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NGHIEN CUU XU LI AXIT PERFLOOCTANOIC (PFOA) NONG PO THAP
BANG SONG SIEU AM HOA HQC

Phan Thi Lan Anh' va Pham Thiy Hanh?
'Phong Thi nghiém Trong d@iém Cong nghé Phan tich phuc v Kiém dinh Méi trwong
va An toan Thuc phdam, Trirong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Ngi
2Khoa Méi trieong, Truweong Pai hoc Khoa hoc Tu nhién, Pai hoc Quoc gia Ha Ngi

Tom tit: Axit Perflooctanoic (PFOA) 1a mot hop chét hiru co ¢6 nguyén tir hydro trong mach
ankyn duoc thay thé hoan toan bai cac nguyén tir flo. La mot hop chat 6 nhiém hitu co kho
phan huy (POP) trong nudc song ho, nudce thai do wng dung rong rai caa nd. Cong nghé xu Ii
PFOA dang duogc cac nha khoa hoc phét trién. Trong nghién ctru nay, PFOA duoc xir |i tai
ndng do thap boi siéu am héa hoc. Céc yéu td anh hudng dén qué trinh xu 1i bao gdm ndng do
PFOA ban dau, méi trudng pH, va céc chit anh huong bao gdbm NaHCO; va isopropanol
duoc nghién ciu. Két qua cho thay PFOA bi phan hay 24% sau 4 tiéng boi séng siéu am
(750 W, 20 kHz) tai nong d6 0,48 pM. O méi trudng pH = 6, hiéu suit xir If PFOA cho két
qua cao nhét. Tuy nhién hiéu suat tang 1én khi thém NaHCOj; vao dung dich xir Ii, nguoc lai
isopropanol ngin can vai trd cua NaHCO; trong viéc thiic day qua trinh xir If PFOA.

Tr khoa: X li, axit perflooctanoic (PFOA), siéu &m héa hoc.

1. Mé dau

Axit perflooctanoic (PFOA) Ia chit hiru co trong d6 cac nguyén tir hidré trong mach ankyn
bang cac nguyén tir flo tai tat ca vj tri lién két C-H véi nhiéu dac tinh hiru ich nhu sy bén nhiét va
héa hoc [1], 1 chat hoat dong bé mat ¢ kha nang tham dau, m& va nuée [2]. PFOA ng dung
trong cong nghiép va doi SOng bao gom ca g dung trong ty dong hoa, dién tu va trong nhiéu san
pham nhu db dung nha bép chéng dinh, bao bi thyc pham [3]. Trong qua trinh san xuét va st dung
cac san pham c6 chira PFOA, con ngudi da thai ra moi truong mot lugng Ién PFOA 1am 6 nhiém
nudc mat, nude ngam [4], tram tich va khdng khi [5], cac loai thiy sinh [6], tham chi PFOA con
c6 mit trong mau caa gau Béc cuc [7].

Tinh khé phan hay di kém vé6i doc tinh cia PFOA va cac hop chét perflo hiru co (PFCs) da
thu hdt cac nghién ctu ciia cac nha khoa hoc vé mirc @ & nhiém ciing nhu tim cac phuong phap
xtr li PECs trong méi truong. Nong d6 PFCs trong nudc thai sau khi xtr Ii dugc béo cao cao hon
nudc thai diu vao cua cac nha may xu 1i nuée thai [8-10], co nghia rang PFCs rat kho dé xir Ii
bang cac bién phap xu If nuée thong thuong trong cac nha may xir Ii nude thai va ching con dugc
tao ra tir c4c tién chit co trong nudc thai trong qua trinh xir Ii. Voi ciu tric kho phan hay cua
PFOA thi cac phuong phap xir Ii ¢6 hiéu qué 1a cac phuong phap oxy héa - khir tién tién (AO/RP) [11].

Ngay nhan bai: 9/3/2019. Ngay sua bai: 21/3/2019. Ngay nhan dang: 28/3/2019.
Téc gia lién hé: Phan Thi Lan Anh. Dia chi e-mail: lananh@vnu.edu.vn

108



Nghién cieu xi [i axit perflooctanoic (PFOA) nong do thap bang song siéu ém héa hoc

Trong d6, ding song siéu am dé xur 1i 1a mot phuwong phap c6 nhiéu wu diém ndi tréi nhu: xu li
triét d& PFOA ma khong tao ra cac san pham PFCs khéc, thoi gian xt Ii nhanh.

Géc tir do CO5+~ duoc béo céo la ¢ anh huong dén cac gbe hiru co gidu dién tich nhu anilin,
phenon [12]. CO+ duoc cho 1a ¢6 vai tro trong qua trinh giam thiéu céc chat & nhiém hiru co bén
vimg, dic biét la cac chat giau dién tich trong méi truong nudéc ty nhién [13]. Ngoai ra
isopropanol (IP) 1a mot chat bat gdc tu do, n6 anh huéng dén nong do OH- va COg*" trong dung
dich phan ung [14]. Do vay, tac gia tién hanh nghién cau xir I PFOA ndng d6 thap bang séng siéu
am két hop véi goc tu do CO5+~ va su c6 mat caa IP 1én hiéu qua xu i PFOA.

2. Noi dung nghién cw@u
2.1. Thuc nghiém

* Hoa chat va dung cu

PFOA, C;F1sCOOH, 96% purity 25 g mua tir Sigma; cac dung dich ammonia 25%, dung dich
axit axetic 99%, mudi ammoni axetat 97%, va methanol, IP, va mudi sodium bicarbonate
(NaHCOs3, 99.6% pa) mua ctia Merck, Bc.

Chat chuan gdc: Axit perfloankul cacboxylic (13 hop chit bao gom tir C4 - C14, C16 va C18)
va Perloankyl sunfonat (4 hop chét bao gom: C4, C6, C8 va C10), 2 ppm.

* Phwong phdp thuc nghiém

Thiét bi siéu &m Sonics (M¥) viba cell VCX 750W v&i dau do siéu am dwong kinh 13 mm,
tan s siéu &m 20 kHz dwoc nhing trong binh phan tng thay tinh 2 16p ¢6 dung tich 1 L ¢6 chira
mau dung dich PFOA di dwogc chuan bi véi ndng do khéc nhau (0,48 uM, 1 puM, 20 puM, 40 pM,
60 uM) duoc khao sat ddng thoi trong khoang thoi gian 4 gio. Nhiét do cua phan tng dugc duy tri
25 + 1°C bang bé diéu nhiét. Sau cac khoang thoi gian 1 gio, tinh tir 10c bat dau toi khi dung thi
nghiém (kéo dai 4 gio), iy miu dé phan tich ndng do PFOA trén thiét bi LC-MS/MS. Xac dinh
thoi gian tbi wu nhat dé thuc hién céac thi nghiém tiép theo. Anh huong cua pH dén hiéu suat xu i
dugc tién hanh thong qua viéc diéu chinh pH cua dung dich PFOA ban dau bang HCI IN va
NaOH 1N.

Anh huéng cua géc COse va IP dén hiéu suat xu |i duoc tién hanh bang cach xir I PFOA
trong méi truong dung dich NaHCO; 10 mM dé khao st kha nang xir Ii PFOA khi ¢6 sy tham gia
cua goc tu do COs+. Thi nghiém tiép theo dwoc thuc hién dong thoi trong dung dich NaHCO,
nong d6 10 mM va IP ndng d6 0,01 ppm dé khao sat kha nang xir Ii PFOA khi ¢6 su tham gia cua
gbc COz va IP.

2.2. Phan tich va tinh toan

PFOA duoc phén tich dinh tinh va dinh lugng bang thiét bi sic ki long ghép néi khéi phd hai
lan LC-MS/MS 8040, Shimadzu, Nhat Ban, sa dung cot tach: Shim-pack FC-ODS C18-ACF3
(100 mm x 2,2 um), chuong trinh dung méi voi pha dong A: 2 mmol/L dung dich amoni
axetat/methanol ti ¢ thé tich 9:1 va pha dong B: methanol. Buong chuin dugc dyng theo phuong
phép noi chuan trong khoang nong dé tir 0,5 dén 20 ng/ml, véi hé sé tuong quan R* > 0,99.

Kha nang phan huy ciia PFOA dugc tinh bang cong thc:

G —C x 100

n=
0
trong d6: n: hiéu suat xu Ii (%);
C: nong do cuia PFOA (UM);
Co: nong d6 ban dau caa PFOA (UM).
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2.3. Két qua va thao luan
2.3.1. Hiéu suit xir Ii PFOA ¢ cac ndng dé khac nhau
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Hinh 1. Hiéu sudt x Ii PFOA tai cac néng d¢ khac nhau

Cac két qua thu duoc trén Hinh 1 cho thy khi kéo dai thoi gian phan wng, hiéu suat xu 1i
tang theo thoi gian, cu thé: voi dung dich PFOA c6 nong do 60 pM sau khoang thoi gian 2 gio
hiéu suat xr If chi dat 7%, nhung khi kéo dai thoi gian xi 1i 18n 4 gid hiéu suit ting 1én 19%.

O ndng d6 dung dich 0,48 uM tai khoang thai gian 2 gio hiéu suat xt If PFOA chi dat 13 17%,
nhung khi kéo dai thoi gian xir 1 18n 4 gio hiéu suat tang 1én 24%. Hiéu suat xir Ii 24% 1a chua
cao va dé tang hiéu qua xtr Ii chlng ta c6 thé tang thoi gian xu i, tan s6 song siéu 4m... Tuy nhién
dé giam ning luong tiéu hao bang céch kéo dai thoi gian xur I PFOA nhung van ting duoc hiéu
suit xir If, tac gia s& tién hanh nghién ctru anh huéng ciia méi trudng pH, chat oxi hda va chit bit
gdc tu do trong céc thi nghiém tiép theo.

Bdng 1. Higu sudt xa |i PFOA va gia tri pH thay déi sau phdn ng
theo cac gia tri néng dp PFOA khéc nhau

EgggAd%uM) 0,48 1 20 40 60
Thoiganthy | O | 4 | 0 | 4 | 0| 4| 0| 4| 0] 4
oH 6,02|578 | 565|537 | 5 | 482| 45 |435 | 4,63 | 431
Hiéu suat (%) 24 23 17 21 19

Két qua dua ra trong Bang 1 ciing chi ra rang, pH cua dung dich truéc va sau phan ung tai
cac nong do khac nhau déu c6 su giam nhe sau thoi gian xir If va mac di khdng c6 su khac biét
nhiéu. Biéu nay c6 thé giai thich riang, sau khi chiu tac dong cua song siéu am cd xay ra phan tng
khong dang ké cua PFOA, ddng thoi san pham phan tng c6 thé 1a cac anion F tao ra da lam giam
gid tri pH ctia dung dich sau phan tmg. Nhu vay, tai cac nong do khac nhau, séng siéu &m van tac
dong déu lén PFOA c¢6 mit trong dung dich.
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2.3.2. Anh hwéng caa pH 1&n kha niing xir li PFOA
Két qua khao sat anh huong cua pH dung dich toi hiéu suat xir If PFOA trong dung dich ¢
nong d6 0,48 pM, sau khoang thoi gian 4 gio duoc dua ra trén Hinh 2. Tai gia tri pH = 6 kha ning
phan huay ciia PFOA cao hon. Cu thé, & pH nay, hiéu suat phan hay PFOA 1a 24%, so véi 14% va 7%
tai c&c gia tri pH = 4 va pH = 10 tuong ung.
50 ~

40 -

30 24

t xir Iy PFOA (%)

20 - 14

A

cu sual

10 7

=

Hi
[

4 6 10 PH

Hinh 2. Anh hweéng ciia pH dung dich téi higu sudt xi# I PFOA sau khodng théi gian 4 gio

Hang s toc do cua phan g phan huy PFOA duoc tinh trén co s¢ do thi duong tuyén tinh
cua gia tri -InC/C, tai cac thoi gian phan tng t khac nhau. Tir Bang 2 ta thay rang, tai gia tri pH = 6
hang s6 k cao hon so vai gia tri k tai pH=10vapH = 4. Diéu nay c6 thé Ii giai rang, khi ting pH
cta dung dich, nghia 1a lam giam néng dé6 OH« trong dung dich, sy phan huy cua PFOA ciing
giam trong méi trudng axit. Co thé thay rang, pH cua dung dich da anh huong dén sy c6 mit cua
g6c C;F15CO0+

Bdng 2. Higu sudt x |i, gi tri pH va hang sé téc dé phdan gng xi li PFOA

Gia tri pH 4 6 10
A 4 o 17 0

Hiéu suat xtr [i PFOA (%) 14 24 7

pH sau 4h xu Ii 6 578 885
M Y ~ P -1

Hang so toc d6 phan ang k (h™) 0,032 0,059 0,015

Giatrj R? 0,88 0,89 0,79

2.3.3. Anh hwéng cia NaHCO; va isopropanol 1én kha ning xir [{ PFOA

Két qua khao sat anh huang ciia hon hop NaHCO; va IP 1én hiéu qua xu i PFOA bang séng
siéu am duogc thé hién trén Hinh 3. Tur két qua thu dugc thiy rang, khi bd sung NaHCO; va
ispropanol vao dung dich géc PFOA, hiéu suat xir 1i PFOA dat téi 83,5% sau khoang thoi gian 4 gio.
Tuy nhién khi thém ddng thai NaHCO; va ispropanol thi hiéu suat xr Ii thap hon so voi diéu kién
chi c6 séng siéu &m va c6 NaHCO,. Piéu nay c6 thé giai thich boi trong méi truong cd gbc CO4e~
¢6 mat trong dung dich phan ng nhiéu d ho trg séng siéu &m xu li PFOA. Tuy nhién, khi c6 mat
IP la mot chat bat goc tu do (radical inhibitors) da lam giam nbng d6 goc CO;+, do vay lam giam
hiéu suat xu I PFOA cua song siéu am. Két qua nay twong dol phu hop vai cac nghién ciru trudce
[15, 16] khi cho rang IP 1am han ché sy c6 mat cua cac goc tu do trong dung dich, tir d6 anh
huong dén hiéu qua xu i PFOA bai séng siéu am.
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Hinh 3. Hiéu sudt xi i PFOA 0,48 UM dnh hwéng béi hén hgp NaHCO;, Isopropanol
sau khodng thei gian 4 gior

2.3.4. Co ché phan hity PFOA trong méi trudng siéu am hoa hoc

Tir két qua trén thay rang khong co bat ky chudi ngan hon axit cacboxylic perflonate dugc
phat hién. PFOA duoc ion héa va ton tai nhu mot hop chat anion (C;F;sCOO ) trong dung dich.
Sy phan tach giira c4c lién két C — C cua dudi perflonate va nhom cacboxylate két hop véi phuong
phap siéu &m hda hoc tao ra san pham sau xit li 1a CO, CO, va ion F.

C/F1sCO0" —> CF4(CFy)sCF; +CO, (1)
CF3(CF,)sCF, +H;0 =  CF3(CFp)sCFH + HO™ )
CFs(CF2)sCF, —>  CF4(CF,),CF=CF, + F 3)
CFs(CF,),CF=CF, — CF;+5CF,+CF (4)

Bén canh d6 khi bd sung chit xtc tic NaHCO; vao dung dich géc s& day nhanh téc do phan
ung theo phuong trinh 3.5.
COs+ + CFsCOO  —  COz* +C;F15++CO; (5)
CiFise —  CF3;+6CF, (6)
Cac goc CF; va CF, khong bén vitng trong dung dich lai phan hay va chuyén thanh cac chat
nhu CO hay CO,, va HF.

3. Kétluan

PFOA da bi phan hiy bang phuong phap siéu &m héa hoc tai cac nong do khac nhau. Tai
nong d6 thap 0,48 uM (200ppb), hiéu qua xtr Ii bang phuong phap siéu 4m hoa hoc trong diéu
kién chi co song siéu am véi dung dich PFOA dat 23,8% sau khoang thoi gian 4 gio. Kha néng xu
li PFOA tang 1én nhiéu khi thém gdc cachonat (NaHCO; 10 uM) Tuy nhién, véi sy anh huong
cua IP, hiéu qua phan huy PFOA khong cao trong diéu kién c6 NaHCO; 10 pM va IP 0,01 ppm.
Viéc xtr Ii bang siéu am héa hoc str dung goc cacbonat c6 kha nang loai bo PFOA va cac chat 6
nhiém tuong tu khac & trong nudc mit va nudc thai. Géc COze ¢o thé duoc tao ra trong moi
trudng nudc bai anh nang mit troi, do vay vai vai trd 1a mét goc oxi trong trong qua trinh xir If
PFOA va cac chat & nhidm hitu co khac c6 mit trong nudc thai.

Loi cam on. Nghién ciru nay dwoc tai tro boi Quy Phat trién khoa hoc va céng nghé Quéc gia
(NAFOSTED) trong dé tai ma s6 104.99-2018.37.
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ABSTRACT

Study of treatment of perfluoroctanoic acid (PFOA) at low concentration by sonochemical

Phan Thi Lan Anh' va Pham Thay Hanh?

'WNU Key Laboratory of Analytical Technology for Environmental Quality and Food Safety
Control (KLATEFOS), VNU University of Science, Hanoi

2Faculty of Environmental Science, VNU University of Science, Hanoi

Perfluorooctanoic acid (PFOA) is an organic compound that all the carbon-hydrogen bonds
are replaced with carbon-fluorine ones. It is a persistent organic pollutant in wastewater because
of its popular applications. Technologies for PFOA treatment have recently been developed. In
this study, PFOA in low concentration was degraded by sonochemical treatment. The effects of
the initial concentration of PFOA, pH values, also the NaHCO; and isopropanol were investigated.
The results showed that PFOA decomposition by ultrasound treatment only (750 W, 20 kHz) was
24% after 4 h reaction at PFOA 0.48 uM. Sonochemical treatment of PFOA showed the good
result at pH = 6. Adding NaHCO; can accelerate the decomposition efficiency of PFOA by
sonochemical but isopropanol restricted NaHCO; role in degrading PFOA.

Keywords: Degradation, perfluorooctanoic acid (PFOA), sonochemical.
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