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The storage of lithium batteries is becoming more frequent in the workplace as their use increases due to their high energy and power 
densities. Lithium-ion batteries are present in a wide range of every day consumer products, such as cell phones, laptops, tablets and digital 
cameras as well as industrial power tools and automotive applications such as electric and hybrid vehicles. Exceeding the thermal stability 
limits of a lithium-ion cell can result in thermal runaway and such failures can generate intense heat, smoke and toxic gases. A human health 
and toxicological risk assessment of hydrogen fluoride (HF) was undertaken for a lithium-ion battery testing facility to assess potential HF 
exposures to staff in the event that thermal runaway of lithium-ion battery occurred during testing. Emission rates of HF were estimated and 
subsequently converted to HF indoor air concentrations. Due to the short exposure times anticipated (5 to 15 seconds) Haber’s Law was 
used for time-scale downward extrapolations of the selected acute exposure guidelines. 

INTRODUCTION

While failure rates associated with the use of lithium-ion 
batteries are low, recalls of lithium-ion batteries and 
reported incidences involving fire or explosion of 
electronic devices including laptops, cell phones and 
toys, has raised safety concerns regarding their use. 
Lithium-ion battery failures involve exceeding the 
thermal stability limits of a lithium-ion cell which can 
result in thermal runaway. Some of the conditions that 
can result in failures include thermal (overheating), 
electrical (overcharge), mechanical (crushing, internal or 
external short circuit) and cell manufacturing defects. 
The objective of the human health and toxicological 
risk assessment was to assess potential HF exposures 
to staff in the event that thermal runaway of lithium-ion 
battery occurs during proposed testing of the batteries. 
While the likelihood of this occurring is considered to 
be rare, assessment of risk to worker health was still 
required to assess the consequence. The key exposure 
for this scenario was estimating emission rates of HF 
and subsequently converting these to HF indoor air 
concentrations. The potential release of HF for the 
scenario assessed involved acute exposures, seconds to 
minutes, and therefore obtaining appropriate short-term 
acute exposure standard/guidelines was required.

METHODOLOGY

Step 1: HF Emission Rates

The literature review identified only two appropriate 
studies which provided HF emissions during thermal 
runaway of lithium-ion batteries. As there were divergent 
experimental emissions rate estimates between these 
two studies the scenarios were modelled using HF 
emissions from both studies. The two studies indicated 
that the emission rates depended on the state of charge 
(SoC) of the batteries. This needed to be incorporated 
for each modelled scenario adding to the complexity 
and range of results. 

Figure 1. Mass flux of HF as a function of time during the combustion of the 
batteries at different SOC (Ribiere et al. 2012).

The amount of HF released for the various SoC, from 
one of the two studies, is shown in Figure 1.

Step 2: Model Exposure Scenarios

To model the exposure scenarios, by using the exposure 
calculation of:

C = m/V

Where, C represents concentration of HF that may 
be inhaled, m represents the amount of HF emitted 
(milligrams) and V the volume of the breathing zone (m3).

Three different exposure scenarios were modelled 
and were differentiated by the number of batteries that 
undergo thermal runaway:

 ¥ Scenario A – 1 cell experiencing thermal runaway 
with a staff member standing directly in front of it 
(most likely scenario).

 ¥ Scenario B – 8 cells experiencing thermal runaway 
with a staff member in close proximity.

 ¥ Scenario C – all of the cells experiencing thermal 
runaway with a staff member being inside the facility 
(worse case and least likely scenario).

Step 3: Selection of Screening Criteria

Both occupational exposure limits (OELs) and 
emergency guidelines, including the US EPA Acute 
Exposure Guideline Levels (AEGLs), were considered. 
The US EPA (2004) AEGLs were selected given the 
scenario evaluated and the suitability of the averaging 
time. AEGLs, developed by the National Advisory 
Committee, are intended to describe the risk to humans 
resulting from once-in-a-lifetime, or rare, exposure to 
airborne chemicals, which reflected the rare thermal 
runaway exposure being assessed in this project. The 
AEGLs are available for 10 minute to 8 hours averaging 
times, as presented in Figure 2.

Hydrogen Fluoride 7664-39-3 (ppm) End point 
(as cited in US EPA 2004)10 

min
30 
min

60 
min

4 
hr 

8 
hr

AEGL 1 
(non-disabling) 1.0 1.0 1.0 1.0 1.0 Threshold, pulmonary inflammation in 

humans (Lund et al. 1997, 1999).

AEGL 2 
(disabling) 95 34 24 12 12

No Observed Adverse Effects Level 
(NOAEL) for lung effects in cannulated 
rats (Dalbey 1996; Dalbey et al. 1998a); 
sensory irritation in dogs (Rosenholtz et 
al. 1963).

AEGL 3 
(lethal) 170 62 44 22 22

Lethality threshold in cannulated rats 
(dalbey 1996; Dalbey et al. 1998a); 
lethality threshold in mince (Wohlslagel 
et al. 1976).

Figure 2. Acute Exposure Guideline Levels for HF (US EPA (2004)).

Step 4: Extrapolation Using Haber’s Law

As we were modelling HF exposures for 5 to 15 seconds 
Haber’s Law was used to time-scale the US EPA AEGLs. 
Fritz Haber formulated the relationship between C and 
t using observations of the lethality of chemical warfare 
agents in experimental animals (NHMRC 2006). In 1986 
ten Berge et al. re-evaluated the raw data of previously 
published acute inhalation studies, including HF, and 
showed that the concentration and exposure time 
product is not always a good parameter for predicting 
the mortality response. ten Berge et al. (1986) had 
shown that the term cnt, where the exponent is different 
from 1, often predicts the response very well. For HF, ten 
Berge et al. (1986) derived a value of 2 for n. A summary 
of Haber’s Law is shown in Figure 3.

Haber’s Law states that the product of the concentration (C) an time of exposure (t) 
produces a constant level or severity of response (K) for a specific toxicological effect 
as described by Equation 1:
C x t = K ...............................................................................................Equation 1

As the effect is assumed constant for a given concentration (C1) and exposure time (t1) 
product, the concentration (C2) required to produce the same effect at exposure time 
t2 can be calculated from:
C1nt1 = K = C2nt2 ..................................................................................... Equation 2

Therefore, C2 is the numerical value (ppm or µg/m3) adjusted for the nominated 
averaging time (t2). By adopting the exponent value of 2 for HF, Equation 2 can be 
re-arranged in terms of C2:
C2 = C1 x (t1/t2)1/2 ................................................................................... Equation 3

So, if for HF a concentration C1 is considered safe for exposure duration of t1 then the 
inferred safe concentration C2 for a shorter duration of t2 can be calculated.

Figure 3. Explanation of Haber’s Law. 

RESULTS & DISCUSSION

The results for Scenarios A-C, for exposure times of 
5, 10 and 15 seconds and for three various SoCs (0, 
50 and 100%) indicate that AEGLs were exceeded in 
each scenario modelled. Given the variability in the 
estimated exposures and that estimated exposures 
exceed the screening AEGL extrapolated values, the 
potential health consequences of the exceedences 
required further analysis. A toxicological assessment 
of the concentration-time response was subsequently 
undertaken to further characterise the potential risks to 
workers. Mitigation measures were also recommended 
to provide an aid in reducing the risks inferred by the 
study.

CONCLUSION

The HHRA of acute inhalation exposures of HF for a 
lithium-ion battery was undertaken utilising Haber’s Law 
and AEGLs. Combining risk assessment principles with 
toxicological understating of HF behaviour allowed for a 
more detailed understanding of the identified risks. 
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As a specialised global firm with expertise in mining, oil and gas, infrastructure, and power, Golder 
works with clients to solve their most difficult earth-related challenges. 
Our network of specialists allows us to offer an expansive breadth of solutions to even the most 
complex challenges. We take a collaborative and innovative approach to our client relationships, 
and recognise that our impact goes beyond the projects we complete.


