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“We do not inherit the Earth from our ancestors, 
  we borrow it from our children.” 
                     Haida Indian saying
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Perhaps the most pressing international 

scientific challenge of our age is the 

study of Earth’s environment.

It is a scientific endeavor that poses 

immense and urgent questions: 

Are we heading toward a hotter world? 

Are we at risk of running out of water, the 

fluid on which all life on Earth depends? 

How can we keep our industries clean 

and our energy resources renewable?

Environmental issues of vital global 

concern are addressed by researchers in 

several departments of the Weizmann 

Institute of Science.
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Climate
From designing environmental policies and preventing ecological 
disasters to planning umbrella sales and construction projects, a full 
spectrum of human activities depends on our ability to understand and 
predict climate change. Several research projects in the Environmental 
Sciences and Energy Research Department at the Weizmann Institute are 
aimed at understanding our planet’s climate and making better predic-
tions about its potential fluctuations.
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Ancient Heat Wave

It’s now official: the heating up of the Earth 

known as global warming has begun. The 1990s 

were the hottest decade on record, and accord-

ing to an authoritative report issued by a United 

Nations-sponsored panel in January 2001, world-

wide temperatures continue to climb. In the 

panel’s worst-case scenario, by the year 2100 

these temperatures may rise by almost 6°C. Are 

humans responsible for global warming? Science 

has yet to provide a definitive answer, but one 

thing is certain: if the warming trend continues, 

the ecological and economic consequences are 

likely to be catastrophic. Increasingly frequent 

natural disasters, agricultural damage due to 

rising sea levels, and consequent stress on health 

care and water management could cost the world 

more than $300 billion. Therefore, understand-

ing global warming and reining in its causes are 

matters of utmost urgency.

Prof. Aldo Shemesh seeks to shed light on current 
environmental debates by studying the climate that 
prevailed in various regions of the world in the ancient 
past. By examining ocean deposits, Shemesh is able 
to determine the climate fluctuations that occurred 
long before modern industry began releasing large 
quantities of greenhouse gases into the atmosphere.
Shemesh derives his evidence from microscopic 
marine algae called diatoms, which make up marine 
sediments around the world. Diatoms have hints 
from past millennia hidden in their skeletons: to form 

Prof. Aldo Shemesh

SCIENTISTS ARE SEEKING TO DISTINGUISH 

BETWEEN NATURAL AND MAN-MADE 

CAUSES OF GLOBAL WARMING
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their shells thousands of years ago, they absorbed 
carbon, nitrogen, and oxygen atoms from the envi-
ronment. Depending on the climate, different varie-
ties of these atoms, called isotopes, were fi xed into 
the creatures’ shells. Now, by analyzing the isotopic 
composition of the remains, Shemesh’s group can 
peel back the layers of time and obtain glimpses into 
various aspects of the ancient environment – such 
as seawater temperature, the presence of ice, and the 
level of carbon dioxide (CO2) in the atmosphere. For 
example, since the isotope 18O tends to be enriched 
when the temperature is low, an alga shell with rela-
tively high 18O levels suggests a colder climate.

Using isotopic records of sediments from a high-alti-
tude volcanic lake on Mt. Kenya, Shemesh reached 
the conclusion that a sudden warming of climate 
lasting several centuries took place in equatorial 
Africa some 2,000 years ago. The study revealed that 
the climate can warm up rapidly without any connec-
tion to human activity. Records obtained from lake 
sediments in the Swedish Lapland and on the Island 
of South Georgia also revealed climate variability 
caused by natural processes independent of human 
activity. Such research may enable scientists to 
distinguish between natural climate variability and 
global warming that results from man-made factors.

Another study has focused on the climate change that 
occurred during the coldest period of the last glacial 
age, some 20,000 years ago. By examining different 
ratios of certain carbon and nitrogen isotopes in 
diatoms in the Southern Ocean (the region surround-
ing Antarctica, including sectors of the Atlantic, 
Pacifi c, and Indian oceans), Shemesh was able to 
determine the level of CO2 in the ocean water during 
the last ice age. He found that Antarctic surface water 
was a major source of CO2 in the atmosphere. Since 
the Southern Ocean plays a major role in regulating 
the world’s CO2 levels, these fi ndings could help us 
understand the gas’s current status in the atmosphere. 
Shemesh is now developing new isotopic tools and 
studying marine records from different parts of the 
world in different time periods. •

Vanishing Villain

Atmospheric levels of carbon dioxide (CO2) stand 

today at an all-time high: whereas in the past 

500,000 years they used to fluctuate between 180 

and 280 parts per million, they have now hit 

380 parts per million. This build-up is believed 

to be largely responsible for global warming: it 

exacerbates the greenhouse effect, which in turn 

heats up the Earth. However, in trying to deter-

mine how exactly CO2 fits into the global warming 

puzzle, scientists run into a quandary: only half 

of the 7 billion tons of carbon spewed as CO2 into 

the air each year accumulates in the atmosphere. 

The oceans appear to be responsible for dissolving 

about 1.5 billion tons, but what about the rest? 

Apparently, the remaining carbon is taken up by 

plants, but scientists do not yet fully understand 

the details of this uptake.
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Prof. Dan Yakir 

between Finland and Israel. The Israeli one, headed 
by Yakir, is considered the most special: its location 
in a transition zone between an arid and a semiarid 
climate ensures great sensitivity to perturbations in 
the environment. The 20-meter tower is located in 
the Yatir Forest, a plateau at the edge of the Negev 
desert planted with pine trees some 35 years ago. 
Research at the station has already yielded important 
fi ndings. For example, it has revealed that high CO2 
content in the air seems to improve the effi ciency 
with which forests growing on arid land use water: to 
absorb the same quantities of carbon, tree leaves lose 
less water than they would in a low-CO2 environ-
ment. This revelation may make it possible to expand 
forests further into semiarid regions – an important 
prospect considering that forestation is a key carbon-
reduction strategy under the Kyoto Protocol of the 
United Nations and one of the few means available 
for slowing down the potential climate change driven 
by the increase in such greenhouse gases as CO2. •

Along with researchers working on the problem 
around the world, environmental biologist Prof. Dan 
Yakir is determined to solve the CO2 enigma. Under-
standing CO2-related processes is essential for pre-
dicting climate change and for designing such envi-
ronmental strategies as those aimed at controlling the 
levels of CO2 and other so-called “greenhouse” gases 
in the atmosphere. Without knowing, for example, 
where a large portion of global CO2 disappears to, it 
is impossible to tell exactly how this vanishing act 
affects the environment or whether it will continue 
indefi nitely.

WHERE DO 2 BILLION TONS OF CO2 

DISAPPEAR EVERY YEAR? AND HOW DOES 

THIS AFFECT THE ENVIRONMENT?

Prof. Yakir has designed a method for calculating 
the amount of CO2 consumed by the world’s vegeta-
tion. The method is based on the analysis of differ-
ent isotopes, versions of the same atom, in the atmos-
phere. Yakir found that plants prefer to absorb CO2 
that contains the light version of oxygen atoms, 16O, 
while the heavier version, the isotope 18O, tends to 
be left behind in the atmosphere. The ratio of the 
two oxygen isotopes in atmospheric CO2 can there-
fore be used to calculate the extent of CO2 consump-
tion by plants and to follow its dynamics. However, 
various types of plants differ in the rate at which they 
consume CO2. In recent studies, Yakir and his col-
leagues extended the isotope method to identify the 
contribution of different plant categories to CO2 con-
sumption. This approach is a valuable addition to 
the limited arsenal of tools available for the quantita-
tive study of the biosphere’s response to changes in 
atmospheric CO2 levels.

In addition to heading CO2 studies at the Institute, 
Yakir coordinates the participation of several Israeli 
academic institutions in international networks aimed 
at understanding ecological processes involving 
carbon. In one such network, sponsored by the Euro-
pean Union, 30 research towers have been set up 
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Rainwater “Archives”

Records of the Earth’s past and present climate 

are kept in an unlikely archive: rainwater. Every 

drop contains a wealth of information about the 

origins of rain and the climatic conditions under 

which it was formed. The information is “stored” 

in the isotopic composition of the rainwater: 

depending on the relative amounts of oxygen and 

hydrogen isotopes it contains, scientists can tell 

whether a particular drop comes from a lake or an 

ocean, whether it has traveled over deserts or lush 

forests, and how warm the air was when the drop 

originally condensed. This type of knowledge is 

crucial for understanding the water cycle and the 

global climate in general. On a worldwide scale, 

such knowledge is collected within the framework 

of a program called the Global Network for Iso-

topes in Precipitation, or GNIP.

Israeli researchers taking part in GNIP study the 
water cycle in the eastern Mediterranean area. Rain-
fall in this region is rather anomalous: Israel and 
its neighbors lie in a desert belt where hardly any 
rain would be expected at all, yet every winter they 
are blessed with signifi cant amounts of precipitation, 
which replenish their groundwater reserves. Where 
does the rain come from, and why does it fall only in 
winter? It turns out that the region’s winter showers 
result from a geophysical upheaval: the Mediterra-
nean Sea stays warm throughout the winter, and its 
evaporating water meets the dry, cold air arriving 
from Europe; the warm vapors, striving to rise above 

the cold air, create turbulence and cyclones that even-
tually lead to rainfall.

Isotopic studies of this and other local aspects of the 
water cycle were launched at the Weizmann Institute 
in the 1960s. Several Israeli academic institutions, 
including Weizmann, conduct isotopic studies as part 
of GNIP, and these national research efforts have 
been coordinated by the Institute’s Prof. Emeritus 
Joel Gat. The Mediterranean Sea, a large body of 
water encircled by land, is a perfect laboratory for 
studying air-sea interactions. A better understanding 
of the water cycle sheds light on both past and 
present climate, helps verify global climate models, 
and facilitates predictions in such vital areas as the 
relationship between climate change and rainfall. •

WHERE DOES ISRAEL’S RAIN COME FROM 

AND WHY IS IT LIMITED TO THE WINTER?

Prof. Joel Gat
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World Oceans and Global Climate

One of the most dramatic climate phenomena 

affecting our planet is the appearance of a gigan-

tic mass of warm water in the Pacific Ocean every 

few years. South American fishermen have named 

it “El Niño,” meaning “the child” in Spanish, 

since the event tends to occur around Christmas 

time. El Niño precipitates a variety of environmen-

tal disasters: it causes floods in South America, 

brings droughts to Australia, ignites forest fires 

in Indonesia, and decimates the Peruvian fishing 

industry. By predicting the irregular El Niño events, 

scientists may be able to help the world prepare for 

them and reduce their global damage.

Prof. Eli Tziperman studies the effects of oceans on 
the Earth’s climate. Using models and observations, 
he seeks to understand the behavior of oceans and 
such climate phenomena as El Niño. 

El Niño is caused by oscillating deep ocean waves 
that travel back and forth along the equator in the 
Pacifi c. The waves alternately warm and cool the 
water at the surface of the ocean, which in turn 
affects the winds that caused the waves in the fi rst 
place. These equatorial perturbations trigger changes 
in atmospheric temperature, pressure, and rain pat-
terns around the world. Graduate student Eli Galanti 
and Prof. Tziperman are developing a sophisticated 
method that makes it possible to incorporate data 
gathered by research ships, satellites, and moored 
instruments into ocean models, in order to improve 
El Niño prediction. The Weizmann scientists have 
already used this method to understand how the 
mixing of deep ocean water with surface water 
affects El Niño’s dynamics.

Another study has focused on understanding the 
cyclical appearance of ice ages. Graduate student 
Hezi Gildor and Tziperman have proposed a new 
explanation as to why ice ages have occurred roughly 
every 100,000 years in the past million years, and 
why glaciers tended to cover the Earth slowly with 
the advent of each ice age, only to recede rapidly 
afterward. Their hypothesis is that sea ice, which can 
spread over the oceans in a matter of decades, may 
act as a “switch” that shifts the world’s climate into 
and out of an ice age. A better understanding of the 
cyclical mechanism that governs the occurrence of 
ice ages could improve the ability of scientists to 
predict climate changes. •

WEIZMANN INSTITUTE SCIENTISTS PROPOSE 

A NEW EXPLANATION FOR THE CYCLIC 

APPEARANCE OF ICE AGES

Prof. Eli Tziperman holds 

the Barry Rymer 

Professorial Chair for 

Environmental Research
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Dust Is in the Air

Desert dust, ash spewed by volcanoes, smoke 

from burning forests, and soot from power plants 

are all potential sources of aerosols – minute par-

ticles suspended in the atmosphere. When suffi-

ciently large, these particles may redden sunsets 

or fill the air with haze. But beyond their visual 

manifestations, aerosols can have a profound 

effect on the environment. They can affect the 

ozone layer, harm people’s health by lodging in 

their lungs, or alter the Earth’s climate; by scat-

tering sunlight back into space they can reduce 

the amount of energy the planet absorbs, and by 

changing the properties of clouds they can modify 

rain patterns. Yet despite their importance, the 

exact role of aerosols in a variety of environmen-

tal processes is not fully understood.

Weizmann Institute physical chemist Prof. Yinon 
Rudich studies the relationship between the chemi-
cal composition of aerosols and the effect of these 
suspended particles on atmospheric systems. He and 
his team focus on organic aerosols and their inter-
actions with atmospheric molecules ranging from 
water to ozone. Recent results, for example, revealed 
that water molecules can accumulate in cracks on the 
surface of organic aerosols. Other results explained 
how interaction with ozone changes the surface prop-
erties of aerosols. This research helps other atmos-
pheric scientists to understand how aerosols behave 
and to clarify their impact on the environment.
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Much of Rudich’s research focuses on one of the 
greatest uncertainties in climate research: the impact 
of aerosols on the properties of clouds. Working with 
colleagues from other Israeli academic institutions, 
Rudich found that clouds formed in an area affected 
by dust did not produce rain, while clouds formed 
at the same time and in the same region but outside 
the area infl uenced by dust did produce rain. The 
researchers concluded that dust particles coated by a 
soluble material serve as cloud-condensation nuclei 
around which water drops form. The presence of 
many cloud-condensation nuclei leads to the forma-
tion of clouds with large numbers of small drops of 
water, and in such clouds, the growth of drops by 
coalescence – which is essential for the production of 
rain – is blocked. Simply put, dust storms inhibit 
rain formation. These fi ndings suggest that in arid 
regions such as central Africa, desert expansion may 
follow a vicious circle: poor land management – for 
example, exposure and disruption of topsoil for cattle 
grazing and agricultural cultivation – can increase 
the amount of dust blown into the air; more dust, in 
turn, reduces rainfall, exacerbating the drought con-
ditions and contributing to desertifi cation. •

DUST STORMS INHIBIT RAIN FORMATION

Early Achievements 

n Prof. Emeritus Joel Gat participated in 
a United Nations project to investigate the 
large-scale deforestation in the Amazon basin, 
which is likely to adversely affect the climate 
both locally and on a global scale. By gather-
ing data on the stable hydrogen and oxygen 
isotopes in rain and river water and in atmos-
pheric moisture, Gat quantifi ed water balance 
estimates. On the basis of these data, research-
ers constructed theoretical models of water 
movement in the basin and evaluated the long-
term effects of deforestation on the climate 
and hydrology of the region.

n Ancient wood analysis performed by Prof. 
Dan Yakir may have yielded an explanation 
of the mysterious reference to agriculture in 
Masada in a fi rst-century CE historic treatise. 
Masada, the last Jewish fortress to hold out 
against the Romans after Jerusalem was con-
quered in 70 CE, is situated near the Dead Sea, 
on the eastern margin of the Judean Desert, 
whose extremely arid climate cannot today 
support agriculture. An isotopic study of the 
tamarisk wood the Romans used to build
a ramp to the fortress revealed that the climate 
in the region was cooler and more humid 
2,000 years ago. This historic weather report 
could explain how the besieged Jews were 
able to farm in a region that is now a desert.

Prof. Yinon Rudich
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Water
Looking at the blue expanses wrapping the globe, one can hardly imagine 
that a planet covered mostly by water could experience water shortages. 
Yet 97 percent of Earth’s water is too salty for drinking or irrigation, and 
much of the rest is locked up deep underground or in ice caps. Meanwhile, 
a burgeoning world population leads to increasing water consumption. 
By 2025 at least 40 percent of Earth’s population may face serious health 
and economic problems if it relies solely on natural freshwater resources. 
In a survey conducted by the International Council for Science in more 
than 50 countries, environmental experts ranked freshwater scarcity as a 
21st-century issue second only to global warming. Water experts believe 
that to meet the soaring demand, humankind must find smarter ways 
of using its water supply. Weizmann Institute researchers are developing 
scientific approaches to efficient and sophisticated water management.
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Prof. Harvey ScherProf. Brian Berkowitz

holds the Sam 

Zuckerberg Professorial 

Chair in Hydrology

Detection Goes Underground

Chemicals seeping in from toxic waste dumps, fac-

tories, gas stations, and other sources threaten 

underground water reservoirs. For example, one 

barrel of oil leaking slowly through the ground 

can pollute thousands of times its volume in 

freshwater. Considering that most of the world’s 

accessible freshwater is stored in underground 

aquifers, it is vitally important to safeguard 

these hidden reservoirs. Scientists usually rely on 

mathematical models to predict the movement 

of pollutants through layers of rock and soil. 

However, existing models are generally unreli-

able, largely because geological formations are 

extremely varied and complex.

Two professors in the Weizmann Institute’s Envi-
ronmental Sciences and Energy Research Depart-
ment – Brian Berkowitz, a hydrologist, and Harvey 
Scher, a physicist – are developing new mathemat-
ical models for predicting the movement of fl uids 
and pollutants underground. On the basis of a theory 
previously used to model the passage of electrons 
through a disordered semiconductor, the scientists 
are seeking to discover how particles move through 
rock layers of different fl ow resistance. This research 
could help predict the consequences of leaks from 
nuclear waste canisters, evaluate the potential spread 
of contaminants from a new factory, or help engi-
neers devise strategies for pollution containment.

Plotting the movement of pollutants through cracks 
or heterogeneous sediments is a tremendously uncer-

tain business, data on the arrangement of the ground 
beneath the surface being generally limited and 
sketchy. Computer simulations help fi ll in the blanks, 
as does interdisciplinary collaboration among scien-
tists. Using nuclear magnetic resonance imaging of 
fl uid fl ow through rock fractures, and incorporating 
lab and fi eld test data into their models, Berkowitz 
and Scher were able to predict not only how fl uids 
move through cracks in the rock, but also how the 
cracks are dissolved and eroded as the fl uid fl ows 
downward. The scientists have discovered that fl uids 
fl ow especially quickly through such maze-like fi s-
sures and have developed models that refl ect the risk 
of potentially catastrophic contamination.

In a separate project, Prof. Scher is studying the 
interface region known as the capillary fringe – a 
unique layer sandwiched between the rock formation 
that holds gases and water, and the stratum under-
neath that is saturated with water. He is developing 
models, based on theories describing the movement of 
a mixture of fl uids through porous media, to describe 
the structure of the fringe and predict the transport 
of particles through this layer. An understanding of 
the capillary fringe will provide a better picture of 
how fl uids move through the ground and how pollut-
ants make their way into groundwater. Moreover, this 
research could clarify how bacteria residing under-
ground may help degrade pollutants. •



15

Seaside Modeling

Managing coastal aquifers is a crucial issue for 

seaside communities the world over. Near coast-

lines, seawater tends to seep into drinking water 

sources. Deep wells intended to pump freshwater 

from underground may gradually suck in salt water 

from the sea, endangering entire aquifers. And 

the problem is not limited to the coastline. Pockets 

of saltwater locked underground, away from the 

sea, may similarly endanger inland aquifers.

Prof. Brian Berkowitz is developing new quantitative 
models that specifi cally describe fl uid fl ow and the 
movement of chemicals in rock formations near aqui-
fers. This research may lead to improved manage-
ment of freshwater resources along the coast or near 
underground sources of salinity. Such management 
is a particularly acute problem in Israel, a country 
prone to severe water shortages that derives about 
two-thirds of its water supply from groundwater – 
mainly the Coastal Aquifer, which extends some 130 
kilometers along the Mediterranean, and the Yarkon-
Taninim Aquifer, which runs parallel to the coastal 
one, under the Judean mountains. A sequence of 
drought years, as well as chronic overpumping, have 
already severely endangered the water quality in these 
underground reservoirs, and preventing their further 
deterioration is a matter of top national priority. •

QUANTITATIVE MODELS DESCRIBE THE 

MOVEMENT OF CHEMICALS IN ROCK 

FORMATIONS NEAR AQUIFERS

Early Achievements

n Plants growing by the Dead Sea do not 
extract water from their immediate surround-
ings, which are excessively saline. Instead, 
they extract only winter fl ood water from the 
Judean hills, which occasionally reaches the 
area. This fi nding, by Prof. Dan Yakir, suggests 
that the plants are able to distinguish between 
salty water and non-salty fl ood water.

n An ultrasensitive detector, developed in a 
collaborative study by three Weizmann Insti-
tute teams that began as a basic research 
project, has a wide variety of potential applica-
tions, ranging from sensing minute amounts of 
biomolecules to detecting pollutants in water 
or air. Profs. David Cahen, Ron Naaman, 
and Avi Shanzer of the Materials and Inter-
faces, Chemical Physics, and Organic Chem-
istry departments, respectively, led groups of 
researchers who succeeded in tracing the path 
of electrons moving from custom-made mol-
ecules to a semiconductor surface. This was 
accomplished by grafting a single layer of mol-
ecules onto a semiconductor, thereby creating 
an ultrasensitive detector for electron trans-
fer. Cahen’s and Naaman’s groups are explor-
ing new directions of research made possible 
by the innovative device, called MOCSER 
(MOlecular Controlled SEmiconductor Resis-
tor), including its use as a sensor for chemicals 
in the brain, a detector for DNA mutations, 
and possibly as a DNA chip.
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SCIENTISTS ARE DESIGNING NEW METHODS 

FOR REMOVING METALS FROM WATER

In a different approach, Prof. Shanzer is developing 
a method for removing metals from water. His team 
has demonstrated the possibility of synthesizing tai-
lor-made organic molecules that bind to particular 
metal ions and has already successfully synthesized 
selective binders for copper, cobalt, nickel, lead, 
mercury, and cadmium. Currently available ion-
exchange purifi cation columns have a low capacity 
because they become plugged up by non-relevant 
metal ions; but columns based on Shanzer’s method 
– due to the high selectivity of his binders – are 
expected to have a high capacity. As a result, they 
should effectively remove even trace amounts of 
metal ions. The columns could be used, for example, 
to purify wells and aquifers that contain traces of 
poisonous ions.

A project launched by the late Prof. Abraham 
Warshawsky of the Organic Chemistry Department 

Averting the Metal Menace

Arsenic poisoning of drinking water has become 

a problem in many parts of the world, at times 

turning into a massive public health crisis, as 

occurred in Bangladesh in the 1990s. Chromium 

contamination has threatened water supplies in 

the United States; one famous case was featured 

in Erin Brockovich, a film in which the title char-

acter uncovers the poisoning of an entire town by 

a power company. These are examples of metal 

ion pollution, which has ravaged numerous com-

munities around the world. Metal ions are among 

the deadliest water pollutants, harmful even in 

low quantities and tough to detect. Scientists 

are developing methods to detect the ions and 

remove them from water.

Laws against water pollution are only as good as 
the sensors that monitor compliance. New types of 
sensors for the real-time measurement of toxic metal 
levels in rivers and other fast-moving bodies of 
water are being investigated by Prof. Avi Shanzer of 
the Organic Chemistry Department and Prof. Israel 
Rubinstein of the Materials and Interfaces Depart-
ment. The scientists have designed a gold electrode 
coated with a single layer of tightly packed metal-
ion-binding molecules. When specifi c metal ions 
come into contact with the electrode, they bind to it, 
triggering an electrical response. Successfully tested 
in the laboratory with iron and copper, this metal 
sensor could in principle be developed into a device 
for detecting other toxic metals in water.

Prof. Israel Rubinstein

Prof. Avi Shanzer holds the 

Siegfried and Irma Ullmann 

Professorial Chair 
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The late Prof. Abraham 

Warshawsky held the 

Rebecca and Israel Sieff 

Professorial Chair of 

Organic Chemistry 

Early Achievements

n Deep inside the earth, there are underground 
pockets of groundwater similar to oil traps. 
The water in these geological traps, resem-
bling a sealed bubble, has been stored under-
ground for millions of years, safe from pol-
lution. Prof. Emanuel Mazor, after studying 
underground water pockets in Australia and 
Israel, has reached the conclusion that they 
could serve as emergency reservoirs in a pol-
lution event such as a nuclear catastrophe.

n Scarcity of water in the Middle East and 
vulnerability of groundwater, Israel’s major 
water resource, to pollution have placed the 
country at risk of severe water shortages in the 
near future. Prof. Emanuel Mazor has drawn 
up a number of strategies for environmentally 
savvy water management. He has outlined a 
comprehensive approach: clean management 
of all enterprises, a nationwide campaign of 
water saving, special legislation, and the estab-
lishment of a research institute for water and 
environmental conservation.
 

n Industrial plants, municipal waterworks, 
and private homes throughout the world use 
water-softening equipment to remove calcium 
from water (calcium minerals build up on pipe 
walls and restrict fl ow). However, the softening 
sometimes damages water quality or produces 
waste products, including tons of sodium-rich 
wastewater that pollutes underground aquifers. 
A new, environmentally friendly water softening 
method has been developed by Prof. Emeritus 
Ora Kedem. In her “cake fi ltration” approach, 
commercialized by an Israeli company, calcium 
minerals are fi ltered out without pollutants 
being released into the environment.

could help both detect and fi ght metal ion pollution. 
In Warshawsky’s method, water fl ows through a tube 
fi lled with synthetic beads that contain numerous 
holes. Inside the holes, two kinds of synthetic mol-
ecules, called ligands, are engaged in detection: one 
ligand is a collector molecule, designed to bind with 
a polluting metal; the other is a reporter molecule, 
which emits intense fl uorescent light when bound to 
the metal. By manufacturing ligands that grab onto 
different ions, the scientists can make the system sen-
sitive to a variety of pollutants. This work was con-
ducted in Warshawsky’s lab by postdoctoral fellow 
Dr. Ying Wang, in collaboration with Dr. Gilad Haran 
of the Chemical Physics Department. The amount of 
light emitted by different pollutants is picked up by 
a photosensor, which indicates the chemicals in the 
water that have reached harmful levels. Metal-bind-
ing ligands may also be used to clean up pollution: 
if they hold on tightly to the polluting ions, they can 
be used to purify water in underground aquifers. This 
latter idea is being explored by Prof. Brian Berkow-
itz, who developed it originally with the late Prof. 
Warshawsky. •


