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Re-evaluating 
TMAH Risk in 
Academic 
Cleanrooms

• TMAH: Managing Hazards of Tetramethylammonium Hydroxide Solutions
UGIM 2022 Symposium (Madison, WI)
Speaker: Mary Tang, Stanford University (Nanofabrication Facility).

Stanford's internal reevaluation of TMAH hazards, moving it from a standard 
corrosive category to a high-hazard toxicant

https://ehs.stanford.edu/reference/tetramethylammonium-hydroxide-tmah-fact-sheet



Why TMAH Became Essential in 
Semiconductor Manufacturing ?

TMAH provides:

• High pH without metal contamination

• Highly precise photoresist development

• Anisotropic silicon etching

• Effective photoresist stripping

By the 1980s, TMAH had become a major chemical in 
photolithography processes 

Structural formula of tetramethylammonium hydroxide (TMAH)



Early Industrial Toxicology Research (IBM – 1990s)

1950s–
1970s

Tetramethylammonium neurotoxicity 
known in academic literature
• Lyons et al, 1948 (J. Am. Med. Ass.)
• Quilliam and Shad, 1964 (Brit. J. Pharmacology)
• Parsons, 1969 (American Journal of Physiology)
• Chiou, 1970 (European Journal of Pharmacology)

1980s Semiconductor industry begins using 
TMAH widely

1990s IBM performs toxicology studies

https://sesha.org/wp-content/uploads/2019/12/dizio_proceedings_2011.pdf
https://www.youtube.com/watch?v=uBjvRbGnMpM&feature=youtu.be



Hydroxide ion 
(OH⁻)

Tetramethylammonium ion 
(TMA⁺)

This can lead to:
Respiratory failure / Cardiac arrest

1999-2001 IBM submits TSCA risk notice to EPA that TMAH poses a 'substantial risk’.



How IBM Findings Reached Industry

IBM’s findings spread primarily through:
• industry safety networks 

(Semiconductor Environmental Safety and Health Association)
• conference presentations 
• supplier safety documentation

The information was not widely published in peer-reviewed medical or toxicology 
journals and awareness in the broader scientific and academic laboratory 
community developed more slowly.



Major Safety Improvements 
in Semiconductor Facilities

Reduced manual handling by implementing 
closed chemical delivery systems and 
automated chemical distribution
Improved splash protection by enhanced 
personal protective equipment
Updated emergency response procedures for 
TMAH exposure
• emergency shower access within 10 seconds 

travel distance
• contacting emergency personnel immediately in 

the event of exposure to or a spill or leak
• removal of contaminated clothing within 

seconds
• immediate decontamination with large amounts 

of water until the arrival of emergency personnel
• respiratory support is a central element of 

emergency treatment
Worker training programs
• hazard awareness 
• safe work practices
• process/ maintenance procedures

https://sesha.org/wp-content/uploads/2019/12/dizio_proceedings_2011.pdf



Changes in Safety Documentation
• Older MSDS-style document treated TMAH 

primarily as a strong alkaline corrosive.

• It did not show dermal toxicity

• SDS descriptions AFTER the toxicology findings 
(2000s–present)

• Include much stronger hazard language.
• Showes that TMAH is both corrosive and toxic.



Regulatory Changes in Transport 
Classification for TMAH

Material Old Classification New Classification

TMAH Solid 
(UN 3423) Corrosive (PG II) Toxic + Corrosive (PG I)

TMAH Solution ≥25% 
(UN 3560) Corrosive (PG II) Toxic + Corrosive (PG I)

TMAH Solution 2.5–25% 
(UN 1835) Corrosive (PG II) Corrosive + Toxic subsidiary

TMAH Solution ≤2.5% Corrosive (PG III) unchanged

• < 2.5% TMAH + surfactant could become UN 2927 – Toxic liquid, corrosive, organic, n.o.s. (depends on mixture 
toxicity calculation).

• Transport classification relies on specific, acute toxicity limits.



Early Clinical Evidence of TMAH Toxicity
Chih-Hao Lin et al. 2010 (Clinical Toxicology) 

• 13 exposures reported to the Taiwan Poison Control Center (1986–2009). 

• Four patients were exposed to 25% TMAH; three of them died despite 
burns classified as relatively minor.

• One worker exposed to 2.38 % TMAH developed severe systemic toxicity, 
and required mechanical ventilation but survived.

• Nine patients were exposed to 2.38% TMAH survived.

Factors that may have contributed to the severity of early incidents:

• Captured mainly severe incidents, because:
• reporting systems were still developing
• milder exposures were often not reported

• Awareness of systemic dermal toxicity was limited, and safety controls 
were not developed



Mechanistic Confirmation of Toxicity
Controlled experimental studies:

• Lee et al. 2011 (Toxicology and Industrial Health) — developed animal models
Dermal LD50 values:

• 25% Concentration: was fatal at 28.7 mg/kg
• 2.38% Concentration: was fatal at 85.9 mg/kg

• Wu et al. 2012 (Burns) — evaluated role of hydroxide burns

• Wu et al. 2012 (Resuscitation) — demonstrated ganglionic toxicity causing respiratory failure.

These experiments provided peer-reviewed 
mechanistic confirmation of what earlier toxicology 
(including IBM work) had suggested. TMAH toxicity 
involves both corrosive injury and systemic 
neurotoxicity. The tetramethylammonium ion can be 
absorbed through the skin and disrupt autonomic 
nerve signaling, potentially leading to rapid 
respiratory failure or cardiac arrest.



Later Exposure Cases and 
Changing Safety Context

Huang et al. 2020  (BMC Pharmacology and Toxicology):
• Captures a more modern semiconductor safety environment:

• 29 dermal exposure cases (2010–2017)
• Many exposures involved 2.38 % TMAH developer
• Most cases involved small splashes
• Mostly localized burns
• Few systemic toxicity symptoms
• No fatalities reported 

The absence of fatalities in later datasets likely reflects improved safety 
controls — not reduced inherent toxicity. These safety controls reduced large 
splash exposures, which caused many earlier fatalities. 

Authors emphasized that even dilute TMAH solutions can cause systemic toxicity 
through dermal absorption, and exposures should still be treated as potentially 
life-threatening. The risk depends on: absorbed dose, exposed skin area, contact 
time — not only concentration.



Severe 
Poisoning 
from Dilute 
TMAH 
Solutions

Korean case reports:
• Park J.-S. et al., 2013 (J Occup Health) — 8.75% fatal exposure
• 39-year-old man exposed to 8.75 % TMAH cleaner
• ~12 % body surface area burns
• Severe respiratory failure and death within several hours after 

exposure

• Park J.-H. et al., 2022 (Toxicology) — 2.38% cardiac arrest and brain 
damage

• 34-year-old man exposed to 2.38 % TMAH developer
• ~10 % body surface area burns
• Cardiac arrest occurred shortly after dermal exposure
• Brain MRI showed severe anoxic-ischemic encephalopathy
• TMAH detected in blood and urine
• Patient was resuscitated and survived

Even dilute solutions can cause life-threatening systemic toxicity.



Diphoterine  Skin Wash

Developed by Prevor in the 1990s as an active decontamination solution
Mechanisms:

• Amphoteric (reacts and neutralizes both acids and bases)
• Chelating (can bind certain harmful ions)
• Hypertonic (has higher osmotic pressure than tissue, which may help draw 

chemicals out of skin/eye tissue).

Registered as a medical device in Europe, Canada, Brazil, Mexico, and Australia.

Fosse M.  2010 (Cutaneous and Ocular Toxicology):
• In-vitro model skin after exposure to 25% TMAH, washing with Diphoterine 

restored normal skin pH using 17 times less volume than tap water. 
• 66.5% of cells remained viable after Diphoterine washing following a 30-second 

TMAH exposure, compared to 33.8% after water washing. 



Diphoterine – 
Key Reasons for Lower U.S. Adoption
Regulatory classification dispute

• U.S. FDA classified Diphoterine as a drug / combination product

• Prevor argued it should be a medical device / decontamination product

• Court case: Prevor v. FDA Court twice ruled FDA classification was not 
adequately justified FDA asked to reconsider classification

U.S. safety standards emphasize water flushing

• OSHA and ANSI require:
• safety showers, eyewash stations, 15-minute water flushing

• Water remains the primary legally required decontamination method.

Evidence expectations

• Most research consists of:
• laboratory models, and observational workplace reports

• Large randomized clinical trials are ethically difficult

In the U.S., water-based emergency flushing remains the regulatory requirement, while Diphoterine may be used 
as a supplementary decontamination product. 



The Shift in TMAH Safety Standards

University cleanrooms and research facilities are 
reevaluating and tightening safety policies 

regarding the use of Tetramethylammonium 
hydroxide (TMAH) and TMAH-based developers 
(e.g., apply HF-level safety controls) due to their 

severe toxicity and history of fatal exposure cases.

Any solution >1% TMAH over a few 
percent of the body is 

a "life-threatening event"

Exposure to as little as 2% of the body as a life-threatening event 
requiring immediate hospitalization, regardless of concentration.



4/21/2026: [labnetwork] 
Cleanroom gowning to handle 
resists and developers



Discussion questions:

1. Should 2.38% TMAH developer be managed under the same safety 
framework as 25% TMAH, or is a tiered (“lower risk”) approach justified?

2. Are the highest-risk tasks (automatic station maintenance, bottle 
changes, waste handling) adequately controlled?

3. How quickly can a user realistically reach a safety shower in your 
cleanroom layout?

4. Do users understand that TMAH splashes can be life-threatening?
5. If a serious incident occurred tomorrow, would we feel that our current 

controls were sufficient?
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