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Tém tit:

Cic hop chit peflo héa (PFCs) c6 tinh chdng thAm, chong chay, dwgc sir dung phd bién trong san xuét cic sén
phéam tiéu diung c6 tinh khang ban, dau mé va chira chay. Pay la nhirng hop chét 6 nhiém hitu co khé phan hiy
(POPs), trong dé axit peflooctansunphonic (PFOS) va cic mudi ciia né di dwoce dwa vao Cong wée Stockholm
tir nim 2009. Cac hop chit PFCs trong 24 miu mau ciia mot s6 loai c4 nhw chép, tréi, me va ro phi thu thap tai
hé TAy va ho Yén Sé¢ dwoc chiét ghép cip ion véi tetrabutyl-ammoni hydro sulphat (TBA) két hop dung mdi
chiét metyl tert-butyl ete (MTBE) va x4c dinh bing thiét bi sic ky 16ng ghép ndi hai 1an khdi phd (LC-MS/MS).
Cic hop chit PFCs dwoc phat hién trong tit ca cic miu mau ca & ca hd Ty va hd Yén Sé. Hiéu suit thu hoi
d6i véi 17 hop chat PFCs dat tir 70-121%, giéi han phat hién va giéi han dinh lwong trong cic miu twong ving
12 0,03 ng/ml va 0,1 ng/ml. Ham lwong PFCs trung binh trong miu mau c4 12 15,12 ng/ml (dao ddng tir 4,58 dén
28 61 ng/ml). Két qua nghién ciru cho thiy, ham luwong cac hop chit PFCs trong c4 cao phan anh dic tinh tan
tot va phan cuc ciaa cac hop chit PFCs. Cac loai ca song (r hd Yén Sé tich luy PFCs c6 xu huéng cao hon hé
Tay va kha nang tich liiy cac hop chit nay tr moi trwong song vao mau ca la rat dang ké.

Tir khéa: Cd, cdc hop chit peflo héa, ho Tay, ho Yén So.

Chi 56 phin logi: 1.4
Gidi thiéu

Céc hop chat PFCs 1a cac hop chat hitu co ma trong
do tat ca cac hydro ciia mach cacbon (C-H) dugc thay thé
bang nguyén tir flo (C-F). Mach cabon-flo nay c¢6 tinh 6n
dinh hoa hoc cao va bén véi nhiét nén PFCs 1a hop chét
bén, khé phan hity va c6 kha nang tich lity sinh hoc trong
moi truong. PFCs duge dwa vao san xuat phd bién tir
nhitng nam 1950 [1]. Do c6 cac dic tinh nhu chng tham,
chdng chay nén PFCs dugc str dung kha phd bién nhu
mot san pham phu trong cic hoat dong san xuat cac san
pham cong nghiép ciing nhu tiéu dung nhu chét béi tron,
chat phii gidy/dét may/bao bi thyc pham va bot chdng
chay [2]. Mot s6 nghién ciru cho thiy rang, cac hop chat
PFCs c6 anh huong xau dén strc khoe sinh san ciia con
ngudi nhu lam giam s6 luong tinh tring va 1am giam kha
nang mang thai [3]. Mgt vai nghién ctru khac da chi ra
su phoi nhiém mudi peflooctansunfonat (PFOS) va axit
peflooctanoic (PFOA) trudce khi sinh s& lam giam su tang
truong cua thai nhi nhu giam trong lugng va kich thudc
khi sinh [4]. Do dic tinh khé phan huy, bén vimg trong
moai truong, c6 doc tinh cao va kha nang tich Ity sinh hoc
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[3, 4], mudi peflooctansunfonat va peflooctansunfonyl
florua (PFOSF) da duoc bd sung vao phu luc B trong
Cong uoc Stockholm tir nam 2009 va c6 hiéu luc vao
nam 2010 [5]. Nhiéu cong trinh nghién ctru trén thé gisi
da cho thay sy c6 mat cac hop chit PFCs trong cac san
pham tiéu dung va cidc miu mdi truong nhu tram tich,
nudc va sinh hoc [6-8].

Cong trinh nghién ctru cua tac gia Nguyén Hoang Lam
va cong su (2015) da chi ra sy c6 mat cac hop chat PFCs
trong céc loai giap xac, cd va dong vat than mém & mot
sO con song tai cac khu cong nghiép va nong thon khu
vuc phia Nam Viét Nam, bao gdm song Dong Nai (Dong
Nai), song Mé Ko6ng (Vinh Long) va song Da Rang (Phu
Yén); trong d6 ham luong axit perfloundecanoic cao nhat
14 16,9 ng/g trong lugng w6t [9]. Mot sé cong trinh nghién
clru gan day ciing cho thay, ham lugng PFCs trong nudc
mit & cac lang nghé dét nhudm va trong nude & hd Tay va
hd Yén S¢ dao dong tur 5,47-12,02 ng/1, cao hon nhiéu so
v6i mot s6 con song khac trong thanh ph [10, 11]. Céc
két qua nghién ctru nay cho thiy kha ning tiém an rai ro
phoi nhidm céac hop chat PFCs dbi v6i cac sinh vat sinh
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Abstract:

Perflourinated chemicals (PFCs) which possess such
the properties as waterproof and flame resistant are
widely used to produce consumer products that are
resistant to stains and grease and have the ability of
fire-fighting. PFCs are persistent organic pollutants
(POPs), among them, perfluorooctanesulfonic acid
(PFOS) and its salts have been listed in Stockholm
Convention on Persistent Organic Pollutants since
2009. PFCs in 24 blood samples of four fish species
including carp, major carp, hypophthalmichthys,
and tilapia collected from West lake and Yen So lake
were ion-pair extracted with tetrabutylammonium
hydrogen sulfate (TBA)/methyl tert-butyl ether
(MTBE) and determined by liquid chromatography -
tandem mass spectrometry (LC-MS/MS). PFCs were
detected in all the collected fish blood samples. The
recoveries of seventeen PFCs were in the range of
70-121%, and limit of detection (LOD) and limit of
quantification (LOQ) in the samples were 0.03 ng/ml
and 0.1 ng/ml, respectively. The average concentration
of PFCs in the fish blood samples was 15.12 ng/ml
(in the range of 4.58-28.61 ng/ml). The results of this
study showed that the high concentrations of PFCs
in the fish blood samples reflected the dissolving
properties of PFCs in water. The concentration of
PFCs in blood of fish species collected from Yen So
lake were higher than those in West lake, and the
bioaccumulation ability from the environment into
blood was remarkable.

Keywords: Fish, perfluorinated chemicals, West lake,
Yen So lake.
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séng tai cac khu vuc trén. Do dac tinh phan cuc va tan tbt
trong nudc, cac hop chat PECs c¢6 kha ning tich lity nhiéu
trong mau qua con dudng an udng va ho hip bang miéng
va mang ctia ca. Da c6 mot sb nghién ciru trén thé gioi
cho thiy sur c6 mit ctia cac hop chat PFCs trong mau cia
mot ) dong vat hoang da nhu hai ciu, chim mong bién
va rua can [12]. Theo khao sat ciia chung toi, hd Tay va
hd Yén S& véi dién tich rong 16n, hién dang duoc sur dung
dé nudi trong thuy san, khai thac hang tin ca mdi ngay
va ban cho cac tiéu thuong mang di tiéu thy ¢ cac chg va
nha hang tai Ha Noi. Céc loai ca nay bao gém chép, me,
troi, 1o phi duoc cac tiéu thuong ban cho ngudi tiéu ding
mua vé dé sir dung lam thyc phadm hang ngay. Viéc nguoi
dan Ha N01 tiéu thu céc loai thuc pharn nay hang ngay
c6 thé tiém an mot nguy co phoi nhiém va gay rui ro cho
strc khoe nguoi tiéu ding noi dy. Xuat phat tir thuc tién
trén, chung to6i tién hanh nghién cuu khao sat sy c6 mat
cua cac hop chét PFCs trong mau ca tai khu vuc Ha Noi,
str dung phuong phap chiét ghép cap ion véi tetrabutyl-
ammoni hydro sunphat (TBA) két hop dung méi metyl
tert-butyl ete (MTBE) va xac dinh bang thiét bi sac ky
1ong ghép ndi hai 1an khéi phd (LC-MS/MS).

Thuc nghiém
Héa chit, thiét bi

Toan bd héa chat dugc sir dung cho phan tich PFCs
trong cac mau ca déu thudc loai tinh khiét dung cho phan
tich sic ky long. Dung dich amoniac 25%, amoni axetat
97% va metanol dugc mua tir Merck (Ptc), tetrabutyl-
ammoni hydro sunphat (TBA) va dung moi metyl tert-
butyl ete (MTBE) dugc mua tir Cong ty hoa chat cong
nghiép Tokyo (Nhat Ban). Hon hop ctia 17 hop chat PFCs
(PFAC-MXB) bao gém axit peflobutanoic (PFBA), axit
peflopentanoic (PFPeA), axit peflohexanoic (PFHxA),
axit pefloheptanoic (PFHpA), axit peflooctanoic (PFOA),
axit peflononanoic (PFNA), axit peflodecanoic (PFDA),
axit pefloundecanoic (PFuDA), axit peflododecanoic
(PFDoA), axit peflotridecanoic (PFTrDA), axit
peflotetradecanoic (PFTeDA), axit peflohexadecanoic
(PFHXDA), axit peflooctadecanoic (PFODA), mudi
peflobutansunphonat (PFBS), mubi peflohexasunphonat
(PFHxS), mubi peflooctansunphonat (PFOS), mudi
peflodecansunphonat (PFDS), nong d6 2 pg/ml va hdn
hop 9 chit chudn ddng hanh (MPFAC-MXA) gdm cic
axit *C pefloankylcaboxylic (7 hop chét bao gdom C4,
C6, C8, €9, C10, C11 va C12) va hdn hop cac mudi
180, 13C pefloankylsunphonat (2 hop chit bao gém C6
va C8), néng d6 2 pg/ml duge mua tir Phong thi nghiém
Wellington (Canada). Hon hgp PFAC-MXB duoc st
dung trong viéc xdy dung dudng chuin c6 ndng do tir
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0,1 dén 20 ng/ml. Mau sau khi xur 1y duoc phan tich trén
thict bi sac ky long ghép noi hai 1an khoi pho LC-MS/MS
8040 cua hang Shimadzu, Nhat Ban.

Lay mdu va chudn bi mdu

24 c4 thé cua mot s6 loai ca nude ngot sinh sdng phd
bién (n = 6) gdm chép, me, troi va rd phi sdng & hd Tay
va ho Yén S¢ dugc danh bat bang phuong phap kéo ludi
va chon ng?lu nhién. Cé duoc cho vao thung nhya dung
nude hd noi 1y mau, suc khi giir ca séng va van chuyén
vé phong thi nghiém. Mau c4 duoc xac dinh chiéu dai va
can nang. Mau méau duoc liy bang xi lanh 5 ml & dong
mach dudi bung, sau d6 cho vao 6ng nhya polypropylen
bao quan ti lanh ¢ nhiét d6 -22°C. Tong s6 mau 1a 24
mau mau cua cac loai ca chép, mé, troi va ro phi. Cac
dung cu sau mdi lan sir dung duoc trang rira bang nudc
deion va metanol dé tranh nhiém chéo.

Phin tich méu

Ham luong cac hop chat PFCs trong cAc mau mau ca
phan thh st dung phuong phap chiét ghép cap ion duoc
phat trién va t6i wu boi 'Kannan va cong su (2001) [13].
Hut 1 ml mau cho vao dng chiét polypropylen chia vach
15 ml, thém 50 pl chit ndi chuan 100 ppb, 1 ml dung
dich TBA 0,5 M (dd duogc diéu chinh pH 10) va 2 ml
dung dich dém natri cacbonat 0,25 M dugc thém vao
va lic déu bang thiét bi lic rung vortex trong 1 phut.
Thém 5 ml dung méi MTBE. Hon hop dugc mang di
lic trong 20 phut véi tbe d6 300 vong/phat. Sau do,
dung dich dugc ly tim véi tbe do vong 1500 vong/phit
trong 10 phut. Lép dung dich hitu co ¢ phia trén dugc
hut ra va cho vao 1 dng polypropylen khac. Mau duoc
chiét 1an 2 voi 5 ml dung moéi MTBE nhu trén, gop 2
lan dich chiét MTBE va dem c6 can gan hét bang khi
nito va dinh muc tr lai 1 ml bang dung moéi metanol.
Mau duoc lac vortex trong 30 gidy va loc qua mang loc
nylon kich thudc 16 0,2 pm, sau d6 chuyén sang lo bom
mau ty dong.

Céc chat PFCs trong mau mau cé sau khi xtr Iy duoc
xéac dinh bang thiét bi sic ky 1ong ghép ndi hai 1an khoi
phé LC-MS/MS 8040, Shimadzu. 2 ul dich chiét duoc
bom vao cgt Poroshell 120 EC C18 (Agilent, My) kich
thudc hat 2,7 pm voi pha dong 1a dung dich amonium
axetat va metanol. Téc do dong 0,25 ml/phut, chuong
trinh dung méi bat dau voi 50% metanol, ting dan dén
95% metanol & 18 phiit trudc khi giam vé 50% & 22 phit,
nhiét d6 cot tach duoc duy tri & 40°C. Cac PFCs duoc ion
hoéa nho k¥ thuat ion hoa phun dién tich (ESI). Cac ion
duogc goi 1a ion so cép dugc dan vao buéng tach tr cuc
thir nhat (MS 1an 1) dé thuc hién qua trinh tich manh ion
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lan 1. Céc ion thir cip ra khoi budng tach tir cuc thir nhat
MS1 va di vao budng ion hoa thir 2 (CID). Tai day, cac
ion thir cdp dugc va cham véi khi Ar dé phéan thanh cac
ion vé6i s6 khbi nho hon (goi 1 ion thir cip hay ion con).
Céc ion thtr cAp nay dugc dan vao budng MS thir 2 va
phan tach manh. Qua budng MS2, cuong do tin hiéu cta
cac ion thir cép thu duoc sé duoc ghi nhan béi detector va
chuyén vao may tinh dé xir Iy va luu tri.

Kiém sodt chit lwong

Chung t6i tién hanh phan tich mu tring trong mdi mé
thi nghiém. Phan tich mau thém chuan cho mdi mé mau
bang cach thém 20 pl dung dich chuan 100 ppb vao 1 ml
mau méu ca di chimg. Hiéu suat thu hoi dat tir 70-121%.
Xac dinh gioi han phat hién cia phuong phap (MDL):
ldy nong d6 cao hon gidi han phat hién trén may (IDL)
10 14n, thém chuin vao nén mau mau va thuc hién qua
trinh phan tich giéng nhu trén. Gi6i han phat hién (LOD)
va giéi han dinh luong (LOQ) trong cidc mau phan tich
tuong ung la 0,03 ng/ml va 0,1 ng/ml.

Hinh 1. LAy miu mau ca tai phong thi nghlem
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Hinh 2. Sic dé chuan cac hgp chat PFCs.
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Két qua nghién ciiu
Ham lwgng cdc hop chit PFCs trong mdu mdu cd

Ham lugng cac hop chat PFCs trong mau ca thu thap tai
khu vure hd Tay va ho Yén S& duoc trinh bay chi tiét tai bang
1. Két qua cho thdy, su c6 mit cac hop chat PFCs trong tat
ca cdc miu mau clia 4 loai c4 (chép, me, tréi va 16 phi) & ca
hai khu vyc nghién ctru. Ham lugng PFCs trong mau ca dao
dong tir 4,58-28,61 ng/ml (trung binh 15,12 ng/ml) cho thay
kha nang tich lily cac hop chat PFCs trong mau, két qua nay
phan 4nh dang dac tinh tan t6t trong nudc ciia cac hop chat
PFCs. Trong c4, méau la chét dich 1ong bao gdm céc thanh
phan chinh 13 cac t& bao mau va huyét tvong voi khoang
90% la nudc, tao diéu kién cho cac hop chat PFCs dé dang
hap thu theo dudng tiéu hoa va di vao mau.

Bang 1. Ham lugng cac hgp chat PFCs trung binh trong
mau ca.

Chiéu Chiéu rong  Khdi lrgng Ham luwong
Loai ca Vi tri dai trung  trung binh  trung binh PFCs trung
binh (cm) (cm) (€3] binh (ng/ml)
Céchép HO Tay 38,67 9,83 884 6,34
Cachép Hb Yén S 42,67 15,83 1389,67 17,65
Camé  Hb Tay 47 13,33 1493 17,17
Came Ho Yén So 43,67 12,5 972,67 19,17
Ca troi H6 Tay 34,33 12 897,67 15,66
Ca troi HO Yén S6 29,67 8 346,33 21,04
Card phi Hb Tay 21,07 7,5 176,33 13,1
Cardphi Hb Yén S 23 8 218,67 10,86

Ham lugng PFCs trong mau c4 ¢ hd Yén So ¢ xu
hudéng cao hon ca ¢ ho Tay. Cu thé, tong ham lugng trung
binh céc hop chat PFCs trong méu ca 6 hd Yén So1a 17,18
ng/ml (6,98-23,20 ng/ml); & hd Tay 1a 13,07 ng/ml (4,58-
28,61 ng/ml). Diéu nay dwoc giai thich 1a do hd Yén So
chira nu6c thai cia thanh phd Ha Noi tir cac con song To
Lich, Kim Nguu, song Sét va song Lir; con hd Tay chi chira
nudc thai sinh hoat cua khu vye dan cu sinh séng ven hd va
nudc mua chdy tran tir khu vue xung quanh.

Két qua nghién ctru cho thay, ham lugng cac hop chat
peflo hoa trong cac loai ca c6 kich thude va trong lugng
16n (mé, troi, chép) co xu hudng cao hon so véi cac loai ca
¢6 kich thude va trong lugng bé hon (rd phi) (hinh 3). Cu
thé, ham luong trung binh ctia cac hop chat PFCs trong mau
ca troi la 18,35 ng/ml, ca me 1a 18,17 ng/ml, ca chép 1a 12
ng/ml va ca ro phi la 11,8 ng/ml. Pidu nay co thé do sy tich
lity cac hop chat PFCs chi yéu qua chudi thire an. Céc loai
ca chép, me, troi va ro phi dugc nghién ciru déu 1a nhiing
dong vat an tap. Thitc an cua chiing chu yéu la tao, soi, cac
loai dong thuc vét pht du, mun b hitu co, du tring cta cac
loai c¢on trung, dong vat séng O nudc, co, béo va ca phan
hiru co. Mot s6 két qua trong nhitng béo cao trudc ddy ciing
cho thdy ham luong cac hop chat PFCs trong nudc mit va
trAm tich tai hai khu vie nay [10]. Vi thé, ching toi cho rang
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viéc phoi nhiém céc hop chat PFCs dén ca chu yéu qua con
duong an udng va tich lity theo chudi thirc an, nhitng loai ca
¢6 trong lugng 16n can khéi lwong thire dn nhiéu hon va an
& mdi trudng cd PFCs cao dan dén kha nang tich lily PFCs
trong ca cang cao.

WHG YenS6 mHO Ty

PFCs {ng/ml)
ro
o

Chép Me Troi R0 phi

Hinh 3. Tdng ham lugng trung binh cac hgp chat PFCs
trong méau ca 6 ho Yén S& va ho Tay.

Doi chiéu voi mot s6 bao cao trude ddy thdy ring, tong
ham lugng cac hop chat PFCs trong miu méau c4 cao hon
trong mau nudc tai cung khu vie nghién ciu. Tong ham
lugng cac hop chat PFCs trong mau nudc quan tric vao
thang 8/2015 tai hd Yén So dao dong tr 10,03-11,05 ng/l
(trung binh 10,42 ng/1), ho T4y dao dong tir 8,38- 11,25 ng/l
(trung binh 9,45 ng/l) [10]. Trong khi do, tong ham lugng
cac hop chét PFCs trung binh trong méau cé tai hd Yén S va
ho Téy tuong tmg 1a 17,18 ng/ml va 13,07 ng/ml. Nhu vay,
ham lugng céc hop chat PFCs trong mau mau ca cao hon
mau nude mat tai khu vuc sinh séng cua cac loai ca nay tu
1380 dén 1650 lan. Két qua nay mot lan nita khang dinh kha
ning tich lity sinh hoc ctia cac hop chit PFCs trong céc loai
cé sinh song tai khu vuc nay 1a rat cao.

Sw phin bé PFCs trong mdu cd

Két qua nghién ciru chi ra ring, cac hop chat PFCs phd
bién trong mau c4 tai ho Tay va hd Yén S6 chu yéu 1a PEDA
(trung binh 24,57%), PFUdJA (trung binh 20,21%), PFOS
(trung binh 18,54%), PFDoA (trung binh 13,13%), PFTrDA
(trung binh 8,09%), PFTeDA (trung binh 6,97%) (hinh 4 va
5). Trong d6, ham luong cac hop chit PFDA, PFUdA va
PFOS chiém ty 1¢ cao va c6 mit trong hau hét cac miu mau
cla cac loai ca. Pidu nay dugc giai thich 1a cac hop chat
PFDA, PFUdA va PFOS duoc dung pho bién trong cac san
phém tiéu dung nhu bot chéng chay, cac chat boi tron, chit
két dinh, son va chat danh bong, sau khi phat thai vao moi
truong chung c6 kha nang tich lity sinh hoc va chiém ty 1¢
cao hon so voi cac hop chat PFCs khac.
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Hinh 5. Sy phan bé cac hgp chat PFCs trong mau ca tai
hd Yén Sé.

Pay 1a cong trinh nghién ctru dau tién thyc hién khao
sat cac hop chat PFCs trong mau ca tai khu vue hd Yeén
S& va hd Tay thude thanh phd Ha Noi. Két qua nghién ciru
cho thdy su c6 mit cac hop chat PECs trong tit ca cac mau
mau cua 4 loai ca chép, mé, tr6i va ré phi ¢ ca hai khu vuc
nghién ctru. Trong d6, ham luong PFCs trong méau ¢4 & hd
Yén S¢ cao hon hd Ty do hd Yén S6 14 noi chtra nude thai
ctia toan thanh phd Ha Noi, trong khi hd Tay chi chira nudc
thai ciia khu vie xung quanh. Cac hop chat PFCs trong méau
cua cac loai ca co kich thudc va trong lugng 16n hon cé xu
huéng cao hon so véi cac loai ca c6 kich thude va trong
lugng bé hon.

Két qua nghién ciru cho thdy ham lugng cac hop chat
PFCs trong mau mau ca cao hon mau nuéc mat duogc thu
thap tai cung khu vuc 1a méi truong sinh sdng cua cac loai
ca nay nhiéu 1an. Piéu nay cho thay kha ning tich liiy sinh
hoc cao clia cac hop chat PFCs trong céc loai ca ¢ ho Tay
va ho Yén So. PFCs ¢ nhiéu trong ca chu yéu 1a PFDA,
PFUdA, PFOS, PFDoA, PFTrDA va PFTeDA. Hién nay,
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cac loai ca & day dang duoc nudi va danh bat thuong xuyén
dé cung cép cho nguoi dan khu vuc Ha Noi sir dung lam
thuc pham trong bita an hang ngay. Vi vdy, viéc tién hanh
cac nghién ctru tiép theo vé danh gia ham lugng PFCs trong
cac mo thit va co quan khac cuia ca cling nhu danh gia rti ro
cta sy phoi nhiém dbi voi cac hop chat PFCs va anh huong
ctia n6 dén sirc khoe dan cu khu vyc thi d6 14 rat can thiét,
day cling la mdt trong nhling dinh hudng nghién ctu cua
chung t6i trong thoi gian toi.

LOI CAM ON

Nghién ctru duge thyc hién dudi sy hd tro kinh phi ciia
nhiém vu KH&CN cép Dai hoc Qudc gia Ha N¢i nam 2016,
ma s6 QG.16.11. Céc tac gia xin tran trong cam on. Ching
t6i cling xin cam on sy giup dd cua cac dong nghiép tai
Trung tim Nghién ctru Cong nghé Moéi trudng va Phat trién
Bén vimg (CETASD) trong qua trinh thyc hién nghién ctru.
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