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Persistent Organic
Pollutants

in Australia
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Chris Mobhbs
Assistant Director
Chemical Policy Section -

Australian Government Department of
the Environment and Heritage




. - 5
iﬁ___‘!&l Liiibraling ©aoverimios]
L
e T Deparimiear of ke Emvirosmied ind Heiese

Topics to be covered

l.'ﬁ* Fart 1 - Introduction — system of government and
' management of chemicals in Australia

- Part 2 - National Strategy for the Management of
¥ scheduled Wastes

1 - Part 2 - Hexachlobenzene waste

: :‘ Part4 - Polychlorinated biphenyls

"y Part & - Organcchlorine pesticides

"y Part & - ChemColledt Programme

':',:? FPart ¥ - National Dicxins Programme

[ Fart & - Stockholm Convention
' M Fart 2 - Lessons learnt
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Cepartmeant of the Environment and Heritage

= Australian Government's lead agency for the
.| environment

= Develops and implements national palicy,

e . .

o programs and legislation to protect and

¥ conserve Australia's natural enviranment and
y cultural heritage

gl g

i

L3




. 1 Luiahresliann ©arervimos]
-] Departnicar of e Einirosnen and Heites

Key functions of DEH include

Ecologically Sustinable
Erreironment Protection and Biodisersity Consersation fct 1988
Erwironmental Education

Erreironmental Resounces Infamation Unit
Great Bamier Reef

Greenhouss issues

Indigenous Communities and the ereironment
International Actiwities and Commitments
Hational Action Plan for Salinity and Water Quality
Hational Pdllutant Insenbory

Matral Heriage Tst

Natral Resource Marsgement

Coeares Policy

Parks and Reserves

State of the Environment reporting
Bupersising Scientist
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Government in Australia

Australian Constitution {(1901) created a
federal system of govermnment

Power is divided between the
Commonwealth Government and the six
state governments and two Territories

Local governments are established by
state and territory governments to take
responsibility for community services
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Australia...
mFopulation of 20 million
g~ 57°% live in major cities
_ ,'f_. mB5% live within S0 kilometres of the coastline
E ;’f‘ of Australia
o

maydney is largest city (4 million)
™ = Canberra (325,000)
w Total land area approx 7,600,000 sq km
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Management of chemicals

Shared betwesen the Australian Government and

states and temitories

spans several Australian Government departments:

— Health — human health impacts, industrial
chemicals, therapautic goods |, food additives

— Agricu hure — agricu lural ard veterinary chemicals

— workplace relatiors — occupational health and safety

planning ard trarsport — fransport of dangerous goods

— envronment —emvironmental impact

states and Terntores have similar departmeants

= _-!&I Lind relipe e rvinmgst
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Management of chemicals contd

Responsikilities are gensrally aligned with stages in the lifecyele
of chemicals
Australian Government asssssss and registers chemicals
induding conditions up to point of sals

Several Australian Government agencies are responsible for
relistration and approval of chemicals:

— APWMA - Australian Pesticikdes and Veterinary Medicines
Autherity
MICNAS - National Industrial Chemicals Motification and
Aszesament Schame
Food Additives — Food Standards Ausiralia Mew Zealand
Medizinegs - Therapsutic Goods Administration
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Management of chemicals cont'd

Department of the Environment and Heritage:

- smesssss emvironmental affects of new and existing
P chemicalks for the APVMA and NICHAS

— national focal point for chemical and wasts conventions:
= Slockholm Convenlion an Persistant Crganic Pollutanls

"y * Rollerdam Convenlion on Priar Informed Consent

= Basel Comvention
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States and Territories
oy | )
Each State and Territory has an environment
= protection agency
-'r' states and Terntores have responsibility for
£ — Management of land, water and air
Ly — Licznse indusiries and facilities
f = — Waste management
"y — Day to day use of chemicals beyond the point of sale
— may include enforcing recommendations made at the
| ¥ assesameant stage
k. -‘ — Requlate the storage, handling and disposal of chemicals
= and chamical waslés
' Commonwealth becomes involved if proposal will
[ & affect matters of national significance
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o —
; Australian Govemment,

= States and Terrtores SEPHC
3 wiork together under a

- ministerial council: =

s - Envronment Protection

._;' and Heritage Council

y! Priority is to develop

gt = nationally consistent

3 approach to addressing
L ervironmental matters

Ll e rvimios]
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Australian Government wehsites

Lk DEH waww.deh.gov.au
i — HATIONAL MICALS INFORMATION GATEWAY
el www. deh g oy, auchemicls -gueway
N - Natiamal Chemicak Relarerce Gude
= hitp: /e meserin gov anplsirg,_public'|CRG_OWNER CRGPPUBLIC. pstart
e APYRA hitp:soww. ope e g ov.an

I RIS hitp: www niomas goy. m
i’ FEAMNE hitp= www. oo detondands gov.m

.y
TGA htp:iwww. bal gow an
L% ALElralian Governmant Ervironment Forlal
B
k I:. kip 2 wrwoer ow v resemend o v e kil
| 3 Ermvironment Prakeslion and Hertage Council

wramraphcggovom
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state and Territory EPAs websites

£y

Australian Capital Terntory hip: sww aviromet act pov.an
- Mew South Wales http//worw epa.nsw.gov.an/

4 Morthern Temitory http:/swww nreta.nt.gov.an’

o Queensland www.epa.qld. gov.au
.; south Australia http:/fwww epa.sa.gov.an/

Tasmania http:/fwww dpiwe.tas gov.au/
:' ’; Yictoria http www. epavic.gov.an
= Westem Australia http:/fwww environment.wa. gov.au
i
Ly
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P National Dioxins
Programme

i ]
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Four year Programme

r?-"[*- = Alms of Naticnal Dioxins Frogramme
- : —determine packaround levels of dioxins in
s anvironmeant and general population

¥ —assess the impact of dioxing on human heaalth
L and the environment
& ; —determine app_ru::priatga Measures, to reu:lu::_:a _

and where feasible, eliminate releases of dioxins

:':. o 35 million over four years
i $2.5 million for information studies and risk
a's assessment
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Information studies

| indicative budget for each study
#4 - |dentified priority regions and three

2 broad land uses:

:- e = urban/industrial areas
' = agricultural areas

[ & * remote areas

L rslinn ©arerriimiost

25 Deepartmicat of Ui Errvirosme dnd Heitese
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Information studies

g

: Emission sources
- — bushfires

3 — motor vehicles
Wy — revised dioxins emissions inventory (based on
F LIMEP Toolkit)
. Ambient envircnmental levels
&) — air
e — soil
i — aquatic environment
| & — fauna

- “'&; Linehrslinn ¥ rrmos]
= .
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Information studies cont'd

iy

Food levels
- . — national diet survey

T — agricultural commodities

P Human body burden
';I — bloosd serum
Y — breast milk
!'*-:3 Ecological risk assessment
'. - Human health risk assessment

11
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Limitations of studies

o Dicxing analysis very expensive (AUSH1,800)

" e Budget allowed for only small number of
samples

b :" Care must be taken in interpreting the

s findings

h_ b Diespite limitations, these studies are most

= extensive ever undertaken in Australia

i

L3
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Emission sources

r""[* Total emissions to air, land and watear
betweean 160-1,800 grams TEQ /year

% sAround 20-30% from bushfires

L Cther major emission sources:

) — Metal processing, power deneration,
production of chemicals, landfill and wasts

nE incineration 25%
I"-f'r' — Househald heating 4%
A — Motor vehicles around 2%

12
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Emissions sources (top 12)

Source Category

Annual Estimated Release

{g TEQannum)

Bir Watar Lard Tatal ®

I’ " Biomass buming 240 1,080 1,270
A Pulp and paper praduction .4 0.4 10 10
;:'I" ‘Warsle buming and acddental fres BB 0 a.7 a7
Linc production £l 0 A

L
i - Fossil luel power planis 14.3 7.7 4210
i T Auminium production 146 &0 A6 26
] Sewage and s=wage reamenl ] 0e 33 a4
’ Metal are sinlering a2 1] 1] 52
‘._ F Medical woste incineration 630 0.36 214 2.7
| - Houz=hald heating and cooking with biomass 2.2 0 156 PR
.__.;-‘ Iran ard stes| predudion plants 0.3 0.03 i K
Copper production 1 1] 13 14
i . Chher sources 1 0 58
| Total S00 342 1,30 1,800

A prsprzlimm o e cmi
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Ambient air

T

G0

u 50

! % 40 4 jun Ojul Waug
[l Seam [}
£ B b 30
I--'; E
'-.': 20
- o
Y3
o o
SN T R
e e g o {";-"' q-a» ":f f_ﬁ; &
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Aquatic environments
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Breast milk

WHO-TEQpgg lipd

Cauniny

mP-OCwFCORs OF Fa |

B,
L :%I Luiaheslinn ©arnervimos]
. ||_+-_. i

Blood serum

International el s of FCDOF S In uresposad
populations

Doz parinical of thee Ervvirosieen e Heiese

Ty

|

y

an 30 40
lipkd bxsed

o 0
p?l-TEl]
‘Hord

Bl B0

TEQ, “'WHC TEQ, ATEF:
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Blood serum
rﬁ :‘D-DH“H-
g I Feimal a5
e =y
i g =
e g
-
"y q
"y E
T
i
i e TE-30) TS s w0
i Age [Years)

L ]
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Food
£y |
F=ANZ examined 168 samples of 22 foods

3 .

- Targeted foods with high fat content:
P
b bacon  milk
& eqggs  butter
el fish  lamb
,ﬂ' == Levels well below 1.0 pgigram
L3

16
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Monthly Intake

£y fMaonthly intake determined from levels in food
= and digtary information from Mational

s Nutrition Survey
5' :' fMaonthly intake between
;. 2.9-15.8 pg TEQY kg body weight'manth
A
b
=5 E—23% of the Australian Tolerable Maonthly
'. Intake of 7O picogram TEQVKD bw/maonth

N

i ]
iﬁ"‘%l it relins € arver gl
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What Is the risk to our health?

Ly
Risk to the health of Australians is low

"] e 95% of intake through food

.- Dietary intake of dioxins for the Australian
b *" population is lower than most cther countries
B <5% intake through the sking ingestion from
:: soil and from air
=5 Cigarette smokers are likely to have higher
'. : intakes of dioxins than non-smokers

17
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In summary...

Cwverall, studies show background levels
are low comparad with other countries

Levels higher in urban and industnal
environments

Lower in agricultural and remaote areas
Body burdens are low

Why are levels generally low?

Low level of industrial activity in
Australia
Higher levels in urban areas due to

emissions from industral facilities,
motor vehicles and domestic wood

heaters

Highest levels in urban areas were
associated with former industrial sites

18
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Past actions

gf'!l[g Actions over the past decade to address
' cther chemicals have most likely also led to

M reduced emissions of dioxins including:
3 — impkmentation of clean ar regulations
ol — industry in monitoring and reducing emissions
e — banning of backyard rubbish burning
P.oF, — replace older, polluting wood-hesaters
S — phasing-out the use of keaded petral
"y — rejecting high temperature waste incinerator
el s — banning use of chemicals known o be sources of dioxins
e incuding pentachlorophenol and 2,4 5-T
i
L3
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-"‘ Governments” response to the
N | findings |

_ 2005 - Environmeant Protection and
:--r Heritage Council endorsed the:

[ — Mational Action Flan for Addressing

: :' dicxins in Australia

- Flan recogrises that many existing measures
:l- N have led to generally low dioxins levels

2%

|

Ly

19
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Measures include. ..

Continuing with measures already in place

Adaopting or reaffirming 0.1 ng TEQ/m? as a
guideling emission level for new combustion
facilities

Adopting the Stockholm BAT/BEF guidelines
Femediation contaminated sites

Continuing with existing programs that
discourage cigarette smoking and promote

lower saturated fat intake

-ﬁﬁ Linehrelinas 4 arverrinost
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Further Information

MNational Cioxins Frogramime:

— http:/www.deh.gov.an/settlements/chemicals'd
1oxins/index. html

“Dicxins: Recommendation for a Tolerable
Manthly Intake for Australians™, National
Health and Medical Eesearch Council and

the Therapeutic Goods Administration at:
]1[‘[]_‘12.-'.-"-.".-"1.#"1.#'.I1|'II1'II'I.'!.gl.'_'I‘r'.l'llI

20
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i,...[, Stockholm Convention
| on Persistent Organic
3 Pollutants

_ﬁ'& il el ian § arver il
P Beparimical of e Ernvirosmmsen dnd Heiisse

Development of Stockholm

£ Entered into forca on 17 May 2004
= Australia signed the Convention in 2001

P Australia ratified on 20 May 2004
- Enterad into force for Australia on
b = 18 August 2004
o Department of the Environment and Heritage is the
y lead agency
g 5 Works closaly with other departments:
= — Health, Agriculure Departments
A — Fereign Affairs, Industry, AUSAID
Ny — Stale EPAs
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Article 3 - intentionally produced
POPs

Article 3 — parties must eliminate production, use,
import and export of intentionally produced POPS e
those on Annex A and B

Thea annexes provide some exemptions on some of
these obligations

— banned - endrn and toxaphene

— limited use - aldrn, chlordane, dieldrin, heptachlor,
HCB, PCE, mirex

— limited production and use for vector control - DOT

TR e HETIE e T |
Depaiiicar of e Lincirosne ind Heilie

Article 4 - Reqgister of Exemptions

Aricle 4 - parties can register for continued
- use of some listed chemicals

¥ : : :
| Australia has registered an exemption for
o Mirex as termiticide
. . -
S Exemption remains for up to 5 years
& E Registration to use Mirex will cease in
b, 1 -
e Cecembxer 2006
'. : Australia would then withdraw its exemption
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Article 5 - by-product POPs

Take measures to minimise, and where
- feasible, eliminate relzases of dioxins, furans,
# FCEs and HCB

"!- Fromote application of available, feasible and
ot practical measures to reduce releases

¥ Fromote use of alternate materials, products
LS or processes

'. . Fromote BAT and BEF

TR e HET R T ST e T e |
Departiicar of s T rosnien and Heilase

National Action Plan
s | . .
Partizs have to prepare Mational Action Plan for by-

2 product POPs

P Mational Adion Plan for Addressing Dioxins in
e Australia outlines how we will address dioxins
i ;.
.
[ Y
el g
i
LN
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Article 6 - Wastes and Stockpiles

Aricle & requires parties to manage and
= destroy wastes and stockpiles containing

g, chemicals on Annex A, B and C
et ¥ Australia well advanced through work under
ot the Mational Strategy for the Management of
"y =cheduled Wastes
'l-i Flans for OCPs, PCEs and HZE
i
| &

- B . Linehrsline O oarse el
== P D paeticar of i Eiirosnien dnd el e

Wastes and Stockpiles cont'd

Farties are to develop strategies to identify
-——— sites contaminated by POPs

Femediation to bhe undertaken in a

> environmentally sound manner
. B . i
. Femediation already undervay
[y - Sydney 2000 Olympics site was remediated in the 15950s
b . .
e — Work will start soon on Rhodes Penirsula, Syd ney
i
Ly
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Article 7- National

Implementation Plan

Article 7 requires parties to develop a
.  National Implementation Plan (NIP)

Transmit to COP within two years of

®& Convention coming into force

i We released draft NIP in September
o 2005 for a six-week public comment
2t period

'. , =Finalising NIP in next month

B .
L “_.- Linehrlinn ©arermmg
a1 Deepairtmicar of v Einirosimen dnd Beitese
|

Topics covered by NIP

Ca _ o
_ Australia has made significant progress
@~ inreducing POPs
# % =Our NIP sets out the actions related to
; each relevant article that Australia:
— has undertaken to date in reducing the
Y
b presence of POFs and
b 2R

— proposes to undertake in the future to meet
s obligations under the Convention
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Article 12 — technical assistance

> 4 Parties shall provide assistance to
g developing countries and countries with
economias in transition

L The Australian Government overseas
- ald agency (AUSAID) has funded a

" project to remove toxic chemicals from
Pacific |sland countries

L II_.. Linehrliae ©oarver oot
- -
e 1T Departnical of v Einvicoaieen ind Beiese
|

FOPs in Pacific Island Countries

Scheduled waste managemeant plans
. allow for the import of POPs wastes

¥  from small island countries in our
&% neighbourhood

" These countries do not have the
Y facilities to store wastes or destroy
e wastes

DEH has worked closaly with AUSAID
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POPs in Pacific Island Countries

34 million over three years
13 countries participating

Frivate contractor engaged to survey,
collect, sort and transport chemicals to
Australia

Have collected and imported to date:
— 37.7 tonnes of pesticides
— 27 tonnes solid PCEs
— 3,000 litres PCE contaminates il

&
L “_.. Luiahresliann ©arervimos]
- -
e 1T Departnicas of v Ernvicosimen dnd B e
|

Australia’s treaty making process

Australian Govemment has a domestic
treaty-making process for considering
treaties and amendments to existing
treaties

Prior to signing and ratifying the
Convention, DEH prepared:

—Mational Interest Analysis (NIA)
—Regulatory Impact Statement (RIS)

28
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Parliamentary scrutiny

MIA and RIS tabled in both Houses of
. Parliament for 14 days

| o Joint Standing Committee on Treaties
o considers the NIA and RIS

i Has public hearings
& Y = Make recommendations to Parliament
& Committee supported Australia signing

I._. and ratifying Stockholm Convention

i ]
L “_.!&I Ll rlian ©arer sl
A
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Further Infarmation

fﬁ Draft National Implementation Plan

i _.1,. — httpAweww deh.gov.au/settlements/chemic
i als/international/stockhalm. html

: Joint Standing Committee on Treaties
: — httpAweaew aph.gov.au/house/committee/|s
Wie! 4 ct/
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: Managing POPs
£y in Australia...
"'_T._ Lessons learnt
=%
._;.'
[
e <
i
| &
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Key features for success

o _
|dentify your stakeholdears

- Develop a communication strategy

g, Undertake consultation
ot Provide clear information
’ ,;' Allow for adequate time
. Evaluate and review
b,
3 ..__i:-
i
| &
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ldentify your stakeholders

Y
; Management of POPs involves wide range of
2 ] stakeholders
P Marwy groups have been involvad in all the Australian
L POPs programs
k 2 some only interested in a small componant relevant
B to own specific neads
L1 The following four slides show the diversity of
ke "' stakeholders:

i — government, industry, primary producers, environment and
' M health groups

¥ ]
iﬁ"‘%l Litihralins § overmimgs]
s
Tegen ST Deparimeat of tee Errvirment ind Heritge

Government organisations
G iy
Ministers
= N Australian Govemment depatments
g, - Envronment
(e — Agricufture
kg ~ Health
. — Fereign Affairs and Trade
LY — Industry
'.'.; — Attorney-Zenerak
i state Temritory Governments
[ N Local Govemments
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Industry bodies
Flastics and Chemicals Industry Association

" - Advet chemicals manufacturers

-~ Electricity Supply Association
5' :' Minerals Council of Australia
" Waste Management Association of Australia
:'_‘ A sAustralian Industry Group
,' = Cement Industry Federation
[ N Land remediation assaciation

- “.&: Luislrslinn T rviimost
] Departiican of Uee Ernvirosmen nd B g

Primary producers

o | |
Mational Farmers Federation
s - Tuna Farmers
Cattle Coundcil
)

b FPork Council

" . .
Chicken industry

. :

b, Diairy farmers

.a.__i:-

i

L3
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Environment and health

Greenpeace

Mational Toxics Metwork (IPEN
Australian Conservation Foundation
Enviranmental Defenders Office
Fublic Health Association

Trade Unions

Luiah sl ian ©arervimnos]
Depaetiicar of Ui Frnvirosimsen dnd Heitese

Research institutions

Mational Measuremesnt Institute { Government
Analytical Laboratony)

CalRO - Commonwesalth Scientific Industrial
Research Organisation

LIniversities

Caution. .. these organisations may need to
compets for research grants or contracts
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Communication Strategy
o
: Develop a communication parlicipation strategy early
= Engage media or communication experts to prepars sirategy
A Seak input from key staksholders on advisory committee in
o developing strategy
ot ¥
b
S
L2
b, AR
3 ..__l':-
i
L3

Liner el i 4 oarve et
D paitnicat of Uke Erirosneem dnd Bl e

Provide clear information

X
Frovide scientific

. infarmation in plan

#®  language
et The Dioxin
] Community
" summary contained
Y summary of 13

3

il scientific studies

X .— I
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Undertake consultation

Various methods for consultation
Consult with key staksholders by establishing advisory or
consultative commitiess
May want to have one for government officials and one for non-
government:
= Mational DicEres Programime fad o goups
— Malional Dicens Project Team (ofiictals)
— Maticnal Dicedns Consutalive Forum jnon-govermment)

Eroader community consultation
— advertising through the media
— Internet
- malling I, e-buleling, Tree phone call

- pubic workshops, mestings — gel your key slaksholdars o tak as
wall & the government oficiaks

-.ﬁ'& Linehrsline O e e o]
5 -
, Departnicar of v Eivvirosnen and Heilase

Allow for adequate time

=et a realistic timeframe for getting the work
done

Three and a half years were taken to develop
the three scheduled waste management
plans from planning stages through to
endorsement by Ministers

Cicxing Program was four years

Cevelopment of the Stockholm
Implementation Flan has taken two years
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Evaluate and review

X

FZE management plan requires a review on
- progress every five years — reviewed in 2001

¥ and then 2005

BT« Stockholm Implementation Plan will be
ot reviewsd and amended to reflect decisions of
"y the COFs
b
i
s 1

_ﬁ'& Liiirmling £ e ]
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Further Information
.
_ Dicxins Community Surmmary
- — hilp: awerw.dah gov. susetlemants publications' chamizals dioxns
P ommunity-summaryAndex. itmi
| B A cass study of problem sclving through effective comrmu nity
o consultation
'-‘; hillp Avare . dah gow. ausatlameanis' publications' chamizals schadu
[ kd-waslessommunily-cors ultEtion. himl
(g’ 3
3 J.__.':
i
| &
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Endocrine Disruptors Strategy, Illinois EPA, February 1997

Interim guidance for developing a national implementation plan for the Stockholm
Convention Revised, December 2004 .

Our Stolen Future : http://www.ourstolenfuture.org/Basics/chemist.htm.

Stockholm Convention on Persistent Organic Pollutants (POPs) : http://www.pops.int/.
Swiss National Implementation Plan, Berne, April 2006.

The National Implementation Plan of Japan under the Stockholm Convention on
Persistent Organic Pollutants, 24 June 2005.

Strategic Programs on Environmental Endocrine Disruptor's , Japan, 1998
http://www.nies.go.jp/edc/edcdb/HomePage e/sp Table3.html.

Towards the establishment of a priority list of substances for further evaluation of their
role in endocrine disruption, by BKH Consulting Engineer, Deft, The Netherlands.
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Introduction

An episode of rice oil contamination happened in Taiwan in 1979. A Japanese-produced
polychlorinated biphenyl (PCB) mixture (Kanechlor 400, 500) was used as the heat-transfer medium
in the process of deodorization and decolorization of rice oil by an rice oil company in central Taiwan.
PCBs and their heat-degraded byproducts, polychlorinated dibenzofurans (PCDFs), ter-and
quaterphenyls (PCTs and PCQs), leaked into the rice oil and poisoned 2000 people who had
consumed the oil. The initial clinical symptoms consisted of acne, pigmentation of the nails and skin,
and hypersecretion of the Meibomian glands. Because the disease was caused by ingestion of rice oil,
the syndrome was then referred to as Yucheng (pronounced as Yo-Jun), which translates to oil disease,
and the exposed subjects were referred to as the Yucheng cohort.

Discovery and Epidemiologic Finding

On May 21, 1979, a local health bureau in Taichung county, central Taiwan, was notified of an
outbreak of skin disease among staff and students boarded at the Hwei-Ming School for Blind
Children. The initial clinical symptoms consisted of acne, pigmentation of the nails and skin, and
hypersecretion of sebaceous glands. Routine microbiological and toxicologic tests were done on
various foodstuffs and water but failed to yield any helpful result. When similar cases involving 85 of
150 workers from a nearby plastic shoe factory were reported in early September, 1979, an
epidemiologic investigation was conducted and a common exposure, a rice bran cooking oil (C-rice
bran oil) manufactured by a rice oil company in Changhua and purchased from an edible-oil store in
Taichung, was identified. More cases from other companies and local households in both Changhua
and Taichung counties were reported, and all were proven to have consumed the C-rice bran oil.

Local clinicians did not recognize the acne shown on the victims' faces and bodies as chloracne,
a persistent form of acne characterized by hyperplasticity, hyperkeratinization, and alterations in
pigmentation, and so analyses directed specifically towards acnegenic halogenated hydrocarbons were
not done at first. After the cause of the outbreak, consumption of C-rice bran oil, was identified, and
since both the etiology and the symptoms resembled the Japanese Yusho incident of PCB/PCDF
intoxication, the Taiwan Department of Health consulted Japanese scientists who had been involved
in the 1968 Yusho investigation. Samples of C-rice bran oil from the Hwei-Ming School and the oil
store in Taichung and blood from victims were analyzed, and PCBs resembling Kanechlor-400, 500,
were detected on October 6, 1979.

The etiology of the outbreak was announced by the government on October 8, 1979, and
distribution of all C-rice bran oil was then prohibited. Local residents who had consumed the oil and
physicians who had treated the victims started reporting cases to local health bureaus. As of February
1983, 2061 Yucheng subjects (including some children born to Yucheng women) were reported and
included in the Yucheng registry that was maintained by the Taiwan Provincial Health Department.
Sixty-eight percent of the victims were from Taichung, and 26% from Changhua county. Victims
from other counties were mainly from two sources: monks and nuns in Shih-Tou Mountain temples
who had purchased the contaminated oil in Taichung and students from Miaoli county who had come
to Taichung for technique-training courses. There were similar numbers of female and male Yucheng
subjects, and more than 50% of the victims were less than 25 years of age. In Taichung, 60% of the
victims were factory workers and 15% were students; in Changhua, the majority of the victims were
students (39%), and 19, 16, and 14% were factory workers, housewives, and farmers, respectively.
Generally speaking, the Yucheng cohort is a young cohort of low socio-economic status.
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Exposure Levels

Ninety-eight patients were interviewed by Lan et al.(1) on food and oil consumption patterns
prior to and during the outbreak. It was estimated that patients consumed the contaminated oil on
average at a rate of 1.4 kg/month (range from 1.0 to 1.6 kg/month) for two to three (average = 2.7)
months before they became symptomatic, and then for another six months before the oil was
withdrawn. The PCB and PCDF concentrations in the oil samples were about 67-99 ppm, and 0.21-
0.40 ppm, respectively. Thus, the patients consumed on average 302 mg (range = 196-457) of PCBs
and 1.3 mg (range = 0.5-1.9) of PCDFs before they developed symptoms, and about 1g (range = 0.7-
1.4) of PCBs and 3.8 mg (range = 1.8-5.6) of PCDFs total. Because the rice oil in Taiwan was
withdrawn at a later time, the Taiwanese patients consumed about ten times as much contaminated oil
as the Japanese patients; however, since the PCB/PCDF concentration in the Japanese oil was 10
times that of the Taiwanese oil, patients from both countries consumed about the same amount of
PCBs and PCDFs.

Total blood PCB/PCDF levels have been measured by several research groups at different
times. Kashimoto et al.(2) and Masuda et al.(3) analyzed blood samples from two small groups of
patients within the first year of exposure. P.H. Chen et al.(4,5,6) analyzed 165 blood samples from
Yucheng patients attending a dermatology clinic within 18 months of exposure. Between 1979 and
1983, the Taiwan Provincial Department of Health collected 2,378 serial blood samples from 1,246
Yucheng subjects, with 1-8 samples per subject. Except 11 persons in the Department of Health
collection, all persons tested in these studies had detectable PCB levels, and the mean levels ranged
from 38 to 99 ppb. These levels were higher than those of 92 Taiwanese blood donors, which had a
mean PCB level of 9.8 ppb (range = 0-25.3 ppb).(7) Serum PCDF and PCQ levels were measured by
Kashimoto et al.(2) and Chen et al.(4,8). Chen et al. also identified 2,3,4,7,8-penta- and 1,2,3,4,7,8-
hexaCDF as the major detectable congeners in 10 samples. Lundgren et al.(9) identified the same
congeners in 12 samples collected from different subjects in 1985, but at a lower concentration,
suggesting some metabolism or excretion over time. The PCB levels in the Yucheng subjects were
found to be higher than those of the Japanese Yusho subjects (mean PCB value of 72 Yusho patients
was 5.9 ppb),(10) probably because the Japanese samples were drawn much longer after the exposure
incident. P.H. Chen et al.(11) studied the comparative elimination rates of individual PCB congeners
from the blood of patients. The results indicate that the concentrations of those congeners with
adjacent unsubstituted carbons at the meta- and para- positions, like 2,5,3'4'tetra-, 2,3,2'4'5'-,
2,5,2',3'4'-, and 2,3,6,3',4'pentaCBs, declined faster than those of other congeners. Mean total serum
PCB concentration of 32 Yucheng samples drawn in 1985 was found to have declined to about 15 ppb
(range = 0.6-86.8), and the major persistent congeners detected then were the hexachlorinated
biphenyls, such as the 2,2'3,4,4',5- and the 2,2'4,4',5,5'-(9). In February 1991, 13 years after the
Yucheng incident, blood levels were determined in 45 in utero exposed children and their age, sex,
neighborhood, maternal age, and socioeconomic status-matched controls, age ranged from 6.5 to 12.5
years.(12) Twenty (44%) of the 45 exposed children had detectable PCBs (sum of 16 congeners) in
blood, with a mean of the positive 7.6 ng/kg whole base (range = 0.9-36)_Twenty-two (49%) had
detectable 2,3,4,7,8-pentachlorodibenzofuran, with a mean of the positive 300 ng/kg lipid (range =
89-1230). Twenty-four (53%) had detectable 1,2,3,4,7,8-hexachlorodibenzofuran, with a mean of the
positive 620 ng/kg lipid (range = 120-3,040). The corresponding levels of the above chemicals in the
pooled control sample were 0.56 ng/kg whole base for PCBs, 19 ng/kg lipid for 2,3,4,7,8-pentaCDF,
and 25 ng/kg lipid for 1,2,3,4,7,8-hexaCDF, respectively. The serum levels of the dibenzofurans in
Yucheng children were highly correlated with duration of breast-feeding, indicating that the main
source of these chemicals in exposed child was lactation. In 1992, 14 years after the incident, blood
levels were determined in 56 Yucheng women and their age, sex, neighborhood-matched controls.(13)
Serum samples from all subjects had detectable PCBs, 2,3.4,7,8-pentachlorodibenzofuran, and
1,2,3,4,7,8-hexachlorodibenzofuran. Mean serum levels of PCBs were 2,820 + 295 ng/g lipid base
(range = 602-13,420), or 11,590 + 1,500 ng/kg whole base (range = 2,220-67,800). The corresponding
levels in the pooled control sample were 386 ng/g lipid, or 1,670 ng/kg whole base. Mean serum
levels of 2,3,4,7,8-penta- and 1,2,3,4,7,8-hexa-chlorodibenzofurans were 1,090 + 63 ng/kg lipid
(range = 390-2,300) and 2,560 + 167 ng/kg lipid (range = 870-6,920). The corresponding levels of the
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above chemicals in the pooled control sample were 28 ng/kg lipid and 20 ng/kg lipid, respectively.
The serum levels of these chemicals in Yucheng women were negatively correlated with duration of
their breast-feeding their children, indicating that breast-feeding was an effective way of eliminating
these toxins from the body.

Clinical Findings of the Yucheng Cohort

Subjective complaints of the Yucheng subjects varied as the course of the illness changed.
Ocular symptoms, such as increased eye discharge, swelling of eyelids, and disturbance of vision
were the major complaints at early stages, and as time went by, constitutional symptoms like general
malaise, numbness of limbs, pruritus (“itchiness”), and headache and dizziness became more obvious
and serious.(14-16) Ten percent of the female victims also were found to have abnormal menstruation.
S.J. Lan and Yen (17) reported decreased growth in both height and weight of 30 elementary school
students in Changhua who had ingested the contaminated oil.

In 1993, the prevalence of medical conditions in the Yucheng people 30 years of age or older
and a neighborhood control group matched for age, sex, and neighborhood in 1979 was studied and
compared (18). Life-time prevalence of chloracne, abnormal nails, hyperkeratosis, skin allergy, goiter,
headache, gum pigmentation, and broken teeth are more frequent in the exposed men and women.
The exposed women reported anemia 2.3 times more frequently than controls. The exposed men
reported arthritis 4.1 times and herniated intervertebral disk 2.9 times more frequently than their
controls.

Skin symptoms of the Yucheng subjects have been studied in detail by two groups of
dermatologists. Both groups reported that mucocutaneous pigmentation was the most common
symptom, occurring in at least 90% of the patients; it usually occurred at conjunctiva (lining of eye),
gingiva (gum) and buccal mucosa (cheek), nasal apex and ala, and finger and toenails, and the hue
varied from brown to brownish gray to gray.(14-16,19,20) The next most common symptom was
acneform eruptions, predominantly open comedones (blackheads), papules, and pustules. It differs
from acne vulgaris in that it locates not only on the classical sites for acne but also on extremities,
axilla (armpit), and external genital areas. Deformity of fingernails and toenails were found in more
than 68% of Wong et al.'s patients, and in 38% of Lii 's patients. Lii et al. also found follicular
accentuation and horny plugs (accentuated and elevated hair follicles with blackish keratinous
material plugs in the enlarged orifice) to be prominent (at least 21%) in their patients, especially in the
age group of 11-20. Other findings included keratotic plaques, horny growth like warts or callosity, of
palms and soles, dry skin, and itching. When grouping the patients according to the Japanese Goto
and Higuchi grading system [ocular signs alone for grade 0, pigmentation of nails and skin for grade I,
comedo formation and follicular accentuation for grade II, localized acneform lesions and cysts for
grade III, and widespread and extensive distribution of the above lesions for grade IV (21)], 79.5% of
Wong's patients and 61.6% of Lii 's patients were in grades 0-11.(15,16,19,20)

Both Lii et al. and Wong et al. tried to relate the total blood PCB level to the severity of skin
symptoms, but neither group showed any consistent association. The lack of associations plus the fact
that neither report had any control or background rates for the skin lesions made the interpretation
difficult. Nevertheless, the very high rates of mucocutaneous pigmentation, the unique distribution
pattern of acneform eruptions, and the unusual picture of hyperkeratotic plaques make a strong case
that these symptoms are related to the ingestion of PCB- and PCDF-contaminated rice bran oil.
Histologic examination of 21 skin biopsies showed hyperkeratosis, increased pigmentation of
epidermis, and cystic dilatation of hair follicles.(22) Except for the highly pigmented epidermis, the
eruptions were indistinguishable from acne vulgaris. Fu studied the ocular manifestations of 117
patients and found a positive correlation between total blood PCBs level and severity of conjunctival
pigmentation.(23,24)

Two groups of exposed subjects have been evaluated for neurological dysfunction. One
hundred and fifty-five Yucheng subjects from the Hwei-Ming School for Blind Children, including
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students, staff and their families, were seen by neurologists at National Taiwan University Hospital in
early 1980;(25-27) all of them had neurologic examinations and nerve conduction velocity (NCV)
tests. The most common neurologic complaints were numbness and paresthesia of extremities (36.1%)
and headache and/or dizziness (34.8%). Neurologic examination showed that 7.7% of the patients had
decreased vibration sensation in lower limbs, and 5.8% had hearing impairment. A few patients had
hyperalgesia, absent or decreased ankle jerks. On NCV testing, 28.4% had sensory nerve slowing,
7.8% had motor nerve slowing, and an additional 16.1% had both deficits. However, the prevalence
rates of the above mentioned symptoms/signs in general population were not reported. When
compared with values of 63-150 non-exposed normal subjects, the exposed subjects were on average
4 m/sec slower than the controls in both sensory and motor NCV. Patients with blood PCB levels of
24 ppb or greater had significantly slower peroneal nerve motor NCV than those with blood PCB
levels below 24 ppb. For 65 patients with known blood PCQ levels, blood PCQ level was negatively
associated with median nerve sensory NCV. Chen et al.(25) suggested that these deficits might be due
to a PCB-induced porphyria (abnormal porphyrin metabolism), and they did porphyrin analyses on
24-hour urine samples from 48 patients. Although a higher percentage of patients with abnormal NCV
had abnormal urinary porphyrins (63% vs. 50%), the difference was not statistically significant.
Ogawa(28) found motor paresis of the hind limbs and reduced motor NCV on experimentally induced
PCB-poisoned rats, and histologic examination revealed segmental demyelination (loss of a nerve’s
myelin covering) with loss of large nerve fibers in peripheral nerves; this may explain how PCB
exposure affect NCV.

Thirty-nine patients admitted to the Veterans General Hospital for treatment of skin lesions
were examined by Chia and colleagues for neurological function in 1980.(29-31) Thirty-five of them
(with 44 age-matched controls) had NCV tests, 27 had electroencephalography (EEG), and four had
cerebrospinal fluid (CSF) samples drawn. Paresthesia and numbness of extremities (64%), pain over
the back, limbs or orbits (41%), and headache (38%) were the most common neurological symptoms.
Thirty-one percent of the patients had slower sensory nerve conduction, and 29% had slower motor
nerve conduction. The patients had both sensory and motor NCV 5-6 m/sec slower than 44 non-
exposed healthy subjects. Twenty-two percent of the 27 patients receiving EEG had mild abnormal
EEG pattern of paroxysmal bilateral slow waves, occasionally mixed with spikes or sharp waves in
the frontotemporal region, a pattern not specific to any defect. PCB levels in CSF were normal for all
four patients. Twenty-eight of the 39 patients were re-examined two years later, and it was found that
all symptoms had diminished except for dizziness and absent and sluggish deep tendon reflex.
Although all NCV had improved, the values were still 4 to 10% slower than that of the controls.

Serum immunoglobulin tests on a subset of 30 patients who had blood PCB levels above 15
ppb and on 23 age, sex-matched controls showed significant decreases in IgA and IgM in the exposed
(185 + 88 vs. 245 + 70 for IgA, and 105 £ 58 vs. 173 mg% =+ 48 for [gM), suggesting suppression of
humoral immunity.(32) The 30 patients had two-thirds the percentage of T cells (42% vs. 63%) of
controls, and the percentages of active T cells (11% vs. 22%) and “helper” T cells (22% vs. 37%)
were also decreased, while the percentages of B cells and “suppressor” T cells were not affected. This
suggests that different types of lymphocytes may have different sensitivity toward PCB toxicity. Since
“helper” T cells help the proliferation, differentiation, and immunoglobulin secretion of B cells, when
the percentage of “helper” T cell decreases, serum immunoglobulin, like IgA and IgM, decreases
t00.(32) There were rough correlations among serum PCB concentration, clinical grade of the severity
of the skin lesions, decreasing percentages of “active” T cells, and decreased size of induration on
skin hypersensitivity testing.(33)

A significantly lower percentage of phagocytes, monocytes and polymorphonuclear leukocytes
of the same patients bear immunoglobulin and complement receptors.(34) Phagocytes are responsible
for the elimination of the infectious microorganisms, and the decrease of phagocyte complement and
immunoglobulin receptors may be associated with the lowered resistance to infectious disease of the
Yucheng patients. Three years later, using a newly developed monoclonal antibody technique, the
percentage of T-cells and “active” T-cells of the same patients recovered to normal, yet the percentage
of “helper” T-cells was still low.(35) Wu et al.(36) observed enhanced lymphocyte proliferation in
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vitro in response to phytohemagglutinin, pokeweed mitogen, and purified protein derivative (PPD) in
83 patients in the first year after the outbreak, and they still found increases in both spontaneous and
mitogen-induced in vitro lymphocyte proliferation in a subset of 30 patients studied three years after
the exposure.(35) This suggests that the effect of heat-degraded PCBs on lymphocyte function still
exists three years after the exposure.

Blood chemistry was studied on 143 patients from Hwei-Ming School for Blindness in late
1979 by Chang et al.(37) and 133 patients in a special clinic by Lii et al..(15) The profiles of the two
groups were relatively similar: mild anemia of a normocytic type, leukocytosis, elevations of the liver
enzymes, SGOT, SGPT, and alkaline phosphatase but not BUN or LDH. Serum triglyceride and
conjugated bilirubin were elevated but total bilirubin was reduced. The elevated triglyceride may be
due to abnormal lipid metabolism which is caused by liver damage. The low bilirubin is probably due
to induction of bilirubin UDP-glucuronyl transferase in liver by PCBs and enhancement of
conjugation of bilirubin to glucuronic acid which results in rapid biliary excretion of bilirubin.(37)

In 1993-1994, 356 Yucheng women aged 30 to 59 years and 312 neighborhood controls were
identified and interviewed for their reproductive experience.(38) Of the Yucheng women, 16%
reported abnormal menstrual bleeding compared to 8% (p<0.05) of control women; 4.2% vs
1.7% reported a stillbirth since 1979 (p=0.068). Other characteristics of the menses, fertility,
frequency of intercourse, and age at menopause appeared unaffected. More of the Yucheng
women reported that one of their offspring had died during childhood (10.2% vs 6.1%, p<0.05),
and that they had decided to limit childbearing because of health problems (6% vs 2%, p=0.01).
These findings suggest that high level PCB/PCDF exposure has some effect on female endocrine
and reproductive function.

For the evaluation of reproductive health in exposed men, exposed men and their controls aged 37-50
years were recruited for physical examination followed by semen analysis in 1999-2002. A total of
40 men exposed to PCBs/PCDFs and 28 unexposed matched controls participated in the study.
Participants were instructed to abstain from ejaculation for at least 4 days prior to providing semen
specimens. Evaluations of sperm counts, morphology, motility, velocity were measured according to
World Health Organization (WHO) guidelines. Sperm - hamster oocyte penetration was assessed
after 1 cycle of storage in liquid nitrogen. All interview, examination, and laboratory tests were done
in a blinded fashion. Exposed men were found to have higher abnormal morphology and
oligospermia rate than controls. Semen volume, sperm count, motility, velocity, amplitude of lateral
displacement, and beat cross frequency were similar in sperm of exposed and control men. The
ability of sperm to penetrate hamster oocytes and number of sperm bound to hamster oocyte, however,
were significantly reduced in exposed men (39).

Clinical Findings of the In utero Exposed Yucheng Children

Nine infants born between October 1979 and December 1980 were evaluated for birth defects
at birth by three groups of researchers.(40,41,42) All were noticed at birth to have had
hyperpigmentation of their skin, especially on the lip, gingiva, and nails, and hypersecretion of the
Meibomian gland. K.C. Wong and Hwang (41) also reported skin desquamation (flaking of skin),
black color of the nose, and deformed nails. Law et al.(42) examined twins and Lan et al.(40) reported
on another infant that all had swelling of the upper eyelid, respiratory distress and pneumonia. Six of
these nine infants were small for gestational age. Eight of these infants have been reviewed in
Miller's(43) and Rogan's papers.(44) The Yucheng children’s growth profile, bone mineral density
and soft tissue composition, and joint laxity were examined in 1991 and compared with matched
controls.(45) The Yucheng children were 3.1 cm smaller and had less total lean mass and soft tissue
mass as compared to the control children. Bone mineral density and joint laxity were not different
between exposed and control children.

To assess whether exposure to PCBs/PCDFs alter the sex ratio at birth, women who were
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registered at the Yucheng registry, who had at least one child born during or after the incident, and
who had at least one live child in spring 1985 were interviewed in summer 1985 (46). Seventy-four
women reported 137 births, including 68 boys and 69 girls, occurring between June 1978 and spring
1985. The report suggests that sex ratio in the second generation is unlikely to be a sensitive indicator
of women’s exposures to chemicals of persistent polychlorinated double-ring structures, such as PCBs,
PCDFs, and dioxins. On the other hand, men exposed to PCBs/PCDFs before age 20 years had a
lower chance of having a baby boy than did age-matched and neighbourhood-matched controls (odds
ratio 0-65, 95% CI 0-45-0-93). The male-to-female sex ratio of children born to men exposed to PCBs
after age 20 years, however, approached that seen in controls (0-90, 0-59—1-35). These findings
suggest that paternal exposure to PCBs before age 20 years affects the sex of a subsequently born
child (47).

Lan et al.(48) reported the birth weight of 49 children born to Yucheng women between 1979
and 1985. The gestational age-adjusted birth weights for both female and male exposed babies were
83% and 87% of those of the "normal" babies, and the deficits were significant in the first and second
child born after the outbreak, but not in the third. In April 1985, Rogan et al.(49) identified 132 in
utero exposed children born between June 1978 and March 1985 and 190 age, sex, neighborhood-
matched control children. Parents of 128 exposed and 115 control children were interviewed, and 117
in utero exposed and 108 control children attended physical examinations. The exposed children had
lower reported birth weight (mean + SE; 2,749 + 46 g in exposed vs. 3,228 £+ 40 g in control babies)
and were 7% lighter and 3% shorter at examination. One hundred and seven pairs of children were re-
examined in February 1992, seven years after the initial examination; the Yucheng children were still
2% shorter than their controls. (50)

Information on birth and medical history of the 128 in utero exposed and 115 control children
identified in 1985 by Rogan et al.(49) was derived from questionnaires filled out by parents. A
significantly higher percentage of exposed children were reported to have hyperpigmentation,
conjunctivitis, swelling of the eyelid, eye discharge, deformed or small nails, natal teeth, and swollen
gums at birth; they also had more deformed finger and toe nails and acne scars in their lifetime
history.(49,51) Children born longer after the exposure did not differ from those born earlier.(51) On
examination, the exposed children had a much higher rate of dystrophic finger-nails and dystrophic or
pigmented toe-nails than controls; dystrophic finger-nails were more specific, occurring only in the
exposed children. They also had increased rates of hyperpigmentation, acne, and scaly or keratotic
disorders than the controls. The dermatologic symptoms of these children were similar but weaker
compared to those of the original cohort subjects. In addition, the exposed children had more
generalized itching, localized skin infections and hair loss.(51) The effects in the children are more
apparent in nails, hair, teeth, gums, skin hyperpigmentation, and growth and development; the
characteristic defect was described by Rogan et al. as a type of acquired ectodermal dysplasia, which
means the defects were formed on the ectodermal layer during the embryonic stage.(49) The
dermatological manifestations of Yucheng children were followed up in 1991.( 52) Most children
recovered from chloracne, and chloracne scars were found in only one child. However, nail changes
were found in about one-third of the exposed children. Transverse grooves, irregular depressions, and
koilonychias/nail flattening were significantly more frequently found in Yucheng children as
compared to their controls. The author suggested_these findings to indicate developmental retardation
of the fetal nail matrix.

When the Yucheng children and their controls were first examined and interviewed in 1985,
24% of the parents of Yucheng children compared to 4% of the parents of control children reported a
medical history of bronchitis for their study children in the first 6 months after birth, and the Yucheng
children were more likely to have abnormalities of pulmonary auscultation at examination. Higher
frequencies of upper respiratory infection and otitis media were repeatedly reported by the Yucheng
parents during the 6-year follow-up. (49) In 1993, two otolaryngologists examined the middle ears of
103 Yucheng and 96 control children with pneumatic otoscope and measured the middle-ear pressure
by tympanometry with a Rion RS 20 impedance audiometer. (53) Forty-three percent of the Yucheng
children versus 19% of the control children had abnormal tympanic membranes (p=0.0003). The
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effect is most significant in Yucheng children born within the first 4 years after the Yucheng incident.
For the 30 Yucheng children whose serum PCB and PCDF levels were measured in 1991, those who
had middle ear diseases had significantly higher serum levels of 2,3,4,7,8-pentachloro- and
1,2,3,4,7,8-hexachloro-dibenzofurans than the Yucheng children with normal ears. Serum PCB levels
were not related to middle ear diseases.

At the initial evaluation of Yucheng children and their controls, exposed mother reported a
significantly higher percentage of natal teeth and swollen gums at childbirth (49). Complete dental
examination was carried out on 73 Yucheng children and 75 matched controls, aged 7 to 11 years, in
1992. Ten among 73 (14%) exposed children were reported to bear teeth at the neonatal period, with
none in the controls (54). The exposed group also had a significantly higher percentage of
congenitally missing teeth (29% vs 2.7%) or rotation in teeth (19% vs 2.7%) than did the controls.
The percentages of developmental defects increased significantly with increasing maternal serum
PCB levels, children’s PCB and PCDF levels, and duration of breast feeding. Maternal PCB level
clearly played a more important role in increasing the risk of neonatal teeth and developmental defects.
The defects were apparent at the start of the lowest tertile of total PCB level of <10 ppb in maternal
serum measured nearest to the time of childbirth, in a dose-dependent manner. There tended to be
fewer permanent teeth in the exposed group than in the control group, from the age of 11 years and
onwards.

Neurology, Cognitive and Behavioral Development of the In utero Exposed Yucheng Children

In 1985, the 117 in utero exposed children and their controls examined by Rogan et al.(49)
were also given neurologic tests. Ten percent of the exposed compared to 3% of the control children
were considered by the neurologists to have developmental or psychomotor delay. This group of
controls was originally selected to provide background rates for physical findings, and they were
thought to be too loose for developmental assessment, so a new set of controls who matched 118 in
utero exposed children on age, sex, maternal age, parents' combined educational level and occupation,
and neighborhood were selected six months after the initial survey. These 118 pair of children were
given age-appropriate cognitive and behavioral assessments. The exposed children scored 4 to 7
points lower than the control children on all cognitive tests except for verbal 1Q, on which they scored
the same, on the Chinese version of Wechsler Intelligence Scale for Children, revised version (WISC-
R); and they had worse scores on Rutter's behavioral scale. The same group of children have been
followed by Hsu and his research team with cognitive and behavioral tests biannually since Fall 1985.
The yearly reports published by this team (55-61) continued for six years to show a mild yet
consistent deficit of the in utero PCB exposed children on all scales of all cognitive tests. On
behavioral assessment, the exposed children were more intense in reaction and more negative in
quality of mood on temperament assessment, had more psychosomatic, habit, and behavioral
problems than the controls on Rutter's Behavioral Scale, and were hyperactive on a modified Werry-
Weiss-Peters Activity Scale. Chen et al.(62) merged data from 12 rounds of assessment and examined
the hypothesis that the time elapsed between the exposure and the child's birth does affect the degree
of development delay, and that the effect diminishes as the children grow. Their results showed that
the exposed children scored approximately 5 points lower on all scales of all 1Q tests for the ages of 4
through 7 years. Children born up to 5 or 6 years after their mothers' exposure continued to be
affected, and the effect of in utero PCB and PCDF exposure on children's cognitive development
persisted in the children up to the age of 7 years. By analyzing the same data set, Lai et. al. (63)
expanded the findings to the ages of 6 months through 12 years. Yucheng children scored 4 to 11
points lower on Bayley scales for Infant Development for the ages of 6 to 30 months, 3 to 8 points
lower on Stanford-Binet IQs for ages 2 and 3, and 3 to 9 points lower on WISC-R for the ages of 8
through 11. The children were also evaluated for spatial and deductive ability with Raven’s Colored
Progressive Matrices (CPM) and Standardized Progressive Matrices (SPM) (64). Yucheng boys
scored significantly lower than their controls in CPM at ages 6,7, and 8, and borderlinely lower in
SPM at age 9. The effect was not found for Yucheng girls. Cognitive function was also evaluated in
the youngest elder siblings of 15 in utero exposed children, and WISC-R 1IQ scores of the in utero
exposed children were 9 to 19 points lower than that of their youngest elder siblings at each year from
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1985 to 1990.(65) To examine whether the time lapse between the exposure and the child’s birth
affects the degree of behavior and activity level, behavior and activity data from the same 12 rounds
were analyzed (66). The Yucheng children scored 11% to 63% worse on the mean Rutter scale for the
ages 3 through 12. The effect for children born later is the same as that for those born earlier. There
was no improvement as the children aged. The finding for the activity score is similar but weaker. The
later-born Yucheng children, those born 7 to 12 years after their mothers’ exposure, were examined
for developmental and behavioral problems in 1991-2 with the Chinese Child Development Inventory
(CCDI), an instrument adopted and modified from the Minnesota Child Development Inventory
(MCDI) (67). The children born to Yucheng mothers had significantly lowered scores on the
combined general development and several CCDI subscales; girls were more affected than boys. The
children born of Yucheng fathers did not score differently from their controls. From 1992 through
1995, 118 children born between 1978 and 1985 (during or after their mothers’ exposure) and 118
matched neighborhood control children had behavioral problems measured yearly with the Achenbach
Child Behavior Checklist and the Rutter Child Behavior Scale A (68). The exposed children scored 3
points (P=0.05) lower than control children for IQ; 3 points (P=0.002) higher on the Child Behavior
Checklist (an effect size similar to the sex difference); and 6 points (P=0.001) higher on the Rutter
scale (3 times the sex difference). Birth year-exposure interactions, testing whether children born long
after the exposure were as affected as those born soon after, were small and not significant. Age-
exposure interactions, testing whether the children improved relative to control children as they got
older, were significant only for the Rutter scale. It was concluded that renatal exposure to these
compounds produces long-lasting cognitive and behavioral damage, but there is some evidence of
recovery.

In 1998, the reproductive system of 12 young men (sexually mature, aged 16 to 20 years old)
born to Yucheng mothers was examined.(69) Semen analysis showed that the sperm in Yucheng men
have increased abnormal morphology (37.6% vs. 25.9%), reduced motility (35.1% vs. 57.1%), and
reduced capacity to penetrate hamster oocytes (65.8% vs. 73.5%) as compared to that of 25 control
young men. The semen volume and sperm count were not different between Yucheng young men and
their controls.

Summary

It has been 27 years since the Yucheng outbreak; and although the painful memory of the
outbreak may have faded somewhat, among those involved, some of the chemicals persist in the body
and continue to affect the original Yucheng cohort and their offspring. Most information regarding the
outbreak and the effects of direct exposure to the chemicals came from case reports and clinical
observations of subgroups of the cohort during the first 6 years after the incident. Most of the
observations were done on small populations with no or poorly defined controls. Since April 1985,
more carefully designed epidemiologic studies of children born to Yucheng mothers during or after
the outbreak and proper controls have provided thorough information on physical, cognitive, and
behavioral effects of in utero heat-degraded PCB exposure.

To understand the effect of PCBs and heat-degraded byproducts on various organs or systems
of the body, several research projects are ongoing or in the planning stage. To investigate the long-
term health effects of direct exposure to these chemicals, the original Yucheng cohort who had
ingested the contaminated oil and proper controls have been identified, and the mortality rate, cancer
and other chronic disease morbidity rates, and reproductive functions of the two groups have been and
will continue to be studied and compared. More PCB and PCDF congener levels will be measured,
and the relations of blood chemical levels to physical findings will be evaluated. The caffeine breath
test (70) will be given to test the PCB/PCDF effect on cytochrome P450 IA2 activity in liver and the
effect of the altered enzyme activity on the metabolism of sexual hormones and sexual maturation of
Yucheng children. A second in utero PCB exposed child cohort, children born to either exposed
mothers or exposed fathers between June 1985 and July 1992, has been identified, and the research
questions of whether PCBs continue to affect offspring through transplacental transfer and nursing six
to 13 years after the exposure and of whether PCB/PCDF affects the offspring through paternal
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reproductive pathways will be studied. Reproductive systems in both exposed men and women will be
further evaluated. Also, as immunosuppressants, the PCBs and PCDFs may contribute to a decreased
ability to fight against cancers or infectious diseases. Thus, it is plausible to study the possible
interaction between the two factors. The findings from the investigations of the Yucheng incident
surely provide clues about the toxicities that background PCB exposure may cause, and because
dibenzofurans and dioxins are thought to have a similar mechanism of action, the information found
in this incident may contribute to the understanding of human health response to these compounds.
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Environmental Epidemiological Studies of Persistent Organic Pollutants (Shu-Li
Wang et al, DEHOM NHRI)

Among the impotent environmental pollutants and the related health effects in Taiwan, we
have updates on persistent organic pollutants (POPs) since last dioxin meeting. These
pollutants are ubiquitous and particularly prevalent in industrialized countries with high-
density incinerators. They are environmental endocrine disruptors that have half-lives of 7-10
years in the human body. These xenobiotics exhibit adverse effects on development,
endocrine systems, neural systems, immunity, and reproduction, even at background
exposure levels. Some of the chemicals such as 2.3.7.8-tetrachlorinated-p-dioxin (TCDD) is
group I human carcinogen by International Agency for research on Cancer (IARC). The
POPs research in DEHOM includes dioxins, polychlorinated biphenyls, and organochlorine
pesticides. The health effects published include thyroid hormone regulation changes, altered
steroid hormone metabolisms, and occurrence of endometriosis.

We established the free transfer of dioxins and PCBs from mother to fetus through placenta.
Placenta levels of the compounds could be served as in utero exposure for perspective
observations such as the offspring growth and development. As shown in figure 1, the
placenta concentrations were highly correlated with the levels in maternal venous blood,
breast milk, and the infant cord blood. We also evaluated accumulative dose of dioxins and
PCBs in infants with exclusively breastfeeding, partial breastfeeding, and formula feeding
(figure 2). We have suggested that breastfeeding should be continuously promoted after the
comparisons with other countries and reference to the World Health Organization (WHO)
guideline.
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Figure 1. Relationship between the total level of dioxin-like polychlorinated biphenyls
(PCBs) in TEq for placenta and those for breast milk, venous serum, and cord serum.
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Figure 2. WHO-TEQ accumulative dose for infants who were exclusively breastfed,
partially breastfed, and exclusively formula-fed from birth to the age of 1 year

We studied transplacental exposure to dioxins/PCB and thyroid/growth hormones in 118
newborns with detailed assessment of both structural and functional assessments.
Multivariate analyses showed independently and significantly decreased FT4*TSH (free
thyroxine * thyroid stimulating hormone) with increasing non-ortho PCBs (1= -0.2, p<0.05)
(Figure 3). We suggest that significant FT4 feedback alterations to the hypothalamus result
from in-utero exposure to non-ortho PCB. Considering the vast existence of bio-accumulated
dioxins and PCB and the resultant body burden in modern society, we suggest routine
screening of both thyroid hormone levels and thyroid function in newborns.
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Figure 3. Decreased FT4; * TSH levels according to concentrations of non-ortho-
polychlorinated biphenyls (pg-TEq/g lipid) (By general linear model: FT4+ TSH= 8.32-1.05
* (non-0-PCB) ; R=0.245, p=0.009. By quadratic model: FT4 « TSH = 9.06-1.77 * (non-o-

PCB) + 0.116 * (non-0-PCB) ? ; R=0.261, p=0.022)
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Estrogen levels have been positively associated with breast cancer risk in the prospective
cohort study. The carcinogenic effect of estrogens may be attributed to the initiation of
estrogen metabolism by cytochrome P450 enzymes CYPIB1, CYP1A1, and CYP1A2. As
shown in figure 4, dioxins, including PCDFs and some PCBs, can induce CYP1A1l, CYP1A2,
and CYPIBI1 gene expression by serving as aryl-hydrocarbon receptor (AhR) agonists. The
quinone metabolites of 4-OH-E; can interact with DNA and, in turn, lead to depurination of
DNA - a potential mutagenesis event. Indeed, a high 4-OH-E,/2-OH-E, ratio has been
suggested as a marker for breast neoplasm. We examined the relationship of dioxin/PCB
exposure to levels of estrogen metabolites in the sera of 50 pregnant women aged 25-34 years.
The ratio of 4-OH-E2/2-OH-E2 decreased with increasing exposure to 2.3.7.8-TCDD (p=-
0.124, p=0.004 by general linear regression model, R=0.4) (Figure 5). Thus altered estrogen
catabolism might be associated with body burden of dioxins. It is necessary taking exposure
situation into consideration when using the hydroxyl estradiol ratio as a breast cancer marker.

Ongoing studies include dioxins as etiologic factor for endometriosis, and the explorations in
high dioxin exposure area in Tainan. Mission was directed also to the investigation of
decreased body burden and excess effect in our high exposure group of people such as PCB
incident cohort.

Cytoplasm Mucleus

DiloxInG | |

o3

'h!- -

"-'d;—%-g Irlnlﬂ-ulh Dm
#ynihsclc and mataballom of sctrogens: == :%C e

DRE
Corcmsizrone Srpal pafenl, g SFELAN CVIRTRT
I‘\_ trarislaticn _/'J
Cholesien
‘T-ds]x:
35 -HED -klel-E;
Fragrasuicim - Frogesizions Catabolicns of seirogens:  2-M8C-Ex

. R : - SN

N m com 3-8 R
mldluhkllldiullr=-mir z, TE1AT 4-kelE;4
£.MaC-E;

- 21} B P Tae A -l 0-E
1?#-HE&’-*EH 1?:‘---!53"'*-51 ppal s d::-:---z-ma-iz

Tul:l:-:h:-:nronu—ai.-"q:t aremalags g,

VBB, COMT 18.~CEy
B, —"\: W i7a-HED
E
AER: Aryl hydrocarbon recepior JAP3I- Heparts B wims X-associated prosein 1
ABRNT: AhR muclear translocator Hipl: S0-kDa heat-shock protein
DRE: Digun responsive lamert CYPs: Cytochrome PA30 enryrnes
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Concentration,

Location species reference note
ng/g
Er-Jen River
Er-Jen River® Liza macrolepis 3400 £+ 470 Cheng et al., 1994 dw
Er-Jen River Oreochromis hybrids 825+ 451 Cheng et al., 1994 dw
Er-Jen River Megalops cyprinoides 918 £ 67 Cheng et al., 1994 dw
Er-Jen River Liza macrolepis 0-172 Hsu, 1997 dw
Er-Jen River Oreochromis hybrids 130 Wang et al.. 2000 WW
Average of fish 000 romis hybrid 0.18 Lung et al.. 2003 ww, *
markets.
Foreign area
Housatonic River bass 556000 Reiser, et al., 2004 WwW
Seine river Rutilus rutilus 1300-16000 Chevreuil, et al., 1995 dw
white croaker 340
San Fran. Bay halibut 55 Fairey et al., 1997 wWwW
shiner surfperch 160
Fish farm Dicentrarchus labrax 155-294 Antunes, et al., 2004 Ipd

ww: Concentration of PCBs is represented as ng/g wet weight
dw: Concentration of PCBs is represented as ng/g dry weight
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Introduction

PAHs and chlorinated hydrocarbons are ambiguous pollutants in coastal waters. Among them,
some individual chemicals have been categorized as endocrine disruptors and/or PBTs
(persistent, bioaccumulative and toxic chemicals) such as Benzo(a)pyrene, Hexachlorobenzene
(HCB), Hexachlorobutadiene (HCBD) and Polychlorinate biphenyls (PCBs). Because PAHs and
chlorinated hydrocarbons are hydrophobic pollutants, they tend to adhere to particulates when
entering coastal waters. Therefore, coastal sediments can be used as a pollution-monitoring
matrix for their accumulation of pollutants received from water bodies. In this work, we intend to
review published results as well as our update data to obtain levels and possible sources of PAHs
and chlorinated hydrocarbons along the coast of South-western Taiwan.

Polycyclic aromatic hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons (PAHs), formed during the pyrolysis of virtually all
organic matter, are ubiquitous organic contaminants in aquatic sediment. Their acute toxicity
and sublethal effects to aquatic organisms, including the mutagenic and genotoxic potential of
some PAHs through the food chain, has generated interest in the study of their composition and
distribution in the environment. Anthropogenic PAHs are introduced to coastal areas via urban
runoff (Hoffman et al., 1984; McCready et al., 2000), industrial processes (Simpson et al., 1996;
NAS and Oug, 1997), and vehicle exhausts and spillage of fossil fuel (Pettersen et al., 1997;
Wang et al., 1999a). PAH isomer pairs were found useful in distinguishing PAH sources: e.g.
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fluoranthene and pyrene (FI/Py, MW 202) can be used to discriminate petroleum combustion
from other types of combustion (Yunker et al. 2002). Some authors used isomer pairs to quantify
contribution of specific combustion source based on a simple linear mixing model between two
designated PAH sources (Dickhut et al. 2000; Hartmann et al. 2004).

In south-western Taiwan area, there are many fishing harbors, industrial parks dense
populated cities and polluted rivers, which are more or less related to PAH emission to coastal
sediments. In 1999, Fang et al (2004) measured total PAH concentrations ranged from 98.1 to
3,382 ng/g dry weight in the sediments of Shinta Harbor and it’s adjacent coastal area. MP/P
(methylphenanthrenes/phenanthrene) values larger than 2 coincided with very low P/A
(phenanthrene/anthracene) values at inner harbor stations, revealing that a significant portion of
low molecular weight PAHs are probably from petrogenic pollution sources, specifically, illegal
disposal of used motor oil. The 4,6-dimethyldibenzothiophene/ 3,6-dimethylphenanthrene (4,6-
C,D/3,6-C,P) ratio is found to be more useful than the MP/P ratio in tracing petrogenic PAHs
from the inner Shinta harbor area to the adjacent coastal environment. In a recent study, Fang et
al. (2006) also measured PAH concentrations from the sediments of Kaoping River, Kaoping
Submarine Canyon and adjacent harbors. Total PAH concentrations ranged from 22.6 to 45,100
ngg' dry weight (dw)(Figure 1). Results of principal component analysis and hierachical cluster
analysis suggests PAHs of North-western shelf (near Kaohsiung coast), river sediment and
canyon sediments were from coal burning and/or diesel vehicles, while petrogenic contribution
was observed in sediments from south-eastern shelf (near Pingtung coast). Their results also
indicate the seaward transport of riverine particulates is directed to north-western shelf and/or
canyon.

In addition to harbors mentioned above, Kaohsiung Harbour is the fourth largest harbour in
the world, which controls two thirds of the goods imported to Taiwan. It also receives river
waters of both Qianzhen River and Love River before they reach the Taiwan Strait. In addition,
the nearby area is complicated by heavily populated Kaohsiung City, second largest city in
Taiwan with population of 1.5 millions, several industrial parks emphasized in petrochemical,
steel, electronics and fire power plant, etc. Air-borne pollutants from these industrial parks and
urban traffics are believed to have great impacts on nearby coastal water body through wet and
dry deposition. Furthermore, polluted wastewaters were pumped into Kaohsiung coast via two
major ocean outfalls. These sources plus several recent oil spills make these areas of high
environmental concern. In 1999, Lee et al (2005) measured n-alkanes (n-Ci, to Cjs) and
aromatics (15 PAHs) in Kaohsiung Harbor and coastal area and found average total
concentrations of were 4.33 pg/g dry weight (ranged 0.46-22.60) and 0.59 ug/g dry weight
(ranged 0.09-1.75), respectively. The highest concentrations of aliphatic and aromatic
hydrocarbons were recorded in stations near the estuaries of Qianzhen River and Love River,
respectively. Recently, Fang et al. (2004) also analyzed sediments of Kaohsiung Harbor for
polycyclic aromatic hydrocarbons (PAHs) to discriminate their compositional patterns and
distributing characteristics. According to their results, concentrations of total PAH ranged from
63.5 ng/g dw to 6261.7 ng/g dw. In comparison with sediment quality guidelines (SQGs), only
21.7% of studied sites had total PAH concentrations higher than effect range low criteria.
Similarly, Fang et al. (2004) also found highest PAH concentrations in the vicinities of Qianzhen
and Love River estuaries. PAH sources into Kaohsiung Harbor were contributed from
petroleum-related source and coal burning/ coal tar from industrial emission.
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Overall, possible adverse biological effects induced by benzo(a)pyrene and total PAHs
from coastal sediments of south-western Taiwan might be minor because of their concentrations
are lower than effect-range low criteria (430 ng/g for benzo(a)pyrene and 4022 ng/g for total
PAHs) (Figure 2). However, sediments from Kaohsiung, Yan-pu and Donggang harbors had
higher concentrations than effect-range low criteria. One of stations from Donggang Harbor,
even exceeded effect-range median (ER-M, 44792.0 ngg™).

Chlorobenzenes (CBs) and hexachlorobutadiene (HCBD)

Chlorobenzenes (CBs) and hexachlorobutadiene (HCBD) are also ubiquitous hydrophobic
chlorinated organic compounds in the environment. These compounds enter the environment
mainly through household waste as well as by-products of agro- or petro-chemical related
manufacturing processes (Clark, 1994; Newhook and Meek, 1994). Among these compounds,
hexachlorobenzene (HCB) gives more concern because it is on the list of PBTs (persistent,
bioaccumulative and toxic chemicals) by US EPA. In 1992, the US and Canada recommended
phasing out and eventually banning processes that create HCB as by-products (Hileman, 1992).
According to Bailey (2001), global HCB emission rates via different categories of sources was
estimated to be 23,000 kg/yr, of that 72% were due to manufacturing and combustion processes.
Though an increasing number of investigations have performed sediment analysis on these
organics, there are not many in literature regarding chlorobenzenes in coastal sediment and most
of those were carried out in proximity to petro- and/or agro-chemical industrial areas (Pereira, et
al., 1988; Masunaga et al., 1991; Lee and Fang, 1997; Lee et al., 2000). Compared with other
CBs, HCB is investigated much more and appears on the target compound list in almost every
investigation of organochlorines in various environmental matrices.

To build a baseline, Lee and Fang (1997) measured CB and HCBD concentrations in
sediments along the coast of southwestern Taiwan (from Taichung to Pintung County coast).
According to their results, congeners with higher chlorine numbers were only detected in
Kaohsiung coast. Among results from this coastal area, sediments from Tso-yin outfall field had
concentrations of 1,3,5-trichlorobenzene, pentachlorobenzene, hexachlorobenzene and
hexachlorobutadiene 2-3 times higher than those form Chon-chou and Da-lin-pu outfall fields.
Lee et al. (2000) investigated CBs and HCBD contamination in sediment along the Kaohsiung
coast. According to their results, Tsoying outfall pipe and/or Ho-Chin River were blamed for the
possible sources of HCBD while a significant HCB contribution was evident along the southern
Kaohsiung coast.

In a recent work, Lee et al. (2005) found CB concentrations varied from 15.4 ng/g dw for
1,2,3-TCB to 56.8 ng/g dw for 1,2,4-TCB for the sediments of Kaohsiung coastal area. Higher
HCBD concentrations were detected among north-bound stations (around the exit of the Tsoying
outfall pipe) and its concentration decreases from north to south. Compared to results from Lee
et al. (2000), there is no statistically significant difference in CB and HCBD congeners between
these two surveys. To assess the quality of Kaohsiung coastal sediments, mean concentrations
were compared with a sediment quality guideline (marine chemical criteria, State of Washington)
(Figure 3). Average concentrations of 1,2,4-TCB detected in Tsoying and Dalinpu regions and
HCB in all regions were higher than the marine chemical criteria. Moreover, mean HCB
concentrations in Kaohsiung coastal sediments were five to twelve times higher than marine
chemical criteria. Table 1 shows HCB concentrations in Kaohsiung coastal sediments are much
higher than those of coastal sediments listed. This fact raises our concerns about the feasibility of
coastal outfall of petrochemical waste with inadequate treatment.
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To evaluate the toxicity of total CB in Kaohsiung coastal sediments, a toxic index model
(eq. 1) which applied 20th percentile predicted effects threshold (PET) for each CB group is used
(Fuchsman, et al., 1999).

Toxic index = [MonoCB] N [DiCBs] N [TriCBs] N [TeCBs] N [PeCBs] (eq.1)
3.2 9.1 28 67 57

Calculated CB toxicity indices in the sediments of the Kaohsiung coast are delineated in
Figure 4. The spatial distribution of toxic index indicates biological effects might occur in
relation to two outfall pipes which accept petrochemical wastewater, Tsoying and Dalinpu
outfall pipelines.

Polychlorinated biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are ubiquitous persistent pollutants and have caused
world-wide concern following their discovery in the environment. The toxicity of PCBs on
humans has been evidenced from the number of adults and children suffering from
Yucheng/Yusho (oil disease) in Taiwan and Japan (Yu et al., 1994; Guo et al., 1997; Chao et al.,
1997). Although new evidence show that PCDFs may have played a major role in the etiology of
Yucheng / Yusho (Soong and Ling, 1997a), some PCBs have dioxin-like toxicity and more
investigations are needed to further understand their effects on the immune system or defense-
related physiology of the organisms (Oliver et al., 2001). In 1983, Chou et al. (1984) found PCB
concentrations ranging from 3.0 to 110 ng/g dw. in the oysters from Penghu Island, a remote
island in Taiwan. Two years after that, Chou et al. (1987) reported that PCB concentrations were
1.7 ng/g dw in the oysters from the Tanshui River estuary of northern Taiwan. In 1995, Hung et
al. (1998) found the average PCB concentration was 110 ng/g dw in the oysters from Machu
Island, also a remote island away from Taiwan but very close to China. In 2003, Lung et al.(2003)
found PCB concentrations (0.13-28 ng/g wet weight) in five kinds of fish species which are
usually consumed by Taiwan residents. They concluded that fishes cultivated or caught along the
southern coast had higher PCB levels than those from other areas of Taiwan.

Recently, Fang et al. (2006) reported total PCB concentrations as the sum of 110 individual
congeners in cultivated oysters sampled along western Taiwan coast. Their results showed the
highest total PCB concentration in cultivated oysters was found in oysters sampled from the
Lu’ermen aquaculture area (TN7, Dec. 2003). This area is located near the estuary of Lu’ermen
River which had received wastewater from a sodium hydroxide and pentachlorophenol (PCP)
factory before 1982. Soong et al.(1997b) analyzed soils and fishes in the vicinity of the factory
and found that TCDD TEQ values ranged from 0.24 to 1400 ng/g and 0.04 to 0.25 ng/g
respectively. Relatively lower total PCB concentrations were found in the oysters from Yunlin
County (stations YL1 to YL5) than those sampled from other stations. Sparse population and
fewer industrial activities, except a petrochemical industrial complex near station YL1, could be
one of the reasons for such a low PCBs burden in the oysters there.

Comparison of total PCB levels in bivalves for global coastal areas showed the highest PCB
concentration (dry weight basis) presented in Taiwan western coast are less than those found in
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the USA (coast along Gulf of Mexico and Carolinas) and much lower than those of central and
southern America and the north-western Mediterranean coast (Table 2). Measurements of PCBs
in oysters from Taiwan are at least an order of magnitude lower than those of some Asian areas,
Germany, England and Spain (Alvarez Pifieiro ME et al., 1995; Connor et al., 2001; Lee et al.,
1996b; and Monirith et al., 2003). The geometric PCB concentration in the oysters from western
Taiwan is approximately two times and five times lower than those reported from South Korea
and USA (Mussel Watch), respectively. It also shows that the geometric mean - 1 SD in western
Taiwan is similar to that of South Korea but lower than that of USA. In addition, none of the
PCB concentrations exceeds the geometric mean + 1 SD of South Korea and USA. Therefore, it
can be concluded that the PCB contamination level of the cultivated oysters of western Taiwan is
not as high as that of marine bivalves of South Korea and USA (Table 3).
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Table 1. Worldwide concentrations of HCB in coastal sediments (ng/g) (Lee et al. 2005)

Lacatian Ramnge (nz'z) Reference
Kanhsiung coast, Tafwan <0.1-4T7_5 This study
=<0L1-¥1.7 Lee et al. 2000)
02394 Lee and Fang {1997)
Glohal distribaion in hackgromnd sad o0l-521 Mafjer =t ol (B003)
Ise Bay, Japan 22+1% Masuna ga ed al. {1990)
Masan Bay, Korea 002059 Hong et al {200%)
Ulkan Bay and its inland are, Korea <001-3.2% Khim et al. {2001)
Marthern coast of Vietnam l-65 Mhan =t al {1999)
West ooast of S Lanka < 001002 Gurnge and Tanahe (3001)
Oeean auifall arca, Australia 0g-32 Matthai and Binch (3000)
Ghana, Africa 09 +al Mo (200 1)
Blck Sea, Tliraine 00851300 Fillmann et al (XX
Black Sea, Bussian Federation 0021026 Fillmann et al. (3XIE)
Black Sea, Torkey 00 160280 Fillmann et al (XX
Marthern pari of Baliic Sea 079054 Sirandherg et al. (] 95E)
Mear shore, Daminican Bepubbc MWID-007 Shriz et al. (1995)

(1) TeiBs* 12,15 and 1,245 TeCRs: (%) “NI0." not detected.

Table 2. Global comparison of total PCB concentrations in bivalves. (Fang et al., 2006a)

Arca PCBs (ng/g dw) PCBs (ng/g ww) Reference

Taiwan coast 3.4-94 0.3-8.6 This study

Asian countries - <().05-84 Monirith er al. 2003
Germany (Baltic Sea) — 4.7-97 Lee et al. 1996b

England (Mersey Estuary) —_— 32-110 Connor et al. 2001

Spain — ND-620 Alvarez Pificiro et al. 1995
United States (Gulf of Mexico) = 10630 e Sericano ef al. 1995
United States (coast of Carolinas) 100 {median) 450(85“' percentile) e O Connor {2002)

Central and Southem America <10-3,800 —_ Sericano e al. 1995
France and Italy (NW Mediterranean coast) 50—3,5{]{}h —_ Villeneuve er af, 1999

* Data not available.
® Concentration reported based on Aroclor no, 1254 equivalent value,
PCB = Polychlorinated biphenyl.

Table 3. Geometric mean and geometric mean + 1 SD (standard deviation) of total PCB concentrations (ng/g
dw.) in Western Taiwan, South Korea and USA marine bivalves. (Fang et al., 2006a)

Means EPCB® Study arcas

Geometric mean =1 SD 8.89° Western Taiwan (this study)
Geometric mean +1 SD 454"

Geomelric mean 201

Geometric mean =1 SD 11.1° South Korea®

Geometric mean +1 5D 122.7°

Geomeltric mean 16.9°

Geometric mean =1 SD 25.7° United States (Mussel Wuli_'h)d
Geometric mean +1 SD 470¢

Geometric mean 110°

* Sum of 110 PCB congeners.
® Sum of 108 PCB CONZENers,
“ EPCB was approximated by 2 times of the sum of 18 PCB congeners.
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Effects of dioxin-like compounds in estrogen metabolism

HRAE4E #c$ (Prof. Pinpin Lin)
R 72 7 e B 2 '—VE’%”#%??E_

Dioxins and polychlorinated biphenyls (PCBs) are persistant organic pollutants in the
environment and have diverse toxic effects in living organisms. Epidemiological studies
suggested that exposure to dioxins highly enhanced the risks of chronic obstructive pulmonary
diseases, decreased lung function, and lung cancer (1-4). In animal studies, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)-induced lung lesions appeared to be gender-dependent,
with predominant increase of the incidence of respiratory tract cancers in female but not in male
rats (5). More recently, Trischer et al. (6) also reported that TCDD induced alveolar-bronchiolar
metaplasia in female rats. Although PCB was also considered as a general tumor promoter (7),

there was no epidemiological or animal evidence on PCB-associated lung lesions or lung cancer.

There are ample evidences showing that TCDD induced toxic effects are AhR dependent (8). It
has also been demonstrated that AhR signaling pathway would up-regulate cytochrome P4501A1
(CYP1A1) and 1B1 (CYP1BL1) expression in lung cells (9, 10) leading to 2-hydroxylation and 4-
hydroxylation of 17-beta estradiol (E2) respectively (11-13). In vivo, the hydroxylated E2

metabolites are relatively unstable and are rapidly converted into methoxy metabolites (14).

PCB has 209 congeners. PCB126 was the major non-ortho-substituted PCB congener
found in human milk from Asian population (15). Since both TCDD and PCB126 are potent
AhR agonists, they are expected to induce similar profiles of E2 metabolites in the presence of
E2. However, Pang et al. (16) reported that the ratio of CYP1A1 versus CYP1BI1 induced by
TCDD was different from that by PCB126 in MCF-7 cells. This study demonstrated that
PCB126 might actually have antagonized TCDD-induced estrogen metabolism instead. Studies
by other investigators also indicated that E2 metabolites resulted from 2-hydroxylation and 4-
hydroxylation of E2 had considerable adverse effects on cells (17, 18). E2 has four major
metabolites. 2-Hydroxyestradiol (2-OHE2) was reported to produce DNA damage (19) and 4-
hydroxyestradiol (4-OHE2) was found to be carcinogenic in animals (20). While 2-
methoxyestradiol (2-MeOE?2) inhibited cell proliferation (17), the biological action of 4-
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methoxyestradiol (4-MeOE2) at present is still undefined. As in MCF-7 cells (16),TCDD and
PCB126 would probably also induce different profiles of E2 metabolites in the lung cells. The
potential toxicity induced in the lung cells by these chemicals, with or without the presence of

estrogen and its metabolites, need to be investigated.

Potential “environmental factors” associated with the development of female lung cancer
are many. The most concerning ones in Taiwan include cooking oil fumes (COF), motorcycle
emission particulates (MEP), environmental cigarette smoke (ECS), and dioxins (1, 21, 22).
Among these four factors, COF bared the most epidemiological evidence in the association with
female lung cancer development (21, 22). Chemical analyses indicated that three of the
concerned risk factor, COF, MEP, and ECS, all shared a common chemical constituent,
benzo[a]pyrene (BaP), which is a known carcinogenic agent (23-25). Because of its chemical
nature and reactivity, BaP is also a potent aryl hydrocarbon receptor (AhR) ligand (26) and
induces CYP 1A1 and 1B1 expressions. Since estrogen metabolism is highly influenced by some
P450 enzymes which are regulated by AhR, AhR activation by AhR ligands, such as BaP, was
therefore proposed to be involved in the development of estrogen-associated cancers via

enhancement of the estrogen metabolism (Cavalieri et al., 2000)

Kogevinas, M. Studies of cancer in humans. Food Addit Contam, 17: 317-324, 2000.
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WHO-TEQ/g lipid) ; # ke fa* F cha e @ B 3 TR R 7™M F F 30 & & s F
(d 18-25 & 2 13.3 pg-WHO TEQ/g lipid * = % >65 & 2. 24.1 pg-WHO TEQ/g
11p1d) ;OB PG B A = 0-25% ~ 25-5096 ~ 50-7596 ~ 75-10096 0 Ko R P s B
HoRARY R RIRAETHEFRHB LN RTINS ARG 22T
ﬁ’ﬂiﬁﬂ§$%%&@&$*%ﬂ’%ni»ﬁﬁﬁkaiﬁ’igaﬁ
75 AR (p<0.0001) o gt oh o Fiagp A TR G PERFTRE T AL S
1 22 ~1-2 22 ~2-3 22 2>3 28 > QIFRA LM RO Fa P
B RAP RSN A OHEMLECpRTDAR S A RF T F IR L RS
FRERABE S RPFRAKBATAEREYRFEANE R > RE LT
T EREEFRFOME > L AR EABLAEPARLRY PRI ERT EREF
AR I R0 F] oo t{ PRI E AL R AR FEARAV L LB FIE B R AB
AT RAcA & v B A FHE e s 2R EEE P FOHI pRE L REFE AR
»Lgﬂio

% 3ﬁﬁ%%%wﬁ4iwﬁm;$%ﬁﬁ%ﬁ¢mwgﬁéﬁé TR
FORARAH L pEFTEELEEFITEREHhE 2RI F ERpIRd 12

ER R :
iR

e

&

N —=t
CE WS

AX 4w (0-25% 0 25%-50% » 50-75% > 75-100% ) » A % =
%ﬁ\%ﬁ%ﬁﬁﬁiiﬁﬁﬁﬁ%i’%@wk&a@pT
ﬁ%m%ﬁww\iﬁﬂﬁ W2 BMI 292 B F LR om e 23 A2 BT
B R - AT R B GE H OB @A LJf HpiTenT dapE o~ i f‘—lii:liﬁﬁ‘]f%ﬁ?&
Tion piR B3 ERIFE ﬂi“P@¥£ﬂ(mﬂmm)o&“iwﬂ§$$%§
HEF "R B3 ABHE HURFEFTLEHBLT ERI M 2485 0 1
P PR IER O RBE R R P RIRRAEL FRES LU P
/I{%é—»i\—rﬁ?/%)i

245 19 A ikl o B ARREASLRE > AL RS
- Z LR 1T AR REIE S ik kRS TR B FRE S f
BT ok R A 2 A B A B B (24.1 pg WHO-TEQ/g lipid) » A ts & A 5 1 J
(21.8) » 784+ 31(17.9) » #8 ¢ A1(17.0) » F M5 30§ 2 3 48(16.5) > & & H 3 A T 2
k&¢ifp&féﬂ°ﬂﬁﬁﬁé*“{$7@qm TEFFEBREBSL K
RAcF AR EX S F AL TR BH ﬁla%k&%ﬂﬁaamlﬂﬁl7ﬁ§$
%l?%wipmm/%&ﬁ—'\‘k\#ﬁ_ ’-% ’;ﬁ‘iﬁaxPE'SF;E’\'%W\_B_,{Eﬂi\-_@?,E)iFLLﬂJ

e
s

EL PP
B

e}
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"2 OCDD #§ » g #501 $£313 % > & 2w ? 1 OCDF ek & A # 0k G A e g
At H # % (P<0.005) -

ST EFpAFRE P RG AMGAEEEMT P BAD F2 L S
RPRRFRARLZ AL RS FRFLAAGEF LR LR IRARAIHT R R
B R FE @Rk S R T o e R AR e -
-}'F??f\?-ftf%/,,\ﬁ-;;‘;u%%ﬁrr}g CES R B S T F S S h R RS 0 T
=P A3 “m«W,@ame§$¢k&FM@OOM)

2 6 BT R PRI ERESSLEZE T FARBLIMG S BEFmRa PR
B3I ERE B RA2ZE P HF DI G A2 ERFIS2LHE R EHEF
foMt o PR 2 f kBAEARFEA NP R EARK @ A NPk LR
A RRIREFEFEL RERS T NTFF 2 - o

B 2 214 AP RMTERNGRLRY JF R R 2 dkm T ERAG2Z B4

%

Tiap kEAE 4 1.8 32 3.2 pg WHO-TEQ/kg/day 2 F > ;ﬁbﬁ' Ko sod
2 Tiap k% 1-4 pg WHO-TEQpre/kg BW/day 2 J'FL#’ MmoERd 3 F PER G
%4 g BRI IR /%‘fiﬁl 2 %4 T ERAEDE A2 -
(0.04-093%) » B m 2 F# B3 »RET 2 AL R S F R BRI 2 5 Frim kR 2
AE KRR d PR EI 2L ABRIEH AR FEALRFZE A mER
~%ﬁ<&ﬁﬁo
= *iﬂﬁi&iw%ﬁ%iﬁﬂﬂﬁ%k&?%%*&'% G

%7 %mﬁ4miu”H%%%%ﬁW*Wﬁ%w@¢ TR (1T AL PR
%;?%;)il‘j\ "}"L’t?_ﬂ_ni %ik—ri}?/ckpmzk}il’bﬁi"ﬂ * ¥ f‘-"’f’? *&%ﬂ’-ﬁ_ﬁﬁﬁ-ﬁﬁi

HR%EFRDZ (52.6 vs. 45.7 ﬁ« p<0.0001) » e %7 28 B 2 &< (55.1% vs.
37.1% B¢ 2R LT p= 0.0026) 0 2 h R BEFE AT B b1 REBEE K SF
MEREEILRY LR FIERE S REBEFLDE (75.2 vs. 19.7 pg WHO-
TEQ/g lipid, p<00001) - B REBEIMHBEIRPEMLAE LR PR FER A TN
a5, ¥ uTﬂ NAGKTERLFIHELIP RRBELRY R BRI RR S REBRER keng o

B 3 m%‘i%g‘?‘fﬁ; Pr i FE R /rkmFE R RAGERAS T B S
T X pi\ﬁ?kz}ﬁl#/}xw'ﬂk«péﬁ—gmzpa %%Elzﬂ"iiﬁﬁ——?/vi&vépﬁﬂﬁ
#;'}E’&r'/}%fi"% OCDF ~TCDD #¥tpRekrm st » Hpt L ek s » L £ 8 2
i“i'—‘?%i% KiRH TR o

% 8 f’?%z‘fi'ﬂ% Pt R AEEEFREV AR TA ALK AY

’?IFL%E%. fes #E(p=0.0012) ~ *& B % (p=0.0109) % = peH ﬂq(TG)(p 0.0464) 2

BASHEERNHBE ¢ 30 (p=0.0137)F ¥ FRIRHREK o o AR E
% GPT-GGT * & » B2 ¥ 573 35 $Bes 7, & u‘—@?i%(pzo.o%l .
0.0666) ° % 9 % % 10 & % &7 5 /&P ;&@;;g‘g_ﬁa BT R A B R LS 2
GOT $H F223iv% »d Bavioaip? REZERE VBT EHEHS %k
LA BB FRS T AR R kRS 41 pg WHO-TEQ/g lipid P+ GGT 2 ¥
P OHEH A
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YR G LEEM T NP E 1T AIEAR RS A ¥4 Tk AN
PP 9% AL B2 TR ZHEF L RFL B L2 R UE 4 pg
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CIAF AR RAT AN AL ERR SRR R EF S 19 R
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dNP R SR RAALLERIEGHE G SR - 74}#&' Bk
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Fol A4 AR RATAEA L RY LR FR S iAmERA A LR (THOEHREL )

BB R RT 4 T g pg WHO-TEQ/g lipid
Semeg 1 95 44.6 25.9 +14.0
RS 2 163 442 23.5+8.8

3 3 32 474 226+7.9
R 4 89 505 224+86
P 5 90 448 22.0+84
B =R 6 78 432 21.6£8.5
LA~ T 7 96 48.1 213+72
FE Ut 8 95 449 21.1+8.6

B 9 36 453 21.1+9.4
i EaE 10 38 453 18.6 + 8.4

L 11 84 44.1 18.1+7.3
RED 5 B 59 46.2 17.4+10.0
EEGAT 13 81 491 172+5.8
Ty 14 68 473 17.0+ 6.7
YDy 15 103 442 16.9+9.0
SHH PP 16 78 50.4 16.3£8.2

LA 17 99 428 16.1 6.6
S R 18 39 44.4 14.9+10.0
AT 19 89 448 14.7+92
23019 i 1712 45.7 19.749.3

U g o EREA IR AF R A R TR R ER B LA 0 ISR AT ER RN
* ir%ggﬁg; AR 2 2] =i K

F2FPIHEARAIANTHEI LR P RRE S 5dmkRA AT

A Pg WHO-TEQ/g lipid P value’
L 861 19.0£11.5 v
A <0.0001
-~ 872 21.4+11.1
18-25 139 13.343
25-35 222 16.2+8.0
L 35-45 512 18.8+8.8 <0.0001"
45-55 488 22.4+10.9
>65 372 24.1£15.0
<227 373 18.649.5
. . 22.7-26.8 363 20.849.5 -
Lipid content % <0.0001
26.8-31.2 356 22.7+15.2
>31.2 358 22.8+10.6
# 610 20.7+12.7
LY R
o L 501 18.0£9.4 <0.0001%*
S EERBE 631 21.3£10.7
B AR T RERL(I R BT E =lom e 9 19.058.1
T e )’f" ‘3 1000-2000 2 © 333 203493 Soor
TR T 2000-3000 = = 322 20.549.7 ’
>3000 = ¢ 313 22.1+8.9
$25F AR 440 19.4+8.1
3 WA R Rk B
t iﬁ%%d&%ﬁ o kB 5507 A 412 20.9+9.6 .
HMEGFHE HRIAN) B 75 A 435 19.3410.1 0004
75F A R 425 19.0+£9.2

% Kruskal Wallis test

" p<0.05
™ p<0.001
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F3EAMNARE LI FIPIUERTBDER T A, B AN BB EBPFLEI LR FE LR R/

vhoem kB 2V R

Tz i kRl <0.053 0.053-0.2 0.2-25.1 >25.1 P valuc?

i 444 453 459 443 vaue

Hulit (%) 52.7 50.3 48.6 47.6 0.181

£5 46.7+13.2 45.7£11.6 45.0£12.0 45.2+11.3 0.181
— a*dvf»efb uJ 33.9 28.0 26.7 26.4 <0.0001""

TR 6 (%) 36.9 38.2 34.8 28.2

BMI 24.243.5 24.343.8 24.4+43.8 24.143.5 0.548

Lipid % 26.4+6.8 27.046.1 26.5+6.8 26.746.7 0.624
Tk A pER(#) 33.3+19.1 29.9+16.5 29.2+16.6 24.8+14.4 | <0.0001"
HRATAE 1Y Y endf (EpERY 0.7+1.2 2441.1 4.141.6 5.442.7 <0.0001""
B R TR 19.4+8.1 22.2+12.4 20.1+14.3 19.049.2 0.0003"

OB LRRET FMAE S RB BT F Y R RS Tk B (T gk (T B

g

%: Kruskal Wallis test ~: p<0.001

AACA A RATEAE R R R RE Sk kR AT LR

[T A 1 %4 R At AR A R R AT P value
R
AMp o RE | Bl 2 AT
N e R R EP R T
S I I N 3
%
* i 428 613 169 386 203
Bwl (%) 458 48.8 53.9 52.6 527 0.304
P 45.9+11.8 4454116 4704120 | 47.6+12.6 4354120 0.001%
307 b 23.6 28.4 349 30.6 32.0 <0.0001%*
EEEIY L 28.0 36.0 337 40.5 33.5 0.0001**
BMI 241433 23.943.6 24.244.0 24.643.7 25.0+4.1 0.0001**
Lipid % 27.546.5 26.046.5 26.4+6.2 27.346.6 262473 0.008*
T ik R| 17.049.1 21.8+10.1 17.947.3 24.1415.9 16.547.9 <0.0001%*
I 289 41.1 28.6 37.8 38.0 0.003*
# (%)
F ek
s 13.09.4-19.8) | 14.9(5.8-27.1) |17.6(8.6-30.8)|21.7(13.1-52.2)| 14.6(10.9-17.5) | 0.834

Tag 3 7 M B30 T 230 A4 & Bt B

Layp R A Bl B 20 I

GEH B AR LA ABEE R 204 H(%)

*: p<0.05
**: p<0.001
ASvip RL AR E P HE B FE FEO R - PR LY RERER AT
&3 kot A L P value
L 242 1206
§ et by 475 50.1 0.482
E3 46.9+13 .4 45.7+11.91 0.065
& % ik A& (pg WHO-TEQ/g lipid) 23.4+11.5 20.6+10.9 0.0002*
TR p AR ME A A AT

*: p<0.05
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FORFLRP BRI AT P FATEE (AR B8 g ) o RPE=0300p
<0.0001**

B P value
ok 0.003 <0.0001**
NI -0.0004 0.470
EFEgFESE 0.0004 0.258
F -0.002 0.044*
EN 3 -0.004 0.009*
TH EBE -0.0004 <0.0001**

1Lgs ¢ 4l -0.034 0.160
2.1 %7 0.157 <0.0001**
BB R A A 3.4 4 -0.096 0.0003**
4 B 0.119 <0.0001**
5. 3"&’3 % 3:5&;1_ {
S SRRy ST ﬁu % 5 % p<0.05 > **: p<0.001

ATIFFEFFRAL 19 ERH BHTLARL AT EILRLRIRRAL T A H

5w 73 F AT B A (0=91) R TR % P value
(n=1712)

e 52.6 +12.5 45.7 +12.1 <0.0001%*
17 <Age <36 38.1+ 13.9(n=8) 14.6% 6.9(n=349) <0.0001%*
36 =Age <46 35.6+ 15.4(n=27) 18.5+ 8.3(n=506) <0.0001**
46 =Age <56 65.3+ 42.9(n=18) 21.9+ 8.8(n=484) <0.0001**
56 <Age <66 115.1+ 83.1(n=23) 23.31£ 10.8(n=324) <0'0001:Z
66 <Age <76 110.5+ 57.9(n=14) 23.3+ 9.2(n=44) <0.0001

7 i
B o E: 58 (63.7) 851 (49.7) 0.0007%
+ 33 (36.3) 861 (50.3)
75 97(%) 26.2+6.9 26.7+6.6 0.5770
* B E 27 (30.0) 622 (36.5)
WA R b H# 29 (32.2) 497 (29.2) 0.4571
- L 34 (37.8) 585 (34.3)
LR R FER
(pg WHO-TEQ/g lipid) *© /5.2203.2 7. o

%:Wilcoxon Rank-Sum test °
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F 8 ARH T 19 B HiT AR w et AR A Bk (%)

ENES R ??%J&ﬂ“ﬁﬁ% A A J;éxrr}j—}‘i; x P value
(n=91) (n=1712)
GLU (s #) 20(22.0) 171(10.0) 0.0012%*
TP (&3 ) 9(9.9) 204(11.9) 0.7382
ALB (¢ 39 ) 0(0.0) 97(5.7) 0.0137*
BUN (/% ) 6(6.6) 62(3.6) 0.1518
CREA (i if9fkfiv) 0(0.0) 7(0.4) 1.0000
UA (Rpk) 20(22.0) 275(16.1) 0.1456
CHOL (*£%f% ) 47(51.7) 651(38.0) 0.0109*
TG (= faH i %) 13(14.3) 135(7.9) 0.0464*
GOT ($£¥ phsiipt% ) 5(5.5) 77(4.5) 0.6036
GPT (4 fr i =t %) 13(14.3) 141(8.2) 0.0531
T-BIL ("% ) 8(8.8) 148(8.6) 1.0000
ALP (#& M mifeps% ) 1(1.0) 85(5.0) 0.1246
GGT (#c 78 SRR 43 i % ) 27(29.7) 363(21.2) 0.0666
£zt 2 72 Fisher Exact test * @ p<0.05 ** : p<0.01
2O R RRE VMR TR E S 2 2T e
PCDD/Fs BMI levels * Case Control  Crude OR 95% Adjusted 95%
levels (n) (n) ClI OR? CI
< median < median 3 18 1.00 1.00
< median > median 13 8 9.75% 2.39-52.03 13.42% 2.90-83.90
> median < median 8 13 3.70 0.88-19.43 3.11 0.53-21.96
> median > median 19 3 38.0" 7.87-264.02 27.00% 4.47-229.58

Tii? £ 83 ER  <median 3 <40.89 pg WHO-TEQ/g lipid ; .> median % > 40.89 pg WHO-TEQ/g lipid
% BMI : <median % <25.22 kg/m® ; > median % >25.22 kg/m’
Sjen Ed TG~ hiEy iR

" p<0.05

2107 o fPRFERSLHF I GGT ¥ F2 23 v

PCDD/Fs BMI levels * Case Control Crude OR 95% Adjusted OR * 95%
levels | (n) (n) CI CI

< median < median 2 19 1.00 1.00

< median > median 7 14 4.75 0.97-35.27 5.86 0.82-78.81

> median < median 6 15 3.80 0.75-28.57 8.99 1.10-148.47

> median > median 12 12 6.58" 1.41-47.99 9.01" 1.12-136.63

LGGT: ¥ W : 95 1150 UL+ 45 7-3211-50 UL
T ? R 2 kR <median % <40.89 pg WHO-TEQ/g lipid : .> median % > 40.89 pg WHO-TEQ/g lipid

! BMI : <median % <25.22 kg/m® ; > median % > 25.22 kg/m’

S ket #2# TG~ “57‘}ﬁ‘]3¢3 I

" p<0.05
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Td T RAF A AP & 7 £ S0ppm v B AFE 85ppm > F 34 A s 0 48
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AECRMEAFERG LOFNREE W DR c ARFTAE 61 E L FLREH 5
WARE AR TBEILF L RATIREL A Ree S TR 2 AdkF 1T 40 & 2R <30
HEVRFER A oI oo

IFFERER S

CHREIROTARI 2 ARYUNST A TN ERHT APEHAY L I E
@égﬁ%{ﬁj\q BAT P AR "}“*ﬁﬁj—? FEAIR s TLIEA TR AT 0 M
M REA AR ERT ARESARENAT AR R FHE T 5000 27
THEPRER AR S ﬁéﬁéﬁgﬁ%ﬁgﬁf%ﬁ{gw,&gﬁﬁa@lw
Mo AR Lo EE P RERCFIERFERE AT (PR T) e
Tapsdd BAM TAFRAIATIF A EHE TR ALY R E
2ok B A o
BEFP R A A S A RBE L v YT F S AT T A A E
fér«kuwmb;f’é CFlgRE R 2R R GENT A F QAR AW R P AL
1
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BRend APt B - NHRFEIFERRI IS T S8 AR J 83 R
PR R 2 A RBE SR sk FAREBRREE L AR T ERE R
JE ©

o AR RS R g BT E KRR 2 AL GRG0 0BT IRIER S 220028 40 118
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PCDD/F I-TEQ concentration (ng-TEQ/Nm®)

AR ER o F AR R F LA hor S T T 9840 0 v KA F AR B R 2
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o O Vapor 6.0 | O Vapor phase
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0.06
40 | 40 | 006

0.04 oo

20

20 0.00 0.00
0.0 0.0 L
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M3t 4w f BET " M8fF W N C H S 0)

(m’/g) (m’g) (mllg)  (mlg) (%) (%) (%) (%) (%)

360 916 0.155 0.497 1.8 7361 139 034 2299
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Abstract

To evaluate the historical changes in polychlorinated dibenzo-p-dioxin (PCDD),
polychlorinated dibenzofuran (PCDF) and polychlorinated biphenyl (PCB) inflows in the
reservoir investigated in Taiwan, their concentrations in the sediment core were analyzed in 1~2
cm interval. The maximum concentrations of PCDD/Fs and PCBs were 14.4 pg-I-TEQ/g dry
(13-15 cm) and 0.261 pg-TEQwno/g dry (13-15 cm), respectively. The PCDD/F concentrations
of sediment core measured in the reservoir investigated are consider lower than the sediment
standards proposed in Japan (150 pg-TEQ/g). Age of the different levels of sediment core was
estimated by the sedimentation rate. The results indicate that the sediment core PCDD/F
concentrations measured in the reservoir investigated reached their peak as the municipal waste
incinerators (MWIs) in the vicinity area started to operate. In addition, the decrease of sediment
core PCDD/F concentration is related to the PCDD/F emission limit proposed by Taiwan EPA in
effect. Input flux of PCDD/Fs (5.75~158 ng-I-TEQ/m*-yr) and PCBs (0.248~3.71 ng-
TEQWHo/mz-yr) into the reservoir investigated is also calculated from the concentration and
sedimentation rate of the sediment. The PCDD/F input flux measured in the reservoir

investigated is possible the sum of PCDD/F input flux in the reservoir and its catchments area.

Keywords : dioxin, PCDD/F, PCB, sediment, municipal waste incinerator.

1. INTRODUCTION

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and
polychlorinated biphenyls (PCBs) are environmental hormones. Well-known sources of PCBs
include those released by the use or disposal of industrial PCB products or formed as by-
products during municipal waste incineration or smelting with electric arc furnaces. PCDDs,
PCDFs and PCBs can be formed in combustion processes in the presence of carbon source and
chlorine. Non-ortho PCBs, in particular, are reportedly formed during coal combustion and
municipal wastes incineration processes and do not originate solely from commercial PCB
mixtures (Boers et al, 1994). To determine the relative importance of various dioxin sources
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over time, vertical distribution of concentrations of major dioxin congeners in sediment cores has
been investigated (Kubota et al., 2002). Sediments are ultimate sink for dioxins. As with soils,
sediment samples are accumulating matrices for lipophilic substances and can receive inputs via
different pathways including atmospheric deposition, industrial and domestic effluents, storm
water, spills, etc (European Commission DG Environment UK, 1999). Sediment samples can be
collected as grab samples or as cores, which allow for time adjustment. In addition, vertical
profiles of residues in dated sediment cores have been used as historical records of pollution
(Gevao et al., 1998). In this study, we report vertical concentration profiles and fluxes of a wide
variety of PCDD/F and PCB compounds in a sediment core collected from the reservoir
investigated in northern Taiwan. Relevant results can provide a historical record of dioxin-like
compounds inputs into the reservoir and will be used by other researchers to study temporal
trends in PCDD/F deposition.

2. EXPERIMENTAL

2.1 Description of the reservoir investigated

The reservoir investigated started to operate in 1987 with an initial storage of 406 million m’.
The main dam is located at the downstream of Peishih Creek, a tributary of Hsintien Creek (Fig.
1). The reservoir has a surface area of 10.24 km? and a mean depth of 40m with maximum depth
of 113.5m near the dam. The reservoir is one of the most extensively monitored reservoirs in
Taiwan and its catchments area is 30 times the reservoir area, consisting of 11% of the Tanshui
drainage area. The main landscape in the reservoir watersheds is terrace and hardwood montane.
Most banks of this reservoir are the previous agricultural farms, primarily tea farms, which were
flooded after the reservoir operation. Mean annual precipitation in this area is around 2,500 mm
or more. The main geological substrates are interstratified with sandstone and shale formed after
the Oligocene.

Sampling point

The reservoir investigated

Figure 1 Sampling point and the relevant locations of the reservoir investigated.

2.2 Sample collection and analysis

A 20-cm sediment core was collected at a location near the middle part of the reservoir (Fig
1), where was the previous tea farms on terraces along riverbanks and was flooded after reservoir
completion. Core collection was carried out directly by inserting plastic tubes into bottom
sediments by hand with caution in August 2002. The 20 cm modern sediments deposited in the
bottom since reservoir completion correspond to a time span of 15 years (from June 1987 to
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August 2002). It allows us to estimate a mean sedimentation rate of 1.3 cm/yr. Therefore, the
representative age of sediment core in different depth can also be estimated and listed in Table 1.
For PCDD/Fs and PCBs analysis, the sediment core samples were then spiked with known
amounts of US EPA Method 1613 and 1668A, respectively, as internal quantification standard.
Finally, seventeen 2,3,7,8-substituted PCDD/F and twelve toxic PCB congeners are analyzed
with high resolution gas chromatography (HRGC) (Hewlett Packard 6890 plus)/high resolution
mass spectrometer (HRMS) (JEOL JMS-700) equipped with a fused silica capillary column DB-
5 MS (60m x 0.25 mm x 0.25um, J&W).

3. RESULTS AND DISCUSSION

3.1 PCDD/F and PCB concentrations in sediment core at different level

Table 1 lists the PCDD/F and PCB concentrations (based on TEQ) measured at different
levels of sediment core in the reservoir investigated. The results indicate that the PCDD/F
concentrations range from 0.948 to 14.4 pg-I-TEQ/g and PCB concentrations range from 0.041
to 0.261 pg-TEQwno/g, respectively. However, the PCDD/F concentrations of sediment core
measured in the reservoir investigated are consider lower than the sediment standards proposed
in Japan (150 pg-TEQ/g). Table 1 also indicate that there are two major phases of increasing
PCDD/F concentrations, one in the 1991, and the second in the 1996. In addition, PCDD/F
concentrations in sediment core decrease with time since 1997, and PCBs decrease with time
since 1992. Before 1991, no significant PCDD/F emission sources existed in the vicinity area of
the reservoir investigated. During 1991 to 1996, three large-scale MWIs in the vicinity area of
the reservoir investigated were built and started to operate. Relevant information of those three
MWIs (MWI-A, MWI-B and MWI-C) are listed in Table 2.

Table 1 PCDD/F and PCB concentration measured at different level of sediment core in the
reservoir investigated.

Depth (cm) Approximate year PCDD/F concentration (pg-1-TEQ/g, dw) PCB concentration (pg-TEQwro/g, dw)
0-1 2002 0.948 0.041
1-2 2001 1.97 0.048
2-3 2000 2.78 0.072
35 1998 2.36 0.064
5-7 1997 4.04 0.080
7-9 1996 6.10 0.063
9-11 1995 3.13 0.061

11-13 1993 2.97 0.081
13-15 1992 14.4 0.261
15-17 1991 2.81 0.113
17-19 1989 3.60 0.230
19-20 1987 248 0.231
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Table 2 The operating condition of three MWIs in northern Taiwan.

Incinerators

MWI-A

MWI-B

MWI-C

Taipei city (about 7 km from the

Taipei county (about 11 km from

Taipei city (about 13 km from the

Location . i . i . .
reservoir investigated) the reservoir investigated) reservoir investigated)

Capacity (tons/day/incinerator) 300*3 450*2 300*4

Flue gas flow rate (kNm*/hr/incinerator) 145 175 123

APCDs formerly adopted (before 2001)

PCDD/F emission (before 2001)

Electrostatic Precipitator +Wet

Scrubber

1.5 to 289 ng-TEQ/Nm*
(Chang and Lee, 1998)

Cyclone
+ Spray Dryer Absorber
+Bag Filter
2.4110 10.5 ng-TEQ/Nm®
(Chang and Lee, 1998)

Electrostatic Precipitator

+Wet Scrubber

4.23~5.35 ng-TEQ/Nm*
(Taiwan EPA, 2000)

Retrofitted APCDs (after 2001)

PCDD/F emission (after 2001)

Cyclone
+ Spray Dryer Absorber
+ Activated Carbon Injection
+ Bag Filter
0.0093 ng-TEQ/Nm®

Cyclone

+ Spray Dryer Absorber

+ Activated Carbon Injection +Bag
Filter

0.017 to 0.048 ng-TEQ/Nm®

Electrostatic Precipitator
+Wet Scrubber

+ Selective Catalytic Reduction

0.018~0.061 ng-TEQ/Nm®

(ng-TEQ/Nm®) (Taiwan EPA, 2002) (Taiwan EPA, 2002) (Taiwan EPA,2002)

Stack height (m) 74 120 150

In the case of MWI-A, the PCDD/F concentration measured in stack gas was even higher
than 280 ng-I-TEQ/Nm” in the early stage of the operation (Chang and Lee, 1998). Significant
amounts of PCDD/Fs were generated from de novo synthesis, causing relative high PCDD/F
emission in MWI-A. Those three MWIs adopted with traditional APCDs could not effectively
reduce the PCDD/F emission. Figure 2 shows time trends in PCDD/F concentrations of
sediment core in the reservoir investigated. Compared to previous studies (Rose et al., 1997), the
sediment core PCDD/F concentrations (386~2,756 pg/g) measured in the reservoir investigated
are significantly higher than that measured in the lake of United States (18~176 pg/g) and United
Kingdom (275~630 pg/g).

2002

2001 )

Event 4
2000 ]
1998

1997 =“Bvent 3

1996
1995 “Bvent 2
1993 |
1992
1991 7
1989
1087

Approximate year

Event 1

0 700 1,400 2,100 2,800 3,500
PCDD/F concentration (pg/g dw)

Figure 2 Time trends in seventeen 2,3,7,8-substituted PCDD/F concentrations of sediment core at the
reservoir investigated.
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3.2 Relationship between PCDD/F and PCB concentrations in sediment core with historical
events

Table 3 lists the relevant historical events regarding to those three MWIs and the limit of
dioxin compound emission in Taiwan.

Table 3 The historical events regarding to the emission sources in the vicinity area of the
reservoir investigated.

Event Description
1 In 1991, MWI-A started to operate.
2 In 1995, MWI-B and MWI-C started to operate.
3 In 1997, PCDD/F emission limit (1.0 ng-TEQ/Nm’) for existing large-scale MWIs was promulgated.
4 In 2001, PCDD/F emission limit (0.1 ng-TEQ/NmB) for existing large-scale MWIs was in effect.

The results indicate that the increasing of sediment core PCDD/F concentration is related to
the operation of MWIs in the vicinity area of the reservoir investigated. The results of Figure 2
and Table 3 prove that the sediment core PCDD/F concentration measured in the reservoir
investigated is significantly affected by the operation of MWIs in the vicinity area. Figure 2
shows that the sediment core PCDD/F concentration decreased from 2,580 pg/g to 1,427 pg/g in
1998 (Event 3). Therefore, the significant decrease of the sediment core PCDD/F concentration
in the reservoir investigated is affected by the PCDD/F emission limits (1.0 ng-TEQ/Nm®)
promulgated in August 1997. In addition, the retrofit technologies for reducing PCDD/F
emissions from existing MWIs were evaluated at the same time. Due to the simplicity in
engineering and its high efficiency, activated carbon injection (ACI) has become the popular
retrofit technology for reducing dioxin emissions at most MWIs (sucg as MWI-A and MWI-B).
In addition, the selective catalytic reduction system (SCR) has been applied in the MWI-C for
reducing PCDD/F emissions in November 2002. Table 2 also indicates that the PCDD/F
concentration measured in stack gas of those three MWIs in 2002 are significantly lower than the
new PCDD/F emission limits (0.1 ng-TEQ/Nm’). Therefore, the significant decreases of the
sediment core PCDD/F concentrations in the reservoir investigated is observed in 2002 (Event 4).
The PCDD/F concentration of sediment core (386 pg/g) measured in 2002 of the reservoir
investigated is the lowest in all sediment core samples within 15 years.
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Figure 3 Time trends in twelve toxic PCB concentrations of sediment in the reservoir.

With time elapsed, the sediment core PCB concentration decrease from 125 pg/g to 46 pg/g
(Figure 3 ). Only a slight increase of PCB concentration in sediment core is observed in 1992
(Event 1). Generally, well-known sources of PCBs include those released by the use or disposal
of industrial PCB products or formed as by-products during industrial waste incineration or
smelting with electric arc furnaces (Kim et al., 2004). Therefore, we speculate that the sediment
core PCB concentration measured in the reservoir investigated is not mainly contributed by those
three MWIs.

3.3 Estimation of PCDD/ and PCB input flux in the reservoir investigated

Based on the PCDD/F and PCB concentrations measured in different level sediment core, the
PCDD/ and PCB annual input flux in the reservoir investigated can be calculated. Figure 4
shows that the PCDD/F input flux between 1987 and 2002 in the reservoir investigated ranges
from 5.75 to 158 ng-I-TEQ/m*yr and the PCB input flux ranges from 0.248 to 3.71 ng-
TEQwno/m’-yr at same period. Except for the result observed in 1992, the PCB input flux in the
reservoir investigated decrease significantly with time. Relevant study (Japan EPA, 1998)
indicates that the ambient air PCDD/F deposition flux in Japan is around 0.073~3.09 ng-I-
TEQ/m*-yr in the background area and around 0.146~61.2 ng-I-TEQ/m’-yr in the vicinity area of
the significant PCDD/F emission sources. Hence, the PCDD/F input flux measured in this study
of the reservoir investigated is significantly higher than that measured in other countries.
However, the manner of PCDD/F input flow in this study includes ambient air deposition and
erosion of the surface soil upstream of the reservoir investigated. Owing to the steep landscape
in Taiwan, the magnitude of the erosion by the river upstream of the reservoir investigated is
significant. In the case of the lake in United Kingdom (Rose et al., 1997), the deposit rate is
around 0.08 cm/yr, but the deposit rate in the reservoir investigated in this study is higher than
1.3 cm/yr. In addition, the catchments area of the reservoir investigated is 30 times the reservoir
area (10.24 km?). Hence, the PCDD/F input flux measured in the reservoir investigated is
possible the sum of PCDD/F input flux in the reservoir and its catchments area.
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Figure 6 Time trends in PCDD/F and PCB input flux of the reservoir investigated.

4. CONCLUSIONS

In this study, the history of contamination by PCDD/Fs agreed with the age determination of the
sediment core based on deposit rare. The results indicated that the major sources of PCDD/Fs
after 1991 in the vicinity area of the reservoir investigated were municipal wastes incineration.
The products containing PCBs had been widely used in Taiwan more than 20 years ago. PCBs
remained in drainage areas, and flowed continuously into the aquatic environment. The
PCDD/F input flux measured of the reservoir investigated is significantly higher than that
measured in other countries. With significant input flux, the contribution of ambient PCDD/F
deposition and erosion of soil containing PCDD/Fs is needed to be evaluated.
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PCB exposure and adrenal steroidogenesis
Lih-Ann Li

Division of Environmental Health and Occupational Medicine

Abstract

Adrenal cortex is a major accumulation site of polychlorinated biphenyls (PCBs)

in the body. However, little is known about the effects of these endocrine disruptors

PCBI126-induced steroidogenic alterations did not involve nuclear receptor AhR. \
Indeed, PCB39, 77, 132, 156 and 169, no matter being AhR ligands or not, all could

hand, RNA stability assays demonstrated that PCB126 protected both transcripts from \ "

degradation, and an internal region of CYP11B1 mRNA (nucleotide 881-1285) was

expression not via AhR-mediated transcriptional activation, but by increasing

post-transcriptional mRNA stability.

keywords : cortisol, aldosterone, CYP11B1, CYP11B2, AhR, mRNA stability

l. Introduction

Polychlorinated biphenyls (PCBs) are widespread organic pollutants in the
global. People are frequently exposed to these pollutants through ingestion of
contaminated food and accumulate them in the fat-rich tissue. Because of their
resistance to biodegradation, PCBs have long been a great threat to human health. In
2001, UN delegates approved PCBs as one of the 12 most dangerous persistent
pollutants.

Adrenal cortex, which contains massive blood supply and high lipid content, is a

major PCB accumulation site in the body (Brandt, 1997). Because steroid hormones
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produced by the adrenal cortex are vital to health, understanding the toxic effects of
PCB exposure on adrenal steroidogenesis is critically relevant for human risk
assessment. However, research on the endocrine toxicity of PCBs has historically
focused on estrogenicity and antiestrogenicity of these compounds. Little is known
about their effects on adrenal steroidogenesis, in particular the synthesis of cortisol
and aldosterone.

Cortisol, the primary glucocorticoid synthesized in the human adrenal cortex,
regulates a variety of physiological processes including metabolism, stress response,
immune response, vasoconstriction, growth and development, whereas aldosterone,
the primary human mineralocorticoid, is essential for salt and water homeostasis and
vascular tone. Despite functional differences, both steroids are converted from
cholesterol through reactions catalyzed by the same group of enzymes, except (1)
cortisol synthesis requires the 17 oa-hydroxylase activity of CYP17; and (2) two
similar but distinct 11 B-hydroxylases, CYP11B1 and CYP11B2, are responsible for
the final rate-limiting conversion of cortisol and aldosterone, respectively.

Our study is aimed to investigate the effects of PCB exposure on cortisol and
aldosterone biosynthesis using the human adrenocortical H295R cell line as a model.
In addition, we employed coplanar pentachlorinated PCB126 as a prototype because
this congener exhibits strong affinity to aryl hydrocarbon receptor (AhR) and has the

highest toxic equivalency in the family.

I1. Results

2.1 Dose effects of PCB126 on basal and cAMP-induced aldosterone and cortisol
production

Because of lacking information on the adrenal PCB concentrations in exposed
people, the PCB126 doses examined in this study were selected based on the blood
and adipose tissue concentrations of “Yu-Cheng” patients who ingested contaminated
cooking oil and capacitor manufacture workers who had direct contact in jobs. The
blood of “Yu-Cheng” patients sampled 9 to 18 months after the poisoning outbreak
contained 10 to 720 ppb of PCBs (about 18 to 1300 ppb on a plasma basis) (Chen et
al., 1985). The body burden of PCBs was even higher in industrially exposed workers.
Over 2500 ppb was found in the plasma for an ongoing exposure. The adipose tissue
concentrations were hundreds to thousands folds of the plasma levels (Wolff et al.,
1982). Taking the lipid content into consideration, we assumed that the adrenal PCB
concentrations should be between the blood and adipose tissue concentrations. Hence,
we treated the human adrenocortical H295R cells with 107 to 10° M PCB126 (about
0.33 ppb to 3.3 ppm).
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The basal P4, 17-OH-P4, aldosterone and cortisol productions of the H295R
cells were gradually elevated in response to increasing concentrations of PCB126
supplemented to the medium in a 10-day treatment. The amounts of P4, 17-OH-P4,
aldosterone and cortisol produced within a 24-hour period following the 10-day 10~
M PCB126 treatment were 1.57 + 0.14, 1.40 £ 0.14, 3.31 £ 0.85 and 5.03 £ 1.27 folds
of the vehicle control, respectively (Fig. 1).

Under stress or other physiological stimuli, pituitary would secrete ACTH to
increase adrenal steroid synthesis. So as to understand the interaction of PCB126 and
ACTH in the regulation of steroidogenesis, ]| mM 8-Br-cAMP (an analogue of the
intracellular messenger cAMP) was added to the H295R cells during the 24-h
incubation to mimic the ACTH upsurge. The 8-Br-cAMP addition greatly increased
the synthesis of all the steroids examined. However, while cAMP and PCBI126
synergistically increased aldosterone synthesis, the cAMP treatment abolished the
stimulation of PCB126 on P4, 17-OH-P4 and cortisol yields. Similar levels of P4,
17-OH-P4 and cortisol were produced under cAMP induction regardless of the
PCB126 concentrations during the 10-day treatment (Fig.1).

progesterone 17-OH-progesterone

=)
1

)
1

fold production

E
h

107 107 107 0 107 107 10°°

PCB126(M) PCB126(M)
e aldosterone e cortisol
. O basal
e
= 20 [ 20 | o sih1L
S
S 15 15 F
=]
2
= 10 F 10 F .
= i *
) N V_. * |
(] 'l - 'l - i - {.) i . 'l - i -
0 10° 10° 107 0 10° 107 107
PCB126(M) PCB126(M)

Fig. 1. Dose effects of PCB126 on basal and cAMP-induced steroid production.
Following a 10-day treatment with indicated concentrations of PCB126, the 24-h
production of steroids by human adrenocortical H295R cells in the absence and
presence of 1 mM 8-Br-cAMP was determined relatively to the basal vehicle
control. The results were means = S.E. of at least 5 independent experiments. *

P<0.05, ** P<0.005 vs. the vehicle control (0 M) in the post-hoc test.
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2.2 PCB126 effects on mRNA expression and enzyme activity of genes required
for aldosterone and cortisol biosynthesis

CYP21B together with CYP11B2 converts P4 to aldosterone, while converting
17-OH-P4 to cortisol in conjunction with CYP11B1 (Fig. 2A). PCB126 displayed
opposite effects on CYP21B mRNA expression in the absence and presence of cAMP
(Fig. 2B). CYP11B1 and CYP11B2 were insensitive to low concentrations of PCB126
under either the basal condition or cAMP stimulation. When the PCB126
concentration was raised to 10 M, the steady-state mRNA abundances of both genes
went up. The stimulatory effect of 10° M PCB126 was particularly enormous on
cAMP-induced CYP11B2 expression (Fig. 2C and 2D). The conversion of aldosterone
from P4 was synergistically increased by cAMP and PCB126 (Fig. 2E) along with the
transcriptional induction of CYP21B (Fig. 2B) and CYP11B2 (Fig. 2D). In contrast,
cAMP abolished the stimulation of 10° M PCBI26 on the 17-OH-P4-to-cortisol
conversion (Fig. 2E), implying that PCB126-induced CYP21B repression (Fig. 2B)
may neutralize the mild up-regulation of CYP11B1 in the presence of cAMP (Fig.
20).
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Fig. 2. Dose effects of PCB126 on aldosterone and cortisol synthesis in H295R
cells. (A) Genes controlling the conversion of aldosterone from progesterone and
cortisol from 17-OH-progesterone. (B-D) Steady-state mRNA levels after a
10-day PCB treatment with and without 1 mM 8-Br-cAMP induction in the last 24
h (n=6). * P<0.05, ** P<0.005 vs. the vehicle control in the post-hoc test. (E) The
ratios of product and precursor steroids produced in the absence and presence of 1
mM 8-Br-cAMP during a 24-h period following the vehicle or PCB treatment (n
=9). ¥ P<0.005 vs. the basal control, and ~ P<0.05, ~~ P<0.005 vs. the vehicle

control in the t-test.

2.3PCBs upregulated CYP11B1 and CYP11B2 expression in an
AhR-independent manner
3’,4’-dimethoxyflavone (3°,4’-DMF) is a potent AhR antagonist in human breast

cancer cells (Lee and Safe, 2000), This study also demonstrated that 3°,4’-DMF at 10 -~ {f—‘J’JI‘%: (Lee and Safe, 2000)

UM could successfully block PCB126 from inducing transcription of the AhR target
gene CYP1AL in the adrenocortical H295R cells. The inhibition went on at least 6
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days (Fig. 3). However, 3°,4’-DMF did not reduce PCB126-stimulated CYP11B1 and
CYP11B2 mRNA expression. On the contrary, 3°,4’-DMF enhanced the stimulation
of PCB126. The synergistic stimulation was particularly notable 3 days after the
cotreatment started (Fig. 4A and 4B). The results revealed that AhR was not
necessary for PCB126-induced CYP11B1 and CYP11B2 expression.

Do other PCBs possess similar stimulatory effects on these two genes? To solve
this question, PCBs with different structures have been examined. Among them,
PCB77, 156 and 169 are coplanar PCBs like PCB126, but they are weaker AhR
ligands compared to PCB126. PCB39 also contains a coplanar structure, but lacks
affinity for AhR. PCB132 is an ortho-substitutive non-coplanar PCB. Treating the
H295R cells with each of these PCBs at 10 uM for 3 days significantly elevated
CYP11B1 and CYP11B2 mRNA levels (Fig. 5A and 5B). These results further
confirmed that AhR was irrelevant to PCB stimulation on CYP11B1 and CYP11B2
mRNA expression. Upregulation of CYP11B1 and CYP11B2 expression seemed to be
a common effect among PCBs. However, the strength of stimulation varied with
congeners and genes.

CYPIAI

. EPCB126 ®PCB126+3',4'-DMF

2 350

5 300

w

@ 250 Fig. 3. 10 uM 3',4'-dimethoxyflavone

;;1 200 (3',4'-DMF) persistently suppressed

© 150 10 uM PCB126-induced CYPIAL

g 100 mRNA expression for 6 days (n=6).
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Fig. 4. AhR antagonist 3’,4’-DMF increased PCB126-stimulated CYP11B1 and
CYP11B2 mRNA expression. RNA was extracted form H295R cells after treated
with either 0.1% DMSO (vehicle), 10 uM 3°,4’-DMF, 10 uM PCBI126, or
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combination of both drugs for 1, 3 and 6 days. Expression levels of CYP11B1 (A)
and CYP11B2 (B) were determined relatively to the vehicle control (n=6). *
p<0.05, **p<0.005 vs. the vehicle control.
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Fig. 5. Effects of various PCBs on CYP11B1 and CYP11B2 mRNA expression.
H295R cells were treated with 10 uM of each indicated PCB for 3 days before RNA
was isolated for RT-real time PCR analysis of CYP11B1 (A) and CYP11B2 (B)
expression levels (n=5). PCB77, 156, and 169: dioxin-like coplanar PCBs; PCB39:
non-dioxin-like coplanar PCB; PCB132: non-coplanar PCB. * p<0.05, **p<0.005 vs.

the vehicle control.

2.4 PCB126 lacked effects on CYP11B1 and CYP11B2 promoter activation

To investigate the effects of PCB126 on the transcription rate of CYP11B1 and
CYP11B2 genes, we cloned varying lengths of human CYP11Bl1 and CYP11B2
upstream sequences before a luciferase reporter gene. Transient transfection
experiments showed that each promoter-luciferase plasmid of both genes produced
similar levels of luciferase activity when the transfected cells were treated 3 days with
vehicle and 10 uM PCB126 (Fig. 6A and 6B). Obviously, PCB126 elevated CYP11B1
and CYP11B2 mRNA levels not by increasing the transcriptional rate of these two

promoters.
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Fig. 6. PCB126 lacked effects on activation of CYP11B1 and CYP11B2 promoters.
H295R cells were transiently transfected with a series of luciferase reporters that
contain different lengths of CYP11B1 promoter (A) or CYP11B2 promoter (B).
After transfection, cells were treated with 0.1% DMSO (vehicle) or 10 uM
PCBI126 for 3 days (n=3). Data were represented relatively to CYP11B1(-497) or
CYP11B2(-94) under the vehicle treatment.

2.5 PCB126 treatment increased CYP11B1 and CYP11B2 mRNA stability

Because PCB126 had little effects on the CYP11B1 and CYP11B2 promoters,
we speculated that PCB126 increased CYP11B1 and CYP11B2 mRNA expression by
increasing mRNA stability. To test this hypothesis, we added the RNA synthesis
inhibitor Act D (5 pg/ml) to vehicle- and PCB126-treated H295R cells so that the
stability of transcripts in cells could be monitored without the interference of mRNA
neo-synthesis. The amounts of stable RNA 18S rRNA in samples were used for
normalization in this analysis. As shown in Fig. 7A and 7B, the CYP11B1 and
CYP11B2 transcripts appeared degraded in a slower pace in the PCB126-treated cells.
Taking the results of Fig. 4, 6 and 7 together, we demonstrated that PCB126 increased
CYP11B1 and mRNA expression by increasing transcript stability.
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Fig. 7. PCB126 increased CYP11B1 and CYP11B2 mRNA stability. 5 pg/ml of
actinomycin D (Act D) was added to H295R cells that were treated with 0.1 %

DMSO (vehicle) or 10 uM PCB126 for 7 days. Percentage of CYP11B1 (A) and [ P T J
CYP11B2 (B) transcripts remained after 2-h Act D incubation was measured by /
RT-real time PCR and normalized to 18S rRNA (n=6). s’s/ FIIf#: of cortisol and
) " | aldosoterone
I11. Discussion /{Hwﬁ: may be J
{The rise of cortisol and aldosterone may increase risk for diabetes mellitus and | /| HF¥: (Ferens tal. 2005
cardiovascular mortality in highly exposed people (Gustavsson and Hogstedt, 1997; /| Gustavsson and Hogstedt,
Hay and Tarrel, 1997; Longnecker et al., 2001; Fierens et al., 2003), It has 7bieie[17// 1997; Hay and Tarrel, 1997;
known that cortisol and aldosterone modulate insulin sensitivity and glucose tolerance. Longnecker et al., 2001; Vena
Elevated levels of circulating cortisol impair the action of insulin on suppression of etal., 1998)

glucose production and stimulation of glucose utilization (Rizza et al., 1982; | my: (Dimitriadis et al., 1997;

Dimitriadis et al., 1997), while excess aldosterone diminishes insulin secretion and .- Nielsen et al., 2004; Rizza et

sensitivity (Corry and Tuck, 2003), Research has suggested that insulin resistance and al., 1982)

hyperglycemia alter cardiac and vascular functions, greatly increasing, risk for IF2: (Corry and Tuck.

) ) e T NN 2003)(Campion et al., 1999)
cardiovascular risk, cortisol and aldosterone have pharmacological effects on vascular '

tone. Excess cortisol or aldosterone induces hypertension. Moreover, aldosterone I FIIFR: that

impairs vascular matrix, damages endothelial function and causes vascular smooth \\‘ PR es

=

circulating aldosterone leads to myocardial fibrosis (Sunetal., 1997), " | Despres et al., 1996 Nesto

PCB126 elevates cortisol and aldosterone synthesis in the H295R cells mainly | 2000

by increasing the conversion of cortisol from 17-OH-progesterone and aldosterone \{

. . . . 5= (Duprez et al., 2000
from progesterone. The increases in the cortisol and aldosterone conversions are FifF: up )

************ k& (Beckman et al., 2002;

accompanied by increased mRNA expression of cytochrome P450 enzymes FIIB%: (Sun et al., 1997)

CYPI11B1 and CYP11B2 that catalyze the rate-limiting final conversion steps in the )

PI8&: (Li and Wang, 2005; Li
etal., 2004)
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ligand for the nuclear receptor AhR. However, our results show that PCB126
regulates CYP11Bl1 and CYP11B2 expression through an AhR-independent
post-transcriptional pathway.

Growing evidence indicates that regulation of transcript stability is an important
mechanism in the steroid hormone system. Steroid hormones utilize this mechanism
to control expression levels of their own receptors, thus autoregulating their hormonal
actions (Ing, 2005). It is likely that environmental chemicals employ a similar
post-transcriptional mechanism to disrupt steroid homeostasis. This study provides
evidence that PCB126 can modulate the stability of key steroidogenic gene transcripts
to influence cortisol and aldosterone biosynthesis. The perturbation can be magnified
when combined with other endocrine modulators, such as 3°,4’-DMF. Despite lack of
direct proof that the increasing metabolic and cardiovascular risk among exposed

people (Gustavsson and Hogstedt, 1997; Hay and Tarrel, 1997; Longnecker et al.,

study coupled with the well-established knowledge of adrenal dysfunction raises a

warning that the adrenal PCB accumulation as a consequence of constant exposure
may lead to the above hazards. More mechanistic information of how PCB126

regulates the stability of steroidogenic gene transcripts may help to reduce the risk.
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Levels of organochlorine pesticides in breast milk from central Taiwan and their
relations to infant thyroid hormone and children development
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AT AR B E(agrochemicals) te 4 3E P X Hicd o4 RSB 0 AT
A 4 2 Fhit (5% (mineralization)?7 12 F73 o L 7T > LR AHGFH &z
B REET L FHLDE R %(Permethrm)i ¥ 2 (carpat) > B kR 2
T LR Tk CO, AHE 0 K BARERZT oI

Bt Y 2 AR a0 RS %.L#ﬂ*ﬁi igﬁz X2 T A S
A f#5 %55 (Biometer flask)® 4v » 20 5uR) B4 3 > T 2 R A B G F Ui
1;O3mg 3mg~ % 30mg 2 BLEFRBICERLE LGRS XK EF TE
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dimethylsulfoxide(DMSO) % 14+ 3 &3 &) » — L 12 7& % ¥ & 7 Vibrio fisheri &
174 iEgk (microtox) 0 ¥ th— XU FAE A ch g P kLR 2 HEE R L TF ¢
HEALAARE -

BEEHA o CERFLGE- KETRET 8 30m

mg £
03mg.__4i:§r‘ LA P2 A fRreF it e pd PRH%Y T P f«?’?}‘ A3 s ;‘@
ETESEAZY W S B R R REAA Y F O T ii%éx
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D N ) DI I

(fate) -

BEgEF @ W F R EF - 4 a8~ Microtox ~ § ## & (Medaka)

The metabolism and toxicity studies of commercial
pesticides-permethrin and carpat in soil
Chun-Wen Tsao and Meng-Jhen Guo

Dept. of Environmental Engineering, Kun Shan University of Technology, Tainan, Taiwan 701

Abstract

166



This studies evaluated the biodegradation and toxicity of agrochemicals in soil
environment. Two commercial pesticides, named permethrin and carpat, were studied
for the biodegradability at different concentration in soil. The evolved CO, was used
as chemical mineralization parameter. The contaminated soil was later subjected for
different toxicity tests- Microtox and Medaka embryotoxicity.

The results indicated that, after 85 days of incubation, 30 mg carpat and 0.3 mg
permethrin g”'soil evolved more CO, than other treatments. The toxicity tests revealed
that the toxicity of two agrochemicals were reduced, which represented that the
chemicals were biodegraded or became soil bound materials and thus reduced the
toxic effect. However, permethrin showed higher toxicity in Medaka hatching
experiment during incubation period, which could be concluded as bioactivation
effect.

The results were not only studied the biodegradability of the agrochemicals, but also
the toxicity change of the metabolic intermediates. Hopefully, this studies could be
informative for the evalution of environmental impacts or fate of pesticide

contamination in soil in future.

Key words: agrochemical, Microtox, biodegradation, Medaka(Oryzias latipes)
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P evaT R IRr BRI ERBAE 2P 22 T2 F AR
(bioaccumulation) | % T4 $ 3%+ (biomagnification) ; 3R % (Hung et al, 2002;) °

LI S FE YL LR AR - B I5F-RYARZAGE L HL P
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Bi-L4 B B3 % % (Heetal, 2001; Binelli et al, 2004; Safe, 2004;) »
WAPEFET I Fe AT ER T HELCEFZ AL S RBFE 5(enV1ronmental
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SRCERERFIGRTIGR AN REEALTHLES AR £ I
AFRIPE - adL T2 E2 é_i Lo p i P FREE Xf‘ﬁ“ BT

AN ERFSRE L ARF L CH AR R %‘;‘-%sé v i
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2R A ﬁvéhga‘&'ﬁ%iéf‘ﬂj feid A fEA g = o 4 W 3l 3 7ot 2 R 4R (Tanabe,
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¥t ﬁﬁ'iﬁ 4
B Zipu & 7 7% @ 48 (Carbamates)
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(1R-cis)-form
IUPAC* & % #: 3-phenoxybenzyl (1RS)-cis, trans-3-(2,2-dichlorovinyl)-2,2-

dimethylcyclopropanecarboxylate
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BBEFEF-RF-PE- " REISEFIELEE
Effects of Endocrine Disruptor Di-n-butyl Phthalate
on the Physiology of higher plants
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A4 5 B E k¥ - ¥ i - 7 fig (Di-n-butyl phthalate, DBP)¥+ % % {54 4 12
L et - N=s)-H "TS o

L2y ‘*%’;‘IFL DBP’;“"?L o FES g0 tiv* > ¥ DBP ¢ A M
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ST £ h g o AT AR PR RS EE Y FR 0 DBP §

ol FREpR e fE4 EpEE 2 B ¥ " M (protein disulfide isomerase precursor
apocytochrome f precursor ~ RNA polymerase beta subunit ¥ heat shock cognate
protein 80) > 12 % & f& A f2p d K2 4p B i % (superoxide dismutase £ peroxidase
21 precursor)ei+ 3 4 @ DBP #F it FenB Fo Al S EME ¥ g Lo
I % 712 DBP RJRis 2§ L E T\)»FE"EL}f"i“gl'QiIR?OdUPIH 5
fodh > BB AT HME -V B 7 iy (DBP) mﬁgﬁ% 33@7»131;&555:1
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* =
@

MakF @ F - 9 B - 7 fig (Di-n-butyl phthalate, DBP) ~ 39 F - & & &
(2—d1men510na1 gel electrophoresis) ~ t£ 4~ 2 32 (plant phys1ology)

Abstract

The effects of the endocrine disrupter, di-n-butyl phthalate (DBP), on the growth
of leaf vegetable white stem Bok choy (Brassica rapa subsp. chinensis) and green
stem Bok choy (Brassica rapa var. chinensis) were investigated. The results
showed that leaves of WBC and GBC became white or yellow in color with the
occurrence of chlorosis and etiolation upon treating with DBP. Transmission electron
microscopic images of WBC revealed that changes in the chloroplast structures
accompanied the chlorosis. In addition, a decrease in biomass and chlorophyll, and
accumulation of DBP, were found in DBP-treated WBC. The growth and morphology
of WBC and GBC showed a significant dose-response relationship upon treatment
with DBP in a hydroponic culture medium. The proteome of the leaf tissue was
analyzed using 2-dimensional gel electrophoresis (2-DE) and mass spectrometry (MS).
Six protein spots were identified in 2-DE that showed reproducible differences in
expression between the normal control and the DBP-treated sample. Based on
proteome level studies two protein spots increased and were identified as superoxide
dismutase (SOD) and peroxidase 21 precursor. These proteins are believed to increase
in expression in response to free radical exposure as a detoxification mechanism. This
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study indicated that DBP affects the proteome formation as well as the physiology
and the morphology of WBC and GBC during growth.

Key words: Di-n-butyl phthalate, DBP, 2-dimensional gel electrophoresis, plant

physiology
g 1'1'-?{ D 4 (E-mail: d91623404@ntu.edu.tw)
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Ad s PTREEREL -

126 4 30 FALA T ¢

R 3 FEPRRETEZEINEF S - BT AL {78220 pl 39 T
A3~ 13 em £2TAHY o 13 em» pH 4.0-7.0 = immobilized pH
gradient ¥} 15 % % K F 3t v %‘rﬁﬂ\ FPRSEET S - BT A BREEN8E
%" SDS-PAGE F i 7% 2 BT AT o BT AL TR 2 2 38% » AR E
BERMA S o T T liq«”/v\%’?}w Fokfatsz vk g fpe s TR
et %k o PR E I Tl fz L4 (Perkins et al., 1999) -

1.3 2% &4

L=y ‘J’%”}fi » DBP aﬂL W FER g L IEF S G ”fp LEE SR
R g i eI g od FENT I HMENEEFR > DBP @ F) 0 Flwrep
E SR R e e é’#r; LE R P R B (B 1) o i DBP R is in
AR eI FREEE % & kR T ’;‘_'»_“’?IRDBP*“*[@*?QP\
SRR (R 1, 2) e fdey o A TR {72 % ¢ M DBP §id =
o EFRp e A4 EpEZ 2 B4 % M (protein disulfide isomerase precursor ~
apocytochrome f precursor ~ RNA polymerase beta subunit £ heat shock cognate
protein 80) > 11 2 A faA fRp d A2 dpMEEE (superoxide dismutase ¥? peroxidase
21 precursor)ci~ £ 4 (B 2, % 3)cd M T B G EB Y AT T
= "F= 7 fg (DBP) > g € ¥ 3 i%g#ﬂxe%\ﬁii% - R e F
@R AE AR iy R

- ~We i
2.1 B
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i - )

Bl ERENRwe2 5550 F P GoA) ]y THBRE; B)] 9 ¥
#41/2.(30 mg L' DBP treated for 42 days); (C)# i1 ¥ %t & '=; (D) F
L ¥ 474 2. (30 mg L' DBP treated for 42 days) -

3 pl 10

M2l FERmie2 dov Fo AT ABE - (A)] v FHEBE; B)] v
¥ #7412, (30 mg L' DBP treated for 42 days) °

2.2 %
1 )0 FEDBP 242 2 (522 FE ~ES 2 ERL DBP A fF £ 0% i o
DBP treatment (mg L)
0 1 10 30 50 100

Biomass (g, dry 241 2.31 2.30 2.19 1.87 1.39
wt)* +0.42 +0.38 +0.26 +0.26 +0.28 +0.24
Chlorophyll 0.2085 0.1241 0.0649  0.0514  0.0477 0.0352
concentration +0.036  +£0.045  +0.022  +£0.012  +0.012 =+0.014
(mg g fresh wt)
DBP accumulated n.d.” 0.21 1.85 2.26 2.98 3.96
in +0.08 +0.34 +0.54 +0.74 +0.70
whole plant (ug
)

*Average of three plants.
®n.d. = not detectable (all three replicates were below the detection limit of 0.1 pg g™
in triplicate).
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%2 Fi1F5DBP AR 42 X b2 4 TR -FHEERANDBP AHE IR -

DBP treatment (mg L'l)

0 1 10 30 50 100

Biomass (g, dry wt)*  4.59 4.01 3.34 2.59 1.42 1.12

+0.51 +0.44 +0.36 +0.28 £0.24  +0.28
Chlorophyll 02693 02518  0.1906  0.1632  0.1607 0.1534
concentration +0.048 +0.056 +0.032 +0.046 +0.038 £0.064
(mg g fresh wt)
DBP accumulated in ~ n.d.’ n.d. 0.32 0.96 2.11 3.03
whole plant (ug g™) +0.08 +0.24 +0.56  +0.74

“Average of three plants.
®n.d. = not detectable (all three replicates were below the detection limit of 0.1 pg g™
in triplicate).

# 3 2 DBP JdZis > L3 FRM 20 Fho LR

Spots Protein name Accession no. Estimated  Estimated pl
MW (kDa)
1 Heat shock cognate protein 80 P36181 80.1 4.96
2 Protein disulfide isomerase precursor P80284 56.4 5.02
3 Peroxidase 21 precursor Q42580 36.7 7.09
4 Apocytochrome f precursor P16013 353 8.65
5 RNA polymerase beta’ subunit P11705 78.1 8.69
6 Superoxide dismutase P11796 25.5 7.86
R

Dueck, Th.A., Dijk, C.J.Van., David, F., Scholz, N., Vanwalleghem, F., Chronic
effects of vapour phase di-n-butyl phthalate on six plant species. Chemosphere,
Vol. 53, 2003, pp. 911-920.

Perkins, D.N., Pappin, D.J., Creasy, D.M., Cottrell, J.S., Probability-based protein
identification by searching sequence databases using mass spectrometry data.
Electrophoresis, Vol. 20, 1999, pp. 3551-3567.

Staples, C.A., Peterson, D.R., Parkerton, T.F., Adams, W.J., The environmental fate
of phthalate esters: a literature review. Chemosphere, Vol. 35, 1997, pp.
667-749.

Yin, R., Lin, X.G., Wang, S.G., Zhang, H.Y., Effect of DBP/DEHP in vegetable
planted soil on the quality of capsicum fruit. Chemosphere, Vol. 50, 2003, pp.
801-805.

Yuan, S.Y., Liy, C., Liao, C.S., Chang, B.V., Occurrence and microbial degradation
of phthalate esters in Taiwan river sediments. Chemosphere, Vol. 49, 2002, pp.
1295-1299.
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APRT ARG IAFFLAF A BREFARTYE
Degradation of octylphenol and microbial community in bioremediation microcosms
containing three exogenous bacteria

ML RLT T HE ;:':;{
LRz A2 hpg
2. % frpieE B Bk kRl Hoa
R L X BRE AT TR

*i T ﬁ :slhuang@cc.ncu.edu.tw, 03-4227151-65051

B
¥ £ F @ (octylphenol,lOP) 5 ¥ A ¥ B % § ¢ 4 p% (octylphenol
polyethoxylates OPEO,) /o /& 1@ A2 f22 R FrA Y > d 20 H L 20k ug? Af - T

EFHMEREZBRBFEF ALY A - ARTREAT S B HEprfdz Hi g
%ﬂp% %é#@ﬂﬁaiﬁlip FIr @ foobse g £ B2 2 HGH - HF
2ok 7 e 4 f 7] Pseudomonas nitroreducens TX1 ~ P. putida TX2 f- Pseudomonas
sp. OP2 12 3 ¢ OP 2 A~ fRE3 2= 2 jicd o F#F o F7 3 5% % B om0 3% ¢h 4 10,000
mg/kg OPEO, 2. 5 H#- v "T e Ft& P. nitroreducens TX1 eiEtic 0 OP 3+ 20 = &
%4 1 1200 mg/kg ,,J 4 Ftk P. putida TX2 2 %5H0 > 45 % i OP 2 B 4 £ 8
50% - & T Fik TX2 7 Wﬁ OPEO, e % » . o 7 f2 OP = 2 3¢ 5 i 4 itk
Pseudomonas sp. OP2 ¥t 90 % ¢ % % 15-20%: OP # “f % o BB 3K
Pseudomonas nltroreducens TX1 ~P. putida TX2 §= Pseudomonas sp. OP2 = #& ¢t i 7
AR AEY > T E A T5%0P A fEE o AP RS TE R
4 Proteobacteria # < Pseudomonas - Aeromonas f- Stenotrophomonas = i & [
- #)tp ¢ )tk Stenotrophomonas maltophilia~ Aeromonas hydropila 2 Alcaligenes
f%wm*%%ﬂQﬁ%ﬁg*9ﬂ¥é?”b#5A%%ﬁ%“bhwu g
Bor OP 2 & fRFE 5 e mdipa) = o gt eb s J‘ 4t 17 P. nitroreducens TX1
FeP.oputida TX2 ¥+ 4 3 ¢ i @44 £ > Xa § & Pseudomonas sp. OP2 ~
| @#tk P. nitroreducens TX1 % “;;?—j‘%% P. putida TX2 — 423z » 33 ¢ gF > d 20 57
H®TX1 chifdid £ 0 B OP2 .4 50 X 15 4 NP K end £ g4 o

Mg i 2 AFHRT c AB AYF O BRRFF YT AP AR 2 p a0
EAELE o

P

% & F s B ¢ 7 %% (Alkylphenol Polyethoxylates, APEO,)* & # & % *
b+ koG B A > B¢ I A ¥R R F ¢ A 4 (Nonylphenol
Polyethoxylates, NPEO,) it %2 A ¥ A= B ¥ ¢ AWM LA LT 80% » @ 3 A F s R
% ¢ A %28 (Octylphenol Polyethoxylates, OPEQ,) R % it 4%, & & ¢ 20% - APEO,
WIRB Y R AL AR AHAF FHAEREY 0 B NHE o 4
Nonylphenol (NP), Octylphenol (OP) (NP £ OP s# i AP (= & ¥ fr)),

=z
— ~ LU
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Nonyphenol Monoethoxylate (NPEOI) Octylphenol Monoethoxylate (OPEO,) % %f
e o FETET A LG RERFE T 9 k(Ying et al, 2002) 0 2 4 g
LENRPE o AP 29707 NHC¥Egch @ S0P R 2 WSS L & ik F)-
3 % 2% 5 &3 49 I e9fs (phenolic) & # (3%4e Figure 1) v AR T
VR R XA Y S BAE Y RAckepkE 2 ARYOH A- ¥ A ¥
- RFIRE_AP = R 4az 5 B0 PR T?- BRI B AP*fm}”pi;‘}i"%%%ﬁi
R ehgn -k 3 Ar 4 (hydrophobic affinity) (£ % » — hodpjgc &2 X 42 g -k iE*
A O R § < A R T S e ‘ft”‘ %55 0 @ FRLEKL i A5 T e ”ﬂ ik
* NPfrOP 2 % B i i Fraeip { s ¥ (Tanenbaum etal, 1998) - d ; Fé
5 é—% 7 &+ NP 2 OP 275 4p i _&ﬁtvp]“i;‘;:r—% i NP 5 ¥g= fig e 0. 000030 2
i zoepM g E 2o 2 3 A F R 10 7] 20 & 2+ (La Guardia et al., 2001)# »
3‘%’* OP m’lﬂ\ﬁkp%ﬂ*" LL’]" Ay i];] "AP%&‘,&'.%EW,%—%—}:JI_’;—i(J /&
)i(LCso),a 17~3000 g g/L (14 Pleuronectes americanus % &) ¥t & A fad F en
LCso % 20~3000 1 g/L (2 Hyalella azteca ~ Mytilus edulis % % &) » @ ¥ %8 0
% 27~2500 1 g/L (*4 Skeletonema costatum - Chlamydomonas segnis & 2 6)) (2 &
ZEE A 5 2002) 0 gt BT L #E APEO, M A IR B2 F T o

CHy

CH OH
| | 3 (A) (B)
H3C—(|3—CH2— | O+CH2CH20+H
n
CH. CH;

3
HO HO'

H

CH;
H3 c|
CH,

1O ™

Figure 1. Structure of OPEO, OP, and "17B-estradiol and estrogenic-like
alkylphenol-related compounds: ( A) 17B-estradiol, ( B) nonylphenol, (C)
octylphenol, (D) octylphenol monoethoxylate.

iﬁibdv‘ﬁ“ A E AR AZE 7,200,000 260 6 3096 5 g g (M
41696 % E._kiﬁ»%’u C AMAE) @ @B ESZR R LER R EEHY
48,000 \F&F(Dmgetal 1999)o P OPEF NP { BLBEYEF A2
OP & § 4 mihn Lizgh> 254 % 5 & fE @ NPEOn fv NP 2 24805 7 F 2=
- RAvd o Fp o A F HEEL E ko i’(" *r OPEOH;{;f?vA\ 32 iE 2
A sfEd EEZ Y RpEL kE 2 SEFR - HFEp IEY 2
OPEO, 4~ R F& 2 R 2 B> & 7 F »2'% f2 OPEO (Huang etal., 2004; Chen et al.,
2004)> i & ' f3i4 /7 5 EO 4812 3 Mﬁl“ B ofE oA S OPEO3‘OPE02 OPEO,
2 OP- - %#EF »OPEO, it EH 2 B2 5 A FHBE > ¥ 3 RB Y
EFRPFDORFH o 8- HFEHRRBRYTREFFFALE A @07 i fe > P OP
WA BR o p Y FE DT L OP G RURZHA PRt T BRS¢
FAF o TAFL AT AR IR OP A fRFL L e fEenk o a g
4 PCR % DNAcloning Tt A F 22 OP 232 At it o Flt > 4
R 2Ry e B3 2 kA 4% OP "5 2 z%i%fg?"ﬂa?ﬁi 4
4 OPA\ﬁ*LA”i#”F]#E*%'L I EL - R R R EHERTRE Y 2 EY
2P ik 2 BGE 0 TR B AR BT -
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b g

2.1 i de A R

M AT 2 % ﬂ]‘ be Atk & 7 = R0 4 % I (1) Pseudomonas nitroreducens
TX1(Chenetal., 2005):é7: 5 p % X A & S H5 %2 B-REKK P » 17 Biolog
method ~ 16S rDNA sequence analysis # fatty acid methyl ester analysis #Z_
Pseudomonas nitroreducens TX1(Chen et al., 2006) » ¢* F I >+ % B Ftk? = ATCC
% % (Huang et al., 2004;% , 2005); (2) Pseudomonas putida TX2:é £ p £ % OPEO,
ARG 0 S8 FR TX1 AP P 2 FEAR A 18 /a3 s Pseudomonas putida > #

% Pseudomonas putida TX2 ; (3) Pseudomonas sp.OP2: &% p % % OPEO, 4 f%
.%{ﬁﬁ:v‘ s AP 2o #EF i 0t & 5 Pseudomonas sp. OP2(#t% & > 2004) - 12
2+ I'EF]"%% w3 % »> MSB (Minimal Salts Basal)#2 % (Nguyen and Sigoillot, 1997) » #-
Hig 10 £ SmIMSB i3 ® » % % & 5 OPEO, 2 OP > 2 30°C » 200rpm 2.
T A 3 M2 P late-log 8 - #-7iR .'1 10,000 g < 10 » 45 0 3w {5 2 FH
ﬁkﬂ%i%%«$ii%@ﬁ«,ﬁgﬁgﬁ»jgao

22 4%

j\p%ifﬁ.ﬁ:%wit@yg m,g—i\_l. ]\%t,n F I EE A k-
%+ & 7 B % 4o S-methyl-N((methyl carbonoyl)oxy) thioacetimidate,
0,0-diethyl-o- (3.5.6-trichloro-2-pyridyl)phosphorothioateand
butyl(R)-2-(4-(5-trifluoro methyl-2- pyridyloxy) » ¥ 14 # & # {24 NPEO, & k %%
BB FR) FI AL P IR R 2 aRRE I EED R R
AR PP RAMAY S BE G - AR AEEER R SR H R
BrA Y2 a4 o MERE 5B T 2 20 mesh & 4 1iE & {5 ”fJ?’ 0.2M>pH 7.35
ZAMERFLSE B 0 A 2T pH=T 2 ¢ BIRE 0 R » HEHEY o

2.3 2 W

3EERRT 0 2 600 g kAEn 3 0 5 o HfE 5 1280 ml 2 4aAjEgY o ¥
B REAT 'J%Tq. 3 ~ 0.3 liter/min 22 Z § & FHEHE § - 5 0K iFHcA o
FARE O~ 2 EERICH 0 ig- S00mlEKEL RPN %~ 300 ml gk 0 £
0.22um jg "iip 3 & » 3 F P BIREL Y e 2 Faf o d M ARHC K Sk TR
i¢ 5% 4v Table 1 v Table 2 - 3%

Table 1.The microcosms for OPEO, and/or OP remediation with addition of three
exogenous degraders

Microcosm® Exogenous degraders (day added) Endogenous microorganism®
TX1 TX2 OP2
M4-1 +(1) — +
M4-2 +(1) — +(21) +
M4-3 — +(1) — +
M4-4 — +(1) +(21) +
M4-5 — — — +
M4-6 — — —

* OPEO,(10,000 mg/kg of soil)was added in all microcosms
b sterilized at 121°C, 1.32 kg/cm2 for 2 hours. +:no autoclaved
The nitrogen source is (NH4),SO, in the concentration of 3,200 mg/kg of soil in M4-1 to M4-6.
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a‘i;*“ 50% > 3 3E R A FiR FESER S Y 1217,
A B

R X 100 % 0 2 3 5 ok %
R B ERR o] pE e

Kk
1.32 kg/em® 5 % » %

A

2
N«
-

Table 2.The microcosms for OP remediation with the addition of Pseudomonas sp

OP2.
Microcosm® Pseudomonas sp. Endogenous microorganism”
OP2
M5-1 + +
MS5-2 — +

MS5-3 — —

*OP (3,000 mg/kg of soil) and the (NH4),SO4 (960 mg/kg of soil) were included in
every microcosm.
® . sterilized at 121°C, 1.32 kg/cm?2 for 2 hours. +:no autoclaved

2.4 OPEO, £2 OP 2_ 4 17

W2t HRE - TR 7 200ml < § R0 ISOSONR £ o
OC-kix® »EF 4 PR NFE(MIEH > 1996) TPk 2 50C-kisERET >
R FRREST 1m0 20 ml§ 7 Rk F B 0 2 0.45 pm R
WBipis » 4°CA F L H HPLC & 47 - OPEO, 5 B~T 35w jtF 78% » OP X BT 15
T X 5 68% » OPEO, 4 47i% 2 52 : HPLC UV detector » 4 £ 274.8 nm » /ii:f
1.5 ml/min » # % 4p ACN:H,0=70:30 > OP 4 #7i% i* 5 : HPLC UV detector » ;& &
264 nm - jiiE 1.5 ml/min » # # 48 ACN:H,0=50:50 (4% £ & + > 2003) -

2.5 ek ¥ AR A AT

0.5 v 0.5 ml 2 0.1M 4wgki % 673 i (PH 7.5)% 0.5 0.1 mm 3t
I:T,Iia & 2500 rpm & BT > M4mELime o B 2 12000 g F id g 3 A4 0 B
i, ’F %% > 12 5 g Polyvinylpolypyrrolidone(PVPP)2 f DNA ¥ 2_J§ e ﬁ‘&(Dumeveld et

, 2001) - ] * R & ¥ % 485 Jig(Polymerase chain reaction, PCR)4g @ ) #1
eubacterla 2. 168 rDNA(Busse et al., 1996)> 1" 2 = eubacteria 2. 168 rDNA p ‘\f 7
HE > LI REHFRBMTA > 24T DNABFIZ AR > RAF RS B"
P88 2 silver strain 4 ¢ (Brown-Howland et al., 1992) o b #F » 3= = 4 3% e 4 4
2_ clone library » #-#f clone ) 2. Ftk4r M2 % > § Fth kv ¢ colony {5 » #-v
d 5«],2 e %m it {7 DNA ’I‘;)? ‘fl]’** BLASTN 45 4 %kt 4fe dof 5] 7 vk

AN A XTI 2 R B2 F 2 A & (Chen et al, 2004) ©

= BE s

3.1 OPEO, 4" i %t OP 4 22 #:5

OP ZiFHc® 5d OPEO, 2 " f2 & P HEHEMA-1 P 2 e
At B2 fROPEO, 26> "l A4 7 4 »H OP kA ¥ iE 1,200
mg/kg(Fig 2A)» o - kR EF R 2 FiF* 2 55 %L(M 5) 7 UM A2 OP R4
H kR 32 700 mg/kgo iRl ¥ OP 2 it 485 k5 1440 222 F QT EE Y >
OP it 3ighe MA-1 @ LAk > grifz > Arfa 5 3; 20% > o > Fk P
nitroreducens TX1 i & 4 (% OP\sb b - 20% OP &4 SFHCY 2 W] &
ZAd IERAFITY A o - BRET T IEe I R LR
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OP 2 ¥ i > &y 2R 2L FIF? 2 SR M4A-5 7 > OP h R R A8 R s i o
ARG SEHOMA-1 060% 0 AL RS BT 40 2 o

2000 2000
1800 F 1800 |
800 ——I+TX1
—A— HTX2
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o o1
1400 £ 1400
2 >
E) E 1200
£ °
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Figure 2. The effect of exogenous bacteria for the OP bioremediation. I=Indigenous
microorganism, TX1=P. nitroreducens TX1, TX2=P. putida TX2. (A)The OP
concentration in the microcosm contain strain TX1 and the indigenous microorganism;
(B)The OP concentration in the microcosm contain strain TX2 and the indigenous
microorganism.

o7h o HRHCMA4-3 ® i de T ¥ - R 4 (4] Pseudomonas putida TX2 > A -
R4 FT* 2 45K 8% f2 OPEO, p¥ > OP 17k fh A8 %~ § £ & » (Figure 2(B)) -
B IR e FPR TX2 2 S50 R 4 B 1E Y L SFHE(M4-5) 0 “TA 2 2 OP» &
Sk Ew A EWAT AR 2 OP A2 4 48% - B ARk T 50 X 208 2 OP
AFEA IV RAFEY ZEH0R M 4 3 TX2 5 - 7 1% OPEO, 2 # + 3%
A RBEE B2 FRR(BEE LD 0 2004) 0 Flpt o A2 daipl 0 Fik TX2 &' f2 OPEO,
A A OP 2 fe o R e AR iR OP > pBER B L AORARFT L Y 0 Btk
TX2 7 4 f& OP 49 I (21 ,2004) ©

3.2 7 I OP & j2Fj%t OP # % 4 32 F2 58

Ftk OP2 etk TX2 5 4p b 2 & ] % i » ]tk OP2 it 12 OP % Phenol 5 *&
- A ERURGHED > 2004) > AP REE TXI1~ TX2 ~ OP2 = FHAZ i *c
W% OP 2 2 4 4 f# 2% o e Figure 3(A)#77n » 554 3 A Ak 7% 1 %
FArRtk TXL 60 & 21 2 hd SR TR EHF B L% 4o Fik OP2(5FHC
M4-2) > g A B B OP A4 2 34 Y o 4 » OP & fidfr > 11~
OP 2 4 4 2% » B? B %47 » 3 21 22 OPEO, 2 $ 48 T 425 15 » 4c »
Btk OP2 > 40 X t5 > OP ch A £ 57 15%3 20% <0 % choagdt - d 30 Fk
TX1 x & OP "8 faz i+ » @ 2R 2 FfcFAatx OP2 RIL § OP " A2 it 4 » 45
B M4-2 ¢ OP e % > i & FiF® it % (Figure 3(A) % 5 » @ SiHE M4-2
e M4-1 2 B en20%2. OP % f2 £ 8 > A FHK OP2 T & « ¥ & & FHk
OP2 &3l f #HE2 2 3P el § OP2 4 ¥ 2 i 4 » & F#k TX1 & 2 OPEO,
Aol VE R g OP enh ff 2 15 60X 30 % 15 [tk OP2 #4279 OP &% f3a 4 >
LN RBFR Lk
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AETG 4 Pafr%fi%;’fr Se itk TX2 SRSRHC 0 320 FjPk OP2 e f6 2 OP 2 4
BT nE o RF SR TX2 B8 21 X 0 AR %L 4~ Fik OP2(HH M4-4)
A T OP A 4T 2% 2 754 > Figure 3(B)ART » B 7H 4 Atk TX2
2 HEHE(M4-3) > A 2 2 OP BAE e PR REARE > bR OP2 ehipde o B
40 * 2 F T2 18 0 OP 2 “%ﬁ#{écmm&ﬁ C - Bk A FK TX2 o
HOP2 A & £ o iFh 2 & % p{a BApHcenOP " AR L R 1 - H AR 95
10%3% 15%2 OP 2 $ 42 7 2% » g — £ B i if ik TX1 fr OP2 2 B chf 3
o0 BRFIV G EFG %ﬁ#\TXZfrOPZ ¥ 2 00 OP Lr— iRz a4 o X
®d 3 OP mig/w\ﬁ’*r% P R EA R OP A fRA R FIEY 2 FRT > g & T
H - [ﬂ’fﬁ TZ§1 Z_3x % o

2000 2000
r 1800 |
1800 ——I+TXI
—A— +TX2
1600 —m— FTX10P2 1600 |
—O— I+TX2+0P2
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Figure 3. The effect of the addition of exogenous bacteria for the OP bioremediation.
I=Indigenous microorganism, TX1=P. nitroreducens TX1, TX2=P. putida TX2,
OP2=Pseudomonas sp. OP2. (A)The OP concentration in the microcosm contain
strain TX1, OP2 and the indigenous microorganism;(B)The OP concentration in the
microcosm contain strain TX2, OP2 and the indigenous microorganism.

Octylphenol (OP)# # §_ A sg R 1 ¥ 3282 F* 2 &5 > v A%RB Y
frordme L gd RAFERY c AF P2 Re ko Re o SRR R
1k OP2 1 OP 2 4+ & jarz % 2 B2 58 » ~#7 3 + 14 Ftk Pseudomonas sp. OP2 &
Fedo Y X E R OP SIS %H"' # ﬂ‘ﬁﬁ%OPZE SR OP ARy 2%
o MR 3,000 mg/kg 22 OP E d4e » 2 8¢ > 1 (NH)SOs 5 § & C/N
ratio= 12> 2 3 5 -k & % 50% St ad § 73 17> 12 7k Pseudomonas sp. OP2
» *hi 4e F(Figure 4) °

ﬁh?fj? v & f# fF] Psudomonas sp. OP2 ¢ J 2 Fj& Fe 2 e (%05 2 7 (§5HC
MS-1) » 3 S 4e 1k OP2 2 & F¢nme ™ 12 1€ OP fod 37 % z%i@m :
H &P 5 MS-2 ¢ ch OP " faqpyt o P R 690 % e H 4 7 427 o
7 25%2 OP td 3¢ & | % f2 ek o 5 4R 24 Fk IF‘E'—fr_-;_ ] *ﬁ%. (M5-3)
APy AR Wi D IR RITF > AT IR OP ALY AR H 4
[ESESHIG I i BE 2 15% 0 iR 2 B*F"’.f{-] = 90 % ifﬂ%ﬁ:‘fﬁ" gy o1t ‘ﬁ‘ﬁﬁﬁf
M5-1 2 MS5-2 2 BdB8sc %k RV g - 5d ¢ ~‘T4n§,€]1‘%0P2 ”’#ﬁ%\i}’]‘ —‘kﬁ%
15-20%¢4 "5 2c % o 558 Pl % o I OP chme® M fd 3P o té’;ﬁ % 1;?
A FeniEr > R Vfrn E I S f’ B F AR M o ]“41_"]‘4\:]?-] OP2 7§
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H2 P OP enh f2ik - SRR dock » Horsf e 15%A 2R %4 e 4
2P OP ha 23 - B fEak o

33 OPEO, % OP 2 4 ¥ 55H® [Ftp % 1

BE R AR A SR T EIER R 0 (B M4-1 2 M4-6 2 M5-1 2
M5-3)2 e 475 16S rDNA W 4 47 > 2 = 7 Btk 2 4y % F AL & (clone
library)( i @ Z 5% £

2500

2000

1500

1000 —O—I+0P2

Octylphenol, mg/kg

—o—1
—O— Soil sterilization
500

0 20 40 60 80 100
Days

Figure 4. The effect of Pseudomonas sp. OP2 for the OP bioremediation,
I=Indigenous microorganism, OP2=Pseudomonas sp. OP2.

» 2004) - H FAtRFEE % & %) L (1) Enterobacter aerogenes > (2) Nitrobacter sp.
NRB 5220 - (3) Herbaspirillum sp. Chnp3-5 - (4) Phyllobacterium myrsinace - (5)
Stenotrophomonas sp. Fa6 > (6) Pseudomonas sp. AEBL3 - (7)
Gamma-Proteobacterium PII GH4.2 - (8) Aeromonas sp. PG3-3 » (9) Brucellaceae
bacterium - (10) Achromobacter xylosoxidan - (11) Pseudomonas sp. YG-1 - (12)
Agrobacterium tumefaciens Zutra F/1 - (13) Stenotrophomonas maltophilia > (14)
Stenotrophomonas maltophilia - (15) Acidobacteriaceae bacterium KBS8 - (16)
Aeromonas hydropila - (17) Denitrobacter permanens - (18) Swingsiella fulva - (19)
Alcaligenes faecalis - (20) Pseudomonas sp. NZ099 - (21) Alcaligenes sp.
YCX-20 - (22) Dyemonas todaii gene - (23) Frateuria sp. WJ64 - (24) Alcaligenes
sp. PCNB-2 :(25) Pseudomonas nitroreducens TX1 - (26) Pseudomonas putida TX2
4=(27) Pseudomonas sp. OP2 -

+ it clone library &% 7+ 2 i,%"i.%ﬁ’fﬁ“ Me 2 ¥ ¥ 2 Proteobacteria ¢ 2
Pseudomonas » Aeromonas {- Stenotrophomonas = = & & > clone library ¢ Ftk
Stenotrophomonas maltophilia - Aeromonas hydropila 2 Alcaligenes faecalis # < sz
Pe kT HEG AfET A% &2 APEO, 4p M i & 4 2 i 4 (Barberio et al.,
2001; Soares et al., 2003; Kim et al., 2004) > $* = FtR 2 P 7 vy B 5 "2
OPEO, 2 it # » £ 5 2P F 2B &EY 2 P 2 o

gt M4-1 2 M4-2 2 ig4 7 5 Nitrobacter sp. NRB 5220 Stenotrophomonas
sp. Fa6 » Brucellaceae bacterium » Stenotrophomonas maltophilia - Acidobacteriaceae
bacterium KBS8 - Pseudomonas nitroreducens TX1 (Figure 5) - # ¢ F &
Stenotrophomonas maltophilia * Pseudomonas nitroreducens TX1 & ¥ it "% f2
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OPEO, 2 i & F# M M43 2 M4-4 2 ® 4 F Rl 5 Phyllobacterium
myrsinace > Brucellaceae bacterium - Stenotrophomonasmaltophilia > Aeromonas
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Pseudomonas sp. OP2 % ¥ i £ *% fj# OPEO, 7 B > & ¢ 7 e Ft& P. nitroreducens
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Figure 5. DGGE fingerprints of the bacterial communities from OPEQO, remediation
in the soil microcosms with the addition of different degrader.

generation)frifc 2 4 F1hd & & e 43 0 LOP 2 2205 ¥ Sk g o I
M4-2 @ f 4 FfcFth OP2 chit® %24 P AT > & ASH M4-4 ¢ > 4 22 OP &
43R RAFDIEF stk §REDBFRFT > Ft 5 OP h4 2 54
PR E OP %% 25 8 3 s 3{" At s B RIE R A 2 Ftk OP2 ehit
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e EJEOP cha R3] o o 8k 5 - FIROP2 fd ¥ i b in R E LY L cho
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Figure 6. DGGE fingerprints of the bacterial communities from OP remediation
microcosms with the addition of OP degrader, Pseudomonas sp. OP2.

& OP 2 34 % e (M5-1 > M5-2)2 4% 7 & Pseudomonas sp. YG-1 >
Aeromonas hydropila - Alcaligenes faecalis > Pseudomonas sp. OP2 > ¢t » & iE 4t
Ft& ¢ - Pseudomonas sp. OP2 % ¢ e 2 OP % f# 2 ¢t » Btk Aeromonas
hydropila % Alcaligenes faecalis p|&_< IF*J% L i;;ﬁ? 2. APEO, ~ # {7 (Barberio
et al., 2001; Soares et al., 2003; Kim et al., 2004) > ¥ & > *& 7 ¢} ﬂ]‘ tez. OP & f2 7
Pseudomonas sp. OP2 # *+ 4 3 ¢ 3 4t 4 Tixtg%*u G TR FEY 4Gk
OP 7 42 %5 ”H@%‘Liwa’ﬁﬁ’ mbiEs AEET &Y OP 5 2
FORPIEL#R -

MEF TR F 2 tf;;‘fﬁﬁfv‘ » =tk bk 4e ) P. nitroreducens TXI -~ P.
putida TX2 = Pseudomonas sp. OP2 ? g3 4c 4 3 ? 2. OPEO, 2 OP %% % » ¥
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FI¥ OP cha iz (8% > jie s e Fdp e it & % SR A2 P rF fragse”
%) 75%2 OP hifgficd 37 Ak o i 4 & Pseudomonas sp. OP2 » R+ %
70 X enP %A EY 0 42 F 9 25%2 OP A fErck « OP 4 f2 2 AGEH® s # 7
¥ 11 Proteobacteria ¢ 2 Pseudomonas species > Aeromonas species fr
Stenotrophomonas species & i & A # o o #H i 4e F2 ¢ > ik Brucellaceae
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dis b2 PR A R A TXL 0 TX2 2 OP2 Wit Bt 2 1 0 & 5 55
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The Effect of nonylphenol in sewage sludge application on soil
ecology
Zeng-Yei Hseu*  Po-Hsu Kao
Department of Environmental Science and Engineering, National Pingtung University
of Science and Technology, Pingtung 91201, Taiwan

(*Corresponding author E-mail: zyhseu@mail.npust.edu.tw)

Abstract

In the application of biosolids on agricultural lands, 4-nonylphenol (4-NP) in
soils is an important environmental concern because of its associated estrogenic risk
to animals and human beings. Incubation experiments that involved the mixing of two
contrasting soils (A: calcareous sandy soil; B: acidic clayey soil) and biosolids in
4-NP were performed to examine the effect of 4-NP on the rate of production of CO,,
the mineralization of N and the microbial biomass, by considering the biodegradation
of 4-NP for the evaluation of soil health. The experimental results indicated that the
half-life (ti2) of 4-NP increased with the supplementary concentration of 4-NP (80,
160 and 240 mg kg) in the two soils, and the t;, values in the soil A are always
lower than that in soil B. The 4-NP supplement in the biosolids reverses C
mineralization in soil B more than it does in soil A, but it reverses N mineralization in
soil A more than in soil B. The aeration status and microbial population of the
biosolids treated soils are key factors in determining the time course of 4-NP
degradation associated with the microbial activities. The 4-NP was biodegraded
mainly by bacteria, and the effect on C and N mineralization of 4-NP input is
determined by a balance of the reductions in microbial biomass C (MBC) and N
(MBN). After destruction in microbial cell membrane and protein structures by the
4-NP, C and N mineralization, MBC and MBN were subsequently followed by a final

decline phase for the later period of incubation.

Key words: Biomass; microbial activity; 4-nonylphenol; sewage sludge; soil
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11 SR IA¥R

2 ks F e § A% (alkylphenol ethoxylates, APEs) = — i F &R L *
YA R G LA 2TREAE Y 500,000 HE oA SHES ZE YL 35000
Ao bl b & et F AR K01 60%2 B B (A F I AL A5 (4-nonylphenol, 4-NP)
BT R BACKAIZ A F R ARG AE Y B TR s B ToRF R 0 4-NP 7
LI WP ARTHAREFONS R ABFMUET N EFHEN AR LA
CERIPEIC RG> Fl@ L] L kB R (Ying et al, 2002) -

B3 L R K RIERGR R RIE R A B 0 5R Y 4NP kR A T R4
g%i@lwégﬁ%%m’imf¢ﬁﬁéNngﬁélmémmygnm
etal, 1999)» % B3k ¢ NP k& # KR 5 1130-1840 mg kg (Scott et al., 2002)
St L F ok AT 2 5 NPGER 9 5 243.9 mg kg (Lin et al., 1999) - T -k;3
ER R R AR R L e L R R L SRR
FAEDCBFARTIPFM A REFIRRS R E G T FR2A
EFRAIY R

E

=
¢

Z1 LB T ki5R? NP2 kR

e J & (mg kg™) 242t
iR Scott et al. (2002)

Syracuse 1840

Ithaca 1790

Cortland 1480

Cayuga Heights 1240

Monroe County NW Quadrant 1130
P A& R 0.5-13.0 Isobe et al. (2001)
E R 100-500 Lin et al. (1999)
% % % (Leslie) 470

(Highland Creek) 637.5

v £ & 7.2 Kuch and Ballschmitter
(2001)
it R 10 Bennie et al. (1997)
it JELALD) 2439 Lin etal. (1999)

12 B2 335

La Guardia et al. (2001)2 2 & 11 5 K EIB 2 T -KiFRiEF L 2%
ERA AR S AL e s T RAIEE R R S N BR
57 5@ 2 OP(Octylphenol) ~ NP ~ NP1Es (3 A ¥ > - § s f5)% NP2Es (A ¥p
B FAM)AE6.1-176 mgkg ) H v = FEEIE 4 5 15(529-981 mgkg!) » K@
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?ﬁxﬁifhiy% A e R = I_E]?\Lz%?ﬂf B oo & $3+ 1997 & = 3
‘FI’L'J » 75k 3 3 2% % g NP ~ NP1Es 4v NP2Es . 8 7 #4g2i8 30 mgkg' » ¥+ 2002

EWREITE IOmgkg Ry z”#,ﬁ— B R A S 5 50mgkg”! 2 60 mg kg (Erbardt,
2001) » 4c £ + E R R & § 5 @ (estimated no effect Value)p 0.34 mgkg'(La
Guardia et al., 2001) = & 12} ‘i% o FRRIFEREARST O ORET R A
NP E SIS 4y > %% 33 EANPZFL VL2 54
Pt fp o FFIBEETIRFEEL TR G -

12 2HEFAY TRAEEL B4

Tanghe et al. (1998)3p &} » 4+ F F i3k @ NP 28°C T iy 53 = 24 "% % >
@ NP 2 2% § & € S0 & '% 1@ #& B -Hesselsoe et al(2001):% & NP k& 3 mg kg
2AF i AREE TSmgkg 2R L AR EFET > FRNP L ERLE R
%) 3-6 = »Ekelund et al(1993)4p 1> ik ¥ 5 & ¢ NP2 X % ¥ 58 % 5k {ix(2003)
F AR ALFA? NP EfRITY » SR F M- 54 B~ P o0 Bb e~ 575
Bl 5k~ 3 A7%RTEFAEY NP R REZERE 2RI 5 46-60 2 2 4
F 54019 % > a5k NPERH 4c ¢ #rdlfics $o it b > S35 f23d 5% 14
Fy%s BrE NPMjgad 2 icdb%es i x ﬁ'fn t£ {2 # & o Duffner and
Muller(1998)5= 5 % % % %, » 3+ & Bacillus 2. Fj#k I % 2 § % j& NP it 4 -
Marcomini et al. (1989)*% * NP k& 5 4.7 mgkg 2 i3k 3 23 - 20 X A K

7 80% NP g AL %320 x B NP2 ARG F 5 1% ¥ g%y FRA
W 50k 20 2 HONP kR KT 100 mg kg PR AL E 30 Ok A % 3 1,000 mg
kg * 2 1% % pAkdrd] o Jacobsen etal. (2004)14 — F5FH 2 F 4 HB R 4 1S
em B2 R F 1450k 0 Bl 22 B Y 4045 NPk & (0.56 mg kg') 14 i 7 ’é‘ﬁﬁ ;
0-10 = NP 2. "¥ f&5 5 45% > 110 % 1 ¥ i 91% - Kollmann et al. (2003) 4 %|;
NP,}E&P 6.6x1002 38x10" M2 i5A 1 2 it /5 %% 87 NP1 FI**

FAAZLF T o0k NP ]k Fusaium Fik Wi 72 + T3 4 H 4 %ﬁ‘éf‘_ o Petersen
etal. (2003)u #8:% % (1 PAH ~ DEHP ~ NP+NPE £ LAS 5 £ 3 4 #) » Bré
s i is g2 Prosr 2 B R PR HER% R F’a“'i‘lﬁfﬁ’&ﬁl?#‘ru
TR EF A A AT ARES TR B RSN T AR P RRE
Hom?isdEY NP2 LASA T I % M3 5% 12 B ? 12 DEHP & § 5 plix
3 6% FIah ERFA Y Va5 L 2 NPDEHP 2 # v 4 1555 24 0 4
2 et FromEHE o

52 A 4 g»ﬁ FSBATRAY NP 2 %5 f2E 42 % NP 4 R a0 58
4}3 9’(:* ‘fNPxE?\"t%’w’if“lig“l”h;‘#’TJ“-""'?HTI"S:’\'m
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fiﬂ'ﬂ? v NP~ 2 3Pl R L5k 2 3 #0354 o FQL AFT 7 TEHT R
F® 2 NP 3345k 2 % % 542 NP 2 A PR T2 B8 nP i
r/?i" FiFRIAIR D B %F »'5( '1:%-3‘ BB ]§I i Ja ’é\?\‘:‘t'v’h—Jr \9}&

R

2.1 35k B

AETATHRY 2RI R BA FEEE SREBRT R D K(A) X
Bod iB)z A o EHM I KA Nr REER PLAMmEEE o A Tk 2 kR
AR REFAMZATEHL CEY P IR RF AR I P pHES T E
M LR R A RESAET N D A 2 LB lrﬁé/ﬁ,ﬁﬁ’»g
oA AN F KR Y 2 IR ATEE S R SR 52~ B R~ i 6 (10 mesh) o i
7R AN %"%\’H o B¢ A EF T (clay 10%; silt 22%; sand 68%) » CEC %
6.8 cmolkg” » pH & % 8.3 % FWEZE S 045% B 4%&,%&«?£~(clay48%,s1lt
37%; sand 15%) » CEC % 5.6 cmol kg' » pH & 4 4.1 > FBARZE S 0.13%-
FBA 2 NP kR PR32 ¢ NPER & 480mgke »pH &5 5.2
RS 59%  2F 58 5 of24% NH-N % 107mgkg” > & NOs-N ]
% 19mgkg™! -

YRR

#-4-NP (Merck, USA)fe @30 ik (83 4 2 R 8 F) % B IRATH (5 1 2275
FF3RE S UAWUI R ANPERZ G FREY KRG A EERED RS
WA s BT 5% AE S FIE L 20% 0 GF OF 400 DEEerE B oo Bt -
o BT g2 ANPER S 80mgkg! o Ft £ {74 § 4-NP 2 7 5 F) it
L4842 EST e A L P e (soil alone)~ 4 3 + 5 £ (80 mg 4-NPkg')~ 2 3% +
7% (160 mg 4-NP kg )z ~ 43 + i3 ;ﬁ(z4o mg4-NPkg') e £ AJL 5 6 £
F-oERAE L 10kg B 25°C 2wz ¢ ¥ adF 50%2 0 P RE 120 % - &
7~14~21~28+~49 84120 % feﬁxt".i REFT I o

2.3 A7

231 f " RABREHATHLELE 5 &

Bl S 15g 0 B3t 50mL I FY 0 £ % 10 mL 1.0 N NaOH 7% i %
R #fkt“ A B IPFLE AL ELY 0 2 1LON NaOH wx g 2 3% 78
sl 2. COp o P} NaOH i3 i » 4e » # 8 493.0 N BaCly » % 4e » 3 foficdp
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# 0 110.5 N HCLiF %3 # Bh(Zibilsje, 1994) » 11 bz = § R o fo 2
& 1120 N KClLEB {8 > H 5B e § 72 ] 2 NHy-N £ NOs-N
¥ (Keeney and Nelson, 1982) o B2 § 2 R i iEA2 1L — FFd 4 > f2 38 » 27 b
AL TR T Cr=Co[1-¢*"] > # ¢ Cp % FWTERFR tRFDE Coa G
Foakah i bt B AR k5 AT ¥ Be(day”) -

..?
g
¢

2324 33 R

FEB-K 30 g ATHE S R o A R 2 A o H P - A (15g)2 K &2k~ 50 mL
TR R E AR EY N FPEF2dhrs (6B ¥ - ISR ER A e~ F
B A B A2 (8B F4e~ 200 mL 0.5 M KpSO4 0 5547 7 30 mins {8 T & JgiR
(Vance et al., 1987) - = 8 mL /&% 4t » 10 mL 2. 0.4 N K,Cr,07 & ¥ 70 mg HgO
% 20 mL j® & fa(s >k HaSOs+ — >k HsPOs) s > Eh4e 4 3 ﬁ“gﬁ(‘k«‘? fs Wi
30 mins) o /4 £r % R (& 0 4v > 20-25mL & 3 }\ﬁfw‘fﬁi %@ﬁfﬁ‘iﬂ‘rﬁﬂ R
TA4EF 21 ¥ g T EREREL ?ﬂkﬁi‘% B~=F./k.> # ¢ B, % Biomass C >
Fei[(# 7 E 7 COx-O)-(R & 7 E 7z CO-O)] ke 5 % &O.S(Jenkmson and Ladd,
1981) 0 Be i 4 FR ALY 45 0.5MK,S0, B2 jhir 10mL > ¥ ol 2§ 5
EoMTAEFEREFTLTEF £ BeF/k,> 2 ¢ By % Biomass N> F, 2 [(# 7 &
FRI)AEFPEFRT )] ke 5 ¥ # 0.54(Brookes et al., 1985a) »

233 I AFLRlE

FEB-2g dHOMPEE TR 1II(VV)EFBR SRR L 25mL
Tord e 3B kSRR (T R B4 ’f‘ﬁv WA AEL > WE 7k 15;‘,@/;}% ﬂﬁfwﬁﬁ
PRF EF L 1 mbLo #4718 23 7% S5 F 41(DB-5 capillary column) 4 &t 17 MS(Agilent
5973)# |12 GC % 2 (HP 6890N) 7 PR 4NP ik R - PR 4 S AR e
Mgk o T S=Seexp(-kit) 0 P So EERAER S AAFHEERFFER ot AP
FFomk A dddc 2 2P T H: tp=In2k »

B

31 IAFHAEFIEY o' 2542

Bl 157 » 5k ¢ 4NP> 120 % ‘v B F i AL 2 3 plc s F 'z o
FRREAL LS BRI R G LR o MT AP (028 X)) A kAL 4NP &
AIERTFE320% B IR 6-40% > @ By 28-49 X (5 - A LAk
ERANP AR 2 A F B A > oL A 432 4NP 4 f21F* R ILP A hd b
F(0-13 % 2 1328 = )“§ 2484 (8 la) -
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Lot A 225k 0 A G2 4ANP EfELE R E(72-14 ) B 2 38(7.7-19
) o o@m E R (k) TRE o Tl d B BT A L2 4-NP %2
P ERRARR THGE o Vb A fAiEl 2 AR IER 4ANPERL R

B B

100 .
. _ (@ Soil A @® 80mg4-NPkg!
O 160 mg 4 NPkg™!
80 W 240 mg 4-NPkg"
70 4
£ 60
on
E=]
' 50
g
£ 40
~
30 +H
20 -
10
o4
o 20 40 60 80 100 120
Time (days)
100 ®) Soil B | .
90 J @ 80mg 4-NP kg’

O 160 mg 4-NP kg™
W 240 mg 4-NP kg™

Remaining (%)
o
(=]

T T T T T T T
[o] 20 40 60 80 100 120

Time (days)

B 1 7 B ANP g ;e g

2 AR BF R IR 3P NP 2 "5 2 S
Treatment tin ki r
day day™
Soil A
soil + biosolids (80 mg 4-NP kg'l) 7.2 (1.5) b 0.096 (0.010) a 0.97
soil+ biosolids (160 mg 4-NP kg'l) 12 (1.8) ab 0.058 (0.018) b 0.95

soil+ biosolids (240 mg 4-NP kg) 14 (1.1)a 0.048 (0.012)b  0.98
Soil B

soil + biosolids (80 mg 4-NP kg) 7.7 (1.2) c 0.090 (0.021)a  0.99

soil + biosolids (160 mg 4-NP kg'") 14 (1.6) b 0.049 (0.018) b 0.98

soil + biosolids (240 mg 4-NP kg'") 19 (2.0)a 0.035(0.011)b  0.98

' Values in parentheses are standard deviations of mean; numbers within a column
followed by the different letter are significantly different according to Duncan’s test
(p <0.05).
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%3 2 F ANPEREIZ2 I HERFH-F 4 § ik

Treatment Co K. Coxk, 1
mg kg™! day™ mg kg day™
Soil A
Soil 1361 (150) ¢! 0.026 (0.008)a 35.4 (2.1)c 0.88

soil + biosolids (80 mg 4-NP kg') 4129 (211)a 0.026 (0.007)a 107 (12)a 0.93
soil + biosolids (160 mg 4-NP kg™)2947 (185) b 0.027 (0.007) a 80.0 (5.6) b 0.95
soil + biosolids (240 mg 4-NP kg)2854 (174) b 0.038 (0.008) a 108 (9.4)a 0.92
Soil B
soil 1398 (213)c 0.016 (0.005)a 22.4(3.1)d 0.93
soil + biosolids (80 mg 4-NP kg) 3030 (156)a 0.021 (0.007) a 63.6 (4.5)a 0.94
soil + biosolids (160 mg 4-NP kg)2495 (270) b 0.020 (0.006) a 49.9 (6.6) b 0.94
soil + biosolids (240 mg 4-NP kg)2289 (186) b 0.017 (0.006) a 38.9 (4.9) ¢ 0.96

' Values in parentheses are standard deviations of mean; numbers within a column
followed by the different letter are significantly different according to Duncan’s test
(p <0.05).

%4 2 4NP kR S22 13§ it b4 & ik
Treatment No Kn Noxky r2
mg kg’ day™ mg kg day”
Soil A
soil 510.0 (78) ¢! 0.038 (0.004)a 19.5(4.2)b 0.93

soil + biosolids (80 mg 4-NP kg™) 1880 (102)a 0.024 (0.008) b 44.9 (8.7)a 0.91
soil + biosolids (160 mg 4-NP kg)1704 (188)a 0.016 (0.008) b 27.3 (5.6) b 0.96
soil + biosolids (240 mg 4-NP kg")1057 (212) b 0.019 (0.010) ¢ 20.1 (3.3)b 0.96
Soil B
soil 781.3(79)b  0.029 (0.009) a 23.4(8.1)b 0.92
soil + biosolids (80 mg 4-NP kg') 2334 (154)a 0.032 (0.005)a 74.0 (4.5)a 0.99
soil + biosolids (160 mg 4-NP kg1)2295 (314)a  0.032 (0.005)a 73.4 (5.8)a 0.94
soil + biosolids (240 mg 4-NP kg')2154 (311)a  0.034 (0.008) a 73.0 (6.2) a 0.93

' Values in parentheses are standard deviations of mean; numbers within a column
followed by the different letter are significantly different according to Duncan’s test
(p <0.05).
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Binding Behaviors of PAHs with Colloid Organic Matters in
Estuarine Environment
Ping-Chieh Hsieh(#7k ;% ), Jain-Hung Lin (&% %), and Chon-Lin Lee (% % %)
Department of Marine Environment and Engineering, National Sun Yat-sen

University, Kaohsiung 804, Taiwan

Abstract

Estuary is a complicated region with the mixing of fresh and sea water as well
as the mixing of two types of very different colloid organic matters (COMs), namely
terrestrial and marine COMs. As such, in this region the sorption behaviors of
hydrophobic organic pollutants (HOPs) on COMs become more sophisticated to
describe. To move one step closer toward the real world, binary mixtures of humic
substances from three distinct sources, two soil humic acids and one nature organic
matter, were used to simulate the mixing behaviors of colloid organic matters in
estuary. Fluorescence quenching method was employed to obtain the pyrene’s binding
constant, Kcoc, of humic substance. Pyrene was proved to be an effective probe in
monitoring the kinetics of dissolving and mixing humic substances. We investigated
the processes of dissolving humic substance singly as well as mixing binary humics
mixtures and found relatively slow kinetics, which is crucial to the precision and
accuracy of measurements of the pyrene binding constant, Kcoc. Results also indicate
that the kinetics of dissolving humic substance was under control of either the
hydrophobicity of humics or intermolecular interaction between humic molecules, in
contrast, the kinetics of mixing binary humic substance mixture was mostly
dominated by intermolecular interaction. Furthermore, pyrene’s Kcoc of binary humic
mixtures was found to follow the conservative mixing rule in this study. This
conclusion in mixing of humics on Kcoc could, very likely, be applied to other
hydrophobic organic pollutants and humics and should provide an important
information in modeling the pollutant transport and fates in aquatic, especially

estuarine, environment.

Keywords: Binding constant, Kinetics, Humic mixture

Introduction

Polycylic aromatic hydrocarbons (PAHs), known to be carcinogenic and
mutagenic compounds (Howerton et al., 2002), are anthropogenically emitted to the
environment either through pyrolytic process or petrogenic input. In addition, due to
their low water solubility, they tend to sorb onto particulates in aquatic environment
where their degradation pathways and rates are altered. Colloid organic matters

(COMs) play a very important role in controlling the transport and toxicity of various
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pollutants, including heavy metal ions and hydrophobic organic pollutants (HOPs),
such as PAHs (Peravuori, 2001). Several past studies found humic substance able to
enhance the solubility of HOPs, so much that their sorption affinity on solid phase and
bioavailability are reduced (Mackay and Gschwend, 2001). This enhancement has
been termed the “third-phase effect” (Lee and Kuo, 1999). Kcoc, the binding constant
between HOPs and COMs, is used to quantify this effect (Backhus and Gschwend.,
1990).

To date the information we have can serve as general background knowledge
when investigating the fate of PAHs in the environment. However, more knowledge is
required when we study their fate in an estuarine area, which is more complicated in
many aspects. Samples of COMs collected in this area contain both terrestrial and
marine COMs, and when COMs from distinct sources are mixed in a certain area,
then the pathway and fates of PAHs associated are thought to be altered. Not much
has been done, however, to identify the mechanism underlying this phenomenon. In
this study, we use the fluorescence quenching method to measure pyrene’s Kcoc
values of several humic substances and use binary mixtures of humic substances from
distinct sources to simulate COMs in estuarine area so that we can study the kinetic
effect of mixing humic substances and obtain a mixing rule for pyrene’s Kcoc.
Knowledge gained from such an investigation could be used to study the kinetics of
other hydrophobic organic pollutants and humics and help in creating a model for the

transport and fate of pollutants in an aquatic, especially estuarine, environment.

Materials and Method

Three colloid organic matters (COMs), two soil humic acids and one natural
organic matter, were used in this study. The soil humic acids, Leonardite Soil HA
(LHA, catalog no., 1S104H) and Summit Hill Soil HA (SHHA, 1R106H), and
Suwannee River natural organic matter (SRNOM, 1R101N) were purchased from
International Humic Substance Society (IHSS; St. Paul, MN, USA). The binary HS
solution was mixed two humic substances with specified ratio. Pyrene stock solutions
were prepared by dissolving pyrene (purity, 98%; Aldrich, Milwaukee, USA) in
HPLC grade methanol (Merck KGaA, Darmstadt, Germany).

The fluorescence quenching method was used to measure the binding constant,
Kcoc, between pyrene and humic substance. The procedure and instrumental settings

of fluorescence intensity measurements are identical to those of Kuo and Lee (2005).

Results and Discussion
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The fluorescence intensity of pyrene increases initially and reaches a plateau as time
elapses during the restructuring process of humic substances (figurel). Monitoring
this process, we found the mechanisms behind the kinetics in dissolving single humic
substances to be different from those behind the mixing of binary humic mixtures.
Hydrophobic functional groups of humics were found in control of the kinetics of
dissolving Leonardite HA or Summit Hill HA alone, but intermolecular interactions
were found in control of the kinetics of dissolving Suwannee River NOM alone and
mixing binary humic mixtures. In addition, we found the concentration of humics to
be another important factor in the kinetics of dissolving or mixing humics. The
restructuring factor defined and used in this study shows that the increase of the
composition ratio of more hydrophilic humic substances tend to increase the intensity
of change in size and shape of humics. Overall, experimentally, the kinetics involved
in the restructuring process of humic substance was crucial in measuring the pyrene’s
Kcoc. Finally, we have found that pyrene’s Kcoc in binary humic mixtures follow a

conservative mixing rule (figure 2).
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Figure 1. The variation of fluorescence intensities of pyrene in several solutions

containing 4 mg I'" of humic substances, 11.9 ug 1" of pyrene.
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Figure 2. The organic carbon- normalized binding constant of humic substance and
pyrene (Kcoc ) distribution with different mixing ratios of binary COMs
(SRNOM/LHA and SHHA/LHA) after achieving equilibrium state.
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The mechanism of degradation of chlorinated organic compound by use zero-valent iron
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Abstract

It is generally to remediation of chlorinated organic compound by use transition
metals.Nanoscale particles have large surface areas and high surface reactivity.They provide
more convenient for in situ applications.Research has shown that nanoscale iron particles are very
effective for the transformation and detoxification of a wide variety of common environmental
contaminants, such as chlorinated organic solvents and pesticides.In these research,however,they
provide the mechanism but not prove.In this research,we use solution method to synthesis Fe
nanoparticles,and dechlorinated chloform.By the change of pH ~ concentration of hydride -

spectrogram of IR and GC,we can observe the reaction of Fe nanoparticles and chloform,and find
the correct mechanism of dechlorination from the result.
keyword : nanoscale iron ~ dechlorination ~ mechanism
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f% (thermal decomposition method) 1 % pigit it ;2 (micro emulsion method) (Li F. et.
al,2003) > HP A2 g BREE > Lardad ket Kk ek SER A
M3 B A A kS IV EATE R Z RS A 0 BRIBT 0 B RS AT o

33w pH @@ 8 (Matheson L. J. and Tratnyek P. G.,1994) (Chen J. L. et.
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The Effects of Phthalates and its Derivatives on P2X Ion Channel Receptor
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el i 4 “i?fj”“i'\f\ Bam S43 R @ et T Bﬁl%&i%‘”‘*fz KURES IR~ R B R
(SH-SY5Y)_+ Butyl Benzyl Phthalate(BBP) e 4|3 % il E B A4Fa A F 56?;5}\155 7 BBP #t
P2X receptor 3 5L2_ B2 50 B % g I Rt BJ}E%{%‘W“’ 4 PCI12 % 4 ’HJ{ ¥ > BBP
¥+ P2X receptor 3 5LF LAFFr]IF* 2 ICso 7 8 uM» 12 A FgH f B HOS e 5 45k pr > o
BBP #t P2X receptor 3L 52 ICso % 156 uM>» fept 24 it 5 4 30 BBP ¢ 38 HOS Mn¥s 2 3 4
BEE P AT H3 4 & a5 iy o

Mt RE - 9 EAAgEi 2% ~P2X £ B . A& B g HOS v - & B % RERS
i T

o} mre PCI2 fme

SN 5

HUF - U Bifiasf it £ 4 (phthalates )shi & 485 1,2 - benzene-dicarboxylic acid »
# carboxylic acid group (-COOR)} 2 'z A pific? [F 3 & faim2d & > A1 ¥ 1 i35 % A&
( plasticizer ) » 2 & & * **F & ¢ i (polyvinyl chloride, PVC)eh#llig 42 » ¥ i % % &4
CNEFUEZ TR LR CRRESF ST 0 AR S FAERRT L
#1996) © P @ phthalates ¥ 2§ M & BEESW R LY > FPLFgF AR S ORE - @
BREREAY €97 l%mphthalates €T RB Y EDFTL SN RE o RIpERERFE
Ferh o - S AR B E L 30mg/kg/day (0.Immole/kg/day) o phthalates € £2 2%
A PEgcE X F(estrogen receptor, ER) » I F 3 SFEEEE 5 B (Haris, ctal, 1997) © FEECE Kﬁ{ o
i@ ER T;’H"’ 43k e syt 2. R 7 %X B(nicotinic acetylcholine receptor, nAChR)* P2X
G H A BB I % (Arias, etal,, 2000) °© @—i PR % 2 H IR 0 § f8 phthalates ¥ B 5 nAChR »
g FE 3 ¥ $E 33 phthalates # P2X receptor 2 2 38 o P2X receptor >t Purinergic receptor

family - ¥ 4= nAChR }i‘j*“ Ligand gated ion channel » P2X receptor + 7 - & I 4l
(P2X~P2X7) » R A 30303F § v g1l B b o hodd 5k B s e dmee s TR m”e s
w~%mw;;¢%§ﬂ%wwj’mxéw;£ﬁ LI A A A R A R

235



PCI2 w2tk 2 5 4 ’}’i » 12 Butyl Benzyl Phthalate (BBP){% % phthalates % % » $£3+ BBP
P22 B 2 B @ {2473 phthalates 4 ‘wre 4 £ 5iE2 58 -

S
1. & % :BBP,98%% H i+ phthalates P p Tokyo Kasei Kogyo co., LTD - Fura-2 acrtoxymethyl

ester (Fura-2/AM) P& f Molecular Probes co., LTD - Medium % & i F A GibcoBRL © ATP -
EGTA % pLp Sigma Chemical Co. °

2. ke ﬂ'*}ﬁ"“' kR IR T E(Grynkiewicz et.al.. 1985) * DR L 10 uM Fura-2 » ¥ » 37 C J\/év‘ﬁfl
PRTE AR A0 245 % bufferies Ko BFF % o % 340nm 2 380 nm jpoF o B Tkt
505 nm % 1 A 0 G R BRI 4~ R ES TS 9 2N E @ p TR R %

it oo

3.PCI12 'm®¢ 2 HOS ‘wm? 32 & > % 22 i% % pradford, 1976)° HOS % PCI12 'w 2 tkptp ATCC-PC12
‘e £ & B F poly-L-lysine ez % F > A dgH w232 % &7 3 2mM L-glutamine
Earle’ s BBS ¢F"MEM ¥ 10% fetal bovine serum > 17 trypsin-EDTA & {7 #8312 % > 12 % 15
L 37C,5%C0 82 % 45° » F - = 2 { - A e

B
1. BBP ¥ purinergic P2 % i 247 2 258

P2 % <®7F P2X 2 P2Y = &3] » P2X i Zap 3 ?lﬁ 514 mPe oh 4T A S ;‘ﬁ » mPe > P2Y
@G ke o sldzimre p fz BT (Chen et al., 1995) > ATP 5 purinergic P2 % % 2 {14 »
A EF p B HOS e 2 2 Bt ﬁli{%‘”ﬁﬁfém”e PC12 % 3] 100 uM ATP §;§PF > ‘m
BN AT R R P-E P H g (BS) ﬁﬁ%ﬂﬂoL:ﬁ@%F’MPﬁﬁm%ﬂg
3 pE sl E R (datanotshown) s Flgtdmfe PR i P2X X ® G A o BBP g )
ATP el 2 4T (R D) st el iE B R R ik & HOS e + ICso 5 156 uM >

& PCl12 fm?®2 + IC50 % 8 uM

2.8 is phthalates ¥t purinergic P2 % % ift %47 2 B2 50

¢ * L4aE B 7 Fchphthalates » s 4dd 2 82 3 8 B Z] - 12 ATP 100 M ek i 5 %

ie > ¢ phthalate ¥+ ATP receptor i % 4731 2. 2 58 & PCI12 ¥ 1+ 11 DPP crfir st % B i (]

=) » BBP =t z » # 4 phthalate » ROk T EEE U R AR “? B % 2. % phthalates ¥ ¥ —

@ﬁp—f FHEARE—R T T XF2LF* (Livetal,2002) & HOS n* + DPrP 7 2 DBP
3 s ek > HARFPRIGE Y (data not shown) °

3.BBP £ & & 447
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% PCI2 4m% + » BBP % ImM > 40 -] e & iz & % ; > HOS sm% + > 10 uM BBP
BB 40 ] BE 1S e B 4 20 060 250 M R4 im e B b B4 40 96(RIZ) 0 d 2b
Shmredple i B P E G P2X R B0 FiE- H4F3 BBP $wmre i 4 GiE L B
P2X 5 B2 Ap B 1L o

ATP 2 HOS % » 5 3 100 pMATP ¥ 3142 " 3§ +c 40% > @ 200 uM Rl % 309
g5 s BBP i@ 19 ATP ¥ 51 4cimve 5 4o i) 4 > % ATP % i m v ficcimc % Bl 3428

H

BBP # P2X % ®Bif & & }i@”ﬁ Fralredk > H2xb W At Fwoe b L REF > Liimea
HEHA L o Bl e b A -

T ~%“‘»—‘-§¢)}§Je
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Bl . % BT ALFf 4 w5 PCI2 1 (ABD)* 4 47 F | 74w HOS I (C) BBP f ATP
£ Bl AT 2 4 o (A) -~ fura-2 2. PCI2 ¥ 12 100 pMATP #13% (|ATP) > 3+ ATP
e 100 #)PF4e » 10 uM BBP (= » |[BBP ) » & % 41 22 DMSO(2.) - (B)~ # I ;k & BBP
$ATP 2 F ik B & 50 S(PCI2 %) 5 2 ATP 3142[Ca®"]e + 22 2 (F o is2 4
) % 100% > ICs0 % 8 uM > n=4 o (C) BBP $f ATP % Bk 471 2 § F(HOS m*) » ICs
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% 156 uM > n=3 - (D) » 4& phthalates(lOpM » DEP ~ DPtP ~ DBP ~ BBP ~ DPP » DCHP ~ DHP -
DEHP)$ ATP 5 Bid 4T3 2 §2 58 > n=3 o
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Bl= ~ A %% p BHOS e £ ) R ZFBBP2 & 24 47 o #2553 I )k ABBP ® %40/ F*
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B2 RRY R E e GRS e

180
160
140 4 l
120 4 l l l
w T L

80 1

60

Cell number (% of number)

40

20 1

(\\‘?,\9\)\4\ Q\)“\ @\5 Q\)\\‘\ g\)\\‘\ \0\)(\ V‘\ \N\ \‘\'), 00\2 \)K\e’
%%? q}lO P:‘?P‘P:‘? ?P:(?P:( N

\\\ Ny
2 e S ”QQ\)? 0000[00\‘\6
oF o (o ofF oF

Ble ~ 255 % ¢ % HOS e L J R % BBP 2 4 {2447 - w2 57 I k& BBP 11 2 ATP
kB 40 | PFFis 7 b 10l MTT :& 7 % ¢ (4 » 74 & 590nm £ 690nm v kB Z_» * »
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11 % i& Glutathione-S- transferase D gene family mRNA ¥z § » (T3 %
B f-Frz 2 5k Bipikanti
The assessment of quantification of gene expression of Glutathione-S- transferase D family

genes from Drosophila melanogaster by real-time PCR technology as an exposure biomarker
of the environmental toxic-aniline

B g - e i - xk
¥Rl T8 0 K2l ? A FRBI1RAPFTH &

&

Fred 1 £ F Y g AR ajwmzlww Fa— > 3§ ckam g § ¥
1 EFRAECESRBAET A IHI I GE S RP AP e AL W
FROABEBA TP -FR2 TORRADA PR BT RES T IMER R H RS
% ¥ Drosophila melanogaster » #5 31 % & %8 p f2 4 2 ¥] glutathione S-transferase D(gst D) gene
family ® >gstD1 ] gstD10 5710 B = f A FI¥>T F /et b iR 2 HE gl ™ gl 54
g » T4 * Real-time PCR # 4t gstD1 3] gstD10 mRNA e rrenz £ > %%‘J‘l %R is-
G AFIARE AR R REBLI TR T APE 2T RDEBEL SR
glutathione S-transferase gene # JL& 2 & e#®| & F & b (% (Dose-response relationship) ° s %
"B o gstDl ~D2-D5-D6 %2 D7 . LDsg#E R B FERFT - AFLARE T BHF R
B o4 a2 o gstD gene family P e B i LA (Tenl ¥ F iR B4 SRR (T
f24 iv% [ gt eb gstDl ~D2 2 DS 2B Heerd e B AL T 3 T RE v o FP %
s gstDl ~D 22 D5 A Fl AR B crecg ME RGO G T RBEBE LA A
L EERES S L SRS ST E R CE A
B4t : F %~ § %45 ~ GstD gene family » Real-time PCR ~ # 4 % #% 45 1%

%

FIE - bt AR SREMROELRELS >l - 354 BFERES T
fro ARt e AN FMER AT IR TOTERAEA VR > BT RE S T e
B oS ¥t % 5 % s D. melanogaster 45 31 % w42 )\ glutathione S-transferase D gene family
¢ 5 gstD1 3 gstD10 710 B = R £ F](Chelvanayagam et al., 2001; Sawicki et al., 2003) ¥+*¢
FIRADFHEZFR G2 T R FLRE o d 304 4N glutathione S-transferase 5 %
B Ti24 F Jpphassll ¥ A V¥ AR HERF RAEE A WAL E S B $ELES
W4t b A2 p AR E kB Fenie T o] % Real-time PCR # ¥4t gstD1 3] gstD10
mRNA Tz E » FIP 7 NEEE- (P AFLRENE R F R EBI I F%3 T
L iE 2 PRk B 2 4 5 1 glutathione S-transferase gene # L€ 2 B el & & J& B
% (Dose-response relationship) 41 * % #& glutathione S-transferase gene £ 3 /5 4 B criff %
FRr2fhpth TR 3Nt bHIRE2 FFAR > REFREILHELIF2REL 2
PR Ea o 22 TR NERRY FREFEF2Z 2T TR0k 53 2 By o

IEE it -
- ~ %32 % (Drosophila culture) :
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*F %474 % 2 %5 5§ % #s(Drosophila melanogaster Oregon-R strain)** 3 i* §# § *
BAp AN AFPT BRI REARE TR .

=~ F B AJREE 2 (Toxicity experiments) :

$ - PEEC T 0L S%EMEOK T3 3% 0 %44 DMSO(SIGMA) % % F#ecnet 3 Al(V/V) »

Rl g S R (0.1% 0 0.4% 0 0.7%Z 1%) o BRI ¥ ks £V o Bow 87
Pk R 400 pl Bl H 3 R IRAL o Kaak 12 ) PR B e AT e o] B 0 SR 1S -5 0
BRI AAY 12 Smli ALy | PRenp ol FE s 2o BHEEST ko RE A
e #0.1% 2,400 & ;5 0.4% 2,460 & ; 0.7% 2,520 & 3 1% 2,620 & » & (s st ETF 5
5 # LDso ek R o

$REEL 0 E - PRESTEEE 2 LDso b A (=0.5%) 0 A B ASE RS 0.5 12416
8~10~12~24 %2 48 ’J‘%i‘ﬂi%@w ERCES ﬁ.’ l:!"/r'—» ﬁ.#@f—' RNA Fﬁb“%\' cDNA »
215 11 real-time PCR i i#] gStD1 ¥] gstD10 ch ik F1A B » ¥t 71 S Z % £ B ; 2 (5 5
LB R pE I ER2 S i 8 Glutathione S-Transferase D genes # & & § chpr fF 8LT f6 %
ek B (0.3% > 0.35% > 0.4% > 0.45%% 0.5%) i 7 a2 » I 2 e edTie 32 2 B o T
real-time PCR 1 jp] gstD1 3] gstD10 snfA F]&A L& » P27 =X £ fK

= >~ RNA % B2 % i (Isolation and purification of RNA) :
BF M RJL S 3 & % 15 20 B 2 TRI Reagent(Molecular Research Center)ig 7 RNA
B o

R

» ~ F #%4-% #% cDNA(Reverse transcription , RT) :
cDNA e # 1395 f % 507 2 (Invitrogen ™ Life Technologies) °

I~ T2 R LFid4 5 B (Real-time Quantitative PCR) :

GstD1 > D3> D7 DIO % rp49 #* LightCycler FastStart DNA master SYBR Green I
(Roche Molecular Biochemicals):& {7 ¥ pr 2 & R & e 4 F & ; @ gstD2 > D4 » D5 > D6 »
D8 > D9 % rp49 R|r4 Tagman Probe i& (7 P2 € R & el 4f F i o H A FI &2 RAPHE R
gt Ct 2 4 47 (Comparative Ct method)z* & 2. °

i Ct ety ks —‘*‘(cahbrator TREAIL A A ITL AP A
* o 5 p]F — cDNA tk ~ep 5 r1(Targe‘[ gene)( gst D family genes )fr %% 3k F](reference
gmﬂrmmHﬂk%o%{%ﬂﬁém%ﬁﬂﬁ’?ﬂﬁﬁﬂi—%F@ﬂﬁkﬁikﬁ
2 F e E 4 oo 8 I ACHACE = target gene Ct-internal gene Ct)(Ginzinger , 2002 ;
Lehmann and Kreipe , 2001) - £ #-9 % # ~ hACt B2 &1 —g g /ACt 7 73 AACt
(A/Ct = experimental /A\Ct-calibrator ACt )( Lehmann and Kreipe , 2001) o #-% - =9 % &
A & internal $&2 1t 15 > Ap 44t reference #73+ & d1enp £ A F1 4 RE L 2°°Y 2 (Lehmann
and Kreipe , 2001) °

7 e pF R EhengstD AL F] & & et #1172 ANOVA 4 + Tukey Post Hoc test (o0 = 0.05)
7 s A g o
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P 32 % s gstDl > D2 > DS > Y T o
D6>D7 A FAMEF HFHEL L = h— g2
DI e a2 f P iD2 MR | -y il
-8 [ PFiDS MR A6 BEID6 IR | T T
%05% 8 pF;m D7 I A8/ pF e =\
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sz BT AF L BFE @ & &G . AFAREEB
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o
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Je R pE Y (0] F)
Bl =

R GstD1~D2 D5 %2 D6 &7 k& ch¥ "eAJ2 T chil FIZ R E:

d”“L%éﬂﬁihmﬂﬁ¢ﬁ£%mﬁ@ Frit — %AWLVJ”$%%&”%
P EIERESE ) S GEOEBR N e AFFERE L E DI AR BEEHE S L]
indch Gient A (Flw) D2 % DS PRI R FH B A (BT 2 2) D6 i xﬁ,_swdi{é@fﬂ_
T(0.3%-0.4%) & F AR > 5 045%00 2 F P A RGBS ) RA P AR IR FTE- B
iRl o
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gst D1 &% F ik B Anilineui® 2| p& gst D2%& % k- 3k & Aniline& 2
AALREE ARinsk
8 35
. v = 1.6948¢"250% - y = 11.64x"%6
4 R’ = 0.9572 % R® =0.9858
‘é 4 w 21
: "
®’ S 14
2 o
....................................................................... 7
0
03 035 0.4 045 05 0 P
Anilinoik 7 (%) 0.3 0.35 0.4 0.45 0.5
Aniline;k & (%)
] = i
gst D5 # F ik & Aniline& 32 gst D6 &7 R & B Aniline/&32 ¥
ARARE K ANRRE &
20
_ 1.5529
o 15 Y= 1.09827{ o
e R”=0.9986 &
=2 10 5
5
s 0.3 0.35 0.4 0.45 0.5
0.3 0.35 0.4 0.45 0.5 ’ ’ ’ ’ ’
Aniline )k & (%) Aniline;k /2 (%)

—

b5 B o gstDl ~D2-D5-D6 %2 D7 e LDso M E KB F FEEFT > AF LR
EFRHFOEE > H A 5 A 2 o gstD gene family ¥ s B ¥ ap 0 & TR (R F s
A R FIEF ok gstD] D2 2 DS AR B#cam e R R F TR
ARRE o F]t & s gstD] ~D 2 2 D5 i FlA R E e B E Rf OB oo HNE RIERS
FRARRZ AL A TR LGRS LG ot Pk
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Hexachlorobenaene ’1}_%} F:BEP RL-KP 2% (8%
%zm*im@*%ﬁv Hy T i mae

LR ERAHASRELI ALY

R FRPLSFREFTREE L

&

B3 PER R 10 BhAR R EAT G 4 B ﬂé’}“ I Y ?F(Hexachlorobenzene
HCB)ﬂfc’135-._ % ¥ (1.3.5-trichlorobenzene, 1.3.5-TCB) » %] % 1.3.5-TCB = % ¥ d rs % Bz
FFCEPERA ko GHT NG RE P AR KL aﬁ%%n*oﬁp i Ak
PRy A kie s HCB B R E v > %A S BIFER > - A4 10 ﬂ&«% S R
Hed P d e iy et o # Fi\:/ﬁ foeip k2 KRR i 4e Sg/L fhyeast extract (YE) &
XA ]4\: ° ”‘“r)a g.¢ 2. HCB % 14 % ¢{ Fal’iR,a v 2842 X m M E #\/,J.ﬁc YE % i B
142 28 2 25 g h g ‘fé‘ﬁ’ ° 331;"?'/39]t PIrRE IR e h T X LJF'/%
AR HCB Byt o X a6k n% CB=2%% » ¥V-IE:™F HCB &
L RIEE A SR EDATEE R R 2 M E (B 2 b eyt B BhAp I aﬂ&}”%ﬁdwﬂHCB
L Y :5&“ ’ El'#f%s/ﬁ-’]\‘:luk#};o] 4\?%? ]'“5{‘ F&/ﬁ-’}(uﬂ fe e ‘/‘2135‘-1”’3"@— Gi}’é’@
iR g3 J\_rrﬂp Fitblr 2 3 SR F B2 FOeRE RJEZPFF MG A A 2 644 Sml
ﬁ/&l/i‘ ‘e HCB o 5% BEor » AL B KWL GIAR G it & 5c 4 %% o AR K7 By T o
$F HCB %4 (% g2 o ¥ ¢ KR -RGa RE RJLOP AL > Pl HCB %t & it 4
Ao MY RRMT HCB % & AR B s i &g RE R is feniit o @ 2 4 37 HCB
ARERRET GG RBAR T LT o

L L R E

— \'H‘-ﬁ

)

+ % ¥ (Hexachlorobenzene, HCB)# B iZ ¢ * A1 ¥£ 2 B ¥ 3 3| BL & » < Miren
HCB 54 % 2 ek 3 B2 Kend o RSP F5 A8 L 5k 4 %457 (simonichand
Hites, 1995; Fellin et al., 1996) * HCB #TR 8 ¥ § 2LF5 22 3F A My Fpt > ppiacd ket &8 >
HCB & 7 P Bg el 8 T A8 it & 27 (Pearson, 1982; Weber and Goerke, 1996) * # 3 40 @ > i& 22 Bailey, R E.
@oonEf Ty — & > 3T % HCB M A4 % akB @ » ¥ 7 437 HCB a5 3 3 K3 4
2o hFd L EE I D ffﬁ%”q* °

FFVENRMIER Y G AIAA o RAER AT R B 5-”??' SRR S
FR AL TR S A AR ORI FEERES FRG o TR F P o d R
L ERT PR LR 2R ERCBS BiLldany a4 By ”J\‘J SRR 2K
A fade? 3P w5t JF’K’)& AR AL e

4 ",/TT’J(’?l B Y CBS ¥acern™ 25 485 ~ LrEfE2 4 F 5 f2 5 3 MCB 2 DCBS
A fARE RS A & a2 > k- 8 CBS &2 - 2 L5 F5%EY L7 (77
(Jacobus and Connle , 1994) » #ic2 4t b & ehg F2 A H " AR vk £ 7 a3 2 0

S
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] i—!fﬁ%#ﬁ A gk R I AN @ 2 CBS 3 Ap ek s & § e
2

ZETRAEN L AL R R R R Mg i £ €& g i H_CBs~CPs 2 PCBs
(Chang et al. 1097, Holliger et al. 1992, Quensen etal. 1000) > # % F 1 1 &4 B Rt g € 3 2 il h o0
HBET ?j‘}'%»g\i EiFft RiE o TE {;ﬁd PR PERATEE S AP B a
I AP%YEFRRLIFRTHACH di~tri § I penta~hexa & F a7t FEH vy iz
Bt Fr i 420 438 2 & it S5 (A HCB A p 287k B 7 ) L0 5 Hr— a5 23 2
EREZ Y % & {8 > HCB & & enit § 45 ~ % & 4 37 3 (Fathepure et al., 1988; Nowak et al., 1996; Chang

R

etal, 1997) ~ Hx A F7 e 14 (chen etal. 2001) 0 iTE B2 R F cF]F (Chenetal, 2002)‘}5’3 HEAF gt E o
Edhie o HCB e g & p Rend ikt @ 2 HCB avfg 342/ EAp § 310 f2:0 2B A
TIRANEE P RF-KY HCB %4 chd f o JFd @ % vii— WA TR A £ 42 248
HCB %4 tep #2753 4 2 AAHH AT 2 L35 L@ r 2 PR T ERTRah 57 RREAE
B s AR TR S AR A R FEd R R AT AR K k3L F HCB R § R 5 -

I o LR
2.1 Rk 8Pk
“r4 ek 2 59 -k % _Hua-Lum-Poo 387 10 1 B:(S1-S10 » A k) v B3] 74 )
B RAE R h A K A(F )
22 F¥EF
MCB ~ 1.2- 1.3- 1.4-DCB ~ 1.2.3- 1.2.4- 1.3.5-TCB ~ 1.2.3.4- 1.2.3.5-TeCB ~ QCB - HCB -

23 B4R
231 B FRAMIFRE R H A

2301 REKEA
400ml %k E %ﬂfr 400ml =77 -k & > 1L & ‘}Fiifit‘ ) fﬁﬂ 42
AR E S FE B0 50ml b KR G AR K(SW) 0 SW oAt s 4t
EOFFL ERFF e
2312 A1 %4
NH4Cl 2.7 g/L ; MgCl - 6H20 0.1 g/L ; CaCl2 » 2H20 0.1
g/L ; FeCl2 « 4H20 0.02g/L ; K2HPO4 0.27 g/L ; KH2PO4 0.35
g/L © yeast extract(YE) 1% 5 F & ifif 4 )k & Sg/L
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Industrial Park sitel site2  site3

|

Discharging site4 site5 site6 site7  site8 site9  sitel0

Bl 1 'I & Hua-Lum-Poo i& ;@ 5710 B $ & 8k

232 B EIRPRE K E R ARIERTE R R K2 HCB m § (£%

23201 MRAKRKE FfERT HCB 9 § R %

Bikokenflid RUKEET BT o AR R Bl WE 12 2 14 2 (8 b dRfE A F ALY
FRERBAAER 7 Tk T R e
2322 U H RIR KR K Z AR T HCB 6% & R 5%

IR B EOREBEAT R IV B 12 R AR B - BAG ERY - BAULER
SRS LS ARILEE RS 0 GAUR R N F F e BRET S B
ik o

2323 NABILRR KT G #fbie T HCB 9 § 3 %

Boife 2w ok Wl BE3 58 B8 1t Gl A W5 11 2 120 Ade » HCB 2% > s i
AILEF PRS0 R FE T T AREERY - BRELSRERLBI b
; B gg:’ D AT GR R R AT AREDF > BB 2]y R 0 g et

iy & 4 > 1§ A_yeast extract(YE) °

24 Hfb

241 & 10 BB EFhRAMIFI /T IRETRIEER

A YE @R & iR 70 175 5487 < fc i AR foi@ -k (S0ml : 50ml)%e 1gYE > 2 i
-;g—i:'zv‘ ol nH o BHOBERIEIG-EY 0 2 BHLHI AR ‘}%ﬁi » B4t Sml
EHAREFHRIIEAZF 45ml 32 & AP fr2mg/L <7 HCB -

2.4.2 3% % HCB A% BB AR K2 R BOR crT i R kK2 & {E%
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2421 MRAFR-KE e HCB 698§ 7 % °
& FEST-RW-YEB-# » — B34 60 % (54248

2422 U EESR KRR E B2 HCB i § § 5% °
S4-RW-YE i & F & 60 % i3 % fs 4248

2423 NARIERR KT LG BfEie T HCB 499 & § 5% °
Bk }\mﬁt'—“%»’«kf’%é& A JedL m?&-ﬁ/m > Fgt P Pmﬁ%ﬁ °

25 &4

B~ 0 2ml 03 & FHk & 0 2 n-hexane ¥ B~ 0 AR {507 § 49 & 47 R-ECD(Hewlett
Packard 4890, Rockville, MD) 4" 47 o

N

i

% g

-nn\-

+

31 287 R ¥ chCBs ¢

BITE P KK CBsmgﬂF% hz2 % %éﬁ"r’&ﬁ&#“i“ 48k HCB 3 & 7 0.182
3 1.25ppm(% 1) 4 4 ?%‘F’Tm’ 1.3.5-TCB 7= 2 2Lt % 3 > % > HCB » 1.3.5-TCB i 3
Eel Fi-R E* 2> Ka %%?F?[ﬁﬁ’*:}ﬁu 135TCB 2 HCB %t % it% pF& & che
AY o 2BFREET NG anidy o 3EM HCB it 53 & Hua-Lum-Poo i /7 chp ATRE %
AR EL TR

% 1. Hua-Lum-Poo :# 7 x ;- ¢ HCB % 1,3,5-TCB k&

Sampling site HCB (ppm) 1.3.5-TCB (ppm)
S1 0.182 ND’
S2 1.250 0.238
S3 0.261 0.160
S4 0.153 ND

32 p RAR -k HCB % § 7% ¢
&1 % 2 yeast extract (YE)en#i7e (v % 15 > % 10 _B_%,T e YE 22 Rk -k R A&
3R E ﬁ?&ﬁﬁ:r HCB .4 (v % j&jh(% 2) § 8BRSt 14 % (5 HCB B4 4 « 7 7
2 BEEFE G 28 % ,HCB G 42 X s AWt 2 E ofo 2 e 3R Y R K 02 $ % HCB
S ET R T i AR kB R AR F S ik | et BOE | BRI 5 $ HCB i 7
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F(#2)o % SWi A Aapiufin™ > #75 Hua-Lum-Poo & /® chjic 4 F e jidd= 3| % 2
%‘r’ﬂ%_@ﬂ—# Pmpi:)ﬂ&o
HCB % % cufe T8 e g ¢ FF 245 75 QCB~1.2.3.5-/1.2.4.5-TeCB ~ 1.3.5-TCB -
Hua-Lum-Poo i& 7 jic 4 # % & 1 & £ /% : HCB —» QCB — 1.2.3.5-TeCB — 1.3.5-TCB © 4
Chenetal. (2004) £k > 582 A5 it jikd &g flcnig HCB %4 § & ~ £ i £ fc
AT RTZRTE r'ﬁfé’éi;- 3 » & Hua-Lum-Poo & /@ &k » 7 & % 3| HCB #& g
FHa e E qﬂ»“)j‘ AR DEMS A B s g F R BRI E R

Tz T o

33 i,’F 4t YE R &K HCB %t & (€%

-;flwc YE M4t & A0 W5 7€ 0 & 3 KR 10 BERE RS FHikd HCB
g BEFHF 14205 2 BREEEF —'f’**#\"’]‘ 4v YE 9§ % (% 2) >4 Chen et al. (2004) p
AR - f:;“f"—fr@*’i‘iv LA R R RRE Mt 4 HCB & (8% jE 1 2 3IRehjicd $ 4%
FH S = E et 2% fr Hua-Lum-Poo i& /@ ik ik &2 HCB "% % #1427 & YE &4+ HCB
Mg T mﬁi#%%f—ﬂu% A 2 o R e BanER AR 0 58 ;ﬁr’ PIER
ELP e d X HCBS L BB &7 T A7 & 2 B 9 &40 & Hua-Lum-Poo
@pehiR ¢ AR HCB % & 8% engt 4 Ap g P AR 0> &4 YE fr A5 4 YE(% 23) 0 &
gt 10 BRSO HCB M & % 4 & ‘;‘a”“V—‘ p AP gk B o g HOER R E IR
ﬁ\’«‘ﬁi)i]%l?ﬂﬁﬂ@i'ﬁ“ oS AR N enBh P2 3 408 o

% 2. HCB fop RRKEficd e g 8% frl_&]@lﬁ‘ (ST ~ S10), - =izELE2) = s=e(H1, H2)h
B K(SW)IF a4 AT R "}5 “r yeast extract °

5 45 @ . Yeast extract B F EAE I HCB e 2 1

BEAT - BER gl y) viE s s e AT
S1 SWP 0 14 28 100 1,3,5-TCB
S2 SW 0 14 4 100 1,3,5-TCB
S3 SW 0 28 4 100 1,3,5-TCB
S4 SW 0 14 28 100 1,3,5-TCB
S5 SW 0 14 4 100 1,3,5-TCB
S6 SW 0 14 4 100 1,3,5-TCB
S7 SW 0 28 4 100 1,3,5-TCB
S8 SW 0 14 4 100 1,3,5-TCB
S9 SW 0 14 42 100 1,3,5-TCB
S10 SW 0 14 4 100 1,3,5-TCB
El° SW 0 ND* ND 0 ND
E2 SW 0 90 NC® 59 1,3,5-TCB
HI SW 0 ND ND 0 ND
H2 SW 0 75 NC 62 1,3,5-TCB

*i. Hua-Lum-Poo e 4 s1~s10 suzqum E L 1 yeast extract B8 1 380 comnmr B1~E2 2 pmmrg ok Hl~
H2 ¥ R RE a0 02 % 23% » LG ;‘;’]&ﬁ YE -

PSW: &Rk, #RGEZ KR E (1:1) and A E 0 kRl

CHcp EL—H2 BBk p “SHRVREY 2 F FRREME T 2E7 Se BERBFEFEE ARG B4 FF3 4 0 2006.06 -

IND: 2150 % g % B 152 m i 52 o

®NC: & 150 % crus £ #5324 = e §
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34 4 YE 4 1 B35 % b2 HCB w4 i€

A1 @& A Sg/L YE (T3 & 4 0 HCB % & 187 (% 4)frid * SW i 4
YE(# 3)pAking A B 5 g+ 355 ma'rhifé;%ﬂmr%i Bk B omc
MM-YE % & ## § 28 % » ‘2§ SW-YE(42 %)« & MM-YE i # » § BI87 ificd 4 0
WE T BB ST A frod BEER A2 RE ,aéj& »een HCB %t 4 7% 3 5 %
- B A FFHERRRKT L Sk s FlRpdEiR? A it g ¥ nd o
L I Y e

% 3. HCB & p ’J’}%fb A e g (T% i‘j\ F:& P (S1 ~ S10), - cxELe = szx(H1, H2)
K (SW)TF 5 2 & AL 3% ik 4e yeast extract

Yeast extract  ¥& # #p ERERIE Y

AT BEE pn@l) ()  wgage AT
ST sW° 5 14 28 135-TCB
s2 SW 5 14 28 135-TCB
S3 SW 5 14 1 135-TCB
s4 SW 5 14 1 135-TCB
S5 SW 5 14 1 135-TCB
S6 SW 5 14 1 135-TCB
s7 SW 5 14 28 135-TCB
S8 SW 5 14 28 135-TCB
$9 SW 5 14 1 135-TCB
10 SW 5 14 ) 135-TCB
EI° SW 5 60 110 135-TCB
2 SW 5 30 90 13.5-TCB
HI SW 5 60 110 135-TCB
H2  SW 5 30 90 13.5-TCB

*i. Hua-Lum-P0o0 4 4 s1-s10 suziem ¥ 2L 14 yeast extract 3 78 1 3¥ /8- cieni ok e1-E2 5 gmisanx Hl~
H2F A RE 02 83822 2% > #0213 A4 YEo

PSW: &Rk, #RGEZ KR E (1:1) and A E 0 kRl

Sty EL— M2 i@ kG e VR 4§ FRAMRE £0 2" Vu BIRESE FHHAP] 57 4547 § » 2006.06 -

3SEAME 2 p RRE-RGHCB R iT%
STRDINEpARARBEAANNNDEEREL A B PR R BB i
R R K S o g % R T B8 (ST-RW-YE R £ ) > h3p & 5042 % AT en HCB %
:i‘ , “J‘% t_%\ 50
HCB #& 2:1 v beng ik -k e 5 BEA g (8% > BFHP R L T2 2 2%g R &
20 % > @ 2w H 4l kiR o R E AR 2] R BT A35S XA a R 2 (£ 5)’;’{%
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d R HCB A p RAFY wg WPy P - @ BFRET AER Y AR KLBG &4
FHCB M & hk B AR > B2 Hor F ppsi e 3 k2 3 HCB % & B id 8p + 5 428
ToF T AABIEATY BE 40X RS RO ALS I aykd 4 HCB % & g%
1 TRE RIS 2 HCB % & b MUTR S £ UGB 30 X BE > X2 R R
4v Smg/l ihyeast extract iZRF PRt F AP > B RS L B RE R 12 28 LR
EMEA A 4 e 547 245 HCB % 4 cnd (R E WL PR 2 B 55 B RE K ehd s v
1.3.5-TCB R B rir— chdet A 4 > BB 7 ficd o ci% & #105% & HCB—>PCB—1.2.3.5-TeCB—
135-TCB» # 7 2 %= &4 /27 44 1.24-TCB ~ 1.3-DCB % 1.4-DCB -

4 4HCB &f AAL ML F o g (€7 3 Migie (S1~S10), - =%(ELER) % (53%
(H1, H2)eh& ik 7 e * 1 33 % AA(MM) 2 yeast extract (7 5 32 & & o

Yeast extract & % Hp EAE Y

U 7 e (g/l) (day) MR REAE
S1 MMP 5 14 28 135-TCB
S2 MM 5 14 28 135-TCB
S3 MM 5 14 42 135-TCB
S4 MM 5 14 42 135-TCB
S5 MM 5 14 42 135-TCB
S6 MM 5 14 42 135-TCB
S7 MM 5 14 28 135-TCB
S8 MM 5 14 28 135-TCB
S9 MM 5 14 28 135-TCB
S10 MM 5 14 42 135-TCB
El° MM 5 45 90 135-TCB
E2 MM 5 30 60 135-TCB
H1 MM 5 45 90 135-TCB
H2 MM 5 30 75 135-TCB

@ j¢_Hua-Lum-Poo ;7 Jc & S1 ~ S10 & fda ¥ £ 12 yeast extract 3 78 2 ¥ ;8- =/ &% -k E1~E2 % {($/Z %R/ -K HI~H2F £
PURF % A 2% 0 £ e YE .

PSW: ARk, #&RZPRGR S (L:1) and AREEBA L Rl o

Sy El ~ H2 enm@ kg o "R A FFERAPRE FR LAY S e ERRFEFEFALTBIILSFFAHE
2006.06 -
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F ek kok e 22 HCB %z it%

% 5. Hua-Lum-Poo & /@ S7 s& L g4 $ &
L , P R RREER s
Rk ok 2k b 278 kR = B
Bk R (days) (days) &
12 S7-RW-YE 7 21 135-TCB
1:4 S7-RW-YE 21 35 135-TCB
3.6 % % AJL A S fE iR A2 A K HCB % § (52
Pk A ATES (F2)0 % 6 5 HOB 2% § &% »
\ ;ﬁ'%&i %‘T

KB4 ek A Sk chR R 2
G OREET FIL R GRS DEG AN AR RS > R REY PR

R
L R A A RA T K @ S HCB % & 305 Ap it il 9 2
%m,iwwaﬁﬁma+ﬂf@%$»rm@mwﬁ%ﬁ&m’
Bl 53

%i%gw%@,g% \
N““72’“R*”ﬁ“ﬁﬁmem%@%ﬁmva LS LER s B3 A iR

%ﬁpﬁi‘ ’ /%:ﬁp q.\g_v\“;’\7% E'|:T‘Jo
Sediment : Water = 1:2
I L 1
Filtrated?2 No Filtrated
I L 1 I L 1
Sterilized No Sterilized Sterilized No Sterilized
[ [ [ {
Cool down Cool down Cool down Cool down
————
| Flushed by N2 | 3 daysP | | 7 daysP | | Flushed by N2 | 3 days | | 7 days |
[ [ [ [
F-S-N,-1¢ I F-NS-3-1 F-NS-7-1 NF-S-N,-1 NF-NS-3-1 NF-NS-7-1
I NF-S-N,-2 I NF-NS-3-2 I NF-NS-7-2 I

F-S-N,-2¢

F-NS-3-2 I

F-NS-7-2 I

B2 7% d28mfiniiz2. HCB % & 9 %3 & A fe W 42K

* 12 g A whatman No 1 i g
P3days 5 A AR RHEEE 3T Tdays S A ARBT BHIEE T2
CHhEL1Z2 24T ER -
¥ KRR RRE p{r] EiEARAEP o3 HCBWE iT* ¢ 3 8 B %A (A~ 3247
YzihA 4 % ORP 7 *% (Prytula and Pavlostathis 1996; Chang et al., 1998; Chen et al., 2002) -

HCB & & 450 5 L e $RY ol ™ 4 2 i 325 MRHM R xR RURE e
BT E 4 HCB 4 i & F]+ (Nowak et al., 1996;

}'i , rT‘J__E" 2] Icﬁ_]m/r'rz}
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Rosenbrock et al., 1997) » & p mep? 7 ¥ > X £ 7 A 4 fFF < IMipenle VL,:JT;K B % % Hp
FARE < mw@u»%%&%) #H%%UWW’J%ﬂwﬁéﬁﬁﬁkhﬁimﬁ#
= —;;'\’)ﬁ e ﬁ.ﬁﬂm’ I PR T_ g™ ORP E ey /nT™ n\_ﬁ £ IY" /E’\i *];‘?]’i E enfw |Z\E' v =
“];é]‘ °

# 6. j¥_Hua-Lum-Poo B 4 B~ fi i & fA

W RJZ ek R P iE 7 HCB 69 &

¥ &

e o es 2 T s a FARY BFY X RME R v b
B = F B P o o (days) (weeks) L
F-S-N,-1 Yes Yes Yes No 35 49 1,3,5-TCB
F-S-N,-2 Yes Yes Yes No 35 63 1,3,5-TCB
F-NS-3-1 No Yes No 3 21 35 1,3,5-TCB
F-NS-3-2 No Yes No 3 35 49 1,3,5-TCB
F-NS-7-1 No Yes No 7 21 35 1,3,5-TCB
F-NS-7-2 No Yes No 7 7 21 1,3,5-TCB
NF-S-N,-1 Yes No Yes No 49 49 1,3,5-TCB
NF-S-N,-2 Yes No Yes No 35 49 1,3,5-TCB
NF-NS-3-1 No No No 3 21 35 1,3,5-TCB
NF-NS-3-2 No No No 3 21 35 1,3,5-TCB
NF-NS-7-1 No No No 7 7 21 1,3,5-TCB
NF NS-7-2 No No No 7 7 21 1,3,5-TCB
BRATDIFLURE g T F F R TRE LR
3.7 AAIL® 24 J}%:f;ﬁ_éhf%iﬂ k2 HCB % § v ¥

NE AR F D F
R K Y a7 Ak su: =0 S A > s T R B
-k » HCB iz A ;\mgfg’fc‘ 2 g EFE G 21-35

% HCB 75 % eh3at 2 ’JR% % (% 7) 5% K1 HCB = TL%@\L

L2 # gl e s
0 h49= wm}_ﬂm@ Nafs .:@ﬁ

77 > HCB B ‘ﬁd ANy R Bt RS fwﬂpp\@tﬁﬂﬁz @A g @m HCB
ﬁl;f T > b R ERPIFTAERHNLFIEE ﬁ—’vbﬂ”’*i*il_ﬂ;ii; ’E‘%’m?‘v"»’"l’*'
TR AL F N TuE R BR T TR -
# 7.Hua-Lum-Poo 23~ 2.5 % 8.8 2. A4&f mp SRRk e HCB % & (5%

. L Rk ookzZ L TFARE BRI EFY REWMEF R e 2w
RS RN TEr TR = A
Bk DRk A e e LB 25 50, (days)* (weeks) (weeks) B AF

Site 3 1:1 1 7 21 35 1,3,5-TCB
Site 3 1:1 2 7 21 35 1,3,5-TCB
Site 3 1:2 1 7 21 35 1,3,5-TCB
Site 3 1:2 2 7 21 35 1,3,5-TCB
Site 5 1:1 1 7 21 35 1,3,5-TCB
Site 5 1:2 1 7 35 49 1,3,5-TCB
Site 5 1:2 2 7 35 49 1,3,5-TCB
Site 8 1:2 1 7 21 35 1,3,5-TCB
Site 8 1:2 2 7 21 35 1,3,5-TCB
‘A HE I 2 & a AR R T - E BT %
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v S AE R

HCB A~ 3 th- 7k it #3542 HCB ;544 chd i 12 HCB tp A%k ¥ 4o
7 F P AT A 'E fE 0 Barry = Nicol 19823 TR T E BT < P % HCB F 33 3t iR 2 % LA ]
T EDAIKEE D F TR BETRE o e 0 ME AN AR ARRARBY ARFL TG
P RIGE B B S H v - T 0 X5 SR N IRB R T 7 N R F R B (T AL
- BHEOVCRELZ NI GEL TR G HREPILS RF LR T o g4 T g AR
RenGifz 23 0% chiz P Pfive 75 > FREEF R DGR T > 17> BHBFELREL
2 BAB ALY DAL T RS RERT AP AR RET § ROE
PREY B AR 2 HOB g B b @FRENIFT LIS REEFREART
T FRKEER AL (RIEA KL LERELF T ARG £ D1 (FRL
Bt &Y - o

I %% )}%
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e R A FRRMRE T 2

T garT gree mig
LB FRMHEFREL AT
AT T PR

\

2
A G B ;é - # A2 HG AT & F (Hexachlorobenzene, HCB)Z %t & i # » 47
’L@fif#%~ CUESNSSEY THL - X e BERLBER R LB E BN X R K R K
AR RIS yeast extract 5g/l » £ {8 7 e HCB i& (73 & - %% &7 » /% 4o yeast extract 2.
P 60 % BB E o &I e yeast extract B f A ERG M A (EH A o gteb o 4 1%
#h 7 b yeast extract 5Sg/l 2 Je B¢ o w L2 RR A R GE 5 4560 % o 9T ]
HO@ﬁiﬁﬁﬁﬁaiﬁwﬁﬁgﬁéi°§¥ﬂth%%@ﬁ’quﬁa'@ﬁﬂ?W¢W%
2PFEF S EFLWE NS %”ifjtﬁ%’%i)ﬁl C Ay g AR IRE A 2 My TEH o
MéEF i~ 2 F -~ A HF AP mF T

_‘_L —_
— ~ E :

* F (Hexachlorobenzene » HCB) & ## 4 {23 #%/5 4 4~ (Persistent Organic Pollutants -
POPs) 1 iE Tt X «’—‘F‘;K;ﬁd T~ /,,\ﬁ’*\ RoOKHIEE R L 7}5'% N ATRB P A %
ZRVES frJv\ﬁ#(Pﬁ BAL, 1997) o A3 873 4 F (POPs)#F A W 5 1.7 5 kAo g~ iv &
EESTVS ¥ 2;&ﬁ%%’ém§ﬁﬁ% BB 05 3R s B e o g
AMPEF AP E G RFE TR 2 PH TG ARSI
hod A B E P ARR ""b"‘*’”gﬁ“‘ﬂfd??&k}l._’q‘]!}b’zm'mu_’lkq i
(dodfgg ~ B 4 )Eﬁ%;:*?’ Fv oo Lgd mrEirr (4o ) wi p}z#« Foo )4 A M
FWAAS LD ED A F P LD 3§ RARBE A Flut 4 POPs F 7
B >3k enis (17 Fcfe Bk %% ,2001) o

F g Fﬂp%e‘ﬁg«#ﬁ;;\]@»ﬁﬁﬁj—%%#ﬁﬁq% P TR A4 T B R A
FIEFAPE MY :}ﬂq”POPs#%‘r;ﬁcn\d}ﬁﬁli LIEF rﬁp%}ﬁﬂﬁiﬁ%‘rﬂr“a
oI A 'Qﬁ*}—"—rz@ Fie gAY > Y ERIFTIPD REE IR
Al H o WARE A KB POPs 2T i 23F 5 A M e 1A ’%\'ﬁ%ém/ﬁﬁ%
£ IR E S B AT LB RER A TR SR A P AR
——”iéi’#—;'é_/} “jrt;gL~\nﬁ);‘,: bR AEME A ]‘ﬁ{%iimi T(fﬂf{]‘mi%lﬁ'—% 2001)

% ¥ (Hexachlorobenzene ; HCB)# % »t 1945 £ B @ 4L g * >t F &+ > HCB * % #ic
FOMEYENAA DAL > EFAIREP I 2 F 2 AT
FIH 77 R HWERY LA AR L B T (MR, 2002; Langlolis et al., 1989;
Pearson etal., 1982) c % ¥ 1* &4 &TkE° F HILIr2F A HFMEL > T2 72 2 HRLERH
A BEANKHEERZ LRI FES AT o PN FFLEF R BEFEE
B T @FFL AP AT G \iv TeiF 5 R ER(FR R 4% 1994) - # Fathepure % 4
(1988)2 F 5% # »d RF M2 $ 4= & FLFARRERE TF FREFEF G A ARG
®AT

255



T & Fo1235-2 % Fo135-2F F(AEWE LT
—7 % Fo1245-2 % $-124-2 % F(XEWRF BT

Flt o 2 F PRI KA FRRME FY > A& ¢35 1,3,5-= & ¥ e} 4% (Brahushi et
al., 2004; Fathepure et al., 1988) °

I Y
g’

i A FBREME T% £ 2 5530 €2 AT ¢ F & 54 %!
CBs ~ CPs ~ PCBs %t ¥ % (Holliger et al, 1992; Quensen et al, 1990) o &5 ¥ 2 4~ % f# 0
PEFF 5 LA g 4#%" FFAEMAS P RRIFACLRA..EE 0 ©E
B FT AR Y R mﬁﬁ%‘” BBEWE Y mEDREOA P EEES (R

X ,1998) 5 2RE i T %#“ﬁA"J~ FURIrE § 3 B R
GlarE £ F 5 ) ik j_in’imga ez B 5 Ni >Cu> Pb> Cr> Zn (Suthan et al.,
1996) ; 4.4 %R M2 4 & 91 F 2 F % R (Peikang et al., 1996) > H P rijicd b d e
CEIFIRE EF AR PEFF > AT FRI G R IURE A FFEERE L A
fe et & ) ﬁé(Brown et al, 1987; Chang et al., 1997;Chen et al., 2001) - @ Quensen et al.
(1990) » 4+t % ke e % & 5% % (Aroclors)#7ig = % Fe i * 4 e 4 #iiﬁé ) wifﬂ%ﬁi?l’iﬁ%’ i
fom g 4 Eh”?ﬁ»»i]% H"/ﬁ-{bmﬁﬂ‘#ﬂﬁ;}é FERE A E AR o 2t AT R
R YA kU N R N S s g ehs B (Jacobus et al, 1994) » izt B 5% ¥ # 7
7R Ff-m,;ﬂf ERELE . S Fﬁmﬂs{;’{ % o

AEFHRAE pom D ZiErR s é?’ A N f%/fwf’ A5 hauligd Ml g
%é’i%HCB;’JR,a B EFATE AT ARP PR fRREY CBs7“§ﬁ¢’?,‘5€-"§§i
RARDRFTE AL FG A g o gty Tﬁ AL E SR R fopd® 5 P~k (yeast
extract) » 1T 3 R¥ A Fhy £k > REFRE FH > Fidgd LR L8 gD
A dp o B A e R EY R RERA B SR

s PR 2
21 RiE B Rk

%omzﬁmﬂ%ﬁ’ﬁﬁa#ﬁwﬁﬁﬂ%»@@%%?mn’fﬁ SE B AT
(H2)§ &% Bho =030 T #9906 ¥ARNT (Bl ¥ %52 & (AT (B2)» # 48 (Bl : A&
i 5 A BE(PCBs)icE & Bi5 4 iE2: R 5 ReAokiA % HL: AR S BB S

H2: Rk ZE g e 3Rz 4)e
22 it A
&R A (MM) e = = i NHyCl 2.7g/L ~ MgCl - 6H,0 0.1g/L ~ CaCl, - 2H,0 0.1g/L ~
FeCl, « 4H,0 0.02g/L ~ K;HPO4 0.27g/L ~ KH,PO4 0.35g/L » %384 F % ¢ yeast extract(YE)
WA EF R B R kAP 01SgL -
235 & FHE R
2.3.1 ?p‘-]"i)%l
PR RTBZKREER K-
232 R & ?fs]",?l' fL
B iR *E:]‘m@ # 4eT s %?}Eli’g e 1%;5 EERPAR SRS N SN ;ﬁ;ﬁi}]\ (]L) y LR GR
i P zl_x."l L:1(v/v)iR & » 4c» HCB> HCBA24k R 5 2mg/L» 3 1 ~ 418 > #
i%&?ﬁ%g*i@mcﬂ RIS R LB 4B A R B hEgY he B
BAcrk & FRIERE w4 o

256



233 % 0%

Bl B fs o Al i ARG ok SRR 1 8 g 2 18 Jj (Whatman NO,1) » = &
ﬁ;‘/ﬁrﬁ%iﬁ koo z s HB R AL KR B - A ERAL Y 2 WAV RS TR 304
B BIET AR LR RSW) R BB EFBRFALFALRE R &Y FLiRE
R e
2.3.4 PlRIEE 40T

EiFoREE R %;’,”Jt ¢ yeast extract 2. = & ¥ %t & PR ¢

FRE BT T 0 L HELY 4~ 45mL 5 % e fe SmL A 11 Fig ¥ 4 HCB »
wf A HCB Ak A 5 2mg/l> & 30C 2 ™ 51 150 % 4] pl 3 s 4o 501 i o

Rk RRY 7 #¢ yeast extract 2 # Fy :@ RF R

bo b AR P BAR 0 (e ok IR A Bl 4o yeastextract 5~ 1~ 0.1 g/l #LG 4 ies
W /?J\Eé‘

£ &R P & 4o yeast extract 2 2 & F W F PR

% FLY Ao ASmLoeh A 1 m s & A e SmL A 3 i EiR o T 7 4 HCB» i g ¥
HCB 4242k B 5 2mg/l » £ 4 &) 7 #r yeast extract 5~ 1~ 0.1 g/L #I% & RI5# - 4 30CE
A TR

B3 & iR i 4e yeast extract 2 BV i RF FehA & F R A RIS

ALY 4o 45mL 04 3 g8 & A e SmL ¢ Ui R 0 2 A 4 HCB o
FHLY HCBAzdeik & 5 2mg/l > £ i #e yeast extract 5 g/L #% & Rl -

PUE R E A B B LSRR R LY B e 2mD B R R e R ST
is * gas chromatography (GC-ECD) 4" 47

R A
303 %% ¥ A4 yeast extract 2 HCB % & i3
EPRLRITh %34 B COD @EikAE &AW 5 E1:182 mg/L»E2:22 mg/L >
HI : 122 mg/L > H2 : 193 mg/L » 51 150 % ch&ik K15 » F 2 B Beh& ik 2 $ > B2
feH2 > 35V HCB %t & av # 3 4piefnt o) ~ 2558 fefz & 5 B2 fr H2 %t & ﬁvfé/\ & 60
o 75 R BFP LB E o HCB " 27 At A w5 36910 4296 - e # i 2 n[a;ﬂL(El .
Hl)Z HCB% & % »d W El 532 5 £ 2 /%H2%2 PCBs 54> m HIZ: 7 ¥1 %%
W?:‘éﬁzuﬂ& 'E14e HL ¥ i 5175 A @ Bt @ drd] 0 e F R A i & 5¢ (ﬂ ) e
X HCB f8 it 150 % ¥ 2§ = 2 énfddl > e 2% 4p RR kP ARG ajicd
P e *ﬁ s‘b % HCB %% » ¥ s3Ik B ¥ HCB it p #% & chv ot o pt b d Bl E2 -
H2 %4591 1,24-TCB if 42 § 42 4 A4 > # £ X &%/ 1,2-DCB
1,3-DCB ~ 1,4-DCB 2 4 > & F]F ¥ it it it § 5 kR & 0 RHRTT o

257



9 10
El E2 o9
7T 8
6 T
‘»' 6 L
CB;}; 5| CBsit g 5 | OBl
4 L ¢
um 3r —o—HCB-#- 41 & “m ;1 L e
2 S| —e—12a-ToB
+
| HCB | —<—135-1cB z; X
0 0 ‘ ‘ ‘ ‘
0 30 60 90 120 150 0 30 60 90 120 150
P days R days
10
H1 9 H2 9
8
i 8
6 ! ——
sk HCB-4 i
CBs)k B 5 —— (B2 4] . CBsik B f
um 4T um 5+ T yes
L 4 F
; I HCB 5 L 124-TCB
al ) L X 13sacB
0 Ir =9 ssrec - TXX—
0 30 60 90 120 150 0 ‘ O
0 30 60 90 120 150
R d
e 1 days # Fdays

Bl- w2k 2.El>E2-Hl >H2p XKk -k? HCB e § %

323 %3¢ 4c » 2 I £ yeast extract 2 HCB " § B[ :

kR P 4~ 0.1~ 1 40 5 mg/L éhyeast extract » E2 fe H2 %30 % i {5 > © B4y
4 F (R - )o@ El 4o HI B9 R E2 o H2 % 30 % » i&w B 247 HCB £ 110
Tan s pE o BEARE > L El B &R Mt $ 0 A B4 » Sg/L e 1g/L yeast extract
SURIEY o H ARG A AP 2 4G AR D1 G i 55 B2 BEenAR il o i e Sg/L
yeast extract cPe %] ¢ > jed g BG4 0 FAHRHCB WA I - F F 0 BEA{rR N
lg/l yeast extract & A4p fe erndB jF Hp > e % a0 290 = v = 2% % ;5 & Hl Zhenk i ficd 57 > &
W4e » 5g/L {r l1g/L yeastextract > F 4B 0¥ F A Hfrd ¥ A4 & H2 BLenk ik jicd 4 o
&5 4e o~ 5g/L e 1g/L yeast extract > 3 G AP I G FH > 340 90 X @ R 2 g > F] o
BH2 % % ,7']‘ 4v 1g/L yeast extract 3£ & 53 K REBHcA P & HH (& - ) o

R EI o H2 Ao B2 4 Ap e g B2, 0 % A 90 X Bk 2% F > @ Bl fo HI 2
(£ /‘]‘ 4v 1g/L yeast extract £r & ;= g% & - H R F]¥ it £_El fo HI g2 Kk &2 5 3
TE£HE PCBsfrp it £33 4 g it 5 Fand 7 adrd | g e $ im0 Fpt & )
PP RIRREGERE R o

258



I A1 m 3% A(MM)4e b 7 e B chyeastextract 175 32 & 2 B 5 FRicd F i
fp st Y RECRIFA A A(R D) A H2 3 7 1,3-DCB~14-DCB % % & 4= » F]p* >
LY f;?f]"'_‘ 4 "'9:61"1#5— HCB %% 5 124-TCB-> ¥ # 124-TCB $-:i# % % 5 1,3,- DCB ~
1,4-DCB » pt ¢t » 4 H2 —w’]‘ 4v 5~ 1g/L yeast extract FF 5 40 e cF% & i@ 5 > » JF’TS R 1,3-
DCB 1,4-DCB > p g5 frik — (& E -G 4p ke i35 3 3 pm/,] 4v Sg/L & 1g/L yeast extract

B HCB%s T4l erykim e A8 E1~E2~Hl cn2 %87 > 2 %@ * KL -K& £
i%%féfi’%i%%i."»’z AR “"]‘4\: 1 v 5g/L yeast extract <1¥ F A o frdb ¥ A4 F AP o d 12}
S REM o BERY R * KR ’J‘"J 4v 1g/L yeast extract)j*)i;a AFH R ES - B
;@ Btk 0 @ HCB:E (7% g 7% o

S U R g7 e A e St o L HCB % g cn@ k¥ B FH ¥ 46X p>m HCB & 12-18
TR E G R2r%E o T A2 1,35-TCB 52 5% A4 (B2 )o vk B it pic 4 ,}Lfafra k7l
it = F F20mE B > BEBP LIE £ PCBs i3 40k F € Flizk T
F A prd) R g pz]m’img, T > 2Rm gd ;',"'134\: %%‘JEI S EL S R E R ER ﬁ%}'mféfﬁ )
R SECE Vil & 3 ﬁﬁé fLigdehng 4 > LiB(FME (T o Ao 5711ij$’ R B
A F2WMEBMEED LR IRE BT LR BB TR NG LRI
gﬁfﬁgﬁﬁ'ﬁﬂﬁéﬁh;ﬂxé,{“i BT (T o

FF\«\
*T%

- PUVRERY AL RIEKA S AR Fﬁi,jtﬁ:%_év’? Yeast extract 3 % ;A ¥ & {72
HCB " 7 it %

Yeast #&F#H HCB = > #i

B 2 E ¢ AP b %A
A PR extract  (day) (day) A 2
1235-1245-TeCB®
El  EISW 5 60 110 1t TCBe 135-TCB
1235-1245-TeCB 135-TCB”
B2 E28W > 30 20 124-TCB 13-14-DCB* ©
HI  HISW 5 60 110 12351'213_‘;5C'TB6CB 135-TCB
H2  H2SW 5 30 90 12351'215_‘;5C'TB6CB 135-TCB
El  EISW | 90 150 12351’215_‘?C'TB6:CB 135-TCB
E2  E2SW 1 60 90 12351'215_‘;53;(?13 135-TCB
HI  HISW 1 75 120 12351'2142_‘;5(';;@ 135-TCB
H2  H2SW 1 30 90 12351'215_‘;5C'TB6CB 135-TCB
El  EISW 0.1 NO NO NO NO
E2  E2SW 0.1 75 DNC 12351'21 j_“TSC'TBeCB NO
HI  HISW 0.1 NO NO NO NO
H2  H2SW 0.1 75 DNC 12351'2142_‘;5;;% NO
:Tz;}if## CLARAZDTI AR 2R (TR
L:;gi# NO: ATy agmg (v% 34

AR EEWE s DNC: f3t % $ A2 & 2300 § 67

259



FoZ POVRRR? A2 KR A Foo A FE?,’F%{&_E'?’? Yeast extract 2. A 1 1 32 & &

¥ 2 HCB %4 it ®

. . Yeast . HCB = 2 , vy ,
IR B dORY A Bt A
#l PR A extract ¥4 (day) # it (day) A A

1235- /1245-TeCB®
El MM 5 45 90 35 1/2 A TéBeC 135-TCB
1235-1245-TeCB 135-TCB"
E2 MM > 30 60 124-TCB 13-14-DCB* ¢
HI MM 5 45 90 12351'2142_‘;55;@ 135-TCB
135-TCB"
H2 MM 5 30 75 1235-1245-TeCB 13-14.DCR" ¢
El MM 1 60 90 12351'2142_‘;5(?;@ 135-TCB
E2 MM 1 30 75 12351'2142_‘;55;@ 135-TCB
HI MM 1 45 105 12351'213_‘;5C'TB6CB 135-TCB
135-TCB”
H2 MM 1 30 75 1235-1245-TeCB 13.14.DCB"¢
El MM 01 NO NO NO NO
E2 MM 0.1 90 DNC 12351'215_‘%?;@ 135-TCB
HI MM 0.1 NO NO NO NO
H2 MM 0.1 NO NO NO NO
LR AR R
PrigAt
CixE A

CrARADBT I ERE (Fr 4

CLABENE DALY 2R (N
NO: b KA E gumf iE7 54
DNC: i3 $ BB E A% & 2300 g (vn

260



El —e—HCB E2 10

9 —B— 135-TCB
8
7
6
CBsik R 5
©m 4
3
2
1
0
0 3 6 9 12 15 18
R days
il 0 —é—HCB H2 9 r ——HCB
9 ——135-TCB 3 ¢

8 7

7 6

CBsik A © (BsikR 5

pm ; oum 4

; 3
3

2 2

1 1

0 0 .

o 3 6 9 12 15 I8
R days

o+
heS
=
s
E-
&=

Bl= S#m ALY AT e st 5 HCB 2% (7% > 77 5
% Tk

¥ % A 11 2 yeast extract 5g/l ¥ 5

i

4

u\
T~ BHe

S

13*‘7
b

2

T:f] TARAEY RS F TR P A
M AP ERSAY e 0 A
fo et fd o g E TGRS Bsf

}j\m/{:li'/_}*p {’T4E“~’+#t¢jz

4.1 2%

%P,L A B P enh It RS
MKT%\; %,}Lﬂ%’rmg pi
MG A e p A F BN A
Ep R S HRTE AR B
Wz (T# 4g:}i‘,ig1g§8£4¢hu’l_/4*,,_ L Y E\,.ﬂilé};y{‘%/‘ﬂ{/‘} *"i»’trg/é%’} ‘1&7@"?\-"5
R AR AT o gt fE S 2 ERBY FAPERREY 2B o Fp g
XALBHF OIS TEHF ORAFLNE P FERAARLE .

AL R EEY B BB L 'E*%m)%ﬁ“ SUET e E o F FOURE A o
WE2rH2 A R Y X ARPRIRRITLE- i R RIRTT RS F FRFAME S L

ik <A
o

t)

R

e «\wy

—

L.

\-‘-l

' F_*
|rml- i
ﬁ‘I ol
qi' -

i)

!

’»‘)“kwg —\*7\'\'/&‘31

¥
>

. 2E s

+.
NEER

‘HE
{w

261



'8

A PR RRR R R 'ﬁ/,l 4y lg/L yeast extract ;]}'-'Hb At ¥ F F2ME S
Momgd FFMeHIDicd b T S § A S 13,5-TCB - ?é."uf%s:
%é"—’z‘r"ﬁﬁ.’ v; ‘?I%Pﬂ /Aﬁﬁgiim" 3 $1‘54‘ LA r'/%é/a '}%ﬁéyfiﬁ-»' ﬂﬁ %rﬁ;mgﬂ-g
M2 o BRY XBRRRRAIBFRTHELT » VHAFFIHBRERE (F o

I~%%= ;Fﬁe

RAEA O E T RGERES 0 W 4 1998.

Frcletr % %358 P 900&£3 7 2R OR--F AT BT LS http// www.
epa.gov.tw/b/b0100.asp

MEXF EBEIFE 2002 425 SAFP fod > 372 g B Jskaks Lo @ 315-355

ML PR A F FRRMERE T PEFAI 2 HFH - HALHm~ 2 A1 F
WA BP0 1994 -

M cAAIRIFAHIIMFRRPRE T 277 LG R B F R
FitFEy 97> 1997 -

Brahushi F., Dorfler, U.,Schroll, R., Munch, J.C., Stimulatiom of reductive dechlorination of
hexachlorobenzene in soil by inducing the native microbial activity, Chemosphere,
2004 ,55:1477-1484.

Brown J.F., Wagner, R.E., Feng, H., Bedard, D. L., Brennan, M. J.,Carnahan, J. C.,May,R .J.,
Envrionmental dechlorination of PCBs.Envrion. ,Toxicol. Chem., 1987, 6:579-593.

Chang B.V., Chen, I. M., Yuan, S. Y., and Wang Y.S., Reductive dechlorination of
Hexachlorobenzene by an anaerobic mixed culture., Water Air Soil poll. , 1997, 100: 25-32.

Chang B.V.,SU C. J.,Yuan S. Y., Microbial Hexachlorobenzene dechlorination under three
reducing conditions.,Chemosphere, 1998, 36: 2721-2730.

Chen, I. M., Chang, F.C., and Wang, Y.S., Correlation of gas chromatographic properties of
chlorobenzenes and polychlorinated biphenyls with the occurrence of reductive
dechlorination by untamed microorganisms., Chemosphere, ,2001, 45(2):223-229.

Fathepure, B. Z., J. M. Tiedjei, and S.A. Boyd., Reductive dechlorination of
hexachlorobenzene to tri- and dichlorobenzene in anaerobic sewage sludge., Appl. Environ.
Microbiol ,1988, 54:327-330.

Holliger C., Schraa, G., Stams, A. J. M., and Zehnder, A.J.B., Enrichment and properties of an
anaerobic mixed culture reductively dechlorinating  1,2,3-trichlorobenzene to
1,3-dichlorobenzene., Applied and Environmental Microbiology. ,1992, 58:1636-1644.

Jacobus E. M. Beurskems,Connla G. C.,Dekker, Henny van den Heuvel, Martlen Swart, and
Johan de Wolf.,,”Dechlorination of chlorineate benzenes by an anaerobic microbial
consortium that selectively mediates the thermodynamic most favorable reactions., Environ.
Sci. Technol. , 1994,26:701-706.

Langlolis,C. and H. Sloterdijk., Contamination of Lake Saint-Pierre(St. Lawrence River) by
organic and inorganic pollutants , Rev. Sic. Eau., 1989, 2:659-670.

Quensen J. f. T, Boyd, S. A.,Tiedje, J.M.,”Dechlorination of four commercial polychlorinated
biphenyls mixtures(Aroclors) by anaerobic microorganism from sediments., Applied and
Environmental Microbiology. ,1990, 56:2360-2369.

Peikang Jin and S. K. Bhattacharya. Anaerobic removal of pentachlorophenol in presence of Zinc.
Journal of Environmental Engineering, 1996, Vol.122, 590-598.

Suthan S. Suthersan. Remediation engineering desing concepts. CRC Press, Inc. 1996.

262



Polybrominated diphenyl ethers (PBDEs) in fish samples from rivers and
estuaries in Taiwan
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Ming Tsu Rd., Chung-Li, Taiwan 320, Republic of China
2 Department of Chemistry, Chung Yuan Christian University, Chung-Li, Taiwan 32023,
Republic of China

Introduction

Brominated flame retardants (BFRs) are widely used as flame retardants in polymer
materials, textiles, electronic boards and various other materials'. Recently, the toxicological
work suggests that PBDEs have endocrine disrupting effects on the thyroid system and can also
affect the liver as well as the nervous and immune systems. PBDEs are structurally similar to
other environmental pollutants like dioxins and PCBs, they are lipophilic, persistent components
and widespread in the environment™”. Due to their massive use, PBDEs have become
ubiquitously present in aquatic organisms and it was recently evidenced that their levels seem to
increase rapidly. This study reports on the concentration of 7 prominent PBDE congeners (28, 47,
99, 100, 153, 154 and 183) in fish samples. Recoveries measured for the internal standards range
between 63 and 104 %. Recoveries measured for the matrix spike samples quantified by internal
standards range between 100 and 118 %.

Keywords: Polybrominated diphenyl ethers; Brominated flame retardants; GC/HRMS: Fish fillet

Materials and Methods

Sampling and preparation

Fishes of the same species from the same place were pooled as one sample. Sixty tissue,
otstyer and crab samples were collected from six rivers and three estuaries in 2003. Muscle and
tissue samples were weighed, freeze-dried, homogenized, and 20~50 g was extracted with
Soxhlet extraction. Before extraction a mixture of 7 internal PBDE standards was added to the
sample (800 pg / sample for each congener). For Soxhlet extraction a 1 : 1 mixture of hexane and
dichloromethane was applied. After solvent evaporation gravimetric lipid determination was
performed. The lipid were removed by mixing with acidified silica gel, and then followed by acid
silica gel and AX-21 carbon column clean up. The final extract was reduced to near dryness by a
stream of nitrogen. Ten ul containing 800 pg °’C;, Mass-Labeled PBDE 139 recovery standard
(Wellington) was spiked to sample before GC/HRMS analysis.

Instrumental analysis

Native and Mass-Labeled PBDE congeners including PBDE-MXA (BDE Nos. 47, 99, 153),
PBDE-MXB (BDE Nos. 28, 154, 183), PBDE-100, MBDE-MXA, MBDE-MXB and MBDE-139
were obtained from Wellington Laboratories Inc. (Ontario, Canada). All analyses were performed

263



following the isotope dilution method. The measurements were performed using high-resolution
gas chromatography / high-resolution mass spectrometry (Hewlett-Packard 6890 GC connected
to a JMS-700 MS and equipped with a HP 7683 autosampler) at RP = 10,000. The GC was
operated in 1 pL splitless injection mode with a constant flow rate of 1.0 mL/min of helium gas
through a 30 m x 0.25 mm i.d. (0.25-um film thickness) DB-5MS capillary column. The GC
oven program was as follows: isothermal at 120°C for 2 min, and heated to 320°C ata 10°C/min
rate then held at 320°C for 5 min. The GC to MS transfer line was held at 300°C.The two most
abundant masses were used for measurement (M+2" ~ M+4" for Tri- to Tetra-BDE, M+4" ~ M+6"
for Penta- to Hexa-BDE and M+6" - M+8" for Hepta-BDE). Compounds were identified only
when the GC-HRMS data satisfied all of the following criteria: (i) The signal-to-noise ratio
resulting from the peak response of the two corresponding ions was greater than 3 for proper
quantification of the congener, (ii) the retention time of the specific peaks eluted from GC
column should fall within £ 5 seconds compared to calibration standards or + 3 seconds
compared to *C-labelled standards, (iii) the internal standard recoveries of *C-labelled standards
were between 50% and 120%, and (iv) the observed isotope ratios of two ions monitored per
congener were within 15% of the theoretical isotopic ratio. Quantification was done by the
internal standard method relative to a multilevel calibration for all compounds. Recoveries
measured for the internal standards used range between 63 and 104 %. Recoveries measured for
the matrix spike samples quantified by internal standards range between 100 and 118 %.

Results and Discussion

The results of the investigation are calculated based on lipid content and the concentration
for all congeners are in ng/g lipid weight basis. At most sites, individual PBDE congeners were
present at detectable levels in fish tissue. The mean )’ PBDE concentration for samples collected
from six rivers and three estuaries is 87.1 ng/g lipid. The highest average levels of PBDEs were
measured from Erh-Jen estuary, while the lowest levels were measured from Lan-Yang River.
PBDEs concentration measured in fishes from other investigators are as shown in Table 1.0Our
data are mostly in good agreement with data published by European countries®”'" and lower than
those from USA'™'*'? The highest values are found for samples originating from the San
Francisco Bay Area'’and San Francisco Estuary’ o

The contribution of each PBDE congener to the total PBDEs in each investigated aquatic
species from rivers and estuaries is presented in Figure 1. As reported in other literature'
PBDE-47 is the dominant congeners in tissues and accounts for 50 to 75% of total measured
PBDEs. The congener pattern found in the fish samples from other countries is PBDE-47 > 99
> 100 >154, 153. However the congener pattern found in the fish samples from this study
indicates that PBDE-154 contributes more than PBDE-99 and PBDE-100, and in some species,
PBDE-154 were even the predominant congener. During the past seven years, roughly 8000 tons
of octa-BDE as opposed to 40 tons of penta-BDE was consumed in Taiwan. This pattern strongly
correlates the domestic consumption of PBDEs to the later contamination in the environment.

The method detection limits (MDLs) were found by calculating the mean concentration of
blank runs of each sample set and counting three times the standard deviation of those blank
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concentrations. The results are shown in Table 2. Both PBDE-47 and PBDE-99 congeners were
found in most of the blanks and was expected to have higher MDL . Fortunately, these values are
low enough and do not affect the quantification of these analytes. The instrument detection limits
(IDLs) were determined as three times the signal-to-noise ratio of the blank samples which is the
average additive heights of the carbon 13 and carbon 12 mass channels in the blank samples,
respectively. If no analyte is present in the blank samples, the IDL would be the optimum
detection limit of the blank. The linear range is calculated by the concentration of the calibration
standards used for making the standard curve and is close to the MDLs for most of the PBDEs
monitored in this method. Recovery rates for all samples are also shown in Table 2. The
recoveries were good for samples including blanks, QA/QC, and real samples.
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Tablel: PBDEs found in fish samples from other studies (in ng/g lipid).

Year of Mean values (Range)
Area Author collection  Sample n
Norway (13 Lakes) Schlabach et al. 2001 (6) 1999 Trout 1/ lake 43,2(7,9-124)1
Baltic Sea (7 Sites) Nylund et al. 2001 (7) 1999 Herring  12-20 /site 17,0 (12 -30,7)2
German Market CVUA Annual Report, 2001(8) 2001 Plaice 44 30 (151)3
Rosefish 64 14 (196)3
Scotland Jacobs et al., 2002. (9) 1999 Salmon 8 53,6 (1,1 -85,2)1
Belgian Market 2001 5 19,6 3,1 -52,1)1
Perch 6 696
. Halibut 4 2235
San Francisco Bay Area Holden et al.,2003 (10) 2002 Bass A 1925
Shark 1 489
River Elbe Lepom et al. 2002 (11) 001 Breem 2 198 (26-728)1
Eel 5 6,3 (3,6 -21,4)1
Superior Lake Ling et al. 2004 (12) 2000 Fishs 3 989 + 132
Michigan Lake Ling et al. 2004 2000 Fishs 3 1395+ 56
Huron Lake Ling et al. 2004 2000 Fishs 2 369+ 15
Erie Lake Ling et al. 2004 2000 Fishs 3 600 + 102
Ontario Lake Ling et al. 2004 2000 Fishs 3 546 23
San Francisco Esturary Danilel et al. 2005 (13) 2002 Bivalves 80 2382 ~ 13502

! = range of individual data ® = range of means ° = maximum value

0.40

Concentration Relative to Total

BDE-28

BDE-47 BDE-99

BDE-100
PBDE Congener

BDE-153

BDE-154

ELan-Yang river

B Hou-Lung river

O Tai-Chia river

OWu river

B Pa-Chang river

EFeng-Shan river

MW Hsin-Chu-Hsiang- Shan
estuary

O Lu-Kange estuary

M Erh-Jen estuary

BDE-183

Figure 1. Relative amount of PBDEs congeners in fish samples. Congener concentration are

expressed

as a fraction of total PBDEs
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Table2: Results of recovery rate, linear range, and detection limits for PBDEs" analysis

Method recovery(%) Metrix spike recovery(%) calibration detection limits
blk + OA/OC + real samples QA/QC curve

n=75 n==6 (ng/g lipid) (ng/g lipid) n=6
analyte recovery SEM® recovery SEM® linear range MDLE IDLY
BDE-28 63 17 113 16 0.010~4 0.010 0.001
BDE-47 88 21 114 7 0.010~4 0.127 0.001
BDE-100 n/a° n/a 101 8 0.010~4 0.028 0.003
BDE-99 93 29 113 9 0.010~4 0.104 0.002
BDE-154 95 11 100 5 0.010~4 0.013 0.004
BDE-153 104 10 104 5 0.010~4 0.016 0.006
BDE-183 95 16 118 9 0.010~4 0.040 0.014

* All concentrations are in nanogram per gram lipid (assuming 1 gram of lipid was extracted).

® SEM = standard error of the mean.

‘MDL = method detection limit (mean concentration in blank + 3 x standard deviations of blank concentrations).

IDL = instrument detection limit (3 x signal-to-noise ratio of blanks).

°n/a, not applicable (no spiking to matrix)
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1,4-Dichlorobenzene Interferes Calcium Homeostasis and Apoptosis
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Studies on the biodegradation of nonylphenol in Tamshui mangrove sediments
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Bacterial counts

Sediment (CFU/g) PH N(%) C(%) H(%) C/N
A 2.9x10° 7.24 0.15£0.07 1.0750.095 0.68510.035 7.166
B 6.1x10° 6.33 0.12510.095 1.5840.06 0.725+0.135 12.64
C 4.5x10° 6.25 0.215+0.015 0.89510.045 0.60510.045 4.162
D 5.1x10° 6.52 0.19510.015 0.21 0.445+0.015 1.076
E 3.9x10° 7.34 0.25 1.08+0.1 0.72+0.01 432

R EHHRARRET I ARRRE S

Sediment Surface layer (ng/g) Subsurface layer (ng/g)
A 1015 11140
B 835 1155
c 620 690
D ND ND
E 405 620

ND: not detected.
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Sediment  Aerobic  conditions Anaerobic  conditions
R K tip r K tin
A 0.929 0.065 10.7° 0.925 0.006 125
B 0.758 0.051 13.7° 0.974 0.006 116
C 0.960 0.062 1.1? 0.886 0.006 114
D 0.917 0.055 12.7° 0.783 0.010 68
E 0.970 0.039 17.8 0.755 0.004 156

*a s ottest A AATE R EEF AR, P<0.005
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2w v A RELFIEE A SEET AR F R K 2R (p)E 0B G E)
Treatment 2 K tip
Inoculated control 0.931 0.137 5.0°
10°C 0.904 0.016 43.4
20°C 0.981 0.057 12.1
30°C 0.986 0.097 7.1°
PH9 0.901 0.145 4.7°
PHS 0.932 0.129 5.3°
Nonylphenol 1ppm 0.761 0.683 1.0
Nonylphenol10ppm 0.977 0.082 8.4

*asb i ttest st AT % BEF AR, P<0.005
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2T g h b HREEF A FERT AR R K LR ()R AP M %)

2

Treatment r K tin
Inoculated control 0.931 0.137 5.0°
NacCl (1%) 0.959 0.14 4.9
NacCl (3%) 0.926 0.043 16.2
H,0,(0.5mg/L) 0.724 0.346 2.0
YE (5mg/L) 0.777 0.482 1.4
Cellulose(0.96g/L) 0.822 0.508 1.3
Brij35(1CMC) 0.814 0.527 1.3
NP1EO 5ppm 0.976 0.180 3.8
NP1EO 50ppm _a ~a

* Did not degrade within 30 days.

34%ﬁ% f{ﬁ%ﬁqﬁm R %

JEE G B EEfRa 4 AP BLEEHE ﬂ;] v R bR 15 fipq I
FEFRT AR L ALO FIRCEfRA D B X FW L 14X 0@ AOCAIB B 5 14 %
Al2 % fRic 4 BoZ 5 8.6 % o fil 4 Bdghz R 16SIDNA B H3 Ftk A9,
A10 2 Al13 4 %] 5= Bacillus spp » Bacillus mycoides, Bacillus cereus - # 4p iz & ¢ 5 99% -

Foa i F AEEBT AR F K LR ()R A M G

s k ti
Al 0.779 0.305 39
A2 0.764 0.302 4.0
A3 0.771 1.300 4.9
A4 0.987 0.086 7.8
A8 0.962 0.102 6.6
A9 0.808 0.491 14
A10 0.857 0.510 1.3
Al2 0.910 0.081 8.5
Al3 0.805 0.491 1.4
Al4 0.976 0.091 7.6

W

A E ARG B €A 7 3 F (NSC94-2745-B-031-004-URD) 55 £ 4 » gt 538f o

340 g

Ke, L., Wang ,\W.Q., Wong, T. W.Y. ,Wong, Y.S., and Tam, N.F.Y. 2003 .Removal of pyrene
from contaminated sediments bymangrove microcosms . Chemosphere 51: 25-34

Tam, N.F.Y. ,Ke, L.,Wang, X.H., and Womg, Y.S. 2001. Contamination of polycyclic
aromatic hydrocarbons in surface sediments of mangrove swamps. Environ. Pollu. 114:
255-263

Tam, N.F.Y., Guo, C.L., Yau, W.Y. and Wong, Y.S. 2002. Preliminary study on
biodegradation of phenanthrene by bacteria isolated from mangrove sediments in Hong
Kong. Mar. Pollu. Bull. 45: 316-324
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PHRFACERE T AR EAHRARR 2 2 5 iR R
Studies on the biodegradation of polycyclic aromatic hydrocarbons (PAHs) in Tamshui
mangrove sediments

EE EPE R
LE A Fik4 -5 4

e
MY A& FF AR 2R & R $1 Phenanthrene &2 Pyrene 2 4 PR R 2 H R
¥+ ofé:%&ﬁ—% 1"__«!11»;}1}5;\1?&@/&;1%*1;/%%‘ 44.,,.:«,3'* PAHS mﬂ;,; ,

Phenanthrene LEH (tp)s 1.9 = > Pyrene % 3.1 = ; 1/75‘\1 AR T ARG ZREHRAR T

# 4 4 "% f2 PAHs nic # > Phenanthrene £ % # (t;0) % 89.6 % > Pyrene %2 934 % >
/Ekifl*ﬁiﬁ 25 EfEPAHs VF RS R o AT PR R BRAABER G
PMﬁgiﬁwﬁa’@ﬁ¢ﬁNmumwm?&§%ﬁ’aNmu3mﬂwwﬁﬁ~
Humic acid £ Yeast extract ¥+ PAHs # 4~ "% f25 @38 (8% o Rk ¢ &F & ' f2 PAHs
w4 ER 0 S #ER (8 A~ B 5 Mycobacterium barrassi ~ Dyella ginsengisoli ~ Rhodococcus
equi ~ Bacillus pumilus ~ Bacillus weihenstephanensis £ Labrys sp.

Mk : F T ARG P EP s EAHRARR - A PR

- ~E3

oA ARG f G 28T 2 > A FRKRE Flanio i
DTG B RS R o SRR A 2R :‘_
0T 4 Fefe e 2 A B SR A BRB Y ¢ ZEIRE 3@«/%/‘5%&#" ﬁlie%?ffs N
%$$@‘f§ﬁﬁfﬂ“°

S A ERE £ (PAHs) B £ FIRE RG] FERM I F AL B S
$ > PAHs 4 P85 icis > S§d FTR ST 2,8 gnjimd 5+ 7 22 DNA |} mﬁé}élf?
AERRB AP PR R e RFEEF R - FH o SHREFHEPAHs ¢ o E
FIAF- AR RS F SRS TAREY 2 ARSI ER AR 2
PHECEZEY > RFLER ‘\f TAMEEF T AABRIEL 2T AR o BRT
JERHpY RE TR EE R R E(E 2 R, 2004) o

Tam % % (2001)% 7 4 & 2#HHk A& PAHs 7 £ 5 365~11098 ng/g - Quantin & *
(2005)% TLi7 A E Bk T 2 3% f3 PAHs %% o Tam % 4 (2005) &% & & PAHs = &
AR RE Y S EAFE PR & LRFS L HHE BE e AT o Tam
F A (2005)% IR AR & R e 4 4 % Fluorene ~ Phenanthrene(PhA)¥? Pyrene(Py)£ 7 *% f2
g 4 o

TM AR RE R CHHRAR T B R AT R A PR A
IR 5o XAFFE P hi 3 PAHs i BHR KRR 24 #f«"ﬁﬁ*? B 0E 2
AfEi A PR NIFL P REREREY 2SR T I AHLTREL

#H 1‘%%3—&3. e ,%ﬁ,\« £
A4

u“i—

“HRLE

21 BB R &EHFHRLRY
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AR AR R AR R B S OKR I AR B~ 2 AR R e A
A o 2T BEKE SFERACER - AT o R E S UKL IB R KRR
(grab sampler) & &= Bk 4 42 5 2 £ £ (0-10 cm) & & B 7T B o

i- B BOWR
Py gL SR SR AL
A 25706, 753’ 121°27,373 AR R R
B 257114, 191° 1217460, 399 MR AR RE T
C 25707, 547 121°27,109° METT E Rk
D 25709, 666° 121727, 550° PR ERER T AT
E 25709, 627° 121726, 828’ PR EEE R EER

22 S BET A ER G v glﬁ'ik\ﬁ“% pES

BokREAR2mMLAcr B BRI ART R &3, WT;‘F’:‘@SA\@_, "R
FREBRFT 30455000 rpm Zro 10 & > B F KRR o 4o » 2 m EAF 1Y Hb,% ;
B2 A BF iR RR B3 16 B 1S5 mL &R 022 ym //%:_!> 3—35//%1 )%15’1/&
3~ B e AP K 47 &R ¢ > 12 System Gold 32 Karat 7.0 T *o#c 48 ~ 47 PAHs sk & ©
232 F R F 2 ntA LR
231 24" faiE 5

"2 firstorder = A2V (F# 4 B2 ¥t 0 — In (S/So) =k-t° tp =0.693/k°
S: FHPIEFER St RiskER (mg/L) DEARERE KD ERESF ot TR
2.3.2 it e

1 T-test Su3h > 2 A 497G A S R Bdp B AR o

2 BREHR
30 FERBEALFHEZAR
drdo = 0 o BER A B BERASF#c s pH &~ 2 CN W o B & BLE#icE § 5 2.4x107
CFU/g:;pH ™ E# 8.5 B 5 757> D# g.E M5 649 C/N 12 A ¥ EEF CN L
1215 B# 8=t » C/N 5 72 D ¥ BE K C/N % 1.05

22 A RHEBEERCAHRARES R Y FF¥ > pH £ CN

Bacterial count

Sediment (CFU/g) pH N (%) C (%) H (%) C/N
A 1.1x10° 727 0.13 1.58+0.09 0.73+0.19 12.15
B 2.4x107 7.41 0.15 1.08+0.13 0.69+0.05 7.2
C 5.6x10° 7.05 0.22 0.9+0.06 0.61+0.06 4.09
D 1.4x10° 6.49 0.2 0.21 0.45+0.02 1.05
E 3.1x10° 7.57 0.25 1.08+0.14 0.72+0.01 4.32

3.2 kAHRAR 2 $ ' j2 PAHS
321 % ¥ B HHRAREF 4 %% 12 PAHs 7 %

Pl BRCAHRAL S PAHs 2 2 F ok =977 SR HET B Bk
A fG ¥ PAHs 20 ' f#3# 5 5 B 0 2 (SE RS B2 S RTHRORA BT LT &
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= W FRBT b¥ B2 PAHs 2 dp M Gl(d) ~ F Y B2 L E B (L)

Sediment PhA Py
I'2 K tip I'2 k tin
A 0.960 0.376 1.9 0.808 0.226 3.1°
B 0.958 0.372 1.9 0.836 0.231 3.0°
C 0.926 0.262 2.7° 0.844 0.235 3.0°
D 0.957 0.378 1.8 0.894 0.095 7.3
E 0.875 0.252 2.8 0.819 0.230 3.0°

* Ak s Ttest St A 478 %157 BEFLE > P<0.05

322 7 ki BRBHRARR RS 4 5% 12 PAHs ¥ 5%

F e b B BHR R R ¥ 2 mg/L PAHs 2. "( f#: v e S vk drqm s 25 T A
BB GRE 15 PAHS % J238 2 5 Bl 1 R 5% FR4 00 6§ R T B
Fw RF RET A 8% {2 PAHs 2 Aa M AR ~ £ R B2 L W (1)
Sediment PhA Py
r’ K Ty, r’ k ti

A 0.980 0.008 89.6 0.875 0.007 93.4

B 0.958 0.006 123.1 0.721 0.004 167.1

C 0.926 0.007 95.6 0.833 0.006 111.6

D 0.908 0.011 63.3 0912 0.005 133.2

E 0.953 0.006 111.0 0.753 0.005 131.2

33 45§ =iz

4o T #t57 > kB PAHs 5 ~ 10 mg/L $+> R AR 24 4 %% 2 PAHs » % A% 3 Jk
RePAHs 2 X 4% K » BER O PAHs Ve {2 $ 2 L@ -2 F AL LR
033 %4>t Rk 4 4% 12 PAHs» 3 LT A 5L B 0.3 %7 Mg &> @ % B A (NaCl 3 %)
Fra| iz o & PE'/] begn @ ’}\ﬁ/f‘]‘% Humic acid 22 YE ¥ #% % 2 # "% f2 PAHs e % ; ”;J\
4¢ Tween 80 ~ Cellulose ~ % * & ~ NP £ DEHP - Rlix 3 P Rg 258 -

31 A AJLEHAF KT 3 b 2 PAHs 2 40 M G 0) « £ B F (k) L 9 (1)

Treatment PhA Py

I'2 k tin I'2 K tin

Inoculated control 0.554 0.403 1.7 0.942 0.204 3.4
PAHs 5 mg/L 0.763 0.113 6.1 0.562 0.034 20.2
PAHs 10 mg/L 0.552 0.077 9.1 0.319 0.029 23.6
Brij30 0.554 0.409 1.7 0.946 0.236 29
Tween 80 0.754 0.418 1.7 0.956 0.208 3.3
EDTA 0.630 0.410 1.7 0.916 0.227 3.1
Fe 0.493 0.089 7.8 0.318 0.068 10.2

NaCl 0.3% 0.700 0.419 1.7 0.903 0.166 4.2
NaCl 3% 0.523 0.346 2.0 0.607 0.103 6.7
Cellulose 0.555 0.390 1.8 0.930 0.183 3.8
Humic acid 0.571 0.429 1.6 0.898 0.234 3.0
Yeast extract 0.682 0.434 1.6 0.924 0.222 3.1
Hydrogen peroxide 0.625 0.412 1.7 0.950 0.216 32
Nonylphenol 0.586 0.405 1.7 0.893 0.217 32
DEHP 0.586 0.411 1.7 0.937 0.205 3.4
Salicylic acid 0.835 0.359 1.9 0.846 0.069 10.1
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A2 B HEEA &S

Strain Identification Accession No. Nucleotide similarity
MSI Mycobacterium barrassii CIP 108545 AY859685 1361/1371 (99%)
MS2 Dyella ginsengisoli AB245367 1352/1370 (98%)
MS3 Rhodococcus equi AY771327 1373/1374 (99%)
MS4 Bacillus pumilus strain KL-052 AY030327 1496/1410 (99%)
MS5 Bacillus weihenstephanensis AMO062686 1385/1388 (99%)
MS13 Labrys sp. CC-BB4 DQ062742 1324/1325 (99%)

P

TR (AR R AL A7 5 % (NSC94-2745-B-031-004-URD) /5% * % » iy
o

54 < e

Quantin, C., Joner, E.J., Portal, .M., Berthelin, J., 2005. PAH dissipation in a contaminated
river sediment under oxic and anoxic conditions. Environ. Pollut. 134, 315-322.

Tam, N.F.Y., Ke, L., Wang, X.H., Wong, Y.S., 2001. Contamination of polycyclic aromatic
hydrocarbons in surface sediments of mangrove swamps. Environ. Pollut. 114, 255-263.

Yu, K.S.H., Wong, AHY., Yau, KW.Y., Wong, Y.S., Tam, N.F.Y., 2005. Natural
attenuation, biostimulation and bioaugmentation on biodegradation of polycyclic aromatic
hydrocarbons (PAHs) in mangrove sediments. Mar. Pollut. Bull. 51, 1071-1077.

Yu, S.H., Ke, L., Wong, Y.S., Tam, N.F.Y., 2005. Degradation of polycyclic aromatic
hydrocarbons (PAHs) by a bacterial consortium from mangrove sediment. Environ.
Inter. 31, 149-154.

F MR AL 2004 RIpF ARG BT AP E RGN 2 BRBFRE T2 &
Al AR B B, p38

283



BEILKHEE RSN S5 A AL

#ES D e’ 5 EE"
'R #i?fiifi' Sxyifeapy, kB4 IR B
Ch s H R Y AT T AL
HENES CF R $: £ BT F o SR B TE

i

5 % '3 it & 3 (Polycyclic Aromatic Hydrocarbons * PAHs ) & &
384 PAHs it &4 { ¢ ##ER &

B R o~

Be ¥ AL2ZALF
7 X 2 ¢ = 2 Benzo(a)pyrene (BaP) 2o X4 e
5% 0 TN A RR AR RIREY g P

FEA E PAHs Jk & % %48 0.1ppb
ook FIERRE

o 5P W
CRPEP Y MBS AP A B AR AT KRRE TS e
BBkt PAHs (5 4 PF - #3 B RP

s AFEE L B
% p kKR 3B E

AR

CERA MR o F o HET

BREAGEY 2T BHREESALE R o 0 24 KRk Y PAHS
237 BE A HARE o

Frdskr o B BE%PAHs kRSB - 3 B 7}%5?‘]&&» (178~1126ng/L ) » #
AP s% Bl sk (34.6~123.3ng/L) > k#8? &% L2 PAHs 5 4+ T % &
Naphthalene ~ Fluorene ~ Phenanthrene % - ¥ *t » % FL/Pyr 2 LMW/HMW

2o iE k4R
GARRDREEFR RSB FLI T8 2 %E2 3

P e AR ORENEA R
B 72 PAHs ER 2 ApM P FA Y o B %87 0 % k7 BRI T 82 PAHs 4

ARREE o @ B G o FIRE RP P okY PAHs 2 B M @ § P pE
PAHs & & Bl % -

A
ZER L

MAie @ S RF AR P E P FARE P BT RAR AT ~ g R ET
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— N~ =
5% % 4 1Y &4 (Polycyclic Aromatic Hydrocarbons » PAHs ) #_d & B &
BB R CHE S e RIS BRL T E 0 TS RRA S S
* L2 E”Lﬁfiéﬁf’ffvv\ﬁ*’@& ﬁppk‘iiLLJ‘F',‘,Lb#Fﬁ j_k?ésb%%%«ﬁ()‘—%&
" oo B FJﬁEJflﬂ‘llFL%l’* D EBELPAHSHEE T » 2B FFEE 15
EPE A AR B MR- - &4 5116 B (Redmond > 1972) - Hanson & 1991 #
> #Fl ll——/@%—[ri1 30 &y 1 > Bt kg it v L ’F? ’\";'f« KA ;’{:P%,’rﬁ[fr‘,
IR F P A 4 o 37 # k> Lipiatou and saliot * 5% g L#E R RIS
AEME T ESEF BREETAERE - ZRARNEHRREFAL Y 2 FRBFREFT
ip i & PAHls & 4§ ¢ » 1 Benzo(a)anthracene (BaA) - Benzo(b)fluoranthene
(BbFL) Benzo(k)fluoranthene (BKFL) ~Dibenzo(a,h)anthracene (DBA) %2 Benzo(a)pyrene
(BaP) 2 Rt dess » A Mtk BT A< o
E%ﬁﬂé@%%%**éi%PMskﬁﬁ&wki%%%ﬁﬁﬁ
0.000Img/L % 0.0000Img/L - fe & # 3 p A 3k » o # A Rped* K7 2 5% PAlls
2 BaP 2. k& o Flot 0 AR T AR BE kY Z PAHs EREFR L > 0 fRH
A A lienlpv s R KR d S PAHSREAR RS € XEBE § % FF
Blderk P g R aER (DOC) ~ v 2 & E F 3 2 B P (0lsenetal., 1982
Jaffe., 1991)’ Flt AR Y L FEIER B F]S & PAls /i%)i"% BEHE o MR fEE
B2 dp Bt o

SRR B E K
2.1 ¥R B F

PRy i3 (2003) A 45 59 304 ¢ PAHs %% % n » * 54 § ¢ ¢ PAHs
KRG O RXSTE ﬁﬁ%%i’mlhni§**1%6ﬁmp <A AR
PAHs &% X2 kR 5% X2 19~14 & » 7|y *Eg‘ BERN A EA LR
o REEF L4 e E- 170 ﬁﬁ%ﬂdﬁﬂ¢44aﬁ.’ﬂ WA e
ﬁ“*ﬁﬁ'ﬁﬁﬁ%d‘%i1#~l%ﬁ%%;ﬁﬁ%ﬁM@%%%%NmA
WI0ASIC ez i (FH 2 % RS2 FAILS e 7 3 p ALz L ¥
F LR 18R B AT-20C 4 H o B LI 40 % R A 24T

MR R A

30 R FHR & L

AFTF R * FAp 5 P~ (solid-phase extraction © SPE) it 7 # &% a2 (NIEA
MI88.00C, 2003) » AJLifAL4e™ & H-Sml = & 7 2t » FApFIg Ay o IR A E
B HAD 0 3 R AR B S RiEder Sml T pR Y A BF
£ e Sml A8 ke F 4 o - 1000ml -k 48 jg 0 11 F A 48 2ml JR i i P
o FREIERRE LT SmlAs ]\,F /"‘?*T ’;‘H"‘f“ 30 A hs o ARis* 8ml ths
7 5eip 0L PAHS » 548 R 0 B o K % Smls B S %R 3mls £ kA A
xﬁ:‘ ko F F kS Mo DB AE Y H o R R 5F Il 5 7 E R
2~ HPLC &7 PAHs ER AT o
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3.2 HPLC 4 #7i% i

AT HPLC ¥ £ ik B hiE (7 PAHs DR R A 47 > A7 * 2 47§ 15
waters PAH Cl8» HH$ 5 4.6x250mm > #H4p 2k % ¢ 3 » H %ﬁ"ﬁ%&\ﬁobb B A 0
LEEPE G 55145530 A 4aPF 5 0:100 2 50 &~ 48PF 5 55:45 jniE 5 1.5ml/min 0 3 S448
A5 50ule FL PR ERKTIERLT 10 A48 5 250nm ~ 345nm > 203 A 48 G
240nm -~ 425nm » 255 & 455 265nm ~ 380nm 0 29.9 4 45 5 290nm ~ 430nm % 37.5
%45 % 300nm ~ 500nm o
33 SR ERE

27 1% 20~ 50 ~ 100 ~ 200 ~ 500pg/L % 5 rEd ek Rz L8 27 kR A

170 Z A% s fF 2 > 2 = HPLC RERBALELERPHRZIEGER -
‘}v?fir‘%%ﬁi?ﬂi}%}i{“‘i}éﬁﬁ 1000 & {82 Dk B » Flt fie * pFo & Jf K féii}éi“f
1000 4 £FE2Z kR -
3.4 ~ PAHs %R #F 2

SHFACEML CEPF AL RRETL R IR SR A EML AT kY
THAL KRR PG &?F‘7L§ FI* 2 e E R 274 Kk Bag et B
R OB|ETE AR B dod - AToT Benner FH 1" PA/Ant et (8 k29775 4ok
o2 & §_FIPA# Ant & i%h~l‘f’9ﬂ4f#§*”f ¥ 7 PAE#E o F§ PA/Ant
S10- v HTHFLKRE Mo ApF 10§ PA/Ant<10 PFH L kR LB RE
o Gschwend and Hites(1981)41* FL/Pyr 2z_+“ {g | %] PAHs ;5 4 %k § FL/Pyr
> A& A3 2 5% % FL/Pyr<l  BIF i EF #5458 o 3P = &
B3 Hs 277 1% PA/Ant~ FL/Pyr % | %_PAHs /5 % % /& (Budzinski et al, 1997 ;
Ahmed et al, 2003 ; Zhou et al, 2003 ) » Soclo et al.(2000)F] 4] * Chr/BaA ‘* & i& {7 "J

» % Chr/BaA< 1> A & 3 %%& 5% 5 % Cht/BaA>1 R 2 F 5% o i7# % >
*}5 i Tk‘\/,,\—’rﬂ/r'é r3 g (LMW/HMW) &k F|u]i5 Lk (Magi et al, 2002 ) > fnﬁ
Mo+ EEHLSS J*?E\?‘Iﬁi?202—f;}"slzr'PA‘Aanl‘Pyri%f’r'gk\;fé_ﬁﬂihéi
R e :}é- BaA -~ Chr ~BbFL ~ BKFL ~ BaP ~ DBA ~ BghiP % o ‘& d Wi ar g 4 E"ﬁPAHS’
AR LZBALFEPAHs; m §d R 54 m A2 W PAHs P A+ £ 50 0 F
3 LMW/HMW 2zt g 2 1 s B3 A KRR E e 257 % IZ\% v P PAHS
B2 PEER > LA A - Srm 22 RH|ETE BEPAHs 5 4 Rk o

- S IBRFAERI AL BRI

FAL KR el R o Rk
Benner et al. PA/Ant<10 PA/Ant>10
Gschwend and Hites FL/Pyr>1 FL/Pyr< 1
Soclo et al. Chr/BaA< 1 Chr/BaA>1
Gogou et al. Fl/(F1+Pyr)=0.51~0.82
Magi et al. LMW/HMW< 1 LMW/HMW > 1
Gogou et al. [P/IP+Bper=0.52~0.65
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T~ B FkHHWm

413 BiLPAHs R 2 5 £

AEEY % BT T Bk PAHs 4 IR2 473512 Nap ~ AcP ~ Flu 2 PA ‘i\z Jfé
MAFR2ZPF L Bk - 0 s 2 g Nap chik R F oA R it g
P2 RRFRAF M £ R Y DBA £ BghiP © #2% # & U (4o Rl - #777) °

d 308 PAHs 2. 48413 5452 A R ARZE > #5237 PR &
P GlAoAE LR R T2 > T o ] - k2. PAHs(MUiE I 0 2003) 5 ¥ “F Zaho et
al(1992)» i A REEA,S Pyr 2 BaP 2R %I L5 FILEfEF LY 7 R R

22 kR G ENa G PAHs S 4K B=- 217 357 (> &7 > 2~6 %k PAHs

i‘}%}i/}# Bl® AT > BEIELPDPAHs JER > - 27 " HEEES B2
% PAHs(Nap)2- kR $ % > 3 PAHs JE R RIE F ¥ BB PR 5 4p g < e i > B
de= 7 ~w P2 T8 By fi*#ﬁ‘ﬁ"’ﬁ PR3 PAHs k&R > &= ~ = 7 PlAp Y
Higom Al pah o -tz BE o ARE BRI ART LRITIRE L 3%
PAHs Jk & ¢t > HARPERF #7RFl 2.k B » A % 1% 4-~5-67% PAHs (FL ~ Pyr »
Chr ~ BaA ~ BKFL ~BaP - DBA) 2 k& > ",ﬁ%"’ % }3’#—'*7}%1’3&_— ! f}v\fﬁ”ﬁ BEE ko HoAep
iE'J%giifé)i‘ﬁHEléf o lhe- R RGP IRE - 0 f)’v\ﬁ”’.‘iﬁéﬂ'#ﬁﬂ B EAFF %
H 47%2 PAHs 2. kB ' M3t 1 P& o 3 3t 6 k2. PAHs(BghiP) k& > g = @
Bl R > HERIPEOTHRPHR T Flt > A AR SHT 0 F BEP 2 PAHs ik
R 123 PAHs 2 F b 0 # 505 3R PAHs » 1% 4~6 b2 PAHSL?%?}J%’%?E_E"Z
5 o p 22 Manolietal (2000)~ 2 Zhangetal. (2002) 2. %#%H - R

Bl=5- 73237 7" 3 BEK)PD 7% PAHs 2 81 i o 2% Mo B BiEin
B I~51 ¢ > W PAHs ER &3 ¢824 A3 E%ﬂ’)]% » 5% PAHs )k & # F 5 202
~1126ng/L 2 B » H=x 2@~ < i~ 2 3~ 7[?; BRGERRP DA Bl 1Y
2 40 > PAHS R B M A B B 3%02 2 2 37 i»pr PAHs 3 Mk R A F =~
oS " P PAHS B MURR NI BF X i Fd P FI TR RAR KT
JE2 B+ ﬁé‘ﬁ'st '#&Wf&' B kR TREF2ARY > 3]0 3 4«47%,2%5:);
=% ‘;,ﬁrs AR SR ERM Iy Ad BAERARS - XK T 0 A3 A
ﬁ/aii"% )fﬁ o 1@}3/’54‘#’3\ bl 'l‘:; °‘E}’>Il~/nf\‘/pz.l—r§ #ﬁ/aiilf?
FE I?-"’fﬁ 1afkﬁ&gﬁ)\r§§fwl‘ ’ rﬂ K?’ r‘]:‘_; ?/;-135-3‘3‘/‘5 12‘)%1:3;7"% i® /&Jii‘aé\? ’
P Z R 15‘-114%%47\’}? 1A TR o ¥ b 295 3 7235 (1994) 2 Tuoninen et
al(1988)z # g dp - vl 1 R ot g Mg R L F ik ¥ ’\'{“’Kgﬁx,};
BAWaiRE 6~10% o d W FBEAAFLBRAELD B LD 2 IHHE *ﬁ‘fr#i T 2
R L o Fpt > FFF D ez PAHs d g7 0 RIUTE N RE ARG R R
RIE N KRR A R B AfRIE L PAHs RRSCHE B RS 0 BIFT- A
FHEFFEERAATE FT o 20 %Q%ﬁfﬁ o é’ﬂq’f k2. PAHs %0k & % 94218
OOOOImg/L(Olug/L)’ M BlZ o 0 2 HINBRIEE > 2 PAHs é&iﬁé&‘ﬁ"i’éﬁﬁiﬁi
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