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CHAPTER I

INTRODUCTION

1.1 Theoretical Backg& , ////
Treatment om i ﬁmﬁ ﬁith 17a-methyltestosterone

(MT), an anabolic

aquaculture practice

farmers because n a rket valbe, it.is rant, easy to spawn, and

male Nile tilapi i v 0 the g female tilapia and hence a
larger body size ; nd Little, 1995). 17a-alkyl
anabolic synthetic stefoi at be e alkylation at the 17-position prevents
the rapid oral ina i €0 with ‘anabolic steroids and, therefore,
eliminates the need tonject the drug- et al.; 1997; Gonzalo-Lumbreras and

There are severa j,t‘/t’g_{, J}"V at

such as me{;ﬂ

male techn&

2. production of monosex tilapia,
a@( reversal, and YY
£ E:Jbeneﬁts of these
technologies h ‘ in hterature and none have
proven to be celtjeffective or sustainable (Kamaruzzaman ﬁl , 2009). A number of
studies (Macmtos‘eﬁ 1988; Little et al.£32003) have reported that Nile tilapia

FHUHIRUATHYIRG

hormonal sex reversal, 1\/? is fed as a food a 1tlve ina concentratlov' 60

o WTANTLIN UTIINGIAY

weight per day for 28 consecutive days (Barry et al, 2007). Uneaten or un-
metabolized food may, therefore, leak significant amounts of MT into the

masculinization pond environment and are released into receiving waters.



Furthermore, in some countries, pond sediments are dredged and used to “prepare
soil” for crop production; thereby, spreading the risk of MT exposure to terrestrial
organisms (Contreras-Sanchez et al., 2001).
Some researchers have warned about the unintended effects of steroid
h- sfer of steroids (Budworth and Senger,
[f isms (Abucay et al, 1997), and
paradoxical feminizatic 1991 Piferrer et al., 1993;

Rinchard et al., lm al. @99) m»reported that exposure of
untargeted orgM _ _'\h_ﬂ'lwex ratios. Significant

masculinization o d to water used in MT-

administration, such as the fi

1993), biased sex ratios. 1

impregnated feedin i 1 0 . (1994). Their findings
centrations capable of
causing sex inve ) | a et al. (1997) reported
incidental sex“inver aquari oncrete tanks. These
. n non-targeted fish were

housed in the same t \ MT.

MT is a questi u k cinogenic, o oducing nonmalignant tumors in
the liver. It is a poi he_4ntrapetif oute, and it causes developmental

abnormalities in the urogent ._-.m._;..-;. 1999). In laboratory studies, it has

T2, p
0 ‘* Lt * .‘J‘. ; T can act as a weak

been demonstrated.
hepatocarc ale and female rats (Taylor et al., 1984 )4 can eliminate male
sexual behah ‘rwe rats (Clark et al.,
1997). | E‘JA

A num iy of analytical protocols have been describéd for the detection and
quantl catlon of ”ﬂldues in a variety Shenatrices. Among them are methods

o say (Da Ee% al 1 GH séenc (Jansen et
m et a gas chromatography-mass spectrometry
(Bowden et al., 2009) and hqulc‘chromatography-m spectrometry (Chugetyal,

9 mmmmnmn AR

Fitzpatrick and Contreras-Sanchez, 2000). Therefore, there is a need for developing a

sensitive and reliable method to analyze MT in environmental matrices such as water



and sediment. In addition, no comprehensive protocol is available for the

determination of MT and its metabolites in such matrices.

This study focuses on the determination of MT in sediment samples.

Parameters of extraction of th ediment and its further enrichment in

such matrices were investi urrence of MT in earthen nursery
ponds was monitored ¢ od. The hypothesis that is tested

it
is that MT can be@ sedimlent san

MT is used for s Sa

om earthen ponds where

ﬂumwﬂmwmm
Qma\mmummmaﬂ



1.2 Objectives

- To develop a method for the extraction and purification of MT from

-_ )tf tion (Objective 1).

- To quantitati i ongentrations of MT in sediment from an

performance of LPE.

n the performance LPE.

rmance LPE.

tment period (Objective 2).

- asic exture) of sediment taken
e o
e of P fr . s 1 1
- Par::;tte MI from sediment were
| [
opt'“ ed. ﬂJ’

- Concelf s of MT were mo ed in two earthen nursery ponds

fl L ﬂﬁ;ﬁﬁi WEID3, ...

mass spectrometry.

qmmmmumwmaﬂ



CHAPTER Il

LITERATURE REVIEW
2.1 Endocrine Disrupti

N //4/}%%)

The occu@e e‘ogemcw influencing the sexual

development of i __Nars ago (Purdom et al.,

1994). Since then ' otential to interfere with

Gradually, th
other endocrine . J and g i i one system). The most
potent active : ment belong to the chemical
class of steroids, d wildlife or produced
synthetically (e.g., fOF use in.¢ 1 . S sttogenic steroids have often been
found in the aquatic i to" impair wildlife has been

demonstrated (Sumpt esearch on progestagenic and

androgenic compounds has oni .'_.y.m-..-. ntly, a few studies have reported the

Ji.e’)

cic. he environment (Vulliet et al.,

L)
! W‘n‘: pentagonal carbon

1ous functional groups

presence of androgenic or proge

2008). @

—

rings, generallyi ange ich -

and side chains re attached. All steroids can be derived fro cholesterol. Androgens

are 9 ster01d that stlmulate or corM the development of masculine
ch r%. i ot r r (o) es H ﬁ e ral enter the
env1rqnent via wastewater- trea ment plants TPs). Like all groups of steroids,

natural and synthetic androgens hd¥e been used as growt h promoters and inghum:

IR IRLHAITNEARS

q steroid source (Jenkins et al., 2004).



2.2 Physiochemical properties of MT

From the physiochemical properties of MT, which are displayed in Table 1, it
can be seen that it is a hydrophobic organic contaminant. From this, it is expected that

its sorption on soil or sediment

in the aqueous phase. %\ '

. l\ e,77\/ificant factor in reducing concentrations

,,E_h__

g— : hysi@emic es of MT.
- 15T 28

'I' --=n..;‘; erone?

Melting point

Water'solubility:

€a Q/
FAUHINEHTFNEINT
U
Neither MT nor its metaboées have not beengeported in any enviro

HARIATRIAIRIARS

environmental waters. Lagana et al. (2001) developed a method with characteristics
seen in Table 3; however, in this study the method was not applied to a real sample. In

another more recent study, Chang et al. (2008) performed a trace analysis of



androgens and progestogens in environmental samples. The developed procedure was
applied to samples taken from the influent and final effluent of two sewage treatment
plants (STPs) in Japan. Unless spiked, MT could not be detected in any of the
samples. However, since both STPs were stated to receive mainly domestic

wastewater, an elevated concentra'

addition, samples from su

presence of MT. Despite.
in a major farming al‘smgt sai

activities.

f MT could not have been expected. In
.{ nalyzed without determining the
ites were known to be located
apphed in any of the farming

The second rea ies focusing on analyzing MT
is the fact that as as\a of concern in doping

analysis than i i issues. Howeve entrations have been

samples were taken ent with MT and weekly

starting from the la - samples were taken weekly
during the treatment petfiod. Nolcmyarts v____ d :- e MT concentrations in water
of T »
were highest between 1 a o —af 21 days of treatment, whereas its

concentration decreased W 13151
contrast, th@T con

offset of thi

ne week after the treatment. In

1 lff\ nd 1.7 ug/kg at the
t and remained detectable up unt; 1l thre ‘ jeks after the end of

the treatment at

atcon
In a si\;bjar study with a larger container size, Fﬁpatrick and Contreras-
Sanchez (2000) d‘e ined elevated MT co tration levels during the treatment

ﬂeﬂﬂﬂ? NHNINSINT

that concentrations in water ere highest when there was no soil present

RTATH SRy

Moreover, the results suggested that sediment acts as a trap for MT because while in
containers without substrate, MT remained in suspension for a longer period of time.
It was shown that between 2.8 and 2.9 ng/kg of MT still remained in soils nearly three

months after the cessation of the treatment.



In a more recent study performed by this group, no MT concentrations were
determined at any sampling point throughout the experiment. Concentrations in soil
were determined to average 146.7 ng/kg. The results were explained as being due to

the use of the new antibody RIA, the detection limit of which was established to be 10

with no record of hormone

pg/tube. It should be noted that their tydg focused on the use of MT in earthen ponds

ral, the large variability detected in that
//‘/w an uneven distribution of MT
in the pond due to do ninant vinds or 3nea Asition (Contreras-Sanchez et
al., 2001). -

study was attributed to_active ba

2.4 Fate of M

2.4.1 Sorption

The distributi ] s in the environment are
determined by thei i0chermica propertie ite-specific environmental
conditions. There i available in the literature.
However, as previo siochemical properties of MT”),
Fitzpatrick and Contreras-Sanchez (2! 0)-repor ~d that MT has lower concentrations

in water when soil i

oil characteristics were not
determined+r that study. From its physiochemical properties: Qn in Table 1, it can

be anticipated sha liment.
Sorptiorﬁperime S study: fi this group showed that
distribution coefticients (K4) of MT greatly depend on organic matter content of the

AW R
QRIANTUNRINY IR



2.4.2 Biodegradation

Little is known about the fate of MT in fish farms and receiving streams.

Fitzpatrick and Contreras-Sanchez (2000) showed that between 2.8 and 2.9 pg/kg of
t

ce fter the cessation of MT treatment. In
ot 'al. j“/(nvestigated the biodegradation of

MT under aerobic cenditions-in sediment o ‘____g_gbia masculinization pond. The

degrading bacteri i d, i ificdassimi ¢ Pimelobacter simplex

strain S151 usi . » first-orderideoradation rates were found to

These results are co fie resultsiobtainc ] nina et al. (2008), who

investigated the i .to-methandrostendlone By Pimelobacter simplex

2.4.3 Metaboli

Since MT is an anabo '.‘_
. . o ‘,y J;‘J !
athletes, its metabolis s broadly been

keto-4-ene & 0148, such as testosterone and M1, was sumn arized by Schanzer and

Donike (1993)L -nmg/metabolism of such

i |
steroids is the i uction O < d“between C,4 and Cs. The reaction is

eroid that can be misused by human

mans. The metabolism of 3-

catalyzed by the ea;ymes 5a- and 5B-reductase and yields two isomers with Sa- and

5B-couifiguration, as an bewseen dn Fi v -
MORUAI AN I 1R ik 11 P2 e N

paremompound, whereas even the D-ring has a strong influence on the enzymatic

QTRSAENMAnena Y
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Schaenzer 1997).

AR 1 nwwm Tty

dogs due to its possible usage as a doping agent in sports. An overview of these

studies and the detected metabolites of MT are shown in Table 2.

10



Table 2: Identified metabolites of 17a-methyltestosterone in various organisms.

Target ] -
Compound i Metabolites® Analysis Reference
organism
6p-Hydroxy
Greyhound : William et al.,
MT 1 0Xy HPLC-MS
Dog 2000
Y
3p1 Mosbach et al.,
MT Dog&& '
-————jBA%ﬁB 1968
T D - Shinohara et al.,
MT Hu f ,P
3041 71 2000
A3eul7 Rongone and
MT um .
oA Segaloff, 1962
5 B178D
5pA3a.
i
’ & \ McKinney et al.,
MT Equine N — Y
( T 2007
‘ S
;’?f-' AT
MT ) ‘C}u et al., 2006
k‘d‘ d.'l
Al _".Ii‘
T 7] | Blokland et al.,
MT | Heifer o GC-MSM
2005
"4 - SBA3BLTRD g s
6 : roxyme toste 16a-Hyd ro 1 sterone; 2[3-
Hydroxy: ro Itestosterone B17BD: ethyl-5a-andrgstane-3(3,17p-diol;
SBA BD: “17a-methyl-5p3-androstane-3a,17p-diol;  SaA3al . 17a-methyl-5o-androstane-

3a,17P=diol; 50A3B16a17BT: 170-methyl-5o-androstane-33,16a,17B-triol; SaA3B163178T: 17oc—
methyl-5o-androstane-3(3,168,17B-triol; ©5BA3a16a17BT:  17¢=methyl-5B-androstane- 3(1

RLiFiE: GV ek et

chromatography; ELISA: enzyme-linked immunosorbent assay.

11



2.4.4 Abiotic Degradation

The elimination of MT applied as a masculinization agent in Nile tilapia as
been subject to investigation. Contrer s- anchez et al. (2004) studied the effects of

activated charcoal on the elimit m water used in intensive sex-reversal

systems when charcoal eneral MT was not detectable in

the water at the end Qﬂk‘ any of t ‘___w had a filtration system. MT
levels were detew typg of c@thls study. It was shown
that vegetal ch:yh/ N sacity than mineral charcoal, with the

detected MT 1

ver, low MT levels in

water were detected at diffe times; but 1 never seen consistently

biodegradation ' in¥'the hﬁfe ical it ilter with no charcoal
contributed to thi ‘. @; deg T molecules. As already
by Homkiln et al. ( 009f-‘_é§r1hef

gate the effects of sunlight on the

elimination of MT, Schr ) 2005 ed different concentration of MT
.e‘if/ " T

diluted in Mfr W c ?ﬁ’t. MT can be partly

eliminated sht-and-compietely-elminated-by-V=helii.The authors suggest

the further research of , tjﬁil effluents to eliminate
the risk of uninig(ded exposure to humans and other non-ta
further literature \x‘s ilable of such reseachthe time of thls study.

L1 NN TN T

(wavelengths of 280- 3 nm). MT absorbs UV light strongly at a

q RS S ST

absorbed in the atmosphere and does not reach the earth’s surface. Since MT does not

t organisms, though no

absorb UV-B very effectively, treatment with irradiation at 254 nm should be much
more effective than exposure to sunlight or UV-B. Virtually nothing is known about

the amount of exposure to UV needed to remove MT or of possible metabolites

12



produced during photodegradation. Some growers to destroy pathogens currently use
commercial ultraviolet water sterilizers. These sterilizers emit UV light at a

wavelength of 254 nm.

Snails

Schulte-Oehlma ' studied- thesette of 17a-ethinyloestradiol
(EE;) and M '

th cornuarietis. Exposure

experiments wer ally immature juvenile

induction of impo 1 D€ 1t10na \ ex organs in females; in
For MT, this effect was
: ration. It was indicated that
EE, does not induce S lire v L it th oug ndrogens. Additionally, both
steroid substances affected: -f’:iw - & cells in male and female gonads,
is in the male specimen of this

£

compound to expose

and resulted in the impai % j .-
prosobranc‘ggwt

W
sexually maturzj)e neaea stagnalis over an 8-

week period. Thelshell height and weight and mortality of t‘tgladults egg production,
hatching rate of tl‘e , and hlstopathology fithe adult snails were examined. MT

ME;] 1 ANEN SN

dama in the albumen and prostate‘glands at the concentratlon of 100 ng/L.

ammmmumfmmaﬂ



Mice

The effects of anabolic androgenic steroids (AAS) on the estrous cycle of
adult rats (Long-Evans) were examined by Blasberg et al. (1996), whereas sexual
receptivity, vaginal cytology, and b eight were monitored throughout a 2-week
' J] ostenolone, and nandrolone decanoate

yg!) compound. The highest doses
mg/‘l?) a ____Mne decanoate (5.6 mg/kg)
cyclicity,

d
whﬂ%ffects on body weight were

—

baseline. Administered dose
were selected to mimic t

of 17a-methyltestos@
disrupted behaviorm
found to be minimal.

A 28-d
Guideline 407”

nhanced OECD Test

t the endocrine effects

ber of Leydig cells and
s together with degenerated
Prostate weights and seminal

A
vesicles were markedly 1na£ﬁé';ﬁai 200 mg/kg per day. In females, genital organ

effects consisted of 1ow ’)'}lju -,_
hlstologlca]k nges s main

and metaplasia-wath=an=associated= Increase | In uter: Ine we: 10 { the high dose. The
results, there 1atﬁﬁ effects of MT at high-

D 0&:1 Sal
and mid-level cipjes. vUJl

Rojas- Ortn!%tA (2006) studied the vior of adult mice in an automated

mﬁ eI En. ‘i WS

act1V1 and light-dark transitions ? additionally tested act1v1ty chambers were not

00 and 100 mg/kg. Dose-related
I d of’epithelial hyperplasia

q Wi g aikitiaiat e b

The androgenic activity of MT at 0.5, 2, 10, and 40 mg/kg per day was
evaluated in the rodent Hershberger assay. Sexually immature Sprague-Dawley rats
were castrated, andstatistically significant changes in sex accessory tissue were

detected. However, the results reveal a clear dose-related androgen agonist effect of

14



9

combination with good identiﬁcﬁion capabilities. #However, since GC Wsdlally
silylation reagents can cause artifacts, especially the failure to derivatize lne ydroxy

MT (Kennel et al., 2004). A more recent and very similar study additionally revealed

an MT induced increase of gland weight.

Fish

The heart growth in

[’ijﬁc hynchus mykiss) was quantified by

Davie and Thorarense )%i ne rubber pellets were used as

v f teis)ster@om_ﬁi%n immature male and female
masses were- ]

vehicles to elevate p

rainbow trout. Relative v ver 1.7 times the controls

in a 42-day study peri igher potential for anabolic

effects on the

es are show in Table 3.

'S metab
\ \ GC or LC coupled with

\

ometers (direct measurements), there

el
dsifo mn» ; I and
J i | 1 y ent
different types of detectors sueh a 35:
are alternatives approaches’, f’-: ’ té i

of endocrine disrupting compounds

(indirect measurements).

L o s

The rapid d&velopment of the chemical analysis of steroids in the environment

n 1 ears lead t T au lytical techniquesgmwhich have
beﬁﬁl u iougsstudies. Metho a;s 0 ghﬂﬂﬁplemm‘wd

t
P
by Lq\/IS analysis. The major advantage of GC-MS is its high separation power in

B

group at position C17 (Zhang and Zuo, 2005; Shareef et al., 2006). The introduction
of LC-MS/MS has lead to great advantages due its ability to analyze real samples

with complex matrices. In addition, LC-MS/MS is a more sophisticated technique

15



because of its low LODs (sub-ng/L) as well as its high selectivity, which avoids false
positives when analyzing complex matrices (Diaz-Cruz et al., 2003). Since LC-based

techniques do not require a derivatization step, a potential source of analytical errors

is eliminated. The analysis of steroids in the environment has extensively been

N

reviewed by Streck (2009).

2.6.2 Indirect Mea
——‘

Yeast Androgen Sl/

Biological assays ¢ ep ase ) ion assay are promising
o detect all compounds
t or antagonist. On the other

having an affinity for a e ot ag
L5l \
arget analyte (Rijk et al., 2009).

hand, this method is u de , : ecific ta
e F7 v = . .
In comparison to animal —l“ Studie the previously mentioned one by

Herschberger- and also the All e latter are highly valuable for

assessing thexver

X areicst suitable for large-
~— - e
scale screen o*(BONEC.Cialm00R) - . -

Suchs ;ﬁj ’ 11 to detect androgenic

and antiandrogéh C activities 1n a va addition, assays have

y U

ample matrlce

been developed useg both mammalian and yeast cells, but human cell lines seem to

ol WHINNYIN Eﬂﬂ e o

r hand, in addition to thelr robustness and ability to survive in extracts from

TSRS D

16



ination of MT in various matrices.

ELISA: enzyme-linked immunosorbent assay; HPLC-MS: high per ﬁ- nCe |,

chromatography-UV/vis detector; GC-MS: gas chromato - ‘spectromet
chromatography-tandem mass spectrometry; LDR: linear dyna
LOQ: limit of quantification; MSTFA: N-Methyl-N(trimethysi
derivatization reagent; UPLC-MS?: ultra performance liquid ¢

Analyte Sample Preparation | Derivatization LOQ LDR Recovery (%) Reference
MT Metabolites Bovine Urine - - n.a n.a. n.a. Lu et al., 2006
MT Metabolites Human Urine SPE n.a. n.a. n.a. Viryus, 2007
MT Metabolites Horse Urine SPE ug/L 10.05-5 mg/L 70-110 Yamada et al., 2007
MT+ Metabolites Horse Urine SPE n.a. 71-105 Yamada et al., 2008
Steroids (MT) Pig Urine SPME 16-510 ng/L 71-120 Zhang et al., 2009
MT Metabolites Equine Urine SPE n.a. n.a. McKinney et al., 2007
Steroids (MT) Hair LL-SPE n.a. n.a. Gambeunghe et al., 2007
Steroids (MT) Human Urine LLE n.a. n.a. Lumbreras, 2000
MT Fish Feed LL-SPE n.a. n.a. Marwah et al., 2005
Androgens (MT) | Environmental Waters SPE n.a. 84 Chang et al., 2008
Steroids (MT) Animal Muscle SPE 0.1-20 pg/kg 65-89 Xu et al., 2006
Steroids (MT) | Environmental Waters SPE 1 ng/L n.a. 89 Lagana et al., 2001
MT Fish Muscle Tissue LL-SPE 0.09 ng/g n.a. 78-84 Chu et al., 2006
Steroids (MT) Horse Urine SPE n.a. n.a. 74 Yu et al., 2005

ph

AUt INENIneINg
RIAINTUNRIINYINY

atography-mass spectrometry; HPLC-UV: high performance liquid

gas omatography-tandem mass spectrometry; LC-MS”: liquid
J: liquid-liquid solid phase extraction; LOD: limit of detection;
?’ion; SPME: solid phase microextraction, TMS: trimethylsilyl
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CHAPTER Il
METHODOLOGY

3.1 Materials

3.1.1 Chemicals and*Reag 3: :

——
S ———
Chemica n_this setidy are disp . All solvents were used
as delivered wit rthef putifigatio A\

Chemical Grade
Acetone ‘ 4 Y LC-Grade
R

Diethyl ether 60-29-7 G- Analytical
AM‘:J&"“ Grade

Ethylacetate 141-7846°4 .| Mei : LC-Grade

n-Hexane LC-Grade

A )

Methanol ‘L.J__l taly<'| Analytical
B M Grade

Analytical

RN

Fte

% 10 mg/L stock solution of MT was prepared by dissolving the appropriate
‘ r at -2 QJ

‘Yo

solutions were prepared daily by diluting the stock solution to the desired

concentrations. Working solutions 1 and 2 contained 10 and 100 pg/L MT in

methanol, respectively. All calibration standard solutions were prepared prior to

sample extract analysis.
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3.1.2 Instruments and Glassware

Balance
An analytical balance model TE214S purchased from Satorius (Elk Grove, IL,
USA) was used in this study.

A Heraeus
arate the e extraction solvent.

Centrifuge

(Hanau, Germany

DI water
Deioni wa ined fic ultra (18.2 MQ-cm)
purchased from ELGA terS France).
Rotary evaporato
A Laborota
(Schwabach, Gern;

procedure.

Heidolph Instruments GmbH

ent during the extraction

'@en purchased from
J

o
[ ﬂJ,
pH meter

pH met&’ ni6del sensION 1 portabl€lpfl meter with gel-filled pH electrode

ﬁ*‘%ﬁlﬁ’}%ﬁe’ﬂ TAUIRS

Shaker

q ARSI ST TN
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Sonication
An ultra sound bath from Elma (Singen, Germany) model Transsonic T 700 H

was used for sonication of sediment samples.

Ultra performance liquid chromatogra pt -tandem mass spectrometer

performance liquid chromat Taphy i icromass Quattro Premier XE
triple quadrupole mass'spectromn oter. 7 USA). MassLynx 4.1 software
- _ 23

AuINENINEINg
ARIANTAUNNINYAY
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Table 5: Pipettes and glassware used in this study.

Pipettes and glassware Supplier

Eppendorf Research® (500-5000 pL) Eppendorf AG, Hamburg, Germany
I /éo dorf AG, Hamburg, Germany

' / =
fAG, Hamburg, Germany

—
——

5 NV, \‘\‘ . y n
DURAN® Laboratorybottle SCHE] amz, Germany

with epTIPS pipette tips
Eppendorf Research® (100--

with epTIPS pipette tips .

clear with screw-cap and poti
from PP (blue)
DURAN® Laborz ottl e I0TT AG, Mainz, Germany

from PP (blue) N
DURAN® Volumetri¢ fla 9{@ D T \ ainz, Germany
(+0.04 mL) and 50, 0.06 mikJwith -

stopper from PE

AuINENINEINg
ARIANTAUNNINYAY
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3.2 Experimental Framework

The experimental framework of this study can be seen in Figure 3.

\\\W///

ﬂumwﬂmwmm

‘men amew

qmmmmum'mmaﬂ



3.3 Sediment Analysis (Part I)

Sediment extraction

The analyte was extracte by liquid-phase extraction (LPE).
LPE parameters were op niz [Nas, di i Figure 4. After drying, sediment
samples were grinded.and siey e Size 60 (250 pm). For
extraction, 5 g sediment s v ted 50 mL-Oak Ridge PP centrifuge
solvent. For shaken at 320 rpm,

centrifuged at 80 collected in new tubes.

Uniprep'™ PVDF id with propylen Whatman, USA). These

prepared sedim ¢ subjected-UR IS/MS, for analysis.

The followi ers o ‘ C fion of analyte by LPE were

optimized: extraction s gXtraction- 5, 30, 60, 150 min), and sonication

ﬂmmmmummmaﬂ

Methanol, acetone, diethyl ether, and n-hexane were studied as extraction
solvents because they do not only reflect a broad variety of dielectric constants (Table

6), which can be used as an indicator of their polarity, but also as they are most

23



widely used for liquid phase extraction. The extraction time for this experiment was

set to 60 min.

Table 6: Dielectric constants of solvents used for LPE.

Solvent Dielectric constant g,

Methanol

After identi =501 ' ction of MT from sediment
samples, extra i ‘ ¢ vent weit 5, 10, 30, 60, and 150

min. Each extracti ed in ttipli ste e extracts were pooled as

Sonication

In addition to solyg ﬁ,f dractic 4 { of sonication on the extraction

performanc@r @nd 30 min were

investigated&l ' gin water bath with a
frequency of 3

I
riplicate steps and the extracts were pooled

ﬁUEJ’JVIEJﬂ‘iW?J'Iﬂ‘a’

All samples were analyzedesmg an Acquity Ultra Performance LC (

1id Hraction, sonication was

performed in t

AW RSN T Y

reaction monitoring (MRM) conditions are shown in Table 7, Table 8, and Table 9,
respectively. Mobile phases contained 0.1% formic acid (solution A) and 0.1% formic

acid in methanol (solution B).



Table 7: UPLC conditions for MT analysis.

Parameter Condition
Ionization Mode ES+
Capilary (kV) 3
Extractor (V) 3
RF Lens (V) 04
Source Temperature (° J
Desolvation Temperatare«(

Cone Gas Flow (L/h

Desolvation Gas Flo

7

LM 1 Resolu

HM 1 Resoluti

Ion Energy 1

LM 2 Resoluti

N
HM 2 Resolutio 13.
[
Ion Energy 2 by ,322: -
Multiplier NI 0

Pressure (mbar)

Collision Gas Flow

303.24>96.78 | 0.25
303.24>108.82 | 0.25

25



Sediment spiking

To demonstrate the efficiency of the extraction procedure, sediment samples
were spiked at levels of 10 or 100 pug/kg. For this purpose, the weighted samples were
1 or 2, containing 25 or 250 ng MT,

t, samples were vortex mixed for

s

spiked with 2.5 mL worklng ol 1{

respectively. To allow MT to:s "-K' f
homogenization and left a “6h
°C. Sorptionexperiments-peviov sly grfor

e

s completely evaporated at 55

ted sorption equilibrium time

for MT onto sediment o wittra Ch

Quality assur

All data were stati ~_"“'_. ne-way ANOVA at a significance
level of P @ ficroso ce sﬁ e compared using
ANOVA (PL, yj and sample taken

Al
during MT treatin

Il

ﬂUﬂ’JVIﬂV]’iWﬂ’Iﬂ’i

QW’]ﬂﬂﬂ'ﬁﬂJﬁJW]’JVIE}’]ﬂﬂ
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3.4 Study site and sample collection (Part I1)

As can be seen in Figure 5, part II of this study incorporated site selection,

sample collection, soil characterizati n,a d real sample analysis.

J\\\\\\

i\ ‘\ haracterization
g'

| n@- Qp.-,, ) \ '

A fish farm was chqsetifor. h‘é;ﬂ & pn 0f MT in sediment samples. The

/IIE ‘l“{\‘&\

farm was located Petchaburi province; southwe of Bangkok, Thailand. Two sites for

__ ed_for this study. The first site,
pond A, wag 2,7200-m~ earthen unlined-masculmization=posn @h an average depth
of 1.5 m,

monitoring MT co

> Sk
LY

q&, he pond contained
approx1matelyﬁ net cag 0000 fish ﬁ;h each. Water from the
pond was regu arly drained to a reservoir by a small cana

facilitys to al nt for usin nursering pond
Lg\ Wg ment qaﬁhe cond site,

no MT had been used for masculinization of Nile tilapia prior to sampling.

which surrounded the

The size of pond B was estimated t‘ be approximately 25000 m’. Ponds A and BV

9 Wil NeNTRAIRAN RS

masculinization of Nile tilapia, whereas in pond B the accumulation of MT in

sediment of such a pond could have been studied in order to assess the risk to the

27
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ecosystem. For neither of the ponds a liner was used to protect the ecosystem from
potential damage.

Samples were taken according to the schematic drawings of ponds A and B as
seen in Figure 6 and Figure 7, respectively. For pond A, samples were taken in the
middle of the pond indicated with an, X in Figure 6, whereas samples in pond B were
taken next to net cages 1, 15,. ! ? % Figure 7. Note that in both figures

its aspect ratios.

TN
(A \S‘
flf 0, N\« e
p = 1 m\\‘\} ™

ﬂUﬂ’JVIﬂVIiWH’]ﬂ?
qmmnmummmaﬂ
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Figure 7: Schematic draw} of pouﬁ- ﬁ’.‘

/ ',?- -

Sediment samples or -41;1} pper layer at each sampling site.

Sediment core, sam tefelf-constructed PVC
pipe, which* Was—cleaned-bebweciithesaimples—with-water, to prevent cross-
contaminatio ’_i_i_" e@% in plastic bags. All
samples were 1%; on ice until they reached the laboratory@ h). Sediment samples

were oven-dried agSO °C and, then, stored at a blent temperature in the dark until

PR ANLNINGINT .

durin amphng duration and avera e daytime temperature could be assumed to range

qﬁﬁ“ﬁ“ﬁﬁmw’nwmaﬂ

Sediment characterization

After drying, sediment samples were grinded, sieved through a US Sieve Size

60 (250 um), and stored at ambient temperature. Basic soil properties were

29



determined, such as cation-exchange capacity (CEC), pH, soil texture, and organic
matter content. The methods of the sediment characterization are displayed in Table
10. Sediment characterization was performed at the Soil Plant and Agriculture
Material Testing and Research Unit at Kasetsart University, Thailand

(Kamphaengsaen Campus).

ﬂ‘Nﬂ’JVIﬂVI‘iWﬂ']ﬂ?

QW’]ﬂ\ﬁﬂimﬁJW]’mEJ'lﬂﬂ
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Initial method dev \"We 1)

Optlmlzatloamd us‘ in p dy was carried out during
M _thmrehenswe protocol for

iterature. The variables

the initial stag
determination of

e length of extraction, as

are examined based on
differences either in P Ratr .,.2007). In this study, methanol,
acetone, diethyl ether, and hex d to extract the target compound with

the procedure described.in (Cha lvents were selected due to their

variety in d@ | ts as an indicat Y @ Table 6) as well as

for their brck ganic contaminants in

soil and sedlmaaﬂ ma ﬂo%. Diethyl ether was
[l J

also included xtraction solvent in this part because it was-tised for this purpose in

thfﬁ study av‘lmm literature reportl e determination of MT in soil and

THEAN P ANHANS:

recoverles for the investigated ex@ctlon solvents w E relative standard de ations

QW’T“&KTﬂ?EUﬁJW]’mEHQEI



\ Solvent

! ‘\.\‘A. .'

ULl

hexane

-,

120 -
oo 4 9701 o
S 80 A L
< w0 N é
. ﬁ 1 % 0.77

Figure 8: Recovery ra k ifferent extraction solvents.

iation (RSD) of the five
i e 97.01 £ 3.36, 85.06 £
3.89, 14.53 + 23.54and 7'f\ 4.6 ,{ espectivel ecovery values reveal that

the less polar solvent such .as-dic _ and hexane had less MT extraction
potential than the more po -E-’-' ones. e been due to the high polarity of

MT, which, therefore, fa ;‘; ' ent. Both methanol and acetone
)1 b,
yielded sufficien ellwith the polarities of

- = : - . .
both solvents «see=Pable=6)=From=the=results=ot - It jxperlment, it seems

ie v pi';%wous studies as diethyl
%9). Although water is

even more polar t& ethanol, it was not g ined as an extraction solvent in this

e TRANINSTIAL.....

other udies. Methanol was sho to be the most approprlate solvent for the

0 ST Y

solvent for LPE prior to a recombinant YAS for the analysis of androgens in sediment

unclear why d

ether is a solvens of moderate polarity (Fritzpatrick et al.

samples from a river in Italy. However, as the choice of extraction solvent greatly
depends on the nature of the solvent, as well as sample matrix and the properties of

the target compound, and the fact that there is no comparable study available in

32



literature, these results can only be compared with the results obtained in this study to

some extent.

While methanol and acetone indicated sufficient extraction recoveries from the
spiked sediment samples, methanol was chosen as solvent for further studies as it

yielded a relatively slight but yet 7{ icant increased recovery percentage over

i

4.1.2 EXtraCtIOH-ﬁﬁPﬁ‘-" . ———'P

i
' ! L1 .
Figure 9: Recov ates of MT from sediment samples spiked at 100 pug after different extraction

tlIIlCS

ﬂUﬂ’JmﬂﬂiNﬂlﬂﬁd

incre d over the extraction tlme of 5, 10, and 30 min. After that, between the

0 TSR Y

The time required for the extraction of the analyte from the solid matrix
greatly depends on the strength of the bonds between the solid and target compound.
Compared with PAHs, upon which there has been numerous studies on their

extraction from solid matrices, it becomes apparent in Figure 9 that the extraction of

33



MT from sediment is a rather time consuming step. As PAHs are compounds of low
polarity their interactions with solid matrices are based on weak hydrophobic van-der-
Waals interactions, whereas MT as a more polar compound that contains an -OH

functional group, can form strong bonds (e.g., hydrogen bonds) with the functional

Vchoice of extraction solvent, the extraction

perties of the compounds and phases
))ngdrzlid phase.

1 extaction { “min was selected as it yielded

surface sites of the sediment. As fo

kinetics greatly depends on.the

involved, as well as a

For further e

e

highest recovery rates for

action of nt samples.

4.1.3 Sonicatio

sediment samples, 7 imen S 12 pond A as indicated in
- sed ' ent was taken from a
highly contaminated si i , of M ication as masculinization
hormone (pond A). Prior to th il ‘extract] a \,L‘

ﬁ"f-.—#:»a_. the'c of sonication was varied between 5

zontally shaker, samples were
placed in a sonication‘wate

and 30 min. The results of the.experiment ¢ in Figure 10.

AUINENINYINg
ARIANTAUUMIINGIAY
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BECT

iked sediment samples.

It must Jhis.exp ' T pikedysediment from pond A
was chosen to stud y icati \ tion. The results in Figure
10 show that s eatlyincreased the measured
concentration of ‘ A» 50 ug/kg were extracted
throughout the duratio i nvestigated. In order to assess the benefit of
sonication, one sample was l’ ication; the result is indicated in

Figure 10 as to. Without seon be extracted from the sediment at

concentrations, of le riz:%o solvent extraction

SIgnlﬁcantl IIW-’m"m’ N AT Lo o -

Robirn :gl_ et
(bisphenol A, M-estradiol, and 17a-ethinylestradiol) ﬁorxﬂibdiment obtained from

AR .
d %trogemc compounds

Halifax Harbor ([@V cotia, Canada) by ing sonication extraction. Samples

Bapw NN SN

omcatlon assisted extracn?l is unique as it aids in the chemical as well as

ol sl tpearkinjoiak s leroks

produced during the sonication process may lead to an increased surface area being
exposed to the extraction solvent and, therefore, yield a higher extraction of the target

compound in comparison to other methods (Capelo and Mota, 2005).
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4.1.4 Evaluation of the extraction

The optimized method for the determination of MT from sediment was not
only characterized by the extraction of MT from solid matrix, but also the target

compound was pre-concentrated in re- o st itution step of the extraction procedure. A

on is by calculating the enrichment

esent the concentration
d to an initially 10 pug/kg
re could be calculated

ent factor represents a

traction method. However,

potential problems are otion 6 lyte onto, the solid phase, heating of the
sample and thus loss of extraction solven ecomposition of the analyte due to

on methods, ultrasonic extraction is

id ei@ction time.
-

ﬂUﬂ’J‘VIﬂV]‘iWﬂ’Iﬂ?

ﬂW’]Mﬂ‘iﬂJﬁJ‘W\’JVIB’]ﬁH
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4.2 Real sample analysis (Objective 2)

4.2.1 Sediment characterization |

m pond A and pond B were

i ¢ restlts: ::f_"f i determmed properties were
sediment pH, wmenﬂOM ange capacity (CEC), and
texture (clay, sand, iloy: splayec ment in both ponds are

characterized b

content of pond B is

higher than organi of pond
5’\ e
Tablefl1: Properties, of sedi p
0) v(: {c- S Silt | Texture®
Y ARGTIOR IO N CORINCD
Pond A | 6.75 iy 7 LS : 5335 | SCL
PondB | 6.43 129 3 5 1 56.24 SCL

ﬂUﬂ’JVIﬂVIiWH’]ﬂ?

QW’]MﬂiﬁUNWYJVIEJ'IﬂH
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4.2.2 MT concentration in Nile tilapia nursery ponds

Sediment samples were taken according to Table 12. The original sampling

plan for pond A of taking samples d ring a period of five weeks had to be changed as

g
there was no more water pres d rom week four as water from pond A
was removed for treat t1ve pond. Note that the dates

indicated under treat 12 refer ‘__We treatment schedule of pond
B. This is due to thnﬁ one@
/ W
ole 12: 1.. i play

Date Mf;;\\\\i\:\ Pond B

27.11.2009 \\ X

02.12.2009 X

08.12.2009 X

15.12.2009 X

22.12.2009 X

29.12.2009 X

05.01.2010 X

i it imidrirs E— -
: i
To monh MT pond mfedunent samples were

taken and prepared as described in Chapter 3.3. Five replicates of each sample were

H ﬁhﬁﬁfﬁ“ﬁ RTINS
qmmnmummmaﬂ
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Pond A

The results of MT analysis in sediment obtained from pond A are shown in
Figure 11. As can bee seen, MT concentration gradually increased from 0.12 on day 2

to almost 0.2 pg/kg over the comple 1u tion of sampling.

MT (ng/kg)

'II

etermined in pond A.

i@ nursery pond was

Jof water present in

pond A decreiﬁ d d1nzally, water from pond
|

A was removed-to an aerobic facultative treatment pond effects of this could

clearly be seen esﬁ on days 15 and 22¢of'sampling. Therefore, this may have

quﬁ uﬂ::mﬂmmmﬁ:g .

pond remains unknown.

AWAGN I ingdy

decreased, the concentration of MT in water increased, resulting in an increased

amount of MT sorbed onto the sediment as MT preferably sorbs onto sediment.



On the contrary, as shown in the study of Homkiln et al. (2009), MT could be
aerobically biodegraded in sediment taken from a masculinization pond at a rate of
0.5 d. Their results indicate that depending on the initial MT concentration, no MT
could be detected (< 0.1 mg/L) after a period of 3 to 28 days. It was also found that
the biodegradation rate decreased \»@i creasing initial MT concentration. As pond

9

A has a long history as mas therefore, MT application, it can be

assumed that MT co high; hence, resulting in a low

biodegradation rate.
e
Regarding to on

hypothese: this study, MT could clearly be
determined by opti i ed by UPLC-MS/MS as
i from the analysis of
MT in sediment A ¢ anals kground sample taken

from pond A revea sentin 2 seen in Figure 13.

of 2 channels,ES+
303.24>108.81
3.223e+004

, -,
[’
Il | [ |]
TR MTTR
mp‘ MRM of 2 channels,ES+ mp MRM of 2 channels,ES+
303.24>96.78 303.24>108.81
A u 5.974e+002

na
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Pond B

Three net cages were chosen for sampling in pond A because they were among
the first to be loaded with Nile tilapia fry. Sampling locations of cages 1, 15, and 30

are indicated in Figure 7. All sample

‘r e processed in five replicates and the results

for MT analysis in sediment from thes essare shown in Figure 14, Figure 15, and
Figure 16, respectively, where \ E . cfﬁmatogram of MT in sediment
from pond B is shownwii e 17. me“in Figure 14, Figure 15, and
Figure 16 indicater : Wgram of the background

MT co dentifie atogram in Figure 17

indicates; howe o)1l ediment samples were

are relatively cons one ticatime 10 etween day 2 and day 22.

A

ough there were outliers for cage 1 on

nd the pond was not further

used. After that t 1 neentrati or all three cages monitored

increased on sampling days ‘-'----‘l -{
el i .
day 36 and for cage 15 on'day 29" o1 -sam ere was an obvious tendency of a

significantly increasing concentra J of M he hormone treatment had stopped.
This mcrea@ — garticulate matter to
which MT kely to sorb onto after 1ts applicati a-fishy Teed (Kq = 300 L/kg

found by Paw1 HJ&‘HS reduced after the fish
fry was harve@d sedimentation of this suspended matLL,Ii was more favorable.

However, to evalu‘e contribution of sedl ed matter to which MT sorbed onto,

ﬂﬁ"ﬁj’? Wﬂ“ﬂ”‘?“ﬁ’ﬂ']ﬂ‘i

ammmmummmaﬂ
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MT (ug/kg)

y i vy \
Figure 14: Concen g determined edimer ‘ ige 1 in pond B during hormone

ﬂumwﬂmwmm

ﬂW‘Tﬂ\Tﬂ T INGTEY



Figure 16: Concentraii e a;ﬁ '7 d liment fr 30 in pond B during hormone

| 'of 2 channels,ES+
303.24>108.81
5.131e+004

———— ol
w min
A 0

L1}
"

Figure 1 “ empla i from'ﬂ-@Td B for two MRM.
il

min - min

BRI POILER P S e R R R FC N D [
1.00 2.00 3.00 1.00 2.00 3.00

Figure 18: Chromatogram of background from pond B for two MRM.
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During the sampling procedure, the water quality rapidly decreased in pond B.
Eutrophication was observed from day 8 of sampling and continued throughout the
sampling. Due to the fact that Nile tilapia is a fish tolerant to low water quality, this
had no effect on the masculinization procedure, and mortality among the fish fry was

not observable. With regard to the conee rations of MT measured in all cages during

the hormone treatment per X ///nother factor had to be taken into
account. '
\\ /
B10sorpt10n mpo ds terlal is a field of study that

. As© f the W algal waste produced, it

ion of organic compound on

only recently has been fo
may be used as low co
such material of methylene blue on
some algal materi activated carbon (Vilar
et al., 2007). It mus 18 ntial adsorption of MT on
me extent as not only
structural differen ad - '. w ous. However, as there is

\ “used as an indication for
possible MT sorpti a6 here fore, exp \ ¢ low MT concentrations

AN \

ST T AT
MT induced i pos&ﬁé}.‘fl‘cfw al test concentrations of 100 ng/L

and displayed si nificant 1923?@ fects
prayec sis N
M. cornuarC\\i snails) ¢

These ﬁndnf e contirmed by Albanis et al. (2006) find1 C1o values of MT for

matogenesis and egg production of

mann et al. (2004).

imposex induction and 5.4 and 1.73 ng/L. With the
concentratlonsﬂ‘MT found in sediment in this study andl_ﬂprefore resulting water

concentrations of u!T ossible ecological ef of MT are more likely to occur as

eciﬁilﬂﬂ‘?ﬂﬂ‘ﬁ’? Werma

ore recently, the effects MT on the 1mmun1ty of dwarf chicks against

T AL (kT

Pullorum infection was enhanced, and cellular immunity against Salmonella
Pullorum was depressed. It was proposed that MT affected the immune response in
dwarf chicks by changing monocytes-macrophages mediated reactive oxygen

intermediate-dependent killing (Li et al., 2009). The results showed that MT may not
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only affect the sex development, but also the immune system of different organism at
low concentrations.
In general, research is focused more on ecological effects caused by other

EDCs such as bisphenol A, tributyltin, or ethinyloestradiol. Therefore, necessary

information for a detailed discussion jt possible ecological effects of MT found in

. / e fate of water infiltrating into the
subsurface would be nec d/ low concentration of MT in
sediment and its pre%lon c3 se

nhkely for MT to reach the

= il

groundwater and therefo further har, rtheless, this is only true for the

concentrations found ' e N BRLRis of MT in masculinization of
earthen Nile ti ikely lead: 1 ed concentration of MT in
sediment.

Moreover, . a8,/ for and provide a continuous

ettebrates (Drewes et al.,

2002; Heberer et al. : ., 2002)s B \ ever, there has been no
research on desorpti r 77 nt - atrices. In general, the
concentrations of i e ng-t ¢ \o > results at which chronic
toxicity was observable, wa vv ( ebrates (Czech et al., 2001; Schulte-

Oehlmann et al., 2004) co et Bl et al., 2002).

423 Waterfialysie R, [

—

The orié" 1 scope o udy mcorporated water ﬂlyms but this part was
not further pursue& A Fugacity Model Level 1 was constructed with the phys1cal

suﬂeﬂ“ﬂ”iﬂil VR .

to be essed that volumes of suspended sediment and biota were estimated and could

her be confirme estimate possib rs of the assumed S
RN TR S
compartment. This revealed no significant changes in the obtained results. The total

load of MT was calculated as weekly load from the daily amount of fish feed applied
for each cage (Table 13).
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Table 13: Applied fish feed for masculinization of Nile tilapia.
Day | Fish feed (g/d)

0-5 55-70
6-10 | 118-150
11-1 0

The Fugacity%aled 3 mamn for the compartments air,

water, bottom sedimen i ,WOOI 1.84, 98.16, 0.003,

are given in Appendix A.
\ g pp

The results ob i f'the Weekly . It must be stressed that

& (] .\ ptake and metabolism
occurred because a i : anot -\\ s ed with the model.
As ther "\ Availe ,\. oiperecentage of MT uptake by fish

s b

loss due to uptake a bolism-0f 2 id 75% Together with the obtained
AR A\
O

estimated with assuming MT
results from the se 5iss-thesexpe T entrations in water are too
A g
low for direct analysi it ter samples, which would have
been required in this ope of this study, and therefore the
igi Analysis of

originally planned water an ALSISOUN

In {ﬁr

chemical fr%

ons was not further pursued.

e@ing tendency of a

! Jeach environmental

medium has aj’l esﬂe relationship between
| |
chemical conc \ ations and fugacity (from Mackay, 2001)." |
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CHAPTER V

CONCLUSION AND OUTLOOK

The two objectives of this
and purification of MT fr ' wse extraction (objective 1) and to
quantitatively determin e entratio ﬂ in sediment from an earthen
nursery pond durlngﬁhﬂ-heimeae treatﬂent per-ned-@ehﬁﬁve 2). Both objectives were
fulfilled and the Man/ i

A methMb’( j .
extraction combinedyWith soni as stlcce ized leading to a recovery

rate of 97%.

je o develop a method for the extraction

based on liquid phase

extraction and s i . HNica \ resi f the target compound

easily extractabl extraction were in well

\ i literature. However, the

development met ds MJ/E fion wi re pect to limit of detection
(LOD), limit of quemtificg -}"?’é?, fjynamic range (LDR), as well as

accuracy and precision (inter- and-intra / pre "ion). This should be emphasized on

in further research. Ii ion should be applied to reduce

the amount.y detectable by the procedure. . Jﬁ
The Wlample analysis and
monitoring of ﬁ]‘ conc ent Th'ﬂ_i:fore two ponds were
selected with a dlfferent history of MT application as masculinization hormone in
Nile_tilapia _aquacu It di T_ could gualitatively and
R NE R
ograms obtained from UPLC-MS/MS analys1s The concentrations of M

found in sediment were in the low &/kg range.

WSS mﬁ"t@“ﬁﬁ“ﬂ

been shown to cause adverse effects to organisms at environmentally relevant
concentrations at ranges between mg/kg to pg/kg body weight dependent on the

studied organism, possible ecological effects greatly depend on the bioavailability of



MT sorbed onto sediment from an earthen nursery pond. More information on the
accumulation of MT on sediment, and its bioavailability to organisms of such
ecosystems should be focused on in order to gain more insight of possible effects
caused by MT in the environment. In addition, further research should include a pilot-

scale study to assess MT’s fate in an¢ n nursery pond.

The masculinization of N ¢t ia €am'also be achieved in concrete tanks. As
such, this technique b I & ith MT seems to be more
environmentally friendi és is circulated and treated in

ﬂ‘Nﬂ’JVIﬂVI‘iWﬂ']ﬂ?

QW’]ﬂ\ﬁﬂimﬁJW]’mEJ'lﬂﬂ
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APPENDIX A

Fugacity Model (after Mackay, 2001)

Table A 1: General constants of MT for the Fugacity Model.

59

Property P Value Unit
MW Molecula g‘i\“ 302.45 g/mole
S Water solubil \ 3.39 mg/L
VP Vaporpre “1 W gE 03 |Pa
OCI: 01/ Wate parti@nin —
logKow | constant ... - E——
Kow - "
LR Pa-m3/mole-
R ea \ K
T lute't t ( K
mt eltihg poigt /+. C
Mtotal al mas \s 0 kg
Mtotal ot ME. .0003 moles
A N (E
le A2: Volumes oi _"i ents for, the Fug Model
Vair g S22 E+0

\Y% - ‘ +00

foc sed Organic carbon fraction in sediment 4%
foc ssed Organic carbon fraction in suspend. sed | 20%
L Lipid content of fish 0.048




Table A 5: Parameters estimated by the Fugacity Model.

Parameter Unit Value
H Henry's Law Constant Pa-m’/mole | 0.220
logKoc Partition Coeffic. organic C /water 2.973
Kp soil Partition Coeffic. soil /water L/Kg-soil 18.785

Kp sed Partition Coeffic.sed /water L/Kg-sed 37.570

Kp ssed Partition Coeffic. suspei L/Kg-ssed 187.510

2.041

logBCF _ Partition Coeffic. biota

BCF L/Kg-biota 109.962
e g .
able A 6: Fugacity ¢ ty constants ( ed by the Fugacity Model.
- — o —
nt.. °.Pa
z ; n
S A
s 1.
bio! 5
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APPENDIX B

Extraction Procedure

- Weight 5 g sediment into centrifuge tubes

il ‘M
- UPﬂﬂMS/MS analysis '
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