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Tom tit:

Nhirng nghién ctru vé 6 nhiém giy ra béi cac hop chit perflo hoa (PFCs) trong méi truomg & cac nwéce dang phat
trién nhw Viét Nam con nhiéu han ché, dic biét doi véi cac hé théng nwéc mit chay qua khu viee thanh thi, dong
dan cur va khu cong nghiép. Trong nghién ciru nay, cic hop chit PFCs dwgc phén tich trong 32 miu nwéc va 14 miu
tram tich dugce léy doc theo song Nhue va song Day chdy qua 6 tinh, thanh ph() c6 mit do dan s0 cao ciia mién Bic.
PFCs phat hién dugc trong 100% mau nuwéc véi nong do trung blnh tong 1a 7,85 ng/1 (gia tri trong khoang 4,54 dén
13,48 ng/l). Trong trim tich chi tim thiy PFCs trong 40% so miu véi tong ham lwong ¢ mire thap (0,06-2,60 ng/g
miu khd). Axit perfloankyl carboxylic véi so nguyén tir cacbon trong phan tir thap (tir C4 dén C8) 1a nhirng cAu tir
troi tim thay trong nudc mét, con trong tram tich c6 phat hién thay perfloankyl sunfonat nhung ¢ ham lugng thap,

x4p xi nguéng gi6i han dinh lwong.

Tir khéa: nwée mit, PFCs, song P4y, song Nhué, trim tich, Viét Nam.
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Céc hop chat PFCs dugc san xuat tir nim 1950 va sir
dung rong rdi trong cong nghiép, san xuat hang tiéu dung
do nhiing tinh chit hoa 1y wu viét nhu kha niang chéng thim
dau, chéng thAm nudce, tinh on dinh véi tac dung cua nhiét
va cac tac nhan héa hoc. Hon hop PFCs duoc st dung nhu
chét hoat dong va bao vé bé mat trong cac san phém dan
dung nhu tham, da, giéy, dét may, bot chéng chay, chat danh
bong va dau goi [1]. PECs c6 thé phat tan vao moi trudng
tir cac san pham thai bo, tir sy phan huy cac tién chit st
dung trong cong nghiép. Trong nhitng nam gan day, cac hop
chat PFCs ngay cang nhan duoc su quan tAm trén toan cau
do chung phan bd & khip noi, bén vimg trong moi trudng,
dac biét co kha nang tich Iily sinh hoc va tiém an nguy co
doc hai. Giesy va Kannan (2001) [1] lan dau cong b vé su
xuét hién cta cac hop chit PFCs trong dich chiét mau mau
va gan cua cac dong vat c¢6 v, chim, ca hay tham chi trong
mau nguoi. Nhitng nghién ctru sau d6 da cho thdy, PFCs
dugc tim théy trong khong khi [2], nuéc mat [3, 4], tram
tich [5] va mau sinh hoc [1, 6]. Trong sb cac hop chat PFCs,
perflooctansunfonat (PFOS) va axit perflooctanoic (PFOA)
1a 2 hop chat dién hinh va thuong dugc phat hién ¢ nong
d6 cao nhét trong nén mau méi truong. Nam 2009-2011,
PFOS, PFOA va mét s6 hop chét lién quan dd duge dua vao
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danh sach cac chat 6 nhiém hiru co khé phan hiy (POPs)
can han ché s dung va hudng t6i loai bo theo Cong udce
Stockholm.

Mot sé nghién ciru gan day di cong bd sy hién dién
PFCs trong nudc thai d6 thi, nudce thai tai mot sb lang nghé
tai ché, bai chon l4p rac hay tham chi dwoc tim thy trong cé
tai mot s6 song, hd ¢ Viét Nam [7-9]. Thuc té cho théy, Viét
Nam dang chuyén tir mot nude nong nghiép sang phat trién
cong nghiép, di doi voi qué trinh d6 thi hdéa nhanh chong
trong nhling nam tr¢ lai day. Tuy nhién, du li€u vé hién
trang 6 nhidm méi trudng gdy ra boi cac hop chét hitu co
kho phan hily méi, phat thai tir san xuat cong nghiép hay cac
hoat dong dan sinh nhu PFCs van con kha han ché. Luu vue
song Nhué va song Pay gom 6 tinh, thanh phd phia Bic,
noi tap trung cac khu vuc do thi, lang nghé truyén thong,
cac nganh cong nghiép va dich vu dang phat trién manh
m&. Vi toe do phat trién nhu hién nay, nguén nudc mat tai
song Nhu¢ va song Day tiém an nguy co 6 nhiém céc chat
hitu co kho phan huy, dac biét 1a PFCs. Vi vay, nghién ctru
nay duoc tién hanh dé khao sat ndng d6 va sy phan bd cia
cac hop chat PFCs trong méi truong nude va trim tich song
nham cung cap thong tin ban dau phuc vu cong tac quan 1y
moi truong luu vuc song Nhu¢ va song Day.
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Abstract:

Currently, there has been little data on contamination by
perfluorinated compounds (PFCs) in the environment
in developing countries such as Vietnam, especially
for surface water systems flowing through densely
populated urban areas and industrial zones. In this
study, PFCs were analysed in 32 water samples and 14
sediment samples taken along Nhue and Day rivers,
which flow through six high population density provinces
in Northern Vietnam. PFCs were detected in 100% of
water samples with an average total concentration of
7.85 ng/1 (4.54-13.48 ng/l). In sediment, PFCs were found
at low concentrations ranging from 0.06-2.60 ng/g d.w
with a detection frequency of 40%). Perfluoro carboxylic
acid with short carbon chain length (from C4 to C8)
were dominant compounds observed in surface water
while perfluoroalkyl sulfonates in sediment were found
at low concentrations, approximately the threshold of
quantitative limits.

Keywords: Day river, Nhue river, PFCs, sediment, surface
water, Vietnam.
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Thuc nghiém
Hoa chit, thiét b

Dung dich chuan 1a hdn hop chia 7 hop chat axit
perfloankyl cacboxylic bao gdm axit perflobutanoic (PFBA),
axit perflohexanoic (PFHxA), axit perflooctanoic (PFOA),
axit perflononanoic (PFNA), axit perflodecanoic (PFDA), axit
perfloundecanoic (PFUnA), axit perflododecanoic (PFDoA); 2
mudi perfloankyl sunfonat gdm perflohexansunfonat (PFHxS)
va perflooctansunfonat (PFOS). Hon hop danh ddu MPFAC-
MXA (Wellington, Cannada) chira 9 hop chat (°C) axit
perfloankyl cacboxylic va (**0, 1*C) perfloankyl sunfonat dugc
ding 1am chat déng hanh. Cac dung mdi, héa chat st dung
bao gém metanol cho HPLC, nudc cho HPLC, amonihydroxit,
axit axetic dugc mua tir Sigma, Aldrich. Thiét bi sic ky long
detector khdi phd kép LC-MS/MS 8040, Shimadzu dwoc st
dung cho phan tich dinh tinh va dinh lugng cac PFCs.

Léay méu va chudn bi méu

Séng Nhué co chiéu dai 74 km, nhan nudc tir song Héng
qua céng Lién Mac. Song Nhu¢ ciing dugc st dung nhu mot
thanh phan trong hé thong thoat nudc cho khu trung tim thanh
phd Ha Noi va quan Ha Dong. Hé thong nay bao gom séng To
Lich, Lur, Sét, Kim Nguu chay vao song Nhu¢ tai dap Thanh
Liét véi luu lugng 300.000-350.000 m*/ngay. Song Nhué gap
song Day tai thanh phd Phu Ly. Séng Day dai 237 km chay
qua Ha Noi, Ha Nam, Nam Dinh, Ninh Binh va cubi cung ra
bién. Song Day 1a mot nhanh ciia song Hong va 1a mot dong
song thoat nude va phuc vu chia dong trong mua Iii. Mau
nude (n=32) duge thu thip doc theo song Nhué¢ (n=11) va
song Pay (n=21); hd Yén So (n=1) noi tap trung cudi ngudn
nudc thai d6 thi cua trung tdm thanh phd Ha Noi nhu mot
diém so sanh. Cac diém lay mau doc theo song Nhug¢, song
Day duoc biéu dién ¢ hinh 1, cac thong tin chi tiét vé ldy mau
dugc trinh bay ¢ bang 1.
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Hinh 1. Cac diém ldy mau nwéc va mau trdm tich doc theo
s6ng Nhué va song Day.
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Bang 1. Théng tin diém ldy mau nwéc mét va tram tich tai lwu
vwe song Nhué va song Day (mua mwa, 2019).

ﬁ’fj‘;‘c i‘fl']“ trim ;g0 Kinhdj  Thoitiét Song
wor - 21.089385  105.770574 Néngnhe  Nhué
w02  S02 21.041786  105.761359  C6 may Nhué
W03 S03 21.007396 105761695  C6 may Nhug
W04 S04 20.976 105.777096  C6 may Nhué
wos - 20.977586  105.779523 Néngnhe  Nhué
W06  S06 20936777 105.727288 Néingnhe Day
wo7 - 20974312  105.780331  Mua Nhué
W08 S08 20.959807  105.813249  C6 may Nhué
W09 S09 20.952052  105.808228 Néngnhe  Nhué
W10 S10 20.869273  105.83063  C6 may Nhug
Wil Sil 20.794445  105.837239  Co may Nhué
w12 SI12 20725602  105.770147  C6 may Day
w13 - 21.003301 105.663742 Néingnhe Dy
wi4 - 20.9784 105.6954 Ningnhe  Day
wi5s - 20.8125 105.7539 Ningnhe  Day
wi6 - 20.8081 105.7085 Néingnhe  Day
w17 - 20.687 105.7457 Mura Diy
wig - 20.6169 105.7886 Mura Day
w19 - 20.5851 105.842 Néngnhe  Day
W20 S20 20.64105  105.9007 Ningnhe  Nhué
w2l - 20.54108 10591069  Néngnhe Day
w22 - 20.4982 105.8941 Néngnhe  Day
w23 S23 20.5438 105.9316 Ningnhe  Day
W24 S24 20.5289 106.0618 Ningnhe  Day
W25 S25 20.4928 106.0327 Ningnhe  Day
w26 - 20265498  105.980933  Co6 may Pay
w27 S27 20326435  105.935203  Co6 may Day
w28 - 20.172099  106.070623  Mua Pay
W29 - 20.192876  106.021607 Mua Day
w30 - 20.216154  106.118032 Ningnhe BPay
w3l - 20.092479  106.087102 Néingnhe Day
W32 - 19.968187  106.09243  Néingnhe Day

Nude miat duge ldy & do sau 0-50 cm. Nude duogc liy
vao chai thity tinh 500 ml d dwoc trang sach bang metanol,
mau sau d6 dugc giir trong da khi van chuyén. Mau trim
tich duoc léy tai cung vi tri v6i mau nudc. Mau duoc léy
bang thiét bi chuyén dung, dugc giit trong tii nhém va dua
vé phong thi nghiém. Sau d6 mau duoc sang (¢ 16 2 mm)
loai céc hat to va gitt lanh trudc khi phan tich.

Quy trinh xir Iy miu nude dugce ap dung theo tiéu chun
ISO 25101:2009 [10]. Pau tién, 500 ml mau nudc duoc loc
qua mang 0,45 um, thém chét déng hanh va nap vao cot
chiét pha ran HLB 225 mg (Water, M) d4 hoat hoa véi toc
do6 1 giot/gidy. Cot chiét pha rin sau d6 duoc ria giai bang
4 ml metanol, 4 ml 0,1% dung dich amoni/metanol. Cudi
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cung, dich chiét duogc ¢6 vé 1 ml dudi dong khi nito trudc
khi dem phén tich. Déi voi mau trim tich, 5 g miu u6t duge
can vao 6ng nghiém PP 50 ml, thém chét ddng hanh. Thém
20 ml metanol vao mau, chiét l1ic va siéu 4m 15 phut, sau
d6 ly tam tach dich chiét va can, 1ap lai qué trinh chiét 3 lan.
Dich chiét duoc gop lai, co dac bfing thiét bi co cét quay
chan khong vé 5 ml, sau d6 thém nudc cat dé dugc nong do
20% metanol trong nudc. Qua trinh chiét pha ran tlep theo
duoc thyc hién nhu véi mau nude da mo ta ¢ trén. Mau trim
tich ciing dugc xac dinh do 4m theo phwong phap ASTM
D 2216-98 [11] dé tinh két qua theo trong luong mau kho.

Phdn tich

Hé théng sic ky 1éng ghép ndi hai lan khéi phd
LC-MS/MS 8040, Shimadzu dugc sit dung dé phan tich
cac PFCs. Thiét bi dugc lap cot phan tich Agilent Poroshell
120-EC18 (2,1 mm LD. x 150 mm x 2,7 um) va mot cot
bao vé Zorbax Eclipse Plus - C18 (2,1 x 12,5 mm X 5 pm).
Hon hgp dung moi ammoni axetat 2 mM va metanol (ty 1&
thé tich 9:1) va metanol lan lugt dugc sir dung 1a pha dong
A va pha dong B. Téc d6 dong 300 pl/phit, chwong trinh
dung mbi bat dau véi 30% pha dong B (phut 0+2) tang dan
dén 95% pha dong B (phut 3+22) trude khi giam vé 30%
pha dong B (phut 23+25), nhiét do cft tach duogc duy tri &
40°C. PFCs duogc ion hoa nho k¥ thuét ion hoéa phun dién
tich (ESI) véi téc d6 khi phun suong va tde do khi 1am kho
lan luogt 1 3 1N ,/phut; 15 I N /phit; nhiét do thanh dan (DL)
250°C va ap suat khi buong va cham ion (CID) 230 kPa
Argon. Céac PFCs dugc dinh tinh va dinh lugng trén detector
khoi pho kép theo ché d9 manh me bi bin pha ra manh con.
Puodng chuan cho timg ciu tir PFCs dugc 14p v6i cac ndng
d6:0,1,0,5,2,5, 10 va 20 ppb. H¢ sb tuong quan ctia duong
chuan R2>0,997.

Kiém sodt va dam bdo chit lwong

Mbi mé miu déu bao gdm mau tring, mau kiém tra va
mau that. PFCs trong cic mau trang phai dam bao déu nho
hon giéi han dinh luong. Cac PECs trong mau nudc ¢ hiéu
sut thu hoi tir 70 dén 110%, gia tri nay ddi véi mau tram
tich 1a 65 dén 116%. Trong nghién ctru nay, gidi han phat
hién (LOD) va gi6i han dinh luong (LOQ) ctia phuong phap
dugc tinh trén co s¢ 3 1an va 10 1an do 1éch chuén khi phan
tich 13p 5 1an miu c6 ndng do nho nhit ctia duong chuan.
LOQ cua cac PFCs d6i v6i mau nude tir 0,02 dén 0,6 ng/l va
v6i mau tram tich trong khoang 0,04-0,09 ng/g.

Két qua va ban luan
Suw co mdt ciia PFCs trong nwéc mat

32 mau nudc mit bao gdm nude & song Nhug, song bay
va mot mau so sanh tir hd Yén S¢ (noi tap trung cudi ngudn
nude thai do thi cia thanh phd Ha Noi) da duogc 1iy va phan
tich. Két qua phan tich cho thdy, 7/9 PFCs duogc phat hién
trong cac mau nudc mit voi néng d6 1omn hon gidi han dinh
luong (bang 2). Khong tim thdy PFDoA va PFOS trong bat
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clr mau nude nao. Sy cd mat cua cac axit perflocacboxylic
(PFCAs) trong nudc mat la n01 tr6i hon han so voi perfloan-
kyl sunfonat (PFSAs) vé ndng do ciing nhu tan suét, diéu
nay c6 thé giai thich do kha ning hoa tan trong nudc cua
PFCA t6t hon so v6i PFSA.

Bang 2. Tém tat két qua ndng dé PFCs trong nwéc mat séng
Nhué va séng Day (ng/l).

Song Nhu¢ (n=11) Song Pay (n=21)

Min  Max  Trungbinh Min ~ Max  Trung binh Ho Yen S5
PFBA 308 492 412 1,70 376 257 5,88
PFHxA 043 165 1,10 <0,04 125 0,69 2,70
PFOA 143 303 236 0,55 2,10 120 431
PFNA 0,65 140 0,98 023 1,00 0,67 113
PFDA <0,05 122 097 <0,05 089 0,73 1,02
PFUnDA 021 043 036 022 073 038 <0,08
PFDoDA <0,04 <0,04 <0,04 <0,04 <0,04 <0,04 <0,04
PFHxS <0,05 206 1,79 149 282 1,95 2,68
PFOS <0,09 <0,09 <0,09 <0,09 <0,09 <0,09 <0,09
TongPECs 7,17 1348 9,97 454 8% 6,28 17,7

Téng ndng d6 PFCs duoc tim thiy trong nudc song
Pay (n=21) va song Nhué (n=11) trong khoang tir 4,54 dén
8,94 ng/l va tir 7,17 dén 13,48 ng/l. So sanh bang chuan t
cho thay su khac biét c6 y nghia gitra tong ndng do PFCs
trong nudc song Nhué¢ va song Day (p<0,05). Gia tri trung
binh cua tong PFCs tim thdy & nudc song Day 14 6,28 ng/l
va ¢ nude song Nhué 1a 9,97 ng/l. Nong d6 trung binh cua
téng PFCs trong nudc song Py chi biang khoang 2/3 so vai
nude song Nhué va 1/3 so voi hd Yén S& - vi tri so sanh ¢6
mirc tong PFCs cao nhat 1a 17,7 ng/l. Nhu vay, nudc song
Nhug¢ bi 6 nhiém PFCs nhleu hon nudc song Bay. Co thé
vi Iy do sdng Nhu¢ tryc tiép tiép nhan ngudn nudc thai tur
thanh pho, cac khu vuc c6 dong dan cu, hoat dong san Xuét
phan tan. So sanh véi cac két qua da duoc cong bd c6 thé
thdy tong PFCs phat hién thay trong nudc song Nhué va
song Pay & muc vai ng/l téi chuc ng/l, tuong duong nhu
trong nudc hd Tay, hd Yén So [8], cac song thoat nude nhod
tai Ha Noi nhu Kim Nguu, L, Sét [12], song Pong Nai -
Sai Gon [13] phan anh cac ngudn 6 nhlern nudce thai do thi
cao hon so vdi cac song 16n nhu séng Hong, Mé Kong (¢
mtuc vai ng/l) [13].

Hinh 2 biéu dién tong ndng d6 PFCs trong nudc tim thy
doc theo dong chay cua song Nhué va song Day. Khong
thiy su thay doi dang ké vé ndng o PFCs trong nudc tai cac
diém khac nhau trén hé thong song Nhué va song Day cho
théy chua phat hién duoc nguén thai PFCs c6 tai lugng dang
ké doc song. Chi c6 diém lay mau W20 cubi cliing trén sdng
Nhué gan ho Yén S¢ ¢6 mirc PECs cao vuot trdi, xap xi murc
PFCs trong nudc hd Yén S&; c6 thé do anh hudng truc tlep
ctiia PFCs tir nudc thai do thi trong trung tdm Ha Noi. Hai vi
tri lay mau W31 va W32 ¢ ha luu song Day va gan vi tri ven
bién, tong nong do PFCs van duoc ghi nhan & cing muc tai
cac vi tri trong ndi dia.
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2

Téng néng dé PFCs (ng/l)

T
Séng Nhué

Mau nwéc mat

Hinh 2. Téng néng dé PFCs trong cac mau nwéc mit doc theo
dong chay ctiia song Nhué va song Day.

Phan b thanh phan trung binh cta cac PFCs trong nudc
song Pay, song Nhué va hd Yén S& duogc biéu dién ¢ hinh 3.
Hai axit perflocacboxylic PEBA, PFOA chiém wu thé nhat
trong cac PFCs voi dong gop 42i7% va 21£5% vao tong
PFCs va c6 mit trong tat ca cac mau. Tlep theo 1a PFHxXA
(10+£5%) va PENA (11£3%) v6i tan sudt phat hién twong
g trong mau 1a 100 va 88%. Cac hop chit c6 dong gop
thdp hon 1an luot 1a PFDA, PFHXS va PFUnA (chiém c& 8,0
t6i 2,5% tong PFCs). Phan b thanh phan tuong ty cua céc
PFCs dugc tim thdy ¢ nude song Nhué va song Day so véi
nude hd Yén Sé cho thiy, PFCs trong nudc mat thude luu
vuc song Nhué va song Day c6 ngudn gdc tir cac hoat dong
d6 thi nhu nude thai do thi, san xuét thuong mai thu cong va
cac nganh cong nghiép nhd.
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Hinh 3. Phan b6 thanh phan PFCs trong mau nwéc mat sdng
Nhué va séng Day.

Suw co mat cia PFCs trong tram tich

Céc mau tram tich dwoc thu thap bao gdm 8 mau tir song
Nhué va 6 mau tir song Day. Hau hét, cac gia tri néng do
PFCs phan tich dugc déu nho hon hodc xép xi gidi han dinh
luong trong tram tich. Chi tim thiy mot sé it mau tram tich
c6 chira PFBA (2/14 mau), PFDA (3/14 mau), PFHxS (3/14
mau) va PFOS (2/14 mau). 5 axit perflocacboxylic (PFHxXA,
PEOA, PFNA, IiFUI}DA, PFDQDA) déu lghéng phat hién
thay trong cdc mau tram tich. K&t qud chi tiét dugc trinh bay
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& bang 3. Mic du s6 mau tram tich nghién ctru ciing nhur s6
méu phat hién thay PFCs 1a it nhung phan nao ciing nhan
thiy kha ning 6 nhiém PFCs trong tram tich tai song Nhué
cao hon song Pay, pht hop voi xu thé quan sat duge trong
mau nudc. Trong nghién ctru nay, ham lugng PFCs trung
binh trong tram tich song Nhu¢ va song Bay (0,07-2,60 ng/g
mau khd) & mirc phan trim toi vai ng/g mau kho, tuong
duong nhu két qua tim thy tai ho Tay (0,03-0,26 ng/g mau
kho), hd Yén S& (0,08-2,01 ng/g mau kho) [8].

Bang 3. Ham lwgng PFCs phat hién thay trong trdm tich séng
Nhué va séng Bay (ng/g trong lwo'ng kho).

Song Nhué Song Day
802 S03 S04 S08 S09 S10 S S20  S06 SI2 S23 S24 S25 827
PFBA 012 - - - 18 -
PFDA - - - - 057 - - 006 007 -
PFHxS o1 - - - 018 - - - - 007 -
PFOS o010 - - - - - 0l0 -
ZPFCs 0,33 2,60 0,10 0,06 0,07 0,07

. dwoi gioi han phat hién; gioi han phat hién (ng/g trong luvong kho)
clia cac cau t& 1an lwot 1a: PFBA (0,04), PFDA (0,05), PFHxS (0,05) va
PFOS (0,09).

e ~
Két luan

Khdo sat tai song Nhu¢ va song Day da phat hién su
c6 mit ciia 7 PFCs trong mau nudc, chu yéu la cac axit
perflocacboxylic, trong d6 PFOA 1a mét trong nhiing ciu tir
troi. Nudc mit tai song Nhué va song Péy co tong nong do
PFCs trong khoang vai t6i chuc ng/l, tuong duong két qua
tim thay trong hé thong song ho thodt nudc ciia thanh phd
Ha Noi. Sy twong ddng vé& phan bd thanh phan PFCs cho
thay, nguon gay 6 nhiém PFCs cho nudc song Nhué va song
bay 1a déng nhét tir cac hoat dong san xuét va sinh hoat d6
thi dang dién ra doc theo luu vuc song. Ddi v6i trAm tich,
chi quan sat duoc sy 6 mat cua 4 PFCs, trong do co cac
perfloankyl sunfonat nhu PFOS ¢ mure nong dd gan gioi han
dinh luong. Trong khao sat nay, méu dugc 1y vao miia mua
va hau nhu chua phét hién dugc su tich lily ciia PFCs trong
c4c mau trdm tich & song Nhu¢ va song Day.

LO1 CAM ON

Nghién ctru nay duoc tai trg boi Quy Phat trién KH&CN
Quoc gia (NAFOSTED) thong qua dé tai ma s6 104.04-
2017.346. Cac tac gia xin tran trong cam on.
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