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Abstract: Polycyclic aromatic hydrocarbons (PAHs) and their derivatives are a diverse group of
organic pollutants, which are relatively persistent and toxic. Simultaneous determination of
unsubstituted PAHs and methylated PAHs (Me-PAHS) is necessary to provide comprehensive
insights into contamination levels and sources of these pollutants. In this study, we collected
surface sediment samples from the Vietnamese central coast to analyze 7 PAHs and 12 Me-PAH:S.
The sediment samples were extracted by using a focused ultrasonic processor with acetone/hexane
(1:1) mixture and toluene. The extract was purified by column chromatography technique with
activated silica gel and dichloromethane/hexane (1:3) as the elution solvent. PAHs and Me-PAHSs
were determined by a gas chromatography/mass spectrometry (GC/MS) system operated in
electron impact ionization (EI) and selected ion monitoring mode (SIM). Concentrations of total
7 PAHs and 12 Me-PAHSs ranged from 30 to 246 (average 92) nanograms per gram sediment
(ng/g). These levels were comparable to or lower than those measured in Vietnamese river
sediments and marine sediments from some other countries in the world. The accumulation
profiles of PAHs and Me-PAHSs indicated that their emissions are likely associated with mixed
pyrogenic and petrogenic sources. Our results have provided preliminary information about the
pollution degree and accumulation characteristics of these substances in Vietnamese marine
environments. Additional comprehensive studies should be performed to characterize
contamination characteristics, emission sources, and ecological risks of PAHs and their derivatives
in this country.
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Tém tit: Hydrocarbon thom da vong (PAHs) va céc dan xuét ctia chung 12 nhom cac hop chét hiru
co phuc tap, tuong ddi bén vimg trong méi trudng va doc hai. Viée xdc dinh ddng thoi PAHs va
cac dan xuat methyl hoa cua chang (Me-PAHs) la can thiét dé cung cap nhung _thong tin day du
hon vé& mic d6 6 nhidm va ngudn goc cua ching. Trong nghién clru nay, mau tram tich mat dugc
thu thap tai khu vuc ven bién mién Trung dé phan tich ham luong cua 7 PAHs va 12 Me-PAHSs.
Mau tram tich dwoc chiét bang k¥ thuat chiét siéu am truc tiép v6i hé dung moi acetone/hexane
(1:1) va toluene. Dich chiét dugc 1am sach trén cot sic ky chua silica gel hoat hoa va chit phan
tich dugc rira giai voi dichloromethane/hexane (1:3). PAHs vad Me-PAHs dugc phan tich dinh
lwong trén hé théng sic ky khi khéi phé (GC/MS) & ché d6 ion hoa va dép electron (EI) va quan
st chon loc ion (SIM). Ham luong tong PAHs dao dong tir 30 dén 246 (trung binh 92) nanogam
trong 1 gam tram tich (ng/g). Mirc ham luong ndy twong duong hodc thap hon so véi mdt s6 mau
tram tich séng tai Viét Nam va trim tich bién ciia mot s6 qudc gia trén thé gidi. Pic trung tich liy
cia PAHs va Me-PAHs d chi ra ngudn phat thai c6 thé lién quan dén ca qué trinh nhiét va tir cac
san pham dau mo. Két qua nghién ciru dd cung cp nhimg thong tin so bo vé mirc d6 6 nhidm va
dic trung tich liiy ciia nhom chéat nay trong méi trudng bién tai Viét Nam. Nhing nghién ctru
chuyén sau hon dé danh gia toan dién vé sy 6 nhidm, ngudn phat thai ciing nhu rai ro sinh thai cua

PAHs va cac dan xut cua chung tai Viét Nam la rat can thiét.

Tir khéa: PAHs, Me-PAHs, trim tich, khu vue ven bién mién Trung, Viét Nam.

1. Mé dau

Hydrocacbon thom da vong (PAHs) Ia
nhom chit 6 nhim hitu co dugc quan tdm
nghién ciru trong nhiéu thap ky qua do ching
ton tai phd bién trong méi trudng, twong dbi
bén vimng va c6 thé anh hudng tiéu cuc dén sirc
khoe con nguoi va cac loai dong vat [1]. Ngoai
cic PAHs khong chira nhom thé (vi du nhu 16
chit PAHs dién hinh theo Cuc Bdo vé Moi
truong Hoa Ky, US EPA), hon hgp PAHs trong
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moi trudng con c6 thé bao gdm nhiéu loai dan
xuit véi cac nhom thé khic nhau. Trong do,
PAHs methyl hoa (Me-PAHs) la nhém dan xuat
trong mot sO trudong hop co thé t6n tai & mirc
ham luong va biéu hién doc tinh tuong duong
hodc tham chi cao hon so véi cac hop chét
khong thay thé ciia chung [2]. Twong ty nhu
PAHSs, Me-PAHs ciing c6 kha ning lién két véi
thu thé aryl hydrocarbon (AhR) s& dan dén céac
thay ddi trong qua trinh phién ma gen [3].
Ngoai ra, mot s6 Me-PAHs di duoc phat hién
gdy ra bénh tang sinh té bao va phat trién khdi u
& dong vat thi nghiém [4, 5]. Cac dan xuit
methyl cua naphthalene (Me-Nap),
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phenanthrene (Me-Phe) va chrysene (Me-Chr)
dd dugc tim thay trong ngudn thai ciia cac hoat
dong cong nghiép, khai thac va sir dung ddu mo
va qua trinh d6t chay khong hoan toan [6].

Tai Viét Nam, nghién ctru vé Me-PAHSs con
rat han ché. Me-PAHs lan dau tién dugc tim thay
trong mau bui duong tai Viét Nam v6i ham luong
tong dao dong tir 170-1500 (trung binh 750) ng/g
Vv6i cac chét dién hinh nhu 1-Me-Phe, 2-Me-Phe
va 7/9-methylbenz[a]anthracene (7/9-Me-BaA)
[7]. Sau d6, mot sd cac nghién ciru khac di chi
ra su c6 mit cia Me-PAHs trong mau dat va
tram tich tai khu tai ché rac thai dién tor [8],
mau bui ling tai khu thao d& phuong tién giao
thong het han st dung [9 ] mau bui duong tai
mot s6 khu vuc & mién Bic Viét Nam [10] va
mAu trim tich song tai khu vuc d6 thi Ha Noi
[11]. Tuy nhién, hién chua cé nghién ctru nao
dugc thue hién dé danh gia mirc d§ 6 nhiém cia
Me-PAHs trong méi truong bién tai Viét Nam.

Sciences and Technology, Vol. 40, No. 2 (2024) 64-72

Trong nghién ciru nay, cdic mau tram tich
mit tai khu vuc ven bién mién Trung dd duoc
thu thap dé xac dinh ham lugng ciia 7 PAHs va
12 Me-PAHs. PAHs va Me-PAHs trong trim
tich duoc chiét voi k¥ thuat si€u am tryc tiép,
lam sach bang k¥ thuat sic ky cot va phan tich
dinh lugng trén hé thong sic ky khi khdi phd
(GC/MS). Két qua phan tich s& cung cip nhimng
thong tin so bd vé mirc ham luong, dic trung
tich liiy va ngudn gdc cia PAHs va Me-PAHs
trong méi truong tram tich bién tai Viét Nam.

2. Thuc nghiém
2.1. Thu thdp va chudn bi mau tram tich

Mau trim tich dwoc nhém nghién ciru thu
thap tir 10 vi tri khac nhau (ki hiéu S1 dén S10)
doc ven bién mién Trung thudc tinh Binh Pinh
(Bang 1).

Bang 1. Pic diém cuia cac vi tri 1y mau tram tich trong nghién ctru nay

Miu | Toa dd Pic diém
S1 | 13,751861 B 109,216667 B Khu vic bién Quy Nhon
S2 | 13,768861 B, 109,251444 D Khu vyc cang v6i nhidu hoat dong giao thong bién
S3 13,783972 B 109,226306 B Khu vyc nudi tréng thiy san & clra song Ha Thanh
S4 | 13,811111 B 109,277694 B Khu vire dudi cdu Nhon Hoi
S5 | 13,766750 B 109,292583 D Khu vyce nudi trong thily san & ddm Thi Nai
6 13.887500 B 109,282778 D GAe‘Am khu liinh t& Nhon Hoi v6i nhiéu hoat dong san xuét
cong nghiép
57 13.877611B 109295778 B Elllrl;\;r:n\;n bién Nhon Ly c¢6 nhiéu hoat dong dan sinh va
S8 | 13,888611 B 109,295778 B Khu vic cang Nhon Ly v6i nhiéu hoat dong giao thong bién
S0 | 13.850722 B 109292333 B \Ifallg‘lfrg’fl ;?n :en Ky Co v&i nhiu hoat dong du lich, dich vu
S10 | 13,828472 B 109,257972 B Khu vyc dudi cau Thi Nai

Khu vye 1dy miu thudong xuyén dién ra cac
hoat dong giao thong vén tai bién, danh bt
thiy hai san, cung véi cac hoat dong cong
nghiép va dan sinh khac. Ban d vi tri ldy mau
dugc trinh bay trong Hinh 1.

Mau tram tich dugc iy bang thiét bi liy
mau Van Veen, dung trong tii zip polyethylene
va bao quan & —20 °C cho dén khi phén tich.
Mau dugc lam kho dén khéi lugng khong do6i o
nhiét do phong sau d6 nghién trong cbi sir va
sang qua riy c6 khau do 1 mm.
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Hinh 1. Ban d6 vi tri 1dy mau.

2.2. Quy trinh xir Iy mdu

Quy trinh xir 1y miu tram tich dwoc tham
khéo tir cong bd trude ddy cia nhém nghién ctu
[11]. Mau trdm tich (0,2 g) sau khi dong nhét
duoc chuyén vao 6ng thuy tinh 50 mL, thém chat
chuan dong hanh (naphthalene-d8,
acenaphthylene-d8, phenanthrene-d10,
fluoranthene-d10, pyrene-d10, benzo[a]pyrene-
d12 va benzo[ghi]perylene-d12, 10 ng mdi chat;
Cambridge Isotope Laboratories, Inc.). Mau duoc
chiét 2 14n v6i 10 mL hdn hop acetone:hexane
(1:1, 10 phat) va 10 mL toluene (10 phut) bing
thiét bi phat siéu 4m tryc tiép VCX 130 (Sonic &
Materials, Inc., USA). Dich chiét dugc ly tim
(10 phut, 3500 rpm) sau d6 gdp vao binh cau
100 mL, ¢6 dic va chuyén vao khoang 1-2 mL
hexane. Dich chiét duoc 1am sach trén cot thuy tinh
chira 5 g silica gel (hoat hoa ¢ 130 °C trong
3 h) va 2 g sodium sunfate khan (nung & 400 °C
trong 2 h). Cot lam sach dugc ria béng 50 mL
hexane, nap dich chiét va loai bo cac tap chét voi
40 mL hexane. PAHs va Me-PAHs duogc rira giai
bang 30 mL hdn hop dichloromethane/hexane
(1:3). Dich rtra giai dugc cd dac, thém chét noi
chuén (Chrysene-d12, 10 ng; Cambridge Isotope
Laboratories, Inc.) va chuyén vao 200 uL ethyl
acetate trudc khi phan tich trén hé théng GC/MS.

2.3. Phan tich dinh luong trén GC/MS

Cac chat phan tich bao gdm 7 PAHs
(naphthalene Nap, anthracene Ant, phenanthrene Phe,
pyrene Pyr, benz[a]anthracene BaA, chrysene
Chr, benzo[a]pyrene BaP) va 12 Me-PAHs
(2-methylnaphthalene 1-Me-Nap, 2-methylnaphthalene
2-Me-Nap, 1,2-dimethylnaphthalene 1,2-Me;-

Nap, 1-methylanthracene 1-Me-Ant,
2-methylanthracene 2-Me-Ant, 2-
methylphenanthrene 2-Me-Phe, 3,6-
dimethylphenanthrene 3,6-Me;-Phe,
1-methylpyrene, 1-MePyr, 1/2-
methylbenz[a]anthracene 1/2-Me-BaA,
7-methylbenz[a]anthracene  7-Me-BaA  va

10-methylbenzo[a]pyrene 10-Me-BaP). PAHSs
va Me-PAHs dugc phan tich trén hé thong sic
ky khi khéi phd GCMS-QP2010 Ultra
(Shimadzu, Nhat Ban) véi cot tach DB-5ms
(30 m x 0,25 mm x 0,25 pm, Agilent
Technologies). Heli dugc st dung lam khi
mang véi téc do dong 1,15 mL/phat. Nhiét do
cong bom mau 1a 300 °C. Thé tich miu 2 pL
dugc dua vao cot tich & ché d6 khong chia
dong. Chuong trinh nhiét do cua 1o cot duoc dat
& 110 °C (1 phat), tang dén 170 °C (20 °C/phut),
dén 220 °C (4 °C/pht), dén 270 °C (3 °C/phuit)
va tang dén 310 °C (20 °C/phut, gitt 10 pht).
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Nhiét d6 cia bo phan két ndi (interface) va
ngudn ion lan luwot la 310 °C va 230 °C.
Detector khéi phd (MS) dwoc van hanh & ché
do ion hoa va dap electron (EI) va quan sat
chon loc ion (SIM).

2.4. Pam bao va kiém sodt chat lwong (QA/0OC)

HOon hop chit chuan gbc PAHs va
Me-PAHs duogc pha trong ethyl acetate & ba
mirc néng d6 khac nhau (5, 50 va 500 ng/mL)
v6i nong d6 clia chat chuan danh dau dong vi 1a
50 ng/mL. Puong chuan c6 hé s tuong quan
(R?) cua tit ca cac hop chat déu 16n hon
0,999 cho théy su phu thudc tuyén tinh cua tin
hiéu do vao ndng d6 chat phan tich trong
khoang 5-500 ng/mL. B¢ chinh x&c cua
phuong phap dugc danh gia thong qua két qua
phan tich 1ip cac miu tram tich (n = 3) duoc
thém chuin ¢ muc ham lugng 10 ng/g. PO thu
hoi ciia cac chat phan tich dao dong tir 70% dén
120% véi d6 1éch chuan twong dbi RSD < 25%,
dap ung dugc yéu céu cia AOAC cho mirc ham
luong ¢ ppb. Cac miu tring quy trinh (n = 3)
dugc phan tich kém theo cac mau thuce dé danh
gid muc d6 6 nhiém nén va udc tinh gidi han
phat hién cua phuong phap (MDL). Ham lugng
clia cac chat phan tich trong mau thuc té s&
duoc hiéu chinh bang cach trir di ham lugng
phat hién duoc trong mau tring. Gia tri MDL
duoc udc tinh 1a mic ham lugng trung binh
trong mau tring cong véi 3 1an do 1éch chuin,
dao dong tir 0,05 dén 1 ng/g.

3. Két qua va thao luin

3.1. Ham lwong PAHs va Me-PAHs trong madu
tram tich

Ham Iluong X7PAHs va X12Me-PAHSs
trong cac mau tram tich dao dong trong khoang
18,1-117 (trung binh 44,9) ng/g va 11,8-129
(trung binh 47,3) ng/g, twong Ung (Hinh 2).
Ham luong Me-PAHs cao nhat dugc tim thay
trong cac mau S5 (129 ng/g), S3 (72,9 ng/g) va
S1 (59,5 ng/g). PAHs dugc tim thdy v6i ham
lugng cao nhat trong miu S5 (117 ng/g), S6
(73,6 ng/g) va S4 (65,7 ng/g). Mau trarn tich S5
liy tai dam Thi Nai c6 ham lugng tong PAHs

va Me-PAHs cao hon so v6i cac khu vuc con
lai. Mot s6 miu co6 ham lugng PAHs va
Me-PAHs tuong dbi cao (vi du nhu S1, S3, S4
va S6) dugc léiy tai khu vuc ven bién, cira song,
phia dudi cdu va gan khu kinh té. Cac két qua
nay budc dau cho thiy muc d6 6 nhiém PAHs
va Me-PAHs trong tram tich co lién quan truc
tiép tdi cac hoat dong cia con ngudi, dic biét la
hoat dong giao thong va san xuat cong nghiép.

Cac nghién ctru vé Me-PAHs trong mau
tram tich con tuong d6i han ché va danh sach
cac chit phan tich khac nhau din dén nhimg
kho khin trong viéc so sanh két qua giita cac
nghién ctu. Ham luong Me-PAHs trong mau
trdm tich cua nghién ctru nay (11,8-129 ng/g)
nhin chung tuong duong hodc thap hon so véi
muc tim thdy trong trAm tich song tai khu
vuc tai ché rac thai dién t¢ & Hung Yén
(19-380 ng/g) [8] va tram tich song tai khu vuc
do6 thi Ha Noi (14-450 ng/g) [11]. Kishida va
cs. (2007) da do duoc methylphenanthrene
(1-, 2-, 3- va 4/9-Me-Phe) trong tit ca cic miu
tram tich thu thap tir Ha No6i, Hué va thanh phé
H6 Chi Minh véi ham lwong ting chit dao
dong tir 0,6 dén 71 ng/g [12]. Cac dan xuit
methyl cua PAHs (Nap, Phe, Ant, Pyr, BaA,
Chr va BaP) ciing dugc phat hién phd bién
trong cac mau trim tich song tai khu vuc do thi
Ha Noi v6i ham luong ting chat dao dong tir
0,20 dén 81 ng/g [11]. Ham lu(mg cua cac
Me-PAHs trong cac mau tram tich bién tai khu
vuc ven bién mién Trung Viét Nam (<0,10 dén
57,3 ng/g) nhin chung nam trong khoang gia tri
duogc cong bd trude ddy cho mau tram tich mat
lay trong dat lién [8, 11, 12].

Tai Pong Nam A, mot sé nghién ciru trudce
day da chi ra sy c6 mat cua Me-PAH trong tram
tich nhung két qua chi tiét vé nong do cua cac
chat 6 nhim nay khong duoc bao cao [13-15].
Ham luong Me-PAHs cia nghién cuu nay
(11,8-129; trung binh 47,3 ng/g) cao hon so v&i
mirc ham lugng dugc bao cao trong miu trim
tich tai Vinh Persian (2,39- 66 ng/ g) [16] nhung
thap hon dang ké so voi mau tram tich tai cang
bién Lebanon, Trung Dong (54,1-638, trung
binh 498 ng/g) [17].
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Hinh 2. Ham luong tong 7 PAHs va 12 Me-PAHs trong cac mau trim tich ctiia nghién ctru nay.

3.2. Dgc trung tich liiy cua PAHs va Me-PAHs
theo so vong trong phan tir

Su phéan loai cac PAHs va Me-PAHSs theo
sd vong trong phan tir duoc xem 13 mot cach
tuong di dé xac dinh ngudn gdc cua ching. Su
phat thai PAHs thuong c6 lién quan dén hai
ngudn gdc chinh d6 13 cac qua trinh nhiét do
cao (vi du nhu dbt rac thai, nhién liéu hay céac
hién tugng tu nhi€n nhu chdy ring, phun trao
nui lira) dic trung boi cac PAHs ¢6 khdi lugng
phén t& 16n (HMW PAHSs) c6 tur 4 vong trd 1én
[18]. Su chay tran cua cac san pham dau mo
dic trung boi cac PAHs ¢ khdi lwong phan tir
thip (LMW PAHs) c6 tir 2-3 vong [18].

bac trung tich liy cua cic PAH va
Me-PAH dugc trinh bay trong Hinh 3. Ham
luong LMW PAHs (trung binh 58%) nhin
chung tuong duong v6i HMW PAHs
(trung binh 42%). Mot s6 mau duoc thu thap tai
cac khu vuc nudi trong danh bat thuy hai san,
cang bién va noi cac tau thuyén neo ddu Sl
(64%), S3 (81%), S5 (63%), S8 (71%) c6 ham
lwong LMW PAHs cao hon dang ké so voi
HMW PAHs. Diéu nay phan anh sy phat thai
PAHs c6 ngudn gbc tir cac san phdm dau mo
clia tau, thuyén hon tir cac qua trinh nhiét do
cao. Cac mau con lai c6 ham lwgng LMW

PAHs va HMW PAHs tuong duong nhau.
Nhom PAHs chura 2 vong (2R) (41%) co ti 1€
tuong duong hodc cao hon 4 vong (4R, 34%)
trong hau hét cic mau ngoai trir mau S2 va S4
(c6 ti 18 hop chat 4R cao hon 2R khoang 2-3
lan). Hai mau S2 va S4 dugc thu thap tir cang
bién va khu vuc dudi cau dién ra chu yéu cac
hoat dong giao thong, véan tai. Chinh vi vay
ngudn phét thai tir phuong tién giao thong 1a
mot trong nhimng yéu t6 dong gop 16n dén su 6
nhiém ctia PAHs va Me-PAHs tai khu vuc nay.

Mau tram tich song tai khu vuc tai ché rac
thai dién tir cling duoc bao cdo voi sy dong gép
nhiéu nhat ctia hop chit 4R (41%), tuy nhién
cic hop chat 2R (3%) lai chiém ti 1& rit nho
trong dic trung tich lily cho thiy ngudn gbc
phat thai it ¢6 lién quan dén cac san pham dau
mo [8]. Piéu nay ciing duoc chi ra trong miu
trAm tich song tai khu vuc d6 thi Ha Noi voi ti
1€ 4R (34% % 8,0%) > 6R (26% + 11%) > 3R
(18% + 7,2%) =~ 5R (18% * 2,3%) > 2R (6% *
1,8%) [11]. Tram tich tai cac con song trong
khu vuc d6 thi dugc cho la noi tiép nhan truc
tiép PAHs, Me-PAHs phat thai tir phuong tién
giao théng va su ling dong cta chit ran lo ling
trong khong khi, bui duong do dé co ti 1€ cao
cua cac HMW PAHs [11].
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Hinh 3. Dic trung tich lily trong tram tich cia Me-PAHs va PAHs theo s6 vong trong phan tir.

3.3. Ddc trung tich liiy cua PAHs va Me-PAHs
theo cau tur

Théng tin chi tiét hon vé dic trung tich liy
clia timg chat trong tong ham luong PAHs va
Me-PAHs dugc trinh bay trong Hinh 4 (Xem tai
phu luc). Céc chat 1-Me-Nap (20-36%) va 2-Me-
Nap (14-26%) dong gop mot phan 16n trong hiu
hét cac mau ngoai trir 3 mau S2, S4 va S6. Trong
3 miu nay thi ham lugng Pyr (12-21%) va Phe
(10-18%) lai dong gop chu yéu trong ham luong
tong PAHs. Phe 14 hop chét dic trung cho qua
trinh dt chay cic nguyén lidu, rac thai va sinh
khdi trong khi Pyr lai ddc trung cho qua trinh
thiéu ddt cac san pham tir dau [18]. Didu nay phu
hop v6i thyc t& boi cac mau S2, S4 va S6 duoc
thu thap tir vi tri chan cau, cang bién va khu vuc
gan nha may dién ra nhiéu hoat dong lién quan
dén qua trinh sinh nhiét, dic biét tir dau va nhién
liéu. Mau trdm tich & khu vuc do thi [11] va khu
vire tai ché rc thai dién tir [8] ciing co ti 16 Phe va
Pyr twong ddi 16n trong téng ham lwong PAHs.
Anthracene va cac dan xuit methyl ciia chung
chiém mét ti 1& nho trong téng ham luong PAHs
(tir 0 dén 4%). Ti 1& ctia BaP chiém tir 5 dén 11%,
tuy nhién din xuat ctia n6 lai khong duoc phat
hién trong tAt ca cac mau tai khu vuc nghién curu.

4. Két luan

Nghién ctru nay da cung cap nhing thong
tin so by va cap nhat vé ham lugng va dac trung
tich lity cia PAHs va Me-PAHs trong mau tram

tich ven bién mién Trung Viét Nam. Pay duoc
xem 1a mot trong nhitng nghién ctru dau tién
danh gia su 6 nhiém cua Me-PAHSs trong mau
trAm tich bién & nudc ta. Nhin chung, ham
lugng cta 19 PAHs trong mau tram tich bién
ctia nghién ctru nay tuong duong hodc thip hon
v6i cac mau tram tich song khu vuc dé thi, khu
vuce tai ché rac thai dién tir tai Viét Nam, cling
nhu tram tich bién tai mot sé quéc gia khéc trén
thé gigi. Cac két qua nay cho thdy muc do 6
nhiém coa PAHs va Me-PAHs tai khu vuc
nghién ctru 13 tuong ddi thap. Pic trung tich lay
ciia PAHs va Me-PAHs d3 chi ra ngudn gbc
dén tir ca qua trinh nhi¢t d0 cao va céic san
phim dau mo. Su co6 mit phd bién cua
Me-PAHs (dién hinh 1a Me-Nap, Me-Phe va
Me-Pyr) néu ra yéu cau vé nhiing _nghién ctru
toan dién hon vé PAHs va cac dan xuit cia
ching dé co the danh gia chinh xdc hon muc do
0 nhlem nguon goc va tac dong ti€u cuc cua
chdng trong mai truong tai Viét Nam.

Loi cam on

Nghién ctru ndy dugc tai trg boi Truong
Pai hoc Khoa hoc Tu nl,lién, Pai hoc Quoc gia
Ha Néi trong de tai ma s6 TN.23.09.
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