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DestrJctlo~ of toxic materials 
SIR - Increased awarencs.~ and under• 
standing of the hazards to health and the 
environment of many synthetically pro
duced chemicals have led to the need for 
development of a safe means for their 
effective di5posal. Because of their high 
toxicity and persistence, halogenated 
organic compounds and other organo
chlorinc pestil':dcs such as DDT, PCBs, 
aryl halides and dioxins are of particular 

_ concern. Current methods of di~posal 1 

involving high-temperature chemical 
reactions can be accompanied by un
wanted toxic emissions or by-products, 
which may involve unacceptable risks to 
the environment . We have developed K 

low-temperature proeess2 involving 
mcchanoehcmical reactions3 induced by 
mechanically milling the toxic material 
with a suitable reactant in a closed vessel. 
Such reactants may include rcductants 
which break down the entire molecule or 
react selectively to remove chlorine. 
Laboratory measurements of the mecha• 
noehcmical reaction of DDT, PCB and 
chlorobcnzcne with n1agnesium, calcium 
and calcium oxid..: show the destruction of 
the organoehlorincs without the forma• 
tion of toxic by-products. 

We milled individual samples of chlor• 
inated organic compounds, including 
DDT, PCB (Aroelor 1254) and chloro
benzcnc with Ca, Mg, Fe or CaO as a 
reactant in a lahoratory vibratory mill 
(SPEX 8000). Each test consisted of mill
ing a total of 5-10 g organoehlorine and 
the reactant using 12-mm diameter steel 
balls in · a scaled steel vial. The figure 
shows a total ion chromatogram (TIC) 
from gas chromatography-mass spectro
scopy (GC-MS) of compounds present 
after milling a sample of DDT and Mg for 
3 and 6.5 h. Chlorinated break-up prod• 
ucts and products of partial dechlorination 
of DDT were present after 3 h milling (a in 
the figure, retention time I • 10-30 min). 
Partially dechlorinated oligomcr-type 
materials of DDT (1 .. 31-35 min) were 
also present. The presence of-chlorinated 
compounds was not evident from analysis 
of the TIC from GC-MS of the sample 
milled for 6.5 h (b, I • 10-12 min). We 
found very small quantities (low p.p.m.) 
of dechlorinated produ(.·ts, such as 
diphenylmcthane and diphcnylcthanes 
(inset in b). These compounds were not 
present in the DDT used for milling, so . 
must have formed during milling. 

The levels of DDT and related com• 
pounds DOD (DDT minus Cl) and ODE 
(DDT minus HCI) and the levels of 
chlorobenzcnc and PCB determined by 
dual-column gas chromatography
electron capture detection and expressed 
as the fraction in p.p.m. of the original 
organoehlorinc compounds remaining af• 
tcr being milled for 12 hours, 11rc summa-

NATI•RE • VOL367 • 20JANUARY1994 

:-u~.d in the table. for each reactant, thr 
results for the three organochlorines were 
similar even though both the PCB and 
chlorobenzene were in liquid form where• 
as the DDT was solid. Mg, Ca and CaO 
were all highly effective in dechlorinating 
the organochlorine reactanta. When Fe 
was used, milling for 12 h resulted in 
incomplete dechlorination. 

The importance of mechanoehemical 
activation is that, with suitable choice of 
reactants, the reaction can occur at low 
temperatures in a scaled environment to 
form safe reaction products requiring ouly 
.minimal additional proec"ing. Further, 
the process is based on well-established 
ball-milling technology and can be scaled 
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GC-MS chromato1rams of aamplea of 00T 
milled with M&: •• after 3 h mlllln&: b. after 
6.5 h mlllln&. Cross, dlphenytmethane; circle. 
dlphenytethane. Measurements were carried 
out after extraction Into n-pentane usln& 11 HP 
5890 II GC-MS0 5 790 lnstNment Titted with a 
0B-5 column of 30 m lenlth. Inside diameter 
0 .25 mm and film thlcknell 0 .25 pm. The 
carrl11r 1111 was hellum at 70 kPa. The temper
ature pro1ramme was 40 "C for 2 min. then 
15 "C per min to 310 "C and held for 20 min. 

MILLING EXPERIMENTS WITH 
VARIOUS REACTANTS 

Reactant 
M& 
Ca 
Fe 

eao 

Remalnln& 
or1anochlortne (p.p.m.) 

0DT Chlorobenzene PCB 
4 <1 260 

<1 50 1,400 
36.000 2BO .120.000 

4 7 5 

Values under ·oor also refer to DOD and 
00E. 

tc any size. Mobile mills mounted on road 
or rail vehicles may be used for on-site 
p~OC.:i.iiug. lhus r.li:r.ir-:i•i::~ the cnvi1 '.• ••· 
m.: iHe. :1a::.,rci;. assocmtc:<i with the trans• 
port of toxic materials. Cao would be the 
preferred reactant because it is cheap and 
the reaction products can be disposed of 
safely. 
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HlghJump 
StR - Jha's note (Narure 365, 398; 1993) 
about timing devices in athletic events 
reminds me that two different philo
sophies arc used in judging competitic,l's . 
ln the first category are running, throwing 
and long-jumping events, in which times 
or distances achieved are 11':casurcd as 
exactly as possible by cxistin~ technology. 

The second category comprises high• 
jumping and pole-vaulting. Herc the bar 
is either cleared or not, and its final height 
is measured exactly for the re. . -.-;.1 . 
Although the winning jumper usually 
clears the bar with distam.--e to spare. 
he/she receives no credit for that extra 
dista11re, other than anecdotally. 

We ,-ould determine the actual height 
cleared for the record. We could raise a 
curtain of laser light along and above the 
bar shining from \JIIC vcrticlc support to 
the other, and we could measure the 
height cleared by recording the brief 
attenuation of the light as the athlete's 
body or clothing passes through the beam. 
The bar would remain as a psychological 
aid to the jumper, and as the traditional 
means of determining the winner. 

But high-jumping is an especially pure. 
simple and human contest, free of devices 
aiding the jump or determining the result. 
Perhaps we should just leave it that way . 
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