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ABSTRACT. Eye/skin chemical splashes are a significznt problem. Diphoterine is an hypr:rlaqic, pQvaalcm. amph'oteric compmfnd dc!vclccx’%ed ;n Fram}:c
as an eye/skin chermical splash water-based decontamination solution. In vitro and in vivo, it actively decontzfmmalt%s. ‘approxr\‘ma[.e 'yl : dc e;n;caf;
Including acids, alkalis, oxidizing and reducing agents, irritants, lacrimatars, solvcn}s, alkylatmg agcnt;, and radionuclides. Its chemica \ o{n k:;c;%ea.
such agents is greater than that of tissue receplors. Its hypertanicity impcd::; chemm;! tissue penetration alnd may remave w:f:t:m?:/n | : }isd'ccgnlami.
absorbed toxicants not already bound to tissue reccptors. Diphaterine chemical reactions are not exothermic. Diphotering and i a;t a z]s econtam’
nation residues are not iritating to the eyes or skin; it is essentially nontoxic. Diphotesine can prevent eye/skin burns following chemical splashcs a

results in nearly immediate pain relicf.

Eye/skin chemical burns are a significant problem both in
industry and amongst the general public, but the actual preva-
lence is difficult to determine. Josset et al noted there were
approximately 7,000 serious occupational injuries from f:hemi-
cal bums in Erance in 1984, with about ¥ of these mvotvung-thg
gyes (1). These chemical burns were responsible for approxi-
mately 120,000 lost work days and 250 cases of permnanent
disability.

In the US, national data on exposures reported te Poison
Centers are maintained by the Atnerican Asseciation of Poi-
son Control Centers in its Toxic Exposure Surveillance Sys-
tem (2). This database records toxicant exposures reported to
participating Poison Centers, includes all exposure routes, and
covers a wide variety of potentially toxic éxposures including
those to chemicals.

in the TESS database for 1999, there were a total of
2,201,158 human poison exposure cases, including 873 poi-
soning fatalities. There were a total of 185,509 dermal expo-
sure cases {8.0%) and 134,669 ocular exposure cases (5.8%).
Of the 873 fatalities, 12 (1.3%) were from dermal exposure and
1 {0.1%) was from ocular exposure.

Reviawing Workers' Compensation records from West Vir-
ginia during a 1-y period, Islam et al found that eye burns {ther-
mal as well as chemical) had an incidence rate of 28.0/100,000
employees (3). There were 183 ocular burn injuries that re-
sulted in medical care reimbursement, payment for lost wages,
or permanent partial digability benefits. Ocular chemical expo-
sures in this group were associated with burn injury, atopic
conjunctivitis, and acute conjunctivitis. Chemical exposures

* Funding to prepare this review was provided by Laboratoire Prévor,
Valmongdois, Frange.

Presented at the Semiconductor Safety Association-Europe 179 An-
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accounted for 43.7% of ocular burn injuries (80/183), 67.3% of
atopic conjunctivitis cases (136/202), and 29.3% of the acute
conjunctivitis cases (12/41), overall the most frequent cause of
these conditions.

For decontamination of chemical eye splashes, it has been
stated that “The ideal flushing solution is a sterile, isotonic,
preserved, physinlogically balanced saline solution. At a mini-
mum, flushing fluid should be clean and non-toxic” (4). How-
ever, such solutions provide only passive decontamination by
rinsing the chemical off the cornea and conjunctiva or skin. A
better approach is to combine this rinsing activity with active
chemicai decontamination.

Diphoterine is an eye/skin chemical splash decontamina-
tion selution. It is a polyvalent, slightly hypertonic, amphot-
eric, water-soluble molecule that binds acids, bases, oxidizing
agents, reducing agents, solvents, imitants, alkylating agents,
and radionuclides. [ts chemical reactions are not exothermic
{do not release heat which could damage exposed tissues}.

METHODS

Previously published and currently unpublished studies on
the safety and efficacy of Diphoterine as a decontamination
solution for eye/skin chemical splashes were reviewed. Ex-
perimental animal and human studies cited were carvied ouf in
accordance with all applicable guidelines and reguiations on
animal use and care and human subjects protections in the
countries where they were performed. When unpublished data
are cited in this review, they are identified in the References
section by the notation: (unpublished).

RESULTS

In Vitra Studies
Diphoterine has been shown in vitro to neutralize approxi-
mately 800 chemical compounds, including acids, bases, oxi-
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dizing agents, reducing agents, solvents, irritants, alkylating
agents (ie suifur mustard), and radionuclides (***Uranium, " Ce-
sium, *Strontium/®Yttrium) (5-7). The mast recent list of spe-
cific chemical compounds tested can be obtained onthe internet
at: www.prevor.com. /n vitro, approximately 20 mi of amphot-
efic Diphoterine was more efficacious than a similar volume of
water far returning 1N hydrochloric acid or 1N sodium hydrox-
ide solutions to phystological pH; an equivalent volume of wa-
ter resulted in a pH of 2 for acids or 12 for bases (8),

Experimental Animal Studies

Safety. The LD, in male and female Sprague-Dawley rats
administered a single oral dose of Diphotarine and observed for
14 ¢ was >2,000 mgikg. At the 2,000 mg/kg dose, there was
no mortality, body weight gain was normal, and there were no
abnormat necropsy findings (@), In the same species, the acute
dermal L0, was »2,000 mafkg (10). Exposure was by 24-n
semi-occluded application to approximately 10% of the total
body skin area following hair remaval. At the 2,000 mg/kg
dose there were no deaths, body weight gain was normal, there
were no abnormat findings at necropsy, and there was no skin
iritation. These LD,'s indicate that Diphoterine is essentially
nontoxic.

Tests for eye and skin irritation in New Zealand white rab-
bits were also perfarmed. In the eye irrtation study, 0.1 ml of
Diphoterine was instilied inte the conjunclival sac of 1 eye of
each rabbit. No water irrigation was done. During 7 d of obser-
vation, no irritation was observed (11). In the same species,
0.5 mil of Diphoterine was applied to either intact or abradad
skin under occluston for 24 h, at which time the occlusive patch
was removed and distilled water irrigation was done. Following
a 72-h observation period, some mild erythema and edema
was observed in some, but not all, rabbits. In these experi-
mental conditions, Diphoterine was classified asg mildly irritat-
fng to rabbit skin (12).

In addition to testing for the ocular and skin irritation of
Diphoterine, eya irritation tests were also performed with the
residues from /n vitro neutralization of concentrated hydrochlo-
ric acid and concentrated sodium hydroxide, The pH of the
acid neutralization residues was 5.84 and the pH of the so-
dium hydroxide neutralization residues was 8.82. In New
Zealand white rabbits administered a single eye instillation of
0.1 ml of these neutrslization residues and observed for 8 d,
ihere was no eye irrtation (13,14),

One currently unpublished German study involves both safety
and efficacy issues (see under Efficacy belaw for more de-
tafls,} In this double-blind study, rabbits had severe comneal
bums induced in one eye by instillation of 1N sodium hydrox-
ide. After 30 seconds, irrigation was done with 500 mi of either
‘normal saline or Diphoterina {16), There was no indication that

Diphoterine produced any adverse ocular effects as compared
to nomal saline,

Efficacy. The efficacy of Diphoterine as compared to nor-
mal saline for initial itrigation of 1N sodium hydroxide exposura
yvqs;gtudied in rabbit eyes (15). Afler 30 sec of exposurs,
irngation was done with 500 ml of either normai saline or
Diphoterine. Theresfter, irtigation of the exposed sye was done
Atimas daily with normal saline following the protocol for treat-
ment of severe alkali ocular bumna in the study facility. There
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were no differences between treatment groups in corneal opaci-
fication, epithelial healing, disruption of the epithelial healing
process, or corneal ulcerations. There were less severe lens
and iris alterations, less irls stromal atrophy, and less lens
opacifications in the Diphoterine-treated group.

A second rabbit model of sodium hydroxide ocular bums
was conducted by Josset et al (1,16). Endpoints were extra-
and intra-acular pH and histology. Following a 1-min applica-
tion of filtar paper soaked in concentratad sodium hydroxide to
the cornea, ocular lavags was done for 3 min with running wa-
ter, an isotonic tears solution, or Diphaterine. Fallowing 3 min
of lavage with either water or the isotonic tears solution, the
external ocular pH was approximately 8.7, In contrast, follow-
ing Diphoterine lavags, the external ocular pH almost immedi-
ately returned to physiological values, When the eye was imi-
gated with water, the intra-ocular pH became increasingly ai-
kaline over about 1 min, while lavage with Diphoterine inhibited
this pH increase. With water lavage, intra-ocular pH only re-
turned to physiological levels after 4 h, while this accurred by 1
h when Diphoterine was wtilized.

Reqgardiess of the lavage solution utilized, the corneal epi-
thelial surface was destroyed and ulcerations devalopad over
the first few minutes. Stromal edema, however, was much
less when Diphoterine was utilized rather than water. The en-
dothelial cells (responsible for corneal re-growth) were com-
pletely destroyed when water was used, were only partially
destroyed when the isotonic artificial teare solution was used,
and only developed morphologic variations with very few cells
destroyed when Diphotering wag utilized. These results sug-
gest that Diphoterine is mere efficacious for decontamination
of causiic eye exposures than either plain water oz isotonic
artificial tears solution (1,16).

Normal saline and Diphoterine irrigation following experi-
mental ammonium hydroxide eye burns have also been com-
pared in & rabbit model {17). Ammonium hydroxide 15.3% (pH
12.8) was instilled info rabbit eyes followed by either no imiga-
tion, irrigation with 250 ml normal saline, or Diphaterine irriga-
tion at various times from 1 to 30 min after exposure. End-
paints were anterior chamber pH, anferior chamber ammonium
hydrexide concentration, and histological evaluation of the
exposéd corneas. Both lavage fluids produced lower ammo-
nium hydroxide concentrations in the anterior chamber. The
anterior chamber pH was lower 7 min after Diphoterine irtiga.
tion as compared to normat saling. On histopathological ex-
amination, comesl stromal edema was found following lavage
with nermai saline, but not after Diphaoterine irrigation. Overall,
Diphoterine was superior to normal saline for decontamination
of ocular ammonium hydroxide exposure in this modei.

Human Volunteer Stucy

Ten healthy adult subjects were initially evaluated with vi-
sual acuity testing, slit lamp examination, and confocal cor-
neal microscopy and then underwent eye irrigation with 560 ml
of Diphoterine for § min (18). The same ccular evalyations were
performed immediately after imigation and 3 d iater. Al
though §/10 subjects had decreased visual acuity immediatety
after rinsing and there were some mild epithelia f changes,
thece effecis completaly resoived evar 3 d and were not differ-
ent from the mechanical effects of eye rinsing with other
fluids, including water, These results indicate no significant
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scientihic Review

eye Injury occurs in neaithy subjects following & min of
Diphoterine irrigation.

orts i
Cascgeﬁgn and French patients with occupational chemical
axposure decontaminated with Diphoterine were reported to
the Diphoterine manufacturer between 1991 and. 1999. These
patients had exposures as follows: 98% sulfuric acid on thg
eyelid (1 worker) and the face, neck, and ghoul«_:ier (1 worker);
100% nitric acid on the hand; 96% sulfuric acid on the face
and neck: 50% sodium hydroxide on the forearm;_and a.sohd
flake of sodium hydroxide in the left eye. All were immediately
decontaminated with Diphoterine at the worksite and then evalu-
ated in the facility infirmary. In these workers there were no
sequelae, there was no nead for further treatment .beyond ini«
tial decontamination, and there was no lost work time (8).

Other cases of efficacious chemical skin splash deocontarn_i-
nation reported to the manufacturer have involved 100% acrylic
acid, 50% acrylamide, dimethylethylamine, and p-chloro-m-
cresal (8).

Case Series (Brief Review) 3

From 1994 to 1948, 24 warkers had inadvertent acio or bg_se
chemical eye/skin exposures in a German metallurgy facility
(19). Industrial processes involved in these exposures u'_\du_ded
degreasing, neutralization, material transfer, stnpplpg,
suctioning, cleaning, placing process materials ina chemul:al
bath, and eye/skin contact with inadvertently gpilled material.
Splashes involved the eye in 15 cases - 11 with acids and 4
with bases. The skin was involved in 9 cases - B with acids
and 1 with a base.

Acid eye splashes (n=11) involved such chemicals as phos-
phoric acid/nittic acid mixtures and sulfuric acid in concentra-
tions from 5% to 35%. Such exposures would not be consid-
ered benign. Fallowing initial decontamination with Dipheterine
at the worksite and a second lavage with Diphoterine-when the
worker reached the infirmary (dictated by company policy), the
outcome was as follows: no additional treatment required other
than initial Diphoterine decontamination; lost work time = 1 d
each for 3 workers; no seguelae,

For ocular base splashes in the above facility (n = &), pa-
tients were exposed ta 30% sodium hydroxide, a "basic solu-
tion" at 30%, or calclum oxide at unknown concentrations.
Qutcomes following the above decontamination profocol were
no need for additional treatment beyond initial Diphoterine de-
contamination, na lost work time, and no gequelae.

For acid skin splashes (n=8), compounds involved were ni-
tric acid, sulfuric acid, and phosphoric acid in concentrations
from 15 to 76%. Following initial worksite decontamination
with Diphoterine and secondary lavage with the same com-
pound in the company infimary, no additional treatment was
nacessary, there was no lost work time and there were no
sequelae. -

One worker sustained a splash of 45% sodium hydroxide
on the knee. Following initial worksite and secondary infir-
mary skin decontamination with Diphotarine, na additional treat-
ment was reqguired, there was no lost work time, and no se-
quelae accurred.
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Workplace Observational Studies o

Observational studies of Diphoterine decontamination of eye/
skin occupational chemical splashes have been pe;.rformed.
The first was conducted by the French Institut National de
Research et de Sécurité (INRS; National Institute for»Researc.n
and Safsty) (20.21). This study involved workers with cheml-
cal eye/skin splashes voluntarily reported to the INRS using 2
standardized data collection form. Endpaints evaluated were
what type of initial and secondary lavage was done (water and/
or Diphotering), whether there was lost work ti_m‘el, and whethgr
any additional treatment was needed beyond mmal decontarti-
nation. There were 145 total cases of eye/skin Splashgs wuh
a variety of chemical substances including acids, alkalis, oxi-
dizers, solvents, and glues.

While the wide variety of substances involved and the varia-
tions in time of decontamination and combinations of decon-
tamination measures used make comparisons difficult, thel fol-
lowing conclusions were reached: Diphoterine was efficacious
for decontamination of eye/skin splashes with acids and alka-
lis. and the addition of water decontamination either before or
after Diphoterine did not improve efficacy. Requirements for
additional chemical irritatior/burn treatment were decreased
by the use of Diphoterine as the initial decontamination method.
When used for acutar chemical splashes, Diphoterine was
associated with nearly immediate pain refief.

A second comparative workplace study of decontamination
methods in 45 occupational accidents involving sodium hy-
droxide or other strong bases (pH 14 or greater) was done at
Martinswerk Gmbh, Bergheim, Germany (22). This facility pro-
duces aluminum oxide and aluminum hydroxide and uses caus-
tic soda (sodium hydroxide) in both solid and liquid forms. The
study compared the use of water, dilute acetic acid solution,
and Diphoterine for eye/skin splashes with the above chemi-
cals using outcome endpoints of lost work time, no additional
chemical irritation/burn treatment required; simple chemical
itritation/burn treatment required, or more significant chemical
irritation/bumn treatment raquired.

There was a significant reduction in lost work time following
sodium hydroxide and other strong base eye/skin splashes
when Oiphoterine was the initial decontamination method as
compared to dilute acetic acid solution or water. No simpie or
more significant ehernical irritation/burn treatment was required
when Diphoterine was the initial decontamination method, bul
there were required when dilute acetic acid solution or water
was utilized.

A similar workplace study in the Rhone Poulenc facifity a
La Rochelle, France, was performed between 1987 and 1992
(23). Chemicals involved in eye/skin splashes were acids anc
sodium hydroxide, Diphoterine and water decontamination were
compared using outcome endpoints of lost work time aad re
quirements for additional chemical irritation/burn treatment
During 1987 to 1988, water decontamination was done. Ir
1988, Diphoterine decontamination wag added. Data for 198
were not reported. During 1991 and 1992, some water decon-
tamination was still done, but the majority of exposed warkers
were decontaminated with Diphoterine. Diphoterine decontami:
nation wasa directly azaociated with decreazed severity of irri.
tation/burns following acid/alkali chemical eye/skin splashes
and no lost work time occurred in the last 2 v of the study
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when the majority of exposed workers were decontaminated
¥h Diphoterine.

In the ATOFINA Tfacility, Saint-Avold, France, 375 workers
with eye/skin exposure to 5 priority chemicals (acrylates, 28%
Yifuric =acid, ofleum, 22% sodium hydroxids, or
dmethylaminoethyl acrylate) had a significantly decrgaged in-
fdence of lost work time, a significantly decreased incidence
o long-term sequelae, and a non-significant trend_ for Iegser
tum center or ophthalomogical consultations when Diphoterine®
vas used for initial decontamination as compared 10 water (24),

CONCLUSIONS

Diphoterine is more efficacious than water favage for ghe
decontamination of eye/skin chemical splashes. lIts active
themical-physical properties make Diphoterineg® the best cur-
rently available eye/skin decontamination solution. As & wa-
tersaluble compound, it also has a passive rinsing effect. its
use in industrial workpiaces has resulted in decreased lost
work time, and the prevention of long-term sequelae. Its use
glso has precluded the need for eye/skin burn treatments.
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"If o dog will not come to you after having loockaed you in the
face, you should go home amdl examine your conscienca.”
- Woodrow Wilson
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"Money will buy you a prety good dog, but it wan’t buy the
wag of his tail.”

- Unknown
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