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>25,000 Chemical Agents Can Cause Chemical 
Injuries
• Acids
• Bases
• Oxidizing Agents
• Reducing Agents
• Vesicants
• Alkylating Agents
• Lacrimators
• Others



Rinsing solutions

• An ideal neutralizing or buffering agent should
(1) be capable of promptly combining with any of 

the common mineral acids/alkalis or chemicals
(2) maintain a pH in the neighborhood of 7.2
(3) be nontoxic and nonirritating
(4) be an aqueous solution easily preserved and 

effective in relatively small amounts



Rinsing solutions

• 敵腐靈Diphoterine法國

• 磷酸鹽緩衝清洗液phosphate buffer
– Isogutt/德國

– Plum: pH Neutral/丹麥

– Tima Oculav/德國

• 硼酸鹽緩衝洗眼液Borate buffer
– Cederroth/瑞典



敵腐靈Diphoterine

• Diphoterine (Laboratoire Prevor, Valmondois, France) 
• Amphoteric, polyvalent, chelating, and hypertonic (820 mos./kg)
• PH = 7.2 -7.7
• Non toxic (LD50 > 2,000 mg/kg)
• For more than 1500 chemicals over the skin and eyes.
• neutralise both acid and alkali agents without heat release and limit 

diffusion



• 磷酸鹽緩衝清洗液phosphate buffer solution (4,9%): pH Neutral

• Disodium phosphate: 1-5 %, Potassium phosphate: < 1%, water: >80%

• PH = 7.2 -7.5

• Osmolarity: 279 mos./kg

• The hydrogen phosphate buffer is effective against acids, whereas the 
dihydrogen phosphate buffer reacts against alkali.



• 磷酸鹽緩衝清洗液phosphate buffer solution (4,9%): pH Neutral



• 硼酸鹽緩衝清洗液borate buffer solution: Cederroth

• Borate buffer, NaCl 0.9% solution

• PH = 7.5

• Osmolarity: 296 mosm/kg

neutralizing effect on splashes of alkalis than of acids
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Use of lavage fluid containing diphoterine for irrigation of 
eyes in first aid emergency treatment
2003 Sep;100(9):727-31. Langefeld
Aachen, Germany

• Buffering capacity was found to be stronger for Diphoterine in 
acids and bases compared to phosphate buffer or Ringer's 
lactateTitration curves of 

NaOH and HCl in a 
beaker glass NaOH

HCl



Emergency treatment of eye burns: which rinsing solution 
should we choose?
2006 Jul;244(7):845-54.Rinhawi
Aachen, Germany

Titration curves of alkali 
(NaOH) in a beaker glass

Cederroth Eye Wash Solution and Diphoterine proved to be 
efficient and of high buffering capacity.



Emergency treatment of eye burns: which rinsing solution 
should we choose?
2006 Jul;244(7):845-54. Rinhawi
Aachen, Germany

the intracameral pH 
changes of rabbit eye (n=5) 
with alkali burn (NaOH)

Cederroth Eye Wash Solution and Diphoterine showed buffering qualities.
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Severity of ocular burn: 
Animal studies



Use of an amphoteric lavage solution for emergency treatment of 
eye burns. First animal type experimental clinical considerations 
2002 Dec;28(8):782-6. Schrage
Aachen, Germany

NaOH over rabbit eye, 
washed with 500ml of 
diphoterine or NaCl for 
5min

Less opacification of iris stroma and lens with diphoterine but
no difference in healing as would be expected from severe burn



Use of amphoteric rinsing solution for treatment of
ocular tissues exposed to nitrogen mustard. 
2013;91(1):35–40. Goldich
Tel Aviv, Israel

Diphoterine more effective than saline in reducing corneal injury, 
intraocular pressure elevation and systemic oxidative stress.

2% Mustard injury  
over rabbit eye, with 
500ml diphoterine.
or 0.9% NaCl.



Severity of ocular burn: 
Human studies



Diphoterine® for Emergent Decontamination of Skin/Eye 
Chemical Splashes: 24 Cases
2006;25(4):249-58. Nehles
Remscheid, Germany

no further treatment needed
no sequelae

Retrospective 
case series 
24 workers
over 60 months



Alkali ocular burns in Martinique (French West Indies) Evaluation 
of the use of an amphoteric solution as the rinsing product
2005 Mar;31(2):205-11. Merle
Martinique, French West Indies

Prospective case 
series over 4 years
66 patients with 
ocular alkali burns

Diphoterine group with GradeI/II  had shorter reepithelialization time, 
No significant differences between the groups in final visual
acuity, and corneal opacity.
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Severity of ocular burn: 
Animal studies



Decontamination of tetramethylammonium hydroxide (TMAH) 
splashes promising results with Diphoterine® in vitro
2010 Jun;29(2):110-5. Fosse
Valmondois, France

Diphoterine® washing is a promising TMAH decontamination method.



SERUM PRO-INFLAMMATORY CYTOKINES
AND CHEMICAL ACID BURNS IN RATS
2004;17(2):84–7. Cavellini
Milan, Italy

• HCl Wound healing at 7days
diphoterine(4mm)>NaCl(6mm)>Ca gluconate(9mm)>no treatment(12mm)



Severity of ocular burn: 
Human studies



Diphoterine® for Emergent Decontamination of Skin/Eye 
Chemical Splashes: 24 Cases
2006;25(4):249-58. Nehles
Remscheid, Germany

no further treatment needed
no sequelae

Retrospective 
case series over 
60 months
24 workers



Chlorobenzylidene malononitrile tear gas exposure
Rinsing with amphoteric, hypertonic, and chelating solution
2016 Feb;35(2):213-8, Brvar
Ljubljana, Slovenia

CS decontamination with diphoterine reduces facial pain, 
whereas prevention with it reduces pain and recovery time.



The clinical efficacy of Diphoterine® in the management 
of cutaneous chemical burns: a 2-year evaluation study.
2015 Mar 31; 28(1): 9–12. Zack-Williams
Birmingham, United kingdom

• Wound pH pre- and post-application of Diphoterine, compared to 
water irrigation only, with a pH change of 1.076 vs 0.4 (p <0.05).

Retrospective case series,
over 32 months
131 patients with 
chemical burns within 24 
hours 



Diphoterine for alkali chemical splashes to the skin at 
alumina refineries
2010 Aug;49(8):894-900, Donoghue
Perth, Australia

Applying Diphoterine first was associated with significantly 
better outcomes than applying water first.

Prospective case series 
over 17 months
180 alumina workers
Cutaneous alkali burns, 
TBSA 0.1- 38%
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Diphoterine® for Emergent Decontamination of Skin/Eye 
Chemical Splashes: 24 Cases
2006;25(4):249-58. Nehles
Remscheid, Germany

only 3 workers each had 1 lost workday due to hospital observation 
rather than injury.

Retrospective 
case series over 
60 months
24 workers



The clinical efficacy of Diphoterine® in the management 
of cutaneous chemical burns: a 2-year evaluation study.
2015 Mar 31; 28(1): 9–12. Zack-Williams
Birmingham, United kingdom

• No significant difference in the time to healing, the length of hospital 
stay, or need for surgery

Retrospective case series,
over 32 months
131 patients with 
chemical burns within 24 
hours 



The effects of the use of Diphoterine® solution on chemical 
burns in the Tarapur industrial complex, India
2018. Kulkarni
Tarapur, India

The use of Diphoterine results in less pain, less time off work and less 
overall treatment costs

Prospective
65 cases
over 14 months
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Safety:Diphoterine



Diphoterine chemical splash decontamination solution: skin 
sensitization study in the guinea pig
2007;26(3):181-7. Mathieu
Valmondois, France

No guinea pigs showed any cutaneous reaction to diphoterine or water.
Diphoterine 
applied onto backs or 
injected into back of 
guinea pigs 



Use of lavage fluid containing diphoterine for irrigation of 
eyes in first aid emergency treatment
2003 Sep;100(9):727-31. Langefeld
Aachen, Germany

• No harmful effect of irrigation with diphoterine could be foundrinsing with 500 ml 
Previn in 10 healthy 
human subjects 



Comparison of emergency eye-wash products in burned 
porcine eyes
2002 Apr;240(4):308-13. Kompa
Aachen, Germany

Double blinded 
controlled trial
10 healthy volunteers 
age 27 ± 5 years



Comparison of emergency eye-wash products in burned 
porcine eyes
2002 Apr;240(4):308-13. Kompa
Aachen, Germany

• No long-term effects in healthy eyes 
after rinsing with diphoterine or phosphate buffer.

• No stroma change
• No endothelium change
• No corneal thickness change

Double blinded 
controlled trial
10 healthy volunteers 
age 27 ± 5 years



Safety of dermal diphoterine application: an active 
decontamination solution for chemical splash injuries
2009;28(4):149-56. Hall 
Laramie, USA

• In vitro Dermal Irritection test:  
Non-irritating; Maximum Human Irritancy Equivalent (HIE) score 0.8

• Ames bacterial reverse mutation test:
No mutagenic activity in S. typhimurium or E. coli

• Cytotoxicity in Murine fibroblasts:
No cytotoxic effects up to 24 hours of exposure

• Skinthetic® in vitro tolerability and percutaneous absorption test:
Minimal percutaneous absorption (3.210-3 % of initial dose absorbed after 6 hours)

• Guinea pig skin sensitization study:
No irritation and no skin sensitization at 24 and 48 hours



Safety of dermal diphoterine application: an active 
decontamination solution for chemical splash injuries
2009;28(4):149-56. Hall 
Laramie, USA

• Normal Human Volunteer Studies
• Dermal Tolerance Study:

• In 55 normal human volunteers:  
Average Irritation Index (IIM) 0.00 (non-irritating)

• Dermal Sensitization Study:
• In 161 normal human volunteers:

• 1st 5 applications:  non-irritating
• Subsequent applications:  slightly irritating
• Considered hypoallergenic and had minimal risk of inducing contact sensitization

• Manufacturer’s post-marketing surveillance:
• No reports of adverse effects on the eyes or skin



Safety: Phosphate buffer



First Aid Treatment of Alkali Eye Burns with Phosphate 
Buffer does not Cause Corneal Calcifications
2001;27:459-464. Schrage
Aachen, Germany.

• In a double-masked experiment 16 rabbits underwent 
eye burn of one cornea followed by immediate rinsing 
(160 ml) with isotonic phosphate buffer (n=8) or saline 
solution (n=8) three time a day for 16 days.

• In the phosphate buffer group an early onset of corneal 
opacification occurred resulting in completely white 
corneas after 16 days, combined with corneoscleral
ulceration

16 rabbits, 5 ml
1N NaOH for 30 s

Inappropriate application of phosphate leads to uncontrolled 
calcifications of the cornea after severe burns to the eye.



Phosphate buffer in alkali eye burns as an inducer of 
experimental corneal calcification
Poster 2009. Damgaard
EAPCCT, Stockholm, Sweden. 

• The right eyes of ten rabbits were immediately rinsed with 
isotonic saline for 12 minutes. The right eyes of the remaining ten 
rabbits were immediately rinsed with a phosphate buffered eye 
wash solution for 2 minutes, followed by rinsing with isotonic 
saline for 10 minutes. After eight days blinded clinical observations

• All right eyes showed a varying degree of opacity after the 
procedure. Clinical observations did not reveal any signs of 
calcification

twenty rabbits, alkali 
burns were induced in 
the right eye 

First aid treatment of alkali eye burns with phosphate buffer 
does not cause corneal calcifications.



Acute corneal calcification following chemical injury
2005 Aug;24(6):761-5.. Daly
London, England.

• The eyes were irrigated with with a minimum of 500 mL of 
phosphate buffered saline (sodium phosphate dihydrate 8.9%, 
potassium dihydrogen phosphate 7.0%, and purified water) until 
the pH approached 7.

• Within hours a dense corneal opacity had developed that showed 
only minor resolution over 3 years of follow-up. Two eyes required 
corneal graft surgery for visual rehabilitation.

3 case report
Alkaline injury with 
calcium sulfate dehydrate 
+ aluminum sulfate

the use of phosphate-buffered irrigation fluid or the subsequent 
use of phosphate-buffered drops may have contributed to calcium 
phosphate deposition.



Corneal calcification after chemical eye burns caused
by eye drops containing phosphate buffer
2005 Aug;243(8):780-4. Schrage

Aachen, Germany

Retrospective 
176 burnt eyes 
of 98 patients 

• Calciferous burning agents and corneal calcification are correlated 
(P<0.01)

• Initial single rinsing with phosphate does not produce corneal 
calcification (P=0.134)

(56 eyes burnt by calciferous corrosives were removed from 
these data analysis)



Conclusion of Efficacy
• Buffering capacity

For acid:   Diphoterine > Phosphate buffer
For alkali: Diphoterine ≥ Borate buffer > Phosphate buffer 

• Severity of ocular burn:
Animal study: Diphoterine > 0.9% NaCl
Human study: Diphoterine > 0.9% NaCl

• Severity of skin burn: 
Animal study: Diphoterine > 0.9% NaCl
Human study: Diphoterine > water

• Hospitalization/work loss: Diphoterine > water



Conclusion of Safety
• Diphoterine: no side effect reported
• Phosphate buffer:

@ animal study: controversial 
@ human case report: corneal calcification
@ human retrospective study:  no corneal calcification if without 

calciferous corrosives
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