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Abstract: Toxicity of silver nanoparticles in seed germinatiand seedling growth of plants is a serious
problem in environment. Ric&(yza sativa, variety: Jaya), MustardBfassica campestris, variety: M-27) and
Green gram\(igna radiata, variety: K-851) were used as test seeds in tiudys Silver nanoparticles were
prepared by standard chemical reduction method atlheamulation of these nanoparticles inside seétkssb
plantshas been reported in this study by AAS (Atomic Apsion Spectrophotometer) analysis. A gradual
increase in the accumulation of Ag nanoparticleseeds was obvious with increasing Ag nanoparticle
concentrations. Seeds Ofsativa presented relatively low Ag nanoparticle accumatatevels in our study.
Seeds ofO.sativa and V.radiata showed an improvement in Ag accumulations at aficentration of Ag
nanoparticle solution within three days of treattn&vie have observed that the level of Ag nanogartmund

in test seeds increased with increase in concemisatUptake of Ag particles was observed moreQfi01
pg/mL than 500 pg/mL and 50 pg/mL of Ag nanopaeteblution in all test plants.

Key words: Nanoparticles, Reduction, concentration, Accumafatind AAS (Atomic Absorption
Spectrophotometer).

1. Introduction

According to a nanotechnology consumer productsritory, there were about 580 products in the databib
October 2007, which was an increase of 175 % filoosd recorded in March 2006. The maximum category,
about 61 % of products, belonged to health andedgnwhich includes clothes, cosmetics and sunstreen
Comparatively food and beverages products make Idf #he database, most commonly used nanoparticles
being carbon and silver. Short term influence ¢itaj palladium, gold and copper nanoparticles oso#h
microbial community and the germination of lettuseeds are investigated at different concentratmis
nanoparticles. Shoot and root ratio of Lettuce seeds reported significant reduction compared tatrob
when exposed to nanoparticle solution. No significaffect of nanoparticles on the soil was foundtioa
number of colony forming units, peak areas of meeéisyer of fatty acids in the FAME profile or oretkotal

soil community metabolic fingerprinP$0.05). Effects of Aluminum oxide (nADs), silicon dioxide (nSi@),
magnetite (nF©,), and zinc oxide (nZnO) were also reporteddvabidopsis thaliana. Out of the four selected
nanoparticles ZnO particle has caused adverset @ifieseed germination, root elongation and numbbraves

of Arabidopsis thaliana®. Effect of silver nanoparticles on reduction ofrbass and transpiration rate was also
reported inCucurbita pepo. The adverse effect dd. pepo was more prevalent in nanoparticles than bullesilv
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solutions (4.4 to 10 times more)ptake of silver nanoparticles was reporteiassica juncea andMedicago
sativa plants. Depending upon exposure periods and ctratiem, they showed different uptake of particles
inside the cellsB. juncea when exposed to 1000 ppm of Aghiéhowed an uptake of 12.4 % wt. of silver after
71 hours. WhileM. sativa showed 13.6 % wt. of silver at 10,000 ppm of Agi\Edlution after 24 hours of
exposuré Bioaccumulation of nanoparticles increased wittréase in concentrations of growth media and
their bioavailability to test plant was calculatgdthe bioaccumulation factor. Effect of copper aparticles on
zucchini plants showed inhibition of root lengthsieedling compare to conttol

2. Materials and methods
2.1 Synthesis of Ag Nanoparticles:

Silver nanoparticles were synthesized by chemiedlction method with slight modifications. The ss
involves total conversion of ions into particlespgresence of stabilizing agents. Silver nitrateutboh was
reduced in distilled water by sodium borohydridepresence of Tween-20 (surfactant). The solution ge
changed to yellow colour indicates formation of oygarticle after vigorous shaking.

2.2 Seed sterilization and seed germination:

Surface sterilization of seeds was done by immgrsiirem into 10% sodium hypochlorite solutions fen t
minute$. After this seeds were rinsed with distilled wétarthree times. The germination process was tiyne
putting a piece of filter paper (Whatman No.1) terdized petriplate after seed soaking and 5 mlLtest
medium was added into it. Ten sterilized seeds waresferred into each petriplate and they weregaldan an
incubator at 30°C

2.3 Treatment of seeds with silver nanoparticle solution:

Different concentrations of silver nanoparticle vgrepared. 5 mL of each silver nanoparticle coinagan
was added to surface sterilized seeds. The seeds pleced over moist filter paper (Whatman No.1) in
sterilized petriplate at 30°C for incubatiGns

2.4 Atomic Absor ptions Spectrophotometer (AAS) analysis:

Atomic absorption — Flame (F-AA) was used to gusrttie silver nanoparticles content in seeds deriht
intervals of nanopatrticle treatment. All the expents were done at Department of Chemical engimgeliiT
Guwabhati (Varian, Model no-AA240FS). The sampleparation for detections was prepared as followed at
Department of Chemical engineering, IT Guwahatialyses were conducted in triplicate. Seeds tleatth
different concentrations at different time intes/dll, 3, 5 and 7 days) during seed germination® \&¢s0
analyzed. Treated seeds were first rinsed withwaier followed by distilled water. The samples wslieed
into small pieces and stored in refrigerator at. 88&@mples of 3.0 g were oven dried at 70°C for @rdrand
dry weight of sample was calculated. The dried damas then placed in muffle furnace at 700°C ®hdurs.
The ash was dissolved in 5 mL of 20% HCL and thet®ms were transferred to 500 mL beaker. The glam
dishes were rinsed twice with 1 mL of conc. HCL dhcke times with 15 mL of 10% HCL. Samples were
covered with watch glasses and heated on a hat platil boiling. 10% HCL was added to avoid sample
drying. Samples were then cooled at room temperatormediately, 1 mL of HN®and 3 mL of HCL were
added. Samples were filtered into 100 mL volumdtasks after cooling. Final volume will be adjus$teith
10% HCL.

3. Results and Discussion

NaBH, was found to be effective in controlling the unifoty of particle size distribution and for
stabilizing nanosized metal particles. Excess @dMavas useas a reducing agent in the preparations of silver
nanoparticle in double distilled water with slighbdification in the standard method. Thus, the remsiof Ag
that would present in the solution in additionstte nanoparticle would be significantly small. Nag616 x 10
¥ M) was used as reducing agent for synthesis eérsitanoparticles in LB media. Polyoxyethylene sorbitan
monolaurate (ester) is the trade name of TweenA2Oi@usually a nonionic surfactant. 0.1 % Tween23
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used during preparation to prevent aggregationaofighe in double distilled water. Surfactant wased not
only to prevent aggregation of particles but iateduces surface tension and brings about reattingef
tissues'®. Nanotoxicity has been the research focus of mamylications including several revieWs’
Nanoparticles such as SWCNT and Ti®as been widely used as test materials to retveal toxicity
mechanisms. However, available information on tbjsic was too scarce to reach at any consequerices o
nanotoxicity and its mechanism.
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Figure 1. Standard curve of Ag nanoparticle solutionsfor Atomic Absorption Spectrophotometer
analysis.

The result shows the accumulated weight of Ag plarper dry weight of plant (mg/Kg) as functionshaith
Ag concentrations and exposure tifkég 1 reveals that there exist a correlation betweerngxe time, Ag
concentrations and Ag content in consistent forthsvas observed tha. sativa seeds uptake more than two
times of Ag particle within three days at 50 ug/@00 pg/mL and 600 pg/mL of Ag nanoparticle solutio
After 3° day, the Ag content oD.sativa seeds was increased to 8.33+0.55 mg/Kg, 13.3+fnfXKg,
18.03+0.32 mg/Kg and 22.06+1.65 mg/Kg at 50 pg/r200 pg/mL, 600 pg/mL and 1000 pg/mL of Ag
nanoparticle concentration respectively. The AgteononO.sativa seeds was found to be even more affer 5
day due to continuous uptake of Ag particles frogxmanoparticle solutiorD.sativa seeds showed an increase
in Ag uptake from 3.30+0.34 mg/Kg to 22.0+0.50 mgMhen exposed to 50 pg/mL Ag nanoparticle solution
within 7 days of treatment. More than five timdsesi uptake was reported (b sativa seeds at 200 pug/mL and
at 600 pg/mL of Ag nanoparticle concentration witfii days of treatment. However within 7 da@s sativa
seeds showed four times more uptake of Ag conteenvexposed to 1000 pg/mL of Ag nanoparticle sofuti

V.radiata seeds, after*1day of treatment reported an Ag uptake of 4.50801%y/Kg, 7.03+0.28
mg/Kg, 9.60+£0.20 mg/Kg, 13.06+0.23 mg/Kg and 15@02 mg/Kg Ag particles at 50 pg/mL, 400 pg/mL,
800 pg/mL, 1200 pg/mL and 1600 pg/mL of Ag nandplertconcentrations respectively.radiata seeds
reported four times more accumulation of Ag paetielt 50ug/mL and 400 pg/mL of Ag nanoparticle
concentration within 5 days of treatment. It wasadbserved that.radiata seeds uptake more than three times
within 5 days at 800 pg/mL, 1200 pg/mL and 1600mlgtoncentration of Ag nanoparticle concentration.
More than six times increase in Ag uptake\bsadiata seed was reported within 7 days, when expose@ to 5
pg/mL concentration. Ag uptake was increased t63%).75 mg/Kg and 44.56+1.48 mg/Kg at 400 pg/mL and
800 pg/mL Ag concentration respectively aft8rday of treatment. However 1200 pg/mL and 1600 jLgAm
nanoparticle concentration exposedvtoadiata seeds showed more than four times Ag uptakesmwithdays
of treatment.

. Exposure oB.campestris seeds to 50 pg/mL of Ag concentration reportedharease in Ag uptake
from 3.46+0.35 mg/Kg to 13.96+0.86 mg/Kg within ébr days of treatment. Aftef®ay, Ag uptake by
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B.campestris seeds was increased to 17.5+0.36 mg/Kg, 21.43+thgKg and 24.86+2.08 mg/Kg when
exposed to 400 pg/mL, 800 pg/mL and 1200 pug/mL ofnanoparticle solution respectiveB.campestris
seeds reported seven times increase in partickke@t 50 pg/mL within 7 days. ExposureBxtampestris
seeds to 400 pg/mL and 800 pg/mL of Ag nanoparsolation resulted an uptake of 34.3+0.50 mg/Kg and
41.60+0.36 mg/Kg respectively, after 7 days oftment. Moreover 1200 pg/mL of Ag nanoparticle shdwa
increase in Ag uptakes by more than three timesini7Z days of exposure period. The highest Ag
concentration found irB.campestris seeds was 15.90+0.72 mg/Kg of Ag particle at 16@0mL of Ag
nanoparticle solution afterlday of exposure. The Ag content in seed8ohmpesiris increased in plants
exposed to 1600 pg/mL of Ag nanoparticle solutidremwcompared to the other Ag nanoparticle concimtisa
(50 ug/mL-1200 pg/mL) after®day of exposure. It was also reported that higherAg metal concentration
(10000 ppm) in growth media and exposure perioghdr will be the accumulation of Ag metal B juncea
andM. sativa (Harris and Bali, 2007). In our study,radiata seeds reported four times more accumulation of
Ag particle at 50 pg/mL and 400 pg/mL Ag nanop#tmoncentrations within 5 days of treatment coragar
B.campestris and O.sativa seeds. A slight increase of Ag particle was oberin seeds oB.campestris
exposed to 50 pg/mL Ag nanoparticle solutions whempared tdO.sativa and V.radiata after &' day of
treatment. The increase in Ag nanoparticle conaéiotr did not affect the accumulation level of Aaytcles in
seeds of test plants. The content of Ag particleséeds was nearly four times higher Breampestris
(47.16+1.36 mg/Kg) and.radiata (57.60+1.86 mg/Kg) at the end of the experiment.
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Figure 2: Ag uptake during germination of treated seedsA)f@.sativa, (B) V.radiata and (C)B.campestris
from different concentration solution after diffatgoeriod of treatments.

O.sativa seeds showed an increase in Ag particle uptakeuryfold when exposed to 1000 pug/mL of
Ag nanoparticle solution within 7 days of treatmdhtradiatus andT. aestivum reported an increase in metal
uptake when exposed to 1000 mg/L of growth medeeét al., 2008). Reports regarding the accumulation of
nanoparticle on seed are very limited, so this lohdtudy should be quite useful in predicting titake of
nanoparticle during seed germination.
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