INNOVA-MED CONFERENCE

Innova-led

Innovative processes and practices for wastewater treatment
and re-use in'the Mediterranean region

Treatment and treatability of
hospital wastewaters

Prof. Eng. Paola Verlicchi, PhD
Dr. Eng. Alessio Galletti
Department of Engineering
University of Ferrara, Italy

Girona, October 8-9 2009

Hospital:-its structure

First Floor

General services

(kitchen, laundry, conditioning)

Diagnosis services

(laboratories, outpatients’
departments, radiological
departments, transfusion centres...)

Wards

(general medecine, surgery,
specialities, haemodialysis,
infectious diseases...)

— Hospital internal sewage (combined/separated)
— External public sewage

ww

WW = wastewater Final-discharge Tria;;rgtent




Hospital WWs"management in Italy (not only)

® Considered of the same pollutant load of domestic
WWs.
@ /Discharged in a public sewage, according to the

current law disposal, conveyed and treated at a
municipal WWTP.

@ (Possible) required treatment before immission in
public sewage: mild disinfection.

In Switzerland, HWWs are considered of the
same pollutant load of Industrial WWs

What is the best strategies in managing HWWs?

HWWs: Chemical-physical characterization

] " Comparable to
Services~| Origin

Kitchen

General | Laundry (??7?)

services | Air conditioning
Dry treatment of polluted air
Laboratories

Diagnosis | Sanitary departments

services | Radiological departments
Transfusion centres
General medecine
Surgery
Specialities
Haemodialysis

-7 = questionable




Hospitalwater consumption
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Hospital wastewaters: Flow rate
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Data refer to two Hospitals in Turkey

Trend similar to that of small WWTPs (< 10 000 inhabitants)




HWWSs and DWWSs: specific consumption

Usual design parameter for domestic water
consuniption: 150-30Q/k/person/d

® Usual design parameter fori\hospital water
consumption: 600-1200 L/bed/d

,k -
Professors and students Canteen

Personnel .
90 L/(d pro capite) 330 L/(d seat)

1000 L/(d patient) 90 L/(d pro capite)

Pellutants

Conventional SS, BOD, COD, COT, ammonia, nitrates, nitrites, total N, TKN,
pollutants organic N, phosphorus; bacteria, viruses

recalcitrant organi¢ substances, VOCs, surfactants, heavy
metals, total dissolved solids

) ) Pharmaceuticals and Personal Care Products (
Emerging contaminants | antibjotics for humans and animals
(Ecs) Endocrine Disrupter Compounds (EDCs)

ECs are in general unregulated compounds, which may be candidate for future
regulation depending on research on their potential health effects and
monitoring data regarding their occurrence.

Ecs do not need to be persistent in the environment to cause negative effects
since their high transformation/removal rate can be compensated for by their
continuous introduction into the environment

They include: PPCPs, EDC:s, illicit drugs, gasoline additive...
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Macro-pollutants:_typical range of concentration
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TC, MPN/100 mL 10
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E. coli, MPN/100 mL 10% - 108
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Anomalous.eontent in.a Aospital effluent
compared to a gomestic one
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(contrast media)

Diazepam



Antibiotics are the most representative micro-pollutants
for hospital structures.

Their concentration-range in HWWs and DWWs

o HWWs DWWs
Micro-pollutant
pg/L ug/L

Cytostatic Ifosfamide 0.4-8 0.010-0.030
Single antibiotic 2-150 < detection limit - 50
Ofloxacin 5-40 0.1-1
Ciprofloxacin 17-125 0.2
Norfloxacin 2.6-7.0

Erythromycin 27 1.2
Sulfamethoxazole 4 < detection limit - 0.58

Estriol 0.18 - 0.79 0.054 — 0.24
Estrone 0.007 — 0.047 0.017 - 0.030
Estrogens 1918 0.01 - 0.062

Contrast media Adsorbable Organic lodine 10 000 130

From literature-data

Antibiotic

Hormones




Daily Variatign of drug concentration in HWWs

24 h composite wastewater samples are
more representative than instantaneous samples
to evaluate an average daily concentration for hospital WWs

Pharmaceutieal compounds differ for....

Dimension-and molecular weight

Percentage of excretion
Persistence in the environment, stability
& Biodegradability
1 Volatility
% [ Tendency to adsorb onto a solid phase

Micrometars 10 Tt 107 1 10 10
1 Vl Il 1 1
111 1 T 1 1 O O 1
Angstrom 10 10! 10° 0! 10% 108
Mol Wt.Range 100200 1.000 10.000 20.000 100.000 500.000
L Latex Emulsians. J
0il Emulsions
| Sugars \ Gartion Black Paint Pigment )
Endotoxins (Pyragenh I Yeast Cells
Vs J L Bacteria ]
Soluble Salts T T
[ 1 Mycoplasm 1
PPCPs EDC Red Blood
Colloids Cells Sand
_ Metallons |, Proteins/Enzymes ) +_Human Hair




Percentage of excretion
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Sorption onto a solid.phase (sludge, active carbons. /)

Kow=Water octanol partitiony k, sorption coefficient

Log k, =1.14 + 0.58 Log/K_

ow

Analyies

Gemfibrozil
Triclosan

Ibuproten
Progesterone
Oxybenzone
Ethynylestradio
Testosterone
Naproxen
Estrone
thromycin-H,0
Diazepam
Androstenedione
trazinge

Carbamazeping
Estriol

D

TCEP
Inmethoprim
Sulfamethoxazole
Diclofenac
Meprobamate

Use MW (g/maol) Log Ko

Anti-cholesterol 2502 4.77

Antibiotic 2R9.6 4.7

Steraid 4.0
1 reliever

Steroid

Sunscreen

Birth control

Steroid

Analgesic

Sterond

Antibiotic

.-\“ll-i!llth.'l_\'

Steroid

Herbicide

K Vil

Analgesic

Steroid

Insect repellent

Fire retardant

Antibiotic

Antibiotic

Arthritis

Anti-anxiety

Anal

; I
Pentoxifvlline
Caffeine
lopromide

Blood viscosity control
Stimulant
Xerav contrast media

manage hospital WWs?

Dizadvantages

Mo invastmaent, maintanance costs and
| procass contral

Wery major danger of dissaminaticn of the nfortunately in some countries!
propagues end actvation of the viulence

due 1o putative ehort tarm cycling surface

water — drinking water — human body,

In case of epidemic, the whole of tha raw

sewage has to be chlorinated which may

cause a lot of environmantal damages.

Haospital S
—(

U

2. Bewer and co-treatmant in muricipal wastewater freatmant plant
Municipel

=TV =Re

The commonest practice

Advantagas

Disadvaniagas

| Mo direot discharge te the environmant

Stormwater overfiow creates dilution which
narrpars bisdepradative procasses
a the WWTP

te wastewater trestmant plant
Hospital

_ =T -__Ff\/':> PRt 2

Generally B0% dacrease of oad achieved

Very strict mon 5
necasgary by both the procass plant
operators and in addson by the public

authorities Possible? Necessary?

" BAT?

4. Onesite and t municipa
Hasgpital

Hﬁ =TIV =T =R

treatment plart
Municipal

" Dizacvantages
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Cotreatment_at-a municipal WWTP

———

40 20 0

Separated treatment for HWWs. Hospital Flow rate = 100%

} Cotreatment: a large hospital in a small urban centre

Cotreatment: a small hospital in a medium urban centre

} Cotreatment: a ... hospital in a large urban centre

B Domestic

60 80
BHospital

Hospital

Prelirinzry Pl Secondary’ JErtiany: Advanced
WESWIENTS] et Ets treatments ireatments treatments

REUSE for

hospital park subirrigation

Discrizree
(surface weier

gody)




Preliminary disinfection (on site treatment)

& |nraw hospital effluents, like in raw DWWS, a high content of
organie’substances is present and they/can react with the
disinfectant.

This must be carefully\considered in defifing the right dgse of the
¢hemical used in this step, in orderfto achieve a signifigant
(expected) microrganisms removgl rate.

Kind of wastewaters Chlorine demand

Nitrified filtered effluent

Preliminary disiafection (on site treatment)

able to guarantee a high removal of bacteria and viruses
(poliovirus 1) (Nardi et al., 1995)

Sample Chlorine clo, AOX Total coliform  Fecal coliform  Fecal strept. Salmonelle Coliphagi
demand mg/L mg Cl/L  MPN/100 mL  MPN/100 mL  MPN/100 mL Col/100 mL
A 11,7 74 T 24P 100 EEE assenll =5
28 11100 40 2107 asgentl <5
2.7 11100 <3 460 assentl <5
11s100 <3 4 assenth <
0,3-10% 11107 i 100280
11100 9,311 1.5104 assentl 717
43107 1.3 107 (MBSO assentl 1334
] <3 160 assentl (i}
TOZEI A ZAI0T . asseoll | 022000 |
461048 1100 244107 assent 4370
031070 1= 109 4 e 1014 assentl 23
240 5] 1 1a10 1 <5
ToAgam | AIr A i P
4 G107 83100 15108 b 16 |
240100 100 24100 <5
11108 ] 111098 pety =5




Primary treatment: sedimentation

Mechanismis which
_ occur in/primary
Compounds _ sedimentation

prefer -
liquid phase. / Compounds prefer
|They are mainly to adsorb
dissolved onto sludge

Decrement in their
liquid content

3k, =1.14+058LogK,,

Sorption fraction vs
sorption coefficient K

fragrances

Some antibiotics

Biological treatment

volatilized

micropollutant S w;:;wd

In_the'influent p
(effluent)

Sorbed onto sludge,

' EfMuent

Degradable at 15°C
SRTpp=2-5d Bezafibrate
Sulfamethoxazole

Compound

Ibuprofen
SRTpin=5-15d Diclofenac
Ethinylestradiol
Topromide
Roxithromycin

Biologlcal degradation /
Transformation

0% p  Not
. SRT <20d Carbamazepine
Solids retention time (SRT) Diazepam

CAS = Conventional Activated Sludges.
MBR =-Membrane Biological'Reactors
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Biologieal treatment

sedimentation

—-

) /
—-
denitro nitro

excess of sludge °

. : ;
Primary effluent |

Conventional activated sludge system CAS
effluent  ©

. - membranes
Primary effluent

Excess of sludge

denitro nitro
Membranes biological reactor MBR with submerged membranes
e

. effluent
) Primary effluent ~__

- . MF membranes
Excess of sludge denitro nitro L] membranes size =0.45 pm

Membranes biological reactor MBR with external membranes

UF membranes
pore = 0.01 um

RESULTS: MICRO-POLLUTANTS Removal rate

<10% 10-70% >70%

1-naproxen,
2-ketoprofen,
3-ibuprofen,
4-diclofenac,
5-indomethacin,
6-acetaminophen,
7-mefenamic acid,
8-propyphenazone,
9-ranitidine,

10- loratidine,
11-carbamazepine,
12- ofloxacin,

13- sulfamethoxazole,
14- erythromycin,
15- atenolol,

16- metoprolol,

17- hydrochlorothiazide,
18- glibenclamide,
19- gemfibrozil,
20- bezafibrate,
21- famotidine,

22- pravastatin,

T T T 23-sotalol,

40 50 60 70 24-propranolol,
CAS elimination, % 25-trimethoprim.

MBR elimination, %

Some-pharmaceuticals can have a-different k,;,, in. an-MBR or a CAS

14



Advanced chemical'treatments: ozonation

Wastewater Treatment

!
Sewage | Primary Secondary

1 Surface Water
System Tertiary

T =
T | Groundwater
reatment (Biological) Treatment i

Ozonation, AOPs Ozonation, AOPs

Ozone is
a highly reactive and unstable compound,
able to break bonds in stable molecules
resulting
in an increment of the biodegradable molecules in the treated
wastewater

Advanced chemical'treatments: ozonation
- o -0 - [5) - o

teon = 18 mMin

Al

AR

00 Q000000

wele

-0~ —0-0
\
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Advanced oxidation processes
(03/H202, OS/UV ) Too much stable compounds!

Mean STP effluent Ozone-proof substances!!
(n=6) (ugl™")
lopamidol L1£0.1
lopromide 52408
Diatrizoate 57414
lomeprol 2.3+0.1

@ lopamidol
B lopromide
B Diatrizoate
B lomeprol

Removal rate, %

O, O, 0,/ H,0, O, O, /uv
5mg/L  10mg/L 10mg/L 15mg/L 15mg/L

iopromide diatrizoate iomeprol

Advanced_treatments: active carbons

Compound Limit of quantification Elimination of pharmaceuticals from spiked MBR

(LoQ) (pgl™ wastewater (%)

Without PAC PAC dosage PAC dosage >50
dosage =somglL™" <200mglL™"

Flueroquinelonic acid (FQ) 0. 27 77 94
Flufenamic acid (FF) 1 nd. (<LOQ) nd (<LOQ) nd. ( < LOQ)
Ciprofloxacin 2.5 73 =88
Enrofloxacin 56 >09
Moxifloxacin 78

PAC = powder active carbons




Disinfection during

Biological treatment 21
s {
Bacteria Raw | CAS | MBR S
HWws | effluent | effluent 2
3 108
TC 6.1 5.0 2.9 @ |
E 104‘ ; o ;
Enterococchi | 4.2 2.8 11 S 180mg/Ly | | | ||
O 100

Retained by UF membranes (pore =10 nm)

Virus Size, nm

Enterovirus 20-30 AOF =i iy

Adenovirus 70-80 40 = T o vart.

Rotavirus 60-80 - 1

Parvovirus 20 § a0

Reovirus 60-80 E, 204 |

Norwalk 27-40

Astrovirus 27-32 1.04 —

Calicivirus 30-40

Coronavirus 80-160 Smgl'0, 10mg O, 15mgl | 10mgH
Oy Oy iH 0

Tertiary/polishing treatments

Ozonation -
MF/UE (MBR) Tihe most promising technologies

according to the most recent studies

Compact systems, like SWT

Photochemical reactions
Fenton process

Adopted/tested technology

Qualitative comparison about
investment and operational costs

-era\tionhl costs

Fenton process

Ozonation .
Photochemical processes

Constructed wetlands /Adopted /tested technology

17



Guidelines for.on site treatment:
a.ease studyin Ferrara

SCENARIOM!

Municipal
WWTP

- Sec. lreat. Disinfection
. MBR withi UF (@3, UV)

Design guidelines for
a\separate off site treatment

SCENARIOI2

Sec. Treat.
MBR with UF

subinpgatien
(G1eenares)

18



Design guidelines for

a combined off site treatment

-~ « E
k -m -\ 7

SICENARICS

Urban centre
Including its

Rreliginiziny Sec. Treat. Disinfiection
L I EAHENTS] MBR with UF (@, V)

Conclusions

® |t is not correct\to consider hospital effluent as'if
they were domestic effluent

@ Further researches are necessary to deepen
HWWs chemical characterization, in particular their
micropollutant load

® Important to evaluate case by case: HWWS flow
rate contribution to the WWTP influent, other local
possible PPCPs sources, characteristics of the
receiving surface water body.

® Removal of PPCPs requires advanced biological
treatments with a high sludge retention age.




Conclusiani (2)

% An MBR treatment is to preferto,a CASP as an MBR
is able to guarantee a constant chemical and
microbiological quality, a really high\retention of SS
and of those compounds which are adsorbed onto
sludge (including PPCPs).

» UF is better than MF, expected an efficient retention
of viruses

® Ozonation treatments are considered the best

advanced available technology (BAT) in the removing
of pharmaceutical micropollutants.

® Advanced oxidation processes are under study,
technical and economical consideration must be

taken in greater consideration

Thank You for

Your atténtion. ..
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