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ON CLUs ION
Treeg hav en lleq he n ungs of the €arthn ecy ey €Xhale
wWater an vg € drink wat and jinpp Oxyq hi can-
ive Withoyt These o Systen I'viceg €Ssent ur wej;
be g, Jjus s t Cegg it, €rping Onomy OFf
Californi . water, life is ture- fundament 1
ur Upplier Wheth rw ba BMUD, Dup UD he €arth,
lean a Oregt uct, ap eco Vste Ser r and hile we
no OW that OSysten e in Cay, m OO0k at
hat p Ppen O wat r, the roung Fiver 4 d it er
Given We eat be e o he roung Tlver, 9ive tha e ink
rom r Present £ ows, . Neeq tq Ahage + tersh ds d
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Manion's IREE.DLSEASE CONCEPTS Pointg out that treeg do not die o
disease alone, but die of a combination of factors Which are dubbed
Stresg. The .precipitating' facteor might be Aphidg . But the
predisposing factoy might be nitrogen, which, in the environment,
Causeg aphidg to over-breed ang multiply. An abundence of aphidg

Can St d edle t, diseg Plne ’ ich lls o f
u Orest ¢ es, e th onderosa 1ne wh; h s Or lump r
We Nee nde Stang he lnery 1lity at I'sheqg to
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Acig i s k Own, q; Solve the qaly 1zeq ety coating of
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DPreggy an d €V maj Nction. trat R 1 poij e roung
Tiver i h n d s t : a inkeg b h alat
esters, th last 2e in mjijk g lastic, h S fish t getg
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into the roung river, Even hormone—mimics, wWhich include
pesticides, Can disturp insect life and cayge Sea turtles to Spawn
all female offspring, The endangered red Slideyr turtie May be ip
j ’s, mimj

Even the flush toilet, an invention of last century, has impacted
the roung river by spreading Cholers, Cholera is toxic to humang
becayge Of the Vibrig DNa C Vibrio being a4 Vvirys. Withoyut that
Vira] DNa, Cholerg is benign and harmless. Thinking aheaq ten
Years, tq a time of designer diseases, terrorists may he able tq
make g Cholers with Another toxin besideg vibrio’s and release it
into the yg watersheds.

Creatiop of the Nationg; forests. This is g monumental doing, a
bubljc good go great that 1 don’+ have words to describe it, The
Unifieqg Federa] Policy for Ensuring a Watershed Approach to Federaj

and ap esoy Management 1s the Jreategt thi g that mericy has
going Oor the futy It jg wonderful, exc ting, 1t jg
monumental

I reaq t account Of the bPlan jip the federal reqgi ter, 71 read j¢+
hrough Ce, ang only Say, having Peruseqg i well, that
his blan jg our hildren' Prayer the Unuttereq Prayer in the
Mouths of ou ture generations. 00 year from + v, history
wWill reco this Olic or S: Clentjrj Window on

watersheds...and our stewardship duty tq the roung river,
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ecologists heade( by Peter pm Vitousek 1960 1970 1980 199¢

of Stanford Umversity has concluded jp Ough none of the data or Process.- Year

10 Uncertain ters that humap, activities g SUmmarized jp the report jg RNew, a  apqg reach of humap, Population has 4
ave dramatlcaﬂy increaseqd the flow of Synthesis wag Needed, Says John M globai impact ip other ways. “The nitro-

Nitrogen intg the iologica] world—doy,- lair. “When People thipjk of globg] gen cycle s 4 terrific €xample of that ”

ing sharply, €specially ip developing
Countries, Of 4 the Manufactured fertf
izer useq through 1990, hait was applied

to crops ip the 19805
Dnvmg while phom‘ng nay soop become a5 notoriouys 3 traffic offense ag driving Ncreased glohg) cultivation of legumes
while intoxicated. Both i and other Crops that harbor nitrogen-fix-
sion, a new study shows : ing bacteria also adds to the influx, The
Donald A Redelmejer and Robert J, Tibshiran; of the Um'versity of Toronto have burning of 0ssil fuels brovides the thjrgq

major source gf newly avajlable nitrogen

e study, Published jp, the Feb, 13 New Engrang JournAL oF Mepicing, Provides “the
first direct evidence” that cellulay Phones contribute to roadway collisions, Malcolm

them—evep when using phones that alloweq th
on the Steering wheg, :

“1 thought that the most Striking Observation was that hands-free cellular teje.
Phones offered no large Safety advantage, Suggesting that t j

found Ithat the risk of a collision doubleg within 5 minutes
€Y calculate thatif ] g
oning coy) Cost the nited States alone UP to $4 billion

Ur!ver in 10 has 3 ¢cqp Phone by the

=S8 Sternberg )

Compounds, These activities funne]
about 140 million metyje tons of nitrogen
into the environment each year, the ecol-
ogists estimate—gp amount roughly
€quivalent to 19 million sepm; trucks of
dry nitrogen fertx‘lizer, Says Tilman,

The clearing of wildlands liberates per-
haps another 79 million metyje tons of

L

nitrogen that had beep Stored in biomass,

They alter the pH
of soils ang waters, tnggering 2 Cascade
of effects (SN: 2/11/95, p. 90; 7/22/89, D.
56).

Quences, says Vitousek.

he trengs are likely to Continue, in
step  with the growing, urbanizing
world populatlon, the ecologists say.
They see aneed for Mmore effictent fertil-
lzer yge and greater Control of Nitrogen
emissiong, —C Mot
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as a profounq Nfluence gp the €valuatio grew Spring barley over four Consecutjye
ate the moye 0t of nitrate of the agricultyra| options, byt it has little years. The researchers applied 80 o 120
gricultura] options, how scientifjc backing. tlogram Per  hectare of Itrogen a5
ever, are Very muc, toncerned i, the €Xnowofpgo directevidencefor the “qp ertiliser each year. In botp ases, a mere 7
Progress of various forms of Nitrogen bercent” ryle, 14 fails ope Very simple tegt Per cent of the Ditrate thay leaked frop, the
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Fatal inaction

It's time to stop Procrastinating gyer hitrate puiiution, says Mark Huxham

STOMACH cancer, brainp damage, mass
Populations,
tides of scum and the destabiiisation of
entire €cosystems—al] these ills are being

fish kills, declining birq

laid at the door of nitrates in the water

supply. Nitrates are now the most
ubiquitous water pollutants jj, the
Western world.

But how shoulg we deal with
them? The more notorious
€nvironmentg] villains such ag
DDT, pCBg and plutonium are sp
toxic that zero emission of sych
substances is 5 clear and feagiple
policy objective. Nitrates, by
contrast, are essentia] for the
normal functioning of a healthy
ccosystem. Only when present in
€xcess can they pe considered
pollutants, Deciding whether
levels at 5 Particular site Jje within
€xpected, natyra| variation or are
dangerousiy high, is a subtle and
demanding task. It makes 5 simple
“seek and destroy” approach
impossible. Ang once the need for
action has been decided, there i
the political tas) of tackling the
diffuse Inputs of nitrates from
agricultural fertilisers, g] urry
run-off, sewga 8¢, atmospheric
deposition and other sources.

Despite these problems, many
governments are noyw dealing with
nitrates. Some Ug States have
brought in Integrated mMmanagement
Programmes to control the way
that fertilisers—gne of the prime
sources—are applied. Countrjeg

to protect public and
environmental heaji, b
identifying “nitrate vulnerable
zones” (NVZs) in which nitrateg
have reacheq such dangerous
concentrations that plans must pe

EU member States are also required to

take action if nitrateg appear to be
causing damage to €cosystems,

Environmentaiisls, scientists and farmers
around Europe haye had to wait years to
see how their 8overnments interpret the

Moy

Scientist @ www.newsni“,ntist.Com

legislation. The Netherlands, Sweden
and Denmark haye alladopted 4 safety-
first approach. Recognising the
difficulties of searching for case-by-cage
evidence, they are establishing
nationwide action Programmes designed

20 kilometres north of Aberdeen on
Scotland’s east coast, is the ieading
contender for designation, Forty years of
data show rising nitrogen Concentrationg
in the water. Huge mats of algae now
coat the mud flagg in summey, displacing
wading birds an killing many of
H the invertebrates that underpin the
}  food chain, This has convinced the
Scottish Environment Protection
Agency, along with scientistg
working on the site, that the
estuary is pollyteq.

But sceptics point out that
nothing is certain. No one can
Prove beyond aj doubt that the
algae have BTOWN because of the
nitrogen. Pethaps the algae wag
always there, byt has only been
recorded Tecently? Maybe it spread
because of 4 change in'climg (e or
tidal patterng?

Even the pest scientific
assessments wij} always Jeave
room for such doubts, Which js
why environmentaljgtg call for a
brecautionary appr()ach~giving
the environment ghe bencfit of the
doubt in cases of scientific
Uncertainty, Because Nitrates are 4
hatural part of the €cosystem, this
cannot imean “eliminate the
Suspect at source”. Instead it
implies that action should pe taken
a5 500n as the balance of
probabilities implicates nj trates,
rather than waiting for proof
beyond reasonable doybt,

The last government refyged

to designate the Ythan becayge
there was no ”incontmvertibie
proof”, Its successor, elected in
1997, signed Britain up to
international agreements that
enshrine the precautionary
principle. Thig makes its stance
Over nitrates particylar y
Puzzling, Lagt September it
refused Nvz status to the Ythan because
the evidence of nitrate pollution is “not
conclusive”, Thig just won't wagh.
Complex pollution cages €an never be
decided conclusively. [y’ time to stop
using Uneertainty as an excyge for
inaction on nitrates, i

/ Images

Woodfal Environments

to prevent discrimination against any
Particular Broups of farmers,

Other EU Countries, including Britain,
have chosen 4 different roaq. Only siteg
Where evidence of ecological damage js
clear are designated NVZs. On this basis
hone has yet beep declared in Britain.

Where better ¢ set such a precedent

Mark Huxham is at the Department of
Bioiogicai Sciences, Napier University,
Edinburgh

studied estuary? The Ythan, a hationally
important nature reserve SOme

23 January 1999
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The effect of organic amendments o the restoration of 5
disturbed Coastal sage scryp habitat,
Thomas A. zink and Michael Allen

Restoration Ecology 0:52-58. 1998

Since at least 1980, conservation and as contrasted with 429, for Oat-straw and
restoration biologists have €xpressed concerp controf plots).
that higp toncentrations of soil NO3- angd * California sagebrush growth was also
NH4+ may favor introduceq annual weeds greatest in pine-park mulch plots
(e.g., annual ryegrass, wild oat) over California * Both mulches had Significantly Jower
Native plants, including herbaceoys Species, $0il NO3. concentrations op S1X of eight
shrubs ang trees. Lignin-rich Organic muiches sampling dates.
may promote survival and growth of newly * From January 1994, mulch-amendeq
planted trees and shrubs, ipy part by Suppressing plots had 8reater active fungal biomass
some species of weeds. A better understanding than contro] plots.
of these Soil-plant dynamics Mmay  help * There were no strong nor Consistent
determine best bractices for establishing differences jp bacteria) biomass among
hedgerows and diversifying field edges in the three mulch jeveys,
agricultura] settings, *Soil organic Mmatter content djq not

At the Santa Margarita Ecological Reserve differ among the three treatments for the
near Temecuia, San Diego County, Calif., first six months; from ]anuary 1994
researchers Zink and Allen ysed , randomized through the end of the Tesearch, organic
complete biock design with plotsize 1.0 x 0.5m matter content Increased Significant]
to evaluate effects of O1ganic mulches o, sur- under the bark-ainended plots Compared
vival and growth of seedling California sage- to contrp] plots. No change in organic
brush (Artemisia Cahfornica) The three treat. matter was detected under the
ments were 1) pine bark 2) oat straw; 3) no Oat-straw treatment.
mulch (controi) Response Variables were The authors attributed Increased Survival
assessed on eight occasions from February 1993 and growth of California sagebrush to reduced

sagebrush plants, soj) total N, soi]l No3. several y wild oat and other introduced annual weeds
Indices of soj] microbia] activity, and spj] organ- for other nutrients ang water. The authors
ic matter Growth of Potentia]ly Competing also mentioneq the role of mulches in conserv-
annual vegetatijon (e.8. wild oat [Avena fatua)) ing soil Mmoisture as 3 possible factor infiuencmg

(ANOVA) Were conducted for data from each of Potentially Competing vegetation nor of soil
date, with Fisher’s brotected ]east significant moisture, the mechanisms for the improveq
difference test used for detected differences survival and growth of California Sagebrush

among pairs of means. r'emain Speculative,
A Summary of the data shows that: For more information: Thomas Zink,
* Pine-bark mulch plots showed the Department of Biology, san Diego State
8reatest sagebrysh survival rates oyer the University, San Diego, CA 92182,
Course of the EXperiment (66, Surviva] DEC. 603 Contributed by Robert | Bugg




Dirty sroundwy

Spreading pollution is
increasingly fou!ing

Britains underground

Watey reserves

Fredq Pearce

THE O.\:tbrdshirc vil) CWbury g
built o aWwarer Meadow, with prings byp.
bling up EVerywhere and hrogks babp
downp the langs. “It's 4 Jove!y Place,”
tesidenr

Vendy Gilforg Watching
ducks on th uch a sh

age of py

ing
Says
the
ame
°f poisen
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Nology, 4 large Part of e Operation 8oes
up for sale s the lageg; Phase of the gou.
ernmenyg priv i brogrampe.
AEA Tec)mo!ogy has
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Arge wasee dum
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PS—know,
e ang yye

Orage
bumps p the Water apd Suwips iy leveg ofchlorinared soly, and the suz‘rounding villages are stil] sy
of Fange of toxins, Especially Persisten, N place of the borehg s Harwe]) pavs Compareq With the levels Near the Umps
chJorinated solvenrs, The Purpose, dccord. g0 Mains wape, 10 be pipeg Irom furepa, Around the dumps, Up to 39 gg Micro
ing to Company Scientise Lory Fel!ingham, away, » says Gilford, 4 formey Smployeq of §rams of chJorofoun per ljtre and 13 ggg
Wwho Wrote 1o local residents in A\'Iarch, is Harwe”. 1€ centre is the areg’s biggest microgmms ofruchloroethane (TCca) have
“to remoye any neywy CONtamingprs before Cmployer. After she fetireq, Gilforg cen foung Bur villagerg fear thay as the
Wey have an oppouuni[y to disperse”. In r'ounded 1e Blewpy, Envuonmenml years Pass, the pollutiop will Spread far
two years, says I-‘o}]ingham, Some 3 tonnes Researey, Group 14 imesngate the pojjy,. beyon the Confines of Harwe]),
o comaminezms have been CXtracred from tion from Hanve]l Untjl Quite recen)y Harwe]y denied any
the warer. . , role in e pollution "y, a letter ro Gilford
Ut there g Much mgpe Pollutjon below W’thout pre/udlce in 1992 Af 'I‘QChnOIogy’s head of safety
the ground ¢4, Will not pe feached py the Nick Rance, , Spokesmay, for the Atomijc SUggested that the pollution tame frop 4
Cleanyp, And thege comammants are grad. L-‘nergy Autho ity at arwel]] s reluctan; o RAF Munitiong dump which Previoys]y
ually SPreading beneary the fields and vil. accept ¢h tthe cepyre is Tesponsible fo, the OCCupied ], site. Thjs dump yyae shut jn
ages of soy) Oxfordshiye and bubbh’ng up Problem. “PoHuu‘on €an go off i all sorgs 1946 when (ha site 1vag handeq over to
in Springs, such as those atBIe\x‘bury. of dire ons, so Proving things jg Yery  the Nuclegr Tesearchers. Bur ip 1993
Wells and boreholes OWned py Water 1ard,” 53Ys Hance. However, he confirmsg Fellmgham told 4 Nference in Londop
Compan;j , farmers, hotels 4 Private Gilford's Story. “y, ave pajd fo some prj that the Isposa] of so Vents “from, the eng
houseg have been shut ip the pag; three Vate boreho!es 0 20 ongp the majns of Worlq w; I thy 9
Years bemuse of the comzmn‘nation. Sur- The only conditioy S that we do it withour
Veys of Some privaa wells by the former Prejudice, We do cce ]
Natiopg) Rivers Aurhon'ty reveale high
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Green Grass, Cool Climate?

limate researchers apg ecologists
Suspect thar nitrogen, pumped ingo the
environment from, the burning of fos.
sil fuels and the use of agricultural
chemicals, is 4 doubie»edged sword. I¢
may be “fcrtliizing” €cosystems, cays-
ing plants to SOp up ever more carbon
dioxide and slowing the atmospherijc
buildup of this greenhouse gas. Bur ir
also appears to favor the growth of
weed plants at the expense of natjye
species. Now a neyw study not only con-

firms this harmfyl ecological effect by Natural state. Nagiye Prairies store more carbop in soils
t : Jnore. .

Suggests that it undermineg any poten-
tial climate benefits.

1610

cies that aren’t efficient ar fixing carbop in
soils. The result: A grassland’s biodiversity
drops, and it overall ability to Sequester
carbon sopp levels off, “This suggests that
there are limits on how effective thig added
nitrogen jg £0ing to be gt slowing carbon di-
oxide buildup,” says ecologist Don DeAngelis
of the U S, Geological Survey.

SCIENCE VOL. 274 « ¢ DECEMBER 1996

Documenting long-term effects of the ex.
tra nitrogen op Earth’s carbop cycle hasn’t
been easy. Ecologists, says DeAngelis, tend
to work with “plants in 4 pot,” which aren't
very good at replicating whar happens iy ac-
tual ecosystemg, But a research team led by
Tilman devised an experimental syseey from
three once-abandone fields, which they di-
vided up into 167 4-by-4-meter plots. The
researchers doged the plots with varying
quantities of nitrogen fertiiizerspius lime so
the nitrogen wouldn’e acidify the $0il—rthen
measured changes i, both plants and soils,

Over the Past 15 years, the Tilman
team—ay wel| 44 Dutch and British groups
studying heathlands~have published
number of stydies that have sounded an
alarm aboy; the effects of widespread nitre-
gen deposition on biodiversity. To convert
sunlight ang carbon dioxide into carbop-
based plan; matter, plants need nitrogen, Byt
as the Tilman group denwnstratcd, adding
lots of nitrogen caused g shift from native
Species—such gz little and big bluestem
grasses, which don’e need much nitrogen to

30




‘thc rccon’cry of the native anym:llic;l”y various combinalions o!chupcronos. 'Hmmfoldu)g 10. The foldled slate of denatureg B-Gal diluted in
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suppert e conclusion thy, microbial ipyy,.
bilization of minera) N is g MAor facpop
l't'gnl:lling N retention (10, 23, 25, 20),
Our analyses indicate another potentjal-
ly Importang factor regulating so;] NO,-
pools in thege grasslands. Plapg species (.
Versity remained a significane negative cor
relate of s NO;~ in 5 multiple regression
model thae accounted for the cffects of litrer
C:N ragig and N addition rate (29, 31).
his suggests thar complementary spatial
and temporg] Patterns of nyrjep, uptake
associated wich high pPlant-specios diversity
or functionga] group diversity also play a
significane o, in ccosystem N retention
3

We conclyde that the shif; from N i
mobilizariop to mineralization, a threshold
determine by Mmicrobia] fesource require.
ments and the C.N ratio of an €Cosystem’s
detrita] inherent pop.
linearity in the response of these grasslands
to chronje N loading, I, our study, species
shifts in the Vegetation at Jow levels of N
oading appear to be driving sych a nonlin-
Car response of the N cycle (4, 15). In
addition shifts in species composition,
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Fig. 3. (A) The relationship between net N losses
Or gains (the Change in total system N minus the
sum of €xperimental additions) and seasong
averags soj| NO, - concentrationg In 162 exper|-
mental plots. The €quation for the fitteq Clurve
(note log Scale) is N s = (=756.56) — [84.89 x
log(NOa)]. (B) The relationship belween soil NO,-
and the C:N ratio of plant biomass (aboveground
dead biomass plus belowground biomass). Verti-

1722

the Toss ufdivcrsify, berse, during cutrophyi.
Ciation Ny
fention grasslhng CLOsYN ey subjecred (o
atmospheric N dcposin’on (31).

WO parterpg ‘merged  for gy net
change in total ecosyseen C stores afrer 12
years (2, 21). Firye, ulrhuugh total C seopes
differed significzmtly amony the thyee fields
across the CXperimeny| N aradient, differ.
Chees were grogeey at the low e of the
gradieng (33). Ar the high end of the N
addition gradient, 4| fields were converging
on total C seoreg of roughly 4000 5000
Cm-2 Second, total C stores Increased
si);niﬁc;mtly at low N addition e in the

-dominaged fields (Ficlds B and C) by
not in the Cy-dominated field. Averaging
across the three lowese N addition levels (I,
2,and 3.4 gNm2 year™!) ropa €Cosystem
C increased 21% (545 gCm=2) i, Field B,
which had lower soi] © initially, 10% (445
£Cm=2) Field ¢, and only 19, 274 C
m4) Field A, |, Contrase, theoretical
estimates of C Storage for humjg temperate
grasslands i response o climage change,
direce COZ cmichmcnt, or boty range from
3% to —3i (39). Carbon storage resulting
from anthropogenje N inpus, although
highly dependent on grassland type, may he
markedly greacer than C Storage in responge
to other Components of global change.

inally, we determined the net long-
term change i, total ecosystey C per unit
of added N Over our 12-year study. In re.
gression analysis, there was signiﬁcnntly
lower ¢ storage (1 Clyy N) ar N addition
rates <5 ¢ Ny, -2 year ! for Fiolg A than
for Fields B and C, as wejl a5 a significane
effect of N addition rape and a significan
i it interaction (Fig. 4)
(35). Withoyt field as 5 categorical vari.
biomass was the bege single
predictor of C Storage (35).
At the lowese N addition rates (1 an 2 Ji3
m "y "), the C storage raee averaged

Field A (Cy)
Fields B and C (Cy)

R 1

Net ¢ storage (9/g of nitrogen)
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243 ¢ ClaN @ = 24, SE = 7.6) in Fig,
Vand O (Fipn 4), Although we know of
comparable vl from other long-tery, o
beriments, o value of 24.3 g Cle N is Io
compared to o model estimpyes of net
Storage in respopse to atmospheric N dey
vsition, whijcl, fange from 17 ¢, =100 ¢ ¢/
N (6). This difference probably relares t
ceosystem type. In OUr twe C,,-d()minzlt(_m
grasslands, 639 of the long-term ¢ storage
Was in soils, which had a C:N rarjg of
foughly 1. Globally, woody vegetation
with a higher CN ratio becomes 5 more
significane O sink.

Estimates of C Storage in responge to N
oading gre the product of twe terms: ner C
storage per unjr N retained and the N re-
tention rate, p simulations wigh, the CEN.

URY mode] of long-term ¢ budges for 5.
scoparium monocultures in oy soils and ;-
mate, we foupd 4 long-term ¢ Storage rate
of 22 Cle N input from atmospherie dep-
usition (36). Thus, our empirical an -
eling estimates of Storage (g C/y N) were
Very similar for oy, N addition plots in

iclds B and C, where N recention ey
were ~100v,.

In contrast, the mode] (36) did 4 rela-
tively poor job ofprcdicting C storage rates
for Fields B and C a¢ medium o high N
inputs and Field A across the N gradient,
CE Y simulatjong predicted 5 long.
term C storage rate of 10 g Clg N for A
Tepens monocultures, the dominant C; grass
in Field A apng in high-N plots, However,
no ner C storage wag observed for Ficld A 4
low N inputs, and a¢ the high eng of the
gradient, peg long-term ¢ Storage acrogs 4]
fields converged on roughly 4 ¢ CkN (Fig.
4). These resujts underscore the need for 5
clearer understanding of why N retention
rates differ among ecosysterns if ecologists
are to make reasonable estimates, whethe,
on local op global scales, of sequestration
in response 1, N loading,

he grasslang types best able ¢ retain
added N and Sequester C were glse the types
Most vulneraple to eutrophicarion
through losses of diversity, changes i plant

species composition,  4p the resultant
changes i, C and cycling, Thus, N.
caused shifys i, species composition |jnj;

the ability of temperate grasslands ¢, serve
A significang long-term ¢ stores, In our
fields dominated by C, prairie grasses, shifes
in species composition 4y rcl;m’vcly low N
addition rareg led ¢ decreased biomass C.N
ratios and decreased N immobilization po-
tential, ang, consequently, Increased gy

3T concentrations, high N loss rates,
and low O SCquestration pqeg (¢ Cly N).
The nonlinear op Lhrcsh()Id-dcpcndent'x'c-

Sbonse thar e observed i response g,
chronic N loading

appears to hgye two
causes: species shifrs in response ¢ N eu-
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and
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ing the same time periods. The estimated lifetime cancer risk for DBCP was 1 excess death
per 125 000 population in 1992-1993, but this risk varied within the city. The risk for EDB

THE RAPID GROWTH of California’s population,

ions were made for the modeling of pes.

5%

ticides exceeded the maximum contamination |eve|

agriculture, and industry and the relative scarcity of (MCL) in 2.1% and 1.4%, respectively, of all wells, The

water resources in much of this state have made the
supply, delivery, and regulation of drinking water an
important and sensitive issye, Approximately 30% of

. industria]

chemicals, angd household chemica] products (particy-
larly pesticides and herbicides) have been found in

July/August 1996 [vol. 51 (No. a9 - T

The Fresno/C

MCL for ethylene dibromide (EDB) was exc
additional 0.11% of the wells, -3
lovis metropolitan area was of consider-
able interest for 3 case study of well-water contamina-
tion by pesticides. Nationwide, Fresno County has been
the leading agricultural producer since the early 1950s,
and Fresno/Clovis is 1 of the 10 large urban areas in the
United States that depends exclusively on wel| water.4
All major crops cultivated in the Central Valley, includ-
ing grapes, citrus, many
grains, and cotion, are regularly fertili
chemically for pests and weeds,

The pesticide DBCP. 3

stone fruits, nuts

eeded in an

, vegetables,
zed and treated

soil fumigant used 1o control
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Results

The Fresno/Clovis area: physical environment and
pesticide use, Contamination of wells with DBCP was

cept San Joaquin.24 Available data indicate that the
usual dosage of DBCP in Fresno County was quite high
(i.e., 20-80 pounds per acre), and soij injection was
generally preferred over irrigation because it wasg very
effective in sandy soil.621 very strong associations were
noted between the distribution of DBCP in wells and
vineyards in eastern Fresno County,20.21

Two factors have been instrumental in increasing the
risk of well-water contamination by DBCP and EDB
within the Fresno/Clovis urban area: (1) the rapid ex-
pansion of the Fresno/Clovis metropolitan area during
recent decades into what was agricultural farmland has
precipitated the location of new wells in contaminated
aquifers near the city boundary; and (2) a cone of

recharge from canal seepage and excess irrigation
water,?0 Currently, the water-table depth is approxi-
mately 80-120 ft (24-37 m) in the Fresno/Clovis metro.
politan area, but js only about 30-70 f (92T m) in sur-
rounding rural areas 20 The deepening cone has diverted
the flow pattern of pesticide-contaminated ground

south of Fresno, from the normal northeast-southwest
direction toward the northwest (Fig. 1), The depression
also increased the lateral flow rate—above the ysyal
rate outside the cone—of pesticide-contaminated
ground water into the City,20:22

Monitoring of water quality. The cities of Fresno and
Clovis monitor al| public drinking-water wells, a policy
that is consistent with the water-quality regulations of
the Californija Office of Drinking Water.? Therefore,
wells are sampled routinely, and they are testeq at least-

July/August 199¢ [Vol. 51 (No. 4y}

$E

once every 3 y for general minerals, physical properties,
and most inorganic and organic chemicals; if one of

personal communication).
Changes in water-quality standards have also infly-

Control Programs. During recent years, various
remedial and rehabilitative measures have been im-
plemented in Fresno and Clovis to reduce well-water
contamination. The intervention measures implemented
to date have been closure of most wells that contain
chemical concentrations above the MCL, deepening
and resealing of wells, installation of monitor wells, and
wellhead treatment. The new Fresno Metropolitan
Water Resources Management Plan calls for installation
of larger distribution pipes and tanks to facilitate the
dilution of contaminated water with uncontaminated
water, increased recharge of the aquifer through use of
uncontaminated canal water for landscape irrigation,
wellhead treatment of neyw and existing wells, creation
of a hydrological barrier by recharging the down-gradi-
ent DBCP-free aquifer with clean canal water, and a
conservation program.,

By the end of 1993, 23 of the 125 wells found to con-
tain DBCP had been clgsed because the MCL of each
exceeded 0.2 ppm. Ten wells (including 4 of the 23 ref.
erenced above) had been closed because they exceed-
ed the 0.02 ppb EDB MCL, Twenty-eight wells had been
deepened and resealed. Seven GAC wellhead treatment
systems were installed, and plans specified that an addi-
tional 40 filtration systems be installed. Granulated acti-
vated carbon filtration removes both DBCP and EDR
from well water to fevels below 0.01 ppb?® (M. Reitz
and M. Mcintyre, Boyle Engineering, unpublished
report).

Spatial distribution of DBCP. In 1992-1993, 87 of
the 302 (28.8%) active wells and 39 of the 43 (88.9%)
closed wells in the Fresno/Clovis urban area had
detectable levels of DBCP. Mean DBCP concentrations
in 6 of the active wells @l new wells are being moni-
tored by DBCP) and in 25 of the closed wells were
above the 0.2-ppb MCL. The most Contaminated wel|
(mean concentration = 2.84 ppb) was a closed well in

and in Clovis, within and down-gradient from the
DBCP plumes along the city [imits (Fig. 1).2021 The

- levels of Contamination decreased toward the north-
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western and western parts of the city. The overal| spatial
distribution of DBCP did not change significantly be-

during these 13 y (Fig. 7).

Depth of wells. wel| depth, considered an important
factor in DBCP occurrence in well water,22.26 was as-
sociated only weakly with DBCP concentration in 61
wells for which well-construction data were available
(R = —.069). The average depth of the Fresno/Clovis
wells was 91,5 m in 1993 (range = 29_177 m). In 1993,

DBCP into the intake area of many wells.2? The rela.
tively thin clay lenses in the Fresno area do not appear
to stop percolation; in fact, they may even constitute a
reservoir from which DBCP s released slowly,18

A slightly stronger negative correlation was found
between DBCP concentration and depth of the upper-
most perforations of well casings (R = ~.1534). This,

Temporal patterns. Comparison of 227 wells for
which DBCP data were available for both 1979_3 980

systems on another 5 wells between 1979 and 1993,

however, reduced DBCP concentrations significantly.

time in 19921993 (Fig. 7). Schmidt22 predicted DBCP
occurrence correctly for 11 of 12 wells in Fresno in
1982-1983: he considered distance 1o DBCP plumes,
direction, speed of ground-water flow, and other local
hydrological and geological conditions. Additional
factors in the spatial and temporal distribution of
contaminants in urban wells are seasonal and daily
(day-to-day and day/night) variations in pumpage,
associated fluctuations jn ground-water level, and daily
and monthly variations in the times of sample
collection.?1.22 Comparisons of test results for the same
DBCP samples, obtained by the California Department
of Water Resources in Fresno from different labora-

July/August 1996 [vol. 51 (No. 4)]

1979 and 1993. in the first analysis, the mean concen-
tration of DBCP declined in the 20 highly contaminat.
ed wells (j.e., without GAC filters). In eastern and south-
eastern Fresno and in Clovis, mean concentrations
declined from 0.5¢ ppb in 1979 t0 0.18 ppb (67.9%,
decline) in 1993; in 17 lightly contaminated wells in
north, central, and west Fresno, a 49.99, decline (from
0.07 ppb to 0.04 ppb) was noted (Fig. 2). The greater

eastern Fresno County and nearby Merced County,20.27
Well pumping from shallow wells, irrigation "with
DBCP-contaminated water, consequent loss of DBCP
through volatilization, and seepage of uncontaminated
canal water may have contributed to the greater decline

in the highly contaminated wells appeared to be the
result of (a) the combined effects of increased rajnfall
and increased irrigation (i.e., when more surface irriga-
tion water was available): and (b) consequent increases

06

~+-Lightly

05 ~s- Highly

0.4

DBCP (ppb)
o
w

02

0.1

1879 1885 1986  -1g87 1888 1989 1890 1991 1892 1993

Fig. 2. Mean DBCP concentrations in 20 lightly (i.e., below MCL) and
17 highly (above McCL) contaminated wells in Fresno/Clovis in 1979

~and in 1985-1993,
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Fig. 4. Weekly DBCP concentrations in unfiltered- (influent) and filtered- (effluent) water wells 89A and 277 in Fresno, monthly DBCP concen-
trations in well no. 85, and weekly EDB concentrations in well no. 277.

GAC filtration reduced the concentrations of EDB and
DBCP in the individual influent samples by more tha
90% and 98%, respectively (Fig. 4).

Day-to-day changes in DBCP concentrations were
observed for many wells. In the closed Clovis well no.
12, the highest concentrations of DBCP were recorded
* during the first day of the first two of five daily pump-
ing/testing periods, and this corroborated the finding by
Schmidt,**#¢ who reported that DBCP and nitrate con-
centrations in samples are affected by preceding pump-
ing time. Daily variations were recorded during all five
test series (Fig. 5). Significant variations also occurred
between concentrations identified during mornings and
afternoons for several test wells; this finding was associ-
ated with variations in pumpage.?' These results indi-

P
O

s
5N

PR,
m

cated the lack of a time-specific sampling plan for sci- o gg - — - co 3
entific monitoring of contaminants in wells, a problem 5 &3 e 2% 28 @
noted also by other investigators in Fresno.2022 = 22 82 R 8¢ ¢
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Cancer risk. No conclusive cancer-risk assessment
was possible for Fresno/Clovis because there was a lack Fig. 5. DBCP concentrations in Clovis well no. 12, measured on con-
of information about the community water-distribution secutive days.
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and iemporal models of DBCP, EDB, and other chemi-
cals originating in nonpoint-source contamina-
tion.31418.2229 Ceggraphical information systems are
particularly valuable for the development of ground
water protection programs.3°

The significant reductions in the concentrations bf
DBCP and EDB from well closure and wellhead treat-
ment must be considered in future epidemiological
studies. In the quantification of health risks—particular-
ly cancer risk—of indjvidual contaminants, the chang-
ing nonaquatic carcinogenic environment of urban
areas must be considered as well. In addition, selection
of study populations should be made on the basis of
past exposure (i.e., occupation, lifestyle, duration of
residence, and travel history).
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hile global food supplies are
" incriasing, several major trends in
today’s growth and development

environment are putting enormous pressure
on the sustainability of our food system. The
first is the global marketplace demand for a
constant supply of highly uniform food origi-
nating from as few sources as possible. This
forces farmers in geographical areas to con-
centrate on a single commodity, or a small
group of commodities. From an industrial
process viewpoint one maximizes efficiency
of investment by specializing. Such a trend is
a disaster from the standpoint of landscaping-
level resource use and with respect to ecosys-
tem stability and resiliency. Crop diversity
over time and space is critical to long term
biological and biogeochemical stability.
Current market forces are driving farms to a
level of specialization and geographical con-
centration that is well below optimal diversity
levels for biological stability and efficient
nutrient inputs, are less efficient nutrient and
residue recycling. These systems require far
higher levels of pesticide and nutrient inputs,
are less efficient in containing residues and
other production materials, and result in high-
er environmental loading. Such simplistic
“factory” systems provide both lower levels
and lower quality of ecosystem services
(water cycling, pest suppression and biodiver-
Sity) thgﬁ-ﬁ';e-quired for good landscape man-
agement. Farms are production “factories”
without walls and a floor. Their total outputs
can thus be a mixture of negatives and posi-
tives.

This brings us to a second major force,
that of total environmental loading. As eco-
nomic development progresses, the level of
human activity on the landscape increases
exponentially. House lots, roads, shopping
malls and even golf courses, almost without
exception, increase materials (chemical) load-
ing on the environment and reduce the quali-
ty and quantity of ecosystem services provid-
ed. These areas, for instance are designed for
surface water runoff rather that for infiltra-
tion and groundwater recharge, as good agri-
culture does well. Groundwater recharge is a
much higher value ecosystem service. All of
this “development” means that agriculture’s
share of tolerable environmental loading is
decreasing, while the demand for its ecosys-
tems services is increasing. Our global eco-
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nomic marketplace must eventually mature
to the point (augmented by regulation and
other policy) where it truly values the serv-
ices and presently “external” costs of our
development and our food system. Until
that maturity occurs, more public sector
intervention is required.

The final point I would mention is that
of complex social community and peripheral
support networks needed for land use (agri-
cultural) sustainability. Production capital is
increasingly mobile, and will continuously
move in pursuit of even minor increases in
profit margin. Arable farmland is not
mobile, nor are the communities which
bring production stability to it.

In summary, an unfettered global mar-
ketplace, posing under the name of “free”
trade, is leading us toward several dimen-
sions of unstable and eventually ruinous
land use, unsupported by the long-term self-
interest of local communities in their pro-
duction stability. An unfettered “free” trade
global marketplace for food, coupled with
uncontrolled economic development exerts
huge checks and balances of the US or
European systems, many developing coun-
tries such as Mexico, India, China and sev-
eral African countries bear stark testimony
to marketplace failure to provide ecosystem
balance and services as well as “cheap”
food.

As we enter the 21st century we must
ask ourselves if we have the courage to
choose pathways to productivity and well-
being which avoid the simplistic notions of
“free” goods and of “free” trade, the notion
of “something for nothing?” Our food sys-
tems are both the “miner’s canary” of dan-
ger as well as being the most environmental-
ly and socially sensitive segment of our
economy. How can we structure our food
systems toward an appropriate level of local
food diversity and supply? How can we sta-
bilize them both socially and environmental-
ly? Many of the changes we are making in
landscape use and in the structure of our
food system are essentially irreversible. Are
we awake? Or doesn’t anyone really give a
damn?
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Twenty-First
Century
Forces Going
Counter To A
Sustainable
Food System

- Dick Harwood,

C.S. Mott Sustainable
Agriculture Chair at
Michigan State
University,

Former Director of The
Rodale Research Center

Web site update
Global Report:

100-YEAR DROUGHT IS NO
MATCH FOR ORGANIC
SOYBEANS

After one of the worst
droughts on record, the
harvest for many farms
in the United States has
been a disaster. One
farm is celebrating, how-
ever. “Despite a 100-
year drought, the yield
from our organic soy-
beans is outstanding,”
says Jeff Moyer, farm
manager at The Rodale
Institute...

For the complete article,
visit the “Global
Report”on our web site:
www.rodaleinstitute.org
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