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Proposal for Harmonised Classification and Labelling of Boric acid; Diboron trioxide; 

Tetraboron disodium heptaoxide, hydrate; Disodium tetraborate, anhydrous; Orthoboric 
acid sodium salt; Disodium tetraborate decahydrate; Disodium tetraborate pentahydrate 

(hereafter refer to ‘boron substances’). 

- 14 February 2019 -

The European Borates Association (EBA), on behalf of its members and on behalf of the REACH 
Borates Consortium, welcomes the opportunity to submit comments on the Swedish Chemicals 
Agency’s CLH report.  

MAINTAINING THE EXISTING SPECIFIC CONCENTRATION LIMITS FOR BORON SUBSTANCES 

The existing Specific Concentrations Limits (SCLs) for boron substances are health-based driven and 
the SCL values are set according to the boron content of the substances. More specifically, the SCLs 
of boron substances were calculated using the “Limit Dose” method [Schneider et al. 2007] and 
concentration limits in preparations are derived by applying § 4.2.3.3 of Annex VI of Directive 
2001/59/EC to preparations analogously.  

The current SCLs are appropriate to prevent risks to human health. Human studies on highly exposed 
populations and boron industry workers in United States, Turkey and China did not show 
reproductive health effects as observed in animals supporting a very low potency hazard for boron 
substances. 

ASSIGNING THE RIGHT POTENCY CATEGORY TO BORON SUBSTANCES 

The potency of a substance can be expressed as the dose at which a certain adverse effect is 
observed in a certain incidence and/or magnitude. Therefore, potency is an important indicator of 
degree of hazard. From this point of view, incorporating potency into EU classification for 
developmental and reproductive toxicity will be very informative especially for the downstream 
users, distributers and consumers. In a pragmatic regulatory approach, the ECHA Risk Assessment 
Committee has endorsed a ‘guidance on the application of the CLP criteria’ where three potency 
categories are defined (low-medium-high) for substances toxic to reproduction. An in-depth 
assessment of this guidance and its methodology for deriving the specific concentration limits for 
reproductive substances has been made by prof Duydu from the University of Ankara. His 
assessment report is enclosed as Annex I. 

When the findings of this evaluation are incorporated into the potency classification process, moving 
boron substances from the medium potency group to the low potency group appears to be the most 
appropriate option. 
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SETTING A BORON-BASED GENERIC CONCENTRATION LIMITS FOR BORON SUBSTANCES 

The proposal includes removing the SCLs and applying the generic concentration limit (GCL) of 0.3% 
w/w by substance.  Since SCLs, NOAELs and LOAELs are based on boron, the GCL should be applied 
as a boron-based concentration limit with appropriate conversions of each borate based on boron 
on a molecular weight basis. 

For substances toxic to reproduction, it is assumed there exists a threshold below which the 
substance exerts no such activity. The confidence in the boric acid database and the derived no-
observed-adverse-effect-levels (NOAEL) for assessing the reproductive toxicity threshold in animals 
is high. The toxicity profile of boron, the effects and the doses when they occur, is similar across the 
species. The pharmacokinetic properties of boron are also very similar in the different species 
tested; boron is not metabolized in animals or humans; it is rapidly distributed in the body and does 
not accumulate; the elimination is rapid and complete within a few days after exposure both in 
animals and man.  

Boron exists in the body as boric acid.  Boric acid levels in the body is determined by measuring 
boron levels in blood, serum, urine and tissues. For comparative purposes, exposures to borates are 
expressed in terms of boron (B) equivalents based on the fraction of boron in the source substance 
on a molecular weight basis. The NOAEL for reproductive effects based on boron is 9.6 mg B/kg 
bw/day. Read- across between the different boron compounds is calculated on the basis of boron (B) 
equivalents. For boric acid and its salts, only boric acid and the borate anion are present at 
physiologically relevant concentrations.  

The NOAEL and lowest-observed-adverse-effect-level (LOAEL) of different borates are converted 
from the boron concentration based on the fraction of boron in the source substance.  So, for boric 
acid and its salts, including Boric acid; Diboron trioxide; Tetraboron disodium heptaoxide, hydrate; 
Disodium tetraborate, anhydrous; Orthoboric acid sodium salt; Disodium tetraborate decahydrate; 
Disodium tetraborate pentahydrate, the concentration limit is based on boron.  The concentration 
limit for boric acid and the simple borates is calculated by converting from the boron concentration 
based on the fraction of boron in the source substance on a molecular weight basis. 

In summary, justification for a boron-based GCL for boric acid and its salts include: 

 The NOAEL for reproductive effects is based on boron (9.6 mg B/kg bw/day). 

 The current Specific Concentration Limits in the EU for boric acid (5.5%), boric oxide (3.1%), 
disodium tetraborate anhydrous (4.5%), disodium tetraborate decahydrate (8.5%) and 
disodium tetraborate pentahydrate (6.5%) is based on the calculated boron (B) equivalent 
limit of 0.96% (EC No 790/2009).  

 Confirmation of dosing of boric acid and simple borates is determined by analyzing for boron 
in feed or mixture. 

 Toxicity of boric acid and simple borates is equivalent based on the fraction of boron in the 
borate on a molecular weight basis. 

 Exposures to borates are expressed in terms of boron (B) equivalents based on the fraction 
of boron in the source substance on a molecular weight basis.  
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 Read- across between the different boron compounds is calculated based on boron (B) 
equivalents. 

 Boron exist in the body as boric acid.  Boric acid levels in the body is determined by 
measuring boron levels in blood, serum, urine and tissues.  

Therefore, based on the toxicology and toxicokinetics of borates based on boron equivalency, the 
GCL should be applied as a boron-based concentration limit. 

 

In addition, throughout different scientific opinions and EU Directives limit values have been 
referenced and set on boron, and not on borate substances. Few examples are listed below: 

 DIRECTIVE 2009/48/EC (Safety of toys). In Annex II on particular safety requirements the 
migration limit values in dry, liquid or scraped-off toy material is set for boron 

 Council Directive 98/83/EC on the quality of water intended for human consumption. In 
Annex I – Parameters and parametric values, the parametric value set for the drinking water 
is for boron 

 2013 EFSA Scientific Opinion on the re-evaluation of boric acid (E 284) and sodium 
tetraborate (borax) (E 285) as food additives: “The adverse effects found with boric acid are 
similar to those obtained from other borates indicating that the boron is the toxicologically 
active species… The Panel concluded that based on the NOAEL of 9.6 mg boron/kg bw/day, 
derived from a developmental toxicity study in rats, and application of an uncertainty factor 
of 60, a group ADI of 0.16 mg boron/kg bw/day can be established” 

 SCCS (2010). Scientific Committee on Consumer Safety Opinion on Boron Compounds.  
SCCS/1249/09. “Boron Acute oral toxicity (LD50) for cat, dog, guinea pig, mouse, rabbit and 
rat have been found to be in the range 250 – 650 mg/kg bw”. In the dermal/ percutaneous 
absorption, in the Draize and Kelley (1959), measurements on boron absorption on 
newborns, and blood and urine levels were measured. Likewise, for the reproductive toxicity 
the different dose levels e.g. NOAEL are expressed in boron 

 

Considering (i) the existing analytical methods for measuring exposure levels to boron substances,  
(ii) the alignment and consistency with the EU regulatory approach and (iii) an efficient enforcement, 
the GCL should be applied as a boron-based concentration limit. 

 

NEW AVAILABLE DATA FOR HAZARD ASSESSMENT 

The CLH report reference Igra et al. 2016, noting an adverse effect at blood levels greater than 
80µg/L. The study investigates the “boron mediated effects on infant’s birth size” in high altitude 
Andean part of the province of Salta in Northern Argentina. Drinking water is reported as the major 
source of boron exposure (377 – 10929 µg B/L) for the Study area. The summary of the results of the 
study by Igra et al. presented in the CLH report is misleading and not accurate. EBA supports that the 
study should not be retained for assessment, as the study is flown by many mistakes and unverified 
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assumptions as detailed in two independent assessment reports from the Ankara University and the 
University of California. See Annexes II and III. 

Further, as referenced also in the CLH report, a more recent epidemiological study was published on 
the effect of boron on human development [Duydu et al. 2018a], showing no effects from boron 
exposure on pregnancy outcomes. In addition, studies on occupational boron exposure were 
conducted in male workers employed in boron mining and production facilities in Turkey [Xing et al., 
2008; Duydu et al., 2011, 2018b] with the absence of any adverse effects.  

The extremely high blood boron concentrations of males and females in published epidemiological 
studies reflects the heavy environmental and/or occupational exposure conditions (worst-case 
scenario). However, the mean blood boron concentrations of humans are still lower than the blood 
boron concentrations at the NOAELs for developmental and reproductive toxicity in rats. Under 
conditions of normal handling and use of boron compounds, it is very unlikely that humans could 
exceed blood boron concentrations corresponding to the NOAELs for developmental and 
reproductive toxicity in rats [Duydu et al, 2011, 2018a, 2018b]. 

Based on a critical review of Igra et al. and the absence of developmental effects of high exposure to 
boron during pregnancy, removal of SCLs and application of the more restrictive GCLs are not 
warranted.  

 

CONCLUSION  

A low potency category – i.e.  a GCL of 3% (w/w) – for boron substances is warranted based on the 
consistent and repeated absence of health effects in humans highly exposed to boron and the 
inconsistencies in the ECHA methodology where applied to boron substances.  The GCL should be 
applied as a boron-based concentration limit – i.e. a GCL of 3% (w/w as boron) – for boron 
substances as justified by the toxicology and toxicokinetics of boron-substances.  

 

 

For more information, please contact  

European Borates Association 
Att. Dr Roger Doome, Secretary General  
Rue des Deux Eglises 26, box 2 
B-1000 Brussels (Belgium) 
Email : r.doome@ima-europe.eu 
Tel : +32 2 210 44 20 
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Assessment of the Potency classification of boric acid  

by Prof Y. Duydu (University of Ankara)  
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06100 Tandoğan, Ankara, Turkey 

ETI MADEN ISLETMELERI GENEL 
MUDURLUGU 
Ayvalı Mah. Halil Sezai Erkut Cad.  
Afra Sokak No:1/A, 06010 
Etlik-Keçiören/ANKARA 

 

 

Assessment of the Potency Classification of Boric Acid 

The potency of a substance can be expressed as the dose at which a certain adverse effect is observed 

in a certain incidence and/or magnitude. Therefore, potency is an important indicator of degree of 

hazard. From this point of view, incorporating potency into EU classification for developmental and 

reproductive toxicity will be very informative especially for the downstream users, distributers and 

consumers. However, there are some inconsistencies in incorporating the potency groups into EU 

classification for reproductive toxicity; 

 

The Inconsistencies; 

Muller et all [2012] established a data base to drive potency estimates for developmental toxicity and 

the impairment of sexual function and fertility by searching the substances included in Annex VI of CLP. 

They searched the information for 310 substances (substances toxic to development, n=152; toxic to 

sexual function/fertility, n=158) and afterwards evaluated the dose descriptors (NOAEL, LOAEL, BMD10 

and ED10) for the adverse effects on development and sexual function/fertility. Consequently, the more 

simple but less accurate ED10 is proposed to establish the potency boundaries by evaluating the ED10 

values for only 99 substances (ED10 for development effects, n=63; ED10 for sexual function/fertility, 

n=36) [Muller et all, 2012]. Afterwards high (ED10 ≤ 4 mg/kg/day), medium (4 mg/kg/day < ED10 < 400 mg/kg/day) 

and low (ED10 ≥ 400 mg/kg/day) potency groups were established for the reprotoxic substances and 

incorporated into EU classification [Muller et al, 2012; Hennes et al, 2014]. Boric acid and sodium 

borates fall into the medium potency group with the proposed GCL of 0.3% (ED10 for sexual function and 

fertility of boric acid: 123.5 mg/kg, ED10 for developmental effects of boric acid: 195 mg/kg [Muller et al, 2012; Supplementary 

Material]). However there are many inconsistencies in establishing the above mentioned potency groups. 
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Actually the inconsistencies arise from the interpretation of “potency”. As well-known potency is the 

dose at which a certain adverse effect is observed in a certain incidence and/or magnitude. However, 

the ED10 values of the chemicals used in the Muller’s data base stems from many different adverse 

effects. Additionally, the adverse effects reported for the substances are not with the same severity. For 

example a reduction in the male gamete production could be considered as less severe compared to a 

reduction in the number of offspring [Muller et al, 2012]. In spite of the enormous differences in adverse 

effects all substances have been evaluated in the same pool in order to establish potency groups for the 

reprotoxic chemicals. Under this circumstances the boundaries of the potency groups and even the 

methodology used in incorporating potency into the classification for reproductive toxicity are 

questionable. This inconsistencies will certainly obligate case by case evaluation for same exceptional 

substances such as boric acid.  

The ED10 values of boric acid are 123.5 mg/kg/day and 195 mg/kg/day for sexual function/fertility and 

developmental effects respectively [Muller et al, 2012; Supplementary Material]). When all of the ED10 

values appeared in the data base of Muller et al [2012] were taken into the consideration only 25.4% of 

the developmental toxicants have higher ED10 values than 195 mg/kg/day and 25% of the substances 

toxic to sexual function/fertility have higher ED10 values than 123.5 mg/kg/day as shown in Table 1. 

Additionally, the ED10 values of only 8 (12.7%) substances toxic to development are between 195 and 

400 mg/kg/day and the ED10 values of only 8 (22.22%) substances toxic to sexual function and fertility 

are between 123.5 and 400 mg/kg/day (Table 1).  

 

Table 1. The distribution of the ED10 values of the substances appeared in the Muller’s database [2012]. 

Substances toxic to development   Substances toxic to sexual function and fertility 

Potency (mg/kg/day) n* %  Potency (mg/kg/day) n* % 

Total 63 -  Total 36 - 

> 4a 57 90.48  >4a 34 94.44 

>195b 16 25.40  >123.5c 9 25.00 

>400a 8 12.70  >400a 1 2.78 

195b < ED10 < 400 8 12.70  123.5c < ED10 < 400 8 22.22 

4 < ED10 < 400 49 77.78  4 < ED10 < 400 33 91.67 
*The number of substances with ED10 values. aThe boundaries of high and low potency groups. bED10 value of boric acid for 
developmental effects. cED10 value of boric acid for sexual function and fertility. 

 

Accordingly, the ED10 values of boric acid for both development and sexual function/fertility are near to 

the boundary of low potency group (≥ 400 mg/kg/day). The close location of the ED10 values of boric 

acid to the boundary of the low potency group can also be noticed in the frequency distribution graphs 

provided by Muller et al [2012] (Chart A and B of Figure 1). 
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Figure 1. Frequency distribution of NOAEL (blue), LOAEL (red) and ED10 (yellow) for substances with an effect on 
development or sexual function/fertility [Muller et al, 2012]. The white arrows shows the location of ED10 values for boric acid. 
Chart A: Classification of developmental toxicants. Chart B: Classification of substances with an effect on sexual 
function/fertility. 
 

The Results of Epidemiological Studies; 

The results of epidemiological studies published in the last few years have provided the blood boron 

concentrations of humans exposed to high level of boron. The exposure conditions reported in these 

studies correspond to worst-case exposure scenarios for both genders. The first studies on 

occupational boron exposure were conducted in male workers employed in boron mining and production 

facilities in China and Turkey [Xing et al., 2008; Duydu et al., 2011, 2018b].  Afterwards the Turkish 

study group expanded the investigation by including the females into the study [Duydu et al., 2018a]. 

The blood boron concentrations and daily boron exposure levels reported in these studies are compiled 

in Table 2. Actually, the blood boron concentrations in Table 2 reflect the occupational and/or 

extraordinary environmental exposure conditions (boron in drinking water: ≥12.20 mg/L) for the areas 

specified in the related studies. Therefore the mean blood boron concentrations are not representing the 

daily boron exposure for humans in daily life (The mean blood boron concentration in general population 

with boron water levels less than 0.3 mg/L is 122.9 ng/g [Yazbeck et al, 2005]). In spite of these 

extreme exposure conditions the mean blood boron concentrations of humans are still lower than the 

blood boron concentrations at the NOAELs in rats. Thus adverse effects on semen 

parameters/reproductive hormone levels in males and pregnancy outcomes in females have not been 

observed.  

As well known the NOAELs for the developmental and reproductive effects are 9.6 and 17.5 mg 

B/kg/day and correspond to the blood boron concentrations of 1270 and 2020 ng/g respectively in rats 

[Price et al. 1996; Weir and Fisher, 1972] (Table 2). A comparison of the blood boron concentrations 

between experimental animals and humans may simplify assessing the risk in humans by eliminating 

the toxicokinetic uncertainties. 
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Table 2. The blood boron concentrations in animal experiments and epidemiological studies. 

Experimental  
and epidemiological studies 

 
NOAEL1 

(rat) 
 

Daily Boron Exposure 
(mg B/day) 

 
Blood B 

(ng/g blood) 

Experimental studies       

Price et al., 1997  9.62    1270 

Price et al., 1997  17.53    20204 

Epidemiological studies       

Xing et al, 2008 (males)    41.2a (11.6 – 111.4)  499.2a (20.4 – 3568.9) 

Duydu et al, 2011 (males)    14.45a (3.32 – 35.62]  223.89a (152.82 – 454.02) 

Duydu et al, 2018a (females)    24.67a (10.47 – 57.86)  274.58a (151.81 – 975.66) 

Duydu et al, 2018b (males)    47.17a (7.95 – 106.8)  570.6a (402.5 – 1100) 

1NOAEL is expressed as mg/kg-bw/day, 2NOAEL for the developmental effects in rats, 3NOAEL for the reproductive effects in rats, 
4extrapolated from the published data by Price et al, 1997, athe highest mean blood boron concentrations and daily boron intake levels.
Mean (Range). 

 

Under this circumstances, it has to be concluded that reproductive and developmental effects are not 

relevant to humans under feasible and realistic conditions of exposure to inorganic boron compounds. 

Therefore, the results of the epidemiological studies should be incorporated into the evaluation process 

of the potency classification as a modifying factor.  

 

 

Conclusion; 

Incorporating potency into the classification for reproductive toxicity is basically a valuable approach. 

However, there are many inconsistencies in establishing boundaries of the potency groups as described 

above. Therefore, exceptional chemicals as boric acid should be dealt with on a case-by-case basis.  

 

 The inconsistencies in establishing the potency groups of reproductive substances should be taken 

into consideration while determining the potency group of boric acid. 

 The extremely high blood boron concentrations of males and females in published epidemiological 

studies reflects the heavy environmental and/or occupational exposure conditions (worst-case 

scenario). However the mean blood boron concentrations of humans are still lower than the blood 

boron concentrations at the NOAELs for developmental and reproductive toxicity in rats. Therefore 

the epidemiological studies conducted since 2008 have consistently come to the following 

conclusion. Under conditions of normal handling and use of boron compounds, it is very unlikely 
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that humans could exceed blood boron concentrations corresponding to the NOAELs for 

developmental and reproductive toxicity in rats [Duydu et al, 2011, 2018a, 2018b]. For this reason 

the toxicokinetic data provided by the epidemiological studies should be incorporated into the 

evaluation procedure of potency classification as a “Modifying Factor” for boric acid.  

 The ED10 values of boric acid for both development and sexual function/fertility are very near to the 

boundary of low potency group (≥ 400 mg/kg/day). Accordingly, moving boric acid to the low 

potency group should be considered. The conditions for changing the potency group of a 

substance is defined in the related ECHA Guidance under the heading of “Modifying Factors” 

[ECHA, page: 411, 2017].  

 

When the above mentioned issues are incorporated into the potency classification process, moving 

boric acid from the medium potency group to the low potency group appears to be the most appropriate 

option. 
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Annex II 
 

 

Comments from Duydu et al. (University of Ankara)  

on the paper from Igra et al (2016) 
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ETI MINE Works General Management 

 
 
 

Assessment Report on the study published by Igra et al.; 
 

[1] “Igra AM, Harrari F., Lu Y., Casimiro E., Vahter M., Boron exposure through 
drinking water during pregnancy and birth size, Environmental International, 95, 
54-60, 2016” . 

 
The above mentioned study has been assessed upon the request of Eti Mine Works General 
Management. Our critics and assessments related to the above study are mentioned below; 
 
The study investigates the “boron mediated effects on infant’s birth size” in high altitude 
Andean part of the province of Salta in Northern Argentina. Drinking water is reported as the 

major source of boron exposure (377 – 10929 g B/L) for the Study area. The details of the 
study area is described in their former published study conducted in the same are on the 
“lithium mediated effects on fetal size”. Therefore, the former study should also be assessed 
in order to understand the complexity of the environmental exposure conditions in the 
related study area.   
 
The former study:  

[2] “Harari F., Langeen M., Casimiro E., Bottai M., Palm B., Nordqvist H., Vahter M., 
Environmental exposure to lithium during pregnancy and fetal size: A longitudinal 
study in the Argentinean Andes, Environmental International, 77, 48-54, 2015.” 

 
The effects of high altitude; 
The above mentioned study on lithium exposure describes the same sampling area in more 
detail. Accordingly the sampling area (for both studies mentioned above) located at a high 
altitude (3180 – 4070 m above sea level). Many studies are consistently came to the same 
conclusion that high altitude is an independent risk factor to reduce the birthweight. There 
are many published studies on the relation between low birthweights and high altitude [3-5]. 
In a study conducted in Colorado (970 – 3550 m above the sea level) birth weight declined 



121 g for every 1000 m gain when the effect of altitude was considered alone [3]. However, 
the negative effect of the high altitude on the body weights of newborns have not been 
taken into account in the study published by Igra et al. 
 
Lithium exposure in the sampling area; 
The above mentioned former study [2] is conducted at high altitude with exposure to high 
level of lithium in drinking water (5-1600 micg/L). According to the results of the study; 
blood and urine lithium concentrations is inversely associated (non-significantly) with birth 
weight and length. After adjusting further (Model 2) the inverse association between blood 
lithium and birth length became statistically significant. In conclusion the authors have 
concluded that lithium exposure during pregnancy might be inversely associated with fetal 
size. So, this study clearly states that there is a negative effect of existing level of lithium 
exposure on the fetal size.  
The study published by Igra et al.[1] conducted at the same sampling area located at high 
altitude with high level of lithium in drinking water. In this study, however, the authors are 
investigated the association between boron exposure through drinking water (377 – 10929 
micg B/L) during pregnancy and birth size. Additionally the authors are reported high 
correlation between lithium concentrations in whole blood and boron concentrations in 
serum (rs= 0.77, p<0.0001) in pregnant women. In conclusion, however, the low body weight 
of infants were attributed to boron exposure.  
 
High level of Arsenic (As) 
The recommended upper level of As in drinking water is 10 micg/L (WHO, EPA, EU). However 
the As concentrations in drinking water of some study villages are far above this level and 
indicates to a high level of daily As exposure (Supplement Material, Table S1; San Antonio de 
los Cobres: 99 micg As/L; Santa Rosa de los Pastos Grandes: 26 micg As/L; Solar de Pocitos: 
41 micg As/L; Olacapato: 12 micg As/L; Las Cuevas: 36 micg As/L; El Toro: 17 micg As/L). 
 
Background levels of urinary As range from 5 to 50 micg/L [6]. For occupational exposure to 
iAs, the recommended biologic exposure determinant value is 35 micg As/L [6]. This level is a 
guideline for potential workplace health hazard [6].  
 
The urinary As levels of pregnant women in 1st (median: 98 micg/L), 2nd (median: 104 micg/L) 
and 3rd (median: 129 micg/L) trimester is given in Table 2 [1]. In the light of the information 
provided above on the background levels of urinary As, we can conclude that the urinary As 
levels detected in the sampling area indicate to high level of As exposure. Recent studies 
reported a negative association between prenatal As exposure and birth weight [7]. 
However, under the conclusion section of the study the low body weight of infants were 
attributed to boron exposure. 
 
Relation between the BMI – infant birth weight 
According to the data in Table 1 [1], the pregnant volunteers are fairly short in the sampling 
area. The low stature probably affects strongly the Body Mass Index (BMI). The BMI values 
presented in Table 1 [1] included underweight, overweight and obese women according to 
the BMI categories reported by WHO (BMI categories according to WHO classification; 
underweight: <18.5 kg m-2; normal weight: 18.5 – 24.9 kg m-2; overweight: 25 – 29.9 kg m-2; 

obese:  30 kg m-2). 



According to studies on BMI values, Pre-pregnancy underweight increases the risk of Low 
Body Weight in infants; pre-pregnancy overweight /obesity increases the risk of High Body 
weight in infants [8].  
 
The study does not include a control group 
A control group with low boron exposure would be very informative in interpreting the 
suggested inverse association between boron exposure during pregnancy and low body 
weight in infants. Additionally there is no information about the average body weights of 
newborns in Argentina. Comparing the body weights of newborns between the general 
population and the sampling area would be useful.  
In this study the authors can never be sure whether the outcome of a non-exposed (boron) 
group looks the same. 
 
Statistics 
Instead of two different studies and separate regression models (boron exposure-body 
weight / lithium exposure-bodyweight) one joint study and joint regression model would be 
a better choice to describe the outcome.  
 
On the other hand too many parameters were taken into consideration in linear regression 
models. In this context of modelling too many statistical tests have been performed. 
Therefore we think that the used significance level (5%) is questionable.  
 
A smoothing regression method (based on piecewise regression in small intervals) is used in 
the study published by Igra et al [1]. In all three figures (Figure S4-6 in the supplement 
material of the study) there are some leverage points after the knot at 80 micg/L boron 
which are under the 5% percentile (Table S3). If these points are in the regression interval 
it´s possible that these points will drag the regression down. After these points the 
regression curve rises again to the starting level at the knot or even above. So the decreasing 
regression curve is an impact of these leverage points in the used interval. If we assume that 
these leverage points are some kind of outliers and should be eliminated it is possible that 
the regression curve is almost constant or slightly rising after the spline knot. Accordingly the 
suggested boron mediated decrease in body weights of newborns is questionable.  
 
Conclusion 
The complexity of the environmental exposure conditions, the high altitude at the sampling 
area, lithium exposure through drinking water, arsenic exposure through drinking water, the 
presence of underweight and overweight pregnant women (BMI) and the lack of a control 
group makes it questionable to attribute the relative decrease in body weight of newborns 
to boron exposure. Accordingly the suggested inverse relation between boron exposure 
during pregnancy and low birth weight in newborns is not convincing. 
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Comments from Culver et al. (University of California)  

on the paper from Igra et al (2016) 
 






