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AP® Environmental Science 2024 Scoring Guidelines

Question 1: Design an Investigation 10 points
(a) Based on the information in the diagram, identify the zone with the lowest level of 1 point
dissolved oxygen.
e ZoneC/C
(b) Based on the information in the diagram, describe the relationship between biological 1 point
oxygen demand and dissolved oxygen.
Accept one of the following:
e As biological oxygen demand increases, dissolved oxygen decreases.
e As biological oxygen demand decreases, dissolved oxygen increases.
e Asdissolved oxygen increases, biological oxygen demand decreases.
e Asdissolved oxygen decreases, biological oxygen demand increases.
(c) Based on the information in the diagram, identify the zone where there is likely point- 1 point
source water pollution discharged into the stream.
e ZoneB/B
(d) Identify the dependent variable in the researchers’ investigation. 1 point
Accept one of the following:
e The number of macroinvertebrate species
e Macroinvertebrate diversity
e Macroinvertebrate species richness
(e) Identify a testable hypothesis for the researchers’ investigation. 1 point

Accept one of the following:

e Asdissolved oxygen levels increase, the number of macroinvertebrate species
increases.

e As dissolved oxygen levels decrease, the number of macroinvertebrate species
increases.

e There is a direct/inverse relationship between dissolved oxygen levels and the
number of macroinvertebrate species.

o There is no relationship between biological oxygen demand and macroinvertebrate
biodiversity.
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(f) Describe the reason the researchers selected zone A to serve as the control in the 1 point
investigation.

Accept one of the following:

e Zone A/A/It is upstream from the source of pollution/organic
waste/discharge/change.

e Zone A/A/It would not be affected by the source of pollution/organic
waste/discharge/change.

e Zone A/A/It has levels of dissolved oxygen that are not impacted by the source of
pollution/organic waste/discharge/change.

(g) Explain how the modification to collect data in the winter months could alter the results 1 point
of the investigation.

Accept one of the following:

e Cold water will have more dissolved oxygen, which could increase the number of
species.

e Colder water may be below the range of tolerance for some of the organisms, which
could decrease the number of species.

e Lower light levels in the winter decrease plant activity/photosynthesis, which lowers
dissolved oxygen levels, which could decrease the number of species.

(h) Describe the effect that the introduction of raw sewage into the stream could have on 1 point
the population of bacteria in the stream.

Accept one of the following:

e Raw sewage contains nutrients that could increase the population of bacteria.
e Raw sewage contains bacteria that could increase the population size.

(i) Identify an abiotic factor other than dissolved oxygen and organic pollution that could 1 point
also influence the population size of bacteria in the stream.

Accept one of the following:

e Temperature

e pH

e Light/Sunlight

e Turbidity/Sediment
e Salinity

e Nitrate/Phosphate
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1)) Explain how persistent organic pollutants can affect higher trophic levels in an aquatic 1 point

food web.
Accept one of the following:

e Persistent organic pollutants/Pollutants can bioaccumulate in the tissues of organisms
at higher trophic levels because they consume prey that have accumulated the
pollutants.

e Persistent organic pollutants/Pollutants can accumulate/concentrate in the tissues of
organisms at higher trophic levels because they consume prey that have accumulated
the pollutants.

e Persistent organic pollutants/Pollutants can bioaccumulate in organisms at higher
trophic levels because of higher fat content in their tissues.

e Organisms at higher trophic levels can experience neurological toxicity because
persistent organic pollutants bioaccumulate.

Total for question 1 10 points
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AP® Environmental Science 2024 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The intent of this question was for students to demonstrate their ability to interpret an oxygen sag
curve diagram. Students were asked to describe the effects of point-source pollution on dissolved
oxygen levels and macroinvertebrate species biodiversity in a stream. Students were also asked to
explain how persistent organic pollutants are passed through a food web in an ecosystem. The
question included elements of experimental design, where students were asked to state a hypothesis,
describe a reason for using an experimental control, and identify the dependent variable from an
experiment.

In parts (a—c) students were asked to use information from the oxygen sag curve diagram to identify
the area with the lowest levels of dissolved oxygen, describe the relationship between biological
oxygen demand and dissolved oxygen, and identify where there is likely point-source water pollution
discharged into the stream [Science Practice 2 Visual Representations and Topics 8.1 Sources of
Pollution and 8.2 Human Impacts on Ecosystems].

In parts (d-f) students were asked to read a brief passage about a scientific investigation into the
relationship between dissolved oxygen levels and macroinvertebrate species richness in the stream.
Students were then asked to identify the dependent variable for the researchers’ investigation,
identify a testable hypothesis for the researchers’ investigation, and describe the reason the
researchers selected zone A to serve as the control in the investigation [Science Practice 4 Scientific
Experiments].

In part (g) students were asked to explain how the modification to collect data in the winter months
could affect the results of the investigation [Science Practice 4 Scientific Experiments and Topic 2.4
Ecological Tolerance]

In part (h) students were asked to describe the effect that the introduction of raw sewage into the
stream could have on the population of bacteria in the stream [Science Practice 7 Environmental
Solutions].

In part (i) students were asked to identify an abiotic factor other than dissolved oxygen and organic
pollution that could also influence the population size of bacteria in the stream [Science Practice 1
Concept Explanation and Topic 3.5 Population Growth and Resource Availability].

In part (j) students were asked to explain how persistent organic pollutants can affect higher trophic
levels in aquatic food webs [Science Practice 1 Concept Explanation and Topics 8.7 Persistent
Organic Pollutants and 8.8 Bioaccumulation and Biomagnification)].

Sample: 1A
Score: 8

1 point was earned in part (a) for identifying “Zone C.” 1 point was earned in part (b) for describing
“As dissolved oxygen decreases, biological oxygen demand increases.” 1 point was earned in part (c)
for identifying “Zone B.” 1 point was earned in part (d) for identifying “the number of
macroinvertebrate species.” 1 point was earned in part (e) for identifying “If the level of dissolved
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Question 1 (continued)

oxygen decreases then there will be lesser (smaller) number of macroinvertebrate species.” 1 point was
earned in part (f) for describing “because it is upstream of the point source.” No point was earned in
part (g). No point was earned in part (h). 1 point was earned in part (i) for identifying “sunlight.” 1 point
was earned in part (j) for explaining “POPs can biomagnify meaning it increases in concentration as it
goes up trophic levels due to higher trophic level animals eating numerous smaller trophic level
animals that have bioaccumulated the POPs.”

Sample: 1B
Score: 6

1 point was earned in part (a) for identifying “Zone C.” 1 point was earned in part (b) for describing
“when one is increased the other is decreased.” 1 point was earned in part (c) for identifying “Zone B.”
No point was earned in part (d). 1 point was earned in part (e) for identifying “An increase in dissolved
oxygen levels will lead to an increase in macroinvertebrate species.” 1 point was earned in part (f) for
describing “because it is the zone before the point-source pollution is introduced.” No point was
earned in part (g). No point was earned in part (h). 1 point was earned in part (i) for identifying
“sediment.” No point was earned in part (j).

Sample: 1C
Score: 3

1 point was earned in part (a) for identifying “Zone C.” 1 point was earned in part (b) for describing
“when dissolved oxygen is higher, biological oxygen demand is lower.” 1 point was earned in part (c)
for identifying “Zone B.” No point was earned in part (d). No point was earned in part (e). No point was
earned in part (f). No point was earned in part (g). No point was earned in part (h). No point was earned
in part (i). No point was earned in part (j).
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