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Abstract

Using of ethylenediaminetetraacetic acid (EDTA) and synthetic surfactant increase the
chemical contamination in water. The co-phytotoxicity of EDTA (0 — 20 mg/l) and 3 synthetic
surfactants; Triton X-100 (0-10 x CMC), Tween 80 (0-10 x CMC) and sodium dodecyl sulfate (SDS)
(0-2 x CMQC) on the growth of 2 duckweeds, Spirodela polyrrhiza and Lemma perpusilla,
were studied for 3 days. The results showed that the surfactant were phytotoxic on the
growth of both plants while EDTA was not. SDS was the most toxic to plant especially on all
chlorophyll content. Triton X-100 was only toxic to the growth of L. perpusilla and weight of
S. polyrrhiza. Tween 80 was less or the least toxic to both plants. This surfactant only
decreased chlorophyll a and total chlorophyll content of S. polyrrhiza and L. perpusilla.
There was not any interaction between EDTA and surfactant on most toxicity tests. With these
results, synthetic surfactant contamination should be more concerned than co-contamination
with EDTA.
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Triton X-100 0.12+0.01b  0.009 + 0.001a 11.3+0.7a 48 +0.7a 16.1 + 0.4a
Triton X-100 (1xCMC) 0.19 + 0.01a  0.006 + 0.000b 5.7 +0.5b 3.4 +0.3a 9.2+ 0.5b
Triton X-100 (1xCMC) 0.11+0.02b  0.004 + 0.001c 1.4 +0.2c 1.2 +0.2b 2.6 £0.2c

EDTA 0.2 fiadnSunaans

No Triton X-100 0.15 + 0.01a 0.010 + 0.001a 10.7 £ 0.9a 4.1 + 1.0a 14.8 + 0.7a
Triton X-100 (1xCMC) 0.16 £ 0.03a  0.005 + 0.001b 4.6 + 1.0b 2.9 + 1.0a 7.6 £ 0.6b
Triton X-100 (10xCMC) 0.12 +0.02a  0.005 + 0.000b 1.2 +0.2c 1.1 £0.3b 2.4 + 0.3c

EDTA 2.0 fiadnSuneans

No Triton X-100 0.13 + 0.02a 0.011 + 0.002a 12.5 + 1.5a 5.4 + 1.6a 17.9 £ 0.9a
Triton X-100 (1xCMC) 0.11 £0.02a  0.004 + 0.001b 2.6 £ 0.5b 1.9 + 0.6b 4.4 +0.3b
Triton X-100 (10xCMC) 0.16 £ 0.01a  0.005 + 0.000b 1.6 +0.1b 1.4 +0.1b 3.1+0.1b

EDTA 20 fiadnSuneans

No Triton X-100 0.12 + 0.01b  0.009 + 0.001a 12.1 + 1.4a 5.0+ 1.2a 17.1 + 0.9a
Triton X-100 (1xCMCQC) 0.20 + 0.03a  0.004 + 0.001b 3.7+ 0.2b 25+0.2b 6.2 +0.1b
Triton X-100 (10xCMC) 0.11 £ 0.01b  0.004 + 0.000b 2.1 + 0.9b 1.1 +0.2b 2.9 + 0.6C
Triton X-100 = [ R ** **
EDTA ns ns ns ns ns
Triton X-100 * EDTA o] ns ns ns **

ShwsnwsanguiidnasiuansauLanasessdidud Ry nada (P<0.05) seninanududuvessiviazatefissfu
AMUELdULad EDTA widy fade: ns = lufidudnAny; ** = unnsnsiuseadidedAgde (P<0.01)

3UR 2 mawsdulavewnudadniuansazate EDTA 20 fadnsusiedns Tauiulvsneudnd-100
e leieulawdadauin WWunan 3 u
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NINLUUA drwiin (ndu) aaalsiad (RadnSuraiiadans)
Ywinan Yrwinusie paalsiladie  naslsiadt  maslsiadinaviun

EDTA 0.0 iadnsusiodnsiNo
SDS 0.12 + 0.01a  0.009 + 0.001a 11.3 +0.7a 48 + 0.7a 16.1 + 0.4a
SDS (1xCMCQ) 0.09 + 0.01a  0.004 + 0.000c 5.1+ 0.5b 1.4 + 0.4b 6.5+ 0.2b
SDS (2xCMCQ) 0.12 + 0.0la 0.006 + 0.001b 55+ 0.3b 1.8 + 0.3b 73 +0.1b
EDTA 0.2 fadnsuseans
No SDS 0.15 +0.01a 0.010 £ 0.001a 10.7 = 0.9a* 4.1+ 1.0a 148 + 0.7a
SDS (1xCMCQ) 0.11 £ 0.0la  0.005 + 0.000c 6.2 + 0.6b* 1.9 + 0.3a 8.1 + 0.4b
SDS (2xCMCQ) 0.13 + 0.02a  0.007 + 0.001b 5.0+ 0.8b 2.6 + 0.5a 6.9 + 0.6b
EDTA 2.0 fiadnsusieans
No SDS 0.13 + 0.02a 0.011 + 0.002a 125 + 1.5a* 54 + 1.6a 179 + 0.9a
SDS (1xCMC) 0.14 + 0.02a* 0.007 = 0.001b 6.8 = 0.9b* 20+0.7b 8.9 + 0.6b
SDS (2xCMC) 0.17 £ 0.03a  0.008 + 0.01ab 6.9 + 0.5b 2.0+0.2b 8.9 + 0.4b
EDTA 20 fiadnsunodns
No SDS 0.12 £ 0.01a 0.009 = 0.001a 12.1 + 1.4a 50+1.2a 17.1 + 0.9a
SDS (1xCMCQ) 0.15 + 0.02a* 0.010 + 0.001a 7.1 + 0.5b* 1.9 + 0.3b 8.9 + 0.6b
SDS (2xCMCQ) 0.16 + 0.01a 0.006 + 0.000b 7.7 + 0.6b* 2.3+ 0.6b 10.0 + 0.6b
SDS * EDTA ns il ns ns ns

gnwsnwdinguidnasiusansauuanaegldudfamieadn (P<0.05) serinenududuvesiviazaieiisziu

o

ALY EDTA Wiy * uansauuansgeesiitoddgy (P<0.05) 910 EDTA 0.0 fiadniusedns seninevsvuua
. %

A v = a T BV VI N o o Py o Lid i orpd o o Lo
AlgsuansanusFaRsEAuReItU fage: ns = 1NNUSGWﬂﬂJ = ULANANNUBYNUULEIALY (P<0.05); ** = LANANNAUDYS

TfedAnyds (P<0.01)
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73NUUA Ywiin (n3w) aaslsilaa (Radnsudefiadans)
dwdnan  thudnut aaalsiadte naelsilasd  Aaolsiladnarun

EDTA 0.0 fiadn3usio
ans 0.12 + 0.01a 0.009 + 0.001a 11.3 £ 0.7a 4.8 +0.7a 16.1 = 0.4a
No Tween 80 0.08 + 0.02a 0.019 + 0.005a 4.2 + 0.5b 1.8 £ 0.5b 6.0 + 0.4b
Tween 80 (1xCMC) 0.08 + 0.03a 0.019 + 0.006a 5.2+ 0.8b 2.4 + 0.6ab 7.6 +0.8b
Tween 80 (10xCMC)
EDTA 0.2 siadnsusio
ans 0.15 £ 0.01a 0.010 + 0.001a 10.7 £ 0.9a 4.1 +1.0a 14.8 + 0.7a
No Tween 80 0.10 + 0.05a 0.016 + 0.008a 4.5+ 1.0b 2.4 + 0.4a 6.2 + 0.9b
Tween 80 (1xCMCQ) 0.08 + 0.03a 0.019 + 0.006a 51+ 1.1b 2.2+ 1.2a 7.3 +0.8b
Tween 80 (10xCMC)
EDTA 2.0 fladinSusie
ang 0.13 + 0.02a 0.011 + 0.002a 12.5 + 1.5a 54 + 1.6a 17.9 + 0.9a
No Tween 80 0.12 + 0.02a 0.017 + 0.006a 59 +0.7b 25+ 0.4b 8.4 + 0.8b*
Tween 80 (1xCMQ) 0.11 + 0.02a 0.018 + 0.004a 5.4 +0.7b 2.3+ 0.6b 7.6 +0.9b
Tween 80 (10xCMC)
EDTA 20 dladnsusoans
No Tween 80 0.12 + 0.01a 0.009 + 0.001a 12.1 + 1.4a 5.0+ 1.2a 17.1 £ 0.9a
Tween 80 (1xCMC) 0.10 + 0.02a 0.016 + 0.03a L - O 2.4 + 0.4b 7.4 + 0.9c
Tween 80 (10xCMC) 0.16 + 0.02a 0.018 + 0.002a 8.3 + 0.6b 3.6 + 0.4ab 11.9 + 0.9b*
Tween 80 n S it V| * **
EDTA n s n s s *%

Tween 80 * EDTA

n

S

*

gnwsnwdinguiiananeiulaninuuanaegalilbdiynadn (P<0.05) serienududuvesiviazaieiiseiu

ANUDNTUTDY EDTA WU * WanIALLANA190eneiitadnasy
3

Algsuansanussisiiszauiieaty mee: ns = ldfidedfty; * = uanAsesedidoddny (P<0.005); ** = uanAaiueeI

edAnyds (P<0.01)

o

o

duran1sNAasslumised 6 wandliiuin

(P<0.05) 910 EDTA 0.0 4adnSuedng Seuinemsniaug

'
=

ASLAUANMUIUTUMINAU 10 1NVDIANUTUTY

nsUuUouvewity 80 vaftssdaazduiou
swuiulefeudafeanUsinunaslsiladuaswnu
adnwindu wildvinlddminanuazdiniin
wisoswdadnuanansiusesidodAgynis
ain Usunaunaelsiladie maslsiaad wazrasls
fadvamavosvudadndu 52, 2.4 uay 7.6

Ia

TaansufeansluanILNlnsuNIL 80 LBeana

Ingevesnsiinluwas Inenuufdunusszning

73U 80 LavlReudnvienananlsNadyanuAved
[ [

wLUALaN
NHANITNAADINIMUAVNITITUL LTI

Infeulandadamnuaninnuluiivgaasounu

Ueluguazumudadn dulnsveudnd-100 3

Anuufivsaivinsaesinluseiunsean
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wazviu 80 wansmuluivraunudalvajuas
LquLﬂmLﬁﬂﬁwﬁqm aundufiwiunnsnstuiion
AANNAMULANFA1INIAIULATIAS 1908981580
LSRR %qmiamLL'ﬁﬁqﬂaﬁﬁUisﬁ;aU%Lﬂuﬁw
mmdwmsamLLﬁqﬁqﬁaﬁMﬁﬂiz@ [22] Tngloiae
Ifﬂm‘%a%’aLW@ﬁLﬂuﬁmﬂﬂﬁqmLf]umiaml,iqﬁa
Ffiiuszgau danlnsmewdng-100 wagniu 80

vy

Wuasanusefanianlaivsey Madinalnanudu

q
=% a

fiwvesanslunguansanussisingniuasuutas
auantAnuiduiedenduveadeviuead e
Usznausneg melulelnnanaduveswadsila
wazyiliwaduanld Faseauamuiufiviueg i
ANUTLTUTDIATAALTIRIEIAY [23] @98y
srenuanuduivresasanusafainildlunis
fAnenil W Tdenlawdadamnannsadudinis
LWIYVOIRUNAINIENE (Triticum aestivum L.)
ibisedureneuladngminlewidnma Usuau
thanafiazanels wesdsmnalnsavlusenuas
nvesdund i anaasuutas [15] s
Ininl Azolla filiculoides \AAANILASIALALNTT
wan tefauiniuly [16] Tuvasdilnsnewsnd-
100 @ansadudansadyresanveualugld
[14] Judu egndlsimunsinuinuinviu 8o
wansauidufivreuvudaluauazumudndni
flandaaenndoafiunenunsisedug fsenu
iy 80 WuRusefiwsauiy Taeviu 80 L
Fudamssenvesdadadlarh (Medicago sativa) lai
demanousununaslsfladluluvesdidaian
waziluwalturiliduiavedadailanuiintu
[17] wonanimiu 80 fiszsunudady 500-
2,500 fiadnsusonlaniu dilidmwanonisiaigves
nalsu (Lolium multiflorum) wazdusalraies
(Trifolium pretense) 8nene [18] Ima’uwﬁﬁu
80 dwaifindnavesfivldanininainaisan

wseRsilliuauaudinisdulodentdiuves
Woruwasyilinvanunsatiansemadngwad
TeunTu [19] wazdasinfeulandadaunay
2 a A I ' & 2 A oa 9]
Wuiwdoigunulalunguazunudadnindonly
Wuieneaeuluns@nunilfiniy windunusieanu
MNAWUEADU WU Potamogeton crispus L il
wirldununuseanuduivvedaifoulanda
Fanale [24]
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= o YY) ] [~ a 1 [~ 1
Wgsamadinlauansanuiluiivsounudalvg
wazsudadn Tngansieaunsidunsuntini
wuneanuduiwuesdnnedulnyinnnainnis
A aaa a & a v o A
7 dndtaAaluasusenaudsgaunulanendu
iy udwhlavenduivindoudiodwadivle
ndudadudunsiedeiie [7] Inednvesinda
defafiyn190ay Wy nMsUueuvesdnialuin
gy iAnasUsEneuledouius1neImisid
Us¥q 2+ WU Zn, Cu, Fe and Mn Buvilisinens
Ty o a v X A P < v
mmugﬂmLaamngmawaiﬂaﬂm Wusu [25]
YanaNLNsUL aUs WA UVDIANTALAR
TReudaeiulnsnoudnd-100 lufoudaie
Aulpeulandadaine waslomeudaieiuniy
80 Tuwildubiesugndiuniovilianuduiiv
esasvialaviaviaivdudiovwdousiunu
wi U duRenaulwnlduinaniwuedans
ARLSIRIIFIATITAREIRE1Ren Tnewnruds
TngidinnununiuseashanlghuudanIoans
anusspaRIFuAszlaUuUaululrastie
s evulausiuduunnniuvudaan siail
I3 2 & N 8 da 2 o P
szl dadniduisin Al adnvinlid
funiwadroUsuasiiags dauleniafiunuda
Bnazduiaiuaisuaienuul ouluwna i
= 1 [~4 v [~ a v
funniuazeradumegliuanseinisiludivle
wnnniuvrudalvg)



22 2135153V INITUSL IV ums.wszuas Ui 12 aUuil 2 nsng)Inu-suI1AL 2561

4. a3U
AMsUUUBUTINAUTEN AT AR TR D
AleLaTENTAnLSIPIIdLASIELAazYin Tawn
nsnowdnd-100 lufvulanTadains wasniu
80 laldswalvmnuduiivrounudnluguazunu
2 & a & & 2 a & ,
Wadniindu velanuluivsounudalngias
wudadnidniinainanuduiwuesansanus
faRuwmazaiaunni Ingluneulandadainng
winltuduiivanndian sesawndelvsmeudnd-
100 uazniu 80 Huwildufinuduiivinfianse
@@ 1 I~ @
wnudaluguazunudaidn

5. AnAnIsuUsend

AIduEIdeveveUnIEAMUATuAYUNT
HYMNAULINGIAEAT UWNINYIRIUAIEITAN
UszdUsuuszanu 2561

6. LONENTD1984

[1] C.G. Van Ginkel, K.L. Vandenbroucke
and C.A. Stroo, “Biological removal
of EDTA in concentional activated-sludge
plants operated under alkaline
conditions,” Bioresource Technology,
vol. 59, pp. 151-155, Feb. 1997.

[2]  Y.Huangand AA. Keller, “EDTA functional
magnetic nanoparticle sorbents for
cadmium and lead contaminated water
treatment,” Water Research, vol. 80,
pp. 159-168, Sep. 2015.

[3] E.Bloem, S. Haneklaus, R. Haensch and
E. Schnug, “EDTA application on
agriculture soils affects microelement
uptake of plants,” Science of the Total
Environment, vol. 577, pp. 166-173, Jan.

(8]

2017.

C. Oviedo and J. Rodriguez, “EDTA: The
chelating agent under environmental
scrutiny,” Quimica Nova, vol. 26, pp.
901-905, Nov. 2003.

F.G. Kari and W. Giger, “Speciation and
fate of ethylenediaminetetraacetate
(EDTA) in municipal wastewater
treatment,” Water Research, vol. 30,
pp. 122-134, Jan. 1996.

R. Lanigan and T. Yamarik, “Final report
on the safety assessment of EDTA,
calcium disodium EDTA, diammonium
DETA, dipotassium EDTA, disodium
EDTA, TEA-EDTA, tetrasodium EDTA,
trisodium EDTA, HEDTA and trisodium
HEDTA,” International Journal Toxicology,
vol. 21, pp. 95-142, Oct. 2002.

O. Barrutia, C. Garbisu, J. Hernandez-
Allica, J.I. Garcia-Plazaola and J.M.
Becerril, “Diifereces in EDTA-assisted
metal phytoextraxtion between
matallicolous and non-metallicolous
accessions of Rumex acetosa L.,”
Environmental Pollution, vol. 158,
pp. 1710-1715, May. 2010.
J.Hernandez-Allica, C. Garbisu, O. Barrutia
and J.M. Becerril, “EDTA-induced heavy
metal accumulation and phytotoxicity
of cardoon plants,” Environmental and
Experimental Botany, vol. 60, pp. 26-32,
May. 2007.

A.D. Vassil Y. Kapulnik I. Raskin and D.E.
Salt, “The role of EDTA in lead transport

and accumulation by Indian mustard,”



(11]

(14]

RMUTP Research Journal, Vol. 12, No. 2, July-December 2018 23

Plant Physiology, vol. 117, pp. 447-453,
Jun. 1998.

S.E. Meers, M. Qadir, P. de Caritat, F.M.G.
Tack, G.D. Laing and M.H. Zia, “EDTA-
assisted Pd phytoextraction,”
Chemosphere,vol. 74, pp. 1279-1291, Mar.
2009.

M.J. Scott and M.N. Jones, “The
biodegradation of surfactants in the
environment,” Biochimica et Biophysica
Acta (BBA) - Biomembranes, vol. 1508,
pp. 235-251, Nov. 2000.

E. Lowry, M. Sedghi and L. Goual,
“Molecular simulations of NAPL removal
from mineral surfaces using
microemulsions and surfactants,”
Colloids and Surfaces A: Physicochemical
and Engineering Aspects, vol. 506,
pp. 485-494, Oct. 2016.

G.-G. Ying, “Fate, behavior and effects of
surfactants and their degradation
products in the environment,”
Environment International, vol. 32,
pp. 417-431, Apr. 2016.

D. Feruzan, Y. Gulden, A. Halide, O
Fatmanur and L. Sinem, “Phytotoxic
effects of nonionic surfactant octylphenol
series (Triton X-100, Triton X-114, Triton
X-405) on onion,” Asian Journal of
Chemistry, vol. 24, pp. 5746-5748, Dec.
2012.

G. Chang, Q. Zhang, L. Zhang, Y. LG and
T. Gao, “Effect of sodium dodecyl sulfate
on wheat (Triticum aestivum L.)

seedlings,” Environmental Progress and

Sustainable Energy, vol. 34, pp. 1142-
1147, Feb. 2015.

C. Forni, R. Braglia, F.J.M. Harren and
S.M. Cristescu, “Stress response of
duckweed (Lemna minor L.) and water
velvet (Azolla filiculoides Lam.) to anionic
surfactant sodium-dodecyl-sulphate
(SDS),” Aquatic Toxicology, vol. 110-111,
pp. 107-113, Apr. 2012.

A.C. Agnello, D. Huguenot, E.D. van
Hullebusch and G. Esposito, “Phytotoxicity
of citric acid and Tween® for potential
use as soil amendments in enhanced
phytoremediation,” International Journal
of Phytoremediation, vol. 17, pp. 669-
677, Jan. 2015.

Y. Gao, W. Ling and M.H. Wong, “Plant-
accelerated dissipation of phenanthrene
and pyrene from water in the presence
of nonionic surfactant,” Chemosphere,
vol. 63, pp. 1560-1567, Jun. 2006.

M. Cheng, G. Zeng, D. Huang, C. Yang,
C. Lai, C. Zhang and Y. Liu, “Advantage
and challenges of Tween 80 surfactant-
enhanced technologies for the
remediation of soils contaminated with
hydrophobic organic compounds,”
Chemical Engineering Journal, vol. 314,
pp. 98-113, Apr. 2017.

H.L.S. Markit. (2015). Specialty chemicals
update program surfactants. [Online].
Available: https://www.ihs.com/
products.chemical-surfactants-scup.html
X.-D. Huang, Y. El-Alawi, D.M. Penrose,
B.R. Glick and B.M. Greenberg, “Response



24

2135153V INITUSL IV ums.wszuas Ui 12 aUuil 2 nsng)Inu-suI1AL 2561

of three grass species to creosote during
phytoremediation,” Environmental
Pollution, vol. 130, pp. 453-463, Aug.
2004.

M. Lechuga, M. Fernandez-Serrano, E.
Jurado, J. NUhez-Olea and F. Rios, “Acute
toxicity of anionic and non-ionic
surfactants to aquatic organisms,”
Ecotoxicology and Environmental Safety,
vol. 125, pp. 1-8, 2016.

M.M. Singer and R.S. Tjeerdema, “Fate
and effects of surfactant sodium dodecyl
sulfate,” Reviews of Environmental
Contamination and Toxicology, vol. 133,
pp. 95-149, 1993.

[24]

E.A. Solomonova and S.A. Ostroumov,
“Tolerance of an aquatic macrophyte
Potamogeton crispus L. to sodium
dodecyl sulphate,” Moscow University
Biological Sciences Bulletin, vol. 62,
pp. 176-170, Dec. 2007.

W. Geebelen, J. Vangronsveld, D.C.
Adriano, L.C. van Poucke and H. Clijsters,
“Effects of Pb-EDTA and EDTA on
oxidative stress reactions and mineral
uptake in Phaseolus vulgaris,” Physiologia
Plantarum, vol. 115, pp. 377-384, Jul.
2002.



