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Abstract

Pd ybromi nated diphenyl ethers (PBDES) were seasondly determined in water and sedi ments of
the Elemi River, Nigeria using gas chromatography analysis. Samples were cdlected in two
consecutive seasons for s x months, monitori ng the program every month. Three BDES congeners
(28, 47 and 154) were only detected with the mean concentration of ND - 0.001 pg/L and ND -
0.143 pg/kg in water and sediments respectively. BDEs (99, 100, 153, 183 and 209) were
consistently absent in both seasons. The distribution of BDEs showed that BDE 28 was
consistently found in the water samples throughout the months of sampling, while the sediments
spaingy contained BDE 28 and 47. The study proposed the need for effective measures to reduce
the del eteri ous contribution of these persistent compoundsinto the rivers.
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Introduction

Polybrominated diphenyl ethers (PBDES)
consis of 209 possible subgances, called
congeners. The available commercial PBDE
products are mixtures of congeners. PBDES
are commonly used as flame retardants and
are dructuraly similar to polychlorinated
biphenyls (PCB9 [1, 2]. The environmental
and health hazards of these chemicals have
cadled for global concern. Due to their
toxicity and persistence in the environment,
the industrial production of some PBDEs has
been redricted under the Sockholm
Convention. PBDESs can be leached into the
environment as a result of disposal when
polymeric subgances or products with
sizeable quantities of PBDEs are exposed to
the environmental conditionsthat support their
leaching. Organohalogen compounds such as
PCBs and PBDEs in waer are of great

concern for human health due to their
persstent, toxic and bioaccumulative nature
[3-6]. Research suggests that the penta-BDE
formulation and its congeners tend to persist
and bio-accumulate more readily in the
environment, as compared to the other two
formulations. As such, it is the most detected
formula in wildlife and the environment, and
one congener, in particular, BDE-47, is
detected more often [7]. Various and
significant levels of BDES have been found in
environmental matrices and  biological
samples such as blood, biota, breast milk, and
adipose tissue. PBDEs have been reported in
environmental matrices such as water [4, 8],
sdiment [9 -11], and aquatic organisms [12].
In water, PBDEs are expected to adsorb
grongly to sugpended solids and sediments
and bioconcentrate in aquatic organisms. The
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volatilization of PBDEs from water to air is
expected to be attenuated by absorption in the
water column. In soil, PBDES are adsorbed
strongly and will be immobile. Toxicological
studies in animals have found nervous system
damage, reproductive and developmental
damage (e.g., reduced sperm production),
endocrine disruption, and cancer following
exposure to high doses of deca-BDE [13].
Endocrine disuption may result in
developmental  delays  decreased 1Q,
reproductive failure, and edrogen-related
cancers.

Hence, the dudy assesses the
occurrence, levels, and spatial distribution of
PBDEs congeners in the Elemi River,
Southwes Nigeria. The generated data of
PBDEs in this gudy would not just
complement the exiging data, which is scanty

in the Nigerian environment, but provide
information to help in the scientific
assessment of the impact of PBDEs on public
health and aquatic environment in Nigeria

Materials and M ethods
Sudy Area

Elemi river (Odo-ayo) in Ado-Ekiti is
a tributary of the main river Elemi in Igede-
Ekiti. The river runs across the mgor road
leading to Ado-lworoko-Ekiti, where the
samples were collected. Elemi is surrounded
by a dens dretch of vegetation and an
agricultural farm. The river serves as a good
urce of surface water that could be
harvested to congtruct a water dam. Fig. 1
depicts the map of the study river and
sampling locations.
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Sample Collection and Preservation

Sampling was conducted between the
periods of 2017-2018, including the dry and
wet seasons. Samples in the dry season were
collected in December, January and February,
while the wet season was done in May, June
and July. The monitoring program was
performed every month, where samples of
water and sediments were collected from the
studied river. Surface water samples (10 cm
below water level) were taken in glass sample
bottles at six different spots (S1to S6). Three
samples (S1 — S3) and (4 - S6) were poured
together in glass bottles to obtain composite
samples. The collected samples were kept in
glass bottles, covered with screws and caps,
and immediately transported to the laboratory
for subsequent analysis Sediment samples
were taken as in the case of water samples.
Sediments samples were taken from the same
locations and time for water sampling a a
depth of 5cm using a pre-cleaned Ekman grab
sampler. The sediment samples were air-dried
for about two weeksin the laboratory, grindin
an agate mortar, sieved through 2mm mesh
size and gored in glass sample bottles before
analysis. Two composite samples of water and
sediments were collected each month.

Sample Extraction and Clean-up

One hundred (100 mL) milliliters of
the water sample was transferred into a clean
1L separatory funnel where 40 mL
dichloromethane (DCM) was added and
shaken vigorously for about 20 min. To ensure
separation of the phases, the mixture was
allowed for some time. The agueous layer was
removed after the separation of phases, while
the organic layer was filtered into a 250 cm®
conical flask through anhydrous sodium
sulphate  (NaSO,) salt that has been
prewashed with DCM. The extraction was
repeated twice using a 40 mL portion of DCM
and all the extracts were combined. The

combined organic extracts were concentrated
to 2 mL using arotary evaporator at 40°C.

For the sediments, samples extraction
was carried out by EPA 3550C method as
described by USEPA [14]. About 20 g of
dried sample was mixed with anhydrous
sdium sulfate (1:1, w/w). The mixture was
ultrasonically extracted with a 50 mL mixture
of acetone and DCM (1:1, v/v) for 45 min
before being centrifuged for 10 min. The
upernatant was collected, and the extraction
procedure was repeated thrice with a fresh 50
mL of acetone and DCM. The supernatants
from the triplicate extraction were mixed.
Through rotary evaporation, the mixture was
concentrated to ~2 mL. The extract was re-
dissolved in 5 mL n-hexane and later
concentrated to 2 mL in arotary evaporator at
40 °C.

The column 15 cm (length) x 1 cm
(internal diameter) for the extract clean-up
was packed with different types of silica. The
column packing involved using multilayer
activated silica gel chromatography. Cotton
wool was first clogged on top of the column.
Sequential addition of 0.1 g activated silica,
0.2 g basic silica, 0.4 g acidic silica, 0.1 g
activated dlicas and 1.0 g of anhydrous
Na, SO, was done from the base. The packed
column was first conditioned with 15 mL n-
hexane. The extract was introduced into the
packed column and euted with 100 mL n-
hexane. The eluate was concentrated with a
rotary evaporator under nitrogen flow for
further chromatographic analysis.

Gas Chromatographic Conditions

For the gas chromatographic
conditions of PBDEs: GC model: Agilent GC
7890 A; the carrier gas flow rate was 2.0
ml/min; injector temperature: split injection:
20:1; carrier gas. helium; make-up gas:
nitrogen; inlet temperature: 250 °C; column
type: HP 5MS column dimension: (30 m x
0.25 mm x 0.2 um); oven programme: initial
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temperature a 100 °C and held for 1 min,
ramped at 30 °C/min to 300 °C, and held for 5
mins, detector: flame ionization detector
(PFPD); detector temperature: 325 °C; The
total run time was 32 min.

Quality Assurance Determination

To determine any suspected possible
traces of the studied PBDES, solvents (similar
volume) and anhydrous Na SO, used in the
extractions were subjected to similar
extraction and cleanrup procedure as
examined. Standard solutions of PBDESs were
run in gas chromatography under set
chromatographic conditions and mean peak
areas were plotted against concentrations to
obtain calibration curvesof individual PBDEs.
Retention windows were constant for the
standard samples and were therefore relied on
for component identification. The calibration
was done by firg analyzing/injecting mixture
(0.1, 0.2,0.5, and 1 mg/L) of PBDEs standard
into the Gas chromatography and plotting the
cdibration curves. The correlation coefficient
was then calculated. The limits of detection
(LOD) for the instrument were based on a
signal to noise ratio of 3 and the limit of
guantification (LOQ) was based on the signal
to noise ratio of 10. Overall, the extraction
efficiency ranged between 92% and 97%,
while the samples' mean (standard deviation)
percentage recovery was 93% + 4%. Overall

calibration graphs for individual PBDE
congeners were linear with a correlation
coefficients range of 0.9976 - 0.9999. Hence,
the results were acceptable, having met the
quality assurance standard.

Statistical Analysis

The satistical analysis incorporated
in work includes mean and corresponding
standard deviation and coefficient of
variation. Data obtained were also subjected
to t-tet, and Pearson correlation as
applicable, using Satistical Software, SPSS
Version 16.

Resultsand Discussion

Figure 2(@), 2(b-c), and 2(d)
representative chromatograms of the PBDEs,
sample, and blank, respectively. No
interference peaks were obtained for the blank
sample chromatogram at the same retention
time as the target compounds The summary
of the PBDEs congeners measured in the
water samples for both seasons is depicted in
Table 1. Out of the eight BDEs congeners,
only three (3), BDE-28, 47 and 14, were
detected. The dry season samples only had
BDE-28 with an average concentration range
of 0.003 - 0.005 pg/L, while the wet season
contained BDE-28, 47 and 154 with a mean
concentration of 0.0004 - 0.0023 pg/L.
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Table 1. Mean concentration (ug/L) of PBDEsin the water samplesof Elemi River during thewet and dry seasons.

PBDES Wet Dry
May Jun July Mean D CV% Nov Dec Jan Mean D CV%
BDE 28 0.0004  0.0008 0.0003 0.0012 0.001 859 0.003 0.0005 0.003 0.001 0.002 119
BDE 47 0.0006 0.0002 0.003 173
BDE 99
BDE 100
BDE 153
BDE 154 0.003 0.001 0.0017 173
BDE 183
BDE 209
> PBDEs 0.0008 0.0076 0.0058 0.0047  0.0035 744 0.006 0.001 0.006 0.002 0.003 119

> PBDE = Sum of polybrominated diphenyl ethers

In general, BDE-99, 100, 153, 183 and
209 were not detected in both seasons. A high
level of spatial variaions exids in the
concentrations of all the detectable BDES, as
shown in the caculated coefficient of
variation (85.9 - 173%).

The results indicated the predominant
residues of BDE-28, as they were consstently
found in all the samples every month. The
>PBDEs in the water samples ranged from
0.0008 - 0.0076 and 0.001 - 0.006 pg/L in wet
and dry seasons, respectively. The non-
detectable or presence of BDE-99, 153 and
183 in the samples were comparably similar to
Yang et al. [15] for nine water samples in
China. The BDEs reported were comparably
similar in most cases to Pei et a. [16] for
Yellow river, China; while Diep river, South
Africa [4], Asunle gream, Nigeria [17] were
lower. The water from Jiaozhou Bay [18],
Beljing River [19], Lake Michigan [20], San
Francisco, USA [21] and Izmir Bay, Turkey
[22] were higher than the present study.
Higher levels of BDEs were reported in wet as
compared to the dry season. A similar
observation was reported in Asunle stream,

Nigeria, by Olutona et al. [17]. The level of
PBDEsrecorded in wet might be due to active
mobilization of leached PBDEs congeners by
eroson into water bodies during the rainy
Lavn.

The mean concentrations of BDES in
the sediment samples in both seasons are
depicted in Table 2. The mean concentration
in the sediments ranged from ND - 0.090
Mgkg in the dry season, while the wet
reflected ND — 0.430 pg/kg. Samples in dry
only showed the presence of BDE 28 in
January, while the wet season reflected BDE
28 and 47. In general, BDE 99, 100, 153, 154,
183 and 209 were not detected in both
saons. The BDE 28 and 47 level in the
preent study were comparably higher than
what Pei e al. [16] (Yellow River, China),
Ma et al. [23] (Shanghai River, China),
Mariani et al. [24] (Maggiore Lake, Italy),
Baron e a. [25] (Ebro River basin, Spain),
Klogerhaus et al. [26] (Baikal Lake, Russia),
Minh e al. [27] (Tokyo Bay, Japan) and
Richman et al. [28] (Niagara, River, Canada)
reported.
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Table2. M ean concentr ation (ug/kg) of PBDEsin the sediment samplesof Elemi River duringthewet and dry seasons.

Wet
PBDEs

Dry

May Jun July

Mean sD CV%

Nov Dec Jan Mean sD CV%

BDE 28 0.430 0.143 0.248

BDE 47 0.085 0.10 0.062 0.054

BDE 99
BDE 100
BDE 153
BDE 154
BDE 183
BDE 209
0.860 0.170  0.200 0.410

YPBDEs 0.390

0.009 0.003 0.0052 173

0.018 0.006 0.010 173

> PBDE = Sum of polybrominated diphenyl ethers

The study observed the predominant of
BDEs in the rainy season. The predominance
of BDESs (28, 47 and 154) could be due to the
high technical formulation of the BDE
introduction during this period. Congeners
present in the waste, the discharge of PBDES
compounds into the river during the rainy
seasons  could dso lead to greaer
contributions of BDEs in the river. PBDEs
represent complex chemicals that consist of
differentt  members of bromine. The
didgribution pattern of the BDEs indicates
congeners with three and four bromines
mgorly (BDE 28 and 47). The distribution of
BDEs showed that BDE 28 was consistently
found in the water samples throughout the
months of sampling (Fig. 3), while the
sediments sparingly contained BDE 28 and 47

(Fig. 4).

These showed that low halogenated
PBDESs were the major condituent in the river
and could have originated from the
degradation of high PBDEs Hua et al. [29]
observed that deca-BDE and the commercial
octa-BDE absorbed light up to 325 nm,
which indicates that these compounds may be
susceptible to photodegradation at
environmental wavelengths. Di- and tetra-

BDEs were reported to absorbed minimal light
a wavelengths > 300 nm. This trend suggests
that the lower-brominated diphenyl ethers will
be less susceptible to photolysis compared to
octaBDE and deca-BDE commerciad
mixtures. The commercial products of some
PBDEs suggeded historical use as the main
source of PBDEs inthe study area
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Figure 3. The distribution pattern of BDEs congeners in the

water samples
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From the datistical results the
correlation between the wet and dry seasons
for water samples indicated a weak positive
relationship, while sediments revealed a weak
negative relationship a p < 0.05. The t-test
conducted on the results of water and
sediments in both seasons revealed no
significant difference (p > 0.05) between the
dry and wet seasons The positive correlation
could be suggestive of similar sources,
didgribution patterns and the fate of these
compounds in the aquatic environment. In
contrast, the weak correlation observed in the
sediments could suggest different
accumulation and  distribution  patterns
behavior. Comparing the levels of determined
PBDEs in the water samples using analysis of
variance (ANOVA), the results revealed a
significant difference inthe BDEs a p < 0.05,
while the sediment showed no significant
difference in the data (p > 0.05). The study
further revealed no significant difference in
the determined levels of PBDEs in water and
sediment (p>0.05).

Conclusion

The gudy revealed the presence and
trace levels of three BDEs (28, 47 and 154)
congeners in the sampled river. The results
showed that low halogenated PBDES were the
mgor congtituent in the river and could have
originated from the degradation of high
PBDEs. A high level of spatial variations
exits in the concentrations of all the
detectable BDEs. Thus, accumulation and bio-
magnification of PBDES residues in aquatic
ecosysems are expected. Based on the above
findings, the study recommends the possible
evaluation programs for PBDEs in water
bodies (rivers and oceans) within the State and
environs.
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