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SUMMARY

PERFORMANCE EVALUATION OF ELECTRO-FENTON PROCESS FOR
GLYPHOSATE HERBICIDE MINERALIZATION

The removal of Glyphosate has been investigated by electro-Fenton process which is
based on the continuous production of *OH radicals by reaction between Fe’*
catalyst and H>0; electrochemical generated on cathode. The carbon felt (60 cm’)
and Pt gauze (45 cm’) were used as cathode and anode, successively. At the
conditions: [FeH] = 0,1 mM; pH = 3; [Na;SO,] = 0,05M; I = 0,54 and the
compressed air was bubbled through the solutions, the experiment results showed that
87,1% Glyphosate was removed after 60 min by the electro-fenton process, among
them 84,4% Glyphosate was mineralized to CO,, H,O and inorganic acid. It means
that some organic intermediates were produced during electro-fenton, but its
concentration was low and they were more readily degradable than Glyphosate.

1. MO PAU tinh cao, ton tai dai ding trong moi
Hién nay, tinh trang 6 nhiém moi truong boi ching rat bén, kho bi phin
truong nudc boi hoa chat bao vé thuc hay hoéa hoc va sinh hoc. Cac chét
vat (BVTV) nhu thudc trir sau, thudc BVTV c6 thé tac dong 1én co thé nguoi
diét co ... ngay cang tr6 nén cap thlet o bi nhiém déc ¢ nhibu muc d6 nhu
Viét Nam vi cho dén nay, nhu ciu sir 1a giam stc stc khoe, gy réi loan hoat
dung cac hoa chit BVTV trong nong dong o hé than kinh, tim mach, tiéu hoa,
nghi¢p 1a khong the thleu trong khi cac bai tlet h6 hip, hé tiét niéu, noi tiét va
kho Iwu trit da xudng cdp nghiém trong, tuyén giap hodc giy cac ton thuong
hé thong thoat nudc tai cac kho chua bénh 1y & cac co quan tor miac do nhe
hau nhu khong c¢6 nén khi mua 16n tao dén ning tham chi tan phé hoic tir vong
thanh dong mit rira troi hoa chit BVTV [1,2].

ton dong gy 6 nhiém nudc ngdm, nude Glyphosate 1a hoa thudc diét co hiu
mat. Phan 16n cac hoéa chit nay c6 doc nay mam thudc nhom co phdt pho, kha

58



bén trong nudc va dat, v6i thoi gian ban
phan huy 1a hon mdt thang. Glyphosate
khong c6 tinh chon loc, diét duogc rat
nhiéu loai ¢6, do d6 nd 1a loai duoc st
dung phd bién nhit ¢ nudc ta. Tuy
nhién, theo cac chuyén gia nganh vy té,
v6i ham luwong bat ky thi Glyphosate
déu gay hai t6i stc khoé néu phoi
nhiém véi liéu lvgng vuot qua ngudng
cho phép c6 thé gy tir vong [3].

Vi vay, viéc xtr ly du lugng hoa chét
BVTV néi chung va xir Iy cac diém co
ngudon nuwéc 6 nhidm thuéc di¢t co
glyphosate noi riéng la rat cap thiét. Hau
hét cac hoa chit BVTV 1a nhitng hop
chat rat bén, do d6 phuong phéap oxy hoa
tién tién (AOP) 1a mdt trong nhing
phuong phap c6 thé xir Iy mot cach hiéu
qua. That vay, AOP la qué trinh st dung
géc tw do *OH c¢6 tinh oxy ho4 cuc manh
(Thé oxy hoa khir E° = 2,7 V/ESH) c6
kha ning oxy hoa cac chit 6 nhiém
thanh CO, va H,O & nhiét do va ap Suét
moi truorng Tuy thoi gian t6n tai ctia cac
gbc *OH tu do rat ngin nhung cac gbe
nay co the ~oxy hoa cac chat hiru co voi
hing s6 tbc do phan tng rit 16n [4].
Fenton dién hoa la qua trinh AOP trong
d6 gbc *OH duoc sinh ra tir phan tng
Fenton (phan tng giita Fe** va H,0,),
nhung cac chit phan ung khoéng duoc
dua vao truc tiép ma duogc sinh ra (H,0,)
hodc tai sinh lién tuc (Fe*") nho cac phan
tmg oxy hoa khur bang dong dién trén
cac dién cuc, qua do khéc phuc duogc cac
nhuogc diém cta phan tmg Fenton [5].
Trong bai bao nay ching toi trinh bay
két qua nghién ctru danh gia kha ning
khoang hoa (oxy hoa hoan toan thanh
CO,, H,O va cac axit vO co) cua qua
trinh fenton dién hoa dé xur 1y thudc diét
co Glyphosate trong nuoc.

2. THUC NGHIEM

2.1. Nguyén vit liéu, hoa chat

Vai carbon dung lam catot cia hang
Johnson Matthey, Purc. Cac hoa chit st
dung trong nghién ctru c6 do tinh khiét

59

cao: Glyphosate 96% (C;HgNO;3P) cua
Sigma Aldrich NY, USA; FeSO4.7H,0
(99,5%, Merck) duogc st dung lam chét
xuc tac; NaSOs (99%, Merck) dugc
thém vao dung dich phan Gng dé ting
do dan dién cho dung dich, H,SO,
(98%, Merck) duge s dung dé diéu
chinh pH ban dau cua dung dich phan
tmg vé mdi truong axit tao didu kién
cho phan rng Fenton xay ra.

Ninhydrin (CoH¢O4, Merck); Natri
Molybdat (Na;MoO4, Merck) st dung
trong cac phan tich dinh luong
glyphosate bang phuong phap do
quang. HCI (37%, Fluka), H3PO4 (85%,
Fluka), Kali hydrophthalat (CsHsKOs4,
99,5%, Merck), Na,CO; (99,5%,
Sigma-Aldrich) va NaHCOs; (99,7%,
Sigma-Aldrich) duoc stt dung trong cac
phan tich téng carbon hitu co (TOC).
Céc dung dich dugc pha vdi nude siéu
sach (>18 MQcm).

2.2. H¢ thi nghiém fenton di¢n héa

V& ban chat, qua trinh fenton dién hoa
dwa trén phan Gng fenton (1) g1u’a Fe"
va H,0, dé tao ra goc tu do *OH, tuy
nhién, khac véi fenton hoa hoc, H,O,
khong phai dwa vao tir dau ma duoc
sinh ra lién tuc bﬁng su khir 2 electron
cua phan tir oxy trén di€n cuc catot theo
PTPU (2). Ion Fe*" duoc sinh ra tir phan
tmg (1) ngay lap tuc bi khir trén catot dé
tai sinh lai Fe*" theo PTPU (3).

Fe*" + 2H,0, — Fe* + OH + *OH (1)

0,+2H +2¢ — H,0, E°=0,69 V/
ESH (2)
Fe*'+e¢ — Fe**  E° = 0,77 V/

ESH (3)

Nhu vay, trong qué trinh Fenton dién
héa, ion Fe*" va Fe’" lién tuc chuyén
hoéa cho nhau, do d6 xuc tac dua vao
ban dau c6 thé 1a Fe*" hodc Fe*', va chi
can mot néng d0 nho, dudi 1 mM, 1a cd
thé thuc hién hiéu qua phan trng Fenton.
H¢ thi nghi¢m fenton di€n hoa dugc
minh hoa trén hinh 1. Pién cuc catot (2)
duoc sur dung 1a vai Cacbon di¢n tich 60



cm’, anot (3) 1a tAm lu6i Pt dién tich 45
cmz, tat ca hé dugc dat trong cde thuy
tinh (1) dung tich 250 mL. Dung dich
dugc khudy déu boi khudy tir (4). Khi
nén dugc suc lién tuc vao dung dich dé
cp oxy cho qua trinh tao H,0, (theo
PTPU (2)). Ngudn 1 chiéu VSP4030
(B&K Precision, CA, US) cung cap
dong dién 1 chiéu cho qua trinh dién
phan.
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Hinh 1. So do hé théng thi nghiém fenton
dién héa : (1) — Coc thiy tinh, (2)-
Catot, (3) — Anot, (4)- Con khudy ti, (5)-
Nguon 1 chiéu.

2.3. Thiét bi va quy trinh phan tich
2.3.1. Phan tich néng dé Glyphosate
Viéc phan tich ham lugng Glyphosate
duoc tlen hanh bang phuong phap phan
tich tric quang, su dung thiét bi quang
pho kha kién Genesys 10S VIS (M) do
tai budc song 570 nm. Nguyén tic xac
dinh ham lrong Glyphosate cua thiét bi
la dya vao phan trng cua Glyphosate voi
Ninhydrin, xuc tac la Na,MoO4 (phan
tng dién ra tai nhiét d6 100°C trong
thoi gian 10 phat) va san phdm cia
phan g c6 gia tri quang phd hip thu
cuc dai tai budc song 570 nm. Puong
chuan cua phuong phap duoc xay dung
nhu trén hinh 2.
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Hinh 2. Puong chudn xdc dinh nong do
Glyphosate bang phwong phdp trdc
quang.

2.3.2. Phan tich TOC

Pé danh gia kha ning khoang hoa
glyphosate (oxy hdéa hoan toan thanh
CO,, H,O va axit vo co khac), ham
luong tong carbon hitu co (Total
organic carbon-TOC) cua dung dich
phan ung duoc phan tich & cac thoi
diém khac nhau trong subt qua trinh
dién phan. Viéc phan tich TOC dugc
tién hanh trén thiét bj Shimadzu TOC-
VCPH analyser (Nhat Ban) c6 do chinh
xac va do nhay cao. Nguyén tic xac
dinh TOC cua thiét bi 1a gian tiép thong
qua viéc xac dinh gia tri carbon tong
(TC) va gia tri carbon v6 co (IC):

TOC=TC-1C (4)

Trong d6 TC duoc xac dinh bang cach
d6t miu & 680°C dé¢ tao ra CO,, sin
phém tao ra dugc dua qua bg khur am
(Iam mat, loai bo hoi nuwdc) va bd hap
thu halogen (loai bd cac san pham chay
halogen) sau d6 dua t&i detector phat
hién CO,, tir d6 thiét bi s& dua ra két
qua vé gia trj tong cacbon. Thanh phan
IC (tén tai dudi dang cacbonat,
hidrocacbonat va CO; hoa tan) duogc xac
dinh bang cach axit hoa miu (str dung
dung dich HC1 2M) tao ra CO,, va khi
mang s& diy CO, nay toi detector. Viée
xdy dung duong chuan TC va IC dugc
tién hanh voi chat chudn Kali
hydrophthalate va hon hop NaHCO; +
Na,COs. Péi voi duong chuin TC, dai
ndng do tinh toan 1a tir 0 dén 20 ppm va



ddi voi dudng chuan IC, dai nong do
tinh toan tur 0 dén 10 ppm (Hinh 3 va 4).
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Hinh 3. Duong chudn TC dé xdc dinh
gid tri TOC bang thiét bi Shimadzu
TOC-VCPH analyser
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Hinh 4. Bm)‘ng‘chucfn IC dé xdc dinh
gia tri TOC bang thiét bi Shimadzu
TOC-VCPH analyser

3. KET QUA VA THAO LUAN

3.1. Kha nang phan hiy Glyphosate
bing qua trinh fenton dién héa

Pé danh gia kha ning phan hay
Glyphosate bang qué trinh fenton dién
hoa, bd tri thi nghiém nhu sau: V =200
mL; [Glyphosate] = 0,ImM; pH = 3;
[Fe’] = 0,1 mM ; [Na;SO4] = 0,05M ;
I=0,5A. Ham lugng Glyphosate con lai
trong dung dich ¢ cac thoi diém khac
nhau tir 0 dén 60 phit dugc phén tich
bang phuong phap tric quang. Két qua
thu dugc thé hién trén db thi hinh 5. C6
thé thdy riang qua trinh fenton dién hoa
c6 thé xtr Iy duge Glyphosate hiéu qua,
cu thé 13 nong do glyphosate con lai
trong dung dich giam dan theo thoi gian
va sau 60 phut, trén 87% Glyphosate da
bi phan hay bdi qua trinh fenton dién
héa. Mat khéc, cling theo dd thi trén
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hinh 5, trong khoang 5 phut dau tién,
nong d6 Glyphosate giam rat nhanh, sau
do toc do giam cham dan. That vay,
theo dinh luat Faraday, luong chit bi
dién phan trén cac dién cuc ti 1€ thuan
voi thoi gian dign phan, do do6 luong
H>0; sinh ra trén catot (PTPU (2)) tang
dan theo thoi gian, dan dén lugng gbc
tw do *OH sinh ra (theo PTPU (1)) ciing
ting dan theo thoi gian. Két qua la
lwong Glyphosate bi oxy hoa bsi *OH
ting dan, hay noi cach khic ndéng do
Glyphosate con lai trong dung dich
giam dan theo thoi gian. Mit khac,
trong khoang 5 phut dau, ndng do
Glyphosate trong dung dich phan ung
16n, nén theo dinh luat tac dung khdi
lugng, tdc do phan rng rat nhanh, luong
Glyphosate giam nhanh, sau d6 do
luong Glyphosate con lai it nén tbc do
phan ng s€ cham lai, lugng Glyphosate
giam cham. Két qua nay ciing phu hop
v6i cac nghién clru cua Sirés va cong su
[6], Zhou va cdng su [7], Medien va
cong su [8].
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Hinh 5. Néng do Glyphosate con lai
phu thude vao thoi gian tién hanh
feonton dién hoa o diéu kién: [ = 0,54,
[Fe’] = 0,1 mM, [Na;SO,] = 0,05M,
pH = 3, [Glyphosate] = 0, ImM

3.2. Kha nang Kkhoang hoa
Glyphosate bang qua trinh Fenton
dién hoa

Khi thuc hién qua trinh fenton dién hoa,
tiy thuéc vao diéu kién thi nghiém,
Glyphosate c6 thé bi oxy hoéa hoan toan
boi cac goc tu do *OH tao thanh CO,,



H,O va axit vO co hodc bi oxy hoa
khong hoan toan tao thanh cac san
pham phu trung gian 14 cac chat hitu co
c6 mach carbon ngin hon. Bé danh gia
kha nang khoang hoa, tuc oxy hoa hoan
toan Glyphosate thanh CO,, H,O va
axit vo co, néng do TOC cua dung dich
phan tng dugc xac dinh tai nhiéu thoi
diém khac nhau trong qua trinh fenton
dién hoa. Thi nghi€ém duogc thuc hién &
diéu kién tuwong tu nhu trén: V = 200
mL; [Glyphosate] = 0,ImM; pH = 3;
[Fe] = 0,1 mM ; [Na;SO4] = 0,05M ;
I = 0,5A. TOC cua dung dich dugc
phan tich & cac thoi diém khac nhau tir
0 dén 60 phut. Két qua thu dugc thé
hién trén do thi hinh 6 dudi day.
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Hinh 6. Sy phu thuoc cua TOC theo
thoi gian cua qud trinh feonton dién
héa ¢ diéu kién: I = 0,54, [F&*"] = 0,1
mM, [Na,SO,4] = 0,05M, pH = 3,
[Glyphosate] = 0,1mM.

Co thé thay rang cing tuong ty nhu
trén, ham luong tong carbon hitu co cla
dung dich giam dan theo thoi gian va
trong khoang 5 phut dau tién, TOC
giam rit nhanh, sau d6 tbc do giam
TOC cham dan. Két qua 1a sau 60 pht,
trén 84% TOC da bi loai bd, co6 nghia la
trén 84% luong Glyphosate ban dau da
bi phan huy hoan toan thanh CO,, H,O

va céc axit vo co.

Tuy nhién, két qua tir hinh 5 va 6 ciing
cho thidy ndéng d6 Glyphosate giam
nhanh hon ndng d6 TOC: sau 60 phut
phan tng, 87,1% luong Glyphosate ban
dau di bi phan huy trong khi ndng do

TOC ban dau chi giam 84,4%. Biéu
dién ndng d6 TOC va Glyphosate theo
thoi gian trén cung 1 d¢ thi (Hinh 7),
duong biéu dién nong do_Glyphosate
thip hon duong biéu dién ndng do
TOC, c6 nghia 1a ¢ cung mdt thoi diém,
ndng do Glyphosate con lai trong dung
dich ludn thip hon ndng d6 carbon hiru
co tong cua dung dich (cung quy doi ra
mg C/L). Piéu d6 chirng té6 mot vai san
pham trung gian hitu co di dugc tao ra
trong qua trinh oxy hda Glyphosate
bang fenton dién hoa. Tong ndng do cua
cac san phdm hitu co trung gian nay
(quy ddi ra mg C/L) duoc xac dinh dwa
trén su chénh léch ndng do TOC va
Glyphosate trén hinh 7. Co thé thiy
rang ndong d6 cic san phim hiru co
trung gian ting nhanh trong 5 phut dau,
dat mac 0,5 mg C/L, sau d6 lai giam
dan dén mirc 0,096 mg C/L sau 60 phut.
Két qua nay phu hop véi nghién ctu
cua Panizza va cong su [9]. Bén canh
d6 co thé thiy ring, sau 60 phat phan
mg, néng d6 TOC va Glyphosate vin
con & mirc 0,47 mgC/L, chimg t6 nong
do6 cac san phim hitu co trung gian
dugc tao ra thip va d& bi phan huy hon
Glyphosate. Mit khac, khi ndéng do
Glyphosate con lai cang thip, téc do
khoang hoa cang cham.
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Hinh 7. Sy phu thudc vao thoi gian cua
nong dé (tinh theo mg C.L") TOC,
Glyphosate va cdc chat trung gian khi
tién hanh feonton dién hoa o diéu kién:
I1=0,54, [F&’"] =0,1 mM, [Na:SO,]
= 0,05M, pH = 3, [Glyphosate] =

0, ImM
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4. KET LUAN

Cac két qua thi nghiém cho thiy qua
trinh fenton dién hoa c6 kha nang xur ly
twong d6i hiéu qua thubc diét co
Glyphosate trong nudc. Sau 60 phut
thuc hién qua trinh fenton di€n hoa
dung dich Glyphosate 0,ImM ¢ diéu
kién: pH = 3; [Fe’?] = 0,1 mM;
[Na;SO4] = 0,05M; 1T = 0,5A, 87,1%
luong Glyphosate bi phan huy, trong do
84,4% luong Glyphosate bi oxy hoa
hoan toan thanh CO,, H,O va axit vd
co. Két qua ciing cho thiy qua trinh
fenton dién hoa co sinh ra san phdm
hiru co trung gian, nhung voi nong do
rit thap, khoang 0,096 mg C/L sau 60
phat phan tng va cac san phim trung
gian nay kém bén hon Glyphosate, co
thé bi phan huy hoan toan thanh CO,,
H,O va axit vO co trong qua trinh
fenton dién hoa.
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