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Abstract

The biggest landfill in Mexico comprehends an area of 375 hectares and 72 million tons of solid wastes were deposited
during 20 years until his closure in December 2012. On the other hand, there is concern of the use of landfill
biosolids as feedstock for wastewater treatment plants. Leachate and sludge samples were taken from this landfill
and a wastewater treatment plant. Polybrominated Diphenyl Ethers (PBDEs), tetrabromobisphenol A (TBBP-A) and
hexabromocyclodecanes (HBCDs) were determined in all samples. This study provides valuable information about
BFRs contents and possible release into environment. Results obtained for total PBDEs ranged from not detected
(n. d.) to 3.88 £ 0.38 ng mL™" in leachates and from n. d. to 23.4 + 4.7 ng g in sludges. HBCD was quantified in the
range of 0.161 + 0.014 to 0.666 + 0.453 ng mL™" in leachate and from 0.112 + 0.042 to 34.873 + 8.262 ng g in sludge
samples. TBBP-A, B-HBCD and BDE-209 were not found in any sample. According to characteristics of the landfill and
samples properties, BFRs could proceed from wastes and re-injection of leachates into garbage. Our results suggest

the improvement of waste treatment or implementation of remediation procedures.
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Introduction

Persistent organic pollutants (POPs) are a group of contaminants
of world concern because of its relationship to several diseases like
endocrine disruption [1,2], reproduction problems [3,4], diabetes [5,6]
and cancer [7]. BFRs are intended to be beneficial when used as flame-
retardant additives in many polymers and resins for the manufacture
of electric and electronic (E&E) products, textile coatings, paints,
lacquers, packaging materials, upholstered furniture, and automotive
parts; however, recent studies have indicated their adverse effects to the
environment for its potential to bioaccumulate [8] and its persistence [9],
it has even been found in remote regions, like the arctic, as consequence
of the long range transport [10,11]. These chemicals are highly toxic [12]
especially the lower brominated congeners and decay products.

Frequently, BFRs are released to the environment through waste
disposal. In Mexico, the average generation of municipal solid waste
(MSW) is 0.86 kg day. This amount is disposed in 400 sanitary landfills
and 200 controlled dumps, as well as in hundreds of open dumps. MSW
generation in Mexico City is the highest nationwide because of the high
population (8,851,080 for 2010) [13], which discards around 12,816 ton
of MSW per day [14]. 7.613 ton day" are disposed in five controlled
dumps sites located four in the State of México and one in the State of
Morelos while the rest is disposed in open dumps around the Mexico
City Metropolitan Area (MCMA). Leaching from final dump sites is
thought to be a major pathway for BFRs release to the environment [15-
18]. These are gradually released into the surrounding environment over
a period of decade’s and causes large amounts of hazardous chemicals to
contaminate groundwater, surface water and soil. It also might reach the
air, via landfill gas emission [19-21].

Leaching of BFRs results from diffusion driven by the concentration
gradient between the leachant and the surface of plastics (FicK’s first
law). The solid waste composition, particle size, degree of compaction,
hydrology, and age of the landfill, moisture, temperature and available
oxygen are the controlling factors that determine the rate of production

and characteristics of the leachate [22]. In Mexico, there are limited
studies of BFRs leaching behavior in landfill sites, such as Bordo
Poniente, Santa Catarina and Proactiva. Because recovery of a landfill
site takes several decades, long-term studies of the leachability of BFRs
from waste and of the fate and transport of BFRs in landfill sites are
required.

The objective of this study is to quantify BFRs in leachate and sludge
samples taken from one landfill and from a wastewater treatment plant
in the metropolitan area of the Mexico City to identify the relevance
of this source in the release of POPs to the environment. This study
generated the first information related to BFRs contamination in the
biggest landfill in Mexico, which is a possible source of high levels of
Persistent Organic Pollutants (POPs).

Materials and Methods
Sampling site

Bordo Poniente landfill and the wastewater treatment plant selected
for this study are located in the MCMA in the State of Mexico as shown
in Figure 1.

Chemicals and reagents

TBBP-A, a-, f-, y- HBCDs, BDEs 17, 28, 49, 71, 47, 66, 100, 99, 85,
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Figure 1: Location of sampling sites in MCMA: Bordo Poniente landfill and
wastewater treatment plant.

154, 153, 138, 183, 190 and 209. solutions in toluene (50 pg mL') were
acquired from Wellington lab (Guelp, Ontario, CA), as well as internal
standards *C-TBBP-A, deuterated a-, f-, y- HBCDs and *C-BDE-209
in toluene (5 pg mL"). Dichloromethane and hexane HPLC grade were
purchased to Chromasolv (USA).

Sampling

Ten sludge and ten leachates samples were collected by duplicate
from Bordo Poniente landfill. Also 4 effluents and 5 sludge samples were
taken by duplicate from a San Juan Ixhuatepec Wastewater Treatment
Plant. All samples were taken by duplicate into 1 L amber glass flasks,
transported at 4°C and stored at 4°C until extraction procedure.

Extraction procedure

Leachates were liquid-liquid extracted with 300 mL dichloromethane
using magnetic agitation for 1 hour, then organic phase was filtered
through sodium sulfate anhydrous and evaporated until 1 mL to
perform clean-up procedure.

Sludge were dried in a lab hood over aluminum foils and then
homogenized with anhydrous sodium sulfate, the mixture was put into
glass thimble and soxhlet extracted overnight with dichloromethane
reflux. Organic extracts were evaporated until 1 mL and carried out
to clean-up procedure. The 1 mL final extracts were divided in two
fractions. A fraction of 500 uL was used for PBDEs analysis with
Gas Chromatography - Mass Spectrometry (GC/MS) with addition
of 13C-BDE-209 as internal standard and the other 500 pL portion
was evaporated near to dryness and reconstituted with isopropanol
with addition of 13C-TBBP-A and deuterated a-, B-, and y-HBCD
isomers for HBCD and TBBP-A analysis with High Resolution Liquid
Chromatography - Mass Spectrometry analysis (HPLC/MS).

Clean-up procedure

1 mL extracts were passed through micro silica gel column (1 g
sodium sulfate to the top and bottom and 5 g of deactivated silica gel
as stationary phase) and eluted with 25 mL of hexane, then they were
evaporated with nitrogen until 1 mL for instrumental analysis.

Instrumental analysis

GC/MS analysis. The following PBDEs congeners were analyzed: 17,
28,49,71,47, 66, 100, 99, 85, 154, 153, 138, 183, 190 and 209. 17 PBDEs.
A GC/MS (6890- Micromass Auto Spec Ultima MS) with autosampler
and single quadrupole was employed. 1 uL of extracts were injected in
splitless mode at 250°C. A capillary column DB-5ms 30 m length, 0.25
mm i. d. and 0.10 um thin layer was used. The oven was programmed
to 100°C for 2 min, first rate 6°C min™ to 250 °C, second rate 25°C min"
! to 300°C and kept for 20 min. Helium flux of 1 mL min was used
as carrier gas and methane as reactive gas. MS in Negative Chemical
Ionization mode was used for detection.

HPLC/MS analysis. Instrumental analysis of HBCD and TBBP-A
was performed using an Agilent 1200 liquid chromatograph coupled
to an AB SCIEX Q-Trap 5500 series mass spectrometer equipped with
an electrospray ionization source operated in negative ionization mode.
3 puL of each sample were injected into a Zorbax Eclipse C18 column
(2.1 mm x 100 mm, 3.5 um). The mobile phase was a mixture of
water:acetonitrile (1:1 v/v) as solvent A, and methanol as solvent B at a
flow of 250 L min. HPLC gradient program was as follows: solvent A
60% to 0% and solvent B from 60% to 100% in 3 min, maintained for 5
min. Then, solvent B passes from 100% to 40% and solvent A from 0%
to 60% in 3 min. These conditions were maintained during 7 min. For
TBBP-A analysis, 3 uL of each sample was injected, at a flow of 250 mL
min'. Gradient program was as follows: solvent A 40% and solvent B
from 60% during 3 min. Then, solvent B passes from 60% to 100% and
solvent A from 40% to 0% in 4 min. These conditions were maintained
during 15 min. Later, solvent A passes from 0% to 50% and solvent B
from 100% to 50% and these conditions were kept for 7 min. Solvent A
was water and solvent B a methanolic solution of 0.1 mM ammonium
acetate.

The triple quadrupole was operated in selected reaction monitoring
mode (SRM): [M-H]" > Br. For HBCD transitions monitored were m/z
640.6 > 78.9 and 640.6 > 80.9 for native; 652.6 > 78.9 and 652.9 > 80.9
for 18D-HBCDs. For TBBP-A analysis, the monitored transitions were
542.9 > 78.9 and 542.9 > 80.9 (native TBBP-A); 554.9 > 78.9 and 554.9
> 80.9 (13C-TBBP-A).

Results and Discussion

Table 1 shows concentrations of BFRs found in the landfill and the
wastewater treatment plant. Brominated flame retardants, TBBP-A and
B-HBCD were not found in any sample; this result is congruent with
other studies in which TBBP-A was found in low levels and B-HBCD is
the less stable isomer and never had been found in sludge and leachate
samples [23-25].

The results obtained show high concentration of y-HBCD
diasteroisomer in higher concentration than a-HBCD isomer. This
could be due to innate composition of the HBCD commercial mixtures.
Normally, the y-isomer is the most abundant isomer in the commercial
mixture, ranging between 75 and 89% of total composition, followed by
a-and B-isomers with 10-13% and 1-12%, respectively. On the other
hand, sludges had higher levels of HBCDs than leachates (Figures 2
and 3). This may be due to greater lipophilicity of sludges than water
on leachates.

PBDEs were found in both leachates and sludge. According to
Figures 2 and 3, higher concentrations were found in sludge samples
due to organic matter content. Congeners BDE-47 and BDE-99 were
more persistent in leachates while compounds BDE-47, -99, -100 and
-153 were more abundant in sludge samples. This suggested that PBDEs
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Figure 2: Distribution of Brominated Flame Retardants in leachate and sludge in Bordo Poniente Landfill in percentage.
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Figure 3: Distribution of Brominated Flame Retardants in liquid and sludge in Wastewater Treatment Plant in percentage.

released from waste into the landfill soil and leachates proceed from
pentaBDE and octaBDE commercial mixtures used in end of life
products. BDE-209 was not detected in any sample suggesting that
products containing this congener could not have been disposed yet.
Products which use DecaBDE commercial mixture could still be used
in products since decaBDE was the last mixture to have been prohibited
[26].

Concentration of PBDEs was higher than HBCD in both samples.
Results differ from other studies where BDE-209 and TBBP-A were
the most abundant in leachates and biosolids. This results imply that
electronic wastes in Mexico might had different composition of BFRs
than other countries [23,24,27]. The similar concentrations of BFRs

between different sampling sites suggest that wastes are homogenous
in the landfills. This could be explained because of the continuous
reinjection of leachates into the landfill, a common practice in these
sites to avoid leachates treatment. Meanwhile, influents samples showed
low concentration of PBDEs and in the corresponding effluent samples
PBDEs were not detected. This result could indicate that the wastewater
treatment plant could remove low concentrations of PBDEs.

BFRs concentrations in this study were lower than other similar
studies in other countries [22-25,27-30], however the characteristics
of the landfill like the great volume of solid wastes as well as the re
injection of leachates into the landfill could contribute to the release
and concentration of contaminants in the landfill.
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Site Sample Location
Leachate 01 19°27'47.21"N
Sludge 01 99° 0'39.94"W
Leachate 02 19°27'19.40"N
Sludge 02 99° 1'13.15"W
Leachate 03 19°26'52.16"N
Sludge 03 99° 0'29.84"W
=] Leachate 04 19°27'20.75"N
g Sludge 04 99° 1'16.03"W
P Leachate 05 19°27'50.23'N
5 Sludge 05 99° 0'42.51"W
S Leachate 06 19°27'37.80"N
a Sludge 06 99° 0'58.18"W
B Leachate 07 19°27'30.13"N
@ Sludge 07 99° 0'54.40"W
Leachate 08 19°27'33.81"N
Sludge 08 99° 0'57.83"W
Leachate 09 19°27'36.54"N
Sludge 09 99° 0'59.21"W
Leachate 10 19°27'29.18"N
Sludge 10 99° 0'55.58"W
= Influent 01 19°31'13.70"N
g8 Sludge 11 99° 7'29.08"W
gz Influent 02 19°31'13.19"N
3 e Sludge 12 99° 7'29.40"W
273 Effluent 01 19°31"13.12'N
- = Sludge 13 99° 7'28.72"W
3 = Effluent 02 19°31'12.49'N
< z Sludge 14 99° 7'29.05"W
2 19°31'12.04"N
3 Sludge 15 99° 7'28.55"W

a-HBCD (ng’) y-HBCD (ng’) >PBDEs (ng’)

n.d. 0.392 + 0.068 3.88 £0.38
n.d. 0.116 + 0.006 14.42 +3.76
n.d. 0.666 + 0.456 0.80 £0.16
0.007 + 0.009 0.123 £ 0.023 3.65+0.77
n.d. 0.179 £ 0.024 n.d.
0.078 £ 0.078 0.453 + 0.323 0.79£0.15
n.d. 0.197 £ 0.034 0.74+0.24
0.134 + 0.068 1.366 + 0.299 4.03 £ 0.69
n.d. 0.157 + 0.007 0.58 +0.04
n.d. 0.173 £ 0.019 12.07 £1.73
n.d. 0.148 + 0.001 2.06 +0.10
n.d. 3.577 +2.804 16.67 +3.20
n.d. 0.149 + 0.001 0.52 £ 0.01
n. d. 34.873 + 8.262 9.88 £1.70
n.d. 0.149 + 0.001 0.55 £0.02
n.d. 2.271+2.897 17.16 £ 3.53
n.d. 0.157 £ 0.011 1.61+0.33
0.064 + 0.089 0.451 £ 0.470 9.55 £ 1.49
n.d. 0.156 + 0.005 1.62+0.31
n.d. 0.535 + 0.022 9.41+£213
n.d. 0.182+0.019 1.70 £0.10
0.086 + 0.040 0.848 + 0.342 15.1+£2.4
n.d. 0.162 + 0.015 2.10+0.80
0.028 + 0.039 0.275+0.216 13.1+£1.9
n.d. 0.161 +0.014 n.d.
0.526 + 0.602 0.717 £ 0.420 23.4+47
n.d. 0.191 £ 0.058 n.d.
0.020 + 0.023 0.112 £ 0.042 122+23
0.068 + 0.019 0.412 +0.203 14.8+3.3

Table 1: Concentrations of BFRs founded in the landfill and the wastewater treatment plant.

Conclusions

PBDEs were determined in higher concentration than y-HBCD,
while B-HBCD, TBBP-A, BDEs -28, -154 and -209 were not detected
in any sample. According to characteristics of the landfill and samples
properties, BFRs could proceed from end of life products and are
concentrated because of leachates re-injection into waste piles. Results
suggest the improvement of waste treatment or implementation of
remediation procedures to eliminate BFR from the waste stream.
Regulation has to be enforced in terms of management of leachate from
landfills and effluent from wastewater treatment plants. There is also
needed to implement regulation on the content of BFRs in products.
On this regards, Basel Convention guidelines on low persistent organic
pollutants content might be used.
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