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Abstract

Background: Poly-brominated diphenyl ethers (PBDEs) and heavy metals are persistent pollutants in Yangtze River
basin, China and also around the globe. In the exposure reality, they may have sequential exposures and long-term
outcomes. Yet, the effects combining these two aspects remained largely unexplored. At present, the effects of

2,2 44"tetra-brominated diphenyl ether (BDE47) and lead (Pb) on Caenorhabditis elegans were studied with two
sequential arrangements. One was first exposure to BDE47 and then to Pb (or vice versa) in one generation, and

the other one was an early exposure to BDE47 in the parent generation (FO) and then a later exposure to Pb in the
offspring (F1) (or vice versa).

Results: On growth, sequential Pb-BDE47 exposure caused inhibition in exposure but stimulation in recovery, show-
ing similarity to individual Pb results. Meanwhile, the opposite sequential BDE47-Pb exposure showed inhibition in
both exposure and recovery, similar to those of individual BDE47 results. On behavior, the effects of sequential expo-
sure were significantly different from individual results without any similarity. In transgenerational effects, FO Pb expo-
sure with F1 BDE47 exposure (Pb-F1-BDE47) inhibited growth, similar to the transgenerational results of individual

Pb exposure. Meanwhile, the recovery effects were similar to the transgenerational results of individual BDE47. At the
same time, Pb-F1-BDE47 exposure significantly hindered the recovery of behavior while the opposite BDE47-F1-Pb
exposure resulted in different results. The behavioral effects in F1 showed negative correlation with the contents of
y-aminobutyric acid (GABA), while those in F1 were positively correlated with the activities of acetylcholine esterase
(AChE).

Conclusions: Sequential exposure to BDE47 and Pb within one generation or over generations showed significant
different effects from individual results. Further studies are still needed to investigate the toxicity patterns and under-
lying mechanisms.
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Background
Poly-brominated diphenyl ethers (PBDEs) and heavy
metals are persistent pollutants in Yangtze River basin,
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neuro-developmental toxicities [8—10]. Therefore, it is
important to fully demonstrate their hazard to environ-
mental organisms and human health, especially in the
complex exposure reality.

Notably, the presence of PBDEs was accompanied
with heavy metals (e.g., lead) in e-waste recycling
areas [11]. Yet, there are only limited studies on their
combined toxicities. For example, the co-exposure of
PBDEs and Pb disrupted reproduction and thyroid
endocrine function in zebrafish adults with subsequent
influences on the hormones in the eggs [12]. Moreover,
effects of the co-exposure on the offspring showed dif-
ferent reproductive outcomes from individual expo-
sure and resulted in transgenerational neurobehavioral
deficits in the offspring [12]. Yet, the exposure reality is
more complicated than such co-exposure effects.

In the aspect of combined toxicities, the effects of
sequential exposure should be considered due to the
fact that pollutants have sequential occurrences out of
geographical influences, accidental contamination and
application/emission histories. It was found that the
presence of Pb promoted the PBDEs bioaccumulation
in earthworms over time [13], while the presence of
PBDEs reduced the Pb accumulation [14]. These stud-
ies led to an assumption that sequential exposure to
PBDEs and Pb can result in different toxicities, which is
essential in assessing their actual ecological outcomes.

Regarding the persistence, PBDE and Pb showed
long-term influences over generations. Perinatal expo-
sure to 2,2/,4,4'-tetra-brominated diphenyl ether
(BDE47) significantly damaged the normal spermato-
genesis of adult rats [15, 16]. Lead (Pb) inhibited the
growth of daughters (F1) of Caenorhabditis elegans
more than that of parents (FO) [17]. Interestingly, in a
transgenerational study on marine invertebrate (Crep-
idula onyx), parental exposure to BDE47 caused devel-
opmental toxicities on the offspring, but a continuous
exposure in the offspring reduced the toxicities, causing
potential adaptation/acclimation responses [18]. There-
fore, sequential exposure was expected to influence the
transgenerational effects.

So far, seldom studies combined both sequential and
transgenerational exposure to illustrate the hazards of
pollutants in the exposure reality. This situation was
mainly resulted from the tremendous experimental
efforts. Fortunately, it can be facilitated by C. elegans, a
free-living nematode. This nematode has significant eco-
logical function by connecting lower and higher trophic
levels in food webs. Its multiple indicators, especially
those related with the neuro-developmental toxicities of
PBDEs and Pb, had been employed to demonstrate both
combined [19, 20] and transgenerational effects of pollut-
ants (17, 21].
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In the present study, the effects of BDE47 and Pb were
studied on C. elegans with considerations on sequential
and transgenerational exposure. One exposure arrange-
ment was first exposure to BDE47 and then to Pb (or
vice versa) in one generation, and the other one was an
early exposure to BDE47 in the parent generation (F0)
and then a later exposure to Pb in the offspring (F1)
(or vice versa). Growth, behavior and the contents of
y-aminobutyric acid (GABA) and activities of acetylcho-
line esterase (AChE) were measured. Out findings dem-
onstrated that sequential exposure effects were indeed
different from individual ones. Such effects were also
observed in recovery potentials and transgenerational
outcomes. Further studies are needed to reveal the toxic-
ity patterns and the underlying mechanisms.

Materials and methods

Tested chemicals

The target PBDE was 2,2',4,4'-tetra-brominated diphe-
nyl ethers (BDE47, CAS-RN: 5436-43-1, Accustandrad,
Inc., USA). The chosen heavy metal was Pb in the form
of Pb(NO,), (CAS-RN: 10099-74-8, Sigma Aldrich).
The stock solution of BDE47 (100 mg/L) was prepared
with sterile K-medium containing 1% dimethyl sulfox-
ide (DMSO, Amresco, USA). The stock solution of Pb
(10 mg/L) was prepared with sterile K-medium. The
stock solutions would be diluted by 1% DMSO in steri-
lized K-medium in exposure. The actual exposure con-
centrations were 10 ug/L for Pb [3] and 0.1, 1, 10 and
100 pg/L for BDE47 [1, 11] regarding their environmental
realistic levels.

Preparation of nematode

Caenorhabditis elegans (wild-type N2) and its food E. coli
OP50 were cultured according to previous studies [22,
23]. In brief, E. coli OP50 was cultured in sterile lysog-
eny broth (LB) culture medium, and C. elegans was cul-
tured on solid nematode growth medium (NGM) plates.
Gravid nematodes were bleached for 5-10 min at room
temperature in fresh clorox solutions containing 0.5 M
NaOH and 1% NaOCI (diluted from antiformin, 4—6%,
Sinopharm Group Co. Ltd., China) [23]. Then, the age-
synchronized eggs were further cultured on NGM agars
with bacterial lawn for 36 h at 20 °C to obtain L3 nema-
todes [17, 21]. Before used, L3 nematodes were washed in
sterile K-medium before their use in experiments.

Experiment design

The toxicity experiments were performed according to
previous study with necessary modifications [24]. The
aqueous exposure was performed in 24-well sterile plates
(with cover, Corning, Inc., USA). The overall experiment
had 10 plates in total, including two plates for control
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groups (one with sterilized K-medium, and another with
1% DMSO in sterilized K-medium), four plates for four
BDEA47 concentrations (0.1, 1, 10 and 100 ug/L), and four
plates for one Pb concentration (10 pg/L). All 24 wells
in each plate had the same arrangement so as to ensure
enough nematodes for following experiments. Every well
in the plate contained 500 pL toxicant or control solution,
300 uL K-medium containing bacteria suspensions and
200 pL sterile K-medium L3 C. elegans. Sterilized water
(500 pL) was added in the interspaces between wells to
keep the humidity and decrease the water evaporation
during the exposure period.

The sequential exposure arrangements are shown in
Fig. 1. In each group, there were 8 arrangements in total.
They were briefly explained as follows. (1) In the first
arrangement, nematodes experienced 24-h exposure to
one chemical and then were collected, washed with ster-
ile water and transferred on to NGM agar for growth
and behavior test or into centrifuge tubes for biochemi-
cal analysis. (2) In the second arrangement, nematodes
experienced 12-h exposure to one chemical. Next, they
were collected, washed and experienced another 12-h
exposure to another chemical. Then, they were collected,
washed and used to measure effects. Notably, nematodes
from different BDE47 concentrations experienced Pb
exposure at the same concentration, while those from Pb
exposure were separated to experience BDE47 exposure
with four concentrations. (3) In the third arrangement,
nematodes experienced 24-h exposure. Next, they were
collected, washed and transferred into sterile K-medium
for 24 h recovery. Then, they were collected, washed and
used to measure effects. (4) In the fourth arrangement,
nematodes experienced 12-h exposure to one chemical,
12-h sequential exposure to another chemical, and also
24-h recovery before they were used to measure effects.
(5-8) In the remaining 4 arrangements, nematodes
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experienced 24-h exposure, 24-h recovery, and then they
were synchronized to obtain the eggs (F1). Next, the eggs
grew to L3 nematodes on NGM agar with bacterial lawn
for 36 h at 20 °C. Then, the F1 nematodes experienced
24-h exposure to the same or another chemical with or
without 24-h recovery before they were used to measure
effects. Each arrangement had its own concurrent con-
trol nematodes that experienced the same procedure as
those experienced exposure.

Growth and behavior indicators

Growth and behavior indicators were measured accord-
ing to earlier studies [21]. In brief, the nematodes were
allowed to crawl on NGM agar without bacterial lawn
for 2 h. Such a crawling would allow the evaporation of
extra water and help distribution of nematodes from the
crowded pile. Then, the nematode images were taken by
a dissecting microscope with a computer. The nematode
growth in the form of body length (BL) was indicated by
half the length of a polyline following the midline from
the nematode head to the tail and back to the head. At
least 20 replicates were measured for the BL in each
treatment. Next, the nematode moving videos were
captured with an interval of 60 s. Then, body bend-
ing frequency (BBF) was counted as the times when the
direction of posterior pharyngeal bulb changed along the
vertical direction of the traveling path. At least 6 animals
were measured for replication.

Biochemical assay

The amounts of y-aminobutyric acid (GABA) and activi-
ties of acetylcholine esterase (AChE) were measured by
Shanghai Ketao Biotechnology, Ltd. In brief, the nema-
todes were washed with the buffer of phosphate-buffered
saline (PBS, pH 7.0). After a centrifugation at 10,000 rpm
for 5 min at 4 °C, the supernatants were discarded and
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Fig. 1 Diagram for the experiment design with consideration on sequential exposure to different pollutants in the environment
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the pellets were stored at —80 °C until assayed. The pel-
lets were ground by grinding rods with ice bath. Then,
200 ice-cold PBS were pelleted onto the grinding rods
to wash the solutions back to the centrifuge tubes. After
centrifugation, the supernatants were used to determine
the contents of GABA and the activities of AChE with the
commercial ELISA kits (R&D Systems, Inc., USA). The
amounts of the total protein (TP) in each sample were
also measured. All biochemical indices were expressed as
their proportions against the TP amounts.

Data presentation and statistical analysis

All indicators were calculated as the percentages of the
average value of the control (POC) [25]. Through this
way, the values in the control were all normalized to
100%. POC values lower than 100% demonstrated inhibi-
tory effects while those higher than 100% demonstrated
stimulatory ones. In figures, the data were expressed as
mean =+ standard error. The POC values among groups
were analyzed by two-way ANOVA (using Tukey as post
hoc test), and the probability levels of 0.05 were consid-
ered statistically significant (p<0.05). The correlations
between indices were analyzed with Spearman rank
correlation through Origin 9.0 (USA) [26]. Notably, the
results in the absolute control (K-medium) and the sol-
vent control (1% DMSO in K-medium) were not signifi-
cantly different from each other. Therefore, the average
values of both controls were used to demonstrate the
control values.

Results

Effects of Pb or BDE47, and their sequential exposure

on the nematode growth

The effects of individual exposure to Pb or BDE47 on the
nematode growth are shown in Fig. 2a. In BDE47 results,
the POC values were 93.1%, 86.0%, 81.6% and 80.6% in
exposure at 0.1, 1, 10 and 100 pg/L, respectively. The
POC values were lower than the control (p<0.05), indi-
cating that BDE47 inhibited the body length. The POC
values ranged from 91.0 to 93.6% in recovery at four con-
centrations. The POC values were lower than the con-
trol (p<0.05), but higher than those in exposure results
(p<0.05). Such comparison results indicated that BDE47
still inhibited the growth with limited recoveries. The Pb
results showed that it inhibited the growth in exposure
with a POC of 90.9% (p <0.05) but stimulated it in recov-
ery with a POC of 103.9% (p <0.05), showing significant
recoveries.

The effects of sequential exposure to Pb and BDE47
on the nematode growth are shown in Fig. 2b. Results
showed that sequential exposure to Pb and BDE47 (Pb-
BDE47) inhibited the body length in exposure with
POC values ranging from 89.5 to 94.0%, while they
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stimulated it in recovery with POC values from 103.6
to 104.6%. The inhibition in exposure and stimulation
in recovery were similar to the individual Pb results.
Meanwhile, the sequential exposure to BDE47 and Pb
(BDE47-Pb) inhibited the body length in both expo-
sure and recovery, with POC values ranging from 90.4
to 97.5%. The inhibition in both exposure and recovery
was similar to the individual BDE47 results. Yet, the
inhibition by BDE47-Pb was less than individual BDE47
exposure. The results demonstrated that the exposure
experience at earlier life stage (i.e., the first 12-h expo-
sure) defined the toxicity types on the growth in the
end. The sequential exposure can result in different tox-
icity levels, indicating potential toxicity interactions.

Effects of Pb or BDE47, and their sequential exposure

on the nematode behavior

The effects of individual exposure to Pb or BDE47 on
the nematode body bending frequency (BBF) are shown
in Fig. 3a. In BDE47 results, it inhibited BBF and the
inhibition showed a concentration dependence where
the POC was as low as 56.6% (p<0.05) at 100 pg/L. In
the recovery, BDE47 stimulated BBF with POC values
ranging from 121.7 to 128.5% (p <0.05). In Pb results,
it significantly stimulated BBF with a POC of 144.4%
(p<0.05) in exposure, while inhibited it with a POC of
73.7% (p<0.05) in recovery. Notably, effects of BDE47
and Pb showed opposite changes from inhibition (or
stimulation) in exposure to stimulation (or inhibition)
in recovery.

The effects of sequential exposure to Pb and BDE47
on the nematode BBF are shown in Fig. 3b. In Pb-BDE47
results, they slightly inhibited the BBF in exposure. In
recovery, they stimulated BBF with POC value as high
as 147.3% (p<0.05) at Pb 10 pg/L and BDE47 0.1 pg/L,
while they inhibited BBF at other BDE47 concentrations.
In BDE47-Pb results, they showed inhibition on BBF
with POC values ranging from 54.1 to 78.4% (p<0.05).
In recovery, the inhibition was greatly recovered with
POC values from 84.6 to 115.4% (p <0.05). The effects of
sequential exposure to Pb and BDE47 did not show clear
similarity to the individual Pb or BDE47 results.

The effects of individual exposure to Pb or BDE47 and
their sequential exposure on the AChE and GABA are
shown in Additional file 1: Figure S1. The correlations
between effects on BBF and those on neuro-transmit-
ters were analyzed via Spearman rank correlations, and
the results are listed in Table 1. The results showed that
the effects of Pb or BDE47 and their sequential exposure
on BBF were negatively correlated with those on GABA.
Such results indicated that effects on behavior in FO
mainly involved GABA regulation.
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Fig. 2 The effects of individual Pb or BDE-47 (a) and their sequential exposure (b) on the body length of Caenorhabditis elegans. The sequential
exposure was a 12-h exposure to BDE47 and another 12-h exposure to Pb (or vice versa). Blank column: exposure effects; shadow column: recovery
effects. The average body length was 1.13 mm in the control nematodes. *Significantly different from the control, p <0.05. Data represent the
means and standard error

Transgenerational effects of Pb, BDE47 and their
sequential exposure on growth

The effects of individual exposure to Pb or BDE47 on the
nematode growth in the offspring generation (F1) are
shown in Fig. 4a. Results showed that individual expo-
sure to BDE47 slightly inhibited F1 growth (p <0.05). The
inhibition was partially recovered to normal level and
even changed into slight stimulatory effects (p<0.05).
The effects of BDE47 on F1 were significantly lower than
those on FO (Fig. 2a). Meanwhile, individual exposure to
Pb significantly inhibited F1 growth with non-significant
recoveries. The toxicities of Pb on F1 were significantly
worse than those within one generation (Fig. 2a).

The effects of sequential exposure to Pb and BDE47
on F1 growth are shown in Fig. 4b. The results showed
that 10 pg/L Pb exposure in FO with BDE47 exposure
in F1 (ie, Pb-F1-BDE47) greatly inhibited F1 growth
with significant recoveries which even showed stimu-
latory effects. Meanwhile, the sequential exposure to
BDE47 in FO and Pb in F1 (i.e., BDE47-F1-Pb) resulted
in slight inhibition on F1 growth with slight recoveries.
The results also demonstrated that early exposure to Pb
in FO resulted in significant inhibition on growth in F1,
which was similar to the transgenerational effects of indi-
vidual Pb exposure. Meanwhile, later exposure to BDE47
in F1 significantly influenced the recovery effects which
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The sequential exposure was a 12-h exposure to BDE47 and another 12-h exposure to Pb (or vice versa). Blank column: exposure effects; shadow
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were similar to the transgenerational effects of individual
BDE47 exposure.

Transgenerational effects of Pb, BDE47 and their
sequential exposure on behavior

The effects of individual exposure to Pb or BDE47 on the
nematode BBF in F1 are shown in Fig. 5a. Results showed
that BDE47 significantly inhibited F1 BBF in exposure
with significant recoveries at the lowest concentration.
Both inhibitory and recovery effects in F1 were lower
than those within one generation. In Pb results, it did
not inhibit the BBF in F1 without significant recover-
ies. Such results were different from the stimulation in

exposure and inhibition in recovery within one genera-
tion (Fig. 3a). That is to say, transgenerational effects of
individual BDE47 or Pb were different from those within
one generation.

The effects of sequential exposure to Pb and BDE47 on
F1 BBF are shown in Fig. 5b. The Pb-F1-BDE47 exposure
significantly inhibited BBF with non-significant recover-
ies. The negative effects of Pb-F1-BDE47 exposure were
more severe than those of individual Pb effects over gen-
erations. Meanwhile, BDE47-F1-Pb exposure showed
inhibition on F1 BBF with significant recoveries that
even showed stimulatory effects. The significant recovery
effects were also observed in the transgenerational effects
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Table 1 Spearman rank correlations between effects of Pb
or BDE47 and their sequential exposure on body bending
frequency (BBF) and those on neuronal indices*

BBF GABA AChE
In FO
In exposure
BBF 1
GABA —0.6135* 1
AChE —0.1761 04011 1
In recovery
BBF 1
GABA —0.6025* 1
AChE 05117 —0.3901 1
InF1
In exposure
BBF 1
GABA 0.3407 1
AChE 0.5989* 0.5549* 1
In recovery
BBF 1
GABA 0.1241 1
AChE 0.7967* 0.1186 1

BBF body bending frequency, GABA y-Aminobutyric acid, AChE acetylcholine
esterase

* Significant at 0.05 level

of individual BDE47 (Fig. 5a). The overall results demon-
strated that Pb exposure in FO significantly hindered the
recovery potentials in F1 while BDE47 exposure in FO
dramatically determined the recovery in F1.

The effects of individual exposure to Pb or BDE47 and
their sequential exposure on the AChE and GABA in F1
are shown in Additional file 1: Figure S2. The Spearman
rank correlation analysis results (Table 1) showed that the
effects of Pb or BDE47 and their sequential exposure on
F1 BBF were positively correlated with those on AChE.
Such results indicated that effects on behavior in F1 pri-
marily involved AChE regulation, instead of GABA in FO.
Such results indicated that GABA and AChE functioned
via different underlying mechanisms.

Discussion

Different effects between individual and sequential
exposure

Effects of Pb and/or BDE47 on BL and BBF demonstrated
that the exposure sequence indeed influenced the nema-
tode responses and the exposure experience at earlier life
stage can define the outcomes in the end. The influence
of exposure sequence was also observed in earthworms
that experienced different sequential exposure to BDE-
209 and Pb [14, 27]. Such findings supported the DOHaD
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theory, i.e., the early experience to environmental stresses
was the origin of health and disease in adults [28].

Various studies have demonstrated that pretreat-
ment of chemicals or stressors can result in protective
effects against the later exposure to other chemical. For
example, pretreatment of selenium and antioxidants
rescued the behavioral impacts and neurotoxic effects
of Pb [29, 30]. Yet, the present study did not show
such protective effects of earlier BDE47 or Pb expo-
sure. Such differences might be resulted from the dif-
ferent modes of actions (MOAs) of BDE47 and Pb. For
example, Pb exposure resulted in direct neurotoxicity
via disturbances on excitatory and inhibitory synaptic
transmission [31], while BDE47 might provoke indirect
neurotoxicity after its disruption on hormone function
[32]. Therefore, earlier exposure to Pb or BDE47 caused
different intermediate state for the damage of the later
exposure. Yet, further studies are needed to reveal
potential patterns in the sequential exposure toxicities
and the underlying mechanisms.

Transgenerational effects between individual
and sequential exposure
Effects over generations collectively demonstrated that
early exposure in parent significantly influenced the off-
spring responses. Such results supported the expansion
of the DOHaD theory from embryo-adult to adult-
embryo—offspring [33]. The transgenerational effects in
the present study were also found in earlier studies. For
example, transgenerational exposure to Pb induced its
lethality on the offspring of D. magna [34]. The paren-
tal co-exposure to PBDEs and Pb enhanced develop-
mental neurotoxicity in offspring of zebrafish [12]. The
transgenerational studies urged special attentions on
the long-term impacts of environmental pollutants.
Interestingly, there were different transgenerational
effects between individual and sequential exposure.
That is to say, the effects in the current generation were
not a simple sum of experiences in the earlier and the
current generation. There might be toxicity interac-
tion underlying the effects over generations. Such
toxicity interaction was implied in an earlier study
where Pb exposure in earlier generations lowered the
sensitivity of D. magna to mancozeb in later genera-
tions [35]. Notably, Pb and BDE47 can influence epi-
genetic regulations over generations. For example, Pb
exposure altered DNA methylation in both the pre-
sent generation [36] and the offspring [37]. The PBDE
exposure formed DNA adducts [38] and disturbed the
microRNA profiling [39] in the present generation and
altered the DNA methylation and histone—protamine
exchange in offspring adults [15, 16]. The epigenetic
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p <0.05. Data represent the means and standard error

changes underlying the transgenerational effects might
also contribute to the interactions.

Different mechanisms underlying effects on behavior

over generations

The results also demonstrated that effects on behav-
ior were negatively related with GABA but positively
related with AChE. On the one hand, GABA showed
both inhibitory responses (i.e., decreases in the trans-
port of GABA and expression of its regulating genes
[40]) and stimulatory ones (e.g., in zebrafish embryo
[41]) in Pb neurotoxicity. Therefore, the negative

correlation between GABA and behavioral responses in
the present study did not reveal any particular pattern.
On the other hand, the positive correlation between
AChE and behavioral responses was widely reported.
For example, AChE inhibition by Pb was accompa-
nied with reduction in movement of bivalves [42] and
AChE stimulation by sulfamethoxazole antibiotic
was accompanied with increases in behavioral indica-
tors [26]. Therefore, AChE might be a better choice to
indicate the changes of neuro-transmitter underlying
behavioral changes by pollutants. Notably, the correla-
tion of behavioral responses with GABA in one genera-
tion exposure and that with AChE in transgenerational
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Fig. 5 The effects of individual Pb or BDE-47 (a) and their sequential exposure (b) on the body bending frequency (BBF) of Caenorhabditis elegans
offspring (F1). The sequential exposure was an early exposure to BDE47 in the parent and a later exposure to Pb in the offspring (or vice versa). Blank
column: exposure effects; shadow column: recovery effects. The average BBF was 6 bends/10 s in the control nematodes. *Significantly different
from the control, p<0.05. Data represent the means and standard error

exposure suggested that GABA showed faster responses
than AChE, while AChE had more persistent regula-
tions over generations. The exact reason still needs
future studies.

Conclusion

Effects of sequential exposure to BDE47 and Pb on
growth and behavior were studied on C. elegans. Results
demonstrated that effects of sequential exposure on
growth within one generation or over generations relied
on the chemical with an early appearance. Meanwhile,
the sequential exposure caused different effects on
behavior from individual results without any particular

pattern. Moreover, the behavioral effects were nega-
tively correlated with GABA in FO but positively corre-
lated with AChE in F1. Further studies are still needed to
reveal the patterns in sequential exposure effects and the
underlying mechanisms.
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Additional file 1: Figure S1. The effects of individual Pb or BDE-47 (A, C)
and their sequential exposure (B, D) on the activities of AChE (A, B) and the
contents of GABA (C, D) in Caenorhabditis elegans. The sequential exposure
was a 12 h-exposure to BDE47 and another 12 h exposure to Pb (or vice
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versa). Blank column: exposure effects; Shadow column: recovery effects;
*Significantly different from the control, p <0.05. Data represent the
means and standard error. Figure S2. The effects of individual Pb or BDE-
47 (A, Q) and their sequential exposure (B, D) on the activities of AChE (A,
B) and the contents of GABA (C, D) in Caenorhabditis elegans offspring (F1).
The sequential exposure was an early exposure to BDE47 in the parent
and a later exposure to Pb in the offspring (or vice versa). Blank column:
exposure effects; Shadow column: recovery effects; *Significantly different
from the control, p <0.05. Data represent the means and standard error.
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