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Synthetic pyrethroids contain two or three chiral centers, making them a family of chiral pesticides
with a large number of stereoisomers. Recent studies showed significant differences in aquatic toxicity
between enantiomers from the same diastereomers of pyrethroids. To better understand the
ecotoxicological effect and fate of pyrethroid insecticides, chirality in biodegradation must also be
considered. In this study, we examined enantiomer compositions of selected pyrethroids in field
sediment samples taken from various locations in southern California. Enantioselective degradation
was frequently observed for cis-bifenthrin, permethrin, and cyfluthrin under field conditions. We further
conducted long incubation experiments under laboratory-controlled conditions using single enantiomers
of cis-bifenthrin, cis-permethrin, and cypermethrin. The half-lives for individual enantiomers were
calculated to be 277—770 days for cis-bifenthrin enantiomers, 99—141 days for cis-permethrin
enantiomers, and 52—135 days for cypermethrin enantiomers, respectively. The direction and degree
of enantioselectivity in degradation were found to closely depend on the specific compound as well
as experimental conditions. Because no significant difference in degradation was observed after
samples were sterilized, the observed enantioselectivity may be attributed to preferential biological
transformations.
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INTRODUCTION enantiomers. The chirality of pyrethroids may arise from the
acid moiety, the alcohol moiety, or both2,(3). In the
developmental history of pyrethroids, significant enantioselec-
tivity has been widely observed in insecticidal activity for the
enantiomers from the same compound 8,11, 12), and
recently, studies show that enantioselectivity also exists in their
aquatic toxicity (4,13). However, in most existing literature,
enantioselectivity of pyrethroids has not been adequately
considered in their fate and transport processes. Given that most

Chiral compounds currently account for about 25% of all
pesticides used commercially and for 26% of the total value of
the world pesticides market), Among these compounds, those
sold in single isomer form contribute only 6% of the market
value (1). It is well-known that even though enantiomers from
the same compound have identical phystadiemical proper-
ties, they may behave enantioselectively in biological processes

(2, 3). As compounds with more complex structures are intro- pyrethroids are used in a racemic form, knowledge of the

ducslg Ir\]/\t/ﬁl Esargtla’ I n;ﬁﬁtb?heXpﬁaieir;hitmo;i Crh'frarl COM- e vironmental behavior of individual pyrethroid enantiomers
pounds € release 0 the enviro %). Therefore, will be of great value for improving our understanding of the

there IS an increasing interest to evaluate_the enant'oselecnveassociated ecotoxicological risks and will be of benefit to the
behavior of chiral contaminants in the environment.

Bvrethroid idel dt ling i . study of other chiral compounds.
roduction and around households. With he restrction of usage _ Degradation of pyrethroids.in soil has been extensively
P . - ) USAG€ studied. Most studies show that microorganisms play an
of organophosphate insecticides, the use of pyrethroids is; . . 4 i
. h ; important role in the degradation of pyrethroid compounds in
expected to further increase. Although pyrethroids are highly _ . )
) . S . i . . soils and sediments/( 14—18). Because many studies show
hydrophobic and immobile in soil, they may find their way into .
! . . - - that for racemic compounds (e.gx-HCH, metalaxyl, and
aquatic systems via runoff or soil erosio, 7). This makes . . .
A . metolachlor), certain enantiomers are often preferentially de-
them a significant environmental concern because most pyre-

throids possess high acute toxicity to fish and aquatic inverte- graded over the otherd§—-21); we Qeveloped this StUdY to
brates, often at concentrations less than 0.5 [BohLO). evaluate the occurrence of enantioselective degradation of

] . . ) pyrethroids in soils and sediments under different conditions.
All pyrethroids contain two or three chiral centers, making

h familv of . ith the high + In this study, field samples from the southern California region
them a family of pesticides with the highest number of ore taken and analyzed to determine if enantioselective

degradation occurred for pyrethroids under field conditions.
* To whom correspondence should be addressed. E-mail: jgan@ucr.edu.Laboratory incubation experiments under controlled conditions
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Figure 1. Chemical structures of cis-BF, PM, CP, and CF.

Table 1. Textural and Chemical Properties of Soil and Sediment Used
in This Study

%

pH oM sand silt clay
San Diego Creek sediment 7.9 1.09 20 46 34
Arlington soil 6.7 0.82 67 24 9

were further carried out to confirm the occurrence of enantio-
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with enough anhydrous sodium sulfate {130 g) to remove the excess
water, and extracted three consecutive times with 50 mL of acetone
methylene chloride (1:1, v/v) by sonication (5 min in 3 s on/1 s off
pulse mode). All solvent phases were combined and decanted. The
solvent extract was passed though a Whatman no. 41 filter paper
(Whatman, Maidstone, United Kingdom) filled Wwi2 g ofanhydrous
sodium sulfate. The extract was combined and evaporated to less than
5 mL on a vacuumed rotary evaporator at 4D. The residue was
transferred ird a 5 mLevaporation vial, concentrated to near dryness
with a stream of nitrogen gas, and then reconstituted to 1.0 mL with
hexane. The sample was further cleaned through a 10 g Florisil column,

selective degradation and understand the difference of enantio-and pesticides were eluted using 50 mL of ethyl ether—hexane (1:1,

selective degradation under different conditions.

MATERIALS AND METHODS

Chemicals.Analytical standards of racemi@)-cis-bifenthrin €is-
BF, 98%), cis-permethrin (cis-PM, 99%), cyfluthrin (CF, 98%), and
cypermethrin (CP, 98%) were purchased from Chem Service (West
Chester, PA). The stereoconfigurations of the selected pyrethroid
compounds are shown iRigure 1. By using different chiral high-
performance liquid chromatography (HPLC) columns, we isolated
individual enantiomers of these compounds, which included one pair
of enantiomers froncis-BF (R-cis-BF andS-cis-BF), one pair of
enantiomers frontis-PM (R-cis-PM ands-cis-PM), and one pair of
enantiomers from a diastereomer of CR{dis-aS-CP andS3-cis-aR-
CP) by following the methods reported in Liu et &2). The purity of
these enantiomers was determined to>@9% by HPLC and gas
chromatography (GC) analysis prior to their use. Other solvents or
chemicals used in this study were of analytical or HPLC grade.

Soils. One soil and one sediment were used in the laboratory
incubation experimentg &ble 1). The soil and sediment were collected
from the 0—10 cm surface layer from two sites in the southern
California region. An Arlington sandy loam was taken from a turfgrass
plot at the Agricultural Experiment Station near the University of
California, Riverside campus, and the sediment was collected from a
location along San Diego Creek in Irvine, CA. The soil and sediment
samples were air-dried for 24 h at room temperature, homogenized,
and then passed through a 2 mm sieve before use.

Collection of Field Sediment SamplesThe Upper Newport Bay

v/v). After the sulfur was removed using activated copper (based on
EPA method 3660B), the sample was again concentrated to 1.0 mL
and an aliquot was analyzed on an achiral GC. For the samples with
positive detection of pyrethroid$-igure 2), chiral GC analysis was
further performed to obtain information on the relative ratio of
enantiomers and diastereomers in the field-aged sediment samples.
Laboratory Incubation Experiments. Degradation of pyrethroids
was further evaluated through laboratory incubation experiments. Ten
grams of soil or sediment (dry weight equivalent) was placed in 150
mL flasks or 20 mL glass vials. For the Arlington soil, the water content
was adjusted to about 60% of field holding capacity (w/w) by adding
deionized water. For the San Diego Creek sediment, around 6 mL of
deionized water was added to each sample to form a 0.5 cm water
layer. ForR-cis-BF andS-cis-BF, two sets of 18 flasks were prepared
for each soil or sediment type. One set of samples was exposed to
anaerobic conditions by equilibrating the samples in a nitrogen-filled
plastic chamber. The other set of samples was used for incubation under
aerobic conditions. For PM and CP enantiomers, an additional set of
samples was also prepared and subjected to sterilization treatment to
determine if enantioselective degradation was a result of microbially
mediated transformations. Sterilization was achieved by autoclaving
the samples twice at 12 for 60 min, with a 24 h interval between
the first and the second autoclaving, to remove the microbial activity.
Individual enantiomers were spiked into the soil or sediment samples
separately, with 1@g of chemical (in 10Q:L of acetone) added into
each 10 g soil or sediment using a microsyringe. The initial pesticide
concentration was therefore 10 g=* on an oven-dry weight basis.

is an ecological reserve located within Orange Country, CA. The All spiked samples were incubated at room temperature(20°C).
primary freshwater inlet for the estuary is San Diego Creek. There is Samples were checked regularly for water content and were also
evidence for potential toxic effects caused by pyrethroid residues in frequently mixed for aeration (for aerobic experiments only).

the Upper Newport Bay (23). To determine if given enantiomers are

Three replicate samples were removed from each treatment at

preferentially degraded in the natural environment, samples were takendifferent time intervals after pesticide addition and immediately
in the Newport Bay-San Diego Creek watershed based on accessibility transferred into a freezer-@0 °C) to stop degradation. For extraction,

and land uses. Information on sampling locations is giveFfigure 2.

samples were thawed at room temperature and transferred to 250 ml

For each sampling site, two sets of samples were collected, one in theglass centrifuge bottles. The samples were mixed with anhydrous
spring of 2005 after the rainy season and the other in the summer of sodium sulfate and shaken with 50 mL of hexaaeetone (1:1, v/v)
2005 during the dry season. For analysis, 100 g of homogenized wetfor 1 h on amechanical shaker and then centrifuged at 1000 rpm for
sediment was centrifuged for 25 min at 20000 rpm and the supernatant20 min. The same extraction step was repeated for a total of three times,
was decanted. After measurement of sediment water content, 20 g (wetand the solvent extracts were filtered through 25 g of anhydrous sodium
weight) of the sediment was transferred into a 250 mL beaker, mixed sulfate for dehydration. The combined extract was evaporated to near
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Orange County \ [

Figure 2. Sampling locations of field sediment samples used in the study (Newport Bay—San Diego Creek watershed in Orange County, California).
dryness on a vacuumed rotary evaporator atG0The residues were a rans-
recovered by rinsing the flask with 5.0 mL of hexarezetone (1:1,
vlv), and an aliquot was used for analysis by GC. Preliminary
experiments showed that the recovery we@0% for this extraction
procedure. The pesticide concentrations measured at the different time
points were fitted to a first-order decay model to estimate the first- R-cis-
order rate constark (days?) and the half-lifeTy, (days).
GC Analysis. Quantification of pyrethroids in soil extracts was
carried out on an Agilent 6890N GC system (Palo Alto, CA) with an
electron capture detector. The detector temperature was@land
the makeup gas was nitrogen at 60 mL ndirThe inlet temperature
was 260°C. Achiral analysis was carried out using a nonchiral selective
HP-5 column (30 mx 0.25 mmx 0.25um, cross-linked 5% diphenyl
and 95% dimethyl-polysiloxane, Agilent, Wilmington, DE) with helium a8 a8 Py 101 102 1= 104 min
as the carrier gas at 1.5 mL minThe column temperature was initially
held at 210°C for 1 min and then ramped to 30C at 5 °C min?, b S-cis-
followed by holding at 300°C until complete elution. Preliminary
experiments showed that the method detection limits were@2ppb
for these pyrethroids. Chiral analysis was performed on an enantiose-
lective BGB-172 column (30 mx 0.25 mm x 0.25 um, 20 tert- i
butyldimethylsilyl3-cyclodextrin dissolved in 15% diphenyl- and 85% R-cis-
dimethyl-polysiloxane, BGB Analytik, Adliwil, Switzerland). The
column was initially held at 160C for 1 min and then ramped to 230 trans-
°C at 1 T min %, followed by holding at 230C until complete elution
of enantiomers. Under the conditions used, all enantiomers from the
cis diastereomers were well-separated, while those from the trans
diastereomers were not resolve 24), and preliminary experiments
showed the method detection limits of the chiral analysis were estimated
to be 1—2 ppb for these pyrethroids.

S-cis-

98 9a 100 101 102 1m 104 min

RESULTS AND DISCUSSION Figure 3. GC chromatograms of PM under enantioselective analytical

Enantioselective Degradation under Field Conditions. conditions. (a) Standard reference and (b) a sediment sample from San
Enantioselective degradation was evaluated for the selectedDiego Creek in Orange County, California.
pyrethroids by comparing changes of stereoisomer profiles from
the original values. In most field samples with positive detection (25). The stereoisomer fraction (SF) was calculated as the
of cis-BF (2—500 ppb), PM (1—10 ppb), or CF (0.5—2.5 ppb, fraction of a given stereoisomer over the total chemical
detected only in the spring samples) on achiral GC, reanalysisconcentration found for the specific compound in a given
of samples on chiral GC showed that enantioselectivity in sample. In racemic formulations, the SF is 0.5 Rocis- and
degradation varied among the different compounds, and for the S-cisBF, respectively, irtis-BF; 0.25, 0.25, and 0.50 fd&®-cis-,
same compound, it varied among different sediment samples.S-cis-, andrans-PM, respectively, in PM; and 0.125 for each
Under the analytical conditions used, the chiral chromatograms cis enantiomer and 0.25 for each trans diastereomer in CF. The
contained peaks of separated cis enantiomers but unresolveSF values measured for the field sediment samples are sum-
trans diastereomers due to incomplete chiral separation of themarized inTables 2—4for cis-BF, PM, and CF, respectively.
trans enantiomerd={gure 3). The peak area of the separated The observed SF values remained close to the original value
peaks was used to calculate the relative fraction of the resolved(0.5) for bothR-cis- andS-cis-BF in most samples except for
stereoisomers by using the same concept as enantiomer fractiorsite H in the spring sample sedble 2). A pairt-test between
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Table 2. SF of cis-BF in Stream Sediment Samples trans diastereomer Rttrans-aS+ 1S-trans-aR) was consis-
tently greater than 0.25Téble 4). Of the cis enantiomers, the
spring summer spring summer SF remained around 0.125 for some samples but clearly
site  R-cis S-cis R-cis S-cis site  Rcis S-cis  R-cis  S-cis increased or decreased in the other sampleblé 4). When
A 050 050 045 055 G 056 044 052 0.48 enantioselective degradation was Observed, the direction of
B 049 051 049 051 H 033 067 enantioselectivity also appeared to depend on the sampling
C 051 049 | 048 0.52 location and environmental conditions.
D047 053 049 051 J 044056 052 048 The variation in the direction and rate of selectivity fos-
E 045 055 049 051 K 053 047 . . o ; .
F 045 055 045 055 mean 047 053 049 051 PM andcis-CF enantiomers was similar to previous observations

made for other chiral compounds. For example, metalaxyl was
usually found to be environmentally enriched with Sisomer.

Table 3. SF of Enantiomers and Diastereomers of PM in Stream In one laboratory study, the fungicidally acti®enantiomer
Sediment Samples of metalaxyl degraded more rapidly than the inacti8e
) enantiomer, resulting in residues enriched w8kmetalaxyl
spring summer when the racemic compound was incubated. The ratio of
st Rcis  Scis  cs  trans  Rcis  Scis  cis  trans S-enantiomer oveR-enantiomer increased from the initial value
A 013 032 045 056 of 1 to around 1146). However, a reversed enantioselectivity
B 022 03 05 043 057 000 057 043 was observed in anaerobic degradation in sewage sludge, which
¢ 034 033 067 033 resulted in residues enriched Rrmetalaxyl (27). In another
E 046 054 100 000 013 072 08 015 : . ) . :
F 039 033 072 028 study, in aerobic soils with pH> 5, the R-enantiomer of
G 014 071 08 015 025 025 050 050 metalaxyl was degraded faster than 8xenantiomer &> kg),
H 017 043 060 040 resulting in residues with compositio8]> [R]. However, in
i 8;? 823 8;? ggg 067 014 081 018 aerobic soils with pH 45, both enantiomers were degraded at
mean 033 038 071 029 040 029 069 031 similar rates Kr ~ ks). In aerobic soils with pH< 4 and in

most anaerobic soils, the enantioselectivity was reveised (

ks) (28), showing [R]> [S]. Such discrepancies in degradation
the R and S enantiomers showed no significant difference in rate and ratio between enantiomers from the same compound
SF. The average SF f&-cis-BF was 0.47 for the spring samples are possible because there may be variations in the microbial
and 0.49 for the summer samples, suggesting that there wagopulations at different locations, in different types of sails,
little preferential degradation of one enantiomer over the other. and under different environmental conditions.

Analysis of PM in the same sediment samples showed that the Laboratory Incubation Experiment. Dissipation of selected
trans diastereomer was degraded faster than the cis diastereomeinantiomers o€is-BF, PM, and CP was measured in a soil and
in both spring and summer samples (Table 3). One example isa sediment at ambient temperature under either sterilized,
shown inFigure 3. The averaged SF for the spring samples aerobic, or anaerobic conditions. For all treatments, the data
was 0.71 forcis-PM and only 0.29 fotrans-PM. The corre-  fits well to the first-order decay model, witR? ranging from
sponding values for the summer samples were 0.69 and 0.310.87 to 1.00 Tables 5-7). All pyrethroid enantiomers exhibited
(Table 3). A pairedt-test showed that in both spring and summer

samples, the SF dfansPM was significantly smaller than that  rhje 5. First-Order Rate Constant (K), Half-Life (Ty), and Correlation

of cis:PM (P = 0.007). The faster degradationtcdns-PM over Coefficient (R?) for the Degradation of Enantiomers of cis-BF in Soil

cis-PM was consistent with previous observatiohs8, 7, 15— and Sediment

18). Between the two enantiomers dis-PM, the SF for the

individual enantiomers often deviated from the original value sai enantiomer  k(days™)  Tup(days) R
of 0.25 for both spring and summer sampleRalfle 3). aerohic

However, the pairetitest did not show a statistically significant ~ Arlington soil ggg 8385? g;g :—: ;g 8-8?
trend for thg enantloselectlvny._ It is apparent that in some San Diego Creek R-cis 0.0012 578 + 24 0.95
samples S-cis-PM was predominant, while in some other sediment Scis 0.0011 630 + 34 0.98
sampk_—zs the fraction d®-cis-PM was greater or similar to that anaerobic

of S-cis-PM (Table 3). Therefore, the direction and rate of oo s R-cis 0.0009 770443 0.969
enantioselectivity in the degradation of PM were closely Scis 0.0014 495 + 21 0.96
dependent on the sampling location, and a general trend was San Diego Creek R-cis 0.0011 630 + 46 0.932
not identified. Analysis of CF in the sediments showed that sediment S-cis 0.0017 408 + 36 0.95

while the SF of one trans diastereomeR{franseR + 1S-
trans-0S) was consistently smaller than 0.25, the SF of the other ~ ?Indicates significant difference between enantiomers at a. = 0.05.

Table 4. SF of Enantiomers and Diastereomers of CF in Stream Sediment Samples

spring
1R-cis-aR + 1R-trans-o.R + 1R-cis-aS + 1R-trans-o.S +
1R-cis-aR 1S-cis-0.S 1S-cis-0.S 1S-trans-aS 1R-cis-a.S 1S-cis-aR 1S-cis-aR 1S-trans-aR
B 0.14 0.12 0.26 0.16 0.15 0.08 0.23 0.34
D 0.13 0.12 0.25 0.17 0.08 0.07 0.15 0.43
E 0.20 0.16 0.36 0.14 0.11 0.09 0.20 0.29
J 0.12 0.12 0.24 0.15 0.08 0.07 0.15 0.46
K 0.09 0.19 0.28 0.15 0.09 0.04 0.13 0.43
mean 0.14 0.14 0.28 0.15 0.10 0.07 0.17 0.39
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Table 6. First-Order Rate Constant (k), Half-Life (Ty,), and Correlation to the removal of microbial activity in the matrixbles 6
Coefficient (R?) for the Degradation of Enantiomers of cis-PM in Soil and7). The degradation rate of both enantiomers was always
and Sediment similar under sterilized conditions, and no significant difference

was found between the estimafEgh values. This suggests that

. . —1 2 . . -
sol enanfomer _k(days™)  Te(ays) R the enantioselective degradation, when observed, was caused
) , . sterilized by microbial transformations. Incubation conditions such as
Adlington soil ggg 8'88@8 igéfil 883 oxygen status and type of solid matrix may have affected the
San Diego Creek R-cis 0.0050 139+ 10 0.99 makeup of microorganisms and hence influenced the rate and
sediment S-cis 0.0050 139+ 11 0.98 direction of the observed enantioselectivity.
aerobic The results from laboratory experiments show that enantio-
Arlington soil R-cis 0.0056 124 +11 0.91 selective degradation occurred to some extent for all of these
. Sis 0.0068 loz+12 091 compounds under aerobic or anaerobic conditions. A Wald test
San Diego Creek R-cis 0.0056 124 +9 0.96 . .
; ; was conducted to statistically compare the of enantiomers
sediment S-cis 0.0055 126 £ 11 0.98 . .
b from these pyrethroids2@). Even thoughR-cis-BF degraded
anaerobic : . - . L -
Arlington soil R-cis 0.0061 11447 0.99 slightly faster in aerobic conditions, no S|gn|f|cant_d|ffere_n_ce
Secis 0.0068 102 + 12 0.96 was detected through the Wald test. Under anaerobic conditions,
San Diego Creek R-cis 0.0070 99+7 0.99 S-cis-BF was degraded faster thRRS-BF in both soil and
sediment S-cis 0.0057 122+11 0.98 sediment, and the difference was significantiat 0.05. For

enantiomers froncis-PM, theTy, values were similar between
the enantiomers and no significant difference was found for
either aerobic or anaerobic treatments. HowevBrcis-aSCP
was degraded more rapidly thas-tis-aRin both soil and

Table 7. First-Order Rate Constant (k), Half-Life (Ty/,), and Correlation
Coefficient (R?) for the Degradation of Enantiomers of CP in Soil and

Sediment sediment under either aerobic or anaerobic conditions, and the
soil enantiomer K (days™) Ty (days) R? difference was significant att = 0.05. Sakata et al.18)
sterilized evaluated degradation &fC-labeled stereoisomers of selected
Arlington soil 15-cis-oR 0.0060 116+ 4 1.00 pyrethroids in soils under aerobic conditions. The selected
1R-cis-o.S 0.0058 120+8 0.99 pyrethroids were generally degraded much faster than those
San Diego Creek  1S-cis-aR 0.0058 120£2 1.00 observed in this study. WhilR-cis-PM was degraded faster in
sediment LRdsaS 00057 122+11 098 a light clay soil,S-cis-PM was found to degrade more rapidly
_ , _ aerobic in a sandy loam soillg). In the same study,R-cisoS-CP was
Arlington soil ig‘é’;‘;’; 882% Zé f; 82? found to degrade substantially faster than tSecis-oaRenan-
SanDiego Creek  1S-cis-oR 0.0082 85+ 13 0.95¢ tiomer and the ratio off1» (1R-cisaS over 1S-ciseR) was
sediment 1R-cis-0.S 0.0132 53+6 0.98 estimated to be around 0.45 in both soil8). The preferential
anaerobic degradation of R-cisaS-CP over $-cisaR-CP was in agree-
Arlington soil 1S-cis-aR 0.0058 120+ 14 0.962 ment with that observed in this study. In this study, CP appeared
1R-cis-a.S 0.0097 71+4 0.99 to degrade at the same or slower rate under anaerobic conditions
SanDiego Creek  1S-cis-aR 0.0045 154£10  0.947 than under sterilized conditions. The slower degradation under
sediment 1R-cis-0.S 0.0051 136 +13 0.95

anaerobic conditions may be partly attributable to the fact that
photodegradation was completely inhibited under anaerobic
conditions, as the samples were kept in the nitrogen-filled
relatively long half-lives, withT:» ranging from 53 to 770 days. ~ chamber. Photodegradation was found to be one of the most
The shortesTy, was found with 1R-cigtSCP in the San Diego ~ ImPortant pathways for CP degradation in sGi0J.
Creek sediment under aerobic conditions, witfiaof 53 days Enantioselective degradation of pyrethroids has been reported
(Table 7). In earlier studies on pyrethroid degradation in soil in afew previous studiegl(32—33). TheS-enantiomer of both
(15—17), the persistence of pyrethroids was found to be Cis-BF andcis-PM was found to be preferentially degraded in
intermediate withl'1/; varying from 7 to 112 days. For example, aged sediment samples at a sediment disposal site, and the
the Ty, of racemic PM was 721 days in silt and clay soils  deviation in enantiomer ratio from the original value increased
and up to 105 days in organic soils. Thg, of CP racemate  With the depth of the sediment sample§.(A much larger
was 14—28 days in mineral and organic soils. However, in sampling area was used in the current study, and thus, greater
recent studies on the persistence of pyrethroids in sedimentsdiversity was expected in the sediment properties and environ-
the Ty, values of racemic PM andis-BF were found to be  mental conditions. Results from this study show that enantio-
much longer, and the persistence was consistently prolongedselective degradation of pyrethroid may not necessarily follow
under anaerobic conditions when compared to aerobic conditionsthe same direction, and the direction and rate of enantioselec-
(7). For instance, th&j; of cis-PM was 98-142 days under tivity appear to closely depend on the sampling location.
aerobic conditions and increased to 2@B0 days under  Enantioselective degradation was also studiecci®BF, PM,
anaerobic conditions, respectively. These observations wereand CP using isolated bacterial staiB2,(33). Incubation with
consistent with the overall lonfy, value found for the selected  pesticide-degrading bacteria showed that the trans diastereomer
enantiomers ofis-BF, PM, and CP in this study. The increased of PM was selectively degraded over the cis diastereomer,
persistence may be partly attributed to the fact that both the whereas thé&-cis enantiomer igis-BF orcis-PM was prefer-
soil and the sediment used in this study contained little organic entially degraded over the correspondiRgis enantiomer32).
matter and may be low in microbial activity. In the similar study with CP (33), it was also found that the
Sterilization treatment in the incubation experiments with isolated bacteria strains preferentially degraded some diastere-
enantiomers from PM and CP consistently resulted in a decreasenisomers or enantiomers over the others. While results from
in degradation rate, and the slower degradation was attributablethe previous study clearly suggested the dependence of enan-

@ |ndicates significant difference between enantiomers at a. = 0.05.
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tioselectivity on microbial makeup, the experiments were carried (13) Leicht, W.; Fuchs, R.; Londershausen, M. Stability and biological

out only under aerobic conditions and enantioselective degrada- activity of cyfluthrin isomersPestic. Sci1996,48, 325-332.
tion was found to follow the same direction. The fact that (14) Lee, S.; Gan, J. Y., Kim, J. S.; Kabashima, J. N.; Crowley, D.
enantioselectivity may occur in both directions as found in this E. Microbial transformation of pyrethroid insecticides in aqueous
study suggests that a wider selection of microbial strains should and sediment phaseBnuiron. Toxicol. Chem2004,23, 1-6.

(15) Kaufman, D. D.; Russell, B. A.; Helling, C. S.; Kayser, A. J.
Movement of cypermethrin, decamethirn, permethrin, and their
degradation products in soll. Agric. Food Cheml981, 29 (2),

be considered for evaluation of the role of microbial communi-
ties in environmental degradation of chiral contaminants.
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