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Abstract 

This paper reports the destruction of potentially viable fertilised helminth eggs by means of ozone treatment at different conditions. After the first hour and half of ozonation at  9.2 and  18.4 mg O3/min rates with pHi  =  5,  94% of the eggs evidenced complete disintegration. Best results were obtained after two hours, when 100% of the eggs were destroyed. It could therefore be demonstrated that ozone indeed induces effects on the helminth eggs. Those eggs that were not destroyed at the beginning of the treatment because of insufficient contact time and dose, proved to be viable and persistent upon incubation. After 2 hours of ozonation, at pHi 5 and a 18.4 mg O3/min rate, COD removal was 75%. After 4 hours of ozonation of the egg suspension, COD removal reached 83 to  93%. These results agree with previously reported high reactivity of ozone against hydrolysed amino acids, characteristic of the proteins covering the first layer of the helminth eggs, in an acid medium. 

Introduction 

World-wide epidemiological studies concerning wastewater reuse for agricultural purposes, 
notably en Latin American countries, have evidenced serious risks of gastrointestinal diseases, 
including diarrhoea, caused by the presence of viruses, bacteria, protozoa, and helminth eggs, 
posing a potential public health risk (Schwartzbrod et al., 1989; Toze, 1999). Each year, 
around 250 million people are infected by waterborne pathogens, resulting in 10 to 20 million 
deaths. Many of these infections occur in developing nations, with poor sanitation systems 
(Toze, 1999). 

In  terms  of  helminth  life  cycle,  eggs  represent  the  state  of  development  in  which 
dissemination into the environment takes place, with the purpose of spreading the species. It 
is precisely in this state in which this organisms are found in wastewater. Particularly, eggs of 
Ascaris lumbricoides (human parasite), and Ascaris suum (parasites to swine), are highly 
resistant to dramatic changes in temperature from -12 to 40oC (Brown and Belding, 1985). 
Not even a dose of 1,000 mg/L of chlorine is enough to render them inactive. Eggs are able to 
successfully reach an embryonic state within a 5% formaldehyde solution (Odda and Jiménez-
Albarran,  1987), as well as in the presence of iodine solutions, alcohol, heavy  metals, 
synthetic detergents, and ammonia compounds. They can endure transient immersion in 
solutions of 50% of chlorhydric, nitric, acetic, and sulphuric acids (Schmidt and Roberts, 
1984). They have been reported to survive for months or years in soils, without loosing their 
virulence (Gadomska et al., 1991), and for several days to years in wastewater, sludge and 
agricultural soil without loosing their noxiousness (Gadomska et al., 1991; Ayres et al., 1992; 
Stien and Schwartzbrod, 1990). 
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Current availability of information regarding the deactivation and/or destruction of helminth 
eggs in wastewater is limited. It has been reported that ultraviolet radiation  (in  30 min 
exposures at  185 mWs/cm2) do not affect Ascaris suum eggs’ viability  (Rojas and Orta, 
2000). 

As for sludge used in the treatment of wastewater, Bruce (1984) reports have shown that 30 
min at 60°C, 65 °C or 70 °C area enough to kill ova of Ascaris lumbricoides in a post-
pasteurisation pilot-plant. Eggs  of Ascaris  suum in  sewage waste  were still  viable,  but 
incapable of embryonation after radiation doses of 300 krad with a 60Co source. A complete 
destruction of Ascaris eggs may be obtained by adding quicklime to dewatered sludge. 
Temperatures are risen to 70 to 80 °C, which results in a rapid kill of pathogens (Bruce, 
1984). 

On the other hand, ozone’s efficiency on bacteria and viruses’ inactivation for primary and 
secondary effluents has been demonstrated, achieving reductions of faecal bacteria up to 2-
3log (Janex et al., 2000). According to these authors, the efficiency of the disinfecting process 
depends on the specific micro-organism, as well as time of contact  (Ct) values. Ozone 
destroys viral units and cell membranes of bacteria and protozoa Gadomska et al., (1991) 
applied a 10 mg/l ozone dose for 120 min to a tap water sample containing 2 x 107 Ascaris 
eggs, destroying 30.5 to 54.5% in samples containing around 15% of non-viable eggs. 

It is therefore necessary to assess more powerful and effective disinfectants. Few reports are 
available  regarding  ozone  capacities  to  destroy  helminth  eggs (Rojas  and  Orta, 2000; 

Gadomska et al., 1991). In such reports, the effect of ozone on viable eggs (eggs capable of being  developed  until  reaching  an  infectious  stage)  is  not  clearly  explained,  and  no specifications are made regarding optimum doses, nor time of contact, after which total destruction of the eggs is achieved. 

The  aim  of  this  paper  is  to  assess  ozone  treatment  as  a  viable  alternative,  one  with encouraging perspectives, for eliminating helminth eggs. Its efficiency in actual wastewater treatment plants is yet to be evaluated. 

Materials and methods 

Morphologically similar, eggs of Ascaris suum, instead of Ascaris lumbricoides, human 
parasites, were used in this experiment for security reasons (Johnson et al., 1998). Ascaris 
suum eggs were extracted from worms collected in a slaughterhouse. Worms were washed in 
a saline solution (0.85%)  and preserved in  formaldehyde  (5%)  before  dissection.  Once 

detached from organic material, eggs were conserved in a saline solution  (0.85%)  (stock 
suspension) at around 4oC. From this stock suspension, 4L of a new suspension containing 
approximately 40 eggs for each 40µL was prepared. In order to determine both initial and 
final number of eggs, 40µL suspension samples were taken, before and during the tests, every 
hour. Number of eggs in the samples was counted under a Leitz-brand Laborlux-s optical 
microscope. Viability of eggs was determined by incubating them at 26oC for 30 days in a 
dark room, with continuous agitation to keep a suitable aeration and to facilitate embrionation. 
Larvae’s development is taken as indicative of the eggs’ viability, and as a measure of the 
infectious capacity according to the in vitro incubation method (USEPA, 1992; NOM 001 
ECOL-1996). 

[image: image3.jpg]



Every material used during the experiment was washed with Extran and rinsed with a 1.5% chlorhydric acid solution. Distilled water was used for the final rinse of material, and as diluent for preparing suspensions and solutions. JT Baker reactives were used for preparing the solutions. 

Taking into account previous experiences of ozonation of Ascaris eggs (Gadomska et al., 
1991), we intend in this study to test variations on pH and ozone rates on eggs. Therefore, two 
initial pH values (5 and 9), and two ozone rates were evaluated. Applied ozone was generated 
with an Emergy Trailigaz Labo 76 equipment, using oxygen-enriched air as input gas. 

In all tests, a 36.8 mg O3/L concentration of gas-phase ozone was applied at the entrance of 
the column, with flows of 0.25 and 0.5 L/min to achieve rates of 9.2, and 18.4 mg O3/min, 
respectively. Suspensions of Ascaris suum eggs were thus ozoned for 4 hours in a batch 
reactor. In a first experiment, samples were taken every hour to assess the quantity of 
destroyed eggs and the viability of the surviving ones. In a second experiment, samples were 
taken every 15 minutes. During the ozonation tests, gas-phase ozone concentrations entering 
and coming out of the column, as well as dissolved ozone, were determined. Gas-phase ozone 
concentrations  were  determined  through  iodometric  method (Birdsall  et  al., 1952),  and 

dissolved ozone was measured by the indigo method (Bader et al., 1981). 

The treatment system consisted in dosing 250 mL of the eggs’ stock suspension (1 x 106 
eggs/L) in a closed glass column 5.5 cm in diameter and 20 cm high. Ozone was fed into the 
bottom of column by means of a diffuser with pore diameter of between 10 and 15 µm (figure 

1). 
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Figure 1. Treatment system with ozone
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Another parameter determined in order to indirectly corroborate the destruction or oxidation degree of the Ascaris suum eggs was the reduction of chemical oxygen demand (COD) of the suspension, for each test. 

Experiments thus executed follow a 2K factorial design, for k = 2, with each test performed 
randomly. Statistic analysis of the results allowed us to assess the significance of variables 
involved in the destruction of the eggs for determined levels of confidence. Three replicates of 
each test were made in order to evaluate experimental errors and perform variance analyses. 
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Results and discussion 

According to the variance analysis, for an F distribution, and a level of confidence of 0.95, pH 
appears as the relevant variable in the destruction of the helminth eggs. This result coincides 
with the report made by Langlais et al. (1991), which state that the reactivity of polypeptides 
and proteins with ozone depends on the nature of the amino acid’s constituents, as well as on 
pH, considering that the chemical structure of the proteins that cover the helminth eggs 
contains covalent links of terminal amino acids. The N-terminal amino acid is linked to an o-
quinone, which in turn is linked to a lysyl, two tyrosyl coupled by a biphenyl linkage, and two 
cysteinyl  coupled  by  a  cystine  linkage (Brunet, 1967  aforementioned  for  Smyth  and 

McManus,  1989). Results obtained correspond to a high reactivity with the amino acids formed when hydrolysing proteins in an acid medium (Hoigne and Bader, 1979, ElmghariTabib, 1981). 

As seen in Table I, after one hour in the test with initial pH 5, with 9.2 mg/min of ozone, around 94% of the viable eggs showed cytoplasm vacuolation, destruction of a portion of the external protein cover, loss of such external cover, or its disintegration. As for the eggs that were incubated for one month after ozonation, the two eggs remaining for each 40 ml of suspension continued their development to a larval state. 

Table I. Results of the Ascaris suum eggs’ counts in 40µL samples taken from the 250 mL of 

ozoned suspension, at different initial pH conditions and treatment rates. 

Treatments 

Replicate
Time
pHi 5
pHi 9

(hr)
9.2 mg O3/min
18.4 mg O3/min
9.2 mg O3/min
18.4 mg O3/min

(a)
(b)
(a)
(b)
(a)
(b)
(a)
(b)

0
36
38
40
38
38
40
38
40

1
2
2
0
0
22
19
20
24

1
2
0
0
0
0
7
7
12
6

3
0
0
0
0
8
4
2
2

3.5
0
0
0
0
4
3
1
0

4
0
0
0
0
2
3
0
0

0
37
37
39
36
4
38
37
34

1
3
2
3
2
20
12
18
14

2
2
0
0
2
2
5
5
7
5

3
0
0
0
0
2
3
2
7

3.5
0
0
0
0
1
0
1
2

4
0
0
0
0
1
0
1
4

0
37
35
37
36
40
36
40
38

1
4
2
2
2
29
25
10
7

3
2
0
0
0
0
18
16
11
5

3
0
0
0
0
10
4
6
5

3.5
0
0
0
0
4
3
4
3

4
0
0
0
0
3
3
4
4

(a): number of non-incubated helminth eggs; (b) number of helminth eggs after 30 days incubation. 

The acid medium causes the hydrolysis of proteins, with amino acids as terminal products (Elmghari-Tabib, 1981). Biphenyls and quinones are characterised by the presence of the OH donor group on the aromatic nucleus (Langlais et al., 1991). This donor group is strongly reactive with ozone. Doré (1989) reported velocity constants for ozonation of cysteine that sulfur amino acids at pH  2, and cystine at pH  1.8, as  104 and  102 M-1s-1, respectively, concluding that sulphated acids are highly reactive to ozone. 
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In general terms, the level of COD removal in the tests, after 4 hours of ozonating the eggs’ suspension  was  of  83  to  93%,  as  seen  in  Table  II.  This  result  is  confirmed  with  the diminishing number of eggs in each test. 

Table II. Number of eggs per litre and COD obtained in ozone tests. 

T r e a t m e n t s 

Time
pHi 5
pHi 9

(hr)
9.2 mg. 03/min
18.4 mg 03/min
9.2 mg 03/min
18.4 mg 03/min

O3
COD      he
O3
COD     He
O3
COD      he
O3
COD      he

0
0
201
916666
0
229
966666
0
205
991666
0
214
950000

1
4.7
-----
75000
4.6
-----
41666
1.4
-----
591666
2.7
-----
350000

2
4.7
-----
0
4.6
-----
16666
2.3
-----
250000
3.4
-----
175000

3
4.7
-----
0
4.6
-----
0
2.5
-----
166666
3.8
-----
17500

3.5
4.7
-----
0
4.6
-----
0
2.6
-----
75000
3.9
-----
8333

4
4.9
34
0
4.6
16
0
3.5
17
50000
3.9
17
8333

O3: dissolved ozone (mg/L); COD (mg/L); he: helminth eggs (he/L) 

The destruction of helminth eggs was reached when applying 34 mg O3/mg COD at pH 5 and 

18.4 mg O3/min (see table III) Just as with phenols and aromatic acids, quinone is attacked by ozone, which destroys the aromatic ring. 

Table III. Number of eggs per 40 µL and COD obtained in ozone tests 

(pH 5i and   18.4  mg O3/min). 

Time (min)
Dissolved ozone
he
COD       mg O3/COD

(mg/L)

0
0
47
310
0

15
1.0
23
-----
-----

30
1.8
20
-----
-----

45
2.1
18
-----
-----

60
4.5
9
-----
-----

75
4.5
5
-----
-----

90
4.5
1
115
14.2

105
4.5
0
-----
-----

120
4.5
0
77
28.3

In fact there is little effect of varying the ozone rate from 9.2 to 18.4 mg/min upon the 
destruction of the eggs, compared with the values obtained when varying the initial pH values 
of the tests from 5.0 to  9.0  (see figures  2 and  3). This behaviour is confirmed with the 
variance analysis of the factorial 2K design. Additionally, it can be observed that, contrary to 
the pHi 9 tests, in the pHi 5 tests the concentration of dissolved ozone reaches equilibrium 
practically in the first hour of sampling, from 4.6 to 4.7 mg/L, regardless of the ozone rate. 
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Figure 2. Effect of dissolved ozone concentrations upon the destruction of helminth eggs at

initial pH 5. Ozone application rates in a batch reactor: (a) 9.2 mg O3/min; (b) 18.4 O3/min.
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Figure 3. Effect of dissolved ozone concentrations upon the destruction of helminth eggs at initial pH 9. Ozone application rates: (a) 9.2 mg O3/min; (b) 18.4 mg O3/min. 


Conclusions 

According to variance analysis for an F distribution, and a confidence level of  0.95, pH 
appears as the most relevant variable in the destruction of the helminth eggs. This is evident in 
the data shown, where total destruction of helminth eggs at pH 5, after tow hour of ozonation 
is observed. Results obtained here are consistent with the great reactivity of the amino acids 
formed by the hydrolysis, in an acid medium, of the characteristic protein covering of 
helminth eggs. 

Ozone proves to be highly reactive to the chemical compounds found in external and internal layers of fertile helminth eggs -o-quinone linked to amino acids such as biphenyls, tyrosilcysteine, and cystine. Biphenyl and quinones are characterised by the presence of the OH donor group on the aromatic nucleus, which is strongly reactive to ozone. As for cysteine and cystine, ozone shows higher reactivity at pH 2, which coincides with the results obtained at pH 5. However, it is necessary to clarify the actual action of ozone on the layers of the eggs, by identifying the resulting amino acids. These are produced by hydrolysis, in an acid medium, of the proteins contained in the first layer of the helminth eggs. 

COD removal rates in the tests, after 4 hours of ozonation of the egg suspension was 83 to 93%. In the tests with pH 5 and ozone rate of 18.4 mg O3/min with total destruction of helminth eggs, COD removal after 2 hours of ozonation was 75 %. 

Preliminary results about the effect of ozone under the best conditions here reported, similar 
to those obtained with Ascaris suum, have been obtained with other species like Dipylidium 
caninum, Hymenolepis nana and Enterobius vernicularis. However, such results remain to be 
confirmed. 

Experimental  results  show  that  ozonation  is  a  viable  and  promising alternative  for  the elimination of helminth eggs. These results might become a basis for considering other treatment methods in Mexican legislation to guarantee the elimination of highly resistant species, besides coliforms. 
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