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Run (25)

Rise

x 100 = % slope
Run

For example, 5/25x 100 = 20% slope

% slope [ £ slope O+6=90"
20% 713" = opposite _5
Tan © adjacent 25
Tan =22
6=11.3"

Figure 1.1—lllustration of Calculation of Percent Slope.

Divide the rise by the run and multiply the result by 100 to get the percent slope. Next, divide the rise by the
run to get the tangent of the slope angle. Finally, of the slope angle—in other words, use a calculator or a table
of trigonometric functions to find the arctangent or the slope angle itself.
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Surface runoff
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Groundwater roads and buildings)

Groundwater
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(a) (b)

Figure 1.2—Example of Infiltration and Stormwater Runoff of Precipitation.

Urbanization can have a significant effect on infiltration and stormwater runoff as urbanization increases th
number of impervious surfaces. Source: Raven, PH., L.R. Berg, and D.M. Hassenzahl. 2008. Environment. 6t
ed. John Wiley & Sons, New York (p. 314).
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Copperfrom  Used Organic wastes, Nitrogen and

Zinc from
/ weathering  auto brake linings, motor garbage, animal phosphorus (@)
’ of aging pipes worn pipes, oil  droppings, leaves, from lawn and
and gutters and fittings and grass clippings garden fertilizers

Stream Runoff from

storm drains \
¢ 8
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Figure 1.3—Common Pollutants in Urban Stormwater Runoff.
Source: Raven, P.H., L.R. Berg, and D.M. Hassenzahl. 2008. Environment. éth ed. John Wiley & Sons, NY
(p. 518).
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Isogonic Lines Show the Pattern of Magnetic Declination

20° East
20° West
15° East
& =)
10° East
5° East 0° 5° West
Compass needle

/ Base plate

Orienting arrow

Azimuth ring \ Direction of travel arrow

Figure 1.4—Figure from United States Geological Survey (USGS). 2008. How to Use a Compass [Online]. Avail-
able at http://education.usgs.gov/common/lessons/how_to_use_a_compass_with_a_usgs_topographic_map.
html (verified 1 June 2008).
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Figure 5.1—Conceptual Life Cycle Assessment with Inputs and Outputs.
Assessing the life cycle, from cradle-to-grave, of a product is becoming more common in manufacturing and

other corporate and government processes.
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International organization for standardization (ISO). ISO 14000 essentials.
Available at

http://www.iso.org/iso/iso-14000-essentials (verified 17 October 2008)

u.s. environmental protection agency (us EPA). 1993. Life cycle assessment:
inventory guidelines and principles (No. EPA/600/R-92/245). Government

printing office, wash ington, DC.
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Figure 6.1—Urban Ecosystem Diagram.
An urban system’s exchange of energy and materials. An urban ecosystem contains at least an order of mag-
nitude more energy per unit area than other ecosystems.
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U.S. environmental protection agency (US EPA). 2005. Emission facts: average

carbon dioxide Emissions resulting from Gasoline and diesel fuel, EPA420-F-05-

001. Available at

htpp://www.epa.gov/oms/climate/420f05001.htm (verified 4 June 2008)
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Figure 7.1—The Range of Tolerance.

The limiting factor for a species in an ecosystem is any environmental resource present in excess of an organism’s
tolerance or in insufficient quantities to meet the organism’s basic needs. Source: Raven, P.H., and L.R. Berg.
2004. Environment. 4th ed. John Wiley & Sons, NY (p. 96).
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Figure 7.2—The Scientific Method.

Essentially, science is a disciplined way of asking questions. Feedback in this system supports the self-correcting
progress of scientific information. Source: Botkin, D.B., and E.A. Keller. 2007 Environmental Science: Earth as
a Living Planet 6th ed. John Wiley & Sons, New York (p. 28), modified from Pease, C.M., and J.J. Bull. 1992.
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Figure 8.1—Experimental Design Set-up.

In this experimental design, three trials are conducted. Think of each trial as a replication. Thus, each trial must
be exactly the same and each trial must have a control. (For more advanced statistics, we would be calling each
contaminant level a “treatment” rather than a trial, and “replicates” would refer to the number of times that

you used the same treatment.)
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Figure 9.1—Landscaping for Energy Conservation.
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Figure 10.1—Sample Human Survivorship Curve.
Assuming a population of 100, this figure depicts the number of individuals alive at each year of age—
survivorship. Note that after age 65, the number of survivors declines rapidly. If this population sample had
experienced a major war or epidemic, the results might show up as one or more dips in the curve before the
end of normal life expectancy. Overall, the human survivorship curve is a Type |.
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Option—Hypothetical Data for Constructing Survivorship Curves
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SCl = No.ofruns — _ 21 _ 0.8 = Very diverse
No. of individuals 25

Figure 12.1—Determining a Sequential Comparison Index (SCI).

The SCI provides an easy way to obtain an approximation of species diversity and ecosystem health. Ideally, it
should be used in conjunction with other tests.
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Figure 13.1—Mountain River Point Source Discharges.
This graphic represents the study area and the general location of the different discharges, which intermingle

as the water flows downstream (not to scale).
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Figure 13.2—Sample Pollution Impact Zones in a River.

The input of sewage affects the relationship between dissolved oxygen and biochemical oxygen demand
(BOD). Dead organic matter produces BOD, which can cause the amount of dissolved oxygen to become too
low to sustain life. Source: Botkin, D.B., and E.A. Keller. 2007. Environmental Science: Earth as a Living Planet,
6th ed. John Wiley & Sons, NY (p. 467).
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Figure 14.1—A Municipal Sewage Treatment Plant.
Source: Botkin, D.B., and E.A. Keller. 2007. Environmental Science: Earth as a Living Planet. 6th ed. John Wiley

& Sons, NY (p. 481).
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Figure 15.1—Comparison of Reference and Replacement Wetlands.

The United States has lost approximately half of its wetlands in the past 200 years (US EPA, 2004). Replace-
ment wetlands are one strategy to offset wetlands loss from the effects of development. The replacement
wetland size and characteristics are determined by policy and on a case-by-case basis. The goal is to obtain
a replacement wetland with similar functions and values and at least similar benefits. A reference wetland is
used for comparison; the replacement wetland, whether natural, artificial, or enhanced, should be ecologi-
cally self-sustaining and protected from development. Other considerations in wetland replacement policies
include planting schemes, treatment of invasive species, hydrology, primary productivity, energy pathways,
restoration/alteration plans, monitoring, evaluation, escrow and maintenance accounts, and wetlands banking
policies.
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Figure 16.1—A Municipal Water Treatment System.

(a) A water supply may come from a groundwater reservoir (as shown above). (b) Treatment begins with co-
agulation to clump suspended particles, filtration to remove the clumps and ozone, and chlorination, or other
treatment, to destroy microorganisms. Then the water is distributed for use. Residual chlorine in the pipes helps
keep it safe. (c) The wastewater is collected by municipal lines. (d) Primary, secondary, and occasionally tertiary
treatment prepares the effluent for discharge into “receiving waters.” Source: Raven, P.H., L.R. Berg and D.M.
Hassenzahl. 2008. Environment éth ed. John Wiley & Sons, NY (p. 525).
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Figure 17.1—Air Pollutants and the Automobile.

The automobile is a major source of air pollution. Primary pollution refers to emitted or discharged pollutants
when they react in the atmosphere. Secondary pollution is produced from chemical reactions involving the
primary pollutants. PAN is peroxyacetyl nitrate. Source: Raven, PH., L.R. Berg and D.M. Hassenzahl. 2008.
Environment. 6th ed. John Wiley & Sons, New York (p. 454).
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. 3

U.S. Environmental protection agency (US EPA). 2007. National Emission inventory (NEI) air pollutant

emissions trends data. Available at http://www.epa.gov/ttn/chief/trends/index.html (verified on 8 June

2008)

U.S. Environmental protection agency (US EPA). 2006. Greenhouse (Gas emission from transportation.

Available at http://www.epa.gov/otag/climate/basicinfo.html (verified on 8 June 2008)

U.S. Environmental protection agency (US EPA). 1994. Automobile emission: an overview (EPA 400-F-92-
2007). GPO, Washington, DC.
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Figure 18.1—Indoor Air Pollution.
Air quality inside a building cannot be any better than the air outside, but good air ventilation can make a big
difference. Source: Raven, P.H., L.R. Berg and D.M. Hassenzahl. 2008. Environment. 6th ed. John Wiley & Sons,

New York (p. 478). )
b laasa n i Kol (18,1 IS

du 5 o) glaiale ) Sl b 4used 5 xnb Gl 40 il Gk ) O e

2 5 se sl CalSE cla Jiaia dla ailan (s g3l 5k ) plaiale Jab 4y (g n 6l s 258 e
Dl ooy 5 5o 3 1 b Aggs )0 b (e Jhioa W o ady 5 )3 Gl skl 5 Cal (iS¢l
G a8 a A sl iS) g Jie (Sailsa 43948 0S (o0 S ja plaiale Jlad e sl 4ag 50

152



Lliiay ) )z ks i goad yild sl o3 Sz ), 38Ul dals ) (03 S a4y L g 1 o sliia
il 198 JAE & 5 1, 2 A 51 LAl sl cadla dula F i 0 e s 4ld ) adilia
o YT Ay ) 5 a5d e oS hsa Jol & 5 2L S S anh 5 (Sl sla 4568 L Bl a8 il )

A e 8 s

o) ) Sa o€ a3 gl anen 1398 e 5 sy JSdie b A gl S aie Jlga jsan
A R o0Vl i yea 53 sl (58 8 1 8 5 02T S ja (g) 0 48 jae (59 (laad) Caams 4y 530
ialis 4 boandi s3la i gl 5 e e (51 £3 983 (oa oy s 3 JSciia 3 53 4351 s W yuaie (il 1 alS
Gama ) (Sl (B 5) 35S alag) Glasl () )8 CdS Sl il 55 e ) sha 4y (S sSase 8
Jah 51 58) e ol 5 (Sasll auiaan 81 (280 juae s CaaSl (g 2l 55 (o G 3580 LI O
ULl a2 agmy (300 (o Cligs 4015 158 4S 4y 5¢8) (Sasll S ja () g 4S a5 5 (Olaiablas
S0 R i ania dla 2 ,80e 8 (Sasll (m jee 53 (nS 230 5 Sse e Jae (148 il
o (Z48) ¥ Clla ol 3 2 4313 Jgms S sSoma (el b o lal G (518 JUIS 3 a8
(Olainlas (i8lu) (Bl e 53 Gl 3 5 (JUIS Jaha (sl sa () 48 me 558 (JUIS) e
EBERTCY
Orined €21 adii | o 3800 (slaoxi VT sl s I8 ()58 Cud€ ) (B0 I S 50 6l
s 031y pandili Al 3 s e Al QLT ()0 4S s olan £ 5 A G R ) B e o S Ss
OB 5l 58 (Bl i pme 53 318 b5l 5 )8 A sl s ¢ e S s o) 8 (sla (S50
S a2 1 (AR (5158 i ¢ T gana 5 oalis (SASQISE ) ealiind Ly Gl 3l ) 0 25 4t S

SESTOYSIE

s il o

& CO2 o

ale gsba okl Sy o

BENTUTP R SV S TR LT o LS o

153



il

aal g Hlan) & e anlad | Gladdle Aty (o) s S g i€ aallas ) ) cile Ml
Q‘j..ij.'a_)q\Juﬁﬁ)a&i}u,A&Q?@j@lﬁeafmd\ﬁu&duq_)JimgUagﬁoquL\Gueﬁj\
i iege ol 8 cpvia ) aslae wdl g 5o i€ e (i Lo 4S ol S e oleial ) (B R

il 1A Gl ) a2 e 1 5h S 5

% VA7 A OJs A
% Y /90 RIS
% +/3Y B

% /Y GRS WS (63

Vo lga JB& a8l e ol DAy 5 ) g 18 T S i eGalae 3 (5 )12 58 o gDlay
oo Lanalia 50 Gl (a geadia (55,280 (0 GUI sled )3 (11,201 kg/m3) e jia Voo e ja i
A1 (K Led 5 JLi8 4y 8 Cugha ) plaia Cal YA Ly 8 ) ga (oS50 apn Sl i ) 0 AT

A & e gl y a3 48l dga g 1o 2 2l 5 e padidia (sl 2 aS ol e cp Sl 4

K Jleal o il s dn i b o)y (S JLa8 5 Ladas (pas 40 ps ) |8 J8s

PV = nRT
Lad =T i J\.ﬁa =nR ‘E%A=V cJLjé =p

29.92 )L 760 mmHg 5 (7A°F) Y+ °C ¢(STP) 2 lxulinl jLid 5 Led a8 Sl pl a8

@J\L;mbjduﬂﬁw\gddcQ&b)adﬁ@m’dujjﬁ\ﬁ@ﬁyb..\.CJ:L}‘EAOan

154



Gl st ) e (paie — S pranat | adalas o ) ol i 4y i SlALEE) U 3 g5 e alabaa

‘Jj&&ﬁbbﬁ&ﬁb‘}\ﬁ\JJ‘J}UM‘J&..GL:}\‘):;}JJ‘%Juléjuﬂ‘*s‘;‘)‘jm‘)ﬁ\‘)éti%

€A Crans 4y (Kol e 3020 ¥T S ga (510 ol a2 55 (a8 S pa o g L 5l

M 40 aS 25 e )t o0l e s 4dls Cacly L3S CINUEA) ¢ jieadil 0 Cad 38 CaDGA
Gl DL Caans a2l (5 iy JLEBAS s )18 298 e Ciely a2 2mse JLIE Adnes an K o
CDEAT 2 8 (ca 50 A8 L dsed 52,0 Qloa b JUS o )8 Adiner b laidl 50 S OS ja i
D] LEE Aail )3 (398 (o0 ) (e JLAE) NS (oe oS ] ) LES A5Gy e g 4 LIS
oo JUIS ity 5 A n 50 ) 58 (e (Abe JLEE 258 i JLE U210 e Glosa 4 1) JUK ) 8
3158 s ded JJES () )L ) glaiale 50 0S jadia ) ) )8 (sl s 2l 58 (e Cafia LS 30
AS ) ya 35l e 401 480 Ldia (o) At (sl s3SI L o ) gan (Jlie ()0 208 (e sdlitul W o2y
Slisedal (g 2l 28153 (B Glaidle 3o ) sen 2SS G5 4y 535S )y sale ) (oS laie R
485 o8 il phal Jama (ghga ) eS| (o) At o855 (sl ga late Adnen cdayl yd o) Jags )
s Ol 40 350 oS Glaitls JAls 4y e HLEE O e ) ol 50 ikl sl 0 la 0
23l iS00 35 4l Jayl 8 434S (5 800 Jlie 353 e 3 s3ne oz A Jaine 4y 53S0 53l ) ) g it Jlaal
OIS (550 B Al iie 1o jLi8 o ) et 2l 5 DAl 3 il il sl Al 4S Gl (W die
S (55 Ll ) 48 il 53 e L 2l ke 300 () s JLEE &) a5 50 g5 LY 5 58,4

A0l aa s Al

S 4 adb At dsa g sl ol JUIS ) sa HLES faadd (5] A8y I3 AS ) ea
Lm.u)\d.uSJ}uA:\JySMBA\)uwALm)JJP)AJL&SuM\%\ﬂ@bﬁh)@&&w;)

riS Gl 1) ) 20 se 3 Led e sy laials (o) g i€ 3 )50 50 () R B ea sl 53

BRwl gamhu o
158 s S ndused 5 L8 o
L e

(W2 5 ushay (oo Gl 38 el (Bagll e S8 Jia) ew ) sl s2u¥T 1 s alis @

155



Aol i) H oA 5 S pu ) Gkl el Culed 3 5 ) e D) sad

S aialis 50 dsmse slsn LI 5 lm saalie o Lad 43 2l 55 e () sloa S gla il

S e O pa Al LS Craw 4 Cafle LIS L (S ) e 28L (UL A

Ol i s 5 213 (515 0l el 5101 (i I 353 (gm0l (o Ol sie 4 )
slon (S B 10 dsan Gl o 3Y 4S (ol ol 4g) S oaldind VA/Y Jsan S (puad
il 5 4busy pos il 2030 (Yiahae 2 (5 8o jlail Wi 1) Glaidlis Ol 7 A ()58 Lo
calaa ¢dli (3l aiile  Alaliad Jleo o) oa S QAT 3 ga Hlai 0 g0 JK0 s2alia ) )
dlad (b s (e 3l «CO2 g R oIl sl e 4S ) gl ¢ om puad (sliad
) sh e sn bl s (o b SoLad A4S ) gl A5 e sy ) sl 02T 5 iy sha
48 i€ G g () 43 8 40l 03 S oy 0 aS | e S ) 1) Cilaials (o) g S
Joan 5 lad (il (Lo stin Jald 48 aiS dged () 8 0 g 1) S o il 5y (S o
223 el Jgaa 534S Dl 883 ) g 010 3Y SleUal 5 adl cile DU

SISt VAZY Jssa

) 0k CO; (i Gy sha ) Le o

2150 58S JalS ) ) o ol Gl g)ga JLES L daliipl 50 aS 1 YA/Y Jean Y
Al a5 i) R

WY maa g Ja 2 ) B )2 35 g0 W 430 3 S35 2 ) G s paba S LY
faig) oo laS s b S8 o by s (gl Al 4n

156



Lad IS L 2 (e U i€ L 258 ol 3l b et DS aja (S pa ol s ¥
M@QM&L&JLEJQ\QNM’JJUJ&JSL._\&\\Jouﬁih)\dﬁddlé.él\agm‘&,ﬂa
AN SS

23198 512 Al sl 6) g Cined 52l 25 g ) CudS (L)) sy sla el

a3 5 Glae Y el Ay dla J8 (58 o il alea O 25 e saliinl ilida gla (i) )

A3 4y Cund La GBI 4y 5 2Tl o Ledig) (al L) 13 a5y 3 )50 52 o Jila

Cush oy Jie aine (sle s Y sena 1 sp i oo K gl cabale 5 pald b

3 Lad (8 031l (B ()58 i€ um (g 30 a8 (i el 5 (sl ) sl 5 ol e s

5l dagl 090 ) el leial ) b il 8 e 1) s (gl ol BUI st Syl
RS Al Glils 5 (e 50 18 gha s sk

AU L& YA/Y Jeaa

(-L+) L e Jae

Osba S gl s S 280 o anlia U4y 965 ) o8 CudS Cona B 0 ylege
1280 (0 (CO2)CrS 2! (53 edans (ona e B02 3 80 .83 (e Vo s ) sl el ey
Jsfre 30 CO2 e o8l 2dly AIS Gl iSle (5 Olaial 2 3550 slsa e S

R
GO S slmd (AR 258 5 50 ) Lab o idn 48 258 e a1k (6 sh 456l e
Al eaas bl 5o 8 ) eSSl daad 30 AR 5 b ciSle b 3l ) Ll

157



Dle alae 4SOl gla 4p 2l BUal Slae Cad k1 Gl ol A dlaxd Causl (Sas ot L5 g
Ak ol 3 OS5 e S 8 0 I ) (e (Sl 4r a8 () ot ke 5 c555 ) s
1) CO2 5 pS (oo da) JAId 1 O 50uS) a2dS (e (i 4S (Jle ) L3S ealdinl "l S
il 38 24 003 1 (AU COp paa 38 IS i ja 4y Glatilis 4y gl s K1 o (0 G5
(28l e 40 565 (0 g (ASL 238 (LA Y 5020 1000 ppm ) S3YL mdas 53 COZ solAL) b
) 208 il 4g 563 250 ulia i 51 uadld Gl sie 43 CO2 ) U e 0l
Silat 5 aini b 5 a8 R o3l Dy, Jsh 50 1) COz grham Ol s (on | o8 S (andlds

o L XS e IS a3 4y 565 e L3S Gt Laeal

el (slsn a5 Lo s cla 8 Cpanil 4 L (o) 50 i€ olaial 5 L 1 23 Gola il

B 7R Om Qe 3 Lea %7+ LY+ sk ) 2uS duulia Casl 03 S 431 ) (ASHRAE)
a8 (L2480 1 daran e phae 3 QLCO, b VA PF BVY o il joled 5¢VO °F
s 2213 il g o Ll 280 410 3 S aal s OpA C JBlas 3 ga o Laia) ) cpl 4SSl ) g
Lo i) o) (San 25 dlia oJ 28 Sl sy Ay glay 5w shy slaial ;L1 253
O 2)se 2 4SS L i il 1 aa) i Lad 1L aaa 18 B R 3 5 55 )5 40 slaial
U €250 a3 Ka (o 0 51 Sy ) Lad it Cumn 5 283 ania i sl ) g A0S (34

o el oddi Ciy pat Jaad 4 (g1 0 4S (ol a3l o Ladi sla sl

€ pa ya b aly | s Sl LES plaidlu Ay ggi Ul

2y Osalom e 5 Jala gl ga CudS bl 4x dad mua oA gl Aih s S L

PPN

fa05 5 s olaiale Jahy (Kol s il aie da b claalie Jsh 5o

) sh il l 5 0 5e 50 Shlgidy da 5 B 44 L 50 Gl 4l il

TS el Glaial

38 dee 3 (et An Al (e le) 81 S L5l 1 a5 Gile ] g

T2 Son Jshie a5

158



Ole)yl pladl le ) 4SS ja Cuild (agee CaaBl (pat 50 (g ule Jala o) 58 CudS AR
D059 gd e s 8 ) eI Ly auil )X e b sls lme 5315 0k
Jsan S0 i€ augd il )R e b dama j3 48 leile) D) ()R 5 aiS )y 0 1 258
5 Cullad (€) coad Ciea gha (b) S (@) 2oL 4513 ) si ¥ 4S 1S apgd (VAT i)
Slah e 5348 ile ) S i ped Joan ol 50 1) 2sd e 5050 OF L 4S (GeaiV(d)

J:L\SMIAAMJJHJ*}AAM‘JJ:U\JﬁGA

(cebica y O = CelaY¥) x Voo = Adbhdasa gl %

A od p yudy Al dass 0 aS Slfelu g gane = gl )

Olaidlu JA13 ol culled caa VAT Jga
ed.u‘}.ﬂ C"_\:J\.zﬁ A 8 pa ULAJ Q\S\A

Jacobson, M.Z. 2002. Atmospheric pollution: History, science, and
regulation. Cambridge university press. New York.

U.S. environmental protection agency (US EPA). 1998. An office building
occupant’s guide to indoor air quality (EPA-402-K-97-003). GPO,
Washington, DC.

159



1R o Cutla

ETQRNE Sy

KTy

e ) a8 S0 SIA (Agla) o jlud ) padliil LIS e

S sla L5y Canasi gl p il 5 & slaial ) ) saliinl U5 @
ke 1 JI & i Ja) o Cana g IS

SIA ) iR saiay JuSi o) jal pandids U5 e

s els Sladha)

(g S L) sy
Sla (4l @8 v
(S 43l3)) 3l 50 Lile v/
Sl Gyl v

S F e vV

S il il v

Celu YUY :@j‘g Olal

160



-

Soms (et SI2) e gn ol 4 — (S (S A Oy e ) (sl SBR AL o VL 0
21w 5S) o) Jal daa 5o (ol e G SR Gl (551 b amb alia 51 (So SOEAY Gl ol
5 UAlS L a)se (e dse 5 ol (S gh e il A MK 5 saiad disy Wl 4y Gpen )
st Sy SIA 350 e S 5ot (oSA 2 L (la b o S e (3 ) il g
Spss e e aS (e 3R e il 23 K e el 4y 1L S 4248 (ol aaa G 5
A0 S1a calil o il s S 4 Gl 5 gt G2 1S Jia ari€ o G jeae 4S (53] 50 |
A1 Caal ag s Glaidli G oala cdld WaS a8 )l (fiila (6) iy ) aiae OISR Al 5 )l

Ssila 5 LS LE ) a8 I 3 se ¢ ama 3 ge i ond S Lual 5 5 4 5l S

Al QLS 2 ) (o) S S 0 yign Cand oad 5 T L )58 Al g4 aS a5 JIA 5 el S8
09 sl Lgy 5 Slinn S 3L Ol 96Y0 5158 %Y ¢ 3l gw %0 (o 3l 5a 95F O (5l o
A ) S e i a e e iy sha ) Jle SIS (al g3 ) (pmmy 3K e i ey LR L asys
Uin)2 58 e aladl il jln L AS JSE st Jie S 6l 4mdls A paS s o (Celo dia

(e O w )

G e s 0 S Aadld & Ll SA (K35 5 (pedogenesis) Sl ad JSuis

) a5 jle ladaadls

s B 231 5 e (SIS 535S o) M ga il 005 S8 (31 CSIA 4S (63 g 23] ga Liida )
A0 lagliadsl g el sldlady b el (adan Gl ) b 5 I 3l e

AOIR e i 3 SISl ypad e s (55 ) g Lia 3L sl sl St gl LY

GUs € e (Raiy SA 050 b 5 SA 595 L Olsila 5 LS da soai) cligage T
Sy S a8 sl 5 as8 e dpai S 34 S e ) g Ol 5 LS
AR e i T o) e Gl g e iy s i e

Jise o s o ss sl G il 5e (S 5 R 1A das oS ) B S Y
G gl ) ali (S 53 SA 4 cayla )8 4 by 0 a8 (S JUs ol sie 4 280

.JJ\J

161



i)y a8 ley cadX L ad o HLa) of 4 YU 2 48 S saiaa JK0E sladadll das sila) L0

Al )l Wea Blaaa jl — aaa o gl

(SA F e

A Al e dsa g dn S JSE 5 (K il mat SIA saiaa JSE (adld 0 e Jalad )
ey 5 odd &) HAdul (g3 gee Gy ga 4 AS (S 4G gad Aoy Al ek gl S5y Sla
ooer 5 S s By o ) r SIA e )2, ol S E e Gl el O S50
SA (8 () 40 a8 ad JiSii W 4Y 31 SR F e a0 e oaliin) SWA igidas sl
Dstae 81 4y i oIS e il Ly 9 Ky <l st saalie Gaob ) )i e 1 W @) a0 S e
O/ JSd) a5 I8l liala sl (S3ns culasl )l @8 a1y (apdls

Db e il SR C.Lu.n 2 68 o)l s B W ‘;“ A s 31 O G :0 horizon

Y saza 38 ,m\d&tﬂﬁ@m@é\@}\ g e o2l A adau SIA (Y saze 4S A (381 ;A horizon

AL e o2 4 3a (1 ) e Jali Cppimat L o S5 Gy 33 5 5Y 5 K cansle 5 03 )

Sl il am 8 el 5 So Sl il ad 4S sad JSUE Jara 2 se 3l B G B horizon

_m‘ewi}@icwjéﬁj\@bY}mBéé\_J}ﬁwdﬁj&u}&hc&jjjdé\)ﬁﬁg;}a

.Qu\ﬁé)gdﬁoi‘j\‘ﬂ.}&\.&@\QQ:\SJSASQM\G\@J\J\JAJAL&C@\ :C horizon

162



(o)t
S se 3l
Cal 02l SIS

(b SB)A G
oV 3 5e YL Cilale

(L) SB)B @
Ol (A8 g S
03 S CuIIA (38)
Coand ) )3 Y gera
3 g o0 ATEL)

] -
| lEh R elita

- e ._ﬁ.u
CS18 0a3S A 65 3 5a

Figure 19.1—Typical Soil Profile.

This profile in an area of high soil deposition (not to scale, but assume that the tree is just a few feet tall,
and note that the root structure may be quite different from the above-ground plan). Horizon depths can vary
greatly depending on flooding and other factors. Source: Raven, PH., L.R. Berg and D.M. Hassenzahl. 2008.

Environment. 6th ed. John Wiley & Sons, New York (p. 338).
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Figure 19.2—Soil Texture Triangle.

This triangle illustrates the 12 USDA soil classifications and is commonly used in classifying soil textures. Source:
Soil Survey Division Staff. 1993. Soil Survey Manual. Soil Conservation Service. U.S. Department of Agriculture
Handbook 18. United States Government Printing Office, Washington, DC.
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Rise = Elevation change = 3000 - 2000 = 1000 ft
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% slope 5580 i x 100 = 18.9%
Slope angle = arctan ( ;ggg 2 ) =10.7° slope

Figure 20.1—Calculating Slope Using a Topographic Map.
In this example, the units are English rather than metric because elevations on USGS maps are provided in
English units and are intended for general public use. The formulas are the same for metric and English.
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Figure 20.2—Conceptual Application of the Maps to the Site Project.
This type of overlay can be done with actual maps, with Geographic Information Systems (GIS), or mentally.
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Figure 21.1—The Pollution Prevention Hierarchy.

This hierarchy depicts the preferred approach to environmental management by preventing the creation of
pollution rather than managing pollution after it is generated. Thus, source reduction is the most preferred
method for preventing pollution, and disposal is the least preferred method. Correspondingly, source reduction
is the least expensive approach compared to disposal. Note that the cost is not limited to direct costs, but
includes future cleanup costs, social costs (impacts on health), and environmental damage costs.
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Figure 21.2—Disposal of Municipal Solid Waste in 2000.
The percentage of recycled materials has been gradually increasing. Source: Raven, P.H., and L.R. Berg. 2004.
Environment. 4th ed. John Wiley & Sons, New York (p. 246).

2000 Jdbe 5 s glaall ) Cuman g 21,2 IS8

il 3 ) ealdind by G s 3 adlie 5 5 58 O (AWK () 53y (B3B8 d) sl 2

Gl 3 s ed 2ela ALy 51 06T e el o2 o2y LI YV /Y jygeal 1348 ) shiles Cand oad lal
Db g g yieS Al 5 (Kol sad Caely alie (IAS Casl 0ad pul 50 53 1990 Jlu 1 4S 2580
3se e 250 Bl O 50 (ald slaail JE a8 c) (50 cdileny b Jane (ay o 50 saldiul
Joane 6283 juad claail i aladl Jald ¥ gane Y goanae b ally <l 3 Lol 2,8 1 8 saldiu
CAR ) s 4 G el ot yign eadly )l 8 (ALK L dase aldiul 4y o L L AS Gl L 230 e

A g e 03l s yi el Al Gail Hem b 5 038 Oledy ¢ ealu

sl g

Saiah e cla U1 5 VU JalS 5k 4y (o8 5 8 oy pemy s a5 b iilda g 3 S JalS (6l
S | Olaial

182



Ml8lan 0la 50 S Canjed | 000 e a5 Glaial 5048 laailewy £ 58 Joan G 50 )

1) YV/) Jgdn ddgal Ol gie 4) S G yed 30 1) Laailess 51 SG a6 aia ¢ g3 )

WS e | My e 5255 JYE 2 4aS ladileny (50 90 <8l Hb BB 5 ladilewy daad 56 6

oLl o dilary 4 g8 ailia

(2 alaade

YA dsa

&a

Jilanws

N

oo sl OIS

kK

o (Sl ‘)‘S})S 48,

Sss p ol Uis 8

(RYS

(S akaadle 1) YV/Y Jsan 40903 Ol s 4) dmm s Jsan 50

by dilass 4y Jaga s W 0203 YA/Y Jgaa

uliall 3 ga iyl <k g g Cumd ga

Sl (Jae 4 R Jy) @bl S Jl ik
TS oJ Jul

4 dadia Siely 4S 3 i Jla sl B ) Cuan T ga () € saaliia la Jlas daa o)) ailesy |

(A58 oe (B2 A

48 L L A8 e 3 gedp (palldli) 2S04l pam s )b paldlns

(258 oo @Ol (S by adly oad aiiy ) b il ) Jhass 0

T2l 2 gl dhaw 5o S L B e dse g si4a b

Clr a5 g ally Jhan 52 b LA dse g si4n

oldale jlansbdsk g )

cad aladl il b Al ) s A e 5 AS 5 ) gl 80l a5 by Gudle (b jiwg dlaad g

(U5 oo S 4 53 sa g 5 an Dia) w538 &) pem il S A A Ss 5 S

183



il 5l g 55l e Gladlan b g aileny Al 8 aaie 40 Ll L i€ Gy 1) ol dse
il 3L a8 4 Ll U €3 S (S ) acidle ine Sl 40 () 55 e U Sarion (S0
€25 (o gl (a8 50 pos om0 g S eSS 0206
233k goa Saxal ja ¢ (LFadlS o Jdy 8 Sl Jia) diay el ) (S)Ha claadas a4y 0
faian e aladl il 3L L 5 dana saliiul cadlic ) edldiul (SAlK a2 JEDE za W 3
S i 5 5m O Db s S e Cutlan |y el () 45 s 20 a5
sk an QL S ealdind o jlso )5 (e 1) (1 8 50 a2 4n b
LS cag ka2 IS il ) 3 pd a0y (5 jide 40 il ) 4S8 e A e d Wl ¢
13 dlawy Cpinad 5 (O 2ila 5 6f ya 2l Can gy cald Cad S 0 Sle ey 3o B Gy
a5 oo 2 O sm b G asS 40 ol sl
S AT bl 5 lata S el gandila 3 (o ) e JB as) 4 sl G Allal Gy a4y P
1€ ) ) YT s L1 L
faa3 e alail 8L LU g
il iyl Qo8 358 e 53 oS 534S ailews ) saa n4s b
€21l 50 JiB o) ga (gl Ledi Slie ) 45 atius (53 sa 4 ) oSl 53 ol il 5 slaaileny ¢
fl) A 5 nlia Gl 5L e gade AL ) ladhw daai Ll Hlia d
) Pl il 3l bl 5 @il b Jhaw o)) @il b JE e Al by i e e

T2 3l ) Aa s Ol SIS ) algidiy 50 a0 S oy sane sl Sl

A 358 A et ) T S Al | A 8 s sk Jsda 5 Jlasad (55 1) 35A il

L Ll Sl (38 o Jlai) an 00K e il 3L Ll W Jl g 4 W nly S8 e () an
48 Gl saly L (ol ) Clallae 4S 0030 4l 4a 65 €2 510 () sdad ) 62 S saaliie 4 4xl
SIS S Hia 50 ok 50 e (312 5A e ldia) Gslhe sl Culdlad o ) e 350 e
Al s Sl (33ba at Lad dallhe 50§ singe Gl Lad Hhi a8 e | Ciia (U

ol ab

184



et ol Ladi i g Sl e dn () (51650 A ja 0l 538 an il 3 la Jlaws Caadd |V
QIR e il g lian
O a $25 ai iy 3 o8kl Jama iy 3L JiE M) 3 CSG a8 s Ja 2 A
r gy ) sl Jlsm 4r 358 ()R (68 aaii aand 2 4
an by RI) fann e alad) (Basll O (s 58 s i 6l 1) IS (i e o083 U 3
Lol 5 Ol 2500 51 (B IS An cod RS20 2 5 (5 8 Aatl ol LI (51 sm) 5
(Fasd sl
fals aladl Al s S ax Bagll mlia b Jlde a4 e sl (2 S 610 b
ds JBlan) S apna i il 58 e IS Aali Ay Gy Jama ) 8T 5 glsadibaaasilh c
a1a aladl Ay ol SIS an AT Gl 51 o) s $(aden
S Ada gae 15 25 (S Ladi Ay AS oy gy 5 55 s len JB) aa ) A

A8h 5

‘e

U.S environmental protection agency (US EPA). 2007. Municipal solid waste in the
United States, 2006 facts and figures (EPA 530-F-07-030). Washington, DC.

Available on line at http://www.epa.gov/epawaste/nonhaz/municipal/msw99.htm

(verified 18 October 2008)
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Figure 22.1—Municipal Solid Waste (MSW) Landfill.

Modern landfills are underlain with a monitored protective liner of high-density plastic or clay. Generally, above
this layer, a leachate collection and removal system is installed to remove liquid leachate. Following each day of
operation, the landfill is covered. Soil used to be the preferred cover, but recyclable materials and lightweight
foams are now used. Source: Raven, P.H., L.R. Berg and D.M. Hassenzahl. 2008. Environment. 6th ed. John Wiley
& Sons, New York (p. 560), and U.S. Environmental Protection Agency (US EPA). Landfill Methane Outreach

Program [Online]. Available at http://www.epa.gov/Imop.
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Figure 22.2—Mass Burn, Waste-to-Energy Incinerator.

Scrubbers and electrostatic precipitators help trap noxious emissions. Fourth in the world, the United States
burns 16% of its waste in waste-to-energy plants (1% is burned in old-fashioned incinerators that do not
create energy). The number one waste-to-energy country is Japan (62%). Source: Raven, P.H., L.R. Berg and
D.M. Hassenzahl. 2008. Environment. éth ed. John Wiley & Sons, New York (p. 563) and Energy Information
Administration (EIA). Annual Energy Review. Washington, DC. (see http://www.eia.doe.gov/ for current energy

information). . 2 st % »
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Colerain township, ohio- landfill

http://www.rumpke.com/landfill/virtual-tour.asp

chester county, Pennsylvania-landfill

http://www.chestercountyswa.org/virtual-tour.asp

Clinton county, new York—landfill

http://www.casella.com/10K-99/clinton.htm

cork county, Ireland — incinerator

http://www.downtozero.ie/tour.htm
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(a) General Response Curve
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Figure 23.1—Generalized Response Curve.

(@) An example of a general response curve. The threshold level is the level at which an adverse effect is not
observed. The asymptote represents the maximum effect (response) level. (b) An example of a linear response
curve where a unit increase in the dose produces a unit increase in the response. This curve has no threshold
level. Current national policy assumes that there is no “safe” dose of a carcinogen; thus, there is no threshold.
(c) An example of a linear response curve with a threshold level. Thus, there is a certain dose where no adverse
effect is observed. (d) An example of a nonlinear response curve, in which the shape of the relationship is curved.
Thus, a unit increase in dose will have varying responses. Some nonlinear response curves have a threshold
and/or an asymptote—when the dose reaches an asymptote, no additional dose affects the response.
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Figure 23.2—Target Organs and Pollutants.

The effects of some major pollutants in humans. Source: Botkin, D.B., and E.A. Keller. 2007. Environmental
Science: Earth as a Living Planet. 6th ed. John Wiley & Sons, New York (p. 307) and Waldbott, G.L. 1978. Health
Effects of Environmental Pollutants. 2nd ed. Moseby, St. Louis, MO.
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Figure 23.3—A Hypothetical Concentration-Response Curve LC,,.
The curve may be quite different depending on the substance and the measurements. Compare it with the
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dose-response curves in Figure 23.1.
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Figure 23.4—The LC,, for Vinegar.
In this hypothetical case, the LCsg is 16.5% vinegar.
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Figure P2.1—Mean Number of Tropical Storms by Month in the Atlantic, Caribbean, and Gulf of Mexico,
1851-2004. Courtesy U.S. National Oceanic and Atmospheric Administration (NOAA, 2008a).
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Figure P2.2—Mean Number of Tropical Storms by Month in the Atlantic, Caribbean, and Gulf of Mexico,
1851-2004. Courtesy U.S. National Oceanic and Atmospheric Administration (NOAA, 2008a).
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1987 348.98
1988 351.45
1989 352.89
1990 354.16
1991 355.49
1992 356.27
1993 356.96
1994 358.63
1995 360.62
1996 362.37
1997 363.47
1998 366.50
1999 368.14
2000 369.41
2001 371.07
2002 373.16
2003 375.80
2004 377.55
2005 379.75
2006 381.85
2007 383.72
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Figure P6.1—Atmospheric Concentration of Carbon Dioxide (CO,) from 1958 to 2001.

This graph is based on data from the Mauna Loa Observatory in Hawaii—an ideal facility for measuring undis-
turbed air—constituting the longest continuous record of atmospheric carbon dioxide (CO;) concentrations
available in the world. Note the steady increase of CO,. The seasonal fluctuations correspond to winter (a high
level of CO,) when plants are not actively growing and absorbing CO;, and summer (low CO;), when plants
are more active. In 2002, the CO, concentration increased to an average of 373.1 parts per million by volume
(ppmv). Source: Raven, P.H., L.R. Berg, and D.M. Hassenzahl. 2008. Environment. 6th ed. John Wiley & Sons,

New York (p. 486).
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Figure P6.2—Enhanced Greenhouse Effect.

Carbon dioxide (CO;) and other greenhouse gases accumulate, warming the atmosphere by absorbing some
of the outgoing infrared (heat) radiation. Some of this heat is transferred back to the Earth'’s surface, warming
the land and ocean. Source: Raven, PH., L.R. Berg, and D.M. Hassenzahl. 2008. Environment. éth ed. John

Wiley & Sons, NY (p. 487). .
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Figure P8.1—Comparison of Ecological Footprints Between India and the United States.

In developing nations such as India, about 1 hectare is needed to meet the resource requirements of an average
person. In the United States, the average individual ecological footprint is almost 10 hectares. If everyone in
the world consumed resources equal to the average American, we would need five Earths. Source: Raven, P.H.,
L.R. Berg, and D.M. Hassenzahl. 2008. Environment. 6th ed. John Wiley & Sons, New York (p. 8).
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GLOSSARY

Abiotic factors: nonliving or physical factors (temperature, light) in the
environment.

Adjacent: bordering or near. May be on a separate land parcel or lot. The
determination of adjacency is often based on the potential for environmental
impacts.

Air exchange rate: rate at which outdoor air replaces indoor air in a building or
room.

Air pollution: contamination of the air through the release of harmful substances.
Ambient air quality: overall condition of the outside air (compare to indoor air).
Anthropocentric: a human-centered world view.

Anthropogenic: human-made pollution.

Ash fill: landfills devoted to disposal of municipal solid waste incinerator ash.

Biodiversity: different species and life-sustaining processes that can best survive
the variety of conditions found on earth.

Biotic factors: living factors in the environment.

British thermal unit (BUT): amount of energy required to rise the temperature of 1
Ib of water 1°F when the water is near 39.2°F.

Brownfield: abandoned, idled, or underused industrial or commercial facility or site
where expansion or redevelopment is contemplated in the presence of actual or
potential contamination.

Caloric content: amount of food calories in a given food item.
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Carbon dioxide measurements: term used for the measurement of the quantity of
carbon dioxide in the air. Levels above 1000 ppm can indicate inadequate
ventilation indoor.

Carbon dioxide production: amount of carbon dioxide produced; the avarege
gallon of gas produces9 kilograms of CO..

Carrying capacity: maximum abundance of a population that can be maintained by
a habitat or ecosystem without degrading the habitat or ecosystem.

Carson, Rachel: author of silent spring and an environmentalist who opposed the
use of pesticides, particularly DDT.

Clinometer: Instrument for measuring angles of inclination. It can be used to
determine slopes as well as the height of trees, buildings, clouds and other
features.

Concentration response curve: Method used to document the effects of various
concentrations of a chemical substance on a group of organisms.

Contamination: the tainting of an item (i.e., soil) through human activities,
including the intentional and unintentional discharge of hazardous materials and
waste.

DDT (dichlorodiphenyltrichloroethane): an insecticide that is toxic to animals and
humans that was used mostly during the 1950s and 1960s, but is now banned due
to its detrimental effects.

Degree Day (DD): degree days are used as an index originally used to calculate the
energy to heat or cool a home, based on normal inside temperatures and averaged
outside temperatures, but has come to be a standard reference in weather reports.
Each degree of temperature below 65°F is counted as one heating degree day
(HDD) and each degree above 65°F counted as one cooling degree Day (CDD).

Dissolved oxygen (DO) measurement: term used for the measurement of the
amount of oxygen dissolved in a unit volume of water. In water quality applications,
such as aquaculture (including fish farming) and waste water treatment, the level
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of DO must be kept high. For aquaculture and water quality, if DO levels fall to low,
fish will suffocate. In sewage treatment, bacteria decompose the solids. If the DO
level is too low, the bacteria will die and decomposition ceases; if the DO level is
too high, energy is wasted in the aeration of the water. DO is usually indicated in
mg/L or ppm, but DO sensors do not measure the actual amount of oxygen in
water, instead, they measure partial pressure of oxygen in water. Oxygen pressure
is dependent on both salinity and temperature. Galvanic and paleographic probes
both use an electrode system where the DO reacts with the cathode to produce a
current. If the electrode materials are selected so that the difference in potential is
-0.5 volts or greater between the cathode and the anode, an external potential is
not required and the system is called galvanic. If an external voltage is applied, the
system is called pornographic.

Drainage swale: Depression or shallow channel between slopes that provides for
the flow of surface of shallow groundwater away from an area. A swale may also
be a low area of moist land.

Earth Disturbance: land alteration activity or effect, whether intentional,
accidental, or natural. Examples include erosion, excavation, creation of berms,
construction related impacts, and the effects of flooding.

Ecological Diversity: variety of habitats (forests, grasslands, streams).

Ecological footprint: the area of productive land required to provide resources and
as simulate waste products to meet our consumption needs.

Energy conservation: the use of less energy
Energy efficiency: reduction of energy waste.

Energy investment in food production: amount of energy that goes into producing,
processing, packaging, and shipping food.

Environmental audit: inspection of a designated area to determine its overall
environmental health.
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Environmental equity: the fair distribution of land and resources between humans
and other organisms.

Environmental impact: an adverse effect on the environment. Alteration of
landscape or environmental setting, usually to its detriment. Impacts may occur in
a variety of categories, including water quality, soils, air quality, biodiversity, and
aesthetics.

Environmental model: a tool specifically designed to simulate or recreate the
environment, or more specifically, an environmental system.

Environmental risk: the potential to cause harm to human health and/or the
environment.

Environmental toxicology: the study and detection of environmental poisons and
their effects on humans and environment.

Exhaust emissions: fumes released from vehicles, including sulfur oxides, nitrogen
oxides, volatile organic compounds, particulate matter, and carbon monoxide.

Experimental design: the creation of an experiment through which a hypothesis
can be tested. The experiment must adhere to the scientific method.

Exposure: the potential for a person to come into contact with a contaminant.

Field screening techniques: techniques used in determining the source of an
environmental problem, including specific conductance, dissolved oxygen,
turbidity, ammonia, and PH.

Flood plains (floodplains): flooding is a natural and recurring event for a river or
stream. On average, streams will equal or exceed the mean annual flood level;
about once every two or three years. Floodplains are, in general, those lands most
subject to recurring floods, usually situated adjacent to rivers and streams.
Floodplains are therefore “flood prone” and are hazardous to development
activities if the vulnerability of those activities exceeds an acceptable level. Floods
are usually described in terms of their statistical frequency. A ‘100 year flood” or
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“100 year floodplain” describes an event or an area subject to a 1% probability of a
certain size flood occurring in any given year.

GIS (Geographical information system): a combination of hardware, software, and
procedures used to manage spatial (geo-referenced) data.

Global environment: the environment of the entire world.

Global sustainability: efficient use of resources to sustain the current population
and allow for the use of resources for future generations.

GPS (GLOBAL Positioning system): a radio navigation system that allows land, sea,
and airborne users to determine their exact location, velocity, and time 24 hours a
day, in military, commercial, and consumer applications.

Habitat: local environment in which an organism, population, or species lives.
Heat loss: loss of heat due to inefficient insulation.

Heliodon (HEE-leoOdon): a physical device for adjusting the angle between a flat
surface and a beam of light to match the angle between a horizontal plane at a
specific latitude and the sun or other light source. A heliodon can be used to
investigate the amount of light that feature (e.g., a skyscraper, house, or yard)
could receive from the sun during a given day or period.

Hypothesis: a tentative statement that proposes a possible explanation of some
phenomenon or event.

Hypothesis testing: the testing of a hypothesis through a designed experiment that
follows the scientific method.

Indoor air quality: the nature of air that affects the health and wellbeing of
occupants.

Inductive reasoning: going from the specific to the general (opposite of deductive
reasoning). Much of science involves observing specific phenomena and drawing
general conclusions about it. Example: “the sample of 20 flies of the same species
in hermaphroditic; therefore, all other members of this species are
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hermaphroditic” is an inductive statement that might not necessarily be true
(hence the care taken in using the word “proof” in science).

Infiltration: the process by which outdoor air flows a building or room through
openings, joints, and cracks in walls, floors, and ceilings, and around windows and
doors.

Institutional review board (IRB): a generic term for committee designated to
approve, monitor, and review any research activity that involves living things,
especially human subjects. The term IRB is used by the U.S. food and drug
administration (FDA), the department of health and human services (HHS), and
other entities; however, equivalent reviewing bodies might also be known as an
independent ethics committee (IEC) or an Ethical review board (ERB).

Kilowatt — hours (kWh): unit of energy equivalent to 1 kilowatt of power expended
in one hour; not a standard unit, but is commonly used in electrical applications.

Laboratory analysis: the analysis of data through observation and experimentation
in a laboratory.

Landfill: a plot of land used for the long-term storage of solid waste.
Leachate: liquid that seeps through or from a landfill or other waste storage area.

Lethal concentration: concentration of a chemical that causes death to organisms;
most commonly measured at LCso — the concentration that kills half of the test
organism. The lower the LCso value, the greater the toxicity.

Lethal dose: as opposed to concentration, it is the dose given directly to the
organism, such as by injection or administration orally.

Liability: a legal responsibility, duty, or obligation. The state of one who is bound in
law and justice to do something that may be enforced by action. Similarly, concerns
about liability means that environmental investigators only enter land on which
they have permission or authority.

Life-cycle assessment: a process used to identify and evaluate the potential
environmental effects of a product over its lifetime.
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LOAEL (Lowest observable adverse effect level): the smallest tested dose of a
substance that causes harmful effects on the tested subject (plan or animal).

Lumen: a measure or light energy from a light source international system of units
(SI). Alumen is the light available in a square foot area located 12 inches away from
a single candle. A 100- watt incandescent light bulb will put out approximately 1500
to 1700 lumens.

Lux (Ix): a unit of luminance (in SI notation). It is defined as lumens per meter
squared (Im/m?)

Material safety data sheet (MSDS): a government-required informational
document prepared by the manufacturer that describes the physical, chemical, and
hazardous properties of product.

Mechanical ventilation: the use of devices, such as outdoor-vented fans, to
intermittently remover air from a room, such as a bathroom, to air handling
systems that use fans and duct work to continuously remove indoor air and
conversely distribute filtered and conditioned outdoor air to strategic points
throughout a building or house.

Modeling: a tool to simulate or recreate reality.

Municipal solid waste: solid waste that is non-hazardous and non-industrial, which
includes trash, garbage, rubbish, and refuse from residential, commercial, and
institutional sources.

Natural ventilation: air that moves through opened windows, doors, and passive
vents.

Nonrenewable energy: energy sources that cannot be replaced once they have
been used.

Null hypothesis: hypothesis that states that the variables do not have an effect on
the outcome of the experiment.

Nutritional value: amount of nutrients (vitamins, minerals) in a given food item.
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Parent material: material from which a soil is formed.

Passive solar energy: the capture of sunlight directly and its conversion to low-
temperature heat used domestically for heating air and water; it does not use any
mechanical devices.

Pedosphere: the thin layer of soil on the earth.

Peer review: a process used for checking and verifying the work performed by
one’s equals — peers — to ensure that it meet specific academic criteria.

Per capita energy consumption: total amount of energy consumed per person.

Personal accountability: recognizing and taking personal responsibility for the
resources that the individual consumes.

PH: a measure of the acidity or alkalinity of a solution, numerically equal to 7 for
neutral solutions, that increases with increasing alkalinity and decreases with
increasing acidity. The PH scale commonly in use ranges from o to 14.

Phase | site assessment: the first phase of an environmental site inspection,
including the basic observation of the environmental health of a designated area.

Phase Il site assessment: seeks to verify the environmental observations identified
in a phase | site assessment and delineates the problems through sampling and
analysis.

Phase Ill site assessment: employed to remediate (clean up) delineated
contamination.

Phytotoxicity: poisonous to plants.

Pollution prevention: the prevention of pollution through the reduction of waste
generated, the reuse of otherwise disposable products, and the recycling of
materials.

Pollution prevention act of 1990: a congressional act that established a national
policy that includes the prevention or reduction of pollution at the source wherever
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feasible, the treatment of pollution that cannot be prevented or recycled, and the
disposal of pollution into the environment only as a last resort and in an
environmentally safe manner.

Population: a group of individuals of the same species living in the same area.

Population growth: the growth of a population based on the amount of births,
deaths, immigration, and emigration.

Primary treatment: the initial treatment applied, particularly regarding sewage
treatment, which utilizes bacteria to degrade waste.

Range of tolerance: the varying range of environmental conditions that a species
can tolerate; individuals within a species may also have slightly different ranges of
tolerance.

Recycle: reducing pollution by reprocessing materials into a new usable form.
Reduce: the reduction of pollution by using fewer materials.

Regulated activity: construction or other land uses, including discharges, storage,
and movement of material subjects to federal, state, or local jurisdiction underran
applicable law. Regulated activities are either allowable by general rule or by
specific permit.

Remediate: to improve the quality of something by repairing a deficiency. In
environmental assessment, it is the treatment of a contaminated site by removing
contaminated solids or liquids, or by treating them on site.

Research techniques: procedures used in gathering information.

Reuse: Reducing pollution by reusing materials such as containers or water in the
cooling system of facilities.

Risk perception: an individual’s assessment, based on feeling or judgment, of the
potential for harm.

RMS voltage: voltages such as the common US household standard of 120 volts are
actually listed as RMS or root mean square. RMS can be used for either voltage or
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current. It is achieved by taking the potential difference at each instant or sample
point, squaring it, adding up these figures, and dividing by the number of samples
to find the average square or mean square. The square root of this figure yields the
RMS average value.

R-value: measurement of the ability of material to resist heat transfer. An R-value
of 1 is equal to the number of BTUs that would pass through a 1-ft? surface in 1
hour if the difference in temperature on opposite sides of the surface is 1°F.

Scientific method: the process of experimentation, which includes making an
assumption about an observation or phenomenon, creating a hypothesis, testing
the hypothesis, and accepting or rejecting the hypothesis based on the results of
the experiment, and finally, revising the hypothesis.

Secondary treatment: the second treatment applied, particularly regarding sewage
treatment, to ensure the degradation of waste before it is discharged.

Sedimentation basin: a depression in the land (basin or pond) constructed to
handle excess runoff and sediment from developed land parcels.

Sequential comparison index (SCI): the result of a biodiversity estimation method
that conducts a rough picture of species diversity without having to identify the
specific species.

SI: international system of units is the world’s most widely used system of units. It
was developed from the metric system in 1960 and is based on the power of 10.

Sick building syndrome: a set of symptoms that effect some occupants during time
spent in a building and diminish or go away entirely during periods spent away from
the building, but cannot be traced to specific pollutants or sources within the
building.

Soil Disturbance: a disturbance in the soil such as burrowing or filling.

Soil horizon: the layers that make up a soil profile. Each horizon can identified by
changes in color or texture.

Soil profile: a cross- sectional view of soil.
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Soil texture triangle: the three variables (sand, Silt, and clay) used in determining
soil type based on texture.

Solar gain: an increase in temperature due to the sun shining on a landscape, a
room, or an object.

Species evenness: relative proportion of each species.
Species richness: number of different species.

Spirometry: the measurement of breathing capacity, rate, and volume. Important
in the maintenance of human health, especially with regard to asthma and other
respiratory illnesses.

Steady — state model: type of model in which the stock (such as fish in a pond) does
not change, or is balanced by equal inflow and outflow.

Superfund: officially known as the comprehensive environmental response,
Compensation, and Liability act, this program establishes strict liability for property
owners where hazardous substances present a threat to human health or the
environment, regardless of when the hazardous substances where placed there.

Survivorship curve: a graphical representation of the likelihood that an individual
will survive from birth to a particular age.

Testable: relating to hypotheses, there must be an ability to determine whether
the results are logically possible (i.e., true or false).

Topographic map (topographical map): a map depicting terrain relief showing
ground elevation, usually through either contour lines or spot elevations. The map
depicts the horizontal and vertical positions of natural and human-made features.
US Geological survey maps of 7.5 minutes and 15 minutes are commonly used for
field navigation, and may be provided as readouts from digital equipment. (GPS
units). More detailed site maps will be on a much larger scale, showing meter or
foot increments in elevation.
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Toxic release: means any spilling, leaking, pumping, pouring, emptying,
discharging, injecting, escaping, leaching, dumping or disposing into the
environment any toxic chemical.

Toxic release inventory: database of toxic release in the United States compiled
from SARA title I, section 313 reports.

Toxicity: the degree of which a substance can harm humans or other organisms.
Toxicology: the study and detection of poisons and their effects.

Turbidity measurement: turbidity is defined as an “expression of the optical
property that causes light to be scattered and absorbed rather than transmitted in
straight lines through the sample” (standard methods for the examination of water
and wastewater, APHA, AWWA, and WPCF, 16" ed., 1985) turbidity is the measure
of relative sample clarity.

Waste-to-energy facility: a facility that incinerates waste and uses the heat energy
produced to power generators, creating electric energy that is usable by
consumers.

Wetlands: areas where the frequent and prolonged presence of water at or near
the soil surface drives the natural system — the kind of soils that form, the plants
that grow, and the fish and/or wildlife communities that use the habitat. Swamps,
marshes, and bogs are well-recognized types of wetlands. However, many
important specific wetland types have drier or more variable water systems than
those familiar to the general public, some examples of these are vernal pools (pools
that form from the spring rains but are dry at other times of the year), playas (areas
at the bottom of un-drained desert basins that are sometimes covered with water),
and prairie potholes.

X-ray fluorescence (XRF): a nondestructive analytical method that does not require
the dissolution and loss of samples or the disposal of hazardous waste solvents, as
do traditional wet chemical methods. XRF units can provide fast, safe analysis of
trace elements.
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Mars Climate orbiter mission investigation Board, 1999. Phase 1. Report [online].
Available at ftp://ftp.hg.nasa.gov/pub/pao/reports/1999/mco_reportpdf (verified

20 october 2008)
°
Conversion Factors
English to Metric Conversion Table
Change From 1 To Multiply by
LENGTH
feet meters 0.3048
inches millimeters 25.4
inches centimeters 2.54
miles kilometers 1,6093
yards meters 0.9144
VOLUME
cubic feet cubic meters 0.0283
cubic yards cubic meters 0.7646
gallons liters 3.7853
pints (dry) liters 0.5506
pints (liquid) liters 0.4732
quarts (dry) liters 1.1012
quarts (liquid) liters 0.9463
WEIGHT
ounces grams 28.3495
pounds kilograms 0.453592
pounds metric tons 0.000453592
tons (short)* metric tons 0.907185
AREA
acres hectares 0.4047
square feet square meters 0.0929
square miles square kilometers 2.59
square yards square meters 0.8361

*Short ton or American ton (2000 |b).
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Miscellaneous Conversion Table

Change From To Multiply by
ENERGY
kilowatt-hour BTU 3412
watts BTU/hour 3.4121
SPEED
feet/second meters/second 0.3048
miles/hour kilometers/hour 1.60934
TIME
hours days 0.04167
days years 0.00273785
TEMPERATURE
degrees F degrees C -32+138

Numerical Prefixes

The International System of Units uses the following prefixes to represent large decimal
numbers. The following is a list of the more common units that you will use in this lab:

Positive Numbers Negative Numbers
PREFIX SymBOL NUMBER PREFIX SymBoL NUMBER
peta P 1018 milli m 1072
tera T 10"2 micro u 10~
giga G 107 nano n 107
mega M 106 pico P 1012
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