
 附件 2- 1



 附件 2- 2  附件 2- 3



 附件 2- 3



 附件 2- 4  附件 2- 5



 附件 2- 5



 附件 2- 6  附件 2- 7



 附件 2- 7



 附件 2- 8  附件 2- 9



 附件 2- 9



 附件 2- 10  附件 2- 11



 附件 2- 11



 附件 2- 12  附件 2- 13



 附件 2- 13



 附件 2- 14  附件 2- 15



 附件 2- 15



 附件 2- 16  附件 2- 17



 附件 2- 17



 附件 2- 18  附件 2- 19



 附件 2- 19



 附件 2- 20  附件 2- 21



 附件 2- 21



 附件 2- 22  附件 2- 23



 附件 2- 23



 附件 2- 24  附件 2- 25



 附件 2- 25



 附件 2- 26  附件 2- 27



 附件 2- 27



 附件 2- 28  附件 2- 29

Fa
st

 an
d 

co
st

 ef
fe

ct
ive

 in
 si

tu
 d

er
iva

tiz
at

io
n 

m
et

ho
d 

fo
r m

on
ito

rin
g 

 

Bi
sp

he
no

l-A
 an

d 
Es

tro
ge

ns
 in

 w
at

er
 m

at
ric

es
 

 

Ar
mi

nd
o M

elo
1,2

, Is
ab

el 
M.

P.L
.V.

O.
 F

er
re

ira
1 , 

Ca
tar

ina
 M

an
sil

ha
2,3

*   


 

IN
TR

OD
UC

TI
ON

 
 Ov

er
 th

e 
las

t y
ea

rs 
wa

ter
bo

rn
e 

dis
ea

se
 ri

sk
s 

ar
e 

be
ing

 a
lte

re
d 

du
e 

to 
hig

he
r p

re
ss

ur
es

 o
n 

the
 q

ua
lity

 a
nd

 q
ua

nti
ty 

of 
wa

ter
 re

so
ur

ce
s. 

On
e 

of 
the

 m
os

t 
wo

rry
ing

 g
ro

up
s 

is 
tha

t o
f c

om
po

un
ds

 th
at 

ar
e 

ca
pa

ble
 o

f i
nte

rfe
rin

g 
wi

th 
the

 e
nd

oc
rin

e 
re

gu
lat

ion
 m

ec
ha

nis
ms

, c
all

ed
 e

nd
oc

rin
e 

dis
ru

pto
r c

om
po

un
ds

 
(E

DC
s).

 E
DC

s 
ca

n 
ca

us
e 

ad
ve

rse
 e

ffe
cts

 o
n 

an
im

als
 a

nd
 h

um
an

s 
at 

ve
ry 

low
 d

os
es

, t
hu

s 
re

qu
irin

g 
re

lia
ble

 a
nd

 c
os

t-e
ffe

cti
ve

 s
tra

teg
ies

 fo
r m

on
ito

rin
g 

ev
alu

ati
on

s. 
Fo

ur
 p

ote
nt 

ED
Cs

, n
am

ely
: t

he
 n

atu
ra

l e
str

og
en

s 
es

tro
ne

 (E
1)

 a
nd

 1
7 

be
ta-

es
tra

dio
l (

E2
), 

the
 s

yn
the

tic
 s

ter
oid

 1
7a

lfa
-e

thi
ny

les
tra

dio
l (

EE
2)

 
an

d B
isp

he
no

l-A
 (B

PA
) a

re
, c

ur
re

ntl
y, 

cla
ss

ifie
d a

s e
me

rg
ing

 co
nta

mi
na

nts
 an

d a
re

 un
de

r in
cre

as
ing

 sc
ien

tifi
c s

cru
tin

y. 
Th

e c
om

mo
n m

eth
od

s f
or

 th
e d

ete
rm

ina
tio

n o
f E

DC
s i

n w
ate

r a
re

 fr
eq

ue
ntl

y t
im

e c
on

su
mi

ng
, e

xp
en

siv
e a

nd
 us

e c
on

sid
er

ab
le 

vo
lum

es
 of

 or
ga

nic
 so

lve
nts

, 
wh

ich
 st

im
ula

ted
 th

e n
ee

d o
f d

ev
elo

pin
g n

ew
 m

eth
od

olo
gie

s. 
 

Th
e 

go
al 

of 
thi

s 
wo

rk 
wa

s 
the

 o
pti

mi
za

tio
n 

of 
a 

ra
pid

, c
os

t e
ffe

cti
ve

 a
nd

 e
co

-fr
ien

dly
 g

as
 c

hr
om

ato
gr

ap
hy

-m
as

s 
sp

ec
tro

me
try

 m
eth

od
 (G

C-
MS

) f
or

 
sim

ult
an

eo
us

 de
ter

mi
na

tio
n o

f th
e f

ou
r c

ite
d E

DC
s i

n w
ate

r. 

MA
TE

RI
AL

S 
AN

D 
ME

TH
OD

S 
 A 

mi
nia

tur
ize

d 
sa

mp
le 

pr
e-

tre
atm

en
t t

ec
hn

iqu
e, 

ba
se

d 
on

 a
 

ter
na

ry 
co

mp
on

en
t s

olv
en

t s
ys

tem
, n

am
ed

 D
isp

er
siv

e 
Liq

uid
–

Liq
uid

 
Mi

cro
ex

tra
cti

on
, 

wa
s 

de
ve

lop
ed

 
du

e 
to 

a 
ra

pid
 

eq
uil

ibr
ium

 s
tat

e 
an

d 
a 

sh
or

t 
ex

tra
cti

on
 t

im
e. 

Co
nc

er
nin

g 
de

riv
ati

za
tio

n 
pr

oc
ed

ur
e, 

an
 in

 s
itu

 m
eth

od
olo

gy
 w

as
 te

ste
d 

co
ns

ist
ing

 in
 d

ire
ct 

ad
dit

ion
 o

f t
he

 d
er

iva
tiz

ing
 re

ag
en

t i
n 

the
 

sa
mp

le 
so

lut
ion

. D
er

iva
tiz

ati
on

 a
nd

 ex
tra

cti
on

 p
ar

am
ete

rs 
we

re
 

op
tim

ize
d w

ith
 th

e a
id 

of 
ex

pe
rim

en
tal

 de
sig

n a
pp

ro
ac

h. 

RE
SU

LT
S 

 Th
e 

pr
op

os
ed

 m
eth

od
 w

as
 s

uc
ce

ss
ful

ly 
va

lid
ate

d 
ac

co
rd

ing
 th

e 
Int

er
na

tio
na

l C
on

fer
en

ce
 o

n 
Ha

rm
on

iza
tio

n 
re

co
mm

en
da

tio
ns

 a
nd

 
so

me
 E

ur
op

ea
n 

an
d 

Am
er

ica
n 

va
lid

ati
on

 g
uid

eli
ne

s 
wi

th 
sp

ec
ific

ati
on

s 
for

 E
DC

s 
an

d/o
r G

C-
MS

 m
eth

od
olo

gie
s, 

be
ing

 a
ble

 to
 b

e 
ap

pli
ed

 to
 ro

uti
ne

 an
aly

se
s o

f B
PA

, E
1, 

E2
 an

d E
E2

 w
ith

 ex
ce

lle
nt 

se
ns

itiv
ity

, p
re

cis
ion

, a
nd

 ac
cu

ra
cy

. 
Te

n 
sa

mp
les

 o
f d

iffe
re

nt 
wa

ter
 m

atr
ice

s 
we

re
 te

ste
d. 

No
ne

 o
f t

he
 s

am
ple

s 
pr

es
en

ted
 q

ua
nti

fie
d 

lev
els

 o
f E

2 
an

d 
EE

2, 
wh

er
ea

s 
E1

 
wa

s 
fou

nd
 in

 tw
o 

riv
er

 w
ate

r s
am

ple
s 

an
d 

BP
A 

in 
tap

 w
ate

r, 
gr

ou
nd

wa
ter

 a
nd

 in
 ri

ve
r a

nd
 s

ea
 w

ate
r s

am
ple

s 
in 

co
nc

en
tra

tio
ns

 o
f 

0.0
17

2 t
o 0

.25
3µ

gL
-1

. 
 

J. 
Se

p.
 S

ci.
 20

15
, 3

8, 
19

83
–1

98
9  


 

An
aly

te
 

So
lve

nt
 

Ex
tr.

 W
at

er
 +

 D
isp

. S
ol

ve
nt

 

ht
tp

s:
//

co
m

m
on

s.
w

ik
im

ed
ia

.o
rg

 



 附件 2- 29

1 
RE

QU
IM

TE
/ D

ep
ar

tam
en

to 
de

 C
iên

cia
s 

Qu
ím

ica
s, 

La
bo

ra
tór

io 
de

 B
ro

ma
tol

og
ia 

e 
Hi

dr
olo

gia
, F

ac
uld

ad
e 

de
    

Fa
rm

ác
ia 

- U
niv

er
sid

ad
e d

o P
or

to,
 R

ua
 de

 Jo
rg

e V
ite

rb
o F

er
re

ira
, P

or
to,

 P
or

tug
al 

 2 
De

pa
rta

me
nto

 d
e 

Sa
úd

e 
Am

bie
nta

l, 
Ins

titu
to 

Na
cio

na
l d

e 
Sa

úd
e 

Do
uto

r 
Ri

ca
rd

o 
Jo

rg
e, 

Ru
a 

Al
ex

an
dr

e 

He
rcu

lan
o, 

Po
rto

, P
or

tug
al;

 3 R
EQ

UI
MT

E,
 U

niv
er

sid
ad

e d
o P

or
to,

 P
or

to,
 P

or
tug

al 

 *C
or

re
sp

on
din

g a
uth

or
: c

ata
rin

a.m
an

sil
ha

@
ins

a.m
in-

sa
ud

e.p
t 

Re
tu

rn
 to

 P
os

te
r  


 



 附件 2- 30  附件 2- 31

Re
tu

rn
 to

 P
os

te
r  


 


 Re

ad
 en

tir
e A

rti
cle

 

ht
tp

s:
//

co
m

m
on

s.
w

ik
im

ed
ia

.o
rg

 



 附件 2- 31

Re
tu

rn
 to

 P
os

te
r  


 

ht
tp

s:
//

co
m

m
on

s.
w

ik
im

ed
ia

.o
rg

 



 附件 2- 32  附件 2- 33

Re
tu

rn
 to

 P
os

te
r  


 

Sa
m

pl
e C

od
e 

Co
or

di
na

te
s:

 la
tit

ud
e/l

on
gi

tu
de

 
Bi

sp
he

no
l-A

 
Es

tro
ne

 
17

 -E
st

ra
di

ol
  

17
 -E

th
in

yle
st

ra
di

ol
 

S1
 - 

Ta
p 

wa
te

r 
41

° 3
8' 

23
.90

0"
 N

 
8°

 46
' 2

5.3
74

" W
 

0,0
91

 
< L

Q 
nd

 
nd

 

S2
 - 

Ta
p 

wa
te

r 
41

° 4
0' 

21
.23

5"
 N

 
8°

 46
' 4

6.9
69

" W
 

0,2
53

 
nd

 
nd

 
nd

 

S3
 - 

Ta
p 

wa
te

r 
41

° 3
8' 

46
.73

1"
 N

 
8°

 48
' 3

3.5
90

" W
 

nd
 

0,0
1 

nd
 

nd
 

S4
 - 

Ta
p 

wa
te

r 
41

° 3
9' 

15
.80

0"
 N

 
8°

 41
' 2

3.8
66

" W
 

nd
 

nd
 

< L
D 

nd
 

S5
 - 

Ri
ve

r w
at

er
 

41
° 3

8' 
23

.90
0"

 N
 

8°
 40

' 5
2.0

26
" W

 
0,0

74
 

nd
 

nd
 

nd
 

S6
 - 

Ri
ve

r w
at

er
 

41
° 4

5' 
37

.09
6"

 N
 

8°
 37

' 1
9.8

80
" W

 
0,0

87
 

0,0
1 

nd
 

nd
 

S7
 - 

Gr
ou

nd
wa

te
r 

41
° 4

0' 
56

.18
4"

 N
 

8°
 47

' 4
5.6

58
" W

 
0,0

45
 

nd
 

nd
 

nd
 

S8
 - 

Gr
ou

nd
wa

te
r 

41
° 4

1' 
27

.57
4"

 N
 

8°
 49

' 4
9.8

91
" W

 
< L

Q 
nd

 
nd

 
nd

 

S9
 - 

Mi
ne

ra
l w

at
er

 
 --

 
 --

 
nd

 
nd

 
nd

 
nd

 
S1

0 -
 S

ea
 w

at
er

 
41

° 9
'15

.49
0"

 N
 

8°
40

'55
.07

0"
 W

 
0,0

17
 

nd
 

nd
 

nd
 

Ta
p w

ate
r w

as
 co

lle
cte

d i
n f

ou
nta

ins
 fo

r p
ub

lic
 su

pp
ly 

ht
tp

s:
//

co
m

m
on

s.
w

ik
im

ed
ia

.o
rg

 

ht
tp

s:
//

co
m

m
on

s.
w

ik
im

ed
ia

.o
rg

 
ht

tp
s:

//
co

m
m

on
s.

w
ik

im
ed

ia
.o

rg
 



 附件 2- 33

EM
ER

G
IN

G
C

O
N

TA
M

IN
A

N
TS

P.
0

4
6

2

IÑ
A

K
IV

A
D

IL
LO

1
2

1
1

1
3

1
,L

U
C

IL
A

C
A

N
D

EL
A

,F
R

A
N

C
IS

C
O

C
A

R
R

A
SC

O
,B

EG
O

Ñ
A

U
R

R
ES

TI
,P

A
B

LO
JI

M
EN

EZ
,C

A
R

M
EN

C
O

R
A

D
A

A
N

D
LA

U
R

A
G

A
M

B
ER

O
1

:
C

e
n

te
r

o
f

H
yd

ro
ge

o
lo

gy
,U

n
iv

.o
f

M
al

ag
a;

2
:

D
e

p
t.

o
f

G
e

o
te

ch
n

ic
al

En
gi

n
e

e
ri

n
g

an
d

G
e

o
sc

ie
n

ce
,T

e
ch

n
ic

al
U

n
iv

e
rs

it
y

o
f

C
at

al
o

n
ia

(B
ar

ce
lo

n
a)

;
3

:
D

e
p

t.
o

f
P

h
ys

ic
al

C
h

e
m

is
tr

y,
U

n
iv

.o
f

C
ad

iz
.

S
T

U
D

Y
A

R
E

A

A
B

S
T

R
A

C
T

R
E

S
U

L
T

S

T
h
e
re

is
a

g
ro

w
in

g
in

te
re

s
to

n
e
m

e
rg

in
g

c
o
n
ta

m
in

a
n
ts

(E
C

s
),

s
in

c
e

th
e
y

a
re

c
o
n
ta

m
in

a
n
ts

th
a
th

a
v
e

g
o
n
e

u
n
n
o
ti
c
e
d

o
v
e
r
th

e
y
e
a
rs

d
u
e

to
th

e
ir

lo
w

c
o
n
c
e
n
tr

a
ti
o
n
s
,a

lt
h
o
u
g
h

th
e
y

h
a
v
e

a
d
v
e
rs

e
e
ff
e
c
ts

o
n

h
e
a
lt
h

a
n
d

o
n

e
n
v
ir
o
n
m

e
n
t,

s
o
m

e
o
f
th

e
m

b
e
h
a
v
e

e
v
e
n

a
s

e
n
d
o
c
ri
n
e

d
is

ru
p
to

rs
.
T

h
e
s
e

p
o
llu

ta
n
ts

a
re

c
la

s
s
if
ie

d
in

to
d
if
fe

re
n
t
g
ro

u
p
s
,
b
u
t
s
ta

n
d
s

o
u
t
th

e
p
h
a
rm

a
c
e
u
ti
c
a
ls

a
n
d

p
e
rs

o
n
a
l
c
a
re

p
ro

d
u
c
ts

(P
P

C
P

s
)

a
s

th
e

g
ro

u
p

th
a
t
h
a
s

p
ro

b
a
b
ly

a
tt
ra

c
te

d
th

e
m

o
s
t
in

te
re

s
t
a
n
d

c
o
n
c
e
rn

in
re

c
e
n
t
y
e
a
rs

.
T

h
e
y

h
a
v
e

b
e
e
n

fo
u
n
d

in
s
u
rf

a
c
e

w
a
te

r,
g
ro

u
n
d
w

a
te

r,
s
e
d
im

e
n
ts

a
n
d

e
v
e
n

in
d
ri
n
k
in

g
w

a
te

r.
T

h
e
y

a
re

m
o
s
tl
y

n
o
n

re
g
u
la

te
d

c
o
m

p
o
u
n
d
s

o
fw

h
ic

h
re

la
ti
v
e
ly

lit
tl
e

is
k
n
o
w

n
.

T
h
e

s
tu

d
y

fo
c
u
s
e
s

o
n

p
o
ro

u
s

a
q
u
if
e
rs

o
f
th

e
G

u
a
d
a
lh

o
rc

e
ri
v
e
r
b
a
s
in

(s
o
u
th

o
f
S

p
a
in

),
d
e
te

rm
in

in
g

th
e
ir
s

d
is

tr
ib

u
ti
o
n

a
n
d

th
e

re
la

ti
o
n
s
h
ip

w
it
h

e
x
is

ti
n
g

s
o
u
rc

e
s

o
f
p
o
llu

ti
o
n

a
n
d

w
it
h

o
th

e
r
e
n
v
ir
o
n
m

e
n
ta

l
v
a
ri
a
b
le

s
s
u
c
h

a
s

th
e

h
y
d
ro

c
h
e
m

ic
a
lc

h
a
ra

c
te

ri
s
ti
c
s

w
a
te

r
b
o
d
ie

s
.I

n
a
d
d
it
io

n
,a

lt
e
rn

a
ti
v
e
s

a
re

p
ro

p
o
s
e
d

fo
r
th

e
ir

re
m

o
v
a
l,

b
e
c
a
u
s
e

o
n
e

o
ft

h
e

m
a
in

p
ro

b
le

m
s

p
re

s
e
n
te

d
is

th
a
tc

o
n
v
e
n
ti
o
n
a
lw

a
s
te

w
a
te

r
tr

e
a
tm

e
n
tp

la
n
ts

a
re

n
o
td

e
s
ig

n
e
d

to
re

m
o
v
e

th
e
m

.

D
IS

T
R

IB
U

T
IO

N
A

N
D

IN
T

E
R

A
C

T
IO

N
B

E
T

W
E

E
N

S
E

L
E

C
T

E
D

P
H

A
R

M
A

T
E

U
T

IC
A

L
S

A
N

D
H

Y
D

R
O

G
E

O
C

H
E

M
IS

T
R

Y
IN

G
U

A
D

A
L

H
O

R
C

E
A

Q
U

IF
E

R
(S

O
U

T
H

O
F

S
P

A
IN

)

T
h

e
s

tu
d

y
w

a
s

fo
c

u
s

e
d

o
n

th
e

G
u

a
d

a
lh

o
rc

e
R

iv
e

r
B

a
s

in
(M

a
la

g
a

P
ro

v
in

c
e
,S

o
u
th

o
fS

p
a
in

(F
ig

u
re

1
).

A
P

ri
n
c
ip

a
lC

o
m

p
o
n
e
n
tA

n
a
ly

s
is

(P
C

A
)
h
a
s

b
e
e
n

c
a
rr

ie
d

o
u
t(

F
ig

u
re

3
)
a
n
d

re
s
u
lt
s

in
d
ic

a
te

th
a
t:

(1
)

h
a
v
e

a
d
ir
e
c
t
re

la
ti
o
n
s
h
ip

a
n
d

a
re

a
ls

o
lin

k
e
d

to
u
rb

a
n

a
re

a
s

(

(2
)

Ib
u
p
ro

fe
n

a
n
d

m
e
fe

n
a
m

ic
a
c
id

h
a
v
e

a
n
o
n
s
te

ro
id

a
l

a
n
ti
-i
n
fl
a
m

m
a
to

ry
m

e
d
ic

a
ti
o
n
s

(N
S

A
ID

s
)
u
s
e
).

h
a
v
e

a
d
ir
e
c
tr

e
la

ti
o
n
s
h
ip

,a
n
d

lin
k
e
d

to
u
rb

a
n

a
re

a
s
;

Ib
u
p
ro

fe
n
,
m

e
fe

n
a
m

ic
a
c
id

a
n
d

c
a
ff
e
in

e

T
ri
c
lo

s
a
n
,o

fl
o
x
a
c
in

a
n
d

m
e
th

o
tr

e
x
a
te

R
E

L
A

T
IO

N
S

H
IP

A
M

O
N

G
E

M
E

R
G

IN
G

C
O

N
T

A
M

IN
A

N
T

S
R

E
L

A
T

I
O

N
S

H
I
P

B
E

T
W

E
E

N
E

M
E

R
G

I
N

G
C

O
N

T
A

M
I
N

A
N

T
S

A
N

D
H

Y
D

R
O

G
E

O
C

H
E

M
IS

T
R

Y
O

F
A

Q
U

IF
E

R
S

S
o
m

e
h
y
d
ro

c
h
e
m

ic
a
lv

a
ri
a
b
le

s
re

la
te

d
d
ir
e
c
tl
y

o
r

in
d
ir
e
c
tl
y

to
th

e
c
o
n
c
e
n
tr

a
ti
o
n
s

o
f

s
o
m

e
P

P
C

P
s

(F
ig

u
re

4
).

T
h
e
s
e

re
la

ti
o
n
s
h
ip

s
a
re

n
o
t

fu
n
c
ti
o
n
a
l,

if
n
o
t

c
a
s
u
a
l

re
la

ti
o
n
s
h
ip

s
lin

k
e
d

th
ro

u
g
h

th
e

s
a
m

e
s
o
u
rc

e
a
c
ti
v
it
y

(
).

In
s
tu

d
y

F
ig

u
re

3
.P

C
A

re
s
u

lt
s

a
m

o
n

g
e
m

e
rg

in
g

c
o

n
ta

m
in

a
n

ts
.

F
ig

u
re

4
.P

C
A

b
e
tw

e
e
n

e
m

e
rg

e
n

ts
a
n

d
h

y
d

ro
g

e
o

c
h

e
m

is
tr

y

F
ig

u
re

1
.L

o
c
a
ti

o
n

o
f
th

e
s
tu

d
y

a
re

a

T
a
b

le
1
.E

m
e
rg

in
g

c
o

n
ta

m
in

a
n

ts
c
o

n
c
e
n

tr
a
ti

o
n

s
(p

p
t)

s
a
m

p
le

d
in

th
e

G
u

a
d

a
lh

o
rc

e
ri

v
e
r

b
a
s
in

,i
n

M
a
y

2
0
1
2
.

F
ig

u
re

2
.S

a
m

p
li
n

g
p

o
in

ts
in

th
e

s
tu

d
y

a
re

a
.

1
4

d
if
fe

re
n
tP

P
C

P
s

w
e
re

m
e
a
s
u
re

d
in

9
s
a
m

p
lin

g
p

o
in

ts
d

is
tr

ib
u

te
d

a
ro

u
n
d

th
e

s
tu

d
y

a
re

a
(T

a
b
le

1
a
n
d

F
ig

u
re

2
).

A
ll

c
o
n
c
e
n
tr

a
ti
o
n
s

a
re

e
x
p
re

s
s
e
d

in
p
a
rt

s
p
e
r

tr
ill

io
n

(p
p
t)

a
n
d

w
e
re

s
a
m

p
le

d
d
u
ri
n
g

th
e

fi
e
ld

s
a
m

p
lin

g
o
fM

a
y

2
0
1
2
.

M
A

T
E

R
IA

L
A

N
D

M
E

T
H

O
D



 附件 2- 34  附件 2- 35

R
E

L
A

T
IO

N
S

H
IP

B
E

T
W

E
E

N
E

M
E

R
G

IN
G

P
O

L
L

U
T

A
N

T
S

A
N

D
P

O
L

L
U

T
IO

N
S

O
U

R
C

E
S

1
.-

S
e
le

c
ti
o
n

o
f
p
o
llu

ti
o
n

s
o
u
rc

e
s

in
th

e
a
re

a
s

o
f
in

fl
u
e
n
c
e

(2
k
m

)
a
n
d

in
th

e
d
ir
e
c
ti
o
n

o
f

g
ro

u
n
d
w

a
te

r
fl
o
w

(F
ig

u
re

5
).

C
lo

s
e
s
t

a
re

a
to

th
e

ri
v
e
r

m
o
u
th

(4
8

%
o
f

to
ta

l
s
o
u
rc

e
s
)

h
a
s

th
e

h
ig

h
e
s
t

c
o
n
c
e
n
tr

a
ti
o
n
s

o
f

e
m

e
rg

in
g

p
o
llu

ta
n
ts

.

F
ig

u
re

5
.I

n
fl

u
e

n
c

e
a

re
a

s
a

ro
u

n
d

e
a

c
h

s
a

m
p

li
n

g
p

o
in

ts

F
ig

u
re

6
.

P
C

A
re

s
u

lt
s

b
e

tw
e

e
n

e
m

e
rg

in
g

c
o

n
ta

m
in

a
n

ts
a

n
d

p
o

llu
ti
o

n
s
o

u
rc

e
s

2
.-

P
ri
n
c
ip

a
l

C
o
m

p
o
n
e
n
t

A
n
a
ly

s
is

b
e
tw

e
e
n

e
m

e
rg

in
g

p
o
llu

ta
n
ts

a
n
d

p
o
llu

ti
o
n

s
o
u
rc

e
s

(F
ig

u
re

6
):

-
a
re

d
ir
e
c
tl
y

re
la

te
d

to
th

e
a
m

o
u
n
t
o
f
E

C
s

in
a
n

a
re

a
.
T

h
e
y

a
re

th
e

E
C

s
th

a
t

h
a
v
e

b
e
e
n

m
e
a
s
u
re

d
in

th
e

h
ig

h
e
s
t

c
o
n
c
e
n
tr

a
ti
o
n
s

w
it
h

a
n

im
p
o
rt

a
n
t

in
fl
u
e
n
c
e

o
n

th
e

to
ta

l
c
o
n
c
e
n
tr

a
ti
o
n

o
f
P

P
C

P
s

s
a
m

p
le

d
in

a
n

a
re

a
.

-
T

h
e

s
e

h
a

v
e

a
h

ig
h

d
ir

e
c

t
c
o
rr

e
la

ti
o
n

w
it
h

w
a
s
te

w
a
te

r,
w

h
ic

h
is

th
e

m
a
in

g
a
te

w
a
y

o
fP

P
C

P
s

to
th

e
e
n
v
ir
o
n
m

e
n
t,

e
it
h
e
r

b
y

ir
ri
g
a
ti
o
n

w
it
h

s
e
w

a
g
e

o
r
b
y

d
ir
e
c
td

is
c
h
a
rg

e
.

Ib
u
p
ro

fe
n
,

m
e
fe

n
a
m

ic
a
c
id

a
n
d

c
a
ff
e
in

e

-
(d

ru
g

u
s
e
d

in
a
n
im

a
ls

a
s

a
n

ti
p

ro
to

z
o

a
l

a
n

d
a

n
ti

b
a

c
te

ri
a

l)
a

n
d

(d
ru

g
th

a
t

c
a
n

b
e

a
p
p
lie

d
a
g
a
in

s
t

in
te

s
ti
n
a
l

p
a
ra

s
it
e
s

in
a
n
im

a
ls

)
a
re

d
ir
e
c
tl
y

re
la

te
d

to
th

e
n
u
m

b
e
r

o
f

fa
rm

s
a
n
d

s
lu

rr
y

p
o
n
d
s

in
a

z
o
n
e
.

S
u
lf
a
m

e
th

a
z
in

e

T
ri
m

e
th

o
p
ri
m

D
IS

T
R

IB
U

T
IO

N
O

F
S

E
L

E
C

T
E

D
P

P
C

P
S

IN
T

H
E

G
U

A
D

A
L

H
O

R
C

E
R

IV
E

R
B

A
S

IN
(S

O
U

T
H

O
F

S
P

A
IN

)

1
.-

In
c
re

a
s
e

re
te

n
ti
o
n

ti
m

e
o
f
th

e
w

a
te

r
in

th
e

w
a
s
te

w
a
te

r
tr

e
a
tm

e
n
t
p
la

n
ts

d
u
ri
n
g

tr
e
a
tm

e
n
t,

to
e
lim

in
a
te

h
ig

h
e
r

p
e
rc

e
n
ta

g
e

o
fd

ru
g
s
.

2
.-

R
e
p
la

c
in

g
c
o
n
v
e
n
ti
o
n
a
l

tr
e
a
tm

e
n
t

in
w

a
s
te

w
a
te

r
tr

e
a
tm

e
n
t

p
la

n
ts

b
y

m
o
re

a
d
v
a
n
c
e
d

tr
e
a
tm

e
n
ts

s
u
c
h

a
s

m
e
m

b
ra

n
e

b
io

re
a
c
to

rs
a
n
d

a
d
v
a
n
c
e
d

o
x
id

a
ti
o
n

p
ro

c
e
s
s
e
s
,
w

h
ic

h
e
lim

in
a
te

h
ig

h
e
r

p
e
rc

e
n
ta

g
e

o
f
C

E
s
,
a
lt
h
o
u
g
h

th
e

m
a
in

d
is

a
d
v
a
n
ta

g
e

is
th

e
h
ig

h
c
o
s
t.

3
.-

O
th

e
r

a
lt
e
rn

a
ti
v
e
s

to
e
lim

in
a
te

p
h
a
rm

a
c
e
u
ti
c
a
l

p
ro

d
u
c
ts

a
re

a
rt

if
ic

ia
l

w
e
tl
a
n
d
s

a
n
d

lig
n
in

o
ly

ti
c

fu
n
g
i,

b
o
th

u
n
d
e
r
e
x
a
m

in
a
ti
o
n

b
u
tw

it
h

g
o
o
d

re
s
u
lt
s

a
tl

a
b
o
ra

to
ry

s
c
a
le

.

4
.-

R
e
g
u
la

ti
o
n

o
f

th
e
s
e

E
C

s
in

th
e

le
g
is

la
ti
o
n

w
o
u
ld

h
e
lp

to
ta

k
e

b
e
tt
e
r

a
c
c
o
u
n
t

o
f

th
e
s
e

s
u
b
s
ta

n
c
e
s

in
th

e
e
n
v
ir
o
n
m

e
n
t.

5
.-

A
v
o

id
in

g
c
e
rt

a
in

u
s
e
s

o
f
tr

e
a
te

d
w

a
s
te

w
a
te

r,
a
s

a
rt

if
ic

ia
lr

e
c
h

a
rg

e
.

-
E

m
e
rg

in
g

c
o
n
ta

m
in

a
n
ts

(E
C

s
),

e
s
p
e
c
ia

lly
,

p
h
a
rm

a
c
e
u
ti
c
a
ls

a
n
d

p
e
rs

o
n
a
l

c
a
re

p
ro

d
u
c
ts

(P
P

C
P

s
)

h
a
v
e

b
e
e
n

d
e
te

c
te

d
,

id
e
n
ti
fi
e
d

a
n
d

q
u
a
n
ti
fi
e
d

P
P

C
P

s
in

g
ro

u
n
d
w

a
te

r
a
q
u
if
e
rs

o
f

th
e

G
u
a
d
a
lh

o
rc

e
R

iv
e
r
B

a
s
in

(M
a
la

g
a
,S

o
u
th

o
fS

p
a
in

).

-
T

h
e
re

is
a
n

in
te

n
s
e

a
n
d

c
o
n
ti
n
u
o
u
s

c
o
n
ta

m
in

a
ti
o
n

o
ft

h
e

a
re

a
,m

a
in

ly
fr

o
m

u
rb

a
n

a
re

a
s

a
n
d

liv
e
s
to

c
k

o
ri
g
in

a
te

d
in

th
e

n
o
rt

h
w

e
s
te

rn
p
a
rt

o
ft

h
e

b
a
s
in

.

-
T

h
e

re
u
s
e

o
f
tr

e
a
te

d
w

a
s
te

w
a
te

r
b
e
c
o
m

e
s

th
e

m
a
in

e
n
tr

a
n
c
e

o
f
c
o
n
ta

m
in

a
n
ts

in
to

th
e

e
n
v
ir
o
n
m

e
n
t,

fo
llo

w
e
d

b
y

liv
e
s
to

c
k

a
c
ti
v
it
ie

s
.

-
T

h
e

ty
p
e
,

n
u
m

b
e
r

a
n
d

p
ro

x
im

it
y

o
f

p
o
llu

ti
o
n

s
o
u
rc

e
s

to
th

e
s
a
m

p
lin

g
p
o
in

ts
s
tr

o
n
g
ly

in
fl
u
e
n
c
e

th
e

c
o
n
c
e
n
tr

a
ti
o
n
s

o
fE

C
s
.

-
S

o
m

e
h
y
d
ro

c
h
e
m

ic
a
lc

h
a
ra

c
te

ri
s
ti
c
s

o
f
th

e
g
ro

u
n
d
w

a
te

r
m

a
s
s
e
s

a
re

re
la

te
d

to
th

e
c
o
n
c
e
n
tr

a
ti
o
n
s

o
f

P
P

C
P

s
,l

in
k
e
d

th
ro

u
g
h

th
e

s
a
m

e
s
o
u
rc

e
a
c
ti
v
it
y.

S
O

L
U

T
IO

N
S

C
O

N
C

L
U

S
IO

N
S

R
e

fe
re

n
c
e

s
-
G

a
m

b
e

ro
,L

.(
2

0
1

5
).

S
tu

d
y

o
ft

h
e

e
m

e
rg

in
g

c
o

n
ta

m
in

a
n

ts
s
o

u
rc

e
s

in
g

ro
u

n
d

w
a

te
r
b

o
d

ie
s

o
ft

h
e

G
u

a
d

a
lh

o
rc

e
R

iv
e

r
B

a
s
in

(s
o

u
th

o
fS

p
a

in
).

F
in

a
lP

ro
je

c
to

fE
n

v
ir
o

n
m

e
n

ta
lS

c
ie

n
c
e

s
D

e
g

re
e

a
tU

n
iv

e
rs

it
y

o
fM

a
la

g
a

.
-
B

a
rc

e
ló

,D
.&

L
ó

p
e

z
d

e
A

ld
a

,M
.J

.(
2

0
0

8
).

C
o

n
ta

m
in

a
ti
o

n
a

n
d

w
a

te
r
q

u
a

lit
y
:t

h
e

p
ro

b
le

m
o

fe
m

e
rg

in
g

c
o

n
ta

m
in

a
n

ts
(I

n
S

p
a

n
is

h
).

In
In

s
ti
tu

te
o

fC
h

e
m

ic
a

la
n

d
E

n
v
ir
o

n
m

e
n

ta
lR

e
s
e

a
rc

h
.

h
tt

p
:/

/w
w

w
.u

n
iz

a
r.

e
s
/f

n
c
a

/v
a

ri
o

s
/p

a
n

e
l/
1

5
.p

d
f

EM
ER

G
IN

G
C

O
N

TA
M

IN
A

N
TS

P.
0

4
6

2

D
IS

T
R

IB
U

T
IO

N
A

N
D

IN
T

E
R

A
C

T
IO

N
B

E
T

W
E

E
N

S
E

L
E

C
T

E
D

P
H

A
R

M
A

T
E

U
T

IC
A

L
S

A
N

D
H

Y
D

R
O

G
E

O
C

H
E

M
IS

T
R

Y
IN

G
U

A
D

A
L

H
O

R
C

E
A

Q
U

IF
E

R
(S

O
U

T
H

O
F

S
P

A
IN

)



 附件 2- 35

Va
ri

ab
ili

ty
 o

f 
re

m
ov

al
 r

at
e 

co
ns

ta
nt

s 
-A

 c
om

pi
la

ti
on

 f
ro

m
 la

b 
ex

pe
ri

m
en

ts
 o

n 
th

e 
fa

te
 o

f 
or

ga
ni

c 
m

ic
ro

po
llu

ta
nt

s 
w

it
hi

n 
an

 u
rb

an
 w

at
er

 c
yc

le
V.

 B
ur

ke
, 

J.
 G

re
sk

ow
ia

k,
 G

. 
M

as
sm

an
n

1
Ca

rl
 v

on
 O

ss
ie

tz
ky

 U
ni

ve
rs

it
y 

of
O

ld
en

bu
rg

, 
W

or
ki

ng
 G

ro
up

 H
yd

ro
ge

ol
og

y 
an

d 
La

nd
sc

ap
e 

H
yd

ro
lo

gy

M
et

ho
ds

D
r.

 V
ic

to
ri

a 
Bu

rk
e

Ca
rl

 v
on

 O
ss

ie
tz

ky
 U

ni
ve

rs
it

y 
of

 O
ld

en
bu

rg
D

ep
ar

tm
en

t 
of

 B
io

lo
gy

 a
nd

 E
nv

ir
on

m
en

ta
l S

ci
en

ce
s

W
G

 H
yd

ro
ge

ol
og

y 
an

d 
La

nd
sc

ap
e 

H
yd

ro
lo

gy
D

-2
61

11
 O

ld
en

bu
rg

, 
G

er
m

an
y

E-
M

ai
l:

 v
ic

to
ri

a.
bu

rk
e@

un
i-

ol
de

nb
ur

g.
de

Co
rr

es
po

nd
in

g
au

th
or

O
w

in
g

to
ad

va
nc

ed
an

al
yt

ic
al

pr
oc

ed
ur

es
an

in
cr

ea
si

ng
nu

m
be

r
of

or
ga

ni
c

m
ic

ro
po

llu
ta

nt
s

ha
ve

be
en

id
en

ti
fi

ed
w

it
hi

n
th

e
aq

ua
ti

c
en

vi
ro

nm
en

t.
W

it
hi

n
ur

ba
n

ar
ea

s,
or

ga
ni

c
m

ic
ro

po
llu

ta
nt

s
ar

e
m

ai
nl

y
in

tr
od

uc
ed

in
to

th
e

w
at

er
cy

cl
e

vi
a

se
w

ag
e

sy
st

em
s,

si
nc

e
tr

ea
te

d
w

as
te

w
at

er
co

nt
ai

ni
ng

re
si

du
al

s
of

th
es

e
po

llu
ta

nt
s

is
di

sc
ha

rg
ed

in
to

su
rf

ac
e

w
at

er
an

d
th

us
re

su
pp

lie
d

to
th

e
w

at
er

cy
cl

e
(s

ee
Fi

g.
1)

.
Re

su
lt

s
fr

om
fi

el
d

in
ve

st
ig

at
io

ns
ev

id
en

ce
d

th
e

at
te

nu
at

io
n

of
va

ri
ou

s
m

ic
ro

po
llu

ta
nt

s
to

be
im

pa
ct

ed
by

th
e

pr
ev

ai
lin

g
hy

dr
oc

he
m

ic
al

co
nd

it
io

ns
[e

.g
.

1,
2]

,
e.

g.
th

e
re

do
x

en
vi

ro
nm

en
t.

In
or

de
r

to
in

ve
st

ig
at

e
th

e
im

pa
ct

of
th

e
re

do
x

co
nd

it
io

ns
on

th
e

at
te

nu
at

io
n

of
va

ri
ou

s
or

ga
ni

c
po

llu
ta

nt
s

w
it

hi
n

an
ur

ba
n

w
at

er
cy

cl
e,

w
e

si
m

ul
at

ed
th

re
e

st
ag

es
of

it
by

m
ea

ns
of

di
ff

er
en

t
ex

pe
ri

m
en

ta
ls

et
up

s.

In
tr

od
uc

ti
on

Re
su

lt
s

&
 C

on
cl

us
io

ns

Fi
g.

 1
: 

U
rb

an
 p

ar
tl

y
cl

os
ed

w
at

er
cy

cl
e

1.
‘u

nd
is

tu
rb

ed
co

re
st

ud
y‘

 in
 o

rd
er

to
si

m
ul

at
e

th
e

pr
oc

es
s 

of
 in

fi
lt

ra
ti

on
 o

f 
w

as
te

w
at

er
 l

oa
de

d 
su

rf
ac

e 
w

at
er

 in
to

 t
he

 s
ub

su
rf

ac
e

(F
ig

. 
2)

2.
‘s

ys
te

m
at

ic
 c

ol
um

n 
st

ud
y’

 in
 o

rd
er

 t
o 

m
im

ic
 

co
nd

it
io

ns
 a

lo
ng

 t
he

 g
ro

un
dw

at
er

 f
lo

w
 p

at
h 

w
it

hi
n 

th
e 

aq
ui

fe
r 

(F
ig

. 
3)

3.
‘t

an
k 

ae
ra

ti
on

 e
xp

er
im

en
ts

’ 
co

ve
ri

ng
 o

ne
 t

re
at

m
en

t 
st

ep
 w

it
hi

n 
dr

in
ki

ng
 w

at
er

 t
re

at
m

en
t 

(F
ig

. 
4)

•
no

de
gr

ad
at

io
n

un
de

r
of

an
ox

ic
co

nd
it

io
ns

,
in

di
ca

ti
ng

th
e

st
ro

ng
in

fl
ue

nc
e

of
th

e
re

do
x

en
vi

ro
nm

en
t

•
th

e
hy

po
rh

ei
c

zo
ne

w
as

pr
ov

en
to

be
hi

gh
ly

re
ac

ti
ve

,
as

un
de

r
ox

ic
co

nd
it

io
ns

a
ha

lf
-l

if
e

ti
m

e
of

3
ho

ur
s

w
as

ob
se

rv
ed

•
pr

oc
ee

di
ng

al
on

g
th

e
gr

ou
nd

w
at

er
fl

ow
pa

th
re

su
lt

ed
in

de
cr

ea
si

ng
re

m
ov

al
ra

te
co

ns
ta

nt
s

(1
.3

d-
1

an
d

a
co

rr
es

po
nd

in
g

ha
lf

-l
if

e
ti

m
e

of
12

ho
ur

s
fo

r
ph

en
az

on
e)


st
ill

in
di

ca
ti

ng
an

ef
fi

ci
en

t
re

m
ov

al
un

de
r

ox
ic

co
nd

it
io

ns

•
si

m
pl

e
ae

ra
ti

on
of

an
ox

ic
gr

ou
nd

w
at

er
w

it
hi

n
th

e
ta

nk
ex

pe
ri

m
en

ts
re

su
lt

ed
in

th
e

re
m

ov
al

of
nu

m
er

ou
s

m
ic

ro
po

llu
ta

nt
s,

bu
t

si
gn

if
ic

an
tl

y
lo

w
er

re
m

ov
al

ra
te

co
ns

ta
nt

s
co

m
pa

re
d

to
th

e
af

or
em

en
ti

on
ed

st
ud

ie
s

•
re

su
lt

s
hi

gh
lig

ht
th

e
en

or
m

ou
s

at
te

nu
at

io
n

ef
fi

ci
en

cy
of

th
e

sa
tu

ra
te

d
zo

ne
co

m
pa

re
d

to
te

ch
ni

ca
ls

ys
te

m
s

𝜆𝜆 𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖

𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖

𝑧𝑧𝑖𝑖
𝑖𝑖𝑧𝑧

>
𝜆𝜆 𝑔𝑔

𝑔𝑔
𝑖𝑖𝑖𝑖
𝑖𝑖𝑔𝑔

𝑝𝑝𝑖𝑖
𝑖𝑖𝑝

>
𝜆𝜆 𝑖𝑖

𝑧𝑧𝑖𝑖
𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
𝑖𝑖

•
si

m
ila

r
re

su
lt

s
w

er
e

ob
se

rv
ed

fo
r

ot
he

r
co

m
po

un
ds

(e
.g

.
FA

A,
M

et
op

ro
lo

l)
w

hi
le

in
ve

st
ig

at
in

g
th

e
re

do
x-

se
ns

it
iv

e
de

gr
ad

at
io

n
be

ha
vi

or
of

a
to

ta
l

of
36

or
ga

ni
c

m
ic

ro
po

llu
ta

nt
s

cl
as

si
fi

ed
as

ph
ar

m
ac

eu
ti

ca
ls

an
d

in
du

st
ri

al
pr

od
uc

ts

Fi
g.

 5
: 

O
bs

er
ve

d
re

m
ov

al
ra

te
 c

on
st

an
ts

an
d

co
rr

es
po

nd
in

g
ha

lf
-l

if
e

ti
m

es
ex

em
pl
if
ie
d

il
lu

st
ra

te
d

fo
r

th
e

an
al

ge
si

c
ph

en
az

on
e

Fi
g.

 2
: 

Se
tu

p 
‘u

nd
is

tu
rb

ed
co

re
st

ud
y‘

 [3
]

Fi
g.

 3
: 

Se
tu

p 
‘s

ys
te

m
at

ic
co

lu
m

n
st

ud
y‘

 
Fi

g.
 4

: 
Se

tu
p 

‘t
an

k 
ae

ra
ti

on
ex

pe
ri

m
en

ts
‘[

4]

Re
fe

re
nc

es

[1
] 

M
as

sm
an

n
et

 a
l.

, 
Ch

em
os

ph
er

e
20

08
, 

71
(8

),
 1

47
6-

14
85

[2
] 

H
ij

os
a-

Va
ls

er
o

et
 a

l.
, 

W
at

er
Re

se
ar

ch
 2

01
0,

 4
4(

12
),

 3
66

9-
36

78
[3

] 
Bu

rk
e 

et
 a

l.
, 

Sc
ie

nc
e 

of
th

e
To

ta
l E

nv
ir

on
m

en
t 

20
14

, 
48

2,
 5

3-
61

[4
] 

Bu
rk

e 
et

 a
l.

, 
W

at
er

 S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y 

20
13

, 
67

(3
),

 6
58

-6
66


