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Um roérodo bioKgS« stisples, rapido e quantitativo para a anaBsc d*
smetrina isS aguas superficias e subterraneas foi comparado a unt por
¢Tumétograflagasosa com detetor dé massas (CO/MS). Este iaéiodofoi
baseado na atividade da amfetrina «n inibii 6 ttescimento das radicu-
ias das sementes de Lactuca sativa L.O procedimento apresentou sen-
sibilidade ef)*0Ifi"L efoi aplicado até a wOéniysaKS de O.dfig'l. Este-
rilizac8o, setecdo prévia das sementes e «juipumenios especiais ndo fe-
rsBi requeridos, Pesta forms ojadmaos que o método bidt¢"ico aprt-
senta ieitsabtiidade coaipRiivoi comomuatogriSoi (CG/MS). Noen-
taflMa bafeftcorrelagao entre €Smétodos Sugere obioénsaidapenas G-
m« método de trtsgcm na avaliacdo de residuos de mnetrina em figua.

Asimple- rapid, and quantitative bioassay juethod was compared to
a gas chromatography hnass spectrometry (GC/MS) procedure for
the ansdySiS of saiétryti in surface aad groundwater, This method tcss
based on the activity of ametryn in inhibiting the growth ef the psi-
maryrootand shootof gevmir.ating i#p«e,£acfl«Uisatha L seed*lhe
procedure was sensitive to 0-01 ig/l Andw&s applicable from tins can-
celiRAtion up to 0.6 jig/1, initial surface sterilization of fee seed-selec-
tionof pregerminated Seed of certain root lengths, and special equip-
ment are not necessary. So, we concluded that the sensitivity ofthe
bioassay method is eompatibie with the ehnmiatographic method (Gt--
MS}. However, the study of the cwxglation between methods sugge-
sts that the bioassay should be used only a? a screening technique for
the ivafeatian of ssnctryn residues in water.

RiasSINTO

wit mewdo tiioit)£i«i semplicc, rapido e quantitativo persaggiare lapre-
s s a diametrinantllaaeque di superficie e di faldaesiaiomfsso a con-
fronto com lagaseromaiografiae laspettrometria di massa. Qnesio me-
tod«si basftsuila capacib dell'smetrina dimibir6 la cresdta delie radi-
ei primarie s-del dentiogiio dills lattaga (Laciuca salivaL.). Il metodo
& sensibis a paitiri da 0,01 ug/1fino a 0.6 tig/L. Non & necessario steri-
itzzare ia Stiperficle del seme, seieiioniiré seme com daterroinate lill-
gheft della radice e non & necessario aieun f truitiento particolare. La
eombinazionedel metodo bioiogjeo coo»iR gjii'Crom3iogn»fia puo rap-
preseotare un sistema di.saggio della prrsenza delia antetriria«modo
e poco costoso per jn<mitoraggi delle acgne su Larga Siai3.
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INTRODUCTION

he beneficial etfects of herbicides are someti-
mes affected by their persistence in the. envi-
ronment Water may be contaminated by hir-
bicides from aerial spraying, run off from land
treated by direct introduction ofherbicides into watertc con-
n'd aquatic weeds, and leaching to groundwater. Hie avai-
lability of a monitoring system far herbicides, particularly
in flowing waters such as irrigation canals is essential so
that damage to the environment, crop plants through the use
ofcontaminated water, and human health can be avoided «a
isik _4metryn. a member of the triaziné family. is a herbi-
cide which is used to control broadieaf wesds and annual
grasses in pineapple, sugarcane and bananas. It is used or.
com and potato crops for general weed control ~ Ams-
try'nis half-life in soil t the amount of time it takes to degra-
de to half of die original concentration, is 70 to 250 days,
depending on the soil type and weather conditions. E>egra-
dation from die soil is principally by microbial process. Ame-
try’n moves both vertically and laterally in soil due to its hi-
gh tvatsr solubfiity. Because itis persistent, it may leach as
aresult of high rainfall, floods, and furrow irrigation - u -.
Ametrjn is slightly toxic to humans, Simptoriis of acute ex-
posure to high doses include nausea, vomiting, diarrhea,
muscle weakness, and salivation. Ametryn is moderately ir-
ritating to the eyes, skin, and respiratory tract,4, Triazines
as selective herbicides were introduced abou: 30 years ago.
Determination, of the movement, leaching, and residual pro-
perties of herbicides in water can be accomplished by the
use of analyticals,s :s or bioassay * techniques. In
;he present study, we reported the application of bioassay
and GC/NIS methods for the analysis of ametryn resides in
surface and ground water from the Espraiado Stream wa-
tershed located southeast of the town ofRibeirdo Preto. SP,
Brazil. Thiswatershed is located in a region of intensive su-
gar cane monoculture, the third culture in the country in
terms of pesticide application and because it represents one
ofthe recharging points of the water table of Botucatu aqui-
fer, the largest and the most important one in the center-
south region of Brazil, including eight Brazilian states and
pans of Argentina, Uruguay and Paraguay

MATERIAL AND METHODS

W ater Samples

Surface water samples (1 liter} wgre collected from the
Espraido watershed (Ribeirdo Preio, $P, Brazil - Figure
1) during the period from October 1905 to July 1996, at
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Flc-1,Sisesof .ur::” and gtoond waters samples

nine different points. Groundwater samples from sites near
the river were collected during fee same period. The wa-
ter samples were stored in amber flasks and kept at 4 C
‘until analysis,

Reagents

The standard solutions of ametryn (100%, Supelco. inc.,
Bellefonte, PA, USA) was prepared in chromatography
grade methanol (EM Science, Gibbstown. NJ, USA) atre-
spective concentrations of 0.5, 1.0 and 1-0 tng/mL. The
stock solutions were used to prepare, dilutions at concen-
trations of 0,03,0.2 and 0.4 ug/mL,

The ostffcine solution used is internal standard was pre-
pared in methanol at the concentration of 5 jjg/mL. The 4
M sodium hydroxide solution was prepared in water pu-
rified with the Milli Q® system (Millipore, Sic Paulo, Bra-
zil) sad washed with dichloromefeane: isoprppanol (9:1,
v/v). Chromatography grade ethyl aeatat* (EM Science,
M&liinckrodt, Phillipsburg, NJ, USA) usdd for the extrac-

tion of ametryn from the water samples was purified by
distillation.

GC/MS conditions

The presence of ametryn in water samples was confirmed
using a Shimadzu GC-M3 system model QP5000 (Kioto,
japan) consisting ofa gas chromatography equipped with
&split/splitless injector (ti =240 IC, spiitless, 0.75 mis sam-
pling time. Selective detector operating in the SIM mode
(electronic impact, 70*v). The ametryn was separated on
2 0.25 mm x 30 m DB-5 capillary column, with 0.25 ttm
film thickness (J&W Scientific, Folson, C-A USA), The
column was maintained at 60“C for Imin and then heated
at 20";C7min up to 150CGC and at 10'C/min up to 2S0*C,
Helium was used as the mobile- phase, at a total flow rate
of 2S tnl/min. Monitored ions: ametryn: 227, 212; caffei-
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Sample preparation

Xh,, traction procedure consisted of fee addition of 100

~  of water samples, previously filtered through 0.*~ ,um
mem bers (Miffipore, 5$0 Paulo, Brazil) toiem *m -
xsrial in suspension. After the- addition ot ~ ~ n

M NaOR solution supplemented wima H om -
'standard solution (caffeine, 5 ugftnl). the sample,

w e d with 15 ml of ethyl acetate. After shaking to. one
hour organic ph**s - r e transferred to testiubesand
centrifuged at 1800 g for 5 mm for fall separation o the
aqueous phase-- VVolumes of 5 mL ofthe organic layers v. fi-
re transferred to come tubes and evapcrat® dryn”~tm -
der a nitrogen flow, at the temperature of lhe r?
sidues were dissolved in 25 uL acetone., residue analysis
erate (EM Science) end 2 pi were chromatographed un-
der the conditions described above.

Calibration curves

The calibration curves were obtained by spiking 100 ml
aliquots of water purified inaMILLI Q®-plus system (Mil-
lipore, S&o Paulo, Brazil) with 25 pi of each standard so-
lution, resulting in concentrations of 0.02 to 0.1 ji/1 wa-
ter. lathe CG-MS analysis the water samples were also
spiked with 25 jil of internal standard Solution (caffeine 5
pg/ml).

Bioassay

The Lactuca sativa L seed used was a commercially avai-
lable variety, Casa Massaro Sementes Ltda, Ribeirdo Pre-
to, SP, Brazil, Whatman n. 20 filter paper disks were pla-
ced on lo x 1,5 cm Petri dishes and soaked in 4.0 jiL cf
water samples in quintuplicate. Ten seeds Were placed on
each plate and nidiatdined at 25*C for 72 hours, with 80-
90% relative afchumidity and a 1:5hour photoperiod (ap-
proximately 3S00 lux). The ametryn concentrations in the
samples were evaluated on the basis of inhibition ofroo-
tlet growth in Lactuca sanva L i9seedlings.

Solutions of ametryn of unknown concentration, may be
subjected to the procedure herein described, and growth
inhibition may be expressed in percentage of control. This
may then be compared with the standard curve, and the

presumptive concentration of ametryn may be thereby
sscertaindd.

Calibration curve

The calibration curve was obtained by spiking 100 ml ali-
quots of water purified in a Milli Qiy-pius system with 25
pi of each standard solution, resulting in concentrations of
0.01 to 0.6 pg/1. The calibration curve was constructed by
plotting the percentages of rootlet growth in relation to the
control on the ordinate, in a probability scale, and the ame-
tryn concentrations (pg/L) on the abscissa .
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RUaULIS AND DISCUSSION

The calibration curve presented in Figure 2 shows that the
inhibition of La.ctu.ca saliva L. rootlet growth was linear
in the concentration range of ametryn in water 0f0.01-0.6
ug/L. The data presented in Table | suggested the occur-
rence of stimulation ofrootlet growth in some- samples.

Comparison of the ametryn concentrations in water sam-

Fig. 2. Bioassay calibration carve for ametryn concen-
trations of 0,01 - 0.6 jig/L Raft grouth was plated on
probability scale against ametryn concentration in wa-
ter (y =1-42» 2.0Sx; r =0.752)

pies analyzed tv GC-M3 krid by bioassay (figure 3) de-
monstrates results of the same order of magnitude but the
low correlation coefficient (r = 0.367) suggests that the
bioassay shouid be used only as a screening technique in
the evaluation ofwater contamination by ametryn residues,
it should be emphasized that the bioassay method, despi-
te its low specificity, presents the advantage of detecting
residues at concentrations below the Maximuni Adtnissi-

Fig, 3. Ametryn concentration in surface water deter-
mined by bioassay and CG-MS (y = 0.09 - 1.49x: r =
0.357)

iable I. Aawtrj® concentration determined by bioassay in water samples

Sample

Date collected Raet grouth Sact grouth Ametryn
(mm) percafii of concentration
mean + SD control (%) (jig/L)
1
jiB 15/01/96 2.75+0.35 135.7 ND
2C 13/12/95 2,02 +0.18 99.7 0.01
9A 13/12/95 1.46 £0.20 72.0 0.40
4B 13/12/95 177+ 0.24 87.4 0.05
! 40 15/01/96 1.93 +0.34 95.3 0.02
9B 19/03/96 2.19 £0.20 10S.0 ND
7B 15/01/96 2.00+0.16 98.7 0.01 !
1A 13/12/95 2.58 £0.30 129.0 ND
4D 13/12/95 2.40 £ 0.25 120.0 ND
3D 13/12/95 2.00+0,12 $8.7 0.01
3C 15/03/96 2.87£0,33 143.5 ND
7B 13/12/95 2.00 £ 0.27 98.7 0.01
4B 19/03196 2.01 £0.19 99.2 0.01
3B 31/07/96 2451 0.22 122.5 ND
2D 15/01/96 1.S5 +0.23 925 0.021
5A 15/01/96 2.40 £0.20 120.0 nd ;
NB = net detected in concentration eoaal or afcove 0.01 ug/L
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