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READING PASSAGE

Humans have battled insect pests for thousands of years, and in that time science has transformed the

struggle from folk remedy to precision chemistry. Among the oldest documented natural insecticides is

pyrethrum, a compound extracted from the dried flower heads of Chrysanthemum cinerariaefolium.

Historical records indicate that ancient Chinese farmers were grinding chrysanthemum flowers to protect

stored grain as early as 100 AD. Commercial cultivation and export of the plant began in Dalmatia

(present-day Croatia) around 1840, eventually making pyrethrum the basis of a global insecticide

industry. Today, synthetic versions called pyrethroids — engineered to last longer in the environment —

are among the most widely used insecticides on Earth.

The reason pyrethrum is lethal to insects but relatively safe for mammals comes down to mechanism

and metabolism. Pyrethrin molecules bind to voltage-gated sodium channels in nerve cell

membranes. In a healthy neuron, sodium channels open briefly to allow ions to flow in, generating an

electrical impulse, then close rapidly. Pyrethrin holds these channels open, causing the neuron to fire

repetitively and uncontrollably. This neurotoxic cascade leads to paralysis and death in insects within

minutes. Mammals possess enzymes that break down pyrethrin molecules quickly, and mammalian

sodium channels are less sensitive to the compound at typical exposure levels, which is why the same

dose that kills a mosquito poses little risk to a dog or a human. A further advantage is that pyrethrins

degrade rapidly under ultraviolet light, leaving minimal residue on treated crops or surfaces.

A different approach to pest exclusion — one that requires no chemistry at all — is the air curtain. An air

curtain is a device mounted above a doorway that projects a high-velocity, laminar stream of air

downward across the opening, creating an invisible barrier. A peer-reviewed study published in Pest

Management Science in 2018 found that an airflow of approximately 7.25 metres per second was

sufficient to block the entry of flying insects including houseflies and mosquitoes. Under controlled

conditions, air curtains achieved between 95 and 99.9 percent exclusion effectiveness for these species

in food service and commercial facilities. The physics are straightforward: an insect flying into the air

curtain encounters a force exceeding what its wing muscles can overcome, deflecting it back outside.

However, air curtains have important limitations. They are ineffective against wasps, which can fly

against strong airflows; against rodents and birds, which simply walk or fly around the barrier; and

against crawling insects that approach along the floor or wall outside the device's coverage zone.



Modern pest management in high-stakes environments such as hospitals, food-processing plants, and

commercial buildings has moved toward a framework called Integrated Pest Management, or IPM.

Both the United States Environmental Protection Agency (EPA) and the Centers for Disease Control and

Prevention (CDC) endorse IPM as the preferred approach for these settings. IPM is defined by its

emphasis on combining multiple strategies and using chemical pesticides only as a last resort. The

framework begins with prevention: sealing structural gaps, managing moisture and waste, and installing

physical barriers such as screens and door sweeps. Monitoring follows — facilities use glue traps,

pheromone lures, and routine inspections to detect pest populations before they become infestations.

When populations reach a defined action threshold, IPM practitioners first deploy biological controls

such as introduced predators or parasitoids, or apply targeted, low-toxicity interventions. Broad-

spectrum chemical pesticides are reserved for situations where other methods have failed.

The IPM approach reflects a broader shift in thinking about pest control: from reactive extermination to

proactive ecological management. Rather than viewing a facility as a sterile environment to be defended

with maximum chemical force, IPM practitioners analyse why pests are present — what food, water,

shelter, or entry point they are exploiting — and correct the underlying conditions. This systems thinking

reduces the long-term reliance on pesticides, slows the development of insecticide resistance in pest

populations, and minimises exposure risks to human occupants and non-target organisms. For

institutions responsible for vulnerable populations, such as hospitals and schools, this combination of

effectiveness and reduced chemical exposure has made IPM the standard of professional pest

management.

The three technologies described in this passage — pyrethrin chemistry, air curtains, and integrated pest

management — illustrate a key principle in applied biology: the most effective solutions align with the

biology and behaviour of the target organism rather than simply overwhelming it with force. Pyrethrin

exploits a fundamental vulnerability in insect neurophysiology. Air curtains exploit the flight physics and

limitations of flying insects. IPM exploits knowledge of pest ecology to remove the conditions that sustain

infestations. As insecticide resistance continues to develop in many pest species, and as regulatory and

consumer pressure grows to reduce chemical use in public spaces, the future of pest control will

increasingly depend on this kind of mechanistic, evidence-based reasoning.



VOCABULARY

Study these key terms. They appear in the reading passage above.

1. Pyrethrin — the active insecticidal compound derived from the dried flower heads of certain
chrysanthemum species; disrupts insect nerve function by binding to sodium
ion channels

2. Voltage-gated sodium channel — a protein pore in a nerve cell membrane that opens in response to
electrical signals, allowing sodium ions to enter and generate a nerve
impulse

3. Neurotoxic — capable of damaging or disrupting the function of the nervous system; pyrethrin
causes a neurotoxic cascade in insects leading to paralysis and death

4. Laminar flow — smooth, parallel fluid movement in which layers do not mix; characteristic of the
airstream produced by a well-designed air curtain

5. Action threshold — the pest population size or damage level at which a management intervention
becomes economically or medically justified

6. Integrated Pest Management (IPM) — a science-based framework for managing pests that combines
prevention, monitoring, biological controls, and targeted chemical
use as a last resort

7. Pyrethroid — a synthetic chemical compound designed to mimic the insecticidal properties of
natural pyrethrin, typically engineered for greater environmental stability

8. Pheromone lure — a device containing synthetic insect pheromones used to attract and trap
specific pest species for monitoring or population control

9. Insecticide resistance — the heritable ability of an insect population to survive exposure to a pesticide
that would previously have killed it, resulting from natural selection

10. Parasitoid — an organism that lives on or inside a host organism, eventually killing it; used in
biological pest control (e.g., parasitic wasps that target caterpillars)



COMPREHENSION QUESTIONS

Circle the correct letter for multiple choice. Write short answers on the lines provided.

1.  What historical evidence is cited in the passage for the early use of chrysanthemum-based insecticide?
(Short answer)

2.  Which of the following best describes how pyrethrin kills insects?

A) It destroys the insect's digestive enzymes, preventing food absorption

B) It holds voltage-gated sodium channels open, causing uncontrolled nerve firing

C) It blocks the insect's respiratory spiracles, causing suffocation

D) It disrupts the insect's reproductive hormones, preventing breeding

3.  Why are pyrethrins generally considered safer for mammals than for insects? Give two specific reasons
from the passage. (Short answer)

4.  What airflow velocity was found in the 2018 Pest Management Science study to effectively exclude flying
insects?

A) 3.5 metres per second

B) 5.0 metres per second

C) 7.25 metres per second

D) 12.0 metres per second

5.  List TWO specific limitations of air curtains as described in the passage, and explain the biological or
physical reason for each limitation. (Short answer)

6.  According to the passage, what is the correct sequence of steps in the IPM framework?

A) Chemical treatment → monitoring → prevention

B) Prevention → monitoring → biological controls → chemicals as last resort

C) Monitoring → biological controls → prevention → chemical treatment

D) Chemical treatment → prevention → biological controls → monitoring

7.  What does the term "action threshold" mean in the context of IPM? Why is this concept important to the
framework? (Short answer)

8.  Which organisations does the passage cite as endorsing IPM for high-stakes environments such as
hospitals and food-processing plants?



A) FDA and OSHA

B) EPA and CDC

C) WHO and FAO

D) USDA and NIH

9.  According to the passage, why does IPM slow the development of insecticide resistance in pest
populations? (Short answer)

10.  What unifying principle does the final paragraph identify across all three pest control methods described
in the passage? (Short answer)



CRITICAL THINKING

Answer each question in 3–5 sentences. Use evidence from the passage.

1.  The passage states that pyrethroids are "engineered to last longer in the environment" than natural
pyrethrin. Considering the trade-offs between pest control effectiveness and environmental safety, what are
the potential advantages and disadvantages of this engineering choice? Who might benefit, and who or what
might be harmed?

2.  Air curtains achieve 95–99.9% effectiveness against flies and mosquitoes but fail against wasps, rodents,
and birds. What does this tell us about the relationship between a pest control technology and the biology of
the target organism? Using this example, explain how the design of any intervention must account for the
specific biological characteristics of the target.

3.  The passage argues that IPM reflects "a broader shift in thinking" from reactive extermination to proactive
ecological management. Do you think this shift is purely practical, or does it also reflect a change in ethical
values? Explain your reasoning using specific evidence from the passage.

4.  The passage notes that IPM is the preferred approach for "high-stakes environments" such as hospitals
and schools. Why might pest control decisions in these settings carry greater ethical weight than in, say, an
agricultural field? What additional factors — beyond effectiveness — should guide pest management choices
when vulnerable populations are involved?

5.  The final paragraph predicts that "the future of pest control will increasingly depend on mechanistic,
evidence-based reasoning" as insecticide resistance grows. What are the risks of continuing to rely heavily
on broad-spectrum chemical pesticides rather than making this shift? Using the concept of natural selection,
explain how overuse of a single pesticide type can make it ineffective over time.

FILL IN THE BLANK



Word Bank:  voltage-gated sodium channels 7.25 Integrated Pest Management (IPM)

1.  Pyrethrin molecules bind to __________________ in insect nerve cells, preventing normal electrical
impulse regulation and causing repetitive, fatal nerve firing.

2.  According to a 2018 peer-reviewed study, an airflow of __________________ metres per second is
sufficient to exclude houseflies and mosquitoes from commercial facilities with up to 99.9% effectiveness.

3.  Both the EPA and CDC endorse __________________ as the preferred pest management framework for
hospitals and commercial buildings, because it prioritises prevention and biological controls over chemical
pesticides.



EXTENDED RESPONSE

Choose ONE prompt. Write a well-organized response of at least 3 paragraphs using specific evidence from the
passage.

Prompt 1 — Scientific Explanation
Using specific evidence from the passage, explain how three different scientific principles — neurochemistry,

fluid dynamics, and ecology — each contribute to a distinct pest control method. In your response, describe

what biological or physical vulnerability each method exploits, and explain why the passage's claim that "the

most effective solutions align with the biology and behaviour of the target organism" is supported by all three

examples.

Prompt 2 — Analytical Essay
The passage traces a historical evolution in pest control thinking: from ancient folk remedies, to industrial

chemistry, to physics-based exclusion, to ecological management. Write an analytical essay arguing whether

this progression represents genuine scientific progress, a change in values, or both. Use at least two specific

examples from the passage to support your argument, and address any limitations or trade-offs that

complicate the picture of straightforward improvement.
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Comprehension Questions

1. (Short) Historical records indicate ancient Chinese farmers ground chrysanthemum flowers to protect stored

grain as early as 100 AD, and commercial cultivation and export began in Dalmatia (present-day Croatia) around

1840.

2. (MC) B

3. (Short) Two reasons: (1) Mammals possess enzymes that break down pyrethrin molecules quickly; (2)

mammalian sodium channels are less sensitive to pyrethrin at typical exposure levels.

4. (MC) C

5. (Short) E.g., air curtains are ineffective against wasps because wasps can fly against strong airflows; they are

also ineffective against crawling insects approaching along the floor outside the device's coverage zone.

6. (MC) B

7. (Short) Action threshold is the pest population size or damage level at which a management intervention

becomes justified. It's important because it prevents unnecessary pesticide use — interventions are only triggered

when pests actually pose a problem.

8. (MC) B

9. (Short) IPM reduces reliance on any single pesticide, which slows the natural selection pressure that leads to

resistance. By combining methods and using chemicals only as a last resort, fewer pest generations are exposed

to any one treatment.

10. (Short) The most effective pest control solutions align with the biology and behaviour of the target organism

rather than simply overwhelming it with force.

Fill in the Blank

1. voltage-gated sodium channels

2. 7.25

3. Integrated Pest Management (IPM)

Critical Thinking & Extended Response

Answers will vary. Evaluate on: use of specific textual evidence, accuracy of scientific concepts, depth of analysis,

and written expression. Refer to passage for factual reference points.
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