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larmenic spectrum, and s has been exper-
imentally werified (£2) using the long pulse
duration (300 {3) of the Vulcan laser at the
3Z0Mh harmonic order.

In & related scheme based on a pulse
of a few cycles (F3), the relativistic mirror
ceases to be planar and deforms because of
the indentation created by the focused laser
beam. As it moves, simulation shows that it
simultancously compresscs the pulses but
also seatters them in specific directions. This
technique may lead 1o an elegant method
for both compressing and isolating individ-
ual attosecond pulses, For intensities on the

order of 107 W em™, the cormpressed pulse.

could be on the order of only a few attosec-
onds. Such short, intense pulses eould pro-

vide a way to produce boams of x-rays or

even yerays by scattering the pulses off of
bunches of [ree electrons. A similar con-
cept called the “relativistic flying mirror”
has been advocated and demonstrated (14),
using & thin sheet of accelerated clectrons.
Refiection from this relativistic mirror leads
1o a high efficicncy and pulse comprezsion.
When one wishes 10 g0 to the y-ray
regime, the mirror that compresses the laser
inta oy rays must be of extremely high density
{=10°7 em ) s0 that the laser may be coher-
ently reliected into v photons, One possibil-
ity is to use a combination of the relativistic
flying mirror with the implosion of this fiy-
ing mirror so that its density may he enhanced

by a factor of 100in each dimension (thus by
a factor of OO0 in ns density). This may be
achicved by a laree energy pulse (~1 M) at
the ultrarelatvistic imtensity of 10 W em?
ana partial shell of a concave spherical targel.
This imploding ultrarelativistic flying mirror
{75) would be capable of coherently back-
scattering an injected 10-keV coherent x-ray
pulse into a coherent y-ray pulse with a dura-
tion of 100 ys (1072 5), 4

We know that matter exhibits nonlingari-
ties when irradiated with 2 strong enough
laser; the manifested nonlinearities vary
depending on the strength of the “hending”
field (=nd thus the intensity), The stronger we

“hend the constituent matter, the more Tigid

the bending force we need 1o exert; the more
rigid the foree 13, the higher the restoring fre-
quency (or Lhe shorter the time scale) is. The
nonlinearities of matter may vary, but this
response is wiiversal, ranging over molecu-
lar, atomic, plasma electronic, ienic, and even
vacuum nonlinearities.

The observed correlation belween laser
pulse intensity and duration over 18 orders
of magnitude provides an invaluable guide
for the developrment of future laser systems
for ultra-intense and short-pulse experi-
menis, Most notably, the correlation shows
that the shortest coherent pulse in the zep-
tosccond-yoctosecond regime should be
produced by the largest lasers such as ELL
the Mational Ignition Facility, and the Laser

Mégajoule facility under construction in
France, if they are reconfigurcd (/6] a3 fem-
tosecond pulse systems.
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The Chlorine Dilemma

David L. Sedlak’ and Urs von Gynten®

hlorine disinfection has been instru-

mental in the provision of safe drink-

ing water, but the use of chloring has
2 dark side: In addition to inactivaling water-
borne pathogens, chlorine reacts with namral
organic matter to produce a variety of wic
disinfection by-products (DBPs). Regulatory
suidelines were stablished m the United
States for DEPs, such as chloroform, shortly
after they were discovered in chlorinated
drinking water in the mid-1970s, and the dis-
covery of a potential link between DBPs and
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increased rates of miscarriages and bladder
cancer led to mare stringent regulations and
substantial changes in the operation of water
treatment systems during the past decade (/).
These concerns and the risks associated with
storing chlorine gas have recently led many
drinking-waler and wastewaler treatment
plants to discontinue the vse of chlorine dis-
infection (sec the figure). A serics of recent
studies suggest that some of these changes
have had unintended consequences that pose
risks to public health and the environmens.
Chlorine DBPs can be controlled in
drinking-water systems by more cffeetive
removal of natural organic matter— the
main precursors of DEPs—ihrough phys-
ical-chemical treatment provesses such as
enhanced coagulation and activated carbon
Filtration. Although these approaches are
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Chlarination of drinking water and
municipal wastewater can creale toxic
chemical by-products, but alternatives pose
their awn set of hazards.

effective and pose ne known health risks,
they are generally the most cxpensive way
of minimizing DBP formation. As a result,
many atilitics worldwide have opled for
the less expensive approach of using chlo-
ramine, This less reactive form of chlering
is produced by adding excess ammonia 10
water belore addition of ehlorine.

One unexpected consequence of {his
substitution has been the production of
a different set of toxic DBPs. Most nola-
bly, carcinogenic nitrosamines such as
N-nitrasodimethylamine (NDMA) arc pro-
duced when chlormines react with n'nm_gcn-
conlaming Graanic compounds (2. For-
mation of MDAMA was first recognized at
aelvanced water reclamation plants where
chlormmine was being used to disinfeet sow-
ape elfluent before its passage through mem-
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Miore than just water after water traatmeant, A schematic of water purification processes for drinking water snd municipal
wastewale:. Water resources may contain nol only microorganisms but also naterzl and synthetic compounds; the latter include
endacrine-disrupling compaunds (EDCs) that may or may not have been remaved during wasiewater treatment_ After remaoyal
of natural organic matter, some disinfection processes can ledd to unwanted reactions of dissplved compounds. Chlorination
can create chlorine disinfection by-products (DBPs), 3nd ozonation can introduce bromate or aldehydes, Further reaction in
the drinking-water distribution system can increase concentrations of DBFs alter chlonination, and chloramine use can cayse

Mo disinfectant

Drinking water distribution

Mo DBPs, microbial contamination

PERSFECTIVES i

compounds unchanged, This
switch has resulted in the loss
of the beneficial side effect of
chlorine's reactivity with elec-
tren-rich organic compounds.
Recognition of these unex-
pected consequences of the

Chlarine—chlorine DEP:

shift awsey from chlorine disin-

Chleramine—DMA, lead release

fection raises new challenges
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Transformation of chemicals

increzsed release of lead Trom plumbing and can Lead to formation of nitrosaminee.

branes. Subsequently, NDMA and other
nitrosamines have been detected in drinking-
water irgalment systems where chloramine
reacts with the synthetic polymers used for |
waler suflening and fiocculation (3).
Inadldition to forming carcinogenic nitros-

amines, the switch from chlorne to chlora- |

mine has alse been implicated inelevated lev-

els oflead recently observed in drinking water !
and human blood in Washington, DC, and

other cities (41 In these drinking-water dis-
tribution systems, the leaching of lead from
pipes had been mhibited for many decades
by the presence of chlorine, which had cre-
ated a coatmg of sparingly soluble lead oxide
(PBOL), & PRIV} compound, on the surface
of the pipes. After chiorine was replaced by
chloramine, which is nol as strong an oxi-
dant, the coatings were reduced to Ph(ll)-
contaiming minerals, which are more soluble,
thereby releasing higher concentrations of
lead into the drimking water (5).

Sewveral recently published studies have
alse uncovered unexpected findings related
o the reactions of chlorine with synthetic
chemicals now commonty found i surface
waler and groundwater, such as pharmaceu-
Licatls, persong 5. and polar pes-
ticrdes. Many of these compounds conlain
clectron-rich pi]cnnlic andd amine moieties

thatt are transtormed during chlorine disinleg-
ton through clectroplilic substiwation {(8). For
example, chlormation of the phenalic com

pounel triclosan, an antimicrobial widely used
i seaps, leads o chlorinaton ol the aromatic

WW.H.'_'iE_!I’I(,'EI'.':F_V:T; f,'J|(?

ring. The ring then undergoes cleavage reac-
tions and releases chloroform and related tri-

ha]nmetlnnts (7). In surface waters down-

with respect to the operation of
drinking-water and wastewa-
ter treatment plants, For drink-
ing-water treatment plants
with aging distribution sys-
tems, chlorine plays an impor-
tant role in controlling micro-
bial growth and preventing
the release of lead. Research
15 needed into more effective
methods of removing DRP
precursors and applying dis-
infectants other than chlorine
(such as UV light and ozonc)
at the drinking-water treat-
ment plant. Such advances
could lower the concentralions
of DBEPs encugh to make it possible 10 con-
tinue to add some chloring as a residual dis

infectant. For treatment plants with newer or

“stream of sewage treatment plants, whu,rc'f' better-maintamed drnking-water distribution

wastewaler is disinfected wnh chlorine, the

sphotochemical tansfarin:
1ri-, andd tetrachlonimated ¢
late in downsfieam sadis

mn th Jmm dl-
lh [:lECLIIﬂ

The produciion of putunmllv toxic com-

pounds by chlorine disinfection can be prob-
lematic, but transformation reactions accur-
ring during chlorination also can be benefi-
cial. For example, endocrine-disrupting com-
pounds (EDCs) in wastewater effivent that
citers natural wateraways have been noplicated
in the feminization of fish, The EDCs maost
often responsible for fish feminization

| TR-cstradiol, 17o-ethinylestradiol, estrone,
and nonylphenol {¥)—are ransformed dur-
ing chlorine disinfection through reactions
with phenolic moisties (/). The estrozen
receptor has high specificity, so the producis
of these reactions zre much less estrogenic
than the paremt compounds (71, {2). Oiher
compounds in wastewater effluent that pose
putential risks to aquatic ecosystems, includ-
ing antibiotics and fi-blockers, also are rans-
lormed 1o less reactive products during chio-
rine disinfection (6), Because of concerns
associted with chlorine D13Ps and potenil
hazards associaed with handlinge of chls

rine s, e wastewater wilities are now
switching 1o ulirviolet (L) disinfection

swstems thal leave these ologically active
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systems, research may help o identify ways

' ring-chlornated triclosan de rivilives undergo | c:-Fmore effectively operating water distribu-
1

'tion systermns without residual disinfectants, T
avond the formation of chlorine DRPs when
wastewaler is disinfected (while still disinfec-
g waler and removing EDCs), a dismieciant
wilh oxidizing capacity may be nseful. Ozone
appears 1o meet these needs, provided that the
challenges associated with ozone DEPs, such
a5 bromate and low-molecular-weight alde-
hyydes, are effectively addressed,
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