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Abstmci: The Titer River wate~ quaiily, in a reaoh inciuding a wastewatsr hwtm~it  p h t ,  bss been evaluatsd 
for toxiciiy on -Io magm by foiir d mmphg& Wata tesied at the outiiow of tbe piant 
showedhighandctoxicity oniy inainmn.ThiseffeQtambCsblrihitcdtodisinfectantswidelyuscdmslmmirr 
t0 lows the miciobial muni withm boimds of Italian mgdetioo p.lga 1521991. To cbmgc the toxk e k t  t0 
disinfectrmts. chloriue dio* sodirmi hypdh& and ppaodio ffiid weae cmteqmnry tested f a  toxicity on 
thessmeexpcr immtalpy~Tba~dismfoot8 i t s tes tedon~mduoeda)morts l i ty~therangeof  
wncentnitions allowxd by Italisn regulatim for wastew?~tos, and b) reduotion of swivai and fzwcdiy at NOFC 

varies depmdbg on tho tairts. m it is impassible io &I& whioh disinfectad is le& s ~ .  Tbc effects on oabnal 
systemduetotbc~ofdismfmtrmtsmwastewatsrpkntoutfatlisdisouased 

K-&: AcW toxicity tesi, repomiotion toxicity test, ohlorim dioxide. W i a ,  disimfectsnt, p c e t i c  aoid. 
sodima hypoohlorite. Tiba River. 

1. INTRODUCIION 

Wastewater àisinfection is an i m ~ ~ a n t  poocss uiiiised 
in wastewater treatment plant t0 lower the mimbial 
count of effluent befm the introduotion in natvral 
systems. Chlonmte compoimds, in particular saiiimr 
hypochlorite, held a very impottcmt position as relisbla 
di6infectaots beosusc of its broad biocidal 
effectivmesq its persistnice in treated wteis and its 
cost effectiveness. Unfommstdy, in the presau;s of 
orgsnic mtter, chloriaation results in the fomiation of 
undesiderable comjwunds; i.e. total balogeoarsd 
o o m p o ~  (TOX) and tlhlome- mlhQ 
[Christmas e< al., 1983; Bruchei et aL, 1984. et 
ai 19841. Tlm effects of wats ohlorination on mutagaYc 
advity have beai danoiistrated Fi,m et al. 20001: 
iha potontial hcalib risk of halogmated by-poductr 
formation pmted merch of aitemative &tants 
Fiessioga et al.. 19851, the mosi pobabk canlidates 
being owne, chlorinc di&&. ulhvioiet li& and 
peraoetic acid [Caretti and LubeUo, 2003; Vncbeni et 
ai.. 20031. 
The aim of this work wss t0 compari ioxicity of' waier 
Tiber nver in a stntch iecluding the outfd of tbc 
wastewata treatment plant, and toxicity of tbree 
disinfffitanta (sodami hypooblorite, chloriss dio+ and 
peraoetic acid) in the lab. Botb nvar wter and 
disinfectants were tested for toxkity on &@mia as 
acute toxicity (sinvivai rate, 24-72 h) and roproduotion 
toxicity (femaie and youog survival rate and feoundity, 
21 deys). 

2 MATWIAL AND METHODS 

2.1. Test on field wter 

In 2001, Tiba Riva water was seasondy sampled 
(Marcb, I*, Ootober and December) h 3 sites: a) 
600 m iipstream Me Roma Sud wastemta keatment 
piant W = upstreem); b) outfeii of the sam p h t  (O = 
outfsll); C) 200 m downstream tbe p h t  (D = 
-). 
Watem wac uàlised withui 4 hom fiom sariipling: they 
WeIe amlyscd fm physical md Cbemical pammten 
(twpcnmw, dissolved oxygcq oooductivily and pH) 
and tlAen utilkd for eootoxicological testing on 
W i a .  W& was filtend a d  if below 40.4 
oxygenated fm 15 miri, at room tempsatutr. 
Rapoduotion test wter* fm the wkkly rmewals, was 
6itercd Qd stocked at -20 'C; befm the use it was 
oxygenatal and kepi at room tempnaiure. M tesia m 
ma& in triplicate. The evaluation of tempraane, 
dis*uIveà oxygai and pH weae performcd t0 ckck tbc 
oompetiity of arsten wim ecotoncological Usting 
[Rcpoit EPS I/RM/I 1,1990]. 
DrpJoia popuiatim 
A geaetioaity homogeneous pop<lstion of &@mia 
mogm Straw (Cnislaoea) was o b Ù d  obtainedm a single 
f d e  comiqg a lab pond, aitdoor. Fcmaks wert 
ouiIured in 1 litre bealers, acoading t0 stmdrud 
methodr of IRSA [GiamUa, 19%]. B w  waw was 
% of didied wter md % dechlorinated m3 oxygcri- 
saturated iap wata. Wata was renewed threc times a 
week. &$mia wne feà d d y  with iiquid ionmieroial 



feed, feeùing rate was: 1 mop/100 d d a y .  Tempmmire 
of tbe culture room was 2(W T. under wntinuous 
light. Beaiuaa were wnnd with gìess io avoid 
evaponition and placai on a white sinfaoe. 
Both acute ed repromiction toxicity te- were 
p e r f o d  ecwrding io iRSA standsrd ~rotoooIs 
[Gupella, 19%]. 
ACUTE TEST. 30 newbom individdg less thari 24 h 014 
was expod io filted water, Ooming from eaoh 
sempiing site. Controls (30 newbom idviduals) wae 
keptinbreedingwaier. Tesis was stak lestingi2 h 
150 mi giass bealcn wwe used for the test, oontaining 
100 mi test solution or breeding water, n e i h  food mr 
4weresmnimstereddwingtbetestTempenmiroofike 
culhirc mom was 2OU "C & Oononuous light enà 
bea)ren wae oovered witb glass io m i d  cvapaation 
andpldonawhitemufbo(1 Tbemimbsrofaliwed 
dcedlmmr>bile~udMmulswcla cbsoba12mry 
2 4 b o i i n , u p t o 7 2 b m . D a t a w e r e ~ b y x  test, 
tekingintoaooamtallmdMdiulsintbetbrwnpiicatca 
RFPao~ucno~ m. 24 ovigerous fcmales were 
nrposed to filtered water, ooming fiom e d  samphg 
sito'. &Is (24 females) were Irept m hoeding water. 
Tesi wcla semiQak iasiing 21 daya 500 mi gbss 
~ w a s u s e à f o r t h e t e s t , c o n D a i n i n g 4 0 0 ~ t e s t  
solution or b m d q  water (50 mVfde) ,  remwcd 
tbrw tims a week. Fead (1 dropllOO mi) was 
amninistcred daily, 4 oontinwusiy. Temperature of the 
culhirc mom was 2OU T under wntinuous Light 
Beakers were covexed with glass io m i d  cvapaation 
and plaoed on a white surfbo(1 The rnmibcr of elive and 
d e d i b i l e  femaies wcre checked daiiy; immobile 
f d e s  were removed Onsping was wuated and 
removed daily fiom the coutaiuus io obtain the iotal 
number. Data were anaiysed by tbe xa test for death mie 
andbyShJ&mtttestforfcnmdity,tekinginto8000imt 
al i  indinduals in the repiicates. 

2.2. Test on disinfectanis 

Sodium hypochiorite, paaoetio acid and ohiaine 
dioxiàe toxicity was tested on m a  magm io 
detamiee, by aoute toxicity tests: 1. ECJO vahics (Le. 
Effettive Coownhation of the toxioant causiog 
death~immobilisatim in 5 W o  of testeà organisms); 2. 
NOEC values (No Obsemed Effect Cbxmtmtion 
detamined). 
NOEC ooncentnitions were obecked m repomcOtion test 
(21 dsys). Both acuta ed~rqroduotion toxicity test were 
performed as peported in 8 2.1. 
Disinfectant cmncentnition mnges for acute toxicity tests 
were ohosen acoording io bibliogrsphic data on toxicity 
and mutegmhity of the thra compormda et 
ai., 2001; Monarca et al.. 20011; they m, in geomctric 
pgression 2, Sodium hypoohiorite (NaUO) 4 - 0.03 
a@; Peracetic acid (PAA) 1.5 - 0.015 enà 
Chlorim dioxide (C103 1 - 0.015 @l. Mottality data 
were analysed by the pbi t  test, females survival data 
hy~Ztes+,reproduotionnte&tabyShdentttest 

3. RESULTS 

3.1. Test on field weter 

ACUTE TEST. Acute toxioity of the Tiba River watcr 
ooming fmm the thne sites io DapJnia mwbom 
individuats is reportcd m Fig. 1 ed 2, rcspotively as 
survivdaAer24ed72bws.Ai ìer24h.water  
sampleù at site U causeà m spring ed srmmier a 
survival of 44 and 53%. respectively; in autunm and 
winterswivalwas 1Wo. WsterfiomsiteOooIym 
simmicr causeà a swivel of 0.4 tbis rrsult was 
~ - b y ~ ~ & s a m p i m B ~ -  
(ditring the entire month of Jdy), with imdihited and 
50% di- waier (as a iotal 180 newbom individuals 
wem tested, data not &m); waier h m  site D and lab 
wnhol neva remwd s<irvival h m  100Yr AAer 72 h 
Sinvivalmteislowcr. WWatcrfiomsiteUmspringand 
simniur caused a reduction of newbom indivi& 
survivd io 0% and 43% rospeotiveiy., in auluum ed 
winterSinvivalwas783Ced9oY'rcspeotinly. W* 
fmm sitc D remwd SrinRval to 7W. enà 903C in 
simnner and auhmm, "peotively. Lab Mntrol water 
nevureducednewbomindividUalssuvival. 
f l  adym W. 1) evidaiccd significant diffemms m 
survivairaiebetwemsitcUandlabMntroLm~ 
andspingatLvth24and72bourqedmaruuirnat72 
hom Signinoant differemw behveen site O Qd lab 
Mntrol were foimd only m mmmm, while no signiiicant 
diffaences were foun3 for site D, neitber at 24 m at 72 
hours. 

l U O D C o  l 
Flpn l. Tibx River: Acute toxicity (24h) 

l U O D C o  l 
Elym 2. Tiber River: Acute toxicity (72h) 



Tabk i. x2values. Comp.rison of swival rate behmen 
treated and wntrol batches in acute toxicity tests at both 
24 and 72 hom. 

a = n d . ~ * - p c o . o o 1 ; * * = p c a 0 0 J ; N a = N O < d 0 . 4  
boor iod~0H~win lUZ4bo l in .  

REPRODUCTION TEST. Toxiuiy of the Tibex Rivm 
watu wming ftom the three above-doned si- t0 
Dapbia ovigmow f d e s  was evahiacsd as f d e 8  
swi+  offspliag swvivd and femdeu repodudion 
ratei 
Sprhg, Water h m  site U caused very ùigh dwaise of 
f d e s  suivivai (t0 25%). hi$h dcaeasc in youw 
swivni (t0 50%) and high &crease in repromiction rate 
(from 36.68 io 25.65 young/fde). Weter h m  site O 
cawsdùighdeomiss infdessurvivni(t0 5%) and 
very high demsse in y o q  sntvival (t0 33%). Water 
ihm site D never c d  t0xic effeots. Summcr. Wate~ 
h m  site U oaused maximum deoreesc in f d e s  
sntvivsl (t0 0%) end yomg sntvival (t0 Wo), and 
deuease in reproduction rate ( h m  72.67 t0 9.0 
yoiiog/fde). No rcpoduotion test h been possible 
for site O. mie t0 the vay ùigh aride toxicity of the 
water c~11siug the degth of al1 individuai exposeci witbin 
24 horirs. Water h m  Bito D cawsd degcsse in femsles 
sutvival (t0 63%). light àecrease in young survivni (t0 
75%); and W wide differeuces m femde8 repodudion 
(h 72.26 t0 61.7 young/fcmale). Autriam. Water 
6vm site U caused maximum deoreerre in females 
swivai (t0 O%), very high decrew in youqg survival 
(t0 35%) and W wide differaioes waa recorded in 
female qxoduction rate (hm 62.0 t0 60.5 
yomglfemaie) . Water h m  site O aod D mva caused 
toxk effeots. Whter. Water from sitc U never uiused 
t& effects on female survivsl and osused a dcoreass in 
yoimg srnvivni (t0 67%) and iemiord imcase in females 
renoduotim rate (95.1 vormpltreated femde vs 71.0 

Tabk 2. X2values. Conqisrison of femnie d w l  mie 
between mted aod wntrol batches a h  21 days. 

Sindent t anaiyses (Tab.3) (repomiotion rate) evidaioed 
sipifi& diff~mocs in spring betwecn sites U. O and 
lab wntrol; for site D W significaot diffaenoco wse 
fodkisummurmsignificrmtdifferaioeswsefouod 
between sites U, D and lab wntrol, aitbough a sli@tly 
higba v a b  waa f d  for site D. In aihmm m 
sisnif~cant &differmoes were found be- sites U, O. D 
and hb  oontrok m winter sisnificaiit differences were 
f o d  oniy for site U, with highcr v a l w  for was2ewate1. 

U 

O 

D 

x' andysis m young s<wival mie (Tab. 4) evidenced 
signiii& diffdiffermoes witb contro1 in spring and 
simmies at sites U and O. 

m 
9.l43.m 

4.W- 

0.Ml.m 

Tabk 3. Shdmi t v&m. Gnnpison of f d e a  
rcpoduction mte betwkn mted and wntrol batches 
& 21 days 

Tabk 4. X2values. Conipenson of yomg snrvivni rate 
ktweeo treated and wntrol batcbes & 21 days. 
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formd, in simnner and auhmm significant àitXcrences 
w m  fouod oniy for site U, in winter a for site 0. 

m= nd i- = pc 0.001; ** = pc 0.005 ND. = Nd dmo. 
beoPodlb0Hsuvivdi124bai. 
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yiimg/wnid f&ale). -W& ihm site O caused 
deonase on femalep survivai (t0 38%) end ti@ dcoreasc 
in young sntvivni (t0 84%). 
~2 enaiyses on females survival rate (l'ah. 2) evidenced 
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3.2. Test on disinfectantq 

ACUTE TEST. Acute toxicity (&a 24h) of chlorim 
d i o d  (CW, d u m  hypoohlorite (NaCIO), peracetic 
acid (PAA) to w i a  newbom individusls are 
reportedinFigures3,4and5. 
C1@causedWAsuwivalfrom1.5toO.125nign, 17%at 
0.062 mB/C 37% at 0.031 @ NaCIO c a d  o./. 
survival 6vm 4 io 0.062 mgn. PAA oaus*l W o  d v a l  
h m  1.5 to 0.062 4 , 7 3 %  at 0.03 1 4. Cnibnl (Co) 
showed 93% SilMval. 

Figure 3. CI@ : Acute toxiciiy a h  24h 

OnthsbascofthesedtsNOEChasbcm&taimned 
ss tbc c o n o e n h t i ~ ~ ~  ausnig dtath rate 10- tlm 2W;. 
showing not si8oificant dif%mws adyses) with 
control: for CI@ was 0.015 4; for NaCIO was 0.031 
mg/l; forPAAwas0.015 mg/i. 

Flyre 4 NaCIO : Acute toxicity alìec 24h 

~ O W ~ O N  m. Toxicity of the three above- 
medoned disinfectants was emluated as deeth rate and 
fecuudity &a 21 days to Dophnia ovigeauw females 
andas young survival &a 21 days. 
C102 at NOEC concenhtim (0.015 m@) caused very 
high deaease in f e d e  survival (io 25%). v q  high 
decrease in young d v a l  (t0 25%) and bigh decreasc 
in npromiotim rate (h 53.8 to 6.4 yormg/fde). 
NaCIO at NOEC wncahtion (0.03 1 4 )  c a d  
decrease m females survival (to 63%). maximum 
deoreese in young swivai (t0 0%) and daaairie in 
rcproduotion rate ( h  36.9 to 28.4 yoimg/fde). 
PAA at NOEC comxnhation (0.015 mgA) caused 
&resse in females survival (to 12%), very high 
&crease in yoimg sunival (to 38%) and a vny higb 
deorease m reproàuction rate (from 53.8 to 17.4 
yoimgifanale). 

ady" on females d v a l  mta evidenccd 
signifioant diffmmce.8 with owtrol (C10, X2 =9.143, 
@.OS; NaClO Xz d.654, pc9.05; PAA x2 =12.250, 
@.'m. 
%'adys i~  m young survival rate evidenocd si- 

diffcraroes wiih owtrol (C102 xz 4.853. fl.01; 
NaClO X2=12.386, @.O% PAA 2 =7.412, p<0.01). 
Student f anslysis on repoduction rate evidenccd 
s igdbmt differencea with conho1 (CL@ f = 5.728, 
@.O% NaClO t = 2.429 @.O% PAA t = 4.173. 
p4.05). 

Tiber nver water was sampled m three si- near a 
wastcwater tnatnmt plant (U = qsk?am, O = outfall, 
D = dowtream). Wstcs at sites U and O c a u d  toxio 
effeots @oth acute and r e e t i v e )  on &#mia 
magna. Site D, comidsed a sori of iield wntroi, 
c o n f i  tbis hypothesis: watelfrom this site mnr 
caused strong toxic effects, n e i k  in acute nor in 
repoduction iesb on Daphnia. Instead, water at site U 
oausedacutetoxicityinspringdsuiomr,~also 
repoduction testa showed a reàuoiim in survival 8nd 
f e d t y .  Water at site O showed very high acute 
toxicity only m sunmia (even at W A  diluted saniple). 
in both sitea the ioxic effect got lost in few hundred 
meters. due to dilution of river water. The toxic eff& 
f o u a c l i n ~ a t  s i t e o c a n b c i m p u t e d t o  
disinfectallts widely used in tbat season to reduce 
mimbial wimts withm ihe iimita &nned by the 1tSli.n 
remiistionThishvmihesis w a s ~ b v m a n o f  
eòotoxico~ogica~ Oal& p~fomied m &io with 
disinfectants: in faot ECW, and NOEC duca are 10% 
thani imits imposedbyIta l iao~ai .E~Mhiesfor  
NaClO and CI@ were: 0.03 - 0.04 nign, lomr than the 
limit for total resimisi chlotine (0.1-0.2 n@). E€!% 
v& f a  PAA was 0.03 mg/i as for chlorinated 
wmpounds. NOEC valuea are aiso lomr than limits 
impmed by Italian regulation: values for NaCD and 
C102 were 0.031 m@l /l 0.015 respctiVely. 
NOEC vahic for PAA was 0.015 mdi as for 0hlorinst.d 

I " - " -  I wmpounds. The orda of d e c b  acute tonciiy for 
Flyre 5. PAA : Acute toxicity a h  24h tbroe disinfectaots is PAAXKlpNaC10. F-, 

at NOEC rcpomiotion showcd a ohronio damagc as 



S. CONCLUSIONS 

AU the he disinfectants (CIG. NaCIO aud PAA) are 
toxic to +a Lab rcsults mdicate some possibk 
effects of tbesc oompoimds in nahirs and tbey are 
perfeotly superhposed to Tiba river dsta in summer at 
the outuill of tbe wastewater treatrnent plaW As a 
mueqmm it M impossibie to formuiatc a judgement 
of the 'Iess humful' because of the d i h t  effecis on 
differait endpoints. Neverthelass, m the near Mirre a 
m incisive amemmmt of the rWLs for natural aquatic 
eoosystems subjeoted to disinfectants c o n ~ t i o n  
musi be takea into considerarion. 
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