


vide economic benefits as well, Because:
 frequent beach closures can dampen.

touriso and depress real estate values,

the adoption of reasonable o

' g@m 1?@ mmmi yagadaéa@n i‘f}f 23’3%&,

aad the wral Is seasonally expanded by
hordes of vacationers. Large aseas that

wsed to be forests or farmband are being
wsrned into resorts, residential subdivi-

sions, steip malls, restaurants, office
contains an estimated 23 miltion bagte-

complexes and indnsteial parks. Inthe
gm@:ﬁ:am_-Qiﬁﬁﬁ{rmmm Loning {8g ary
drainingwetlands and covering foraier
Iy vegerated soils with asphalt, concrete
anid housing materials,

The resulfing &wé&m ;sa:* iz domingt
ed by bmpervious surfaces—parking
lots, roads; sidewalks, rooftops and
constraction sites compacted by heavy
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' a,m@mi &Wéi}g}m@;ﬁ smm}xﬂ 51 gmi{i:

@gmpmmrwmaz do nok let water smak
%‘E‘nii&m&h ‘@’?}m it wam the water: ﬂmw@

m

Storm water runeff cariies fertiliz:
ers, pesticides, heavy zmmirs and pesro-
charnicals, bur it s the disease-causing
microbes—the bacteria, viruses and
protozoa derived from feces-that pose
the principal threat o human health. A
single gram of dog feces, for @xxm@!zﬁﬁ

ria. (And for certain particularly haz-

_ardous bacteria, as few as 10 organisms

can cause an infection Urban and sub-
urhan watersheds seceivea steady influx
af manure from domestic animals sach
as dogsand gars and bom wildlite such
as vacvoons and squirrels. In vegetared
afeas, x‘mﬁ"&*é} ter and runoff wickle

:zmpamm
- amsdur
'='§?Qf1€&ﬂi‘, ations of the contaminants

e downstiea mw@mm rains. '

o 'wm@ aiazzg t‘h& cons

. _ ral Fr@l‘f%ﬁiﬁﬁ Agﬁﬁsy - rialsuchas mim’f‘}éﬂg;ﬁé’-éizgé&' But they
_has Rmeﬁi ﬁazfsz this type of pollution is 2
- the leading remaining cause of water-

quality problems in the U.S.

uriits.

 segister,

through the soil, which cleanses the wa-

ter of feeal hm:twm and’ vituses, as well |
as many other pollutants. In mmtmﬁh '
surfaces scenmulace pollu
ricds and fanve high

The pw&iﬁm is p&gmmhﬁ? worri-

y Hler &gdm& m@famng t%}ﬁzr ézﬁfy

svain i‘é:sfg@ volames of seawater through

vhets bﬁéﬁ'é&z'm x:@mtmw food mate-

also concentrate the gmteﬁmiiy‘ harme
ful organisms that are presentin the wa-

ter. If humans consume taw or poorly
conked shiellfish feom waters contami-

nated with fecal microbes, t they run the
risk 6f contracring gastroenteritis {a dis-
ease characterized by vomiting, diar-
thea and stomachache) as well as more
severe, life-threatening ilfnesses,

To protect shellfish consumers, state
agencies are requited to post signs in

polluted shellfish beds notifying the

public thatharvesting clams, mussels or
oysters there is iHegal. The U.8. Public
Headth Séevice has ser 4 navionwide
safery statdard for shellfish beds using
measurements of fecal colifoem bacte-
riaga brasdcardgor yu?msr;mx}wm%ma
found in the Intestines of humans and
animals. 52}@52;55?1 cannat be harvested
from the area if the g&@m@rrzc mean of
thie bacrerial counts in 30 sets of sam-
ples is higher than 14 colony-forming
(CFU) per 100 milliliters of seawa-
tef. [A geometric mear is a type of aver-
age that mininizes the effects of outly-
g values. o “1?9& windx was the last.
time NGAA compiled anationalshellfish
barvesting was restricred of
gwa@nbmd in 3t percentofthe country’s
shellfish-growing areas. The agency re-

 ported that urban runoff svas the most
commonly cited source of the pﬁiéamﬂ

mmﬁ ng shellfish beds.
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BAVEN

Pooriy planned devslopmsnt is the primary cause of
microbial pollution in coastal areas, Most shopping centers,
for axbinple, are surrounded by enormous parking lots that
funinel was te-ladén runeff1d drainage ditches. b many
coastal residential developments, the effluent from. septic
sanks Hows | mm fissusd Imestone or sandy &m?s that aliow

fecal microbes 16 seep into the groundwater. Industrial-style
Hvestock operationy tgpmai i ﬁ?f&ﬁiﬁ thielr manure over
figlds arstorgitio %&gmsm, heavy rains canwashthe wastes
Into nemrhy streams. And new construstinn often destrous

the wetlands that filter diseass- -paiging organiamis frumthe

Maorg rs:wmh fy 3"«9 bovatory 4t the
Fintversivy of Morth Caroling, Wilming-
o, analyvzed dave from five coastal
Norrh Cavoling counties and found o
currelation between hisman pop-
ulation growth and the closure of shell-
fish beds. In 1284, when 352,125 people
ead i the Bye coungies, 35,279 acves of
shiellfish warers weve closeds by 2003,
the combined popularion had risen 1o
501,596 and the tJosed soreage Had
grown to 472,304,

SELL i?‘

Sticroblal gmliu‘i;izm also poses ase-

sinug danger to people nvolved in com-
o reoreational acrivivies such as

W skiam. tom

swimming, surfing, wading, diving,
smorkeling, warerskiing and boaring, If
fecal organisms contaminate a lake,
strenn or seashiore, anvene in thewater
fisks infecrion by microbes entering
through the meouthiy nose, eves or open
wensmds, Someof the ilnesses cavsed by
water contact include pastrocnrenivly,
conjunctiviths {eve infections), gellulicis

{sheda brvirations such as swimmer’s itchi,

eay infecrions, respiratory infectiong
and more serious diseases such as hepa-

titis and Guillain-Baeré syndrome, an
inflammatory disorder of the peripheral
neeves thar can induce pazalysis, Soms

mw&e?@é;a-ti’asg canreach im_a-rmas and shelifish beésc

of the waterborne bacreria that can
gause these health problems are Esche-
rickia coli, Clostidinn perfringens and
varions species of Enteraéoccis, Aero-
sronas, Campylobacier, Salmonella,
Shigella and Yersinia, Among the many
waterborne disease-caosing viruses are
hepativie A and Novwalk: the pathogen-
i¢ proweoa include Cryprosporidinm,
Ertamochaand Giebdia

Oon't Drink the Water

AN RECERT YEARS, several of these

iicrobes have triggeved severe disease

outhreaks in the U.S. and Canada. In
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1883 ég«yﬁmﬁsm&m ';mmm mﬁm:;»

ed the Milwaokee drinking water sys-
tem, leading to miore than 100 deaths

and 400,000 ilinesses. u 1999 an oupe

break of Escherivhia coli and Campylos

bagzer vesulred in vwn deathsand 116

Hinesses amang ﬁasrgx}m in New York's
Washingten County after they drank
water comtaminated by ranoff from a

cattle barn, In 2000 residents.of Walke

seron, Oneario, foll vicnim infections

M- E z’f’i%ﬁé_

s the ﬁﬁﬁg@g’ ﬁmm W&tﬁfr?@@ma’
Qﬁﬁmgﬁm, %iﬁew&?ﬁf afm%g %&mcﬁwa.

m‘m&s issue paiiixmﬁé water zu%«

H&f}ﬁf’f% or close Eﬁm&h% to :swmmmg :

and other recreational activities, The
EbA recommends that states use Erterie
cocens bacteria as the safery indicaror
tor oean aud bay warer. Under the EPAS
%mdﬂfs:%m seawater s considered unsafe.
if the geometric mean é;f_é}v% é«m&mgg&;—_-
cus samples collected within.
s;{ﬁ@wﬁ%m} 35 CFU per 100 miii«amﬁ
ar i any individual sample is above 104
CFU per 400 millilivers. 18 Freshwinter

194 4
the BB Hiles on mean concentrations
are 33 LFU per 100 millilhers For En-
terpepeons and I}i& CFU per 106 mulli-
§imw for E.coli. These standurds, how

wver, may be 1oo lax. The EPA has esei-
mated that swimining in seawester with

the maximum acceprable connts will

cause 2 percent of bathers wo Rall i),

1l Mmgﬁyﬁ)@ﬁc%&r ﬁ%ﬁ&t -

Up the Creek :
RESEARCHERS HAVE BEEN :,meiyrﬁg
the environmental damage cavsed by
impervious surface coverage since the
Late 1980s, but my laboratory was the

first to exarning the effects ot fecal hie-

terial counts. We focused on ?%ew Han-

over {szmv& a rapidly growing area in

i‘»es;mh& mhsm P;:»fm 1‘355%{3323{}(} the

vl ?@emnm&gmé ported a significan
corselation between fecal coliform
counts and impervionssurface coverage
in the watersheds of 22 tidal creeks in the
Charleston metropolivan area.

The results suggest that storv warer
runoff fram developed areas may have
a mulriplier effect on bacterial concent
s '&mem:ﬁ}m Tiw; abmrmai?sz

ufﬁm Ewmh,mg
i m he XV&%E&’

‘uswwn Sifes W?:wm the soils
1 setipped of vegetation, The

" .5&33;3(:1} ed sedimentsand other parti-

or eles cloud the receiving waters, (The de-

Q’g;:‘;&wrmm&mxgragﬁig "a‘i mdsmgﬁ;_'

attributes of the creek wareisheds. i
We found that the average fecal coli-
formeounts were generally higher inthe
ereeks with more peopleand with @ larg-
er percentage of developed land in their
watersheds. But the bacterial counts were.

oSy xm:sng,&y correlated with the preva-

ferice of impervious surfaces, In Futch
Creek-—where impervions susfaces coy-
ered only 7 percent of the surrounding

 land—the average @hi‘{}xmwzmz was 12
- CFU per 100 milliliters, bus in Bradley
g mkw%‘i’mm%phaﬁmnd comTets E;égma

keted 22 percent of the watershed—
count was more than seven times mgizer
[see bor g page 551 Thecorselarion be-
rween E. coli abundance and the per-
centage of impervious surfuce in the we
tershed was also very serosig. Onirs was
nopaniselaed fnding A, Frod Holland,
Drenise M. Sanges and their colleapues at
the South Carelina Departmentof Natu-
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MICHAEL A MALLIN is an aguatic sgofogist whe has sxtensively studied gollution in
Feabwater, estuaring and coastal marinesystems, Durrantly 2 mmﬁmi‘s professor at
the Center for Marine Science at the niversity of Horth Dareline, Wilm
seckived his Phul in marine and estuaring biology frony 1L 1.0, Chape!
interests nclude anaiyzl ﬁg’gm impact of land-use practices on water qustity 58 well a5
studying e sffects of nutelentloading and catastrophie waather averits,

agmm Hallin
Hilt His ressarch

gree of cloudiness s called rurhi ity.}

What'is more, the sediments, particu-
licly clays, can physically and chemi-
cally bind with pollwants sach as am-
manium, phosphate, metals, and feeal
:M&zﬁrm and virnses,

Binding ro soils protects bacieria
froam n izmvmi&: ¢ rudiation char would
norally kill the organisms. Bacteria

can also obtain carbon, nitrogen and

phosphorus putrients from the soil par-
ricles, and the microbes can hirch long-
distance rides as they travel downstream
with the sediments, In our soudy of the
tiddalereeks in New Hanover County, we
found a highly fszgnmmm correlation be-
vween tebidity and the abundance of fo-
val coliform bacreria. Other seudies per-
formed in the Chesapeake Bay, western
Florida, the Medirerranean coast and
Austratia have vielded similar findings.
Fhe sediments Iving at the borrom of
shallow coastal warers are also a reser
voir for fecal bacreria and other mi-
crobes. A research team led by Law-
rence B Cahoon, sy collaborarer at
VLALC, Wibmingron, has Found high
concentrations of disease-cansing or-
ganisms—including fecal coliform bac-
teria, enteroctect and streptococci—in
tidalcrpele sedimants. The mricrobes can
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HHEALTH AND TRXAS SUMERAL LANER

VHEmARENDY, HATERAL RESOURUES BRFERS
P

ik
BE

MIVOCEAN WATER PEOTECTI0N PROSARN, WISTONSIN BEAL

& CRRBUE BUREAE Tmepl .5, EHVIRONMEN AL PRETE

sugvive for am&&@d periods inche sed-
imerits E;erm@:m z'i*zx’;y are ;:amw@mi fmm

ﬁuﬁi 5

the. sné

ivoate

muddy botrom: F
dents have found ﬁig;h mﬁmmmf%ws of

The mort ;ne;a%&umﬂ beaches and iﬁai,xs nthetl 3 m"& gﬁm;af g
dindensely gapaﬁaﬁa& coastal countieg. Bactatial
contamination ;:»mmmw the clesures and adviseries atthe
areas isted iﬁeww in 2004 [the last ysar ar whict

]
Stats Bapeh

www sptam com

South Shora Beach

CuleFark

§§§§ m‘sﬁ gﬁmg@ %‘%g&sﬁ %i%x

GNED mmmrmzx Syk-
egions can also contrib~
pmi%uumg_ in mmmmw

that éump mmm&tné @uma ‘
rivers, lakes aniel bays, Many municipali-

tecords am é%i!sh?%} Thehi ghcst counts m&mumﬂ ab m;:?s ;
beach were far above the safety standardsforindividual

samples of é:ammmmg and Escherichia coli 104 and 235
?maﬁenwme colany-forming units fCEU) par wf} milliliters; msgem .

netaquare mile
3aﬁm £8,4851

ties are now tackling this problem by
separating their sewver and storm water
Systems. A new dilemma is émerging,
Foyweven i coasiala 7t Whnw vesidents

- dopot have g@wa;g: iwak;sp@ amﬁ st

i
rea iy ilm ﬁw’%ﬁﬁ Ka‘?v
e than 25,000 sep-
nant terrain in
5 18 rmmgm;}}z@wxm urt
g soils cons arily of lime-

. P
'aﬁsﬁm, with many cracks and sikholes
caused by erosion, This geologic forma-
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iﬁmm%w s‘a%:w @ixx, %

frivn sepric tanks. %r; "'W;i? @ ressarch

e ?m by Jolin B Paul &s’zs.i §" an B

‘Rose of the University of § ]
found thar fecal microbes from sepric
systemns in the Keys readily pass through
the soiband can enter coastal warers
near chighore wirl

The problen s

0t izm ited v the

‘Keys. Sandy soils along the coast have
elatively large spaces between the sand
grains. When rhese spils become safge

';a%mi W m?l it ravrevia and viruses
BovE hmfzgh them. Areas
1 ahigh warer
COC Syi~
; al Terived

i m& ¥t g}um pimzxm;ﬁ m
thigir presencein o

whe m ;mgwﬂmg surfaresenvered b

Average Count of Feoal Lolifurm Bacteris
{cnlomg-forming units per 100 miliitiers of v@**wé

S8 SOIENTIRIDAMERICAN

. enast:

1 regions, including some of the
sandy barrier islands along the Adlantic
and Gulf eoasts, In a seady of water

quality tn Brunswick County, North
Carolina, which has many septic tanks

in the sandy sail lap 1o 20 per hectare),
Cahoon found high fecal soliform
coums in the freshwater and seawater
downstream trom the dense residengial
sites. Whar is more, the ditching and
x‘iwimgﬁ: By STEm ﬁg the zis.%%{xgnd

Hewletts

= warer in Tampa Bay issignibe

lation between mzer{z%ta%pﬁ?iumﬁ and
urfaces w.méw as arking lots, wm‘és amﬁ ssdawaﬁis Inthe relatively pristine Futch Creek [left],
than ? percent of the watershed, the average tounts of fecal coliform bacteriawere
st §§W§£? thanin Bradiey Dreck [rghe], whess concrete and asphalt blanketed more than one fifth of the surrounding area,

Cogst communities such ‘as Charlotte
Harbor and Sarasota Bay, fecal batreria
counts i bays and eributaries increase
sharply with the eut oing tide, The mi-
e::;hus tiove réadily through the sandy,
aturated soils ‘sgzm‘mmdw% the erowd-

eé tields of sepric tanks into nearby
cieeks draining into the bags. The pat-
tern ot only is tidal but varies accord-
ing 1o weather conditions as well. The
researchers discovered thir in wer years
corresponding to Bl Nifio events, the
arly rore
poll by fecal bacteria and '
than it is in dry years, This offe
again the resulf oFinoreased rmm?‘fm‘d
subsurface moverment. E:%mmg,h sararat

- edd soils around img@mﬁ@ﬁ} sited sepric

tank Lg

Whiskey Hradiey

JUHE 2008

WOHRANOVER COUNTY PLARKIRG DESARTMENT {right}
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I southern Californiay where large
armouhis of urban fonoff fow lorothe
Pacific i‘hmm R%M,

m{eﬂ af i'%lbé {“’

failed to

| Hinies greater following rainfall than {x

_ seas during diy periods. Nationwide,
- many shdifish beds are angomatically

. dlosed for & few days or woeks afre

sainlall, brcause shisde arods ave m%ﬁg%ai i

o bacrerial polbition Fromstorm w&wy
; _mm}ﬁ’n -

ind

i az&t potalwiis zhﬂ mam mipm bel

“w%wimsﬁ w %”mzzé’a :mﬁi incertain i”iu‘%f
Ciast ireas as well, traditional ivestock
farms have bees largely supplanted by
giant, fsmmmm rvle facilities wi“;%:;"ﬂ:,
huge fnbers of switie, poulry and cat
the are raised Yo close confisement, The:
Facilitios dispose of the vast ameunts of
manure by either spraying it asa liquid
or spreading it as fitier on nearby Helds.
1 the spraving or spreading vocurs
shortly before or during a rainstorm, fe-
2l microbes from the Wasté can enter
nearby streams via overland ronoff

A Cleaner Future

v vt EoT America’s constal walers,
developers and builders clearly need to
move away from their current déstrud-

tive practices—inclading elear-cutting,
wetlands: %ﬁm;mg& “and exvensive use of |

pavement—and switch fo smarey wrowih
sfrateg

fos When g}m@mmg new resutts,
shopping centers, of tice: wmp%sxm ﬁm,i

residential subdivisions, the desg
smse miniinize the use of mzpﬁff..’m;a
surfaces and makimize the aimount of
vegesated areas. A site with plenty of
gcen spaces among the paved areat will
have less ronoff, and mmaﬁm’mst'
chrough the soil will remove ma ny ot

Wl siism.Lom

et s,,ﬁw sﬁtmﬁc&as&s wis ii} -

 was relatively lasge—io dhi
ep than 1

Butsrban cunoff and septic se&;mg:e :

the mmammams &W&?ﬁ imm the as:
?mif:zmzi conetete.
In. g}ﬁfﬁw%a wa«%imﬁa need 1o be

., ;@m&&meﬁ and, if possible, eflirged 1o

maingam the
svater runioff o astud
the coustal plain ﬂ%’msiﬁg ,
Etzm ‘m‘y' ia%mmmry fmtfaé {i’saﬁ; in ahvs

autural ﬁim ing; of storm

.8 ;@Wmmw pe
fall {331@} mﬁf S&ih‘%téli}i;iﬁﬂ

1. Builders can belp the

. .@fﬁﬁazﬁt by ﬁmmﬁmg the runoff of w:{iw

ments from construetion sites,
Developers should rake a&mmagﬁp of
new technologies that ¢an reduce the
amrpunt of storm wate framnd even
‘tyeat it onesite. For example, g}m‘kiiﬁg
lots can now be paved wit b porows oot
cretie; a semipervious substance that al-
lows water to pass into the sail below
and vet provides enough structural sup-
port for automobiles. ?m»:% new eollees
tibi systems can funnel storm water
ranoff fronr gyaamz\zg lors to fiters that

ganic material to almme the pi‘}ﬁ%&tﬁﬁ
seater, (1 %.gw ;;m Jeing §e>m Car ,zim Eﬁ

ﬂw@m*m&m hn&z{iw aha;&mm, satbm:
than-day-to-day tiaf fic, § Thiese technol

@rz&@%{w nDevelopment on a%%w
Wil Lar

-%m&gggﬁfs iﬁ

Bemographic, Landstape, aexé mmwmgm; ?aaimi:&mm}ﬁng the Microblet Potlution

sy gndm{,‘mm :
: loeaions,

i tzmez in saami ;;m’ig ami m ﬁz‘mmf

gawﬁ ‘ﬁmmb y'axgsanﬁmgg ﬁmm} isan
aitee 7 gard downstrean wa-
- emi mxfa suspended sediments and mi-

oples could be applied to existing devel-
opifents as well 25 new ofies. 1 2 com-

‘munity wishes o reduce runoff pollu- -

| iéz@ ;s:s ima{v%m o save the.
: \sﬁ mn mmii ﬁi ‘.

gﬂm&gwmm@mi firch
¢ 'Wﬁ@iﬁz&d&ﬁ%ﬁﬁ%&ﬂﬂi -

“Fhe ma&p&zri&m@m of septic wzs~

smaa mﬁmm t%mfi: gammmxg wt:z%amés ges

wwamm gmﬁp@; mw poifired aut, mw
wver; that the construction of censral-
Tred sewage systems will lead to gven.

deniser development and more water.
_@m&kman, ”E"hm when eoastal commu-

nities build seveage systeins, the muriet-
pal authoriries should pus restrictions
on impésvious surface coverage in new
developrments, lmiting it to, say, 10w
15 percens of the roral dvea (especially
near shellfish beds).

America’s coasts can be a wonderful
destination, both for vacarion traveland
for relocating homes and businesses.
But without careful planning and the
political will to profect constal resoure
es, the gorgeous heaches, sparkling bays
and tranguil tidal creeks will become
siothing but hazardons receptacles of
out waste. We must ensure that une
checked developnient dogs not ruin the
very aali s;hszz broaght people to the
coBst i

ufﬁ:m{aiﬁamrg Michaell. ?&ai%m,_, Bonteh ﬁ}mjgn, Hatthew R Melver, & ﬂf’ﬂ%ﬁgx?ﬁ@i’ S&azzk
‘and Patrigia K. Fowlet in ﬂg@fﬂ@afagm Vol 460, paes 1051932001,

Linkages betwean Tidet Creek Exosystems and zmmﬁssf:apa and BemographicAtiributes

of Thieir Watersheds: 4, F Hatland, & B.Sangen
5.5 Riekerk, L E Zimmenngn 5ad 6.1, Seottin

‘£ralogy, Yol 208, ?agm'mwwg 2004,

£P Gawie, 5B Lerberg, MG Santinge,

J@@fﬁﬁfﬁj&wgﬁﬁmwwﬁ‘@ma@ Bintogy o

saapdinfsrmation-car Be found anliie at winids: @rg/’wmwfmamfgﬁ%%p and

Ww,ag& gﬁ??bﬁ‘&iﬁi%ﬁﬁf
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