

ent 
and 

fem
ales 

should 
have 

begun 
ovipositing. 

A
fter 

irradiation 
treatm

ent, 
surviving m

ales and fem
ales are com

bined and allow
ed to m

ate and reproduce 
to determ

ine the success of the dose. A
dult fem

ales irradiated at a sterilizing 
dose w

ill often oviposit (particularly if they w
ere gravid w

hen irradiated) but 
eggs w

ill not hatch or hatching neonates do not develop. W
ith asexual species 
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the fem
ale is the focus of all tests. In rare cases irradiated insects w

ill recover 
so it is im

portant to continue tests until all insects have died. M
any insect 

species 
have 

life 
history 

attributes that 
com

plicate 
testing m

ethods. 
For 

exam
ple, diaspidid scale insects are sessile (attached to the plant) and long- 

lived, and so experim
ents m

ust use host m
aterial (e.g. pum

pkin) that does not 
deteriorate after irradiation treatm

ent and before the insects die. Som
e species 

require live host m
aterial to survive. T

he long-lived sem
i-sessile coccid scale, 

green scale (C
occus viridis) only 

survives on live host m
aterial such as 

gardenia, 
coffee 

and hibiscus, 
w

hich com
plicates testing 

since irradiation 
treatm

ent causes rapid plant deterioration (H
ara et al. 2002). D

iapausing and 
non-diapausing strains of insects m

ay have different tolerances to radiation, 
and m

ay require different bioassay m
ethods (H

allm
an 2003). 

T
o determ

ine the m
ost tolerant stage for a species, all stages are treated 

w
ith a range of irradiation doses. Ideally five doses should be selected and five 

replicates of at least 30-50 insects should be used. In som
e cases a single 

diagnostic dose is used to separate tolerance am
ong stages or species. T

he 
ideal diagnostic dose causes only m

oderate m
ortality in the stage or species 

predicted to be m
ost tolerant. T

his im
proves the chances that statistical tests 

can 
be 

used to separate m
ean responses 

am
ong groups. 

T
ests should be 

designed w
ith the biology of the insect in m

ind, and insects should alw
ays be 

tested in the com
m

odity of interest if possible. For exam
ple, pupae m

ay be 
inherently m

ore tolerant of irradiation than larvae but because they only occur 
at the surface of the fruit they m

ay be easier to sterilize than larvae that feed at 
the center of the fruit w

here hypoxic conditions exist. If artificial inoculation is 
used, insects should be placed w

here they occur naturally or allow
ed tim

e to 
redistribute to preferred feeding sites in the com

m
odity. D

osim
eters should be 

placed w
here the insects occur to accurately m

easure absorbed doses. O
nce 

dose response tests are com
pleted, large-scale tests are conducted w

ith the 
m

ost tolerant life stage at a dose predicted to cause 100%
 m

ortality. T
he dose 

providing quarantine security is often higher than that predicted from
 dose 

response tests to give 100%
 m

ortality. Insects are irradiated in the com
m

odity 
after inoculation w

ith a know
n num

ber of insects or in naturally infested host 
m

aterial. For internal feeding insects naturally infesting the com
m

odity, pupae 
or adult insects are reared from

 untreated controls to calculate the num
ber of 

viable insects that w
ere treated. U

ntreated control insects are alw
ays included 

in tests w
ith irradiated insects so that m

ortality can be adjusted for natural 
variation and to guard against changes in experim

ental conditions over the 
course of testing. W

hile control m
ortality 520%

 is desirable, higher m
ortality 

m
ay be norm

al w
hen using w

ild insects and naturally infested com
m

odities. 
A

s m
entioned, the actual dose to achieve quarantine security at a given 

level 
of precision 

m
ay 

exceed 
the dose predicted 

from
 

sm
all-scale 

dose 
response tests. For exam

ple, the dose predicted to prevent em
ergence of adult 
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m
elon flies treated in papaya from

 dose response data w
as 90 G

y (0 survivors 
in 900 tested 

insects) (Follett and A
rm

strong 2004); how
ever, subsequent 

large-scale testing at I20 G
y resulted in 1 survivor out of 50,000 treated third 

instars and several partially em
erged pupae. Increasing the dose for large-scale 

testing to 150 G
y resulted in 0 survivors in 96,700 treated insects and no 

partial pupal em
ergence (Follett and A

rm
strong 2004). T

his dem
onstrates the 

need for large-scale testing to verify a dose. 
Probit analysis is the standard m

ethod to evaluate dose response data, but 
other m

odels (e.g. logit) should be used if they provide a better fit to the data 
(R

obertson 
and 

Preisler 
1992). 

T
hese 

analyses 
are 

used 
to 

com
pare 

radiotolerance am
ong life stages or species, and to help identify a target dose 

for 
large-scale 

testing. 
C

ovariance 
analysis is 

an 
alternative to com

pare 
response am

ong stages or betw
een species. C

ovariance analysis requires the 
slopes of the regression lines fitted to each group to be parallel, so the test of 
parallelism

 (nonsignificant stage or species by dose interaction effect) is tested 
before com

paring stage or species effects (e.g. Follett 2004). 
A

ccurate dosim
etry is critical to the success of insect irradiation studies. T

he 
objective in research is to m

inim
ize the dose uniform

ity ratio (D
U

R
) (also called 

the m
axim

um
:m

inim
um

 ratio), thus reducing variation in dose response tests. 
T

his allow
s the researcher to m

ore accurately pinpoint an efficacious dose 
w

ithout excessive overkill. T
he m

axim
um

 dose m
easured during large-scale 

testing becom
es the m

lnim
um

 dose for a treatm
ent (H

eather 2004). D
ose rate 

decreases w
ith the square of the distance from

 the source (e.g. if distance from
 

source is doubled, dose rate decreases by a factor of 4). Sm
all scale research 

irradiators such as the G
am

m
acell 220 types (M

D
S N

ordion, C
anada) have a 

sm
all radiation cham

ber volum
e and hence all locations in the product during 

irradiation are a short distance fiom
 the source and D

U
R

s can be m
inim

ized 
(typically <I .2: 1). It is generally accepted that large-scale com

m
ercial irradiators 

are not useful for conducting dose response research because of high D
U

R
s, 

som
etim

es in the range of 3:l. H
igh D

U
R

s are the result of product volum
e and 

density, not the size of the irradiator. W
hen using com

m
ercial irradiators for 

research applications, D
U

R
s can be m

inim
ized by presenting product of m

inim
al 

depth (e.g. individual fruits) and irradiating the product in a forw
ard then reverse 

orientation. For exam
ple, Follett and A

rm
strong (2004) irradiated h

it fly larvae 
in papayas at a com

m
ercial x-ray facility using an electron linear accelerator (5 

M
eV

, m
odel T

B
-5/15, SureB

eam
 C

orp., San D
iego, C

alifornia). T
o m

inim
ize 

the D
U

R
, infested fruit w

ere placed upright in plastic tubs in a single row
 facing 

the beam
. D

ose m
apping dem

onstrated that doses w
ere som

etim
es low

er near the 
sides and floor of the m

etal carrier, so the tubs w
ith fruit w

ere elevated by 
placem

ent on a cardboard box and positioned in the exact center of the carrier. 
E

ach carrier passes in front of the beam
 in a forw

ard then reverse orientation. 
D

U
R

s in this study w
ere consistently <

I .2 (Follett and A
rm

strong 2004). 
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T
able 1. R

ange of doses predicted to control various pest groups. 

P
est gm

up 
H

ern~ptera 
Thrips 
Tephritid fruit flies 
B

ruchid seed w
eevils 

C
urculionid w

eevils 
S

carab beetles 
S

tored product beetles 
S

tored product m
oths 

Lepidopteran borers 

M
ites 

N
em

atodes 

R
equlred response 

S
terilize aduk or D

revent aeneratlon turnover 
S

terilize actively reprodu&
g 

adult 
P

revent adult em
ergence from

 la
m

 
S

terilize actively reproducing adult 
S

terilize actively reproducing aduk 
S

terilize actively reproducing adult 
S

terilize actively reproducing aduk 
S

terilize actively reproducing adult 
P

revent adult em
ergence from

 la
m

 
S

terilize adult from
 late pupa 

S
teriiize actively reproducing ad&

 
S

terilize actively reproducing adult 

D
ose range (G

y) 
5
0
-
2
5
0
 

150-350 
50-1 50 
7
0
-
3
0
0
 

80-1 50 
50-1 50 
50-250 
100-600 
100-250 
2
0
0
-
4
0
0
 

200-400 
approx. 4

,
0
0
0
 

M
odified from

 F
A

0
 (2003) 'G

u
id

elin
es Iw

 the use of irradiation as a phytosanitary m
easure." 

A
nim

al groups vary in their tolerance to irradiation (T
able 1). A

m
ong 

insects, D
iptera (flies) C

oleoptera (beetles), H
em

iptera (true bugs) tend to be 
less radiotolerant than L

epidoptera (m
oths and butterflies), although there is 

considerable variation am
ong the species that have been tested w

ithin these 
groups. E

stim
ates for H

em
iptera (scales, m

ealybugs, aphids and w
hiteflies) 

and T
hysanoptera (thrips) are based on a sm

all num
ber of studies. T

w
o of the 

m
ost radiotolerant insects are the Indianm

eal m
oth, Plodia interpunctella, and 

the A
ngoum

ois grain m
oth, Sitrorroga cerealella, both stored products pests 

(A
hm

ed 2001, Ignatow
icz 2004). Several species of m

ites have been tested and 
they appear to be relatively tolerant 

of ionizing radiation. N
em

atodes are 
highly tolerant. Few

 studies have conducted the large-scale tests needed to 
confirm

 the efficacy of an irradiation dose predicted to give 100%
 m

ortality. 
T

able 2 provides a list of quarantine insect pests that have been rigorously 
tested; m

uch of this inform
ation is recent and w

ill be used to update and revise 
approved 

irradiation 
treatm

ent 
doses for specific pests. 

M
ost 

insects 
are 

sterilized at doses below
 300 G

y. 

P
robit 9 efficacv and alternatives 

Postharvest com
m

odity treatm
ents for pests requiring a high degree of 

quarantine 
security 

are com
m

only 
referred 

to 
as 

probit 
9 treatm

ents. 
A

 
response at the probit 9 level results in 99.9968%

 response. T
he U

SD
A

 has 
used 99.9968%

 efiicacy as the basis for approving m
any quarantine treatm

ents 
against tephritid fruit flies. Probit 9 or 99.9968%

 m
ortality is often incorrectly 

interpreted to m
ean that 3 survivors are allow

ed in 100,000 treated insects or 
32 survivors in 1 m

illion treated insects (B
aker 1939) w

ithout regard to the 
precision 

associated 
w

ith this 
level of survivorship. 

T
o achieve 

probit 
9 

m
ortality at the 95%

 confidence level, 93;613 insects m
ust be tested w

ith no 
survivors. Q

uantitative m
ethods have been developed to calculate the num

ber 
of test insects and confidence lim

its for other levels of precision and treatm
ent 



T
ab

le 2. Insects subjected to large-scale confirm
atory testing to establish treatm

ent efficacy. 
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efficacy, w
ith and w

ithout survivors (C
ouey and C

hew
 1986). A

 probit 9 
treatm

ent usually provides adequate quarantine security (but see M
angan et al. 

1997; Pow
ell 2003), and developing the treatm

ent frequently proves to be the 
quickest and 

m
ost 

easily 
accepted 

m
ethod 

for overcom
ing 

phytosanitary 
restrictions. O

ther countries (Japan, A
ustralia, N

ew
 Z

ealand) accept quarantine 
treatm

ent efficacy at 99.99%
 (at the 95%

 confidence level) w
hich is obtained 

by treating 29,956 insects w
ith no survivors (C

ouey and C
hew

 1986). Japan 
and N

ew
 Z

ealand require three replicates 
of 10,000 test 

insects 
w

ith 
no 

survivors (Sproul 1976). T
he num

ber of insects tested m
ay need to be adjusted 

(increased) to account for control m
ortality (Follett and N

even In press). 
For insects that are difficult to obtain or rear in the laboratory, low

er 
num

bers 
m

ay 
be 

acceptable in 
certain 

cases. For exam
ple, an irradiation 

treatm
ent of 300 G

y w
as accepted for the m

ango seed w
eevil, Sternochetus 

m
angqerae (Federal R

egister 2002), a m
onophagous pest of m

angos, based on 
evidence for its lim

ited potential 
im

pact in the U
.S. 

(Follett and G
abbard 

2000), and cum
ulative data from

 several studies w
ith a few

 thousand insects 
show

ing prevention 
of adult 

em
ergence at a target 

dose of 300 G
y 

and 
sterilization 

at low
er doses (H

eather and C
orcoran 

1992; Seo et al. 1974; 
Follett 2002). 

W
hen 

low
 num

bers of insects are used, the num
ber tested 

w
ithout survivors can be used to calculate the level of quarantine security. 

W
hen dose response or sm

all-scale tests are used to predict an irradiation dose 
to control the pest, increasing the dose by 20-25%

 adds a m
argin of safety. 

L
andolt et al. (1984) pointed out that the probit 9 standard m

ay be too 
stringent for com

m
odities that are rarely infested or poor hosts. T

he al~
ernative 

treatm
ent eSJicacy approach m

easures risk as the probability of a m
ating pair or 

reproductive individual surviving in a shipm
ent. T

he m
ain quantitative argum

ent 
for deviating from

 probit 9 treatm
ent eficacy is low

 infestation rate of the 
com

m
odity, but m

any other biological and non-biological factors affect risk 
(V

ail et al. 1993, W
hyte et al. 1994, Follett and M

cQ
uate 2001). A

n advantage to 
using the alternative treatm

ent efficacy approach is that few
er insects m

ay be 
needed 

during developm
ent of quarantine treatm

ents (Follett and M
cQ

uate 
2001). 

T
he 

alternative treatm
ent 

efticacy 
approach 

fits 
w

ith 
the 

system
s 

approach w
here m

ultiple procedures are used to cum
ulatively provide quarantine 

security (Jang and M
offitt 1996). For exam

ple. irradiation of avocados w
ithin the 

range of doses providing probit 9 kill of tephritid fruit flies and other pests (100- 
400 G

y) causes discoloration to the h
it flesh. In H

aw
aii, oriental fruit fly is the 

m
ain quarantine pest of avocados, although the avocado fruit on the tree is a poor 

host for fruit flies. W
hereas 120 G

y is required to give probit 9 efficacy (prevent 
adult em

ergence) for oriental fruit fly, irradiation treatm
ent at a dose of 80 G

y 
provides >99%

 efficacy (Follett and A
rm

strong 2004), and potentially could be 
com

bined w
ith poor host status, inspection, field control and other m

itigation 
procedures to give a high level of quarantine security. 
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M
axim

um
 pest 

lim
it 

is 
another 

approach 
to quarantine security 

that 
focuses 

on 
survival 

rather 
than 

m
ortality 

and 
is 

closely 
related 

to 
the 

alternative treatm
ent efficacy approach (B

aker et al. 1990, M
angan et al. 

1997). It is defined as the m
axim

um
 num

ber of insects that can be present in a 
consignm

ent im
ported during a specified tim

e at a specified location (B
aker et 

al. 
1990). A

 m
inim

um
 sam

ple size for inspection 
is determ

ined from
 an 

estim
ate 

of the level 
of pest 

infestation, 
the efficacy 

of the postharvest 
treatm

ent, and the m
axim

um
 lot size assem

bled per tim
e period at a location. 

T
his level of inspection is predicted to detect infestation levels greater than the 

m
axim

um
 level 

of perm
issible 

infestation w
ith a certain 

probability 
and 

confidence lim
its (B

aker et al. 1990). 

V
arietal testing 

W
hen the pest infests m

ore than one host cultivar or variety, disinfestation 
studies should theoretically be carried out on the variety in w

hich the pest is 
m

ost tolerant 
to irradiation. For a given absorbed dose, pest 

response to 
irradiation in the host m

ay vary depending on the m
ilieu surrounding the pest. 

O
xygen 

concentration 
is 

know
n to 

m
odify 

sensitivity to irradiation 
and 

conditions producing hypoxia can increase radiation tolerance (A
lpen 1998). 

Fruit flies have higher radiotolerance w
hen treated in a nitrogen atm

osphere 
com

pared w
ith am

bient air (Fisher 1997), and w
hen treated in fruit com

pared 
w

ith diet (Follett and A
rm

strong 2004). R
adiation dam

age and m
ortality w

as 
less in 

codling m
oth 

larvae treated 
in 

0.25%
 

O
2 com

pared w
ith 

3%
 O

z 
(B

atchelor 1989). V
arieties of a com

m
odity w

ith higher w
ater content m

ay 
have low

er available oxygen, and insects infesting these varieties m
ight show

 
higher radiotolerance. V

ariety w
as show

n to have a dram
atic effect on egg 

hatch and larval developm
ent during irradiation studies w

ith M
editerranean 

fruit fly in nectarines (8 varieties) and plum
s (4 varieties) (K

aneshiro et al 
1983), and a link w

ith fruit m
oisture content w

as suspected but not m
easured. 

In the absence of com
parative tests am

ong varieties, the variety at greatest risk 
of infestation or the variety w

hich m
akes up the greatest proportion of trade is 

used. 

G
eneric treatm

ents 
A

 "generic" quarantine treatm
ent is one that provides quarantine security 

for a broad group of pests. From
 a regulatory standpoint, "generic" can also 

refer to a treatm
ent for a pest on all com

m
odities it infests. A

 generic treatm
ent 

for a group of insects could be applied at m
any taxonom

ic levels, e.g. to all 
D

iptera (flies), or to flies in the fam
ily T

ephritidae (fruit flies), or to tephritid 
fruit flies in the genus B

actrocera. Irradiation 
is the ideal technology 

for 
developing generic treatm

ents because it is effective against m
ost insects and 

m
ites at dose levels that do not affect the quality of m

ost com
m

odities. B
efore 
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a generic treatm
ent can be recom

m
ended, inform

ation is needed on effective 
irradiation doses for a w

ide range of insects w
ithin the taxon. 

Initially, developm
ent of the generic dose concept has focused on tephritid 

fruit flies. T
he International C

onsultative G
roup on Food Irradiation (IC

G
FI) 

w
as the first group to form

alize a recom
m

endation for generic irradiation 
treatm

ents 
(IC

G
FI, 

1991). In 
1986, based on irradiation 

data for several 
tephritid fruit fly species and a lim

ited num
ber of other insect pests, they 

proposed 
a dose of 

150 G
y for fruit flies and 300 G

y for other insects. 
A

doption of the 150 G
y dose for fruit flies w

as stym
ied by research suggesting 

three tephritid fruit fly species in H
aw

aii required higher irradiation doses to 
prevent adult em

ergence from
 infested fruit (Seo et al. 1973). B

ased on the 
data presented by Seo et al. (1973), U

SD
A

-A
nim

al Plant H
ealth Inspection 

Service (A
PH

IS) approved irradiation doses of 210,225 and 250 G
y for m

elon 
fly, M

editerranean fruit fly, and oriental fruit fly, respectively, for exporting 
fruits and vegetables from

 H
aw

aii (Federal R
egister 1997). T

he m
ajority of 

econom
ically 

im
portant 

tephritid 
fruit 

flies 
com

e 
from

 
four 

genera- 
A

nastrepha, R
actrocera, C

eratitis, and R
hagoletis, and irradiation studies have 

been conducted w
ith species in each of these genera. 

A
lthough results from

 
various irradiation studies w

ith fruit flies have not alw
ays been consistent 

(review
ed by B

urditt 1994, 1996; R
igney 1989; H

allm
an and L

oaharanu 2002), 
the preponderance of evidence suggested these genera could be controlled by 
doses 

at 
or 

below
 

150 
G

y. 
R

ecently, 
Follett 

and 
A

rm
strong 

(2004) 
dem

onstrated that irradiation doses of 100, 125 and 150 G
y controlled C

, capitata, 
B. dorsalis, and B. czrcurbitae, respectively, w

hich supported low
ering the dose 

for H
aw

aii's fruit flies and acceptance of the proposed 150 G
y generic dose for 

tephritids. A
 proposed rule is due out from

 U
SD

A
-A

PH
IS in the near future 

recom
m

ending a generic dose of 150 G
y for all tephritid fruit flies. T

his w
ill 

be the first use of a global phytosanitary treatm
ent for any pest group or 

treatm
ent type. 

T
he generic dose concept has been applied on a lim

ited scale to irradiation 
treatm

ent for fruits exported from
 H

aw
aii to the U

.S. m
ainland. In 2001, the 

U
SD

A
-A

PH
IS convened a m

eeting to establish treatm
ent protocols for a new

 
com

m
ercial irradiation facility (H

aw
aii Pride L

L
C

) in H
aw

aii, and approved 
generic irradiation doses of 250 G

y for any species of T
ephritidae (fruit flies) 

and T
hysanoptera (thrips); 

and 400 G
y for any species of C

occidae (soft 
scales), 

Pseudococcidae 
(m

ealybugs), 
and 

im
m

ature L
epidoptera 

(m
oths) 

infesting eight 
fruits 

being 
exported 

to the U
.S m

ainland (U
SD

A
-A

PH
IS 

unpublished docum
ent). In this case, the doses for non-fruit fly pests w

ere 
established 

based on inform
ation 

from
 studies in Japan and H

aw
aii on a 

lim
ited num

ber of species w
ithin each taxa (Follett and A

rm
strong 2004). T

his 
w

as the first tim
e U

SD
A

-A
PH

IS recom
m

ended a generic irradiation dose for 
any group of insects albeit on a lim

ited scale and only for certain H
aw

aii fruits. 
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N
ew

 Z
ealand 

is preparing a rule to allow
 im

port of tropical 
fruits from

 
A

ustralia using generic irradiation treatm
ents of 150 G

y for fruit flies, 250 G
y 

for other insects, and 300 G
y for m

ites (C
orcoran and W

addell 2003). 
B

road application of the generic irradiation concept to other taxa at the 
fam

ily or order level w
ould be beneficial to prom

ote trade in agricultural 
com

m
odities and provide a treatm

ent alternative for infested consignm
ents 

arriving in im
porting countries. A

n International D
atabase of Insect D

isinfestation 
and Sterilization 

(ID
ID

A
S 2003) under 

developm
ent 

by 
the 

International 
A

tom
ic E

nergy A
gency contains inform

ation on m
any C

oleoptera (79 species, 
m

ainly 
curculionids) 

and 
L

epidoptera 
(72 

species, 
m

ainly 
pyralids 

and 
tortricids); how

ever the m
ajority of the studies referenced w

ere not designed 
for quarantine purposes and lack the necessary large-scale tests. Inform

ation 
for 

other 
im

portant 
regulatory 

arthropod 
groups 

such 
as 

T
hysanoptera, 

H
em

iptera, and A
cari is lim

ited. 
T

he "high dose" approach is a variation on the generic dose concept. W
ith 

this approach a dose is set in excess of that believed to be required to control 
the pests associated w

ith the com
m

odity. For exam
ple, sw

eetpotato grow
ers in 

H
aw

aii are unable to ship sw
eetpotatoes to C

alifornia and the U
.S. m

ainland 
w

ithout a quarantine treatm
ent because of the presence of three regulatory 

pests, W
est Indian sw

eetpotato w
eevil, E

uscepes postfasciatzrs (C
oleoptera: 

C
urculionidae), sw

eetpotato vine borer, O
m

phisa anastom
osalis (L

epidoptera: 
Pyralidae), 

and 
sw

eetpotato 
w

eevil, 
C

ylas 
formicarills 

elegantulzts 
(C

oleoptera: 
C

urculionidae). 
A

n 
irradiation 

treatm
ent 

of 
400 

G
y 

for 
sw

eetpotatoes w
as approved based on data from

 ID
ID

A
S and the irradiation 

literature on curculionid and pyralid pests suggesting this dose w
ould 

be 
adequate. T

his provisional irradiation treatm
ent w

as published as a final rule in 
the Federal R

egister on February 18, 2004 (Federal R
egister 2004). T

his w
as 

the first tim
e U

SD
A

-A
PH

IS considered the high-dose approach for controlling 
a pest com

plex until research is com
pleted to confirm

 a low
er dose. 

B
efore generic treatm

ents 
can 

be 
recom

m
ended for a w

ider range of 
insects and on a broader scale, inform

ation from
 coordinated research projects 

and large-scale tests is needed on effective irradiation doses for key pests and 
under-represented taxa. T

he m
ost radiotolerant insect species tested to date is 

the A
ngoum

ois grain m
oth w

hich successfblly reproduced at 500 G
y but not at 

600 G
y (Ignatow

icz 2004). T
heoretically this dose could be set as a generic 

treatm
ent for all insects; how

ever, a lim
iting factor for the practical use of a 

generic treatm
ent at 600 G

y is the 1000 ~
~

-
(

l
 

kG
y) m

axim
um

 allow
ed dose 

for fresh produce set by the Food and D
rug A

dm
inistration. 

W
ith typical dose 

uniform
ity ratios of 1.5-3.0 at com

m
ercial irradiation facilities, treatm

ent to 
achieve a m

inim
um

 absorbed dose of 600 G
y w

ithout exceeding 1 kG
y w

ould 
be problem

atic. A
lso, doses above 600 G

y adversely affect the organoleptic 
properties 

of m
any 

fresh h
its

 and 
vegetables 

(K
ader 

1986, M
orris 

and 



1
2

 
Peter A

. Follett et al. 

Jessup 1994). A
 generic irradiation dose of 400 G

y for arthropods is supported 
by available data if L

epidoptera pupae and adults and m
ites are excluded. 

C
ase study: C

om
m

ercial irradiation in H
aw

aii 
H

aw
aii has been 

an 
active proponent for the use of irradiation as a 

phytosanitary treatm
ent for fresh produce. D

ue to the presence of m
edfly, 

oriental fruit fly, and m
elon fly, H

aw
aii is under a federal quarantine and 

cannot export host com
m

odities to the U
.S. m

ainland w
ithout a quarantine 

treatm
ent. R

esearch in the state into the practical aspects of using irradiation 
technology began in the m

id-1960s, resulting in form
al approval in 1989 for 

use of irradiation as a quarantine treatm
ent to export H

aw
aii-grow

n papaya 
(M

oy and W
ong 2002). B

eginning in 1995, H
aw

aii w
as the first in the w

orld to 
use irradiation com

m
ercially as a quarantine treatm

ent for fresh produce for 
export, shipping a variety of tropical fruits (m

ainly papaya, ram
butan, litchi 

and atem
oya) and vegetables to Illinois and N

ew
 Jersey for treatm

ent and 
subsequent distribution in retail m

arkets in 17 states (M
oy and W

ong 2002). 
T

he im
portant lesson from

 this program
 w

as that w
holesalers, retailers and 

consum
ers w

ere not adverse to buying irradiated fresh produce if the product is 
of high quality and available at a fair price. A

lso, fruit grow
ers, the business 

com
m

unity, and regulatory agencies supported application of the technology. 
In A

ugust 2000, the first com
m

ercial x-ray irradiation treatm
ent facility 

(H
aw

aii Pride L
L

C
) for fresh produce opened in H

aw
aii. In its first year the 

facility treated approxim
ately 4.5 m

illion Ibs of fresh tropical fruits for export, 
prim

arily papaya but also ram
butan, lychee and longan. In 2003, sw

eetpotato 
exports started and this crop is now

 second behind papaya w
ith exports of 3-5 

m
illion Ibs per annum

 (Follett in press). 
H

aw
aii is the only place irradiating 

fresh fruits and vegetables for export, w
ith approved treatm

ents for 10 fruits 
and 5 vegetables (Follett 2004). 

T
he m

inim
al loss of quality after irradiation 

treatm
ent is particularly 

im
portant for H

aw
aii's 

tropical fruits, w
hich are 

generally sensitive to the fum
igation, heat, and cold treatm

ents (e.g. Follett and 
Sanxter 2003). H

ence, the use of irradiation is expected to grow
 and help open 

export m
arkets for high quality tropical fruits. 

R
egulatory aspects of irradiation 

T
he establishm

ent of national regulations for the use the irradiation as a 
phytosanitary treatm

ent began in 1930 w
ith a failed proposal to use X

-ray for 
treating fruit exported from

 Form
osa (K

oidsum
i, 1930). 

Seven decades later, 
the International Plant Protection C

onvention (IP
P

C
) adopted an international 

standard for the use of irradiation as a phytosanitary treatm
ent (IP

P
C

, 2003a). 
T

he evolution of irradiation as a phytosanitary treatm
ent from

 its disappointing 
start to 

international 
success w

as 
m

arked by 
a long history of national, 
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regional, and international initiatives and several w
atershed events (discussed 

below
), including the official acceptance of irradiation as a "safe" 

treatm
ent 

and the establishm
ent of a regulatory and policy fram

ew
ork by the U

.S. for the 
im

plem
entation of irradiation as a phytosanitary treatm

ent. 

Safety 
  he safety of irradiated food has been an issue of public concern despite 

extensive 
research 

being 
carried out 

in 
m

any 
countries 

w
ithout 

negative 
results. 

O
ne of the principal studies w

as T
he International Project on Food 

Irradiation from
 1970 to 1982. T

he Project included extensive feeding studies 
carried out 

by 
an 

international consortium
 

over a range of com
m

odities 
irradiated at 10 kG

y. 
N

one of the studies gave any indication of the presence ' 
of radiation-induced carcinogens or other toxic substances (D

iehl, 2001). 
T

he data generated by this project and other related investigations w
ere 

review
ed at several international m

eetings organized by key agencies of the 
U

nited N
ations, including the W

orld H
ealth O

rganization (W
H

O
), the Food 

and A
griculture O

rganization (FA
O

) and the International A
tom

ic E
nergy 

A
gency (IA

E
A

). 
T

his series of m
eetings culm

inated in 1980 w
ith the joint 

FA
O

-IA
E

A
-W

H
O

 E
xpert C

om
m

ittee on 
the W

holesom
eness of Irradiated 

Food. T
his C

om
m

ittee concluded that the irradiation of any com
m

odity up to 
an overall average dose of 10 kG

y presented no toxicological hazard, and that 
irradiation up 

to 
10 kG

y 
creates no special nutritional or m

icrobiological 
problem

s, hence toxicological testing 
of foods so treated 

w
as 

no longer 
required (W

H
O

, 1981). 
C

odex A
lim

entarius (C
odex), the international organization responsible 

for establishing harm
onized 

standards for food 
safety, adopted 

its C
odex 

G
eneral Standard for Irradiated Food (C

A
C

IR
S 106- 1979) in 1979. A

lthough 
the standard does not specifically apply to phytosanitary treatm

ents, it w
as the 

first 
international 

standard 
for 

irradiated 
food, 

and 
m

any 
phytosanitary 

.
 
.

.
 

treatm
ents are for food com

m
odities. T

he standard w
as subsequently revised 

in 1983 follow
ing the recom

m
endations of the joint FA

O
-IA

E
A

-W
H

O
 E

xpert 
C

om
m

ittee, and again in 2003 based on additional research indicating that the 
m

axim
um

 absorbed dose could exceed 10 kG
y w

hen necessary to achieve a 
legitim

ate technological purpose (C
odex, 2003). 

A
ssociated 

w
ith 

the 
G

eneral 
Standard 

is 
the 

C
odex 

R
ecom

m
ended 

International C
ode of Practice for the O

peration of Irradiation Facilities. T
his 

w
as significant because it represented the first internationally harm

onized 
guidelines on how

 to m
easure absorbed dose. It also describes relevant param

eters 
in facilities, dosim

etry and process control, good radiation processing practice, 
and product and inventory control, (C

odex, 1984). 
T

he C
ode includes tw

o annexes: A
nnex A

 is related to dosim
etry, indicating 

how
 to calculate the overall average adsorbed dose and explaining the concept of 
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lim
iting dose values, routine dosim

etry, and process control. 
A

nnex B
 gives 

som
e exam

ples of technological conditions for the irradiation of certain item
s. 

M
ango is one of the exam

ples. 
It is noted that m

angoes m
ay be irradiated for 

three objectives: (1) control of insects, (2) to im
prove quality (extend shelf life), 

and (3) to reduce m
icrobial load using up to 1 kG

y as an average dose. 
It is significant that the C

ode focused on m
angoes because the chem

ical 
treatm

ent of m
angoes becam

e a serious political issue in 1982 after the U
.S. 

E
nvironm

ental Protection A
gency (E

PA
) announced a ban 

on the use of 
ethylene dibrom

ide (E
D

B
) because it w

as dem
onstrated to be a carcinogen 

(R
uckelshaus, 1984). 

E
D

B
 w

as popular and w
idely used as a phytosanitary 

treatm
ent at the tim

e. T
he ban forced phytosanitary officials to seek alternative 

treatm
ents for m

any com
m

odities that w
ere routinely treated for im

port and 
export, especially tropical fruits. 

Political 
pressures 

and 
grow

ing 
interest 

in 
the 

com
m

ercialization of 
irradiation for the treatm

ent of food in the U
nited States spurred the Food and 

D
rug A

dm
inistration (FD

A
) to open the regulatory door in 1986 by publishing 

21 C
FR

 179.26, "Irradiation in the Production, Processing and H
andling of 

Food". 
A

m
ong other things, this regulation authorized the use of irradiation up 

to 1 kG
y for the disinfestation of arthropod pests in food, the use of up to 8 

kG
y for the control of m

icrobial pathogens on seeds for sprouting, and up to 30 
kG

y for the m
icrobial disinfestation of spices. T

his rule cleared the regulatory 
path for the U

SD
A

 to authorize irradiation as a phytosanitary treatm
ent on 

com
m

odities for consum
ption. 

O
ne of the m

ost significant contem
porary challenges to the safety of 

irradiated food em
erged from

 studies conducted in the early 1970's show
ing 

that detectable levels of 2-alkylcyclobutanones w
ere form

ed w
hen fats w

ere 
irradiated at high doses. T

his triggered a series of studies, prim
arily supported 

by the E
uropean C

om
m

ission, to determ
ine the health risks associated w

ith 
these com

pounds. 
Som

e adverse effects w
ere evident from

 in vitro studies of 
rats that ingested very high concentrations, how

ever the sum
 of all studies 

show
ed a negligible risk to hum

an health from
 concentrations that m

ight result 
from

 irradiated fat-containing foods (E
uropean C

om
m

ission, 2002). 
E

uropean authorities have historically been am
ong the m

ost reluctant to 
accept irradiation as a treatm

ent for foods, but also am
ong the m

ost active in 
supporting research on the safety of irradiation. 

C
oncerns are principally 

focused on health risks to food processing w
orkers, possible long-term

 effects 
of consum

ing irradiated food (especially for children), and fears that food 
producers and processors w

ill be less m
otivated to use good m

anufacturing 
practice to ensure the w

holesom
eness of food if they are able to rely on 

irradiation treatm
ent to produce clean products. 

A
s a result, the regulatory structure for the E

uropean C
om

m
unity is based 

on strict listing and labeling requirem
ents supported by strong enforcem

ent 
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m
easures. 

A
 very lim

ited list of herbs, spices and seasonings is currently 
authorized from

 approved facilities w
ith m

andatory labeling requirem
ents. 

In 
2001, 

the 
E

uropean 
C

om
m

ission 
suggested 

that 
this 

list 
be 

considered 
com

plete and recom
m

ended further research 
on the effects of consum

ing 
irradiated food and identifying alternative treatm

ents rather than expanding the 
possibilities for irradiation (E

uropean C
om

m
ission, 2001). 

A
 

M
otion 

F
or 

a 
R

esolution 
from

 the E
uropean 

Parliam
ent 

in 
2002 

supports the recom
m

endations of the C
om

m
ission and adds that only B

elgium
, 

France, Italy, the N
etherlands, and the U

K
 allow

 irradiation of foods other than 
herbs, spices, and seasonings and, in practice that few

 foods are irradiated in 
these countries, dem

onstrating little technological need. T
he sam

e docum
ent 

doubts the benefit of irradiation and predicts the m
isuse of the technology as a 

substitute for good hygiene. It also considered that irradiation is a dangerous 
process w

hich should be replaced w
ith safer processes (E

uropean Parliam
ent, 

2002). 
A

 sim
ilar situation occurs w

ith Japan, w
here nuclear technologies of any 

kind are perhaps a m
ore sensitive issue than for other countries. L

ike the 
E

uropeans, the Japanese allow
 and use irradiation for the treatm

ent of food on 
a very 

lim
ited and highly restricted 

basis. Further, they prefer electronic 
sources (w

hich can be sw
itched on and off) rather than gam

m
a sources (w

hich 
present a constant risk and greater environm

ental hazard). T
o date, the only 

phytosanitary treatm
ent reported by Japan is for potatoes. A

 sm
all proportion of 

Japan's potato production is treated for sprout inhibition (Furuta, 2004). 

U
SD

A
 regulations 

T
he U

SD
A

 had decided as early as 1966 that 150 G
y w

as the m
inim

um
 

dose to 
"prevent 

adult em
ergence" 

of three fruit 
flies: oriental 

fruit fly, 
B

actrocera dorsalis, M
editerranean h

i
t

 fly C
eratitis capitata, and m

elon fruit 
fly, B

actrocera clircubitae associated w
ith papaya from

 H
aw

aii (B
alock, et al, 

1966). In 1989, soon after FD
A

's regulations w
ent into effect, the A

nim
al and 

Plant H
ealth Inspection Service (A

PH
IS), the U

SD
A

 A
gency responsible for 

regulations dealing w
ith protecting anim

al and plant health, published the first 
rule to allow

 the use of irradiation as a phytosanitary treatm
ent. T

he rule 
specified a treatm

ent of 150 G
y in order to ship fresh papaya fiom

 H
aw

aii to 
the m

ainland, G
uam

, Puerto R
ico and the V

irgin Islands (H
aw

aii w
as later 

changed to 250 G
y). 

D
espite 

being 
lim

ited to 
a specific com

m
odity, origin, and 

dom
estic 

program
, (and despite the fact that no fruit w

ere im
m

ediately shipped due to 
the lack of a treatm

ent facility in H
aw

aii), this m
inor dom

estic regulation had 
m

ajor global im
pacts as a result of the regulatory and policy im

plications it 
represented for the phytosanitary com

m
unity. 

B
y publication of this rule, the 

U
nited States m

ade clear its acceptance of irradiation as both a safe and 
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effective phytosanitary treatm
ent and, for the first tim

e, A
PH

IS approved a 
treatm

ent that dealt w
ith a com

plex of pests (fruit flies) rather than a single 
pest. 

A
t the sam

e tim
e, A

PH
IS recognized the legitim

acy of a non-m
ortality 

treatm
ent (the required response w

as "inability to fly") and the possibility of 
detecting and accepting 'live' 

quarantine pests in treated shipm
ents (U

SD
A

- 
A

PH
IS, 1989). 

R
egulatory interest in irradiation w

as peaked again in 
1992 w

hen the 
fum

igant m
ethyl brom

ide (M
B

) w
as listed under the M

ontreal Protocol as one 
of the substances that causes depletion of the ozone layer. 

T
he M

ontreal 
Protocol 

is 
an 

international 
treaty 

for the regulation 
of 

ozone depleting 
substances in the atm

osphere (E
PA

, 1993). A
t the M

eeting ofthe Parties to the 
M

ontreal Protocol held Septem
ber 1997 in M

ontreal, C
anada, it w

as agreed 
that the production of M

I3 should be phased-out by a certain percentage each 
year beginning in 

1999. 
D

eveloped countries w
ere expected to phase-out 

com
pletely by 2005 and developing countries by 2015 (E

PA
, 1996). 

A
lthough the M

ontreal Protocol m
akes an exception for the use of M

B
 as a 

quarantine treatm
ent, the overall reduction in production of the fum

igant over 
tim

e has caused cost increases and reduced the availability of the com
pound 

w
ith the net effect of m

aking it increasingly less practical. T
he effect is not as 

im
m

ediate as w
as the ban on E

D
B

, but the repercussions are just as significant 
because M

B
 is also popular and w

idely used as a phytosanitary treatm
ent for 

both food and non-food item
s (e.g., cut flow

ers, w
ood products). 

A
fter 1995, rapidly increasing global trade pressures and the possible loss 

of m
ethyl 

brom
ide 

as a fum
igant 

for regulatory 
pest treatm

ents 
m

ade it 
im

perative for practical treatm
ent options to be explored. 

U
nfortunately, the 

perception of public reluctance to accept irradiation and the relatively high 
initial costs associated w

ith changing to irradiation as a preferred treatm
ent 

technology m
ade it less desirable than low

er-cost alternatives. 
A

t the sam
e 

tim
e, technological 

advances, 
greater 

experience, and a grow
ing body of 

research 
indicated that 

irradiation 
had 

increasingly greater 
potential 

as a 
treatm

ent, or as an alternative treatm
ent, for m

any quarantine pest problem
s. 

It is in this light that A
PH

IS decided in 
1996 to expand its regulatory 

fram
ew

ork addressing irradiation treatm
ent, 

develop com
prehensive policy 

statem
ents, 

and begin encouraging international 
harm

onization w
hile also 

updating its ow
n treatm

ents and approving new
 ones. 

In a Policy N
otice of 

1996 titled "T
he A

pplication of Irradiation to Phytosanitary Problem
s", A

PH
IS 

listed key positions and procedures, defined term
s, offered research protocols, 

and proposed generic doses for nine fruit fly pests (U
SD

A
-A

PH
IS 1996). 

In 
response 

to 
a petition 

from
 

H
aw

aii, 
A

PH
IS further 

expanded 
its 

authorization in 1997 to add the possibility to treat fresh papaya, lychees and 
caram

bolas from
 H

aw
aii at 250 G

y. Follow
ing this, A

PH
IS also approved the 

irradiation of sw
eetpotato and other com

m
odities from

 H
aw

aii. Fruits and 
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vegetables from
 H

aw
aii that are currently authorized for irradiation treatm

ent 
include abiu, atem

oya, bell pepper, caram
bola, litchi, longan, eggplant, m

ango, 
papaya, pineapple (other than sm

ooth C
ayenne), ram

butan, sapodilla, Italian 
squash, sw

eetpotato and tom
ato (7 C

FR
 318.13-40. 

C
onsistent w

ith its Policy N
otice, A

PH
IS supplem

ented its authorizations 
for exports from

 H
aw

aii w
ith regulations to also allow

 foreign im
ports by 

publishing a rule on Irradiation as a Phytosanitary T
reatm

ent for Im
ported 

Fresh Fruits and V
egetables (7 C

FR
 319.305). T

his regulation sets out specific 
standards for irradiation treatm

ent to provide protection against 11 species of 
fruit flies and the m

ango seed w
eevil. 

Included also in this regulation are 
provisions 

that 
require 

the 
exporting 

country 
to 

establish 
Fram

ew
ork 

E
quivalency W

ork Plans w
ith A

PH
IS dem

onstrating that the exporting country 
accepts irradiated com

m
odities for im

port. 
C

urrent plans are to continue expanding regulatory authorizations for the 
use of irradiation as a phytosanitary treatm

ent based on additional research and 
experience (Pers. C

om
m

, 2005). D
ata currently under review

 offers possibilities 
for significant refinem

ent of existing treatm
ents and w

ould m
ake som

e new
 

treatm
ents available, including doses of 150 G

y for all tephritid fruit flies, 300 
G

y for the false red spider m
ite (B

rel9ipalpw
 chilensis), 200 G

y for codling 
m

oth (C
ydia pornonella), 250 G

y for koa seedw
orm

 (C
ryptophlebia illepida), 

250 G
y for litchi fruit m

oth (C
ryptophlebia om

brodelra), 200 G
y for oriental 

fruit m
oth (G

rapholita 
m

olests), 92 G
y for plum

 curculio (C
onotrachelus 

nenaphur), 
and 150 or 165 G

y for sw
eetpotato w

eevil (C
ylas fornzicarius 

elegantulus). 

R
egional and international harm

onization 
T

he 
N

orth 
A

m
erican 

Plant 
Protection 

O
rganization 

(N
A

PPO
), 

the 
regional 

organization 
responsible 

for 
setting 

phytosanitary 
standards 

recognized 
under 

the N
orth 

A
m

erican Free 
T

rade 
A

greem
ent 

(N
A

FT
A

), 
form

ally 
recognized 

the effectiveness 
of 

irradiation 
as 

a broad-spectrum
 

quarantine treatm
ent for fresh fruits and vegetables in 

1989. 
In addition to 

N
A

PPO
, other regional plant protection organizations that operate w

ithin the 
fram

ew
ork of the IPPC

, including the E
uropean and M

editerranean 
Plant 

Protection O
rganization (E

PPO
), the A

sia and the Pacific Plant Protection 
C

om
m

ission 
(A

PPPC
), 

the 
C

om
ite 

de 
Sanidad 

V
egetal 

del 
C

ono 
Sur 

(C
O

SA
V

E
), the O

rganism
0 Internacional R

egional de Sanidad A
gropecuaria 

(O
IR

SA
), endorsed irradiation as a quarantine treatm

ent for fresh horticultural 
products 

at 
the 

T
echnical 

C
onsultation 

of 
R

egional 
Plant 

Protection 
O

rganizations held in San Salvador in 1992, (FA
O

, 1992). 
A

t the N
A

PPO
 A

nnual M
eeting in 1994, a roundtable discussion w

as 
organized on "T

he A
pplication 

of Irradiation to Phytosanitary 
Problem

s". 
N

A
PPO

 
delegates 

from
 

C
anada, 

M
exico 

and 
the 

U
.S. 

provided 
enough 
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encouragem
ent for the N

A
PPO

 E
xecutive C

om
m

ittee to agree on an initiative 
to elaborate a regional standard. 

T
he policies put forw

ard by A
PH

IS in 1996 
provided the fram

ew
ork for the developm

ent of "G
uidelines for the U

se of 
Irradiation as a Phytosanitary T

reatm
ent" that w

ere adopted as a N
A

PPO
 

standard 
in 

(N
A

PPO
, 

1997). T
his 

m
arked 

a significant step 
forw

ard 
in 

international harm
onization and becam

e the springboard for creation of the 
International Standard for Phytosanitary M

easures (ISPM
) N

o. 18 G
uidelines 

for the use of irradiation as a phyzosanitary m
easure, adopted by the IPPC

 in 
2003. Since 

1993, 
the 

IPPC
 

has 
prepared 

international 
standards 

for 
phytosanitary m

easures designed to prom
ote international harm

onization and 
facilitate safe trade by avoiding the use of unjustified m

easures as barriers. 
Standards adopted by the IPPC

 m
ust be observed by m

em
bers of the W

orld 
T

rade O
rganization according to the A

greem
ent on the A

pplication of Sanitary 
and Phytosanitary M

easures (the W
T

O
-SPS A

greem
ent). 

G
overnm

ents m
ust 

provide a technical justification (generally a risk assessm
ent) for m

easures that 
are inconsistent w

ith international standard or for m
easures put in place in the 

absence of a standard (W
T

O
, 1994). 

T
he Interim

 C
om

m
ission on Phytosanitary M

easures (IC
PM

), governing 
body 

of 
the 

IPPC
 considered 

the 
global 

application 
of irradiation 

as 
a 

phytosanitary m
easure at its T

hird Session in 2001. 
T

he IC
PM

 agreed that, 
w

ith financial support provided by IA
E

A
, an expert w

orking group w
ould be 

established 
to 

elaborate 
an 

international 
standard 

for 
irradiation 

as 
a 

phytosanitary treatm
ent (IPPC

, 2001). 
T

he experts prepared a draft standard 
using the N

A
PPO

 standard and other inform
ation that had been developed by 

this tim
e. 

T
he draft standard w

as adopted by 
the IC

PM
 as International 

Standard for Phytosanitary M
easures N

o. 18 in A
pril 2003 (IPPC

, 2003b). T
he 

IPPC
 standard describes specific procedures for the application of ionizing 

radiation as a phytosanitary treatm
ent for regulated pests or articles. 

T
he 

docum
ent is organized like other IPPC

 standards, w
ith sections including an 

introduction, scope, references, definitions and abbreviations, and an outline of 
requirem

ents preceding the general and technical requirem
ents. 

In addition, 
the standard includes tw

o annexes and tw
o appendices. 

Follow
ing is a brief 

sum
m

ary of the content: 
A

uthority. T
he N

ational Plant Protection O
rganization is responsible for 

phytosanitary aspects of the evaluation, adoption and use of irradiation as a 
phytosanitary m

easure. 
T

reatm
ent objective. T

he objective 
is to prevent the introduction 

or 
spread 

of regulated 
pests. 

T
his m

ay 
be 

realized by 
achieving 

a specific 
response in the targeted pest(s) such as m

ortality, non-em
ergence of adults, 

sterility 
or inactivation. L

ive target 
insects m

ay be found after treatm
ent, 

therefore plant quarantine officials m
ust have confidence in the research that 
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supports efficacy of the treatm
ent as w

ell as the integrity of the treatm
ent 

process itself. 
T

he im
porting country should specifically define the required 

treatm
ent eff~

cacy, consisting of a precise description of required response and 
the statistical level of response required. 

T
reatm

ent. T
he types of radiation sources authorized for treatm

ent are the 
sam

e as those authorized by C
odex. T

reatm
ent procedures should ensure that 

the m
inim

um
 absorbed dose (D

m
in) is hlly attained throughout the com

m
odity 

to provide the prescribed level of efficacy. Irradiation can be applied as an 
integral part of packing operations or to bulk unpackaged com

m
odities (such 

as grain m
oving over a belt). T

he treatm
ent m

ay also be done at a centralized 
location such as the port of em

barkation or im
port. T

reated 
com

m
odities 

should be certified and released only after dosim
etry m

easurem
ents confirm

 
that the D

m
in w

as m
et. T

his section corresponds to A
nnex 1 w

hich lists the 
doses for specific approved treatm

ents (to be com
pleted). A

ppendix 1 provides 
som

e scientific inform
ation on absorbed dose ranges for certain pest groups. 

A
ppendix 2 provides guidance on undertaking research to develop irradiation 

treatm
ents for regulated pests. 

D
osim

etry. D
osim

etry ensures that the required D
m

in w
as delivered to all 

parts of the consignm
ent. T

he selection of a dosim
etry system

 should be such 
that the dosim

eter response covers the entire range of doses likely to be 
received by the product. In addition, the dosim

etry system
 should be calibrated 

in accordance w
ith intem

ational standards or appropriate national standards. 
D

ose m
apping and routine dosim

etry are integral to the dosim
etry system

. 
A

pproval of facilities. Facilities should be approved by relevant nuclear 
regulatory authorities w

here appropriate, and are also subject to approval by 
the national plant protection organization in the country w

here the facility is 
located prior to applying phytosanitary treatm

ents. A
nnex 2 provides a check- 

list 
for 

facility 
approval 

and 
certification 

of 
irradiated 

com
m

odities 
for 

international trade. 
P

hytosanitary 
system

 
integrity. 

C
onfidence 

in 
the 

adequacy 
of an 

irradiation treatm
ent 

is prim
arily based on assurance that the treatm

ent 
is 

effective against the pest (s) and the treatm
ent process is carried out w

ith 
m

axim
um

 integrity, including phytosanitary security m
easures at the treatm

ent 
facility, labeling and separation of treatedluntreated m

aterials, and procedures 
for verification. 

D
ocum

entation. T
he national plant protection organization of the country 

w
here the facility is located is responsible for m

onitoring recordkeeping and 
docum

entation by the treatm
ent facility, and ensuring that records are available 

to concerned parties. A
s in the case of any phytosanitary treatm

ent, trace-back 
capability is essential. 

lnspection 
and 

phytosanitary 
certification. 

T
his 

section 
integrates 

inform
ation from

 other standards and parts of standards on export inspection, 
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phytosanitary 
certification, 

im
port 

inspection, 
verification 

m
ethods 

for 
treatm

ent efficacy in export and im
port inspection, and adm

inistration and 
docum

entation. 

T
rade 

T
he 

establishm
ent 

of 
the 

N
A

PPO
 

standard 
in 

1997 
opened 

new
 

possibilities for the use of irradiation in trade betw
een M

exico and the U
nited 

States. 
M

exico has great potential because of the high volum
e of fruit and 

vegetable exports requiring phytosanitary treatm
ents. 

M
exico also has trained 

personnel and significant experience w
ith irradiation treatm

ents. W
hat m

ay be 
m

ore im
portant is that M

exico already has a regulatory fram
ew

ork in place for 
sanitary 

and phytosanitary treatm
ents 

that allow
 food to be irradiated 

for 
consum

ption and for im
portation (V

erdejo, 1997). 
In 1998, a m

eeting w
as organized in M

exico to evaluate the capability of 
the country to initiate such trade. A

lthough it w
as recognized that M

exico had 
substantial potential for the export of irradiated fruits, especially m

ango, the 
producers opted instead to continue w

ith treatm
ents, such as hot w

ater dip, that 
required 

a 
m

uch 
low

er 
initial 

investm
ent 

in 
equipm

ent 
and 

had 
no 

controversial im
plications for consum

ers. T
his attitude is changing as M

exico 
is currently engaged in constructing new

 treatm
ent facilities and pursuing 

necessary agreem
ents w

ith A
PH

IS for the export of irradiated foods (Pers. 
com

m
., 2004). T

he U
nited States, how

ever, has not only opened the door for 
shipm

ents of irradiated com
m

odities from
 M

exico, but from
 all countries. 

Several countries, 
including B

razil, 
C

olom
bia, and T

hailand 
are pursuing 

Fram
ew

ork E
quivalency W

ork Plans w
ith A

PH
IS in order to initiate bilateral 

trade in products irradiated for phytosanitary purposes (Pers. C
om

m
., 2005). 

B
ased on the inform

ation available after 1980 and recognizing that the 
U

nited 
States w

as 
em

bracing irradiation 
as a viable alternative treatm

ent 
technology, m

any countries began to also consider legislation or regulations 
for irradiated food. 

A
pproxim

ately 40 countries currently have regulations 
pertaining to irradiation as a treatm

ent for food products and are treating or 
accepting treatm

ent for at least one irradiated com
m

odity. N
ine countries have 

authorized the use of irradiation for insect disinfestation of fresh fruits or 
vegetables (Follett and G

riffin, In press). A
lthough a large num

ber of countries 
have 

approved 
irradiation 

as 
a treatm

ent 
for 

food, 
few

 
have 

large-scale 
com

m
ercial operations. 

T
here are several reasons for this, but the problem

s 
are partly 

related to regulatory 
barriers 

and 
partly 

related to the lack of 
facilities and m

arkets. A
lso, ensuring adequate throughput can be a substantial 

challenge given the seasonality of m
any agricultural products. 

T
he situation 

is 
slightly 

less 
com

plicated 
w

ith 
non-food 

treatm
ents. 

C
om

m
odities such as w

ood products, cut flow
ers, and bird seed that m

ay also 
require 

phytosanitary 
treatm

ents 
are 

not 
subject 

to 
the 

sam
e 

degree 
of 
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regulation associated w
ith food products. 

A
s a result, regulatory fram

ew
orks 

for these treatm
ents d

o
 not extend in scope to health and safety concerns but 

rather em
phasize the efficacy o

f the treatm
ent and the integrity of the treatm

ent 
process and facility. 

T
h

e 
evolution 

of 
regulatory 

fram
ew

orks 
for 

the 
adoption 

and 
im

plem
entation of irradiation as a phytosanitary treatm

ent has been m
arked by 

num
erous successes around the w

orld. 
In the past, regulatory uncertainties 

have heightened anxiety am
ong investors and producers w

ho w
ere already 

concerned about potential problem
s w

ith public acceptance despite extensive 
inform

ation about the safety and effectiveness of irradiation. T
oday, the w

orld 
has 

an 
international 

standard 
as a 

global 
reference 

point for the use o
f 

irradiation as a phytosanitary treatm
ent, and the U

nited S
tates has put in place 

a regulatory fram
ew

ork dem
onstrating full acceptance o

f the technology. T
he 

uncertainties 
associated w

ith potential 
regulatory 

barriers are substantially 
reduced 

and 
the 

path 
to 

realizing 
the 

full 
potential 

of 
irradiation 

as 
a 

phytosanitary treatm
ent is opening m

uch w
ider. 
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