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Abstract

In hospitals a large variety of substances are in use for medical purposes such as diagnostics and research. After application, diagnostic
agents, disinfectants and excreted non-metabolized pharmaceuticals by patients, reach the wastewater. This form of elimination may generate
risks for aquatic organisms. The aim of this study was to present: (i) the steps of an ecological risk assessment and management framework
related to hospital effluents evacuating into wastewater treatment plant (WWTP) without preliminary treatment; and (ii) the results of its
application on wastewater from an infectious and tropical diseases department of a hospital of a large city in southeastern France. The
characterization of effects has been made under two assumptions, which were related to: (a) the effects of hospital wastewater on biological
treatment process of WWTP, particularly on the community of organisms in charge of the biological decomposition of the organic matter;
(b) the effects on aquatic organisms. COD and B@Bve been measured for studying global organic pollution. Assessment of halogenated
organic compounds was made using halogenated organic compounds absorbable on activated carbon (AOX) concentrations. Heavy metals
(arsenic, cadmium, chrome, copper, mercury, nickel, lead and zinc) were measured. Low most probable number (MPP) for faecal coliforms has
been considered as an indirect detection of antibiotics and disinfectants presence. For toxicity assessment, bioluminescencé/dssay using
fischeriphotobacteria, 72-h Egalgae growttPseudokirchneriella subcapitatnd 24-h EG, on Daphnia magnavere used. The scenario
allows to a semi-quantitative risk characterization. It needs to be improved on some aspects, particularly those linked to: long term toxicity
assessment on target organisms (bioaccumulation of pollutants, genotoxicity, etc.); ecotoxicological interactions between pharmaceuticals,
disinfectants used both in diagnostics and in cleaning of surfaces, and detergents used in cleaning of surfaces; the interactions into the sewage
network, between the hospital effluents and the aquatic ecosystem.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction search1-3]. After application, some of these substances and
excreted non-metabolized drugs by the patients enter into
Hospitals use a variety of chemical substances such asthe hospital effluent§4,5], which generally reach, as well
pharmaceuticals, radionuclides, solvents and disinfectantsas the urban wastewatdfig. 1), the municipal sewer net-
for medical purposes as diagnostics, disinfections and re-work without preliminary treatmeri]. Unused medications
sometimes are also disposed in hospital drishsPollutants
+ Corresponding author. Tel.: +33 4 72 04 72 89; from hospital were measured in the effluents of WWT_P_, gnd
fax.: +33 472 04 77 43 in surface watef7]. Due to laboratory and research activities
E-mail addressevemm1@yahoo.fr (E. Emmanuel). or medicine excretion into wastewater, hospitals may repre-

0304-3894/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhazmat.2004.08.032



2 E. Emmanuel et al. / Journal of Hazardous Materials A117 (2005) 1-11

Effluents from diagnostic and medical research activities of hospital wastewater discharging into the urban sewer net-
(pharceuticals, radionuclides, disinfectants, work, then into the natural environment, (ii) detailed elab-
detergents,solvents, ...) . ,
orated procedures for the steps of ‘hazard assessment’ and
Domestic - - . . .

2 risk assessment’, (iii) the results of their application on the
industrial ::)( Hospital sewer network ) effluents of an infectious and tropical diseases department
Hospital . . o

Wl tweior @ (ITDD) of a hospital of a big city in southeastern France.
R
Urban
( Urban sewer network ): wastewater ) .
2. Effects of hospital wastewater on aquatic
ecosystems
[— Surface water

Hospitals consume an important volume of water
per day. The minimal domestic water consumption is
< G ke > 100 L/person/day14], whereas the value demand for the
hospitals generally varies from 400 to 1200 L/bed/d@ly
In the United States of America, the hospital average wa-
Fig. 1. Problems of hospital effluents and their impacts on WWTP and nat- ter consumption is 968 L/bed/d&¥5]. In France, the water
ural environments. average need of university hospital facilities is estimated at
750 L/bed/dayg]. In the developing countries, this consump-
sent an incontestable release source of many toxic substanceson seems to be around 500 L/bed/d&g]. This important
in the aquatic environmeif]. water consumption in hospitals gives significant volumes of
The contact of hospital pollutants with aquatic ecosystems wastewater. Results of toxicity studies using the bacteria bio-
leads to a risk directly related to the existence of hazardousluminescence anBaphnia magnaave revealed the impor-
substances which could have potential negative effects ontant toxic activities of hospital wastewater on aquatic organ-
biological balance of natural environments. Risk is the prob- isms[17].
ability of appearance of toxic effects after organism’s expo-  The most frequent contaminants in hospital wastewa-
sure to hazardous substan¢®k In the context of hospital ~ ter are: viruses and pathogenic bacteria (some of them
wastewater discharge into the aquatic ecosystem, the expoare antibacterial resistant charactel), molecules from
sure to hazardous substances, particularly disinfectants, nonunused and excreted non-metabolized pharmaceuf{iéhls
metabolized pharmaceuticals and radionuclides, requires toorganohalogen compounds, such as the halogenated organic
consider possible risks for aquatic organisms. The fate of compounds adsorbable on activated carbon (A{®) ra-
pharmaceuticals in the aquatic environment has been reportediioisotopeg1,18].
in different reviews of the literatu®,4,7,10] The ecological Results on the microbiological characterization of hospi-
risk of glutaraldehyde, a dialdehyde usually recommended astal wastewatef6] reported these effluents have bacteria con-
the disinfectant of choice for reusable fiber-optic endoscopes,centrations lower than $0100 mL generally present in the
has been also treated in other st{@8ly However, few studies = municipal sewage systefh9]. The low most probable num-
treat the total risk resulting from the simultaneous exposure ber (MPN) detected for fecal bacteria in hospital is probably
to various pollutants present in the hospital effluents. due to the presence of disinfectants and antibi¢@idviark-
French legislation fixes the conditions for the connection ers of viral pollution of water, such as enterovirus and other
of hospital wastewater system into the urban sewer networkviruses have been identified in the hospital efflu@itsStud-
[11]. In the Directive No. 793/93, on the human and ecosys- ies on the bacteria flora of hospital wastewater into WWTP
tem exposures to the classified toxic substances, the Europeahave shown that bacteria acquired resistant char§2@ér
Commissior[12] requires to all member states to carry outa Antibacterial resistancy is a threat to the efficacy of antibac-
sanitary and ecological risk assessment for substances suckerial substances. The development of resistance to antimi-
as: drugs, disinfectants and radioactive substances. These regrobial agents by many bacterial pathogens has compromised
ulations fall under the context of the risk management con- traditional therapeutic regimens, making treatment of infec-
cerning human health, and also the management of thoseions more difficulf4]. Three factors have contributed to the
concerning the biological balance of the natural ecosystems.development and spread of resistance: mutation in common
In a very general way, the risk management always passesgenes that extend their spectrum of resistance, transfer of re-
formally or not, by the preliminary phases of risk assessment sistance genes among diverse microorganisms, and increase
[13]. The aim of this study was to present: (i) an implemented in selective pressures that enhance the development of resis-
framework for hospital wastewater management, which in- tant organism$§4,20-24]
cludestwo steps: a ‘light’ step based onthe hazard assessment Hospital effluents reveal the presence of organochlorine
related to hospital effluents and, if proof of hazard existence compounds in high concentratiof@l. AOX up to 10 mg/L
occurred, the execution of a ‘heavy’ step would take place. were proved in the effluents of the hospitalization services
This step was based on an ecotoxicological risk assessmenbf a university hospital centd®5]. The major mass carri-
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ers for the AOX in hospital effluents are most likely iodized be expressed in various manners: qualitative (absence or not
X-ray contrast media, solvents, disinfectants, cleaners andof risk), semi-quantitative (weak, average and high risk), in
drugs containing chlorine. Brominated organic compounds probabilistic terms (the risk &%)’
are negligible for the AOX in the hospital effluerty. In The method known as ‘the quotient’ is the most
general, the maximum contribution of drugs to the AOX is widespread method for the semi-quantitative characteriza-
not above 11%426]. Beyond that it is also known that the tion of risks. This method consists in calculating the ratio (or
AOX concentration in the urine of patients not treated with quotient) which is expressed as a ‘probable exposure con-
drugs is very low. It is normally between 0.001 and 0.2 mg/L centration (PEC)’ divided by a ‘probable non concentration
[27]. Due to the dilution effect, no substantial contribution effect (PNEC)'[29]. This ‘probable concentration without
from this source is consequently expecfdfl The assess- effect’ can be estimated starting from the available data in
ment of AOX shows that those non-conventional pollutants the literature for the pure substances, and using experimental
have a bad biodegradability and a bad behavior of adsorptionmeasurements (bioassays) for the mixture such as the hospi-
[7]. tal effluents. Although the toxicity of a chemical mixture may
be greater or lesser than predicted from toxicities of individ-
ual constituents of the mixture, a quotient addition approach
3. Theoretical aspects of the ecological risk assumes that toxicities are additive or approximately addi-
assessment tive [29]. This assumption may be most applicable when the
modes of actions of chemicals in a mixture are similar, but
The ecotoxicological risk assessment is a subset of thethere is evidence that even with chemicals having dissimi-
ecological risk assessment and can thus, for this reason, béar modes of action, additive or near-additive interactions are
treated according to an approach of the same type. Ecologi-common[29-31]
cal risk assessment is a process that evaluates the likelihood When the quotient valueQ' is greater than 1, the risk
of one or more stressof&8]. This process is based on two is considered as significant, and all the more extremely as
major elements: characterization of effects and characteriza-the quotient is large. Conversely, more the quotient is lower
tion of exposure, these provide the focus for conducting the than 1, more the risk is regarded as weak. The ‘probable
three phases of risk assessment: problem formulation, anal-concentration without effect’ on the organism is, in practice,

ysis phase and risk characterization ph2$g. generally represented by a B or a EGg, or a NOEC,
divided by a safety factor (10 for example). In the absence
3.1. Problem formulation of a EGgor of a NOEC, the Egp is sometimes used with a

rated-up safety factdd.3].

The step is a process for generating and evaluating hy-
potheses about why ecological effects have occurred, or may
occur, from human activitig9]. It provides the foundation 4. Methodological approach for the ecotoxicological
for the entire ecological risk assessment. Problem formula- risk assessment of hospital wastewater
tion results in three producf9]: (1) assessment endpoints
that adequately reflect management goals and the ecosystem.1. Hazard assessment
they represent, (2) conceptual models that describe key re-
lationships between a stressor and assessment endpoint or The conceptual framework for hazard assessment of hos-
between several stressors and assessment endpoints, and (Bital wastewaterKig. 2), is based on a characterization of the

an analysis plan. hospital effluents in function of: (i) their chemical composi-
tion (measurement of global parameters and mineral and or-
3.2. Analysis phase ganic pollutants); (ii) their microbiological characterization;

and (iii) of their intrinsic ecotoxicity.
Analysis is a process that examines the two primary com-  The selected parameters (stressors and assessment end-
ponents of risk, exposure and effects, and their relationshipspoints) for these characterizations were: (1) COD and the

between each other and ecosystem characterjgigs BODs for the measurement of the total organic load; (2) the
organohalogen compounds adsorbable on activated carbon
3.3. Risk characterization phase (AOX) for the evaluation of the contained organohalogen

compounds; (3) heavy metals (arsenic, cadmium, chromium,
This operation is the final phase of ecological risk assess-copper, mercury, nickel, lead and zinc) for the mineral pollu-

ment and is the culmination of the planning, problem formu- tion characterization; (4) the most probable number of fecal
lation, and analysis of predicted or observed adverse ecolog-bacteria for the microbiological characterization (this param-
ical effects related to the assessment endp¢8#k There eter was considered in this study like an indirect detection of
is a range of possible methods, of variable complejiB]. the massive presence of disinfectants and/or antibiotics); (5)
The choice will depend on the operational constraints and the measurement of Egof hospital wastewater on bacterial
the available data. Rivier®] note ‘the ecological risk can  luminescence\(ibrio fischer), on the algae growthPseu-
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Fig. 3. Presentation of the studied scenario.

Fig. 2. Conceptual framework for ecotoxicological hazard assessment of

hospital wastewater, considered in the studied scenario: (1) artificial ecosystems

represented by the WWTP and (2) natural ecosystems rep-
resented by air, soils, surface water and ground water. The
o o - susceptible elements of these ecosystems, which could be af-
for the characterization of the intrinsic ecotoxicity of the ef fected by the exposure to hospital effluents, are summarized

fluents. in Table 1
The obtained results for these parameters have been com-

pared with threshold values which were established in the
following way: (1) global parameters, French regulations on
effluents dischargg.1]; (2) ecotoxicological parameters, the

value of two Toxic Units (UT), proposed by French water - : .
. . : . Within the framework of this evaluation, the WWTP, the
agencies for industrial wastewater discharffig23, has been . ' . '
gencies Tor Industrial Wastew 'S S fresh surface water and the species at the two first levels of

adopted as threshold value the selected bioassays; (3) micro: . . .
biological parameter, a threshold value fixed of 108 fecal food chains have been considered as the targegs4). The

coliforms for 100 mL, corresponding to the average content L?éynﬂc]:itr:gzg:ggrgggzyr?;?anSezrr:dfg:e':stthairczp?hcgtast'hhoiv: Qroet
of these fecal bacteria in the conventional urban sewer net- ! ' :

work [19] was adopted. Ies:[stlrlrgpor.taint in the (tegolg]g|c?l Itev;el, butfs:;\ply ttrr:eyéwlere
For any ratioP./V; >1 (Pc: pollutant concentration in the not taken into account in this first stage ot the methodology

hospital effluentsy;: threshold values) and for any num- development.

ber in fecal bacteria lower thanx1108 NPP for 100 mL, the elr:gretlggocrgiég(:t'?rr:;atf: gfbtzgne];f;gi’ dt\;\gotﬁzsgg?gogsal
framework recommends to pass at the following step: ‘the w : y hav g

ecotoxicological risk assessment of hospital wastewater’. value_s to be protected:. (a) ‘the dlscharge of.hospltal pollu-
tants into the WWTP will not affect the biological treatment

process of WWTP, with possible adverse effects particularly

dokirchneriella subcapitafeand on the mobility oD. magna

4.3. Development of the conceptual model and choice of
the parameters of evaluation

4.2. Description of the context of ecotoxicological risk

assessment Table 1

Concerned ecosystems
This description, whose aim was to apprehend as compre-gcosystems

hensive as possible the ecosystem exposure to the hospita] i

effluents, was carried out for a management scenario of hos-

pital wastewater usually observed in industrialized countries.

This scenario envisages the connection of the hospital sewer

network to the urban sewer network, as well as the biologi- Natural Air

Susceptible elements to be affected

WWTP Bacteria, algae and protozoa (in case
where the biological treatment units have
reactors of decomposition functioning un-

der the ‘aerobic’ mode)

The birds and the insects

cal WWTP which discharge its own effluents into the natural Soil Microorganisms of the soils; wildlife of
environmentFig. 3). Since hospital pollutants have been de- 50"St('ft‘je<3fs' earth worms, .); and soil

H H H vegetanles
tected in natural ecosystef], which may be interpreted Surface water  The primary producers (phytoplankton) of

as a deficiency of the WWTP, and since the effluents of the
treatment plant are discharged in a river, the proposed sce-
nario takes also into account the possible effects of hospital

wastewater on the river ecosystem. Two types of exposed
Ground water

which unicellular and pluricellular green
algae; the primary (invertebrate) in par-
ticular of the crustaceans; and secondary
consumers of which fish and water birds
Protection of fresh water resources

ecosystems to the hospital wastewater pollutants have been
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~_ Two campaigns of sampling (2001 and 2002) were re-
wector of hospital sewer network/ alized on the effluents originating from the infectious and

souree tropical diseases department (ITDD), with a capacity of 144

‘ — beds, of the hospital. The ITDD represents 19.2% of the en-
Transtert Urban sewer network . . . . K .
tire capacity of the hospital. During the sampling periods,
JL this department had a percentage of occupied beds of 100%.
Eoosystoms | Municipal WWTP | Wastewater was collected before entering into the entire hos-
N ’ J\/LSu*face wator ‘ pital sewer network., which discharge; the total volume of ef-
fluents from the various departments into the urban wastewa-
é) é@ ter network without pre-treatment. This ITDD collector does
not receive effluents containing iodized X-ray contrast me-
aswes | B: bacteria (uminescerce) _| dia from radiography department, substances which mainly
Eftects | A+ algae (growth) | contribute to AOX formation in hospital wastewaf8t. Wa—
ter samples were collected by means of a telescopic perch
|G crustacea (mobility of Daphnia) | in a 1-L glass flask. pH was measured directly on site af-
ter sampling with a pH meter HI 8417 (accuracy #9.01;
Fig. 4. Conceptual model of the studied scenario. mV +0.2,+ 1;°C 4+ 0.4). All the water samples and the mix-

ture were kept at 4C until analysis.
on the algae community, which participates in the biological
decomposition of the organic matter’; (b) ‘the WWTP efflu- 5.2, Physicochemical analysis
ents will not have toxicological effects on the living species
(particularly the: bacteria, algae and crustacean) of the natural  BODs concentrations in the 2001 and 2002 samples were
aqguatic environment'. carried out by following European and French standard
The characterization of the ecological effects of hospital NF EN 1899-1. COD concentrations in 2001 samples was
pollutants on the bacteria, the algae growth and the crus-measured by potassium dichromate method using HACH
tacean survival, was carried out using French standardizedspectrophotometer 2010 and test procedure provided by the
bioassays. The bacteria were represented/bfjscheri, the supplier. French standard NF T90-001 had been followed
species constituting the primary producers (phytoplankton) in the determination of COD concentrations in 2002 sam-
were represented by the algd®e subcapitatg and the fresh  ples. AOX were measured according to European standard
water crustacean®aphnia magnétrauss’ ensured the rep- EN 1485.
resentation of the primary consumers. In the context of the  Heavy metals have been determined according to ISO 11
proposed scenario, the results of toxicity test on bacteria andg885 protocol on filtered sample (0.45n) and acidified using
crustaceans were considered to apprehend the possible efnitric acid (pH <2) and using inductively coupled plasma-
fects of hospital wastewater on the river ecosystem, while atom emission spectroscopy (ICP-AES).
the EGo value from algae test have been retained to study  Beside the selected assessment endpoints, other physico-
the effects of the studied samples on both WWTP and the chemical such as: total organic carbon, chlorides, total sus-
river. pended solid and ammonia were carried out in order to com-
pare the hospital wastewater composition with some physi-
cal and chemical constituents of conventional urban waste-

5. Materials and methods water.
Total organic carbon (TOC) measurements were carried
5.1. Sampling and pH measurements out on samples filtered at 0.4%n and pre-treated with

orthophosphoric acid ((P0Qy). French standard T90-102

Wastewater from a hospital of a large city in southeast- was applied by using a SPECTRA France carbon analyzer,
ern France were used for the realization of the experimental LABTOC model, with potassium persulfate {80g) as
phase of this study. It is a hospital of 750 beds approximately. a reagent and UV oxidation. Chlorides were determined
Water consumption is estimated at 758/day. The effluents by conforming to European standard NF EN 1SO 10304-
from the various departments are discharged into the hospi-1 on diluted and filtered samples at O® by using a
tal network sewer. This network consists of several collectors DIONEX DX-100 ion chromatograph with suppressed con-
broken down by service or group of related services. The in- ductivity detection from 0.0 to 1000S. An lonpac AS14
stitution has a combined sewage system. The existence o4 mmx 250 mm analytical column (P/N 046124) was used
such network could increase the concentration of the nitro- for chloride sample analysis.
gen substances during the first raining days and a dilution of ~ Total suspended solid (TSS) concentrations were deter-
all the pollutants during the other raining d4$8]. This net- mined in conformity with European standard NF EN 872
work could also increase the concentration of certain heavy after filtration through a 1.2¢m membrane and dewatering
metals, particularly zinc. at 105°C. French standard NF T90-015 had been followed in
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the determination of ammonia concentrations in 2002 sam- of the laboratory species was controlled by regular tests with

ples. potassium dichromate. Only young femBlaphniaaged less
than 24 h were used. The normal medium, without EDTA,

5.3. Microbiological analysis and toxicity test was also used. The assays were carried out &t 20C in

procedures darkness. All the assays were carried out within 6—48 h after
sampling.

Fecal bacteria have been studied using French standard Since hospital wastewater is considered toxic for aquatic
NF T 90-433 microplaque. For the study of assessment end-environments, a volume of 250 mL unfiltered samples was
points, three standardized bioassays were carried out. Resulttaken for each assay. The three conditions required for the
of ECsp for all these bioassays, with their confidence interval, validity of the assays were observed: (i) the concentration of
are expressed in percentage of sample dilution in toxic unit dissolved oxygen (DO) in the control group wa® mg/L
TU (1 TU=100/EGy). at the end of each assay; (ii) the percentage of immobi-

The bioassay on bacteria luminescence was carried outlization observed in the control group vessels wa0%;
with a LUMIStox system (Dr Lange GmbH, Duesseldorf, (iii) ECs924 h for potassium dichromate was from 0.6 to
Germany) following the procedure of European standard NF 1.7 mg/L.

EN I1SO 11348-3. Tests were performed using Gram nega-

tive marine bioluminescent bacteria of the spedlefischeri 5.4. Risk assessment

NRRL-B-11177 of the/ibrionaceaefamily. In order to pre-

vent TSS interferences on bacteria luminescence, samples The PEC/PNEC ratio was used to evaluate the environ-
were filtered using a 0.4pim pore size membrane. The sam- mental risk generated by hospital wastewater on aquatic
ples were treated with NaCl solution of 20 g/L and brought ecosystem. Since the experimental results of bioassays were
to 50 mS/cm conductivity before analysis. Starting from the only in EGsg short-term toxicity, and since hospital wastew-
concentration of the sample, eight consecutive dilutions were ater is a mixture of pollutants, PNEC has been estimated by
tested (dilution factor 1:2); the inhibition of bioluminescence dividing lower short-term E€p by an assessment fac{a2].

was measured at a wavelength of 490 nm, with readings afterPEC was expressed in percentage of dilution of the pollutant
5 and 15 min of incubation at T&. The EGg values were concentrations.

calculated as reported by Buli¢B4].

The 72-h EGp algae growth toxicity test was monitored
using French standard NF T90-375. Assays were carried out6. Results and discussion
with the green algae inoculurRssubcapitatgformerly Sele-
nastrum capricornutuiresulting from laboratory culturein ~ 6.1. Results of the physicochemical analysis
exponential growth phases (POLDEN of the National Insti-
tute of Applied Sciences of Lyon—INSA de Lyon). The sen- The highest concentrations obtained for the physicochem-
sibility of the laboratory species was controlled by regular ical characterization of the hospital wastewater from ITDD
tests with potassium dichromate. Standard diluted medium are summarized ifiable 2. In all studied samples of the two
was used with 0.1 mg of EDTA per liter of assay solution. campaigns (2001 and 2002), pH was always in an alkaline
In order to avoid the interferences of suspended solids andrange (7.7—8.8) with a variation lower than 1 pH.
other microorganisms on algae growth during the realization ~ Studies on hospital wastewater reported that these efflu-
of the assay, experimental solutions were filtered at Q5 ents are essentially domestic (i.e. sanitary wastewater from
Experimental solutions were maintained at 3°C. A set of residential and commercial sources) and are characterized
five concentrations of experimental solution samples in the by pollutant concentrations of BGD(ranged from 50 to
reference medium and a control were examined in each test400 mg/L), COD (150 to 800 mg/L), TSS (60 to 200 mg/L)
Assays were carried out in glass cups containing 25 mL of and TOC (50 to 300 mg/L15]. In the effluent samples BGD
samples, with three replicates by concentration. The assay isconcentrations ranged from 200 to 1559 mg/L were greater
static, under magnetic agitator and under constant luminos-than values obtained for hospital wastew#§i&. The same
ity, at 23+ 2°C. Algae concentration were measured all the observation was made on the studied hospital wastewater
24 h using Malassez cell and optic microscope. samples for COD (ranged from 362 to 2664 mg/L), TSS (155

Determining the inhibition oD. magnamobility is an to 298 mg/L) and TOC (160 to 3095mg/L). The obtained
acute toxicity assay. Its objective is to identify the initial con- values for these parameters were also greater than the values
centration of a pollutant in solution or an aqueous mixture proposed by Metcalf and Edd%9] for domestic wastewater.
that may immobilize 50% of thBaphniaexposed to a pol- The COD, BOR and AOX threshold values for indus-
luted source within 24 and 48 h. In conformity with Euro- trial wastewater that must be reached in the sewer network
pean standard NF EN ISO 6341, the different assays wereare given by French regulations, namely 125 mg/L for COD,
carried out orDaphniasp. maintained in a parthenogenetic 30 mg/L for BOD; and 1 mg/L for AOX[11]. In the efflu-
culture in the laboratory (POLDEN of the National Institute ent samples COD, BOPand AOX concentrations have ex-
of Applied Sciences of Lyon—INSA de Lyon). The sensitivity ceeded those discharge standards.
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Table 2 6.2. Microbiological characterization
Physicochemical and microbiological characterization of hospital wastewa-

ter from ITDD . .
ertrom Low concentrations of bacteria flora were detected for

Parameters  Units HighetStt, Threshold the hospital effluentsTable 2. Previous studies on the mi-
concentrations crobiological characterization of hospital wastewdéme-
2001 2002 Values Reference  hnrteq that the bacteria concentrations of these effluents are

pH u 8.8 8.2 - lower than the 18200 mL generally present in the municipal
ig';(’”des m“;?I/_L 1332 llgl L g sewage systerfi9]. Fecal coliform populations of hospital
TSS mg/L 208 236 ~ wastewater were affecteq pef:ause of the presence of disin-
BODs mglL 1559 1530 30 [11] fectants and probably antibiotics. Although hospitals use and
CoD mg/L 2516 2664 125  [11] discharge (into the sewer network) large amounts of wéier
Toc mg/L 350 3095 - thereby diluting high pollutant concentrations to lower ones,
;'r"s"énic "r:%//"L '\’il% %8011 - it seems necessary to monitor the behavior of the microbial
Cadmium mg/L ND <0.007 - populauong ofurban wastewa_te.r tregtment plan.ts that receive
Chromium mg/L ND <0.004 05  [11] these hospital effluents containing higher chloride and AOX
Copper mg/L ND 0112 05 [11] concentration.

Lead mg/L ND <0.0035 05  [11]

Mercury mg/L <0.0005 ND - . . . .

Nickel mg/L ND <0.0007 05 [11] 6.3. Ecotoxicological characterization of ITDD

Zinc mg/L ND 0536 2 [11] wastewater

Fecal bacteria  NPP/100mL »210° 1x10° 1x10 [22]

“ND: non determined. The obtained results for the bioassays are synthesized in

Table 3 The results of toxicity test o¥. fischeriobtained for

In all the effluents samples TSS concentrations, rangedthe year 2001, lead to &g (5 min) greater than 50% of ef-
from 155 to 298mg/L, were lower than the values flyent for all the samples, i.e. with an ecotoxicity, expressed
(100-350mg/L) proposed for domestic wastewdte9]. in UT, always lower than 2 UT. These results showed that
Chloride concentrations from 47 to 359 were detected in the 5min assay can be considered as no toxic. However, Signif-
studied samples. The measured chloride values were greatejcant differences were observed betweensg( min) and
than proposed concentrations for conventional urban wastew-ghtained results for E€g (15 and 30 min). In addition, there
ater. This difference may be due to the important quantity of existvery little differences between the obtained results for 15
chlorine disinfectant used in hospitals. and 30 min assays. This report can be correlated with the con-

Studies on the presence of AOX in wastewater explained tact time of 20 min contact required by chlorinated disinfec-
the formation of this ‘non-conventional’ pollutantby the pres-  tants to inactivate bacterja7]. The results of 15 and 30 min
ence of organochlorine compour{@s] or by the oxidationof  greater than 2 TU. The maximal concentrations ranged from
iodized X-ray contrast med{&6]. Brominated organic com- 4.2 to 4.6 showed that the hospital wastewater toxicit}/on
pounds are negligible for AOX in hospital efflueri§. The fischeriis similar to domestic wastewater toxicity.
results generated by the studied hospital wastewater samples  An acute toxicity of hospital wastewater on crustaceans
for AOX (0.17-1.61 mg/L) were lower than the concentration has been demonstrated in all the studied samples. All ob-
of 10 mg/L determinei7] in hospital wastewater containing  tained Ckg from D. magnabioassays were greater than the
iodized contrast media. The sampling conditions chosen for yajue of 2 TU proposed by French water agencies for indus-
this study, i.e. choice of a wastewater collector that does nottria| wastewater dischargg32]. The results of the toxicity
receive iodized X-ray contrast media effluents from the radio- tests of hospital wastewater & magnaindicated potential
graphy department, could explain this significant difference. toxicity. Values ranged from 9 to 56 TU were obtained for the
Chloride could be attributed to the total presence of AOX. ECso 0n a|gae. Thus those effluents can alter the bi0|ogica|

Table 3
Ecotoxicological characterizations of hospital wastewater
Parameters Units Highest effective Variations of EGp (2001-2002)

concentrations (HE£p)

2001 2002 Means Minima S.D. n
ECs0 5 min Vibrio fischeri uT 1.54 25 - <1.3 - 9
ECs0 15 min Vibrio fischeri uT 4.15 42 — <1.3 - 9
ECs0 30 min Vibrio fischeri uT ND 4.6 - <1.3 - 5
EGCsp 72 hPseudokirchneriella subcapitata ~ UT ND 56 32 9 18 5
ECso 24 hDaphnia uT 117 62 43 10 27 13
ECso 48 hDaphnia uT ND 71 58 52 9 4

“ND: non determined.
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process of the WWTP. The toxicity of hospital wastewater hospital wastewater using AMES and HAMSTER, reported
on aquatic organisms could be attributed to the important in the literature, indicated that the effluents from clinical ser-
NH4* values (28-68 mg/L) detected in the samples. Ammo- vices and hospital laboratories have presented a genotoxicity

nia nitrogen is well known as toxic to aquatic organi§8&. charactef25].
Aquatic communities should be adversely affected by ammo-  The ratio, by dividing the MPN/100 mL of fecal bacteria
nia at>1.04 mq total NH/L or 0.01 unionized NH/L [39]. from hospital wastewater with the average of those usually

In this study, the value of NkIL was not measured. The- found in the urban effluents, was largely lower than 1, that
oretically, ammonia nitrogen exists in aqueous solution as could, at least partially being related to the presence of dis-
either the ammonium ion or ammonia, depending on the pH infectants and/or antibiotics in the effluents.

of the solution, in accordance with the following equilibrium All of the results confirm the existence of hazardous sub-
reaction[19]: stances in the studied hospital effluents, and thus the need for
+ _ continuing the approach by the setting of the ecotoxicologi-
NHs + H20 < NHs" + OH @) cal risk assessment of hospital wastewater for the concerned

At pH levels above 7, the equilibrium is displaced to the left, aquatic ecosystems (WWTP and natural environment).

atlevels below pH 7, the ammonium ion is predomirfasf.

Since in all the studied samples, pH was always in an alkaline 6.5. Ecotoxicological risk assessment

range (7.7-8.8) above 7, the displacement of the equilibrium

may allow to the existence of NHn concentrations probably In the absence of the hospital pollution control practices

greater than 1.04 mg total NH. or 0.01 unionized NH/L. for wastewater, or of its own WWTP, all the contained pollu-

Based on the equilibrium reaction criteria and on samples tants into the ITDD effluents as those of the whole hospital

pH, ammonia has an important contribution in the adverse are evacuated towards the municipal WWTP. In the proposed

observed effects of hospital wastewater on aquatic organismsscenario, an artificial ecosystem ‘the WWTP’ as well as the
natural aquatic ecosystem were retained as targets, by restrict-

6.4. Hazard assessment ing the study to the species of the two first levels of aquatic
food chains.

According to the proposed framework, the hazard assess-

ment of hospital effluents to the aquatic ecosystems consists6.5.1. Impacts on the WWTP

of comparing the obtained results for physicochemical, mi-  Assumptions: “the discharge of hospital pollutants into

crobiological and ecotoxicological characterizations with the the WWTP will not affect the biological treatment process of

threshold values presented Tables 2 and 3or the differ- WWTP, with possible adverse effects on the community of
ent parameterdable 4showed the results of ratios obtained organisms in charge of the biological decomposition of the
from this comparison. organic matter”.

With the exception of the heavy metals, all the rafgh/; The preservation of the biological efficiency of a WWTP

carried out for the other physicochemical parameters werecan, in a first approach, being evaluated by means of the
greater than 1. The same observation was made for the bioasbiodegradability studies of inflow pollutants. The biodegrad-
says ratios. In addition, the results of genotoxicity tests on ability of organic substances is a measure of the speed and

Table 4
Comparison of the highest concentrations with the threshold values
Parameters Units Highest measured concentrations Threshold values RAtD (
Physicochemical
BODs mg/L 1559 30 >1
COD mg/L 2664 125 >1
AOX mg/L 161 1 >1
Chromium mg/L <0.004 [} <1
Copper mg/L 0.112 -} <1
Nickel mg/L <0.0007 ® <1
Lead mg/L <0.0035 6 <1
Zinc mg/L 0.536 2 <1
Microbiological
Fecal bacteria NPP/100 mL A10° 1x 108 <1
Ecotoxicological
ECsp 30 minVibrio fischeri uT 4.6 2 >1
EGCsp 72 hPseudokirchneriella subcapitata uT 56 2 >1
ECsp 24 hDaphnia uT 117 2 >1
ECs0 48 hDaphnia uT 71 2 >1
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completeness of its biodegradability by microorgani§ts, ecosystem. It was seen previously that the dilution of hos-
and therefore the BOS)XCOD and COD/TOC ratios could be  pital effluents in WWTP was equal to 600. For this, it is
used to analyze the difficulty or not for organic substances to necessary to add, in the studied case, a dilution by 1000 of
be degrade{B5]. the WWTP effluents in the river water bodies. That led in

Fresenius et al41] reported witha BOE/COD > 0.5, the fine to a dilution of 6x 10° of the hospital effluents to their
biological degradation starts immediately and runs rapidly. arrival in the receiving receptor. A PEC estimated at 0.006%
However, with a BOR/COD <0.5, there is a possibility for  ((6 x 10°)/100) was considered for the hospital pollutants in
chemical substances which have a bad biodegradability tonormal condition. However in particular cases, as drought or
slacken or to delay the biological process. Based on theseconcentration peak, this PEC (or the factor of dilution) would
criteria a threshold value of 0.5 has been retained to study thebe higher.
biodegradability of organic substances into the ITDD hospi-  The PNEC was established using the different toxicity data
tal wastewater. For the 2002 campaign, the B@IDD ra- from hospital wastewater (Egexpressed as a percentage:
tio oscillated between 0.38 and 0.57, which indicate that the fischeri=21.7%,P. subcapitata 1.78%,D. magnha= 0.8%).
pollutants would be sometimes difficult to degrade, which According to European Commissifi®?], an assessment fac-
describes a potential impact on the WWTP efficiency. tor of 1000is to be applied to the lower short-termgg@lue.

The information reported in the literature gives a Since: (i) different short-tests have been carried out with de-
COD/TOC of ratio 3 frequently found in many wastewa- composer, producer and consumetr, (ii) the hospital effluents
ters[35]. A semi-empirical equation to determine the ratio are a mixture, and (iii) the toxicity of a mixture is higher than
between COD expressed in mg/0 and TOC in mg C/L the sum of toxicity of the different substances which com-
(COD=2.67 TOC) is also reported in the literat{#&]. The pose the mixture, as observed in studies on combined effects
COD/TOC ratios found in hospital wastewater, for 2001 cam- of pollutants on aquatic organisidl]; an assessment factor
paign, ranged from 2.01to 4.26. For COD/TOC values ranged of 100 has been used in this study to estimate the PNEC value
from 2.01 to 3.00, the degradation of organic substances by(0.008%) by using the Efg24-h (0.8%) fronD. magnatest
microorganisms would occur without difficulty; however, for the PEC/PNEC ratio was 0.75 < 1. This risk seems to be ac-
COD/TOC from 3.01 to 4.26, the substances would be diffi- ceptable, however it is not completely far away from the red
cult to degrade. line.

To evaluate in a semi-quantitative way the risks of aterm-  This very simplified and very operational first approach
source on the ecosystems in a specific context, it is possibleimplies however assumptions which for some are rather pes-
in a first approach, to consider the dilution coefficients gen- simistic and, for others, relatively ‘imperfect’ and being able,
erated by the global system. Within the framework of this so as to lead to an incomplete assessment of long-term im-
study, three assumptions of dilution were considered for the pacts of the hospital effluents on the natural environments.
risk characterization of hospital wastewater on the WWTP:  Concerning the ‘pessimistic’ aspects, the reasoning is led
(i) the daily flow of water supply by bed per day is equal to asifthe pollutants in the hospital effluents were not degraded,
the volume of wastewater generated by bed per day; (ii) the and any volatilization process has been occurred during their
ITDD generates a volume of wastewater of 14%atay. In ab- transportin the urban sewer network, and during their passage
sence of specific considerations on the interactions betweenn the WWTP. However, this interpretation is not completely
the various pollutants inside the hospital sewer network, the aberrant in comparison with the characteristics of some pol-
contained organic pollutants in the effluents of the service lutants such as the AOX, which are considered to be non-
will be diluted at least of four times in total volume, i.e. biodegradable with 90% by certain authors like Sprehe et al.
750 n¥/day of wastewater on average are generated by the[36]. If these assumptions had led in fine to a positive evalu-
different services of the hospital, before entering the urban ation of the ecotoxicological risks, it would have been neces-
sewer network; (iii) the ITDD effluents are treated into the sary to conduct a thorough study of the concerned phenom-
WWTP of the considered city, this plant receives on average ena. In the particular case, which we are concerned, savings
a hydraulic daily load of 87,000 nwhich ensures a dilution  of time and means (and thus ‘effectiveness’) were carried out
of the measured pollutant concentrations in the hospital efflu- on these points.
ents at least of 600 times. However, this method of evaluation  Concerning the aspects ‘incomplete assessment’, the ap-
will not allow preventing the discharge into WWTP effluents proach based on standardized ecotoxicity test and the dilution
of low biodegradable and toxic pollutants (like pharmaceuti- of the effluents in the natural environment implies imperfec-

cal residues and AOX) for the ecosystems. tions on several levels: (1) the battery of the selected bioas-
says is limited. Thus organisms such as fish, for example,
6.5.2. Impacts on the natural aquatic ecosystems were not taken into account, (2) the long-term effects of the

Assumption: “the WWTP effluents will not have toxico- pollutants in question on the ecosystems are complex and dif-
logical effects on the living species of the natural aquatic ficult to evaluate on the basis of mono-specific simple test of
environments”. ecotoxicity. Thus phenomena such as the genotoxicity of the

The PEC/PNEC ratio was used to evaluate the environ- pollutants or the their bio-accumulation in the food chains
mental risk generated by hospital wastewater on aquaticor the sediments of the river (with delay effect) were not



10 E. Emmanuel et al. / Journal of Hazardous Materials A117 (2005) 1-11

treated, (3) the reasoning on the basis of dilution cannot be[11] MATE (Ministere de [Ianénagement du territoire et de
sufficient in term of decision for the environmental protec- Penvironnement), Arée du 2 Bvrier 1998 relatif aux f@levements
tion. |ndeed, many Other efﬂuents are rejected into the same et a la consommation d’eau ainsi qu’aexnlssmns de toute nature

target’ medium. It will be thus more iudici in the futur des installations claéss pour la protection de I'environnement
arge edium. € (hus more judicious e future, soumisesa autorisation, J. Officiel de la France 52 (1998) 3247.

and for an enlightened decision-making of the managers, t0[12] European Commission, Technical guidance document in support of
reason rather in terms of contribution of the hospital effluents Commission Directive 93/67/EEC on risk assessment for new no-
to the total risk generated by the discharge of all the industrial ~ tified substances and Commission Regulation (EC) no. 1488/94 on

and urban effluents in the concerned river risk assessment for existing substances, Brussels, 1995.
’ [13] M. Babut, Y. Perrodin, M. Bray, B. @ment, C. Delolme, A. Devaux,

C. Durrieu, J. Garric, B. Vollat, D. Becart, C. Charrier, Evaluation
des risquegcologiques ca@s par des matiaux de dragage: propo-
. sition d’'une approche ada&s aux @pots de grawre en eau, Rev.
7. Conclusion Sci. Eau. 15 (2002) 615-639.
[14] F. Gadelle, Le monde manquera-t-il biéntd'eau? Secheresse 1
This study has demonstrated that it is possible to carry ~ (1995) 11-15. _ _ _
out the ecotoxicological risk assessment of hospital emuems[lS] U.S. EPA (United States Environmental Protection Agency), Prelim-

. . . . inary data summary for the hospitals point source category. Office of
by the use of standardized bioassays, global physicochemical water regulations and standards, Office of water, U.S. EPA, Wash-

parameters and the analysis of some targeted pollutants. The  ington, D.C., 1989, p. 76.

proposed scenario allows to a semi-quantitative risk charac-[16] J. Laber, H. Raimund, R. Shrestha, Two-stage constructed wetland
terization for the WWTP and the fresh surface water. The for treating hospital wastewater in Nepal, Water Sci. Technol. 3
evaluation will need now to be improved on certain aspects, ___ (1999) 317-324. _

. . . [17] E. Emmanuel, G. Keck, J.-M. Blanchard, P. Vermande, Y. Perrodin,
and will requ're In partlcularabetterknowle_dge onthefates (_)f Toxicological effects of disinfections using sodium hypochlorite on
pollutants in the urban sewer network and in the WWTP. This aquatic organisms and its contribution to AOX formation in hospital
increase of knowledge will relate in particular to the study of wastewater, Environ. Int. 30 (2004) 891-900.
chemical and ecotoxicological interactions between pharma-[18] J. Rodier, La protection des eaux contre la radioaéj\@ulletin de
ceuticals, disinfectants and surfactants. It seems necessaryto 'Association pharmaceutique fraaise pour hydrologie 4 (1971)
characterize the eCOtOXICOlOglcaI risk of the-hospltal efflu- [19] L. Metcalf, H.P. Eddy, Wastewater Engineering: Treatment, Disposal
ents by experimental and fundamental studies on the fates ~ and Reuse, third ed., McGraw-Hill, New York, 1991, 1334 pp.
of disinfectants, pharmaceuticals and surfactants present irf20] R. Thomazeau, Contributioa I'étude de Ecologie badirienne des
the hospital effluents, while taking care to include, on the boues actiges. Tlese, Universi Paris VII, Paris, 1983, 250 p.

eCOtOXiCOlOgical plan, the transfers towards the food chains. [21] A. Muela, 1. Pocino, J. Arana, J. Justo, J. Iriberri, J. Barcina, Effects
of growth phase and parental cell survival in river water on plasmid

transfer betweescherichia colistrains, Appl. Environ. Micriobiol.
60 (1994) 4273-4278.
[22] T. Barkay, N. Kroer, L.D. Rasmussen, S. Sorensen, Conjugal gene
References transfer at natural population densities in a microcomos simulating
an estuarine environment, FEMS Microbiol. Ecol. 16 (1995) 43-54.
[1] B. Erlandsson, S. Matsson, Medically used radionucides in sewage [23] J. Davison, Genetic exchange between bacteria in the environment,

sludge, Water, Air, Soil Pollut. 2 (1978) 199-206. Plasmid 42 (1999) 73-91.
[2] M.L. Richardson, J.M. Bowron, The fate of pharmaceutical chemi- [24] T. Schwartz, W. Kohnen, B. Jansen, U. Obst, Detection of antibiotic-
cals in the aquatic, Pharmacology 37 (1985) 1-12. resistant bacteria and their resistance genes in wastewater, surface
[3] K. Kiummerer, M. Meyer, T. Steger-Hartmann, Biodegradability of water, and drinking water biofiims, FEMS Microbiol. Ecol. 1470
the anti-tumour agent Ifosfamide and its occurrence in hospital ef- (2002) 1-11.
fluents and communal sewage, Water Res. 11 (1997) 2705-2710. [25] St. Gartiser, L. Brinkler, T. Erbe, K. Kummerer, R. Willmund, Con-
[4] B. Halling-Sgrensen, N. Nielsen, P.F. Lanzky, F. Ingerslev, H.C. tamination of hospital wastewater with hazardous compunds as de-

Holten-Litzheft, S.E. Jargensen, Occurrence, fate and effects of fined § 7a WHG, Acta Hydroch. Hydrob. 2 (1996) 90-97.
pharmaceutical substances in the environnement—a review, Chemo-[26] K. Kiimmerer, St. Gartiser, T. Erbe, L. Brinkler, AOX-emissions

sphere 36 (1998) 357-393. from hospital into municipal wastewater, Chemosphere 36 (1998)
[5] K. Kimmerer, Drugs in the environment: emission of drugs, diag- 2437-2445.
nostic aids and disinfectants into wastewater by hospitals in relation [27] S. Schulz, H.H. Hahn, Der kanal als reactor-undersuchugen zur
to other sources—a review, Chemosphere 45 (2001) 957-969. AOX-Bildung durch wirkstoffe in reinigunsmittenin, gwf Wasser Ab-
[6] P. Leprat, Les rejets liquides hospitaliers, quels agents et quelles solu- wasser 138 (1997) 109-120.
tions techniques? Revue Techniques hospgitei 632 (1998) 49-52. [28] U.S. EPA (United States Environmental Protection Agency). Frame-
[7] M. Sprehe, S-U. Gg@ien, A. Vogelpohl, Traitement of AOX- work for ecological risk assessment, Risk Assessment Forum, U.S.
containing wastewater from hospitals—degradation of iodized X-ray Environmental Agency, Washington, DC, 1992, p. 161.
contrast medium, Korrespondenz Abwasser 4 (1999) 548-558. [29] U.S. EPA (United States Environmental Protection Agency). Guide-
[8] B. Jolibois, M. Guerber, S. Vassal, Glutaraldehyde in hospital lines for ecological risk assessment, Risk Assessment Forum, U.S.
wastewater, Arch. Environ. Contam. Toxicol. 42 (2002) 137-144. Environmental Agency, Washington, DC, 1998, p. 114.
[9] J.-L. Riviere, Evaluation du risquécologique des sols pobs. As- [30] H. Kdnemann, Fish toxicity tests with mixtures of more than two
sociation RE. C. O. R. D., Lavoisier Tec&Doc, Paris, 1998, p. 230. chemicals: A proposal for a quantitative approach and experimental

[10] T. Heberer, Occurrence, fate, and removal of pharmaceutical residues results, Toxicology 19 (1981) 229-238.
in the aquatic environment: a review of recent research data, Toxicol. [31] J. Hermens, H. Canton, P. Jansen, R. De Jong, Quantitative structure-
Lett. 131 (2002) 5-17. activity relationships and toxicity studies of mixtures of chemicals



E. Emmanuel et al. / Journal of Hazardous Materials A117 (2005) 1-11 11

with anaesthetic potency: acute lethal and sublethal toxiciyaph- 9) and chloraminated water (CAS No. 10599-90-3) (Deionized and

nia magna Aquat. Toxicol. 5 (1984) 143-154. charcoal-filtrered) in F344/N rats and B6C3F1 mice (drinking wa-
[32] Agences de I'Eau, L'assainissement des ag@l@tions: techniques ter studies), NTP TR 392, U.S. Department of Health and Human

d’épurations actuelles @valuations. Etude interagences 2i7. Di- Services, National Institutes of Health, Research Triangle Park, NC,

rection de I'Eau, Ministre de I'anénagement du territoire et de 1992, p. 466.

I'environnement, Paris, 1994, p. 58. [38] S.D. Dyer, C. Peng, D.C. McAvoy, N.J. Fendinger, P. Masscheleyn,
[33] P.L. Harremoes, F.S. Sieker, Influence of stormwater storage tanks on L.V. Castillo, J.M.U. Lim, The influence of untreated wastewater to

pollutant discharge to receiving water, in: IWA Symposium Sewage aquatic communities in the Balatuin River, The Philippines, Chemo-

and refuse liquid waste section, Proceedings of the Ninth EWPCA- sphere 52 (2003) 43-53.

ISWA, Munchen, Germany, 1993, pp. 95-106. [39] D.J. Versteeg, S.E. Belanger, G.J. Carr, Understanding single-species
[34] A.A. Bulich, Aquatic Toxicology, ASTM STP, in: C.L. Markings, and model ecosystem sensitivity: data-based comparison, Environ.

R.A. Kimerle (Eds.), American Society for Testing and Materials Toxicol. Chem. 18 (1999) 1329-1346.

Philadelphia, 667, 1979, pp. 98-106. [40] D.T. Sponza, Application of toxicity tests into discharges of the
[35] M. Seiss, A. Gahr, R. Niessner, Improved AOX degradation in UV pulp-paper industry in Turkey, Ecotoxicol. Environ. Saf. 54 (2003)

oxidative wastewater treatment by dialysis with nanofiltration mem- 74-86.

brane, Water Res. 13 (2003) 3242-3248. [41] W. Fresenius, W. Schneider, BoBnke, K. Bppinghaus, Technolo-
[36] M. Sprehe, S.-U. G@ien, A. Vogelpohl, Photochemical oxidation of gie des eauxéasiduaires—Production, collecte traitement et analyse

iodized X-ray contrast media (XRC) in hospital wastewater, Water des eaux &siduaires, Springer—Verlag, Berlin, 1990, 1137 p.

Sci. Technol. 5 (2001) 317-323. [42] S.R. Gray, N.S.C. Becker, Contaminant flows in urban residential
[37] NTP (National Toxicology Program), Toxicology and carcinogenesis water systems, Urban Water 4 (2002) 331-346.

studies of chlorinated water (CAS NOS 7782-50-5 and 7681-52-



	Ecotoxicological risk assessment of hospital wastewater: a proposed framework for raw effluents discharging into urban sewer network
	Introduction
	Effects of hospital wastewater on aquatic ecosystems
	Theoretical aspects of the ecological risk assessment
	Problem formulation
	Analysis phase
	Risk characterization phase

	Methodological approach for the ecotoxicological risk assessment of hospital wastewater
	Hazard assessment
	Description of the context of ecotoxicological risk assessment
	Development of the conceptual model and choice of the parameters of evaluation

	Materials and methods
	Sampling and pH measurements
	Physicochemical analysis
	Microbiological analysis and toxicity test procedures
	Risk assessment

	Results and discussion
	Results of the physicochemical analysis
	Microbiological characterization
	Ecotoxicological characterization of ITDD wastewater
	Hazard assessment
	Ecotoxicological risk assessment
	Impacts on the WWTP
	Impacts on the natural aquatic ecosystems


	Conclusion
	References


