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How to UseThis Pamphlet 
The secretto successfully earnang a merit 

badge is for you to use both the pamphlet and 
the suggestions of your counselor. 

Your counselor can be as important to you as a 	 : 

coach is to an athiete. Use all ofthe resources 	
/ your counselor can make available to you. This 

may be the best chance you will have to learn 	 T 
about this particular subject. Make it count. 

r 	lf you or your counselor feels that any information 
in this pamphlet is incorrect, please let us know. 

Please state your source of information. 	 - 

Merit badge pamphlets are reprinted annually 
and requirements updated regularly. Your 

suggestions for improvement are welcome. 

-( -

i Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series 

of more than 100 covering alt kinds of hobby and 
cdreer subjects. lt is made avaitabte tor you to buy 

	

>‚‚: 	as a service ofthe national and tocal counci!s, Boy 
Scouts of America. The costs of the devetopment, 
writing, an editing of the merit badge pamphlets are 	 / 

paid for by the Boy Scouts of Arnerica in order to bring 
you the best book at a reasonable price. 

" 	J 	Send comments along with a brief statement aboutyoursetfto 
Pilots and Program Development, S272 

Boy Scouts of America • 1325 West Walnut Hill Lane• Irving, TX 75038 
lt you prefer, you may send your comments to merit.badge©Scouting.org . 

lev 
• 	-. 	•• 
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Note to the Counselor 
This edition of the Erwironnientcil Science merit badge pamphlet 
emphasizes a heightened awareness on the importance of bees, 
beckeeping, and pollination. As a result, there are some hazards 
tha inay be associated with the new pollination category for 
working dose to a beehive or colony. 

Scouts choosing to pursue requirement 3G(3) 
should first find out whether they are allergic to 
bee stings.This can be determined by a visit to an 
allergist or family physician. lt it turns out a Scout 
is allergic to bee stings, the Scout should choose 
another option within requirement 3. If a Scout 
visits a beekeeper with a buddy, that buddy should 
also be sure that there are no allergies to bee stings 
prior to the visit. 

Prior to counseling Scouts, Environmental Sc'ic'nce merit 
badge counseitirs are strongly encouraged to beconie familiar 
with the Guide tu Safe Scouting, a helpful planning tool for all 
Sconting volenteers. This reseurce provlihs an overview of 
Scoutng policn.'s and procednes rather :hall cornpre1ensive, 
standalone docurnentation. For some items, the policy state-
rnents are complete. However, unit leaders are expected to 
review the additional reference materials cited (stich iv the 
First Aol merit badge pamphlet) LI ,hor to conducbng an 
activities. Counselors can access the Guide t« 	t' Sconn 
online at http://wwv.scouting.org ;HealthandSafetv,C.aspx. 

To help keep participants sale during Senutine acnies, 
the National Council has an established set of prncedures 
called the "Sweet 16 of BSA Safety." In an effort to assisi 
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Environinental Science merit badge counselors whose Scouts 
chsc c]tiirencnt 3G(3) the following considerations provide 
gudai 

 
')i special interest to them. 

Qualified Supervision. The Environmental Science merit 
badge counselor assisting Scouts who choose requirement 
3G(3) should have knowledge of appiicable state USDA 
regulations for handling hees and beekeeping equipment. 

Physical Fitness. Counselors should be aware of youth 
participants who may be allergic to bee stings. 

Safe Area or Course. Counselors should take reasonable 
measures to provide pdrticipants with a safe environment and 
ensure thc' proper equipment will be used for hand!ing hees, 
as weil as weii-consirticted hives that pass USDA inspeci ion. 

Equipment Selection and Maintenance. Counselors should 
confirm beekeeping tools and equiprnent are well-maintained 
and hives follow USDA guidelines. 

Personal Safety Equipment. Counseicrs should ensure all 
parLicipants vili wear proper protecilve ciotililig and gear for 
beekeeping, including a hat, veil, coveralls, gloves, long sleeves, 
pants, and other protective devices. 

Applicable Laws. Counselors assisting Scouts with requirernent 
3G(3) for this merit hadge must have experience with beekeep-
Ing tasks and wels and be recruited 10 do ihe work involved. 

Discipline. Counselors should take reasonable measures to 
ensure all participants understand they are to follow the 
instructions of !he heekeeper they are working with, including 
how to use beekeeping tools and cquipment properly. 

The "Sweet 16 of BSA Safety' procedures are available 
online hy visiting http://www.scouting.org/HealthandSafetyl  
sweet16.aspx. 
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Requirements 
1. Make a time line of the history of environmental science in 

America. ldentify the contribution made by the Boy Scouts 
of America to environmental sciencc. Inch 'ide dates, names 
of people or organizations, and important events. 

2. Define the following terms: population, community, eco-
system, hiosphere, symbiosis, niche, habitat, conservation, 
threatened species, endangered species, extinction, pollution 
prevention, brownfield, ozone, watershed, airshed, nonpoint 
source, hybrid vehicle, fuel cell. 

3. Do ONE actkitv ftom EACH of the foflowing euLories 
(using the acuvities in this pampher as [he basis for planning 
and projects): 

A. Ecology 

(1) Conduct an experiment to find out how living things 
respond to changes in their environments. Discuss 
your observatioris with your counscior. 

(2) Conduct an experiment illustrating the greenhouse 
efiect. Keep a journal of your data and observations. 
Discuss your conclusions with your counselor. 

(3) Discuss what is an ecosystem. Teil how it is 
maintained in nature and how it survives. 

B. Air Pollution 

(1) Perform an exoe te;t o test for particulates that 
contribute to air 	Discuss your findings 
with your counselor. 

(2) Record the trips taken, mileage, and fuel consumption 
of a fainily car for seven day, and caiculate how 
manv nhlies per galion the car gets. Determine whether 
any trips could have been cornbiited ("chained") 
rather than taken out and hack. Using the idea of trip 
chaining. determine how man' ntiies and gailons of 
g1t. coulci Itave beet saved in thuse sven davs. 

ENVIRONMENTAL SCIENCE 



3) Exp12.:: 	:: : 	rain . !n vour expianation, teil 
how 	1:.: andtheenvirnnrnent and the 
steps soc::- ::: ::ke 10 heip reduce its ::::ts 

C Wter Pollution 

-. Conduct an exerimeni to show how living things 
10 thermal ::Jution. 1T-:iss 

i vour counselor. 

2. I::duct an expe .:::: o idenuiv the meihc: 
wei he und rc 	-neJucei the eifecis an 
011 s::... :::. .vate::.:: 	v:..:: :: -.:1ts with 
vour counseior. 

3i De-sc:.:e the im::: of a wa::: -- - gliallt  

	

qualle corn rv. t. Wui 	-od report 
-- ------ that polluta:: :ffected iz.: :iic Ilfe e  what 

the -:::t was. and - :ther the 	•ct jr Iinked 
ic b.:., --. -.agriificaiioii. 

D. Land Pollution 

erirnent 10 iii ..:::ate soll erosion hY 
wate: :.-:e photographr :: maNe a drawing of the 
soll 	and after vou: 2:-perimern. and make a 
poster showing vour res1I:. Pres::::: 	jr pc.:. 10 

r counselor 

7::---- :. ::. 	 innere-:; 	: 2 ja27 	2 :..: :::e:: li 
::ith 

von: 2: 	-- .... 

- Photograph an area affecte :- erosion Share 
::togr:;:s mAh vour cour:1:: .:ad discussvh 
:h:: arez 	and what ahlin be done w help 
:lieviat€ ::: e:jsion. 

E !!angered Species 

DL,  reserch on one ennnered soecies found in 

it is endangerei. 	:1::a :e::: eto ::e-serve ii, 
and how. 	rnanv 	:: --- - ---- - .:is ar:-.7 
wild Prepare a iGO-worl - --:!::Mut 1:-: 	::2?.:::L 

including a drawing. Pr-:.: ur report to 	our 
patrol or Iroop 
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aransrn :2:overed, a a what irs n v satus 
Vrjte a :1 .-word erort an i± pedes 3nd 	i t 
with . counss.: 

'VitL jour jareni s anicolnselars approvaL wor ;ah 
3 naWra reource pr esaa .a :denifv .wo prs 

In ebun 	to iinp:ave 	hahitat fr a 
th:eaten2::: s::dangered species in vc;r ar€ - . 	isit zhe  
site of ci 	: :.;ae pro ~> ei-is and reperk an 	-u 'aw 

	

E Pi;u:.. :. Prevenion Reource Reaverv. 	 22 

aronnd von: home and dete:mme zo wdys vaur 
h can hip redtce iMmion. Pract:e at !east tvo 

1:hods or se.::: iavs and :::s: ..ss wit vo: 
ounse1c: :;hat vcn have iea:ned. 

2 L)etermir.: . wavs 	nser;e reonr2es :: .:se reou:e 
r'- e e .atIv in vci; dome, at s 200i, 1 

a: least t'vo of ;hee netds far we n n ige and 
neu es ;vnh von: cc...s!Or wi:ai van have ea:n. 

an 	.:.n: an packaging m27:aIa tc- 
sn:es are biodyladab i e D;scuss von: 

conchision with vur cou;an 

Doiiiaa:ion  

u 	ncg -nphs -- 	 ain cv: :he ie:enzes 
netween a :ore an. a ;vorke: 
t51 	.0:::er: eits. ar;ae. pUpae.. Ex ahi :he 	ina 

	

p:actn and wka: pr:noks s and 	: is vsc-d v 
1 

 

ho v,- 	nake iranev and heesvax. 1md 
hc.w ho:i. r::. ves:ed. Exa12::: 12 an a!aved i:: :he 
V os ve y. tas :::::T. irvnes.and ±e;ve:kv 

-- .resenz to von: co nse:ar a one-nage report or hcw 
ard whv honev te are vsed in pc ianng foad 	s. 
In vo: . ...:. : iscnss ft : rohe::is :--. .-- M by rhc : 

papalanon todav 	ehe miaac: .: hwnani:v n :here 
;ere na pOIIfl2tCi5. Saare vev2 ::rr ;vt vov: :rooa 
or parroh cu: dass at schac. :r anothe - 
appravei bv vor;: cannse!on 

Z H:ve a srvarrn OR divide ar i:r.: one  

heer. Exoiain hw a hive is cans:ructed 
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Before you choose requirement 3G(3), you will need to first 
find out whether you are allergic to bee stings. Visit an allergist IMAV 
or your family physician to find out. If you are allergic to bee 
stings, you should choose another Option within requirement 3. 

In completing requirement 3G(3), your counselor can help you 
find an established beekeeper to meet with you and your buddy. Ask 
whether you can help hive a swarm or divide a colony of honey bees. 
Before your visit, be sure your buddy is not allergic to bee stings. 

For heip with locating a beekeeper in your state, visit 

www.beeculture.com  and dick Ofl "Bee Resources7 then 'Find a 

Local Beekeeper." 

4. Choose two outdoor study areas that are very different frorn one 
another (e.g., hilltop vs. bottom of a hill: ficld vs. forest; swamp 
vs. dry land). For BOTH study areas, do ONE of the following: 

A. Mark off a plot of 4 square yards in each study area, and 
count the number of species found therc. Estirnate how 
much space is occupied by each plant speck's and the type 
and number of nonpiant species you find. Write a report 
that adequatelv discusses the biodiversity and population 
density of these studv areas. Discuss your report with 
your counselor. 

B. Make at least three visits to each of the two study areas 
(for a total of six visits), staying for at least 20 rninutes 
each time, to observe the living and nonflving parts of 
the ecosvstern. Space each visit far enough apart that 
there are readily apparent differences in the observations. 
Keep a tournal that includes the clifferences von observe. 
Then, write a sitorl report that adeqi.iateiv addresses your 
observations, including how the differences of the study 
areas rnight relate to the differences noted, and discuss this 
with your counselor. 

5. Usink7, the construction proiect provided or a plan von create on 
your own, identify the iteins „hat would need to be included in 
an environmeiital impact statement for the proiect planned. 

6. Find out about three career opportunities in environmental 
science. Pick one and find out the education, training, and 
experience required for this profession. Discuss this with your 
counselor, and explain why this profession might interest you. 

ENVIRONMENTAL SCIENCE 	7 
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What Is 
Environmental Science? development of 

Scientists ask que.tions abomt things tiiev observe and then try 	a hving thing over 

to find out the answers. All eitvironmentai scientist asks ques- 	time is its natural 
tions about the enviroriment and tries to learn the answers by 
observing and experimenting. While earning the Envirnn nental 	history. People 

Science merit hadge, you will get a taste of w!jat it is 1ki io he 	who study 
an environment,d scientist, as you make observations and carry 
out experiments to complete the activities and projects required 	natural histoiy 

for the badge. 	 are naturalists. 

From Nature Study to Ecology 
People have always heen curious about the natural world and 
have studied it in order to survive. Early humans learned which 
plants were good to eat and which ones made them sick. They 
!eamned the habits of anirnals that thev hunted for food and 
how to avoid those aninlais that pr'ed upon humans. 

Todav, many people observe plants and 
animals in the wild as a hol.dw. Sone go 
hiking to find rare \viidflowers. Others keep 
binoculars and field guicies near a window so 
they ein identifv the birds th,ii visit ha 1 \ard 
bird feeders. Because many people over the 
centuries have studied nature closely, much is ) 
known today ahmt the natural history of 
plants and aniniais. 	 -: 

Pldnts and animals, however, do not live alone 
in the environment. A living thing's envirorimerit is made 	/ '\ 
up of all of the living and nonliving materials arnund it, 
including plants, animals, air, seil, heot, light, food, vater, 
and anvthing else that plays any role in its lift'. In addition, 
all plants and anirnals are connected to other living things. 

ENVIRONMENTAL SCIENCE 	11 



Thv interact with one anotitr and with the nonliving parts o 
their en'ironment. Living things depend upon the materials 
found in their environment to survive. Anvthing that disturbs 
the environment may affect the living things found there. 

The study of 

living things and 

their interactions 

with one another 

and with their 

environments is 

known as ecology. 

Scientists 

who study the 

interactions 

among organisms 

and their 

environments 

are ecologists. 

UsingThis Pamphlet 
An environnicn!di SCICRt]St needs tu know a great deal about 
living things, 1-31)o„ii iheir vavs el ii fe. and ahout the environment 
md its effect on life. For instance, an environrnental scientist 
night studv hn\v the chemistry of soil affects ant behavior. 

So;ne othe; lhings ihat an environnmental sciL'nhist rnight study 
include plants in a forest, inakeup of rainwater, purity of air, 
and how many iivnig things are hund in a given environment. 
Tho activities in this pampulet will introduce vou to the wide 
rarige of suhiceis that environniental scientists stiidv. 

12 	ENVIRONMENTAL SCIENCE 



Steps in the 
Scientific Method 
lmagine that you are watching a line of ants 

carrying pieces of food from a picnic site to an 	
\' anthill If you push the ants aside they soon line up 

again You want to know how the ants know where to 

line up. To try to answer that question, you follow a 

series of steps known as the scientific method. 

First, you state the problem you want to solve- 

how ants know where to line up.Then you gather 
information about ants. Perhaps you do some 
research on ants in the library. 

• Next, you form a hypothesis, that is, you formulate 

a statement or question that can be tested.Your 

hypothesis might be a statement such as: Ants know 

where to line up because they can see one another. 

You test your hypothesis by performing an experiment. 

In your experiment, you place food in one corner of 

a box and ants at the other end. When the ants have 

found the food and have formed a line to carry it, you 
disrupt the line, and then turn off the lights. 

Now you analyze your results. Did the ants line up 

again? If the ants lined up even in the dark, you might 

draw a conclusion that they do not need to see one 
another in order to line up, so your hypothesis 15 

wrong.Your conclusion would be that ants must use 
some sense other than sight to line up. Sometimes, 
when the results of an experiment do not support a 

hypothesis, you can use what you learned to formu-
late a new hypothesis and carry out a new experiment 
to test the new hypothesis. 

Not all hypotheses can be tested by doing an experi-

ment in 3 laboratory. Some hypotheses are tested by 
observing events and collecting facts.You could test 

which kinds of birdseed a particular type of bird prefers 
just by observing what birds eat at several feeders. 

ENVIRONMENTAL SCIENCE 	13 



The Roots of 
Environmental Science 
\merican Indians used forc'sts and other environmental 
csowces lor centuries befure Eurolx'an settiers arived on 
he continent. In the Pacific Northwest, tribes used forest 

materials to make cedar houses, boats, and ciothing. In the - 
Nartheast and upper Midwest they built biichhaik canoes. 
krests also were Irernendous sources of food, both fron) 

• )laflts and from wildlife. 
At tirnes, trihes overused certain forested areas. - 

;onietimes they .intentionaliy hurneti krests to Cl(:'r land 
.••• 	\ or cultivation or to inake II easier to pursue garne. lf a 

\ oiest became overused or too heavily darnaged to support 

' 
• 

\ 
itribe, the group would move on and the forest, left alone, 

• 	• - vould recover. 
As more and more European settlers arrived in North 

%merica, their need for natural resources grew. They killed 
vildlife, cut trees, and contarninated the water near their 
ettlements. When the pressure on natural resources in a 

• 	.. ettled areagrew tun great, penp!e rnoved westward ancl 
: egan the cycc again. Settlers helieved they cuuld aiways 

nove farther west tu find uRne space and IflOne resources. 

j 
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Eariv on, however, some settlers realized that the abundant 
natural resources of this new land werc not limitiess. In 1626, 
Plymouth Colony passed a law to control the cutting and sale 
of timber on colony lands. People in Newport, Rhode Island, 
agreed in 1639 to restrict deer hunting to six months a year. In 
Pennsylvania in 1681, William Penn decreed that one acre must 
be left forested for every five acres ..f foiest that were cleared. 

Bv the 1830s, neople such as artist Ceorge 	‚ 	..... 
Catlin and naturalist Henry David Thoftdu were 
writing about the need to preserve some of the 
uniqm2nvironments of North America in 	 ; 
nationai parks. People dedicated to environmental 	 .. 
protectioll and wildlife conservation founded 
groups such as American Forests (1875), the 
Apnaiachian Mountain Club (1876), the New York 
Audubon Society (1886), the Boone and Crockett 
Club (1887), the Sierra Club (1892), the American 
Scenic and Hiswric Preservation Society 
and the Izaak Walton 1 .eague of Amorica (1922). 

Government manpement of special areas car 
he traced back to the creation of the first national 	- 

park—Yellowstone—set aside in 1872. Corigress 
passed the Creative Act in 1891, protecting much 	'1 
of the nation's publicly owned forests. The Forest 
Reserve Act of 1891 followed, changing forest 
reservcs 10 national forests and chaiging their 
managers with improving and protecting the 
nation's long-term supply of wood an(! \vater. The Bureau of 
Foesirv bccarne the Fca'st Service in 1905. In 1916, Congress 
estahiished [he National Park Service to preserve natural and 
cultural resources for the enjoyrnent, education, and inspiration 
of current and future generations. 

In the decades that followed, forward-thinking agency 
personnc] and a conservation movement made up of dedicated 
citizens estahlished the idea of protecting some forests and 
other wildcrness areas as reminders of the wav they were 
before humans intervened and ni balancing die use of public 
lands for recreation, timber, and biological resources. The 
\tultitile-Use SusLiined-Yield Act of 1960 offlcially established 
mn tiple-use management of the forests. 

#.' 	. 
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The Bureau of Land N1unpement, the U.S. Armv Corps of 
Engineers, the Fish and Wildlife Service. the Natural Resources 
Conservation Service, and other public agencies also strive to 
manage public lands that fall within their administrative bound-
aries. State and local agencies oversee smaller acreages of pub-
lic lands. Private landowners wiih iorestcd I.)roperties—frnn 
large forest-product companies to families with a few acres of 
trees around their homes—have a stake in the proper manage-
ment of forest resources, too. 

The Slaughter of the Bison 
Huge herds of millions of bison, or 
American buffalo, were once a 
common sight on the Great Plains. 
By 1884, however, settlers had 
hurtted so many of them that only 
300 were left.The survival of the 
bison is largely credited to the efforts 
of Dr. WilliamT Hornaday, who led 
conservation efforts to protect the 
bison.Today, Scouts can earn the 
Wilhiamt Hornaday Award for 
distinguished service in conservation 

From Conservation to Environmentalism 
flnring the late 1800s and early 1900s, people began to spenk 
nut ahout human activities that were causing serious environ-
inntal problems such as air and water pollution. American 
zooiogist William T. Hornaday wrote about the need to protect 
wildlife in Norili America. In 1907, a scientific study by M.C. 
Marsh showed how fish were hurt by industrial wastes released 
into vater sources. In 1962, Rachel Carson pubhished Silerzt 
Spring, a book that discussed the dangers to the environment 
fron] using the pesticide DDT 

Carson and other people who wrote about the environmental 
effects of human activities helped make the public aware of 
environmental concerns. This public awareness led to the 
designation of April 22 as Earth Day. The first Erth Day 
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in 19C 	n er:;nmer. 	in the Unite 
States. 	U.S. 	 ::..c:.on 	1E2.\J, 
the Co. :i 	:nmental Qualitv, and m::.s: 	e and Activities 

local environmental agencies work to help protect our air, designed to help 
vater. 	.. md wildlfe  

li 	decades. 	of the honey bee population YOU eam the 

worldwide has attracted the attention of scientists and man' Environmental 
o1:;s. Tue: eee:nue 	s:e the phenomenc: 	ealled hor,ev 

Science merit be :3lonv :c.•::'se dise:ie: ::) find an explana:o 	and rescieton 
fc•: 	is issic-. T'c- dra::.e:: 	.fC»1C in h:'e 	bees and other badge can be 
pollinators couid potentialiv have a dramatic effect on our food 

- 
foundtoward 2. .-now .:c.v 	..c 	cquen:e 

w:. 	effect 	and 	 :.--..e e:c 	learn:;c. the back of 
Environmental science is a hroad 	•.'' : :.'ith man' fields of this pamohlet 

st::•c-x:1are. T:c-:e 	much to discc:er. Ve knc-v 
Yc..:tc-res 	in e;::ic ::.:s 	nerit hadge re.: leac 	sorne:ng 
b:ccc-r and more fe:-: chl:e thar. .:ur gc:ecal lcc 

Scouts and the Environment 
In the eariy 1105,  as the cons -•:icn movement grew, two 
separcc 	za:;;'..tions for ho\sc:. 	ctsef 	nature and 
the er. :c:ee;i: were foundee. 1: 	12. 	.cdcraft Indians 

started in Connecticut by naturalist Ernes 1iompson 
Seton to prese::c the -..clI•Jerness knov:elge of Ai:e:ce: 
Indians. As a caJing re:uralist of his :tre, Seton spe. jefore 
Congress in 1904 in support c` 	that had been 
authored 1.'. 	.lam T. Horne,ie: to p:cct migre::y birds. 

A-ei iLie same tro, Daiiiei Car:: .eard, a icimer 
survevc: and enginee: -.':lio became a:, 	ther and illustrator, 
wrote a book titled The American B01 -:±: 3-jok. In 

fou:e 	. cc 	eJ Sons of 1. 1 1-.., %' e' 	: 	teacn 
cvs abou: :e:c, cc 	.t1on, and  

Jn Feb. 8, 1910, Sc::d Beard merged their separate 
clul::;o the Bcv Sccits o 	edca. Publisher V1lliam 

iiuyce 	eJ this :c'.v crgan.zeeon From its begc:;ings, 
the Boy Scouts of America had a strore :eunde:::m of woodcraft, 
nature study, and conservation. Many of the principles that 
S:cc:s c:Dhold cc•i.e from the conservaon etcs cf Seto ecd 
B.:i. Te BS.-\ 1 .. 1 ..aught more thar 	millicc cccing cccl- 
ronmentalists throughout its historc Todav, the BSA continues 
tc ein Americcr '::;uth in principles of conservation and 
ec;:onmenta. scie:;ce. 
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Principles of Ecology 
\lthough laws and agencies have heen estahlished to heip protect 
and preserve nature, niuch niere needs to he done. Before ::i 
can heip protect nature, vou must understand how lt werks. 

Understanding Ecology 
-: .‚ne that you are -ztanding on die bank of a quiet rlvt?r 

in Florida. Along die banks of this river 	- sec a great h!u 
nero: 	1 aii. 	.r.arat - 	. 	- 	1 ICCOOI1. On a rock in 
 in 	sen 

dowr 	: 	:. --. 	•. 	- 	bsh - 
gar tz..-. 	gh len. -..-.. 	 eciglass. Snais teed as 
they 	 ihe .V . 	 - 	- .1 theie, vhu eIg 

heed 	:e water 	 A IlanN ileat near 
the c . 	iks .\ hulitrog iumps :. m the r. 	-::ge and 

Aj o -- 	- 	 ' 	nl 	 th.. r'.sr an;-'nnec' 
In seine 	- .. ..................- 	.:: 	. 	.: 	u- e.: 	dtrc 

iake. gar-;, and hatchling red-he!ieii turties. Rcoen cat 

1 

The organisms that live in and around a nver in Florida inclede 
fish, amphibians, reptiles, birds, mammals, and plants. 
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bullfrcg. insect, worms, sind snails. Snails arid adult turtles 
eat aqualic (watet) plants. In nature, living tiings interaci in 
ma uv \\a vs. 

LivingThings in the Environment 
Snails, red-bellied turtles, and eelgrass are living things. All living 
things have the ability to reproduce, that is, to make more of 
the same kind of living thiag. Living things also change cluring 
their lifetimes. Thev grow and deveiep and have a life span that 
everitually ends in cleath. Another important characteristic of 
living things is that they can usually adjust to their surroundings. 
They can respond to changes in their environmcnts. 

Scientists call living things vgurn ‚ns. Ihink of all the 
millions of organisms that inhahit Earth. Organisms can be 
found in the ciiepest oceans and on the higitest rnountains. 
Some bacteria can even be found high in Earth's atmosphere. 
The part of Earth that contains and supports living things is 
known as the biosphere. The biosphere is all parts of Earth 
where ute exists on Lind, in vater, or in the alt. 

Within die biosphere are many different kinds of environ-
ments. Beaches, forests, glaciers, deserts, and rivers are 
environments. Evcrv environment on Earth includes hoth 
the living things found there and the physical, or nonliving, 
envhonment in which living things exist. lliink about the 
living things in your own environment. No matter where von 
live, orcanisms surround you. You, the bacteria ort vour skin, 
your pet the ficas on your pet, the spider in a corner, and de 
plants growing outside are organisms in your environment. 

The regions that form Earth's biosphere include the atmosphere 
(air), hydrosphere (water), and Uithosphere (tand). 

ATMOSF'HERE 

UTHOSEHErtE 

- 	

HYPROSEHERE 
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You have lot action ':ith th 	acteria, your pet, its fleas, 
the spider, and thc pianIs, bat thc interactions are not the 
oniv ones in vour environrnent. [hcre also are nonliving things 
that influence the organisms in every environment. 

NonlivingThings in the Environment 
Let's go hack to that Florida river you imagined before and 
think of noiiliving things. You probahlv kno'.v that the vater in 
the river is nonliving, but what about the wind? The sunlight? 
Rocks in the river? 'Ehe soil that supports the plants growinz at 
the river's edge? These are all nonliving things that interact 
with the living organtsms in the river environment. 

In your environtnent, the weather affects vou and vour 
pets. The soap veu se when you shover affects the hacteria 
01) \Ouf sIdIl. *.nitght, tempeidture, rain(ai 1, and minerals in 
the soil alfecl piants outside. l'he Iniportant interactions 
hetveen nonliving and livtng things deter'nine wIlich living 
things can share an envir Ilellt with which nonii.ving things. 

Let's Eook ‚lt four nonnving factors to find out how they 
affect the living things in an envitoliment. 

Water. Life on Earth would be impossible without vater. 
The bodies of most organisms are 50 to 95 percent vater. 
\Vatc:; 	nccessarv Tor manv life procr'sses, including 
respl 	ui. pi;owsynthesis. and digesihin. 

\Vatc - uvr'rs niore than 70 perce 	'f Earth's surface. 
But about 97 percent of the vater on Earth Es salt vater 
contained in oceans. Thit means oniv abo . ercent is 
frcsi\vater. Most of tic fteshwatt'r is not avaiEabie to living 
things, because it is frozen in the ice caps or glaciers. In fact, 
oniv .i tiov fruetton of Earth's wateris freshwatcr that is available 
to organisms. 'Eins freshwater is in riers, ponds, lakes, streams, 
underground vater supplies (aquifers), or water vapor. 

SoiI. Soil is formed hy the physical and chemical hreakdown 
of rocks and bv tht' .ictions of living things. The breakdown 
of rock into sud releases ininerais that organisms need für 
their life processes. These minerils return tu the soil when 
organisms die and clecay. Decaved material that once was 
livin Es calted orginic matter. the more organic matter in 
sud, ihi.' 1 1 wie fertile it is. 
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Sc . .m1n 	 grm': 	cer- 
tain e .:;::.;;ents. 	 :)on Lc •ather 
organis;';ht can live 	.•\: 	. the :aors that deter 
mine ':Hch organ;ss cai: :e in a p.::ular soll environinent 
ar 	c nneral ani organic matter conient, air content, and 
so. 

How much of Earth's freshwater is available for organisms? If you 
imagine that Earth has a total of 26 gallons of water, tess than 
one gallon of that would be freshwater, and only half a teaspoon 
would be readily available to living things. 

In photosynthesis, 

green plants, 

algae, and some 

other organisms 

capture the 

energy of sunlight 

and change lt into 

a form of energy 

thatthey can usa 

or Stare. Most 

ofthe energy 

that powers 

ife in Earth's 

biosphere is made 

available through 

the process of 

photosynthesis. 
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Suntight. Neariv all II 	:: ::.‚ 	 .:cpend up. - : -. :: 2 	or 
zither direcrl. 	:J 	'(anIs. ac•.c. 

1 the 
ioto::::hesis. P::: 	;se this enc:. 	:s.;er their 

stcc  
.:ses t::c 	:Iergv in : -.c :' ...::: :: carn 

ife processes such a .... ::hing and mov .::c. .. en a rac- 
: 	 pas 

: - :svnthetic 
orga:s:is can li:c .:.'nly in the top la : of the vaIer, vhere 
sunligi can reacii ihe organ 	s. 

Temperature. " gero. the ninperaturc :" an environment 
on t:c arno..:.: 01 sunlight it getz ...ir is heated more 

a: :e equator than at the poles. This is whv tropical areas near 
the equa:.:: are L::. the 	:ions .:o cold, a: 	:. 
in beiwe:: Aave ::: iera:::-:::::oratu.c. Ternnera:.:.. 
are aj ::c: v E.::::;'s rc::::::. v winds anc: 

thatrc:on,bvt.:: . ..:Ear:.. ... .I.:ssee 
.:ratIcn . ...... 	c'e'..:: . ....‚. 

 
MS VOL ::: 	.: nionntain, 

the a::rnpe:.:. 	s why lt 	::: to ha'e 
a snowhall fight on top of Mc -:: Baidy at PhL: .. .. nt Scout Ranch 
in New Mexico in Julv! 

Factors such as 

rainfaH, sunlight 

temperature, 

the nearness of 

arge bodies of 

‚vater (oceanst, 

and elevation 

deterrnine the 

climate (the 

general weather 

pattern) jr 

an area. 

SPNG 	

WINTER 

(.) 	 3 
SUMMER 5C 

()AU'rUMN 
5 

Earth's orbit 
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A pond ecosystem 

Interactions Among Living Things 
Think again of de oranisms living in -. Drida river. There ar€ 
several different species ei 	 A species is ii 
g:.:: oiorgar. .......' :.ath 	:.:::.stics in c, ..........andcaii 
breeil to p::: 	spring 0 Z7 Immphred-beUie turtles 
m!e th 	-dbeiIie 	to produce hhv red-bell:t 

the river. there 2.: :...t st three spec-t::::...rtles-
rechbeliied rur•. c:-: ::::::::n sr.:::.:z :‚:::It. All 
ilse individual reobellied unies h% Illg in ihe a ........  
a r'opuiation oi rud-beliid wrties. All ilse coot€..........:: 2 

gvputen:a  and all i . snapping tun..-- z inake up, 
a opulanon of snapp -zng turtles. Iba can see that de river 
environment comains niaav different nopulations of oreanisms. 

F.r.::.v of organisms. Pf :::.s in er 	Cme in 
the environme::. Most interact with other popula:: = :". in a 
rven im T:t :e.-ht1lied turtles 	trt ;vith thc ceigrass 
:v e .: :: t. 	•: gta ss provid ..........g piaces for young 

rish and m i 1 t :- The grea: bluc herc:'»z 2at de huihrctgs. 
Populatior :'re constantiv changing in stze, densitv. .: 

age 25 the. .2spond ro channes in their environment. 
Wa s ein ''''''''''''''''''':'.lfroc..: :::-rive'. :'xex2:.ole, 
the population of bull .. ...=s will in:''..ie 	21es and eg,gs. 
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Gnoups ei 	 - hai inzeract 	cne anche; geleiaüons 
in a gvn area in 	 A 	he n a 
:ommmv iepend -. 	cne anotner iar needs s as 

.ut1ns M Organ 	m':•: ve 
ano me:act wnn e.ne 	 ercr. ahgawrs. 

;s 	nd 	 ihe Flon12 Iivrg 
:cmmunhv. 	:e scH alnng ::. a ban 

ri:en and ±- . ..:n rhnns .:: tho nve: an 
nnnving Scors ü zhe eir:ircnnient. 

T ie 	vn 	in:r: ci tA3e rven ana :.: 	.. 	. 

fccrs flat afiec 	. farm 	r:.:nhn 	rba: rnake 
U[' an 	svsnnn. Ecovstemns such as a r!ver. pcn. iares. 
cm dosem nav he rreazed as z eparme parts ci 	en'nmen: 

.. 

The living community in a Florida nver includes many popuatos 
that live together and interact with one another.The nver, me 
soil along its bank, and the sun shining on the water are some 
nonliving fartors in the environment. 

Relationships Within Ecosystems 
an ec s'stem such as s Fcmia ivcr, the acTans 

-.'rn'--- 

mc 	ieeis cn snai madonts. ke'cong the rci.c 
:ma:icn =A onccgh zha ,  :he; de ne, ea all ihe p:am se•:.: 
ccat'e •' allga:er up ic::n mcd. :e:easr '.':anns 
and arca:::: nanr tLt: czher am tnsms sc ic: facd. Bod rar 
snak:s an 0 :llgcars hellm mann :: :nen ea .... 
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Niches and Habitats 
A mcl:. : the :•::c 	 :..:::T. -he :..::e 
of tun,:: sich 

	

	 :: 	. :..': impI :: get 
:om dead or dying trc-: hut also to release 
:ck into the environment in a form that other 

Bcs 	having a role within a communit, organisms 
occup: .:. :' For instance. vou live in a house, an apartment, 
or sc:: 	:'. :e of s::ter. In a rive 	:osv::, great blue 

in tr:-: along riverba:':ks. Cc::ion snapping 
i ihe mud at the bottom of a river. The piace 

in •. 	:m::: ...: lives is :s habitat. An c::a:iism's habitat 
hrnent (foo( :'! '.'.'ater). 

shelte:. mi€s. md the spac: ::-:d tor 
that organism to survive. 

\Vithin mi: 	ihe fc:. 	:;::: rnher rc::.. 
are divided in:: s:::ate nichcs.....:x::r.:1:. a Florid. -. 
a hab;, -.. i.: tor hoth red-heilied turties an.: '.:ogs. Adult turtles 
eat oniv vater plan:s. Bult::s eat ins:::s:'' ::s. 	and 
frogs. 	s: 	zc :wo species eat C1':::: 	Hs, :ne 
occup. :tt::c::: 	:s within the san..: 

'- 	 - 	
- 

- 
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Feeding Relationships 
Manv of 	.*::' :s •.:ithm a c:: :::::: 
tionship.  
the' need fc 	::: ::st all the ene:c: on Earth begins with 

sun. Orga:::sms such as 	cn piants an 	.: the 
sui s energy :.:ring he proces f 	osvntnsis. nec .gan- 
isrns are call 	jrod:::s. All otl:: ..::c.:nisms depend 
producers for energv. 

Son:e •::rgans:: -.s -et the energy 	: 	y eating plar:- 
and oth€ -  :- :oduc - . Mice and rats. 	e.\a::.:;:. oet their erc: 

pla: :c:s. Other l:::: 	I:: 	c::e::: v eat- 
.:lants. R: 	akes, for exampc. 

Organisms such as imce, 
«:'flSUTflL'rS. 

Org:.:: -ms that brea 	::.::: clead plant and animal matter 
th-::.:.. 	..ccom- 

earth.'::.. a: 	: - ost t.::s 
When thl-, m ::k do.;:: :::: 	:f dc.: ::: 	::s. :hc: ise 
•::e 

 
of 

'oi,z also :c 	:c::az•.c..:::::tter. 
ProC r  

use for c:::rent niches within an ccc s: . ......These roles are 
important for an ecosvste: o functiL: .cc .: :ts fu::rr divide 
these niches into feeding :cationshits. Yc:::: ahiv 	already 
familiar :I a fcc- :ng relatic:-:t; nown a:r : 

snakes, herons, alligators, and f:::s .: are 
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The se a 2 emone arm 	fisi heve a symbiotic relationship- 
they a partners, hetpi each other survive. 

predIamms zhaz eaz otev. Other 	 inchuade 
parasi:e-hosr reaiionsi1ips. su:. 	a mosquito the prasite) 
e± :  upon vor 	are the hos. 

her€ :a rnanv zreher rv 	Jf rea T.:ps vlihin ar 
€::.sems. Sometirr.:. organisr ::f different 

li.,et::)utdon::eedt.:::.leachc::Thisis:..I.ed 
svnb&sis. ;vh.:. 	ivir;. .gehen Clown flh.; 
exampe. live ai; 	.;; siingi; tentacies o sea anei:;es. 
These wo anirnais .ve a svmbioiic reian::hip. ciemists 
helieve a clown fi -. :.evei:: imn..:.v w the ::1g of a 
articular sea aneinone. \ 	 I-  are ro immune, 

so the down fish is orotec:;:: from predators when ir swims 
hetwe:. -.$.::.;.:.;.::: 	::2otrheseaaaer.:::.Tnesea 
aneni.::: D000ilzs recausc ::-.: . - :1ngesrined c'own fish, 
whid. z :er': noriceahle 	.irendv safe swirnrning 
amonc :: 	:12:-aus temacle. lires ..... : 	 z:::ces of fish. 

:one stings and COtS the unsv2:::: 	1h that 

Pmducei 

Conswner, er 

Decomposet9  

Which ofthese 

orgaflisms are 

producers? 

Which are 

consurners? 

Which are 

decomposers? 

Whv? 

T 

5 

21*.  

.:. 

5 ;5 
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Cycting of Matter Through Ecosystems 
 :n s a:  

hv: 
 

o--es :hrcug! 
:ezvze n 

The Water Cycle 
rej .x :ese 

zsste:r. \ier not :epie set ; 	e 
he 	c a1 

E.a::r 	 Lt' 
:ee prca 	ar: 	&e rcv: 	ji1v: 

a 
as :e vae: vce. He: 

as ram. 	ee .: 	a--.: 

Of all the natural resources necessary to the exstence 

and comfort of all Iving things on Earth, water is the 
arguaby the most important. 
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7 7 t 

) 

The watet cycl - 

ome prec: :a:on 'e:coate lfltO tne so: where nam 
:at: ahsr 	Sone o e wate: seeps dow: rhrough 

ad f inis us wav ::.: aq;:fe: 	dergwu:d tavers 
of ivr 7 i 5 rocth: s a ne a5 naLralsto:agear1: a :2: 

Sc:;e rairnvater tinds 	wav c 	;ace 
ate: such as s:rean2s and akes. Sirfc : • ;vater even:uallv 

evaporates. enters zhe .: :: osphe:e. co:. 
aga:a as n cptann. ..zer is not u.sei up: t is tust reused 
over and ove 

ansms ::: plav a roe in the wate: cvce. 
anzs absort' wate: fom the seil ti::eugh :hei7 :- .tnd 

reea''va:e vaper :n:o :he dir ihroigh a precs; cd 
transirat: Antria:s drink water di:ectv rom :akes and 
st::.:2Is er ge: .......:. ne ioOc ..... 	Anirnas lose wate: 
:h:.tgh excretotv e:it piants ano a;Jnais also iose wate: to 
tire a;n:osnirere :hrout :estrrarien. \Vhen organisms die. ttteir 
nodies :s.ease wate: t: . ...ertironmen: as: 	::: .........- .:. se. 
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The oxygen-carbon cycte 

The Oxygen-Carbon Cycle 
- 	vi 	.. :ng 	need carlcn Piams 	carbor. diox.: 
anc wer 	:n.o orocess of p owsvmhesis io make a vp-- 

arbon hke other =gar ihai !Ging, thngs use tor 	ry Consumers get crou 
vhen thev eat d 	:::odu• 	and :hen use :i: :.:rbcn in their 

r 	--- 

 

 - 	 - 
e 	rocesses. B 	oreatnmg. 

 
an mals reLe:. 	carbon aici:. 

ced through irtto _he annosphere. 	iroosers reieas 	ber as ehs 
down the bodi: 	.:f dead orgarrisms, The cvcie beeins 

the b;ospnere for inew as 	r 	ucersuJte carbon fron, ne au- 	 eu. 
.;se by orqarhsms. Orearusns dc ncc avavs dec iv righr away. Thev navfad 

in:o 	\2!11ov or boggv areas wnh idde ON gen. 	dav hannens  
ci : .:::av b....Und into a fossd 

ue!—such as coai. cd. or natura:gas Sdenusts believe diat inv 
plaurs and anirrtais thar died thousands or vears ego are what 

ssiifue!stveus .... ..av.Theburningcfc.fueis 
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Some environments may have so lithe moisture or 
hacteria that they require an outside infiuence, such 
as a fire, to begin the decomposition process. 

When organisms die and decompose, they release nitrogen into the atmosphere, 
soil, and water, and the cycle begins again. 

The Nitrogen Cycle 
Air is nearly 78 percent nitrogen. All living things need nitro-
gen, but most cannot use nhtrogen in the air. Organisms need 
nitrogen in a form called nhtrajes, in which nitrogen is honded 
to oxygen and another deinem. Nitrogen in the air is changed 
into nitrates by lightning and by cerlain soll bacteria or plants. 
Piants then take up the nitrates from the soll and pass them 
aiong to consumers. 
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Human Impact on 
the Bio sphere 
Tliink about the things you cia everv morning to get ready for 
school. You wake up as the sun ithers through the winclow. 
You take a shower and put an your ciothes. 

Da you realize that au t.ise natural resources c'verv rnorn-
lag? lle sun's energy is natural resource. Ihe water tor vour 
shower is also a natural resource, as is the soll that grew the 
canon used to make your clothes. 

What Are Natural Resources? 
Natural resources are all of the living and nonliving factors in the 
hiosphere, including nutrients, minerals, soll, water, organisins, 
and olher rc'suurces made by natural prucesses on Earth. They 
are the materials that you and all living ihings use every day. 

Some natural resources can be used over and over. Such 
resources are known as renewable resources. Natural processes 
replenish renc'wahle resources. Rencwable resoiirces includc 
fiesh vater, Iresit air, soll fertilitv, torests, and elements such as 
carbon and nitrogen. Nonrenewahle resources exist in limited 
amounts ‚md ire not replaced througli natural processes. They 
inciude petroleum, coal, natural gas, copper, aluininum, and 
the products made from these resources. 
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Some resources are replaced so slowly by natural 
processes that they can be thought of as nonrenewable. 
Topsoil (the most fertile iayer of soil) is an example of a 
resource that is renewable by natural processes, such as 
weathering, hut topsoll formation takes so long that we 
think of topsoll as nonrenewahle. lt may take 500 to 1,000 
years for one inch of topsoil to form. 

Problems With Resource Use 
All organisms produce \.vaste products. During photosynthesis, 
pLmls [akt' in carbon dioxide and give off oxygc'n as a waste 
product. You breathe in oxygen and breathe out carbon dioxide 
as a \vaste product. When you eat a hardboiled egg or an orange, 
the eggshe)l and the orange peel are waste. Decomposers in the 
soll can break down eggsheils and orange peels into the nutri-
ents plants need. Orange peels, eggshells, oxygen, and carbon 
dioxide all are waste products, but they can be recycled in the 
hiosphere by natural processes. 

\Vhat happens when waste products are produced too 
quickly or in arnounts Ion great to be recycled naturaily? When 
waste products build up faster than they can be broken down, 
they become potluwnts. 

Renewable or Nonrenewable? 

eUV  

Here are some items made from natural resources. Can you identify which 

of these are made from renewable resources and which are made from 

nonrenewable resources? 
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Air and Air Pollution 
When you breathe, you exchange gases with the air. Animals, 
iiicluding hurnans, take in oxygen and breathe out carbon dioxide. 

Air 
The two most abundant gases in Enrih's aunosphere are nitrogen 
ancl oxygen. Nitrogen makes up about 78 xnent and oxygen 
another 21 percent. The rernaining 1 percent consists of trace 
arnounts of other gases, including carbon dioxide at 0.036 
percent. Air also liolds water vapor. Most of Earths air is 
in the inner layer of the atmosphere, called the tropus.here. 
Above the troposphere is the stratosphere. 

ALTITUDE (IN MILES 	
ALSO GALLE[) ION SFHERO; 
Tj-•I / .1 	..)A '5F-./j5, 120— 	 Thermosphere 	3I 	LI- (200 km) 	

HH-  .....N HERE, 

50— 	
VER"0(7. 0. (80 km) 	 Mesosphere  
FAHRENHEIT. 

30- 
148 k 

THIS LAYER CONTAINS 
:7 	... Stratosphere 

‚:7: 

70 REACH THIS LAYER. 

rbüN'r EVFRE7T 

1OL 
1HLA 

- 

A'f''''<'\'•-'S; 
\TFR 

Sea 
Level 

The Iayers of the atmosphere indude the troposphere, stratosphere, mesosphere, 
and thermosphere. Beyond the thermosphere is open space.The ozone Iayer is in 
the stratosphere. 
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The Ozone Layer 
A gas caad ozoe tcTT z in the stratpnere wen oxvge 
ine:acrs wfth Iighrnir. 	nd uhravioet ra.1ator 	:om the .:....- The ozone layer  
Ozone is a form o cxvgen e, li . ......... :.f three 	vei mole occurs between 

boned tcg:.r;:h 	:::vgeri we h:eathc 	:nssr:: 
ma!ecules hene 	z'c ' 	impora;u ±eca.::- Band 25 m es 

vent.s harmfu uhraviciet raator ::m reaching Ear. - s .: above Eartb. 
ace. Lravc 	....:... ha-uns 1...... ...:•: -.:2:er anmas 

hv jama in 	he siun, eves, and  
chrav:olet radiaicn alsc harms planrs 	lualic organsms 

ilse Greenhouse Effect 
Ocr ciimate is ei av the greenhause efe. Hea energ': 
fram :he _r -in :ss :hrough Eartts atmesph:-: an .... 
EardH 	rfae. .... . cihs . 	i.rgv 	:. . .ed back up 
imz tue a:moshere. whc 	ntouse gase ... :h as carbon 
dcxjein the tropcsnher 	heat from . sun near 

re. T.. heat st 	 Ea::.: 
Ths naturai phenomenen s kncn'n as rh: :eenh ect, 
because ihe gase,-  act like the panes of gass in a ;ccc;cuse. 
t:aping the suns warmth \Vithou the greenhocse effect. the 
whoe wc'..: .e about the te!r:::.:. of \orth Pole. 

The greenhouseeftect 



Air Poliutants 
Si'me t'oiu:a 	e::e: he amshre iaL:av. 	can:c 
rut;ions. ut tcr:s. 'and loreset nues trodce 

ruia:s For xample. vvben M ....... 	. iazut 
PiIppme e:uted. tie ashes reucei :ne rcu:i 

h; cod pa 4Zz 1 j rI -- !  h !he :mo*ee 
sghr. :dce Ert 	average tenr.....for hree vea: 

Human 	so 	 nio;. Mos: a:::u:o 
rea:ed v 	ins 

 
com foä Ym:irg 	r e:e:. 

Fer exame. ie smoe Ihlat cornes fr 	exba:s poe o 
Jror.: :trssx:...ca:5c:: .::.cxdei - s•:. 

r.irgeri xdes as gases a 	 2 

:'aricesof duz - - ash. sx't, er 	er vs5e pc:a::: 	:ie ar. 
?!cfa: .:erac vh Lro:: oxes a  J o:Ier ceas 
±0 ar a om a dange:cr.s zv: :f ar 	: ca;:i srcz 

:as a trucs :rx1ze smog. Smog :s es:a]v 
age:ois o: eepie w;zh respraorv 	ems 

ien 	dv::g soUTCes ef 
a actov. vrcmena sce:szs are ca:cerned ror o-

aoj ±e area 	eda:ev sn ±e f. b 
v± a !m:ch 13:ger a:ea krcr.vn as an - 	Aojs:o.is 

a: area ±at. ie ra  
same a:. A:r oa:s::ave. For 3moe. 2 

or al: 
cirre:. :2:g 	iie a:sfed arad :::r house. 

..sr:beihrcgh an  
a:sed aepe:os on ehe 
:vpe o an:. Fa: 

tye  

exarnoe, ::e ;vav 
ptan::ca :as: 

-‚ 	 •.0 O2::U:35 f:o:ri 
.:e is:rhued. 

meuuu .ise comote: 

a 
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Acid Rain  
a scale cafled ti:: :! :aie. 

The s--a-le 	Z 	 withbeingneL.::..i:re 
.::hasapHo: 	fasuh:::ehasapH1rw7Jtisan 

a::: Rain is naturallv slightiv :::.:. 1:. wiih a Z i abc 	56. 
b•:.jse carx" 	 s1 here rea 	wiih 
v.:::rtobecc:. 	 d. 

	

Suifur dioxic 	::.::en Oxide 
of ac 	ain. \Vhe u 	nd cw€:i::... 
fueis ::.a sulfur diox: 	:.:::gen::::.:::.:: the -a::. these 
gases 	.;:h vaier vapor to for:: :..:.ric and nitric acids. 

- 

LL 

Acid r 	cSfl deDletethe soll of the nutientsthat plants need to 
grow. When acid rain falls, lt filters ci ;rl rhrough the soll and dis-
sotves soil nutrlents and other m ci s s irnoving them down to 
layers out of readi of plant roots. 
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awä wen .:...:::-:-..: 	...: :i.• J . Geooical Survev, aci ram 
. 

	

	:tn with a H kiwer han 
.::er. A :.:. a be weakanad so bat  

ev are mor€ 	ed hv oher dnd of sese 
en;onrnenL - : 	:: 	emDerat1!re, :nec1 amae, er 
drouis. Acict reh a e=Fe aqanc 	venzov cnanging 

' - er st.3nV aquaic er aPi 	mi' 	when 
ai io fa imo lakes and pends. 

Acid rat is a worldwide nrobietn because ute gas hat 

	

lt nie ie prodr.: in one staue er ecumn: arud 	lown 
anorher staue er reunup; 1w winds. Acid ra -.n uhat fafls in 

souuheasuern Canada md the noruheasuern uni,  ed Suares. for 
mav be - uhh peiiuuanus erniuued 1w coaibnrning 

:owerpiants 
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Global Wanning 
Earhs :emperatre is affected bv various i'.:ors, 	add 
heat te te air and waer hrough hermal = I.Iutic:. Increased 
partfcuates n ihe ar reduce the arnoinl ei heat irom he sun 
hat c.:: :::: eS. .: .sed greenhc'use gase .... 

heal 	;h. :.: -20t.h cerrurv. man-, z 	z sa. 
have relcr :d more 	more greenhi ..: 

...........1:Iv carbo:. :I:::±e, m 	.-. nhrous oxide. 
anti ciiu.........ocarhens- 	 .-.e. 

• T.:bo 	x:ic is reiea.. ............... 	‚ rA 

::ieurts bv the hurnuir 	. 

• feue o:.::s naruraiv as a centpenent o naturai gas. 
1: also is preduced as L.::ria decenpose :ic waste in 

	

= oxvgen. 	.s traps more man 2C .:mmes as 
:. heat 	je 	car.............die, Indis. whicL :ntan 

.am:m rnoums :rgar . a.e. are a r:::r.' ..: ei rneth 
ane. Livesrock .........i:.is mI: :roduce rneti.m:: dur.::r 
their digestive es. Kdemv1: ei ar.::::21 m  i; c 
irem cattle. hogs, and pouhrv . 4  m:nmher sourc€ 	methane. 

Ni:'mus 	a poIu::m mham ferms 
ferest fires. when ceai :.::1i 

and wflen nitregen fertiizers hrea aowr 
in soi. Nitrees exde :raos abeut 2K1  tirn 
as .: -...ch heat 5 s*on diexide. 

.:FCS were ence use.i 
as pro:s sets 	zprav cans and as coo.:.:s 
in reir.c-;atars 	;. 	' ndoners CFCs 
trap ihousarmds .::  beat than 

s ei CFCs 
hauik........... .. 	:::mcentaks 

..O vears : -'.: 	:.:.:h ihe su 
sphere and, once i.. ::. ihev rna': 
je: .:cades. CFCs wut centinue me aiiect 
:li 	c;virenment für some time. 
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CFCs and the Ozone Layer 
Many scientists agree that CFCs also destroy ozone 
in the stratosphere, thus thinning the ozone layer and 
allowing additional harrnftil uttraviolet radiation to reach 
Earth. lncreased amounts of ultraviolet radiation can 
damage or kill plant and animal cells. All organisms on 
Earth are at nsk from the thinning of the ozone layer. 

The amounts of carbon dioxide in the atmosphere have shown a 
general upward trend from the 1960s to the present 

All c: :ese : 	..:..se 	have incre± ... ..... trno 
!ere as a resui o: Iiunian auivleies :me ::tlsts hink 

&enhonse ases cause global 	othe;s eiieve that 
increased partkulate eniissicns ar 	:oiing Earth. and still 
others bel€'e that therrn.I 	ilut.::. will have 	±:agest 
effect on global cilmate. 	tists oo studv giooa dimate 
trends have records thar she.w Earths aerage temoerature 

lo 
me ‚ast kO vears. Lyon rhough manv scem;s:s agree 'na - 

h, 	m thev disagree ahaur the 
darnage t:.:: his warming nLght do 
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Solutions to Air Pollution 
The Ci: 	:\t of 197C c:c::ei federal air 	..::io:i regula- 
tic'.s - i 	:ate is 	Sftice this c:..:::.ent, the 

	

sigr:c:::iv 	.;erd the levcis 	six major 
air pollutants including sulfur dioxides, nitrogen oxides, 
and pcs. 

:veral wavs that the nitrogen oxides, sulfur 
::ioxic:cs .-. par,. 	:hat power plants and industries 
releass 	:he a 	:een lowered. Some ;- i ....:s :urn 
coai - iias a Im, ': s.,..ur coneent. Others rc;;cv:- :‚e sulfur 
from coal or convc:: coal to a liquid or gas before is burned. 
A third w: :0 reduce greenhouse gas emissions is to use alter-
nativs surces of pow:. such as wind, wem. or solar energy. 

added benefi: 	using alternative c::rgv sources is that 
thev can produce electricitv w::hut produ 	:i:ormal pollution. 
\\Then  electricity . :'oduced 	a fsii :':ci— or nuc - 

po'vered power p.::i:. !T.ore C. 	:.v::-thir.. 3: 	 energv 	:he 
:r:aterial is :'<d as hc,: ::d not co:vrted 
idS is a major source of thermal pollution in the 

	

.ition, m:c.s::v 	into eng e:ir:- 
r.:.; ....- 	filters, 	p::c:s, 	.:.c:bbers :h: can be sed 
ir:zice smokestacks and exhai.. svs:e:.s to re . .........:articulates. 

Because 	:s an :‚:cks 	tsh levis 	::imen 
oxde.! aws :es::ict t; amoL;; ..; 	p.ilutas :;a; vicles 

	

:i;. A dc'. ice known as 	Wet scwbber 
a catc :::c converter converts 
harrni:.: pollutantzzc:c .:cd 
from :hc- hurning :: gscine 
ilto safer substances. S:c:es 

...........di ms require 
anm!al 

inspec:::'.s. test emsions 
and 1.:: c:dciencv. Todav, 

cars in hc,  
burn md': 

unleaded gasoline, which 
has significat:d.' reduced the 
amount of toxic iead in the air 
in the United Sta: 

A wet scrubber removes hazardous particulates 
and sulfur dioxide gas from power plant emissions. 
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A growi: 	 opie »e buving hybrid :&c1es. 
'ehic. 	:rent .:rces to produce 

	

m 	id vehicies use a sa11 gaso1ine-powcc: 
motor with a s:c:iaI batte::. 	ars 

::: 	c::r niiloloe than r:::: co.en•...........iae- 

	

el.s 	:anserve  

	

 
emi 	 he smog-producing pollutants that 

• 1anLf::rs are developing zeroemission 

	

vehicc- 	hces that do not produce anv air pollution. 

	

\7ehic1c z 	cc 	: 	pera:c •:: 	cc:: 	:::.: 
throLga a .;- -. 	- 	•..'c m 	............... 

	

ccli relies on 	C 	 bet. cc: 	.h.:cc:: and oxv- 
gen. The on!. .c'-products of the reaction are heat and vater. 

easv wav to rc-c cc c 	cion frorn vehicles is to not 
as much. Yc.: 	pollution prevention hv 

biling, or c 

Trip Chaining 
Remember when you trip cham, you can help save the air in addition 
to time. Chances are, you and your family members already combine 
errands, which helps cut down on traffic congestion and saves gasolmne. 
If you can, try cycling or using public transportation whenever possible. 

1 MILE 	• 	 1.75MLE5 

15 MLES 	
2.5MILE3 	 J 	1 25MLES 

	

2MLE5 	 2MLE5 	 ..f 

	

3MILE5 	 Tj 	1 MLE 

How much mileage would you save by going from A -' B -* C e D -' E F - A 
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Wind energy, the fastest growing energy source, can reduce the 
need for power plants that bum fossil fuels. 

Reducing the amount of fossil fuels we burn can have 
vide-ranging nostive effocts on the environrn ent incinding 
ciiiner air and waier. lt ma also heh ,  icid ra;n and 
slow global warming. Scientists suggest that using less fossil 
fueL chaiging to renewable and alternative energy sowces, 
protecting fuens and replanting harvested trees, and siowing 
human puvLIu on growth will all benefit the environment in 
the bug run. 

Water andWater Pollution 
Pollutmon may enter a body of water direct!\ ,  er indirectiv as 
runoff frorn a point anvwhere in a bodv ol walor's watershed. 
A u'atershed is the region draining into a river, river system, 
or other hody of v1ter. Small watersheds make up larger ones. 
For exmnp!e, the \1ississippt River drains a watctsled 01 about 
1,243,000 square miles. Precipitation that falls at any point within 
a body of woter's watershed will eventually drain into that body 
of vater. Many kinds of pollutants can diminish water quatmtv, 
including toxic metals, industrial waste, agricultural chemici!s, 
household products, petroleum products, and heat. 
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Fertilizers 

Chem!cals used to fertilize lawns and crops mav be carded 
hy rauwater ute lakes, streams, and other boches of \vater. 
Pollutants such as fertilizers and pesticides that enter our water 
svsteiri from runoff are called Tt npeint Seurce pollution hecause 
the sources of the poiluuon cannut he traced to a single identifi-
able pOint. The phosphates in fertilizers are plant nutricuts that 
crops need, but if they get into punds and lakes, the cause 
overgrowths, or "bloorns," of algae. T'he a!gne can cover the 
vater surface, blocking iife-supportmg 	and killing 

ce forrns of pond life. When the algae die and decay, the 
decavnrocess tak&s uxvgen from the water, which in turn may 
kill fish and other urganisms. 

Pesticides 

Chemicals that farmers, homeowners, and others use tu control 
pests, such as insects, are cafled nestiuries. Sume pesucules 
kill only particular species, hut others are toxic to manv living 
tidms. Man' of these toxic chcicais cmi up 	iti' ‚iir, surface 
water, and groundvater. PcsucJes in rainwate uttorf kill 
millions of rish each year. Traces of pestickics can be found 
in nearly all of the freshwater fish in the United States. 

DDT in the Food Cham 
A pesticide called DDT was widely used in the 1950s and 1960s to kill 
mosquitoes and insects that harmed crops. But DDT also killed many 
beneficial insects and washed into bodies of water, where it was absorbed 
by tiny water organisms. Small invertebrates that fed on the contaminated 
organisms were affected next. Fish ate the contaminated invertebrates, 
and the fish were in turn eaten by birds. In this way, the DDT moved its 
way up the food cham. At each level, the pesticide became more 
concentrated as a result of a phenomerion known as biomagnification. 
DDT killed many insects, invertebrates, fish, and songbirds.The buildup 
of the pesticide in the bodies of [arger birds, such as brown pelicans, 
bald eagles, and peregrine faicons, caused their eggs to develop thin, 
fragile shells. These thin-shelted eggs tended to break in the nest before 
the young were hatched, causing a rapid and drastic decline in the 
populations of these species. DDT's effect on birds received wide public 
attention when Rachel Carson published her book Silent Spring (1962), 
which helped rally public support for the ban of most uses of DDT. 
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Toxic Metals and IndustriaJ Poltutants 

Me:curv. eac :id oiher toxc me:als 	 ed in 
iusr hav 	ntarninated bodies of 	 :etals 

PCBs ;snl:.:•::c chl::.:ie 	 ised in 
pairts. a: .'es. i:.:nts. and &ectncal equprneni s:e also 

amrle : ;vaiero 	ns 1at becornern opec::en 
rated as 	move up. ü2 	 Manv states have bz, :td 
health w.- -,::. Ts: aise o the wxic ........ii content of natt 

Hazardaus 
Hotisehold Products 	

household 
. -.e chemicals sod in househo! 	also cause :::r 	 - 

LXlIUtOfl. W: VCU des: 	TathU 	 products mdude 

	

.vater 	pesticdes, paints. 
1: vou 	city o: 	 tha: ;vastewater is 

w:: 	.: :.:i: 	c -  lt is :e:ed and :reated 	so1ents. dran 

so i:at the cia can ne enj.eci aid the tvater :t::tt 	cleaners, ol, 
In r.ira a:eas. wastewater mat. , be pipod into a septic 

gasohne, and ;c tne sepnc tan .: - ..i tLte aown 
:he sei; :- 	:.-• . 	e groundwat•.:: Khen this wastewater 	car baeries. 
con:ains 	.: .::ricals than t.-- 	can absorb, the 
chemicas aiso ente: 	groundwaten  

Household 
septic system 

VI,  

£ 	 T P ............................... 

- 	

! 

Househotd sewage may 1* cbsposed of through a septic tank and leach fleld. Water 
and wastes spread er the leach freld, where the soll filters out some chemicafs 
and decomposers ba k down organic matte, 
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Petroleum Products 
gol:e. ercse. and 0-he: -  ;erJeum pi-cd-

it  - sph er 	aws am a m3: se:ce c vater r'cn. Yc: rbav have 

tF'e errss ons ;- . a  ei H 	
. 	. 	 . 	-. 

ame h kis sorte or2a:sms ir.wieia:ev. O:h€r die- 
kam 

 

	

a factor 	 2:z3::: 	 fur. .r 	Se 
am consdered 	ia :ie ccear ec:. were k1Is 	 .:eiuu:e. Eve 

vti ex:us -;e dearup efforts,Jr. 	O va: fo: 
or'tsoLce 	 ec 
oorbecause 

Thermal Pollution 
he sorce oltne e:ma. wate: pc. ui x:u:s wer w:er :tet cm 

	

ap 	:ve: :e c.x' a xwe: tai:. Ii :he hea:et ;va:e: 	h2ck 
Wo :he r!':en t raes the ite:s te e:a::e Ter:ta tt -ated. 	- 	 . 	 - 	- 

..ismart. aauc - :;za -::.::v:t 
cr wer ahe arx'irt of ssc; e oxvge: wate: 

and maze organdnis tc-re prie zu the ebus : damao:tg 
:hai 	aack hy ars.:-s o: i:ease. 

Mme - 

VIA 

Solutions to Water Pollution 
Sz;xe 	 I'r' ake:hall. \u o: thirzvand 

zs:de tu gei a glas uf wate: f:azz -,he' hchen tap. Where 
dus :haz up wate: core frutzz In the Lnhe :ate. nzt cum 
munh.e gut ther ne: sz in - :.. rvers ake: . ... 
unern:cund auu:fers. Befo:ethe wate: 	:a vcu, 

a treazmem :ucess zu nzate su:e nzeet: ±e :zanda:d 
c .::: :hzkhzg wate: :ha er ei 	'he Envr: : -zen:a 

r:e:nun Auezcv .EPA . Becaz:se wate:is :u tnzo::ant tu 
:he. wo rnzz 'ru:eut wate: rescurces ani prevent andciean z.z' 
wate: €:ut:u:z v eteze: pu:sde. 
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Methods of Oil-Spill Cleanup 
Wien waterfowi 

Here are some of the ways od spills can be cleaned up. 
fad victim to od 

• Bioremediaton uses fertilizers to increase the 

population of oil-eating microbes.This process is SPdlS mmediate 

very harmful to humans and animals in the first action is otten the 

24 hours after application. If animals cannot be 
ony ttung that 

restricted from the cleanup area, bioremediation 

should not be used. save them 

• Booms are floating barriers used to contain Specialiytrained 

and absorb oH spills.Their high-maintenance and licensed 

requirements can sometimes outweigh 
wddhfe rescue 

their effectiveness. 
crewssharn000 

• Burning reduces large amounts of od to a tarry 

residue. lt requires favorable weather conditions and birds 

must be done within 72 hours after the spill occurs. to rernove the 

Unfortunately, burning produces smoke that is - 
od from their 

poisonous to humans and animals. 
feathers. They 

 • Chemical dispersants help scatter od into larger 

volumes of water and help prevent oil from reachir also give the brds 

shorelines. Dispersants must be mixed with oil, food medic& 

whidi requires good wave action. 
care, and a warm 

• Hotwater washing works best on heavily oiled 
la 	to sta p ce 	Y 

beaches, but hot water cooks" all plant and animal 

life in its path, leaving beaches sterile. untd a is safe to 

• Skimmers collect oil from the water's surface. release them 

Under the right conditions, skimmers serve as o -  back into the 

of the most environmentally sound forms of oil 
wd. Such rescue 

collection. However, like booms, skimmers are 

difficult to maintain. efforts, however 

• Oil-absorbing products and chemicals soak up oil. can be very 

When they are removed from the area, the oil is iabor-in'ensve 

removed with them.These produets are often usec 
and costi 

to clean up oil on land but have also oroved effect. 

for oil spills in water.  
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Reducing Water Pollution 
The:e are :nanv wavs te reduce w:' peiItierL Farmers 

kee fertilize: otit of runoff liv us:::r anv smali amoums 
:.::e er liv stv chin :: 2 .t.::.:.i practces ft:: 

felize Thev can cut h:r .:Z : ,  2f est:c.•2 :: ;v:c. :: 

ogica cc ro!s For e:............ :hev tng;: 
p:eators. such as 	 m inseci pests. 

:e h 	 :::.: .....:2:.::.2,  W.2;  
Unitei Sates :::anlis to a. 	ean liuer 	ir exan 
agahst lite law ro scha:a•~ mv :ox:c po utants h110
wate: :m addition. most :.::es have nov passe aw .... 
reuire powe:pi anzz and ::..m:: ctories t:: ::o wate: efore 
reeasn2 it hack into :ive: streams. li;an hugh some 

scurces of wa:e: poliution have been add:ess:: :mxh 
he dore. 

Protecting Water Resources 

CLrreniy, One wav ta 	:: :ct wate: resourc 	thrc .2 	cosen;ati:n. 

can conset-ve wate: Dv cumng mac aznurn we t:se da:: 
40 percept  Of Scme 	en:ists es:imate ha: alicur 60 ne:ce:m of !he wate: 

tb 	::3rlijs oeop e peepic use is wasted thrauch eaks. evapora:,on. and alite: 
, os,  es mhat cc:: he pr:: 	.r exannie. hie average 

ve wth sm : i  f3.cet 	;vasie as ntc 	as 	ga1ens of 	ver a veat - 

water shortages. tttahs .......)ugh ;va:er to 

............................. .m.:.m: was:e wate:. 	Va:er use: 
n:: tseo eifmc:ealiv. For example. i:rigannc 

crps in L: 	:meat af hie dav is wa 	efo beCa'Jse.m s:gn:can: 
....................................... : 	 xicts :::::azeim 

Ta save waten e evorte :.: :s mc m.se ess wate: in daliv 
life iastailim:g ie;v-hcw 	owen:eads armd meliets .m:td fmxing 
eakv p:pes and faucets are few wa';s voc :an c tsen:e wate:. 
Farmcs ::: .whcnin 	:: 	hpirrigatiom: svs:en. 	.1 wI:::: tulies 
deliver wate: dmrectiv 	: :liaat ::nns Ga:de:mers who live 	arld 
climames migh: consid: 	rowmng native piarns tha: .m:e aaPteh 
mc drv condcns 

Land Degradation and Pollution 
i VYd look clOse:v a: a stmoveliul of soli, ve:: wml, no:ice tha: :he:e 

lot more mc im hmaa voc nmighm lt.ve :li'uli:. Soli :or.tams 

e:oded rock. cranic mane:. wamer, : . .. .erals. amt:ems, and 
.orgamsms sx: ....eanhwi .::: .:mds of deca:.: :se:s 
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Soll 
Soil has layers. The top Iayer, or litter layer, consists of leaves, 
twigs, fungi, animal wastes, and partially decomposed organic 
materials. The litter layer is thin and usually dark brown 
or black. 

The next layer—the most fertile—is called topsoil. 
The depth and fertility of topsoil are factors that determine 
what kinds of plants can grow in a particular environment. 
Topsoil contains most of the roots of plants and most of the 
soil's organic matter and is the storehouse for water that 
plants need to grow. Decomposers, such as mushrooms and 
other fungi, in topsoil make nutrients available to plants. 

Underneath the litter layer and topsoil is the subsoil. 
This layer consists of brokendown rock materials including 
sand, silt, clay, and gravel. This layer does not contain any 
nutrients or organisms that can support plant growth. Below 
the subsoil is bedrock, the unweathered rock that was broken 
down to make the soll. 

OAKTREE 

Soll layers 

LEAF LITTER - 

TOF'SOIL .-

SUSSOR - 

ROST / 
SYSTEM 

WOOD SORREL 

HONEY FUNGUS 

p. 	
MILLE'EDE 

EARTHWORM 

MOLE 

'SEUDOSCOREION 

-NEMATODE 

ACSNOMYCETES 

FUNGUS 

„7 	 EARTH 

E'EDROCK 	 MTE 	SERNGTAR E'ACTER!A 

In most soils, the layers include the litter layer, topsoil, subsoll, and bedrock. 
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Soil Erosion 
Soll erosion is a natura! process. Wind wears down mountains. 
Sediments, carried in rivers, build up deltas. Wind, water, and 
ice all contribute to natural soil erosion. However, the litter and 
topsoil layers of soil heip prevent erosion because they contain 
plant roots and air spaces that absorb water. When plowing 
digs up roots er logging removes trees from the soll, topsoil 
becomes exposed to the natural forces of erosion. When topsoil 
is lost, the soll beneath lt is often less fertile and unable to 
absorb water. Farming, logging, mining, construction, overgraz-
ing by livestock, and burning forests all destroy the soll plant 
cover and speed up erosion. Today, soll is eroding faster than 
it forms on about one-third of Earth's croplands. 

Land Pollution 
Paper and plastic bags, aluminum cans, glass bottles, orange 
peels, eggshells, old tires, old homework assignments, and 
wormout clothing are just some of the trash, or solid weste, 
that people throw away every day. Garbage trucks across the 
United States collect 132 million tons of solid waste every year. 

Most solid wastes are dumped in sanitary landfills and 
then covered with a layer of soil. Wastes such as grass clippings 
and spoiled fond are biodegradable, that is, they were once liv-
Ing organisms, so natural processes can break them down. 
Wastes such as plastics or glass bottles are nonbiodegradable-
natural processes cannot break them down. Nonbiodegradable 

Signs of erosion and 'and 
degradation include the fotlowing: 

• Mud and silt on sidewalks and 
driveways after a rain  

• Exposed tree roots where the 
soll has been washed away 

• Roadside ditches filled 
with sediment 

• Muddy water in a stream 
or river 

• Caved-in stream banks 
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was:es ma las: or nunrec 	tno 	. 	vears. :TTtetin1es. 
eve hlodegraahle wastes ..ndfi . :::: decav :a:iuse the 

Eachyea 
does not reach the hurie :rash. 	 . 	- 

Amercan ornce 

Currently in the United States, about 55 percent of solid 
waste goes into landfills; about 30 percent is recycled; 
and about 15 percent is incinerated, or bumed. 

Hazardous Wastes 
..: ..:i:.. ......garha- s andbt .... sses 

thraw out makes up the  
hut uore Ih-m 9S percer.: : f solid waste actuav zornes from 
ndustries such as mlntn. a.rculture. and od an nural gas 

..... The sol:d waste produ:ed hv mining  
::istres can Some 	i wastes 

are haardus because tre'. co;i:r:: oxc cempcunds 
 

of reiease 
texc fumes. 

Sotnet;i :. :. rzardous wastes are t ..: .. ...... . metal cor.tan-
ers. lnroperlv contal . :oxic substances  
:s rne:a and re`ep soll, eventualiv r.:;i;natin: 

undwater. Much ei the groundwater in -.he United S:r:rs ha ,-  
::.;ntaminated wizh ags.:.: .::r.: irdu :1::. erni:r.s. or 

w:tn o;; andi othe: nesroeum reouc:s thar ltae seeped zuo the 
seil and then imo the groundwa!er These tvastes mav be toxlc 

hoth artinials :....1 paius. 
Wnh iundin ironi  

E".'lrzmrental P:otecuc; 	.r investigadrtg an,--  :.eanlng 
me:e thart SC-O hazardous weste sires across irr :ounim 

4 

workers dscard 

about 4 mi Dion 

tons of, pape. 

Thafs enough to 

bu]d a 12-foot 

waD trom Ne 

York City to 

los Ange'es. 

l-lazardous 

wastes ae aw 

so d wastes that 

contain toxc 

compounds, are 

unstabe, catch 

fireets „or 

corrode irr:t s. 
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:\fl 	 piecE 	:oimercvv or :r 	s:nai .a:i rhaz 
is con:aminated or is su;ed of leing coniaminwedt 5v a 

fyoutake used hazarevs sihsrv.- is kriown as 
faco:,es anioas staIons are e:ampies of :: 7 :v:iek ses .A Motor od to an o - :e. 07 percer -e 	he3 t.-o  

recycng center. :edoveop tie s:te 	z.- . :.w aw 5wever. 3'ws 

tcanbe:E1ed 
.]uflt:es anc. 	• 	:o redi::. 	- r 	va 	s 5v 

- 
w:n he EMo 	 s:tos Tre LP deermmes hov 

am rejsed, wich - v± deanup needs to 	::re o mae te s:e sae 

saves enerv. uze. 	 5vo 5e7 eeve 	eI 
:es and s:cz--zs 	el . 	bee 	-- to pars 

Recyc ed o 

cm he used 
Solutions to Land Degradation to geierate 
and Pollution eect cty or 

s cre A 	he mas: se:cs Mal 	H: ...... 
res ao r5e::s :odav.Mos 	: 	te :scv 	- 	erc: :1e Uv. 
buS 	esses. tates cvies frcm a!: 	use 	:o ra;se cr'rs or 	zat:le. 

:e 	a:ti:3i Res. 	r:es Cc: -a:i:Service of 
..S. Deoa:im-:.: .-: .g-ici:v.r: 	:::ore Van .......... 	:oas o 

so. ercde frcri oast::re. ra 	ead. ai 	 Lhe t]nitei 
Sr3res evev ver. Yeorv five rimes as m:i ercdes :c'n 

i: -.- td 	rc:ias. ± . s fvm uce 	a::d 

Soll Conservation 
Fa::rour :io wcr± 11 M MMUG :;se .s vMog 

e:!:: 	o n. s er - e soil an 	:eve 	:: cso:: :'n :t:er 
es. in trio 	Sase. 	 :vas o::0 : 

:o wins id :.iIr :: : eniSs a. :nie More recent 
arnnng pra: . ............ever reconimen± .trIers eive a 
:arit crier on se nü at aH ::mer in n-:i. fani:::g, soc:a 

ch:::es xe h:.es throuzh je Ta -.er c: crgasii: ma::e: ief ,  
w"  äum  tue pwums cre'and pn: ne:vseeis riro :1e 

Nher kinc ....: un amaN e :3ic .: :ces 
:et:ce :Se rieoi fcn er:i±ze:s a:± 	s:ucdes ;.: - ...... .... 
:he soiFs ah::i:v :c hid 

Farr. in .erv iiv : moumonen a os coriser;e 
w::: :€rracuas. Icrracing c:esies 1e: ±oids acniz :he soe of 

WI pmmn="sc:i e:osicn anj itL: :v3:e: fcr 	crcno 
ge:v s -ing :ands, fa:mers ccnser -.e sei. 5' ccn:cr 

ming Thev parir crer's in re:vs 	:. a:ss :he u.ain± 
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rather than up and down. In striperopping. farmers plant differ-
ent crops in strips that ahernate. Sometimes thev plant crops 
that are 	:.vn as iee. :r livestock hetws:: rows ei trees. 

Stream hanks ran e protected againsr erosion hv using 
plants. rocks. er  structura! measures. In voodlands. planUng, 
thinnin :unir: .er harve: :chniques ran he: ::ro- 
terz the sei! and dirnaze. mainzain 	•::v. imprc:•.: ::::itions 
for viidlife, and mainzain cover for rson contr. 

Using compost to hep oontro! erosion is a nwtedino1ogy being 
implemented ta the United Stetes 
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Reduce, Reuse, Recycle 
Ihr 	 rse, nd r cck—c 	b a- :ed t: 

Abot65 
ij. : .ase ze a:cz osoi waste 	m 	a Li 	es ge:.:.:e. 

perceto 
REDUCE 

:c je am 	of 	war *  e vcu :uewu:, s:rrplv 0 13 TIM  
• rage cans hme 	 : 	trst 	&; icase . 	 p:ace. 	 ar g 

'the .er:ha: prc'cLce :.aged n 	'l 	c-wrapte 	fc'm 
:rav. Coose tems :hat do ne tise ecess ;dazc ma:eas. 

L 	:i States T 	i- 	ai.u; 	e.f ?ca: 	i:e 	z ve 
ae recyc ed. ft .rvav. tt kihe 	scraps 3 	 I?:gs:: 	a cnpos 

14e rieriai Wi1 dc 	rpase 	d 	eoe a 
taestre same :tac fe:ie 
arovfl ef enerev We aH cn chage 	:r is:'; . 

Z.  to mae one can  a 	g::ie:: agerlces 	a-;e a. 	: 	';ae 
rrn 	r n' ad d:se •a was:cs. R;.dc waste 

he.ps je ecine:: 
0.-e es :oeso 

rrake 20 cans REUSE 

'recyceo 
Gu 

a-jT PL" .. ‚. 	 . 	. 	. 	 - 
:::.resei: 	... 

:arr 	vI:: gra ccihes. 	fuze i 	 ' 

car rese i: :o pant 	 ::‚ 	ar 
es 	za:ro 	::a: heid fod :as 

j----• 	z!so :ese Ta:eras S'rre 	res 
water i 	retsbe pas 	s. Man.-- , • 

ote1s c'er 	ss:h - 	 :..... 	 thei: shee:s ad :awes 
davvh,.saves 	atera;deer. 

RECYCLE 
4 

Paer. nastcs, gass. ad 	:. ..:T. ...... :. 
—c.r€ 	and used :c mae ::ew 

p:oducts Ne;vstaers 	in 	e recced ir:c ne;v 
:tsied, 	e:ed... 

nto o:he: gass  
fred hnlo  

ken up. meed, and refo::r.. dui ne;v pasn 
7:. . 	: cv:7ng 	:ozesses ceve:,: 

• 	res:::ces a::.: -:: .: :e w2se 	dfs. 
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The Problem With Plastics 
Most tOosoos a.re mdde 'rom oetmem and are nonbodeqradabe. Pastc 
toms mako uo ahom 20 percont of a muncpa so(id oasm. are 
more chcut to reoce secause there are so mami different tpes and they 

ust be seporated acccrd'ng So So pe. Currenhy, r is cheaper So maRs nes 
oastics fron peiroeum thea So recscie most piastics. So adaition, recycSoin 

uses more r.nerg thea makmg ne»u oiasflcs. Therefore reusing piashc 

cnmin'ers or, beSter \'et purchasing tecer pashc tems reduces the amount 
o nasecs anofiOs more eft ;cenry  than renvosag thei, 

4 	
.rc'1 

t0  

' 

o 

'— 	 - -' 

To 	 0 

Hazardous Wastes 
Beccme n thc ciangers hazardocs rvastes rose tc the environ-
mea:and 	Stfficu0es associats-d with :Lscr dieu .al, reducing 
the production of haz:nious wastes is the most desirable goal. 
\ious Ioca. sate. and federal laws regulate the disposal of 
uazardous v;as:es. 

Some hazardous wastes can be treated to remove the toxic 
rnateria0o:ith biological controls'.:c 	z toremedia:0::. 
hioreine:.0on processes a-e useu, cui:rrs such as puias 
and baceie dostrov 	m,i aus wastos 	raake ihem harmless. 
Bioreine .. mion is sometimes used to help clean up oil spills 
and in ciei-,i up streams and groundwater contaminated with 
hazardc:s .vaste. 

Because camir produuts am mude from trms tou mip reduce the number 
of trees tht mied So bn cut oae sou recyce paper. in :he Uniteh Stetes, 
aoot 40 percent of  aS usm miner s rsco.nrea or.d recycien. Mexco, 
Thakena Dmimark, Sotb  Korea amJTewan aH recycie So mist 70 nercent 

oasto DeOnr. 
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Endangered andThreatened Species 
Durii'... -: :.  

ii! Ih.-'. 	of a  
on :-- 	 .. 99 	.3f 

	

.: ve ever hved 	. - . fl .ire now exrinct.Some 
ecu 	uch 	: 	. 	.-- - - 	. ched out gradualiv as the 

envr.......ent : ..::........::. 	• • 	- t -ie to adant to the 
- ne -  c -  u'ons. 0: ..-:. - 	- -.,. e Carolina rarakeet, 

hecme extinct because 01 human ach' - - 

7r ;4:T 
•; 

Three species that have become extinct are (1) the giant ground 
sloth, (2) the hairy mammoth, and (3) Indricotherium, the largest 
land mammaL that ever lived. 

A species that has so few i::i:iduats left that it is in danger of 
e:.:.........is cailed an endangered spedes. :: 	endange: 	: :ies 

fant pand 	f 	(o:'.: .: 	 • 

.C::;;:aoCeroS c: .\:::::  

endangered  
ihe U:iied States. 

Jr In recent years, thanks to efforts by 
wildlife workers, the whooping crane 
popWation has enjoyed sorne growth. 



• . . 
	 \Ä 	 ‚ ( r n \ 	. 	• .• 

The Last 
Passenger Pigeon 
In 1810, an ornithologist (a 

scientist who studies birds) 

named Alexander Wilson saw 

a flock of passenger pigeons 

one mile wide and 240 miles 

long. He estimated that the 

flock was composed of more 
than 2 billion birds. Over the 	d' 
next 100 years, settlers 	 / 
destroyed much of the pigeons' 	 . . 

forest habitat when they cut down trees to make farrns.. 

Hunters killed millions of the birds tor food.The last passenger  

existence died in 1914 in a zoo in Cincinnati, Ohio. 

Threatened spedes are species that are losing members at such 
a rate tha tiiey will become endangered if nothing is done to 
change the situation. African elephants are an example of a threat-
ened species. Even though there may still be 500,000 elephants in 
tbe wild, jhs number Es iown from the 3 to 5 million of the 1930s. 
If people continue to illegally hunt African elephants for their ivory 
tusks. he elei,hants may becorne endangered. 

Many species of manatee are endangered or threatened, 
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Causes of Extinction 

Many scicnti5ts believe that the fossil record indicatt's mai many 
species have arisen, dotninated lind or sea, and titen become 
extinct. Thcv believe that several times during Earth's history, 
there have been mass extinctions in which SOIOC 	istrophe 
wiped out most of the then-existing secies. Durin;  one such 
cuisode, scientisis sav, die dinosaurs dicd. Scientists believe 
that an outside event, such as the impact of a huge asteroid, 
caused most mass c' ction h\ chmging Ea h 's climate. 

Ott 1,.",1;:h today, h— 	tinct1ons are flappening at an 
alarming rate as a resLlll 	human activities. Scicntists estimate 
50 to 200 species become extinct daily. Humans are severely 
damaging sorne of our critica] ecosvstems, such as tropical rain  
forests and cotal reefs. Utilor nateiv, these two ecosvsicms 
have the greatest biodiversity of any ecosystems ff1 Earth. 

Extinction Solutions 
1.aws are now in piace to presorve and nianage endangcred 
species' natural hahilat. Reco'ery prograrus also havt' heen 
developed to capture some of the individuals, help them 
reproduce in captivity, and then put thom back into a suitable 
habitat. This approach is often used when there are only a 
few individuals of an endangered species remaitting. Such 
programs have saved animals such as the American alligator 
and the California condor. 

In addition, legaliy protected wildemess areas that preserve 
entire ecosystems have been set aside. National, state, and inter -
national rtarks  amt vildIife tefuges have been established to 
protect wiidlife. In die UnhiCd States, the National Wildlife Refuge 
system includes more than 500 protected ecosystems. Most of 
these refugcs are wetlands that are managed to protect migratory 

waterfowl, but everv other organism in these ecosvstems 
benefits from protection as weil. Even so, protected wild- 
life sanctuaries make up only 6 percent of the land area 
worldwjde. Regnlated wildlife management progratns 

protect species where hunting is allowed. They make sure 
populations of wild animals are not overhunted. 

The dodo was a flightless bird that lived only on the island 
of Mauritius, near Madagascar. lt was abundant there when 
sailors first arrived in the 1400s.The dodo was hunted for its 
meat and became extinct in 1680, less than 200 years after 
sailors first saw it. 
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Threats to Biodiversity 
TheWorldWildlife Fund hasidentif,edfnt 
creases in biodiversity and increases in thre:  

Habitat loss.The clearing of forests, prairie, 	:- wild lands for 
home building, farming, and other construction forces animal specie -at 

once lived in these places to move deeper into the remaining natL 	s. 
With limited habitat remaining, significant population declines oct 

threaten species' survival 

lntroduced species. lntroduced species are plant or anir 	. 

not native to a particular area. Introduced species com -- - e 	ative spe 
cies for nutrients, water, and space and may crowd out the native species. 

For example, during the 1930s farmers in the southeastem United States 

planted kudzu, a vine native to Asia, to control erosion.The kudzu vines 

choked out native plants and were so difficutt to contro' 

telephone poles and abandoned buildings. 

Pollution. Pollution can damage an ecosystem and harm organisrr 
example, an oil spill near a coastal area rnay wipe out entire popu• 	-- 
plants and animais in the affected area. 

Population growth. Each year more than 90 million people are born, pht g 

inereasing strain on the natural resources that all life an Earth rely upor 

Overconsumption. Overconsumption refers to using up naturat resources 

faster than they can be replenished. For example, if we use forest products 

such as paper faster than the forests can regrow, forest habitat that is criti-
cal for the survival of many species of plants and animals is k 

j ø  

Eia'red species in 
eU e  States that are 

being bred in captivity and 
released to the wild include 
the peregnne faicon and 
black-footed fenet. 
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The Convention on International Trade in Endangered 
Species (CITES) is an agreement that went rnto effect 
in 1975. CITES bans commercial international trad€ 
of endsered spe os and regulates trade of other 
species ;;;at migh; .come endangered, Some 
28,000 species of plants and 5,000 species of anims 
are protected by CITES. More than 160 countries 
uphold this agreerner 

Pollination and Humankind 
PoIIinaton h: 	:::: :. beEs is vitai o bem::: lind. Imagine how 
diliferent :: ::..:. 	 :J :ating hahits woulo re if we 
bad no h 	 Otr supplv of fresh fruits 

vegetahies woud he greativ :.::upromise:. 	armers would 

atumats. C0vs, ndses. chickens, aua p.gs dm ea 	uaneV hee- 

ttakes sorne poilinated feeds. 
are muhir'ie ;ac::- ::ecting 

20000beesto t ees  that in:--, 	: :: 	.tto hone, bee popu'ation deccne, es 

collect one pauna conv co!Iaj 	2 	: 	Some of the chaflen es afiecting honev 
workw.l: 	inciude parasites sud: as niites. extosure 

ofnectar.which to 	E• 	des n 	 .;tres. :td i3 5 

converts to a litde ofo 	\Ve nust ie and s:a 	awaje of -he iohiems acing 
honev bee ponulations and work to hein oreven: and resolve 

less tfln a quarter thesc 2:3blems. 
- d of honey. - 	 all our nxd sources. i unans need noianr 

Bi -d 	: ttterfiies, humblebees. and martv other criuers mum - 
he , ~n transfer pollen es ehe--,-  move from fiowe 	:: fiower. Honev 
bees, hv 	:.:::parisort. .::e natures most efficient pollinators. 
As thev 	;e. thev tice 	i_Vet 	deiitv 	visitir 	y 

one ve of fiower, keeping within 	he same species 
differen: 	:: . .:: :or migh: fiv framdover to a: 	blossom  eo 

dandeliort. wnicn would not heip pollinate anv of these 
honev bee's travels. on the other band. usuaflv resuh 1.: 

sucfessRIi LX:.. ::anon. 
advantage is simpiv numhe:: 	)uring the growi:: 

seascn.a 	dI-size honev bee colonv %Vii i:;::iuce ttousaflOs c 

pohinating indiriduals, This gives them -he workforce other 
...... ........:a ne: have. 
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\Ve 	 :.ifleY .:irs 
raised in .: . 	 :::ans. 	iis 

mc. -: iives ta a 
crop when ü . iooming. to reocate 
hz%,ez make nonev eisr - 'ere. or to 

ver another cr0; 

The Honey Bee Cotony 
hnnev be!n has three cses, or 

groups 	from the :.:en r  
there are a few hunred drones. thou-
sands of worker :s, and die 
developing voun 

\öu could call die queen an egg 
iavin. :.3Ci- 	 av 1500 to .L000 
eggs av—n.::c 	rhodv weight- 
in th . mifieL A coionv c. have onlv 
ane queen. a:.: ....... .ut a queen. a colonv 

'J not eisi or,  survive, 
Drones are short-Iived nonv- .... er 

.s 
 

-Müh barre sha: -  :1 hodies and 
iarge eve s -- heir in11 	to mate 
with ct €.i:s from od. 

Honev 	‚orkers 	:11  infertile 
and -'.,de. vith -her: .:'ens. Thev 
egin vorking die dav mcv emerge—fuliv 

deeoped—from their cell. Thev stan hv 
feedingvoungiarvae, g:.:ntiv 
emptiei honevcon]h ceiis. caring tor te 
queen, and gi.ding iie coonv from rc 
bers and orh' datcrs such as skunks. 

andaisobc.:-ers. To- :.:.:Itheend 
cd . ..crker's life. i' garhers anc stores 
nectar and pollen as dxxi tor die coionv. 

Her long.iarga -Omen makes He queen's 
wings apear 	1« than herr c st mates 
and makes her stand out among the wo*- 
ein Sut indeed, her wings aethe same 
size as theirs, and she cm ßy as weil as 
tFe'. can. 

Tne Jupae or none bee drones to the 
rht are more de% eoped than those on 
the Iefr 

1W VOC, at,u 	 2LC tac UC 	 UCC. 	 1 

2 
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- How Honey Is Made and Extracted 
Vhera vorer hee eers . 	ower 	sucksm ±e rec:a: and 

Ittakes more c3rres lt ± h: hone: stomack. Duh -ng her :ro she adds some 

a thousand wax sava :i a t ::::.:.yhs 	.:c ertzv: - 	 hep co::ver 	:ecar 
:o hmie 	lick a: :he hve de gves te ree:ar tc aroher 

scaes to poduce ‚ 	
- 	 pneas lee ie bees e'a 

one gram ofwax. erac :..e sugar: 	tc 	a: swee: pct tbar les 
keer he hc;iev frm 	s tken 	in .he :eswax 

and abaut 10O00  cf the honeycomit .-t Lmn 	of tw Gesway eips 
bees rv-ee days Ühe 

to make a Deund 	A Bit About Beeswax 
to wax Omg wozu 	ees secrete vax scaes t:.i thel: al -dc- 

me:. Taer w.udw o: optorZunhv s vev shcm: ov vorke: 
hees lii :: 	. 	da s::.. :n produce was. the we:ke ...... 
each sca.e of vax 	secretes chews 1:. ard uses 
to form ihe hoevcom5. Vi:h :ouhshmeu: frm hev and 

c bdhidual hoe:ub ces mo 
Propo s IS ine .... 	upae ami evemtta 	emerce i:ro 	fred hees 

stcky, gunrny eepess hares: 	bv coecrl:g an 	±en  
x hrokee ho 	vcoahs ad de beesvax cerscaked 

substance bees :•::hns 	. ..e cap 	r.:s :eve: ani 	:.:: :..:: hcev whe. 
: t:efrorn .sn:he ue ani 7a ianmed durhg 	caev ex:racuam O.:: 

- hamesed cappir.c 	are me:ed. fiitered, and ceared. The 
s. Beesuse wax !:or. :pp:cs----re 	:esr 	cau ii 	s:—s pr :.:- . 

sma 	s races roducet 	btions. .:;a:rs, and ca 	5iO5VaX c: 	l'e 
und a• .......e saves. ::;:rrems. 	o shes, 	idr 	a:h. and 

e hve vdiere :. 
bactera and 

The Beehive 
turgi • 	. 

:1: l:ves aov be 	..spers to  
srnooth rough Thev serve as a safe home L: .:ees and 	z 	::ca and 

spota and reduce nunenble coNerionstaior for the heer;eeper In theehives, 
each comb s surrou Oed ov a woncen or 	asuc rran:e tna: 

areas need na p:o:ec:s 1: 	:. ...::.: 	 easv to m:ve arid 	ecn 

orotecfon, such the hcnc'rn 	.s . 	e s:c - d that trrovides a 
base 	r keep de 	:- 	. .: -- i .....und The 	rv': hoj-d ans 

as an entrance arop m a hwe sa::: . 	 :s de iao: b :he movearie 
thatistoo iarge, frame hin 	ems: 	rou. 	7 i5 	. 	.;. rhe 

eard and :he 	rve hcr: above n. 
The hh;e h-odv is also nften caed a cc 	suner er br 

c:.:nbem lt cm 	:ne :arge r:-. nr zwo med:um-sze 
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The human-constructed 
beehive must have 
movable frames to 
be legal. 

These boxes are used by the bees and rnanaged l:v 	beekeeper 
to provide an area where young bees can be raised. Some honey 
and lots of pollen also are stored there and used to feecl the 
developing young bees. 

Each rectangular frarne provides support anti surrounds 
comb folindation inacle of pure heeswax. Foundation is a sheet 
of beeswax o pasIic embosseS with the typical six-sided cell 
outline. This gives the bees a head start on where to build their 
beeswax honeycomb and storc honey and pollen. 

If you choose to pursue requirement 3G(3), first find out 
whether you are allergie to bee stings.To determine this, visit 
an allergist or your family physician. lt you are allergie to bee 
stirigs, you should choose another Option within requirement3. 

In completing requirement 3G(3), your counselor can help you find an 
estabUshed beekeeper. Ask if the beekeeper can meet with you and your 
buddy, and if you can heip hive a swarm or divide a colony of honey bees. 
Before your visit, be sure your buddy is not allergie to bee stings. 

For help with locating a beekeeper in your state, visit www.beecufture. 
com  and dick on "Bee Resources' then 'Find a Local Beekeeper' 

UTER COVER 

INNER COVER 

SECTION SUF'ER 

SHALLOW 

QUEEN EXCLU[N 

HIVE H'ODY 

'OTTOM 130AR1) 

HIVE STAND 
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Every hive has a warehouse, where l,ies store honey not 
needeci to feed their young or for everyday feeding but to save 
for •vinter months. This warehonse is simply a deep or medium- 

Beekeepng size—or even smaller—box called a shallow, or a special box 
calls for wearing used for prod ucing comb honev. 

the proper coth- 
Between the hoxes where brood are raised, and the boxes 

above this area, some beekeepers use a queen excluder to make 
ing and using the colony management easier. This device is made of a wire grid 

proper tools. with spaces in between that are large enough for workers to 
pass ihrough but too small for queens and drones. Wlien 

For more infor- placed between the hive body and the honey supers, the queen 

mation see the cannot enter the honev storage arca to lay eggs. 
A thin inner board sits atop the moveable frame hive to 

Gardeningmerit help insulate the colony from heat and cold. Above that sits an 

badge pamphlet. outer cover, vhich helps protect the inside of the hive from 
inciement weather. Since the outer cover tends to blow away in 
high winds, many beekeepers place rocks or bricks on top to 
heip hold it down. 

As the colony expands or contracts, boxes can he added or 
removed. The boxes toward the top are usually used by the 
bees to store honey. Often called honey supers, these boxes are 
removed from the hive when it is Urne to take the honey crop. 

Heip! We're 
Being Robbed! 
Any bee can be a robber. Robbers 

generaUy overpower the guards of 

a weaker coony and carry the food 

supply back to their own hive. A 
beekeeper who sees bees ftying 

around the hive corners or entrances 

with a quick motion should suspect 

robbing.To heip prevent robbing, 

keep the hive cover bee-tight. 

Don't teave frames exposed when 

honey is scarce, and don't leave a 

hive open tong. 
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Harvesting the Supers and Extracting the Honey 

lt is Urne to xt act honey when 75 to 100 percent of the honey-
fl!led ccfls are «apn'd over, which means the honv scalec! 
ino ilio cIi 	First n•inove supers that aii no quito 
full and replace them directly ahove the queen excluder. Above 
the partially fiiiccl supers, place those that are cornpletely 
capped and ready to harvest. 

Then lt is Urne to separate the bees from the frarnes in the 
filled supers. There are several ways to do this. 

• Brush off the bees in front of the hive so they go right back in. 

• Use a bee escape board, a board witli a one-wav eutttnce so 
that bees above the board in the capped honey frame can go 
below to keep warm at night, but not return the next day. 

• Use a furne board, a device that puts a smell into the super 
that bees don't like so thev leave. 

• Use a bee blower if thore are 1o1s of hees. This works much 
like a leaf blovrt, disiodging the bees frorn the super once it 
is removed, then they can fly back to the hive. 

Once the honey-fihled supers are harvested, it's Urne to 
ext:,ict the honev. Placo the supers in a warm rooni if possible; 
honey fiows faster and strains easier when it is warm. Also, 
warm cappings wax is eask?r to rentove than wax that is cold 
and hard. 

Set up an oxtracting arca with the warrned suners, uncap-
ping tank, and 	capin.', ;ools tt'arby. Sonie beokeepers 
use electrically heated knives, sorne use sharp uncapping 
knive5 heated in hot water, and others use largo machines 
that do this task autornatically. Keep tlie extractor dose to the 
uncapping tank so uncapped frarnes can immoWatc!y go into 
the extractor. 

There are two styles of extractors.The tangential 
extractor usually holds a smatl number of frames and 

requires more work but is more affordable.The niore 
costly radial extractor makes the extraction process 
easier. An experienced beekeeper can show you how to 
use an extractor. 

In winter, some 

beekeepers mount 

an entrance-

contracting cleat 

on the bottom 

board that makes 

the entrance 

smaHer. This helps 

keep out cold 

air and makes 

the entrance 

easierto defend 

from robbers. 
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If you are using 

a small extractor,  

you will be uncap-  

ping faster than 

you are eract 

ing. Havea clean 
• 

tub of some sort - : 

in which to store 

uncapped, honey- 

dripping frames 

untilyoucan 

extractthem. Be sure the extractor is weil lubricated and the gate dt the 
hauom isnt stuck shut. Anchor Lt to the floor or sontething 
solid to heip keep it (rom moving around. Mace the strainer on 
top of the empt\ -  pail. Keep Lt and multiple paHs clean and 
ready to use, along with empty supe 	- ir when you remove 
frames frum the extracor. The frainos 	vill he stichv and drin- 
ptng honey, so pruteet the floor beiov 	he supers where 	huv 
will be returned. 

Use a hive tool to loosi-t 	fiarnes in the first suner you will 
uncap so they are easy tu grasp and remove. Placu ',he (List 
franc on the crossbar that rests on top of the unc1pping tank. 
The bar often has a nail sticking out where you can rest the 
frame, making Lt easv tu zurn since you uncap both sides hefore 
placng it in the extracror. 

Begin cutting the wax capping from the top or bottom 
(whichever wav works best fer vou) of the franc, tipped so that 
the wax cappng falls off, the frame into the tub beiow. After 
enough comhs are uica'ped, bad the extractor. Extracted, liquid 
hnney, strained and clean, is now ready to he bottled. 
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Hiving a Swarm 
Bees Ike o swarrn Ls tner vav 01 	a ccenv. 
Part of te coIov eaves te estabBsh a new one. These hees lfthe swarm 

c a r 	fqueen 	z 	 h werke. . 	:ehind euers high in 
to naintarn Ute extstrng ci ei 	ji vou wanz to in : e 	ihe 
UnIe of coicn.es, vcu nhju .ecorne a swarne 11 	AP a tree, leave it 

need to know how t' handk :hat swarrn. Most t aone Na swarrn 
trv to dhde :her coionies artd prev€::: z.;:rning. 

Even wii. :he best peparaticns, nees is worth dimbing 

Dent be aür G srnce these honev bees have ne herne to prorect. for and falling 
1::;. 	will begent!e. Even 	.:. :r 	utcnprotec:.s 

from a addan 
cothing ::r: 	::erkng wizh honey bee. Ihe euren 
custer en Kow rtea:hv ohiect 3chue seinming....... - 

II the swarn: clusters on a bush er tres ......:: :kse ....... 	:. 7 

shake ii dtrectiv i::: an ernptv beehive er 	sh 
huriap bag er five-gaen hucke: tha: s ft: whh a sc: 	ned :op. 
Take the hess to where v:yJ wartt re set u 	iew hve 

Ii vou have 	:. vci: e.,.arn 	• 	v 	e verv 
cairn and star-, rnarchng rght ki to starr rr. 	new ccl 	:he 
cnren rs missing. ih,-- 	es will 	ihe hive ........... 1 ei 
i:: Thev navchiste. 	i:.iin te wherever she is :bund. 

clllrped. vo; may find her 	a 	::...... a11 01 

i.- 	trounti Trv to ga:her this 	: - J of hess and pace 10 	witii 
v:• ::ew hive Once rhe 	tiee:: . 	saf&x in her ne;v horn. the 
1wUbecon:ent. 
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Dividing a Colony 
Sxre beeepe: denz wa: 	a cc1vie. sw37j- -z: :ev 

For ne ntorma- :r  1 	spring Beeeep - 

chel 	- .er of :c'k-ries 	: 	 ria: - 

beeeeonc. - 

;eetJe Te ülbwt .X 

s - xg coen-: n ne 
GaCenc merit :ee is 	 er:v 	 T 	::: 

be pampl' et le±re hve 	d- 	ees ad 	 t 
ohn e :.neun b. Vh.::: eue r 

ltro:r bcrz ;vhere Ivu annt ic , c:e 

M'e 2L2
- 	 -

Place 

\TD1 fte:i g:;e Jie Insgoc1 shalkke :o gez the 	: 	 e new cxv 

:-i j wieave te vue: ones behind .:. :::e ie;v 

Tv r' k-:l -,e 	m me  

:ghz 	rit oreer 	. 	 ;v: .icL 

of the :ew :civ wh suga: vrup. Oce 	ar . 

empy up" en mp, ; - )u 	 ¶0 e 
::e-, dav. ::eckbot ahnte a ad :i-:e nur 1 	ii re od 

.:e patent,  
eggin,he ce!s. Che-c-z rne ne 

en reease cw ¶ew c:eon 	he7 in se-:e: wAs t. 

iea  

c 	 a 	ee: 	.. 5re-:er. -; 

Säule a ri;'e queen ce 	- 	 er; inung 

ths method is ess :eiabe. The bes: :ec:pe f:'r 	cess 
have 	st:crz 	ai 	o :er a:d pe::v 	 ;oen 

ivaaNe in 	prh 	:me 1r 	o 	io gt. .: 	cneen 
ro 	see 	.sse: 
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Assessing Environmental Impacts 
N'.v ha: vou, hav 	w imn avi:e afec: Ine 

hcsvere. vc ca 	LO 	ea nd hc'w ha: it is to 

	

:he envi:cmea efiec: c arv 	rcon 
re:z or disrv cr of a a:ura 55i:a:. 	migb 

	

a ime 	ecz—bu:jing a nev 	for examc--- 
Save ma:r: 	iva ;mac:s 5ed miv d 

ig to 
e in o: Or :Se ve 	5........ v bee that cnce 

perched i: he fee tree Whal ha;c:: w the rei fox and 
he grea ho --e owl 15a 'rev lipon the moles and hrew 
Ho;vi! 	: 	::n from :he . :e cored' \V1 

ave an pu: black after  

Environmental Impact Statements 
'Vie: . fc-ieraI age:cv propose, new :aor o.... .... 
:ha 	‚• 	e: w:rnt. h is i:a 5v a;v 
prepare a envi:amnenta: aessmem EA er an envien  
mar: aemer EIS FeeraL :ae, and oral aenc;e 

genera r5f: mav review :he -07t),   activhv before beg:ns 
.An EIS. whici :iiav So a.s one as l.00J aes. mus: dscuss five 
envmemai c:em.s: 

• TSe env!ronmoma :mpac: of 5e: ose  ac: 

• Am-  harmni evirenmema effoc: 1.:. :nnc. : avo  

• A:e:na::v- ........: .::.as:...... :.. .s  

•  of ü 

	

:aemver.. 	:::.::ingand 
. ...........env;ranmer: 4 iona:e:m p:: :..cnvnv 

• .A:v n::: ane: ramm5ment ef :esorces 
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WL 

--. 	:-- 	-=- 	- 

Taking Action 
ts ir:e 

Evnena 	 :ie: 	de thi::k ax- u-, 	0u 
- 
ie 	

-. are ri\ 	 - 
vc: ccmv Wa: 	sime urcM, M.,1 - a -, er 	i- 
:..:n 	- 	mntv? \Va a.: 	.:;e ................ :: 

i;i zor 	sve :esu::s:- 31 :m ... ........ .- : 

Think Giobaily,, Act Localty 
A 	-u;. v are expec:e-d 10 ea-  e v: ca:. 	:ea:: 

-i:rd 	 be rea: ever 	Eai eL 

S~me ;va 

seem31 01V;11e:3 	)her are 

10 ove. Bu f each per narts 
rhrgs 	 e;: - :re:11e::1, :1 	fllake a 

dfe:.e. Tie -, r.ore 	:oe bece. ..: 	 : ......... p:evet:r: 

and zo. -v: 	res .. ..... :- .... .e:e: 	. 

±e eiro:e: 
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Ten Ways to Reduce Pollution 
• Walk, bike,or 

arrange to carpool 	 - 
with friends to cut 
down on air pollution. 

yr 
• Pack your lunch in 

reusable containers 	- 
instead of using foil or 	•-.. - 	 - f 
plastic wrap. Carry your 	 •... 
lunch in a reusable 	 •" 	 . 	 l •  

nylon bag or lunch box  

instead of using a new 
	 - 

paper bag each day. 

• Use rechargeable batteries. Recycling programs for disposabT 
are not widely available, so batteries end up as solid waste in 

• Use environmentafly friendly cleaning solutions such as baking Soda 
and vinegar instead of chemical cleaning products. 

• Recycle used clothing and household items by having a garage sae or 
taking them to resale shops. 

• Volunteer to pick up trash in a park, at a beach, or along a river. 

• Encourage your family to buy locally grown fruits and vegetables. 
Since locally grown food does not have to travel great distances, fewer 
greenhouse gases and other pollutants are emitted as the produce is 
transported from field to market. 

• If you live in a house with a yard, suggest that your family not use 
chemical fertilizers on the lawn. Pull weeds by hand instead of using 
chemical weed killers. 

• Use a rake instead of a leaf blower. Gas-powered leaf blowers produce 
as much air pollution as some cars. 

• Keep organic matter out of landfills by making compost. Place leaves, 
grass clippings, raw kitchen scraps, and other plant material in a pile or 
a bin. Keep the pile moist and mix it regularly. Over a period of about 
six months, the material will break down and can be used in the garden 
as a replacement for chemical fertilizers. 
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Ten Ways to Conserve Resources 
Turn off lights, fans, 

radios, and televisions 
when leaving a room-

even if you are going 

to be gone only a 

few minutes. 

• Shut off the faucet 

when you are brushing 
your teeth or washing 
your face. 

• Reduce, reuse, and 
recycle paper products, 

glass, aluminum, steel, 

and plastic items. 

• Save water and energy by running the dishwasher and the washing 

machine only when they are full. 

• If you wash dishes by hand, rinse them in a sink or dishpan of water 
rather than under running water. 

• Ask your family's permission to lower the thermostat. If each American 

household were to lower its average heating temperature by 6 degrees 
over a 24-hour period each day, the equivalerit of 500,000 bartels of oil 
would be saved. 

• Suggest that your family eat fewer meals that include meat. 

The production and processing of grains requires far less wate!, 
and land than does meat. 

• If you notice leaky faucets or pipes, ask if you can hetp fix them. 

• Ask your parents about installing water-saving showerheads in your 

home if you don't already have them. 

• Have your family consider replacing incandescent lightbulbs with 

compact fluorescent lightbulbs. CFLs use 75 percent less energy and 

last 10 to 13 times longer than standard buibs. 

72 	ENVIRONMENTAL SCENCE 



One very important thing 
‚ou cn do that 	ill hive i 	ig 	 ‚ 

range benefits for the environ- .- 
ment is plant trees. Planting trees 
hL'is conserve forest resowces 
and orovide habitat for wihilife. 

'Ing trees also helps counter 
ah -  pollution. Like all plants, trees 
taku in carhon dioxide for photo- 	- 

synthesis. More trees means 
less carhon dioxide enters the 
atmospliere. Contact a local 
const?rvation group and find 
out if your troop could help with 
tree plantings in a natural area  
that is being restored. Or ask permission to plant trees at your 
school or at a local park. You might even organize a dass or Even though 
school fundraiser to protect tropical rain forests in Central and 
South Anerica. Doing positive things like these makes you an laws restrict 
.nvunnnental aci!\ .st. poflution, there 

are not enough 
The Outdoor Code law enforcement 

As an American, 1 will do my best to- 
Be clean in my outdoor manners. officers to watch 

Be careful with fire. every potential 
Be considerate in the outdoors. polluter. That 
Be conservation-mirided. 

is why private 

citizens, like you, 
Environmental Activism 

must help protect 
Suppose you organized your troop to clean up a local creek or 
plant 100 trees? You can make a difference. the environment 

How much of an irnnaci would you maRc? Every time one After all, it is the 
person starts an environmental proiect, taiks about it, advertises 
ii, and then connlctes it, other people notice. They figuic that airyou breathe, 

if you can do it, so can they. l'his is how an environmental the water you 
movernent begins. 

drink, and the 

land you inhabit. 
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Careers in 
Environmental Science 
Thinking about a career in environmental science? Environ-
mental scicrice is the studv of how humans and all living things 
ntoract vitii one anotlier anti '.ith the 	n1n og envmnncnt, 

so just about every scientific field involves environrnental science. 
To have a career in science, VOU must go to college ancl 

earn at least an associates degrec fur a technicat position, a 
hachelor's dcrce tor a professional position, and a master's 
dcgree or doctorate degree for a researcli or teaching position. 
Tu vork in environmcntal science, vou mcv want to explore a 
caruer in the natura sct•nccs, phvscal scences, or engineering. 

Occupations You 
Might Choose 

‚•/ 	 - 

LJ 

Companies and ageicies working in the 
fictd of environ'iotal seicnuo nr consc'rva- 
ton I11CC1flViOVLS fora grc 	arictvof 
occupations. Government cnci- f:om 
tl'o U.S. Arniv Corps ot Ligiticeis tu the 
TLn\'ironrnental Protocton Agcnc he 
scientists an(; :ianagcrs:: ;rite and review 
environniental i iac uiicments. Scientists 
and engineers wai - T'. mit 	 and 
nrlustrv Tal oratories to develop wind, 
utur, geothermal, and other alternative 
UCOS to reduce ocr need for fossil fuels. 

En'ironmcntai iawycrs help comjairiIes 
follow environniental laws. Environmental 
enginecrs design projects that are environ- 
iucially SOl.iilld. 
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:::cturers h:re cherni.. engineer. .;s::: 

	

rnanage:s :a de'e!o .:.:'c 	.:.. mailU- 
new e: :::onrr .::.*: 

and techi: 	to reduce, reuse. and 	. iste products. 
Ctcc::: :s. ernp:......ple to prope:. :sport and 

. .........:ipal, 	.tural. and in .s:ia. vastes. ....  
Scientists 1.v3rking in eccc:. ::xicologv, phvsiol:gv. 

and rn: :er sciencs 
that 	•.:re enviro 	;:::d!v frien:.:. 	. .. 	.so 
the ev...........: :al impac  

Farmers, agronornists, entornologists, ge; . ............. ater-
resou::c manage. c .scier:.frestes. 	.... 
and r;:i:ge rnanag€:s  
resources thr.:ch irnproved ::ning tecl,: :.:s and manage-
rnent of .:Hlife resources. T: also he -  duce the environ-
mcm'! !izds of esticides uv developi;;g and testing 
pest-:::;:rol tech :ies. 

Oceanographers, fisherv biolsts, and fisher managers 
work on 	:eIophE ways 	rnaintain fish stc: and ;oid 
overfishit:g .nd w..cr po1.::on. Wildlife rnaicrs, z.:.ogists, 
garne managers, and naturalisis work to pres:: wildlife popu-
lations, breed endangLcJ spcc: s, prccJt natural habitats, and 
reintroc€' reco'.erinz 	ecie- ::o thc'.!!'i 

L: ............rchitc:s., lar..:-::se 	and developers 
work to balance the needs of ever-growing urban and suburban 
popu':s 	the need for .v cress 	nati. 
areas. 	'c 	writers, illusti -j. 	evisi.- : :epore: 
and many others .:h3 promote er. :jnrn:al education 
are environmentalists. 

Being an Environmentalist 
Even if vou do not choose a career as an environrnental scientist, 
you can and should be a cons.....ationist and environmentalist 
in vour o'.v: ute and in anv caree.......u pursue. You can bring 
an environental avreers to tl:s cices '.'o make e"en.' clav 
as a citizen, an emp]c:c-. .i:d a c:;s:;::cr. 	'an C: ,  

environment1.::.c ..'; option when shopping, using resourc-
es, ar.1 hsposing 	wastes. 

N:c matter whc vocation you choose, rernember to leave 
'your carnpsite"—our planet Earth—cccner than it was when 
you arrived. 

The USDA Forest 

Service maintains 

the world's 

largest natural 

science research 

organization. 
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Activities in 
Environmental Science 
Tlse activities will heip you fulfill requirements for earning 
the Environniental Science merit badge. 

How Does the Environment Affect 
Living Things? 
You have learned that the nonliving parts of the environment 
have important effects on living things. In this experiment you 
will learn how Iight affects earthworins. 

PROCEDURE 
Step 1—Cut the shoe box lid in half. Put 
half of the lid on the shoe box so that it 
shados one side of tle box. 

Step 2—Place a lamp next to the middle of 
the shoebox, dose enough that it shines on 
the uncovered part of the box. 

Step 3—Place 10 earthworms on the 
centerlitic of the bottoiii of the box so that 
the worms are half in the dark and half in 
the light. 

Step 4—Observe the worms for five 
minutes. Note their hcha•'ior in 
your notebook. 

Step 5—When your experiment is over, 
take the worms outside and return them to 
the soil. 
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OBSERVATIONS 

1. What did the worms do at the beginning of the experiment? 

2. How much time tlk1 the worms spend in the Iighted part of 
the box? In the shaded part of the box? 

3. What nonliving environmental factor does the lamp replesent? 

CONCLUSIONS 
An organism's response to Iight is called p11&tropism. An 
organism thit responds to light by moving toward it is saki to 
he positively phototropic. An organism that moves away from 
light is negatively phototropic. Which type of response did your 
worms show? Why vould earthworms react this way to Iighi? 

An Ecosystem Study 
Every ecosystem involves complicated interactions hetween 
the environment and the organisms that live there. You have 
Iearned about sninc of these interactions. In this project you 
will use this know ledge to stucly an ecosystem. 

Locate a heach, pond, lake, forest, meadow, undevelopecl 
land, or other natural area outdoors. Choose two outdoor study 
areas that are different from one another. For exintple, a forist 
and a grassy ineadow, or a sattdv beacit anti scruh wuedland, 
or a desert and a wetland. 

Once you have selccted uur stud' areas, visit the sites and 
write your general observanou; in your notebook. Rerord the 
types of ecosvstems, the weither, soil types, dominant species, 
and the season. 

After making general observations about your study 
areas, select ONE (lt tue following two ProieCtS to cotnplete 
requirement 4. Before you hegin your ecosystem study, get 
permission korn the landowner. Teil your paent er couoseior 
the location ei your study area and when you ate going to 
visit it. Consider going with a buddy. 
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Study Plots Activity 

PROCEDURE 

Step 1—In your chosen study areas, identify ihe ecosystem types. 

Step 2-13egin at one of the two ecosystems vou have selected. 
Using a yaidstick, stakes, hammer, and a e:e of strng, mark 
out a shape, such as a square, that contain 	square yards 
inside its boundaries. This is study plot 1. 

Step 3—Sit beside plot 1. Begin your study hy writing in your 
notebook Information abont all the nonlivinn factors around 
you. Note the dato, urne of day, temperalure, ami whet her it is 
sunny or cloudy, windy or calm, rainy or dry. If any of these 
factors charge as \Ou observe the plot, make note of the 
change. Note also vhether the plot is fIat er an a siope. 

Step 4—Next, look at the living things in the plot. If you can 
see any nonplant species (fungi, insects, hirds, etc.), note their 
common names or draw pictures in vour notebook for later 
identification. ldentifv the dominant plant 5. peries you see. Use 
a field gutde to idetttify each dominant specie. by name, or make 
a drawing of each in your notebook. Use a magnifying glass, if 
needed, to see the features of each plant and nonpiant species. 

Step 5—Estimatc how much space cach plant speciesoc.cupies 
in tue plot. For example, in a grassy meadow, otte speck's of 
grass might occupy about 90 percent (ninetenths) of the space 
in the plot. Record this estimate next to the name of each species 
in your notebook. 

F'LANT 1 
t 36: ..... 

F'LANT 3 A , ~ j

// 
/24tNcHEs 

/:ES 

lt _ 

11 	1 

IND 

Side view of a study plot 
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Step 6—Using a yardstick, iisure the height range of identi-
fied plant species and aLld u iaia to your notes. Use these 
measurements to draw a side view of vour study plot. Try to 
draw the plants to scale. (See the illustration.) 

Step 7—Go to the second ecosvstem. Repeat steps 1 through 6 
for plot 2. 

OBSERVATIONS 

1. How many nonpiant species did you identify in eich study 
plot? How many plant species? 

2. What was the difference between the nuinber of nonpiant 
and plant species in the study plots? 

3. Which plot was more biodiverse? 

4. What, if any, species did vou find in both plots? 

Nature Study Activity 
In this activitv. von will make three visits to each of the two 
study aeas. 	';ing for at least 20 ngnutes each linIe to observe 
the living ani nHiving parts of the ecosystem. Your results 
will vary dejerihng !Ton vhen vou choose to observe the 
area. Your ViSitS 01051 be spe.d nut enough .hat vour ohserva-
tions show differences between your visits. 

PROCEDURE 
Step 1—Decide on your schedule for visiting each of the 
study areas. Make sure your parent or counselor agrees with 
your plan. 

Step 2-0n vour first visit, arrive quietly, rnaking as little noise 
as posstb!e. Find a good piace to observe wiidlife. Niake voursetf 
comfortable and have your notebook and pen or pencil handy. 
Note the date, time of dav, temoerature, and other information 
suclias vhether it is windv, caim, 5000V, cloudy, rainy, or drv. 
Note whether your study area is fiat or on a siope. Draw a small 
map of the area in your notebook, showing how it looks from 
where you are sitting. 

Step 3—Once you are settled and have noted the environmentaI 
conditions, begin your observation pedod. Identify any plants 
you see (hvusing fleld guides or in' draviog theoi in vour note-
book for later idemitcation). Note the stage ef hfe cycic for each 
plant species—that nok for huds, leaves, flowers, seeds, and 
so on. Record these data in your notebook. 
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Step 4—Each tim 	see anoth: species, v-, --;te down its 
cc:;:non name ar 	shbe its aiarance 01 ;stavior. If vou 
do not know its common name, make a drawing of it and note 
its sze and color so that you can iderH: it later. If you have 
a cainera (one *hat takes photographs ‚uetTy!), ye may 
take photogra:h 

Step 5—N• : and describe any sounds you hear. If you have 
a ba:erv-operated recorder, turn it on and le it run for the 
2C-:;;nute obse:v3tion period. When 	nim.'! iakes a sound, 
fl0r :he time ;; .our notebook so tha: yu ca; identify the 
taped sound 1ae:. 

Step 6—If vou have binoculars, try to ider:: nonpiant species 
that are fa; .wav. For ::;: :;;ae;.s;ns such as nsc:ts and worms, 
use a nc::; ing glass. Dc ;;c pck up or disturr any organisms. 
Your r:c- :hserve, not to interact ‚':h living things. 

Step 7—After your observation period of 	east 20 minutes is 
over, mark your spot i a natural trail marker such as crossed 
sticks or a scnc cairn. Ccct vour matera!9 ani leave aoety. 
Coc::)lete ;;.tes .:;i anv other oiseo:atior;s vou 
were not able to note during the study periocl. 

Step 8—Visit the area and repeat your observations two more 
tirnes, according tc Je sceuIe vcc co i step 1. Be sure 
to observe from exac:Iv tt.e s.ime spo c-acc :.rne. 

OBSERVATIONS 

1. During your studv periods, which changes did you observe 
in the plant species that vou identified? 

2. At which mes kd you see mao: ;ionpac scecies 
(e.g., b;rs, insccs, fungi) durio your ;;bser:ation period? 

3. How did the Urne of dav or season affect your observations? 

4. How did environmental conditions affect vour observations? 

CONCLUSIONS 

- 'port, based on your obser cco.o. toclude 
aservations about the eccogy o c•cr study 

areas.:so include your findings and conc!usions 
from your detailed studv. 



The Greenhouse Effect 
:: - •ns::tes h:;  the atmosphere traps the sun's 

s surta. 

PROCEDURE 
Step 1 — ing scissors, 	''s f f tvo 2-r s* 'ottles. 
Ma 	:utabout 4 
and the other bottle "B." 

Step 2— P:ur 2 cups of garden soll or potting soil 
each b.Dule.  

Step 3—Place a thermometer inside each hottle. 
c.e su:e :he thermometers are placr at the 

:ie distaitce ahove the soll in each bottle. 

Step 4—Cover .c top of bottle B wt clear 
tic wrap anc scure 	.vith a ruo :r band 

or tape. 

Step 5-7tce j. 	tahle, remov::o 
:o ex: 	1htbulh. Posit.: 

.'cle exactl: 	::n the exposed bt:... 
sure to turn 	hotues so that the thermornetc: 
face awa fr'::: the lightbulb. (Y'au ina\ neec 

dc the th 	from direct 	to get 
accurate readings of air temperatures.) 

Step 6—With tbe bght off, e'ord the tempera-
tore in each bot 	n your r.o:o300k. 

Step 7—Turn on the lamp. 

Step 8—Using '.ttch, wa: :hree minutes, and then record 
hc tempera: - . caln. Record ec temperatures in each bottle 

three 	for 15 minL:s. 

OBSERVATIONS 

1. Did the te:o: . .......:;ire in each bottle change during 
vour experieili 

2. Explaio what  the gbhu!h and the plastic wrap represent 
in this :o:. 	of tic 	.thouse effect. 

CONCLUSIONS 
Cornoe 'o"-  exr'erirne'i so'r' ¶0 ro" o c1!ionsc , .trh. 
Usirc :::. cxolair. .vh: fect St 
possihle for life to exist on Earth. 

82 	ENVIRONMENTAL SCIENCE 



Air Pollution 
In this experiment, you will observe some of the particulates 
that pollute air. 

PROCEDURE 
Step 1—Spread a thin film of petroleum cliv on iwo paper 
plales or two white 3-hv-5-inch index cirds. These will serve 
as your air pollution coiiectors. 

Step 2—Place one collector in an urban environment, such 
as near a busy street. Place the other collector in a nonurban 
environment, such as in a field or a forested area. 

Step 3—Protect each co]lector from precipitation by placing a 
cover above lt or placing it underneath an overhanging reot or 
tree 11mb. 

Step 4—Leave both collectors in place for orte week. 

Step 5—Retrieve the collectors. Using a magnifying glass, look 
at the surface of each collector to identify any particulates. 

Step 6—Place a sheet of clear piastic, marked off 
in a grid of 1-loch stivares,  over orte collecior. 
Using the magnifving giass, count the number 
of particuiaie in OUi of the squares. Find the 
average ntmftcr of pnlcuiates in a square artd 
record tlsiunher. 

Step 7—Repeat step 6 for the other collector. 	 1 
OBSERVATIONS 

1. What was the average number of particulates 
on the collector left in an urban environment? 
In the nonurhan environment? 

2. What do the particulates on the two collectors 
suggest about the level of air pollution in 
each envirotunent? 

CONCLUSIONS 
Using your dat.i, report what von learned about 
how particuiatcs cotitribute to air pollution in urban 
and rural environments. 
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Cleaning Up OiI Spills 
When an oil spill occurs in an aqilatic environnR'nt, the first 
step in the cleanup process is trying to control the oil and keep 
it frorn spreading to coastal areas •vhere ii would afft.ct many 
wikiiife spcies. Waterfowl are especially vulnerahle to oil spills. 
Ehe od coats the hirds' feathers, causing their feathers to clump 
together and lose the abilitv to keep the birds illsulaLeci from 
the cold. Oil-soaked birds often freeze to death. Others die after 
corisuming the toxins front the od as they attelnpt to rid elicir 
feathers of the oil. At least a half million waterbirds die each 
year as a result of oil spills. In this experiment von can examine 
several methods that are used to clean up oil spills at sea and 
speculate upon which rnethods niight work best to reduce the 
effecis ot the spill on waterfowl. 

PROCEDURE 

Step 1-1,abel four aluminum pie pans "A," "B," "C," and "D." 

Step 2—Using a measuring cup, pour 1 cup of tap water into 
each pie plate. 

Step 3—Measure 4 tablespoons of vegetable oil. Add 1 table-
spoon of vegetahle oil to the water in each pie plate. 

Step 4—In pan A, use a plastic spoon to stir the oil into the 
vater. Theo, using a straw, try to blow the oil in tu one part of 
dte pan. Be careful not tu touch the water with ihe straw. 

Step 5—In pan B, stir the oil and use a piece of string to try to 
collect the oil and contain it in one area. 

Step 6—Stir the oil in pan C. Using a paper towel, try to 
absorb the oil. Theo use strips of newspaper, cotton balls, and 
fabric scraps to trv to absorb the oil. Record and comparc how 
weil each material worked. 

Step 7—Stir the oil in pan D, then add 1 teaspoon of liquid 
dishwashing detergent to the water in the pan. 

OBSERVATIONS 

1. 'Ä'hat happened to the oh] and the \ uer vhen vou used a 
stra•v to hlow tte oil away? \A'hat 	nditions at sea migllt this 
represent that would make cleaning an oil spill inore difficult? 

2. How well did the string work to contain the oil in pan B? 
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mcii ± rne matenais used in pan C worked best to ahsorh 
,he ei! 7  

tVhar happened when 1 -0 -j added liquid i shwashing 
detergem to nar IY Can vou expa!n whvl 

CONCLUSIONS 
Scienisis have eve!oiied manv niethds io c ean up ii spiHs in 
this experimen:, veu expLred several. E.xpiair which treatment 
ve:ked best to :e3n up vour oil spiB. Ubuld this type of rrea1 

mem be practical in an actual spill at se-a- Cmsider how ceanup 
methods migh: affect waterowI and inher a:ganisms. IS a 
treatmen: better or wrse for them than the effecs of the 
spil! i:sel:? Compare the meihods von used with the metheds 
explairted in the bex abort: metliods ei eil-s ii cicanup in the 
secftcn Human lmpact en the BLshere 

Thermal Pollution ofWater 
Reiai :hat the:mal re]u:in az:urs wheri a sou:ce oi heat 
raises ar er wate: tempera:Jre above normal. The normal 
arnperatu:e ranges ior our iakes and :vers are: above 
5 den:ees Fahrenheit ior wam wates ;vhere mast hass hke 

henveen E.,s an  5 7  F fr nioderate watet whe:e 
almen hke to live: and helow 5 F for .od wa:er where 
iest :rot !ie re live. In this experiment yeti wii d:scover 
aigae are sensitive to thermal,poiiutim 

PROCEDURE 

Step 1—Set up twe Lga!hn aquarhim tanks er e:lie: clear 
:a - e comainers. Pla:e ne ii thom in a locanen rvhere it will 
:rot get above i3 derees Fahrenheit. Fill them haih r ith tap 
wate:. Be verv careful ii vor; anencpt 10 mayo a tank after vati 

wa:e:. 

Step 2—Pace a thermometer in eaeh tank am ,  add a heat 
seurze .auarium tteater, external ;ightbu:b. er direa sunlighn 
te orte ei the :anks. This tank shcu!d he raised to a temperature 
aver 7Cg degrees Fahrenheit. 

Step 3—Feed each ei the tanks with enough iish food or liquid 
plant fertilizer te ieed severai ftsh er plartts in the tanks. Record 
the da:e. :ime. am! :emperature ei eaeh tank in veur notebook. 
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Step 4—Rp&:h:ee se'er :nns 	013V :r 'ne ne:: 
in 3dizun :e :ie ive :r:n Z.  

prnce f algae grvn 	te Si 	:ink in vnr 
eEcS. De,-r -,e!he 	rnake a k-  Ch 	ake p::- 

5t2p5—A: he er—i o f  i he ex inn:. 

:a ~  mers aniremye :he ge 

OBSERVAI1ONS 

Vi 

 

i-cei  

u: ± 

. Vtn: wa :ie df:en 	n rnp 	.;re 	- 

Vh: ai-:itie- ;vni inc:e3se 
ake 

anc 	3nern. e 

iirinz :ie e:trer!nen: Vi3: i - :n: 

CONCWSsGS 

- 	 - 

:ganisms. Rz3 wa: 	:ne 
can 	3ae 

Soil Erosion 
:hs e:eh:ne:: 

s:n a'pn an e2T: 3PJ 

v 

1 IEDURE 
tep 1—G: pernsin 'ef:e up any 

Step 2—P:e cn:-np e;:p 	nne 
zg -1:i-  V3C 
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aa:emi it aLa apart anti necomes a rnusrv mtx ei paper 
an wa:e: This mav :ake a ew dav. 
Step 3—Build three long. aarrow bexea out ei w:ed. hee 
t'exes, er pLane er c'tetai ppe. Ii vcn use cardbca:d. line ihe 

exes ;vuh p:asnc hags er iei an eever arn' searns ;vnh 
er uc tarse te n:ever: eakng. 

Step 4—.At ccc ec ei cach t'e:. ein a arge V-shaped noteh 
abenn half ca feep as zhe end waL ei :he hc. Label tine bexes 

and 

5—F hexes art.f 2 nvi:h ta:den ach ac tha: :he sirace 
e ae:l s acin halt an tuch becw tce 1er edges ei the bexes. 

Step 6—ih] box 3 ;vhh sci that has grass grevng ei lt. Make the 
urface abeut bali an hieb beie the tec edge ei the box. 

Step 7—Draln cii :he watet i:em hie newapacer mtx. Take a 
ei hie muah. siueece enumerewaner. an spread :his 

:cc ei hie sah m hex 1. C:nrinue te cha his uruh hie suriace 
ei tue schi :t; box 2 is ecvered with :he ne scacer mixture. her 

Step 8—The f lewirc dcv. hne tip hie three hexes in a :ew. 
Place abrick. large reck, er beck under the incur end ei eadn 
box. Place a ceheeting pan. tat, er cup under the lewer end ei 
cach box hee;v hie c'ateut V. Phetegraph er nnake a drawtng ci 
eceh hax. 

Step 9—ph: tine watering ccc wi:h a easured ameunn ei tap 
waren S:atnding at hie htgher end c-f Irox :‚ sc:mke hie rvarer 
cc the sei, suriace ural! the ccc empc;. '.Vair abeut three min - la 

 ural] the wate: stepa mhing bem hie V rtcrch, abo then 
cbser:enhewcter that echleera in hie pan, hit, er cup. Measure 
hie arneun: ei wate: abo neue us eule:. Record the data in 
neu: :reuehcct. 

Step 10—Repeat s:ep 9 ic: hexes 2 ach 3, using the Sam  
ei watet cccli hme. Pheteoraph er make a drawing 

of eceir bax te shcw hie cbanges. 

OBSERVAT1ONS 

Deszrihe hie differences in the perle the reiner nc'ek in cccli 
ei hie hrree boxes. 
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Hc.v :nucn ;raier erei up in ea:ti ccecnng pan a:ie: 
dree 	ure 	,'har 	Ihe c--0I--2r cm de wate: n Cii 

3. H;%-  d the ccIo..r and ihe anunt of immer der in eac! 
:c:ecriP.g pan ai:er ihre-, 

a ended up in eah co 	ing pan 

3 The newaner mixtiire used 	reenhe a mn:e 
praved on bau sei at z 	tri::nn ie 	r:evenr e:cscr. 

Saed on your ener:mew whv dce 	 :s 
gmd ie 

CONCLUSIONS 
Wing or e:peimenza da:a and 	tor 	v:n 

nnv vur res' 	pter Pres- 	dEr ze 
ine r. 

BiodegradaWe Packing Materials 
I;en 	ir:ha5ed cnline :n fnni :nad-:'rder :ai3:za 

boxe and pn 	d ;v tecte i: packing naeda :ha range :m 
pac bhhie vrap i ppcor -n. Packn maierai samedzres 
end up as iter a'ng raads!des cr take up Space n 
In this exrernienI,  ou vi kind cin ;vhch pack:ng naterias 

hIe 

PROCEDURE 
Step 1—i2b: i ur resealabe pIast: haes 	3: and 4 

Step 2—Pur a :up ott sand inzo each phsn:t Then add a 
:np ei gaben s:I :n eadihag. Ca 	and and 

sueezing he ni:zure eacri ag. 

Step 3—In tag L pIae six s:uak sups of newspape: 

SIep 4—In hag 2. iace six cam nacdng peanurs. 

Step 5--In hag 3. pa:e six pieces olnha:re:ed, unsaed 
pnppec ncpc:rri. 

Step 6—In tag 4 :ae a smai piiasn: bnhie wrap 

Step 7—F eich bag zügnest te 	ah na:den si 
Lea -;eeneigh sace a]v :he hag he csed 

Step B—P:r ha± a up e tan' wa:e:inic ,  each asiz tag-. 
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Step 9—Gase each bag. Place all faur bags near a sunny windc.. 

Step 10—After twa das, apen the plastic bags, stir the 
soll, add half a cup of tap water, and reciose the bags. 

Step 11—Watt three marc days, thea empty each hag onta a 
sheet of newspaper and look far ehe packing materials in each. 
Jse a magnifving glass to examine each material. 

1. Whecli packing materials shawed signs of decomposition? 

2. Which da vau think ware biodegradable? Which 
ware nonbiadegradable? 

3. Explain ehe dIfferences between ehe materials that are 
biodegrada hie and ehe ones that are nonbiodegradable. 

CONCLUSIO rI 5 
Batsi mi ehe rerilts of this experiment, make a statement abaur 
which klnds of packlng materials are beodegradable and would 
create lass solid waste. What other lands of biadegradable pack.-
Ing matenals would proeect fragile teams during transport? 

What happens ca ehe all thae leaks out of engines anta asphalt 
parking lots? When lt rains, ehat all is washed auto the soll, 
where lt seeps down to-ward plane raats. Da this experiment 
ca find out naiv oil pollution an land affeces planes. 

tI$)1II 
Step 1—See out a piecher of tap water tor 24 haurs. Obtain tour 
small poeced planes, such as pansees or another fast.-grawing 
annual flawer. Label ehe pats 'A," "B," 'C," and "D." 

Step 2—On day 1, place the tour plants in a sunny windaw. 
%Vater each plant wiCh the same amount of tap waeer from 
your pitcher. 

Step 3—Use a ruler ca measure each plant In vaur notebook, 
record their heights, number of leaves, and any other importane 
characteristics vau observe. 
Step 4—Pour 1 teaspaan of motor all an the soll of plant 5, 
makmg sure not to gee any all an the leaves. Paur 2 teaspoons of 
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all on 1: -- z;oil of plant C. Paur 3 teaspoans of all an ehe soll of 
plant Ei, iio not put anv all on ehe soll of plant A. 

Step 5-011 dav 2, water each plant wieh half a cup of water 
from ehe piechec Do not averwater ihe planes. 

Step 6—Examene each plant daliv for the next three davs. 
Write vour observaeioris in vour notebook On das' 3, agab 
measure the helghe of each plant and record the number of 
leaves. Also record in vour notebook anv color changes. 

Step 1—At ehe end of your experiment, dispose of ehe soll 
contamrnated with oll, Contact vour local EPA offices or 
hazardous wasee agency to find out where to take ehe soll 
for proper disposal. 

OBSERVATIONS 

1. \Vhv was et necessarv not to pol any,  od on the soll of plant A? 

2. Whv vater ehe planes after pouring oil an the soll? What 
envuronmental conditioes dill thes action umueate? 

3. Whae kinds of effeces dill von see in ehe plants that were 
treated with au? 

CONCLUSIONS 
Ochs ane of manv toxic substances thae can be ahsorhed by 
soll. Expialn whv it is important to keep cars maintained so 
they da not leak all, and ca collece used all from gas stacions 
and garages far recycling. 

Endaeegered species can be fotmd in everv seate and in most 
cauntnes around the world. Find out about endangered specees 
bv daung this activit. 

PROCEDIJRE 

Step 1 —To research the endangered and ehreatened species in 
vour state, contact vorn state's deparements of fesh and game, 
wildhife, ar parks and recreation, ar vour environmental protec-
elan ageuucy. The U.S. Fish and Wildhfe Department reports ehe 
endangered and threatened species hv state. For marc informa-
tion, see ehe resources section ae the end of this pamphlet. 
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Sep 2—List the endangered o threatened seoes rt 

one spedes :o srudv. 

Step 3—Go :o the lib:arv or access ehe internet with vour 
paren: :ennission, to nci information au our chosen 

cies. Use at least font clifferent reference sources. Research 

	

nt: ASkvour lihrarian if the iihrarv ifers acc 	to rnagazine 
nicic databases such as PraQuest or EBSCO 

Step 4—Find out what :he naural hahitat ot the secies is. 
whv lt ;s endangered r :hreaened. and ho;v raanv individua 
ornanis:ns of the srec:es are estimated to still live in the wild -
1; the s oces is now protectcd hv Stare or federal Iaw. explain 
how th:s protection has helped the species sLrvive and -,A-hat 
e.se needs zc be done to nrcect the species. 

Step5—Prerare a WQ-ord rer'on on vrnrr eiiangered srtecies 
MaLe a drawing of vour species o incude in veur report 

Step 6—Present vour report to vour patro: or troq 

How Does an Endangered Secies Recover? 
Sometimes a comrni:nen of tirne, rnonev. and other resoumes 

n bring a speces back i:cn :he edge of exirction. In this acziv-
fj resear 	- 	- - 	- 	verv stor.i 

Kam w33mimmw4 
Bald eagte 
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PROEDURE 

St 1—Cing :eeurce ve have ieri ar the 1irav. a: wme 
e internet ;vith vou a:em 3 	 make a i ei 

dangered st'ede :hat have recevered. Vou cetiM vke :e the 
We -k! V!dhie Fund and ether organzaccn ha kn o:: plant 
or dife c ier;azion See the reeurces serlen a the end ei 
thN panphet ie: mere inhumazlen. 

Step 2—Cheese one species tha: has recevered irern near 
e\I 	en anJ research hew 1: receve:ed. Fmd out what 
:he 	i the spedes tedav. 

Step3— rne a 	erd reper en the s'edes. 

Step4—Liscuss veu: rer'ort with ver 	iseLrr. 

Environmentat Impact Aessment 
a; 	:ieed 

he ncded an envenrnen:a rnac: s:a:enen fer a 
hvpotherlcal :magirtarv 	ns 	en preec:. 

PROCEDURE 

Step 1—Itt vov: nc:eheek. des.ttie a 	s:::en reect tha: 
ntgh: be p--o-,'se fer ver,  c rnrnrnir. b: v:nr leca er state 
gevemment. Suggested preeczs inckde hJIdrng 3 flCW high 
wav er hridge in a rural arca: huilding a new ltee er iirra 
en iarmiand: huiding a bicvce path er na:ure :rati in a weoded 
arca: er paving ever a vacant lOt fer parktug cars. :nc:de a 
escriptien of die nze and na:ure ei the pree and ho -.',-  the 

cernmuriitv tvil benefit ftern iL 

Step 2—Cheese a suitahle die dir v01,1  preec: and visk ii. 
The proect is imaginarv. but die site must be a rea place. 

Record thefokowuig dara dir die preec: die: 

a What :vpes ei plant and anintal ide are at die si:e 

h 'Vha: r.pe ei ecesvstern ferest. grasdiini. deed -t. 

o Has i: been disturbed befere 

d Is d a habkar dir an endangerei er direatened speotear 

e Doe lt sdipe VeLd die sel he in da - go: et eresen 
d:;ng cons:ruction? 

i Are there sttearns er wedan 	as arnps at die sde 

AC 

92 	ENVIRONMENT*L SENc 



•.'1 VUflS IN IP\ lh( MEN FAL ScIFt«;E 

g. Is there reason to believe important fossils or artifacts are 
at the site? 

h. Are there activities on lands next to the site? 

Step 3—Describe how the proposed project fits into existing 
plans for the area. For example, is the site the last empty lot in 
a housing subdivision? If you are planning a highway, would it 
cut through a state or local park? Will a bike path ailow area 
residents to bicycle to school or work rather than drive cars? 

Step 4—Suggest ways the proposed project will likely affect the 
environment. Answer the foliowing questions: 

a. Will the project cause soil erosion? 

b. Will it disturb forests, grasslands, deserts, or 
other ecosystems? 

c. Will it disturb any habitats of endangered or 
threatened species? 

Step 5—Identify any effects of the project that probably will 
be harmful but cannot be avoided. A bridge over a river to 
connect two existing roads, for example, probably cannot be 
built elsewhere, so the project's negative effects may have to 
be accepted. 

Step 6—Suggest alternatives to the proposed project that 
wouid protect the environment, yet still meet the needs of 
people. Alternatives may include different prcject designs at 
the same site or the same project built at a different site. 

Step 7—Discuss the trade-offs between the short- and 
long-term environmental losses and the short- and long-term 
benefits of the proposed project. 

Step 8—Determine how the proposed project would 
permanently prevent other uses of the site. If a vacant lot 
is paved, for example, then that land could not be used 
for a community garden. 

CONCLUSIONS 

Based on your review of the proposed project, teil your 
coun-selor what information would need to be included in 
an environmental impact statement and whether you think 
the project should go ahead as designed or be stopped. If 
you recommend stopping the project, teil why and suggest 
any alternative designs or projects that you wouid support. 
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Scouting Literature 
Coriseruation Handbook; Fieldbook; 
Animal Science, Chemistry, Citizenship 
in the Communily, Citizenship in the 
Nation, Citizenship in the World, 
Energy, Engineering, Fish and Wildlife 
Management, Fishing, Forestiy, 
Gardening, Landscape Architecture, 
Mammal Study, Nature, Oceanography, 
Plant Science, Pulp and Paper, Soil and 
Water Conseruation, Sustainability, and 
Weather merk badge pamphlets 

With your parent's permission, visit 
the Boy Scouts of America's official 
retait website, www.scoutshop.org , 
for a complete listing of all merit 
badge pamphlets and other heipful 
Scouting materials and supplies. 

Adams, Douglas, and Mark Carwardine. 
Last Chance to See. Harmony 
Books, 1990. 

Bickerstaff, Linda. Oil Power of rhe 
Future: New Ways of Tumirig 
Petroleum Into Energy. The Rosen 
Publishing Group Inc., 2003. 

Bowden, Rob. Waste, Recycling, and 
Reuse. Raintree Steck-Vaughn, 2002. 

Carson, Rachel. Silent Spring. 
Houghton Mifflin, 2002. 

Earthworks Group. 50 Simple Things 
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