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ABSTRACT

Background: Information about lead (Pb) and polycyclic aromatic hydrocarbons (PAHs) concentrations in honey and their
dietary intake is very important in human health risk assessment. Currently, there are paucity of data on the risk assessment
and concentrations of lead and PAHs in honey in Nigeria.

Objective: This study has determined the potential human health risk of lead and PAHs associated with the consumption
of honey in Enugu state, Nigeria.

Materials and methods: Lead and US EPA 16 priority PAHs in honey harvested from rural and urban communities in
March 2016 were determined using Atomic Absorption Spectrometer and Gas Chromatograph respectively. Carcinogenic
and non-carcinogenic risk assessments were carried.

Results: The mean concentration of Pb in honey ranged from 0.005 mg/kg — 0.08 mg/kg. The mean concentrations of 16
PAHs in honey ranged from 4.71E-03 — 2.72 mg/kg. The dietary intake of the PAHs for adults and children ranged from
0.0021 —0.0259 mg/kg/day and 0.0011 — 0.0129 mg/kg/day respectively. The levels of BaPeq and their margin of exposure
MOE suggest non-significant health risk. The incremental life cancer risk ILCR of Pb were within safe range of <1E-04.
Conclusion: Consumption of honey from Enugu State, Nigeria may not pose a significant health risk.
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INTRODUCTION Lead (Pb), a multi organ toxicant and one of the
most ubiquitous environmental contaminants which can
be harmful even in low concentrations due to its ability

to accumulate in different parts of human body [3, 4,

The occurrence of polycyclic aromatic hydrocarbons
(PAHs), a group of chemicals with two or more aromatic

rings, in the environment and in food is of concern as
some have been proven to be carcinogenic [1, 2]. Usually
foods represent the major source of exposure. In 2002,
the Scientific Committee on Food (SCF) recommended
the monitoring of 15 PAHs with a conclusion that 15
out of 33 investigated PAHs, show mutagenic/genotoxic
effects and, with exception of benzo[ghi]perylene, have
also shown clear carcinogenic effects [2]. The need for
the continuous data collection on other PAHs levels in
foods for risk assessments has been stressed by SCF.

5]. Lead is non-biodegradable and persists in nature [5].
Ingestion of lead can seriously cause depletion of some
essential ultra-trace elements like selenium and zinc
attendant immunological consequences, intrauterine
growth  retardation, psychosocial dysfunctions,
disabilities association with malnutrition and cancer [6].

Honey is a sweet viscous liquid produced by bees
that serves both as food and medicine [7, 8]. It contains
carbohydrate, proteins, minerals, trace elements, vitamins,
aroma compounds and polyphenols. The composition of
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honey depends greatly on the botanical origin; climate,
environment, soil, manner of harvest, and storage
conditions [9]. Bees travel over long distances during
forage and are exposed frequently through air, soil, water,
vegetation etc, to accumulate various contaminants seen
in the honey they produce. Consequently, metal levels
and other contaminants in honey have been recognized
as biological indicators of environmental pollution [10].

Lead and polycyclic aromatic hydrocarbons may
coexist in diverse environments including foods and
have been implicated in mutagenesis, carcinogenesis,
and teratogenesis [11].

Information about lead and PAHs concentrations in
foodstuffs and their dietary intake is very important in
human health risk assessment[12].

Currently, there are paucity of data on the risk
assessment and concentrations of lead and polycyclic
aromatic hydrocarbons in honey in Nigeria. This study
has evaluated the human health risk assessment of lead
and polycyclic aromatic hydrocarbons contaminations
in honey from rural and urban communities in Enugu
state, Nigeria.

MATERIALS AND METHODS

Twenty-five honey samples, (1.50 g) were collected
from two rural sites considered (Enugu-Ezike and Uzo-
Uwani) and three urban sites considered (Opi-Nsukka,
Obollo and 9™ miles) in Enugu state, Nigeria within
the February and March 2016. These honey samples
were extracted directly by squeezing the honey combs.
Ten honey samples originated from rural communities
while fifteen samples were from urban communities.
The honey samples were collected in amber coloured
glass bottles and stored at 4 °C prior to analysis.

Digestion of honey samples and led determination

0.50 g of honey from each sample was digested
in twenty-five millilitres aqua regia (1:3 70% HNO,
and pure 37% hydrochloric acid (HCI)) and allowed
to cool to room temperature. It was filtered through
a Whatman no. 1 filter paper and made up to 100
ml in volumetric flasks with deionized water before
analyses. Three blanks were prepared by following
the entire analytical procedure but omitting the
samples.

The concentrations of Pb in honey samples were
analysed in triplicates using an Atomic Absorption
Spectrophotometer (Perkin Elmer AAS-700). The
limit of detection (LOD) for Pb was 0.01 ppm, with
blank values reading as 0.00 ppm for deionized water
with electrical conductivity value of lower than 5 uS/
cm. Replicate analyses of several samples indicate
the range of error to be £ 2% for Pb in the honey
samples.

Extraction and clean-up of PAHs

Extraction and assay of PAHs were done by
a modification of our previous method [12, 13, 14].
Briefly glass wares were washed thoroughly with hot
detergent solution followed by rinsing with purified
water and acetone (analytical grade) respectively. These
were finally baked in the oven at 100°C overnight. The
extraction of PAHs from the 0.50 g honey samples was
done using a mixture of acetone and methylene chloride
(50:50 ratio) spiked with 1 ml of PAH internal standard
and shaken thoroughly for proper mixing before placing
in an ultrasonic bath. The concentrations of 16 PAH
(naphthalene, acenaphtylene, acenaphtene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene,
benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-
c,d]pyrene,dibenzo[a,h]anthracene, and benzo[g,h,i]
perylene) were analysed by gas chromatography
(Gas Chromatograph - GC-FID) with GC recorder
interfaced with a HP [12,13,14]. The EPA-16 PAHs
determination was conducted at Jaros Inspection
Services Limited, Port Harcourt, Rivers State, Nigeria
using Gas Chromatographic System (6890 series and
6890 plus) equipped with a dual detector (FID-ECD),
dual column and TriPlus AS auto-sampler with helium
carrier gas based on the United State Environmental
Protection Agency (US EPA) method 8100 (EPA
1984). A 2.00 ul of extracts were injected into the
GC port set at column conditions: HP-5 crosslinked
PH-ME siloxane, length of 30 m, L.D: 0.25 mm,
thickness of 1 um with helium carrier gas set in the
spitless, constant flow mode with 1.2 ml/min flow
rate. Other GC operating set-up were done according
to the instrument’s method development as specified
in the operating instruction manual. Identification and
quantification of individual PAHs was based on internal
calibration standard containing known concentrations
of the 16 PAHs (EPA-16). The specificity of the 16
PAHs sought for in the samples was confirmed by the
presence of transition ions (quantifier and qualifier) as
shown by their retention times which corresponded to
those of their respective standards. The measured peak
area ratios of precursor to quantifier ion were in close
agreement with those of the standards.

The detection limit (LOD), estimated as three times
the background noise (IUPAC criterion), was similar
for all analysed compounds and results were less than
0.015 pg/kg d.w. (dry weight) for all analytes. The
blank values of analytical procedure remained always
below the quantification limit (LOQ): 0.05 pg/kg d.w.,
estimated as 10 times [12, 13, 14].

Quality control and quality assurance

All solvents used (e.g. dichloromethane) were pico
grade quality. External calibrations were obtained with
PAH solutions at five concentration levels. To evaluate
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the extraction efficiency for the target compounds,
recovery studies were done by introducing known
concentrations of standard PAH mixtures added to
selected analyzed samples and the entire analytical
steps from extraction to clean up were repeated. The
percentage recovery was 95% of the standard. The
matrix effect was evaluated by spiking the sample with
a concentration range used for calibration and then
comparing the correlation coefficient and slope of the
spiked standard to the matrix with the original standard
calibration curve. No matrix effect was observed.

Cancer risk assessment

The carcinogenic risk was estimated by calculating
the incremental probability that an individual will
develop cancer over a lifetime because of chronic
exposure to a substance (that is, above baseline
lifetime risk).

Non-cancer risk assessment

Calculation of daily intake of lead

The Daily Intake of lead was calculated according
[15].

CXIR
BW

DIM =

Where:

DIM — Daily Intake of lead (mg/kg/day); C — lead concentration in
honey; IR — honey intake; BW— average body weight for adult and
for child: 70 kg and 24 kg respectively.

The THQ (Target Hazard Quotient) were calculated
using the method below [18].

Efrx EDXIRX C
THQ = X

1073
RfDo x BW x ATn

Where:

Efr — exposure frequency (365 days/year); ED — exposure duration
(58 years, equivalent to average life time of a Nigerian adult);
IR - intake rate; C — concentration of metal;, RfDo — oral
reference dose; BW — average body weight of adult (70 kg); ATn
— average exposure time for non-carcinogen in days (Efr x ED);
107 — conversion factor

The hazard index (HI) was used to estimate
total chronic-toxic risks of multiple metals on the
assumption of dose additivity [19]. In this study, the
average daily intake of honey and among adults and
children as obtained through questionnaire-based
survey study are 8.4 g/day and 4.2g/day respectively
[20].

Cancer Risks

Incremental lifetime cancer risk (ILCR) is obtained
using the Cancer Slope Factor (CSF), which is the risk
produced by a lifetime average dose of 1 mg/kg bw
day! and is contaminant specific.

ILCR = CDI x CSF

Where:
CDI - chronic daily intake of chemical, mg/kgbw day' represents
the lifetime average daily dose exposure to the chemical.

EDI x EFr x ED
CDI =
Atn

Where:

EDI — estimated daily intake of metal via consumption of honey;
EFr—exposure frequency (365 days/year); ED —exposure duration
58 years; ATn — average exposure time for non-carcinogen in days
(Efr x ED) [21].

The total cancer risk because of exposure to multiple
contaminants due to consumption of a particular honey
sample will be assumed to be the sum of the individual
metal incremental risks.

Benzo[a|pyrene equivalent (B[a]Peq) estimation

Since benzo[a]pyrene is considered the most potent
carcinogenic PAH the total PAH concentration is
expressed as B[a]P equivalents (B[a]Peq) to illustrate
the toxic potency [22]. The B[a]Peq was calculated as
the sum of the B[a]Peqi values for individual PAHs.
The B[a]Peqi value was calculated for each PAH from
its concentration in the sample (cPAHi) multiplied by
its toxic equivalency factor (TEFPAHi) [23].

BlalPeq = Y, (BaPeqi) =Y. (PAHi+ PAHi)

Margin of exposure

The MOE is the ratio of the Benchmark-dose lower
limit (BMDL10) to the estimated human intake of
the compound. The BMDL10 is the lower bound of
a 95% confidence interval on the Benchmark Dose
corresponding to a 10% tumour incidence. This was
chosen as a reference point in the dose-response curve
[24, 25].

Statistical Analysis

Data analysis was done using SPSS statistical
package (SPSS-20). Student’s t-test was performed
to compare lead levels in different honey samples.
Difference between means was obtained using the
least significance difference (LSD) at p < 0.05.
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RESULTS

Lead concentrations in samples of honey

Table 1 shows the concentrations of lead (Pb) in
samples of honey collected from the two different
rural sites and three different urban sites in Enugu.
The mean concentration of lead in honey ranged from
0.01-0.081 mg/kg. The highest level of Pb (0.081 mg/
kg) contaminations was detected in honey sampled
from Opi-Nsukka while the least level was detected
in Uzo-Uwani.

Human health risk assessment
Heavy metal — lead

The estimated daily intake (EDI) of lead for adult
(AD) and children (CH) population via consumption
of honey harvested in Enugu-Ezike, Uzo-Uwani, Opi-
Nsukka, Obollo and 9" miles are shown in Table 2.
The EDIs of Pb for adult and children were in the
range of (5.88E-07—9.72E-06) and (8.58E-07— 1.42E-
05) in mg/kg bw day! respectively.

Table 1. Concentrations of lead (mg/kg) in honey in rural and urban areas

Sample site
Rural Urban
Enugu-Ezike Uzo-Uwani Opi-Nsukka Obollo 9"Mile
0.007+0.00? 0.005+0.00? 0.081+0.01° 0.06+0.01° 0.04+0.03¢
Note: letters indicate that differences within groups (Rural and Urban sampling sites) were statistically significant.
Table 2. Estimated daily intake (EDI) of lead in honey samples among adults and children
Sample site
Rural Urban
Enugu-Ezike Uzo-Uwani Opi-Nsukka Obollo 94Mile
AD CH AD CH AD CH AD CH AD CH
2.1E-04 | 3.06E-04 | 1.50E-04 | 2.1E-04 | 2.43E-03 | 3.54E-03 | 1.8E-03 | 2.63E-03 | 1.2E-03 | 1.75E-03

AD — adults; CH - children

Table 3 shows Target Hazard Quotient THQ of
lead in honey samples from rural (Enugu-Ezike and
Uzo-Uwani) and urban (Opi-Nsukka, Obollo and 9*
Mile) communities among adults and children. The
THQs of Pb are at the range of (1.50E-04 - 2.43E-
03) and (3.06E-04- 3.54E-03) for adults and children
respectively. All the THQs were less than 1.

The incremental life time cancer risk (ILCR) of lead
arising from consumption of honey harvested from
rural (Enugu-Ezike and Uzo-Uwani) and urban (Opi-
Nsukka, Obollo and 9" Mile) communities among
adults and children is shown in Table 4. The cancer
risk ranged from 1.79E-06 - 2.07E-05 and 8.60E-07 —
3.01E-05 for adults and children respectively.

Table 3. Target Hazard quotient THQ of Lead in honey samples among adults and children

Sample site
Rural Urban
AD CH AD CH AD CH AD CH AD CH
8.40E-07 | 1.23E-06 | 5.88E7 | 8.58E07 | 9.6E-06 | 1.42E-05 | 7.20E-06 | 1.05E-05 | 4.80E-06 | 7.00E-06
AD — adults; CH - children
Table 4. ILCR for adults and children exposed to lead in honey
Sample site
Rural Urban
Enugu-Ezike Uzo-Uwani Opi-Nsukka Obollo 9"Mile
AD CH AD CH AD CH AD CH AD CH
1.79E-06 | 2.60E-06 | 5.10E-06 | 8.60E-07 | 2.07E-05 | 3.01E-05 | 1.53E-05 | 2.24E-05 | 1.02E-05 | 1.49E-05

AD - Adults; CH - Children; ILCR - Incremental lifetime cancer risk
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Polycyclic aromatic hydrocarbons contamination of
honey

The concentration of the 16 priority PAHs (naph-
thalene, acenaphthylene, acenaphthene, anthracene,
phenanthrene, flourene, flouranthene, pyrene, benzo[a]
anthracene, chrysene, benzo[a]pyrene, benzo[b]flour-
anthene, benzo[k|flouranthene, benzo[g,h,i[perylene,
dibenz[a,h]anthracene and ideno[1,2,3-cd]|pyrene)
evaluated in this study ranged from (4.71E-03-2.72 )
mg/kg as shown in Table 5. Acenapthylene (ACEN)
was highest level (2.7 mg/kg) in honey sample from
9" mile (Urban sampling site). The lowest PAH level

was found in benzo[b]flouranthene (4.71E-03 mg/kg)
seen in honey sample from Uzo-Uwani (Rural sam-
pling site). The same trend was also observed in the re-
sults of total PAH (3.PAH). Benzo(b)fluoranthene and
benz(a)anthracene were detected from honey in all the
five sampled sites. B(a)P levels ranged from 2.27E-
01 - 5.24E-01mg/kg but was below the level of detec-
tion in Uzo-Uwani. The B[a]Peq ranged from 3.32E05
for pyrene in honey from Uzo-Uwani to 8.70E01 for
dibenz(ah)anthracene in honey from Obollo. The
¥BJ[a]Peq ranged from 9.77E-02 to 1.31 in honey from
Uzo-Uwani and Obollo respectively.

Table 5. Concentration of individual PAHs (mg/kg) and PAHs BaPeq (mg/kg) in honey

Individual Sample sites
nPXh:l : Rural Urban
EE UU oP OB oM
3.40E-0140.00 424E-0120.00 1.3440.00
NAP ND ND 3 40E-04* 4.24F-4% 1.34E-3%
6.61E-01-0.00 3.58E-01-0.00 1.8241.63
ACE LY LY 6.61E-4* 3.58E-4* 1.82E-3*
4.405-0120.00 1.61B-010.00 2724238
ACEN ND ND 4.40E-4* 1.61E-4* 2.72E-3%
LR 5.96E-02 2.245-02+0.00 4.38E-010.00 4.66E-01-0.29 ND
5.96E-5* 2 24F-5* 4.38E-4* 4.66E-4*
2.78E-01+0.00 1.77E-0120.00 0.278+0.00
PHN ND ND 2.78E-4* 1 77E-4% 2 78E-4*
425E-02 5.99E-0140.50 6.50E-01-0.00
ANT 2 8E-4* ND 5.0F-3* 6.55-3% ND
it D 1 72E-02+0.00 4.49E-01+0.33 6.25E-01-0.45 0.62+0.00
| 72E-5* 4.49F-4* 6.25E-4* 6.20E-4*
3.32E-02+0.00 4.64E-010.39 5.16E-01-0.39
PYR ND 3.3E-5% 4.6E-4% 5.2E-4% ND
BAA 7.30E-02 1.89E-0240.00 3.24E-0140.26 6.85E-0140.29 1.09+1.19
7.30E-3* 1 89E-3* 3.24E-2% 6.85E-2* 1.09E-1*
iy D 2.03E-02+0.00 3.33B-01+041 7.43E-01-0.00 1.865+1.18
2.03E-5* 3.33E-3* 7.43E-4* 1.87E-03*
. 2.58E-01 4.716-03+0.00 5.536-0140.62 8.08E-02-0.00 1.60+0.001
2.58E-2* 4.71B-4% 5.53E-2% 8.08E-3* 1.60E-2*
7.86E-02 6.356-02+0.01 1.2340.00
BKF 7.86E-3* ND 6.35E-3* ND 1.23E-1%
227601 5.046-0140.43 2.99E-01+0.20 0.140.00
BAP 23E-1* ND 5.04E-* 2.0B-1* 0.1%
. 1.49E-01 435E-01-0.39 0.12+0.00
B(ghi)P | 40E-3* ND 435B-3* ND 1.20E-3%
1.73E-01 9.48E-02-0.00 4.71B-0120.39 8.70E-01+0.00
DBA 1.73B-1* 9.48F-2* 471B-1% 8.70E-1* ND
P 2.42E-01 ND 4.89E-01+0.26 5.53E-01-0.00 0.5120.00
2.42E-2% 4.89B-2* 5.53E-2% 5.10E-2%
sPAH 1.30E=0.00 2.51E-01 3.072.10 1.8642.58 3.08£1.89
4.67B-1% 9.77E-2% 1.15% 131+ 4.09E-1%

Note: BBF - benzo(b)fluoranthene, BKF - benzo(k)fluoranthene, BAP- benzo(a)pyrene, B(ghi)P -benzo(g,h,i)perylene, DBA - BaPeq
of PAHs values are presented in exterics. NAP - naphthalene, ACEN-acenapthylene, ACE - acenaphthene, FLR - fuorene, PHN
- phenanthrene, ANT - anthracene, FLT - fluoranthene, PYR- Pyrene, BAA - benz(a)anthracene, CHY - chrysene, BBF-dibenz(ah)

anthracene, INP - indeno(1,2,3-cd)pyrene, ND - not detected.
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The concentration of B(a)P, > PAH16, PAH4
PAHS and ) B(a)Peq ranged from (0.1-0.524) mg/kg
(0.251-3.08) mg/kg (0.0439-3.22) mg/kg, (0.0439-
3.32) mg/kg and (0.0977-1.31) mg/kg respectively
as shown in Table 6. The concentration of B(a)P in
honey samples ranged from (0.1 — 0.524) mg/kg,
honey sample from Uzo-Uwani had no detectable

level of B(a)P, with highest B(a)P detected in Opi
Nsukka (0.524 mg/kg). The mean concentration of
the Y PAHs in honey samples ranged from (0.251-
3.08 mg/kg) mg/kg. The highest level of > PAH was
detected in honey sampled from 9™ miles (3.08 mg/
kg) while the lowest was detected in honey from
Uzo-Uwani (0.251 mg/kg).

Table 6. B(a)P, > PAH, PAH4, PAHS concentrations (mg/kg) and Y B(a)Peq in honey

Sample sites B[a]P >PAH PAH4 PAHS > B(a)Peq

g Enugu-Ezike 0.524 3.07 1.73 2.25 1.15
% Uzo-Uwani ND 0.251 4.39E-02 4.39E-02 9.77E-02
Opi Nsukka 0.227 1.30 5.58E-01 0.785 4.67E-01

;‘5 Obollo 0.299 1.86 1.81 2.11 1.31
9" Mile 0.1 3.08 3.22 3.32 4.09E-01

PAHS - genotoxic 8 PAHs include the sum of benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, and benzo[ghi]perylene; PAH4 - benz[a]anthracene, chrysene, benzo[a]pyrene, benzo[b]

fluoranthene B[a]Peq - benzo[a]pyrene equivalent estimation.

The PAH4, PAHS and ) B(a)Peq levels range of
(0.0439 -3.22) mg/kg, (0.0439 — 3.32) mg/kg and
(0.0977-1.31) mg/kg respectively. Highest level of
PAH4 was detected in honey sampled from 9" mile
(3.22 mg/kg) while the lowest was in Uzo-Uwani
(0.0439 mg/kg). Highest level of PAH8was detected
in honey sampled from 9® mile (3.32 mg/kg) while
the lowest was in Uzo-Uwani (0.0439 mg/kg). The
highest level of Y B(a)Peq was detected in honey
sampled from 9" mile (1.31 mg/kg) while the lowest
was in Uzo-Uwani (0.0977 mg/kg).

Table 7 shows the EDI of B(a) P, > PAH, PAH4,
PAH8 and ) B(a)Peq in honey among adults and
children. The EDI B(a)P in adults and children ranged
from (8.40E-04- 4.40E-03) mg/kg/day and (4.20E-04-
2.20E-03) mg/kg/day respectively. The highest level of
B(a)P intake for both adult and children was observed
in the honey sampled from Opi-Nsukka (4.40E-03) mg/
kg/day for adult and (2.20E-03) mg/kg/day for children
while the lowest EDI value was observed in honey from
9™ mile (8.40E-04 mg/kg/day)for adult and (4.20E-04
mg/kg/day)for children. The concentration of B(a)P
was below the limit of detection in Uzo-Uwani.

Table 7. Estimated daily intake (EDI) of PAHs group in honey (mg/kg/day)

) B[a]P >PAH PAH4 PAHS >'B(a)Peq
Sample sites
AD CH AD CH AD CH AD CH AD CH
= ];:Er;llf: 1.91E-03|9.53E-04| 0.0109 | 0.0055 | 0.0047 |0.0023 0.0066 | 0.0033 |3.92E-03 | 1.96E-03
=
=]
~ éj;;i ND ND 0.0021 | 0.0011 | 0.0004 |0.0002 0.0004 | 0.0002 |8.21E-04 | 4.10E-04
Opi |4.40E-03|2.20E-03| 0.0258 | 0.0129 | 0.0145 [0.0073 0.0189 | 0.0095 |9.66E-03 | 4.83E-03
=
J;é; Ij)iu;ill(: 2.51E-03|1.26E-03| 0.0156 | 0.0078 | 0.0152 |0.0076 0.0177 | 0.0089 |1.10E-02 | 5.50E-03
9™Mile |8.40E-04|4.20E-04| 0.0259 | 0.0129 | 0.0270 |0.0135 0.0279 | 0.0139 |3.44E-03| 1.72E-03

EDIPAH - Xi PAHI, IR for children (CH) 24kg = 0.0042 kg, IR for adult (AD) 70kg = 0.0084 kg, ND- not detected, IR - ingestion rate.

The Y 'PAH daily intake among adults and children
ranged from (0.0021-0.0259) mg/kg/day and (0.0011-
0.0129) mg/kg/day respectively. The highest EDI level
of Y PAH for both adult and children was observed in
the honey sampled in 9" mile (0.0259 mg/kg/day)for
adult and (0.0129 mg/kg/day) for children while the
lowest value was observed in Uzo-Uwani (0.0021 mg/
kg/day) for adult and (0.0011 mg/kg/day) for children.

PAH4 daily intake among adults and children ranged
from (0.0004-0.027) mg/kg/day and (0.0002- 0.0135)
mg/kg/day respectively. The highest EDI level of
PAH4 for both adult and children was observed
in the honey sampled from 9" mile (0.027 mg/kg/
day) for adult and (0.0135 mg/kg/day) for children
while the lowest value was observed in Uzo-Uwani
(0.0004 mg/kg/day) for adult and (0.0002 mg/kg/day)
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for children. PAHS daily intake among adults and
children ranged from (0.0004- 0.0279) mg/kg/day and
(0.0002- 0.0139) mg/kg/day respectively. The highest
EDI level of PAH 8 for both adult and children was
observed in the honey sampled at 9" mile (0.0279 mg/
kg/day) for adult and (0.0139 mg/kg/day) for children
while the lowest value was detected in Uzo-Uwani
(0.0004 mg/kg/day) for adult and (0.0002 mg/kg/day)
for children. Y B(a)Peq daily intake among adults and
children ranged from (8.21E-04- 9.66E-03) mg/kg/
day and (4.10E-04- 5.50E-03) mg/kg/day respectively.
The highest EDI level of > B(a)Peq for both adult and
children was observed in the honey sampled at Obollo
(9.66E-03 mg/kg/day) for adult and (5.50E-03 mg/kg/
day) for children while the lowest value was observed
in Uzo-Uwani (8.21E-04 mg/kg/day) for adult and
(4.10E-04 mg/kg/day) for children.

Table 8 is the margin of exposure (MOE) and ILCR
of B(a) P of PAHs groups in honey for adults and
children. The MOE of B[a]P ranged from 1.59E+07
- 8.33E+07 for adult and children respectively, PAH
4 ranged from 1.26 E+07 - 8.50 E+08 and 2.52 E+07
- 1.70 E+10 for adult and children respectively and
PAHS8 ranged from 1.76 E+07 - 1.23 E+10 and 3.53
E+07 - 2.45 E+10 for adult and children respectively.
The ILCR of B(a)P among adults and children ranged
from (8.5619E-11- 1.1471E-09) and (1.25E-10- 1.67E-
09) respectively. The highest level of B(a)P for both
adult and children was detected in the honey sampled
from Obollo (1.1471E-09) for adult and (1.67E-09)
for children while the lowest value was detected in
Uzo-Uwani (8.40E-04) for adult and (1.25E-10) for
children.

Table 8. Margin of Exposure (MOE) of PAHs groups and Incremental Lifetime Cancer Risk (ILCR) of B[a]P

Sample sites B[a]P PAH4 PAHS ILCR of B[a]P
Enugu- AD CH AD CH AD CH AD CH
Zﬁ Ezike |3 66E+07 | 7356407 | 7.2 E+07 | 1.48 E+08 |7.42 E+07 | 1.48 E+08 | 4.088E-10 | 4.088E-10
Uzo- Uwani| ND ND | 850 E+08 | 1.70 E+10 | 1.23 E+10 | 2.45 E+10 | 8.5619E-11 | 8.5619E-11
Opi-Nsukka | 1.59E+07 | 3.18E+07 | 2.34 E+07 | 2.59 E+07 | 2.59 E+07 | 5.16 E+07 | 1.0074E-09 | 1.0074E-09
i;" Obollo | 2.79E+07 | 5.56E+07 | 2.24 E+07 | 2.77 E+07 | 2.77 E+07 | 5.51 E+07 | 1.1471E-09 | 1.1471E-09
9"Mile | 8.33E+07 | 1.67E+08 | 1.26 E+07 | 1.76 E+07 | 1.76 E+07 | 3.53 E+07 | 3.5874E-10 | 3.5874E-10

CH - children (24 kg), AD - adults (70 kg), ILCR - Incremental lifetime cancer risk.

DISCUSSION

Honey is such a highly valued natural meal in
many parts of the world especially in Nigeria due
to several health benefits associated with it. Lead
and polycyclic aromatic hydrocarbons [26]. The
concentrations of Pb in our study were lower than
concentrations in previous studies [27, 28] where Pb
levels were reported Pb levels (<0.50 - 10.02 mg/kg)
and 10.2 mg/kg respectively. Proximity of bee hives to
vehicular emissions could contribute to high Pb levels
in honey [27]. Health implication of Pb exposure to
human and animal include immunotoxicity, nervous
and cardiovascular toxicity, and even musculotoxicity
[29, 30].

Since the main exposure to lead is through the diet
consequently the information about the dietary intake
is very important to assess the risk to human health
[18, 31]. Carcinogenic risk is an estimation of the
probability of an individual contracting cancer over
a lifetime estimated as 58 years (Nigerians). Risks
values exceeding 1x107* are regarded as intolerable,
risks less than 1x107° do not produce adverse health
effects, and risks lying between 1x10™* and 1x10°¢
are generally said to be a safe range [32]. With both

THQ less 1 and ILCR less than 1x1076, consumption
of honey from Enugu State Nigeria may be safe from
any intolerable effect from lead.

PAHs can enter the food chain by deposition
from air, or by deposition and transfer from soil and
water [33]. In this study, honey samples from the five
sampling communities showed presence of 43.8-100%
of the total 16 PAHs. Food can be contaminated with
PAHs from environmental sources, techniques in
industrial food processing and from certain unhealthy
home cooking practices [25].

The carcinogenic potency of benzo[a]pyrene
(BAP) makes it the most widely studied of the PAHs
[34]. B(a)P equivalents (BAPeq) gives a conversion
of the concentrations of each targeted PAHs in the
honey to the carcinogenic equivalent of benzo[a]
pyrene while the total BAPeq is the summation of the
contributions of individual PAH B(a)P equivalents in
honey [35], using toxicity equivalent factors [36, 37,
38]. Toxic equivalency factor for individual is a unique
value for each PAH which is explored in calculation
of specific PAH, B(a)Peq values. The European Food
Safety Authority CONTAM Panel suggested the use
of the margin of exposure (MOE) approach for risk
assessment [25].
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The values of B(a)P, Y PAH16 and PAH4 obtained
in this study were higher than the levels reported in rape
honey [39]. Honey from urban sampling communities
showed higher PAHs levels than samples from rural
communities. The EDI of B(a)P was observed to be
lower than the limit of detection in 20% of the samples.
There were 60% and 40% violations in levels of B(a)P
in our samples among adults and children respectively
as compared to EU standard of 1pg/kg/day.

In this study, all the honey samples have the MOEs
of the PAHs higher than 1.0 E+04. This indicated that
the consumption of honey from the region may not pose
any adverse health effects. The least MOE values were
observed in PAH4 (1.76 E+07). European Food Safety
Authority (EFSA) Scientific Committee expressed
the view that in general, a margin of exposure of 1.0
E+04 and above, based on the ‘Benchmark-dose lower
bound’ (BMDL) from animal study, would be of low
concern with respect to public health [25]. Our study
showed that all MOE values for both B(a)P, PAH 4,
PAH 8 and PAH 16 among adult and children were
above the critical limit of 1.0 E04 [25] indicating
negligible public health risk concern.

Co-existence of both lead and PAHs in the present
study may be of public significance given that exposures
to mixtures may synergize or be additive thus leading
to adverse health effects exceeding those noted upon
exposures to a single pollutant [40, 41]. Atmospheric
deposition, flooding and sediment deposition, sewage
sludge and application of fertilizers are the likely
sources of metals [42]. Lead as a redox inactive metal
show its toxic effect via bonding to sulthydryl groups
of proteins and depletion of glutathione. In metabolism
of B[a]P, free radicals are formed as a by-product. In
addition, the reactive metabolites of B[a]P undergoes
a redox cycle and generates reactive oxygen species
[43]. Although low doses of a single metal may not
cause health effects, when combined with any other
contaminants may present increased health risk [41]
and the US EPA recognize this as a key gap in metal
risk assessment [42].

CONCLUSIONS

Taken together consumption of honey from Enugu
State, Nigeria may be safe but biomonitoring of lead
and PAHs is recommended in the local population.
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Advances in knowledge: Information on harmful
health effects of heavy metals and PAHs does not only
seem to represent a context unique to Africa but data
on exposures are quite scanty. There is therefore need
for more focus on current and emerging environmental

and chemical health risks in sub Saharan African
research studies. This study is a contribution to address
the knowledge gap.

Application to patient care: As the advocacy for
physicians to be mindful of dietary risk factors in the
aetiology of certain diseases, honey consumption in
Enugu State, Nigeria can be rightly said to be devoid
of lead and PAHs risks.
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