
INTRODUCTION

Pesticides are one of the most strictly regulated classes of
chemicals in most societies, and therefore the fact that new is-
sues on their safety are continuously raised troubles some
pesticide scientists.  Many of those questioned pesticides have
been used for long time periods with good safety records, and
yet still new issues on their safety could be raised at any time.
To be sure some of those issues are raised by the uninformed
public or are old questions already solved before, needing
only the continued efforts to educate the public.  Yet, many of
the issues raised in recent years on existing pesticides are gen-
uinely new.  For example, the issue of endocrine disruptors in
the environment applied to many existing pesticides.  The key
question one must raise is why we have not raised those ques-
tions before or how many more questions could be cropping
up in the near future?

The main objective of this paper is to analyze the pattern of
new issues being generated, identify the reasons behind those,
and thereby to provide the means to anticipate and deal with
those new issues.

INTRODUCTION OF BRAND NEW TECHNOLO-
GIES OR PESTICIDES

Of all the new issues probably this is the type which is most
easily understood why new questions are raised by the public

and the governments, because they are naturally nervous
about unknowns.  Perhaps the best example would be the in-
troduction of genetically modified (GM) crops for the first
time to a society.  Indeed, not so surprisingly, there have been
many heated discussions, new demands for additional experi-
ments to address key issues, and hence development of new
sets of guidelines.1)

The most pertinent observation has been that there are
sharp differences in the attitude of people among different so-
cieties towards this issue of introduction of GM crops into
their environment.  It is generally considered that the American
public in general is willing to accept the risks associated with
introduction of new GM crops as compared to the European
counterpart.  For instance, in the case of the American scien-
tists (e.g. those involved in the EPA Scientific Advisory Panel
meetings); the major issue raised against corn genetically
modified to express the Bacillus thuringiensis toxin (Bt toxin)
has been the possibility of allergic reactions induced in people
consuming the toxin.2) The past safety records of the use of
Bacillus thuringiensis spores themselves have been consid-
ered to offer enough evidence to judge the safety of the toxins
in the GM corn varieties, including the newly approved Bt
toxin in the YieldGuard corn variety aimed at control of corn
rootworms.  In this case of newly approved use of genetically
modified corn for rootworm control, the only condition being
demanded is the planting of 20% or more of normal corn to
provide insect refugia for prevention of resistance develop-
ment and the initial use period for 3 years.

In contrast, the process of adopting GM plants in Europe
has been extremely tedious.  Certainly, the most likely reason
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for such differential responses is the basic difference in the
social attitude toward genetically modified organisms between
these two societies.  The initial main concern in Europe ap-
peared to be the safety of the GM crop to the health of human
consuming.  Even when such a fear has been reasonably dis-
counted by scientists as in the case of the United Kingdom,3) a
new suspicion on the ecological effects of GM crops has
emerged . . .  For instance, in the recently completed field trials
on 3 GM crops (corn, oilseed rape and sugar beets), the main
question asked in the UK now is the maintenance of ecologi-
cal diversity in the farm scaled experimental plots as com-
pared to normal crops planted side by side.4) The results
showed that only in GM corn fields more diverse weed popu-
lations (82% more) were observed than those found in regular
corn fields.  In contrast GM beet and oilseed rape fields
showed 60 and 80% less species of weeds as compared to
their normal crop counterparts, respectively, along with the
reduction of the population of insects such as bees and butter-
flies.

By contrast, the recent issue on GM crops in the US is the
increasing use of regular herbicides in the fields planted with
GM crops.  According to the 2003 report by Northwest Sci-
ence and Environmental Policy Center (Government & Policy
Concentrates, Chem. & Engineering News, p. 27, December 8
issue, 2003) (www.biotechinfor.net/technicalpaper6.html), a
reduction of the use of regular herbicides was achieved in
1996–98 among fields planted with GM corn, soybean and
cotton.  However, by 2001–03 period, the use of herbicides in-
creased by $75 million, mostly to combat the increasing infes-
tation and resistance development of weeds in those fields.
The main point of emphasis of this report is the question on
the economic benefit of planting GM crops, not on the diver-
sity of weed ecosystem in those fields with GM crops.  These
cases serve as good examples of the importance of the social
attitude in accepting new practices in pest control.  Issues
raised in this type of cases should be anticipated and ad-
dressed proactively to avoid unnecessary strains and adverse
publicities.

INTRODUCTION OF PREVIOUSLY UNTESTED
APPROACHES TO REGISTER ESTABLISHED 

PESTICIDES

It must be pointed out that even with established pesticides
new issues could be raised when hitherto untested approaches
are introduced for the purpose of registration or safety assess-
ments.  A good example may be the recent request of the use
of human experiment data for the purpose of registration of
organophosphate insecticides.5) In this case, human volunteers
have been tested for their response to low dose exposure of
organophosphates in order to establish a no adverse effect
level in humans.  A presumed advantage in using human sub-
jects in such cases would be the removal of the 10-fold uncer-
tainty factor mandated for the use of animal data in assessing
human toxicity of given pesticides.  It is interesting to note

that in this case it is the American scientists who opposed the
above petition, rather than the European counterpart.  The re-
quest has been denied by the Committee sponsored by the Na-
tional Academy of Sciences in the US, and as a result, the
company which sponsored the study has decided to stage a
lawsuit based on the acceptance of human data by the Euro-
pean Union.  The stated reason for the rejection by the above
committee has been cited to be the inadequacy of the test pro-
tocol to arrive at the no adverse effect calculation, rather than
the use of the human subject.  Nevertheless, this case raises
the point that new, hitherto untested approaches in pesticide
registration is likely to raise a new set of questions as well.

CHANGING SOCIAL ATTITUDES AFFECTING
PESTICIDE SAFETY ISSUES

While the above examples indicate that societies could resist
changes demanded by scientists who develop new technolo-
gies, there are also examples that societies themselves also
force changes in the way pesticides are regulated mostly based
on the shift in the social psychology.  Some of those could
occur gradually over the course of years, and other could take
place suddenly as the result of accidental exposures to pesti-
cides, or discovery of their unexpected adverse effects.

A good example could be found in the recent changes in
the attitude of people towards children’s health in the US.
Such changes are the result of many news releases by the
media relative to the increasing incidence of modern diseases
involving children.  According to the special issue of
Newsweek magazine on children’s health, for instance, the in-
cidence of allergy and asthma attacks among school children
increased by 33% (since 1996) and by 60% (since 1992), re-
spectively.  The number of school children taking sick days
also increased by 150% (since 1980).  The most startling sta-
tistics is the reported cases of autism which roughly doubled
in number since 1998.  To be sure no evidence exists to indi-
cate that any of these increases are due to normal uses of pes-
ticides.  Nevertheless, it is clear that the enactment of a new
legislation, called the Food Quality Protection Act (FQPA) of
19966) is based on the concern over children’s health, since it
mandates that, unless proven otherwise, 10x uncertainty fac-
tor will be taxed on all registered chemicals which could be
found in food and drinking water to account for the possible
difference between children and adults in their susceptibilities
towards poisons.  It is true that toxicologists have not been
paying as much attention to the vulnerability of children as
that of adults in the past.  Therefore, the public has the right
to demand that more efforts be made to study this subject
area.

Recently an issue on the safety of the use of arsenic treated
woods in playgrounds in the US has been raised.  Most of the
woods used in the outdoors in the US have been treated with
the combination of copper, chromium (III) and arsenic (V)
(abbreviated as CCA-treated woods) to prevent them from de-
caying.  Most of children’s playground equipments have been
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built using these CCA-treated woods.  Not only that in some
locations polished wood chips have been used to cover play-
grounds (called “mulch”) which could become the object of
children’s chewing.7) All together 360,000 metric tons of ar-
senics are imported into the US for the purpose of wood treat-
ment, and therefore the total arsenics present in those woods
are estimated to be substantial.  The main argument against
total banning of CCA-treatment is that in those treated woods
arsenate actually forms a stable 2 to 1 complex with
chromium (V) which is not likely to be readily available.  In-
deed, X-ray study results support the existence of the complex
and dermal absorption study on the dry powder obtained
through surface scrubbing in monkeys supports the view that
the extent of direct skin absorption of arsenic is small.  Never-
theless, direct feeding of those powder preparations to test an-
imals produces arsenic residues in urine.  Furthermore, small
amounts of arsenite (As III) have been detected in soil sam-
ples around treated woods, indicating that arsenic, even
though it forms a stable complex at the beginning, eventually
could change its form to leach out of those weathered
woods.8) At this stage of writing, the US EPA is considering
banning most of the uses of CCA.

SCIENTIFIC INFORMATION CREATING 
NEW ISSUES

It is understandable that often new scientific discoveries are
picked up by the mass media, and some of those are used to
create new issues.  Certainly the principle that science is the
driving force of decision making processes of the society it-
self is sound and worthy of the attention of the media.  The
important point in understanding this particular type of new
issue is that seldom the original reporting itself is the final
settlement of the issue itself.  Historically, science has shown
again and again the collective ability of scientists to first di-
gest new information, second to critically re-examine the evi-
dence, third to consider alternative explanation, fourth to con-
duct additional experiments, and finally to place the findings
into proper perspectives within the history of the development
of that particular scientific field involved.  Perhaps, some ac-
tual examples might help understanding these processes bet-
ter.  The discovery of many organochlorine insecticides to
cause hyperplasia of hepatocytes in mice in the 70s has been
picked by the media, and widely reported, resulting in the
total banning of those based on suspected liver cancer poten-
tials in many countries.  Today the experts do not view this
type of hepatocellular carcinoma in mice occurring at the
maximally tolerated doses of xenobiotics as a truly carcino-
genic indication.9) Indeed epidemiological evidence indicates
that there is no concrete relationship between exposure to
those organochlorines and the incidence of liver cancer.  It
must be noted that it took many years to resolve this issue,
and therefore it is not possible to assume that every new issue
will result in a satisfactory resolution in a short time.

Probably one of the most watched recent discoveries in pes-

ticide science could be the case of identification of neuropa-
thy target esterase (NTE).10,11) It has been picked up by the
media and widely reported as the new problem found against
organophosphate insecticides.  These workers tested the toxic-
ity of ethyl octylphosphonofluoridate (EOPF), a known agent
to cause delayed neurotoxicity (OPIDN), against nte �/�
mice and found that it caused hyperactivity in those as com-
pared to control.  Certainly it is an important breakthrough in
this field where scientists have been struggling for a long time
in search of this elusive target of delayed neurotoxicity.  It is
extremely gratifying to finally know the identity of the pro-
posed target enzyme, a lysophospholipase which shows many
of the properties of the NTE.  The authors should be congrat-
ulated for their tremendous achievement.  Having stated
clearly the scientific value of the above discovery, it is also
important to point out that it immediately raised new ques-
tions as well.  According to O’Callaghan (2003) the hyperac-
tivity symptom observed by inhibiting lysophospholipase in
mice after 3 days is not the OPIDN.  In fact mice have never
been found to exhibit OPIDN symptoms.  Furthermore, the
above observation does not fit to the previously held view that
it requires the process of “aging” of phosphorylated enzyme
to show the phenomenon of OPIDN.12) It is not totally impos-
sible to reconcile these differences in opinion by hypothesiz-
ing that in hens, the test animals which show OPIDN inhibi-
tion of this same enzyme results in aging and delayed neu-
rophathy, but the questions must be solved by additional ex-
periments.  Till then, the issue raised by the media and the af-
fected governmental agencies cannot be resolved scientifi-
cally.

Another good example is the case of rotenone induced
Parkinson’s disease.  It has been initially shown that rotenone
causes Parkinson’s disease in rats when administered in a
chronic mode.13) Later it was established that not only
rotenone but also paraquat can cause the similar symptom
when administered systematically.14) The cause for such an
action of rotenone has been identified to be the oxidative
damage due to its specific action of the brain mitochondrial
complex 1, opening up the possibility that many of the pesti-
cides which act through the mechanism of inhibiting complex
1 could also cause Parkinson’s disease.15) Indeed, in a poster
presented in a recent Society of Neuro Science Meeting, by
the same research group from Emory University, 3 diazirinyl
acaricides fenpyroximate, pyridaben and fenazaquin have
been reported to affect complex 1 in an in vitro test to detect
potential toxicants for Parkinson’s disease.16) It must be
clearly mentioned that in this case the authors themselves are
careful to point out that such in vitro data are meant only to
prove the principle of the target interaction by these pesticide,
and not to implicate them for Parkinson’s disease.  The press-
ing need is, however, to show clearly whether these pesticides
can pass through the mammalian blood brain barrier to reach
their putative target in the brain or not.

While the above examples happened to highlight the cases
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of new findings raising more questions, there are the other
types of cases where new scientific evidence can settle the old
issues.  One prominent example is the old issue of whether
various pesticides, reported in vivo to act like estrogen, could
synergize estrogen at the estrogen receptor level,17) or not.
The above finding was immediately questioned,18,19) but ef-
forts by many scientists have unambiguously established that
those pesticides do not synergize estrogen, finally settling the
old issue.20)

COUNTER FORCES BARANCING THE INCREAS-
INGLY COMPLEX REGULATORY 

REQUIREMENTS

Not too surprisingly there are counter forces to prevent all
those issues from getting out of hand to cause totally chaotic
situations.  One clear-cut example is that of the new attempt
to reduce the number of animals used to determine LD50 val-
ues in all drug and pesticide testing for registration.  The new
method being proposed is called “Up-and-Down Procedure”
for toxicity testing.21) This new initiative is likely the result of
the animal right movement which has been challenging the
need for excessive in vivo testing in toxicology.  This method
suggests the use of only 2 to 3 animals per test group initially
at the dose increment of 3.3x intervals.  When some mortality
is recorded in a given dose, two closest doses, one at a higher
(Up) and the other at a lower (Down) dose should be tested
with a higher number (e.g. 10 to 25) of animals.  This recom-
mendation is based on the accepted principle of log probit
mortality analysis that the value closest to LD50 shows the
highest statistical reliability.  Experts in statistical science
agree that this abbreviated form of LD50 estimation is no less
reliable than the regular test method.  At this stage the only
objection for adoption of this approach in toxicology comes
from the wildlife toxicologists who must deal with genetically
uneven populations in the field.

Another type of major counter forces comes from global-
ization of pesticide regulations as related to the push for cre-
ating free trading economic zones in the world.  Complex and
redundant requirements hinder free trades as well as increase
the cost of crop and food protection.  Harmonization of rules
involving many socially different countries tend to gravitate to
the direction of settling at the minimum common denomina-
tors, although the commonly accepted rules also tend to fol-
low those of major economic powers.

Finally, it must be stressed that science and logic can be the
major force in settling issues and thereby contributing to the
satisfactory resolution of complex and even extremely contro-
versial issues.  In the case of children’s health as related to the
question of relative susceptibility of children and embryo to
organophosphates, it was the scientific committee specially
appointed by the US National Academy of Sciences that is-
sued the initial overall assessment that there is no universal
trend to indicate that children and embryos are more uni-
formly susceptible to organophosphate pesticides than

adults.22) The Scientific Advisory Panel of the USEPA has
also reached a similar conclusion, except that the scientists on
the panel noticed the phenomenon that the number of the
muscarinic receptor in children declines more significantly
than that in adults in a side-by-side animal test, indicating that
there could be cases where future studies with more thorough
investigative approaches uncover hitherto unknown vulnera-
bilities of children and embryo.

CONCLUSIONS

There is no way for anyone to avoid facing ever increasing
new safety issues in pesticide science.  The use of pesticides
will keep increasing world wide, new chemicals and technolo-
gies are invented every year, an increasing number of new sci-
entific discoveries are made and furthermore the attitude of
the society keeps changing in dynamic fashion.  Thus, it is
important to first understand the reasons why those new issues
are raised.  Second, the pesticide scientists must recognize the
pattern of their appearance.  Once this is done, they must
study the case history of social processes taken to arrive at
reaching the eventual resolution in each case.  Only then one
can make the right decision at the appropriate timing.  The
most important lesson may be that social psychology of a
given time period can play the major role in deciding the
overall regulation of pesticides in any society.  The big differ-
ence in the response of the public towards newly introduced
GM crops between Europe and the US illustrates this point.
The second conclusion is that scientists can play a very im-
portant role is resolving these complex issues.  It must be em-
phasized that reliable scientific evidence form thoroughly
done research work, followed by very logical explanations are
always accepted in resolving the differences in opinions and
they do indeed contribute in relieving the public from the fear
of the unknown.  Identification of key element in resolving
each complex issue must be the most critical step for the 
responsible scientists.
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