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Hurricane Harvey 
causes chemical catastrophe
Hurricane Harvey released more rain over 
Texas than any other tropical storm in US 
history, around 130 cm in less than a week. 
Joseph Lloyd assesses the damage

Hurricane Harvey brought a year’s worth of rain 
in 5 days. Was global warming to blame? Higher 
temperatures allow more water vapour to be 

held in the atmosphere, therefore producing more 
precipitation, while warmer oceans fuel more intense 
hurricanes. 

Catastrophic damage was seen across Texas and 
Louisiana, as well as many Caribbean islands. The 
Arkema chemical plant in Crosby, Texas was one of 
the focal points for the devastation, after multiple 
explosions rocked the facility. Given that the storm was 
predicted and anticipated in advance, what could have 
produced such a dangerous scenario? 

Explosive peroxides
The answer lies in what is produced at the plant: organic 
peroxides. Characterised by a single oxygen–oxygen 
bond, these compounds were intended for use in the 
production of polymers, such as PVC, polystyrene and 
acrylic resins. Due to the electronegative character of 
the oxygen, the peroxide bond is relatively weak and has 
a tendency to undergo homolytic fission (i.e. the breaking 

Hurricane Harvey dropped catastrophic amounts 
of rain over southeastern Texas and southwestern 
Louisiana
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Activities
1 Outline a termination step for the

polymerisation reaction shown below:
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2 The chemical formula for trinitrotoluene (TNT) is
CH3C6H2(NO2)3. 
a Outline a balanced equation for the
explosive decomposition of TNT. 
b How does this differ from the combustion
of TNT in air?

Check your answers at www.hoddereducation.

co.uk/chemistryreviewextras

of a covalent bond to give two uncharged free radicals, 
each of which accepts one of the two electrons from 
the broken bond). The free radical species produced 
by this process can then form part of the propagation 
steps required to produce polymers (see Activities box).

An O–O bond can have bond-dissociation energy 
as low as 85 kJ mol–1 (a carbon–carbon bond is over four 
times stronger). This means that fission of the O–O 
bond can be triggered by ultraviolet (UV) light or even 
mild heating. Ordinarily, peroxides would be stored 
at low temperature, therefore reducing the risk of the 
peroxides thermally decomposing. But the conditions 
caused by the hurricane were far from ordinary.

Hurricane damage
After power generators were engulfed by floodwaters, 
refrigeration systems failed and multiple explosions 
rocked the chemical plant. The resulting fire led to a 
(2.4 km) radius exclusion zone being imposed around 
the facility, as well as 15 emergency personnel being 
treated after inhaling the noxious fumes.

Fortunately, measures were taken to avoid further 
damage, meaning other chemicals present in large 
quantities, notably sulfur dioxide (SO2) and isobutylene, 
were not released. Prior to the large-scale introduction 
of desulfurisation techniques in the 1970s, SO2 was of 
environmental concern, as it is a precursor to acid rain. 
Isobutylene can become a public health concern in high 
concentrations, producing drowsiness and dizziness. 
Had these chemicals not been contained, a far wider 
area of up to 4000 km2 could have been affected.

Though Arkema has unsurprisingly attracted 
the most attention, a number of other facilities have 
potentially caused more environmental damage. When 
shutting down facilities in preparation for Harvey’s 
arrival, numerous facilities undertook a process called 
flaring, the burning off of excess chemicals. In the 
case of the Chevron Phillips chemical plant, nearly 
1000 tonnes of pollutants were released, including 
carbon monoxide, nitrogen oxide and benzene. 

The worst could be yet to come for the environment 
and those returning to the devastation. While shutting 
down the plants has released unacceptable volumes 

of pollutants, restarting them could do just the same, 
requiring a larger amount of flaring than usual. Despite 
this, the process is considered to be the best practice 
to relieve the excess pressure when shutting down or 
restarting a chemical production plant.

However, there is a silver lining in the storm 
clouds. The heavy rainfall prevents the pollutants from 
remaining in the air. It also has the benefit of keeping 
people indoors and away from the fumes.

The Caribbean islands and the southeast USA still 
face the prospect of a barrage of further hurricanes 
blowing in from the Atlantic. It cannot be denied that 
these events are becoming more frequent. Is it too late 
to stop the vicious cycle of pollution, global warming 
and extreme weather?
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