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515 West Point Ave.
University City, MO 63130
- Seplembar 1, 1999 °
- Mr. Stephen H. McCracken, Project Mapager
Heldon Spring Site Remedizl Actiom Project Office
" U.,5. Department of Energy ' ' _
7295 Highway. 94 South . i Fax:  314-447-0739
$t. Charles MO. 63304 [ Attn: Karen Reed

. Dear Mr, Mclracksen: a
Probably it was about ten years .ago when a geolegist rasponded to some of my
concerns about the Welden Spring contamination by saying: "The one thing you.
really have to worry abeut is that the Department of Energy (DUE) not be
allowed to walk away fraom the site without cleaning up the groundwater to
concentrations conrsistent with nateral background." At the time 1 considered
such a possibil ity to be preposterous.

And yet, having read the "Proposed Plan for Remedial Action For ihe

Groundwater Operabie Unit at the Chemical Plant Area of the Weldan Spring

siie,” July 1999, DOE/GR/21548-733, and many cther documents abgut groundwater
_aver the past 25 years, I am afrald that the DOE is preposing to do just that: *

.. e try to remove the chlorinated solvent/degreasing compound, trichlora- :

"ethylene (TCE), from the raffinate pit area, and leave the rest. of the

groundwater contaminants te migrate wherever. ([The page citations below will

refer to the "Praposed Plan™ unless otherwise noted.)

I do not criticize the decision to try to break down TCE, a known carcinegen,
ar the DOE's choice of a particular process. [ am questioning, however, the
decision to ignore ethar sigaificant toxins in the groundwater, and
particularly the long-1ived radicactive contaminants of concern. UnTike TCE,
yranium and thorjum and radium -- also known carcinogens -- will pot bresk
dawn, volatilize, microbiaily degrade or otherwise "naturally attenuate.®
They will continus giving off radioactive particles and rays for literally

~ hundreds of thousands or even billions ¢f years into tha future -- that is,
they will remain hazardous virtuaily farever. .The proposal to Jeave thase :
poisons in the St. Charles groundwater, upstream from St. Louis, is surprising 1
and, I baliave, irresponsibla.

-1 am writing this Tetter fo submit questions and comments about the proposed : :
pian, but also to request additional time for the public to respond, '
preferably at-a public hearing in St. Louis, the major nearby community
downstream that 1s dependent upon the Missouri River for drinking water, I
was out of town on vacation . the first three weeks in August when the packet of
doctments arrived announcing the August 25 meeting. Most peocple who are able §
to take summer vacations do so in June, July or August. Furthermare, I'm told
the 3T, Loyts Post-Dispatch did not publish information about the public
. meeting in advance (or afterwards).

1. The gfeatest surpriss of the "Proposed Plan™ 1s the conclusian that TCE has
been designated "the predominant potential risk driver" at Weldon Spring and
that its chemical oxidation “offers the greatest potential for shori-term
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reduction” of risk. (p. 43} How and when was the decision made that *TCE
treatment” was to be the eritical goal of the groundwatar ¢leanup {e.q., Table
4)? The contaminatien by TCE and cther volatije Organic compounds was nat
even detected unti1 1o, {"Welden Spring Site Environmental Repart, .19¢8 "
Pp. 138-8) That was tong after many scientists and engineers had acknowledged
the existence of groundwater contamination, and the bnquestionabie need to
reselve it. With the DOE’s preferred Alternative 8, "gome treatment of
nitroaromat (¢ compounds in addition te TCE adaht alse scour. ™ {emphases
added; page 39) Byt what about sych Weldon Spring contaminants as arsenic,
mariganese, cadmium, selenium, i rani Jymand . . L7

2. Availabie monitoring equipment pparently is not yet capable of detécting
thorium fn water, and not even 2lways accurately in soil. {Unfortunately,
heither the gavarnument nor corporations seem to hava any intarest in
developing more precise measuring instruments,) While 1t 4s known that nat
Just wranium and thorjum were discharged out the staecks at the Weldon Spring
chemical plant -- apd therefore the related daughter products, such as,
Fadium, polonium, radon and 1ead-210 .- the measurement of the range and depth
of the resuTting contamination of the seil did not extend throughout the 200-
acre tract. How much of the soil centaminants will cantinge leaching into the
groundwater? o '

3. At Fernald, Ohio, where the same type of uranium process ing facility
‘aperated, vertical extraction wells have beep Tnstalled as a part of the

Aquifer Restorat ion Praject in order to pukp contaminated groundwater for
treatment before releasing it to the Great Miami River, Why is the DOE’s
Fernald preject receiving funds for thorough groundwater remediation, and not
Weldon Spring? -- The Fernald mode? ing data estipated that the uranium Jevels
in the aquifer would reach- the proposed drinking water standard within 27
¥ears at the expected pusping rate. Having already spent $900 millign and
several decades on the Neldon Spring cleanup, would additional funding and an
extended duration not pe warranted? Why are citizens in St Charles County
hat asking that question -- and others? -

3. Two ar three of the highest uranium levels in groundwater in 1998 were
coliected along the KATY trail (next to ths squth wai] of the quarry --
namely, monitoring wells 1006, 1008 apd 1037 -- according to ihe "Welden
Spring Environmental Report, 1953, ® Pp. 148, 151). Tha predominant uranium
fsotope {U-238) has a haif-1ife of 4.5 biltion years: thorium-232, also
present at Waldon Spring, has a half-1ife of 14.1 billion years. Adherence to

' - Superfund requirements dictates that z review must be conducted every Five

years at Tocations where the groundwater contaminant levels exceed perwissible
st??dards for unlimited. use by the public. Every five years -- for how many
miilennia? : :

site,” ineluding greater tranpsmissivity than expected, "2 pump and treat
technology 1s not technically practicable® for Cleaning up the groundwater,
nor s sophisticatad groundwater medeling possibla. {p. 44} This complex
ge0logy -- predominantly karst! -- and the "innovative nature of the
tachnology” make even tha chesen TCE treatment highly uncertain. Walvers of
the TCE standard may he réquired and of the nitrate and nitraarematic
requirements, as-well. Are these concerns not reminiscent of some of the many
reasons the State of Missouri had formerly forbidden the siting of hazardous
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waste fac111t1es within a karst terrain?

- ﬁ, :The urapused Hax1mum Concentration Level of zﬂ Mmicrograms per 1iter for
R uraniﬂm is:regarded as a to-pe-considered requirement {TSC} for this actian »
T (plad) What. daes that mean? ¥hat- standard, if any, wodid rule? |

7. According to Title 10 of the Code of federal Regulstions,” Title 40,
Sections 265.80-94, z groundwater monitoring program must be continued
throughout the life of a hazardeus waste disposal facility licensed under tha
Resource Conservation and Recovery Adt of 1976, as amended (RCRA). The design
1ife of a facility outlines how Inng 1t will functiun adequately. Maybe a
hazardous waste disposal cell won‘t leak for ten years, but as you get closer.
to the design 14fe, greater Teakage-shauld be anticipated. If DOE is not
... tommitted to rqmau1ng the predominant -contaminants of concern from the
" groundwater even before-the disposal cell is completed, is it not probable the
' gruunduater wWi3l never ‘meet RCRA standards? _

8. How can etther the Southeast Drainage Diteh {arigina11y, an nutfaTT sewer.
for the dranium plant process wastes} or the Burgerma1ster spring be called
and “end point®? (p. 8)

Some comments:

: 1. Although domestic wells arae mot currently located within tha site, drinking
water is obtajned both from the Missouri and Mississippi rivers into which the
. groundwater flows. Alsc, the grogndwater and springs impact upon lakes used
for fishing, and perhaps upon such streams as the Dardenne, Unfortunately, a
great deal 1s uhknown about the directions and flow rates of graundwater, and -
particularly at a site underlain by a karst aquifer And within time frames
of thousands of years and beyond.

2. An estimated 3500 curies of tharium alone will be piled inte the d!spﬂsa1
cell at Weldon Spring. I urge anyone making decisions about the future of the
cell -- with $ts 2.5 milllon tons/five bil1ion pounds of radioactive and
hazardous wastes -- to reflact on the magnitude of the danger. Perhaps the
best comparison is with the amount of radloactivity used by the physicians,

. seientists and technicians who work with radioisctopes at the Washington.

e _U&t?ersit¥ Médiral Cemter: 1,069 Jaboratories use x total of IWQ curdes at
: *s;.any one. time. : ,

3 As a St “Louis reswdent who gats har dr1nk1ng water from the Missouri R:var
only nine miles downstream fram the major Welden Spring groundwater and
surface water discharge pathways, and as a taxpayer wha helped pay for the
billton-dollar Waldon Spring remediation prodect, I find three of the DOE’s
reasons for not being akle to clean up the groundwater both 1nterast1ng and
d1sheartan1ng.

<> The hydrogeology present in the shallow groundwater systam is
?h13 complex and unfavorable {i.e., karst features such as
ecchannels, conduits, fractures, weathering, and disselution
features) for remediation using extraction methods;

. <> In spite of source removal aft the ground surface, restdual contami-
nants are 1ikely to be present in v
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quant1t1es in the karst features beneath the chemica1 p1ant area, and

<> Cleanup times estimated by using very uptimIStic extraction rates ars
still excessivaly Vong (i.e., hundreds tec thousands uf years depend-

ing on the contawinant of concern). ({p. 45)

" [ beldeva the Envirommental Protection Agency. shouTd quest1un the DOE's ¢lain
- that. #£ wi11 be remediating the Weldon Spring ‘groundwater and springs when it
o Wil Gty be focusing on one volatile solvent in cne Iimited area of the site
cul and will be- 1gnur1ng the predominant, long-1ived contaminants of concern --
“-:that is; urdnium, thorium and their radicactive daughter preducts. If the

_:}grau:gyater and - 5prings are not claaned up, the puhTic shuu?d be apprupriate?y
©Warn

'ﬂﬂe1dnn Sprrng is cartainly safer than it was twenty ar thirtj years ago, and
-;?,5 - the DOE: deserves our credit. Bul I quastion whether Weldon Spring is safe
AR annugh yat Lo become a park -- or even a ne{ghbor. _

Sincerely,

Kay Drey’
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515 West Point Ave.
University City, MO 63130
January 4, 2000

Mr. Stephen McCracken, Project Manager
Weldon Spring Site Remedial Action Project Office
US Department of Energy

Dear Wr. McCracken:

Enclosed is an article about groundwater that I am submittiing as
an addendum to my comments of September 1, 1999, regarding the
“Proposed Plan for Remedial Action for the Groundwater Cperable
Unit at the Chemical Plant Area of the Weldon Spring Site,” July
1999, DOE/OR/21548-733.

I believe you will find it highly relevant. Please note that the
wastes from the Weidon Spring’s World War II explosives production
facility are mentianed.

I hope you will give serious reconsideration to your proposal to
leave radicactive contamimation in the groundwater at Weldon
Spring.

Sinceraly,
Kay Drey

Enclosure: an article from Worldwatch, January/February 2000.
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Groundwater

Shock
The Polluting of

the World’s Major
Freshwater Stores

Scienzists bave shawn that the world
deep benearh our feet 15 exential to Hie
hife abave. Ancient myths depicted the
Urnderworld as o place of damnation
and death. Now, the spreading
conramination of major aguifers
threatens to twrn the myth into

A tragic reality.

the American imagination, in part becanse it is

50 hupe. At any given moment, on average,

about 2,160 billion liers of water are Bowing across
the Big Muddy’s broad botom. If you were to dive
about 35 feet down and lie on that bottom, you
might feel a sense of awe that the whole dver was on
twp of you. Butin one very imporeant sense, you'd be
completely wrong. Ar any peint in time, oaly 1 per-
sent of the water in the Mississippi Riv tem is i
of the g to the

Guif of Mexico, The qther 99 percent lies beneath
the bottom, lacked in mrassive strata of rock and sand.
This is a distincion of enormous consequence.
The availability of clean water has come to be recog-
nized as perhaps the most critical of all human securi-
ty issues facing the world in the next quarter-centu-
ry—and whar is happening to water buried under the
boteoms of rivers, or under our feet, is vastly different
from what happens to the “surface™ water of rivers,

lakes, and streams. MNew research finds that conirary
to popular belief, it is groundwater thar is most dan-

gerously threatened, Moreover, the Mississippi is not
unique in its ravio of surface w siidergronnd water;
wortldwide, 97 percent of the planer's liquid freshwa-
ter is stored in aquifers.

In the early eentunies of civilization, surface water
was the only source we needed w know about.
Human papulation was kess than a tenth of one per-
cent the size it is now; sctlements were on river

| Thr: Mississippi River occupies a mythic place in

lanuary, Februacy 200

by Paval Sampat

banks; and the warer was relatively clean. We still
think of surface water as being the main resource, 5o
it’s zasy to think that the problem of contarmnination
is mainly onc of surface water: i i5 polluted rivers and
streams that threaten health in times of flood, and
that have made waterborne diseases a major killer of
hamankind. But in the past century, as popalation
has almost quadrupled and dvers have become more
depleted and polluted, our dependence on pumping
groundwarer has soared—and a3 it has, we've made a
ternible discovery. Contrary to the popular impres-
sion that at least the waters from our springs and
wells are pure, we're uncovering a pattern of perva-
sive pollution there too. And in these sources, unlike
rivers, the polluden is generally irreversible.

This is largely the work of another hidden factor:
the rate of groundwacer renewal is very slow in com-
parison with thar of surface water, It"s true that some
aquifers recharge fairly quickly, bur the average recy-
cling vme for groundwater is 1,400 years, as opposed
to ealy 20 days for dver warer. So when we pump out
groundwater, we're effectively removing it from
aquifers for gencrations to come. It may evaporate
and return to the atmasphere quickly enough, but
the resuilting rainfall {most of which falls back nto
the occans) may take centuries to recharge the
aquifers once they've been depleted. And because
watcr_in_aquifers moves through the Earth wich

glacial slowness, its pollurapt cogUpue 1o accum-
Jatg. Unlike rivers, which flush themselves ino the

ALISTAANIONS BY PATRICK GNAH



Although the move by cleomed by traits, such as soed germination or discase resistance, using a
biotechnology crites, all nology interests, chemical inducer certain behaviors, Trait
including Monsante, contingg L bermrinaroe-like control may wimaely be ofdar grearer consequence rhan
rechnologics. According to & Shand of the Rural the rerminator iself, is, 4 Swiss biotech frm and the

Advancement Foundation tional [(RAFTY, the group watld's top seller of a , was recenthy awarded a
that first used the word i " to describe the indus- patent for a gene to opy that would tie’s whole set of
try"s “gens protecior technology,” than a dozen com- plant developmenyprocesies, including germinadon, lower-
panies and public jst it 33, patents that ing, and fruit Agening, o ekiernally applied chemicals—per-
involve seed stgrllizaton, These parenrs are pending in more haps even to.Novarts's own foprictary chemicals, Incwstry
thao 80 natohs. s cxperts spggest such technologide could be available within a

-~
i Mareaver, sced sterdlization technolugics, ke the terfbe _ fo 5.
navot, ave only part of a larger rescarch agenda
that would aliow companies to regulare plant

FRLfE g
‘— Brian Haiwei!

+ Colombia epts for oil over indiggs the Uwa’s terricory while approving the oil project. In
rights: The Colombian government in Scpe

miber 1999 Aﬁgust 1999 the government expanded the reservation from

granted Los Angeles-based Oocdental Petgd alicense to 400 square kilometers to 2,200 square&dometers. “Twenty

dril] fior @il near che landd of the indigengus Ulwa people, five percent of Colombian termitory ifprocected in Indian

wha in 1997 threatened U reservations,” Mayr told a reporter the Mismi Hersld.

nies were allowed o drill eit [eritory. “This is a ve ortnce Colombia gives .
The roling comes a5 2 Heavy sptback to the LMwa, who to its [ocian péoples.™

say the land approved for exploggtion is pare of their tradi- But the TPwh say the gavernment's decision to recog-

Bogota. “This action onge aghty reveals how the rule of law held lands witl noe Yampengate for the covirenmental and
.o 18 subsumed by a highersrdey of decrecs and narms social disruprions tha Id be cansed by the drilfing, The
which serve Jocal and trandnadonal special interests,” said U'wa, who believe thag &l is che blood of the Earth and
Roberto Percz of the Tlfva puncil. “These intcrests should net be cxtractedd, are demanding control over ull of
nat only threaten our ways of thinkiyg and lving, bux they their ancestral lands /Thy tibe alse fears chat oil develop-
algn restrict our capaglty o protect O people.“. ment will place its peopléiin the crossfire of the guerrilta

Last year, Oucidéntal backed dovn Yom its cffores 1o wrarfare and envighnmental devastation that has plagued i
drill for ¢il on offigially recognized 1w Ygnds after facing il development in Colombia, |
ineense internatiohal scrutny when 4 oumbd 4 -based Project Underground, |
bers pledged to fvalk off a cliff in an act of madg suicide. ining and oil development on |
Uwa spokespefson Berito Kuwara'wa in 1998 whag awarded world, Occtdental’s Cano ’
the G:o]dmanﬁnﬁi-nmnmtal Prize for his role in béagdi i

I
|
rional termitory, which Lies abogt 200 miles northeast of nize mibal ownershi portion of their traditionally . |

vicdent resistance since Occidental way frst granted the mght arrels of crude ol to spill onko the land and ineo tivers.

10 drill on Utwa lands in 1992, While the company dropped~  Rebel forces murdered three U.S \activists working with the
ite original plans, it has now received approval eo drill just [I'wa last year, saying that they weig CIA agents. Occidental
ourside the U'wa reserve—=500 meters from the border., plans to begin exploratory drilling lager this year,

Onecigdeneal cstimates thar the land could sit on top
the country’s largest oil field, possibly holding
1.4 billion barrels of oil,
Colombian envirponment miniseer JTean
bayr had hoped to forge a compromise by
 spearheading government efforts to increase

|

_ |
— Curtis Runvan l

The military paich depicted at [ofe i worn By !
Colombian soldicrs who protect oil instailntions
anid is reproduced from “Bloed of Our Mother*
& Profect Undergronnd report on the Ulwa .
available at wrw molen org.
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oceans, aquifers become sinks for pollutants, decade
after decade—thus further diminishing rhe amount
of clean water they can vield for human vse.

Pethaps the largest misconception being exploded
by the spreading water crisis is the assumption that the
ground we stind on—and what lies beneath it—is
solid, unchanging, and inert, Just as the advent of cki-
tmare change bas awakened us to the fact thar the air
over our heads is an arena of enarmous forces in the
truidst of titanic shifts, the water crisis has revealed thar,
slow-moving though it may be, groundwater is part of
a system of powerful hydrolegical inmeractions—
betwren carth, surface water, sky, and sea—that we
ignore at our peril. A few years ago, reflecting on how
human activity is beginning to affect climate,
Columbia Universiry scienrist Wallace Broecker
warned, “The climace system is
an angry beast and we are
pokdng it with sticks™ A
similar statement might
now be made about the
system under our feer. If we
contnue to drll holes into
it—expectng it to swallow our
waste and vicld freshwarer in
return—we may be toying with
in cutcome no one coufd wish.

Valuing Groundwater

For most of human history, groundwa-
ter was tapped mainly in arid regions where
surface water was in short supply. From Egypt to
Iran, ancienr Middle Bastern civilizations used
periscope-like conduits vo funnel spring water from
mountain slopes to nearby towns—a technology that
allowed sertlement to spread our from the major
rivers. Over the centuries, a3 populadons and arop-
land expanded, innovative wel-digging techniques
evolved in China, India, and Europe. Water became
such a valuable resource that some cultures devel-
pped tlaborate mythologies imbuing underground
water and its seekers with special powers, In medieval
Europe, people calied water witches or dowsars were
belicved to be able wo derect groundwarer using 2
fiorked stick and mystical insight.

In rhe second half of the 20th century, the soar-
ing demand for water turned the dowsers” modern-
day counterparts into 2 major industry. Today, major
aquifers arc tapped on every continent, and ground-
water is the primary source of donking warer for
more than 1.5 billion people worldwide (see table,
page 12}. The aquifer that lics beneath the Huang-
Huai-Hai plain in easrern China alonc supplics drink-
ing water to nearly 160 million people) Asia as 2
- whole relics on its groundwater for nearly one-third
of irs drinking water supply. Some of the largest cities

85978

in the deveioping world—TJakarta, Dhaka, Lina, and
Mexico City, among them-—depend on aguifers for
almost all their warer. And in rural arcas, where con-
tralized water supply sysrems are undeveloped,
groundwarer is typically rhe scle source of water.
More than 95 percent of the rural UFS. population
depends on groundwater for drirking.

A principal reason for the explosive rfse in ground-
water use since 1950 has been a dramatic expansion in
irrigabed agriculture, In-India, the leading country in
total irrigated area and the world’s chird largest grain
producer, the number of shallow ubewells used o
draw groundwater surged from 3,000 in 1960 to 6
illion in 1920, While India doubled the amount of
its land irtigated by surfice warer berween 1950 and
1985, it increased the area watered by aquifers 113-
fald. Today, aquifers supply water ¢o more than half of
India’s irigated land. The United States, with the
third highest urigared area in the world, wses
groundwater for 43 percent of its irrigated farm-
land. Warldwide, irrigation is by far the biggest
drain on frestywater: it accounts for about
70 pereent of the waier we draw from
tivers and wells cach year.

Other industrics have been
expanding their warer use even
faster than agriculture—and
generating much higher
profits in the process.
On average, a ton of
water uged in industry
generates  roughly

314,000 worth of

vugput—about 70
times as much profic as
the same amount of waer
used to grow grain. Thus, as

the world has industrialized, sub-~
stantial amounts of water have been shifted from
farms to more lucrative factories. Indusiry’s share of
roral consumpeion has reached 19 percent and is like-
ly to continue tising rapidly. The amount of waveg
available for drinking is thus constrained not only by

a limired resource base, bor by cnmEtit':nn with

other, more

And as rivers and lakes are stretched to their lim-
its—many of thern dammed, dricd up, or pelluted—
we're growing more and mere dependsnt on ground-
water for all these uses. In Taiwan, for cxample, the
share of water supplied by groundwarer almost dou-
bled from 21 percenc in 1983 to over 40 percent in
1991, And Bangladesh, which was once almast engire-
Iy river- and siream-dependent, dug over a million
wells in the 19708 to substitute Bor itg badly pollured
surface-water supply. Today, almost 90 percent of i
people use only groundwrater for drinking.

Even as our dependence on groundwacer increas-

1
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g5, the availability of the resource is becoming more
limired. On almost every condnent, many major
aquifers are being drained faster than their natural rate
of recharge. Groundwater depletion is mosr severe in
parts of India, China, the United Stares, North Africa,
and the Middle East. Under certain geological condi-
tons, proundwater overdraft can cause aquifer sedi-
ments to compact, permanentdy shrinking the
aquifier’s storage capacity. This loss can be quite con-
siderable and irreversible. The amount of water soor-
ape capacity lost because of aguifer compactden in
California’s Central Valley, for wample, is equal to
more than 40 percent of the combined storage capac-
ity of all humar-made reservoirs across the state,

As the competition among Factorics, farms, and
households intensiies, it's easy to overiook the extent
to which freshwater is also required for essenrial eco-
lopical services. It is not just rainfall, but groundwarer
welling up from bencath, that replenishes dyvers, lakes,
and sireams. In a stedy of 54 streams in different parts
of the country, the TLS, Geological Survey (U3GS)
found that gronndwater is the sgurce for more than
half the flow, on average. The 492 billion gallons
{1.86 cubic kilometers) of warer aguifers add ro U5,
surface water bodics cach day is nearly equal to the
daily flow of the Missisappi. Groundwater provides
the base contnbution for the Mississippi, the Wiget,
the Yangrze, and many mare of the world’s preat
rivers—some of which wounld otherwise not be flonw-
ing year-round. Wetlands, important habitat for birds,
fish, and other wildlife, are often largely groundwarer-
fzd, created in places where the water table overflows
to the surface on a constant basis. And while provid-
ing surface bodics with epough water to keep them
stable, aguifers also help prevent them from floeding:
when it rains heavily, aquifers beneath civers soak up
the sxcess water, preventing the surface flow from ris-
ing too rapidly and overflowing onto neighboring

Groundwater as a Share of Drinking

Water Use, by Region

ficlds and towns. In wopical Asia, where the hot sea-
son can last as long as 2 months, and where monsoon,
rains can be very intense, this dual hydrological ser-
vice is of critical value.

Numerous studies have tracked che extent w
which our increasing degpand on water has made ita
resource ceitical to a degree that cven gold and oil
have never been. Ir's the most valuable thing on
Earth. Yet, ironically, it's the thing most consistently
overlooked, and most widely used as a final resting
place for our waste. And, of course, a3 cotiramination
spreads, the supplies of usable warer ger tghter sdll.

Tracking the Hidden Crisis

In 1940, during che Sccond World War, the ULS.
Deparement of the Army acquired 70 square kilome-
ters of land around Weldon Spring and its neighbaor-
ing towns ncar St Lowts, Missourl. Where farmhous-
es and barms had been, the Army established the
world's largest TNT-producing facility. In this sprawl-
ing warren of plants, toluene {a component of gaso-
line) was treated with mitric acid o produce more
than a million tons of the expiosive compound each
day when producton was at its peak.

Part of the manufacturing process involved puri-
fring the TNT—washing off uowanred “nitroara-
matic™ compounds left behind by the chemical reac-
ticn berween the tolzene and nitric acid. Over the
years, millions of gallons of this red-colored muck
were generated. Some of it was treated at wastewater
plants, but much of it ran off from the leaky creat-
ment faclides into ditches and ravings, and soaked
into the ground. In 1945, when the Army left the
site, soldiers burned down the contaminated build-
ings but left the red-tinged soil and the rest of the site
as they were, For decades, the site remained aban-
doned and unused.

Then, in 1980, the 115, Envircnmental
Prorection Agency (EPA} launched jts
“Superfind”™ program, which required the
cleaning up of several sites in the country
that were contaminated with hazardous

Shars of Drnking Water waste, Weldon Spring made it eo the list of

Region from Groundwater Paople Servad sites that were the highest priority for
{percant] {millions} cleanup. The Army Corps of Engincers was

: assigned the cask, but what the Corps work-
Asia-Pacific 32 1,000 ta 1,200 etz found baffled them. They expecrad the
Europe 73 00030 o) and vegeration around the sire to be
Lalin Asnerica 29 150 Conraminated with the nitroaromatic wastes
United Stortes 51 133 thar had been discarded there. When they
Australio 13 3 tested the groundwater, however, they
Africa NA NA found that the chemicals were showing up
Wald E 1,500 Io 2,000 in people’s wells, in towns several miles

from the site—a possibility that no one had

Sources: UNEFR, OECD, FAQ, U5, ERA, Australion EPA.
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antdicipated, because the origittal polution
had been compietely localized. Geologists



determincd that there was an enormeus plume of
_contaminztion in the warer below the TNT facton—

a ious 3
throuph Hssures o the imestone rock to other parts
of the agnifer,

The Weldon Sprng story may sound like an
cxcoptional case of clumsy planning combined with a
particularly vuinerable geological strucrure. But in
fact there is nothing cxceptional about it all. Across
the United Srates, as well as in parts of Europe, Asia,
and Latin America, human 2cavitics are sending mas-
sive quantities of chemicals and pellutants into
groundwater. This isn't entirely new, of course; the
subterranean world has always becn a recopracle for
whatcver we need to dispose of—whether our
sewage, our garbage, or our dead. But the enormous
volumes of waste we now send underground, and the
deadly mixes of chemicals involved, have created
problems never before imagined.

v  What Weldon Spring shows is chat we can’t alwavs

“our watcr, or how long it will be from the dme it was
QEEEEIE-E undl it regppears. Because groundwater

typically moves very stowly—at a speed of less than a
foot a day, in some cases——damage done to aguifers
may not show up for decades. In many parts of the
world, we are only just begigning ro discover conta-
mination caused by practices of 30 or 40 ycars ago.

Some of the most egregious cases of aquifer conmm-
ination now being ancarthed dace back to Cold War
¢ra nuclear westng and weapons-making, for exam
ple. And once it gets into groundwater, the poliution
sists: the enormous volume, inaccessibilicy,
and slow rate at which groundwater moves make
aguifers virtually impossible to purif.
As this covert crisis unfolds, we are barely begin-
ning to understand its dimensicns, Few countries

and remoteness make them extremely. expensive to
monitor. As the new cenvary begins, even hydrogeol-
ogists and health officials have only a hazy impression
of the likely exrent of groundwater damage in differ-
ent parts of the wotld. Nonetheless, given the data we
now have, it is possible to sketch a rough map of the
regions affected, and the principal threats they face
{sc& map, page 18, and table, page 21).

The Filter that Failed;
Pesticides in Your Water

Pesticides are designed co kill. The first synthetic
pesticides were introduced in the 1940s, but it took
several decades of increasingly heavy usc before it
became apparent that these chemicals were injuring
not-[rget organisms—including humans, One rea-
son for the delay was that some groups of pesticides,
such as organcchlorines, usually have livtic effect unl

anticipate where the pollution is going to mrnup io

track the health of their aquifers—their cnormous size -

they bicaccumulate. Their concentration in living tis-

sue increases as they move up the food chain. So
eventually, the top predators—bicds of prey, for
example-—may end up carrying a disproportionately
high burden of the toxin. But bicaccumulaticn takes
time, and it may take sull more tme before the
effects are discovercd, In cased where reproductive
systerns are affected, the aftormath of this chemical
accurnulation may not show wp for a peneradon,
Even when the health concerns of some pesticides
were recognized in the 1960s, it was easily assumed
that the real dangers lay in the dispersal of these chem-
icals among animals and planss—not desp under-
ground. It was assumed that very lirde pesticide woudd
leach beicw the upper layers of soil, and dhar if ic did,
it would be degraded before it could ger any decper.
Soil, after all, is known ro be a natural filter, which
plrifies water as it trickles through. It was thought
that industrial or agricutural chemicals, like such oat-
ural contaminanes as vock dust, ar leal molkd, would be
filtered cut as the water percolated through the seil
But over the past 35 years, this scemingly safe
assumpton has proved mistaken, Cases of extensive
pesticide conearninaticn of groundwater have come
o Hght in farming regions of the United States,
Westernn Europe, Ladn America, and South Asia.
What we now know is that pesticides not ondy leach
mnto aquifers, but sometimes remain there jong after
the chemical is oo longer used. DT, for instance, is
stll found in U.S. waters cven though its use was
banned 30 years ago. In the San Joaguin Valley of
{alifornia, the soil fumigant DBCP (dibromechlore-
propanc), which was used intensively in frumit
crchards before it was banned in 1977, sdil lorks in
the region’s water supplies. Of 4,507 wells sampled
by the USGS between 1971 and 1988, nearly 2 third
had DBCP levels that were at least 10 times higher
than allowed by the current drinking water standard.
In places where organcchlorines are stll widely
used, the risks continue o mount. After half a centu-
cy of spraving in the eastern Indian states of West
Bengal and Bihar, for cxample, the Cenal Boiludon
Control Board found DDT in groundwarter ag levels
as high as 4,500 nucrograms per Liter—several thou-
sand times higher than what is considered a safe dose.
The amount of chemical that reaches groundwater
depends on the amount used above ground, the geol-
opy of the region, and the characteristies of the pesti-
cide itself. In some parts of the midwestern United
Srates, for exarnple, although pesticides are used inten-
sively, the impermeable soils of the region make ic dif
ficult for the chemicals w0 pereodate undeground. The
fissured aquifers of southern Arzona, Florida, Maine,
and southern California, on the other hand, arc very
wulnerable to polluton—and these too are phices
where pesticides are applicd in large quantides.
Pestades are often found in combination, because
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most farms use a range of toxins to destroy different

kinds of insecrs, fng, and plane diseases. The USGS
derected two or more pesticides in groundwater at
nearly 4 quarter of the sites sampled in its Natdonal
Water Quality Asscssment between 1993 and 1995, In
the Ceptral Columbia Plareau aquifer, which extends
over the states of Washington and Idaho, more than
two-thirds of warter samples contained muitiple pest-
cides. Sclentists aren’t entirely sure what happens when
these chemicals and their various metabolites come
together. We don't even have standards for the many
hundred snderidual pesticides in use—the EPA has
drinking water standards for just 33 of these com-
pounds—to say nothing of the infinite variery of toxic
blends now trickling into the groundwater.

While the most direct impacts may be on the
water we drink, there i3 also concern about what

accurs whea the pesticide-laden water below farm-

tand is purnped back up for irrigation. One apparcnt
CONSCQUENCE 15 a reduction in crop yields.

In 1990, the now-defuncy U8, Oifice of

Technology  Assess-

ment reported thar

herbicides in

shallow groundwarer had the effect of “pruning™

Crop roots, thereby retarding plant growth,

From Green Revolution to Blue
Baby: the Slow Creep of Nitrogen

Since the early 19505, farmers all over the wordd
have stepped up their use of mfrogen fertilizers.
Global fertilizer nse has grown ninefold in that ome.
But the larger doses of nutrients often can’t be fully
utilized by plants. A study conducted over a 140,000
square kilometer region of Northern China, for
example, found that crops used on average onky 40
pereent of the airrogen that was applied. An almost
identical degree of waste was found in Sri Lanka.
Much of the cxcess ferdlizer dissolves in rnigadon
water, cventually tickling through the soil inte
underlving aguifers.

Taining the cxcess chemical forglizer from farm
crops is the organic waste gencrated by farm animals,
and the sewage produced by citdes, Tivestock wasee
forms a pargicularly potent tribotary to the stream of
excess nutrients flowing into the environment,
berause of its enormous volume. In the United
Seares, farm amimals produce 130 times as much
waste as the country’s people do—with the result
that miltions of tons of cow and pig feces are washed
into streams and rivers, and some of the nitrogen



they carry ends up in groundwarer. Tor chis Augean
burden can be added the innumerable leaks and over-
flows from urban scwage systems, the fertilizer runoff
from suburban lawns, golf courses, and landscaping,
apd the nitrates leaking (along with other pollutants}
from landfils,

There is very little historical informarion available
about trends in the poliudon of aquifers. But several
studies show that nitrate concentrations have
triereased as fectilizer applications and population size
have -grown. In California’s San Joaquin-Tolare
Valley, for insmance, nitrate levels in groundwater
increased 2.5 times betweoen the 1950s and 1980s—
a period in which fertilizer inputs grew siz-fold.
Levels in Danish groundwater have nearly tripled
since the 1940s. As with pesticides, the aftermath of
this mult-sided assaule of excess nutrients has only
recently begun to become visible, in part because of
the slow speed at which nitrate moves underground.

What happens when nigates get into drinking

water! Consumed in high concentradons—at
levels above 10 milligrams {mg) per bicr, bue
usually on the order of 100 mg Aliter—they can
cause infint methemoglobinemia, or so-called
blue-baby smdrome. Because of their low gastmic
acidity, infant digestive systems convert nitrate to
nitrite, which blocks the oxygen-carrying capacity
of 2 baby"s blood, causing suffocation and death.
Since 1945, about 3,000 cases have been reported
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worldwide—nearly half of them in Hungary, where
private wells have pardecularly high concentrarions of
nitrates. Bominant livescock such as goats, sheep, and
cowvs, are yulnerable 1o methemoglobinemia in much
the same way infants are, because their digestive sys-
rems also quickly converr fitrate to mye, Mitraes are
abso implicated in digestive tract cancers, although the
epidemiological link is sall uncertain.  ~

In cropland, nitrate poliudon of groundwater can
have a paradoxical effect. Too much nitrmate can weak-
en plants’ immune systems, making them more vul-
nerable to pests and discase. 50 when nierate-laden
groundwater ig used to imigave crops that arc also
beng fertlized, the ner effect may be o reduce,
rather than to increase production. This kind of over-
fertilizing makes wheat more suscepdble to wheat
rust, for example, and it makes pear trees more vul-
nerable o fire blight.

In assembling studies of groundwarer from
arcund the world, we have found that nitrare pollu-
tion 1§ pervasive—hbut has become particularly severe
in the places where homan population—and the
demand for high food preductivicy—is most concen-
trated. In the northern Chinese counties of Beijing,
Tianjins, Hebed, and Shandong, nitrate concentrations
in groundwarer exceeded 53 mg/hter in more than
half” of the locadons studied. (The Wordd Health
Organization {WHO) drinking water puideling is 10
mg/liter.) In some places, the concentration had




tscn as high as 308 mgAliter. Since then, these levels
may have increased, as ferdlizer applications have
escalaved since the tests were carried out in 1995 and
will likely increase even more as Ching’s population
{and demand for food} swells, and a3 more farmland
is lost to urbanizadon, induserial development, nui-
ent depletion, and erosion.

Reports from other regions show similar cesules.
The USGS found chat sbout 15 pervent of shallow
groundwater sampled below agricudmiral and wrban
areas iny the Unived States had nitrate concentrations
higher than the 10 mg/liter guideline. In 5o Lanka,
79 percent of wells sampied by the Brigsh Geological
Survey had nitrate levels chat exceeded this guideline,
© Some §& percent of wells tested in the Tucatin penin-
sula in Metico had levels above 45 mgleer. And the
Eurepean Topic Centre on Inland Waters found that
in Bomania and Moldova, more than 35 percent of
the sites sampled had qitrate concentradons higher
than 50 mg/liter.

From Tank of Gas to Drinking
Glass: the Pervasiveness of
Petrochemicals

Dirive through any part of the United
States, and you'll probably pass more gas sta-
dens than schools or churches. As you pudl
into a station o fill up, it may not ocour to
you that you're patked over one of the
most pervasive threats to ground-

4

water: an underground storage wnk (UST) for perro-
leurm. Many of these tanks were installed two or three
decades ago and, having been iefi in place long past
their expected lfetimes, have rsted through in
places—allowing a steady [eakage of gasoline into dhe
ground. Because they're underground, they're expen-
sive to dig up and repair, so the feakage in some cases
connues for years. '

Petroleun: and its associated chemicals—benzene,
toluene, and gasoline additves such a5 MTBE—con-
stitute the mest commen category of groundwater
contaminant found in aquifers in the Uniced Seaces.
Many of these chemicals are also known or suspecteod
to be cancer-causing. In 1993, the EPA found that
aver 100,000 commercially owned petroleum UST:
were leaking, of which closc to 18,000 arc known to
have contaminated groundwarer. In Texas, 223 of
254 countics reportt leaky USTS, resuldng in a silent
disaster that, according to the EPA, ®has affected, or
has the potential ro affece, vircually every major and
minor aquifer in the state.” Houschold canks, which
store home headng oil, are 2 problem as well




3
]
g

Although the houschold ranks aren’t subject to the
same regulations and inspections as commerdial ones,
the EPA says they are “undoubtedly leaking.”
Outside the United States, the world®s ubiquitous
peeroletm storage tanks are even less monitored, but
spot testy suggest thar the threat of lcakage is
omnipresent in the industrialized world. In 1993,
pecroleum giant Shell reported that a third of its
1,100 gas stations in the Unired Kingdom were
known to have cortarninated soil and groundwarer.
Another example comes from the eastern Kazakh
town of Semipalatingk, where 6,460 tons of kerosene
have collected in an aquifer under a military airport,
sericusly threatening the region’s water supplics.

The widespread presence of petrochemicals in
groundwater constitutes a kind of global malignaacy,
the danger of which has grown unobtrusively because
there is such a grear distance hetween cause and
effect. An underground tank, for cxample, may take
years to rust; it probably won't begin leaking unal
long afrer the people who bought it and installed it
have left their jobs. Even after it begins to leak, it may
take several more years before appreciable concentra-
tons of chemicals appear in the aquifer—and it will
likely be years beyond thar before any health effecrs
show up in the local population. By chen, the trail
may be decades old. S0 ir's quite possible that any
cancers occurring today as 3 result of leaking TUSTs
might originate from tanks that were installed half 2
century ago. At that dme, there werc gas canks suffi-
clent to fuel 53 million cars in the world; today there
are enough to fael almost 10 times that number.

From Sadiment to Solute; the
Emarging Threat of Natural
Contarminants

In the carly 1990s, several villagers living near
India’s West Bengal border with Bangladesh began
o complain of skin sores that wouldn't go away. A
rescarcher  at Caleuma’s  Jadavpur  Universicy,
Dipanker Chakraborti, recoprized the lesions imme-

- diately 2 early symptoms of chronic amsenic peison-

ing. In later stages, the disease can lead to gangrene,
skin cancer, darnage to vital organs, and cvenrually,
death, In the months thar followed, Chakrabord
began to get letters from doctors and hospirals in
Bangladesh, who were seeing streams of patients with
similar symproms. By 1995, it was clear that the

- conniry faced a crisis of untold proportions, and that

the source of the poisoning was water from tube-
wells, fom which 90 percent of the country gets its
drinking warcr.

Experts cstimate that today, arsenic in drinking
watcr could threaten the health of 20 to 60 million
Bangladeshis—up to half the country’s population—
and another 6 to 30 miilion people in West Bengal.

As many as 1 miHlion wells in the l’&l& ga;bcaun-
tarnirlated with the heavy meral at levels beoween 5
and 100 times the WHO drinking warer guidclines m‘"
0.01 mg/liser.

How did the arscnic get into groundwater? Ungil
the carly 1970s, rivers and ponds supplied most of
Bangladesh’s drinking water. C{m:cmcd abontt the
risks of water-borne disease, the WHO and interna-
tional aid agencies lannched a well-drlling program
to tap groundwater insvead. However, the agencies,

1ok aware that soils of the Ganges aquifers are mam-’

rally rich in arsenic, didn’t test the sediment before
driling tubewells, Because the effects of chronic
arsenic poisdning can take up to 15 years to appear,
the epidermic, was not addressed undl it was weil
under way.

Scientists are still debating what chemical reac-
tions released the arsenic from the mincral matnx in
which it is naturally bound up. Some theories impli-
cate human activities. One hypothesis is that as water
was pumpecd out of the wells, atmospheric oxygen
entered the aquifer, oxidizing the iron pyrite sedi-
ments, and causing the arscnic o dissolve. An
October 1999 article in the saientific journal Nazure
by geciogists from the Indisn Insttate of
Technology suggests that phosphates from farnlizer
runoff and decaying organic matter may have played
a role. The nutrienr might have spurred the growth
of soil microorganisms, which heclped to loosen
arsenic from sediments.

Sakt is another naturally occurring groundwarer
pollutant that is introduced by human activity.
Normally, water in coastal aquifers empties into the
sea. Bur when oo mupch water is pumped out of
these aguifers, the process is reversed: scawatcr moves
inland and cnters the aquifer. Becanse of its high salt
content, just 2 pereent of scawater mixed with fresh-
water makes the warer unusable for drnking or irri-
gatdon. And once salinized, a freshwater aquifer can
rermain contminated for a very long time. Brackish
aquifers often have to be abandoned beranse treat-
inent can be very etpensive.

In Manila, where water levels have fallen 50 to 30
meters because of overdraft, seawater bas Aowed as
far as 5 kilometers into the Guadalupe aquifer that
lics below the city. Saltwater has traveled several kilo-
merers inland into aquifers beneath Jakareta and
Madras, and in parts of the U.S. state of Flonda.
Saftwarer intrusion is alse a senous problem on
islands such as the Maldives and Cyprus, which are
very dependent on aquifers for water supply.

Fluoride is ancther natural contaminant that
threatens millions in parts of Asia. Agnifers in the drier
regions of western Inudia, northern China, and pares of
Thailind and 3ri Lanka are naturally och in fluodds
deposits. Fluoride is an essential mrtrient for bone and
dental heald:, but when consumed in high concentra-
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since most of the world’s agrifers bave ver bo be regted.

tions, it can lead to arippling damage to the neck and
back, and to a range of dental problems, The WHO
csamates thar 70 muilion people in northern China,
and 30 millon in northwestern India arc drinking
water with high Huoride levels,

A Chemical Soup

With just over a milion residents, Ludhiana is the
largest city in Punjab, India’s breadbasket state. I is
also 4n important industrial town, known for its rex-
tle factories, elecrroplaring industries, and metal
foundries. Although the city is entirely dependent on
groundwater, its wells are now so polluted with indus-

wial and urban wastes thar the water is no longer safc

o drink. Samples show high levels of cyanide, cadmi-
um, lead, and pestdades. “Ludhiana City’s gronndwa-
ter is just short of poison,” laments 4 senior official at
India’s Cental Ground Water Board.

Like Ludhiana™ residents, more than a third of
the planet’s people live and work in densely settled
cities, which oceupy just 2 percent of the Earth's land
area. With the labor force thus concentrared, facto-
rics and other cenrers of employment also group
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together around the same urban areas. Aquifers in
these areas are beginning to mirror thi increasing
density and diversity of the human activity abave
themn, Whereas the pollurants emanating from hog
farmns or copper mines may be guite predictablé, the
waste streams flowing into the water under cities con-
tairy a witch’s brew of contaminants.

Irorically, & major factor in such contamination is
that in most places peopie have lrarned to disposc of
waste—to remove it from sight and smell—so cffec-
tively thar it is easy to forget that the Earchis 3 closed
ecological in which nothing permanently dis-
appears. The methods normally used to conceal
garbage and other waste—landfills, septic tanks, and
sewers—become the major conduits of chemical pol-
ludon of groundwarer. In the United States, business-
5 drain almost 2 million Klograms of assorted chem-
icals inro septic systerms cach year, contaminating the
drinking water of 1.3 mifbon people. In many parts of
the developing world, factories s0ll demp their bquid
effluents onto the ground and wait for it to disappear.
In the Bolivian city of Santa Cruz, for cxample, a shal-
low aquifer that is the city’s main warer source bas had
to soak up the brew of sulfates, nitrates, and chlosides
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groundwater has become unusable, Santa
Cruz has also struggled to find clean
water. But as it has sunk decper wells in
pursuit of pure supplies, the effluent has
taveled decper-into the aquifer to replace
the warer pumped, cut of it. In places
where alrernate supplies aren’t easily
availzble, urilities will have to rosort 1o
increasingly elaborars flwaden sct-ups
to make the water safe for drinking. In
heavily conraminated areas, hundreds of
different filters may be necessary. Ae pre-
sent, utilities in the TS, Midwest spend
$400 million each year vo treat water for
just one chemical-—atrazine, the most
commanly detected pesdcide in ULS.
groundwater. When chemicals are found
in unpredicegble_fgixtures, rather than
discretely, providing safc water may
become even more expensive,

One Body, Many Wounds

The various incidents of aquifer pol-
latien described may seem isclared. A
group of wells in northern China have
nirrare  problems; another lot in the
United Kingdom are laced with benzene.
In each place it mighr seem thar the
problem is local and can be contzined.
But put them wogether, and you begin to

dumped over it. And even protected landfills can be a
patent source of aquifer pollution: the EPA found that
a quarter of the landfills in the 1.5, state of Maine, for
example, had contaminared groundwater.

In indusial counties, waste that is too haz-
ardous to landfill iz routinely buried in underground
tanks. But as these caskets age, like gasoline ranks,
they eventuaily spring teaks. In California’s Silicon
Valley, where electronics industres store assorted
waste solvents in underground tanks, focal ground-
water authorities found that 85 percent of the tanks
they inspected had leaks. Silicon Valley now has more
Supetfund sites—most of them affecting groundwa-
ter—than any other area irs size in the country. And
60 percent of the United States’ Hguid hazardous

S waste—34 billion Evers of solvents, heavy merals, agd

o radicactive materials—is directly imjected into the

- "ground. Although the ¢fBuents are injected below

the deepest source of drinking water, some of these

e wastcs have entercd aquifers used for water supplies
. . in parts of Florida, Texas, Ohio, and Oklahoma.

Shenyang, China, and Jaipur, India, are ainong the

scorcs of cities in the developing world thar have had

to seck out alternate supplies of water because their

se¢ a bigper picture emerging. Perhaps
most wortisome is thar we've discovered
as much damage as we have, despite the very limited
monitoting and testing of underground water, And

because of the time-lags involbwcd—and given our
high levels of chemical use and wast¢ generadon in
recent decades—what's still ro come may bring even
MOCe SUpPrises,

Some of the greatest shocks may be felt in places
where chemical use and disposal has climbed in the
last few decades, and where the maost basic measures
to shicld groumdwater have not been taken. In India,
for cxamnple, the Central Pollution Control Board
{CPCB) surveyed 22 major industrial zones and
found that groundwater in every onc of them was
unfit for drinking. When asked about thege findings,
CPCB chairman DK Biswas remarked, “The resulr
iy frightening, and it is my belief thar we will ger
more shocks in the fiture ™

Jack Barbash, an environmencal chemisr at the
.5, Geological Survey, points out that we may oot
need to wait for expensive tests to alert us to whar to
gxpect in our groundwater. “If you want to know
what you’re likely to find in aquifers near Shanghai or
Calcutta, just look at what’s nsed above ground,™ he
says. “If you've been applying DDT to a field for 20
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years, for example, that’s one of the chemicals vou're
likely to find in the undetlving groundwater,” The
full consequences of today’s chemical-dependent and
waste-producing economics may not become appar-
ent for another gpeneration, but Barbash and other
scientists are beginning to get a sense of just how
serious those consequences are likely to be if present
conswnprion and disposal practices continge,

Changing Course

Farmers in California’s San Joaquin Valley began
tapping the arca’s scemingly boundless groundwater
store i the late-nineteench century, By 1912, the
aquifer was so depleted that the water table had fall-
en by as much as 400 feet in some places. Bt the
Farmers continued to tap the rescurce to keep up
with demand for their produce, Crver dme, the dehy-
draton of the aquifer caused i clay soil to shrink,
and the ground began to sink—or 28 geologists put
it, to “subside.” In some parts of the valley, the
ground has subsided 25 much as 29 feer—cracking
foundadons, canals, and aqueducts.

When the San Joagquin farmers could no longer
pump enchgh groundwater to mest their irrigagon
demands, they began to bring in water from the
northern part of the srate via the California Aqueduct.
The imported water sccped into the compacted
aquifir, which was nor able vo hold all of the incoming
fleww, The water table then rose to an abacrmally high
fevel, dissolving salts and minerals in soils that bad oot
been previcusly submerged. The salty groundwarer,
welling up from below, began to poson crop roots. In
response, the farmers installed drains under irngated
fields—desigred to capture the excess water and divert
it to rivers and reservoirs in the valley so that it would-
n't evaporate and leave its salts in the soil.

Bat the farmers didn’t reslize thar the rocks -.md
sofls of the region contained substantal amounis of
the mineral selenium, which is toxic at high doses.
Some of the selepinm leached into the drainage
water, which was routed to the region’s wetlands. Tt
wast’t nnitf] the mid-1980s that the aftermath of this
solution became apparent: ecologists nobesd thar
thousands of warctfowl in the ncarby Kesterson
Reserveoir were dying of selenium poisoning.

Hydrological systems are not easy t0 ontnancu-
ver, and the San Joaquin farmers’ experience serves as
a kind of cautdonary tale. Each of their stopgap solo-
tions temporarily took care of an immediate obstacle,
but led e a longer-term problem more severe than
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the original one. *Human understanding has lagged
one stzp behind the inflexible reaties poverning the

aquifer system,” observes UISGS hydrologist Frank
Chapelle. '

Around the waorld, human responses to aquifer
poliudon thus Far have esseneially reepacted the San
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Joaquin Valley farmers” well-meaning but inadequate
approach. In many places, various autherities and
indusirics have fought back the contamination ek
by leak, or chemical by chemscal—only to find thar
the individual fixes simply don’t add up. As we line
landfills vo reduce leakage, for iffstance, tons of pesd-
cide may be running off ncarby,farms and into
aquifers. As we mend holes in - underground  gas
tanks, acid from mincs may be seepihp into ground-
water, Clearly, it's essenoal to control the damage
weve already inflicted, and to péotect communities
and ecosystems from the poisoned fallout, But given
what we already know-—that damage dong to aeuifers
is mostly i L
groundwater polludon reveals irself, that chemic
react svocrgistically, and_often in unaniicipaied
ways—it's now clear that a patchwark response isn't
going 1o be effective. Given how much damage this

- polludon inflicts on public health, the environment,

and the economy once it gets into the water, it’s crit-
ical that emphasis be shifted from flrering out toxins

who heads rhe International Association of
Hydrogeolagists, puts ir this way: “Prevenrion js the
only credible su'atr:gg _

To do this requires looking not just at mdnrldual
factorics, gas stabons, cornfields, and dry cleaning
plants, but at the whole social, industrial, and agn-
cultural systems of which these businesses are a part.
The ecological untenability of these systems is what's
really poisoning the world’s wazer, It is the predomi-
nant systemn of high-input agriculture, for example,
that nor only shrinks biodiversity with its vast mono-
culoares, but also overwhelms the land—and the
underlying water—with jts massive applications of
agriculniral chermicals. Its the system of car-domi-
nated, geographically expanding ciries that not only
generates unsustainable amounts of climate-disrupt-
ing greenhouse gases and acid rain-causing akr poliu-
tants, but also overwhelms aquifers and soils with
petrochemicals, heavy metals, and sewage. An ade-
quate response will require a thorough overhaul of
each of these systems,

Begin with industrial agriculrure. Farm runoffis a
leading cause of groundwater pollution in many parts
of Europe, the United States, China, and India.
Lessening its impact calls for adepdng practices that
sharply reduce this runoff—or, better stll, that
require far smaller inpurs ro -begin with. In most
places, current practices are excessively wastctil. In
Colombia, for exammple, growers spray flowers with as
much as 6,000 Lters of pestcide per hectare. In
Brazil, orchards get almost 10,000 liters per heetare.
Experts at the U.N. Food and Agricultural Organi-
zation say that with modified application techniques,
these chemicals could be applied ar one-tenth those
amounts and sdll be sffective. But while using more

, that it can take years before

d

to oot using them in the first place. Andrew Skinner, €em—



Some Major Threats to Groundwatsr

Health and Ecosystem Effects

Threat Sources at High Concentrations Principol Regions Affacted
Pasicides  Runoff from farms, Organachlorines linked o United States, Edistern il
backyards, golf courses; repraductive and endocrine domaoga Europe, China, India.
landfill lacks. in wildlife; orgenaphosphates and
carbamates linked fo nervous
systam damaga and cancers. .
Mitrotes Feilizar runoff; manure Resirichs amaunt of oxygen reaching Midwestarn and mid-Atlantic
from livestock operations; brain, which can cause deoth in United Skates, North China
septic systems. infants {“blebaby syndrome’); Plain, Wastem Europe,
linked %o digestive fract cancers. + Northern india.
Causes algal blooms and eutro-
phication tn surface waters.
Peire- Underground patroleum Banzena and other petrachemicals United States, Uinited
chamicals  skorage kanks. can be cancercausing even af low Kingdom, ports of former
axposure. _ Soviet Union.
Chlorinated  Fffluents from metols and linked fo reproductive disorders and Wasiern United Siotes, -
Solvents plasfics degreasing; fubric _some cancers. industrigl zones in East Asia,
deaning, electronics and
aircralt manukacture.
Arsenic Maturally accurring; possibly Nervous system and liver dumage; Banglodesh, Eastern india,
. . axacarbated by over- skin comears. Mepal, Taiwan.
pumping acuifars and by
phosphorus from fertilizers.
Cither Heavy Mining waste and tailings;  Narvous syskm and kidney damage;  United Siates, Central .
Matgls  londfils: hazardous waste  metabolie disruption. America and northeastern
dumps. South Ametica, Eastern
Europe.
Fluoride - Naturally accurting. Danial problems; crippling spincl and - Northemn China, ¥astern
baone damage. Indics; parts of Sri Lanka
: i and Thelland.
i Saits Sacwater infrusion; de-icing  Freshwater unusabla for drinking Coastal Ching and india,
i sait for roads. or irdgetion. Gulf coasts of Mexico and
Florida, Australic,
Philippines.

Major sources: Ewopaan Emvironmental Agency, USGS, British Gaclogical Survey.
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efficient pesticide applicadons would constitute 2
major improvement, there is also the possibility of
reotiendng agriculture to use very lctle synthetic pes-
sicide at all. Recent studies suggest that farms can
maintain high yields while using little or no syntheric
inpur. One decade-long investigation by the Rodale
Tnstitute in Pennsylvania, for example, compared tra-
ditional manure and legume-based cropping systems
which used no synthetic fertlizer or pesticides; with
a conventional, high-intensity system. All three fields
were planted with maize and soybeans. The

rescarchers found that the traditional sysvems
retzined more soil organic matter and nitrogen—
indicators of soil ferality—and leached 60 percent
less pitzare than the conventional system. Although
organic fertilizer (like it synthetic counterpart} is
typically a potent source of nitrare, the rotadons of
diverse legumes and grasses helped fix and retain
nitrogen in the soil. Yields for the maize and soybean
crops differed by less than 1 pereent berwesn the
three cropping systems over the 10-year pericd.

[n industrial settings, building “closed-loop” pro-
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duction and consumption systems can help slash the
quantities of waste thar factories and cides send to
landfills, sewers, and dumps——chus protecring
aquifers from leaking poitutants. In places as far-rang-
ing as Tennessee, Fiji, Namibia, and Denmark, ensi-
ronmentally conscious investors have begun ta build
“indiuserial symbiosis™ parks in which the nnusable
wastes from otie firm become the input for ancther.
An industriat park in Kalundborg, Denmark diverts
more than 1.3 million vons of offfucnt from landfills
and septic systems €ach year, while preventng some
135,000 tans of carben and sulfur from leaking into
the atmosphere, Houscholds, too, can become a part
of this systemic change by rcusing and repainng
products. In a campaign organized by the Glabal
Action Plan for the Earth, an internadonal nongovers-
mental organization, thoughtful consumpton habits
have cnabled some 60,000 households in the United
States and Burope to reduce their waste by 42 per-
cent and thelr warer use by 25 percent.

As ir becomes clearer o0 decisionmakers thar the
most sericus threats to hurnan security arc no tonger
those of military atrack but of pervasive envitonrpen-

mare fines to careless hog farms and copper mines. To
save the warer in ime requires the sime fundamental
restructuring of the global economy as does the seabi-
lizing of the climare and biosphere as a whole—the
rapid transition from a resource-deplenng, oil- and
coal-fueled, high-inpur industgial and agricultural
economy to one thar is Based on renewable energy,

compact _dties, and a very lizhr Duman footprint

We've been slow to come to grips with this, but it may >>

be our thirst that finally makes us act.

“Heaven is Under Our Feet”
Throughout human history, people have feared

- that the skics wounld be the scurce of great destric-

ton., During the Cold War, industrial nations trared
nuclear attack from above, and spent vast amounts of
their wealth to avert it. Now some of that fear has
shifted to the threats of atmospheric climare change:
of increasing ultraviolet radiation through the ozone
hole, atwd the rising invensity of global warming-dri-
ven hurricanes and typhoons. Yer, all the while, as the
worldwide pollution of aquifers now reveals, we've

tal apd socal declipe, experts worty about the diffi-
culty of mmswering sufficient political will to bring
about the kinds of systemic—and therefore revolu-
tionary—changes in human life necessary to furn the
tde in time. In confronting the now heavily docu-
mented assaults of climate change and biodiversity
loss, leaders scem on one band paralyzed by how bleak
the big picture appears to be—and on the other hand
too casily drawn into denial or delay by the sceming
lack of immediate consequences of such defay. But
protecting aquifers may provide a more immediate
incentive for change, if only beeanse it simply may not
be possible to Hive with contaminated groundwater for
a5 long as we could make do with a gradually more
irritable climate or pollated air or impoverished
wildlife. Although we've damaged pordons of some
aquifers to the point of oo return, scientsts beliove
that a large part of the resonrce still remains pure—for
the moment. That's noe likely to remain the case if we
continue b depend on simply stepping up the present
reactive tactien of cleaning up more of the chemical
spills, replacing more of the leaking gasoline tanks,
placing more plasdc liners under landfills, or issning

beayn slowly
lies under terra firma may, in fact, be of as much con-
cern as what happens in the firmament above.

The ancient Greeks created an claborate mythal-
ogy about the Undersodd, or Hades, which they
described as a dismnal, lifeless place complerely lacking
the abundant ferglicy of the world above, Science and
human experience have caught us  differently.
Hydrologists now know that healthy aquifers are
essential to the life above ground—that they play a
vital role pot just in providing watepto drink, bug in

replenishing dyers and wetlands and, through their
ultimate eﬁ:cﬁwﬂw
the life of the land and air as well. But ironically, our
neglectul actions now threaten to make the Gresk
myth 2 realiry after all. To avert that threar now will
require taking o heart what the hydrologists have
found. As Henry David Thoreau observed a centuty-
and-a-half age, “Heaven is under our feet, as well as
over our heads. ™

Payal Sampat is a staff researcher ar the Worldwatch
Institutea,
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