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Abstract An analytical method based on high perfor-

mance liquid chromatography tandem mass spectrometry

(HPLC–MS/MS) has been developed to investigate florfe-

nicol residues. Among 11 stations, florfenicol was detected

in six water samples. The concentrations of florfenicol in the

six samples were 64.2 lg L-1, 390.6 lg L-1, 1.1 9 104

lg L-1, 29.8 lg L-1, 61.6 lg L-1, 34.9 lg L-1, respec-

tively. These results showed that high levels of florfenicol

were observed in water samples collected from stations

influenced by aquaculture discharges. However, no florfe-

nicol residue was detected in the sediment samples. Fur-

thermore, the functional diversities of microbial community

in four marine sediment samples were analyzed by Biolog

microplate. For the sediment samples from the stations

where antibacterials had been used, the functional diversity

of microbial community was much lower than those from the

stations where antibacterials were not used.

Keywords Florfenicol � HPLC–MS/MS � Sediment �
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Antibacterials are commonly used in aquaculture, both

prophylactically and to treat disease. The undegraded an-

tibacterials would be directly released into the environment

(Rigos et al. 2004). The potential pressure on marine

environment and ecosystem is of great concern in the last

years, for antibiotics are suspicious environmental con-

taminants as they are biologically active, which obviously

is a part of their nature (Wollenberger et al. 2000). Flor-

fenicol, an antibacterial especially developed for veteri-

nary, is used in many countries, because of its high efficacy

in the control of bacterial infections in fish (Samuelsen and

Bergh 2004). However, florfenicol as biologically active

substance, its pollution of the marine environment in the

vicinity of fish farms can have adverse ecological effects,

including development of resistant bacterial populations

and potential harmful effects on the aquatic organisms.

Miranda and Zemelmanb (2002) reported that a high

number of bacteria resistant to florfenicol was found in 4

Chilean salmon farms as florfenicol is the second largest

antibacterial used in Chilean salmon farms. Our previous

research showed that florfenicol resistance of heterotrophic

bacteria developed in the areas near to aquaculture farms

which used florfenicol before (Zong et al. 2008). Adverse

effects of florfenciol on the aquatic organisms were also

found by other authors (Lundén et al. 2002; Lai et al.

2009). Based on above, the environmental issues associated

with florfenicol are rather neglected.

Since sediments play an important role in marine envi-

ronment, the environmental impacts of antibacterials in

sediments have been studied by many authors (Ma et al.

2006; Matyar et al. 2008). Microorganisms in natural

habitats are sensitive to pollutants and the microbial assays

could be utilized as the initial screening system to identify

those abiotic factors that influence most the toxicity of

different chemical pollutants (Babich and Stotzky 1983).

Thus, the aim of the present study was to investigate the

florfenicol residues in coastal area of Dalian and evaluate

the effects of florfenicol on the functional diversities of

microbial community in marine sediments.
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Materials and Methods

All environmental samples were collected during July to

October, 2007, from Dalian Bay (Northern China) (Fig. 1).

All samples were from the coastal seawater near the aqua-

culture farms (about 500 m). All water samples were collected

in duplicate by grab sampling in precleaned 1 L amber glass

bottles with polypropylene open-top screw caps and Teflon-

silicone septa. The sampling containers were completely filled

to eliminate any headspace. Surface sediment samples were

collected with an Ekman grab and stored in precleaned black

polyethylene bag. All sampling personnel wore latex gloves

when collecting samples, and changed gloves between sites.

After collection, the samples were labeled, wrapped with

Parafilm, and immediately chilled. Water samples were fil-

tered through 0.45 lm cellulose nitrate membranes and all

samples were extracted and determined immediately after the

sampling finished (Ye et al. 2007).

Water samples were prepared by liquid–liquid extrac-

tion. A volume of 80 mL ethyl acetate was added into

1,000 mL water sample, well mixed and allowed to stand

for 5 min. Then, the supernatant was transferred to a flask.

The analyte was eluted twice. The supernatants were

combined and evaporated to dryness in a water bath (60�C)

under a gentle stream of nitrogen. The dried residue was

reconstituted in 1 mL of 50% methanol solution and the

solution was filtered with 0.2 lm syringe filter before

analysis with LC–MS/MS.

Sediment sample (20 g) was accurately weighed into a

centrifuge tube. 20 mL ethyl acetate was added, vortexed

and centrifuged for 10 min at 3,000 rpm. The supernatant

was transferred to a flask. The sample was extracted twice.

The supernatants were combined and evaporated to dryness

in a water bath (60�C) under a gentle stream of nitrogen.

The dried residue was reconstituted in 1 mL of 50%

methanol solution and the solution was filtered with 0.2 lm

syringe filter before analysis with LC–MS/MS.

LC experiments were conducted using a Finnigan Sur-

veyor HPLC system (Thermo Electron, San Jose, USA). The

separation was performed on a Shiseido C18 column with

gradient elution using methanol (solvent A) and water con-

taining 0.1% acetic acid and 10 mmol L-1 ammonium

acetate (solvent B). The percent of A mobile phase was 10%

from 0.0 min to 2.0 min and from 2.0 min to 4.0 min, it

varied from 10% to 90%. After 1 min held at 90%, A swit-

ched to 10% at 6.0 min. At last, the column was recycled to

10% A and equilibrated for 6 min. The flow rate during the

gradient separation was 0.25 mL min-1.The LC column and

autosampler temperature was set at 20�C and 10�C, respec-

tively. The injection volume for all LC experiments was

10 lL. The entire LC effluent from the sample injections was

directed to the mass spectrometer.

The system utilized was a triple stage quadrupole mass

spectrometer with ESI (Thermo Finnigan TSQ Quantum

Discovery MAX). The spectral acquisition was done in the

negative electron spray ionization utilizing multiple reac-

tion monitoring of three parent- daughter ion pairs: m/z

356/185, 356/219 and 356/336. The ion pair of m/z 356/

336 was used for quantitation. Typical MS settings were:

spray voltage 3,500 V, sheath gas pressure 49 arbitrary

units, auxiliary gas pressure 22 arbitrary units, ion transfer

capillary temperatures 320�C, tube lens offset -118 V,

Fig. 1 Map of Dalian showing

the locations
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source CID Offset 12 V. The mass spectrometer selectivity

was regulated by setting Q1 and Q3 resolution to a peak

width of 0.7 Da fullwidth half maximum (FWHM).

Water collected from the area not contaminated fortified

at nominal concentrations of 0.1, 1, 10, and 100 lg L-1

florfenicol. One control and three fortified samples were

analyzed for florfenicol to determine accuracy and preci-

sion. The method accuracy was calculated as the percent of

analyte recovered in the extract from the fortified samples.

The precision of the method was calculated as the percent

relative standard deviation (%RSD) for each fortification

level. Sediments from not contaminated area were treated

the same as the water samples to validate the method.

Four of the environmental sediment samples from four

different stations were selected to analyze functional

diversity of microbial community. The four samples were

collected at stations where were clay mineralogy (similar

physical and chemical properties) and 2 m depth. Station 1

and 3 were sea cucumber farm and nursery ground where

florfenicol was employed before. Station 5 was prawn farm

where florfenicol had not been applied while other anti-

bacterials such as oxytetracycline, penicillin were used.

Station 11 was a natural aquaculture farm where no anti-

bacterials had been employed.

Functional diversity of microbial community in sedi-

ment sample was estimated by BIOLOG GN microplate

method. There were three replicates for each sample.

Sediment suspensions were prepared by suspending 10 g of

sediment in 90 mL of sterile seawater. 150 lL of aliquots

was pipetted to each well in the 96 wells of BIOLOG GN

microplate which was prewarmed to 25�C. The plates were

incubated at 25�C, and the absorbance reading at 590 nm

after incubation of 0, 24, 48, 72, 96 and 120 h was deter-

mined periodically by using the microplate spectropho-

tometer. Overall color development in Biolog plates was

expressed as average well color development (AWCD) and

it was calculated according to Garland and Mills (1991),

using the formula: AWCD ¼
P
ðC�RÞ
95

, Where C is the

absorbance of each, R is the absorbance of the control well.

The functional diversity index of the sediment microbial

flora was calculated according to the described method of

Lin et al. (2007). Each parameter was calculated by using

the following formulas: Shannon index H0 ¼
�
P
ðPi � ln PiÞ; Shannon evenness E ¼ H0

ln S; McIntosh

index U ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

n2
ið Þ

p
; McIntosh evenness E ¼ N�U

N�N=
ffiffi
S
p . Pi

is the ratio between the relative absorbance (C–R) of well i

and the sum of the relative absorbance of the whole

microplate; S is the number of wells with color changes; ni

is the relative absorbance (C–R) of well i; N is the sum of

the absorbance of the whole microplate.

All the statistical analyses were performed with the statis-

tical package SPSS 12.01. Treatment means were compared

by means of one-way analysis of variance performed sepa-

rately on each date of sampling. The comparisons were per-

formed at set significance level of alpha = 0.05.

Results and Discussion

The recoveries of the method in water ranged from 82.2 to

101.4% with precision (%RSD) varying from 2.2% to 5.1%

for all fortification levels. The calibration was highly cor-

related (r = 0.9997) and analysis of residuals between

observed and predicted calibration standard values indi-

cated uniform scatter and a good fit of the equation to the

data. The limit of detection was influenced by sensitivity of

the equipment and strongly dependent on the sample

matrix, and it was 0.01 lg L-1 determined by extrapolat-

ing to an S/N of 3. The recoveries of the method in sedi-

ment ranged from 83.9% to 93.2% with RSDs varying from

2.4% to 7.8%. The correlation coefficient was r = 0.9967.

The limit of detection was 0.1 lg kg-1 determined by

extrapolating to an S/N of 3.

Florfenicol is widely used in marine aquaculture farms all

over the world especially in the developing countries.

However, Kim et al. (2008) prioritized veterinary pharma-

ceuticals in Korea by their usage, potential to enter the

environment, and toxicological hazard. Twenty compounds

were identified in the top priority class, most of which were

antibiotics. Among the compounds, eight were identified as

deserving more immediate attention, including florfenicol.

And florfenicol also was found in the 18 top-priority veter-

inary pharmaceuticals list of Boxall et al. (2005). Using the

methods of HPLC–MS/MS, environmental samples were

detected. Among 11 stations, florfenicol was detected in

water samples from stations 1#, 2#, 3#, 7#, 9# and 10#. The

concentrations of florfenicol in the six water samples were

64.2, 390.6 lg L-1, 1.1 9 104, 29.8, 61.6, 34.9 lg L-1,

respectively. The result showed that the frequently use of

florfenicol in the marine aquaculture farms had already led to

florfenicol residue in the marine environment and higher

concentrations (390.6 and 1.1 9 104 lg L-1) were even

found in seawater.

Florfenicol has not detected in the sediment samples.

This is mainly due to its short term half-life and adsorption

character in the sediment. Florfenicol decreased rapidly in

the sediment with a half-life of 1.7 days (Hu et al. 2007).

The adsorption coefficient (Kf) of a compound is closely

related to the octanol–water partition coefficient (Kow) and

they were related by the log–log relationship LgKf ¼
aLgKowþ b (Briggs 1981). It showed that compound with

low Kow would not be expected to accumulate in the

environmental matrices. The Kow value of florfenicol was

low (Kow = 2.36), it means that the adsorption ability of

florfenicol in the sediment was weak.
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Even though it was not expected to accumulate in the

sediment, just like other antibacterials (Herwig et al. 1997;

Baquero 2001), florfenicol is the cause of general

increasing concern as it can inhibit the beneficial bacteria

and induce bacterial resistance, even at low concentration

levels because of long-tern exposure. Because their con-

tinual input into the environment may lead to a long-term

concentration and promote unnoticed adverse effects on

aquatic and terrestrial organisms. Effects can accumulate

so slowly that changes remain undetected until they

become irreversible (Dı́az-Cruz et al. 2003).

Garland and Mills (1991) have described a method that

to allow observation of the functional potential of micro-

bial communities using the Biolog system. This method

shows the potential degrading abilities of a community in

culture conditions. The main virtue of this substrate utili-

zation assay is its ease of use, making it practical for

thoroughly replicated large-scale studies. Other authors

have demonstrated that these metabolic profiles can reveal

differences among microbial communities that come from

a variety of ecosystems (Gamo and Shoji 1999; Buyer et al.

2001; Grove et al. 2004). Average well color development

(AWCD) could be a proper indicator of the whole micro-

organism activity, representing the total carbon utilizing

capability of microbial community (Garland and Mills

1991). Different indices represented practically different

profiles of functional diversity of sediment microbial

community. The Shannon index was a comprehensive

indicator of community species, individual numbers, and

evenness, and was influenced by richness of community

species, while the McIntosh index is an estimation of the

uniformity of community species (Li et al. 2007).

Changes of AWCD values of microbial community in

environmental sediment samples during the incubation can

be seen in Fig. 2. From 48 h, the AWCD of microbial

community in sample from station 11# was much higher

than that of other samples and the difference was signifi-

cant (p \ 0.05). The AWCD of microbial community in

sample from station 5# increased with the prolonging of the

incubation time. It became higher than the samples from

station 1# and 3# from 72 h. The differences between them

were also significant. The AWCD of microbial community

in samples from station 1# and 3# changed a little during

the whole incubation and maintained in low level. Results

from BIOLOG microplate methods showed that significant

difference in AWCD occurred among different sediment

samples in the order of 11#[5#[1# and 3#. It means that

microorganism activities and functional diversities of sed-

iment microbial community were different significantly

between the samples from stations where have used flor-

fenicol or other antibacterials (1#, 3# and 5#) and the

sample from the station where no antibacterials had been

employed (11#).

According to the curve of AWCD versus the culturing

time, the AWCD values in 120 h culture were selected to

calculate the functional diversity indices of microbial

community. The Shannon indices and McIntosh indices of

sediment microbial community were shown in Table 1.

Among all the samples, the indices were in the same order

as the AWCD values: 11#[5#[1# and 3#.

Oxytetracycline (OTC) on soil microbial community

function was assessed with the Biolog method (Kong et al.

2006). The antibiotic OTC had significant negative effect

on the microbial community function. Functional diversity,

evenness and substrate utilization decreased significantly

with increasing concentrations of oxytetracycline. The

present study showed that the total carbon utilizing capa-

bility of microbial community in the sample from station

11# was much broader than that of other samples. The

diversity index of microbial community in the sample from

station 11# was consistent with the total carbon utilizing

capability. It is much higher than that of other samples.

Fig. 2 Changes in average well color development during incuba-

tion. Error bars denote the range of three measurements

Table 1 Function diversity

index of sediment microbe

community

Different letters represent

significant difference at 0.05

levels, and the same letters refer

to no significant difference

Stations Shannon index Shannon evenness McIntosh index McIntosh evenness

1# 1.988 ± 0.032a 0.437 ± 0.006a 2.627 ± 0.011a 0.701 ± 0.002a

3# 1.957 ± 0.022a 0.430 ± 0.007a 2.533 ± 0.008b 0.691 ± 0.008a

7# 3.103 ± 0.011b 0.682 ± 0.010b 3.499 ± 0.007c 0.731 ± 0.006b

11# 4.010 ± 0.015c 0.881 ± 0.012c 5.431 ± 0.013d 0.961 ± 0.015c
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Thus, lower diversity indices of sediment microbial com-

munity in the samples from stations 1#, 3# and 5# dem-

onstrated the use of the antibacterials could limit

microorganism growth, and caused a significant decrease in

functional diversity index of sediment microbial commu-

nity. It indicates that a long term and large amount of

antibacterials application significantly changed the envi-

ronment for microorganism growth, which would cause a

catastrophic growth of some species and the death of others

due to their inability to adapt. Florfenicol was detected in

the water samples from stations 1# and 3# and the con-

centrations were 64.2 and 11,103 lg L-1, respectively. It

means that florfenicol residue in the environment presum-

ably is one of the causes which lead to the change of the

microbial community as the AWCD values and diversity

indices of those samples were much lower than that of

other samples. Then, the marine environment exposed to

florfenicol will be impacted as the microorganisms play an

important role in the marine circumstance.

Since the results of this paper indicated that florfenicol

poses a potential risk to the microbial community in marine

sediment, the aquaculture industry should use florfenicol

chemotherapy more cautiously. Further studies are neces-

sary to the potential influences of florfenicol on the marine

environment thoroughly.
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