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Abstract 

Inorganic borates are encountered in many settings worldwide, spurring interna-

tional efforts to develop exposure guidance (U.S. EPA 2004; WHO 2009; ATSDR 

2010) and occupational exposure limits (OEL) (ACGIH 2005, MAK 2011). We 

derived an updated OEL to reflect new data and current international risk  

assessment frameworks.  We assessed toxicity and epidemiology data on inorganic 

borates to identify relevant adverse effects.  International risk assessment  

frameworks (IPCS 2005; IPCS 2007) were used to evaluate endpoint candidates: 

reproductive toxicity, developmental toxicity, and sensory irritation. For each  

endpoint, a preliminary OEL was derived and adjusted based on consideration of 

toxicokinetics, toxicodynamics, and other uncertainties. Selection of the endpoint 

point of departures (PODs) is supported by dose-response modeling.  

Developmental toxicity was the most sensitive systemic effect. An OEL of 1.6 mg 

B/m3 was estimated for this effect based on a POD of 63 mg B/m3 with an  

uncertainty factor (UF) of 40. Sensory irritation was considered to be the most 

sensitive effect for the portal of entry. An OEL of 1.4 mg B/m3 was estimated for 

this effect based on the identified POD and an UF of 1.  An OEL of 1.4 mg B/m3 

as an 8-hour time-weighted average (TWA) is recommended.  

Fig 1. Benchmark concentration analysis of nasal irritation data (measured CO2 port 

equivalents) following 20-minute exposures to sodium borate (Cain et al. 2004) estimates 

a BMCL of 9 mg/m3 (1.4 mg B/m3); this estimate is based on a BMR at the equivalent of 

15% CO2 . The quadratic model best fits the data. 

Fig 2. Dose-response curves obtained for boric acid disodium tetraborate pentahydrate in male Swiss-

Webster mice. Each data point represents the mean of four mice exposed simultaneously at each  

concentration. (Kirkpatrick 2010). 
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Methods 
Risk Assessment Methods and Frameworks 
 ID of adverse endpoints and selection of UFs based on occupational risk assessment prin-

ciples (Haber et al. 2001, Nelson et al. 2011) 

 Weight-of-evidence approach used to inform key decisions on data selection (Klimisch et 

al. 1997) 

 Use the mode of action (MOA) framework by the IPCS (2007)  

 An OEL was generated for each candidate endpoint and its point of departure (POD) 

 POD adjusted using chemical specific adjustment factors (CSAF, IPCS 2005) for  

 toxicokinetics and toxicodynamics 

 

Dose-Response Modeling 
 The POD for systemic effects is the same as the U.S. EPA’s  (2004) results from BMD 

modeling 

 The systemic dose was converted to an inhalation equivalent based assumptions of 100% 

systemic bioavailability and default parameters (U.S. EPA 1994) 

 Sensory irritation data modeled using BMDS. 

 Used the CO2 equivalent sensory response data from Cain et al. (2004), which is calibrated 

to an irritation response 

 A CO2 level of 15% was considered to be the threshold for sensory irritation (Cain et al. 

2004), and was therefore selected as the BMR 

 The 10 mg/m3 group was dropped from the BMC modeling analysis due to inconsistency 

in the dose-response relationship (Cain et al. 2004).  Previous research (Cain et al. 2008) 

confirms this is the appropriate choice. 

Uncertainty Factor Default 

Uncertainty 

Factor 

From U.S. 

EPA (1994) 

Rationale for Applied Uncertainty 

Factor 

(see separate reference list) 

Data-supported 

Uncertainty Factor 

Developmental Effects 

  

Sensory Irritant Effects 

  

Develop-

mental 

Effects 

  

Sensory 

Irritant 

Effects 

  

Database 10 The likely sensitive effect was used 

as the basis of the OEL, so it is 

unlikely that additional studies would 

identify a more sensitive effect. 

The likely sensitive effect 

was used as the basis of the 

OEL. 

1 1 

Interspecies – Toxi-

cokinetics 

10 

  

Chemical-specific kinetic data were 

used to modify the UF (U.S. EPA 

2004). 

Human effects data were 

used, so no interspecies ex-

trapolation was needed. 

3.3 1 

Interspecies – Toxi-

codynamics 

2.5 

Intraspecies - Toxi-

cokinetics 

3 Chemical-specific kinetic data were 

used to modify the UF (U.S. EPA 

2004). 

The subjects in the critical 

study were representative of 

a sensitive population. 

  

1.5 1 

Intraspecies – 

Toxicodynamics 

3.2 

LOAEL to 

NOAEL 

Adjustment 

10 For both endpoints: BMC modeling was used. The resulting 

BMCL10 values serve as a sensitive point of departure (i.e, a surro-

gate for the NOAEL). 

1 1 

Subchronic to 

Chronic 

Adjustment 

10 The window for toxicity was included 

in the critical study. 

  

Cain et al. (2008) show di-

rectly that the irritant respon-

se peaks shortly after expo-

sure, and the epidemiology 

data suggest that longer-term 

effects on pulmonary func-

tion are not evident in wor-

kers at typical occupational 

exposure levels (Garabrant et 

al. 1985). 

1 1 

Composite Factor 40 

  

1 

Table 1. Uncertainty factors used in developing OELs for developmental and sensory  

irritant effects 

Study 

Mean GFR 

(SD) 

(mL/min) 

GFR at 2 

SD below 

mean 

GFR at 3 

SD below 

mean 

TK UF estimate 

based on Sigma-

Method Value for 

2 SD 

TK UF estimate 

based on Sigma-

Method Value for 

3 SD 

Dunlop (1981) 150.5 (17.6) 115.3 97.7 1.31 1.54 

Sturgiss et al. (1996) 138.9 (26.1) 86.7 60.6 1.60 2.29 

Krutzen et al. (1992) 195 (32) 131 99 1.49 1.97 

Krutzen et al. (1992) 

(preeclamptic population) 
128 (33.9) 60.2 26.3 2.13 4.87 

Average (excluding pree-

clamptic population) 
161.5 111.0 85.8 1.47 1.93 

Table 2. Calculation of lower bound estimates for acceptable risk using the Sigma Method 

from Dourson et al. (1998).  Estimates indicate that a toxicokinetic UF of 1.5 is appropriate 

based on the traditional sigma method approach based on 2 SD. 

Concentration Exposure measurement Duration Population Responses Comments Reference 

4.1 mg/m3 in exposed 

environment (mean 

of 8 measurements) 

Personal sampler collect-

ing total particulate using 

37 mm cassette during 

work shift 

N/A for 

workers’ 

exposure 

  

Occupational 

exposure to 

boron oxide 

and boric acid 

Eye irritation, dryness of 

mouth, nose or throat, sore 

throat, and productive 

cough. The response was 

reported as percent of 

group reporting symp-

toms. 

These results cannot be used for de-

riving OEL because only exposure 

concentration of total particles was 

reported. The paper provided no in-

formation on particle size, or the 

relative exposures to boron oxide 

versus boric acid. In a later publica-

tion, the authors stated that in most 

of areas of refining plant, the dust 

was almost entirely borax, and in 

the mine, other mineral compounds 

were also present. 

Garabrant et 

al. 1984 

4.0 mg/m3 as the con-

centration to cause 

minimal response. 

Control group ex-

posed to 1.1 mg/m3 

Personal sampler collect-

ing total particulate using 

37 mm cassette during 

work shift 

N/A for 

workers’ 

exposure 

Occupational 

exposure to 

Na2B4O7 in 

anhydrous or 

various hy-

drated forms. 

At 4 mg/m3, eye irritation 

in ≥5% workers; 

At 14.6 mg/m3, dryness of 

the mouth, nose or throat 

(33%), nose bleeds and 

dry cough (15%) and sore 

throats and productive 

cough (8%). No informa-

tion on statistical signifi-

cance was reported for 

these responses. 

This study has the same issue as 

with Garabrant et al. 1984. In addi-

tion. There is no information on the 

statistical significance for each irri-

tant responses reported. Question-

naires were administered weeks af-

ter air samples were collected, pos-

sibly introducing recall bias. 

Garabrant et 

al. 1985 

1 mg/m3, but no in-

formation on average 

exposure level in ex-

posed group. 

Real-time total particu-

late exposure was meas-

ured with aerosol moni-

tor. The particulate col-

lected on the filter with 

the aerosol monitor was 

desiccated, and particle 

size determined by gra-

vimetric method done by 

cascade impacter, not on 

37mm. 

4 days in-

terval 

Occupational 

exposure to 

sodium borate 

OR of 1.31 (CI: 1.08-1.59 

from a logistic regression 

with 1 mg/m3 increase in 

boron) for three or more 

symptom episodes over 

four days. Five irritation 

responses: eye, nose, or 

throat irritation, breath-

lessness, and chest tight-

ness 

Clear dose-response information 

(see following table 1). 

Self controlled Odds Ratio. There 

is no detailed information regarding 

particle composition and size. 

Eisen et al. 

1991 

1.72 mg/m3 

(geometric mean of 

all exposed workers) 

Background level 

was 0.22 mg/m3. 

Exposure measurement 

was the same as in Eisen 

et al. 1991. 

15 min 

interval 

and 6 

hours 

TWA 

measure-

ment 

The same 106 

workers re-

ported by 

Eisen et al. 

1991 

Among all five symptoms, 

the sensitivity is nasal irri-

tation> eye irritation> 

throat irritation, cough, 

breathlessness. There was 

no nose bleeding and very 

low incidence of sneezing. 

15 min TWA is a more sensitive ex-

posure index than 6 hr TWA. Parti-

cle size and composition data might 

be limited due to the alteration of 

the borate hydration/dehydration 

status in the desiccation process. 

Hu et al. 

1992 

5.72 mg/m3 total dust 

in exposed group 

(arithmetic mean of 

daily exposure with 

0.44 mg B/m3) 

0.45 mg/m3 total dust 

in the control group 

with 0.02 mg/m3 bo-

ron 

Exposure measurement 

was the same as in Eisen 

et al. 1991. 

Daily av-

erage 

The same 106 

workers re-

ported by 

Eisen et al. 

1991 

Significant increased inci-

dences measured by OR: 

Nasal> breathlessness > 

eye > throat > cough 

Controlled for smoking, age and 

presence of the common cold. 

Particle size data might be limited 

due to the alteration of the borate 

hydration/dehydration status in the 

desiccation process since particle 

size is not measured in samples that 

are dessicated, this does not apply. 

  

Wegman et 

al. 1994 

Table 3. Summary of Occupational Epidemiology Studies. 

Compound ACGIH
a OSHA

b CAL NIOSH
b MAK

a AGW
a 

Boric Acid 2 mg/m3 - - - 1.8 mg B/m3 0.5 mg B/m3 

Boric Oxide - 15 mg/m3 10 mg/m3 10 mg/m3 - - 

Sodium Borate 

Anhydrous 
2 mg/m3 - 5 mg/m3 1 mg/m3 0.75 mg B/m3 0.5 mg B/m3 

Sodium Borate 

Pentahydrate 
2 mg/m3 - 5 mg/m3 1 mg/m3 0.75 mg B/m3 0.5 mg B/m3 

Sodium Borate 

Decahydrate 
2 mg/m3 - 5 mg/m3 5 mg/m3 0.75 mg B/m3 0.5 mg B/m3 

Table 4. A comparison of the proposed occupational limits from multiple agencies and  

organizations. 

a: Measured as inhalable dust 
b: Total dust 

Fig 3.  Summary of Results.  Using the IPCS framework, we recommend an OEL of 1.4 mg  

B/m3, based on sensory irritation in humans 

Results 
 

Reproductive Toxicity 

 Toxicology studies indicate a potential concern for effects on the 

male reproductive tract (Weir and Fisher 1972) 

 These effects are not observed in  epidemiology studies. 

 Decrease in Y:X sperm ratio, but is it adverse? (Robbins et al. 2008) 

 Reproductive toxicity is not supported as a protective basis for OEL 

development 

Developmental Toxicity 

 U.S. EPA RfD derived from the BMDL05  of 10.3 mg B/kg-day for 

decreased fetal weight in rats (Allen et al. 1996) 

 Other recent assessments (see Table 4) identified the same POD 

 U.S. EPA used composite UF of 66 

 WHO used composite UF of 60 

 We determined a UF of 40 based on refinement of the toxicokinetic 

adjustment factor for human variability (Table 1)  from data on  

 variability in glomerular filtration rate during pregnancy (Table 2). 

 A recommend OEL based on developmental toxicity would be 10.3 

mg B/kg-day with a UF of 40, resulting in an OEL of 1.6 mg B/m3 

Sensory Irritation 

 The results in the RD50 studies for sodium tetraborate pentahydrate 

were a POD of 1704 mg/m3 (254 mg B/m3) with a resulting OEL 

estimate of 51 mg/m3 (7.7 mg B/m3) (Figure 2).  

 Epidemiology literature supports sensory irritation as the only  

 significant respiratory tract response (Table 3) 

 Data from a human volunteer study (Cain et al. 2004) provide the 

most scientifically rigorous POD for the sensory endpoint 

 Estimated a POD of 1.4 mg B/m3 based on benchmark dose  

 modeling from the Cain et al. (2004) data (Figure 1) 

 We determined a composite UF of 1 because the data included  

 sensitive sub-populations (i.e., young, naïve non-smokers in the 

 controlled exposure studies and asthmatics in the epidemiology 

 studies) 
 

Overall 

 Irritation effects were selected as the basis for OEL derivation 

(see Figure 3) 

 Recommended OEL of 1.4 mg B/m3 (UF of 1) 

Discussion 
 

How to choose the appropriate metric as the basis of the OEL?   
 Systemic toxicity depends on boron dose, since borates are converted to boric acid systemically 

 A metric based on boron equivalents is appropriate to protect against systemic effects of concern (e.g., 

developmental toxicity) 

 Industrial hygienists will not distinguish between various inorganic borates or mixed exposures when 

sampling.  

 A single OEL proposed on a per mass basis may be inappropriate if ONLY concerned about sensory  

 irritant effects; borates may have different MOAs for portal of entry effects 
 

Particle Size Considerations 
 Applied total inhalable fraction adjustments to older epidemiology exposure estimates (Werner et al. 

1996), but not to the data modeled from Cain et al. (2004) 
 

Research Needs 
 Better data on the range of human response for different segments of the exposed working population 

(e.g., asthmatics, age-and-gender-related differences, repeat exposures) 

 Data on the relative irritant potency of inorganic borates, based on changes in nasal pH tissue  

 thermodynamic changes or other biochemical metrics 

 Using a kinetic model to estimate dissolved versus total deposited borate in the URT to ID irritant MOA 


