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The concentrations of nine metals, namely, cadmium (Cd), lead (Pb), chromium (Cr), copper (Cu), cobalt
(Co), nickel (Ni), manganese (Mn), zinc (Zn), and iron (Fe), were determined in 26 brands of hair care
products including hair relaxers, conditioners and shampoos. The study was aimed at providing infor-
mation on the possible risks arising from heavy metals associated with the use of these products.
The concentrations of the metals were determined by means of atomic absorption spectrophotome-
try after digestion of the samples with a mixture of acids. The concentrations of the respective metals
in hair relaxers, shampoos and conditioners were found to be 0.8-2.5, 0.6-3.0, <LOQ-2.8 pgg~! Cd;
4.5-26.0, <LOQ-28.0, <LOQ-425 pgg~! Pb; <LOQ-0.6, <LOQ-3.4, <LOQ-4.2 pgg~! Cr; <LOQ-3.5, <LOQ-6.0,
<L0Q-3.5 pgg~! Cu; <LOQ-7.0, <LOQ-7.0,0.5-4.5 ugg~! Co; 1.0-5.5,<LOQ-10.5, 1.5-6.0 wgg~! Ni; <LOQ-
9.0, 2.0-25.5, <LOQ-15 wgg~! Mn; 36.5-48.0, 35.5-1080 wgg~!, 30.0-69.0 ngg~! Zn; and 84.5-123,
66.7-284, 57.6-153 wgg~! Fe respectively. The systemic exposure dosage (SED) values of the studied
metals were below their respective provisional tolerable daily intakes (PTDI)/recommended daily intakes
(RDI), while the margins of safety were greater than 100 which indicate that these products are safe to

use.

© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The use of cosmetics to beautify the human body is a worldwide
tradition spanning thousands of years. Despite challenging eco-
nomic conditions, the demand for cosmetic products has increased
worldwide because of human’s consciousness of the need to beau-
tify their bodies [1,2] and the sharp rise in advertisements of
products both in the print and electronic media [2,3]. The use of
cosmetics as routine body care cuts across all income classes in
society [4].

The sources of metallic impurities in cosmetic products include
their use as ingredients as exemplified by the use of zinc oxide
in sunscreen creams, inorganic mercury compounds in skin-
lightening creams, lead acetate in progressive hair dyes, and
aluminium and zirconium salts in antiperspirants [2], and/or as
contaminants arising from the manufacturing processes. The inten-
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tional use of compounds of antimony (Sb), arsenic (As), cadmium
(Cd), chromium (Cr), cobalt (Co), and nickel (Ni) as ingredients of
cosmetic products is prohibited by Annex Il of directive 76/768/EEC
of the European Union because they are considered unsafe as a
result of toxicity problems, but these compounds still persist in
today’s cosmetic products owing to their ubiquitous nature and
from contamination from production processes.

The occurrence of metals in cosmetic products is of concern for
three principal reasons: (i) the use of cosmetic products could rep-
resent a possible source of population-wide exposure daily, and
often long-term exposure to metals in cosmetic products [6,7], (ii)
metals can accumulate in the body over time, and (iii) a number of
them are known to exhibit different chronic health effects, such as
cancer, contact dermatitis, developmental, neurological and repro-
ductive disorders, brittle hair and hair loss. Some metals are potent
endocrine disruptors and respiratory toxins. Moreover, some met-
als, such as Cd, As, Pb, Hg and Sb, are exceptionally toxic with a
wide variety of chronic health effects, whereas Cr, Ni and Co are
well known skin sensitizers [4,7,8]. For these reasons, the cosmetic
industries have become a target for increased regulatory scrutiny

2214-7500/© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Table 1
Information on the hair care products.

Brand name Colour Country of Origin
Hair Relaxers

Care times Milky Nigeria
Relax regular White Nigeria
BEVA White USA

Ozone Milky Nigeria

TCb No base White South Africa
No Lye White Nigeria
Hair Shampoos

Our choice Pink Nigeria
Petals Pink Nigeria
Olive oil Lemon UK

BEVA Milky USA

Mega growth Milky USA
Neutralizing Milky Nigeria
Anti-dandruff Hair Shampoos

Vinoz Green Nigeria
Viola Orange Nigeria
Nizoral White USA
Selsium Orange USA

Head & Shoulders White France

Hair Conditioners

Soul mate Brown Nigeria
Petals hair food Orange Nigeria
Blue magic Blue USA

Milky way hair darkey White Nigeria
Petals White Nigeria
Dark & Lovely Pink South Africa
Ultra reconstructor White South Africa
Dark & Lovely corrective White South Africa
Liquid activator White South Africa

worldwide with a common goal of ensuring safe levels of the ingre-
dients in these products.

A survey of the literature indicates that there are a limited num-
ber of studies on the concentrations of metals in hair care products
in Nigeria and other parts of the world [1,9-11]. This study evalu-
ates the concentrations and risks of metals (Cd, Pb, Cr, Cu, Co, Ni,
Mn, Zn and Fe) in some hair care products in Nigeria.

2. Materials and methods
2.1. Samples and sample collection

A total of 26 brands of commonly used hair care products were
purchased from markets in Abraka, Warri, Benin-City and Lagos,
Nigeria. Within a given brand, a total of three samples with different
batch numbers and dates of manufacture were collected in order
to study the variations in elemental concentrations within a par-
ticular brand. The brands collected included those manufactured in
Nigeria as well as those imported from other countries. The brands
studied were carefully selected to reflect the popular brands used
by different income classes. The samples collected for this study
were within their specified usage periods (shelf-life). Information
regarding brand names and the country of origin of these products
is shown in Table 1.

2.2. Reagents

All the reagents used in this study were of analytical grade,
namely, nitric acid (HNOs, 69%), hydrochloric acid (HCI, 37%), and
perchloric acid (HCIO4, 69%) (British Drug House, Poole, UK). The
calibration standards were prepared by diluting 1000 mgL~! com-
mercial standards of Cd, Pb, Cr, Cu, Co, Ni, Mn, Zn and Fe (Merck,
Darmstadt, Germany) with 0.25 mol L1 HNOs.

2.3. Sample preparation

For each sample a mass of 0.5 g was placed in a Teflon vessel,
then 10 mL of concentrated hydrochloric acid, 5 mL of concentrated
nitric acid and 5mL of perchloric acid were added and the mix-
ture was predigested for at least 4-5 h. The vessel was covered and
the sample was heated on regulated hotplate to 120°C for 1 h. The
sample solution was allowed to cool to room temperature, filtered
and made up to 25 mL with 0.25 mol L-! HNOs. Three blanks were
prepared in a similar way, but omitting the samples.

2.4. Chemical analysis

The concentrations of metals (Cd, Pb, Cr, Cu, Co, Ni, Mn, Zn
and Fe) in the filtrates were analyzed in triplicate by using flame
atomic absorption spectrophotometry (Perkin Elmer, Analyst 200,
Norwalk, CT, USA). Calibration standards and blank solutions were
analyzed in a similar way as the samples. For each analysis at least
three blanks were analyzed. The average blank signal was sub-
tracted from the analytical signal of the sample before statistical
analysis.

2.5. Quality control and statistical analysis

All glassware used in this study was previously soaked in 10%
nitric acid solution for 24 h and rinsed with deionized water. The
instrument was calibrated after every ten runs. In the absence of
a certified reference material, the accuracy of the analytical pro-
cedure was validated by using spike recovery methods. A known
amount of the test elements at three concentration levels was intro-
duced into fresh parts of already analyzed samples, and all the
analytical steps from digestion to atomic absorption analysis were
repeated. The percent spike recoveries for the metals were between
83.4 and 105% while the intra-day and inter-day calibration pre-
cisions were less than 13% (Table 2). The working conditions of
the atomic absorption spectrophotometer, and the limits of detec-
tion and quantification for the studied metals are also provided in
Table 2. Analysis of variance (ANOVA) and Tukey post hoc tests were
used to determine whether the concentrations of metals varied sig-
nificantly within the same brand and between different categories
of hair care products respectively.

2.6. Evaluation of systemic exposure dosage and margin of safety

The risk of human exposure to the metals contained in these
hair care products can be evaluated by using the uncertainty factor
called the Margin of Safety (MoS). This is the ratio of the lowest
no observed adverse effect level (NOAEL) value of the metal under
investigation to its estimated systemic exposure dosage (SED) [12].

NO(A)EL
MoS = —5gp—

Information on the systemic dosage of metals in cosmetics can
be obtained by taking into account the amount of the cosmetic
product applied to the body per day, the applied surface area, the
concentration of the metal in the cosmetic product under investi-
gation, the dermal absorption of that particular contaminant and a
human body weight value [12].

The systemic exposure dosage (SED) is given by the expression:

_CS><AA><SSA><F><RF><BF><
- BW

where Cs is the concentration of the particular metal in the product
(mgkg~1); AA is the amount of the cosmetic product used per day
(16.67 g per day); SSA is the surface area of skin (17500 cm?); F is

1073

SED (pugkg ™' bwday™")
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Table 2
Atomic absorption spectrophotometer settings and validation data for metals analyzed.
Instrument Settings Flame composition Percent recovery Linearity ~ Precision®
WavelengthSlit width Relative ~ Lamp Air Acetylene 20.05pgg1"2.0pngg ! *10pngg ! R? Intra-day Inter-day LOD LOQ
(nm) (nm) noise curren (L/min) (L/min) (ngg™)  (pngg™)
(mA)
Ca228.8 0.7 1.0 10 9.5 23 84.5 88.4 92.4 0.9994 5.3 6.2 0.02 0.06
PR83.3 0.7 0.43 8 9.5 23 96.7 92.4 93.8 0.9999 6.2 7.8 0.03 0.09
CB57.9 0.7 1.0 12 9.5 23 94.9 96.4 90.2 0.9998 8.2 9.2 0.04 0.12
N232.0 0.2 1.0 30 9.5 23 88.5 923 93.2 0.9992 6.4 4.2 0.02 0.06
C324.8 0.7 1.0 25 9.5 23 84.6 93,5 99.6 0.9998 10.5 113 0.02 0.06
Ca40.7 0.2 1.0 15 9.5 23 99.7 101 83.6 0.9997 12.2 123 0.04 0.12
M279.5 0.2 1.0 12 9.5 23 92.5 93.6 98.4 0.9998 5.8 8.6 0.03 0.09
Z213.9 0.7 1.0 15 9.5 23 96.4 93.2 98.6 0.9998 10.2 7.2 0.04 0.12
F@48.3 0.2 1.0 15 9.5 23 92.3 105 83.4 0.9996 6.3 7.8 0.03 0.09

2 amount added.
b average of three concentration levels.

the frequency of application (1.43/day); RF is the retention factor
(0.01 for non-leave-on cosmetic products); BF is the oral bioac-
cessibility factor; BW is the body weight (kg) and 10-3 is a unit
conversion factor. The AA, SSA, F and RF values used in the estima-
tion of SED and MosS in the present study were the standard values
established by the Scientific Committee on Consumer Safety (SCCS)
[12] and a default body weight value of 60 kg was used. The NOAELSs
of the metals were obtained from their oral reference doses (RfD)
by multiplying the latter by the uncertainty factor (UF) and the
modifying factor (MF). The oral reference dose is an estimate of the
daily exposure to the human population, including sensitive sub-
groups, that is likely to be without an appreciable risk of deleterious
effects during one’s life time. The UF represents the uncertainty
factor (reflecting the overall confidence in the various data sets)
while MF represents the modifying factor (based on the scientific
judgment used). In this case the default values of UF and MF were
100 and 1 respectively. The RfDs (in mg kg~! day~1) for the metals
were Pb (4 x 103) [13],Cd (1 x 1073), Cr (3 x 1073), Co (3 x 1074),
Zn (3.0 x1071), Fe (7.0 x 1071), Cu (4.0 x 10~2), Mn (1.4 x 10~1)
and Ni (2 x 10~2) [14]. The World Health Organization (WHO) has
proposed a minimum MoS value of 100 as acceptably safe for the
product to be used on the human body [12]. The SCCS acknowl-
edged the fact that in many conventional calculations of MoS, the
oral bioavailability of the substance is assumed to be 100% if oral
absorption data are available. However, it is considered appropriate
to assume that not more than 50% of an orally administered dose
is systemically available [12].

3. Results and discussion

The results for the determination of the metal concentrations
in these brands of hair care products are presented in Table 3. The
concentrations of the metals varied significantly (p <0.05) from one
brand to another and also between the different categories of hair
products. These differences may be associated with the difference
in raw material types and sources, and branding and manufactur-
ing processes. There are currently no established regulatory control
limits for metals in cosmetics in most countries of the world includ-
ing Nigeria. However, the results obtained in this study shall be
compared with the few available international regulatory control
limits.

The concentration of Cd varied from <LOQ to 3.0 wgg~!. Hair
conditioners had higher concentrations of Cd than hair relaxers and
shampoos. The maximum allowable limit for Cd as an impurity in
cosmetic productsis setat 3.0 wg g~ ! by the Canadian authority[15]
while in Germany, the maximum allowable limit for Cd in cosmet-
ics is set at 5.0 wg g~! [16]. The concentrations in these samples of
hair care products were below the Canadian and German regulatory

control limits. Cd concentrations in the range of 2.58-6.95 ugg~!
in hair care products in Nigeria were reported [11]. Lavilla et al.
[9] found <0.002 wgg~! in hair conditioners and shampoos [9].
Chauhan et al. reported Cd concentrations of 0.033-0.042 pgg!.
Amartey etal.[10] found Cd concentrations of 4.2-6.8 wg g~ ! in hair
creams. The concentrations of Cd in our samples were lower than
some of the Cd levels previously reported [10,11]. However, other
studies on hair care products indicated lower levels than those
found in our samples [9,17].

Lead concentrations in these products varied from <LOQ to
425 ngg1. In this study HCP-21 had an exceptionally higher con-
centration than the other products. Apart from HCP-21, the other
products had Pb concentrations less than 28 pgg~!. If we remove
the exceptionally high data point associated with a sample of hair
conditioner, the relaxers had higher concentrations of Pb than the
other hair care products. The maximum allowable limit for Pb as
an impurity in cosmetic products is set at 10 pgg~! by the Cana-
dian authority [15] while the US FDA limit for Pb as an impurity
in colour additives used as ingredients of cosmetics is 20 ugg~!
[18]. In this study, 12 out the 26 brands investigated exceeded the
Canadian limit while six out of the 26 brands exceeded the US FDA
limit. Pb concentrations of 0.43-1.30 ug g~ ! were reported in some
hair care products in Nigeria [11]. Pb concentrations in the range of
10.667-25.350 wgg~! in hair cream were reported in Ghana [10].
Apart from HCP-21, the concentrations of Pb in these samples are
comparable with those reported by Amartey et al. [10].

The concentrations of Cr in the majority of these samples were
below the limit of quantification. Chromium was detected in 27%
of the brands investigated at concentrations ranging from 0.2 to
42pngg 1. A wide concentration range of Cr in cosmetic prod-
ucts has been reported in the literature. For instance, the mean
concentrations of Cr in hair conditioners, hair gels and sham-
poos were reported as 0.058-0.17 wgg~! [9]. Cr concentrations of
<0.001 wgg~! in hair creams in Ghana were reported [10] while
Umar and Caleb [11] found Cr concentrations in the range of
0.34-0.49 pgg~! in hair care products in Nigeria. The concentra-
tions of Cr in the majority of our samples are comparable with
Cr levels reported for hair care products in the literature [9-11].
Chromium compounds can cause skin ulcers and allergenic reac-
tions, including severe redness and swelling of the skin [19].
Chromium in the +VI oxidation state permeates the skin more than
Cr(III) due to its high solubility [20-22], however, both Cr(Ill) and
Cr(VI) are potential haptens in the development of contact allergies
[4,8,23]. The rate of permeation of Cr through the skin is related to
the contact time, synthetic sweat at low pH and the use of cleansers
[24].

The concentrations of Ni in our samples ranged from <LOQ
to 10.5wgg-!. The brand with the highest concentration was
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Table 3
Concentrations (pgg~!) of metals in hair care products in Nigeria.
Cd Pb Cr Cu Co Ni Mn Zn Fe
Hair Relaxers
HCP1 1.54+0.25 19.0+3.0 <LOQ <LOQ 2.0+£0.05 45+0.6 7.0+£0.9 44.5+4.6 102+0.5
HCP2 0.8+0.05 15.0+£0.5 <LOQ <LOQ 25+0.1 4.0+09 9.0+0.6 42.0+1.0 108+ 1.1
HCP3 1.3+03 26.0+4.5 <LOQ 35+03 <LOQ 1.0+0.3 <LOQ 36.5+1.4 84.5+5.7
HCP4 1.0+0.05 24.0+0.0 <LOQ 1.0+0.7 05+0.7 4.5+02 2.0+0.2 43.0+0.5 111+2.6
HCP5 1.440.05 200+1.5 0.6+0.8 05+04 05+04 5.5+0.05 3.0+0.3 37.0+1.3 116+0.9
HCP6 25+0.1 45+05 02409 <LOQ 7.0£0.15 40+14 7.5+0.2 48.0+3.7 123+3.9
Hair Shampoos
HCP7 23+03 28.0+0.5 <LOQ <LOQ 05+0.3 45403 3.0+£0.7 425429 68.9+34
HCP8 1.7+0.05 0.5+0.5 <LOQ 0.5+0.1 <LOQ 6.0+0.9 25+0.6 56.0+1.2 111+2.7
HCP9 09+0.1 <LOQ <LOQ <LOQ <LOQ 7.5+03 2.0+0.2 44.5+5.0 127429
HCP10 1.24+0.05 6.0+£1.5 344035 <LOQ 2.0+0.05 6.5+0.4 7.0+£23 355+2.1 66.7+1.2
HCP11 1.84+0.05 <LOQ 2.04+0.25 1.0+0.15 7.0£0.25 1.5+1.0 11.5+1.5 60.5+2.3 110+1.8
HCP12 3.0+£0.15 3.0+1.0 <LOQ <LOQ 4.5+0.1 3.0+0.1 6.0+0.3 40.5+4.0 82.3+5.65
Anti-dandruff Hair Shampoos
HCP13 1.5+0.1 22.0+0.0 <LOQ <LOQ 1.0+0.25 50+1.5 25+1.7 37.0+0.6 68.3+3.1
HCP14 2.74+0.05 10.0+£0.5 3.3+0.15 5.0+0.15 1.5+04 <LOQ 11.0+1.8 46.5+3.1 90.6+24
HCP15 0.6+0.20 6.5+0.5 <LOQ <LOQ 35+0.8 75+1.7 155+1.0 1075+0.6 196 +1.1
HCP16 1.3+0.0 9.5+0.5 <LOQ <LOQ 3.0+0.05 6.5+0.8 11.0+0.3 45.5+1.8 195+0.8
HCP17 1.4+0.2 85+05 <LOQ 6.0+£0.2 55+0.3 10.5+0.055 255+1.8 44.0+2.0 284+0.9
Hair Conditioners
HCP18 1.2+0.05 10.5+£2.0 <LOQ 3.5+0.0 1.5+0.1 5.0+0.9 <LOQ 69.0+1.5 140+3.2
HCP19 <LOQ 145+1.0 <LOQ 05+0.4 1.5+0.2 3.5+0.05 <LOQ 39.0+0.2 153+4.6
HCP20 0.7+0.2 155+1.5 <LOQ <LOQ 1.0+£0.1 1.5+0.2 <LOQ 41.0+0.8 75+3.5
HCP21 1.3+0.0 425+4.0 <LOQ <LOQ 2.5+0.5 3.0+03 9.0+0.8 48.5+2.4 137+1.2
HCP22 2.1+£0.05 <LOQ <LOQ <LOQ 1.0+04 6.0+£0.3 2.0+0.05 50.0+4.6 149+1.8
HCP23 2.1+00 7.5+0.5 4.24+0.75 0.5+0.05 2.0+03 1.5+1.0 15.0+0.8 61.0+45 119+0.2
HCP24 2.8+0.05 1.5+2.0 <LOQ <LOQ 4.0+0.5 4.0+0.2 10.0+0.8 57.0+0.6 148 +1.6
HCP25 0.9+0.1 <LOQ 3.0+£0.2 2.0+0.05 0.5+0.2 25+0.0 55+0.7 30.0+1.5 57.6+3.6
HCP26 1.7+0.1 <LOQ <LOQ <LOQ 45403 3.0+0.8 35+1.7 30.5+1.9 80.5+2.2

HCP-17. On average, hair shampoos had higher concentrations
of Ni than hair relaxers and conditioners. Ni concentrations of
0.83-3.11pugg ! were found in some hair products in Nigeria
[11]. Ni concentrations in hair pomades in Ghana were reported
as 13-72pgg! [10]. Lavilla et al. found Ni concentrations of
<0.009-12 pg g1 in hair care products including hair gels, hair con-
ditioners and shampoos [9]. Ullah et al. found Ni concentrations
of 0.095-0.386 ugg~! in shampoos from the Pakistan market [1].
The concentrations of Ni in our samples were higher than those
reported by Ullah et al. and Umar and Caleb [1,11]. Nickel in contact
with human skin can be easily oxidized by sweat to form solu-
ble and diffusible compounds that penetrate the stratum corneum
through appendageal, transcellular or intracellular routes [25]. The
rate of diffusion of Ni across the stratum corneum is usually lim-
ited to <1% and it is influenced by many factors including the
counter ions (acetate, chloride, nitrate, sulfate), oxidizing capac-
ity of sweat, sex (male or female), exposure time and the amount
applied (dosage) [22,25,26]. The ability of Ni to bind with amino
acid residues to form Ni-complexed proteins has been suggested
as the main factor responsible for contact allergy and irritations
caused by exposure to Ni [27].

The concentrations of Co in these hair care products ranged
from <LOQ to 7.0 wgg~!. The highest concentrations of Co were
found in HCP-6 and HCP-11. On average, shampoos had higher
concentrations of Co than relaxers and conditioners. Cobalt concen-
trations of 0.183-0.373 wg g~ ! were found in shampoos in Pakistan
[1] and hair pomades marketed in Ghana contained as much as
10.66-25.35 wgg~! Co [10]. The concentrations of Co in our sam-
ples were lower than those found in hair care products in Ghana.
Cobalt is a skin allergen responsible for allergic contact dermatitis
(ACD) as confirmed by the positive response observed in 7.9% of
cases on 25,000 European subjects patch tested in 2008 [28]. The
flux of Co ions through the skin is closely related to the oxidation
capacity of the sweat [29,30]. Exposure to Co is known to cause itch-

ing, and eczematous periungal and palmar lesions [31]. There are
no international guidelines and standards for Cr, Ni and Co in cos-
metic products. Piela and Kir¢-Swierczynska [32] have identified
the elicitation concentration as 50 wg g~ ! based on a dose response
study with 72 Co allergic patients, while Fischer and Rystedt [33]
found that Co allergic reactions could occur at a concentration of
19 wg g1, however, Basketter et al. [34] have shown that presensi-
tized subjects rarely react to concentrations of Cr, Ni and Co below
10 ngg~'. On the basis of these findings, it was recommended that
cosmetic products to be used on the skin should not contain Cr, Ni
and Co at levels above 5 wgg~! or for greater skin protection these
metals should be present at concentrations less than 1 wgg~1 [34].
In this study, only three brands in the case of Co and ten brands
of the products investigated in the case of Ni surpassed the limit of
5ug g~ ! suggested by Basketter et al. [34]. However, the majority of
our samples had Co and Ni concentrations above 1 wg g~ suggested
for greater skin protection. From the foregoing, the concentrations
of Ni and Co in these products may be of concern to presensitized
subjects.

Copper was only detected in 42% of the brands of hair prod-
ucts investigated at concentrations in the range of 0.5-6.0 pgg—1.
The highest concentration of Cu was observed in HCP-17. Relatively
few studies have reported the concentrations of Cu in hair care
products. For instance, Ullah et al. reported Cu concentrations of
0.071-2.387 wg g~ ! in shampoos marketed in Pakistan [ 1] while Cu
concentrations in the range 0f 0.70-12.80 pg g~ were found in hair
care products in Ghana[10]. The concentrations of Mn in these sam-
ples ranged from <LOQ to 25.5 wgg~!. Hair shampoos had higher
concentrations of Mn than hair relaxers and conditioners. Amartey
et al. [10] reported an average Mn concentration of 9.8 ugg~! in
hair pomades in Ghana while Mn concentrations in the range of
<0.05-31.8 wgg~! have been found in body creams and underarm
cosmetics in Nigeria [2,5]. Copper is an essential element in both
human and animal nutrition, however, Cu has been implicated as



Table 4
Systemic Exposure Dosage and Margin of Safety values of metals in hair care products for a 50% oral bioaccesibility factor.
Systemic Exposure Dosage Margin of Safety
Ccd Pb Cr Cu Co Ni Mn Zn Fe Cd Pb Cr Cu Co Ni Mn Zn Fe

Hair Relaxers
HCP1 0.0005 0.0067 0.0000 0.0000 0.0007 0.0016 0.0025 0.0156 0.0360 1.90x10° 5.99x10* 0.00 0.00 427 x10* 126x105 569x10% 1.92x10% 1.95x10°
HCP2 0.0003 0.0053 0.0000 0.0000 0.0009 0.0014 0.0032 0.0148 0.0379 3.56x10° 7.59x10* 0.00 0.00 3.41x10* 142x10° 443x10% 2.03x10° 1.85x10°
HCP3 0.0004 0.0091 0.0000 0.0012 0.0000 0.0004 0.0000 0.0128 0.0297 2.28x10° 438x10* 0.00 3.25x 105  0.00 5.69x10%  0.00 234x10% 236 x 106
HCP4 0.0004 0.0084 0.0000 0.0004 0.0002 0.0016 0.0007 0.0151 0.0391 2.85x10° 4.74x10* 0.00 1.14x107  1.71x10° 1.26x10° 1.99x107 1.99x10% 1.79x 106
HCP5 0.0005 0.0070 0.0002 0.0002 0.0002 0.0019 0.0011 0.0130 0.0408 2.03x10° 5.69x10* 1.42x10° 228x107 1.71x10°> 1.03x10% 133x107 231x10% 1.72x10
HCP6 0.0009 0.0016 0.0001 0.0000 0.0025 0.0014 0.0026 0.0169 0.0433 1.14x10° 253x10° 4.27x10° 0.00 1.22x10*  1.42x10° 531x10° 1.78x10% 1.62x 108
Hair Shampoos
HCP7 0.0029 0.0351 0.0000 0.0000 0.0006 0.0056 0.0038 0.0533 0.0864 3.46x10* 1.14x10* 0.00 0.00 478 x10* 3.54x10° 3.72x10% 562x10° 8.10x10°
HCP8 0.0021 0.0006 0.0000 0.0006 0.0000 0.0075 0.0031 0.0703 0.1399 4.83x10* 637x10° 0.00 6.37x10%  0.00 2.66x10° 4.46x105 427x10° 5.00x10°
HCP9 0.0011 0.0000 0.0000 0.0000 0.0000 0.0094 0.0025 0.0559 0.1596 9.37x10* 0.00 0.00 0.00 0.00 2.12x10° 558x105 537x10° 4.39x10°
HCP10 0.0014 0.0075 0.0043 0.0000 0.0025 0.0082 0.0088 0.0446 0.0837 6.93x10* 531x10* 7.03x10* 0.00 1.20x 10*  245x10° 1.59x10° 6.73x10° 837 x10°
HCP11 0.0022 0.0000 0.0024 0.0013 0.0088 0.0019 0.0144 0.0759 0.1376 4.55x10* 0.00 123x10° 3.19x10° 341x10° 106x10° 9.70x10° 3.95x10° 5.09 x 10°
HCP12 0.0038 0.0038 0.0000 0.0000 0.0056 0.0038 0.0075 0.0508 0.1032 2.66x10* 1.06x10° 0.00 0.00 531x10® 531x10° 1.86x105 590x10° 6.78x10°
Anti-dandruff Hair Shampoos
HCP13  0.0019 0.0276 0.0000 0.0000 0.0013 0.0063 0.0031 0.0464 0.0857 5.31x10* 145x10* 0.00 0.00 239x10% 3.19x10° 446x10° 646x10° 8.17x10°
HCP14 0.0033 0.0126 0.0041 0.0063 0.0019 0.0000 0.0138 0.0584 0.1137 3.01x10* 3.19x10* 7.24x10* 6.37x10° 1.59x10* 0.00 1.01x10% 5.14x10° 6.16x10°
HCP15 0.0008 0.0082 0.0000 0.0000 0.0044 0.0094 0.0195 1.3493 0.2458 1.33x10° 4.90x10* 0.00 0.00 6.83x10° 2.12x10° 720x10° 222x10* 2.85x10°
HCP16 0.0016 0.0119 0.0000 0.0000 0.0038 0.0082 0.0138 0.0571 0.2447 6.37x10* 3.35x10* 0.00 0.00 797 x10® 245x10° 1.01x105 525x10° 2.86x10°
HCP17 0.0017 0.0107 0.0000 0.0075 0.0069 0.0132 0.0320 0.0552 03562 590x10* 3.75x10* 0.00 531x10° 435x10® 1.52x10° 437x10° 543x10° 1.97x10°
Hair Conditioners
HCP18 0.0002 0.0014 0.0000 0.0005 0.0002 0.0007 0.0000 0.0091 0.0184 6.33x10> 2.89x10° 0.00 8.68x10° 1.52x10° 3.04x10° 0.00 330x 105 3.80x 10
HCP19 0.0000 0.0019 0.0000 0.0001 0.0002 0.0005 0.0000 0.0051 0.0202 0.00 2.09x10° 0.00 6.07x107 152x10° 434x105 0.00 5.84x10°  3.47 x 108
HCP20 0.0001 0.0020 0.0000 0.0000 0.0001 0.0002 0.0000 0.0054 0.0099 1.08x10® 1.96x10° 0.00 0.00 228x10° 1.01x107 0.00 5.56 x 106 7.05 x 106
HCP21 0.0002 0.0559 0.0000 0.0000 0.0003 0.0004 0.0012 0.0064 0.0180 5.84x10° 7.15x10° 0.00 0.00 9.11x10* 506x105 1.18x107 4.70x10° 3.89 x 10°
HCP22 0.0003 0.0000 0.0000 0.0000 0.0001 0.0008 0.0003 0.0066 0.0196 3.62x10° 0.00 0.00 0.00 228x10° 253x105 531x107 4.56x10% 3.57 x10°
HCP23 0.0003 0.0010 0.0006 0.0001 0.0003 0.0002 0.0020 0.0080 0.0156 3.70x10° 4.05x10° 542x10° 6.07x107 1.14x10° 1.01x107 7.09x10% 3.73x10% 4.48 x 106
HCP24 0.0004 0.0002 0.0000 0.0000 0.0005 0.0005 0.0013 0.0075 0.0195 2.76x10°> 2.02x10%° 0.00 0.00 5.69x10* 3.80x10° 1.06x107 4.00x10° 3.58 x 10°
HCP25 0.0001 0.0000 0.0004 0.0003 0.0001 0.0003 0.0007 0.0040 0.0076 8.93x10°> 0.00 7.72x10°  1.52x107 456x10° 6.07x105 193 x107 7.59x105 9.23 x 106
HCP26  0.0002 0.0000 0.0000 0.0000 0.0006 0.0004 0.0005 0.0040 0.0106 4.47 x10° 0.00 0.00 0.00 5.06x10* 506x10% 3.04x107 7.47x105 6.61x10°
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Table 5

Systemic Exposure Dosage and Margin of Safety values of metals in hair care products for a 100% oral bioaccesibility factor.

Systemic Exposure Dosage Margin of Safety

Ccd Pb Cr Cu Co Ni Mn Zn Fe Ccd Pb Cr Cu Co Ni Mn Zn Fe
Hair Relaxers
HCP1 0.0011 0.0134 0.0000 0.0000 0.0014 0.0032 0.0049 0.0313 0.0720 9.48x10* 3.00x10* 0.00 0.00 213x10* 632x10° 285x10% 959x10° 9.73x10°
HCP2 0.0006 0.0105 0.0000 0.0000 0.0018 0.0028 0.0063 0.0295 0.0759 1.78x10° 3.79x10* 0.00 0.00 1.71x10%  711x10° 221x10° 1.02x10% 923 x10°
HCP3 0.0009 0.0183 0.0000 0.0025 0.0000 0.0007 0.0000 0.0257 0.0594 1.14x10° 2.19x10* 0.00 1.63x10%  0.00 2.85x10%  0.00 1.17x10%  1.18 x 106
HCP4 0.0007 0.0169 0.0000 0.0007 0.0004 0.0032 0.0014 0.0302 0.0782 1.42x10° 237x10* 0.00 5.69x10° 8.54x10* 632x10° 9.96x10° 9.93x10° 8.95x10°
HCP5 0.0010 0.0141 0.0004 0.0004 0.0004 0.0039 0.0021 0.0260 0.0815 1.02x10° 285x10* 7.11x10°> 1.14x107 854x10* 517x10° 6.64x10° 1.15x105 8.58x10°
HCP6 0.0018 0.0032 0.0001 0.0000 0.0049 0.0028 0.0053 0.0337 0.0866 5.69x10* 1.26x10° 2.13x10% 0.00 6.10x 10> 7.11x10° 266x10° 8.89E+05 8.08 x 10°
Hair Shampoo
HCP7 0.0058 0.0703 0.0000 0.0000 0.0013 0.0113 0.0075 0.1067 0.1728 1.73x10* 569x10° 0.00 0.00 239x10* 1.77x10° 1.86x10° 2.81x10° 4.05x10°
HCP8 0.0041 0.0013 0.0000 0.0013 0.0000 0.0151 0.0063 0.1406 0.2798 2.41x10* 3.19x10° 0.00 3.19x10°  0.00 1.33x10° 223x10° 213x10° 2.50x10°
HCP9 0.0021 0.0000 0.0000 0.0000 0.0000 0.0188 0.0050 0.1117 0.3192 4.69x10* 0.00 0.00 0.00 0.00 1.06x10° 2.79x105 2.69x10° 2.19x10°
HCP10 0.0029 0.0151 0.0085 0.0000 0.0050 0.0163 0.0176 0.0891 0.1673 3.46x10* 2.66x10* 3.51x10* 0.00 598x10° 123x10° 7.97x10° 337x10° 4.18x10°
HCP11 0.0044 0.0000 0.0049 0.0025 0.0176 0.0038 0.0289 0.1519 02751 228x10* 0.00 6.13x10* 1.59x105 1.71x10°> 531x10° 4.85x10° 1.98x10° 2.54x10°
HCP12 0.0075 0.0075 0.0000 0.0000 0.0113 0.0075 0.0151 0.1017 02065 133x10* 531x10* 0.00 0.00 2.66x10° 2.66x10° 929x10° 295x10° 3.39x10°
Hair Shampoo (with Anti dandruff shampoo)
HCP13  0.0038 0.0552 0.0000 0.0000 0.0025 0.0126 0.0063 0.0929 0.1713 2.66x10* 7.24x10° 0.00 0.00 120x10*  1.59x10° 223x10° 323x10° 4.09x 10°
HCP14 0.0067 0.0251 0.0083 0.0126 0.0038 0.0000 0.0276 0.1167 0.2274 1.50x10* 1.59x10* 3.62x10* 3.19x10°> 7.97x10° 0.00 5.07x10° 257x10° 3.08 x 10°
HCP15 0.0015 0.0163 0.0000 0.0000 0.0088 0.0188 0.0389 2.6987 0.4915 6.64x10* 245x10* 0.00 0.00 341x10° 1.06x10° 3.60x10° 1.11x10* 1.42x10°
HCP16 0.0031 0.0238 0.0000 0.0000 0.0075 0.0163 0.0276 0.1142 0.4894 3.19x10* 1.68x10* 0.00 0.00 3.98x10° 123x10° 5.07x10° 2.63x10° 1.43x10°
HCP17 0.0034 0.0213 0.0000 0.0151 0.0138 0.0264 0.0640 0.1105 0.7125 295x10* 1.87x10* 0.00 2.66x10° 217x10° 759x10% 219x10° 2.72x10° 9.83x10*
Hair conditioners
HCP18 0.0003 0.0028 0.0000 0.0009 0.0004 0.0013 0.0000 0.0182 0.0369 3.16x10° 1.45x10°> 0.00 434x105 7.59x10* 1.52x10° 0.00 1.65x10%  1.90 x 108
HCP19 0.0000 0.0038 0.0000 0.0001 0.0004 0.0009 0.0000 0.0103 0.0403 0.00 1.05x10°  0.00 3.04x107 7.59x10* 2.17x105 0.00 2.92x10°  1.74 x 108
HCP20 0.0002 0.0041 0.0000 0.0000 0.0003 0.0004 0.0000 0.0108 0.0198 542x10° 9.80x10* 0.00 0.00 1.14x10° 5.06x 105 0.00 2.78 x 10  3.53 x 10°
HCP21 0.0003 0.1118 0.0000 0.0000 0.0007 0.0008 0.0024 0.0128 0.0360 2.92x10° 3.58x10° 0.00 0.00 456x10* 2.53x10° 591x10% 235x105 1.95x 106
HCP22 0.0006 0.0000 0.0000 0.0000 0.0003 0.0016 0.0005 0.0132 0.0392 1.81x10°> 0.00 0.00 0.00 1.14x10°  127x105 2.66x107 228x10% 1.79x 108
HCP23  0.0005 0.0020 0.0011 0.0001 0.0005 0.0004 0.0040 0.0161 0.0313 1.85x10° 2.02x10° 271x10° 3.04x107 5.69x10* 506x105 3.54x10° 1.87x10% 2.24x106
HCP24 0.0007 0.0004 0.0000 0.0000 0.0011 0.0011 0.0026 0.0150 0.0391 138x10° 1.01x10° 0.00 0.00 2.85x10* 1.90x10% 531x10% 2.00x10% 1.79 x 106
HCP25 0.0002 0.0000 0.0008 0.0005 0.0001 0.0007 0.0014 0.0079 0.0152 4.47x10° 0.00 3.86x10° 7.59x10% 228x10° 3.04x10° 9.66x10° 3.80x105 4.61x10°
HCP26  0.0004 0.0000 0.0000 0.0000 0.0012 0.0008 0.0009 0.0080 0.0212 2.23x10°> 0.00 0.00 0.00 2.53x10*  253x10° 1.52x107 3.73x105 3.30x10°
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the main cause of increased menstrual blood and pain in women
from its use in intrauterine devices (IUDs) [35]. Sensitization reac-
tions for both Cu and Mn have resulted from the use of prosthetic
materials in dentistry [36].

The concentrations of Zn in our samples varied from 30.0 to
1080 g g~ . The highest Zn concentration was observed in a brand
of antidandruff shampoo, HCP-15. The high levels of Zn may be due
toits use in hair care products as an antidandruff agent, although its
use in this regard has been reported to cause allergic contact der-
matitis [37]. Exposure to high levels of Zn is known to cause a wide
variety of health effects including brittle hair and nails, and neu-
rological and gastrointestinal disorders [38]. The concentrations of
Zn in our samples are comparable with Zn concentrations reported
in shampoos in Pakistan [1]| and hair pomades in Ghana [10].

Iron is the most abundant metal in these cosmetic products
with concentrations ranging from 57.6 to 284 ugg~!. On average,
hair relaxers had higher concentrations of iron than hair shampoos
and conditioners. The concentrations of Fe found in our samples
fall within the range previously reported for hair care products in
the literature [1,10]. Although Fe is an essential nutrient to both
humans and animals, exposure to Fe from cosmetics has been
reported to cause cellular death [39] or colorectal cancer [40] due
to cumulative effects.

3.1. Systemic exposure dosage (SED) and margin of safety (MoS)

The estimated systemic exposure dosage and margin of safety
values obtained from the use of these hair care products are
displayed in Tables 4 and 5 for 50% and 100% bioaccessability,
respectively. The SED for Cd from the usage of these cosmetic
products ranged from 0.0 to 0.075 pgkg~! bw day~! for the two
scenarios. The European Food Safety Authority (EFSA) set the pro-
visional tolerable daily intake for Cd at 0.35 pg kg~! bw day—! [41].
The SED of Pb from the use of these hair care products ranged
from 0.0 to 0.11 pgkg~! bw day—!. The shampoos had higher sys-
temic exposure dosages for Cd and Pb than the hair relaxers and
conditioners examined. It should be noted that anti-dandruff sham-
poos had higher SEDs for Pb than other hair products examined. In
this study, we used a provisional tolerable daily intake (PTDI) of
3.6 ugkg~! bw day~! as the indicative value for comparing our
results, despite the fact that the existing PTDI for Pb has been
withdrawn by the combined FOA/WHO in 2011 as “it could not
be considered health protective” [42]. The estimated SEDs for Ni,
Cr, Co and Cu were below their respective recommended daily
intakes/tolerable intakes of 12, 3.3, 1.7 and 83.3 ugkg~! bw day!
respectively [43-47]. The recommended daily intake (RDI) for Zn
and Fe is set at 12000 and 12500 pgday~! respectively [48]. The
SED for Zn ranged from 0.004 to 2.70 wgkg~! bw day—! while that
of Fe ranged from 0.01 to 0.713 pgkg~! bw day~!. The estimated
SEDs for the metals studied were less than 3% of their respective
PTDI or RDI values. As shown in Tables 4 and 5, the MoS values for
the hair care products examined were greater than the minimum
value of 100 proposed by the WHO “to conclude that the substance
is safe for use”. The MoS values indicate the products are safe to
use despite the occurrence of high concentrations of some of the
studied metals in these brands of hair care products.

4. Conclusions

The concentrations of toxic metals such as Cd and Pb were below
their permissible limits as impurities in cosmetics except for Pb in
some of the brands of hair care products studied, while the con-
centrations of allergenic metals, such as Cr, Ni and Co, were above
the 1 wgg! limit suggested for greater skin protection, except for
Cr. The SEDs of the studied metals were below their respective pro-

visional tolerable daily intakes (PTDI)/recommended daily intakes
(RDI) while the MoS values were greater than 100 which indicates
that these products are safe to use. This therefore calls for the need
to ensure and implement stringent quality control measures during
the production of these cosmetics in order to reduce the concentra-
tions of toxic metals to ‘near zero’ levels and to implement hazard
analysis critical control points (HACCPs)in all production processes.

Acknowledgement

BSM is grateful for the award of a South African Medical Research
Council Self-initiated Research (SIR) grant.

References

[1] H. Ullah, S. Noreen, R.A. Fozia, A. Waseem, S. Zubair, M. Adnan, I. Ahmad,
Comparative study of heavy metals content in cosmetic products of different
countries marketed in Khyber Pakhtunkhwa, Paskistan, Arab. J. Chem. (2013),
http://dx.doi.org/10.1016/j.arabjc.2013.09.021.

[2] C.M.A. Iwegbue, F.I. Bassey, G.O. Tesi, S.0. Onyeloni, G. Obi, B.S. Martincigh,
Safety evaluation of metal exposure from commonly used moisturizing and
skin-lightening creams in Nigeria, Regul. Toxicol. Pharm. 71 (2015) 484-490.

[3] M.A. Gondal, Z.S. Seddigi, M.M. Nasr, B. Gondal, Spectroscopic detection of
health hazardous contaminants in lipstick using laser induced breakdown
spectroscopy, J. Hazard. Mater. 175 (1-3) (2010) 726-732.

[4] B. Bocca, A. Pino, A. Alimonti, G. Forte, Toxic metals contained in cosmetics: a
status report, Regul. Toxicol. Pharm. 68 (2014) 447-467.

[5] C.M.A. Iwegbue, Evaluation of human exposure to metals from some brands
of underarm cosmetics in Nigeria, Regul. Toxicol. Pharm. 72 (2015) 630-638.

[6] P. Piccinini, M. Piecha, T.S. Fortaner, European survey on the content of lead in
lip products, J. Pharm. Biomed. Anal. 76 (2013) 225-233.

[7] G. Forte, F. Petrucci, B. Bocca, Metal allergens of growing significance:
epidemiology, immunotoxicology, strategies for testing and prevention,
Inflamm. Allergy Drug Targets 7 (2008) 145-162.

[8] J.P. Thyssen, ].D. Johansen, T. Menné, Contact allergy epidemics and their
controls, Contact Dermatitis 56 (2007) 185-195.

[9] I Lavilla, N. Cabaleiro, M. Costas, I. de la Calle, C. Bendicho,
Ultrasound-assisted emulsification of cosmetic samples prior to elemental
analysis by different atomic spectrometric techniques, Talanta 80 (2009)
109-116.

[10] E.O. Amartey, A.B. Asumadu-Sakyi, C.A. Adjei, F.K. Quashie, G.0. Duodu, N.O.
Bentil, Determination of heavy metals concentration in hair pomades on the
Ghanaian market using atomic absorption spectrometry technique, Br. J.
Pharmacol. Toxicol. 2 (2011) 192-198.

[11] M.A. Umar, H. Caleb, Analysis of metals in some cosmetic products in
FCT-Abuja, Nigeria, Int. . Cosmet. Sci. 3 (2013) 14-18.

[12] Scientific Committee on Consumer Safety (SCCS) (SCCS/1501/12), The SCCS’s
notes of guidance for the testing of cosmetic substance and the safety
evaluation, 8th Revision, Adopted by the SCCS at Its 17th Plenary Meeting of
11 December, 2012 (2012), http://ec.europa.eu/growth/sectors/cosmetics/
assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances.
en.pdf (accessed on 05.04.15).

[13] M.M. Storelli, Potential human health risks from metals (Hg, Cd and Pb) and
polychlorinated biphenyls (PCBs) via seafood consumption: estimation of
target hazard quotients (THQs) and toxic equivalents (TEQs), Food Chem.
Toxicol. 46 (2008) 2782-2788.

[14] United States Environmental Protection Agency (US EPA), Guidance Manual
for Assessing Human Health Risks from Chemically Contaminated, Fish and
Shellfish, U.S. Environmental Protection Agency, Washington, DC, 1989
(EPA-503/8-89-00239).

[15] Health Canada-Santé Canada (HC-SC), Guidance on Heavy Metal Impurities in
Cosmetics, 2012, Available at: http://www.hc-sc.gc.ca/cps-spc/pubs/
industheavy_metals-metaux_lourds/index-eng.php(accessed on 03.09.2014).

[16] BfR, Bundesinstitut fiir Risikobewertung. Kosmetische Mittel, BfR empfiehlt
Schwermetallgehalte {iber Reinheitsanforderungen der Ausgangsstoffe zu
regeln, Stellungnahme Nr. 025/2006 des BfR vom 05. April 2006, Available at:
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_
schwermetallgehalte_uber.pdf , 2006 (accessed 13.10.15].

[17] A.S.Chauhan, R. Bhadauria, A.K. Singh, S.S. Lodhi, D.K. Chaturvedi, V.S. Tomar,
Determination of lead and cadmium in cosmetic products, J. Chem. Pharm.
Res. 2 (2010) 92-97.

[18] United States Food and Drug Administration (US FDA), Title 21-Food and
Drugs. Chapter I-Food and Drug Administration, Department of Health and
Human Services. Part74 —Listing of Color Additives Subject to Certification.
Sec. 74.1306 D&C Red No.6. Available at: http://www.accessdata.fda.gov/
scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306, 2013 (accessed on
14.10.14).

[19] F. Baruthio, Toxic effects of chromium and its compounds, Biol. Trace Elem.
Res. 32 (1992) 145-153.

[20] B. Gammelgaard, A. Fullerton, C. Avnstorp, T. Menné, Permeation of chromium
salts through human skin in vitro, Contact Dermatitis 27 (1992) 302-310.


dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
dx.doi.org/10.1016/j.arabjc.2013.09.021
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0010
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0015
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0020
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0025
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0030
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0035
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0040
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0045
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0050
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0055
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://ec.europa.eu/growth/sectors/cosmetics/assessment/docs/sccs-notes-of-guidance-for-testing-cosmetic-substances_en.pdf
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0065
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0070
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/industheavy_metals-metaux_lourds/index-eng.php
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://www.bfr.bund.de/cm/343/kosmetische_mittel_bfr_empfiehlt_schwermetallgehalte_uber.pdf
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0085
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=74.1306
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0095
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0100

C.M.A. Iwegbue et al. / Toxicology Reports 3 (2016) 796-803 803

[21] V. Van Lierde, C.C. Chéry, N. Roche, S. Monstrey, L. Moens, F. Vanhaecke,

In vitro permeation of chromium species through porcine and human skin as
determined by capillary electrophoresis-inductively coupled plasma-sector
field mass spectrometry, Anal. Bioanal. Chem. 384 (2006) 378-384.

[22] F. Larese, G. Adami, M. Venier, G. Maina, N. Renzi, In vitro percutaneous
absorption of metal compounds, Toxicological Letters. 170 (2007) 49-56.

[23] V. lyer, G. Banerjee, C.B. Govindram, V. Kamath, S. Shinde, A. Gaikwad, H.R.
Jeraiani, G. Raman, K.M. Cherian, Role of different valence states of chromium
in the elicitation of allergic contact dermatitis, Contact Dermatitis 47 (2002)
357-360.

[24] FF. Larese, F. D’Agostin, M. Crosera, M. Adami, G. Maina, In vitro percutaneous
absorption of chromium powder and the effect of skin cleanser, Toxicol. In
Vitro 22 (2008) 1562-1567.

[25] ]J. Hostynek, F. Dreher, T. Nakada, D. Schwindt, A. Anigbogu, H.I. Maibach,
Human stratum corneum adsorption of nickel salts. Investigation of depth
profiles by tape stripping in vivo, Acta Derm. Venereol. S212 (2001) 11-18.

[26] H. Tanojo, ].J. Hostynek, H.S. Mountford, H.I. Maibach, In vitro permeation of
nickel salts through human stratum corneum, Acta Derm. Venereol. S212
(2001) 19-23.

[27] T. Menne, J. Christopherson, A. Green, Epidemiology of nickel dermatitis, in:
H.I. Maibach, T. Menné (Eds.), Nickel and the Skin: Immunology and
Toxicology, CRC Press, Boca Raton, 1989, pp. 109-115.

[28] W. Uter, W. Aberer, J.C. Armario-Hita, ].M. Fernandez-Vozmediano, F. Ayala, A.
Balato, A. Bauer, Current patch test results with the European baseline series
and extensions to it from the ‘European Surveillance System on Contact
Allergy’ network, 2007-2008, Contact Dermatitis 67 (2012) 9-19.

[29] F.F.Larese, G. Maina, G. Adami, M. Venier, N. Coceani, R. Bussani, M. Massiccio,
P. Barbieri, P. Spinelli, In vitro percutaneous absorption of cobalt, Int. Arch.
Occup. Environ. Health 77 (2004) 85-89.

[30] F.L.Filon, M. D’Agostin, G. Crosera, M. Adami, G. Maina, In vitro absorption of
metal powders through intact and damaged skin, Toxicol. In Vitro 23 (2009)
574-579.

[31] F. Guarneri, C. Guarneri, S.P. Cannavo, Nail-art and cobalt allergy, Contact
Dermatitis 62 (2010) 320-321.

[32] Z.Piela, M. Kie¢-Swierczyinska, Skin reactivity in subjects sensitive to different
concentrations of nickel chromium and cobalt, Medical Practice 49 (1998)
457-463.

[33] T. Fischer, . Rystedt, Cobalt allergy in hard metal workers, Contact Dermatitis
9(1983) 115-121.

[34] D.A. Basketter, G. Angelini, A. Ingber, P.S. Kern, T. Menné, Nickel: chromium
and cobalt in consumer products: revisiting safe levels in the new
millennium, Contact Dermatitis 49 (2003) 1-7.

[35] M.H. Dong, An Introduction to Environmental Toxicology, 3rd edition,
CreateSpace Publishing Platform, North Charleston, SC, 2014.

[36] J.J. Hostynek, H.I. Maibach, Copper hypersensitivity: dermatologic aspects,
Dermatol. Ther. 17 (2004) 238-333.

[37] A.Salvador, M.C. Pascual-Marti, E. Aragd, A. Chisvert, ].G. March,
Determination of selenium, zinc and cadmium in antidandruff shampoos by
atomic spectrometry after microwave assisted sample digestion, Talanta 51
(2000) 1171-1177.

[38] J.G. Ayenimo, A.M. Yusuf, A.S. Adekunle, O.W. Makinde, Heavy metal exposure
from personal care products, Bull. Environ. Contam. Toxicol. 84 (2010) 8-14.

[39] H. Miyajima, S. Kono, Y. Takahashi, M. Sugimoto, Increased lipid peroxidation
and mitochondrial dysfunction in aceruloplasminemia brains, Blood Cells
Mol. Dis. 29 (2002) 433-438.

[40] P. Senesse, S. Meance, V. Cottet, ]. Faivre, M.C. Boutron-Ruault, High dietary
iron and copper and the risk of colorectal cancer: a case-control study in
Burgundy, France. Nutr. Cancer 49 (2004) 66-71.

[41] European Food Safety Authority (EFSA), Scientific Opinion statement on
tolerable weekly intake for cadmium, EFSA J. 9 (2011) 1975, http://www.efsa.
europa.eu/en/efsajournal/doc/1975.pdf (accessed on 21.02.12).

[42] FAO/WHO, Joint FAO/WHO food standard programme, in: Codex Committee
on Contaminants in Foods, 5th Session, The Hague, The Netherlands, 21-25
March 2011, 2011, p. 90 (http://www.64.76.123.202/cclac/CCCF/2011/3
%Documentos/Dozzzzcumentos%20Ingles/cf05_INF.pdf. (accessed on
15.07.13).

[43] European Union (EU), Opinion of the Scientific Committee on Food on the
Tolerable Upper Intake Level of Copper, European Commission, Brussels,
Belgium, 2003, http://ec.europa.eu/food/fs/scf/out176.eu.pdf (accessed on
01.05.12).

[44] World Health Organization (WHO), Summary and Conclusion of the 61st
Meeting of the Joint FOA/WHO Expert Committee on Food Additives (JECFA),
JECFA/Sc Rome, Italy 10-19 June, 2013, 2003.

[45] Nutrition Data: [Internet], CondeiNet, New York, 2008, pp. C2003-C2008,
http://www.nutritiondata.com (accessed on 13.10.08).

[46] World Health Organization (WHO), Guidelines for drinking water quality
Recommendations, vol. 1, 3rd edition, World Health Organization, Geneva,
2008.

[47] K.D. Amidzi, I. Klaric, D. Velic, D.I. Vedrina, Evaluation of mineral and metal
contents in Croatian Blackberry wines, Czech J. Food Sci. 29 (2011) 260-267.

[48] National Research Council (NRC), Recommended Dietary Allowance, 10th
edition, National Academy Press, Washington, 1989.


http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0105
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0110
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0115
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0120
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0125
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0130
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0135
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0140
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0145
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0150
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0155
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0160
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0165
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0170
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0175
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0180
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0185
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0190
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0195
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0200
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://www.efsa.europa.eu/en/efsajournal/doc/1975.pdf
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0210
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://ec.europa.eu/food/fs/scf/out176.eu.pdf
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0220
http://www.nutritiondata.com
http://www.nutritiondata.com
http://www.nutritiondata.com
http://www.nutritiondata.com
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0230
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0235
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240
http://refhub.elsevier.com/S2214-7500(16)30077-4/sbref0240

	Evaluation of human exposure to metals from some commonly used hair care products in Nigeria
	1 Introduction
	2 Materials and methods
	2.1 Samples and sample collection
	2.2 Reagents
	2.3 Sample preparation
	2.4 Chemical analysis
	2.5 Quality control and statistical analysis
	2.6 Evaluation of systemic exposure dosage and margin of safety

	3 Results and discussion
	3.1 Systemic exposure dosage (SED) and margin of safety (MoS)

	4 Conclusions
	Acknowledgement
	References


