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ENVIRONMENTAL SCIENCE 

SECTION II 

Time—1 hour and 10 minutes 

3 Questions 

Directions: Answer all three questions, which are weighted equally; the suggested time is about 22 minutes for 
answering each question. Write all your answers in the Free Response booklet. Where calculations are required, 
clearly show how you arrived at your answer. Where explanation or discussion is required, support your answers 
with relevant information and/or specific examples. You may plan your answers in this orange booklet, but no credit 
will be given for anything written in this booklet. You will only earn credit for what you write in the separate 
Free Response booklet. 

1. Researchers interested in sustainability developed three new varieties of genetically modified green beans 
designed to produce higher yields in arid regions. Four plots (A–D) were set up on a floodplain of a river to 
grow beans. Plots A, B, and C were each planted with seeds of different types of genetically modified strains of 
green beans. Plot D was planted with seeds of unmodified green beans. Each plot was given equal amounts of 
fertilizer, which contains phosphorus and nitrogen, and water and was irrigated using spray irrigation for one 
hour per day. Throughout the growing season, researchers measured the amount of green beans harvested 
within each plot. The plots with genetically modified beans had higher crop yields than the plot with 
unmodified beans. 

(a) Identify the control group in this experiment. 

(b) Identify the scientific question for the investigation. 

(c) Researchers repeated the experiment by modifying the length of time for the spray irrigation to 20 minutes 
per day. Explain how the results of the experiment could be altered with this modification. 

Researchers also monitored the amount of sediment and fertilizer washing into the river from each plot in the 
original study. The soil temperature was also measured in each plot at the same depth and at the same time each 
day approximately 0.05 meters below the surface of the soil. 

Genetically Modified Green Bean Experimental Results 

Plot 
Sediment Runoff 

(mg/L) 
Phosphorus Runoff 

(mg/L) 
Nitrogen Runoff 

(mg/L) 
Soil Temperature 

(°C) 

A (Type 1 GMO beans) 2.4 0.11 1.07 18.6 

B (Type 2 GMO beans) 2.1 0.02 0.56 18.3 

C (Type 3 GMO beans) 0.9 0.04 0.68 18.3 

D (Unmodified beans) 3.5 0.15 1.24 17.6 

(d) Based on the data in the table, identify the plot with the lowest soil temperature. 

(e) Describe how sediment runoff and fertilizer runoff compare between the unmodified green beans and the 
genetically modified green beans. 
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(f) The Type 2 GMO beans in Plot B were developed to grow more quickly than the unmodified beans in 
Plot D. Researchers have hypothesized that the Type 2 beans would use fertilizer more completely than the 
other varieties. Based on the data in the table and the experimental design, explain whether the researchers’ 
hypothesis was supported or refuted. 

Once the experiment was concluded, the researchers burned the plots to remove the crops that had been 
planted. After a few years, the researchers returned to the plots and observed a variety of plants, insects, and 
bird species living there. 

(g) Describe the ecological process that occurred on the plots after the crops were burned. 

A survey indicated that one of the plots had twice the plant diversity that the other plots had. Over the next five 
years, the river occasionally flooded the plots, killing off many of the species that inhabited the plots. 

(h) After each flooding event, the plot with twice the plant diversity returned to its prior level of biodiversity 
more quickly than the other plots did. Explain why a community with more plant diversity will recover 
more quickly from the flooding. 

(i) After the last flooding event, a beetle not previously known in the area appeared in one of the plots with less 
plant diversity. Over a period of a few months, the new beetle population increased, whereas the existing 
beetle species in the plot had declining populations. Explain why the new beetle species could be better able 
to successfully populate this plot than the existing beetle species could. 

(j) Describe one realistic method to prevent the new beetle from spreading beyond the experimental plot. 

Begin your response to this question at the top of a new page in the separate Free Response booklet 
and fill in the appropriate circle at the top of each page to indicate the question number. 
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1. Two restoration methods designed to reclaim the overburden piles removed from open pit coal mines in 
temperate forests of eastern Europe were studied over several years. The first method was spontaneous 
restoration, where the soil and rock were dumped in noncompacted, random piles and not replanted with 
vegetation. The second method was technical restoration, where the land was leveled by heavy machinery, 
organic material was added, and eight plant species were added. Technical restoration started 5 years after the 
piles were formed, so no bar is included in the 1–5 year range in the graph. 

Number of Plant Species in Spontaneous and Technically Restored 
Overburden Piles over Time 

(a) Based on the data in the graph, identify the average number of species found in technically restored piles 
16–25 years after restoration started. 

(b) Based on the data in the graph, describe the relationship between the average number of species and the age 
of the spontaneous restoration piles. 
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Scientists hypothesized that after 35 years, the number of animal species in the spontaneously restored piles 
would be higher than the number of animal species in the technically restored piles. 

(c) Using the data in the graph, make a claim that supports or refutes the hypothesis that the number of animal 
species in the spontaneously restored piles would be higher than the number of animal species in the 
technically restored piles. 

(d) Describe a characteristic of a plant species that would have been present in the spontaneous restoration 
piles from years 1 to 5. 

(e) Explain how the return of plant life would have been altered in the spontaneous piles if the mining had 
taken place in the tundra rather than in temperate forests. 

Limiting runoff on disturbed land improves soil and water quality. To model water runoff, students set up three 
large plastic trays and filled each tray with loam soil to 1 centimeter below the edge. Loam soil is a balance of 
sand, silt, and clay soil. One tray was seeded with wheatgrass and grown for 30 days, one tray was covered 
with small wood chips, and one tray was soil only. Five hundred milliliters of water was sprinkled evenly onto 
the soil surface of each tray. All three trays were placed on a slight slope, and water that ran off the surface was 
collected. The results are shown in the following table. 

Tray Water Collected (mL) Water Appearance 

Wheatgrass grown in soil; 
no small wood chips 

190 Clear 

Small wood chips covered 
soil; no wheatgrass 

300 Transparent; light brown 

Soil only; no wheatgrass 
or small wood chips 

360 Cloudy; dark brown 

(f) Identify the scientific question for the investigation. 

(g) Identify a dependent variable in the experiment. 

(h) Explain how the results of the experiment would likely have been altered if the soil had contained a higher 
percentage of sand, which has the largest particle size of the components of loam. 

Runoff from mining waste can also affect water quality. 

(i) Describe one ecological impact that could result from the drainage from mine waste into nearby waterways. 

(j) Describe one strategy to reduce the drainage from mine waste into waterways downstream from mines. 

Begin your response to this question at the top of a new page in the separate Free Response booklet 
and fill in the appropriate circle at the top of each page to indicate the question number. 
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2. Biologists collected data on the abundance of lizards on several Pacific islands with and without mongoose 
populations. The surv eys were conducted at different locations on the islands by counting the number of lizards 
observed per hour and included habitats with both undisturbed areas and anthropogenically disturbed areas. 

(a) The graph shows data collected by biologists on lizard numbers on several Pacific islands. 

(i) Based on the data in the graph,  identify the habitat type with the greatest number of lizards. 
(ii) Based on the data in the graph,  describe the relationship between the lizard numbers observed on 

islands with and without mongoose populations. 

Globally, islands vary in size, location, and habitat. 

(b) Based on the theory of island biogeography, describe  the characteristics of an island with the greatest 
species diversity. 

(c) Island ecosystems are often threatened by invasive species, such as the mongoose populations studied in the 
survey. 

(i) Describe one environmental problem caused by invasive animal species. 
(ii) Invasive species are often pests.  Make a claim that proposes one way to control pest species. 
(iii) Justify the solution proposed in (c)(ii) by providing an additional benefit of the solution. 

(d) Islands provide humans with many ecosystem services. However, humans may alter ecosystems when they 
obtain these services. Large-scale commercial sugarcane farming on the Pacific islands has led to 
significant ecological damage. 

(i) Identify a provisioning ecosystem service provided by primary forests. 
(ii) Based on the data in the graph,  explain  how replacing primary forests with sugarcane fields may 

have affected the number of lizards counted on the mongoose-free Pacific islands. 
(iii) The long-term use of monocultures in commercial sugarcane farming is one cause of the ecological 

damage.  Describe one problem associated with monocultures. 

One solution to the ecological damage of monocultures is to use a form of crop rotation using legumes. 

(e) Describe an advantage of crop rotation using legumes on soil fertility. 

GO ON TO THE NEXT PAGE. 
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3. North Carolina is one of the fastest-growing states by population in the United States, with most growth 
concentrated in major cities like Charlotte. Increased population leads to increased demands for resources such 
as power and water. 

The majority of electrical energy in North Carolina is produced during the combustion of coal. 

(a) Identify one negative human health effect linked to the exposure to pollutants resulting from the 
combustion of coal. 

(b) Coal ash, the powdery, solid substance that remains after coal combustion, presents a variety of potential 
environmental issues. Disposal of toxic coal ash is a growing concern in the state. Coal ash can be mixed 
with water and disposed of in large, unlined pits or as dry ash in landfills. 

(i) Describe an environmental problem associated with coal ash waste disposal. 
(ii) A proposed solution is to dispose of North Carolina’s coal ash in clay-lined pits. J ustify this 

solution by providing one advantage of using clay soil. 

(c) The population of Charlotte, North Carolina, has grown over the last few decades. The table sho ws the 
increase in the population size of Charlotte from 2013 to 2019. 

Population of Charlotte, North Carolina, 2013–2019 

Year Population

2013 757,278 

2014 774,807 

2015 792,137 

2016 808,834 

2017 826,060 

2018 841,611 

2019 857,425 

(i) Calculate the percent change in Charlotte’s population from 2013 to 2019. Sho w your work. 
(ii) Based on Charlotte’s 2019 growth rate of 1.88%, calculate  the year when the population of 

Charlotte will double, assuming the growth rate stays the same. Sho w your work. 
(iii) The average Charlotte resident uses 90 gallons of water per day.  Calculate the gallons of water 

used by the population of Charlotte in the year 2018.  Show your work. 

(d) Drought periods are becoming more frequent in North Carolina, causing water resources to become more 
scarce.  Describe one realistic action that citizens could take to reduce domestic outdoor water use. 

Begin your response to this question at the top of a new page in the separate Free Response booklet 
and fill in the appropriate circle at the top of each page to indicate the question number. 
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STOP 

END OF EXAM 
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4. Soil is a complex mixture of living organisms and organic material, along with minerals and other abiotic
components. Soils help sustain life and support ecosystem functions.
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(a) Describe how TWO climate factors affect the rate of soil formation.

(b) As soils form, distinct layers known as horizons develop over time. One of these is the A horizon.

(i) Identify one specific biotic component of the A horizon. 

(ii) Identify one abiotic component of the A horizon. 

Resources such as soil and water can be degraded by human activities. 

(c) Nitrate levels exceeding the United States Environmental Protection Agency’s primary drinking water 
standard have been found in the groundwater of areas with intensive agriculture. 

(i) Identify one agricultural practice that can lead to elevated nitrate levels in groundwater. 

(ii) Describe how the practice you identified in (c)(i) leads to elevated nitrate levels in groundwater. 

(d) Acid deposition has affected soil quality in many parts of the northeastern United States. 

(i) Explain one way acid deposition onto soil can affect plant health. 

(ii) Describe one method for remediating soil affected by acid deposition. 

(e) Climate change is causing far-reaching ecosystem changes, including soil degradation in many of the 
world’s biomes. Describe TWO ways that climate change can degrade soil. 

STOP

END OF EXAM 
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