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Chemical skinleve splasies can cause burns, Stawmdard veferences vecommend decontami-
nation with water, Diphoterine, a pelyvalent, hvpertonic, amphoteric, chelating solution
is an alternative, Oceupational medical vecords of 24 workers in a German metallurgy fivin
from 1994 to 1998 were reviewed, Therve weve 11 acid eve splashes, 8 acid skin splashes, 4
Base eye splashes, qud I base skin splash. Fellmeing Diphoterine decontqmination, ne fens
developed and theve were no reguirements for huvn treatinent ov sequelae. Three wovkers
had 1 fost workday each. Diphoterine decomtamination successfully prevented skinleye
huvns in this group of metallurgy workoers,
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INTRODUCTION

Chemical skin/eye splashes resulting in burns in the industrial setting are sig-
nmificant problems. resulting in pain. requirements for medical or surgical burn
treatment, somictimes long-term sequelae, and lost work time., Chemical agents
do not “burn™ in the classic sense of tissue destruction by heat. Rather they act
by coagulating protein through oxidation. reduction, salt formation, corrosion,
protoplasmic poisoning. metabolic competition or mhibition, desiccation. or vesi-
cant zctivity and resultant ischemia (1). More than 235,000 chemicals including
corrosives. oxidizing agents. and reducing agents have been identified as having
the potential to cause burns (2). In the United States, the Occupational Safety
and Health Administration (OSHA) regulations mandate emergency eye wash sta-
tions and quick-drench water showers in all facilitics where potentially dungerous
chemical agents are used (2).
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Standard references almost universally recommend decontamination of skin/
eve chemical splashes with copious amounts of water, adding a mild soap if the
chemical is fat soluble (3--5). Water is supposed to have the following mechanisms
of action: 1) chemical agent dilution; 2) rinsing the chemical agent off the surface
of the cornea or skin; 3} decreasing the chemical reaction rate: 4) decrcasing tissue
metabolism and theretfore the inflammatory reaction; 5) minimizing the hygroscopic
effects of chemicals that produce them; and 6) restoring normal skin pHl in acid and
alkali burns (6). However, despite the ready availability of water decontaminatton,
large numbers of persons have skin/eve chemicul splash exposure cach year
and many develop burus (7-9) some of which are futat (10--12) despite early water
decontamination.

Water washing is passive decontamination. Another approach used in
European workplaces for a number of vears is active skin/eye decontamination with
Diphoterine. Diphoterine is a water-soluble powder, and the rinsing and diluting
effects of an equal volume of water {in the commercial preparations) are most likely
retained. It is a polyvalent {actively hinds multiple substances), amphoteric. hyper-
tonic. chelating molecule with active binding sites for acids, bases, oxidizing agents,
reducing agents. vesicants. lacrimators, irritants, solvents, and so on. Reported here
are the results of Diphoterine skin/eve chemical splash emergent decontamination in
a group of 24 German metallurgy workers.

MATERIALS AND METHODS

The records of all cousecutive cases of skin/eye chemical splash exposure
occurring in a German metallurgy facility (Mannesmann Hoesch Prazisrohr.
Remscheid, Germany) during the years 1994-1998 were collected and reviewed by
the occupational doctor from forms containing the following information: type of
splash (acid. base. specific chemical(s) involved when known, concentration), body
arca cxposed. type of initial and secondary decontamination, sequetae, and whether
there was lost work time. Initial Diphoterine decontamination was done by the
workers themselves or coworkers immediately at the incident site. and then all work-
ers were required to be evaluated in the company infirmary where a second Dipho-
terine decontanination was done,

Diphoterine is a water-soluble powder manufactured by Laboratoire Prevor,
| Yalmondois. France. and provided for use dissolved in water and sterilized by auto-
claving. As supplied for use. it is an odortess and colorless tiquid with a pH of 7.4, a
boiling point of 100°C, a freezing point of — 1°C, and a specific gravity of 1.034 g/cm’
(from the manufacturer’s material safety data sheet (MSDS) available at www.
prevor.com). The chemical formula and generic chemical name are considered o
be proprietary and confidential by the manufacturer. The general properties of
Diphoterine are listed previously in the Introduction section.

RESULTS

During the study pertod. 24 workers (all males) aged 21-62 vears sustained skin
or cve chemical splashes with either weak or strong acids or bases. The type of
exposure, body arca involved. inttial and secondary decontamiution with Diphoterine.
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and outcones are shown in Tables 1-4. Industrial processes involved were degreasing.
transterring liquid or solid chemicals, stripping, suctioning. cleaning, placing metal
pipes in i chemical bath. and direct contact with spilled chemicals. OF the 24 cases. acid
splashes mvolved the eves in 11 and the skin in 8. Basc splashes involved the eves in 4
cases and the skin in 1 case.

Despite exposures that would have been predicted to result in chemical burns
requiring medical and/or surgical treatment, following a ncarly immediate (within
the first 30-120 seconds afier exposure) initial on-site Diphoterine decontamination
and a second Diphoterine decontamination in the company infirmary. no further
treatment was required, there were ne sequelae, and ounly 3 workers each had 1 lost
workday due to hospital observation rather than injury. These 3 workers had eyve
exposures 1o acids (20% H>SOy. w mixture of 3% H;P0O,/35% HNQ,. and 4 mixture
of 3% H>804/7% HNO:).

Acid eye splashes (n = 11 involved chemicals such as phosphoric acid /nitric
acid mixtures and sulfuric acid in cither solid forms or liquids in concentrations from
3% to 35%. Following initial decontamination with Diphoterine at the worksite and
a second Diphoterine decontamination at the company infirmary (not necessarily
needed but dictated by company policy). outcomes were as follows: no treatment
other than initial Diphoterine decentamination was required. there were 1o sequelac.
and 3 workers cach had 1 duy of lost work time (Table 1).

For base eye splashes (n = 4). workers were exposed to 30% sodium hydrox-
ide. a “basic solution™ at a 30% concentration, or calcium oxide (concentrations
not recorded). There was no need for treatment other than initial Diphoterine decon-
tamination, there were no sequelae, and none of these workers had lost work time
(Table 2).

For acid skin splashes {n = 8), chemicals involved were nitric acid, sulfuric
acid. and phosphoric acid in concentrattons from 15% to 75%. Following initial
worksite Diphoterine decontamination and sccondary Diphoterine lavage in the
company infirmary, no additional treatment was necessary, there were no sequelae,
and no worker had lost work time (Table 3).

One worker sustained a skin splash of 45% sodium hydroxide. Following
initial Diphoterime worksite and sccondary company infirmary Diphoterine decon-
tamination. no additional treatment was required. no sequelae occurred, and there
was no lost work time (Table 4).

Noorritant or other adverse effects attributable to Diphoterine decontami-
nution were noted in these 24 caustic substance exposed workers.

DISCUSSION

Following removal of contaminated clothing, which may decrease chemical
skin contamination by up to 80% (3), standard references recommend water or
normal saline for immediate decontamination of skin/eve chemical splashes. also
adding soap it the substance is fat soluble (3-5.13). Soap should not be used in
the eves, Older literature suggests that immediate eye {lushing for about 30 minutes
from the nearest shower or faucet should be done following sodium or ammonium
hvdroxide exposure {(14).
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DIPHOTERINE EYE/SKIN DECONTAMINATION 2

The ANSI Z358.1-1998 stundard for emergency water decontaminition equip-
ment for the skin and eyes specifies that emergency showers and eyewash stations
should be ¢learly marked and that it should take a chemical-exposed worker no more
than 10 seconds to reach them (13). For eye decontamination, “"The ideal ftushing
solution is a sterile, isotonic, preserved, physiologically balanced solution™ and
At g minimum, flushing fluid should be clean and non-toxic.”” which would include
polable water (16).

Chemical burn injuries comprise only a small percentage of total burn injuries,
but their human and economic impact is significant. Although immediate water decon-
tamination has generally been shown to decrease the severity of chemical skin/eye
burns, it does not always prevent such burns from developing, especially following
exposure to strong corrosives (4.11.12.17-20). Recent in vitro experinents on corncal
cell cultures performed by Schrage et al. (21) have shown that water decontamination
could have a deleterious effect on cells, with hypo-osmoluar effects increasing the ccll
volume with resultuant lysis froim increased intracetlular esmotic pressure. New active
decontamination modalities that are polyvalent (act ngainst a wide varicty of chemical
agents/groups), amphoteric (act against opposed chemicat groups such as acids/bases,
oxidizers/reducing agents. ete.), nontoxic. nonsensitizing (22). and water-soluble (50
that benelicial diluting and rinsing effects of an equal volume of water are retained)
should be critically evaluated. Diphoterine is such a decontamination solution.

In in vivo eye/skin experiments, Diphoterine was significantly more efficacious
than no decontamination or normal saline rinsing (23--25): with Diphoterine decon-
tamination, there is a rapid return to physiological pH and decreased inflammation
and pain, as demonstrated by biochemical marker assays with a decrease i sub-
stance P and an increase of B-endorphin. In ocular splashes. stromal edema was
shown by Kubota and Fagerholm (26) to imtpede corneal tissue repair. Decontami-
nation with Diphoterine induces corneal healing improvement as it stops the activity
of the involved chemical product. A case report of an ocular splash with delayed
Diphotcrine rinsing is also suggestive of such action {27).

In European industrial settings. Diphoterine has been used as an eye/skin
chemical splash decontaminant solution for several years. Before initiating the use
of this active decontamination solution. workers are trained in its use so that no time
from exposure to beginning of decontamination will be lost. Supply of the deconta-
minant in portable containers may decrease the time between exposure and decon-
tamination.

Diphoterine decontamination has been used in eve/skin splashes with a wide
varicty of chemicals such as corrosives and solvents, where it has been tound to
prevent or decrease the severity of burns. to rapidly decrease pain. and has resulted
m fewer requirements for medical or surgical burn care other than initial decontami-
nation and less lost work time (28-30).

In the present case series. even in those workers who had eye or skin exposure
to concentrated corrosives such as sodnim hydroxide. phosphoric acid. or nitric acid.
emergent Diphoterine decontamination prevented burns, no interventions other than
decontamination were necessary, and only 3 workers with acid eve splushes each had
1 lost work day due to hospital observation rather than mjury.

Similar exposures to strong and concentrated corrosives have been reported to
cause severe burns, even when water decontamination was done immediately (31.32).
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Nitric acid, for cxample, has been reported to cause significant burns or death
(31.33); the nitric acid concentrations involved were not listed i these references,
but the 3 patients involved required multiple plastic surgical procedurcs for burn
treatment. despite carly water decontamination in 2 of the 3 (31} decontamination
was not described in the third patient (33). In the workers reported here, exposure
to nitric acid did not result in burns following Diphaoterine decontamination. With-
out knowing the nitric acid concentrations involved in the patients described m refer-
ences 31 and 33. comparisons are difficult. Similar results with Diphoterine
decontamination were obtained with ocular and cutuneous splashes due to sodium
hydroxide, phosphoric acid, or a mixture of strong acids (Tables ).

A training program initiated by the employer’s Safety and Health Departments
for recognition of the risks of corrosive chemical skin/eve exposures and the immedi-
ale use of Diphoterine decontamination may have also contributed to the favorable
outcomes noted in these workers.

Among the 24 metallurgy workers with acid or base skin/cye chemicul splashes
reported herc, there was no requirement for additional burn treatment following
initial Diphoterine decontamination, there were no sequelae, and only 3 workers
had 1 lost workday each duc to hospital observation rather than injury, No irritant
or other adverse effects attributable to Diphoterine decontamination were noted. All
eve/skin splashes due to concentrated strong corrosives such as sodium hydroxide or
nitric or phosphoric acids were successfully decontaminated. In this group of work-
crs, Diphoterine was a safe and efficacious solution for initial decontamination of
skin/eye caustic chemical splashes.
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