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AP® Environmental Science 2022 Scoring Guidelines

Question 3: Analyze an Environmental Problem and Propose a Solution Doing
Calculations 10 points

(a) Identify one negative human health effect linked to the exposure to pollutants resulting 1 point
from the combustion of coal.

Accept one of the following:

e Lung disease/respiratory diseases (asthma, COPD, bronchitis, lung cancer)
e Neurological damage

e Birth defects

e Heart disease

e Eyeirritation/respiratory irritation/headaches

Total for part (a) 1 point

(b) (i) Describe an environmental problem associated with coal ash waste disposal. 1 point
Accept one of the following:

e Leaching from landfills/clay-lined pits

e Overflowing of coal ash into bodies of water

e Leaking and contamination of groundwater, soil, or nearby bodies of water

e Coal ash washing into bodies of water as a result of severe weather events

e Dry ash carrying into nearby bodies of water, increasing turbidity/decreasing
photosynthesis

(ii) A proposed solution is to dispose North Carolina’s coal ash in clay-lined pits. Justify this 1 point
solution by providing one advantage of using clay soil.

e Clayis less permeable than unlined pits and can prevent the leaching of coal ash into
soil/groundwater.

Total for part (b) 2 points

(c) (i) Calculate the percent change in Charlotte’s population from 2013 to 2019. Show your 1 point
work.

One point for the correct setup to calculate the percent change:

857,425 people — 757,278 people o

757,278 people 100
857,425 people
(757,278 people 1100
One point for the correct calculation of the percent change: 1 point

Accept one of the following:

e 13%
o 13.22%
o 13.224602%
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(ii) Based on Charlotte’s 2019 growth rate of 1.88%, calculate the year when the population 1 point
of Charlotte will double, assuming the growth rate stays the same. Show your work.

One point for the correct setup to calculate the year the population of Charlotte will
double:

® Doubling time = 70 _ 37 years + 2019

1.88
One point for the correct calculation year the population of Charlotte will double: 1 point
e 2056
(iii) The average Charlotte resident uses 90 gallons of water per day. Calculate the gallons of 1 point

water used by the population of Charlotte in the year 2018. Show your work.
One point for the correct setup to calculate the gallons of water used in 2018:

90 gallons of water

841,611 le x 365 d
person per day x people X ays

One point for the correct calculation of the gallons of water used in 2018: 1 point
Accept one of the following:

e 27,646,921,350 gallons

e 276x10% gallons

e 28x10% gallons

e 3x10% gallons

Total for part (c) 6 points

(d) Drought periods are becoming more frequent in North Carolina, causing water resources 1 point
to become more scarce. Describe one realistic action that citizens could take to reduce
domestic outdoor water use.

Accept one of the following:

e Plant drought resistant plant species/use artificial landscaping/use xeriscaping to
reduce the need for irrigation.

e Eliminate/reduce nonessential usage of water, such as washing of cars, power
washing.

e Reduce the use of sprinklers/irrigation by monitoring soil conditions, weather
conditions or reducing frequency.

e Collect rainwater or gray water for irrigation.

e Water plants/lawn before sunrise/after sunset to limit evaporation.

e Switch to drip irrigation to limit evaporation.

Total for part (d) 1 point

Total for question 3 10 points

© 2022 College Board



3A 1 of 1

@ Important: Completely fill in the circle Question1 Question2 Question 3

that corresponds to the question you
are answering on this page. O o ®

Begin your response to each question at the top of a new page. Do not skip lines.
@ Asthwa
©oal 25h (an tontein fraces o & pXiC Mebels . When ¢
18 Mseesed 06 (1 |arge, unlied pifs ) Hase mehls can
SCQP tnbo soils /wa{-u’ Sinks vHid — Q’Ll-uf“hj msjsﬂhs
and k/e,rm}mj ohb-a,ni%uns.
3) (Jafj ol has =~ 2x hmw_lfj low F‘V*fwﬂo(f:»‘j Ej
dispoSing of O 254 in d-.,j—nw_c\ pits ¥ toxins
amn Wil remain conhiiked 2% ot be able o leach
puk of fuir wrbkinment e zs,

D) 35T, 425 BHDBel 4 0D = 13.2 o Chenge in pop
397,216 ppl

WD R R+ = 2056

' e5o"
V) fwaasm maneiaem s 365 days L 3050 e, 341, 6l1 ppl
) %l :z;h ’ l\-‘}r - 1")" :.,»PP

= 12.-%0- lng;aHth vseel in 20(%

@ W’”""‘ L—"‘-"‘ASC’EPQ with hztive
[2nbs / Phh'l's - requivie [ess Water o %vow.

-,

<

Page 5

| _llse a nen with hlacrk ar dark blue ink anlv Da NOT write waur nama_Da NOT write Aauteida the hay




3B 1 of 2

important: Completely fill in the circle Question1 Question2 Question 3
that corresponds to the question you
are answering on this page. o O ®

Begin your response 10 each question at the top of a new page. Do not skip lines.

Q- One nNegMive humawn Neath effect tinked 40 Hhe
combusTion of coal 1S QST - W homon S
WMN AR e, covwoustion, Wnde lungs Wil O\G‘%t
Moo gy w nard 1o ‘oreotne -

O - Oepostting coal asSh wwo dry ash tand-ills,
GNLS Mg —ove—ee- SV WL 0PPY Ui 0
enrer e ow ¥ paced VP oy e wind-
™S con \®& a Vomov heatth hazord, as
popie oA e Mmtoéhh“g WM Fidk,
ashy O and Would e an oNiornwedal
proVen  becouse T \S ‘mcxeasmcﬂ e

AMOVVY of VOUS W A\, o . |
W Aoy S0l wil | demsd\ﬁ Pak e coal
aSWn, 50 Mo T S nor  1905%C Gnd
CoOn I OoNE) Oowvvdnene .
C V- € MTS—T157,29587 100,147
\0O ju / 1971218 = 0132206018 ¥13/4 nurease,

" 10/\-%";% 37
20194 + 37= 2056
i, qo Sqﬂons/da
B 15\\{\90‘0
2 aMeazs x 1 o° ~2.716 x10

e |
mmlg—-ga\W—oﬂ—wo&&—pvr—dﬂtT

Page 6

y }15;111\4?‘10 gat\ow&/o\al.j xD69=

Use a pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.




® important: Completely fill in the circle Question1  Question 2
that corresponds to the question you
are answering on this page. O O

3B 2 of 2

Question 3
®

d) CHizens con  linvdt how orlen
@T  ocivated) Or woter +neir

PO"* of sovwme, Sort-

Begin your response to each question at the top of a new page. Do not skip lines.

+heir 5pn‘r’\lders
plams av)

tWelr guwn withh 0 Whose ofF wodwreﬁj

el bmlesm e mmbe Flie RIAYT cccclba oo om oo P

[N . RN T N W P B W S




3C 1of 1

important: Completely fill in the circle Question1 Question2 Question3
that corresponds to the question you
are answering on this page. o O L

Begin your response to each question at the top of a new page. Do not skip lines.
"G
) Resst THNeSSeR uke Wno, caneC A
S R
Cbd
C) TG, hazandss vore. Qan &l &
eBPIord Trob lemsy, Mso ham &os S
A AniMpEs | Alse alrOng el oo
Cil)
Qlas 20il-V (rtle @Mk  and
AtennH  brealkk AL @Sy A
‘Barrtn  has  le+s  of i+,
.
QY 20 \q-2013=0 IS7,q2S5 ~I57,278=
1RI47/6 = 166 Q. lepc F7
Gi) T0/1.88/. =—27.234 =201+ 7=
2056
AN | 26,060 « 30 QQAUINY = 742498400
365 Aaws = 2.71510"°
S\

QD Low fn facets aned SKwerhaws,

QARE A HSD, es ¢ Smh wal4+e
t  wosel, USe “exgpress’ adpe en
Sshummef Gl LDRUWIM WERHInL — BR
"'?:C)rmn" PRON- Program MGohitng...

Page 6

Use a pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box,
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Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

This question focused on the broad categories of coal combustion and human population
dynamics. In parts (a) and (b) students were expected to demonstrate understanding of the
negative human health effects and environmental impacts of the products and byproducts of
coal combustion. Students were asked to identify a human health impact related to pollutants
from coal combustion. Students were then asked to describe a problem with the disposal of
coal ash waste and to justify why using clay-lined pits might be a solution to some of these
problems [Topic 7.1 Introduction to Air Pollution, Topic 8.2 Human Impacts on Ecosystems,
Topic 9.3 Solid Waste Disposals]. Students applied Science Practice 1 Concept Explanation
and Science Practice 7 Environmental Solutions to answer this section of the question.

In part (c) students were first asked to calculate a percent change in the population of
Charlotte, North Carolina over a period of time. Students were also asked to calculate the
doubling time of the population based on a constant growth rate. Lastly, students were asked
to calculate the amount of water the city would use in a particular year using the data
provided and dimensional analysis [Topic 3.8 Human Population Dynamics]. Students
applied Science Practice 6 Mathematical Routines, to complete this section of the question.

Part (d) asked students to describe a realistic action that could be taken to reduce domestic
outdoor water use [Science Practice 7 Environmental Solutions and Topic 5.12 Introduction
to Sustainability].

Sample: 3A
Score: 10

One point was earned in part (a) for identifying “asthma” as a negative human health effect. One point
was earned in part (b)(i) for describing “metals can seep into soils.” One point was earned in

part (b)(ii) for describing, “Clay soil has extremely low permeability” and “toxins will ... not be able to
leach out of their containment areas.” Two points were earned in part (c)(i). One point was earned for
the correct setup, and 1 point was earned for the correct calculation of percent change. Two points
were earned in part (c)(ii). One point was earned for the correct setup, and 1 point was earned for the
correct calculation of doubling time. Two points were earned in part (c)(iii). One point was earned for
the correct setup, and 1 point was earned for the correct calculation of gallons of water used. One point
was earned in part (d) for describing “Landscape with native plants/plants that require less water

to grow.”
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Question 3 (continued)

Sample: 3B
Score: 6

One point was earned in part (a) for identifying “asthma” as a negative human health effect. No points
were earned in part (b)(i). The response states a human health hazard and not an environmental
problem. No points were earned in part (b)(ii). One point was earned in part (c)(i). No point was earned
for the correct setup as the response did not multiply by 100 in the setup. One point was earned for the
correct calculation of percent change. Two points were earned in part (c)(ii). One point was earned for
the correct setup, and 1 point was earned for the correct calculation of doubling time. One point was
earned in part (c)(iii). No point was earned for the setup, and 1 point was earned for the correct
calculation of gallons of water used. One point was earned in part (d) for describing, “Citizens can limit
how often their sprinklers are activated.”

Sample: 3C
Score: 3

One point was earned in part (a) for identifying “lung cancer” as a negative human health effect.

No points were earned in part (b)(i). No points were earned in part (b)(ii). No points were earned in
part (c)(i). Two points were earned in part (c)(ii). One point was earned for the correct setup, and

1 point was earned for the correct calculation of doubling time. No points were earned in part (c)(iii).
No points were earned in part (d). The response provides examples of ways to reduce indoor water use
rather than outdoor water use.
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