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Safety Assessment of
Genetically Modified Foods

- A Brief Introduction
SEPO requested this article on genetically modified
foods from Dr. Hon-Ming Lam of the Department of Bi-
ology, The Chinese University of Hong Kong.  The topic
is of current public interest as evidenced by articles in
newspapers and magazines.

Genetically-modified food (GMF) was first introduced to
world food markets about 5 years ago.  Since then, con-
sumption has increased greatly.  Seventy percent of the
global acreage devoted to GMF is in the U.S.A.  A sum-
mary of the traits and types of GM crops approved in
the U.S.A. and Canada is shown in Table 1.

Safety Assessment of
Genetically Modified Foods

- A Brief Introduction
Recently, many concerns have been raised about the
safety of GMF.  Public fears seem mainly to be gener-
ated by incomplete knowledge or actual misinformation.
Despite the fact that there has not been a single incident
or problem of food safety related to any GMF sold on
the market, public concerns over food safety must be
addressed.

In January 2000, the Commission of the European Com-
munities published a White Paper on Food Safety.  In
the paper, a ìp recautionary principleî was proposed for
handling issues related to food safety.  GMF is treated

Modified Traits

Herbicide
resistance/tolerance

Insect resistance

Virus resistance

Delayed ripening

Male sterility

Oil contents

Phosphate contents

Table 1: GM crops approved in the U.S.A. and Canada

Crop Plants

Canola (Oilseed Rape), Corn, Cotton, Flax,
Soybean, Sugar beet, Wheat

Corn, Cotton, Potato, Tomato

Papaya, Potato, Squash

Cantaloupe, Tomato

Canola, Radicchio rosso

Canola, Soybean

Canola
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as a novel food that requires a special assessment
scheme.  The seemingly highly conservative paper was
published in the midst of a deflation of government cred-
ibility and deepening economic loss caused by the
spread of "mad cow disease".  At this time, the world is
still waiting for the implementation protocol based on this
principle.

In May 2000, the Organization for Economic Co-opera-
tion and Development (OECD) published a Report of
the Task Force for the Safety of Novel Foods and Feeds.
In May-June 2000, the Food and Agriculture Organiza-
tion of the United Nations (FAO) and World Health Or-
ganization (WHO) published a Joint FAO/WHO Expert
Consultation on Food Derived from Biotechnology.  The
FAO/WHO observed that while there are some funda-
mental differences between the toxicological evaluation
of chemicals and whole foods (both GM and non-GM)
(Table 2), they could reaffirm the concept of "Substantial
Equivalence" as the major principle of safety assess-
ment of a GMF.

The widely adopted concept of "Substantial Equivalence"
is based on the philosophy that no food is absolutely
safe and food safety can only be assessed on a relative
basis.  It is to date the most practical science-based prin-
ciple for evaluation of food safety.  On this basis, a GMF
will be compared to its conventional counterpart (the
unmodified parent).  One point to stress is that "Sub-
stantial Equivalence" is only a concept that provides a
reference point for safety assessment.  It cannot replace
the actual assessment procedures.  In practice, the safety
assessment of GMF will be performed in a case-by-
case and step-by-step manner.

In general, the following factors will be taken into account:

(1) Molecular characterization of the new food
source;

(2) Phenotypic (visible properties of an organ-
ism) characteristics of the new food source:
morphology, growth, yield, disease resis-
tance, etc.;

(3) Compositional comparison: nutrients and the
levels of natural toxicants, anti-nutrients, al-
lergens, etc.;

Chemical

Simple, chemically precise

Small dose; easy to give excessive
dose

Acute effects obvious

Generally independent of nutrition

Simple metabolic  paths

Cause-effect relationship is relatively
clear

Food

Complex, mixture

High intake; difficult to intake above
those normally present in the diet

Acute effects difficult to produce

Nutrition Dependent

Complex metabolism

Cause-effect relationship may be
confusing

Table 2: Differences between chemical and food toxicity evaluation (modified from the 2000
Joint FAO/WHO Expert Consultation on Food Derived from Biotechnology)
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(4) Intended use: food processing and dietary
uptake, etc.

There are 3 possible outcomes of such comparisons:

(1) Substantial equivalence established: the
GMF is considered as safe as its conven-
tional counterpart;

(2) Substantial equivalence established apart
from certain defined differences: further in-
vestigation should be focused on the new
gene products;

(3) Substantial equivalence cannot be estab-
lished: it does not imply that the GMF is un-
safe, but further studies, including animal
feeding trials, may be required, especially
when the new food is intended to replace a
significant part of the diet.

To address other GMF concerns, there is no evidence
showing that GMF DNA molecules in the human gas-
trointestinal tract will cause any adverse effect by them-
selves (just think about how many DNA molecular spe-
cies are ingested in each meal).   Instead, concern about
GMF has been focused on the new gene products en-
coded by the genes inserted into the crop plant genome.
Will the new gene products be toxic or cause allergic
reactions in a particular group of consumers?  More-
over, in the process of generating a GM crop, antibiotic
resistance genes are sometimes used as the selection
markers.  The concern is that these inserted genes might
provoke the formation of antibiotic-resistant bacteria that
could become a nightmare to modern medicine.

Firstly, the development of antibiotic resistant bacteria is
a major concern.  However, it should be noted that the
current major cause of antibiotic resistance is the mis-
use of antibiotics in medicine or agriculture, but this is
not related at all to GM crops.  The antibiotic selection
marker commonly used in generating GM crops is the
kanamycin (a common antibiotic) resistance gene.
Kanamycin is not a clinically important oral antibiotic
(compared to other antibiotics) and there is no evidence
showing that a gene from a crop can be passed to the
intestinal microflora (bacteria) of humans or animals.

However, the public concern is still legitimate.  Recently,
new technologies have been developed to remove the
antibiotic selection marker after growth of the GM crop.
This concern will therefore be eliminated in the near fu-
ture.

Secondly, in nature, only a few proteins exert toxic activ-
ity (e.g. diphtheria toxin, certain snake venoms) and their
effects are observed in an acute time frame.  There-
fore, only acute toxicity tests (using animals) are rou-
tinely performed on GMFs.  Furthermore, since protein
toxicity is dependent on the integrity of its 3-D structure,
the heat stability (during food processing) and digest-
ibility (using an artificial gastrointestinal tract) of a new
protein contained in the GMF will also be tested.  If the
3-D structure of the new protein is destroyed during food
processing and the new protein is digested rapidly in
the gastrointestinal tract, it is considered to be safe.

Thirdly, for detection of possible allergens, a decision-
tree approach has been adopted.  A self-explanatory
assessment scheme is shown in Fig. 1.  This scheme
has successfully screened out potential allergens from
GMFs.  As an example, the gene encoding a Brazil nut
methionine-rich protein was transformed into soybeans
to improve their nutritional value.  Since the Brazil nut is
known to be allergenic, the methionine-rich protein was
subjected to antiserum assays.  The allergenic prop-
erty was subsequently confirmed and this GMF has
never been released to the market.  Another example
is a modified cry gene encoding an insecticide in a ge-
netically modified corn.  Although this gene does not
come from an allergenic organism and does not  share
any homology to known allergens, this product failed
the digestibility test (see Fig. 1) and is therefore consid-
ered to be possibly allergenic.  In fact, there is no direct
evidence demonstrating that the gene product is an al-
lergen.   To be on the safe side, this GMF is not recom-
mended for human consumption.  A leak to the market
of  GMF corn products was reported several weeks ago
and the responsible company was forced to recall all
products containing this GM component from the mar-
ket.
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Fig. 1: Assessment of the allergenic potential of foods derived from GM crops (published in the 2000
Joint FAO/WHO Expert Consultation on Food Derived from Biotechnology)

Finally, the ultimate safeguard for public food safety lies
with proper government regulation, especially in the
GMF exporting countries.  Most GMFs on the market
today come from the USA.  There the main govern-
ment regulating body is the Food and Drug Administra-
tion (USFDA).   To clarify how US-originated GMFs are
allowed to reach the marketplace, a schematic repre-
sentation of  the FDA decision  flowchart  is shown in
Fig. 2.

Since there is no absolute measurement of food safety,
the question "How safe is safe?", depends on the per-
ceptions of the public.  However, public opinion in differ-
ent countries varies widely.  The food industry is an in-
ternational business that involves many levels of deci-
sion making, and it is difficult to reach consensus among
different governments (including GMF exporters and
importers). The Codex Alimentarius Commission
(est.1962) is responsible for the Food Standards Pro-
gram of FAO and WHO.  The Codex Committee on Food

Labeling (CCFL) was formed in 1994 just when the first
GM crop came to market.  A goal of this committee is to
formulate a labeling system for GMF that is acceptable
to all parties.  It is easy to say that a labeling system
should be implemented to ensure the consumersí right
of choice, but the types of GMF to label and the design
of a meaningful and informative label are still hot de-
bate topics.
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Fig. 2: FDA safety assessment flow chart of foods from new plants (Published in Federal Register
Vol. 57, No. 104; diagram taken from ìP lants, Genes, and Agricultureî by MJ Chrispeels and DE Sadava)
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Prevention of
Electrical Fires

Dry winter months are the most dangerous months for
fire, particularly for "electrical fire" because the demand
for electricity is higher during the cold winter months.

Electric heaters are believed to be one of the major cul-
prits for electrical fire. The electric current drawn by a
space heater rated at 2000W can be up to 10 amperes.
The heat energy generated by such a current can be
high enough to cause a fire if the size of the wire is inad-
equate or if there are loose contact points along the elec-
trical circuit.

Here are some safety tips for preventing electrical fires:

(Important Note : If you don't know how to properly carry
out the checks and replacement works described be-
low, you should get someone competent to do so.)

- When buying electrical appliances, look for prod-
ucts that meet the appropriate standard for safety.

- Routinely check your electrical appliances (espe-
cially the high-amperage ones, such as heaters),
including their wiring, plugs etc.  Check for loose
and poor connections.

- Check and make sure that the power cords are
capable of carrying the electric current flowing
through.  Power cords which comply with appropri-
ate standards should have markings  indicating the
current that can be safely carried.

- Plugs should match outlets. Don't force power plugs
into wall sockets if  they don't fit  correctly.  Don't
allow any plugs to fit loosely.  Poor contact between
plugs and sockets can cause arcing, leading to a
serious fire hazard.

- Frayed wires can cause fires.  Replace all worn,

Prevention of
Electrical Fires

old, or damaged appliance cords immediately.

- When inspecting power plugs, sockets and electri-
cal adapters, look carefully for any "burn marks".
These are signs of overheating.

- Use electrical extension cords wisely and donít over-
load them.

- Avoid using several high-amperage appliances on
the same circuit.

- Check and replace any appliances or equipment if
the item causes any  electrical shocks (even a very
small one), overheats, shorts out or gives off smoke
or sparks.

- If a fuse blows, donít just replace it. Find out what
causes the circuit to overload and correct the prob-
lem. Determine the cause of an overload before
resetting a circuit breaker.

- Never pinch an electrical cord against walls or fur-
niture.

- Keep electrical appliances away from any water or
wet condition; pay special attention to electrical ap-
pliances in the bathroom and kitchen.

- Never allow children to play with or around electri-
cal appliances such as space heaters, irons or hair
dryers.

- Keep clothes, curtains and other potentially com-
bustible items far away from all heaters.
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Vision as Sharp as the Eyes
of an Eagle, Action as
Quick as Lightning...

An employee went to the restroom and nearly tripped
over a puddle of water.  Her agility and prompt re-bal-
ancing ability prevented a serious fall.  After calming
down a bit, she regained her composure and returned
to work.  Moments later, another employee went over
the same spot.  This time, there was no happy ending.
The fall resulted in a serious accident which led to a
broken leg with much pain and suffering, and several
months of lost of productivity.

The ability to spot hazards and the commitment to act
promptly are two major factors in preventing accidents.
The above-mentioned incident could have easily been
rewritten had the first person taken the initiative to put
something over the puddle to alert others and to contact
security or maintenance to have the puddle cleaned up
to eliminate the hazard.

In the movie ìS aving Private Ryanî, there was a scene
in which the captain and his men spotted an ambush
and debated whether they should just go around it with-
out taking the risk involved with attempting to annihilate
the enemies.  After a heated debate, the leader of the
platoon decided that it was their duty to get rid of this
threat lest some other soldiers might walk into the situa-
tion unknowingly and be massacred.   While this deci-
sion resulted in the loss of one of the soldiers, the entire
platoon realized afterwards that it was indeed the correct
decision and that it was their responsibility to take the
action to address the threat.

In the safety business, we are not even asking anyone
to make any major personal sacrifice to help prevent
accidents ñ but simply to stay alert in watching out for
potential hazards.  When you spot a hazardous situa-
tion, take prompt action to mark the hazard to caution

others of the problem and contact someone to mitigate
the danger.

Have the eyes of  an eagle to spot hazards and act
quickly by contacting Security at 8999 for assistance.
After all, it is our responsibility to watch out for each
other's safety.

HOW TO CONTACT SEPO

Ext. E-mail

SEPO General Enquiry 7229 SAFETY

Fire Safety, Electrical Engineer

Safety,  Ergonomics, (Safety)
Accident Reporting, Mr. T.S.Li

Safety Training 6511 EOTSLI

Environmental Issues, Engineer

Hazardous Waste (Environmental Protection)

Management, Recycling, Dr. Pete Swearengen

Analytical Services 6510 EOPETE

Ionizing Radiation Safety,
Non-ionizing Radiation Health Physicist

Safety, Laser Safety, Dr. Edmond Hui

Medical Surveillance, 6535 SEPOHUI

Biosafety,

Chemical Safety, Engineer
Regulatory Affairs, (Occupational Hygiene)

Safety Publications, Dr. Samuel Yu

Indoor Air Quality 6547 EOSAMYU

Construction Safety,

Contractor Safety, Health & Safety Officer
Food Hygiene, Mr. C. M. Li

Machine Shop Safety 6485 CMLSEA

SEPO homepage: http://www.ab.ust.hk/sepo

Please feel free to call any of us or send us an e-mail if  you have

specific safety or environmental related questions.

Vision as Sharp as the Eyes
of an Eagle, Action as
Quick as Lightning...
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WASHINGTON --- A decade after California initiated the
most comprehensive and aggressive anti-smoking pro-
gram in the United States, the  incidence of deadly lung
and bronchial cancer has dropped far more dramati-
cally there than it has nationwide.

California lung cancer rates dropped 14 percent between
1988 and 1997, while the estimated drop nationwide was
2.7 percent, according to a report released Thursday
by the federal Centers for Disease Control and Preven-
tion (CDC).

The drop is the strongest evidence yet that aggressive
anti-smoking programs can save peopleís lives, experts
said.  "This is a landmark finding," said David Fleming,
deputy director of the CDCís office of science and public
health.

"The even better news is that this is the tip of the ice-
berg," he said.  "We are just beginning to see now the
effects of the decline in Californiaís cigarette use in the
mid- 1980s, and we expect the drop in cancer rates to
continue and intensify."

According to the CDC, cigarette smoking is responsible
for more than 85 percent of lung and bronchial cancers,
most of which are fatal.

Separate statistics released Thursday by the California
Department of Health Services indicate that the decline
in lung cancer has indeed picked up speed.  It said lung
and bronchial cancer rates fell an additional 4.2 percent
from 1997 to 1998.

"There is no mystery as to why California has witnessed
a significant decline in the incidence of lung and bron-
chial cancers, while other regions nationwide have seen
little or no change," said the California health director,
Diana Bonta. She credited "a decade of comprehensive
tobacco education programs which have helped to
change how Californians view tobacco use."

In 1989, California voters increased the price of ciga-
rettes by 25 cents a pack and dedicated a portion of the

money to fund the stateís smoking prevention program.
An additional 50 cent increase was voted two years ago.

Analysts say that the high price of cigarettes has contrib-
uted greatly to a steep decline in California smoking rates
but that other aggressive anti- smoking programs have
contributed as well.

The state, for instance, supports anti-smoking advertis-
ing, programs to help smokers quit, clean indoor air
laws and community anti-smoking coalitions.

Since state efforts began in the mid-1980s, per capita
consumption of cigarettes declined in California from
126.6 packs per person in 1987-88 to 61.3 packs per
person in 1998-99, a drop more than twice as great as
in the nation as a whole.  In all, the portion of California
adults who smoke decreased from 22.8 percent in 1988
to 18 percent in 1999.

A spokesman for Philip Morris Cos., the nation's largest
cigarette producer, said the company considers the new
report worthwhile information. ìThe company believes
the public should rely on public health officials when
making decisions about the risks associated with smok-
ing,î Michael Pfeil said.

The National Smokers Alliance, which represents smok-
ers, declined to comment.

Mr. Fleming of the CDC said that the new findings, pub-
lished in the agencyís journal Morbidity and Mortality
Weekly Report, suggest that other states should follow
California' s aggressive lead, as Massachusetts, Oregon,
Arizona and Maine have already done.

Reference
MMWR, December 1, 2000 49(47);1066-9

Drop in California's Cancer Rates
Follows Anti-Smoking Crusade
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