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1. Intro duc tion

Reuse of waste wa ter from municipal STP for crop pro duc tion 

is an inter est ing way to preserve the water sup plies. Use of these 

efflu ents depends mainly on their qual ity: appro pri ate con cen-

tra tions of com po nents such as nutri ents, salts, and met als; and 

absence of phy to toxic chem i cals. Phar ma ceu ti cals and per sonal 

care prod ucts (PPCPs) are con sid ered emerg ing con tam i nants of 

the aquatic eco sys tem (Kum mer er, 2004), because they are con-

tin u ously released into the aquatic envi ron ment and are not effi-

ciently removed by con ven tional waste wa ter treat ment pro cesses 

(He ber er, 2002; So u let et al., 2002; An dre ozzi et al., 2003). Con se-

quently, they have been detected in sur face and in sew age treat-

ment plants (STP) waters in many coun tries (Ternes, 1998; Kol pin 

et al., 2002; Cal a mari et al., 2003; Kum mer er, 2004).

Recently, there is a lot of con cern regard ing the fate of these 

emerg ing pol lu tants dur ing dis in fec tion pro cesses, required for 

water recy cling or get drink ing water (Pink ston and Sed lak, 2004; 

Bed ner and MacC re han, 2006a), in sew age treat ment plants.

Dif fer ent pro cesses are cur rently employed for the ste ril i sa-

tion of STP efflu ents before the reuse, i.e., UV irra di a tion, ozon-

a tion, chlo ri na tion, oxidant dos age as per ace tic acid or ozone. 

The primary aim of these pro cesses is reduc ing the pres ence of 

patho gens in treated waters below the lim its imposed or rec om-

mended in the coun try (Laz ar ova et al., 1999; Li berti and Not ar ni-

co la, 1999).

Chlo ri na tion is the most widely used chem i cal pro cess in dif-

fer ent coun tries. Chlo rine is added to water either as chlo rine gas 

(Cl2) or hypo chlo rite solu tion (NaO Cl), and a mix ture of HOCl and 

ClO¡ is gen er ally referred to as free avail able chlo rine (FAC). Chlo-

rine is a non-spe cific oxidant that has been shown to degrade var-

i ous PPCPs to chlo ri nated, oxi dized, and frag mented byprod ucts 

(Buth et al., 2007).

Accord ing to a recent research, acet ami no phen, the most widely 

used pain killer in the world and the active ingre di ent in over-the-

counter drugs, may be trans formed into toxic com pounds dur ing 

chlo ri na tion in waste wa ter treat ment plants (Bed ner and MacC re-

han, 2006a).

Treat ment of flu ox e tine and meto pro lol with hypo chlo rite in 

con di tions that sim u late waste wa ter dis in fec tion gives neu tral 

N-chlor am ines (Bed ner and MacC re han, 2006b). While in recent 

lit er a ture most arti cles report the effects of chlo ri na tion on the 

per sis tence of phar ma ceu ti cals in the envi ron ment, iden ti fi ca tion 

of potential trans for ma tion prod ucts has been lim ited to a few 

cases, for exam ple cimet i dine and sul fa meth ox a zole (Dodd and 

Hu ang, 2004; Buth et al., 2007).

There fore, there is a need to assess the fate dur ing the ste ril i-

sa tion treat ments of the mi cro pol lu tants pres ent in STP efflu ents 

and to iden tify new or improved treat ment pro cesses that can 
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guar an tee the removal of the spe cies, which are of some con cern 

in view of a pos si ble accu mu la tion in crops or their pres ence in 

drink ing waters.

In a recent inves ti ga tion on the dis tri bu tion and fate of resid ual 

phar ma ceu ti cals in sur face waters Cas ti gli on i et al. (2006) reported 

that aten o lol was one of the most abun dant in the waters receiv ing 

the efflu ents of the STPs in Italy.

In this con text we inves ti gated the reac tion of aten o lol with 

hypo chlo rite under con di tions that sim u late waste wa ter dis in fec-

tion. Our aim was to eval u ate the phy to toxic effects of the drug and 

its chlo ri nated prod ucts on Lact u ca sa ti va.

2. Exper i men tal

2.1. Chem i cals

Aten o lol and 2-(4-hydroxy phenyl)acet am ide (2) were pur-

chased from Sigma. Sodium hypo chlo rite solu tion NaO Cl (10% 

avail able chlo rine) was pur chased from Fluka. Water used in all 

exper i ments and in the prep a ra tion of aque ous buf fers, was puri-

fied by a Mil liQ fil tra tion sys tem (Mil li pore). Sodium thio sul fate, 

ana lyt i cal reagent grade, was obtained from Car lo Erba. Meth a nol, 

ace to ni trile, dichlo ro meth ane, and ace tone were of HPLC grade.

2.2. Chlo ri na tion pro ce dures

The sodium hypo chlo rite solu tions were obtained for dilu tion 

of Fluka solu tion and the avail able chlo rine in the solu tion was 

mea sured by iodo met ric titra tion method.

A solu tion of aten o lol and hypo chlo rite in 1:1.5 molar ratio was 

prepared by dis solv ing 90 mg of drug in 1 L of a 452 lM sodium 

hypo chlo rite solu tion.

A solu tion of aten o lol and hypo chlo rite in 1:8 molar ratio was 

prepared by dis solv ing 90 mg of drug in 1 L of a 2.75 mM sodium 

hypo chlo rite solu tion.

All chlo ri na tion exper i ments were per formed at room tem-

per a ture and the solu tion pHs were mon i tored dur ing the reac-

tion time. Final pH of reac tion solu tions did not vary by more than 

0.3 units from start ing val ues, which were 10.2 (for the exper i-

ment with 452 lM sodium hypo chlo rite solu tion) and 10.9 (for the 

exper i ment with 2.75 mM sodium hypo chlo rite solu tion).

Sodium thio sul fate solu tion (0.1 mM, K2Cr2O7 iodo met ric titra-

tion) was used to quench resid ual free avail able chlo rine in exper-

i ments con ducted with excess of hypo chlo rite.

2.3. HPLC anal y sis

The chlo ri na tion reac tions of aten o lol was eval u ated using an 

Ag i lent 1100 HPLC sys tem equipped with a UV-absor bance detec-

tor. Chro mato grams to mon i tor sub strate deg ra da tion and prod-

ucts for ma tion were obtained by inject ing 20 lL sam ples on a 

Phe nom e nex Syn er gi Hydro RP 80A 250 £ 4.6 mm, 4 lm par ti cle 

size col umn with a mobile phase of water (A) and meth a nol/ace-

to ni trile = 1/1 (B) whose com po si tion was var ied accord ing the fol-

low ing gra di ent: t = 0, A = 90%, t = 15, A = 90%, t = 16, A = 80%, t = 26, 

A = 80%, t = 30, A = 50%, t = 43, A = 0%; the detec tion wave length was 

set at 240 nm and the flow rate was 0.5 mL/min.

Iso la tion of the aten o lol chlo ri na tion prod ucts was accom-

plished by semi-preparative HPLC using a Phe nom e nex Luna C18 

250 £ 10.0 mm, 10 lm par ti cle size col umn with the same mobile 

phase used for ana lyt i cal HPLC, a flow rate of 1.4 mL/min and detec-

tion at 240 nm.

HPLC/MS anal y ses were per formed using an Ag i lent 1100 chro-

mato graphic sys tem, cou pled to elec tro spray ion i sa tion mass 

spec trom e try (ESI). The LC sys tem was equipped with a Phe nom e-

nex Syn er gi Hydro RP 80A (250 £ 4.6 mm, par ti cle size 4 lm). The 

mobile phase was made of elu ent A (0.1% for mic acid in ultra pure 

water) and B (meth a nol/ace to ni trile = 1/1) under the same gra di ent 

con di tions as above. The flow rate of mobile phase was 0.5 mL/min. 

The anal y ses were done in the positive mode (API-ES). The cap il-

lary volt age was 3.0 kV. Nitro gen as dry ing gas was set at 12.0 L/

min with a tem per a ture of 350 °C.

All ions in ESI positive were the result of pro ton ation of the 

intact mol e cules [M+H]+. Chro mato gram at 10 min: reten tion 

time = 8.35 min (m/z 225, com pound 4), reten tion time = 14.22 min 

(m/z 267, aten o lol), reten tion time = 33.96 min (m/z 259, com pound 

6), reten tion time = 39.96 min (m/z 293, com pound 7), reten tion 

time = 44.64 min (m/z 301, com pound 5).

2.4. Iso la tion of chlo ri na tion prod ucts

After 1 h, the chlo ri na tion solu tion of aten o lol/hypo chlo rite 

1:1.5 was evap o rated and ana lyzed by 1H NMR and TLC (Kie sel gel 

60 F254 plates with 1mm layer thick ness, Merck).

The res i due was chro mato graphed on preparative TLC [elu-

ent:dichlo ro meth ane/ace tone (8/2), two runs] to give two prod ucts 

1 (16%) and 2 (9%), and a mix ture. This mix ture con tained mainly 

prod uct 3, which was puri fied by semi-preparative HPLC. The iso-

lated prod ucts were sub jected to spec tro scopic stud ies.

A sim i lar exper i ment was stopped after 30 min and the chlo ri-

na tion solu tion was evap o rated and ana lyzed by 1H NMR and TLC. 

TLC of the res i due, treated as above, gave only two prod ucts 1 and 

4.

2.5. Spec tro scopic anal y ses

Elec tro spray ion i za tion (ESI) mass spec tra of prod ucts iso lated 

were acquired using a LC/MS Ag i lent 1100 LC equipped with ESI 

detec tor in positive mode (ESI+). NMR spec tra in CD3OD were 

recorded on a Var ian Ino va-500 instru ment oper at ing at 499.6 

and 125.6 MHz for 1H and 13C, respec tively. UV/Vis spec tra were 

recorded in meth a nol on a Perkin–Elmer Lambda 7 spec tro pho-

tom e ter. IR spec tra were recorded on a Jas co FT/IR-430 instru-

ment.

2.6. Tox ic ity test ing

Bio as says used Petri dishes (50 mm diam e ter) with one sheet of 

What man No. 1 fil ter paper as sup port. Ger mi na tion and growth 

exper i ments were con ducted in aque ous solu tions at con trolled 

pH, in four rep li cate exper i ments, repeated three times for three 

dif fer ent peri ods. Seeds of Lact u ca sa ti va L. (cv Napoli V. F.) col lected 

dur ing 2007, were obtained from In ge gn oli S.p.a. All under sized or 

dam aged seeds were dis carded, and the seeds to be assayed were 

selected for uni for mity.

Tox ic ity tests were per formed using the mix ture obtained by 

chlo ri na tion of aten o lol/hypo chlo rite 1:1.5 after 1 h. It was evap-

o rated in vac uum and the res i due was dis solved in meth a nol and 

fil trated on Mil lex (0.22 lm), and evap o rated. Test solu tion of 

3.0 ppm was prepared using 10 mM MES buffer (2-[N-mor pho lino]

eth ane sul fo nic acid; pH 6.0), and subsequent dilu tions gave the 

con cen tra tion of 0.3–0.003 ppm.

Pure com pounds 1–3 were tested. Test solu tions of com pounds 

1–3 (10¡4 M) were prepared using 10 mM MES buffer. Con cen tra-

tions of 10¡5 to 10¡7 M were obtained by dilu tion.

Par al lel con trols were per formed. After the addi tion of 25 seeds 

and 2.5 mL of test solu tions, the Petri dishes were sealed with 

Para film to ensure closed-sys tem mod els. The seeds were placed 

in a growth cham ber (KBW Binder 240) at 25 °C. Bio as says took 

5 d and after growth, plants were fro zen at ¡10 °C for 24 h to avoid 

subsequent growth dur ing the mea sure ment pro cess. This helped 

in the han dling of plants, espe cially in accu rately mea sur ing root 
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and shoot lengths. Data are reported as dif fer ences (in %) from the 

con trols (0%). Positive val ues rep re sent stim u la tion of the param e-

ter stud ied, and neg a tive val ues rep re sent inhi bi tion.

2.7. Phys i cal data for com pounds 1, 3 and 4

Com pound 1 [2-(4-(3-(chloro(2-chlo ro pro pan-2-yl)amino)-2-

hy droxy prop oxy)phenyl) acet am ide]: 1H NMR: d (CD3OD) 7.21 (d, 

J = 9.0, 2H, H-29 and H-69), 6.90 (d, J = 9.0, 2H, H-39 and H-59), 4.58 

(m, 1H, H-20), 4.09 (d, J = 4.9, 2H, H-10), 3.76 (dd, J = 12.7, 6.8, 1H, 

Ha-30), 3.64 (dd, J = 12.7, 7.8, 1H, Hb-30), 3.44 (s, 2H, H-2), 1.48 (s, 

6H, H-60 and H-70). 13C NMR: d (CD3OD) 177.9 (C-1), 159.7 (C-49), 
131.8 (C-29 and C-69), 129.9 (C-19), 116.2 (C-39 and C-59), 104.0 

(C-50), 76.0 (C-20), 71.1 (C-10), 63.2 (C-30), 43.0 (C-2), 27.4 and 25.8 

(C-60 and C-70). ESI-MS: 299.0 [M¡HCl+H]+, 321.0 [M¡HCl+Na]+; 

IR (CH3OH): mmax (ZnSe): 3339, 3166, 2915, 1632, 1404, 1244, 

1032, 828; UV kmax (CH3OH) nm (log e): 222 (3.23), 276 (2.63), 283 

(2.57).

Com pound 3 [2-(4-(3-form amido-2-hy droxy prop oxy)phenyl)

acet am ide]: 1H NMR: d (CD3OD) 13C NMR: d (CD3OD) 8.10 (s, 1H, 

H-50), 7.21 (d, J = 8.5, 2H, H-29 and H-69), 6.91 (d, J = 8.5, 2H, H-39 
and H-59), 4.02 (m, 1H, H-20), 3.94 (m, 2H, H-10), 3.53 (dd, J = 13.7, 

4.9, 1H, Ha-30), 3.44 (s, 2H, H-2), 3.35 (dd, J = 13.7, 6.8, 1H, Hb-30). 
13C NMR: d (CD3OD) 177.8 (C-1), 164.7 (C-50), 159.8 (C-49), 131.7 

(C-29 and C-69), 129.7 (C-19), 116.2 (C-39 and C-59), 71.6 (C-20), 70.2 

(C-10), 43.0 (C-2), 42.5 (C-30). ESI-MS: 253.1 [M+H]+, 275.1 [M+Na]+, 

291.0 [M+K]+; IR (CHCl3): mmax (NaCl) 3002.4, 2941.6, 2827.1, 1737.0, 

1607.3, 1503.5, 1342.6, 1095.1, 1021.8; UV kmax (CH3OH) nm (log e): 

218 (3.17), 230 (3.12), 276 (2.57), 283 (2.51).

Com pound 4 [2-(4-(3-amino-2-hy droxy prop oxy)phenyl)acet-

am ide]: 1H NMR: d (CD3OD) 7.22 (d, J = 8.0, 2H, H-29 and H-69), 6.90 

(d, J = 8.0, 2H, H-39 and H-59), 3.95 (m, 2H, H-10 and H-20), 3.44 

(s, 2H, H-2), 2.89 (dd, J = 13.0, 2.9, 1H, Ha-30), 2.76 (dd, J = 13.0, 6.8, 

1H, Hb-30). ESI-MS: 225.0 [M+H]+, 247.1 [M+Na]+, 263.1 [M+K]+; IR 

(CH3CN): mmax (ZnSe) 3490, 1635, 1242, 964; UV kmax (CH3OH) nm 

(log e): 269 (4.74).

3. Results and dis cus sion

In the chlo ri na tion exper i ments, using aten o lol/hypo chlo-

rite 1:1.5 ratio, the drug was com pletely trans formed after 1 h as 

proved by TLC and 1H NMR anal y ses.

Chro mato graphic puri fi ca tion of reac tion mix tures gave 

three main prod ucts (1–3, Fig. 1). Sim i lar results were obtained 

using an excess of hypo chlo rite and after 1 h com pounds 1–3 

were detected. In an exper i ment the excess of hypo chlo rite 

was quenched by Na2S2O3, and the HPLC anal y sis evi denced 

the absence of di chlo ri nat ed 1 and the pres ence of aten o lol 

and prod ucts 2–4. A rea son able hypoth e sis is that, in this case, 

di chlo ri nat ed 1 could be con verted to aten o lol and/or com pound 

4. At shorter chlo ri na tion time (30 min) only di chlo ri nat ed 1 and 

com pound 4 were detected.

All com pounds were iden ti fied by spec tro scopic means.

The ESI mass spec trum, of prod uct 1, revealed peaks at m/z 321.0 

and 299.0. These ions likely are [M¡HCl+Na]+ and [M¡HCl+H]+. 

The 13C NMR spec trum showed twelve car bon sig nals that were 

assigned by DEPT exper i ment to two meth yls, three meth yl enes 

and three methines. The 1H NMR spec trum showed two dou blets 

at d 7.21 (2H, d, J = 9.0 Hz, H-29 and H-69), 6.90 (2H, d, J = 9.0 Hz, 

H-39 and H-59), of a 1,4-disub sti tuted aro matic ring. These pro-

tons were cor re lated in the HSQC exper i ment at d 131.8 and 116.2 

car bon sig nals, respec tively. The COSY exper i ment showed ho mo-

cor re la tions between the pro ton sig nals at d 4.09 (2H, d, J = 4.9 Hz, 

H-10), 4.58 (1H, m, H-20), 3.76 and 3.64 (2H, dd, J = 12.7, 6.8, 7.8 Hz, 

H-30), cor re lated in the HSQC exper i ment to the car bons at d 71.1, 

76.0, and 63.2, indi cated the pres ence of 3-ami no pro pyl-1,2-diol 

chains group. Fur ther more, the 1H NMR spec trum showed the H-2 

meth y lene pro tons at d 3.44, and the H-60 and H-70 at d 1.48 as 

sing lets. Long-range cor re la tions between the H-10 pro tons and 

the C-49, C-20, and C-30 car bons, the H-30 and H-60/H-70 and C-50 
qua ter nary car bon were pres ent in the HMBC spec trum. All these 

spec tral data were con sis tent with struc ture of 2-(4-(3-(chloro(2-

chlo ro pro pan-2-yl)amino)-2-hy droxy prop oxy)phenyl) acet am ide 

assigned to prod uct 1.

Prod uct 2 was iden ti fied as 2-(4-hydroxy phenyl) acet am ide by 

com par i son of its spec tral data with those of com mer cial sam ple.

The struc ture of 2-(4-(3-form amido-2-hy droxy prop oxy)phenyl) 

acet am ide was attrib uted to com pound 3. It had the molec u lar for-

mula C12H16N2O4 accord ing to the pseudo molec u lar ion at m/z 

253.1 [M+H]+ in its ESI-MS spec trum and the pres ence of 10 car-

bon sig nals in the 13C NMR spec trum. A DEPT exper i ment defined 

the car bons as three meth yl enes, four methines, and three qua-

ter nary car bons. The 1H NMR spec trum showed two dou blets at d 

7.21 (2H, d, J = 8.5 Hz, H-29 and H-69), 6.90 (2H, d, J = 8.5 Hz, H-39 and 

H-59), of a 1,4-disub sti tuted aro matic ring. These pro tons were cor-

re lated in the HSQC exper i ment at d 131.7 and 116.2 car bon sig nals, 

respec tively. COSY exper i ment showed ho mo cor re la tions between 

the pro ton sig nals at d 3.94 (2H, m, H-10), 4.02 (1H, m, H-20), 3.53 

and 3.44 (2H, dd, J = 13.7, 6.8, 4.9 Hz, H-30), cor re lated in the HSQC 

exper i ment to the car bons at d 70.2, 71.6, and 42.5, indi cated the 

pres ence of 3-ami no pro pyl-1,2-diol chains group. Fur ther more, 

the 1H NMR spec trum showed the H-2 meth y lene pro tons at d 3.44 

and H-50 pro ton at d 8.10 (1H, s, H-50). Long-range cor re la tions 

between the H-10 pro tons and the C-49, C-20, and C-30 car bons, the 

H-30 and C-50 methine car bon, the H-50 and C-30 were pres ent in 

the HMBC spec trum.

The struc ture of 2-(4-(3-amino-2-hy droxy prop oxy)phenyl) 

acet am ide was attrib uted to com pound 4. It had the molec u-

lar for mula C12H16N2O4 accord ing to the pseudo molec u lar ion at 

m/z 225.0 [M+H]+ in its ESI-MS spec trum. The 1H NMR spec trum 

showed two dou blets at d 7.22 and 6.90 of a 1,4-disub sti tuted aro-

matic ring; a mul ti plet at d 3.95, a sin glet at 3.44, two dou ble dou-

blets at 2.89 and 2.76 indi cated the pres ence of 3-ami no pro pyl-

1,2-diol chains group.

To get infor ma tion on the pos si ble mech a nism involved in the 

pro duc tion of com pounds 1–3 HPLC/MS anal y ses were per formed. 

Injec tion at 10 min of the chlo ri na tion reac tion mix ture evi denced 

the pres ence of amine 4, N-chlor oat e no lol (5), N-chlo ro amine of 

4(6), and N,N-di chlo ro amine of 4(7). All these com pounds dis ap-

peared after 1 h of chlo ri na tion as proved by HPLC/MS anal y ses.

On the basis of the lit er a ture data (Arm es to et al. 1998; Pink ston 

and Sed lak, 2004), the chlo ri na tion of aten o lol should give N-chlo-

ri na tion of its sec ond ary amino group and subsequent for ma tion 

of primary amino deriv a tive (4), by loss of HCl and hydro ly sis of 

imine inter me di ate (Scheme 1). (N-Halo)-al co hol am ines (5–7) 
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Fig. 1. Struc tures of aten o lol and com pounds 1–4.
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also undergo frag men ta tion (Arm es to et al., 1997) giv ing alde hyde 

(8) (Scheme 1). This prod uct could give an halo form reac tion with 

hypo chlo rite, as also observed for non-methyl ketones (Ro then-

berg and Sas son, 1996), to obtain the a,a-dic hloroaldeyde (9). This 

lat ter could be hydro lyzed to prod uct 2 and gly oxy late. Gly oxy-

late could fur ther react with N–Cl amine 4 to give an inter me di ate 

(N–Cl)-hemia mi nal (10) (Böhme and Sada nan dam, 1973; Joo and 

Mitch, 2007), which decom poses to give prod uct 3. Form am ide 

deriv a tives have been reported pre vi ously dur ing chlo ri na tion of 

sec ond ary alkyl amines but for ma tion mech a nisms remain unclear 

(Mitch and Sed lak, 2002). For ma tion of di chlo ri nat ed com pound 1 

could be due to the fur ther chlo ri na tion of the N-chlor oat e no lol (5, 

Scheme 1). This sub sti tu tion reac tion of the hydro gen (H-50) with 

Cl could com pete with the elim i na tion of HCl that gives the imine. 

As far as we know di chlo ri nat ed prod ucts weren’t iden ti fied in the 

chlo ri na tion of sec ond ary amines.

Aten o lol, chlo ri na tion prod ucts (1–3), and chlo ri na tion mix ture 

(1 h, after evap o ra tion and de sa li fi ca tion) were tested for their phy-

to tox ic ity on the seeds of Lact u ca sa ti va. This spe cies was selected 

as rep re sen ta tive of main dicot y le don com mer cial crops (Ma cias et 

al., 2000). It has been used exten sively as a test organ ism because 

of its fast ger mi na tion and high sen si tiv ity, and allows com par i-

son of bio as say results for many dif fer ent com pounds (Leather, 

1983; Yu and Mat sui, 1994). The chlo ri na tion reac tion mix ture was 

tested on L. sa ti va at 3.0, 0.30, 0.030, and 0.003 ppm in order to 

eval u ate the inhib i tory or stim u la tory effects on ger mi na tion and 

seedling growth. The results expressed as % inhi bi tion or stim u la-

tion respect to the con trol, showed that the mix ture inhib ited ger-

mi na tion of »35% at all con cen tra tions tested, while slight effects 

were observed on root length (»9%). The shoot elon ga tion was sig-

nifi  cantly reduced and 87% inhi bi tion was observed at all tested 

con cen tra tions. Aten o lol and the chlo ri na tion prod ucts were also 

tested against L. sa ti va and the activ i ties were com pared with 

that of pen di meth a lin (P), a com mer cial pre-emer gence her bi-

cide widely used in agri cul ture. Aque ous solu tions of aten o lol and 

com pounds 1–3, rang ing between 10¡4 and 10¡7 M, were tested on 

ger mi na tion, root length and shoot length of treated let tuce seeds 

(Table 1). The effect observed was an inhi bi tion of ger mi na tion of 

L. sa ti va pro duced by com pounds 1–3 higher than that observed 

for aten o lol and com pa ra ble to that of pen di meth a lin. The root and 
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Scheme 1. Pro posed reac tion path ways for the reac tion of aten o lol with hypo chlo rite. Boxed struc tures rep re sent iso lated prod ucts. Brack eted struc tures rep re sent pro posed 

reac tion inter me di ates.

Table 1

Activ ity of aten o lol and com pounds 1–3, and pen di meth a lin (P) on the ger mi na tion, root elon ga tion, and shoot elon ga tion of Lact u ca sa ti va

Ger mi na tion Root elon ga tion Shoot elon ga tion

M 10¡4 10¡5 10¡6 10¡7 10¡4 10¡5 10¡6 10¡7 10¡4 10¡5 10¡6 10¡7

Aten o lol ¡3 ¡11a ¡18a ¡22a 1 ¡8 1 8 8 ¡5 8 7

1 ¡33a ¡32a ¡33a ¡30a 19b 32b 2 ¡10b ¡10b 10 ¡6b 4

2 ¡19a ¡28b ¡29a ¡27a ¡7 ¡21 7 5 5 ¡7 ¡7 5

3 ¡29a ¡32a ¡30a ¡36b ¡14 ¡15 ¡6 1 1 4 8 ¡19

P ¡36b ¡38a ¡40a ¡41a ¡78a ¡78a ¡78a ¡78a ¡78a ¡87a ¡87a ¡87a

Val ues are pre sented as per cent age dif fer ences from con trol and are sig nifi  cantly dif fer ent with P > 0.005 for Stu dent’s t-test.

A positive per cent age rep re sents stim u la tion while neg a tive val ues rep re sent inhi bi tions.
 a P < 0.01.
 b 0.01 < P < 0.05.
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shoot lengths were slightly affected by the com pounds in respect 

to the pes ti cide.

The results of the phy to toxic exper i ments indi cate that aten o lol 

and par tic u larly its chlo ri nated reac tion prod ucts may have neg a-

tive effects on the plant growth. Tested con cen tra tions are much 

higher than those even tu ally pres ent in efflu ents of STP, but bio-

ac cu mu la tion, caused by con tin ual irri ga tions, could make dan ger-

ous these prod ucts.

Aten o lol could rep re sent a model of basic drugs that con tain 

sec ond ary amines.
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