
Paper n. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Author, year of publication

A
lv

a
ri

n
o

 e
t 

a
l.

 2
0

1
6

A
lv

a
ri

n
o

 e
t 

a
l.

 2
0

1
7

A
s

if
 e

t 
a

l.
 

2
0

2
0

B
a

re
s

e
l 

e
t 

a
l.

 2
0

1
9

E
c

h
e

v
a

rr
ía

 
e

t 
a

l.
 2

0
1

9

G
ro

v
e

r 
e

t 
a

l.
 

2
0

1
1

It
ze

l 
e

t 
a

l.
 

2
0

1
8

K
o

v
a

lo
v

a
 e

t 
a

l.
 2

0
1

3

L
a

n
g

e
n

h
o

ff
 

e
t 

a
l.

 2
0

1
3

L
i 

e
t 

a
l.

 2
0

1
1

L
ip

p
 e

t 
a

l.
 

2
0

1
2

L
ö

w
e

n
b

e
rg

 
e

t 
a

l.
 2

0
1

4

M
a

rg
o

t 
e

t 
a

l.
 

2
0

1
3

N
g

u
y

e
n

 e
t 

a
l.

 2
0

1
2

N
g

u
y

e
n

 e
t 

a
l.

 2
0

1
3

a

N
g

u
y

e
n

 e
t 

a
l.

 2
0

1
3

b

N
g

u
y

e
n

 e
t 

a
l.

 2
0

1
4

P
a

re
d

e
s

 e
t 

a
l.

 2
0

1
8

P
a

u
lu

s
 e

t 
a

l.
 

2
0

1
9

R
e

m
y

 e
t 

a
l.

 
2

0
1

2

S
b

a
rd

e
ll

a
 e

t 
a

l.
 2

0
1

8

S
e

rr
a

n
o

 e
t 

a
l.

 2
0

1
1

W
e

i 
e

t 
a

l.
 

2
0

1
6

Y
a

n
g

 e
t 

a
l.

 
2

0
1

0

Y
a

n
g

 e
t 

a
l.

 
2

0
1

2

Y
u

 e
t 

a
l.

 2
0

1
4

Journal
Journal of 
Hazardous 
Materials 

Journal of Environmental 
Management

Science of the Total 
Environment

Applied Sciences
Science of the Total 

Environment
Journal of Hazardous 

Materials
Science of the Total 

Environment

Environmental 
Science and 
Technology

Biomed Research 
International

Biosource Technology
Desalination and Water 

Treatment
Water Research

Science of the Total 
Environment

Biosource Technology Biosource Technology
Journal of 

Environmental 
Management

Journal of the Taiwan Institute of 
Chemical Engineers

Chemical 
Engineering Journal

International 
Journal of 

Hygiene and 
Environmental 

Health

Water Science & 
Technology

Science of the Total 
Environment

Water Research
Journal of Wate Reuse 

and Desalination
Water Science & 

Technology
Water Science 

and Technology
Desalination

Place (country where the investigation took place) Spain Spain China Sweden Spain United Kingdom Germany Switzerland Netherlands Australia Germany Switzerland Switzerland Australia Australia Australia Australia Spain Netherlands Netherlands Belgium Spain Saudi Arabia Canada Canada China

Number of MPs investigated 13 10 8 43 9 14 26 56 2 2 10 5 70 22 22 22 22 18 34 7 13 9 15 2 2 2

Treatment configuration (MBR+PAC) side 
stream

(MBR+PAC) submerged
(MBR+PAC) side 

stream
MBR→GAC (MBR+PAC) side 

stream
CAS→GAC MBR→GAC MBR→PAC→UF MBR→GAC (MBR+PAC) submerged MBR→PAC→UF & recircualƟon CAS→(PAC+UF) CAS→(PAC+UF) MBR→GAC (MBR+PAC) submerged; 

MBR→GAC
MBR→GAC (MBR+PAC) submerged MBR→GAC MBR→GAC (MBR+PAC) side 

stream
CAS→GAC→UF (MBR+PAC) side 

stream
(MBR+PAC) side stream

(MBR+PAC) 
submerged

(MBR+PAC) 
submerged

(MBR+PAC) submerged

Treatment configuration (according to Table 1 of the manuscript) I II I VI I VII VI IV VI II V III III VI II, VI VI II VI VI I VIII I I II II II

Number of investigations on MPs with AC included in the paper 1 6 1 1 2 1 1 3 1 4 1 2 1 1 3 1 2 2 1 1 3 1 1 1 1 3

Influent concentration Y Y Y N Y N Y N Y Y Y N Y Y Y Y Y N Y Y N Y Y N Y Y

Effluent concentration Y N N Y Y Y Y N N Y N N N N N N Y N Y N N N N N N N

Removal efficiencies Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y Y Y

Sampling Details: provided (P), referenced (R ), none (N) P P P P P P P P N N P P P N P P P P P P P P N N N N

Analytical methods Details: Provided (P) or Referenced (R ),  none (N) P + R R P P+R P P+R P+R R P P R Y P R R P + R R R P R P R P+R R R

Treatment plant characteristicsFull (F), Pilot (P), Laboratory (L) scale L L L P P F F P P L P P P L L L L L F P P; L P L L L L

Description (D), Scheme (S) D D S S S S D D D D S S S S S S S S D S D D S S D S

Feeding Mode: continuous (1), intermittent (2) 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1

Type: Real (R), Real + injection (R+inj), Synthetic (S) S S S R R R R R R S R R R S S S S R R R+inj R S S S S S

Industrial (I), Hospital (H), Urban (U) - - - U U U H H H - U U U - - - - U H U U U - - - -

Design parameters Flow (L/d) - - - 58,33 48,000-72,000 - 410.000 - 240.000 - - - - - - - 0,186 - - - 48.000 30 4 - - -

Flux (L/m²h) - - 15 - - - - 15-30 - 7,9 15 - - 3,1 3,1 3,1 2,7 - - 43.5; 58; 87 - 6 - - 10

Internal recycle (Y, N) Y N Y Y Y - - Y N N Y N Y N N N N - - Y Y Y Y N N N

Operational conditions HRT (h) 24 24 11 10 10-14 - - - >28 24 24 - 0.6-2.8 24 24 24 24 - - 10 - 24 12 5.8-6 5.8-6 8
SRT (d) - 200 30 - 12-21 - - 30-50 - no withdrawal - - - no withdrawal no withdrawal no withdrawal - - - 50 - no withdrawal - 25 25 30
pH 7-8.5 - 6.5-7 - - - - 7,8 - 7.8 ± 0.1 - - - 7.2 - 7.5 7.2 - 7.5 7.2 - 7.5 7.2 - 7.5 - - - - 8.4-8.7 7 N Y 6.8-7.5
Dissolved oxygen, mg/L 0.8-2 - 0.5-2.5 - - - - - - - - - - 3 ± 1 > 3 3 ± 1 4 ± 1 - - 1,5 - > 2 - > 4 Y 5
Temperature °C 17-20 20-22 23-25 - - - - 27-28 17,4 22 ± 2 9-29 - - 20 ± 0.1 20 ± 0.1 20 ± 0.1 20 ± 0.1 - - - - 19-20 35 ± 1 N Y 28 ± 2
Other (conductivity, pH sludge...) (Y, N) Y N N N N - N N Y Y Y N - Y Y Y Y Y N Y N Y N N N N

MBR Presence (Y, N= CAS) Y Y Y Y Y N Y Y Y Y Y N N Y Y Y Y Y Y Y N Y Y Y Y Y

Number of MBR 1 2 2 1 1 - 1 1 1 1 1 - - 1 1 1 1 1 1 2 - 1 1 2 2 2

Multicompartments including Aerobic (A) or only 
Anaerobic (An)

A A A A A - A A A A A - - A A A A A A A - A An A A A

Characteristics provided (P) or referenced (R ) P P P P P - P R P P P - - P P P P - R P+R - P - P P P

Total bioreactor volume (L) 48 30;185 7 29.000 24.000 - - 1.500 280 14 800 - - 5,5 4,5 4,5 4,5 - - - - 18 - 3 3 16

Membrane type (MF, UF) MF MF; UF UF UF UF - - UF - MF MF; UF - - MF MF MF MF UF - UF - MF UF MF MF MF

Nominal pore size (µm) 0,4 0.45; 0.045 0,1 0,2 - - - 0,04 - 0,4 0.2; 0.038 - - 0,4 0,4 0,4 0,4 - - 0,1 - 0,4 0,03 0,4 0,4 0,2

Membrane surface area (m²) 0,2 - 0,0425 159,3 66 - - - 244,8 0,074 2; 2 - - 0,074 0,074 0,074 0,074 - - 0,1 - 0,1 0,031 0,08 0,08 0,4

Materials - - Ceramic - PVDF - - PES fiber reinforced 
polymer resin

PDVF PES; PDVF - - PVDF PVDF PVDF PVDF - - PVDF - - PDVF - PE PVDF

Membrane geometry Flat sheet Flat sheet; Hollow fiber - Flat sheet Tubular - - Flat sheet Tubular Hollow fiber Flat sheet - - Hollow fiber Hollow fiber Hollow fiber Hollow fiber - - Flat sheet - Flat sheet Hollow fiber Hollow fiber Hollow fiber Hollow fiber

Number of modules 1 1; 1 - 2 2 - - - 9 1 2 - - 1 1 1 1 1 - - - 1 1,1 1; 1 1;1 1;1

Activated carbon Type PAC PAC PAC GAC PAC GAC GAC PAC GAC PAC PAC PAC PAC GAC PAC; GAC GAC PAC GAC GAC PAC GAC PAC PAC PAC PAC PAC

Name (brand) PANREAC Norit W35 -
Filtrasorb 400, 

Chemviron 
Carbon

Norit Norit - Norit SAE Super -
Activated carbon 

technologies Pty Ltd Norit Sae Super
Norit SAE Super; 

SORBOPOR MV-125

GAC-1200 (Activated 
Carbon Technologies 

Pty Ltd)

PAC 1000, GAC 1200 
(Activated Carbon 

Technologies Pty Ltd)

Activated Carbon 
Technologies Pty Ltd

Activated Carbon Technologies Pty Ltd ChiemiVall Norit SAE 
Super

ORGANOSORB 10-
CO (Desotec)

PANREAC - - - Sigma Adrich 

BET specific surface area (m2/g) 555 875 - - - - - 1.300 - > 1,000 1.300 1.300 1,100-1,150 >1,000
PAC: 1,355; GAC: 

1,121
1.121 1.355 895; 902 - 1.363 1.250 328,2 - - - 764

Particle size (µm) - - 40 - - 1.000 - 15 - 22,3 - 15 15-45 1,600-2,000 PAC:15-30; GAC: 
1,600 -2,000

1,600 -2,000 15 - 30 1,000 - 2,000 - 15 2,360-4,750 - - 50-150 50-150 ≤ 40

Pore volume (cm3/g) - - - - - - - - - - - - - -
PAC: 0.228; GAC: 

0.043
0,043 0,228 - - 0,88 - - - - -

< 8 Å: 0.24 cm3/g; 8–20 
Å: 0.18 cm3/g; 20–500 

Å: 0.07 cm3/g

Pore diameter (nm) - - - - - - - - - - - - - - PAC: 3.139; GAC: 
3.132

3,132 3,139 < 100; > 100 - 2,6 - - - - - -

Iodine number (mg/g min) - 850 - - - 920 - - - 1.160 1.250 1.050 - > 1,200 PAC: >1,000; GAC: 
>1,200

>1,200 >1,000 - - - 1.200 - - - - -

Bulk density (g/cm3) - - - 0,5 - 0,5 0,47 - - - - - - 0.42-0.50 - 0.42-0.5 0.35–0.45 - - - 0,36 0,25 - - - -

pHpzc - - - - - - - 9,8 - - 7-9 - >7.3; 9-11 - - - - - - - - - - - - -

Ash content (%) - - - - - - - - - - - - 12; 6 3 14 - 14 - - - - - - - - -

Adsorption batch tests (isotherms) (Y, N) Y Y N N N N N N N Y N N Y N N Y N Y N N N N N N N N

Breakthrough curve (Y,N) N N N Y N N N N N N N N N N Y Y N Y N N N N N N N N

PAC added in MBR
Dosage (g PAC/L) 1 0.25; 0.5; 0.75 20 - 0.025-0.05 - - - - 0.1; 1 - - - - 0.1; 0.5 - 0.1; 0.5 - - 0,004 - 1 0,1 2 2 0.03; 0.08; 0.1

AC retention time (d) (contact time of AC with the 
wastewater before AC disposal)

118 105; 70; 35 65 - - - - - - 60; 28 - - - - 37; 63 - 37; 63 - - - - 86 9 - - 264; 176; 88

PAC unit as a post treatment
Dosage (g PAC/L) - - - - - - -

0.008; 0.023; 
0.043

- - 0,01 0,0171 1-2 - - - - - - - - - - - - -

AC retention time (d) (contact time of AC with the 
wastewater before AC disposal)

- - - - - - - 2 - - - pressurized UF: 2h; 
submerged UF: 30h 2-17 - - - - - - - - - - - - -

GAC column as a post 
treatment Treatment train - - - MBR→GAC - CAS→GAC MBR→Ozone→GAC

→UV
- MBR→GAC - - - - MBR→GAC MBR→GAC MBR→GAC - MBR→GAC MBR→Ozone

→GAC→UV
-

CAS→GAC→UF 
(pilot); CAS→GAC 

(lab)
- - - - -

Empty Bed Contact Time, EBCT (min) - - - 13 - - - - - - - - - 7 7 7 - 20 - - 50 - - - - -

Filtration velocity v f (m/h) - - - 4,5 - - - - - - - - - 1,8 1,8 1,8 - 0,48 - - - - - - - -

Flow rate (L/h) - - - 1.400 - - - - - - - - - 0,144 0,144 0,144 - - - - 3.3 10-4 - - - - -

Bed Surface area (m²) - - - 0,3 - - - - - - - - - 7.85 10-5 7.85 10-5 7.85 10-5 - 4.18 10-3 - - 2.37 10-3 - - - - -

Bed height (m) - - - 1 - - - - - - - - - 0,22 0,22 0,22 - 0,16 - - 0,42 - - - - -

Duration of the experiment in Empty Bed Volumes (EBV) - - - 60.000 - - - - - - - - - 7.320 7.941 18.093 - 31.000 - - 13.800 - - - - -

Amount (kg) - - - - - - 3 filters x 1,460kg 
= 4,380 kg

- - - - - - 0,0075 0,0075 0,0075 - - - - - - - - - -

AC investigations Number of investigations without AC 1 2 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1

Number of investigations with AC 1 6 1 1 2 1 1 3 1 4 1 2 1 1 3 1 2 2 1 1 3 1 1 1 1 3

Total number of investigations 2 8 2 1 3 2 2 4 2 5 2 3 2 2 4 2 3 3 2 2 3 2 2 2 2 4

Details on AC investigations in case the study includes 
more than 1 investigations

-

MBR(MF)+PAC (0.25g/L), 
MBR(MF)+PAC (0.5g/L); 

MBR(MF)+PAC (0.75g/L); 
MBR(UF)+PAC (0.25g/L); 
MBR(UF)+PAC (0.5g/L), 
MBR(UF)+PAC (0.75g/L)

Two parallel MBRs, 
one without PAC 
and another one 

with a single 
addition of PAC (20 

g/L) 

-
MBR; MBR+PAC 

0.025g/L; MBR+PAC 
0.05mg/L 

- -

MBR; MBR→PAC 
(0.008g/L); MBR→PAC 
(0.023g/L); MBR→PAC 

(0.043g/L)

-

MBR+0.75mg/L MP inf; 
MBR+PAC (0.1  g/L) + 

0,75mg/L MP inf; MBR+PAC 
(0.1 g/L) + 0.1 mg/L MP inf; 
MBR+PAC ( 1g/L) + 0.1mg/L 
MP inf; MBR+PAC (1g/L) + 

0.75mg/L MP inf

-

 CAS→(PAC+submerged 
UF); 

CAS→(PAC+pressurized 
UF)

- -
MBR; MBR→GAC; 
MBR+PAC (0.1g/L); 
MBR+PAC (0.5g/L)

-
MBR; MBR+PAC (0.1g/L); MBR+PAC 

(0.5g/L)

MBR; MBR→GAC 
(BC:  bituminous 
carbon based); 
MBR→GAC (CS: 
coconut shell 
carbon based)

- -

Pilot plant (BAC) + 2 lab 
scale GAC filters to 

evaluate the 
contribution of 
adsorption and 
biodegradation 
processes (one 

bioinactivated). Same 
GAC and EBCT for all the 

investigations.

- - - -
MBR; MBR+PAC (0.03g/L); 

MBR+PAC (0.08g/L); 
MBR+PAC (0.1 g/L)

Comparison with/without AC (Y,N) Y Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y Y

Number of treatment trains 1 2 2 1 1 1 1 1 2 1 1 2 1 1 1 1 1 2 1 2 2 1 1 2 2 2
Duration of the whole investigation (days) 226 200 65 574 365 940 - 32 110 92 45 42 480 42 306 196 312 430 - 320 365 288 70 105 > 180 299

Duration of the investigation with PAC, GAC (days) 118 105 65 574 240 940 - 36 110 60 45 28 480 28 PAC: 100; GAC: 92 93 100 430 - 320 365 86 9 105 > 180 84

In case of GAC, duration of the investigations in empty bed 
volumes (EBV) - - - 60.000 - - - - - - - - - 7.320 406; 7,941

406; 4,472; 
9,148; 18,093

- 31.000 - - 13.800 - - - - -

Multiple addition of PAC during the study (Y, N) N Y N N Y N - Y N Y Y Y Y N Y N Y N N Y N N N Y Y Y
Number of additions of PAC 1 3 1 - - - - - - 2 - - - - 2 - 2 - - - - 1 1 - - 3

Data providing



Further investigations on Macropollutans (BOD5, SS...) occurrence and 
removal (Y, N)

Y Y Y N Y N N N N Y N Y N Y Y Y Y Y N Y Y Y Y Y Y Y

Influence of AC presence on nutrients and/or 
organic matter removal (Y, N)

Y N Y - Y - - - - N - Y - - N N N Y - slightly Y Y N N Y Y

Operational conditions (T, pH, redox, dissolved 
oxygen,...) (Y,N)

N N N N N N N N N Y N Y N N N N N N N N N N N N N N

Influence of MPs physico-chemical properties on 
their removal? (Kow, Kd,…) (Y,N)

Y Y Y N Y N N Y N Y N Y Y Y Y Y Y N N N Y Y Y Y Y Y

MPs removal mechanisms (Y,N) Y Y N Y N N N Y N Y N N N Y N N Y N N N Y Y Y Y Y Y

Removal mechanisms: Adsorption (A), 
Biotransformation (B), Ads + Bio (A+B)

A+B A+B - A+B - - - A - A+B - - - A+B - - A+B - - - A+B A+B A+B A+B A+B A

Comparison among treatments (Y,N) Y Y N N Y N Y Y Y Y Y Y Y N Y N Y Y Y Y Y Y Y Y Y Y

Membrane fouling (Y, N) N N N N Y N N N N N Y Y N N N N Y N N Y N N N Y N N

Influence of AC presence on membrane fouling (Y, 
N)

- - - - Y - - - - - Y N - - - - - - - Y - - - Y - -

Future perspectives (Y, N) N N N N N N N N N N N N N N N N N N N N N N N N N N

Cost/feasibility analysis (Y, N) N N N N Y N N Y N N N Y Y N N N N Y N N N N N Y N N


