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SUMMARY

OVERVIEW OF PRETREATMENT METHOD
FOR MICROPLASTIC ANALYSIS PROCESS

Nowaday, microplastic pollution is an emerging problem in the field of environmental protection, so
the construction and standardization of processes for analyzing the presence of microplastics in
environmental components such as soil, water, aiborne and biota are necessary. The pretreatment step
of analysing microplastics process in order to eliminate the presence and effect of inorganic and
organic substances on the analysis results and separate the microplastics based on the density
difference. This article will focus on briefly introducing sample processing methods in microplastic
analysis to provide reference information for microplastic analysis studies in Vietnam.
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1. MO PAU

Céc nghién ciru dau tién lién quan dén 6 nhiém
vi nhya trong dai duong xuat hién vao nhiing
nim 1970 va ké tir do, su quan tam dén chu dé
nay da tang 1&én nhanh chong [1-4]. Thuat ngt
“vi nhya” dugc dinh nghia theo nhiéu cach
khac nhau, nhung da s6 déu thong nhit theo
quan diém chdng c6 kich thudc bé hon 5 mm
[1, 5-7]. Hinh 1 trinh bay v& mdi lién hé trong
quy trinh phan tich vi nhya va myc tiéu nghién
ctru.
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Hinh 1. Mdi lién hé trong quy trinh phdn tich

va muyc tiéu nghién ciru vé vi nhya
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Khé khan trong viéc danh gia vi nhya trong
moi trudng nam & viée phan biét vi nhya véi
cac vat chit hitu co (CHC) va vé co, vi du nhu
cac hat cat va phu sa, hay la cac mang sinh
hoc, manh vun thuc vat va dong vat [8]. Ngay
ca voi su ra doi cia cac phuong phap phan tich
hién dai nhu quang phd hdng ngoai bién doi
Fourier (FTIR) va quang pho Raman, cic chat
nay van c6 thé can tré viéc phat hién vi nhya
hodc it nhét 1a lam tang déng ké sai sb. Tuy
nhién cho dén nay, chua c6 mot phuong phap
chuan bj mau nao cho quy trinh phan tich vi
nhua duoc chuén hoa.

Bai bao nay tép trung gidi thi¢u cac phuong
phép xir Iy miu trong phan tich vi nhwa & viéc
loai b6 CHC va tach ty trong. Chung toi sé&
khéng so sanh theo phuong dién t6t hon hay
t6t nhat vi diéu d6 con phu thude vao muc tiéu,
diéu kién, pham vi nghién ctu khéc nhau.

2. THUC NGHIEM



Nghién ctru dugc thuc hién dya trén téng hop
tai liéu vé nghién ctru phan tich vi nhya trén
cdc nén moi trudong khac nhau nhu dat, nudc,
sinh vat, khong khi. Tai li€u tham khao sur
dung dugc trinh bay & danh myc Tai liéu tham
khao & cudi bai, da duge tra cu béng cac tu
khoa: “Digestion
methods™; “Organic matter removal”; “sample

“Sample  processing”;

preparation”; “microplastics”; “density
separation” trén cac website uy tin nhu:
http://scholar.google.com/;
https://www.sciencedirect.com/;
https://pubmed.ncbi.nIm.nih.gov/;
https://www.researchgate.net/. Nhom tac gia

uu tién tham khao cac tai liéu dugc cong bo

trong 5 nim gan ddy, nhim danh gia dugc
chinh xac hién trang nghién ctu. Ngoai ra,
nghién ctru ciing st dung thém phuong phép
phan tich va tong hop dya trén nhimg dit liéu
thu thap dugc dé danh gia.

3. KET QUA VA THAO LUAN

3.1. Céc thong sé dwgc sir dung trong giam
sat vi nhya

Muc tiéu quan trong khi phan tich cac hat vi
nhya (MPS) trong cic miu mdi truong 1a xac
dinh kich thudc va d6 phong phu [9-11]. Céc
budc xir Iy mau trong quy trinh phén tich c6
thé hoa tan, giam kich thuéc hoic mat mat Cac
hat MPs trong mdt pham vi kich thudc nhat
dinh. Piéu nay s& anh huong dén két luan cua
cac nghién ctru. Hon nita, viéc xac dinh cac
loai polyme cua MPs ciing la muc tiéu trong
qué trinh giam sat vi nhya va thuong lién quan
dén cac sic ky d6 tir thiét bi sic ky khi khoi
phd (GC-MS), hodc pic pho tir thiét bi FTIR.
Néu phuong phap xtr 1y khong dung c6 thé gay
nhiu dén két qua thu dwgc. Do d6, diéu quan
trong khi lya chon phuwong phap xir 1y mau la
khong 1am thay dbi kich thudc cua cac hat
duogc khao sat, cling nhu khong can thi€p vao
viéc dinh danh chiing.

Thong thudng, vat chat vo co thuong duge
tach khoi vi nhua dua trén su khac biét vé ty
trong. Pa sb vi nhwa co ty trong gin vdi ty

174

trong cua nude (0,83 - 1,1 g/lcm?®), trong khi
hau hét cac thanh phan vé co c6 mat do cao
hon. Sir dung céc dung dich mudi bdo hoa,
chang han nhu NaCl (d=1,2 g/cm®) hoic Nal
(d= 1,8 g/cm3) c6 thé phan tach dwoc nhya va
cac chét vo co dya trén su khac biét vé mat do
tuong ung cua ching [12, 13].

Tuy nhién, CHC ¢6 ty trong tuong tu nhu MPs
khong thé phan tach dua trén sy khac biét vé
mat d6 [13, 14]. Do d6, ca&c CHC, nhu chét ran
sinh hoc, nudc thai, trAm tich, cin duoc xu ly
thong qua cac quy trinh phan hily héa hoc nhu
oxy hoa, str dung kiém hodc axit [13] (Hinh 2).

| Phuong phap ‘:
i Fenton

CAC PHUONG PHAP
LOAI BO CHAT HOU
CO TRONG PHAN
TICH VI NHUA

: i
i S0 dung H.O, !
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| S dung kiém i
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Hinh 2. Cdc phuong phdp loai bé CHC trong
phan tich vi nhya

Pang luu y rang, viée sir dung thudc thir hoa
hoc manh c6 thé vo tinh anh huong dén cac
dac tinh cua MPs dugc phan tich [12, 15]. Cho
dén nay, chua c6 mot phuong phap chuan bi
mau nao cho quy trinh phan tich MPs dugc
chudn hoa. Pay 1a mot trong nhiing cac yéu té
han ché kha ning giam sat MPs trong moi
truong [12].
3.2. Cac phwong phap loai bé chit hiru co
trong quy trinh phén tich vi nhwa
a. Sur dung hydro peroxit (H202)
Pay la phuong phap loai b6 CHC phd bién,
théng qua co ché oxy héa, duoc sir dung trong
cac diéu kién va cac nong do khac nhau (15 -
35%), nhiét 4o (Ién dén 70°C) va thoi gian phan
Ging (tir vai gio dén vai ngay) [12, 16-19]. Bang 1
tom tit cac quy trinh sir dung H,0, trong cac
nghién ctru vi nhya va nhiing tac dong 1én CHC
ciing nhu polyme [12, 16-19]. Nhin chung, c6 thé
nhén thdy rang H;0,c6 kha ning phan huy hiéu
qua CHC va it tdc dong polyme khi sir dung nhiét
do thap (tdi da 60°C).


http://scholar.google.com/
https://www.sciencedirect.com/
https://pubmed.ncbi.nlm.nih.gov/
https://www.researchgate.net/

Bdng 1. Tong hop cdc quy trinh sir dung H202 khdc nhau trong cdc nghién cieu vi nhira

Quy trinh Moi MPs Hiéu qua loai Anh huéng
truong b6 CHC dén MPs
Tach ty trong va Ca PE, PS Hiéu suat thu Khong anh huong
H.0; (15%) [13]: hoi vi nhya:
50°C, qua dém 95%
(~12h)
H0; (30%) [9]: Bunvadit  PP,LDPE,PC,  80%véibunva  Phan hiy: NY666, PS,
60°C, 24/12h hozc HDPE, PS, 96% v6i dat PP ¢ 70°C, phan huy it
70°C, 24/12h PMMA, NY66, hon & 60°C
PET
H202 (30%) [13]: Ca PE, PS Hiéu sut thu Khoéng bao cao
55°C, 7 ngay hdi vi nhua:
70%
H.0, (30%) [14]: Tramtich ~ PVC,PET,PA,  50% va doi mau D6i mau hoic
nhiét ¢6 phong, 7 ven bién ABS, PC, PP, cho phan vat phan hay: PA, PC,
ngay HPDE chat con lai PP,PET, LLDPE, PVC,
PUR, LDPE, PUR, LDPE
LLDPE,
H,0. (30%) va tch Bun PE Hiéu suat thu Khong anh huéng
ty trong [15]: 70°C, hoi vi nhuya:
12h 78%
H.0, (35%) [16]: Ca LDPE, PVC, 98% D6i mau PET va mit
50°C, 96h HDPE, PP, PS, mau NY6 va NY66
PET,NY6, NY66
H,0; (35%) [14]: Tram tich PVC, PP, PE, 92% va gay mat Giam kich thudc
Nhiét do phong, 7 ven bién LDPE, EPS mau cua PP va PE
ngay HDPE, PET, PUR,
PS, PC,
PA, ABS,

b. Phan ung Fenton

Phén (g Fenton 12 mot giai phap kha thi thay thé
cho H,Op, Vi nd can thoi gian phan mg ngén hon
[20, 21]. Tuong tu nhu HyO2, phan tmg Fenton da
duoc ap dung trong céc diéu kién khac nhau. Thoi
gian phan tmg duoc str dung thay ddi tir 20 phut dén
24 gio, tuy thudc vao cac quy trinh [21-23]. Trong
phéan g Fenton, cac géc hydroxyl sinh ra s€ oxy
hoa hau hét cac chét hitu co tr nhién thanh axit
cacboxylic, andehit, CO, va H;O, nhung ching
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khong phéan huy vi nhya. Céc phan ing xay ra bao
gdm: Fe?* + H,0, — Fe¥* + HO™ + OH (1)

Fe3 + Hy0; — Fe?* + HOO™ + HY (2)

2H,0; — HO® + HOO" + H20 (3)

HOO" + RH — ROH + RCOOH + CO; + H;0 (4)
Béng 2 tom tit mot sb quy trinh Fenton dugc
sir dung trong cac nghién ctru vé MPs [12, 20,
21]. Két qua cho thiy hé Fenton c6 thé cung
cép kha ning phan huy hiéu qua, dong thoi co

anh huong tdi thiéu dén vi nhya khao sat.



Bdng 2. Tong hop cdc quy trinh sit dung phan tmg Fenton trong cdc nghién civu vi nhya

Quy trinh Moi MPs Hiéu qua loai Anh huéng
truong bé CHC dén MPs

H202 (30%) + 20 g/l Bunvadat PP, LDPE, HDPE,  87% vai ban Khéng c6 anh
FeS04.7H,0,1:1 (VIv) PS, PET, NY66, va 107% véi huong bat loi
[12]: <40°C, 20 phut PC, PMMA dat
H202 (30%) + Mo dong PE, PP, PS, PET, 72,6% mo cé; Phan hily CA
15 g/l FeS04.7H,02 vat PVC, 100% tao;
1:1 (v/v) [20]: 50°C, 1h va thyc vat CA, PA 26,3% gb liia,

17,5% paraffin
H>0; (30%) + 20 g/l Bun PE, PP, PVC, PA Khong dé cap  Khéng anh huéng

FeS0O,4.7H,0, (2:1 V/V)
[21]: nhiét d6 phong, 10
phat

¢6 thé bi anh huong hodc hoa tan trong qua
trinh xur 1y [16, 17, 25-28]. Do d6, phuong
phép nay it dugc lya chon dé xur Iy CHC trong
quy trinh phan tich.

C. St dung axit

Phuong phap st dung axit HCI va HNO3, da
dugc dung dé phan huy cdc mau sinh hoc nhu
mo ca [19, 24, 25]. Cac nghién ctru cho thiy
mdt s6 polyme ¢ phan tng vai axit nén ching

Bdng 3. Tong hop cdc quy trinh sir dung axit trong cdc nghién cieu vi nhira

Quy trinh Moi MPs Hiéu qua Anh huwéng
truong loai b6 CHC dén MPs
HCI (37%)[19]: 25°C, 96h Ca LDPE, PVC, >95% Mat NY6 va NY66;
HDPE, PP, PS, nong chay va két tia
PET, NY6, NY66 PET
HCI (20%) [17]: nhiét do Tram PVC, PET, PA, Khong loai bo Khdng bao cao
phong, 7 ngay tich ven HDPE LDPE, hoan toan
bién ABS,
PC, PUR, PP,
LLDPE
HNO3 (35%) [28]: 60°C, Trai PET, HDPE, PVC, Loai bo No6ng chay PET,
qua dém PA hoan toan HDPE, mit PA
HNO;3 (55%)[24]: theo Ca HDPE, PA, Nylon Phén huy ca Mait Nylon trong 24h,
kich thudc ca: nhiét do 6/9, hoan toan
phong, 3-10h /80°C, 10-20 PBT, PVC
phat
HNO3 (65%)[26]: nhiét do LDPE, HDPE, PP, Khdng kiém tra Nong chay NY12
phong, qua dém sau do NY12, PS duoc
60°C, 2h
HNO; (69%)[19]: 25°C, Cé LDPE, HDPE, PP, >95% Mt NY6, NY66.
96h PS, No6ng chay: LDPE,
PET, PVC, NY6, HDPE, PP. Thu hoi
NY66 PVC 69%. D6i mau
cua polyme khac
HNO;3 (22.5 M) [25]: nhiét  Con trai PS, PA Phan hay tot  Soi PA 30 x 200 pm
d6 phong, qua dém sau dé md sinh vat  mAt. Thu hdi 98%
dun s6i trong 2h manh PA 100 x 400
pm; manh PS 30 va
10um
HNO; (22.5 M)[25]: 60°C,  Con trai PS, PA Phén hiy dugc PS nong chay Mat
1h sau d6 100°C, 1h mo sinh vt PA
HNO;3 (22.5 M) [16]: nhiét Ca PS, PE Hiéu suat thu Mit hoan toan PS,
d6 phong, qua dém sau d6 hdi vi nhua: PE
s0i trong 30 phut 4%
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d. Si dung kiém

Dung dich kiém nhu KOH va NaOH ciing
thuong duge sir dung cho cac mau sinh hoc
[17, 19, 26, 28-30]. Mot s6 nghién ctru cho

ra su d6i mau hodc lam héng cac MPs duoc

thdy qué trinh phan hay bang kiém co6 thé gay

khao sat, dac biét la NaOH [30, 31]. Bang 4
tom tat mot s6 quy trinh sir dung kiém [12, 17,
19, 26, 28-31].

Bdng 4. Tong hop cdc quy trinh siv dung kiém trong cdc nghién civu vi nhira

Quy trinh Mai truwong MPs Hiéu qua loai bo A/h
CHC dén MPs
NaOH (20, 30, 40, Tram tich PVC, PET, PA, ABS, Khong loai bo Khoéng béo cao
50%) [17]: nhiét do ven bién PC, PUR, hoan toan.
phong, 7 ngay PP, LDPE, LLDPE,
HPDE
NaOH (1 M) [28]: Con trai PET, HDPE, PVC, PA Phan huy hoan Khoéng anh
60°C, qua dém toan va thu hdi vi hudng
nhua 93%
NaOH (10 M) [26]: CA, HDPE, LDPE, Khong kiém tra Phén huy CA,
60°C, 24h NY®6, NY12, PC, PET, duoc do nhya PC,
PMMA, PP, PS, PSXL, chay PET
PTFE, PUR, uPVC, EPS
NaOH (10 M) [30]: Pong vat  PS, PA, PET, PE, uPVC 91% Giam PA, PS,
60°C, 24h phu du von cuc PE, §
vang uPVC
NaOH (10 M) [31]: Thuc vat PP, PE, PVC, PUR, Hau nhu khong  Phan hay PET
60°C, 24h PET, PS
NaOH (1, 10 M) Bun va dét PP, LDPE, HDPE, PS, Vi bun: 61% Phan huay PET,
[12]: 60°C, 24h PET, NY66, PC, (1M); 67% (10M);  PC (nhiéu hon
PMMA Va dat: 68% (1 & 10 M)
M); 65% (10 M)
KOH (10%)[12]: Bunvadit PP, LDPE, HDPE, PS, Bun: 57%; Pat:  Giam 1 it trong
60°C, 24h PET 35% lugng 6 PC
NY66, PC, PMMA
KOH (10%)[19]: Cé LDPE, HDPE, PP, PS,  >95% & moi nhiét 6 vang NY66;
25°C, 96 h hogc PET, do giam PVC va
40°C, 48h hoac PVC, NY6, NY66 hiéu suit thu
50°C, 36h hoic hoi PET giam
60°C, 24h & nhiét d0 cao
KOH (10%) [26]: Trai, cua, ca CA, HDPE, LDPE, >95% Phan hiy CA
0°C, 24 h NY®6, NY12, PC, PET,
PMMA, PP, PS, PSXL,
PTFE, PUR, uPVC, EPS
KOH (10%) [31]: Thuc vt PP, PE, PVC, PUR, Khéng quan sat Khong
60°C, 24h PET, PS thay anh huong

e. Sur dung enzym
Phuong phap xir 1y bang enzym c6 thé 1a mot
giai phap thay thé cho viéc phan huy bang hoa
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hoc, dic biét 1a dbi v6i cac md sinh hoc nhu tir
ca hoac sinh vat phu du [28, 30]. Tuy nhién,

phuong phap nay doi hoi thoi gian kha dai cho



su phan huy CHC. Ngoai ra, viéc ap dung qua
trinh phan hay nay co6 thé ton kém hodc co thé
khong day du, can thém cac thude thir hoa hoc
khac dé phan hity hoan toan [12]. Do d6, trong
nghién ctru nay chung t6i khong di sau vao
phuong phap nay.
3.3. Cac phuong phap tach ty trong
Nhu da trinh bay 6 muc 3.1, viéc tach ty trong
la mét khau quan trong cung véi viéc loai bo
CHC d thu hoi MPs c6 trong miu phén tich.
Duya trén sy chénh léch ty trong gitta MPs va
dung dich tach, cac hat vi nhua s¢€ ndi 1én trén
bé mit dung dich. Bang 5 trinh bay mot sé loai
mubi thuong dung trong tach ty trong [32].
Bang 5. Mgt so dung dich mugi dé tach ty

trong [32]
Tén mudi Ty trong (g/cm?)
NaCl 10-1.2
ZnCl, 16-1,8
Nal 1,80

Dung dich NaCl 20% co6 khdi lugng riéng
khoang 1,0 - 1,2 g/em?® dwoc khuyén nghi sir
dung d6i v6i cac mau tram tich do chi phi nho
va doc tinh thap [32]. Cac polyme nhu PP (0,8
g/em?®) hoic PA (1,13 g/cm?3) c6 ty khdi thap
hon do d6 c6 thé duoc tach ra [63]. Tuy nhién,
mdt s6 polyme c6 ty khdi cao hon (~1,4 glcmd)
nhu PVC hoac PET [33] lai khong tach ra dugc
trong khi ching chiém gin 17% san lugng
nhua thé gigi [34]. Piéu nay din dén viéc danh
gid khong day du dugc hién trang vi nhya
trong mau.

Mot dung dich ty trong cao khac dé tach nhya
la Nal (~1,8 g/lcm3) [10]. Tuy nhién, chat nay
rat dat [32]. Pay 1a 1y do tai sao Nuelle va cs
[17] bit ddu bang viéc tach NaCl dé giam khdi
lwong miu ban dau, sau d6 1a qua trinh tuyén
ndi st dung Nal. Véi hai budc nay, lugng mau
di giam dén 80% va do d6, can it Nal hon.
Kedzierski va cs [35] cho thdy c6 thé tai ché
Nal v6i mic hao hut 35,9% sau mudi lan sir

dung. Claessens va cs [25] cing giam lugng
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mau bang cach sir dung cot rira giai, sau d6 1a
tach ty trong bang Nal.

Dung dich ZnCl, véi ty khéi 12 1,6 - 1,8 g/cm3
dugc sir dung dé tach tit ca cac loai nhya. Ty
1¢ thu hdi cua vi nhua rat cao va nd khong dét
1am [32]. Coppock va cs [36] so séanh céc dung
dich NaCl, Nal va ZnCl, vé chi phi va hiéu qua
va két luan rang ZnCl, 1a phuong phap higu
qua nhat va it ton kém hon. Tuy nhién, chét
nay rat nguy hiém va c6 tinh dn mon [32]. Do
do6, viéc xir 1y, tiéu hily va tai ché can than la
hoan toan can thiét.

3.4. Lya chon phwong phap loai bé chit hiru
co trong quy trinh phéan tich vi nhya

Véi nhiing dit liéu da trinh bay & trén, co thé
dinh huéng cho céc nghién ctu v& vi nhya dé
lya chon phuong phap xu ly phu hgp.

Hiéu qua cua viéc loai bé6 CHC phu thudc
nhiéu vao nén méi trudng phan tich mau. Vi du
nhu axit nitric (HNO3) phan hay cac mé sinh
vat, chii yéu bao gdm protein, carbohydrate va
chat béo [17, 24, 37]. Karami va cs, 2017 [19]
cling da thir diéu nay véi HNO3 va HCI dé
phan hay md ca. Dung dich kiém, nhu KOH
cling mang lai két qua t6t vé tiéu hiay mé sinh
vat ([17, 19, 26, 38-40]. Enders va cs, 2017
[41] tim thdy hiéu suit cao nhit khi tic dung
KOH véi NaClO (1: 1) trong mau da day ca.
Tuy nhién, KOH hodc NaOH it hiéu qua hon
khi duoc ap dung cho cic mau nudc va trim
tich, véi cac CHC thuong c6 ngudn gde tir thue
vét (bao gdm 14, manh vun gd va tao) va /hodc
chira cac bo phan ciia mai va vo [42]. Véi nén
miu ndy, viéc st dung H,O, hay phan tng
Fenton lai mang lai hi€éu qua cao hon.

Béng 6 trinh by dic diém cua cac quy trinh
loai bo CHC.



Bdng 6. Uu nhwoc diém ciia cdc phwong phdp logi bé CHC

Phwong phap MGoi trwong Uu diém Nhuoc diém
Axit: HCI, HNO3 Bun, nudc,  HNOz: hau hét cac CHC ~ HNOs: C6 thé hoa tan PS va PE;
sinh vat bi phé huy HCI: pha huy khong hoan toan
cac CHC
Kiém: NaOH Bun, nudc, Hau hét CHC 1 s6 polyme bi phan huy: PC,
sinh vat bi phan huy CA, PET; PVC
Kiém: KOH Bun, nudc, Hau hét CHC 1 s6 polyme bi anh huéng: CA,
sinh vat bi phan huy; PVC, ; mét s polyme bi doi
mau: NY
H20, Bun, nudc, Hau hét CHC C6 anh huong dén polyme
sinh vat bi phan huy
Fenton Bun, nudc, Hau hét CHC it anh hudng dén polyme
sinh vat bi phan huy, thoi gian
phan g ngin
Enzym: lipase, Bun,  nudc, Hau hét CHC Thoi gian phan tng dai, chi phi
cellulose, chitinase, sinh vét bi phan huy, khong nguy cao
protease, hai

Bang 7 trinh bay su so sanh gitra 03 dung dich
mudi thuong duoc sir dung trong quy trinh
phan tich vi nhya.

Bdng 7. So sanh cac dung dich mugi tach ty

trong [36]
Tiéu NacCl ZnCl2 Nal
chi
Ty - Toi - Ty trong - Ty trong
trong da: 1.2 16n hon cao, 1.8
glem3,  NaCl: 1.3- g/cm®
1.5 g/cm?®
Chi - Chi Sovegi Nal, Matdo 1,5
phi phiré O ty trong g cm-3 lai
nhat: 159 c6 chi phi
£4.17  glcm3 chi  mac nhat
L phi la £172,95/1
£ 35,10/I (94p 20,5
(94p 8,5 1an so véi
lansovsi  NaCl)
NaCl)
4. KET LUAN

Tuy thude vao ddi twong mau, muc tiéu, pham
vi va diéu kién nghién ctu, cac nha khoa hoc
c6 thé lua chon cho minh quy trinh xt Iy mau
nham loai b6 CHC va tach ty trong mot cach
pht hop dé dat dugc muc dich xtr Iy c6 hiéu
qua vé tiéu chi kinh té va dam bao khéng anh
huong dén két qua phan tich. Pay s& 1a co so
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dé dua ra cac quy trinh phén tich vi nhya trong
cac nén moi truong khac nhau nhu dét, nudc,
khéng khi, sinh vat, ... Hi vong day s& la
ngudn tai lidu hitu ich cho cac doc gia.

LOT CAM ON

Nhom nghién ctu xin chén thanh guri i cam
on dén Vién Cong nghé méi truong, Vién Han
Iam Khoa hoc va Cong nghé Viét Nam da tao
moi diéu kién dé hoan thanh nghién ciru nay.
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