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1
MO PAU

Vi nhya (microplastic - MPs) duoc tac gia N. B. Hartmann dinh nghia 1a cac hat
nhua c6 kich thuéce tir 1 dén 5000 um [1]. Dya theo ngudn gdc phét sinh MPs duoc
thanh hai nhém gdm MPs so cip va MPs thir cip. Cac hat nhya nhé cé trong thanh phan
clia cac san pham my pham, d6 dung thiét yéu 1a nhitng MPs so céap [2]. Trong khi do,
su cat manh tir cac loai chat thai nhya c6 kich thudce 16n hon gay ra béi cac yéu to vat
1y, hoa hoc hodc sinh hoc da gop phan hinh thanh nén MPs va dugc goi 1a thir cap [3].
Céc MPs nay, du dugc hinh thanh truc tiép hay gian tiép tur cac hoat dong nhan tao, déu
xam nhap vao mdi trudng bién thong qua cac hé thong xa thai tir kénh rach, séng subi.
Céac MPs con duoc coi 1a vec to trung gian lan truyén chat hitu co gc bén khé phan hay
(POPs) t6i méi truong bién va ching duoc danh gia 13 c6 tac dong rat 1on dén hé sinh
thai do kich thudc nho va ndng do gay nguy hiém c6 kha ning tich ty trong mé cua sinh
vét [4]. MPs hau hét déu c6 kich thudc twong ddng nhu dong vat phii du hodc ca con va
c6 thé bi chim, ldng trong bun hoic 16p trim tich, hay lo limg trong nudc bién tiy thudc
vao mat do cua polymer, tudi va mirc d6 bam ban do mai truong gay ra. Do d0, cac sinh
vat bién nhu dong vat phu du, hai manh vo va ca khi an nham MPs s& duoc luu triv trong
cac té bao hodc mé [5][6]. Cac MPs tich tu trong nhiéu loai sinh vét bién, tram tich, va
nudc bién. Sy nhidm ban nay anh huong truc tiép dén chu ky sdng cua sinh vat thuy
sinh, tac dong gian tiép dén chudi thirc an cia hé sinh thai va cudi ciing 1a con ngudi co
thé tiéu thy chiang [6][7].

Mat khac, vi MPs dugc san sinh tir cac nganh cong nghi¢p khac nhau nén thuong
mang theo cic dic trung riéng cua cac nganh nhiéu loai hoa chat phu gia nhu chét gay
chay cham, 6n dinh nhiét va cac chat hiru co khoé phan huy da dugc phét hién rong rai
trong moi trudng ty nhién [8]. Pic biét, cac chat nhu bisphenol A (BPA), phthalates
este (PAEs) va polybrominated diphenyl ethers (PBDEs) da dugc sir dung rong rai véi
vai tro 1 chat phu gia quan trong (chit déo hoa, dinh hinh) dé ting cuong chirc ning
trong san xuat mot s6 chung loai nhya [9]. Tuy nhién, theo mot sé nghién ctru gan day
BPA, PAEs va PBDEs déu dugc xac dinh 1a nhiing chét c6 kha nang gay r6i loan nodi
tiét [10]. Mot sd loai sinh vat bién khi tiép xtc v6i BPA & ndng d6 vuot gidi han co thé
bi anh huong t6i hé thong mién dich va than kinh [11], véi PAEs 6 thé giy ton thuong

nhiém ddc gen, tc ché su di chuyén cua dong vat khong xwong [12]..., tiép xtic véi
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PBDEs c6 thé gay hai cho hé sinh san va su phat trién cta sinh vat [13]. Cac chat phu
gia ndy da duoc tim thay trong méi trudng tram tich va nudc, sy hién dién ciia chiing c6
lién quan mat thiét dén mirc d6 tich tu ctia cac MPs[14][15]. Khi nhua phan hay, cac
chat phy gia nhu BPA, PAEs va PBDEs c6 thé bi giai phong, gy tac dong tiéu cuc dén
moi trudng va hé sinh thai. Cudi ciing, nhitng chét nay co6 thé gay rii ro cho sirc khoe
con ngudi thong qua chudi thie an [16]. Tuy nhién, cho dén nay cac nghién ctru vé linh
vuc ndy van con méi va han ché vé s6 lugng cong trinh lién quan dén cac chét phu gia
tir chat thai nhya tich tu trong sinh vat, thuc té cac chat phu gia nhu BPA, PAEs va
PBDEs da duoc cong nhan 1a nguy hiém ddi v6i con nguoi va hé sinh thai [17].

Liéu cac chat phu gia (BPA, PAEs va PBDEs) c6 lién quan t6i MPs va MPs c6
thé gay ra riii ro vé stic khoe cho sinh vat hay khong van con 1a van dé con ton tai va bo
ngod nhung mot didu khong thé phii nhan duoc trong thyc té 1a toan bo chudi thirc an
trong h¢ sinh théi c¢6 kha nang s€ bi anh huong do sy hién dién cia MPs da ¢ kha‘ip moi
noi. S6 lugng nghién ctru vé su tich tu MPs va phoi nhiém mot s6 hoa chét tir chat thai
nhya trong ddi twong hai manh v trén thé gidi va tai Viét Nam van chua nhiéu két qua
duoc kham pha. Nhu vay, c6 thé n6i con mdt sd van dé 16n hién van chua duge nghién
ctru danh gia va 1am rd vé kha nang tich tu MPs va phoi nhiém mot s6 hoa chat tir nhua
trong d6i twong hai manh vo va méi truong ving bién Viét Nam néi chung va tai ving
bién Quang Ninh noi riéng.

Mot van dé dang chi y khac khi nghién ctru vé MPs tich tu trong dong vat hai
manh vo 1a kha nang chung minh vai tré cua MPs trong chu trinh dinh dudng cta sinh
vat trong h¢ sinh thai. Mgt sb hoa chét duoc st dung trong qué trinh san xuét nhya, do
d6 khi MPs bi phan manh, chiing s& gitip phat tan cac hoa chat nay ra moi trudng. Tuy
nhién, cho dén nay, chi c6 mét vai nghién ctru dinh lugng hodc moé hinh héa qua trinh
van chuyén cac hoa chat nay tir MPs t6i mot s6 loai sinh vét trong chudi thirc dn, dan
dén nhiing han ché trong danh gia doc tinh va rii ro d6i véi hé sinh thai va méi truong.
Do d6, mdi twong quan gitta MPs v6i mot sd chét hiru co lién quan (BPA, PAEs va
PBDEs) va mtc d6 tich lity, rtii ro ciia MPs va cac chat hitu co nay dua trén céc chi sb
doc tinh hoa hoc ctia cac polymer trong dong vat hai manh vé can duoc kham pha nhiéu
hon trong cac nghién ctru hi¢n nay.

Viét Nam 1a mot qudc gia ven bién véi tiém niang va loi thé 16n dé phat trién kinh

te bién. Su hi¢n dién cua MPs & cac vung ven bién, dac bi¢t 1a sy tich tu trong céac loai
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sinh vat bién, dd duoc quan sat thay trong mot sd nghién ctru gan ddy. Mic du c6 cac
bao cdo nghién ctru vé su tich tu MPs & mot sb loai khac nhau trén cac khu vuc bién,
nhung chua c6 cong trinh nao cong b vé sy tich tu MPs trong vem xanh (Perna viridis)
tai Viét Nam. Vi vem xanh la loai dong vat hai manh vo dugc st dung lam thuc phém
rat pho bién ¢ Viét Nam noi chung va tinh Quang Ninh néi riéng, nén can thiét phai tién
hanh nghién ciru vé kha ning tich lity MPs va mot s hoa chat nhu BPA, PAEs va PBDEs
trong vem xanh dé cung cép luan ¢t khoa hoc vé& mutrc do 6 nhi®m cua cac nhan td nay.
Két qua nghién ctru thu dugce dugce trinh bay trong ludn an nay s& 1a cin ct co sé khoa
hoc dé danh gia duogc sy tich lity gitra mot s6 hoa chat (BPA, PAEs va PBDEs) véi MPs
giita hoa chat va MPs trong mau tram tich va trong vem xanh tai mot s6 diém ven bién
tinh Quang Ninh.

1. Muc tiéu cua ludn dan:

- Nghién ctru x4c dinh dugc mat dd, kich thudc, thanh phén MPs tich tu trong
loai vem xanh (Perna viridis), nudc bién va trim tich. Bén canh d6 nghién ctru ciing da
xac dinh duoc néng do mot s6 hoa chat (BPA, PAEs va PBDEs) lién quan MPs.

- Nghién ctru xac dinh duoc chi sb tich tu, chi sb rui ro ciia MPs va cac chét hitu
co dua trén cac chi sé doc tinh hoa hoc cua polymers, tai luong PLI, tich tu sinh hoc -
tram tich va danh gia méi twong quan gitra MPs vi mot s6 chat hiru co BPA, PAEs va
PBDEs.

2. Ngi dung ciia lugn dn

(i) Nghién ctru xac dinh mat d6 va diac diém MPs trong vem xanh, nudc bién va
tram tich;

(ii) Nghién ctru xac dinh chi s tich tu va chi s6 rui ro ctia MPs;

(iii) Nghién ctru xac dinh ndng do cac hop chat BPA, PAEs va PBDEs tich tu
trong vem xanh va tram tich;

(iv) Nghién ctru xac dinh chi s BSAF va danh gia méi twong quan MPs véi hoa
chét lién quan tich ty trong vem xanh.

3. Y nghia khoa hoc va thuec tién

Viét Nam dugc danh gia 1a mot trong nhitng nude st dung nhiéu cac san pham
nhya va phét thai rac thai nhya 16n trén thé gii. Tinh trang nhiém ban MPs (thudc nhom
cac chat 6 nhiém méi ndi) trong moi trudng, dic biét 1a moi trudng bién ¢ Viét Nam da

duoc khing dinh bang nhiéu dan liéu khoa hoc ctia cac cong trinh nghién ctru trong nudc
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va qudc té. Trong d0, cac chat phu gia/hoda chat da duoc sir dung rong rai dua vao trong
qua trinh san xuat nham ting cudng chirc ning, dd bén cua cic san pham nhya (nhu
BPA; PAEs; PBDEs...). Déng thoi, véi kich thuée rt nho nhung di¢n tich bé mit kha
16m, cac MPs dong vai tro nhu vat li¢u hép phu cac chit hoa hoc doc hai trén bé mat, dic
biét 14 cac hop chét hitu co khé phan hity va kim loai nang. Diéu nay lam gia ting nguy
co 6 nhiém méi truong va anh hudng dén strc khoe ciia sinh vat va con ngudi. Véi dic
tinh bén theo thoi gian, tdn tai va tich tu lau dai trong moi trudong ty nhién, cac MPs
duogc coi 1a nguy co 6 nhiém méi trudng cao, tic dong dén hé sinh thai va sirc khoe cua
sinh vt ciing nhu con ngudi qua chudi thirc in.

Vem xanh (Perna viridis) 1a loai dong vat 2 manh vé dugc nudi va khai thac
ngoai ty nhién lam thyc pham ua chudng cho ngudi dan. Khi MPs tich ty trong moi
truong bién, nguy co tich tu MPs va cac hoa chat lam phuy gia lién quan trong dbi tuong
nay la rat 1on, tiém an rui ro tac dong dén hé sinh thai, stc khoe sinh vat va con nguoi.
Do vay, nghién ctru, danh gié tich tu MPs va cac chét hitu co nhu BPA, PAEs va PBDEs
trong lodi vem xanh trén cac ving bién cta Viét Nam dap Gng duogc tinh thoi sy, tinh
cap thiét, ¥ nghia khoa hoc va thyc tién cao.

Céc két qua nghién ctru da cung cap cac din liéu khoa hoc gép phan 1am sang to
thém burc tranh thyc trang, kha ning va mbi twong quan tich tu MPs, cac hop chat trong
dong vat hai manh vo (loai vem xanh) va trong moi trudng bién ven bd cia Viét Nam
(nude bién, tram tich). Cac két qua nghién ciru ¢6 gia tri tham khao trong giang day va
nghién ctru.

4. Diém méi ciia ludn dn

- ba dinh lugng dugc ) lugng, hinh dang, kich thudc, thanh phén MPs va mot
s6 chét hiru co dic trung tich tu trong loai vem xanh, nuéc bién va trAm tich bién & vung
bién ven bd tinh Quang Ninh.

- P xé4c dinh duge mdi tuong quan gitra MPs v6i mot s6 chat hiru co lién quan
va mirc do tich tu, rai ro ciia MPs va cac hoa chat di kém dua trén cac chi sd doc tinh
héa hoc cua polymer, tai lwong PLI, tich tu sinh hoc - tram tich.

- Budc dau co thé xac dinh dugc Vem xanh 13 mot trong nhirng loai 2 manh vo
phul hop 1am chi thi sinh hoc cho danh gia tinh trang phoi nhiém MPs va cac hoa chat
lién quan (dugc dua vao trong qua trinh san xuat nhém chat déo hoa, dinh hinh, chay

cham, bén mau...) trong moéi trudong bién ven bo ciia Viét Nam.
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Céc két qua nghién ctru cta ludn an gbp phan bd sung va lam phong phi thém
phuong phap luan trong nghién ctiru danh gia muac do tich lity MPs va mot sb hop chat
hita co dic trung co lién quan tich ty trong dong vat than mém hai manh vo (Vem xanh)
v6i moi trudng bién ven b (nude, tram tich) & Viét Nam.

5. Gid thuyét nghién civu ciia lugn dn:

Gid thuyét chinh 1: MPs va cac hop chat lién quan nhu BPA, PAEs va PBDEs
tich tu trong moi trudng bién co kha ning gay ra cac tac dong tiéu cuc dén hé sinh thai,
dic biét 1a d6i v6i loai vem xanh (Perna viridis). Cac hop chét nay c6 kha ning tich ty
trong mo sinh vat va lang dong trong tram tich, 1am ting nguy co 6 nhiém sinh hoc va
hoa hoc.

Gid thuyét chinh 2: Muc d6 tich tu cia MPs va cac hop chat BPA, PAEs, PBDEs
trong lodi vem xanh s& khac nhau tiy thudc vao cac khu vuc ven bién Quang Ninh do
su khac biét vé hoat dong cong nghiép, mat d6 dan cu, va dong chay tir cac nguén nudc
khac nhau. Khu vyc c6 mat do dan cu dong dac va hoat dong kinh té manh mé& sé& ¢6
muc d0 tich tu cao hon so véi khu vuc it dan cu.

Gid thuyét chinh 3: C6 mbi tuong quan chit ché gitra mat o MPs tich ty trong
vem xanh véi mat do MPs trong méi trudng nude va tram tich. Didu nay chimg minh
vem xanh co thé dong vai tro nhu mdt chi thi sinh hoc hi€u qua dé danh gia tinh trang 6
nhiém MPs va céc chat phu gia tir nhya trong méi trudng bién.

6. Dinh huwong nghién ciru:

Dua trén phuong phéap luan va ndi dung nghién ctru da thyc hién, huéng nghién
ctru cua ludn an duoc dinh hinh theo cac hudng chinh sau:

- Phén tich dic diém ctia MPs va cac chat hoa hoc lién quan: Str dung cac phuong
phap nhu quang phd Fourier transform infrared spectroscopy (FTIR) va sic ky khi khoi
phé (GC-MS) dé dinh danh hinh dang, kich thudc, va thanh phﬁn hoa hoc cua cac loai
MPs tich tu trong mau vem xanh, nudc bién va tram tich. Piéu nay nham xéac dinh loai
polymer, mirc d6 6 nhiém, va cac yéu to nguy co hoa hoc trong khu vuc nghién ciru.

- Panh gia mic d phoi nhiém va tich tu: Po dac va dinh luong murc d6 tich tu
ctia MPs va cac hop chat BPA, PAEs, PBDEs trong mau sinh hoc (vem xanh) va méi
truong (tram tich, nudc bién) dé danh gia nguy co phoi nhiém va anh hudng ctia cac hop
chat nay d6i véi loai vem xanh. Phuong phép nay két hop véi xac dinh hé s6 tich ty sinh

hoc tram tich (BSAF) dé danh gia mirc d tich lity héa hoc trong vem xanh.
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- Panh gia chi s6 rii ro moéi trudng: Tinh toan chi so tai lugng 6 nhiém MPs
(PLI) va chi sé rui ro polymer dé danh gia mirc d6 nguy hiém ctia MPs va cac hop chat
hoa hoc lién quan dbi vi moi trudng va hé sinh thai bién. Két qua nay sé& dong vai tro
quan trong trong xac dinh rui ro sinh thai cia MPs va cac chat phu gia hoa hoc, dac
biét 12 dbi v6i con ngudi thong qua chudi thire an tir cac loai dong vat hai manh vo nhu
vem xanh.

- Phan tich méi twong quan giita MPs va cac hop chét lién quan: Panh gia moi
tuong quan giita mat do MPs tich tu trong vem xanh v6i mat @ MPs trong trAm tich va
nuédc bién, dong thoi phan tich twong quan giita MPs va cac hop chat BPA, PAEs,
PBDEs. Phuong phap phan tich théng ké sé duoc 4p dung dé lam rd mdi lién hé giira
cac yéu t6 nay va rai ro ma chung c6 thé gay ra dbi véi hé sinh thai va chudi thire an.

Nghién ciru nay khong chi cung cidp mot cai nhin toan dién vé mac d6 6 nhiém
MPs va cac hop chat hoa hoc lién quan tai khu vuc ven bién Quang Ninh ma con c6 thé

tmg dung dé xay dung céc chi thi sinh hoc vé 6 nhiém MPs & cac khu vuc bién khac.
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CHUONG 1. TONG QUAN CAC VAN PE NGHIEN CUU

1.1. Mot so tinh chat va dic diém ciia MPs
1.1.1. Tinh chit vt Iy va héa hoc ciia MPs

Theo cac nghién ctru vé khoa hoc va hoat dong moi trudong da xac dinh, MPs
dugc xem nhu chat 6 nhiém trang cho méi trudng va rat pho bién hién nay, chiing phoi
nhiém trong cac hé sinh théi trén can, dudi nudc va phat tan trén khip cac luc dia
[23][18]. MPs dugc dinh nghia la nhiing hat, manh hodc sgi c6 kich thudc tir 1 pm dén
5000 pm. Chiing c6 thé dugc san xuat truc tiép, chang han nhu trong cic san pham tay
té bao chét trong cham soc ca nhan, hodc phat sinh tir sy phdn méanh cta nhua 16n hon,
bao gdm soi nho tir vai dét hay hat mai mon tir 16p xe [1]. Gan day, lugng MPs troi noi
trong cac dai duong ude tinh c6 khoang 12,5 dén 125 nghin ty MPs, mat do tham chi
con cao hon khi tich tu trong cac 16p tram tich [18]. Do san luong nhya toan cau khong
nging gia ting, dan dén sy phat thai va ton tai cia nhya trong méi trudng ngiy cang
cao. Piéu nay lam ting mat d6 cac MPs trong hé sinh thai tu nhién. Nhiéu loai sinh vat
c6 thé tiéu thu cac MPs nay, gdy ra nhiing tic dong tiéu cuc dén sirc khoe nhu giam kha
nang sinh san, tang truong va kha ning séng sot. Nhitng anh hudng nay c6 thé lam suy
giam chirc nang sinh thai, bao gém chu trinh dinh dudng va kha nang loc nudc cia hé
sinh thai [19][20].

MPs trong moi trudong bién thuong duoc tim théy dudi dang hat, manh hodc soi
va duoc cau tao tir cac loai polymer khic nhau, mét sb loai co ty trong 16n hon nudc
bién s& chim xubng d4y bién va ling dong trong 16p trim tich, bao gdm PA, PS, PVC
va acrylic. Ty trong cta cac polymer PE va PP thap hon so v6i nude bién nén ching
thudng troi ndi lo lng va anh hudng dén bé mit dai duong. Tuy nhién, sau mot khoang
thoi gian, cac polymer ty trong thip nay c6 thé bi ban dinh béi cac chat khac trong moi
truong va bam dinh bai cac sinh vat ciling s& 1am chung chim xubng day bién [21]. Céc
cong bd cho biét, MPs pho bién thudong gip ¢ dang soi, chiém t&i 91% tong s MPs
trong nude va khong chi co nhiéu trong méi trudng nude ma MPs dang soi con tich tu
nhiéu trong cac loai dong vat hai manh vo [22][23]. Ngoai hinh dang, thanh phan cua
MPs ciing 1a mét dic diém khac duoc danh gia vé mac do 1am 6 nhiém méi trudng [24].

Céc san pham nhya bao gdm cic monome lién két tao thanh cau triic polymer, di

keém véi nhiéu hoa chat phu gia. Trong qué trinh san xuat, nhya dugc xu Iy voi cac phu
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gia dé c6 cac dic tinh cu thé theo yéu cau thi truong. Hang ngan chat phu gia duoc st
dung nhu chat hoa déo, chat bén mau, chat chéng nhiém khuan, chat 6n dinh nhiét, chat
chéng tia cuc tim, chat don va chat gay chay cham nhu PBDEs [17].

Mot s6 loai nhua chira cac phu gia hoa hoc doc hai nhu chit hoa déo, chit lam
mém va chat chong chay. Cac hoa chat nay bao gdm céc chat 6 nhiém hitu co kho phan
hay nhu parafin clo héa chudi ngan (SCCP) va polychlorinated biphenyls (PCB), clng
v6i cac hop chéat polybrominated diphenyl ethers (PBDEs) nhu tetrabromodiphenyl
ether (tetraBDE), pentabromodiphenyl ether (pentaBDE), octabromodiphenyl ether
(octaBDE) va decabromodiphenyl ether (decaBDE). Ngoai ra, cac chét gdy réi loan noi
tiét nhu BPA va PAEs ciing hién dién [17][25]. Nhitng chat ndy co lién quan dén céc
van dé stc khoe nhu ung thu, rdi loan tdm than, ciing cdc van dé vé sinh san va phat
trién & con ngudi [10].

Trong san xut nhya phu gia chiém khoang 4% trong luong cua nhya [24], sau
khi dugc tao ra, cac polymer nhya khong doc hai vi chiing khong phan ing va thuong
khong thé dé& dang van chuyén qua mang sinh hoc do kich thuéc 16n [25]. Tuy nhién,
cac chat khong phai 1a polymer, nhu phu gia hoa hoc hodc monome du, c6 thé gay nguy
hiém cho strc khoe con ngudi va gdy nhiém ban cho méi truong khi ching phan tach tir
manh nhya 16n [26]. Hoa chét tir cdc manh nhya nay co thé tich tu sinh hoc & dong vat
trong mdi truong bién [27]. Ngoai cac hoa chat phy gia c6 lién quan dén cac manh vun
nhua, MPs trong dai duong con c6 thé tich tu cac chat 6 nhiém hitu co khé phan hiy
khac nhu PAEs, BPA, PCB va PAHs [28]. Poc tinh cia MPs thuong lién quan dén 3 co
ché chinh, bao gdm: (i) Uc ché tiéu hoa (tic nghén, ton nhiéu ning luong dé tiéu hoa
thirc 4n); (ii) Thoi nhiém chat phu gia c6 trong nhua (chat hoa déo, chat gay chdy cham,
....) va (iii) Phoi nhiém véi chat 6 nhiém di chung v6i nhua (chat 6 nhiém hitu co kho
phan huy - POPs) [29].

1.1.2. Pic diém va thanh phdn héa chit lién quan téi MPs

MPs c6 thé chira hai loai hoa chét: (i) chat phy gia va nguyén liéu polymer (vi
du: monome hoac oligomers) c6 nguén géc tr nhua; (ii) hoa chat dugc hép thu tir moi
truong xung quanh [30]. Trong cac vat liéu nhwa phd bién hién nay, polymer co ban
dugc két hop thanh mot hop chat nhuya véi cac chat phu gia khac nhau, 1a cac hop chét
héa hoc dugc thém vao dé cai thién hiéu suét, chirc nang va dac tinh lao héa cua polymer.

Céac chét phu gia thuong dugc su dung phé bién nhit san xuit cac loai vat liéu
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polymer khac nhau la: chat 1am déo, chat chong 6xy hoa, chat gay chay cham, chat tay
axit, chat boi tron, chit on dinh nhiét va anh sang, chat chong tinh dién, bot mau ...
Trong sb cac vat liéu ndy, gd, bot da, d4t sét, cao lanh, than chi, soi thuy tinh, manh
bong, day hodc vai lanh, bot giéy xenlulo, ... dugc sir dung. Mdi trong ) chung c6 mot
vai tro riéng biét trong cung cap/ting cuong cac dic tinh chirc ning (cubi cting) ctia mot
san phém nhya dé tao ra chét lugng nhya nhu mau sdc va do trong subt, déng thoi tao
ra san pham nhuya c6 tinh ning cao vé kha niang chong phan hay boi nhiét do, birc xa
anh sang, ndm méc, vi khuan va do am, cling nhu co hoc, nhi¢t va di¢n trd [30].

Tat ca cac chét phy gia dung trong san xut nhya chu yéu dugc chia thanh 4 loai
sau: Phuy gia chitc ning (chat chong tinh dién, chat 6n dinh, chat gy chdy cham, chat
boi tron, chat 1am déo, chat chéng truot, chét tao bot, chét doéng ran, chat diét khuén. . s
Chat mau (bot mau, azocolorants hoa tan...); Chat don (talc, mica, cao lanh, canxi
cacbonat, dat sét, bari sunfat) va cbt thép (soi carbon, sgi thuy tinh) [31]. Cac loai phu
gia pho bién nhét duoc sir dung trong qua trinh san xuat nhwa duoc néu tai Bang 1.1.

Bang 1.1. Mot sb chat phu gia dugc sir dung phé bién nhét trong vat li¢u nhya [31]

S6 lwong
Loai phu gia dién hinh Cic chat
(% w/w)

Chét héa déo 10-70 Benzyl butyl phthalate (BBP); Diisoheptyl phthalate
(DIHP); dipentyl phthalate (DPP), Di (2-ethylhexyl) 1,2-
benzenedicarboxylate (DHNUP); Bis (2-ethylhexyl)
phthalate (DEHP): Bis (2-methoxyethyl) phthalate
(DMEP): Dibutyl phthalate (DBP); Tris (2 chloroethyl)
phosphate (TCEP); bdi-(2-ethylhexyl) adipate (DEHA), di-
octyladipate ~ (DOA), diethyl phthalates (DEP),
diisobutylphthalate (DiBP); dicyclohexyl phthalate
(DCHP), butyl benzyl phthalate (BBP), diheptyl adipate
(DHA), heptyl adipate (HAD) va heptyl octyl adipate
(HOA).

Chat gay chay ~ 3-25 (d6i Chat gdy chay cham brém véi antimon (Sb); Axit boric;
cham v6i brom Polybrominated diphenyl ethers (PBDEs);
hoa) 0,7-3 tetrabromobisphenol A (TBBPA));
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S6 lwong
Loai phu gia dién hinh
(% wiw)

Cic chat

Chét 6n dinh, 0,05-3
chat chéng oxy
hoa va chat 6n

dinh tia cuc tim

Chét 6n dinh 0,5-3
nhiét
Chét chdng 0,1-3
truot

Bt mau hitu co 0,001-2,5

Bot mauvo co  0,01-10

Decabromodiphenylethane; Phosphorous flame retardant
(e.g. Tris(2-chloroethyl) phosphate (TCEP) Tris (2-
chlorisopropyl) phosphate (TCPP)).
hexabromocyclohexane (HBCDD)

Bisphenol A (BPA); hop chat nonylphenol; hgp chét
Cadmium va Chi; Octylphenol; 1,3,5-Tris (oxiran-2-
ylmetyl) - 1,3,5 - triazinane - 2,4,6-trione (TGIC)/1,3,5 -
tris [(2S va 2R) - 2, 3 - epoxypropyl] - 1,3,5 — triazine -
2,46 -(1H,3H,5H) - trione ( -TGIC), Butylated
hydréxytoluene (BHT), 2- va 3-t-butyl-4 hydroxyanisole
(BHA), tetrakismethylene-(3,5-di-t-butyl-4-
hydroxyhydrocinnamate) metan (Irganox 1010), va
bisphenolics nhu Cyanox 2246 va 425, Tris-nonyl-phenyl
phosphate (TNPP), tris (2, 4-di-tert-butylphenyl) photphit,
(Irgafos 168).

Hop chat Cadmium va Chi; nonylphenol (barium va mudi
canxi).

Axit amit béo (erucamit so cip va oleamit), este axit béo,
stearat kim loai (stearat k€ém) va céc loai sap.

Coban (II) diacetat.

Hop chat cadimi; hop chéat crom; hop chét chi.

Trong qué trinh san xuat nhua, cac chat phu gia phd bién duogc sir dung bao gém

PAEs, BPA, va chit gdy chdy chambrom hoéa (BFR) nhu PBDEs. Cy thé nhu:

- BPA (4,4'-(propane-2,2-diyldiphenol) 13 mot hop chat hiru co tong hop voi

cong thire hoa hoc (CH3)2C(CsHsOH),, thudc nhom din xudt cia diphenylmethane va

bisphenol, chira hai nhém hydroxylphenyl (Hinh 1.1). N6 1a mot chat rin khong mau,

hoa tan trong dung méi hitu co nhung rat khoé tan trong nuéc (0,344% trong luong &

nhiét do 83°C) [32].
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Hinh 1.1. Cong thic cdu tao ctia Bisphenol A

BPA 14 nguyén liéu ban dau dé tong hop chat déo, chu yéu 1a mot sé polycarbonat
va nhua epoxy, cling nhu mét sb polysulfone va cac vat liéu thich hop nhat dinh. Khi san
xuét, nhua dugce thém chat BPA cho ra san phém chic chin va dai, duoc san xut thanh
nhiéu loai hang tiéu ding phd bién [34].

BPA 14 hoa chat dic trung ctiia nhém bisphenol va 1a mét trong nhitng hoa chat
dugc san xudt rong rdi nhat trén toan cau, véi san lugng vuot hon ba triéu tin mdi nam
[33]. BPA chu yéu duoc sir dung 1am monome cho nhua polycarbonate (PC) (65% thé
tich dugc st dung) va nhya epoxy (30% thé tich dugc st dung), chéng han nhu thanh
phan chinh cta 16p 16t ciia lon nhém [34]. BPA ciing c6 thé duogc sir dung lam chat chéng
6xy hoa hodc chat 1am déo trong cac polymer khac (PP, PE va PVC) [35]. Vi tinh chat
khong on dinh, BPA c6 thé bi thoi nhiém, din dén giai phong chat phu gia nay tir bao bi
thuc pham va vo d6 udng, dugc coi 1 ngudn phoi nhiém cho con nguoi. Mic du BPA di
duoc xac dinh 1a chat gay r6i loan noi tiét [36]. Vidu: Két qua nghién ctru tir cac bai bién
d6 thi va dai duong ctia My va Chau Au da bao cédo pham vi ndong do BPA tir <1 dén
729,9 ng/kg tich tu trong nhya [37].

- PBDEs c¢6 cong thirc phan tir tong quat 12 C12Ho-menBrmmO. Dy 1a nhém cac
hop chét brom hiru co bao gdbm 209 chét (Hinh 1.2).

— S X

Bro—— | | —Bry
XN >
Hinh 1.2. Cong thirc cAu tao cia PBDEs
PBDEs thuong duoc phan loai thanh 10 nhém, twong tmg voi sé nguyén tir brom
trong phan tir tir 1 dén 10. Chung con duoc chia thanh hai nhém chinh: nhém c6 s6 nguyén
tir brom thap (tir 1 dén 5) va nhém c6 sé nguyén tir brom cao (tir 6 dén 10). Céc ciu tir
PBDEs duoc xac dinh dwa trén mdi nhoém nay [38]. PBDEs vdi vai tro 1am chét phu gia
chéng chay, dugc ing dung rong rai trong nhiéu loai vat liéu nhu vat liéu xay dung, nhya,

d6 ndi that, dét may va cac san pham dién tir nhu may tinh va dién thoai di dong.
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Tuy nhién, PBDEs c6 thé phat tin vao méi truong qua cac hoat dong san xudt
cong nghiép va sir dung chung, ciing nhu sir dung cac san pham chira PBDEs 1am phu
gia va dic biét 1a qua trinh thai bé san pham nhya chita PBDEs. Vi du: Theo két qua
nghién ctru MPs ¢ ving trung tim Thai Binh Duong xéac dinh dugc néng d6 PBDEs trén
loai MPs 14 PP rat cao (9.909 pg/kg) trong khi tir cing mot khu vye nghién ciru, muc
tong s6 PDBEs trén PE 1 rat thap (0,3 pg/kg) [37]. PBDEs 1a nhitng chat ky nudc nén
nhiéu cong thie duoc sir dung trong chit déo lam chat gay chay cham. Trong do, ba
cong thie thuong mai chinh duoc goi 14 penta-, octa- va deca-BDEs. Nhirng chit phu
gia nay pho bién, doc hai, kho phan hity va tich ty sinh hoc trong méi truong va 1a van
dé co thé anh huong nghiém trong ti strc khoe con ngudi [39].

- Phthalate 1a este cua axit phthalic (axit 1,2-benzen dicarbdxylic) trén do c6 hai

chudi carbon c6 do dai khac nhau (Hinh 1.3).

OR
OR'

O

Hinh 1.3. Cong thirc cAu tao cia PAEs

PAEs 1a chét 16ng nhon khong mau, khong mui, ¢6 d6 bay hoi thap va do hoa tan
trong nudc thap [40]. Cong dung chinh ciia PAEs 14 1am chét hoa déo dugc thém vao
vat liéu nhya co ban dé mang lai nhiing dac tinh cu thé nhu tinh linh hoat, d6 déo va do
dan hoi cho polymer va PAEs duoc st dung 1am phu gia chu yéu trong san xuat nhya
PVC. Do d6, PVC c6 thé chira 10% dén 60% PAEs tinh theo trong lwong [41][42]. Tinh
chat hoa 1y ciia PAEs duogc xac dinh boi cac nhom chudi bén. Khi chiéu dai chudi bén
tang 1én thi trong lugng va hang s6 ky nudc phan tir cia PAEs tang 1én, nhung do hoa
tan trong nudc giam [42]. Ung dung cong nghiép cuia PAEs thuong dugc xac dinh baoi
trong lwong phén tir. PAEs c6 trong lugng phan tir thap (vi du: dimethyl phthalate
[DMP] va diethyl phthalate [DEP]) d3 duogc sir dung trong san xuat mang cellulose
axetat, vecni, gidy trong sudt, bot duc va thudc chéng mudi [43]. PAEs c6 trong luong
phan tir cao (chang han nhu di-ethylhexyl phthalate [DEHP] va di-n-octyl phthalate
[DOP]) chu yéu duoc str dung trong 6ng nhya, gach lat san, dd noi that, dd choi tré em,

nodi that 6 t6 va vat tu y té dé cai thién tinh linh hoat va kha ning sir dung [44]. Dibutyl
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phthalate (DBP), c6 trong luong phan tir trung binh, chii yéu duge st dung 1am dung
méi hodc chét cb dinh cho nudce hoa, my phém, chét phu va dé diéu chinh téc do giai
phong ciia mot so loai thude [45].

Khong chi vay, PAEs khong lién két hoa hoc véi cac polymer nén chiing c6 thé
dé dang ngam vao moi trudng trong qua trinh san xuat, st dung va thai bo [42]. Mot s6
PAEs d3 dugc phat hién trong mdi truong, didu nay rat dang lo ngai do céc tic dong tiéu
cuc cta chung ddi véi con nguoi va hé sinh thai. Nhiéu PAEs da dugc ghi nhan 1a chat
gay r6i loan nodi tiét, anh huong dén kha nang sinh san cuia con nguodi va dong vat, hodc
tham chi gay ung thu ngay cé khi tiép xtic & ndng do thap [36][12].

Céc chit phy gia trong hau hét cac truong hop khong lién két hoa hoc véi
polymer, chi mot s6 chat gay chay cham duoc polymer hoa véi cac phan tir nhya, tro
thanh mot phan cta chudi polymer. Mic du cc chat phu gia véi muyc dich cai thién tinh
chat ciia cdc san pham nhya, nhung nhiéu chét trong s chiing doc hai va cé kha ning
gy 6 nhiém dat, khong khi va nudc cao [30]. Cac yéu t6 chinh dé xac minh MPs va chat
hitu co gdy 6 nhiém méi trudng 13 tinh ky nudc cia MPs, tinh ua dau cua cic hop chat
hitu co nay va ty 1¢ thé tich bé mit cao cia MPs [46]. Piéu nay dan dén cac chat POPs
dugc hip thu vao cac pha khong phan cyc trong mdi trudng bién nhu chat hitu co lo
limg, cac hat tram tich va MPs [47].

1.1.3. Méi lién quan MPs va mét sé héa chit lién quan ton tai trong méi truwong

Nhua bao g@)m cac loai chinh nhu PP, PC, PS-E, PS, TPE, PET, PVC, PA ... phé

bién trong méi truong (Hinh 1.4).

Polyethylene terephthalate (PET) Polyurethane (PU)
OH 0 0
o o Il Il
5 C : C—N CH,— N—=C~0~CH;—CH;~0
H H
H—O o} "
n
Polyethylene (PE) Polyvinyl chloride (PVC) Polypropylene (PP) Polystyrene (PS)

I—0—

I I b d I

C—iC c—C "
|| . S ¢—C
H H_|, H H.Jl, HHHn H H

Hinh 1.4. Cong thirc ciu tao ciia mot sd polymer

n

Réc thai nhya vai kich thude phan tir 16n gdy 6 nhidm tro vé mat sinh hoa, khong



14

chi gay hai cho moi truong ma con ton tai 1au dai va tich tu trong dai duong, tram tich,

va nudc bién. Cac nghién ctru da bao cdo sy hi¢n di€n ctia MPs trong nhic¢u loai dong

vat bién nhu chim bién, c4, ray cat, rua bién, giap xac va dong vat hai manh vo. Nghién

ctru cling da tim thay su tich tu cia MPs trong dong vat khong xwong séng nhu giun dat

va dong vat chan d6t, ciing nhu trong thyc vat nhu cdy laa mi. Tham chi, sy hién dién

cua MPs trong mudi an, nudc uong va phan nguoi cling da dugc bao cao trong nghién

ciu cua A. W. Verla va cs., [48].

Ngoai ra, MPs c6 kha ning khién méi truong bién bi nhiém ban do cac dic tinh,

su phan tan va nguon goc san xuat nhya. Sy xuat hién va phan bé cia MPs trong moi

truong bién voi mat do, kich thude, hinh dang, mau sic va ching loai polymer duoc

chuing minh tich tu trong nhi€u sinh vat bién, tram tich, nudc bi€én va moi twong quan

ctia MPs trong hé sinh thai bién trén thé gidi cling da dugc nghién ctru néu tai Bang 1.2.

Bdng 1.2. Sy phét tan ciia MPs & mot s6 khu vuc trén thé gidi [49].

Khu vue Pia diém Mat do MPs Loai polymer
Chau phi vung bién Nam Phi 257-1215 hat/m? -
Cang King, Jamaica 0 - 5,73 hat/m? PE, PP
My Vinh San Francisco, My 15.000 - 2.000.000
hat/km?
Vinh Tampa, My 1,2 - 18,1 hat/m’
Chau A  Bot Hai, Trung Qudc 0,01 - 1,5 hat/m3 PP, PE, PET, PS
Hoang Hai, Trung Qudc nd - 0,81 hat/m? PE, PP
Giao Chau, Trung Qudc 20 - 120 hat/m3 PP,PE,PET
Bo bién phia Béc 0,38 - 0,61 N/L PE, PS, PP,
Surabaya, Indonesia PET, PU, PB,
PES
Vinh Mersin, Thd Nhi 0,2 - 5,1 hat/L PP, PE, PS
Ky
Kuala Nerus va Kuantan, 0,13 - 0,69 hat/L PE, PES, PP,
Malaysia PS, PVC
Vinh Chabahar, Oman 0,07 - 1,14 hat/m? PE, PS, PP,
PVA, PET
Ving bién Qatar 0 - 3 muc/m’ PP, PE, PS,
PA, PMMA
Chau Au  Vung ven bién Tuscan, Y 0,16 - 0,27 hat/m? PP, EVA, PE,

SBR
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Khu vue Pia diém Mat do MPs Loai polymer
Vung bién Thuy Dién 0 - 70,3 hat/m? PP, PE
Séng Danube 316,8 - 4664,6 -
hat/m?
Soéng Antiia, BO Pao Nha 58 -1265 hat/m? PE

MPs c6 thé bi chim, ling trong bun hodc trim tich, lo limg trong dai duong tuy
thudc vao mat do cua polymer, tudi va mac do6 bam ban. Do d6, MPs c6 thé duoc cac
sinh vat bién nhu dong vat hai manh vo, phu du, ca an phai va dugc tich tu trong cac té
bao hodac mo.

Tac dong co hai cua MPs ddi voi su tiép xuc cua cac sinh vat séng v6i chung
dugc phéan thanh hai loai chinh: tdc dong vat ly va hoa hoc. Trong khi tac dong vat ly
lién quan dén hinh dang, kich thudc va mat do cua MPs, tac dong hoa hoc lai lién quan
dén cac hoa chit hép phu trén bé mit va cac chat phu gia cua MPs. Mac du c6 mot sb
nghién ctru vé tic dong nguy hiém ciia MPs ddi véi moi trudong. Tuy nhién, nhiing thong
tin vé cac hoa chat lién quan dén chiing nhu cac hoa chat lién két voi MPs 1a nguyén
liéu polymer, cac chat phu gia ¢6 ngudn gdc tir nhyra va cac hoa chat dugc hap thy tir
mai trudng xung quanh van con han ché [50].

Céc hop chit hoa hoc lién quan dén MPs bao gom cac chat ¢ trong thanh phan
ctia nhua, cac hoa chat sinh ra tir qua trinh san xuat nhua va nhitng héa chat duoc hap

thu tir moi trudng xung quanh nhu minh hoa trong Hinh 1.5.

phthalates ”l HsC—Hg X

PBDEs ((( Methyl 5 BT
8, . o Mercury i

©©©©©

PAHs

PCBS (CI)((:|)ﬂ Styrenes

Hinh 1.5. Cac hoa chét c6 lién quan dén MPs trong moi truong
Do déc tinh ky nudc va dién tich bé mat 16n, MPs con ¢6 thé van chuyén céc chat

hoa hoc, bao gém céc loai chat phu gia c6 chu y dugc thém vao trong qua trinh san Xuét
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va céac chat gay nhiém ban cho moéi truong ¢ thé dugc hap thy trén bé mat MPs, chang
han nhu styrene, kim loai nang (Pb, Zn, Co, Cd, Ni, Cu), PAEs, BPA, PAHs va PCB
[28]. Nhu vay, c6 thé nhan dinh MPs 1a vat trung gian truyén cac chit POPs t6i sinh vat
song va moi trudng bién.

Pé dinh lugng céac hoa chit doc hai tir bé mat MPs hau hét duge thuc hién béng
cach st dung cac k¥ thuat quang phd sau qué trinh chiét xuat axit yéu d6i vai cac kim
loai doc hai, trong khi chiét xuit soxhlet hd tro n-hexane, metanol (MeOH) hoac
dichloromethane (DCM) d6i v6i cac chat 6 nhiém hiru co di dugc cac nha khoa hoc
cong bo rong rai (Bang 1.3).

Bang 1.3. Nong do chat gay 6 nhiém tich tu trong MPs trén mdi truong bién [48][51]

Chat gdy Dung méi chiét/ Nong do Vi tri
6 nhiém  thiét bi phan tich
> PAEs GC-MS 75,3-310,2 (ng/L) Trong nudc bién Pia Trung
Hai
2445 -1207,1(ng/L) Trong nudc Vinh
Marseilles
182,2 - 212,6 (ng/L) Trong nudc song Rhone
BPA n-Hexane/GC-MS <1 -729,9 (ng/g)  Bién Caribé, Los Angeles

USA, Ving bién mién Béc
Vi¢t Nam, Vung bién

Odaiba Tokyo Nhat Ban...
SYPBDEs  Hexane/DCM, 6,2-15,7 (ng/g)  Bién Caribé
GC-IMTS
Hexane/DCM, 5,3-41,4 (ng/g)  Los Angeles
GC-IMTS Hoa Ky
Hexane/DCM, 0,3-412 (ng/g)  Vung bién mién Bic Viét
GC-IMTS Nam
Hexane/DCM, 1,1 -43,5(ng/g)  Ving bién Odaiba Tokyo
GC-IMTS Nhat Ban

Céc két qua nghién ctru xac dinh dugc ndng do phthalate 12 6,09 pg/kg trong MPs
duogc thu thap tir bién Bot Hai va bién Hoang Hai ¢ Trung Qudc [52]. Tuong tu, két qua
nghién ctru cic mau nhya thu tir Nam Dai TAy Duong da chi ra nong do BPA tir 1,4 -
4,9 pg/kg trong 63% va nong d6 PBDEs tir 0,1 - 4,6 pg/kg [53]. Cac nghién ciru ciing

chtrng minh PBDEs dugc thém vao nhya dudi dang chat gdy chay cham co thé duoc coi
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1a chi s6 6 nhiém nhya cua sinh vat thong qua con duong tiéu thy. Nghién ciru ¢ Vinh
Tokyo cho két qua nonylphenol tir 0,13 - 16 pg/g tich tu trong hat nhwa PP, cac hop chat
nay c6 ngudn gbc tir cac chat phy gia nhwa hodc tir cac san pham phan huy ciia chiing
[54]. Mot nghién ciru khic da phat hién BPA, PBDEs va NP (chi yéu 1 4-nonylphenol)
trong cidc mau nhya thu thap tir Pai Tdy Duong. Nghién ciru chi ra rang cac chat hoa
hoc nay chu yéu bat ngudn tir mot sé phu gia nhya, vi ndng d6 PBDEs dao dong tir 2,2
dén 11,182 pg/kg, cao hon t6i 6 lan so voi ndng do trong nudc xung quanh, von dao
dong tir khong phat hién duoc dén 42,7 pg/L [53]. Cac nha khoa hoc ciing da phat hién
ndéng d6 mot sd chat nhu PBDEs cao (0,02 - 9.900 pg/kg), nonylphenol (0,3 - 3.940
ng/kg) va BPA (tdi da 730 pg/kg) trong cac manh PE va PP duoc thu thap tir cac bai
bién ven d6 thi [37]. Nhu vy c6 thé thiy qua trinh rira troi cac chéat phu gia héa hoc tir
cac manh vun nhua c6 thé giy tac dong tiéu cuc vé doc tinh sinh thai khi chat thai nhya
xam nhap vao h¢ sinh thai dudi nude, chéng han nhu séng, ho va dai duong [12].

Sy tich tu ctia cac hop chat phu gia BPA, PBDEs va PAEs trong méi trudng dugc
nhiéu noi trén thé gi¢i ghi nhan. Vi du nhu nghién ciru PAEs trong khong khi, nudc,
tram tich va ca & hd Asan, Han Qudc di xac dinh hop chat PAEs da dugc tim thdy co
mit trén toan bo khu vyc nghién ctru v6i ndng d6 trung binh cta Y14 PAEs 1a 3,92 -
33,09 ng/m? trong khong khi, tir nd - 2,29 pg/L trong nudc, tr 3,6 - 8973 pg/kg d.w
trong tram tich va nd - 1081 pg/kg d.w & ca [55]. Két qua nghién ciru ¢ ving dat ngap
nuée Cira song Duong Tir da phat hién ndng do cta Z;PAEs va ZoPBDEs trong cic mau
nhua lan luot 14 26,8 - 4241,8 pg/g va nd - 250,1 pg/g va mudi sau ciu tir PAEs va tim
ciu tir PBDEs thay ddi tir 35,9 - 36225,2 ng/kg va 3,9 - 253,0 pg/kg trong cac mau tram
tich [15]. Nong do BPA trong tram tich bién va chét lo ling dugc ldy mau tir Vinh
Kastela, Croatia dao dong tir 1,05 - 46,31 pg/kg va tir 1,84 - 81,39 png/kg [14], tai dam
pha ving dong bang séng Po c6 ndng dd BPA trung binh 13 18,64 + 9,30 pg/kg [56] va
ndng do BPA trong cidc mau tram tich thu thap & ving ven bién vinh Gdansk (Nam Bién
Baltic) dao dong tur 0,08 - 26,39 pg/kg [57].

Tai Viét Nam, nghién ctru vé cac hoa chit lién quan dén MPs trong moi truong
van con rat han ché, véi chi mot sé it cong trinh dugc cong bd. Vi du, nghién curu tai bai
bién dao Minh Chau va cira bién Ba Lat trong giai doan 2007-2014 da chi ra muc do
phoi nhiém DDTs, PCBs va HCHs trong céc hat nhya déo, véi néng do 1an luot 1a: 12,3
- 558; 4,0 - 24,0 va 0,44 - 1,44 pg/kg hay danh gia nong d6 PBDEs trong trim tich tai
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dam Thi Nai cho két qua tir 1,04 - 9,62 pg/kg [58][59]. Mot nghién ctru gan day tai bién
Can Gio, kénh rach va song Sai Gon di tap trung vao su phan bd cua MPs trong méi
truong nudce mat ciing nhu hop chat PAHs lién két véi MPs. Két qua chi ra rang nong
dé PAHs duoc xac dinh dao dong trong cac khoang sau: 232,71 - 6.448,66 ng/kg, 30,94
- 8.940,99 pg/kg va 432,95 - 3.267,88 pg/kg [60].

Nhin chung, cac két qua nghién ctru noi trén da thé hién cac chat phu gia lién
quan dén MPs duoc phat hién trong méi trudng nude hodc tram tich trén toan thé gioi.
Trong khi d6, dc tinh ctia cac chat phu gia hién dang gay lo ngai 16n, vi ching c6 thé
anh huong tiéu cuc dén hé than kinh hodc gy ra cac van dé di truyén, tham chi 1am rbi
loan chitc ning ndi tiét va sinh san & con ngudi cing cac tac dong khic dugc néu tai
Béang 1.4.

Bang 1.4. Chirc nang cta phu gia nhua va nhing tic dong tiém 4n dén sirc khoe [10]

Phu gia nhua Chirc nang Y nghia tiém an téi sirc khée

BPA Chat hoa déo; R&i loan noi tiét.
chat chéng oxy
héa; chét 6n dinh.
PAEs Chat hoa déo. Chat gay rdi loan noi tiét; Gay tir vong phoi;
Nhiém doc tinh hoan; Poc tinh buéng tring;
Than; doc tinh than kinh; Nhiém ddc gan;
nhiém doc tim; Doc tinh sinh san; Biu thiéu tinh
hoan; 16 tiéu thap; Gy nhiém ddc cho thai nhi.
PBDEs Giam tbc do chdy Doc tinh sinh san; nhiém ddc gan; doc tinh trén
va phan tan lura. than; Gay ung thu; gay quai thai; Doc tinh than

kinh va ro1 loan noi tiét.

Anh huong ddc hai ciia nudc thai li€n quan dén manh vun nhya va céac chét phu
gia cua chung da dugc phat hién ¢ nhiéu dong vat bién khéc nhau, chéng han nhu dong
vat giap xac chan chéo, vem nau, giun bién, dong vat c6 vo va chim bién. Poc tinh truc
tiép c6 thé xay ra do cac tac dong vat 1y khi nhya bi nudt vao, trong khi doc tinh gian
tiép co thé phat sinh tir qua trinh giai phong cac hoa chat doc hai tir nhya.

Nhiing bang chimg niy da ching minh manh vun nhya va phu gia nhya c6 thé
gay ra rui ro sinh thai ddi véi sinh vat dudi nude. Cac MPs va chat phu gia ciia ching

xam nhap vao ngudn nudc qua dong chay nudc thai d6 thi, lang dong trong khi quyén
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va cac nha may xur Iy nudc thai. Nhu vdy, hanh dong thai MPs vao hé sinh thai 1a mdi

de doa tiém an, boi kich thude nho, dd ndi va mau sac hap dan cia chung khién sinh vat

de nudt phai. Biéu nay c6 thé dan dén sy xam nhap cua MPs vao chuoi thic an va cuoi

cung la con nguoi ti€u thu ching.

1.2. Su tich tu MPs trong mdi trueong ven bién trén thé giéi va Viét Nam

1.2.1. Sw tich tu MPs trong moi trwong ven bién trén thé gici

Sw hién dién MPs trong moi truong nwoc: Nhya ton tai trong moi trudng nudc s€

trai qua qua trinh v& vun va co lai d€ hinh thanh ra céc hat siéu nhé do cac qua trinh co

hoc va quang héa dugc gia tang boi song va anh sang mat troi [61]. MPs tich tu trong

cac dai duong da phén 1a PE chiém khoang 54,5% va 16,5% la PP; phén con lai bao

g6m PVC, PS, PET va PA [21]. Su tdn tai MPs trong nudc bién ctia mot sd hé sinh thai

nudc man trén thé gioi duge chi ra tai Bang 1.5 c¢6 mat do khac nhau.

Bang 1.5. Mat @6 MPs trong nudc cia mot sd hé sinh thai nude min trén thé gidi [62]

L o o Thanh phin
TT Dia diém khao sat Mat do MPs
polymer
1. VinhBa Tu 4,4x10% - 1,5x10° LDPE, PP, PET
MPs/km?
2. Nam Thai Binh Duong 0 - 4,0x10° MPs/km? -
3. Bién Pong A, Nhat Ban 1,7x10° MPs/km? -
4.  Tay Bac Pai Tay Duong 0 - 5,8 x10° MPs/km? PS
5. Dia Trung Hai 0 - 9,0 x10° MPs/km? PE
6.  Tay Bac Thai Binh Duong 6,4x102 - 4,2x10* PE, PP, PA, PVC,
MPs/km? PS
7.  Tay Thai Binh Duong 0,6 - 9,5x10* MPs/km? PP, PET, PE,
PMMA
8.  Vinh Chesapeake 0,007 - 1,25%10° MPs/km? PE, PP
9.  Bo bién Hoa Pong 0,167 MPs/m’ -
10. Bién T4y Bac Pia Trung Hai 0,12 MPs/m> PS
11. Pong Bic Thai Binh Duong 1710 MPs/m? -
12. B0 bién phia Nam Han Qudc 23 MPs/L PA, PS
13. Bién Bot Hai, Trung Qudc 0,22 - 0,53 MPs/m? PE, PET
14. Bién Vang, Trung Qudc 0,05 - 0,174 MPs/m? PE, PET
15. Bién Pong Trung Qudc 0,011 - 2,20 MPs/m? PE, PP
16. DPong Bic Pai Tay Duong 2,46 MPs/m’ -

Cac manh vun nhya da duoc tim théy trong nhiéu moi truong bién khéc nhau, tir
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bo bién, bé mait bién dén day bién, trong trAm tich day bién va co thé sinh vat bién. O
nhiém MPs tap trung cha yéu & cac ving ven bién va hoan luu can nhiét d6i, nhung
cling d3 dugc phat hién & nhirng vi tri xa ngudn giy 6 nhiém, chang han nhu ving cuc
clia trai dat [63]. Cac s lidu dugc tim thay trong cac cong trinh cong bd ding tai gin
day thé hién MPs dugc phét tan rat rong va 16n, gan nhu trén khip toan cau. Cac yéu to
nay sé tiém an mdi nguy hai cho méi trudng, hé sinh thai va con nguoi & muc cao. Néu
con nguoi khong ¢ chién luoc ngin chin, giam thiéu kip thoi dé c6 kha ning gay tac
hai khi chung tich tu du luong va tuong tac véi co thé sinh vat va cudi cung gay ton hai
gidng nhu mot loai dai dich cho con nguoi nhu kiéu Covid 19.

Nhin chung, mat d6 MPs trong nudc thuong cao hon & doc cac thanh phd ven
bién theo mirc d6 cong nghiép hoéa hodc ¢ gin céc ctra song.

Sw hién dién MPs trong méi trieong tram tich: MPs phan b rong rai trong méi
truong trim tich bai bién di duoc béo cdo ¢ nhiéu khu vuc trén thé gidi nhu phia Tay
Bic bién bia Trung Hai, Puc, Canada, Brazil, Bd Pao Nha, Y va Trung Quéc [64]. Mat
dd cua MPs tich tu trong trAm tich c6 su dao dong rat 1on gitra cac khu vuc, chi tir méot
vai hat ¢ Bi, Nga, B6 Pao Nha cho dén hang ngan MPs/kg d.w tram tich & Trung Qudc
hay Canada [64]. Theo Browne va cs., tai 18 bai bién dai dién cho sau luc dia trén thé
gidi tir cac ving cuc cho dén xich dao déu di bi 6 nhiém béi MPs. Ngoai ra, MPs ciing
da duoc xac dinh dugc thong qua nudc thai, mdt luong rat 16n MPs da duoc phat thai ra
moi truong, Vi du: mot san phém may mac co thé thai ra hon 1.900 sgi MPs mdi lan
gidt [65]. Cac két qua nghién ctru MPs tich tu trong tram tich ciia mot s6 hé sinh thai
nudc man trén thé gidi duge tong hop trong Bang 1.6.

Bang 1.6. Mat d0 MPs trong tram tich ctia mot s hé sinh thai nuéc mén trén thé gidi [66]

TT Pija diém Méi trwong  Kich thwée Mt do MPs
tram tich MPs (mm)  (MPs/kg)

1. Singapore Rurng ngdp man 0,02-5 12 - 62,8

2. Vinh Thai Lan Vinh 0,3-5 83 - 165

3. Hong Kéng Vinh 0,1-5 44 - 458

4. Cua song Truong Giang, Cura song va bai <5 20 - 340

Trung Qudc tridu
5. Vinh Sishili, Cura song va <5 140 - 1873

Bic Hoang Hai, Trung Qudc  vinh
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TT Pija diém Maéi trwong  Kich thwée Mt do MPs
tram tich MPs (mm)  (MPs/kg)
6. Vinh Sanggou, Trung Quoc  Vinh va cira <5 699 - 2824
song
7. Cuasong Chau Giang, phia  Rurng ngdp man <5 100 - 790
Nam Trung Quéc
8. DPong Nam Trung Quéc Rurng ngdp man 0,05-5 8,3-5738,3
. Vinh Tampay, Florida Vinh <5 30-790
10. Vinh Guanabara, Brazil Vinh 0,1-5 160 — 1.000
11. Ctra song Jinjang, Trung Cua song <5 980 - 2340
Quéc
12. Ctra song Jagir, Indonesia Cua song 03-5 92- 590
13. Vinh Xiangshan, Trung Vinh <5 1.739 - 2.153
Quéc
14. Soéng Chau Giang, Trung Cura song 1-5 258
Quéc

Theo nghién ctru cia Shim va cs., mat do MPs trén cac bai bién & chau A, dic
biét 1a Bong A, cao hon so v&i cac khu vuc ¢ chau Au, Bic va Nam My, Béc va Nam
Dia Trung Hai, Thai Binh Duong va Dai Ty Duong [67]. Tai viing ven bién Hong Kong
dugc xem 1a diém nong cta 6 nhiém moi trudng bién boi rac thai nhua voi mat do MPs
dugc xac dinh duoc trong trAm tich cta 25 ving bién trung binh 1a 5.595 MPs/m?[68].
Qua trinh nghién ctru vé mat 36 MPs tai mot sb quéc gia chau A khéc thu duoc két qua
nhu sau: Trung Qudc: 5.000 - 8.714 MPs/kg tram tich tai khu vuc vinh Beibu; Nhat Ban:
1.900 MPs/kg tram tich tai vinh Tokyo va Han Quéc: 0 - 2.088 MPs/m? v&i MPs ¢6 kich
thude 1.000 - 5.000 um va 1.400 - 62.800 MPs/m? tai 20 bai cat. Trong khi d6, Singapore
1a qudc gia c6 mat @ MPs tich tu trong tram tich thap nhét trong khu vyc vé6i 0 - 16
MPs/kg vao nam 2006 va 36,8 + 23,6 MPs/kg vao nam 2014 [64].

Sw hién dién MPs trong déng vat hai manh vo: Véi kich thude nhé, cac MPs dé bi
nham 14n véi thirc dn va da duoc nhiéu loai sinh vat bién, bao g@)m ca dong vat hai manh
vo, tiéu thy. Pac tinh an loc cua dong vat hai manh vé khién chung tré thanh ddi tuong
chinh trong nghién ciru vé su tich tu cia MPs va cac chat 6 nhiém khac nhu chat hitu co
va kim loai ning. Pong vat hai manh vo cling thuong 1a con mdi ctia nhiéu loai dong vat
khong xuong soéng va co xuong song, ddng thoi 1a ngudn hai san chinh cho con nguoi

trén toan thé gidi [69].
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MPs tich tu trong dong vat hai manh vo gém cac loai nhu vem xanh, hau, hén, so
diép, trai, so 16ng, ngao, .... tir 22 qubc gia dugc hién thi trén Hinh 1.6 véi gia tri nim
trong khoang 0,04 - 20,0 MPs/gam w.w. X¢ét theo vi tri dia ly, mat do0 MPs trung binh
tich tu trong dong vat hai manh vé dugc xac dinh cao nhat 13 & Iran (11,0 £ 8,2 MPs/g),
tiép theo 1a Hy Lap (3,9 + 1,4 MPs/g) va Viét Nam c6 gia tri 1a 0,3 MPs/g [70]. Khi
nghién curu sy tich tu cia MPs trong dong vat hai manh vo, Cho Youna va cs., da nghién
ctru bén loai dong vat hai manh vo phé bién & Han Quéc 1a hau, vem, ngao Manila va
soO diép, chiém 79 - 84% téng lugng tiéu thy dong vat cé vo. Két qua mat dg trung binh
cua MPs trong bon loai nay l1a 0,15 £ 0,20 n/g va 0,97 + 0,74 n/ca thé. Cac loai polyme
chinh thuong 1a PE, PP, PS va PES [71].
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Hinh 1.6. Mat @ MPs tich tu trong dong vat hai manh vo & 22 quéc gia [70]

LeiSu va cs., sau khi nghién ctru vé tich tu MPs trong ngao Chau A & luu vuc
Trung - Ha song Duong Tur dugc phat hién MPs c6 mat do tir 0,3 - 4,9 MPs/g. MPs dang
soi chiém 60 - 100% trong ngao [72]. Pé danh gia vé MPs trong hau tai B6 Pao Nha va
hau doc theo bd bién Pai Loan, Liao va cs., dd nghién ctru va cho két qua mat do MPs
tir 3,24 + 1,02 MPs/g [73]. Sayka Jahan va cs., d3 danh gia mdi tuong quan vé 6 nhiém
MPs trong tram tich va hau tai cang bién phia dong nudc Uc cho két qua MPs trung binh
tim thdy duoc trong hau sdng tai vi tri bén trong cang dao dong tir 0,15 - 0,83 MPs/g
W.W, tai vi tri moéi trudng nén (noi nam ngoai bén cang) thi lugng MPs dao dong tir 0,06
- 0,44 MPs/g w.w [6]. Ngoai ra, cac nha khoa hoc da nghién ctru vé su tich tu cia MPs
trong hau & hé thong cira song Paranagua, Brazil va két qua tim thay 18 MPs/150 mg

gan hau [74]. Theo nhu két qua nghién ctru thyc hién trén hau Thai Binh Duong va ngao
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Manila tai cac bii bién & 6 viing ven bién British Columbia, Canada, cac nha nghién ctru
d3 tim thdy mat do MPs trung binh khoang 0,04 + 0,06 MPs/g hau, 0,16 + 0,22 MPs/c4
thé ngao [75].

Nghién ciru MPs trong vem xanh 1a mot trong nhitng van duoc cac nha khoa hoc
quan tAm & nhiéu noi trén thé gidi. Tiéu biéu nhu, Q. Li va cs., dd nghién ctru MPs tich
tu trong co thé va trong phan vem cho két qua mat do MPs tr 0,85 -1,02 MPs/ca thé
vem va 3,69 - 9,16 MPs/g phan vem [76]. Hodc nghién ctru tai Jakarta cho két qua MPs
tich tu trong vem xanh c¢6 kich thudc 1a 3; 6 va 9 cm, mat do MPs tuong ung 1a 5,35;
24,99 va 39 MPs/gam [77]. Tai cura song Viz, An Do duogc bao céo két qua trung binh
MPs trén mdi ca thé hai manh vo tuong ung 1a 0,50 + 0,11; 1,75 + 0,35 va 4,80 += 1,39
d6i voi khu vuc Ariyankuppam, Panithittu va Chunnambar [78]. Nghién ctru tai bo bién
Channel (Phap) da xac dinh MPs tich tu trong vem xanh va so huyét c6 mat do tir 0,76
+ 0,40 va 2,46 + 1,16 MPs/cé4 thé va tir 0,15 + 0,06 dén 0,74 + 0,35 MPs/g w.w [79].
Ngoai ra, nghién ctru trén vem (Mytilus edulis) tai bii triéu & TAy Nam nudc Anh di xac
dinh dugc mat d0 MPs dao dong tir 1,43 - 7,64 MPs/ca thé [81] hay nghién ctru trén vem
xanh (Perna viridis) xung quanh Vinh Sri Racha, Thai Lan cho két qua mat do MPs vao
mua kho 1a 0,15 = 0,41 MPs/ca the va mia mua 1a 0,22 + 0,57 MPs/c4 thé [80][81].

Céc yéu t6 c6 thé 1am anh huéng dén mat d6 MPs tich ty trong dong vat hai manh
v6 khong chi phu thudc vao loai dugce nghién ciru ma con bao gdm cac thong sd sinh
hoc nhu kich thudc sinh vat, hi€u qua bét gilr, qué trinh loc va tdc d6 dao thai. Ngoaira,
ndng do, loai va kich thudc ciia MPs trong méi trudng, cing véi cac qua trinh khong
lién quan dén phan hay nhu sy bam dinh cta 16ng to, ciing dong vai tro quan trong. Vé
mit sinh hoc, dong vat hai manh vo sir dung ché d6 an loc (filter feeding) 1a dic trung
ctia loai, phu thudc vao cau tric va con dudng dan truyén cia cac loai vat lidu chat mang
vao co thé [82]. Nhom tac gia Ward va cs., d tién hanh nghién ctru hau va vem xanh
trong phong thi nghiém da xac dinh hai loai nay c6 thé tiéu thu cac hat va sgi MPs 16n
hon 1 mm, nhung hau hét cac MPs nay déu bi dao thai qua con duong tiéu hoa va thai
ra ngoai [82]. Nguoc lai, cac nghién ctru khéc trén so huyét va ngao cho két qua ching
c¢6 kha nang hap thy cdc MPs 1én téi 500 pm ma khong thé hién ty 1¢ loai bo cua céc
MPs nay ra bén ngoai, diéu nay da chung minh kich thudc ciia cac MPs c6 thé anh huéng
dén sy tich tu va dao thai cta cac loai hai manh vo khac nhau [83].

Ngoai ra, sy tich tu MPs trong dong vat hai manh vo con phu thudc vao cac giai
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doan phat trién trong vong doi cta sinh vat. Mot s nha nghién ctru di phat hién céac
mau hau nhé (loai 3 va 4) khong tich luj MPs, trong khi d6 gia tri MPs trén mdi gam
mé mém dugc tim théy ¢ ba loai kich thudc con lai (loai 1, loai 2 va hau truong thanh)
[83]. Mit khac, nhom tac gia Narmatha Sathish va cs., quan sat théy ngao nho tich tu
MPs cao hon mau trung binh va 16n, thé hién mdi quan h¢ sinh hoc gitra kich thudc co
thé va mat d6 MPs duya trén ty 1& dién tich bé mit 16n ctia né so vai thé tich [84] va ciing
c6 thé 1y giai thém rang ca thé nho co tde do sinh trudong nhanh va can nhiéu thic an
hon so véi co thé trudng thanh va do d6 chung can toc d6 loc nhiéu hon dan t6i tich tu
MPs 16n hon. Cac bao cio di chimg minh sy khac biét khong dédng ké vé mat do MPs
tich tu trong sinh vat nudi tréng va sinh vat hoang di. Do d6, hoat dong nudi trong dong
vat c6 vo duong nhu khong 1am ting lugng MPs ma sinh vét tiéu thy [83].

1.2.2. Sw tich tu MPs trong moi truwong ven bién tai Viét Nam

Sw hién dién MPs trong méi truong mede: Dén nay, mot sd nghién ctiru da xac
dinh sy phan bb va mat do tich tu MPs trong cac mdi trudng nudc nhu sau: Mat o MPs
tai moi diém trén song Sai Gon c6 dang soi dao dong tur 172.000 dén 519.000 MPs/m?,
va mat do MPs dang manh tir 10 dén 223 MPs/m? [85]. Tuong ty khi nghién ciru & song
Déng Nai, cho két qua kich thuéc MPs tir 0,1-5 mm, dao dong tir 228.120 dén 715.124
soi/m? va tir 11 dén 222 manh/m? [86]. Mot nghién ciru khac tai cac kénh rach, song Sai
Gon va bién Can Gio (TP. Ho Chi Minh) cho két qua MPs trung binh 13 104,17 + 162,44
manh/m?3 & kénh rach, 2,08 + 2,22 manh/m? & bién, va 0,60 + 0,38 manh/m? & song [60].
Su c6 mat MPs trén ctra song Bach Déng vGi mat do trung binh 1a 2,0 + 0,90 MPs/ m?
trong nudc bién [87] hay nghién ctru MPs trong nuéc ving bién Nam Dinh két qua chi
ra mirc d6 nhiém ban 16n, mat do trung binh tir 6 - 8 MPs/m? véi hau hét cac MPs duoc
xac dinh 1a PP [88]. Nghién ctru su tich tu MPs trong nudc bién tai ba bai bién (Hai
Tién, Sim Son, Hai Hoa) ¢ tinh Thanh Héa duoc phat hién & tat ca cac vi tri ldy mau co
mat do cao, trong d6 MPs tich tu 16n nhat 1a 44,1 MPs/m? tai bai bién Hai Tién, nho nhat
1a 15,5 MPs/m® tai bai bién Sam Son [89].

Ngoai ra, cac kénh, rach va muong thoat nudc trong khu dan cu 1a nguon gay
nhiém ban MPs rat 16n. Chiing tiép nhan chi yéu nudc ri rdc va nude thai sinh hoat, vi
vay ban than cac ngudn tiép nhan nay dang tré thanh mot diém néng 6 nhiém MPs va
sau d6 dugc x4 thai ra cac con song va ra moi trudng bién. Dién hinh nhu & thanh phd

Pa Ning, mat do MPs tim thdy duoc 13 1.482,0 + 1.060,4 MPs/m? trong nudc & cac con
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kénh khién Vinh Pa Ning c¢6 nguy co cao vé 6 nhiém MPs [90].

Sw hién dién MPs trong méi truong tram tich: Mot s6 nghién ctru gan day da thé
hién rat ro vé su phan b6 va mat 46 MPs trong tram tich. Nghién ctru tai vung ven bién
Hau Loc (Thanh Hoéa) da xac dinh dugc mat do MPs tich tu trong trAm tich dao dong tur
6,41 + 1,27 mg/kg dén 53,05 + 5,27 mg/kg, trung binh 14 22,95 + 8,9 mg/kg [91]. Nghién
clru tai ving ven bién Tién Giang va Ba Rija - Viing Tau cho két qua mat 46 MPs dao
dong tir 0 - 295 MPs/kg cat kho [92]. Su tich tu MPs ¢ ving ven bién Pa Nang kha cao,
mat 46 MPs trung binh 1 9.238 + 2.097 MPs/kg tram tich kho, v6i xu huéng tap trung
nhiéu hon & ting bé mit so voi tang sau hon [64], hay két qua nghién ctru tai séng Pong
Nai va séng Sai Gon xac dinh MPs trong tram tich dao dong tir 21,77 + 6,9 mg/kg [86]
va MPs tich tu trong viing ven cira song Bach Pang véi mat do trong tram tich 1a 373 +
167,5 MPs/kg [87]. Tuong tu, nghién ctru khu vue vinh Tién Yén (Quang Ninh) cho két
qua MPs tich ty trong tram tich tﬁng mat dao dong tr 236 - 1324 MPs/kg, voi gia tri
trung binh 664 + 68 MPs/kg [93].

Su hién dién MPs trong dong vat hai manh vo: Mot s6 béo cdo vé su tich tu MPs
trong sinh vat thuy sinh tai Viét Nam di duoc cong bd. Trong dé, nghién ciru loai vem
xanh chau A (Perna viridis) cho két qua mat d0 MPs trung binh 1a 2,60 + 1,14 MPs/cé
thé va 0,29+ 0,14 MP/gram w.w, v6i sau loai MPs dugc tim thay c6 ty 1é polypropylen
(PP) (31%) va polyester (23%) [94]. Nghién ctru cua Oanh va cs., danh gia MPs trén
vem xanh dugc nudi ¢ vung Giao Thuy (Nam Dinh), Thi Nai (Binh Dinh) va Hué da
xac dinh MPs tich tu trong céac mau vem xanh véi mat do trung binh tr 1,0 - 1,7 MPs/g
[95]. Mat d§ MPs tich tu trong hai loai dong vat ngao va hau tai khu vuc ven bién Can
Gid (TP. H6 Chi Minh) 14 1,33 MPs/c4 thé ngao va 1,11 MPs/cé thé hau [96].

Gan day, nghién ctru mat dd MPs trong mo ctia 5 loai hai manh vé pho bién dugc
léy mau tir cic ving ven bo bién Viét Nam, MPs duoc phat hién trong tat ca cdc mau
hai manh vo, v6i gia tri trung binh 1a 10,84 +2,61 MPs/ca thé hodc 2,40 + 1,34 MPs/g
w.w [97]. Nghién ctru loai hai manh vo c6 thé an dugc phd bién ¢ Viét Nam 1a ngao
cling va ngao venus tir hai ctra song ¢ thanh phd Pa Nang cho két qua mat do MPs tich
tutir 2,17 + 0,43 dén 2,38 + 1,28 MPs/g & ngao venus va tir 4,71 + 2,15 dén 5,36 + 2,69
MPs/g & ngao cing [98].

Céc sb liéu tong hop tir nhirng nghién ctru trinh bay tai Muc 1.2 thé hién sy tich

tu cua MPs tuong doi cao trong cac loai hai manh vé tai Viét Nam so vi cac cong trinh
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d3 xuat ban trén toan thé gidi. Piéu nay chimg minh van dé 6 nhiém MPs c6 thé gay ra
mdi de doa nghiém trong ddi vai sinh vat bién trong moi truong nudce tai Viét Nam.
1.3. Riii ro ciia MPs va hoéa chit tich tu trong dong vat hai manh vé
1.3.1. Rui ro MPs tich tu trong dong vat hai mdanh vo

Hau hét cac hoa chat sir dung dé san xuét polymer nhya déu c6 kha ning gy hai
d6i v4i con ngudi va moi trudng trong sudt cic quy trinh san xut, sir dung va thai bo
chung. Mdt rui ro tiém an tir cac MPs 1a kha nang tich tu trong co thé sinh vat bién. Pic
biét, cac loai dong vat c6 vo hai manh rat dé bi anh huong do déc tinh an loc, khién
chung tiép xtic truc tiép vdi MPs trong nudce bién. Khi vao co thé, MPs dugc van chuyén
tir da day dén hé tiéu hoa va c6 thé tham thau hodc xuyén qua mang té bao, do tinh sic
nhon khi bj phan méanh [100]. Bén canh d6, MPs tich tu trong mé va té bao 13 nguyén
nhan gay ra phan g viém, di kém vdi stress [99][101].

Céc nghién ctru trude day da 1am sang to ba con dudng MPs tich tu trong co thé,
bao gdm an udng, bam dinh va hop nhét. Trong s nhimg con dudng niy, qua trinh an
phai thudng duge cong nhan 1a con dudng chinh dé MPs hap thu vao cac sinh vat dudi
nudc. Vi thé, hé thong tiéu hoa ciia dong vat co vo 1a noi chu yéu tich tu MPs [76].

Ngay nay mat do an toan MPs c6 thé vuot qua & cac khu vuc bi 6 nhiém ning,
mat d0 MPs tich tu trong sinh vat séng o day bién tir 32 dén 144 MPs/kg trAm tich kho
duoc du doan 1a hién dién trong vung boi tu bii bién. C6 thé noi, anh huong doc theo
bo bién tinh dén nira sau cua thé ky 21 mat do MPs trong moi truong xung quanh sé bat
dau vuot ra ngoai mat do an toan voi mirc 540 MPs/kg tram tich [100]. Mirc d6 rdi ro
ctia 6 nhiém MPs anh huong dén cac hoat dong san xuét ciia con nguoi da chi ra cac khu
vuc xung quanh thuong dugc coi 1a "diém néng" va khu vuc duoc coi 1a ¢6 mic do
nhiém ban MPs cao nhat [101].

Tai nghién ctru dugc cong bd gan day da huéng dén danh gia rui ro cia MPs tich
tu trong dong vat hai manh vo trén toan cau [70]. Dua trén két qua tinh toan, chi s6 PLI
trong cac loai hai manh vo tir 22 qubc gia dugc trinh bay trong Hinh 1.7.

Chi s6 tai lwong 6 nhiém (PLI) ctia MPs 1a mot dai luong duge ding dé do luong
su 6 nhiém MPs trong moi truong. PLI do luong su tich tu cia MPs trong mdi trudng
so vo1 mot nguén tham chiéu, day la mét loai MPs khong 6 nhiém. Cong thure tinh toan
PLI s& duogc thyc hién bang phan chia ty 1& gitta mat d6 MPs trong méi truong va mat

d6 MPs trong ngudn tham chiéu [70].
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Theo tiéu chi mirc do rai ro dugc bao céo, chi s rui ro cia MPs 1a khong dang ké
(cép do I) da dugc xac dinh ¢ cac loai dong vat hai manh vo tur 22 quéc gia [70]. Két
qua danh gia chi s6 rti cia MPs trong dong vat hai manh vo trén toan cau chi ra sy khac

biét vé khong gian, nhung tat ca déu thé hién murc d6 rui ro thap [101].
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Hinh 1.7. Phan bo theo khong gian cua chi so tai lugng 6 nhiém MPs (PLI) trong cac

loai hai manh vo tir 22 qudc gia [70]

Ciing trong nghién ciru ndy, chi s6 rui ro hoa hoc ctia dong vat hai manh vo tir 14
qudc gia dugc tinh toan dya trén diém nguy hiém c6 sin ciia bay polymer. Ngoai ra,
quan sat két qua trong Hinh 1.8 da thé hién chi s rii ro thanh phan hoa hoc polymer
ctia MPs trong hai manh vo tir 14 qudc gia dugc phan loai nhu sau: hai qudc gia (B6
Pao Nha va An Do) bi 6 nhiém ning, dugc xép hang muc IV; sau quéc gia (Y, Trung
Quéc, Nam Phi, New Zealand, Han Quéc va Hoa K¥) duoc coi 1a 6 nhiém vira phai
(muc I11); ba qudc gia (Na Uy, Thai Lan va Vuong qudc Anh) c¢6 nguy co polymer nhe
(mre 11); va ba qudc gia (Hy Lap, Phép va Mexico) dugc xép hang 1a mirc I, dugc coi
1a sy nhiém ban polymer khong dang ké.

Céc qubc gia co ty 1& rai ro polymer tuong ddi cao 13 do su tich tu cac polymer
c¢6 diém nguy hiém cao, chang han nhu PVC (S = 10.551) [70]. PVC dugc phan loai 13
loai polymer "nguy hiém rat cao", c6 thé giai phong cac monome va hoa chat phy gia
gy ung thu khi di vao moi trudng bién [17]. Mot s chit gay 6 nhiém, chiang han nhu
POPs dé dang hap thy vao bé mit ciia PVC dan dén cac hiéu tmg sinh thai phirc hop
[70]. Ngoai ra, PVC véi mat do: 1,16 - 1,58 g/cm?, thudng duoc tich tu trong céac 16p
sau hon ctia nude hodc viung sinh vat ddy. PVC dé dang bi cac loai hai manh vo nhu trai

(tram tich) va so diép (dudi 15 m) tiép xuc. Vi vdy, cac loai dong vat hai manh vo dé an
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phai PVC, diéu d6 c6 thé dat ra mbi de doa nghiém trong ddi véi moi trudng séng va

strc khoé con nguoi.
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Hinh 1.8. Phan bo

6 theo khong gian clia ch1 s riii ro polymer trong cac loai hai manh

vo tir 14 qubc gia [70]

Dé hiéu 1o hon moi twong quan giita chi s6 tai lwong 6 nhiém MPs va chi s6 thanh

phan hod hoc polymer, twong quan Spearman d3 dugc sitr dung dé phan tich dir liéu tir

14 qudc gia vé MPs. Két qua thé hién khong c6 méi quan hé dang ké giita rii ro mat do

MPs va ruai ro thanh phén hod hoc (R =-0,123; p = 0,675). Diéu nay co nghia la, dong

vét hai manh vo véi tai trong 6 nhiém cao (PLI) chita nhiéu MPs nhung khong nhiéu

loai polymer nguy hai. Do d6, can xem xét toan di€n hon cac rui ro cua MPs ma dong

vat hai manh vo ti

éu thy, tich tu va doc té tur polymer dé tranh két luan thiéu co so. T

gia tri mat do MPs tich luy trong co thé dong vat hai manh vo, Ding va cs., da udc tinh

duogc luong MPs di vao co thé sinh vat theo chu ky nhat dinh (hang nim) tai mot s6 thoi

diém, dugc thé hién tai Bang 1.7.

Bdng 1.7. Lugng MPs con ngudi hap thy hang nam do tiéu thy dong vat hai manh vo [70]

Quoc gia Lwong tiéu thu  Lwgng MPs hip thu
(g/nam) (MPs/nam)

Argentina 236 59

Bi 1039 201

Chi-1& 222 71

Trung Qudc 3269 8369

Phép 1814 1070

Puc

158 57
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Quoc gia Lwong tiéu thu Lwong MPs hip thu
(g/nam) (MPs/nam)
Hy Lap 351 1370
AnDo 25 49
Iran 0 0
Italy 2077 561
Mexico 296 18
Ha Lan 653 85
New Zealand 328 13
Na Uy 287 279
B Dao Nha 1462 819
Nam Phi 36 1
Nam Triéu Tién 3475 1703
Théi Lan 575 233
Tunisia 52 64
Vuong qudc Anh 305 591
Hoa Ky 994 199
Vi¢t Nam 844 245

Maic du tac dong cua MPs dén strc khoé cua con ngudi van chua duoc biét mot
cach ddy du nhung tac hai tiém 4n da duoc dé cép tai cic nghién ctru gan ddy cua nhiéu
nha khoa hoc trén toan cau. Pién hinh trong s6 d6 nhic téi khi MPs xam nhap vao h¢
tiéu hoa cta con ngudi, chiing co thé giai phong cac chat phu gia va chat doc hap phu,
dan dén cac tac nhan gy cang thang ca vé hoa hoc va vat 1y cho cac co quan bén trong
co thé con nguoi [17]. Cac MPs c6 kich thude vai micromet hodc nhé hon ¢ thé duoc
cac té bao hap thy [102].

Khi nghién ciru mbi quan hé giita su tich tu ciia MPs trong dong vat hai manh v
va nguy co gy hai cho strc khoé con ngudi, dd chirg minh su can thiét phai phan tich
riii ro tong thé cia MPs trong cac sinh vat bién, dé du doan méi nguy hiém tiém an ma
chung c6 thé gay ra d6i v6i méi truong bién va con ngudi. Do d6, luan 4n da chon nghién
ctru sy tich tu MPs trong loai vem xanh mot loai hai san pho bién trong doi sbng nhu
mot d6i twong nghién ctru mang tinh chat thoi su va cap thiét.

1.3.2. Riii ro héa chit lién quan MPs tich tu trong dgng vit hai manh vé
Dong vat hai manh vo (Bivalvia) thudc ho Than mém (Mollusca). Chung 1a loai

quan trong thiét yéu trong hoat dong ctia hé sinh thai du6i bién, va dugc ding nhu chi
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thi sinh hoc cho strc khoé hé sinh thai trong cac khu vuc bién, ctra song va hai dao [103].
Pong vat hai manh vo rat da dang va dé dang 1ay mau, chiing 13 nhom c6 nhiéu loai thir
hai trong cdc nhom dong vat sau dong vat than mém; ngoai ra, dong vat hai manh vo
(ngao, vem xanh va hau) la nhém phong phu thtr hai véi 15% céc loai dong vat than
mém [104].

Céc sinh vat bién nbi chung va dong vat hai manh vé noi riéng co thé tiép xuc voi
cac chat phu gia thong qua hai con dudng: i) tiép xuc va hip thu cac hat nhya tir moi
truong, & cac trang thai phong hoa khac nhau (tiép xtc truc tiép), ii) rira trdi cac chat phy
gia nhya vao moi truong va tiép xuc sau d6 véi cac chat phu gia con sot lai (phoi nhiém
gian tiép). Cac chat phu gia nhya di duoc chimg minh 1 c6 thé dinh lugng duoc bang
MPs duoc tim thay trong tram tich va nudc bién [105][106]. Ngoai ra, dong vat hai manh
v6 cham chuyén hoa va bai tiét chat giy 6 nhiém, ching c6 thé tich luy sinh hoc nhiéu
hon & mat do thép so voi cac dong vat khong xuong séng hodc dong vat c6 xuong séng
khac [104]. Do do, su tich tu MPs va chét phu gia nhya trong co thé dong vat hai manh
v6 c6 thé gay ra nhimng tic dong c6 hai dbi véi toan bo hé sinh thai.

Céac loai hai manh vo ban dia va xam lan duoc st dung lam chi thi sinh hoc dé
giam sat kim loai ning, MPs, mam bénh va hoa chat hiru co. Chuong trinh giam sat
"theo ddi vem xanh" da duoc trién khai tir nim 1975 nhim xac dinh xu hudéng 6 nhiém
& cac khu vuc ven bién thong qua qua trinh giam sat sy tich tu sinh hoc trong céc loai
hai manh vo, trong d6 vem xanh 1a loai dong vat thuong dugc sir dung lam chi thi sinh
hoc cho nhiéu loai chat gay 6 nhiém hodc chét hitu co [107][108].

Céc nghién ctru vé su tich tu MPs trong hau, so va vem xanh da chi ra réng cac
loai hai méanh vo nay tich tu nhiéu MPs qua con dudng tiéu thu thirc n. Pic diém va
thanh phan héa hoc ctia MPs bao gom céc chat phu gia dugc thém vao trong qua trinh
san xudt va cac chat gdy 6 nhiém mai truong c6 thé hap thu trén bé mit MPs, chang han
nhu styrene, kim loai nang, PAEs, BPA, PCB, PAHs, va cac loai polymer kh6 phan huy
nhu PE, PET, PP, PA, PS, PC, PVC, PES... [28][109]. Hon nita, cac vi khuén va vi sinh
vat khac cling dugc tim théy trén manh vun nhya [110].

Sy tich ty héa chat lién quan dén polymer trong hai manh vé (vem xanh va hau)
doc bo bién Han Qudc da chi ra ndng do Tris (1-chloro-2-propanyl) phosphate (TCPP)
va tris (2-ethylhexyl) phosphate (TEHP) dugc phat hién & muc d6 cao (> 80%) OPFRs

trong dong vat hai manh vo, tong nong do ctia OPFRs va chat hoa déo dong vat hai manh
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Vo tir 6,12 - 206 pg/kg d.w [111]. Twong tu nghién ctru tai by bién Galicia, Ty Ban
Nha d4 phat hién 8 chat OPEs trong vem xanh & nong d6 tir nd - 291 pg/kg d.w [112]
va nghién ctru trén cac loai hai manh vo (Mytilus californianus) tai Vinh San Francisco,
Hoa Ky cho két qua ndng d6 PBDEs >30 pg/kg d.w va ndong do OPFRs tir 8,7 - 25 ng/kg
d.w trong d6 TCEP dugc phat hién & cac muc dinh lugng & muc 0,29 va 0,13 pg/kg d.w
[113]. Nghién ctru cic miu dong vat hai manh vo (vem xanh; so huyét va ngao) tir bo
bién Galicia (Tay Bac Tay Ban Nha) cho két qua ndng do ciia PAHs tir 6,8 - 317 pg/kg
d.w, tiép theo 1a PCBs 0,47 - 261 pg/kg d.w), PECs 0,53 - 62 pg/kg d.w, OCPs 0,07 - 9
ng/kg d.w, PBDEs 0,31 - 6,6 pg/kg d.w va NFRs 0,07-3,2 pg/kg d.w dugc tim thiy
trong cac mau hai manh vo [114].

Mot sb nghién ctru vé PBDEs tich ty trong vem xanh tai cac viing bién Ionian va
Adriatic cho két qua ndng do PBDEs trung binh lan lugt 13 1,04 va 0,17 pg/kg d.w [115]
hay nong d6 PBDEs tir 17,7 dén 32.3 pg/kg l.w duoc phat hién & Vinh Thermaikos
(Hy Lap) [116]. Tuong ty, alkylphenol va BPA trong cic mau vem xanh tir bd bién Pai
Tay Duong cta Tay Ban Nha va Vinh Biscay ciing dugc tim thdy voi ndng do trung
binh 1a 604 pg/kg d.w [117].

Cho t6i thoi diém nay, khia canh 6 nhiém MPs va hoa chat lién quan linh vuc nay
van con han ché tai Viét Nam vé s lugng cong trinh cong bd. Co mdt vai nghién ctru
cong bd vé néng dd PAHs tich tu trong vem xanh (Perna viridis) & khu vuc Can Gio
(TP. HCM) cho ndng d6 PAHs tir 2,97 - 15,79 pg/kg d.w [118], hay nghién ctru PAHs
tich tu trong mot s dong vat bién gdm so gao, ngao tring va ngao vang & ving ven bd
Hai Phong, bao cédo ndng do tong PAHs trong cac loai dong vat hai manh vo tir 56,41 -
246,39 pg/kg d.w, trong tom tur 32,48 - 385,46 ng/kg d.w va trong loai ca tr 34,47 -
517,05 pg/kg d.w [119].

Céc loai dong vat hai manh vo (s0, hau, ngao va vem xanh) rat hiru ich dé danh
gia su tich ty sinh hoc ctia MPs do chiing c¢6 vai trd khong thiéu phan quan trong trong
chtrc nang hé sinh thai. Pong vat hai manh vo c6 dic tinh an loc trong nudc bién, do do
ching duoc tiép xuc tryc tiép véi MPs va héa chét lién quan nhya trong thily vuc.

Trong nghién ciru ndy, sy tich tu MPs va hoa chat lién quan trong vem xanh,
nuéce va tram tich, cling nhu van dé rui ro sinh thai tir thanh phén hoa hoc ctia MPs,
BPA, PAEs va PBDEs tich tu trong vem xanh va moi trudng sdng ctia chung dugc

danh gia.
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1.4. Pic diém sinh hoc ciia vem xanh

Ho Vem (Mytilidae) v6i khoang 75 loai, 1a mot ho 16n trong 16p hai manh vo,
trong d6 ¢ 6 loai c6 thé nudi. Tai ving bién Viét Nam, c6 khoang 10 loai vem sinh
song bao gdm: Mytilus edulis, Mytilus galloprovincialis, Mytilus californianus, Mytilus
trossulus, Perna viridis, Modiolus modiolus, Aulacomya atra, Geukensia demissa,
Lithophaga lithophaga va Bathymodiolus thermophilus. Trong do, loai vem xanh Perna
viridis c6 gia tri kinh té cao nhat. Theo két qua phan tich, thanh phan dinh dudng trong
thit vem xanh chtra 8,6% cht tro, 17,6% glucid va 53,5% protein.

Vem xanh Perna viridis, c6 vo 16n c6 dang hinh qua xoai quéo oval khong déu,

dinh vo ¢ du tan cing cta vo (Hinh 1.9).
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Hinh 1.9. Vem vo xanh (Perna viridis)[120]

Vem xanh pho bién & cac ving bién 6n ddi trén toan cau va dugc dung pho bién
lam thuy san cling nhu sinh vat chi thi sinh hoc nham phan tich 6 nhiém moi trudng &
céc ving cira song ven bién [107]. Vem xanh ciing 1a mt trong nhitng loai sinh vat dau
tién ma cac nha nghién ciru ding dé xac dinh chat lugng méi truong ctia nude bién
[121]. Su pho bién ctia vem xanh véi tu cach 1a vat chi thi sinh hoc méi truong bat nguén
tir cac dic diém sinh thai va sinh hoc ctia chung khién chiing 14 loai pht hop dé giam sat
6 nhiém. Vem xanh khong cudng (cung cap thong tin cu thé vé vi tri), chung c6 kich
thudc trung binh (mot cé thé c6 thé cung cap du s6 luong mé dé phén tich), chung hinh
thanh (thuong 13 16n) cac ludng vem & ving nudc ndong ma tir d6 c6 thé dé dang danh
bat. Ngoai ra, vem xanh 1a nhiing sinh vat cing cap nén dé nudi trong méi trudong nudi
cdy, nén thich hop cho céc nghién ciru phoi nhiém trong phong thi nghiém ciing nhu
phan tich tai chd.

Vem xanh lgc thuc vat phu du béng cach bom va loc lugng 16n nudc qua cac
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mang 16ng ciia chung. Hanh vi ndy gitip vem xanh tich tu hiéu qua cac hoa chét trong
nudc bién, cung cap thong tin vé ndng do va sinh hoc cta chat 6 nhiém. Hon nita, vem
xanh rit quan trong vé mat sinh thai, 1a ngudn thirc dn va méi truong song cho nhiéu
lodi khic. Chung chuyén cac chét 6 nhiém tir thap 1én cao trong chudi thiic an ven bd
bién, 1a thic an cho dong vat khong xwong sdng (sao bién va cua), chim bién, rai ca
bién, hai ma va hai cau [121]. Cac nghién ctru dd chirng minh mat d6 MPs tich tu trong
vem co6 lién hé chat ché voi hoat dong cia con ngudi va co mbi tuong quan lon gitra mat
do tich tu MPs trong vem va méi trudng nudc xung quanh. Két qua nghién ctru trong
phong thi nghiém da chimg minh rang vem sinh vt mau ly tuéng dé cung cap dir liéu
vé hap thu, tich ty va doc tinh ctia MPs [47].

Vi nhitng vu diém trén, luan an di chon loai vem xanh (Perna viridis) va moi
truong séng ciia chung (nudc bién va trim tich) 1a ddi tugng nghién ciru su tich tu cta
MPs va mot s6 hoa chat lién quan.

1.5. Pic diém khu vue nghién ciru
1.5.1. Piic diém tw nhién

Quang Ninh, mét tinh ndm & phia Pong Bic Viét Nam, c¢6 dia hinh dic thu voi
phia Tay dya lung vao nui non hung vi va phia Pong hudéng vé vinh Bic Bo, véi duong
bo bién khuc khuyu dai hon 250 km. Toa d6 dia 1y ctia Quang Ninh 14 tir 106°26' dén
108°31' kinh d6 Pong va tir 20°40' dén 21°40' vi d6 Bac. Chiéu ngang tir Pong sang
Tay rong nhat khoang 195 km va chiéu doc tir Bac xudng Nam khoang 102 km. Do anh
hudng ctia hoan lwu gié mua Pong Nam A, Quang Ninh c6 khi hau nhiét d6i dién hinh
v6i mia ha néng 4m, mua nhiéu va mia dong lanh, it mua, véi tinh nhiét déi nong 4m
1a ddc trung chi yéu. Vi tri trong vanh dai nhiét d6i khién noi day trai qua hién tuong
mat troi qua thién dinh hai 1an mdi ndm, véi tiém nang buc xa va nhiét do rat 16n [122].

Quang Ninh c6 mua dong lanh véi nhié¢t do khong khi trung binh 6n dinh dudi
20°C va mua hé véi nhiét do trung binh 6n dinh trén 25°C.

Quang Ninh c6 khoang 30 con song va sudi dai trén 10 km, tuy nhién, phan 16n trong
s6 nay déu ngan va co dién tich Iuu vuc khong vugt qua 300 km?. Trong s6 d6, c6 bbn con
song 16n 1a ha luu song Thai Binh, song Ka Long, song Tién Yén va song Ba Chg¢.

1.5.2. Pic diém kinh té xa hoi
Quang Ninh 14 mét tinh mién ndi va duyén hai véi tong dién tich khoang 12.000

km?, trong d6 c6 6.206,9 km? 1a dét lién va phan con lai 13 dién tich mat bién. Tinh nay
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c¢6 dan s6 khoang 1,415 triéu nguoi. Diéu kién phat trién kinh té - xa hoi thuan loi da
g6p phan quan trong vao tién trinh cong nghiép hoéa va hién dai héa dat nude. Pong thoi,
Quang Ninh s¢ hitu ngudn tai nguyén khoang san phong pht, chiém t&i 90% san luong
than ctia ca nudc, cing v4i nguyén liéu san xuét vat liéu xdy dung, cung cap vat tu va
nguyén liéu cho cdc nganh san xuét trong nudc va xuat khau. Nhimng yéu t6 nay dong
gop quan trong vao sy phat trién kinh té va ting truong tong san pham quéc ndi (GDP)
cua tinh [122].

Ngoai ra, tinh Quang Ninh c6 hé thdng cang bién, cang nudc sau clng cic cla
khau thong thuong véi nhiéu thi trudng 16n, diéu ma khong phai dia phuong nao ciing
c6 duoc. Vi sy uvu ai cia me thién nhién, Quang Ninh thu hut hang ngan du khach dén
tham quan, kham pha céc di tich lich sir van héa va danh lam thang canh néi tiéng nhu
vinh Ha Long, Yén Ttr, bai coc Bach Déng, dén Cira Ong, dinh Quan Lan, dinh Tra C6,
nui Bai Tho... Nhitng yéu t6 “thién tao” va “nhan tao” nay mang lai cho tinh nhiéu tiém
ning, thé manh va gia trj riéng biét dé phat trién du lich bién, du lich sinh théi, du lich
thé thao va du lich van hoa tam linh. ..

Quang Ninh da phat trién thanh mot trung tam kinh té toan dién voi tée do tdng
truong kinh té (GRDP) dat hai con s6 lién tuc trong 7 ndm (2016 - 2022). Cu thé, nim
2020 dat 10,05% va ca nam 2021 va 2022 déu dat 10,28%. Co cau kinh té di chuyén
dich tich cyc theo hudng bén vitng. GRDP binh quan dau nguoi vuot muc 8.200 USD,
va ning suat lao dong ting hon 13%. Pong thoi, tinh di mé rong co hoi tiép can céac
dich vu 'y té va giao duc chét lugng cao, nang cao chat lugng cham so6c suc khoe cho
nguodi dan, dac biét ¢ cac vung sau, vung xa. Linh vyc van héa cling dugc chu trong, voi
nhiéu di tich viin hoa duge dau tu bao ton va ton tao [122].

1.5.3. Pdc diém méi truwong

Quang Ninh chu yéu ¢6 dja hinh ddi ndi, chiém khoang 80% dién tich dat lién.
Khu vuc ven bién ciia tinh ¢6 nhiéu dao nho, ndi bat 1a vinh Ha Long va Bai Tt Long.
Dia hinh ddc vé phia bién khién hau hét cac con song do truc tiép ra bién; tai cdc cira
song ven bién, nudc bi anh hudng boi ché do thuy triéu ciia vinh Bic Bo, dan dén tinh
trang nhiém min. Mot sb khu vue co két cau dja chat yéu, gdy ra hién tuong sat 1o dat
va x6i mon trong mua mua. Cac dong song d6 ra bién, bao gdm 13 con song chinh véi
tong luu luong dong chay dat 7,567 ty m>. Ngoai ra, Quang Ninh con ¢ 124 hd chira
nudc véi tong dung tich khoang 340 triéu m?® [123].
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Pia hinh day bién Quang Ninh khong dong déu, véi do sau trung binh khoang 20
m. Khu vuc ndy c6 nhitng lach sau 13 dau tich cua cac dong chay c6, cung v6i cac dai
da ngam tao diéu kién cho su phat trién phong phu cua cac ran san ho. Cac dong chay
hién tai két ndi voi cac lach sau dudi day bién, hinh thanh nhiéu ludng lach va hai cang
doc theo bo bién udn luon, dugc bao vé béi cac dao che chin. Diéu nay mang lai tiém
nang 16n cho cang bién va giao thong thily trong khu vuc [123].

Ving bién Quang Ninh gip véi vinh Bac B, mét vinh 16n va kin gié v6i nhiéu
dao che chan, do d6 song gié & diy khong manh nhu tai ving bién Trung Bo. Ché d6
thily triéu & ddy 1a nhat triéu dién hinh, véi bién do dao dong tir 2-4 m va mdi ky kéo
dai tir 11-13 ngay. Thuy triéu c6 anh hudng 16n dén su tai phan bd tram tich tir cic con
song do ra, tao thanh cac bai triéu. Sy thay d6i thiy triéu hang ngdy gitp phan tan cac
vat liéu trdm tich, tir 36 hinh thanh nén cac bii triéu véi ba dang: cao, trung, thép va
dudi tridu. Trong vinh Bic B9, c6 dong hai luu chay theo huéng bac nam, két hop véi
gi6 mua dong bac, khién ving bién niy try thanh noi lanh nhat & Viét Nam, véi nhiét
d6 c6 thé giam xudng t6i 13°C [123].

Két qua théng ké rac thai nhya nam 2020 tai cac dia phuong thé hién sy chénh
léch dang ké. Thanh phd Ha Long dan dau voi tong lugng rac thai nhya lén téi 47,6
tén/ngéy, twong duong hon 17,3 nghin tAn/nam; trong do, riéng tir khu vuc do thi la 35,6
tAn/ngay, tc khoang 13 nghin tin/nam. Thanh phé Cam Pha dimg tht hai véi 26,1
tan/ngay, tuong duong trén 9,5 nghin tan/nam. Huyén Binh Liéu c6 luong réc thai nhua
thap nhat, chi dat 1,9 tin/ngay, twong Gmg véi 696 tin/nam [124].

Boi vi s¢ hitu nhiéu ngudn tai nguyén thién nhién doi dao nhu thuy - hai san da
dang, khoang san phong phu cung vi tri dia ly thuan lgi giao thuong trén ca ba con
dudng bo - thuy — hang khong nén Quang Ninh ¢ tim anh hudng rat quan trong dén
kinh té, vin hoa, di ngoai va qudc phong an ninh cta ca nudc. Tiém ning phét trién
kinh té manh m& thé hién dic biét & kinh té bién véi toe dd phat trién cao trong linh vuc
cong nghiép - dich vu va d6 thi héa nhanh chéng. Dia ban ven bién rong 16n, cung véi
su gia ting s6 luong khu cong nghiép va khu kinh té ven bién, tao diéu kién thuan loi
cho sy phat trién. Chinh vi nhiing yéu t6 néu trén, nghién ciru sinh da chon ving ven
bién Quang Ninh dé nghién ctru danh gia tic dong cuia cac chat 6 nhiém MPs va mot s6

hoéa chat tich tu trong loai vem xanh, tram tich va nudc bién.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Pdi twgng va pham vi nghién ciru
2.1.1. Péi twong nghién ciru

Péi twong nghién ciru 1a MPs tich tu trong vem xanh (Perna viridis) (Hinh 2.1a),
tram tich (Hinh 2.1b) va nuéc bién (Hinh 2.1¢) va mét sb hop chat hitu co kho phéan huy
lién quan dén MPs bao gdm BPA, PAEs va PBDE:s tich tu trong vem xanh va trim tich.

Hinh 2.1. Vem v xanh (Perna viridis) (a), tram tich (b) va nuéc bién (c)

- Mau vem xanh (Perna viridis) sinh séng trong méi trudong ty nhién & ving
ven bién Quang Ninh, Viét Nam, dugc nghién ctru trong luan 4n nay. Vem xanh thoa
man cac tiéu chi cua chi thi sinh hoc nhu: sy phan bd rong trong khu vuc nghién ctru,
it di chuyén, kha nang tich tu sinh hoc va dai di€n cho moéi trudng ven bién. Cac miu
vem xanh dugc thu thap vao mua xuan (thang 2/2022) va mua thu (thang 8/2022).

- MAu trim tich bai bién: Muc dich ciia nghién ciru mau nay 1a danh gia hién
trang tich tu va sy phan bd khong gian, cling nhu sy hién dién cta cac chit MPs, BPA,
PAEs va PBDEs trong tram tich tai tirng khu vuc nghién ctru. Cac mau trim tich nay
dugc thu thap cung thoi diém v&i mau vem xanh nham bao dam tinh toan ven cua sb
liéu.

- MAu nuéc bién: Xac dinh mat 6 MPs nham dénh gia hién trang tich tu va su
phan bb khong gian cta chiing trong nudc bién, ciing nhu mdi trong quan gitta moi
trudng sinh sdng cta vem & cac khu vuc nghién ctu tai thoi diém ldy mau cing véi
mau vem xanh.

Ngoai ra, ludn 4n con tién hanh nghién ctu vé hau Thai Binh Duong
(Crassostrea gigas) dé so sanh mirc do tich lily va twong tac cia loai nay véi vem
xanh. Muyc tiéu 13 tim ra co so khoa hoc gitip dua ra két luan thuyét phuc hon. Hau

Thai Binh Duong 14 loai nhuyén thé hai manh vo, thudng bam vao céac gia thé nhu da,
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ran san ho va méng cau. Loai nay ciing c6 dic tinh an loc cac sinh vat phu du tuong
tu nhu vem xanh.
2.1.2. Pham vi nghién cvuru

Cac vi tri léy mau vem xanh, nude va tram tich tai vung bién Quang Ninh bao
gém 10 vi tri duge néu rd trong Hinh 2.2, véi cac dia danh va ky hiéu mau dugc néu
trong Bang 2.1.

Vem xanh dugc chon lam mau nghién ctu 1a loai sinh séng trong tu nhién.
Nudc bién va tram tich dugc thu thap tuor cung cac khu vuc léy mau vem xanh dé su
dung cho nghién ctru.

Dua trén co so khoa hoc, cac vi tri léy mau dugc lya chon thong qua khdo sat
thuc t& vé mat do dan cu, hoat dong nudi tr?)ng va danh bat hai san, dic diém dong hai
Iru... va ban d6 dia gidi khu vuc tiép giap gitta cac ving bién (tinh theo toa do) nhu
néu trong Bang 2.1. Mau trAm tich va vem xanh dugc thu thap tai cac vi tri trén khu
vuc ven bién (Hinh 2.2).

Mau tram tich bai bién dugc thu thap tai 10 vi tri doc theo bii bién dai 300 m
thudc khu vuc ven bién Quang Ninh, v6i khoang cach gitra cac diém 1dy mau tir 30
dén 40 m. Mau nudc bién duogc ldy tir cung vi tri v6i mau tram tich va vem xanh,
khoang cach giita cac diém lay mau tir 2-3 km mot mau.

Ngoai khu vuc nghién ctru chinh 12 ving ven bién Quang Ninh, NCS cing nhém
nghién ciru con mé rong pham vi thu thiap mau dén cac ving ven bién khac nhu Pa
Ning, Quang Ngii va nhiéu khu vuc ven bién khac tai Viét Nam. Muc tiéu 1a so sanh
va danh gia su tich tu cia MPs trong hau, trim tich va nudc, nhim mang lai két qua

phong phu va da dang hon.
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Bang 2.1. Pic diém vi tri, ky hiéu va s6 luong mau

Pic diém cua miu vem Tram  Nudc
~ 14 I . Trong tich bién
L Malay _ . R L Chiéu Chiéu .
TT Vi tri ~ ~ Vido (°N) Kinh d6 (°E) bac diém N A luong (kg (lit)
mau dai rong s
mémém  d.w)
(cm) (cm)
(g w.w)
1 X. Hai Hoa, QN1 21°31°22.7” 108°02°25.8” - Hoat dong du lich, nuoi tréng va 7,15+ 324+ 6,60 + 3 5
TP. Mong danh bat hai san. 0,99 0,63 3,09
Cai - Ving bién tiép nhan dong chay
phia Bic va ctra song Ka Long.
2 P. Tra C6, QN2 21°29°30.4” 108°02°13.5” - Khu vyc nudi trong va danh bat 6,94+ 329+ 6,74 + 3 5
TP.  Mong hai san dong dtc. Hoat dong dulich 0,49 0,23 1,72
Cai phat trién.
- Mat d6 dan cu dong duc.
- Ving bién tiép nhan dong chay
phuong bac va tir séng Ka Long.
3 X.VanNinh, QN3 21°26°25.3” 107°55°33.6” - Chuayéulanuditrong, danhbatva 8,53+ 3,74+ 4,65+ 3 5
TP Moéng Cai ché bién hai san. 0,83 0,32 0,29

- Mat d0 dan cu thua thot.

- Nam gan dong chay ving cira
song Kalong va dong chay tu
phuong Bic.
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bac diém cua mau vem

Tram  Nudc

. > o Trong tich bién
L lay , R L Chiéu Chicu )
TT Vi tri ~  Vido (°N) Kinh dd (°E) bac diém . luong (kg (lit)
mau dai rong s
mémém  d.w)
(cm) (cm)
(8 w.w)
4 TT. C6 To6, QN4 20°57°39.5” 107°45°10.1” - Hoat dong du lich, nuoi trong va 8,59+ 426+ 6,13 + 3 5
H. C6 To d4nh bit hai san. 0,87 0,93 1,70
- Tiép nhan dong chay tir phuong
Bic.
5 X Minh QNS5 21°31°22.7” 108°02°25.8” - Hon ddo kha 16n ciia Quang Ninh 8,14+ 3,69 + 5,76 £ 3 5
Chau, H. Van nhung méat d§ dan s6 khong dong. 0,62 0,42 1,14
Pon - Ven dao c6 hoat dong du lich nhu
tam bién va nghi dudng.
- Dan cur trén dao chu yéu sinh song
bang nghé nudi trong va danh bat
hai san.
6 X. Ha Long, QN6 21°06'39.5" 107°31'07.1" -Matd¢ dan cu dong duc. 954+ 397+ 12,37 + 3 5
H. Van Bon - Cac hoat dong du lich phat trién 0,90 0,32 4,39
cht yéu 1a nha hang va tim bién.
- Hoat dong nuoi tréng va danh bat
hai san.
7 TT. Cai QN7 21°03°24.2” 107°25°59.5” - Dan cu sinh séng rat dong dtic. 11,50+ 3,97+ 23,02+ 3 5
Rong,  H. - Du lich, dich vy, khai thac hai san, 1,27 0,45 7,79
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bac diém cua mau vem

Tram  Nudc

p > o Trong tich bién
L Malay _ . ) o Chiéu Chiéu ,
TT Vi tri ~ ~ Vido (°N) Kinh d6 (°E) bac diém N A luong (kg (lit)
mau dai rong s
mémém  d.w)
(cm) (cm)
(gw.w)
Van Don dau khi va khoang san.
8 P. Giéng QN8 20°59°19.9” 107°00°56.8” - Dan cu sinh séng rat dong dic. 806+ 353+ 625+ 3 5
Day, TP. Ha - Phét trién hoat dong dong tau va 1,94 0,65 2,93
Long vén tai bién.
- Nam gin ving cira song.
9 P. Bai Chay. QN9 20°56’40.8” 107°01°17.9” - Mat d¢ dan cu dong duc. 825+ 3,69+ 5,98 £ 3 5
TP. Ha Long - Céc hoat dong du lich phat trién 0,70 0,22 2,19
cht yéu 1a nha hang va tim bién.
- Hoat dong nuoi tréng va danh bat
hai san.
10 P. Tuan QNI10 20°55°06.6” 106°57°58.2” - Hon dao 16n cua Quang Ninh. 8,13+ 381+ 7,01 £ 3 5
Chau, TP. Ha - Hoat dong du lich, dich vu vavan 0,87 0,31 1,58
Long tai bién rat phat trién.

- Hoat dong nuoi tréng va danh bat

hai san.




18°0'0"N 22°0'0"N

I OOOIO"N I400'0'|N

6°0'0"N

104°0'0"E
1

112°0'0"E 116°0'0"E
1 1

1 1
N
- W E -
S
b 9 2.
< 3 Quiin dio Hoang Sa
M ()". (Vigt Nam)
BIEN DONG
’ A4
B AN
N Z Qt;in‘;lolm&ng‘sqn I
- (ViétNam) .
Chu dan D2
- Quang Ninh
T [ vietNam i
T T T T
104°0'0"E 112°0'0"E 116°0'0"E
550 275 0 550 Miles

41

107°00°E 107"2.0‘0"E

107"4lO‘0"E

108’?‘0"5

21°200'N{"

18°0'0"N 22°0'0"N

QNS

o%s

QN10

21°00"N4"

10°0'0"N  14°0'0"N

6°0'0"N

024 8 12 16
s Kilometers

3

QN6 N5
e
QN7. ”

an4@

Sowins Tin WERE Gammes it g i wwent £ Cmp  GEHCO, UIG
Eai Japin, VET o

QN3

FAD NP8 NS

AN G

.:QN1

QN2

F21°200°N

F21°0'0"N

Cha giai

. Vi tri ldy méu

107°00°E 107°200°E

Hinh 2.2. Vi tri ldy mau nghién ctru

107°40'0"E

108°0'0"E



42

2.2. Héa chit, dung cu va thiét bi
2.2.1. Héa chit
a) Héa chat sir dung trong phdn tich MPs trong vem xanh, nwéc bién va tram tich

- Cac loai hoa chat can thiét sir dung trong tach, chiét MPs: NaCl (d = 1,2 g/mL),
H>0, 30 ~ 35%, KOH 10% va nito long.

- MAu MPs d6i chimg (kich thuéc 1mm).
b) Héa chat sit dung trong phdn tich BPA, PAEs, BPDEs

Hoa chat chuan gbc BPA, PBEs va PBDEs (AccuStandard, NO M-8270-140ASL)
gdm céc cau tir thé hién & Bang 2.2.

Bdng 2.2. Hon hop chuan gc BPA, PBEs va PBDEs

TT Nhém chat Hop chiat Nong dd

1 Chat chuan bisphenol A BPA 1000 pg/L
(BPA-A-N, 50mg)
2 Chét chuin nhom phthalate DMP; DEP; DiDP; DBP; DMEP; 1000 pg/L
(M-8061-R1, 1 mL) BMPP; BEEP; DPP; DnHP; BBP;
BEP; DCP; DEHP; DNOP va DINP.
3 Chat chuan nhém PBDEs BDE-28; BDE-47; BDE-99; BDE- 2.5 ug/mL

(BDE-CM, 1 mL) 100; BDE-154 va BDE-183

4 Chat ndi chuan 4,4’-dibromooctafluorobiphenyl 0,1 mg/mL
(AS-E0234, 1 mL)

5  Chét chuan thu hoi 2,2°,3,3°,4,4°.55,6,6- 35 pg/mL
(C-209S, 1 mL) decachlorobiphenyl

Bang 2.2 liét ké cac dung dich chuan thong thuong (Native solution standard)
Vo1 néng do 1000 pg/L, dugce st dung dé xac dinh gid1 han phat hién va dinh lugng cua
thiét bi, kiém tra d6 on dinh cua tin hiéu, xay dung dudng chuan dé dinh luong va kiém
tra d0 léch cta dudng chudn trong cic mau phan tich khac nhau.

Céc hoa chit khac duoc sir dung trong qué trinh nghién ciru thuc nghiém cia luan
an duoc liét ké trong Bang 2.3. Tat ca cac hoa chét nay c6 do tinh khiét > 99,99%, xuét
xu tr hang Merck (Ptic) hoac Sigma-Aldrich (My).

Bdng 2.3. Céc hoa chét dung trong phan tich

Tén chat Thong tin
Khi mang Khi mang: Heli, d9 tinh khiét 99,9995%
Khi make-up: Khi nito, tinh khiét 99,9995%




43

Tén chat

Thong tin

Dung moi

Phoi dong
Chét hap phu

Nudc cat
Mudi
Axit, kiém
Chét khac

Khi c¢6 dudi dung moéi: Nito, d6 tinh khiét 99,99%

Tolunene, n-hexane, Acetone, Methanol va Hon hop dung moi
chiét Acetone/n-hexane ti 1& 1/1, Diclometan (DCM), isooctan,
etyl axetat (Hang san xuat Merk, tinh khiét cho phan tich lugng vét
chét hiru co)

Phoi d6ng duoc hoat hoa bang dung dich HCI lodng, sau d6

duoc ruoa bé‘mg nude cit, axeton va n-hexan

Silicagel: kich thudc 70-230 mesh dugc hoat hoa;

Than hoat tinh kich thudc hat tir 60-200 mesh duoc hoat hoa nhiét
Nudc cat 1 1an, nude cit 2 1an

NazSO; d6 tinh khiét 99,99%, NaCl (khan) d6 tinh khiét 99,99%
HS04 dic d6 tinh khiét 99,99%, NaOH d¢ tinh khiét 99,99%
Mang parafilm, phoi nhom, gidy loc, bong thuy tinh,..

2.2.2. Thiét bi va dung cu

a) Thiét bi va dung cu sir dung trong phan tich MPs

Céc thiét bi can thiét cua phong thi nghiém nhu: May khudy tir gia nhiét (may
khudy MULTI-HS 6/15, VELP Sciencea, Y) (Hinh 2.3a), bd loc da nhanh (Sartorius 6
nhanh Microsart TM Manifolds 168M6 - MS, Sartorius AG, Ptic) dugc trang bi bom
chan khéng (Rocker 300C) (Hinh 2.3b), ti sdy (101-1AB) (Hinh 2.3d), cin phén tich 2
sd (Libror AEG-220) (Hinh 2.3c¢).

Hinh 2.3. May khudy tir gia nhiét (a), bd loc chan khong (b), cn (c) va tu say (d)
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Thiét bi Kinh hién vi Quang ph6 hdng ngoai bién d6i u-FTIR (Nicolet iN10 MX,
Thermo Scientific cia Hoa Ky, S/N-AK2110011) (Hinh 2.4).

Hinh 2.4. May qng phd hong ngoai - FTIR

Dung cu dung trong phan tich gdm co: cbc thity tinh 250, 500, 1000 mL; pipet
thiy tinh 5, 10, 20 mL; nap kinh dong ho thuy tinh phi 13; dia petri thity tinh phi 60;
gidy loc duong kinh 47 mm, kich thudc 16 1,6 pm (chat lidu thay tinh hodc cellulose
nitrat); kep kim loai; giéy boc bac; thi zip hai mét bac; thung xép hodc thung gitr nhiét
va guong vang, tdm loc silic.

b) Thiét bi va dung cu sir dung trong phdn tich BPA, PAEs, BPDEs

- Céc thiét bi can thiét cia phong thi nghiém nhu: can phan tich (46 chinh xac
0,1mg), ta séy, ti nung, bép gia nhiét, bé diéu nhiét, may lac. ..

- Thiét bi sac ky khi GC Agilent 8890 ghép ndi khdi pho Agilent 5977B, cot HP5
MS, pha tinh Poly (5% diphenyl, 95% dimethyl siloxan), kich thuéc 30 m x 0,25 mm x
0,25 um véi bd 1ay mau tu dong, tat ca thé hién & Hinh 2.5.

Hinh 2.5. Bo Thiét bi sac ky khi GC-MS

Dung cu can thiét dung trong phan tich: B chiét Soxhlet Gerald; Bo siéu am dé
rira dyng cy, siéu Am mau S30 Elmasonic); B9 cd cit chan khong (STRIKE 202 -
STEROGIASS); Bo c6 khi Nito; Bom tiém Hamilton 10 uL vach chia 0,2 uL, 100 pL
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vach chia 1 pL; Cac dung cu thuy tinh nhu: binh tam giac, cdc, binh dinh mirc, binh
chiét; Bong thuy tinh va cac dung cy, vét li¢u phu tr¢ khac.
2.3. Thu thap va bao quian miu
2.3.1. Thu thdp va bdo qudin mdu vem xanh

Mau vem xanh duoc thu thap 1a vem sinh truéng trong moi truong tu nhién va
dugc 1dy mau theo nguyén tic cong gop trung binh chung véi 30 c4 thé dugc lua chon,
do kich thudc déng déu va cac mau duge bao vé béng mang boc chét liéu nhom, sau d6
bao quan bang thing bao 6n (Hinh 2.6a va 2.6b) va chuyén vé phong thi nghiém. Tai
phong thi nghiém mau dugc dé trong til lanh sau -20 °C (Hinh 2.6¢) dé phan tich. Sau
d6 tam ca thé dugc chon ngau nhién dé phan tich MPs [125].

Hinh 2.6. Gidy bac boc miu (a), thung bao quan mau (b) va ti bao quan mau (c)
2.3.2. Thu thdp va bdo qudn mdu tram tich
MaAu tram tich bai bién duogc léy tai 10 vi tri cung khu vuc léy mau vem xanh theo
phuong phép 14y mau tham khao tir tai liéu cia Co quan Quén 1y Khi quyén va Dai duong
Quéc gia My (NOAA) [126], nghién ctru ctia Manh va cs., [127][128]. Tai mdi vj tri,
mau duoc 1éy tai 9 diém trai dai trén 300 m doc theo mit cét gilra muc triéu cao va duong

nudc voi khoang cach gitra cac diém tir 30 - 40 m nhu md ta trong Hinh 2.7.

Hinh 2.7. Liy mau nghién ctru trAm tich bai bién

Mau duoc léy o tﬁng mat (0 - 5 cm) vi luong MPs ddi dao nhat dugc bao cdo &

d6 sau nay [127]. Mdi mau dugc 1ay dudi dang hdn hop tai khu vyuc 14y mau & 4 goc va
giao diém cua 2 duong chéo cua khung thép khong gi kich thudc 50x50 cm. Sau do,

mau duoc sang qua ludi thép khong gi ¢6 mit ludi 5 mm va duge bao quan trong chai
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thily tinh c6 dén nhan, bdo quan & nhiét do phong va van chuyén dén phong thi nghiém
dé phan tich MPs va phan tich héa chat BPA, PAEs va PBDEs.
2.3.3. Thu thdp va bdo qudan mdu nwéc bién

Tai cung vi tri 1éy mau trAm tich va vem xanh, cac mau nudc bién bé mat cling
duoc thu thap dé danh gia toan dién sy hién dién cia MPs trong mdi trudng ven bién
khu vuc nghién ctru. Trudc khi léy mau, tat ca cac dung cu dugc rtra sach béng nudc
cat. Mau nudc duge thu thip bang bang cach dit xo inox thang ding dudi mit bién &
d6 sau khoang 20 cm tuong ti nhu nghién ciru cia Prarat va cs., [129]. Ly 5 lit mau/vi
tri. Sau d6, mau duoc do loc qua sang kich thude 16 63 pm. Sir dung nude cit dé ria
giai cac hat trén sang vao lo thuy tinh Duran (Ptic) 1.000 mL c6 dan nhan va bao quan
trong thing cach nhiét & 4 °C va van chuyén vé phong thi nghiém bao quén trong ti lanh
& 4 °C cho dén khi phan tich.

2.4. Phuong phap nghién ctiru
2.4.1. Phwrong phdp tong quan tai ligu va ké thiva cic nghién ciru

Nghién ciru nay duya trén qua trinh tong hop tai liéu lién quan dén thanh phan hoa
chit ciia MPs trong dong vat hai manh vo, vem xanh, nudc bién va tram tich ca trong
va ngoai nudc. Luan an ciing tham khao cac cong trinh va bai bao da duoc cong bd trén
cac trang web khoa hoc uy tin nhu: mjl.clarivate.com, scholar.google.com,
sciencedirect.com, pubmed.nci.nlm.nih.gov, cdc nha xuit ban nhu springer.com va
wiley.com, ciing véi sach xuit ban uy tin trén thé gidi nhu b-ok.org va cic luan an
nghién ctru tir cac trudng dai hoc danh tiéng nhu thesis.library.caltech.edu.

Luan 4n ciing ké thira va phat trién thong tin tir cac cong trinh nghién ciru trude
day tai Viét Nam ciing nhu trén thé gidi. Cac cong trinh ndy da dugc cong b trén cac
tap chi, lun vin, luan an, sach va duoc liét ké day du trong danh muc tai liéu tham khao.
Ngoai ra, thong tin tir cac két qua nghién ciru cua nhiéu chuong trinh, du an va dé tai
trong hé théng co so dit lidu cta cac don vi nghién ciru va quan 1y uy tin tai Viét Nam
cling da dugc cép nhat.

2.4.2. Phwong phdp xdc dinh MPs va nong dp cdc chit (BPA, PAEs va BPDEs)
a. Xdc dinh MPs tich tu trong vem xanh, nudc bién va tram tich

* Phwong phdp xir Iy mau vem xanh: Qua trinh chiét xuat MPs tir mau duoc st

dung trong nghién ciru nay bao gdm tién xir Iy, phan hay chat 6 nhiém hitu co va loc

MPs. Qua trinh ndy da dugce dé xuit va sir dung thanh céng dé nghién ctru MPs trong
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cac loai mau khac nhau tai cac nghién ctru trudc day [128][109] va dugc diéu chinh cho

phu hop véi didu kién thi nghiém. Ngoai ra, khi diéu chinh H,O. s& ting cudng kha ning

xtt 1y hitu co trong mau va sir dung HC1 1% dé diéu chinh pH vé méi trudng axit tranh

hién tudng két tia trong dung dich. Noi dung mé ta cu thé trong Bang 2.4 va Hinh 2.8.

Bdng 2.4. Cac thay d6i trong quy trinh xir 1y, phan hity chét hitu co

Cic thong so cii Cic thong s6 moi
[109]

Diém cai tién

KOH (10%): 180 mL KOH (10%): 90 mL va 10 mL

va 20 mL H202 (30%) H202:1 g w.w. HxO2 duoc
thém vao timg phan (10
mL/lan thém hoa chat)

Thoi gian phan hiy: Thay doi theo trong lwong mau

C6 dinh trong 48 gid

Diéu chinh pH: Khong Dung dich axit HC1 1%

co

Thém hoa chat ty 18 v6i mau
nhim ting cudng kha ning

xtr 1i hiru co trong mau.

Theo ty I¢ trong luong cua
mau.

Tranh két tia mau, khong
thu dugc MPs va dan t6i két

qua khong chinh xéac

Phan tich MPs trong cac mau vem xanh dugc thuc hién theo cac budce trong quy

trinh tai Hinh 2.8.

Mau vem xanh
Chuén bi mau D —
( ¢ 2\
Xu ly -—
L chat hitu co )
Tach ty trong D
Loc lay MPs D —

v

Tach phan m6 mém,
can khoi lugng

180 mL KOH 10% +
20 mL H20> 30%,
48 gio, 60°C
Dung dich NaCl
(d=1,2 g/mL)

B9 loc chan khong,
MCE 47 mm; 1,6 um

Xéc dinh va nhan dang MPs

hoc (polymer) cuia MPs)

(Mdt do, kich thucc, hinh dang va thanh phcfn hoa

Hinh 2.8. Quy trinh phan tich x4c dinh MPs trong mau vem xanh

Céc budc xéac dinh MPs trong quy trinh tai Hinh 2.8 dugc thuc hién trong tu hut

v tring dé tranh nhiém tap MPs trong qué trinh xir Iy mau. Cuy thé nhu sau:

Buéc 1: Mau vem xanh: Sau khi duoc Iy ra tir -20°C mau vem xanh s& dugc ra
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dong trong vong 1 gio tai nhiét d§ phong.

Budc 2: Chuan bi mau: Loai bé chan to vi muc dich 1a phan tich MPs trong co
thé ctia vem xanh sau d6 théao bo 16p vo bang cach sir dung cac dung cy kim loai nhu
dao va kep. Kiém tra khdi luong va kich thude ctia phan mé mém sau khi dugc tach vo.

Budc 3: Xir Iy chat hitu co: M6 mém ctia mdi ca thé duoc cho vao cde 500 mL ¢o
nhan (Duran, D). Tiép theo, thém 180 mL KOH 10% va 20 mL H>0» 30%. Céc coc
dugc diy bang 14 nhom va dat trén may khudy dia nong da vi tri ki thuat s (may khudy
MULTI-HS 6/15, VELP Sciencea, Y) & 60°C tir 48 dén 96 gio trong ta hiit. Pong thoi cir
8 tiéng lai khudy déu hdn hgp mot 1an. Khi chét hitu co duge loai bo hoan toan, dugc biéu
thi bang mau vang va trong ctia dung dich, thi qué trinh phan hity dugc coi 13 hoan thanh.

Budc 4: Tach ty trong: dung dich sau khi gia nhiét s& duoc chuyén vao phéu tach
va dung dich NaCl (d = 1,2 g/mL) da duoc thém vao dé léng trong luc dua trén sy khac
biét vé khéi luong riéng.

Budc 5: Sau khi tach ty trong, dung dich dugc loc bé‘mg bo loc da nhanh (Sartorius
6 nhanh Microsart TM Manifolds 168M6 - MS, Sartorius AG, Ptc) dugc trang bi bom
chan khong (KNFM, Puc) véi bo loc cellulose nitrat (dudng kinh 47 mm, 16 rong, kich
thude 0,45um, Sartorius, Ptc). Gidy loc dugce dit trong dia petri thuy tinh 60 mm ¢
dan nhéan va dugc say kho ¢ nhiét ¢ phong.

Céc budc chuan bi mau x4c dinh MPs bang hinh anh thuc t& dugc chi ra tai Hinh 2.9.

Xir I chét hitu co
\i’ | o Fs ==
. Y { A .
’;

Loc 1iy MPs Tach ty trong

Hinh 2.9. So @6 hinh anh thyc té cac budc phan tich MPs trong mau vem xanh
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Toan bd qué trinh nghién ciru thuc nghiém va phan tich mau duoc thuc hién tai
phong thi nghiém cua Vién Khoa hoc cong nghé Nang lugng va Moi truong, Vién Han
lam Khoa hoc va Cong nghé Viét Nam.

* Phurong phdp xir Iy mdu tram tich: Can chinh xac 100 g mau tram tich sau khi
mau loai bod phén rac thd, mau can dugc séy kho ¢ nhiét do 55 - 60°C trong vong 48 -
72h trong ta siy Yamato-Nhat/DX402 dén khoi lwong mau khong d6i. Mt nhiét va
thoi gian siy mau nay khong lam anh hudng dén hinh dang va tinh chat cia MPs trong
mau [130]. Véi nhiét o séy cao hon, co thé kich thich qué trinh 6xy hoa nhiét cia MPs,
c6 thé anh huong dén phd hong ngoai, mat d6 hat ....[131]. Khi di thoi gian va can dén
gi4 tri khong d6i, mau duoc luu gitr & nhiét d6 phong, trong binh hut am.

Tiép theo, dong nhat mdi mau 10 g miu dugc can bang can phan tich (Libror
AEG-220, Nhat Ban) c¢6 d6 chinh xac dén 0,1 mg va dyng mau trong cdc thily tinh chiu
nhiét 100 mL (Duran, Dtrc) ¢6 dan nhdn mau va thém 30 mL H>0, 30% va 30 mL dung
dich sat (I) 0,05M. Dung dich tram tich duoc dé & nhiét do phong trong 5 phut, sau do
duogc dat trén may khudy tir gia nhiét va gia nhiét dén 60°C trong 30 phit dé ting toc do
phan hity chat hitu co [127]. Sau do, cac mau duoc ling trong khoang 4 gio hodc cho
dén khi chét hitu co duge loai bo hoan toan, dugc biéu thi bﬁng mau vang va trong cua
dung dich, thi qué trinh phan huy dugc coi 1a hoan thanh. Cac qua trinh tach va loc dugc
thuc hién theo cach twong ty nhu d6i voi cac mau vem xanh.

* Phwong phdp xir I mdu mede: Cac mau nude bién duoc xtr Iy duy nhét bang
qua trinh 6xy héa peroxide udt dé loai bo chat hitu co theo phuwong phap cia
Sukhsangchan, R va cs., [132] va GESAMP [133].

Pau tién, 300 mL nudc bién thé duge sang udt bang ludi thép khong gi 5 mm dé
loai bo tat ca cic vat thé rac tu nhién hodc nhan tao co kich thude 16n. Mau nuée bién
d3 loc duoc chuyén vao coc thity tinh sach 500 mL.

Tiép theo, 20 mL H>0, 30% dugc thém vao va hdn hop nay dugc khudy bang
thanh khudy tir trén bép dién & 60°C trong 30 phut dé phan hiy chéit hitu co tir mau
nudc. Sau d6, cac mau duogce lang trong khoang 4 gid hodc cho dén khi chat hiru co duoc
loai bé hoan toan, dugc biéu thi béng mau vang va trong cua dung dich, thi qué trinh
phan huy dugc coi la hoan thanh. Cac qué trinh tach va loc dugc thuc hién theo cach
tuong tu nhu ddi véi cac mau vem xanh.

* Phirong phap nhdn dang MPs: Mau MPs sau khi xtr Iy duoc phén tich tai phong
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thi nghiém cua Vién Khoa hoc Cong nghé Nang luong va Moi trudng bang kinh hién vi
hdng ngoai Micro-FTIR Nicolet iN10 MX (Thermo Fisher Scientific, Hoa Ky) thé hién
tai hinh 2.10.

/ - /7 Viatchat
\_trén giay loc_/

L e

Giay loc
¢o chira vi nhyra

Gat vt chit trén gidy loc

lén guong quang hoc

Pat guong vio ban |
i s
soi mau Ultra-fast
mapping

Girong quang hoc
phu ving

Hinh 2.10. Nhan dang MPs bang may quang pho p - FTIP

Quy trinh phan tich bang bang kinh hién vi p-FTIR (Hinh 2.10) nhu sau:

Budc 1: Dan mau 18én tAm phang c6 bé mit phan chiéu.

Budc 2: Pit tim phang vao LDIR va déng cira lai. Phan mém sé& tu dong khoi
dong va phan tich.

Budc 3: Thiét bi s& st dung song don dé ty dong quét mat ciia tim phang ¢ chira
mau va xac dinh vi tri cia cac MPs. Tiép theo thiét bi s& phan 1ap cac MPs dugc xéac
dinh (xuat hién nhu nhimng diém sang) va thu thap pho IR ciia mdi MPs.

Budc 4: Mbi phd sau d6 dugc so sanh voi thu vién quang pho dé xac dinh thanh
phan polymer cia tirng MPs. May c6 d6 phong dai cao trong thiét bi s& chup anh chi tiét
cac MPs.

Bang phuong phép sir dung kinh hién vi ghép ndi v6i pu-FTIR trén co so thiét bi
Micro-FTIR Nicolet iN10 MX, nghién ctru vién tién hanh dinh lugng va nhan dang MPs.
Mau MPs trén mdi mang loc dugce dan déu trén khay vang bang dung cu que gat chuyén
dung cua thiét bi. Khay vang duoc lip vao dung vi tri cia ban soi mau Ultra-fast
mapping. Sau d6, MPs duoc do & ché d6 phan xa toan phan ATR (Attenuated total
reflection) st dung detector MCT (Mercury — Cadmium - Telluride detector) dugc lam

lanh bang nito 16ng véi s 1an quét (scan) tiy thudc vao mat dd MPs c6 trong mau [134].



51

Detector nay cho d6 nhay va toc @ phan tich cao, véi khoang pho 650 - 7.800 cm™. Sau
d6, phan mém chuyén dung OMNIC Picta (Thermo Scientific, Madison, M¥) s& hd tro
cho quét, ghi phd va do kich thudc cac hat MPs xuat hién trong viing mau trén toan bo
khay vang.

Céc thong sb thu duge bao gom: kich thudc (chiéu dai, chiéu rong), dinh danh
chung loai polymer cta tirmg MPs v6i d6 tuong dong (% matching) khi so sanh voi thu
vién quang pho hdng ngoai cho céc ciu tric héa hoc ctia polymer nhu: HR Aldrich p-
FTIR Collection Edition II, HR Polymer Additives va Plasticizers; Hummel Polymer va
Additives. Pho p-FTIR cua tit ca cac MPs duogc ghi lai trong dai pho tir 4000 dén 650
cm! voi thoi gian thu thap 14 3 gidy va 16 1an quét dong thoi cho mdi phép do. Do phan
giai quang pho 1a 8 cm™ va kich thuéc khau d6 nam trong khoang tir 50 x 50 um dén
150 x 150 um tuy thudc vao kich thudc cua MPs. Dir li€u thu dugc cho phép luan an
xéac dinh chinh xdc mat d6 MPs trong mdi miu dua trén tén thanh phan da xac dinh va
d6 twong ddng (%) bang cach st dung co s dit liéu thu vién quang phd. Céc thanh phan
c6 do twong déng >75% dugce coi 1a chap nhan duoc [135][136].

Hinh dang ctia MPs dugc x4c dinh bai chiéu dai (L) va chiéu rong (W) (um) cta
chung. Cy thé, ba dang MPs chinh 14 hat (L = W =0), soi (L: W <2) va manh (L: W >2)
[137][125]. Kich thudc caa MPs duge nhom lai véi cac kich thude khac nhau: tir 1 dén
50 um; 51 dén 150 pm; 151 dén 300 um; 301 dén 500 pm; nhom cudi cing bao gém
MPs ¢6 kich thude >500 um [125][137]. Hon nita, hinh anh MPs dugc chup anh bang
kinh soi n6i (Kinh soi ndi Leica LED3000 SLI, Birc).

Phuong phép ndy c6 thé xac dinh dugc cac MPs ¢6 kich thudc vai micromet ma
khong pha hity mau.

b. Xac dinh mfng do cdc hop chat (BPA, PAEs va BPDEs) tich tu trong vem xanh va
tram tich

* Quy trinh phan tich:

Quy trinh phan tich BPA, PAEs va BPDEs dugc ap dung trong nghién ctru nay
dugc tham khao phuong phap chiét xuat tiéu chuan US.EPA Method 3540C [138] va
1am sach tiéu chuan US.EPA Method 3630C [139] (Hinh 2.11).

* Quy trinh chudn bi mdu

> Mau trAm tich:

- Tron déu 1 kg/diém tram tich cho vao hop phoi mau va phoi kho ty nhién.
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- Nghién va loc qua mang loc 0,5 mm.

> Mau vem xanh:

- Lay 10 ca thé vem xanh/diém dua ra rd dong tu nhién dén nhiét do phong.

- Xir Iy so bd miu vem xanh: Lay phan thadn mém trong mau vem xanh bang cach
dung ludi dao md loai nho lach qua 2 mép va 4n vao phan co hai bén mép vo cimg, phan
v6 sé& ty tach ra va dung panh inox kep dé 1y phan thdn mém ra khoi vo.

- Mau m6 mém dugc xay nho va ldy toan bo ra hop bao quén, trang thiét bi xay
mau bang hdn hop dung méi chiét. Pua mau vao thiét bi dong kho 1am bay hoi hén hop

dung moi.

Mau vem xanh va

mau tram tich

< Chat d6ng hanh
Chiét bang dung mbi

Loai nuéc, dan xuat héa TMS

Chiét

Chuyén dung méi

Lam sach bang cot silicagel,
rua giai

=
g» N N\ .\
=8 Lam sach, lam giau

GC/MS

y vy

BPA PAEs PBDEs
Hinh 2.11. Quy trinh phan tich cac chat BPA, PAEs va BPDEs

* Quy trinh chiét mdu:

- Lay 100 + 10 mg mAu trdm tich va 200 + 10 mg mau vem xanh cho vao thimble,
thém véao do6 chat chuan dong hanh (100 pL chuan dong hanh c6 nong d6 1 ppm). Sir dung
bong thuy tinh dé chin phia trén thimble tranh mAu bj ndi 1én va roi ra ngoai thimble.

- Lay 350 mL dung dich acetone/nhexane ti 1& 1/1 (v/v) cho vao binh chiét va lip 1én
hé thiét bi chiét soxhlet. Chiét trong vong 18 gid véi toe do 4 - 6 chu ky trong vong 60 phit.

- Sau khi chiét xong thu ldy dich chiét, loc qua phéu loc thiy tinh va Na»SOa.
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Dung dich sau loc dugc ¢6 dic vé 5 mL bang thiét bi cit quay chan khong.

* Quy trinh lam sach mdu:

- Lap cot 1am sach bang silicagel/than hoat tinh (90/10 m/m), hoat hoa cot bang
dung moéi Dichlometan/n-Hexane (1/3 v/v).

- Cho dich chiét di c6 dic vao cot va su dung 60 mL dung méi Dichlometan/n-
Hexane (1/3 v/v) dé rira giai.

- Dung dich thu dugc chuyén dung méi sang tolune va ¢ dic vé 1 mL, thém 10
ul chat ndi chuan c6 ndng d6 10 ppm.

* Quy trinh phdn tich trén thiét bi GC-MS:

> Chuong trinh thiét bi GC-MS:

- Khéi lwong: 35-500 amu.

- Thoi gian quét: # 1 gidy/quét.

- Nhiét do ban dau: 60 EC, giir trong 2 phut.

- Chuong trinh nhiét d9: 60 - 320 EC ¢ mtrc 6 EC/phut.

-Nhiét do cudi cung: 320 EC, giit cho dén 10 phut.

- Nhiét do dau phun: 280 EC.

- Nhiét do dudng truyén: 280 EC.

- Nhiét do ngudn: Theo thong sd k¥ thuat cia nha san xuat.

-Pau phun (injector): Grob-type.

- Thé tich tiém (injection volume): 1 pL.

- Khi mang (carrier gas): 50 cm/gidy (Hydro) hodc 30 cm/giay (Heli).

- Bay Ion (ion trap only): Dit diéu ché theo truc, nhiét do da tap, va dong phat
thai theo khuyén nghi ciia nha san xuat.

» Hiéu chuin ban dau trude khi phan tich: Cong doan hi¢u chinh (Tune) duogc
thuc hién truéce khi phan tich v6i cac thong sé nhu Bang 2.5.

Bdng 2.5. Bang thong s6 hiéu chinh (Tune)

Khoi lwong  Tiéu chi vé ty 1¢ ciia ion

51 30 - 60% cua khoi lugng 198
68 < 2% ctia khdi lugng 69
70 < 2% cta khdi lugng 69
127 40 - 60% ctia khoi lwong 198
197 <1% cua khéi luong 198

198 Pinh co s, ty 1 twong ddi 100%
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Khoi lrgng  Tiéu chi vé ty 1¢ ciia ion

199 5 - 9% cuia khoi lugng 198

275 10 - 30% cua khéi luong 198

365 > 1% ctia khdi lugng 198

441 Hién dién nhung it hon khéi lugng 443
442 > 40% cuia khdi lugng 198

443 17 - 23% cua khéi luong 442

- Hé thong GC/MS phai duoc hiéu chuan bang decaflurotriphenylphosphine
(DFTPP) thong qua mét don vi hi¢u chuén tht 3.

So dd hinh anh thuc té cac budc phan tich duoc thé hién tai Hinh 2.12. Cac budc
chuan bi mau va xac dinh BPA, PBEs va PBDEs trong mau vem xanh va trAm tich bé‘mg
hinh anh thuc té dugc chi ra tai Hinh 2.12 tai phong thi nghiém cua Vién Khoa hoc cong

nghé Nang lugng va Méi truong.

Chuan bi mau vem xanh va tram tich

F- wNAAL

Cho mau qua cot lam sach
chura silicagelthan hoat tinh

Hinh 2.12. So d6 hinh anh thyc té cac budc phan tich cac chat BPA, PBEs va PBDEs
trong vem xanh va tram tich

2.4.3. Kiém sodt chit lwgng va dim bdo chit lwong

a. Kiém sodt va dam bdo chdt lwong trong phdn tich MPs
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Pé tranh 6 nhiém MPs trong qué trinh xir 1y va phan tich mau, cac bién phap phd
bién nhu rira dung cy thuy tinh, deo ging tay phong thi nghiém bang cotton va nitrile,
dung dich lgc, dung dich ethanol 70% thuong dugc str dung dé lam sach khu vuc 1am
viéc. Qué trinh nhan dang MPs dugc thuc hién trong phong thi nghiém kin va phién
kinh hién vi ndi duoc phu mot tam kinh [125]. Gitra qua trinh xac minh cac hat, bé mat
tinh thé Ge duoc lau bang gidy khong bui. Nudc cat va cac dung dich hoa chat duoc loc
qua gidy loc 0,22 um (MCE, Membrane Solutions, USA) truéc khi str dung.

MPs trong khong khi trong phong thi nghiém dugc danh gia bang cach dit giay
loc thuy tinh (loai dung dé loc chan khong, GF/F 0,7 um, Whatman, UK) vao dia petri
md. Thao tac nay dugc thuc hién song song voi qua trinh phan tich MPs trong miu tram
tich va nudc bién. Sau do, gidy loc chira MPs c6 thé co trong khong khi dugc xac dinh
gidng nhu cac mau phan tich khic bang cach xac dinh duéi kinh hién vi n6i va p-FTIR.
Qua phan tich, khong c¢6 6 nhiém MPs trong khong khi trong phong thi nghiém.

Hiéu qua ctia qué trinh phan hay mau (D) dugc danh gia bang cach xac dinh mat
d6 mau chua phan hay hodc con lai rat it (nho hon 5%) bi giit lai trén gidy loc (néu co)
theo cong thirc (1)[140]. Hiéu suat phan hity mau duoc xem 1a dam bao khi D > 95%:

D(%) = Wi — (]L//Vl —W0) 100 (1)

Trong d6: W 1 khéi luong mau dem di phan hity; Wo 1a khéi lugng cua gidy loc
da sdy kho trude khi loc; Wi 1a khéi luong cia gidy loc di sdy kho sau khi loc.

Két qua nghién ctru thu duoc voi gid tri D = 95,66%. Két qua nay tuong ty véi
nghién ctru cia Karami va cs, (D >95%) [141]. Hon nira, nghién ctru cia Wang va cs., da
chimg minh phuong phép str dung két hop H02 30% va KOH 10% & nhiét ¢ nhé hon
65°C khong gay thiét hai dang ké dén ciu triic va chat luong cta hau hét cac polymer [142].

Dé danh gia hiéu qua thu hoi ciia quy trinh phan tich trong nghién ctru nay, Luan
an tién hanh thir nghiém trén 05 miu vem xanh duoc chon ngiu nhién va lam giau véi
) luong 20 hat/mau cuia cac loai nhuya nguyén sinh khac nhau bao g@)m PE va PVC véi
kich thudc 1 mm (Sigma - Aldrich, M¥). S6 luong cac hat dugc phat hién sau khi phan
tich dugc str dung dé tinh % d6 thu hdi cia MPs theo cong thirc (2):

R(%) = %x 100 (2)

l
Trong do: Na la $6 lugng hat MPs thu hoi duoc; Ni 1a téng ) lugng hat MPs bo

sung vao mau vem xanh ban dau.
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Két qua thu duoc véi hiéu suat thu hoi PE va PVC lan luot 12 95,0 = 3,5% va 93,0
+ 5,7% phu hop véi khoang ty 18 thu héi MPs bang phuong phép phan tich véi KOH va
H>O2 nhu trong nghién ctru cia Munno va cs., [143].

Tir tat ca nhimng dit lidu vira néu trén co thé thay dugc quy trinh phan tich sir dung

trong nghién ctru 1a hoan toan phu hop.
b. Kiém sodt va dam bdo chat heong trong phdn tich héa chdt (BPA, PAEs va PBDEs)
trong vem xanh va trAm tich

- Gioi han phat hién (LOD), gioi han dinh luwong (LOQ) cua BPA, PAEs va
PBDEs trén GC-MS:

Gi6i han phét hién (LOD) va gi6i han dinh luong (LOQ) cua thiét bi d6i véi cac
hop chat BPA, PAEs va PBDEs duoc xac dinh 1a luong chit nho nhét ctia cac chat phan
tich khi bom vao may dé thu duoc tin hiéu pic trén tin hiéu nén (S/N) bang 3. Gia tri

LOD va LOQ duogc xac dinh theo cong thirc (3) va (4) sau:

3 X Cpi
LOD = S/—N"”" 3)
LOQ = 3,33 x LOD (4)

Trong dé: S 1a chiéu cao pic ctia chat phan tich, N 13 tin hiéu nhidu nén

Nong d6 BPA, PAEs va PBDEs duoc pha giam dan tir 20 pg/L vé 1 pg/L. Bom
cac dung dich d6 1én may GC-MS véi thé tich bom 1 pL & ché d6 bom khong chia dong
cung cac diéu kién chay may da duoc t6i vu hoa cho phan tich BPA, PAEs va PBDEs
dén khi nong d6 thap nhat ma tai d6 cho gia tri S/N bang 3 thi liy gia tri nong do do
nhan véi thé tich mau bom 1 pL dé nhan duoc gia tri LOD.

Gidi han phat hién (LOD) cua thiét bi sic ky GC-MS dbi voi cac hop chat BPA,
PAEs khoang 0,03 pg/L va PBDEs phan tich trong khoang 0,06 pg/L. Giéi han dinh
luong (LOQ) ctia thiét bi GC-MS d6i véi cac hop chat BPA, PAEs va PBDEs phan tich
trong khoang 0,1 pg/L va 0,2 pg/L.

Nhin chung, cac gia tri LOD va LOQ kha nho, dap Gng yéu cau dinh luong céac
hop chat BPA, PAEs va PBDEs trong cic mau vem xanh va tram tich.

- Puong chudn va khodng tuyén tinh ciia BPA, PAEs va PBDEs trén GC-MS:

Céc dung dich chuan ciia BPA, PAEs va PBDEs dugc pha tir ndng do 10 pg/L
dén 200 pg/L véi ndng dd chat ndi chuan (IS) 1a 100 pg/L va nong d6 cac chat chudn
d6ng hanh 1a 100 pg/L.
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Céc duong chuan duoc 1ap trén phan mém cua thiét bi GC-MS c¢6 phuong trinh
chuan c6 dang “y = ax +b” duoc xac nhan thong qua hé sé tuong quan (R?). Yéu cau:
0,99 <R*<1.

Két qua nghién ctru thé hién cac duong chuan cia BPA, PAEs va PBDEs déu c6
d6 tuyén tinh cao voi hé s6 twong quan (R?) 16n hon 0,99.

- Dj on dinh cua tin hiéu phan tich cac chdt BPA, PAEs va PBDEs trén GC-MS:

Xac dinh d6 6n dinh cta tin hiéu phan tich béng cach tién hanh bom lap lai 6 lan
bom lap lai cic dung dich chuan BPA, PAEs va PBDEs nong do thap 10 pg/L va & nong
d6 cao 100 pg/L trén thiét bi phan tich GC-MS véi cac diéu kién phan tich miu da lya
chon. Tur di¢n tich pic thu dugc & trén, tinh d6 1€ch chuan tuong ddi cua cac tin hiéu pic
sac ky. Két qua danh gia do 1éch chuan twong ddi RSD (%) ctia tin hiéu pic véi do 1éch
chuan twong ddi cua dién tich pic sic ky cia BPA, 13 cu tit PAEs va 5 c4u tir PBDEs
sau 6 1an bom lap lai & cac mirc nong d6 thap va cao & trén thap hon ngudng 10% so
vé6i gidi han cho phép ciia RSD(%) theo AOAC va EPA 1614c & cac mirc ndng d6 khao
sat bang thiét bj GC-MS sir dung dé nghién ciru.

Trong nghién ciru nay, thiét bi dugc hiéu chuan véi BPA, PAEs va PBDEs & cac
thong sb 5, 10, 25, 50, 100, 200 pg/L va hé s6 twong quan ctia dudng chuan R2 > 0,99.
Ty 18 thu hoi ctia BPA, 13 ciu tir PAEs va 5 c4u tir PBDEs trong mau vem tir 83,42 -
111,12%. Dbi v6i cac mau tram tich, dd thu hdi cta BPA, 13 cdu tir PAEs va 5 ciu tir
PBDEs dao dong tir 73,38 - 137,28%. Puoc tinh bang d6 1éch chuan twong d6i RSD(%)
cta tng BPA, PAEs va PBDEs & mirc ndng d6 thap hon 10%

2.4.4. Phwong phdp tinh todn va xir Iy sé liéu
a. Tinh toan sé liéu

* Tinh toan néng do va phan bé MPs: Mat 36 MPs dugc biéu thi bﬁng ) luong

MPs trén mdi ca thé (C;) va s6 lugng MPs trén 1 gam trong luong thit udt (Cy) tuong tu

nhu nghién ctru cua Ding va cs., [136] theo cong thue (5) va (6):

C - MPs,
" M (MPslcathd)  (5)
C :MPS[

W, (MPs/gam)  (6)
Trong do: MPs; 1a s6 lugng MPs cia cac ca thé vem xanh & mdi vi tri 1y mau; n;:
1a 56 ca thé vem xanh & mdi vi tri 1y mau; Wi 1a trong luong thit udt clia cac ca thé vem

xanh & mdi vi tri lay mau (g).
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- Tinh toan ty 1¢ phan tram theo phan bd kich thudc, hinh dang, thanh phan hoa

hoc polymer ctia MPs trong moi mau phan tich theo cong thire (7):
T% = MPsi/YMPs  (7)

Trong dé: MPs; 1a s luong MPs phan bd theo mdi kich thudc, hinh dang, thanh
phan héa hoc polymer ciia MPs trong m&i mau nghién ctru (MPs); YMPs 14 tong s6 MPs
c6 trong mdi mau phan tich.

* Phirong phdp tinh ty 1é nong dg sinh hoc va hé sé tich tu tram tich sinh hoc

- Ty 1é nong dg sinh hoc (Bioconcentration Ratio - BCR): 1a ty 18 néng do cua
mot chét trong sinh vat sdng so voi ndng d6 cua chat d6 trong moi truong nude. BCR 1a
gi4 tri dinh lwong vé kha ning tich tu sinh hoc ciia quan thé sinh vat. BCR do dugc 1a
co s& dé danh gia nguy co tac dong bat loi ciia cac chat doc hai dbi v6i quan thé sinh
vét cu thé. BCR dugc tinh bang cach str dung cong thire (8) [144]:

Co
BCR=—  (8)
Cw

Trong dé: Co 1a mat do MPs trung binh trong vem xanh (MPs/kg sinh khéi); Cw
la mat do MPs trung binh trong nudc (MPs/L nudc). Khi BCR >1, tich tu sinh hoc duoc
xem Xxét.

- Hé 56 tich tu sinh hoc - tram tich (Biota sediment accummulation factor - BSAF):
1a ty 1é giita ndng d6 cia mot chét trong sinh vat séng va ndng d6 cua chat d6 trong traim
tich bé mat. BSAF cho timg phan tr trong mau dugc tinh theo cong thirc (9) [144]:

Co
BSAF = —  (9)
Cs

Trong dé: Co va Cs 12 ndng d6 (mat do MPs/kg) trung binh cia cac nguyén to vi
luong trong vem xanh va trong tram tich. Thong thuong, gia tri BSAF >1 biéu thi su
tich tu sinh hoc ctia nguyén t6 vi lugng.

* Phirong phdp danh gia chi sé rii ro ciia MPs

- Chi s6 tai luong 6 nhiém MPs: Pé so sanh su khac biét vé khong gian cta 6
nhiém MPs, luin an dé xuit su dung chi s6 tai lugng 6 nhiém (PLI- Pollution Load
Index) cho nghién ciru nay. PLI duoc xem 1a thong s6 co so dé theo ddi mirc d6 6 nhiém
gitra cac khu vyc khac nhau. PLI duogc tinh toan dya theo cong thirc (10) va (11) sau:

CF, = C;/C, (10)

PLI = JCF, (11)



59

Trong do: CF;: 1a thuong sb gilra mat do MPs trong mau (C) trén gia tri mat do
nho nhét (C,). Pbi véi mau dong vat hai manh vo, C, = 0,04 MPs/gam, dugc dinh nghia
1a lwong MPs doi dao trung binh t6i thiéu theo tai liéu di tham chiéu [70]. Trong miu
nuoc, C, = 0,05 MPs/L dugc dinh nghia 1a mat do trung binh tdi thiéu dua trén céc tai
liéu hién c6 [101]. Trong mau tram tich, C, =154 MPs/kg dugc chon 1am chat thay thé
t6i wu [145].

Vi khong c6 ti€u chi phan loai nao cho chi s6 PLL do d6 Luén an st dung muc
dd rui ro MPs duge dé xuét boi Xu va cs., v6i cac muc do va khoang gié tri PLI nhu
trinh bay trong Bang 2.6.

Bang 2.6. Tiéu chi mirc d6 rui ro cho chi s6 tai lwong 6 nhiém MPs [101]

Gia tri PLI <10 10 -20 20-30 >30
Mtc d6 rui ro I II 11 v

- Chi s6 i ro sinh thai tir thanh phan polymer ctia MPs, ding diém s6 nguy hiém
ctia polymer tir Lithner et al., [17] va két qua vé thanh phan polymer cia MPs duoc str
dung lam chi sb dé tinh toan. M6 hinh danh gia rui ro duoc sir dung boi cac nghién ctru
trude day [101][146]. Piém nguy hiém cta polymer (H) duoc tinh theo cong thirc (12).

H=X%P xS, (12)

Trong dé: P, 14 gia tri trung binh cua ty 1& phan trim céc loai polymer ctia MPs
dugc phat hién trong cac miu nghién ciru; S, 12 diém nguy hiém ddi véi hop chat
polymer cia MPs va dugc trinh bay trong Bang 2.8.

Theo két qua vé mirc d rui ro tinh toan dugc dya trén cong thuc (12), Luan an
tién hanh phan bac cic nguy co rii ro theo thanh phan héa hoc polymer ciia MPs nhu
thé hién trong Bang 2.7.

Bdang 2.7. Tiéu chi mirc d6 rui ro cho chi sd rui ro polymer ctia MPs [17]

Giatri H <10 10-100 100 - 1000 1000 - 10000 >10000
Mtrc d¢ rui ro I I 1 v \Y%

Bdang 2.8. Piém nguy hiém cho cac polymer ctia MPs (Sn)[17]

Pi¢m nguy

Polymer Viét tat Cac ing dung chinh .
hieém (S.)
Cellophane CP  Tui déng goi thuc pham. -
EVOH EVAL film EVOH Mang déng géi thuc pham hoic y -

té, bao bi blister, phim chdong
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Polymer

Viét tat

Cac wng dung chinh

Pi¢m nguy
hiém (Sn)

Hight Density Poli Etilen

Low Density
Polyethylene
Melamine-formaldehyde
cond

Melamine-urea-

formaldehyde resin

Polyamide (Nylon)

Polyethylene

Polyethylene Teraphalate

Phenol resin

Polypropylene

Polystyrene

Polytetrafluoroethylene

HDPE

LDPE

MF

MUF

PA

PE

PET

PF

PP

PS

PTFE

tham...

Lam hop sira, thung rac, céac loai
thot gia dung va lam dng dan chat
long.

Dung san xuét bao bi nhya, ti ni
16ng, boc thuc pham, mang co, d6
choi...

Dung san xuit d6 gia dung, bat
dfa, dung cu ndu an...

Bé mat nhiéu 16p trén van dam
dung lam tu, tu, k&, ctra, mat ban
va mat bép, 46 dung nha bép: bat,
thia soong va khay.

Céc bd phan chiu mai mon, cac b
phan cAu trac truyén dong, cac bo
phan may moc hoa chat; 6 to, dét
may; Banh rang, vong bi, may nha
bép, ludi va day danh ca, chai lo
va giéy bac; Soi, ban chai danh
rang, 6ng, day cau, ...

Do choi, chai lo, 6ng dan, do gia
dung, ...

Chai dung nudc; bao bi vi, bao bi
thirc an nhanh, mang nhya...; s¢i
dét may, vai gia dung va trang tri
ndi that, soi cong nghiép...

Cong tac, 6 cam, phich cam dién,
va cidc by phan cach dién cao;
phanh tau va mat ly hop...

Nip chai, hop dung sita chua, dng
hut, thiét bi gia dung....

Hop xép, bo d6 dn béng nhya, hdp
dung thuc an, cdc dung mot lan,
dia, dao kéo...

DPuogc st dung cho 16p phu chiu

11

11

882

882

50

11

1450

30
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Pi¢m nguy

Polymer Viét tit Cac uwng dung chinh 2
hiém (S»)

nhiét, ma sat thap hodc bé mit
chéng dinh cho chao ran, mang
truot nude, bang keo cua tho stra
6ng nudc.

Polyvinyl alcoholl PVA  San xuat gidy, dinh ¢ soi doc dét, 1
keo dan gd, bao bi thuc pham, kinh
ap trong, thudc nho mit. ..

Polyvinylidene fluoride =~ PVDF Dugc dung lam mang 16t cta cac -
bdn chira héa chat, mang 16t cua
cac loai bom hoda chit, bom
mang...

Urea-formaldehyde cond UF  Dung ché tao keo van ép, son, chét 750
két dinh, chét 1am clmng vai. ..

b. Xir Iy 56 liéu

* Xk Iy s6 liéu phan tich MPs: Dé phan tich su khac biét vé mat do cuia MPs trong
vem xanh va mdi quan hé c6 thé ¢ cta ching véi vi tri 1y mau ciing nhu sy khac biét
ctia chung véi trong luong uét va phan bd kich thude MPs, Luan an str dung phuong phap
phan tich phuong sai mot yéu té (Oneway ANOVA). Ngoai ra, phan tich twong quan
Pearson di dugc thuc hién dé kiém tra mbi twong quan giira sy phong phui ctiia MPs trén
mdi ca thé vem xanh va trong lugng gram thit. Sy khac biét dugc coi 1a c6 y nghia théng
ké khi gia tri pvalue < 0,05.

* Xk [y s6 phdn tich BPA, PAEs va BPDEs:

Két qua tinh toan cudi cung dugc thuc hién dya trén nén mau tuong ung voi cac
cong thuc cho tung loai nén dua trén thé tich hodc khoi luong mau ban dau theo cong
thuce (13):

Nong do % - % (13)

Trong dé: Xs 1a ndng do do duoc trén thiét bi (ug/L); Vi 1a Thé tich dinh mirc
cubi (thé tich co dic) (L); D 1a hé sb pha loang; Vi 12 Thé tich mau dugc tiém vao thiét
bi (Thé tich mau va chuan phai giéng nhau va thuong 1a 1)(uL); W 1a Khéi lugng mau
ban dau dugc st dung (kg).

Tét ca s6 liéu thu duge trong qua trinh thuc hién nghién ctru nay déu dugc tinh
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toan boi cac ham trong phan mém Microsoft Excel nhu: str dung phan bo trg Analysis
Toolpak dé xtr 1y cac tham sb nhu twong quan, phuong sai; gi tri trung binh (Average);
d6 1éch chuan (STDEV) dé phan tich s6 liéu. Biéu d6 mat o MPs va ndng do cac chat
BPA, PAEs va PBDEs dugc v& bang phan mém ArcGIS 10.8 do ESRI phat trién.

Phén tich phuong sai mot chiéu (ANOVA) déi v&i phan phdi chuan va kiém dinh
khong tham sé (K mau doc 1ap) ddi véi phan phdi bat thuong, sau d6 1a kiém dinh
Kruskal -Wallis H (K) dugc st dung dé kiém dinh tAm quan trong ctia mdi lién hé giira
cac bién. Hé s6 tuong quan Pearson (phan phdi binh thuong) va Spearman (phan phdi
bat thuong) dugc ap dung dé danh gia mirc d6 phu hop va ¥ nghia cia méi twong quan.

Muc y nghia dugc dat & muc 0,05.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Pic tinh MPs tich tu trong vem xanh, nwéc bién va tram tich
3.1.1. Xdac dinh mdt do MPs

Két qua nghién ctru chi ra ring MPs d3 xudt hién trong toan bo s6 mau vem xanh,
moi trudng nude bién va tram tich tai 10 dia diém lay mau. Sy xuét hién cia MPs khong
nam ngoai dy doan cua tac gia, vi cac nghién ctru trudc day ciling da chi ra rang tai cac
dia diém co su tuong dong vé khong gian nhu trong nghién ctru trén, c6 xuat hién cac
chat 6 nhiém 1a kho tranh khoi [81][95][129]. Su phan bé mat 6 MPs trong cac miu
vem xanh duoc xac dinh trén c4 thé va dugc tinh theo trong luong udt (w.w), mau nudc
bién duoc tinh theo lit (L) va miu trAm tich duoc tinh theo trong lugng kho (d.w), toan
bo két qua ctia ndi dung nghién ctru nay dugc tong hop chi tiét trong Bang 3.1.

Bang 3.1. Mat o MPs trung binh tich tu trong vem xanh, nudc bién va trAm tich

2 Vem xanh - 5
D’ia diém in _8) Nuwdc bién Tram tich
lay mau . (n=3; MPs/L) (n=3; MPs/kg d.w)
MPs/ca the MPs/g w.w
QNI 21,63 +20,13 3,20+2,30 60,00+ 8,19 4.900,00 £ 200,00
QN2 25,00 +21,00 3,67+2,46 120,00=+5,78 3.800,00 + 346,41
QN3 1438 +560 3,09+1,23 43,33+3,34 6.200,00 + 360,56
QN4 34,75 +28,03 5,43+4,21 53,33+4,67 7.600,00 + 655,74
QN5 25,75+991 453+1,72 93,33 +6,65 6.100,00 + 529,15
QN6 22,13 +12,03 2,14+1,70 63,33 +4,16 3.700,00 + 173,21
QN7 23,63 +11,55 1,10+0,53 146,67 =4,41 5.000,00 + 556,78
QNS 15,75+ 14,07 4,39 +6,15 103,33 +6,11 6.500,00 + 435,89
QN9 22,50+ 13,85 4,04+2,47 100,00+4,50  2.500,00 + 300,00
QNI10 17,13+ 11,17 249+1,54 96,67 +£7,64 1.700,00 + 264,58
Trung binh 22,26 £16,05 3,41+2,97 88,00+32,55 4.800,00 £ 1.872,02

Céac s liéu thu duogc sau qua trinh xac dinh MPs tich ty trong cac ca thé vem

xanh tai 10 diém léy mau d3 xac dinh rd mat d6 MPs trong cac mau vem xanh dao dong
tir 4 dén 78 MPs/ca the, gia tri trung binh 13 22,26 + 16,05 MPs/ca thé. V¢é trong luong
md, mat do MPs cling ¢6 sy dao dong rat 16m tir 0,37 dén 18,24 MPs/ g w.w, gia tri trung
binh 12 3,41 + 2,97 MPs/g w.w dugc thé hién chi tiét tai Phu luc 2. Piém dang chu y
trong nghién ctiru nay da chi ra mat 46 MPs dugc ghi nhan & muc cao nhét nhét tai vi tri

QN4 (34,75 + 28,03 MPs/cé thé va 5,43 + 4,21 MPs/g w.w) day chinh 1a vi tri liy m3u
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tai khu vuc bii bién du lich ndi tiéng cua dao C6 T, tinh Quang Ninh. Theo sé liéu
thong ké d3 bao cdo vao mua du lich, huyén dao C6 T6 don hon 2.880 lugt khach, luong
rac thai phat sinh 1én toi 33 tin/ngay, trong d6 rac dugc thu gom duoc & bai bién khoang
26 tan/ngay [147]. Luong rac thai cac thang con lai trong nam trén dia ban toan huyén
vao khoang 12-15 tdn/ngay (theo thong ké nam 2022) [147]. Trong khi d6, mat d6 MPs
thap nhit dugc ghi nhan & timg ca thé va mdé mém nam trong cic mau duge thu thap tai
diém QN3 (14,38 + 5,60 MPs/ca thé) va QN7 (1,10 £ 0,53 MPs/g w.w). Nhan dinh gia
tri nay thuong mang tinh thoi diém vi mau lay tai vi tri s& tuy thudc vao nhiéu yéu tb
nhu ché d6 dong chay, diéu kién dia hinh, mutrc d6 x4 thai, diéu kién khai thac, thoi gian
sinh truong cua ca thé s& dan téi két qua c6 sy khac nhau.

Trén thyc té nhidu diém xa thai khi hgp dong va bi pha lodng nhiéu lan thi ndng
d6 hay mat do chat 6 nhiém s& giam di rat nhiéu. Ngoai ra, ¢ nhimg noi mtrc do khai
thac hai san dé str dung lam thirc an cho con nguoi cang cao thi mirc d6 sinh khdi s&
cang thap, ma tudi clia cac ca thé vem vanh co thoi gian sinh truong khac nhau thi muc
d tich tu s& khac nhau. Tt d6 c6 thé théy s6 lugng MPs trong cac ca thé vem xanh thu
duoc tai hai diém QN3 va QN7 ¢6 muc do tich tu nhé hon so vdi cac diém con lai 1a
mutc d6 phan anh thuc té khac quan (Hinh 3.1).

Két qua phan tich MPs trong mau nudc bién lai thé hién mot mo hinh khéc so véi
cac mAu trim tich va vem xanh. Gié tri MPs dao dong tir 43,33 dén 146,67 MPs/L, QN7
(146,67 £4,41 MPs/L) la diém c6 mat 36 MPs trong nudc bién cao nhit, trong khi QN3
(43,33 + 3,34 MPs/L) c6 mat &6 MPs 1a thap nhat. Két qua phan tich MPs trong cac mau
trAm tich thé hién mat d6 MPs tich tu trong tram tich & 10 dja diém c6 mirc d6 dao dong
tir 1700 dén 7600 MPs/kg d.w. Thuc té ghi nhan MPs trong mau trim tich thu duoc tai
diém QN4 c6 mat d6 MPs cao nhat (7600 MPs/kg) tai khu vuc bai taim du lich dao C6
T6 gi4 tri ndy phan anh ding mirc tuong quan khi két qua nghién ciru mat do MPs tich
tu d6i voi miu vem xanh. Piém dang chii ¥ trong nghién ctru nay 1a da chi ra MPs trong
mAu trAm tich bai bién thu thap tai phudng Tuan Chau (QN10: 1700,00 + 264,58 MPs/)
c6 mat do MPs thép nhét so véi cac dia diém khac. Diéu nay chung minh khu vyc bai
bién ddo Tuan Chau la khu du lich déng, mic d6 lan bién gan ddy co sy gia ting rat
nhiéu, bén canh d6 thyc té hoat dong du lich anh hudng bodi dich Covid 19 1a 16 rét nén
su anh huéng cia chat thai toi khu vue nay 1a khong 16n va da phan anh trong két qua

thu duogc vé mat do MPs 1a phu hop véi thuc té. Dé mod phdng céc két qua thu dugc 1
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hon, tac gia thé hién thém trén biéu do tai Hinh 3.1.
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Hinh 3.1. Mat @6 MPs tich ty trong vem xanh, nudc bién va tram tich vung bién
Quang Ninh

Khi phan tich phurong sai hai chiéu cho két qua khong co su khac biét vé mat do
MPs trong cic mau trAm tich va nudc bién giita cac dia diém nghién ctru ndy (p vaie =
0,513). Tuong tu, két qua tinh toan twong quan Pearson va tuong quan tuyén tinh da xac
dinh c6 mbi twong quan thap hodc twong quan nghich gitta mat d6 MPs trong nudc va
trAm tich (r =-0,3227, p > 0,05; a = -0,0056, R? = 0,1041) (Hinh 3.2¢) cling nhu giita
vem xanh va nuée (r =-0,3350, p > 0,05; a = -13,163, R? = 0,1122) (Hinh 3.2a) trong
khi mdi twong quan duogc quan sat & mirc trung binh gitra mat d6 MPs trong trim tich
va vem xanh (r = 0,4825, p > 0,05; a= 0,3297, R? = 0,2328) (Hinh 3.2b).

Mot 1an nita két qua phan tich MPs trong nghién ciru nay da chimg minh cho van
dé 1 d6i voi mau nudce thudng cé tinh chit phu thude vao thoi diém 1dy miu va ché 4o
dong chay ciing nhu thiy triéu tai cac vi tri dugc 1dy mau. Vi thé cac két qua s& phan
anh mirc 46 ting giam khac nhau, mirc 6 nay chi on dinh khi duoc 14y miu véi tan suat
nhiéu lan trong ngay, trong tuin hay trong mot thuy vuc tinh.

Khi so sanh véi két qua trong nghién ctru cta Li va cs., d6i voi 100% miu vem
(Mytilus edulis) va nude bién c6 chira MPs, két qua cling thé hién khong c6 mdi lién
quan gitta lwong MPs trong md vem va nude bién (R? = 0,000) [47]. Nghién ctru cta
Robin va cs., cho két qua méi quan hé tuyén tinh ¢ y nghia giita mat d6 MPs trong trim

tich bai bién va ving nudc ven bién 1an can (R2= 0,72, p < 0,001) [148]. Trong khi do,
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nghién ctru ciia Xu va cs., voi két qua tinh trong quan Pearson (r = -0,232) thé hién
khong c¢6 mbi twong quan giita mat do MPs trong tram tich va dong vat hai manh v
[149]. Wu va cs., cho rang murc d6 tich tu khac nhau ctia MPs ¢6 thé tiry thudc vao mirc

d6 6 nhiém MPs trong méi trudng bién [150].
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Hinh 3.2. Méi tuong quan tuyén tinh giira gittra MPs tich tu trong vem xanh vé&i nudc
bién (a), vem xanh véi tram tich (b) va nudc bién véi tram tich (c)
Pdi véi mau vem xanh duge thu thap tai 10 vi tri léy c6 co kich thude va trong

lugng co thé nhu chi€u dai, chi€u rong va trong lugng moé mém cua vem xanh lan luot
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la: 4,80 - 13,50 cm (Trung binh: 8,48 = 1,56 cm); 2,60 - 5,90 cm (Trung binh: 3,81 +
0,66 cm) va 2,37 - 35,56 g w.w (Trung binh: 8,45 + 6,14 g w.w). Cac két qua nay duogc
biéu thi tai Hinh 3.3.
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Hinh 3.3. Phan bd MPs theo trong luong mé mém cua vem xanh

Két qua tinh todn phuong sai mdt chiéu da xac dinh khong c6 su khac biét vé mat
dd MPs trong vem xanh tai céac vi tri 1§y mau, theo trong luong mo mém (P vatue = 0,1395
>0,05) va theo ting ca thé (p vawe = 0,3920 > 0,05). Nghién ctru ctia Truchet va cs., cling
thé hién xu hudng nay giita cac loai hai manh vo va dia diém nghién cttu (p vae > 0,05)
[151]. Két qua tinh twong quan Peason di chi ra gitta ty trong va khdi luong thit vem
khong c6 mbi tuong quan (r =-0,3631). Diéu niy c6 nghia 1a di x4c dinh dugc xu huéng
twong quan nghich gitra khdi lugng thit vem va mat 40 MPs v6i hé sb a=-0,247 va R?
= (,8675 (Hinh 3.3). Nhu vy c6 thé thdy rang nhitg con vem nho loc nudc hiéu qua
hon nhitng ca thé 16n. Két qua nay tuong tu nhu két qua nghién ctru lién quan dén loai
hau cta Liao va cs., (r=-0,011) [73] va Do va cs., (r=-0,03) [125].

Két qua nghién ctru MPs tich tu trong dong vat c6 vo ciia Xu va cs., voi loai A.
Squamosus; Batillaria zonalis va L. Coronata khong chi ra dugc c6 mdi twong quan véi
trong luong co thé (R < -0,407), ngoai trir Donax spp (r = 0,572) [149]. Nhu vay, tir két
qua nay cé thé duogc hiéu duoc réng mirc d6 tich tu MPs khong phu thudc vao khdi luong
m6 vem xanh dan dén mat 46 MPs trén trong lwong thit thdp hon duoc phat hién ¢ nhiing
con vem xanh 16n hon. Mot sb nghién ctru cho rang dong vat hai manh vo nho hon ¢

tdc d6 loc cao hon, ¢ lwong md tich tu 16n hon so véi nhitng ca thé 16n hon, do d6 gay
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ra su tich tu MPs cao hon [152][153].

Theo md ta, cac khu vuc ven bién QNI1, QN2, QN4 va QNS5 duoc thé hién tai
Hinh 3.1 nam trong ving hai luu tir Trung Qudc va cac con song tir dat lién, chiu anh
huodng truc tiép cua nudc thai sinh hoat tir hoat dong cua ngu dan, dan cu séng ven bo
bién va cac hoat dong du lich ctia thanh phd két hop véi nude thai cong nghiép tir cac
d6 thi. Trong khi nudc thai va rac thai d6 thi dugc coi 1a ngudn chinh ciia MPs trong
moi truong nudc [154]. Sau do, MPs co thé duoc van chuyén ra bién va bi song bién
phan méanh thanh nhirng manh nhé hon, chiing tréi dat va tich ty trong 16p tram tich bai
bién. Ngoai ra, cac manh nhya bi phan huy trén bai cat do nhiét va anh sang mat troi,
mot phan bi chon vii trong 16p cat mot phan bi dong thiy triéu cudn trdi ra bién [127].

Céc khu vyc nghién ctru nay déu c6 khu nudi trong va danh bat hai san, ¢ phat
trién du lich va chiu anh hudng cta dong chay cua cac con song tir phia Bic dugc thé
hién tai Hinh 3.1. Cac ngudn thai MPs tiém an c6 thé bat ngudn tir ndng nghiép, danh
bét ca va cac hoat dong trén dat 1ién [125][128]. Van dé x4 nude thai d6 thi va chat thai
ran khong duoc xir 1y vao song ngoi c6 thé 14 tic nhan gy 6 nhiém MPs ¢ khu vuc ven
bién [154]. Chét thai nhya duge van chuyén dén cac khu vuc ven bién bi phan huy thanh
cac manh nhd hon thong qua nhiét va birc xa tia cuc tim, sau d6 tréi dat va tich tu trong
16p tram tich bai bién. Sy hinh thanh MPs c6 thé dién ra dudi cat do nhiét do va anh
sang mat troi, co thé duoc cac sinh vat hép thu hodc bi thuy triéu cudn vao nude [128].

Theo két qua nghién ciru, gia tri trung binh ciia MPs trong cic miu vem xanh &
Quang Ninh tuong ddi cao hon so vdi cac nghién ctru khic & cac vung ven bién khac
nhau & Chau A dugc thé hién tai Béang 3.2, vi du nhu mat 46 MPs ¢ vung nudc den Tinh
Gia, Thanh Hoa 13 2,6 + 1,14 MPs/c4 thé va 0,29 + 0,14 MPs/g w.w [94]; tai Pam Lap
An, Lang C9, thanh phé Hué1a 1,0 0,1 MPs/g; 1,2 £ 0,2 MPs/g; tai dam Thi Nai, Quy
Nhon, tinh Binh Pinh va 1,7 + 0,6 MPs/g va tai cac ao nudi tréng thiy san ty nhién tai
Giao Thuy, tinh Nam Dinh [95]. Phaothep Cherdsukjai va cs., da bao cdo mat do MPs
trong loai vem xanh (Perna viridis) dugc thu thap tai Kénh Koh Phee ¢ Phuket, tinh
Phuket, ban dao phia nam Thai Lan c6 gié tri trung binh 13 6,67 MPs/cé thé [155]. Mot
nghién ctru khéc ¢ cac ctra song Pondicherry, An Do cho két qua mat do0 MPs 1a 3,28 +
0,87 MPs/c4 thé va 1,8 + 0,54 MPs/g w.w [78]. Panh gia sy tich tu MPs trén 90 ca thé
vem tir c4c noi cac nhau & Thai Lan va két qua da phat hi¢n dugc c6 khoang 7,32 + 8,33

MPs/ca thé [156]. O Hong Kéng, cac nha nghién da phét hién su tich tu MPs trong vem
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xanh c6 nhitng khu vire mat do 1én t6i 14,7 MPs/ca thé [140].

Bdng 3.2. So sanh mat d6 MPs tich tu trong cAc mau vem xanh gitta cac vi tri

Vi tri Mat do MPs trong vem xanh Tham
MPs/g w.w MPs/ca thé khao
Viing ven bién Qudn Nghién
e Quang 4 414297 2226+1605 5
Ninh cutu nay

Vung nudc den Tinh Gia,
0,29 +0,14 2,6 +1,14

) Thanh Hoa [94]
Viét Nam A P
Dbam Lap An, Hué 1,0+0,1 -
Pam Thi Nai, Binh Dinh 1,2+0,2 - [95]
Khu nudi tréng thuy san
. . 197 + 096 -
Giao Thuy, Nam Dinh
Kénh Koh Phee ¢ Phuket, Thai Lan - 6,67 [155]
Cho hai san, Thai Lan 1.53+£2.04 7,32 + 8,33 [156]
Cura song Pondicherry, An Do 1,8 £0,54 3,28 £ 0,87 [78]
Bién Java & khu vuc ven bién Tambak
. 4-20 - [157]
Lorok, Indonesia
Cang Tolo, Héng Kong 0,21 — 1,83 1,60 — 14,7 [140]

Tuy nhién khi so sénh mat do MPs tich tu trong vem xanh tai ving bién Quang
Ninh c6 két qua twong dwong véi két qua nghién ctiru doc bién Java ¢ khu vuc ven bién
Tambak Lorok, Indonesia 1a 4 - 20 MPs/g w.w tich tu trong m6 vem xanh [157].

Ngoai két qua nghién ciru MPs tich tu trong vem xanh, nudc bién va trim tich
ving ven bién Quang Ninh, mot s6 két qua nghién ciru trong qué trinh thyc hién luan an
ma NCS da tham gia cung nhém tac gia Manh va cs., vé danh gia sy hién dién cia MPs
trong hau, nudc bién va trAm tich tai cic ving ven bién trén khap Viét Nam chi ra mat
dd MPs tich tu trong hau Thai Binh Duong (Crassostrea gigas) nudi & Vinh Da Néng,
Vi¢t Nam trung binh 1a 1,88 + 1,58 MPs/g w.w va 18,54 + 10,08 MPs/ca thé [125] va
két qua nghién ciru hau tai mudi sau tinh ven bién trén khip Viét Nam trong d6 c6
Quang Ninh cho két qua trung binh ctia MPs 14 1,18 + 0,59 MP/g w.w hodc 11,55 + 4,83
MPs/cé thé [158]. Bén canh d6, két qua nghién ciru MPs trong cat bii bién gan mot nha
may loc dau & bo bién mién Trung Viét Nam tai 11 dia diém léy mau cho két qua MPs
hién dién trong tt ca cac mau dugc thu thap véi mat do trung binh 1a 1582 + 660 MPs/kg
[128]. Tuong tu, sy tich tu MPs trong trAm tich tai 3 bii bién & Pa Nacmg la Son Thuy,
My Khé va T20 cho két qua mat do MPs trung binh 14 29.232 £ 2.577, 1.460 + 758 va
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1.799 + 370 manh/kg d.w [127]. Nghién ctru sy tich tu ctia MPs trong cac mau cat bién
va nudc mit tai bai bién Lé Thuy, tinh Quang Ngii cho két qua MPs trong cac miu nudc
bién bé mat c6 mat 6 MPs dao dong tir 19,44 + 7,12 dén 50,56 + 2,51 MPs/L, trung
binh 1a 38,09 + 10,84 MPs/L. Trong cic mau cat bai bién, mat d6 MPs dao dong tur
783,33 + 75,28 dén 1.950,00 + 104,88 MPs/kg voi gi tri trung binh 13 1.283,33 + 378,32
MPs/kg [159]. Cac két qua nghién ctru sy tich tu cia MPs trong ddi tuong hau, trim
tich, nuéc bién tai khu vue Da Ning va cac khu vuc ven bién Viét Nam cé gia tri gﬁn
giong véi két qua nghién ctru mat do MPs trong vem xanh, trAm tich va nudc bién ving
ven bién Quang Ninh ctia luan an. Nhu vay, diéu ndy c6 thé ching minh hai thanh phé
va cac ving bién nghién ciru trén c6 nét dic trung vé hoat dong du lich, ddnh bat hai san
va céac hoat dong khac c6 mirc do phat thai gan twong dong nhau.

MPs tich tu trong tat ca cac mau trim tich bai bién va nudc bién ving ven bién
Quang Ninh véi két qua 13 4.800,00 + 1.872,02 MPs/kg d.w trong tram tich va 88,00 +
32,55 MPs/L trong nudc bién, cao hon dang ké so voi cac nghién ctru khac dugc thuc
hién ¢ Thai Lan, Tay Ban Nha hodc Thd Nhi Ky. Trong d6 ghi nhan tai bo bién tinh
Rayong, Thai Lan, mat do MPs ¢ mau cat bai bién 1a 338,89 + 264,94 MPs/kg va
1.781,48 + 1.598,36 MPs/m® & miu nudc bién [129], hay nghién ctu tai bo bién
Tarragona, Tay Ban Nha cho két qua mat d6 MPs la 10,70 MPs/kg trAm tich va 1,30
MPs/m? trong nuéc bién [135]. Trong nghién ciru doc theo bo bién phia Pong Dia Trung
Hai cta Tho Nhi Ky béo cdo mat 6 MPs trung binh trong cic mau tram tich va nudc
bién 1an luot dat 631 + 413 MPs/kg d.w va 1,05 + 0,55 MPs/m? [160]. Nghién ctru mat
d6 MPs trong tram tich bii bién va nudc bién & bd bién phia Nam Bién Pen di xac dinh
dugc mat do trung binh 1a 64,06 + 8,95 MPs/kg va 18,68 + 3,01 MPs/m3[161]. Trén bo
bién Pakistan, gia tri nay 1a 987,40 + 617,06 MPs/kg va 82,12 + 246,14 MPs/L [162].
Tuong tu nghién ctru tai viing bién Shenzen, Trung Qudc cho két qua mat do trung binh
cua MPs trong nudc bién 1a 5,50 MPs/L va mat 3o MPs trong cac mau cat bai bién la
6.000 MPs/kg [163].

Tai Viét Nam, két qua nghién ctru MPs tich tu trong nuéc bién va tram tich cia
luan an cao hon cac nghién ciru mirc 46 6 nhiém MPs trong nudc bién Giao Thuy 13 6 -
8 MPs/m® va 10 - 14 triéu MPs/km? [88]. Hay tai bai bién Can Gio, mot bai bién dai 20
km véi cac hoat dong danh bét c4 va du lich da dang, da duoc diéu tra vé tinh trang 0

nhiém cta MPs cho két qua mat d6 MPs dao dong tir 0 dén 6,58 MPs/kg d.w [88]. Céc
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hoat dong nuoi trong thity san ciing dugc xem 1 nguyén nhan chinh gy 6 nhiém MPs
trong nudc thong qua hoat dong tao gia thé dé bam, cho an, danh bat va cac chét thai
lién quan ctia chiing (bao bi thuc pham, gia thé treo, ludi danh ca...). Theo nghién ciru
ctia Cheng va cs., MPs c6 ngudn gdc tir nudi trong thuy san lan luot chiém khoang
55,7% va 36,8% trong nudc bién va trAm tich & vinh Xiangshan, Trung Quéc, noi co
lich str nudi trong thity san 1au doi [164]. Cho va cs., ciing chi ra rang 6 nhiém MPs
trong cac loai hai manh vo nhu hau, vem xanh, ngao va so c6 thé lién quan dén moi
truong sinh sdng [71]. Tuy nhién, theo nghién ctru cia Covernton va cs., gitra cac dia
diém nudi trong thity san va cac dia diém khong nudi tréng cach nhau khoang 60 - 530
m, mat d6 MPs trong mau hai manh vo, tram tich va nudc khong khéc nhau [75].

Hon nita, cac nghién ctru thuc hién trén hai ddi twong vem xanh (Mytilus edulis)
va hau Théai Binh Duong (Crassostrea gigas) tai bd bién Pai Tdy Duong thudc Phap da
thé hién két qua khong co6 su khac biét rd rang vé mat d6 MPs tich tu trong mau hau lién
quan dén vi tri 14y mau, mua va hanh vi séng cta ching. Di voi cac dia diém 1y miu
duogc thuc hién trong nghién ciru nay, cic ngudn lién quan téi hoat dong sdng cua con
ngudi nhu hoat dong nudi trong thuy san co thé giai thich cho sy thay doi cia mat do
MPs giita cac dia diém [165].

Ngudn phat thai rac thai nhua va MPs tai cac béi bién chu yéu boi hoat dong du
lich. Cac nghién ciru da chimg minh rang MPs c6 xu huéng phan bd nhiéu hon ¢ nhing
bai bién dong duc so v6i nhitng khu vuc hoang vang, noi c6 it hoic khong co hoat dong
du lich [128]. Hoat ddng du lich thuong di doi véi sy phat trién cta co s luu tri (khach
san, nha nghi, khu nghi dudng...), dich vu an uéng, giai tri. Cac hoat dong nay cung
nhau tao ra mot luong 16n chat thai, nude thai va nude gidt co chira cac MPs. Ngoai ra,
ngudi dan va khach du lich str dung cac san pham chiam soc ca nhan nhu son dudng méi,
kem dudng da, kem chéng ning va dd trang diém ciling nhu mic quan 4o duoc san xuat
tir soi tong hop nhu dd boi ¢ thé thai ra mot luong 16n MPs [166]. Cac hoat dong giai
tri trén bai bién va cac mén thé thao dudi nude ciing st dung nhiéu d6 nhya khac nhau.
Trong mdt nghién ctru ¢ khu vuc ven bién Cox’s Bazar, Bangladesh, su khéc biét trong
khu vuc vé mat do MPs co thé lién quan dén lugng khach du lich cao va tbe do tang
truong nhanh chong cua dich vu du lich va d6 thi héa. Khach du lich tao ra mét luong
16n rac thai nhya ¢ cac khu du lich hodc trén bai bién [168].

Nhu vay, MPs phét sinh ra tai dia diém nghién ctru cling c6 thé do tac dong tir
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nguoi dan dia phuong xa nude thai, nudi trong thuy san va danh bat ca ciing nhu cong
nghiép 1a nhitng ngudn phat thai chat thai nhya va MPs. Ngoai ra, MPs tich tu trén bai
bién con do anh huong cia dong hai luu va cac hoat dong ven bién [92]. Khong c6 su
khac biét dang ké vé mat do MPs duoc tim thiy gitta cac bai cat tai mdi duong thuy
triéu, ngoai trir dudng thuy triéu thap, nhu vay cac hoat dong cia con nguoi trén cat co
thé 1a ngudn chinh ctia MPs chtr khong phai 1a song [169]. Nghién ctru dugc thuc hién
tai tinh Rayong ctia Thai Lan da thé hién cung véi hoat dong du lich, van dé xa nudc
thai tir cac khu d6 thi va khu cong nghiép ciing c6 thé 1a yéu té gop phan tao ra lugng
MPs 16n hon trong cat ciia khu vuc ven bién nghién ctru [129]. MPs ¢6 thé bi cubn
xudng ha luu song dén céac cira séng va co thé 1a ngudn cung cap MPs dang ké xam nhap
vao dai duong qua nudc mua va nudc thai sau xu ly [125][168].

Thuyc té tai vung ven bién Quang Ninh, nhiéu dia diém 1a noi tiép nhan nguén
nuéc thai sau xur Iy tir cac hoat dong nhu giao thong, sinh hoat, san xuat, thwong mai,
dich vu trén dét lién. Ngoai ra, mot lugng 16n rac thai nhya ciing phat sinh tir cac hoat
dong bién nhu nudi tréng, danh bat thily sdn, van tai bién, hoat dong cong nghiép, du
lich bién va cac hoat dong vui choi giai tri. Nhitng ngudn rac thai nhya nay khong chi
gy 6 nhiém mdi trudng bién ma con anh hudng nghiém trong dén cac sinh vat dudi
nudce va stc khoe con nguoi.

3.1.2. Xac dinh hinh dang va kich thudc ciia MPs

Két qua nghién ctru cac mau da xac dinh duge MPs tich tu trong vem xanh, nudc
bién va tram tich c6 hinh dang chinh 14 dang manh, s¢i va hat. Cu thé, MPs trong cac
mau vem c6 hinh dang chu yéu 0 dang manh va dang sgi voi ty 1€ lan luot 14 69,86% va
25,99%. Dang hat chiém ty 1€ nho nhét véi 4,14%. Tuong tu, MPs trong cidc mau nudc
bién v&i dang manh va soi chiém da s6 véi ty 18 1an luot 72,20% va 24,63% Hinh 3 .4a.
Trong khi d6, & cic mau trAm tich dang manh chiém 82,41% va soi 10,55% (Hinh 3.4b
va c).

So sanh v6i két qua vé dang manh ctia MPs chiém ty 18 16n trong vem xanh ciing
duoc bdo cdo trong mot ) nghién ctru tai Thai Lan, MPs dang manh chiém 75,4 % va
dang soi chiém 24,6% [156], tai Giao Thiy, Viét Nam, MPs dang manh chiém hon 60%
[95]. Ngoai ra mot s6 nghién ctru & cac loai hai manh khac cho két qua MPs dang manh
cling kha cao nhu tai tai Brunei (74,9%) [170], tai Dai Loan (66,56%) [73] va tai Han
Qudc cho két qua MPs dang manh chiém t&i 76% va 24% con lai 1a dang soi [154].
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Hinh 3.4. Phan b hinh dang MPs tich tu trong vem xanh (a), nuéc bién (b) va tram tich (c)
Két qua nghién ciru thé hién MPs danh manh xuét hién nhiéu co thé 1a do bat
ngudn tir sy phan hity ctia cac manh nhya 16n hon, chang han nhu vat liéu dong goi, chai
nhua, gidy goi va chit thai nhua 16n khac. Nhirng manh v& ndy c6 thé phan tan qua moi
truong nudc va di vao co thé sinh vat [128][171]. Nhu vay, c6 thé nhan dinh MPs tich

tu trong co thé vem xanh thong qua thuc an duoc loc trong nudc bién, diéu nay giai
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thich tai sao dang MPs nay chiém ty 1 cao nhét trong co thé vem xanh.

Mit khac, MPs dang soi 14 hinh dang chinh duoc tim thay trong cac nghién ciru
khac, véi ty 16 dao dong khoang 90% [97][171]. Soi tong hop c6 ngudn gdc tir qué trinh
san xuat, giit tdy va ldo hoa tu nhién ctia hang dét may va khong thé loai bé hoan toan
bang cac nha may xt 1y nudc thai. Tir cdc hoat dong nudi trong thiy san, MPs c6 thé
duoc tao ra tur ludi, day thung hodc ludi danh ca... [150]

Céc két qua quang hoc vé hinh dang ctia MPs duoc chup bang kinh hién vi soi
n6i va p-FTIR trong vem xanh, nudc bién va tram tich duoc thé hién trong Hinh 3.5 vé

hinh dang ctia cdc mau MPs thu dugc trong nghién ctru nay.

Hinh 3.5. Hinh anh vé hinh dang ctia MPs dugc chup bang kinh hién vi soi ndi (a) va
u-FTIR (b) tich tu trong vem xanh

Cac két qua nghién ctru da chi ra, dang manh 1a loai MPs chiém ty 18 cao trong
cac loai dong vat hai manh vo, voi ty 18 phd bién tir 67% dén 79% trong cac nghién ctru
trén toan thé gidi [71][73] va trong mdi trudng nude va tram tich, manh v& duge phat
hién 14 hinh dang chiém wu thé nhu két qua nghién ctru cua Gedik et al., véi ty 1¢ 1an
luot 14 70,5 va 57,6% [160]. Ty 1¢ manh v& cao hon rét co thé 1a két qua cia qua trinh
phan hay hodc mai mon va/hodc phong hoa cia cac san pham nhwa 16n hon. Nhiing
manh v& nay dugc van chuyén trén mot khoang cach dai do chuyén dong ciia nudc.
[148]. Kich thudc ciia MPs 1a mot trong nhitng théng sd dé danh gia sy phan manh,

phong héa va phat tan vao mai trudng, tir d6 di vao chudi thire in ctia hé sinh thai.
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Thong qua nhing phat hién vé kich thudc cé thé danh gia duge cua cic sinh vat
trong chudi thire dn thudng mac phai va kich thude ctia MPs trong nghién ctru ndy ciing
duoc danh gia, két qua xac dinh MPs tich ty trong cidc mau vem xanh & nghién ctru nay
c6 kich thudce trung binh 1a 119,72 £ 171,93 um, dao dong tur 19,40 dén 2.377,8 pum.
Tuong ti, MPs trong cic mau nudc bién c6 kich thude dao dong tir 22,5 dén 795,1 um
va trung binh 1a 116,99 + 110,76 pm. Trong khi d6, & cac mau trim tich MPs c6 kich
thudc dao dong tur 22,3 dén 1.032,3 um va trung binh 1a 97,61 £ 89,74 pm. MPs thudc
nhém kich thudc 0 - 50 pm va 51 - 150 pm chiém ty 18 cao trong ca vem xanh va mdi
truong, voi ty 18 phan bd 1an luot 14 34,17% va 45,62% trong mau vem; 29,65% va
43,20% trong mau nuée bién va 40,22% va 39,40% trong mau trAm tich ven bién. Phan

b kich thudc chi tiét va ty 1¢ ciia cac MPs trong nghién ctru ndy duoc thé hién trong

Hinh 3.6.
50%
et 0,1035x + 0,5106
2 40% - R?2=10,7412
=
g 35% 1 y =-0,1176x + 0,5527
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=
2 25% 1
EZO% | y =-0,0975x + 0,4925
=~ R2=0,7443
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Hinh 3.6. Phan bd kich thude ciia MPs tich tu trong vem, nudc bién va trAm tich
Két qua nghién ciru cua luan an co kich thuéc MPs nhé hon so véi kich thude
MPs tich tu trong bon loai hai manh vé tir Thanh Pao (Trung Qudc) c6 ¢o gia tri trung
binh 1 1.145 pm [136] va két qua nghién ctru khac ciing dugc thuc hién ¢ Trung Qudc
cho két qua kich thudc ctia MPs trong trim tich dao dong tir 345 dén 4.998 pum, trung
binh 13 1.830 pm, kich thudc MPs tich tu trong mau hai manh vé tir 74 - 2000 pm [150].
Sy khéc biét trong xu hudng phan bd kich thudc nhya c6 thé duoc giai thich bang dong

lyc moi truong.
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Kich thudc va hinh thai cia MPs kha gidng nhau giita nhitng MPs duoc thu thap
trong vem xanh va trong nudc ma ching sinh song. Cac nghién ciru thé hién mbi lién hé
chdt ché gitra mdt s6 dic diém MPs (hinh dang, kich thudc, mau sic va loai polyme) co
ngudn goc tir hoat dong ctia con ngudi trong cac mau nudc va & mot sd loai hai manh
v6 [125]. Mot diém can luu ¥ 13 cac chat 6 nhiém hitu co thudng duge hap thy hiéu qua
hon trén cac MPs nho hon so véi cac MPs 16n hon, do d6 cac MPs nho hon ¢6 kha nang
hap thu va giai phong cac chit 6 nhiém hiru co cao hon cac MPs 16n hon [125].

Nhin chung, mat d0 MPs ¢6 xu hudng cao hon ¢ cac kich thudc nho (<150 pm)
trong ca mau vem, nudc bién va trAm tich véi hé sb myén tinh R? 14 0,7412; 0,9092 va
0,7443. Xu huéng nay ciing di duoc thé hién trong nghién ciru vé 4 loai dong vat hai
manh vo & Trung Qudc [136]. Két qua thé hién tai Hinh 3.6 twong dong v&i nghién ciru
ctia Dowarah va cs., trong vem xanh véi ty 16 MPs nho hon 100 um (77,42%) chiém da
s0 [78] va voi cac nghién ciru vé MPs trong vem xanh gan déy tai Giao Thity, Nam Dinh
va Quy Nhon, Binh Dinh va Hué, MPs c6 kich thude nho < 1000 um va 1000-2000 pm,
1an luot chiém 74,15 dén 82,32% va 9,76 dén 14,71% [95].

Mit khac, kich thuéc ciia MPs dugc tim thay trong nghién ciru ndy nho hon dang
ké so véi két qua nghién ciru & Tho Nhi Ky véi chiéu dai MPs tich tu trong nudc trung
binh 14 1.116 = 1.175 pm va 1.517 £ 1.362 pum, tham chi cac MPs c6 chiéu dai 1én téi
4.990 pm [160]. Nguoc lai véi nghién ciru nay, MPs trong mau nudc va cat tai tinh
Rayong, Thai Lan v6i kich thudc tir 100 dén 500 um voi ty 1€ lan luot 12 46% va 58%,
MPs nhé hon 100 pm chi chiém 0,27 dén 4,2% [129]. Cac MPs kich thudc nho c6 ngudn
gdc tir sy phan manh cta cac manh 16n hon, chang han nhu MPs kich thuéc nhé hon 1
mm c6 thé 13 két qua cta su phan huy cua cac MPs ¢& 16n (1-5 mm) do cac qué trinh
vat ly, hoa hoc va sinh hoc [172]. Mot nguyén nhan khac 1a do su hép thu tia cuc tim
clia nudc bién va nhiét d6 twong ddi thap c6 xu hudng phan hity nhya tir tir thanh cac
manh nhé hon [173]. Cac MPs nho hon c6 nhiéu kha ning tich tu trong tram tich 16n
hon, trong khi cac MPs 16n d& dang bi cudn troi qua cac 18 cat [128].

Khi két qua nghién ctru MPs tich ty trong vem xanh, nuéc bién va tram tich ciia
luan an so sanh véi két qua nghién ciru cling voi nhém tac gia Manh va cs., dd xac dinh
duoc hinh dang va kich thuéc MPs trong hau Thai Binh Duong (Crassostrea gigas)
duoc nuodi & Vinh Pa Nang, Viét Nam c6 3 dang chinh 1a manh, s¢i va hat twong tng
voi 73,71; 1an luot 13 25,84 va 0,45% [158], kich thudc MPs dao dong tir 22,4 - 1.318,8
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um, pho bién nhat 1a kich thudc dudi 100 pm, chiém 77,30% [125]. Tuong tu, két qua
nghién ctru hau tai mudi séu tinh ven bién trén khap Viét Nam trong d6 c¢6 Quang Ninh
cho két qua MPs dang manh (62,40%), soi (37,10%) va hat (0,50%) va kich thudc cua
tat ca cac MPs c6 trong mau hau thay d6i tir 20 dén 998 wm, véi kich thuéc trung binh
1a 112,04 = 124,72 pm [158], va két qua nghién ciru hinh dang va kich thudc cia MPs
trong cat bai bién gan mot nha may loc dau & bo bién mién Trung Viét Nam tai 11 dia
diém 1y mau da chi ra dang soi chiém ty 18 16n nhat trong cac miu vé6i 57,11%, phan
con lai dugce phan loai 1a dang manh, véi kich thude trung binh cia MPs 1a 83,1 = 74,3
um, trong d6 kich thudc nhé hon 50 um chiém da s6 (41,84%) [128], kich thudc MPs
tich tu trong trAm tich thu duoc tai 3 bai bién ¢ Pa Ning 1a Son Thay, My Khé va T20
dao dong tur 22,7- 1.272,6 um véi gia tri trung binh 1a 113,9 £ 152,8 um, MPs c6 kich
thudc nhd hon 150 pum chiém ty 1€ 16n nhat: 87,96% & T20, 77,83% & Son Thuy va
65,91% & My Khé [127]. Ngoai ra, két qua nghién ctru hinh dang MPs trong cic miu
cat bién va nudc mit tai bai bién Lé Thuy, tinh Quang Ngai da xac dinh dugc kich thude
MPs trung binh 1a 150,90 + 1.50,07 um, dao dong tuir 22,5 dén 838,9 {Im trong cac mau
nuéc bién, & cac mau cat bai bién kich thuéc MPs dao dong tir 22,5 - 539,3 pm, trung
binh 1a 84,68 + 78,96 um, trong d6 MPs thugc nhom kich thuée 0 - 50 um va 51 - 100
um chiém da s6 & tit ca cac mau voi ty 18 phan bd 1an luot 1a 28,75 va 23,75% trong
mau nudc bién; 41,56 va 31,82% trong mau cat bién va MPs dang manh chiém da s6
trong ca mau nudc bién va cat bién voi ty 18 1an luot 14 57,50 va 92,86% [159]. Cac két
qua vé hinh dang va kich thuéc MPs trong vem xanh, nudc bién va tram tich bai bién
ving ven bién Quang Ninh cua ludn an thu dugc gia tri gan gidng véi cac ddi tuong mau
liy tai ven bién thanh phd Pa Ning.

Ngoai ra, cAn phai dé cap rang hau hét MPs dugc phat hién trong nghién ciru nay
déu nho hon 1000 pm. Két qua nay ching minh sy cai thién vé do phan giai va do tin
cdy cua phan tich MPs trong vem xanh, nudc bién va trdm tich. Diéu nay ciing 1am co
s& gop phan nang cao do tin cy cta s6 lidu da phan tich vé kich thuéc MPs trong vem
va mdi truong ven bién Quang Ninh.

3.1.3. Xdc dinh thanh phéin héa hoc (polymer) ciia MPs

Két qua danh gia MPs duoc phan tich bang kinh hién vi hong ngoai Nicolet

iNIOMX. Pa xac dinh dugc 16 loai polymer cua MPs trong co thé vem va 11 loai

polymer cia MPs trong mdi truong nudc bién va tram tich tai khu vue nghién ctru, trong
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d6 PET chiém ty 18 cao nhét v&i 53,13% trong vem, tiép theo 1a PA va PE 1an luot chiém
15,35% va 7,51% (Hinh 3.7).

Tuong tu, két qua nghién ctru trong moi trudng ciing cho két qua PET 1a thanh
phan duogc tim thiy chira phan 16n trong sb cac loai polymer dugc tim thiy va chiém
58,44% trong nudc bién, 49,93% trong tram tich. Ty 18 c6 mit tiép dén 1a PA va PTFE
chiém 12,62% va 10,75% trong nudc bién, chiém 8,59% va 16,54% trong tram tich,
toan bo s6 lidu thu dugc trong ndi dung nghién ciru ndy dugc thé hién trong Hinh 3.8 (a
va b). Pay 1a nhiing polymer duoc san xuét trong cac san pham nhya phd bién trong
hang tiéu dung hang ngay va vat liéu nhya cong nghiép. Vi du, PET dugc dung dé san
xuat chai nu6c; PA trong nguyén lidu lam tai xach, dong goi dd noi that; PE 1a nguyén
liéu dé san xuét quﬁn 40, v6 nhua cta cac thiét bi dién tir, vo xe; PTFE duoc st dung
cho 16p phii chiu nhiét, ma sat thap, duoc st dung trong nhiing thir nhu bé mit chéng

dinh cho chdo rén, bang keo cua thg stra Ong nudc va mang truot nude ....
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Hinh 3.7. Thanh phan polymer ciia MPs trong vem xanh
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Hinh 3.8. Thanh phan polymer tich ty trong nudc bién (a) va tram tich (b)

Bén canh két qua nghién ctru tai ving ven bién Quang Ninh, trong qua trinh thuc
hién luan an, NCS di tham gia nghién ctru ciing nhém tac gia Manh va cs., vé thanh
phan hoéa hoc (polymer) cia MPs trong hau, nudc va tram tich tai cac ving ven bién trén
khap Viét Nam cho két qua nhu sau: Thanh phan MPs tich ty trong hau (Crassostrea
gigas) nudi & Vinh Pa Néang c6 15 loai polyme di duoc phat hién trong d6 nylon 1a loai
polyme c6 nhiéu nhét véi 50,56% [125]. Tuong tu, két qua nghién ciru hau tai mudi sau

tinh ven bién Viét Nam (trong d6 c6 ving ven bién Quang Ninh) cho két qua c6 mudi
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hai loai polymer MP da duoc xéac dinh trong d6 PET va HDPE dugc xac dinh 1a thanh
phan polymer chinh ciia MPs, chiém 1an luot 42,26% va 31,95% tong s MPs [158].
Thanh phén MPs tich tu trong cat bién va nudc mit tai bai bién Lé Thuy, tinh Quang
Ngii vé6i loai polymer chinh 13 PET véi ty 18 1an luot 13 37,50 va 44,16% trong cic mau
nudc bién va cat bién [159] va MPs tich tu trong tram tich tai 3 bai bién ¢ Pa Néng la
Son Thuy, My Khé va T20 cé thanh phan polymer khac nhau, trong d6 3 loai polymer
PTFE, EVOH va PA chiém ty 1& cao [127]. Vi PA va PET la cac polymer c6 ty trong
16n hon so v&i nude bién (PA:1,13-1,41 g/mL; PET: 1.370 - 1.445 g/mL), do d6 chiing
c6 thé lang xubng va co nhiéu kha ning tiép xuc vai cac ¢ thé vem xanh, hau nhiéu hon
so v6i MPs ndi trén bé mit.

Két qua nghién ciru thanh phan polymer ciia MPs tich tu trong mau vem ciia luan
an da dang hon so voi két qua nghién ctru cia Nam va cs., c6 5 loai MPs dugc phat hién
voity 1€ PP (31%) va PE (23%) [94] hay nghién ctiru cua Phaksopaet al., phat hién 6 loai
polymer trong vem xanh trong 6 PET, PP va PA 14 nhiing loai nhya chiém da sb voi ty
1€ twong tng 1a 45%, 40% va 24% [81] va twong duong v6i nghién clru ciia Ding va cs.,
voi 18 polyme dugce xac dinh trong mau dong vat hai manh vo duge nghién ciru, bao
gdm ca vem xanh v&i mdi twong quan gitta cac thanh phan ctia MPs trong vem va moi
truong song cta chung [136].

Vem xanh kiém in béng cach loc cac dong thuc vat phu du trong moéi trudong
nuéc vi vay su da dang vé loai polymer ctia MPs tich tu trong vem xanh c6 mot méi lién
quan chit ch& dén su ton tai cia MPs trong moi truong nudc.

Nhu vay, két qua phan tich xac dinh loai polymer 1a PA pho bién trong vem xanh
c6 thé duoc giai thich 1a do n6 dugc st dung rong rai trong sinh hoat nhu bao goi thic
an, nudi trong thuy san, trong vai, soi quan 4o, san pham khong dét va day thimg. Do vi
tri ctia né gan cac cang tau cong nghiép, nylon ciing c6 thé dén tir chdt mai mon cong
nghiép, chat tiy rira va son 16p phu tir khong khi va nude thai. Con véi PET 1a loai nhya
polyme nhiét nhom phd bién nhat cia polyeste va dugc sir dung trong soi may quan 4o,
hop dung chét long va thuc phém, khuon dac nhya va két hop véi soi thuy tinh san XuAt
nhua k¥ thuat. Pic biét, vem xanh sinh séng ¢ viing ven bién, ching dugc bam trén day
neo tau thuyén, & cic phién da hoic trén cac cong trinh xay dung dudi day bién. Trén
thuc té, vem xanh 14 loai an loc nén c6 kha nang loc cac dong thuc vat phu du hodc cac

chat lo ling tu nhién khac, bao gdm ca MPs trong nudc bién do kich thudc nho bé cia
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chung dé 1am thirc an va diéu nay din dén tich tu bén trong co thé. Do d6, cac loai
polymer ctia MPs dugc xac dinh trong cac loai d6 c6 thé bi anh huéng béi méi truong
nudc xung quanh va cac hoat dong cia con nguoi giéng nhu mot chi thi sinh hoc.
Pho hong ngoai ctia mot s6 polyme (PET (X, Y), EVOH (X, Y) va NYLON (X,
Y)...) dugc do & vem xanh va dugc so sanh trong thu vién bang kinh hién vi p-FTIR

duoc minh hoa trong Hinh 3.9.

Polyechy lome Teraphalate $§%
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Hinh 3.9. So sanh pho hong ngoai cia mot s6 polymer tich ty trong vem xanh do bang
kinh hién vi p-FTIR (a) va co s& dit liéu trong thu vién pho cta kinh hién vi p-FTIR (b)
Néi chung, cac thanh phin MPs duoc xac dinh thuong 1a PP, PE, PET, tir cac
manh chai nhya va bao bi, nhung trong nghién ctru ctia Luén an, chi PE/PP chi chiém

7,30% tong s6 MPs trong vem xanh duoc phat hién. Vé 1y giai cua két qua trén, rat dé
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nhan ra rang do cac loai nhya trén thudng c6 gia tri vé mat kinh té, dé thu gom nén sb
luong giam di. Hon nita PE, PP va PS c6 ty trong nhe hon nuée bién (1,02 g/cm?) nén
dé dang bi dong thuy triéu cudn troi khoi trdm tich ra khu vuc ven bién. Trong khi do,
cac thanh phﬁn polyme con lai gém PET, PA, PTFE, PVA va MUF c¢0 ty trong cao hon
nudc bién nén c6 kha ning tich tu nhiéu hon & bé mit bai bién.

Két qua nghién ctru cac polymer cia MPs thu dugc trong mau nude va tram tich
o thé duoc giai thich boi dac diém cua khu vuc nghién ctru va tac dong cua céc san
pham nhwa duoc ngudi dan va khach du lich sir dung, chang han nhu 6ng hut nhuya, tai
nilon, vo boc thuc phém, cbc nhua, cling nhu tir hoat dong danh bét c4, vat liéu xay dung
va thiét bi dién. Thanh phan MPs duoc tim thiy trong nghién ciru nay cé thé lién quan
dén cac hoat dong ctia con ngudi, twong tu nhu két qua cta nhitng nghién ctu trude day
[128][174].

Két qua nghién ctru thuc dia da xac dinh dugc cac manh vun nhya trén bién ¢6
thé quan sat dugc bao gdm ludi danh c4, chai nhua va gidy goi thuc pham tuong duong
v6i cac nghién ciru khac [173]. Nhitng 1y do chinh dan dén su tich tu rac thai trén bién
bao gdm viéc ngdy cang sir dung nhiéu cac san pham lam tir nhua str dung mot 1an, hoat
dong d6 chat thai khong duoc kiém soat cling nhu van dé quan 1y va tai ché chat thai
khong day di. Ty 1é cao cua cac thanh phan nhya tong hop nhu PET c6 thé duoc giai
thich 14 do chiing dugc st dung phd bién trong cudc séng hang ngay. PET ciing 13 thanh
phan chinh ctia MP duoc tim thiy & bd bién Phuket (33,1 %) [174] va & 16p cat bién
Kuakata (45,5%) [145]. PET la vat liéu lam bao bi thuc phém, chai nudc, soi quﬁn ao,
dd dién tu, vat liéu xay dung va 6 t6 [167]. Ngoai ra, PET con lién quan chat ché dén
cac thiét bi danh ca nhu luéi danh ca vi chung cha yéu duoc 1am tir soi PE va PET.

Hon nita, cac thanh phan polymer con lai ciing ¢ vai trd quan trong trong cic
hoat dong thuc té tai khu vuc nghién ctu. MUF dugc su dung phé bién cho cac tAm
nhua ngoai troi, chat két dinh va van ép. PA dugc timg dung rong rii trong ludi danh ca
va day cap nhd vao do bén cao va kha nang chdng mai mon. Cellophane dugc ding
trong bao bi thyc pham. PTFE dugc st dung trong céac loai quan 4o khong tham nuéc
nhu d6 boi va phao boi. EVOH dugc dung dé boc thuc phim, quan 40 bao ho va 14 thanh
phan chinh cta hop va éng my pham nho vao dic tinh bao quan cta né. PVA dugc sir
dung trong nganh keo dan vai dé san xut cac san pham may mic. Ngoai ra, PA ciing 1a

nguyén liéu cho cac san pham khong dét nhu d6 boi, d6 16t, 4o choang va dugc st dung
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phé bién trong cac san phém phuc vu hoat dong danh bt ca vi ¢6 dd bén cao va kha
ning chiu mai mon tbt [159][128].

3.2. Xac dinh chi s6 tich tu va chi s6 rii ro ciia MPs

3.2.1. Xdc dinh chi sé tich tu MPs trong vem xanh

Khi nghién ctru chi s6 tich tu MPs trong vem xanh, chi s tich Iy sinh hoc (BCR)
va chi sd tich lity sinh hoc - trAm tich (BSAF) cho két qua c6 su tich tu MPs trong co
thé vem tuong d6i cao, cu thé gia tri BCR va BSAF tuong tng 13 1,05 va 10,38.

Gia tri BSAF cao thé hién su hép thu va tich tu MPs cao tir cac co quan cua vem
xanh. Nghién ctru d4 chi ra cac ddu 4n sinh hoc vem xanh c6 tiém ning duoc sir dung
nhu cac ky thuat nhay cam, chinh x4c va nhanh chéng dé danh gia tac dong sinh hoc
ctia cac chat 6 nhiém méi trudng & ving nude ven bién.

Két qua nghién ciru phi hop véi cac két qua nghién ciru trude day, da ching minh
c6 mbi lién quan giira cac chat 6 nhiém (MPs va kim loai) trong nudc va trim tich voi
loai hai manh vo [96][175][176]. Nhu vay, két qua nghién ctru nay da thé hién loai vem
xanh c6 kha nang tich liiy MPs (BCR>1 va BSAF>1). Pic diém song d4y va loc an bang
cach hat nude vao co thé roi tho ra, thirc an dugc gilr lai & cac mang. Thue an ciia vem
xanh 1a sinh vat va cac chat lo limg trong nudc c6 thé 1a nguyén nhén tich ty MPs cua
vem xanh.

3.2.2. Xdc dinh chi sé riii ro ciia MPs

Nghién ciru phét hién chinh xac cac thanh phan polymer cia MPs 14 vo cung
quan trong, c6 thé 1am co s¢ dé danh gia cac nguy co tiém an ctia MPs dbi voi con ngudi
va h¢ sinh thai. Trong nghién ctru nay, ca mat do va thanh phﬁn polymer cia MPs déu
duogc st dung dé danh gia rui ro cia MPs tich tu trong vem xanh, trAm tich va nuéc bién.
Dé danh gia tac hai sinh thai cia MPs, chi s6 doc tinh hoa hoc ctia polymer MPs va chi
s tai lwong 6 nhiém cua MPs di dugc st dung.

Chi s6 tai lwong 6 nhiém MPs trong vem xanh tai 10 vi tri nghién ctru trén ving
ven bién Quan Ninh kh4 cao, PLI dao dong tir 5,23 dén 11,65. Trong d6, vi tri c¢6 chi s6
tai lugng 6 nhiém MPs cao nhét 1a QN4 c6 PLI = 11,56, tiép theo 1a QN5 (10,64), QN8
(10,48), QN9 (10,05) céc vi tri ndy theo tiéu chi mirc do rii ro 6 nhiém MPs duoc chi
dinh 13 cap II tic 1a c6 mirc 6 nhiém khé cao. Con lai cac két qua tai vi tri ¢6 chi s6 PLI
thap hon duoc chi dinh 1a cap d6 I tirc 1a c6 murc 6 nhiém MPs nhe hon bao gom QN2
c6 PLI=9,58, QN1 (8,95), QN3 (8,80), QN10 (7,89), QN6 (7,32) va gia tri thap nhat 13
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vi tri QN7 ¢6 chi s6 PLI = 5,23 (Hinh 3.10).
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Hinh 3.10. Chi s6 rui ro polymer va chi so tai luong 6 nhiém MPs tich tu trong vem xanh

Két qua nghién ctru trong nghién ctru cua ludn an twong duwong véi chi sé PLI
trong nhuyén thé hai manh vo tir Iran c6 tai lugng MPs PLI = 9,6, tiép theo 1a Hy Lap
(9,5), Trung Qudc (6,5), Anh (5,9), An D6 (5,6), Tunisia (5,5), Na Uy (4,9), Phap (3.2),
Thai Lan (3,0) va Birc (3,0). Tai lugng 6 nhiém MPs ¢ hai manh vo tir 12 qudc gia khac
nho hon 3, voi két qua PLI nhu sau: B6 Pao Nha (2,9), Chile (2,8), Han Quéc (2,7),
Viét Nam (2,7), Bi (2,6), Y (2,5), Argentina (2,4), My (2,1), Ha Lan (1,8), Mexico (1,2),
New Zealand (1,0) va Nam Phi (1,0) [70].

Két qua nghién ctru da xac dinh chi sb H tich tu trong vem xanh tai 10 vi tri léiy
mau c6 gia tri tir 19.27 dén 178.55 va trung binh 1a 75,67 £ 55,89. Cuy thé, chi sé rai ro
ctia vem xanh tai cac diém QN1 (178,55), QN2 (106,20) va QN9 (174,17) & mirc nguy
hiém cép III (100 - 1000) va cac diém con lai c¢6 chi sé & muc d6 II (100) (Hinh 3.10).
Theo Lithner va cs., chi s6 H ¢ cAp d6 I1I c¢6 thé gay anh hudng tiéu cuc t6i sirc khoe
con ngudi nhu: Bénh ung thu, doc tinh ddi véi sinh san, doc tinh cap tinh, nguy co hit
tho... va & mirc nguy hiém cép I ¢6 thé gay kich tng dudng ho hép, kich ung da, cay
mat nghiém trong, bong da ning va tén thuong mit.... [17]

Két qua chi sb H trong nghién ciru niy nhuy mt minh chtimg maot 1an nita khang
dinh két qua nghién ctru dong vat hai manh vé cia Manh va cs., tai 16 tinh ven bién Viét
Nam véi chi sé H 13 42,87 dugc phan loai 1a loai nguy co III (10 — 100) [158] va thap
hon két qua nghién ciru trong hai manh vo tai vinh Pa Ning véi chi s6 H dao dong trong
khoang 224 - 467, trung binh 1a 305 & cap III (100) va cap IV (1.000) [125]. Hay két
qua nghién ctru ctia Fang va cs, voi chi s6 H tir MPs ciia ca va dong vat hai manh vo dao

dong tir 3813 - 4478 [146], hoic két qua tir nghién ctru ctia Ding va cs., voi chi sé H &
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mitc nguy hiém tir I1I (100) dén V (1000) [5]. D6 1 bdi vi, mic du mat do MPs tuong
d6i cao va thanh phan polymer ctia MPs da dang nhung chi s6 Sn cuia cic polymer tim
thay khong 16m.

Tuy nhién, ngudn cung cap vem xanh lam thyc pham va mat ¢6 MPs cao 1a nhiing
yéu t6 thiét yéu anh huong dén rui ro phoi nhiém ctia con ngudi thong qua tiéu thy vem
xanh. Lugng MPs hap thy hang nim uéc tinh thong qua tiéu thu dong vat hai manh vo
nam trong khoang 0 - 8.369 MPs/ngudi/nim [70]. Pong vat hai manh vo ndi chung va
vem xanh noi riéng co6 thé dong vai tro 1a phuong tién van chuyén dé mang MPs vao co
thé con nguoi, vi vy can quan tam dén van dé quan Iy san phan nhya va str dung nguyén
liéu nhya dé gép phan giam luong rac thai nhya va MPs thai ra méi truong, nhu vay
mo&i c6 thé giam 6 nhiém MPs trong vem xanh giup giam thiéu cac rii ro sttc khoe giy
ra cho con nguoi.

Két qua chi sb tai luong 6 nhidém cua MPs trong tram tich duoc thé hién tuong

g v6i mat 4o MPs tai timg vi tri 1dy mau (Hinh 3.11).
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Hinh 3.11. Chi s riti ro polymer va chi s6 tai lugng 6 nhiém MPs tich tu trong trim tich

Cu thé, gia tri cao nhét trong cac mau tram tich 1a tai diém QN4 vo61 PLI = 7,03,
tiép theo 14 vi tri QN8 (6,50), QN3 (6,35); QN5 (6,29); QN7 (5,70); QN1 (5,64); QN2
(4,97); QN6 (4,90); QN9 (4,03) va gia tri nho nhat 1 tai diém QN10 voi PLI = 3,32
(Hinh 3.11). Céc gié tri PLI nay chi ra mat d6 MPs trong mAu tram tich bai bién & mirc
nguy hiém I, ttrc 12 6 nhiém nhe. Tinh toan ANOVA mdt chiéu cho két qua cac gia tri
PLI khac nhau dang ké gitta 10 diém lay mau véi gia tri p <0,05.

Két qua trong nghién ciru chi s tai lugng 6 nhiém MPs tich tu trong tram tich cuia
luan 4n tuong tu véi nghién ciru tram tich tai bai bién Kuakata (Bangladesh), trong d6

gia tri PLI cling thé hién su khac biét gitra 8 dia diém léy mau, dao dong tir 1,01 dén
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1,43 [145], va cao hon gia tri trung binh két qua nghién ctru tai Quang Ngai véi PLI =
3,15 [128], hay tai Thai Lan, chi s6 tai luong 6 nhiém MPs & miic thép trong mau cét
bién co gia tri PLI tai 6 bai bién dugc nghién clru nam trong khoang tur 1,42 dén 3,84
[129]. Muc @ 6 nhiém MPs nay ty 1€ thuan véi mat do MPs tai khu vuc nghién ctu.
Nhin chung, gia tri PLI trung binh doc b bién Quang Ninh thu dugc trong nghién ctru
nay 1a 5,47, twong dbi thap hon gié tri trung binh duoc bao cao & An Do (5,58) [177].

Tuy nhién, trong nghién ciru nay chi so rui ro polymer ciia MPs trong tram tich
kha thap, dao dong tir 2,12 - 103,89, trung binh 45,17 £ 33,48 va hau hét c6 chi s6 H &
mirc I va II, c6 hai diém 1a QN4 (103,89) va QN7 (102,80) 1a & muc ITI (Hinh 3.11). Két
quéa nghién ctru trim tich tai ving ven bién Quang Ninh trén thdp hon nghién ciru trim
tich thyc hién tai bai bién Lé Thuy, Quang Ngii c6 chi sé H trung binh 13 256,10, thudc
mirc nguy hiém cap III (100) va cap IV (1000) [128].

Két qua tinh toan chi sb tai lugng 6 nhiém MPs trong cic mau nudc bién rat cao,
¢6 9/10 vi tri & muc IV véi gia tri PLI dao dong tir 32,66 dén 54,16. Cu thé, chi sb tai
luong 6 nhiém MPs vi tri QN7 c6 PLI = 54,16, tiép theo 1a QN2 (48,99), QN8 (45,46),
QN9 (44,72), QN10 (43,97), QNS5 (43,20), QN6 (35,59) QN1(34,64) va QN4 c6 PLI =
32,66. Mot vi tri cho két qua chi s6 tai lugng 6 nhiém MPs ¢ murc 11T 1a QN3 véi PLI =
29,44 (Hinh 3.12).
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Hinh 3.12. Chi s riti ro polymer va chi s tai lugng 6 nhiém MPs tich tu trong nudc bién
Két qua nghién ctru PLI trong nuéc bién ving ven bién Quang Ninh cao hon &
ctra song Truong Giang (18,4) va ving 1an can bién Hoa Pong (Trung Qudc) (20,4)
[101] hay két qua nghién cru 6 nhiém MPs trong nuéc mit Vinh Péng Son (Trung

Quéc) (14,2) [178] va chi sb tai trong 6 nhiém MPs ¢ hd nudc ngot Kumaraswamy (An
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Do) dao dong tir 1,15 dén 1,68 [179]. Gia tri PLI duoc xac dinh bdi sy hién dién cua
MPs trong khu vuc nghién ctru. Nhu da 1ap ludn trude day, mat ¢ MPs phu thudc vao
cac yéu td kinh té xa hoi, bao g@)m méat do dan sb, mic do cong nghiép hoa, 16i séng,
tinh trang phat trién kinh té....

Tuong tu, két qua nghién ctru di xac dinh chi s6 riii ro ciia thanh phan polyme
tai 10 vi tri 14y mAu nuéc bién co chi sé H tai cac dia diém QN3 1a 118,46 tiép theo 1a
QN4 (116,38), QNS5 (140,21) QN6 (100,68), QN7 (220,54), QN9 (162,00) va QN10
(135,44) da vuot qua ngudng muc nguy hiém mirc 111, cac diém con lai c¢6 chi s6 H ¢
mitc @6 II (Hinh 3.12). Theo Lithner va cs., chi sé H ¢ cap do III c6 thé anh hudng tiéu
cuc dén strc khoe con ngudi: Gay ung thu, doc tinh ddi v6i sinh san, doc tinh cap tinh,
nguy co hit thd... va & mirc nguy hiém cép II c6 thé gay kich tmg duong hé hap, kich
mg da, cay mat nghiém trong, bong da ning va tén thuong mat [17].

Két qua phan tich chi sb rai ro thanh phan polyme mau nudc cta nghién ciru ndy
cao hon nghién ctru dugc thuc hién ¢ Vinh Pong Son (Trung Quéc), voichisd H1a 13,7
& mirc nguy hiém loai II [178] hay trong cac mau rimng ngap man mién Nam Trung Qudc
c6 gia tri H <10 (3,0-9,6) [180].

Tuy nhién, diém nguy hiém ciia mot s6 polymer MPs tai cac vi tri nghién ciru 1a
khac nhau do thanh phan polymer khac nhau nén danh gia rui ro chi mang tinh chat tham
khao. Piéu quan trong 1a phai thuc hién quan 1y rac thai nhya va sir dung hiéu qua vat
liéu nhya dé giam thiéu nhya va MPs thai ra méi truong.

3.3. Xac dinh ndng dd cac hop chiat BPA, PAEs va PBDE:s tich tu trong vem xanh
va tram tich
3.3.1. Xdc dinh nong dp BPA tich tu trong vem xanh va tram tich

C6 thé thay trong két qua nghién ctru, hau hét cac BPA déu duoc phat hién trong
cac mo thit cua vem xanh va tram tich léy tai khu vuc nghién cuu. Néng dd phat hién
ctiia cidc BPA nghién ctru trong cdc mau vem xanh va tram tich tai 10 vi trf trén vung ven
bién Quang Ninh duoc trinh bay tai Bang 3.3.

Bang 3.3. Nong do BPA tich tu trong vem xanh va trAm tich

Nong do BPA (ng/kg)
Vi tri Vem xanh Tram tich
(n=3; w.w) (n=3;d.w)

QNI 224,24 + 25,36 0,03 +£0,00
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Nong do BPA (ng/kg)
Vi tri Vem xanh Tram tich
(n=3; w.w) (n=3; d.w)
QN2 1.640,37 + 42,67 0,03 + 0,00
QN3 670,90 + 21,86 1,79 £ 0,16
QN4 125,32 + 21,59 1,16 £0,11
QNS 64,76 £ 10,49 0,56 £ 0,21
QN6 29,13+ 7,14 0,23 £0,09
QN7 99,19 £9,45 0,03 + 0,00
QNS 344,84 + 43,49 0,59 +0,12
QNI 675,30 49,20 0,03 + 0,00
QNI10 195,77 + 18,53 0,48 £0,15
Trung binh 406,98 £ 492,02 0,23 +£1,79

Nhin chung, néng d6 BPA tich tu trong cac miu vem xanh tai 10 dia diém ven

bién Quang Ninh dao dong tir 29,13 dén 1640,37 pg/kg w.w, trung binh 1a 406,98 +

492,02 pg/kg w.w. Nong d6 BPA cao nhét trong vem xanh dugc tim thiy ¢ ving bién
Tra Cb (QN2; 1.640,37 + 42,67 pg/kg w.w), Van Ninh (QN3; 670,90 + 21,86 pg/kg
w.w) va Bai Chay (QN9; 675,30 + 49,20 ng/kg w.w) duoc thé hién trén Hinh 3.13.
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Hinh 3.13. Nong d6 BPA tich ty trong vem xanh va trAm tich viing bién Quang Ninh

Trong cic mau tram tich ven bién, BPA ¢6 néng d6 dao dong tir 0,03 dén 1,79

ng/kg d.w véi gia tri trung binh 12 0,23 £ 1,79 pg/kg d.w. Cac mau trim tich c6 ndng do
BPA cao dang luu y dugc ghi nhan tai vung bién Van Ninh (QN3; 1,79 £ 0,16 pg/kg
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d.w), C6 T6 (QN4; 1,16 + 0,11 pg/kg d.w) va Giéng Pay (QNS; 0,59 + 0,12 pg/kg d.w).
Véi cac dic diém chung ciia cac ving bién nay 1 c¢6 hoat dong dénh bat, nudi trong thuy
san phat trién, dic biét vung bién Tra C6 va Van Ninh tiép nhan dong chay phia Bic va
1a ving cira song Ka Long c6 thé 13 nguyén nhan khién su tich tu BPAs cao trong vem
xanh va tram tich. Két qua tinh toan twong quan di thé hién c6 méi twong quan gitta
néng dé BPA trong vem xanh va mau trim tich (a=-0,0001, R2=0,0087; r=-0,0931)
trén toan khu vuc nghién ctru (Hinh 3.14).
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Hinh 3.14. Mbi tuong quan tuyén tinh giita BPA tich ty trong vem xanh va tram tich

Phat hi¢n nay da chi ra du lugng BPA trong sinh vat va méi truong la ddng quan
tam, cac s lidu thu dugc tir nghién ctru nay rat co y nghia vé mit khoa hoc va thyc tién.
Trén thuc té BPA 13 hop chét hiru co tong hop c6 cong thirc hda hoc (CH3)2C(CsH4sOH),
thudc nhém cac din xuadt cia diphenylmethane va bisphenol, chira hai nhom
hydroxyphenyl. Pay 1a mot cht ran khong mau, hoa tan trong dung méi hitru co, nhung
it tan trong nuGe. Tuy nhién céc gia tri thu dugc trén mau tram tich va sinh vt tai Bang
3.3 da chting minh hop chét nay di ton tai va tich tu trong méi trudng tai khu vire nghién
cuu. Vem xanh 1a loai séng ¢ dinh, bAm vao cac vat lo lung trong nudc, cac loai con
lai sdng & tang day. Vi vdy, qua trinh trao doi chat cia vem xanh trong moi truong nude
dién ra lién tuc, cho phép vem xanh tr¢ thanh mot chi thi hiru ich dé danh gia o nhiém
moi trudng bién.

Tir két qua nghién ctru da xac dinh duoc ndng 6 BPA tich tu trong cac mau vem
xanh tai viing ven bién Quang Ninh cao hon nhiéu so véi cc ving ven bién dugc cong
b trudc ddy nhu duoc chi ra trong Bang 3.4. Cac két qua nghién ctru mot s6 loai dong

vat hai manh vo trén thé gidi da xac dinh néng dd BPA trung binh ¢ khu vuc Vinh Algoa
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& Nam Phi 1 150 pg/kg d.w [180], hay & bd bién phia dong ctia Vinh Thai Lan cho két
qua nong do BPA tir 15,3 - 109,97 pg/kg [181]. Nong do BPA cao hon dugc tim thiy ¢
ving bién Pai Lién va Tham Quyén tir 82,9 = 3,03 dén 315,6 = 6,50 pg/kg [182]. Trong
khi @6 néng do BPA trong mau vem xanh tai vi tri QN2 di duoc ghi nhan 1én t&i 164,037

ng/kg w.w, gia tri ndy gan twong dwong véi khu vuc Vinh Algoa ctia Nam Phi [180].

Bang 3.4. Nong do BPA tich tu trong dong vat hai manh vo tai cac ving bién [183]

Vi tri ldy miu Loai dong vat hai

Phuwong phip Néng do BPA

manh vo phan tich (ng/kg w.w)
Vinh Naples, Italy Mytilus HPLC-FL 50 - 100
galloprovincialis
Vinh Gdansk, Ba Lan Mpytilus edulis HPLC-FL 6,8 -197,2
trossulus
Bién Slovenia, Slovenia ~ Mytilus HPLC-FL 0,03 - 0,55
galloprovincialis
Vinh Biscay, Tay Ban Nha Mytilus LC-MS/MS 33-714
galloprovincialis
Pong bang Ebro, Tdy Ban Cerastoderma UHPLC- 4277,40
Nha edule HRMS
Bén du thuyén ho Mead, Dreissena LC-MS/MS 47
Nevada bugensis
Tinh Hormozgan, Iran Saccostrea sp HPLC-UV 340,16
Rung ngdp man, Singapore Perna viridis LC-MS/MS 0,4 - 63
Vinh Thai Lan Perna viridis HPLC-UV 15,3 -109,97
Ving bién Pai Lién, Thanh Mytilus edulis, GC-MS 19,6-437,2
bao, Thugng Hai, San Perna viridis
Dau, Tham Quyén, Trung
Qubc
Bién Bot Hai, Trung Qudc Nev, Rap, Mya, LC-MS/MS nd-200
Cyc, Chl, Sca,
Mer, Myt, Ost,
Amu, and Mac
Bo bién tinh Hormozgan & 7 loai 2 mdanh vo GC-MS 340,16
ving bién Bic Vinh Ba Tu
Trong nghién ciru nay Perna viridis GC-MS 29,13 -1640,37
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Két qua nghién ctru vé ndng d6 BPA trong tram tich tai cac diém lay mau ven
bién Quang Ninh tuong dwong voi két qua nghién ctru tai Bic Vinh Ba Tu, véi ndng d6
BPA trong cic mau tram tich c6 gia tri dao dong trung binh 1a 7.870,4 pg/kg [184]. Tuy
nhién, néng do BPA tich tu trong tram tich tai vung ven bién Quang Ninh thép hon nhiéu
s0 v6i nong do BPA trong tram tich bién dugc 14y mau tir Vinh Kastela (Croatia) dao
dong tir 1,05 - 46,31 pg/kg [14], hay tai ddm pha ving dong bang song Po c6 néng do
BPA trung binh 1a 18,64 + 9,30 pg/kg [56] va nong d6 BPA trong cac miu tram tich
dugc thu thap & ving ven bién cua Vinh Gdansk (Nam Bién Baltic) ndm trong khoang
tir 0,08 dén 26,39 pg/kg [57].

Két qua nghién ciru cia nhom tac gia Kwon va cs., d3 xac dinh BPA gay ra moi
de doa nghiém trong vé mdi trudng trim tich bai bién va sirc khoe [185]. Tai 26 dia
diém ¢ 19 qudc gia, nong do BPA trong cat bii bién dao dong tir 22 dén 215,133 pg/kg,
trung binh 13 4,247 + 12,839 ug/kg [185]. Su hién dién cia BPA trong mdi trudng trim
tich da thé hién nguy co tiém an vé sy tich tu chat hiru co doc hai nay véi MPs. Mot
nghién ctru khac vé mure d0 tich tu BPA trong mau MPs duoc thu mau tai 11 bai bién &
Hdéng Kong, cho cac két qua ndong do BPA trung binh dao dong tir 0,082 - 0,0989 pg/kg
MPs, véi gia tri cao nhat 1én t&i 4,961 pg/kg [185].

Tir két qua thu duoc trong nghién ctru ctia luan an d chi ra sy hién dién ctia BPA
trong cic mau vem xanh va tram tich ven bién c6 thé xuét phat tir ngudn goc cua cac
hoat dong san xudt va trong rac thai nhya da phat tin ra ngoai méi truong. Vi thong
thudng BPA dugc st dung trong qua trinh san xuat nhya nhu mét phu gia dé dinh hinh
va tao do cting cho céac san phém nhya, diéu nay dugc chirng minh qua két qua nghién
clru clia mot sb tac gia da xac dinh MPs c6 thé hap phu va giai hap BPA trong mbi
truong thong qua 12 loai MPs da duoc kiém chimg [186]. Cac nghién ciru da dé cap t6i
BPA rit chi tiét va diy du nhu 1a mot hoa chat tong hop duoc sir dung trong nhiéu san
pham khac nhau, bao gdbm nhua va nhwa epoxy.

BPA c6 thé xAm nhap vao méi truong thong qua nudc thai cong nghiép va do thi,
cling nhu tir cic manh vyn nhya xuat phét tir chét thai. Trong tram tich, BPA c6 thé gay
ra riii ro vé sic khoe va moi truong, c6 kha ning anh hudng dén sy ting trudng, phat
trién va sinh san ctia cac sinh vat dudi nuée va trén can. BPA chu yéu dugc st dung lam
monome cho nhya polycarbonate va nhua epoxy.

BPA ciing c6 thé duoc sir dung lam chat chéng 6xy hoa hodc chat lam déo, dé
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tang cuong do dan hoi, do trong subt va do bén cua mot sb san phém nhua [186][187].
Céc chat phu gia nay khong lién két hoa hoc véi polymer va do d6 dugc giai phong theo
thoi gian trong suét vong doi ciia nhya [185]. Nhiéu chét phy gia bao gdm BPA di duoc
cong nhan 13 nguy hiém theo cong bd cua Lithner va cs.,[17]. Diéu ddng cha y 1a BPA
khong chi 1 chat giy 6 nhiém moi truong trong hé sinh thai ma con 1a chét gay rdi loan
ndi tiét, co lién quan dén rdi loan chirc nang sinh san, cung cac tdc dong khac ddi véi
bénh tim mach va ung thu [185][186].

Tir két qua nghién ctru thong qua tai liéu tham khao cua cic nhom tac gia G.
Kwon; X. Liu; S. Lo va cic cs., [185] [186][187] thé hién ndng d6 BPA trong sinh vat
va mau trim tich tai khu vuc ven bién Quang Ninh nhiéu kha ning c6 ngudn gbc tir hoat
dong san xudt, sinh hoat hodc tir chét thai nhya.

Nong d6 BPA dugc tim thay trong mau vem xanh tai mudi vi tri trong nghién
ctru cta luan 4n nay déu phu hop véi mic do duge bio cdo trude dé trong cac nghién
ctru duoc tong hop trong Bang 3.4. Su tich tu va phan hily cia cac manh vun nhuya ciing
c6 thé 1a mot dau vao chinh khac cia BPA trong dai duong. Tuy nhién, diéu ndy ciing
c6 thé phu thudc vao mot sd yéu t6 nhur tinh chat hoa 1y ciia chat phy gia va méi truong
xung quanh, kich thuéc 16 polymer va kich thuéc phan tir ctia chat phu gia [186].

Vén dé giam sat BPA trong tram tich rat quan trong dé danh gia tic dong tiém
tang ctia n6 d6i voi sinh vat bién va sirc khoe con ngudi. Cac két qua nghién ciru trén
da chi ra rang BPA c6 thé dugc tim thiy trong cac mau trdm tich, véi ndng do khac
nhau tiy thudc vao vi tri va diéu kién méi truong. Nhu vay, diéu quan trong 1a phai
tiép tuc theo ddi va nghién ciru BPA trong trim tich dé hiéu rd hon vé sy phan bd trong
moi trudong va sau hon la cac tac dong tiém an ctia nd. Néu thuc hién dugce nhu vay co
thé giup cung cip thong tin gitip cho cac nghién ctru sdu va rong hon ¢ thé hd tro cho
co quan quan 1y xay dung cac vin ban phap quy dé bao vé hé sinh thai va stc khoe
cong dong.

3.3.2. Xdc dinh nong dp PAEs tich tu trong vem xanh va tram tich

Két qua nghién ctru vé khao sat ndng dd PAEs tich tu trong vem xanh va trim
tich tai 10 vi tri 14y mau trong nghién ctru nay dugc tong hop trong Bang 3.5.

Tir két qua nghién ciru cia luan an d chi ra rang tai cac vi tri mau lay ca vem
xanh va trAm tich déu xuét hién PAEs véi ndng d6 theo cac muc khac nhau, dic biét

c6 nhirng mau rat cao.



92

Bang 3.5. Nong do Y 13PAEs tich ty trong vem xanh va tram tich

Nong do (ng/kg)

Vi tri Vem xanh Tram tich

(n=3; w.w) (n=3;d.w)
QN1 276,64 + 20,92 162,05+ 7,10
QN2 1.277,05 £ 21,96 150,59 + 15,47

QN3 661,98 £ 67,29 84,44 + 6,31

QN4 35,74 £ 4,29 73,99 + 7,68

QNS5 173,74 £ 13,43 47,16 £ 8,61
QN6 1.747,16 + 58,66 97,38 +£24,56
QN7 64,74 + 13,05 295,48 + 22,48
QNS 97,81 = 11,51 84,28 + 11,92
QNI 827,70 £ 86,60 215,05 + 53,80
QNI10 76,70 = 16,60 232,82 +£29,90
Trung binh 523,93 £ 595,29 144,32 + 81,53

Ngoai ra, két qua nghién ctru vé khao sat ndng d6 PAEs tich tu trong vem xanh
va trAm tich d4 dugc thé hién trong biéu d6 tai Hinh 3.15 chi ra rang hau hét moi PAEs

duoc chon déu c6 mat & moi dia diém lay mau vem xanh va tram tich.
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Hinh 3.15. Nong d6 PAEs tich tu trong vem xanh va tram tich viing bién Quang Ninh
Két qua trong Bang 3.5 va mo ta tai Hinh 3.15 da thé hién rang hau hét cac PAEs

duoc chon déu co6 trong moi vi tri lay mau vem xanh va tram tich, tuy nhién khong co
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su tuong dong gitra mau trim tich va vem xanh. Su khong twong dong nay cé thé giai
thich thong qua cac con duong phat tan 6 nhiém va tich tu c6 sy khac nhau. Trong do,
n6ng do hop chat Y 13PAEs dugc phat hién trong mau vem xanh dao dong tir 35,74 -
1.747,16 pg/kg w.w va v6i mirc trung binh 1a 523,93 + 595,29 ug/kg w.w. Nong do
S 13PAEs trong tram tich dao dong tir 47,16 - 295,48 pg/kg d.w, trung binh 1a 144,32 +
81,53 ng/kg d.w.

Két qua nghién clru cac mau vem xanh da chi ra vi tri bi phoi nhiém PAEs cao
nhat 12 viing bién Ha Long, huyén Van Pdn (QN6) c6 nong do 1.747,16 + 58,66 ng/kg
w.w, tiép theo 1a vi tri QN2 (1.277,05 £ 21,96 pg/kg w.w), QN9 (827,70 + 86,60 ng/kg
w.w), QN3 (661,98 + 67,29 pg/kg w.w) va QN1 c6 ndong do ¥ 13PAEs 13 276,64 nug/kg
w.w. Tuy nhién, PAEs tich ty trong tram tich c6 nong do cao nhat xdy ra & ving bién
Cai Rong, huyén Van Pon (QN7) 13 295,48 + 22,48 pg/kg d.w va tiép theo 1a cac vi tri
QN10 1a 232,82 + 29,90 pg/kg d.w, QN9 (215,05 + 53,80 pg/kg d.w), QN1 (162,05 +
7,10 pg/kg d.w) va QN2 c6 gia tri nong d6 PAEs 1a 150,59 + 15,47 pg/kg d.w.

Két qua tinh toan twong quan da thé hién c6 mdi twong quan thip giita nong do
PAEs trong vem xanh va trAm tich (a= 14,751, R* = 0,3039; r = -0,1349) tai cac vi tri

ldy mau va duoc chi ra trong Hinh 3.16.

o 350
=4
2 300 - R
<
S
= 250
E y = 14,751x + 42,696 R
b=} — )
5200 R2=0,3039
=]
=
~ 150
2
[aW)
< 100 |
Lo}
en
S50
Z
0 o T T T T T ]
0 2 4 6 8 10 12
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Hinh 3.16. Mbi tuong quan tuyén tinh gitta PAEs tich tu trong vem xanh va tram tich
Nong d6 PAEs c6 thit tu tir cao toi thap duoc sap xép theo vi tri dia 1y cac diém
mau lay tai QN1, QN2, QN3 va QN9 do céc vi tri nay nam trong dong hai luu tir Trung
Qudc va cac con song 1on chay ra tir dat lién. Nhitng khu vuc nay bi anh hudng tryc tiép
boi hanh dong xa nudce thai tu d4t 1ién hodc cac hoat dong cua dan cu va du lich. Ngoai
ra, sy khac biét vé nong do PAEs giita tram tich va vem xanh c6 thé 1a do thoi quen an

loc cua vem xanh khién nudce bi 6 nhiém PAEs xuat hi¢n trong cdc mo ctia chung va do
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do duoc tich tu.

Két qua nghién ciru da chi ra ndm trong muoi ba ciu tir cia PAEs phén tich duoc
phat hién véi tan suat 5 - 34% trong cic miu vem xanh va trong trim tich c6 tam trong
mudi ba cdu tir cia PAEs phat hién tur 5 - 28%, néng dd cta cac ciu tir duge trinh bay
chi tiét tai Bang 3.6. Cu thé, néng dd cac céu tu tich tu nhiéu nhat trong vem xanh Ia
BMPP (34%), DnHP (33%) va DEHP (10%), tuy nhién cic cdu tir chiém nhiéu nhat
trong tram tich 1a DnHP (28%), DMEP (21%) va DEHP (12%). Trong khi d6, BEEP va
DCP khéng dugc tim thiy trong bat ky mau vem xanh va tram tich nio. Diéu nay c6 thé
do dic tinh cua diéu kién méi truong tai khu vuc khao sat, mic du thuc té BBP 1a mot
trong nhimng phthalate duoc sir dung rong rdi nhat nhung sy hién dién cia n6 trong moi
truong bién 1a rat it [188].

Bdng 3.6. Nong do cac cu tir cia PAEs tich tu trong vem xanh va tram tich

Vem xanh Tram tich
R A N . Khoang gia tri N R Khoang gia
Tén chat Nong do N . Nong do . R
(ng/kg w.w) nong do (ng/kg d.w) trinong do
(ng/kg w.w) (ng/kg d.w)
DMP 42,38 + 46,40 2,36 - 171,40 14,75 £ 21,07 2,79 - 64,33
DEP 25,27 +£21,23 3,31 - 80,73 11,31 £12,48 2,82 -4292
DiDP 6,18 + 8,82 0,03 - 27,64 8,35+3,98 2,31-16,30
DBP 6,95+ 15,11 0,03- 51,38 7,57 + 3,04 1,46 - 12,15
DMEP 10,00 = 25,42 0,03 - 85,09 30,85 + 37,11 3,09-128,28
BMPP 180,69 = 279,67 0,03 - 859,82 0,03 + 0,00 0,03 + 0,00
DPP 2,88 +£4,70 0,03 - 13,82 0,03 + 0,00 0,03 + 0,00
DnHP 172,87 475,36 0,03 - 1597,93 45,32 +£43,19 1,68-117,99
BBP 10,08 = 22,02 0,03 - 73,04 11,61 £6,46 3,95-22,13
BEP 0,61 + 1,82 0,03 - 6,06 0,03 + 0,00 0,03 + 0,00
DEHP 6,87 + 18,66 0,03 - 62,58 17,95 + 18,85 0,67-55,78
DNOP 50,27 £ 56,11 0,03 - 124,26 0,03 + 0,00 0,03 + 0,00
DINP 8,91 £8,05 0,03 - 21,74 1,29 £ 0,28 0,80-1,84
> PAEs 523,93 +£564,75  35,74-1747,16 144,32 +£77,34 47,16 - 295,48

Sy phan bd nay phu hop véi dic diém PAEs trong cac hé thuy sinh khac nhu ho

va ving ven bién. Zhang va cs., bio céo cac phthalate DEHP va DBP la nhiing loai
chiém wu thé & nude bién Hoa bong [180]. O vem xanh, DEHP 14 loai phthalate co
nhiéu nhat trong cic mau lay tir vinh Thermaikos (Hy Lap) [189] va két qua tuwong tu &



95

vem xanh tir ving TAy Bac Bién Pia Trung Hai [190]. Nghién ctru dugc thyc hién boi
Gu va cs., tiét 10 rang cac chat DMP, DBP va DEHP di chi ra kha ning tich tu sinh hoc
khac nhau ¢ vem xanh (Mytilus coruscus): DEHP>DBP > DMP [191].

N6ng dd PAEs cao dugc dinh lugng ¢ vem xanh da chiing minh kha nang tich tu
sinh hoc ctia cic hoa chat nay trong co thé ciia vem. Két qua nghién ciru nong d6 PAEs
tich ty trong vem xanh viing ven bién Quang Ninh cao hon cac nghién ctru khéac trén thé
gidi nhu két qua nghién ctu tich tu trong vem xanh tai ving duyén hai Galicia c6 dai
ndng d6 YPAEs tir 49,8 dén 1591,7 pug/kg d.w [188], hay ndong 6 S PAEs tich ty trong
vem xanh ¢ ven bién T4y Béc DPija Trung Hai dao dong tir 80 dén 714 pg/kg d.w [190].

Két qua nghién ciru ndng do cac cau tir cia PAEs (BBP, DEHP, DBP, DMP, DEP
va DEHA (di-(2-ethylhexyl adipate)) trong vem xanh va so tir b bién Channel (Phap)
da xac dinh dugce ndng do trung binh 1 26,36 = 18,16 pg/kg w.w tich ty trong vem xanh
[79]. Ek va cs., tim thdy DEHP & ngao Baltic va vem xanh doc bo bién Thuy Pién 1a
0,14 pg/g w.w va 0,067 pug/g w.w, tuong tng [192]. Két qua nghién ctru DEHP trong
vem xanh ving bién Quang Ninh thap hon nghién ciru ciia Tsochatzis va cs., trén vem
xanh ¢ Thessaloniki (Hy Lap) c6 ndng d6 DEHP t6i da 1én t6i 280 pg/kg [189].

Pé c6 can cir két luan lién quan t6i ndong dd PAEs tich tu trong vem xanh, trAim
tich noi cac ca thé vem xanh sinh séng ciing dugc 1dy mau, phan tich. Két qua nghién
ctru thé hién ndng d6 PAEs trong tram tich viing ven bién Quang Ninh twong dwong véi
bao céo két qua phan tich cac mau trdm tich dugc thu thap tir kénh U-Tapao & mién
Nam Thai Lan v6i tong ndng d6 cuia 3 cau tir PAE tim thay trong cic mau trdm tich dao
dong tir 190 dén 2.010 pg/kg d.w, voi gia tri trung binh 14 899,71 pg/kg d.w [193] va
dugc chi ra trong Hinh 3.17.
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mDMP ®mDEP DiDP DBP = DMEP =mBMPP mDPP
m DnHP BBP mBEP mDEHP mDNOP mDINP

Hinh 3.17. Ty 18 ndng d6 cac cau tir cia PAEs tich tu trong vem xanh va trim tich
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Tuy nhién, két qua trong nghién ctru nay cao hon két qua ciia L. Dong va cs., voi
ndéng do phoi nhiém ciia Y PAEs trong trim tich ctia trung luu song Han Giang dao dong
tir 1,12 x 10% dén 6,61 x 10> pg/kg (voi gia tri trung binh 1a 2,69 x 10° pg/kg) [194].
Tuy nhién, két qua trong nghién ctru nay thap hon két qua ctia Chaudhary va cs., nghién
ctru ving dat ngap nudc Harike, Ramsar, An D6 cho két qua Y PAEs trong tram tich dao
dong tir 35,1 dén 345,2 mg/100g d.w [195]. Hay nghién ctru ciia M. Zhang va cs., cho
két qua YPAEs trong mau trim tich cta bién Bot Hai va bién Hoang Hai dao dong tir
1,24 - 15,8 mg/kg [16]. Mot nghién ctru khac cua Y. Cao va cs., vé tinh trang 6 nhiém
ctia Y1sPAEs trong nudc bién va tram tich tir phia bac Bién Pong cho két qua nong do
S PAEs trong tram tich dao dong tir 49,2 dén 440 pg/kg d.w [196], va H. Deng va cs.,
nghién ctru ving dat ngap nudc cira song Duong Tir bdo cdo ndng dd 16PAEs trong
tram tich dao dong trong khoang 375,7 ng/kg dén 362252 pg/kg, trong sd cac cau tir
PAEs riéng 1, DIBP c6 nhiéu nhét voi 70,8% (115,1 - 32299,3 ug/kg), tiép theo 1a
DEHP 14,9% (70,6 - 20008,6 pg/kg) va DBP 5,3% (35,9 -1380,4 pg/kg) [15].

PAEs ciing da dugc phat hién trong tram tich tir cdc dia diém khac nhau & Tay
Bic Bién Pia Trung Hai (tir 12 dén 610 pg/kg d.w, trung binh 194 + 193 pg/kg d.w)
[15], trong tram tich bién va ven bién cta Rio de Janeiro, Brazil [197], chtng to ring
tram tich dong vai tro 13 noi ling dong cac hoa chat nay. Méi twong quan giita MPs an
vao va nong do cua phthalates DEP va DBP da ching minh rang tram tich c6 thé hoat
dong nhu mot bé chira cac chat giy 6 nhiém nay, do d6 c6 sin cho cac sinh vat an siu.

Theo nghién ctru cia Xu va cs., thi PAEs, dac bi¢t 1a Di-(2-ethylhexyl) phthalate
(DEHP) duoc coi 1a mdi lo ngai trong méi truong bién do chung c¢6 kha niang gay rdi
loan ndi tiét. Cac két qua cong trinh cong bd clia nhom tac gia da chi ra raing DEHP ¢6
thé anh huong dén ndi tiét & vem xanh tuy thudc vao murc do phoi nhiém. Mot vi du da
chi ra, khi & ndng d6 phu hop véi méi truong 12 va 36 ug/L, DEHP thi ham lugng nay
lai gay r6i loan ndi tiét cho dong vat than mém hai manh vo nhu gay cang théng va r6i
loan hoat dong ctia cac enzyme chong 6xy hoa [198]. Cac nghién ciru da chi ra khi tiép
xtc thuodng xuyén vi PAEs s& pha v& su can bang trao ddi chat ciia vem xanh, anh
huéng dén chuyén hoa axit amin, chuyén hoa lipid, chuyén héa ning luong, diéu hoa
tham thau va hoat dong than kinh [191]. Nhitng phat hién nay rat quan trong dé hiéu
dugc tac dong doc tinh ctia PAEs ddi véi sinh vat bién va co thé hd trg trong qué trinh

danh gié rui ro sinh thai.
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Su tich tu ciia PAEs trong vem xanh duoc xem 1a chi ) quan trong vé 6 nhiém
moi trudng va c¢6 nguy co tac dong dén strc khoe ctia hé sinh thai bién va téi nguoi tiéu
dung thong qua sir dung céc sinh vat bién 1am ngudn thuc pham hang ngay.

Thuc té da chung minh, PAEs 1a m0t nhoém hoéa chit dugce su dung lam chit hoa
déo, thudong duoc tim thay trong méi truong, dic biét 1 trong tram tich, ching duoc biét
dén véi tac hai gay r6i loan ndi tiét. Nhu vay, cac két qua mdi trong nghién ctru nay mot
1an nita nhin manh thém tim quan trong clia cong tac giam sat thong s6 phthalate trong
tram tich ven bién do vi nhiing rii ro sinh thai tiém an ctia ching va can nghién ciru lién
tuc dé danh gia chinh xac hon nhimg tac dong cta chung ddi voi méi truong va sirc khoe
con nguoi.

3.3.3. Xdc dinh nong dp PBDEs tich tu trong vem xanh va tram tich

Nhitng két qua thu duoc trong nghién ctru vé su tich tu hop chat PBDEs trong
vem xanh d3 chi rd tai Bang 3.7 véi gi tri Y'sPBDEs 1a tong ctia nim cau tir PBDEs.

Ddi v6i tht ca cac mau vem xanh thu duoc tai 10 vi tri léy mau trén khu vuc ven
bién Quang Ninh dugc danh gia c6 su tich tu cia thong s nay va két qua ndng do
> sPBDEs trong vem xanh dugc ghi nhan ¢ murc d¢ dao dong tur 0,06 - 23,50 pg/kg w.w,
gi4 tri trung binh 1a 8,60 + 9,44 pg/kg w.w. Tuong tu, ndng do Y sPBDEs trong trim
tich cling c6 mic d§ dao dong tir 0,06 - 7,26 ng/kg d.w va gia tri trung binh 1a 1,99 +
2,43 pg/kg d.w, cac mirc gia tri ¥sPBDEs cho tirng mau tai 10 vi tri mau lay dugc chi
ra cu thé tai Bang 3.7.

Bdang 3.7. Nong do Y sPBDE:s tich tu trong vem xanh va tram tich

Nong d§ (ng/kg)

Vi tri Vem xanh Tram tich

(n=3; w.w) (n=3; d.w)
QNI 19,34 + 1,53 7,26 £ 1,67
QN2 23,50 £4,76 0,06 + 0,00
QN3 18,39 + 1,88 0,29 +0,15
QN4 0,06 = 0,00 4,87 +1,16
QNS5 18,60 +2,29 0,38 £0,26
QN6 229 40,76 4,14+ 1,90
QN7 0,06 £ 0,00 0,06 £ 0,00
QN8 0,06 £ 0,00 1,93 +£ 0,45
QN9 3,91 +£0,25 0,06 £ 0,00
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Nong d§ (pg/kg)
Vi tri Vem xanh Tram tich
(n=3; w.w) (n=3; d.w)
QNI10 0,06 £ 0,00 1,06 + 0,67
Trung binh 8,60 +9,44 1,99 +£2.43

Pé mo phong gia tri ndng d6 cac Y sPBDEs dugc 1d hon trong cach danh gia trén
tung dia diém, cac két qua nghién ctru dugc chi ra tai Hinh 3.18.

Khoang gia tri ndng d6 Y sPBDEs tich tu trong co thé vem xanh duoc ghi nhin
mirc cao nhit & ving bién Tra C6, TP. Méng Cai (QN2: 23,50 + 4,76 pg/kg w.w) tiép
theo 1a vi tri QN1 (19,34 + 1,53 pg/kg w.w), QNS5 (18,60 + 2,29 ng/kg w.w) va vi tri
QN3 1a 18,39 + 1,88 pg/kg w.w, tuy nhién tai cac vi tri QN4, QN7, QN8 va QN10 co
ndéng do Y'sPBDEs rat thap nhat. Thong qua cic murc do tich tu gia tri YsPBDEs thu
dugc tir nghién ctru da thé hién cac ving bién Tra C6 (QN2), Hai Hoa (QN1) va Van
Ninh thuoc TP. Méng Cai, nam trong ving hai luu tir phuong Béc va Y'sPBDEs mang
tir ¢4t lién thong qua dong chay do ra song Ka Long ddy duoc xem 1a mot nguyén nhan
gay nén su tich tu cac PBDEs tai day cao hon cac viung con lai. Muc do nay co6 sy tuong
quan 1én khi xem xét gia tri Y'sPBDEs trong mau tram tich (Hinh 3.18).
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Hinh 3.18. Nong 6 PBDE:s tich tu trong vem xanh va tram tich viing bién Quang Ninh

Két qua vé ndng d6 Y sPBDEs trong mau tram tich tai 10 vi tri duoc 1dy mau thi
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ving bién Hai Hoa (QN1: 7,26 + 1,67 pg/kg d.w) duoc ghi nhan ¢ muc gia tri cao nhit,
1an lugt cac gia tri giam dan tai vi tri QN4 (4,87 £ 1,16 pg/kg d.w) va tiép theo 1a QN6
(4,14 £ 1,90 pg/kg d.w).

Pé danh gia hé s6 twong quan tich tu YsPBDEs trong vem xanh va tram tich,
nghién ctu sinh sir dung phuong trinh “y = ax +b” thong qua hé sé twong quan tuyén
tinh (R2). Két qua tinh toan trong quan tuyén tinh cho két qua c6 mbi twong quan nghich
giita nong do Y'sPBDEs trong vem xanh va tram tich (a = -0,0102, R2 = -0,0016; r = -
0,1760) tai 10 vi tri nghién ctru trén. Két qua nay dugc chi ra tai Hinh 3.19.
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Hinh 3.19. Mbi tuong quan tuyén tinh gitta PBDESs tich tu trong vem xanh va trAm tich

Két qua nghién ctu tai Bang 3.8 thé hién nong d¢6 BDE-47 trong vem xanh c6
gia tri cao nhat, dao dong tir 0,06 - 18,50 pg/kg va gia tri trung binh 1a 28,13 + 6,45
ng/kg w.w, tiép dén 1a BDE-28 c¢6 nong do tir 0,06 - 8,93 pg/kg w.w va gia tri trung
binh 14 5,15 + 2,91 pg/kg w.w. Tuy nhién, trong miu trdm tich ven bién lai x4c dinh
dugc ndng d6 BDE-183 c¢6 gia tri cao nhat nam trong khoang gia tri tir 0,06 - 7,02 pg/kg
d.w va gia trj trung binh 13 5,19 + 1,83 pg/kg d.w, tiép theo 1a ndong d6 BDE-47 dao
dong tur 0,06 - 3,32 ng/kg d.w véi gia tri trung binh 1a 1,02 + 0,99 ng/kg d.w.

Bdng 3.8. Nong do cac cau tir cia PBDES tich tu trong vem xanh va tram tich

Vem xanh Tram tich
R X N . Khoang gia tri N R Khoang gia tri
Tén chat Nong do N R Nong do N R
(ng/k ) nong do (ng/kg d.w) nong do
ng/kg w.w ng/kg d.w
(ng/kg w.w) (ng/kg d.w)
BDE-28 5,15+3,54 0,06 - 8,93 0,06 + 0,00 0,06 + 0,00

BDE-47 8,13+ 6,45 0,06 - 18,50 1,02 £ 0,99 0,06 - 3,32
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Vem xanh Tram tich
R A N . Khoang gia tri N R Khoang gia tri
Tén chat Nong do N R Nong do N .
mghkgww)  OUER  Ggkgaw  MUET
n . .
(ng/kg w.w) (ng/kg d.w)

BDE-99 3,95+ 1,23 0,06 - 3,95 1,19+£0,36 0,06 - 1,55
BDE-100 2,11 +1,27 0,06 - 4,28 0,06 = 0,00 0,06 + 0,00
BDE-183 0,06 + 0,00 0,06 + 0,00 5,19+ 1,83 0,06 - 7,02
> sPBDEs 8,60 + 9,44 0,06 - 23,50 1,99 +2,43 0,06 - 7,26

Nong do PBDEs trong vem xanh va tram tich trong nghién ctru nay c6 gia tri
tuong dong véi cac bao cao & mot so khu vuc khac nhau trén thé gigi boi nhom téc gia
Gu vacs., va Suvacs., [191][199].

Khi xem xét vé ty 1¢ phan trim ctia 5 cAu tir PBDEs tich tu trong vem xanh va
trAm tich mét cach rd rang hon va duogc chi ra trong Hinh 3.20, cac gia tri thé hién
dang dic trung cAu tir tich tu trong vem xanh va trAm tich 1a khac nhau. Cac cau tir ¢
nhiéu nhit trong vem xanh 1a BDE-47 chiém 46,55%, tiép theo 1a BDE-28 v&i 35,35%,
BDE-100 (12,32%), BDE-99 (5,10%) va BDE-183 (0,68%). Tuy nhién, ndong do céac
cAu tir tich ty trong mAu tram tich 1a BDE-183 ¢6 gid tri cao nhét véi 48,77%, tiép theo

1a BDE-47 chiém 33,00%, BDE-99 (12,84%), BDE-100 (2,69%) va BDE-28 (2,69%).

Vem xanh

0% 20% 40% 60% 80% 100%
mBDE-28 ®mBDE-47 mBDE-99 BDE-100 ®mBDE-183

Hinh 3.20. Ty 18 ndng d6 cac cau tir cia PBDEs tich tu trong vem xanh va trim tich
Trong s6 5 cau tir, nong d6 BDE-47 chiém ty 18 cao trong ca trAm tich va vem
xanh, ty 1€ nay dugc chiing minh muc do tich tu trong vem xanh c6 mirc d¢ tuong déng
pht hop v6i nghién ctru ctia Sutton va cs., va Bureau va cs., [113][199]. C6 thé giai thich

ty 16 tich ty trong méi trudng déu co6 murc dic trung cho timg cau tir cia BDE riéng biét,
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qua céc két qua ctia nghién ctru nay chirng minh vem xanh c6 thé dugc st dung nhu mot
chi thj sinh hoc cho sy tich tu BDE-47 va ddi véi su ton tai cia BDE trong mau trAim
tich thuong 14 183. Két qua trong nghién ciru ciia luan 4n nay thé hién muc do tich tu
BDE c6 sy trai ngugc hoan toan gitta mau vem xanh va trim tich. Minh chtng da chi
ra, ty 1& cAu tir BDE-183 chiém uu thé trong trdm tich, nguoc lai ty 16 BDE-183 trong
vem xanh c6 gia tri rat thap (Hinh 3.20).

Ty 1é ndng d6 BDE-47 tich tu trong hai d6i twong déu nam trong khoang 33 -
47%. Tuy nhién, ndng d6 tuong dbi cia BDE-99 giam dan theo thir tu tram tich > vem
xanh. Diéu nay duoc giai thich 1a do BDE-47 ¢6 ty 18 hip thu cao hon thong qua su dic
trung ctia dong vat hai manh vo 1a hinh thue an loc (filter feeding), do d6 BDE-47 dugc
tich tu trong co thé va vem xanh chua c6 c¢6 ché dao thai hop chat nay ra khoi co thé,
diéu nay dugc minh ching trong nghién ciru cia Bureau va cs.,[200]. Bén canh d6, kich
thude phan tir nho 1a mot trong nhimg lgi thé dé dé dang tich tu trong co thé sinh vat
hon so véi kich thuéc 16n. Piéu nay minh chimg BDE-47 va BDE-100 c6 thé cho phép
chiing tich tu sinh hoc dé dang hon BDE-99.

Két qua thyuc té trung binh chung xac dinh, néng dé PBDE:s tich tu trong vem
xanh & vung bién Quang Ninh dugc so sanh cao hon so voi néng do do duogc & cac khu
vuc khac. Vi du nhu, PBDEs tich tu trong vem xanh tai cac vung bién Ionian va Adriatic
cho két qua nong d6 PBDEs trung binh 1an luot 13 1,04 va 0,17 pg/kg d.w [115] hay
ndéng do XPBDEs tir 17,7 dén 32,3 pg/kg d.w duoc phat hién trong vem xanh & Vinh
Thermaikos, Hy Lap [116].

Tuong tu, nong do PBDEs trong tram tich tai ving bién Quang Ninh duoc so
sanh tuong duong so voi néng do do duoc & cac khu vuc khac, nhu PBDE da duoc xac
dinh trong tram tich bé mat duoc thu thap tir mot sé song hé & Ha Noi duge béo cdo
tong ndong d6 PBDE trong tat c cac mau tram tich dao dong tir 0,03 dén 17,5 pg/kg d.w
(trung binh 1,33 pg/kg d.w). Cac cdu tir chiém vu thé nhat 1a BDE-47 va BDE-99, chiém
1an luot 30 va 25% tong ndng d6 PBDE [201], hay bao co cua S. Romano va cs., nghién
ctru tai dAm Thi Nai, Viét Nam cho két qua PBDE trong cic mau dam pha co gia tri tr
1,04 png/kg dén 9,62 pg/kg [59].

Tuy nhién, két qua trong nghién ciru nay thip hon bao cdo ciia Minh va cs., tai
mot s6 khu viue mién Bic Viét Nam duoc bao cio ndng do PBDEs trong tt ca cac miu

tram tich nam trong khoang 1,31 dén 1715 pg/kg d.w véi gia tri trung binh 324 pg/kg.
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Nong d6 (gia tri trung binh va khoang) cua 8 cdu tir PBDEs trong cac mau trim tich tai
lang Triéu Khiic, Ha Noi; lang Bui Dau, Hung Yén va mét sb lang nghé thu cong ¢ Bic
Ninh 1an luot 1a: 537 (363-864); 432 (1,31-1715) va 2,89 (1,77-3,87) pg/kg véi cac cau
tir chti yéu phat hién dugc 1a BDE-209 va BDE-99 [59] va bao c4o ciia Richman va cs.,
nghién ctru tram tich tai song Niagara voi tong ndng do PBDE trong tram tich dao dong
tir 0,25 dén 188 pg/kg, trong d6 cau tir BDE-209 chiém tir 39% dén 100% tong luong
BDE trong cac mau tram tich [202]. H. Deng va cs., nghién ctru ving dat ngap nudc cira
song Duong Tir Nong d phat hién tam ciu tir PBDE duoc tim thiy, ndong 46 8PBDEs
thap nhét 13 1,5 ug/kg va ndng do cao nhat 1a 253,0 pg/kg. Cau tir PBDE chiém uu thé
duogc tim thiy trong tram tich 14 BDE-209 chiém 45,6% dén 95,6% [199].

Két qua ndng do6 PBDEs trong tram tich tai cic khu vuc nghién ctru budc dau
ching minh c6 su tich tu PBDEs trong viing ven bién Quang Ninh. Nong d ciac PBDEs
trung binh tai 10 vi tri nghién ctru da xac dinh duoc sy c6 mat voi ty 1€ cao cua BDE-
183 1a mot hop chét thudc 16p polybrominated diphenyl ethers (PBDEs). N6 thuong
duoc sir dung thwong mai nhu mot chit gay chay cham duoc thém vao cac vat liéu xay
dung, vai, nhya va thiét bi dién tir. Xét vé té)ng PBDEs, tai khu vue QN1 c6 néng do cao
nhat, c6 thé 1y giai do ving bién xa Hai Hoa, Mong Cai (QN1) 1a noi gidp véi ving bién
Trung Qudc c6 nhiéu nhanh séng 16n d6 vé voi hoat dong nudi trong, danh bat thuy san
phat trién manh mé va c6 mat d6 dan cu dong dtc, do co thé 1a nguyén nhan lam cho su
6 nhiém moi trudng tai khu vuc nay.

PBDEs 14 mdt nhém hoa chat duge sir dung 1am chat giy chay cham trong nhiéu
loai san pham nhya. Ching duoc phat hién 13 ton tai lau dai trong méi trudng va co thé
tich ty trong trAm tich, diéu nay lam gidy 1én mbi lo ngai do chiing c6 thé tac dong dén
strc khoe va sinh thai. PBDEs duoc biét dén voi do hoa tan trong nudc thip va cé xu
hudng lién két vai tram tich.

Céc két qua trong nghién ctru ndy chi ra raing PBDE hién dién trong ca sinh vat
va tram tich, gdy nguy co 6 nhiém cho méi trudng va sinh vat. Vi vy, theo ddi ndong do
PBDE trong trim tich 13 rat can thiét dé danh gia su phan b va tac dong tiém an cua
chung d6i voi méi truong va sitc khoe con ngudi. Can phai co cac nghién ctru va giam
sat lién tyc dé cung cap thong tin cho cic nd luc bao vé mdi trudng va quan 1y cac rai
ro lién quan dén cac chat 6 nhiém hitu co khé phan hay nay. Ngoai ra, nhiém vu theo

ddi nong d6 PBDE trong vem xanh rat quan trong vi nhiing héa chat nay cé thé tich tu
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sinh hoc & nguoi va dong vat hoang da, ddng thoi mot s6 cau tir cia PBDEs 1a chit co
thé gy ung thu & nguoi.

Nhiing phét hién tir nghién ctru nay rt quan trong dé hiéu nhiing rui ro sinh thai
do PBDE gay ra va cung cép thong tin cho cic nd luc bao vé moi trudng. Bén canh do,
cac két qua nghién ctru con thé hién cong tac giam sat chat lwong méi truong tai 10 diém
dugc 1ay miu nghién ctru trén khu vuc ven bién Quang Ninh can thém nhiéu su quan
tam hon nira cia cac co quan quan ly tai Viét Nam, tuy nhién khong loai trir kha nang 6
nhiém xuyén bién gidi ciing dugce dé cap toi nhu mot rui ro. Pidu ndy c6 thé minh ching
thong qua sy nhan dinh nhu QN1 va 2 lai ¢6 vi tri tiép giap vi phia Trung Qudc, BDE
cling dugc van chuyén thong qua dong chay tir song Kalong (Hinh 2.2).

3.4. Xac dinh chi s6 BSAF va danh gia moi twong quan MPs véi héa chit lién quan
tich tu trong vem xanh
3.4.1. Xdc dinh chi sé BSAF

Hé s tich tu BSAF 1a hé s6 danh gia méi lién hé gitra ndng do cac chat trong
mai truong tram tich va tich tu trong co thé sinh vat séng trong méi trudong d6. Gia tri
ctia hé s6 BSAF giup cho cac nghién ciru c6 thé danh gia mirc do tich ty sinh hoc cta
loai sinh vat khac nhau phan bd trong méi trudng khac nhau. Két qua nghién ctru hé sd
BSAF cung cap thong tin vé kha ning tich tu sinh hoc cac hop chét trong chudi thirc an
ctia cic hé sinh thai, dic biét khi c6 diéu kién khong can bﬁng gitta trAm tich va vem
xanh. Cac yéu td tich tu trAm tich sinh hoc, dya trén trong luong kho, dugc tinh toan cho
ba hop chat BPA, PBDEs va PAEs trong tram tich.

Hé sb tich tu sinh hoc cho mdi hop chét (BPA, PBDEs va PAEs) trong mau vem
xanh va tram tich trén viing ven bién Quang Ninh da duoc nghién ctru va két qua BSAF
ctia BPA tai 10 vi tri nghién ctru nam trong khoang tir 108,03 dén 584,47, gia tri trung
binh 1a 286,24 + 198,95. Trong 10 vi tri nghién ctru c6 cac vi tri QN1, QN2, QN7 va
QN9 c¢6 gia tri 1a khong xac dinh do nong d6 BPA tich tu trong tram tich rat thap, vi tri
c6 gia tri cao nhat 1a QN8(584,47), tiép dén 1a QN10(407,85), QN3(374,89) va
QN6(126,65). Tuong tu, gia tri BSAF cua Y PAEs c6 muc gia tri dao dong tir 0,22 dén
17,94, gié tri trung binh 1a 4,57 £ 5,57, trong do vi tri c6 gia tri cao nhét 1a QN6(17,94),
tiép dén 1a QN2(8,48) va QN3(7,84), vi tri thip nhat 1a QN7(0,22). Pdi voi gia tri BSAF
cua Y PBDEs tai 10 vi tri nghién ctru ¢6 muc gia tri dao dong tir 0,55 dén 63,41 va gia
tri trung binh 1a 28,89 = 32,07, trong d6 cac vi tri QN2, QN4, QN7, QN8&, QN9 va QN10
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c6 gia tri 1a khong xac dinh do ndng do PBDEs tich tu trong vem xanh va trim tich dudi
ngudng phét hién, vi tri ¢6 gid tri cao nhat 1a QN3(63,41), tiép dén 1a QN5(48,95) va
QN1(2,66), vi tri thip nhat 1a QN6(0,55).

Céc gia tri BSAF cua cac chat va hop chit trén phan 4nh sy dong gop ciia tram
tich trong qu4 trinh tich ty sinh hoc cua céc chat. Nhitng két qua trén con thé hién BPA
1a chat c6 kha nang tich tu sinh hoc cao nhat, trong khi hop chat PAEs ¢ kha ning tich
tu sinh hoc thép nhat. Ngoai ra, gia tri cia BSAF ¢o thé nho hon 1 néu vem xanh Chuyén
hoa va dao thai dugc hoa chit nay hoic hé théng chua dat dén trang thai on dinh (hoa
chat c6 thé khong duoc cung cap day du cho dong vat hai manh v6 do qué trinh dao thai
rat cham hodc lién két rit manh) diéu ndy dugc chi ra trong nghién ctru cia
Keshavarzifard va cs., [203]

Nhin chung, gia tri nong d6 cac hop chat tich ty trong vem xanh va trim tich c6
lién quan gitra vung bién voi cac khu cong nghiép va khu vuc bi 6 nhiém. Hon nita, su
tich tu theo mua khéc nhau & dong vat hai manh voé co lién quan dén su gia tang nhiét
d6 nude, didu nay co thé thiic day kha nang hoa tan cac chat BPA, PBDEs va PAEs vio
nude va sy tich ty sinh hoc ciia cac chat gdy 6 nhiém trong vem xanh ciing c6 thé phu
thudc vao giai doan song, gidi tinh, tinh trang sinh san cling nhu cac yéu té moi truong
nén rat kho dé so sanh su hién dién cia BPA, PBDEs va PAEs tir dia diém nay véi dia
diém khac.

3.4.2. Pdanh gid moi twong quan MPs véi mét sé hop chit tich tu trong vem xanh

Trong nghién ciru nay, dé danh gia hé s6 twong quan tich tu gitta MPs véi cac
chit BPA, PBDEs va PAEs tich tu trong vem xanh duoc léy mau tai vi tri cua 10 dia
diém trén khu vuc ven bién Quang Ninh va st dung phuong trinh “y = ax +b” dé xéc
dinh hé s6 twong quan tuyén tinh (R?). Két qua nghién ctru dugc chi ra trong Hinh 3.21.

——MPs (MPs/kg) BPA (pg/kg) —4—PBDEs (ug/kg) -#—PAEs (ugkg)
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Hinh 3.21. Mat 30 MPs va néng dd mot s6 hoa chit lién quan tich tu trong vem xanh

Mat do MPs trong nghién ctu nay kha cao ¢ cd vem xanh, nudc bién va tram
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tich, diéu ndy c6 kha nang gop phan gay ra sy tich tu cic chat BPA, PAEs va PBDEs &
vem xanh va do cac chit phu gia tir MPs bi rira troi va tich tu trong mai truong.

Két qua tinh toan mbi twong quan giita MPs véi BPA, PBDEs va PAEs da xac
dinh c6 mbi lién quan thap vé mat thong ké gitra mat d6 MPs vé6i nong do BPA (a =
0,3758, R?=10,0209; r=0,14) va PBDEs (a = 18,996, R? = 0,0217; r = 0,37) tich tu trong
vem xanh (Hinh 3.22 a va c¢) hay xac dinh dugc xu hudng tuong quan nghich gitra su
tich tu cua MPs va PAEs (a = -0,4643; R?> = -0,0467; r = -0,22) trong vem xanh (Hinh
3.22b). Nhu vdy, méi trong quan gitta MPs véi cac chat BPA va PBDEs tich tu trong
vem xanh khong 1 rang 1am noi bat sy twong tac phirc tap gita cdc chat 6 nhiém nay.

Két qua trong nghién ctru ndy ciing twong ty nghién ciru da duoc bao cao ¢ vem
xanh thu thap tir mot s6 dia diém ¢ phia tdy Dia Trung Hai va trAm tich ving dat ngap
nudc & cira song Duong Tir [199]. Nong d6 PAEs trong cac manh nhwra do duge thuong
cao hon 2 - 3 bic so voi ndng do trong tram tich bé mat, didu nay chimg to sy théi nhiém
céc chit phu gia tir san phdm nhya ra méi truong xung quanh 1a do cac yéu té méi trudng
nhu bic xa tia cuc tim va nhiét do cao trong qué trinh phan cit nhya [3][199].

Céc nghién ciru trude day ciing tim thdy mbi twong quan gitta cac hoa chéat phy
gia nhya va MPs trong nhiéu trudng hop khac nhau. Nghién ciru cia Y.Tang va cs., vé
tac dong doc hai do BPA giy ra da tr¢ nén trAm trong hon déng ké do sy hién dién cia
MPs, c6 thé 1a do su twong tac giita BPAs va MPs ciing nhu gitta MPs va ca thé ngao
[11]. Twong tu, nghién ctru cua X. Liu va cs., bdo cao cac polyetylen va polycarbonate
mat d6 thap 1an dau tién dugc chimg minh 1a nguon lién tuc giai phéng BPA vao moi
truong nudc [186]. Nghién ctru cua Baini va cs., di tim thdy mdi twong quan gitta bén
PAEs va MPs trong cac miu sinh vét phu du tir Bién Dia Trung Hai phia tay bac [204]
hay Fossi va cs., dd bao cdo rang PAE duoc st dung 1am chat danh dau gian tiép (chat
gy 6 nhiém bi hdp phy) va chat déo (chat gay 6 nhiém thanh phan) cho MP trong chudi
thirc an cta ca voi tim simg ham [205] va P.Xu va cs., d3 nghién ctru chi ra sy hip phu
cia PBDE trén cac polymer PE, PP, PS va PA theo kha ning hap phu véi thir ty
PS>PA>PP>PE [206]. A.Turner di nghién ctru va bao céo rang, c6 khoang 20 dén 50
tan PBDE trong rac nhyua db ra bién bién. Nhu vay, do su tdn tai va phé bién cua nhua
trong dai duong ciing nhu hé sé khuéch tan cia PBDE ¢ muc 1020 d¢én 102" m? s/,
MPs c6 kha ning hoat dong nhu mot ngudn lau dai cua cac héa chat nay mic du di

chuyén dan dan [207]. Y.Liu va cs., nghién ctru moi quan hé cia MPs trong cic mau
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nuéc bién va PAEs c6 mbi twong quan chit ché giita ndng do PAEs va mat do cia MPs

[208], cho thay chung c6 mbi lién hé chit ché véi nhau, diéu nay khang dinh thém rang

hanh vi di chuyén cua cac chit 6 nhiém hitu co 1a mot phuong phép gian tiép kha thi dé

truy tim nguén MPs trong méi truong.
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Hinh 3.22. Mdi tuong quan tuyén tinh giira MPs va mot s6 hoa chat BPA (a), PAEs (b)

va PBDE:s (c) tich tu trong vem xanh

Sy hép phu céc chat gay 6 nhiém trong nudc ciia MPs va giai phong cac chit phy

gia ctia chung 13 cac qua trinh dién ra dong thoi. Mdi trong quan giita polymer va chat
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phu gia thé hién mot mo hinh phire tap va cac yéu té méi trudng nhu d6 man hodc pH
c6 thé anh hudng dén tdc d6 hap phy/giai hap cia cac hoa chit nay tir polymer dén nude
bién, tir d6 anh huong dén tdc d6 tich tu sinh hoc cua chung trong sinh vat bién. [186]Cac
loai nhya PE va PP thé hién kha nang hap phy cao [186]. Can tién hanh cac nghién ciru
sau hon dé tim mdi twong quan gitra tong sé MPs véi nong do BPA, PAEs va PBDEs
trong m6é mém cua vem xanh. Nhiing khac biét nay di chung minh hiéu img mé va/hoic
vi tri anh huong dén sy tuong tac giita cac chat 6 nhiém nay.

Tuy nhién, do sy thay ddi vé dic diém cta cdc manh nhua duoc khao sét tai hién
truong va nhitng han ché vé phuong phap, rat kho dé phan biét giita cic chat gy 6
nhiém (nhu PBDE, BPA, PAEs hoic kim loai) 14 chat phu gia va nhitng chéat dugc nhya
bién hép thy tir nudc xung quanh. Mic du lugng chét gdy 6 nhiém hap thu vao vat liéu
nhya phu thudc vao mirc d6 6 nhiém ciia ving nuée xung quanh, nhung cac hat nhya
da duoc ching minh 1 tich tu toi 10° mirc d6 cac chat 6 nhiém hiru co (nonylphenol) so

v6i cdt nude xung quanh [9].
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KET LUAN VA KIEN NGHI

Két luan

Toan bd két qua thu dugc trong qua trinh thuc hién ludn an dugc dugc tap thé
thdy hudng dan va nghién ciru sinh dién dat va thé hién trong 05 két luan nhu sau:

1. Pic trung phoi nhiém MPs trén khu vuc nghién civu (khu vwe ven bién
Qudng Ninh):

- Mat d6 trung binh ctia MPs tim thay trong vem xanh c6 gia 12 3,41 = 2,97 MPs/g
w.w va 22,26 + 16,05 MPs/ca thé; trong nude bién va tram tich 1an luot 12 88,00 + 30,88
MPs/L va 4.800,00 + 1.775,95 MPs/kg d.w.

- Hinh dang pho bién cia MPs ca trong vem xanh va méi truong ven bién 1a
manh, soi va hat. Dang manh chiém da sb voi 69,86% & vem va nudce bién va trim tich
tuong tng 1a 72,20% va 82,41%.

- Kich thuéc MPs tir nho hon 50 pm va tir 51-150 um 13 phd bién nhat (twong
ung 1a 34,17% va 45,62% trong vem; 29,65% va 43,20% trong nudc bién va trong trAm
tich ven bién 13 40,22% va 39,40%).

- C616 loai polymer, trong d6 PET, PA va PVA 1a ba loai chiém ty 1¢ cao, lan
luot 13 60,59%, 16,45% va 7,06% trong vem xanh. 11 loai polymer trong nudc bién va
tram tich, trong d6 nhiéu nhét trong nudc bién 1a PET chiém 58,44% va PA chiém
12,62%, trong tram tich 1a PET chién 49,93% va PTFE chiém 16,54%.

2. Pdnh gid mivc dp tich luj BPA, PAEs va PBDEs trong cdc doi twong trén
khu vwc nghién cvru:

- Nong do BPA tich liiy trong trim tich ¢ gia tri trong khoang tir 0,03 - 1,79
ng/kg d.w véi muce trung binh 13 0,23 + 1,79 pg/kg d.w.

- Nong do hop chat Y13PAEs x4c dinh trong vem xanh véi 13 cau tir ¢ gia tri tir
35,74 - 1747,16 ng/kg w.w, trung binh 1a 523,93 + 595,29 ng/kg w.w.

- Nong do Y13PAEs cuia 13 cdu tir PAEs trong tram tich c6 gi tri 47,16 - 295,48
ng/kg d.w, trung binh 1a 144,32 + 81,53 pg/kg d.w.

- Nong d6 Y'sPBDEs xéc dinh trong vem xanh c6 gia trj 0,06 - 23,50 pg/kg w.w,
trung binh 8,60 + 9,44 ng/kg w.w.

- Nong d6 ¥'sPBDEs trong tram tich dao dong tir 0,06 - 7,26 pg/kg d.w va trung
binh 1a 1,99 + 2,43 ng/kg d.w.
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3. Pdnh gid hé sé tich liiy sinh hoc cho BPA, PBDEs va PAEs trén khu vuwe
nghién ciru:

- Két qua BSAF cuia BPA tai cac vi tri nghién ctru nam trong khoang tir 108,03
dén 584,47, gi4 tri trung binh 1 286,24 + 198,95, gia tri cao nhét thu duoc tai diém QN8
(584,47) tiép dén 1a QN10 (407,85), QN3 (374,89) va QN6 (126,65).

- Két qua BSAF ctia YPBDEs tai 10 vi tri nghién ctru ¢6 murc gia tri dao dong tir
0,55 dén 63,41 va gia tri trung binh 1 28,89 + 32,07, trong d6 cac vi tri QN2, QN4,
QN7, QN8, QN9 va QN10 c6 gié tri 1a khong xac dinh do ndng d6 PBDEs tich tu trong
vem xanh va trim tich dudi ngudng phét hién.

- Két qua BSAF cuia YPAEs c¢6 mirc gia tri dao dong tir 0,22 dén 17,94, gia tri
trung binh 13 4,57 £ 5,57, trong d6 vi tri c6 gia tri cao nhat 1a QN6(17,94).

4. Két qua twong quan giiva tich tu MPs trong vem xanh va cdc hod chiit:

Tir két qua thu duge cia ludn 4n, nghién ctru sinh chua khang dinh mdi twong
quan giita tich tu MPs va hoa chét do két qua théng ké MPs v6i nong d6 BPA (a =
0,3758, R?=10,0209) va PBDEs (a = 18,996, R* = 0,0217) tich tu trong vem xanh (Hinh
3.22 a va ¢) hay xac dinh dugc xu hudng tuong quan nghich gitra sy tich tu cia MPs va
PAEs (a =-0,4643; R? = -0,0467) trong vem xanh dugc danh gia.

5. Két qua ddanh gid vé chi so PLI:

- Mat d6 MPs trong mau vem xanh dugc danh gia & murc nguy hiém kha cao, PLI
dao dong tur 5,23 dén 11,65, trong d6 c6 4 vi tri & cép dollva6vitri & cép do L.

- Gia tri PLI trong tram tich bai bién dao dong tir 3,32 dén 7,03, & mirc nguy hiém
L, tic 12 6 nhiém nhe.

- Tai lugng 6 nhiém MPs trong cac mau nuée bién rét cao, ¢6 9/10 vi tri & cép do
IV véi gia tri PLI dao dong tir 32,66 dén 54,16,

- Chi sb danh gia rti ro (H) ¢ cap do6 II va III trong vem xanh, nude bién va trim
tich. Nong d6 sinh hoc giita vem xanh va nudc bién tai cac vi tri déu cho két qua cao
(BCR > 1).

- Hé s6 tich tu sinh hoc tram tich tai vi tri nghién ctru c6 BSAF > 1, trung binh
hon 10 1an.

Két qua nghién ctiru chirmg minh ¢ ving ven bién Quang Ninh cac chit phu gia
hoa hoc va MPs tich tu trong vem xanh do mdi trudng séng cia ching bi 6 nhiém va

vem xanh nhu 12 mt chi thi sinh hoc tét dé danh gid mic d6 tich tu MPs va cac hoa
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chat lién quan trong méi truong bién ven by & Viét Nam.
Kién nghi

Thong qua cac két qua nghién ctru thu duoc tir qua trinh thuc hién trong luan an
nay, dé lam sang té hon cac 1ap luén khoa hoc chua dugc ching minh rd trong nghién
ctru ciia minh vé mbi twong quan cia tich luy cia MPs trong co thé vem xanh va hoa
chat, nghién ciru sinh xin dé xuét kién nghi dugc dugc thyc hién & muc siu va mé ong
hon theo hudng:

-Bb sung thém mau léy tai cac diém nim sau hon trong luc dia tai cac dau phat
thai theo diém x4 thai chinh va luu luong 16n dé danh gia duoc kha nang phat tan cia
MPs va cac hod chat theo khong gian.

- Nghién ctru thuc nghiém d4nh gia kha ning tich lily sinh hoc ctia vem xanh dbi
v6i MPs va hoa chat trong mdi trudng nhan tao theo thoi gian.

- Nghién ctru thém dé 1am 18 co ché anh hudng ctuia muc do tich lity téi kha ning
sinh trudng, phat trién va tap tinh sinh hoc vem xanh khi tiép xtc véi mot sb hoa chat
thudng duoc bd sung trong qué trinh san xuat nhya theo cac mdc thoi gian va nong do

khac nhau.



111

DANH MUC CAC CONG TRINH CONG BO LIEN QUAN VA TRONG QUA
TRINH THU'C HIEN LUAN AN

1. Van Manh Do, Van Tuyen Trinh, Xuan Thanh Thao Le, Duy Thanh Nguyen,
“Evaluation of microplastic bioaccumulation capacity of mussel (Perna viridis) and
surrounding environment in the North coast of Vietnam”, 2023, Marine Pollution
Bulletin, ISSN: 1879-3363, SCI, Q1.

2. Duy Thanh Nguyen, Xuan Thanh Thao Le, Van Tuyen Trinh, Van Manh Do,
“Evaluation of chemical exposure to the sediment and green mussels (Perna viridis) at
some coastal sites in Northern Vietnam”, 2024, ISSN: 2352-4855, SCIE, Q2.

3. Xuan Thanh Thao Le, Duy Thanh Nguyen, Minh Tuan Pham, Minh Viet Trinh,
Phuoc Cuong Le, Van Manh Do, “Risk assessment of microplastic exposure: A case
study near a refinery factory at the central coast of Vietnam”, 2023, Marine Pollution
Bulletin, ISSN: 0025-326X, SCI, Q1.

4. Van Manh Do, Thi Thom Dang, Xuan Thanh Thao Le, Duy Thanh Nguyen, Thi
Vi Phung, Dinh Ngo Vu, Hung Viet Pham, “Abundance of microplastics in cultured
oysters (Crassostrea gigas) from Danang Bay of Vietnam” Marine Pollution Bulletin,
2022, ISSN: 1879-3363, SCI, Q.

5. Xuan Thanh Thao Le, Minh Viet Trinh, Duy Thanh Nguyen, Van Manh Do,
“Overall evaluation of microplastic exposure in oysters (Crassostrea gigas) in
coastal areas of Viet Nam”, 2024, Regional Studies in Marine Science, ISSN: 2352-
4855, SCIE, Q2.

6. Nguyen Duy Thanh, Vo Anh Thu, Dang Thi Thom, Duong Tuan Manh, Pham
Minh Tuan, Le Xuan Thanh Thao, Vu Dinh Ngo, Trinh Van Tuyen, Do Van Manh,
“Investigation of microplastics existence in mussel (Perna Viridis) from Halong bay,
VietNam”, 2022, Vietnam Journal of Science and Technology, ISSN: 2525-2518,
SCOPUS, Q4.

7. Do Van Manh, Dang Thi Thom, Le Xuan Thanh Thao, Nguyen Duy Thanh, Duong
Tuan Manh, Pham Hung Viet, “Microplastics accumulation in Pacific oysters from
Danang bay, Vietnam”, Vietnam Journal of Science and Technology, ISSN: 2525-2518,
SCOPUS, Q4.



112

8. Le Xuan Thanh Thao, Huynh Duc Long, Nguyen Thi Linh, Vo Anh Thu, Dang Thi
Thom, Nguyen Duy Thanh, Do Van Manh, “The evidence of microplastics exposured
in Le Thuy beach of Quang Ngai, Viet Nam”, 2023, Vietnam Journal of Science and
Technology, ISSN: 2525-2518, SCOPUS, Q4.

9. Lé Xuan Thanh Thao, Huynh Pic Long, Nguyén Duy Thanh, D6 Vin Manh,
“Tong quan cdc phwong phdp xir I mau trong quy trinh phan tich vi nhwa”, 2021, Tap
chi Phan tich Hoa, Ly va Sinh hoc, ISSN: 0868-3224.

10. DS Vin Manh, Ding Thi Thom, Lé Xuan Thanh Thao, Nguyén Duy Thanh, Huynh
DPtrc Long, Nguyén Thi Linh, Doan Thi Thuy Linh, Vii Dinh Ngo, Duong Héng Anh,
Pham Hung Viét- “Phan tich ddc tinh cua rac thai vi nhya trong tram tich bdi bién vung
duyén hai Viét Nam: Nghién ciru ban dau tai Pa Nang”, 2021, Tap chi Khoa hoc va
Cong nghé Viét Nam, ISSN 2615-9759.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

113

TAI LIEU THAM KHAO

N. B. Hartmann et al., “Are we speaking the same language? Recommendations
for a definition and categorization framework for plastic debris,” 2019, ACS
Publications.

J.  Boucher, Primary microplastics in the oceans. 2017. doi:
doi.org/10.2305/ITUCN.CH.2017.01.en.

A. L. Andrady, “The plastic in microplastics: A review,” Mar Pollut Bull, vol.
119, no. 1, pp. 12-22, 2017.

J. P. Rodrigues, A. C. Duarte, J. Santos-Echeandia, and T. Rocha-Santos,
“Significance of interactions between microplastics and POPs in the marine
environment: a critical overview,” TrAC Trends in Analytical Chemistry, vol. 111,
pp. 252-260, 2019.

J. Ding et al., “An examination of the occurrence and potential risks of
microplastics across various shellfish,” Science of the Total Environment, vol.
739, p. 139887, 2020.

S. Jahan et al., “Interrelationship of microplastic pollution in sediments and
oysters in a seaport environment of the eastern coast of Australia,” Science of the
Total Environment, vol. 695, p. 133924, 2019.

W.-M. Wu, J. Yang, and C. S. Criddle, “Microplastics pollution and reduction
strategies,” Front Environ Sci Eng, vol. 11, pp. 1-4, 2017.

J. He et al., “Photocatalytic strategy to mitigate microplastic pollution in aquatic
environments: Promising catalysts, efficiencies, mechanisms, and ecological
risks,” Crit Rev Environ Sci Technol, pp. 1-23, 2022.

O. H. Fred-Ahmadu, G. Bhagwat, I. Oluyoye, N. U. Benson, O. O. Ayejuyo, and
T. Palanisami, “Interaction of chemical contaminants with microplastics:
principles and perspectives,” Science of the Total Environment, vol. 706, p.
135978, 2020.

Y. Yu, W. Y. Mo, and T. Luukkonen, “Adsorption behaviour and interaction of
organic micropollutants with nano and microplastics—a review,” Science of the
Total Environment, vol. 797, p. 149140, 2021.

Y. Tang et al, “Immunotoxicity and neurotoxicity of bisphenol A and
microplastics alone or in combination to a bivalve species, Tegillarca granosa,”
Environmental Pollution, vol. 265, p. 115115, 2020.

R. Hauser and A. M. Calafat, “Phthalates and human health,” Occup Environ Med,
vol. 62, no. 11, pp. 806-818, 2005.



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

114

P. Li et al., “Perinatal low-dose PBDE-47 exposure hampered thyroglobulin
turnover and induced thyroid cell apoptosis by triggering ER stress and lysosomal
destabilization contributing to thyroid toxicity in adult female rats,” J Hazard
Mater, vol. 392, p. 122265, 2020.

I. Andeli¢, R. Roje-Busatto, I. Ujevi¢, N. Vuleti¢, and S. Matijevi¢, “Distribution
of bisphenol A in sediment and suspended matter and its possible impact on
marine life in Kastela Bay, Adriatic Sea, Croatia,” J Mar Sci Eng, vol. 8, no. 7, p.
480, 2020.

H. Deng et al., “PAEs and PBDE:s in plastic fragments and wetland sediments in
Yangtze estuary,” J Hazard Mater, vol. 409, p. 124937, 2021.

Z.-M. Zhang, H.-H. Zhang, Y.-W. Zou, and G.-P. Yang, “Distribution and
ecotoxicological state of phthalate esters in the sea-surface microlayer, seawater
and sediment of the Bohai Sea and the Yellow Sea,” Environmental pollution, vol.
240, pp. 235247, 2018.

D. Lithner, A. Larsson, and G. Dave, “Environmental and health hazard ranking
and assessment of plastic polymers based on chemical composition,” Science of
the total environment, vol. 409, no. 18, pp. 3309-3324, 2011.

G. Emi-Cassola, V. Zadjelovic, M. I. Gibson, and J. A. Christie-Oleza,
“Distribution of plastic polymer types in the marine environment; A meta-
analysis,” J Hazard Mater, vol. 369, pp. 691-698, 2019.

S.-P. Y. Yu, M. C. Cole, and B. K. K. Chan, “Effects of microplastic on
zooplankton survival and sublethal responses,” Oceanography and Marine
Biology, 2020.

N. J. Beaumont et al., “Global ecological, social and economic impacts of marine
plastic,” Mar Pollut Bull, vol. 142, pp. 189-195, 2019.

M. N. Issac and B. Kandasubramanian, “Effect of microplastics in water and
aquatic systems,” Environmental Science and Pollution Research, vol. 28, no. 16,
pp. 19544-19562, 2021.

A. P. W. Barrows, S. E. Cathey, and C. W. Petersen, “Marine environment
microfiber contamination: Global patterns and the diversity of microparticle
origins,” Environmental pollution, vol. 237, pp. 275-284, 2018.

E. Baroja, E. Christoforou, J. Lindstrom, and S. Spatharis, “Effects of
microplastics on bivalves: Are experimental settings reflecting conditions in the
field?,” Mar Pollut Bull, vol. 171, p. 112696, 2021.

E. P.on C. in the F. C. (CONTAM), “Presence of microplastics and nanoplastics
in food, with particular focus on seafood,” Efsa Journal, vol. 14, no. 6, p. €04501,
2016.



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

115

P. T. Anastas, P. H. Bickart, and M. M. Kirchhoff, Designing safer polymers. John
Wiley & Sons, 2000.

A. Lusher, P. Hollman, and J. Mendoza-Hill, Microplastics in fisheries and
aquaculture: status of knowledge on their occurrence and implications for
aquatic organisms and food safety. FAO, 2017.

E. L. Teuten et al., “Transport and release of chemicals from plastics to the
environment and to wildlife,” Philosophical transactions of the royal society B:
biological sciences, vol. 364, no. 1526, pp. 2027-2045, 2009.

L. G. A. Barboza, A. D. Vethaak, B. R. B. O. Lavorante, A.-K. Lundebye, and L.
Guilhermino, “Marine microplastic debris: An emerging issue for food security,
food safety and human health,” Mar Pollut Bull, vol. 133, pp. 336348, 2018.

J. C. Anderson, B. J. Park, and V. P. Palace, “Microplastics in aquatic
environments: implications for Canadian ecosystems,” Environmental Pollution,
vol. 218, pp. 269-280, 2016.

J. N. Hahladakis, C. A. Velis, R. Weber, E. Iacovidou, and P. Purnell, “An
overview of chemical additives present in plastics: Migration, release, fate and
environmental impact during their use, disposal and recycling,” J Hazard Mater,
vol. 344, pp. 179-199, 2018.

E. Hansen, N. H. Nilsson, D. Lithner, and C. Lassen, “Hazardous substances in
plastic materials,” COWI in cooperation with Danish Technological Institute,
2013.

H. Fiege et al., “Phenol derivatives,” Ullmann’s encyclopedia of industrial
chemistry, 2000.

L. V Laing et al., “Bisphenol A causes reproductive toxicity, decreases dnmtl
transcription, and reduces global DNA methylation in breeding zebrafish (Danio
rerio),” Epigenetics, vol. 11, no. 7, pp. 526538, 2016.

D. A. Crain et al., “An ecological assessment of bisphenol-A: evidence from
comparative biology,” Reproductive toxicology, vol. 24, no. 2, pp. 225-239, 2007.
M. Rani et al., “Qualitative analysis of additives in plastic marine debris and its
new products,” Arch Environ Contam Toxicol, vol. 69, no. 3, pp. 352-366, 2015.
J. Oehlmann et al., “A critical analysis of the biological impacts of plasticizers on
wildlife,” Philosophical Transactions of the Royal Society B: Biological Sciences,
vol. 364, no. 1526, pp. 2047-2062, 2009.

H. Hirai et al., “Organic micropollutants in marine plastics debris from the open
ocean and remote and urban beaches,” Mar Pollut Bull, vol. 62, no. 8, pp. 1683—
1692, 2011.



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

116

W. H. O. (World H. Organization), “Environmental health criteria 162:
Brominated diphenyl ethers,” IPCS International Programme on Chemical
Safety;, World Health Organization Geneva, 1994.

R. E. Engler, “The complex interaction between marine debris and toxic
chemicals in the ocean,” Environ Sci Technol, vol. 46, no. 22, pp. 12302-12315,
2012.

J. L. Lyche et al., “Reproductive and developmental toxicity of phthalates,”
Journal of Toxicology and Environmental Health, Part B, vol. 12, no. 4, pp. 225—
249, 2009.

R. U. Halden, “Plastics and health risks,” Annu Rev Public Health, vol. 31, pp.
179-194, 2010.

S. Net, R. Sempere, A. Delmont, A. Paluselli, and B. Ouddane, “Occurrence, fate,
behavior and ecotoxicological state of phthalates in different environmental
matrices,” Environ Sci Technol, vol. 49, no. 7, pp. 4019-4035, 2015.

I. Notardonato, C. Protano, M. Vitali, B. Bhattacharya, and P. Avino, “A method
validation for simultaneous determination of phthalates and bisphenol A released
from plastic water containers,” Applied Sciences, vol. 9, no. 14, p. 2945, 2019.
A. M. Calafat, L. Valentin-Blasini, and X. Ye, “Trends in exposure to chemicals
in personal care and consumer products,” Curr Environ Health Rep, vol. 2, pp.
348-355, 2015.

[. Al-Saleh and R. Elkhatib, “Screening of phthalate esters in 47 branded
perfumes,” Environmental Science and Pollution Research, vol. 23, pp. 455-468,
2016.

L. Liu, R. Fokkink, and A. A. Koelmans, “Sorption of polycyclic aromatic
hydrocarbons to polystyrene nanoplastic,” Environ Toxicol Chem, vol. 35, no. 7,
pp. 1650-1655, 2016.

N. B. Hartmann ef al., “Microplastics as vectors for environmental contaminants:
Exploring sorption, desorption, and transfer to biota,” Integr Environ Assess
Manag, vol. 13, no. 3, pp. 488-493, 2017.

A. W. Verla, C. E. Enyoh, E. N. Verla, and K. O. Nwarnorh, “Microplastic—toxic
chemical interaction: a review study on quantified levels, mechanism and
implication,” SN Appl Sci, vol. 1, no. 11, pp. 1-30, 2019.

C. O. Okoye et al, “Toxic Chemicals and Persistent Organic Pollutants
Associated with Micro-and Nanoplastics Pollution,”
Journal Advances, p. 100310, 2022.

C. Campanale, C. Massarelli, I. Savino, V. Locaputo, and V. F. Uricchio, “A

Chemical Engineering

detailed review study on potential effects of microplastics and additives of



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

117

concern on human health,” Int J Environ Res Public Health, vol. 17, no. 4, p.
1212, 2020.

A. Paluselli, Y. Aminot, F. Galgani, S. Net, and R. Sempere, “Occurrence of
phthalate acid esters (PAEs) in the northwestern Mediterranean Sea and the Rhone
River,” Prog Oceanogr, vol. 163, pp. 221-231, 2018.

H. Zhang et al., “Occurrences of organophosphorus esters and phthalates in the
microplastics from the coastal beaches in north China,” Science of the total
environment, vol. 616, pp. 1505-1512, 2018.

C. M. Rochman, R. L. Lewison, M. Eriksen, H. Allen, A.-M. Cook, and S. J. Teh,
“Polybrominated diphenyl ethers (PBDEs) in fish tissue may be an indicator of
plastic contamination in marine habitats,” Science of the total environment, vol.
476, pp. 622633, 2014.

Y. Mato, T. Isobe, H. Takada, H. Kanehiro, C. Ohtake, and T. Kaminuma, “Plastic
resin pellets as a transport medium for toxic chemicals in the marine
environment,” Environ Sci Technol, vol. 35, no. 2, pp. 318-324, 2001.

Y.-M. Lee et al., “Distribution of phthalate esters in air, water, sediments, and fish
in the Asan Lake of Korea,” Environ Int, vol. 126, pp. 635-643, 2019.

A. Zoppini et al., “Bacterial diversity and microbial functional responses to
organic matter composition and persistent organic pollutants in deltaic lagoon
sediments,” Estuar Coast Shelf Sci, vol. 233, p. 106508, 2020.

M. Staniszewska, 1. Nehring, L. Falkowska, and K. Bodziach, “Could biotransport
be an important pathway in the transfer of phenol derivatives into the coastal zone
and aquatic system of the Southern Baltic?,” Environmental Pollution, vol. 262,
p. 114358, 2020.

D. Q. Le, H. Takada, R. Yamashita, K. Mizukawa, J. Hosoda, and D. A. Tuyet,
“Temporal and spatial changes in persistent organic pollutants in Vietnamese
coastal waters detected from plastic resin pellets,” Mar Pollut Bull, vol. 109, no.
1, pp. 320-324, 2016.

S. Romano et al., “PBDEs and PCBs in sediments of the Thi Nai Lagoon (Central
Vietnam) and soils from its mainland,” Chemosphere, vol. 90, no. 9, pp. 2396—
2402, 2013.

N. T. Nguyen, N. T. T. Nhon, H. T. N. Hai, N. D. T. Chi, and T. T. Hien,
“Characteristics of Microplastics and Their Affiliated PAHs in Surface Water in
Ho Chi Minh City, Vietnam,” Polymers (Basel), vol. 14, no. 12, p. 2450, 2022.
S. L. Wright, R. C. Thompson, and T. S. Galloway, “The physical impacts of
microplastics on marine organisms: a review,” Environmental pollution, vol. 178,
pp. 483-492, 2013.



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

118

S. Du et al., “Environmental fate and impacts of microplastics in aquatic
ecosystems: a review,” RSC Adv, vol. 11, no. 26, pp. 15762-15784, 2021.

A. L. Lusher, V. Tirelli, I. O’Connor, and R. Officer, “Microplastics in Arctic
polar waters: the first reported values of particles in surface and sub-surface
samples,” Sci Rep, vol. 5, no. 1, pp. 1-9, 2015.

Q. A. T. Nguyen, H. N. Y. Nguyen, E. Strady, Q. T. Nguyen, and M. Trinh-Dang,
“Characteristics of microplastics in shoreline sediments from a tropical and
urbanized beach (Da Nang, Vietnam),” Mar Pollut Bull, vol. 161, p. 111768,
2020.

M. A. Browne et al., “Accumulation of microplastic on shorelines woldwide:
sources and sinks,” Environ Sci Technol, vol. 45, no. 21, pp. 9175-9179, 2011.
L. Viet Dung, T. Huu Duc, L. Thi Khanh Linh, T. Thi Dieu Ly, H. Anh Duong,
and N. Thi My Hao, “Depth profiles of microplastics in sediment cores from two
mangrove forests in northern Vietnam,” J Mar Sci Eng, vol. 9, no. 12, p. 1381,
2021.

W. J. Shim, S. H. Hong, and S. Eo, “Marine microplastics: abundance,
distribution, and composition,” in Microplastic contamination in aquatic
environments, Elsevier, 2018, pp. 1-26.

L. Fok and P. K. Cheung, “Hong Kong at the Pearl River Estuary: A hotspot of
microplastic pollution,” Mar Pollut Bull, vol. 99, no. 1-2, pp. 112-118, 2015.

K. Davidson and S. E. Dudas, “Microplastic ingestion by wild and cultured
Manila clams (Venerupis philippinarum) from Baynes Sound, British Columbia,”
Arch Environ Contam Toxicol, vol. 71, no. 2, pp. 147-156, 2016.

J. Ding, Y. Sun, C. He, J. Li, and F. Li, “Towards risk assessments of
microplastics in bivalve mollusks globally,” J Mar Sci Eng, vol. 10, no. 2, p. 288,
2022.

Y. Cho, W. J. Shim, M. Jang, G. M. Han, and S. H. Hong, “Abundance and
characteristics of microplastics in market bivalves from South Korea,”
Environmental pollution, vol. 245, pp. 1107-1116, 2019.

L. Su, H. Cai, P. Kolandhasamy, C. Wu, C. M. Rochman, and H. Shi, “Using the
Asian clam as an indicator of microplastic pollution in freshwater ecosystems,”
Environmental pollution, vol. 234, pp. 347-355, 2018.

C.-P. Liao, C.-C. Chiu, and H.-W. Huang, “Assessment of microplastics in oysters
in coastal areas of Taiwan,” Environmental Pollution, vol. 286, p. 117437, 2021.
K. S. Vieira et al., “Occurrence of microplastics and heavy metals accumulation
in native oysters Crassostrea Gasar in the Paranagud estuarine system, Brazil,”
Mar Pollut Bull, vol. 166, p. 112225, 2021.



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

119

G. A. Covernton et al., “Microplastics in bivalves and their habitat in relation to
shellfish aquaculture proximity in coastal British Columbia, Canada,” Aquac
Environ Interact, vol. 11, pp. 357-374, 2019.

Q. Li et al., “Fusion of microplastics into the mussel byssus,” Environmental
pollution, vol. 252, pp. 420-426, 2019.

I. Fathoniah and M. P. Patria, “Abundance of microplastic in green mussel Perna
viridis, water, and sediment in Kamal Muara, Jakarta Bay,” in Journal of Physics:
Conference Series, IOP Publishing, 2021, p. 12042.

K. Dowarah, A. Patchaiyappan, C. Thirunavukkarasu, S. Jayakumar, and S. P.
Devipriya, “Quantification of microplastics using Nile Red in two bivalve species
Perna viridis and Meretrix meretrix from three estuaries in Pondicherry, India and
microplastic uptake by local communities through bivalve diet,” Mar Pollut Bull,
vol. 153, p. 110982, 2020.

L. Hermabessiere et al., “Microplastic contamination and pollutant levels in

2

mussels and cockles collected along the channel coasts,” Environmental
Pollution, vol. 250, pp. 807-819, 2019.

N. Scott, A. Porter, D. Santillo, H. Simpson, S. Lloyd-Williams, and C. Lewis,
“Particle characteristics of microplastics contaminating the mussel Mytilus edulis
and their surrounding environments,” Mar Pollut Bull, vol. 146, pp. 125-133,
2019.

J. Phaksopa et al., “Assessment of Microplastics in Green Mussel (Perna viridis)
and Surrounding Environments around Sri Racha Bay, Thailand,” Sustainability,
vol. 15, no. 1, p. 9, 2023.

J. E. Ward et al., “Selective ingestion and egestion of plastic particles by the blue
mussel (Mytilus edulis) and eastern oyster (Crassostrea virginica): implications
for using bivalves as bioindicators of microplastic pollution,” Environ Sci
Technol, vol. 53, no. 15, pp. 87768784, 2019.

F. C. Bom and F. S4, “Concentration of microplastics in bivalves of the
environment: a systematic review,” Environ Monit Assess, vol. 193, no. 12, pp.
1-30, 2021.

M. N. Sathish, K. I. Jeyasanta, and J. Patterson, “Monitoring of microplastics in
the clam Donax cuneatus and its habitat in Tuticorin coast of Gulf of Mannar
(GoM), India,” Environmental Pollution, vol. 266, p. 115219, 2020.

L. Lahens et al., “Macroplastic and microplastic contamination assessment of a
tropical river (Saigon River, Vietnam) transversed by a developing megacity,”
Environmental Pollution, vol. 236, pp. 661-671, 2018.



[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

120

H. Phu, H. T. N. Han, N. L. N. Thao, b. V. bong, and T. G. Han, “Nghién ctru
mirc d6 6 nhiém vi nhya trong nudc va tram tich séng Sai Gon—Pong Nai,” Tap
chi Khi twong Thuy van, vol. 731, pp. 69-81, 2021.

D. T. Nghi, b. H. Ngoc, K. L. T. Chung, E. Strady, and B. T. M. Huyén, “Déanh
gi4 6 nhiém microplastic trong méi trudng ctra song Bach Dang thudc hé thong
song H@)ng Viét Nam,” vol. 140-146, p. 58(6E12), 2020.

P. N. Nam et al., “Initial survey on microplastic waste in coastal water in Nam
Dinh,” Vietnam Journal of Marine Science and Technology, vol. 22, no. 2, 2022.
C. D. Dinh et al., “Distribution and characteristics of microplastics in surface
water at some beaches in Thanh Hoa province, Viet Nam,” Vietnam Journal of
Catalysis and Adsorption, vol. 10, no. 1S, pp. 193-200, 2021.

Q. A. Tran-Nguyen, T. B. H. Vu, Q. T. Nguyen, H. N. Y. Nguyen, T. M. Le, and
M. Trinh-Dang, “Urban drainage channels as microplastics pollution hotspots in
developing areas: A case study in Da Nang, Vietnam,” Mar Pollut Bull, vol. 175,
p. 113323, 2022.

L. V. Diing et al., “Nghién ctu phuong phdp xac dinh hat vi nhya trong moi
truong trAm tich bai tridu ven bién, ap dung thtr nghiém tai xa Pa Ldc, huyén Hau
Loc, tinh Thanh Hoa,” Tap chi Khi twong Thuy van, vol. 715, pp. 1-12, 2020.

T. T. Hien, N. T. T. Nhon, V. T. M. Thu, and N. T. Nguyen, “The Distribution of
Microplastics in Beach Sand in Tien Giang Province and Vung Tau City,
Vietnam.,” Journal of Engineering & Technological Sciences, vol. 52, no. 2,
2020.

D. Q. Tran et al., “Pic diém thanh phan va phan bd hat vi nhua trong méi trudong
tram tich tﬁng mat khu vuc vinh Tién Yén,” 2020.

P. N. Nam, P. Q. Tuan, D. T. Thuy, and F. Amiard, “Contamination of
microplastic in bivalve: first evaluation in Vietnam,” Vietnam Journal of Earth
Sciences, vol. 41, no. 3, pp. 252-258, 2019.

D. T. Oanh et al., “Efficiency assessment of microplastic extraction from green
mussel (Perna viridis),” Academia Journal of Biology, vol. 43, no. 4, pp. 55-66,
2021.

P.D. Thanh, T. . Thao, and T. B. Son, “Vi nhya trong tram tich va trong hai loai
nhuyén thé ngao (Meretrix lyrata) va hau (Crassostrea rivularis),” Tap chi Khoa
hoc Cong nghé va Thuc phcfm, vol. 22, pp. 65-73, 2022.

T. O. Doan et al., “Microplastic accumulation in bivalves collected from different
coastal areas of Vietnam and an assessment of potential risks,” Environ Monit
Assess, vol. 195, no. 12, p. 1511, 2023.



121

[98] Q. A. Tran-Nguyen, T. Q. Nguyen, T. L. T. Phan, M. Van Vo, and M. Trinh-
Dang, “Abundance of microplastics in two venus clams (Meretrix lyrata and
Paratapes undulatus) from estuaries in central Vietnam,” Water (Basel), vol. 15,
no. 7, p. 1312, 2023.

[99] N. Von Moos, P. Burkhardt-Holm, and A. Kohler, “Uptake and effects of
microplastics on cells and tissue of the blue mussel Mytilus edulis L. after an
experimental exposure,” Environ Sci Technol, vol. 46, no. 20, pp. 11327-11335,
2012.

[100] G. Everaert et al., “Risk assessment of microplastics in the ocean: Modelling
approach and first conclusions,” Environmental pollution, vol. 242, pp. 1930-
1938, 2018.

[101] P. Xu, G. Peng, L. Su, Y. Gao, L. Gao, and D. Li, “Microplastic risk assessment
in surface waters: A case study in the Changjiang Estuary, China,” Mar Pollut
Bull, vol. 133, pp. 647-654, 2018.

[102] S. L. Wright and F. J. Kelly, “Plastic and human health: a micro issue?,” Environ
Sci Technol, vol. 51, no. 12, pp. 6634-6647, 2017.

[103]J. T. Hartmann, S. Beggel, K. Auerswald, B. C. Stoeckle, and J. Geist,
“Establishing mussel behavior as a biomarker in ecotoxicology,” Aquatic
Toxicology, vol. 170, pp. 279-288, 2016.

[104] J. Oehlmann and U. Schulte-Oehlmann, “Molluscs as bioindicators,” in Trace
Metals and other Contaminants in the Environment, vol. 6, Elsevier, 2003, pp.
577-635.

[105] L. Hermabessiere et al., “Occurrence and effects of plastic additives on marine
environments and organisms: a review,” Chemosphere, vol. 182, pp. 781-793,
2017.

[106] J. Kwon, S. Chang, S. H. Hong, and W. J. Shim, “Microplastics as a vector of
hydrophobic contaminants: Importance of hydrophobic additives,” Integr Environ
Assess Manag, vol. 13, no. 3, pp. 494-499, 2017.

[107] J. W. Farrington et al., “Edward D. Goldberg’s proposal of ‘the mussel watch’:
reflections after 40 years,” Mar Pollut Bull, vol. 110, no. 1, pp. 501-510, 2016.

[108] N. G. Dodder ef al., “Occurrence of contaminants of emerging concern in mussels
(Mytilus spp.) along the California coast and the influence of land use, storm
water discharge, and treated wastewater effluent,” Mar Pollut Bull, vol. 81, no. 2,
pp. 340-346, 2014.

[109] J. Teng et al., “Microplastic in cultured oysters from different coastal areas of
China,” Science of the total environment, vol. 653, pp. 1282-1292, 2019.



122

[110] A. Keswani, D. M. Oliver, T. Gutierrez, and R. S. Quilliam, “Microbial
hitchhikers on marine plastic debris: human exposure risks at bathing waters and
beach environments,” Mar Environ Res, vol. 118, pp. 10-19, 2016.

[111] W. Choi, S. Lee, H.-K. Lee, and H.-B. Moon, “Organophosphate flame retardants
and plasticizers in sediment and bivalves along the Korean coast: Occurrence,
geographical distribution, and a potential for bioaccumulation,” Mar Pollut Bull,
vol. 156, p. 111275, 2020.

[112] V. Castro, R. Montes, J. B. Quintana, R. Rodil, and R. Cela, “Determination of
18 organophosphorus flame retardants/plasticizers in mussel samples by matrix
solid-phase dispersion combined to liquid chromatography-tandem mass
spectrometry,” Talanta, vol. 208, p. 120470, 2020.

[113] R. Sutton, D. Chen, J. Sun, D. J. Greig, and Y. Wu, “Characterization of
brominated, chlorinated, and phosphate flame retardants in San Francisco Bay, an
urban estuary,” Science of the Total Environment, vol. 652, pp. 212-223, 2019.

[114] M. del R. Rodil Rodriguez, M. E. Villaverde de Saa, J. Cobas, J. B. Quintana
Alvarez, R. Cela Torrijos, and N. Carro, “Legacy and emerging pollutants in
marine bivalves from the Galician coast (NW Spain),” 2019.

[115] S. Giandomenico et al., “Chlorinated compounds and polybrominated diphenyl
ethers (PBDEs) in mussels (Mytilus galloprovincialis) collected from Apulia
Region coasts,” Mar Pollut Bull, vol. 73, no. 1, pp. 243-251, 2013.

[116] L. Dosis, I. Athanassiadis, and X. Karamanlis, “Polybrominated diphenyl ethers
(PBDESs) in mussels from cultures and natural population,” Mar Pollut Bull, vol.
107, no. 1, pp. 92—-101, 2016.

[117] N. Salgueiro-Gonzalez et al., “Occurrence of alkylphenols and bisphenol A in
wild mussel samples from the Spanish Atlantic coast and Bay of Biscay,” Mar
Pollut Bull, vol. 106, no. 1-2, pp. 360-365, 2016.

[118] T. T. T. Hoang et al., “Tich lily hydrocarbon thom da vong (PAHs) trong vem
xanh (Perna viridis) & khu vuc Can Gid, Thanh phé H6 Chi Minh,” 2020.

[119] P. T. Kha, “Risk of Polycyclic Aromatic Hydrocarbons (PAHs) accumulation in
selected marine organisms in coastal area of Haiphong-Quangninh provinces,”
Vietnam Journal of Marine Science and Technology, vol. 14, pp. 97-102, 2014.

[120] D. T. Nguyen, X. T. T. Le, X. T. Trinh, and V. M. Do, “Evaluation of microplastic
bioaccumulation capacity of mussel (Perna viridis) and surrounding environment
in the North coast of Vietnam,” Mar Pollut Bull, vol. 199, p. 115987, 2024.

[121] J. Beyer et al., “Blue mussels (Mytilus edulis spp.) as sentinel organisms in coastal

pollution monitoring: a review,” Mar Environ Res, vol. 130, pp. 338-365, 2017.



123

[122] S& Giao thong van tai Quang Ninh, “Piéu chinh quy hoach tong thé phat trién
GTVT tinh Quang Ninh dén nim 2020 va dinh huéng dén niam 2030,”
www.quangninh.gov.vn/So/sogiaothongvantai/Lists/ThuTucHanhChinhCong/Att
achments/969/BCTH%20%200H%20GTVT%20Quang%20Ninh.pdf, 2017.

[123] S& Tai nguyén va Moi truong Quang Ninh, “Béo cao Quy hoach méi truong tinh
Quang Ninh dn nam 2020, tim nhin dén nam  2030,”
https://www.quangninh.gov.vn/So/sotainguyenmt/Lists/TinTuc/Attachments/598/
Bao%20cao%20quy%20hoach%20moi%20truong%20Quang%20Ninh.pdf,
2014.

[124] Lé Manh Tuyén, “Nhiing giai phap nang cao hiéu qua quan 1y rac thai nhya tai
tinh Quang Ninh,” Tap chi Con s6 & Sw kién, pp. 4245, 2022.

[125] T. T. Dang, X. T. T. Le, D. T. Nguyen, T. V. Phung, D. N. Vu, and H. V. Pham,
“Abundance of microplastics in cultured oysters (Crassostrea gigas) from Danang
Bay of Vietnam,” Mar Pollut Bull, vol. 180, p. 113800, 2022.

[126] S. Opfer, C. Arthur, and S. Lippiatt, “NOAA Marine Debris Shoreline Survey
Field Guide.,” 2012.

[127] D. V. Manh et al., “Phan tich dac tinh cta rac thai vi nhya trong tram tich bai bién
ving duyén hai Viét Nam: Nghién ciru ban dau tai Pa Nang,” Vietnam J Sci
Technol, vol. 63, no. 11DB, 2021.

[128] X. T. T. Le, D. T. Nguyen, M. T. Pham, M. V. Trinh, and P. C. Le, “Risk
assessment of microplastic exposure: A case study near a refinery factory at the
central coast of Vietnam,” Mar Pollut Bull, vol. 196, p. 115636, 2023.

[129] P. Prarat and P. Hongsawat, “Microplastic pollution in surface seawater and beach
sand from the shore of Rayong province, Thailand: Distribution, characterization,
and ecological risk assessment,” Mar Pollut Bull, vol. 174, p. 113200, 2022.

[130] L. Yang, Y. Zhang, S. Kang, Z. Wang, and C. Wu, “Microplastics in freshwater
sediment: A review on methods, occurrence, and sources,” Science of the Total
Environment, vol. 754, p. 141948, 2021.

[131] N. N. Phuong et al., “Highlights from a review of microplastics in marine
sediments,” Science of the Total Environment, vol. 777, p. 146225, 2021.

[132] R. Sukhsangchan, R. Keawsang, S. Worachananant, T. Thamrongnawasawat, and
J. Phaksopa, “Suspended microplastics during a tidal cycle in sea-surface waters
around Chao Phraya River mouth, Thailand,” ScienceAsia, vol. 46, p. 724, 2020.

[133] P. J. Kershaw, A. Turra, and F. Galgani, “Guidelines for the monitoring and

assessment of plastic litter and microplastics in the ocean.,” 2019.



124

[134] X. Zhu et al., “Microplastic Pollution in Nearshore Sediment from the Bohai Sea
Coastline,” Bull Environ Contam Toxicol, May 2020, doi: 10.1007/s00128-020-
02866-1.

[135] N. Expdsito, J. Rovira, J. Sierra, J. Folch, and M. Schuhmacher, “Microplastics
levels, size, morphology and composition in marine water, sediments and sand
beaches. Case study of Tarragona coast (western Mediterranean),” Science of The
Total Environment, vol. 786, p. 147453, 2021.

[136] J. Ding, C. Sun, C. He, J. Li, P. Ju, and F. Li, “Microplastics in four bivalve species
and basis for using bivalves as bioindicators of microplastic pollution,” Science
of The Total Environment, vol. 782, p. 146830, 2021.

[137] N. D. Thanh et al., “Investigation of microplastics existence in mussel (Perna
Viridis) from Ha Long bay, Viet Nam,” Vietnam J Sci Technol, vol. 60, no. 5B,
pp- 1-10, 2022.

[138] U. Epa, “Method 3540C: soxhlet extraction,”
https://www.epa.gov/sites/default/files/2015-12/documents/3540c.pdf, 1996.

[139] S. G. E. L. CLEANUP, “METHOD 3630C SILICA GEL CLEANUP,” 1996.

[140] M. M.-L. Leung et al., “Determination of microplastics in the edible green-lipped
mussel Perna viridis using an automated mapping technique of Raman
microspectroscopy,” J Hazard Mater, vol. 420, p. 126541, 2021.

[141] A. Karami, A. Golieskardi, C. K. Choo, N. Romano, Y. Bin Ho, and B.
Salamatinia, “A high-performance protocol for extraction of microplastics in
fish,” Sci Total Environ, vol. 578, pp. 485-494, Feb. 2017, doi:
10.1016/j.scitotenv.2016.10.213.

[142] D. Wang et al., “Quantitative and qualitative determination of microplastics in
oyster, seawater and sediment from the coastal areas in Zhuhai, China,” Mar
Pollut  Bull, vol. 164, p. 112000, Mar. 2021, doi:
10.1016/j.marpolbul.2021.112000.

[143] K. Munno, P. A. Helm, D. A. Jackson, C. Rochman, and A. Sims, “Impacts of
temperature and selected chemical digestion methods on microplastic particles,”
Environ Toxicol Chem, vol. 37, no. 1, pp. 91-98, 2018.

[144] S. Jahan and V. Strezov, “Assessment of trace elements pollution in the sea ports
of New South Wales (NSW), Australia using oysters as bioindicators,” Sci Rep,
vol. 9, no. 1, p. 1416, 2019.

[145] P. Banik et al., “Microplastics in sediment of Kuakata Beach, Bangladesh:
occurrence, spatial distribution, and risk assessment,” Front Mar Sci, vol. 9, p.
860989, 2022.



125

[146] C. Fang et al., “Comparison of microplastic contamination in fish and bivalves
from two major cities in Fujian province, China and the implications for human
health,” Aquaculture, vol. 512, p. 734322, 2019.

[147] B. T. C. Ta and N. T. Hang, “Giai phéap phat trién du lich bén viing tai huyén dao
cd t0, tinh Quang Ninh,” Scientific Journal of Hanoi Metropolitan University, pp.
62-70, 2022.

[148] R. S. Robin et al., “Holistic assessment of microplastics in various coastal
environmental matrices, southwest coast of India,” Science of the Total
Environment, vol. 703, p. 134947, 2020.

[149] X. Xu, C. Y. Wong, N. F. Y. Tam, H.-S. Lo, and S.-G. Cheung, “Microplastics in
invertebrates on soft shores in Hong Kong: Influence of habitat, taxa and feeding
mode,” Science of the Total Environment, vol. 715, p. 136999, 2020.

[150] F. Wu et al., “Accumulation of microplastics in typical commercial aquatic
species: a case study at a productive aquaculture site in China,” Science of the
Total Environment, vol. 708, p. 135432, 2020.

[151] D. M. Truchet et al., “Microplastics in bivalves, water and sediments from a
touristic sandy beach of Argentina,” Mar Pollut Bull, vol. 173, p. 113023, 2021.

[152] N. Ruangpanupan, A. Ussawarujikulchai, B. Prapagdee, and S. Chavanich,
“Seasonal variation in the abundance of microplastics in three commercial
bivalves from Bandon Bay, Gulf of Thailand,” Mar Pollut Bull, vol. 197, p.
115600, 2023.

[153] M. Al Hammadi, S. Knuteson, S. Kanan, and F. Samara, “Microplastic pollution
in oyster bed ecosystems: An assessment of the northern shores of the United Arab
Emirates,” Environmental Advances, vol. 8, p. 100214, 2022.

[154] Y. Cho, W. J. Shim, M. Jang, G. M. Han, and S. H. Hong, “Nationwide monitoring
of microplastics in bivalves from the coastal environment of Korea,” Environ
Pollut, vol. 270, p. 116175, Feb. 2021, doi: 10.1016/j.envpol.2020.116175.

[155] P. Cherdsukjai, V. Vongpanich, and P. Akkajit, “Preliminary Study and First
Evidence of Presence of Microplastics in Green Mussel, Perna viridis from
Phuket,” Applied Environmental Research, vol. 44, no. 1, 2022.

[156] H. U. E. Imasha and S. Babel, “Microplastics contamination in commercial green
mussels from selected wet markets in Thailand,” Arch Environ Contam Toxicol,
vol. 81, pp. 449-459, 2021.

[157] A. Khoironi and S. Anggoro, “The existence of microplastic in Asian green
mussels,” in IOP Conference Series: Earth and Environmental Science, 10P
Publishing, 2018, p. 12050.



126

[158] X. T. Thao Le, V. M. Trinh, D. T. Nguyen, and M. Van Do, “Overall evaluation
of microplastic exposure in oysters (Crassostrea gigas) in coastal areas of
Vietnam,” Reg  Stud  Mar  Sci, p. 103840, 2024, doi:
https://doi.org/10.1016/j.rsma.2024.103840.

[159] Le Xuan Thanh Thao, Huynh Duc Long, Nguyen Duy Thanh, Dang Thi Thom,
and Do Van Manh, “The evidence of microplastics exposured in Le Thuy beach
of Quang Ngai, Viet Nam,” Vietnam J Sci Technol, 2023.

[160] K. Gedik et al., “The broad-scale microplastic distribution in surface water and
sediments along Northeastern Mediterranean shoreline,” Science of The Total
Environment, vol. 843, p. 157038, 2022.

[161] Y. Terzi, K. Gedik, A. R. Eryasar, R. C. Oztiirk, A. Sahin, and F. Yilmaz,
“Microplastic contamination and characteristics spatially vary in the southern
Black Sea beach sediment and sea surface water,” Mar Pollut Bull, vol. 174, p.
113228, 2022.

[162] Q. Ahmed, Q. M. Ali, L. Bat, A. Oztekin, S. Memon, and A. Baloch, “Preliminary
study on abundance of microplastic in sediments and water samples along the
coast of Pakistan (Sindh and Balochistan)-Northern Arabian Sea,” Turk J Fish
Aquat Sci, vol. 22, no. 7, 2021.

[163] R. Ding et al., “A case study of distribution and characteristics of microplastics
in surface water and sediments of the seas around Shenzhen, southern coastal area
of China,” Science of The Total Environment, vol. 838, p. 156063, 2022.

[164] M. Chen et al., “Assessment of microplastics derived from mariculture in
Xiangshan Bay, China,” Environmental Pollution, vol. 242, pp. 11461156, 2018.

[165] N. N. Phuong, L. Poirier, Q. T. Pham, F. Lagarde, and A. Zalouk-Vergnoux,
“Factors influencing the microplastic contamination of bivalves from the French
Atlantic coast: location, season and/or mode of life?,” Mar Pollut Bull, vol. 129,
no. 2, pp. 664-674, 2018.

[166] M.-C. Chen and T.-H. Chen, “Spatial and seasonal distribution of microplastics
on sandy beaches along the coast of the Hengchun Peninsula, Taiwan,” Mar
Pollut Bull, vol. 151, p. 110861, 2020.

[167] Y. Luo et al., “Spatial patterns of microplastics in surface seawater, sediment, and
sand along Qingdao coastal environment,” Front Mar Sci, vol. 9, p. 916859, 2022.

[168] M. Tajwar, M. Yousuf Gazi, and S. K. Saha, “Characterization and spatial
abundance of microplastics in the coastal regions of Cox’s Bazar, Bangladesh: an
integration of field, laboratory, and GIS techniques,” Soil and Sediment
Contamination: An International Journal, vol. 31, no. 1, pp. 57-80, 2022.



127

[169] V. T. K. Khuyen, D. V. Le, A. R. Fischer, and C. Dornack, “Comparison of
microplastic pollution in beach sediment and seawater at UNESCO Can Gio
Mangrove Biosphere Reserve,” Global Challenges, vol. 5, no. 11, p. 2100044,
2021.

[170] H. C. Lee, M. M. Khan, N. Asmaa’Jaya, and D. J. Marshall, “Microplastic
accumulation in oysters along a Bornean coastline (Brunei, South China Sea):
Insights into local sources and sinks,” Mar Pollut Bull, vol. 177, p. 113478, 2022.

[171] M. Saldafia-Serrano et al., “Microplastics and linear alkylbenzene levels in
oysters Crassostrea gigas driven by sewage contamination at an important
aquaculture area of Brazil,” Chemosphere, vol. 307, p. 136039, 2022.

[172] I. C. A. Marei, F. I. E. Saleh, C. Y. Manullang, A. Soamole, and I. Rehalat,
“Occurrence and distribution of microplastics in the beach sediment of Anday
Beach, West Papua (Indonesia),” in [OP Conference Series: Earth and
Environmental Science, IOP Publishing, 2021, p. 012070.

[173] M. K. O. Paler, M. C. T. Malenab, J. R. Maralit, and H. M. Nacorda, “Plastic
waste occurrence on a beach off southwestern Luzon, Philippines,” Mar Pollut
Bull, vol. 141, pp. 416419, 2019.

[174] P. Akkajit, D. Tipmanee, P. Cherdsukjai, T. Suteerasak, and S. Thongnonghin,
“Occurrence and distribution of microplastics in beach sediments along Phuket
coastline,” Mar Pollut Bull, vol. 169, p. 112496, 2021.

[175] M. E. Miller, C. A. Motti, M. Hamann, and F. J. Kroon, “Assessment of
microplastic bioconcentration, bioaccumulation and biomagnification in a simple
coral reef food web,” Science of The Total Environment, vol. 858, p. 159615,
2023.

[176] P. K. Krishnakumar, M. A. Qurban, and G. Sasikumar, “Biomonitoring of trace
metals in the coastal waters using bivalve molluscs,” Trace Elements: Human
Health and Environment, vol. 153, 2018.

[177] M. Ranjani et al., “Assessment of potential ecological risk of microplastics in the
coastal sediments of India: A meta-analysis,” Mar Pollut Bull, vol. 163, p.
111969, 2021.

[178] Z. Pan et al., “Microplastic pollution and ecological risk assessment in an
estuarine environment: The Dongshan Bay of China,” Chemosphere, vol. 262, p.
127876, 2021.

[179] D. Ephsy and S. Raja, “Characterization of microplastics and its pollution load
index in freshwater Kumaraswamy Lake of Coimbatore, India,” Environ Toxicol
Pharmacol, vol. 101, p. 104207, 2023.



128

[180] R. Li, L. Yu, M. Chai, H. Wu, and X. Zhu, “The distribution, characteristics and
ecological risks of microplastics in the mangroves of Southern China,” Science of
the Total Environment, vol. 708, p. 135025, 2020.

[181] Y. Ocharoen, C. Boonphakdee, T. Boonphakdee, A. P. Shinn, and S.
Moonmangmee, “High levels of the endocrine disruptors bisphenol-A and 173-
estradiol detected in populations of green mussel, Perna viridis, cultured in the
Gulf of Thailand,” Aquaculture, vol. 497, pp. 348-356, 2018.

[182] J. M. Y. Chiu et al., “Contamination and risk implications of endocrine disrupting
chemicals along the coastline of China: a systematic study using mussels and
semipermeable membrane devices,” Science of the total environment, vol. 624,
pp- 1298-1307, 2018.

[183] E. Baralla, V. Pasciu, M. V. Varoni, M. Nieddu, R. Demuro, and M. P. Demontis,
“Bisphenols’ occurrence in bivalves as sentinel of environmental contamination,”
Science of The Total Environment, vol. 785, p. 147263, 2021.

[184] F. A. Jahromi et al., “Bisphenol A (BPA) and polycyclic aromatic hydrocarbons
(PAHSs) in the surface sediment and bivalves from Hormozgan Province coastline
in the Northern Persian Gulf: A focus on source apportionment,” Mar Pollut Bull,
vol. 152, p. 110941, 2020.

[185] B. G. Kwon, S.-Y. Chung, and K. Saido, “Sandy beaches as hotspots of bisphenol
A,” Environ Res, vol. 191, p. 110175, 2020.

[186] X. Liu, H. Shi, B. Xie, D. D. Dionysiou, and Y. Zhao, “Microplastics as both a
sink and a source of bisphenol A in the marine environment,” Environ Sci
Technol, vol. 53, no. 17, pp. 10188-10196, 2019.

[187] H. S. Lo et al., “Bisphenol A and its analogues in sedimentary microplastics of
Hong Kong,” Mar Pollut Bull, vol. 164, p. 112090, 2021.

[188] N. Carro et al., “Spatial distribution and source identification of phthalates and
organochlorine compounds in Galician mussels (NW Spain),” Mar Pollut Bull,
vol. 194, p. 115393, 2023.

[189] E. Tsochatzis, P. Karayannakidis, and S. Kalogiannis, “Determination of selected
dichloroanilines and phthalates in lyophilised mussels samples with ultra-high
performance liquid chromatography-tandem mass spectrometry after QUEChERS
clean-up,” Food Additives & Contaminants: Part A, vol. 36, no. 8, pp. 1253—-1260,
2019.

[190] J. Castro-Jiménez and N. Ratola, “An innovative approach for the simultaneous
quantitative screening of organic plastic additives in complex matrices in marine
coastal areas,” Environmental Science and Pollution Research, vol. 27, pp.
11450-11457, 2020.



129

[191]1 Y.-Y. Gu et al., “A comprehensive study of the effects of phthalates on marine
mussels: Bioconcentration, enzymatic activities and metabolomics,” Mar Pollut
Bull, vol. 168, p. 112393, 2021.

[192] C. Ek, K. Winkens Piitz, S. Danielsson, and S. Faxneld, “Screening for
pharmaceuticals, phthalates and polycyclic aromatic hydrocarbons (PAHs) in
bivalves sampled along the Swedish coast,” 2019.

[193] O. Kingsley and B. Witthayawirasak, “Deterministic assessment of the risk of
phthalate esters in sediments of U-Tapao Canal, Southern Thailand,” Toxics, vol.
8, no. 4, p. 93, 2020.

[194] L. Dong, L. Lin, X. Pan, S. Zhang, Z. Lv, and C. Mi, “Distribution Dynamics of
Phthalate Esters in Surface Water and Sediment of the Middle-Lower Hanjiang
River, China,” Int J Environ Res Public Health, vol. 19, no. 5, p. 2702, 2022.

[195] G. Chaudhary et al., “Contamination of water and sediments of Harike Wetland
with phthalate esters and associated risk assessment,” Water (Basel), vol. 15, no.
6, p. 1009, 2023.

[196] Y. Cao et al., “Phthalate esters in seawater and sediment of the northern South
China Sea: Occurrence, distribution, and ecological risks,” Science of The Total
Environment, vol. 811, p. 151412, 2022.

[197] R. A. F. Neves, A. Miralha, T. B. Guimaraes, R. Sorrentino, M. R. C. M.
Calderari, and L. N. Santos, “Phthalates contamination in the coastal and marine
sediments of Rio de Janeiro, Brazil,” Mar Pollut Bull, vol. 190, p. 114819, 2023.

[198] H. Xu et al., “Dose-dependent effects of di-(2-ethylhexyl) phthalate (DEHP) in
mussel Mytilus galloprovincialis,” Front Mar Sci, vol. 8, p. 658361, 2021.

[199] R. Sun, C. Pan, Q. X. Li, F. Peng, and B. Mai, “Occurrence and congener profiles
of polybrominated diphenyl ethers in green mussels (Perna viridis) collected from
northern South China Sea and the associated potential health risk,” Science of the
Total Environment, vol. 698, p. 134276, 2020.

[200] S. Burreau and D. Broman, “Uptake of PBDEs in pike (Esox lucius) from food,”
Organohalogen compounds, vol. 39, pp. 3942, 1998.

[201] P. T. N. Mai et al., “Distribution, accumulation profile, and risk assessment of
polybrominated diphenyl ethers in sediment from lake and river systems in Hanoi
Metropolitan Area, Vietnam,” Environmental Science and Pollution Research,
vol. 25, pp. 7170-7179, 2018.

[202] L. A. Richman, T. Kolic, K. MacPherson, L. Fayez, and E. Reiner,
“Polybrominated diphenyl ethers in sediment and caged mussels (Elliptio
complanata) deployed in the Niagara River,” Chemosphere, vol. 92, no. 7, pp.
778-786,2013.



130

[203] M. Keshavarzifard, M. P. Zakaria, and T. S. Hwai, “Bioavailability of polycyclic
aromatic hydrocarbons (PAHs) to short-neck clam (Paphia undulata) from
sediment matrices in mudflat ecosystem of the west coast of Peninsular
Malaysia,” Environ Geochem Health, vol. 39, pp. 591-610, 2017.

[204] M. Baini et al., “First detection of seven phthalate esters (PAEs) as plastic tracers
in superficial neustonic/planktonic samples and cetacean blubber,” Analytical
Methods, vol. 9, no. 9, pp. 1512-1520, 2017.

[205] M. C. Fossi et al., “Fin whales and microplastics: The Mediterranean Sea and the
Sea of Cortez scenarios,” Environmental Pollution, vol. 209, pp. 68-78, 2016.

[206] P. Xu, W. Ge, C. Chai, Y. Zhang, T. Jiang, and B. Xia, “Sorption of
polybrominated diphenyl ethers by microplastics,” Mar Pollut Bull, vol. 145, pp.
260-269, 2019.

[207] A. Turner, “PBDEs in the marine environment: Sources, pathways and the role of
microplastics,” Environmental Pollution, vol. 301, p. 118943, 2022.

[208] Y. Liu et al., “Assessing the potential risk and relationship between microplastics
and phthalates in surface seawater of a heavily human-impacted metropolitan bay
in northern China,” Ecotoxicol Environ Saf, vol. 204, p. 111067, 2020.



-1-
PHU LUC

Phu luc 1: Pho hong ngoai ciia cac polymer trong mau vem xanh va mau chuan

Polyethylene Teraphalate 8%

Pho hong ngoai cua PET trong mau vem xanh va mau chuan

TEFLON 88%

Pho hong ngoai cua PTFE trong mau chuén va mau vem xanh

NYLON 9237

Pho hong ngoai ciia PA trong mau chuan va mau vem xanh

Pobv{vinyl alcohel) 84%

Pho hong ngoai cia PVA trong mau chuan va mau vem xanh
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Phu luc 2. Mat dd MPs tich tu trong cac ca thé vem xanh tai 10 diém ldy mau

Length, Width, Weight, MPs/ MPs/
No. Sample o e .
cm cm WW, g individual gram w.w
1 6,80 3,00 4,95 14,00 2,83
2 6,50 3,00 4,51 29,00 6,43
3 7,30 3,00 5,24 4,00 0,76
9 6,40 3,00 7,60 16,00 2,11
5 6,70 3,10 4,44 27,00 6,08
QN1
6 7,00 3,00 4,53 4,00 0,88
7 7,00 3,00 8,18 13,00 1,59
10 9,50 4,80 13,33 66,00 4,95
Average 7,15 3,24 6,60 21,63 3,20
Stdev 0,99 0,63 3,09 20,13 2,30
9 6,60 3,20 4,15 27,00 6,50
10 6,70 3,10 7,27 13,00 1,79
11 7,90 3,70 8,68 14,00 1,61
12 6,90 3,20 7,56 28,00 3,71
ON2 13 6,70 3,20 5,30 18,00 3,40
14 7,20 3,40 6,64 19,00 2,86
15 6,30 3,00 9,03 74,00 8,19
16 7,20 3,50 5,33 7,00 1,31
Average 6,94 3,29 6,74 25,00 3,67
Stdev 0,49 0,23 1,72 21,00 2,46
1 9,80 3,90 4,69 15,00 3,20
2 8,80 3,70 4,82 16,00 3,32
3 8,30 3,70 4,58 6,00 1,31
4 8,00 3,30 4,45 21,00 4,72
ON3 5 8,20 3,60 4,60 8,00 1,74
8 8,40 4,30 4,31 11,00 2,55
10 9,50 4,00 5,25 17,00 3,24
13 7,20 3,40 4,49 21,00 4,68
Average 8,53 3,74 4,65 14,38 3,09
Stdev 0,83 0,32 0,29 5,60 1,23
2 9,00 3,80 5,80 20,00 3,45
3 8,30 3,70 4,75 40,00 8,42
5 9,30 5,30 8,15 78,00 9,57
7 9,70 5,90 8,32 31,00 3,73
ON4 9 7,80 3,40 5,88 74,00 12,58
10 9,40 4,70 7,58 24,00 3,17
14 7,45 3,65 4,73 7,00 1,48
15 7,75 3,60 3,84 4,00 1,04
Average 8,59 4,26 6,13 34,75 5,43
Stdev 0,87 0,93 1,70 28,03 4,21
3 9,40 4,70 7,60 15,00 1,97
ON5 4 8,50 3,60 7,24 29,00 4,01
5 7,45 3,65 5,55 35,00 6,31
6 7,75 3,60 5,57 37,00 6,64
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Length, Width, Weight, MPs/ MPs/
No. Sample o e .
cm cm WW, g individual gram w.w

7 7,83 3,50 4,76 19,00 3,99

9 8,40 3,55 5,88 35,00 5,95

11 7,85 3,50 5,15 25,00 4,85

12 7,90 3,40 4,34 11,00 2,53

Average 8,14 3,69 5,76 25,75 4,53

Stdev 0,62 0,42 1,14 9,91 1,72

1 8,80 3,70 6,63 13,00 1,96

4 8,85 3,75 9,20 16,00 1,74

5 8,25 3,50 7,23 42,00 5,81

7 9,35 3,90 14,72 14,00 0,95

ONG6 8 10,40 4,30 16,03 26,00 1,62
9 10,80 4,40 18,45 10,00 0,54

10 10,30 4,20 11,42 38,00 3,33

11 9,60 4,00 15,31 18,00 1,18

Average 9,54 3,97 12,37 22,13 2,14

Stdev 0,90 0,32 4,39 12,03 1,70

12 11,30 4,60 12,69 8,00 0,63

13 13,50 5,10 35,56 16,00 0,45

14 13,20 4,80 26,66 32,00 1,20

15 10,80 4,70 23,85 40,00 1,68

ON7 16 10,50 4,40 19,16 25,00 1,30
17 9,80 4,50 13,44 22,00 1,64

18 11,30 5,30 29,40 11,00 0,37

19 11,60 5,70 23,39 35,00 1,50

Average 11,50 4,89 23,02 23,63 1,10

Stdev 1,27 0,45 7,79 11,55 0,53

4 9,20 3,90 8,42 10,00 1,19
9 5,80 2,80 2,63 48,00 18,24

11 8,40 3,40 5,75 16,00 2,78

12 4,80 2,60 2,37 20,00 8,45

ONS 18 10,90 4,70 11,18 5,00 0,45
19 9,10 3,70 5,44 8,00 1,47

22 8,00 3,40 6,58 5,00 0,76

29 8,30 3,70 7,67 14,00 1,83

Average 8,06 3,53 6,25 15,75 4,39

Stdev 1,94 0,65 2,93 14,07 6,15

4 8,30 3,70 4,75 14,00 2,95

7 7,75 3,60 3,84 13,00 3,38

8 8,50 3,70 7,10 17,00 2,39

9 7,20 3,40 4,31 14,00 3,25

ON9 10 7,90 3,40 10,80 14,00 1,30
12 8,70 3,85 5,67 41,00 7,23

14 8,10 3,85 5,65 19,00 3,36

15 9,55 4 5,6709 48,00 8,46

Average 8,25 3,69 5,98 22,50 4,04

Stdev 0,70 0,22 2,19 13,85 2,47
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Length, Width, Weight, MPs/ MPs/
No. Sample o e .
cm cm WW, g individual gram w.w

1 8,30 3,70 6,23 4,00 0,64

3 8,30 3,60 5,27 14,00 2,66

4 7,20 3,50 5,93 8,00 1,35

5 8,50 4,00 8,35 37,00 4,43

6 7,20 3,50 6,66 28,00 4,20

QNI0 7 9,10 4,20 8,87 15,00 1,69
8 9,30 4,30 9,26 9,00 0,97

9 7,10 3,70 5,53 22,00 3,98

Average 8,13 3,81 7,01 17,13 2,49

Stdev 0,87 0,31 1,58 11,17 1,54




-6-

Phu luc 3: Thanh phéin polymer ciia MPs trung binh tich tu trong vem xanh (MPs/cd

thé)

Thanh QNI QN2 QN3 QN4 QN5 QN6 QN7 QN8 QN9 ONI0
polymer

CP 0,00 0,00 000 0,00 000 0,13 000 0,13 000 0,13
EVOH 025 063 0,13 025 1,50 1,13 0,63 1,00 0,63 025
HDPE 0,00 063 025 038 2,88 125 1,63 000 0,50 0,00
LDPE 0,00 0,00 0,00 000 0,00 000 0,13 000 0,00 0,00
MF 063 1,88 0,13 0,50 088 025 0,13 0,38 2,00 0,00
MUF 2,50 6,00 2,88 1,75 1,63 1,63 2,63 538 7,50 2,00
PA 0,13 0,00 000 0,00 000 0,00 013 0,00 000 0,00
PE 16,13 14,00 9,38 30,38 15,88 12,63 14,00 7,88 9,00 9,38
PET 0,00 0,38 000 1,38 025 038 025 013 0,88 0,13
PF 0,63 038 025 0,00 000 025 000 0,13 063 0,00
PP 0,00 0,00 000 0,00 000 0,00 025 0,00 000 0,25
PS 0,50 0,50 025 0,13 075 0,50 1,75 0,63 050 1,13
PTFE 0,88 0,50 1,00 0,00 1,88 4,00 200 0,13 025 3,75
PVA 0,00 0,00 0,13 0,00 000 0,00 000 0,00 000 0,13
PVDF 0,00 0,13 0,00 000 0,00 000 0,13 000 0,63 0,00
UF 0,00 0,00 000 0,00 013 0,00 000 0,00 000 0,00
Tong 21,63 25,00 14,38 34,75 25,75 22,13 23,63 15,75 22,50 17,13
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Thanh

polymer QN1 QN2 QN3 QN4 QN5 QN6 ON7 QN8 QN9 ONI10
CP 0,00 3,33 3,33 0,00 0,00 0,00 3,33 0,00 0,00 0,00
EVOH 0,00 0,00 0,00 0,00 3,33 0,00 6,67 0,00 6,67 3,33
HDPE 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 3,33
MF 3,33 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00
MUF 0,00 3,33 0,00 6,67 0,00 6,67 13,33 3,33 16,67 0,00
PA 3,33 33,33 333 3,33 1333 6,67 16,67 3,33 26,67 13,33
PET 40,00 63,33 33,33 40,00 63,33 40,00 56,67 56,67 40,00 50,00
PF 0,00 0,00 3,33 0,00 6,67 0,00 10,00 0,00 0,00 6,67
PTFE 13,33 10,00 0,00 333 333 6,67 16,67 30,00 3,33 13,33
PVA 0,00 6,67 0,00 0,00 0,00 3,33 26,67 6,67 6,67 3,33
UF 0,00 0,00 0,00 0,00 3,33 0,00 6,67 0,00 0,00 3,33
Tong 60,00 120,00 43,33 53,33 93,33 63,33 160,00 103,33 100,00 96,67
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Phu luc 5: Thanh phéin polymer ciia MPs trung binh tich tu trong tram tich (MPs/kg)

Thanh QN1 QN2 QN3 QN4 QNS QN6 ON7 ON8 QN9 ONI10
polymer

CP 0,0 0,0 0,0 0,0 0,0 0,0 100,0 100,0 0,0 0,0
EVOH 0,0 0,0 0,0 200,0 0,0 100,0 200,0 0,0 0,0 0,0
HDPE 100,0 0,0 0,0 0,0 500,0 200,0 600,0 600,0 100,0 0,0
MF 0,0 0,0 0,0 0,0 100,0 0,0 200,0 0,0 0,0 0,0
MUF 0,0 100,0 0,0 500,0 200,0 100,0 200,0 100,0 0,0 0,0
PA 0,0 400,0 200,0 500,0 0,0 1600,0 0,0 300,0 0,0 300,0
PET 3300,0 2900,0 6000,0 5800,0 2600,0 0,0 2000,0 2300,0 1000,0 400,0
PF 0,0 0,0 0,0 200,0 0,0 0,0 100,0 100,0 0,0 0,0
PTFE 1400,0  100,0 0,0 300,0 0,0 200,0 0,0 2700,0 1200,0 600,0
PVA 0,0 300,0 0,0 0,0 2700,0 1500,0 1600,0 300,0 200,0 300,0
UF 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Tong 4900,0 3800,0 6200,0 7500,0 6100,0 3700,0 5000,0 6500,0 2500,0 1700,0
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Phu luc 6. Néng d¢ trung binh cac chit BPA, PAEs va PBDE:s tich tu trong vem xanh

(ng/kg)

Chdt QNI QN2 QN3 QN4 QN5 QN6 QN7 QN8 QN9 QNIO
BPA 22424 164037 67000 12532 6476 29,13 9919 34484 67530 195,77
BDE-28 879 272 893 006 533 1,19 006 006 391 006
BDE-47 232 1850 7,53 006 1158 074 006 006 006 006
BDE-99 395 006 006 006 006 006 006 006 006 006
?&E' 428 228 193 006 1,69 036 006 006 006 006
PO 006 006 006 006 006 006 006 006 006 006
DMP 2271 17140 3685 17,66 236 591 1585 4724 5488 48,92
DEP 2415 8073 2899 18,08 331 817 825 1559 39,57 2590
DIDP 554 003 003 003 083 003 936 1654 2764 188
DBP 560 003 003 003 167 003 954 126 5138 0,03
DMEP 003 003 003 003 1491 003 003 003 8509 003
BMPP 14131 85982 52682 003 11,16 003 003 003 26774 0,03
DPP 478 1382 943 003 074 003 003 003 003 003
DnHP 2647 1289 37,94 003 003 159793 003 003 5343 0,03
BBP 530 003 003 003 2235 003 003 003 7304 0,03
BEP 606 003 003 003 003 003 003 003 003 0,03
DEHP 607 003 003 003 003 003 003 003 6258 003
DnOP 10,83 12426 17,71 003 11398 12354 003 003 11235 0,03
DINP 17,73 1413 424 003 243 1161 2174 17,8 003 003
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Phu luc 7: Nﬁng do trung binh cac chit BPA, PAEs va PBDE:s tich tu trong tram tich

(ng/kg)
Chit QNI QN2 QN3 QN4 QN5 QN6 QN7 QN8 QN9 QNIO
BPA 003 003 1,79 116 056 023 003 059 003 048
BDE-28 0,06 006 006 006 006 006 006 006 006 0,06
BDE-47 024 006 029 332 038 078 006 11 006 1,06
BDE-99 0,06 006 006 155 006 006 006 083 006 006
BOYT 006 006 006 006 006 006 006 006 006 006
PO 702 006 006 006 006 336 006 006 006  0.06
DMP 279 6433 558 362 385 288 654 504 4804 43
DEP 282 42,92 705 392 484 373 983 546 2695 557
DIDP 488 141 968 588 648 695 163 802 231 89l
DBP 535 10,67 974 563 639 661 1215 7,18 146 10,53
DMEP 1511 78 464 816 309 4055 60,69 7,61 12828 32,52
BMPP 0,03 003 003 003 003 003 003 003 003 003
DPP 003 003 003 003 003 003 003 003 003 003
DnHP 9255 466 2734 1877 168 21,54 117,99 1929 0,03 104,03
BBP 458 395 549 19,65 13,82 811 1494 22,13 584 17,57
BEP 003 003 003 003 003 003 003 003 003 003
DEHP 32,68 216 1355 723 596 621 5578 819 067 47,05
DNOP 003 003 003 003 003 003 003 003 003 003
DINP 129 003 137 113 105 08 126 136 15 184
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Phu luc 8. Mt s6 phé khdi ciia cac chat BPA, PAEs va PBDEs

Bisphenol A 2,4,4'-Tribromodiphenyl ether 2,2',3,4,4',5' 6-Heptabromodiphenyl
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-§ x10
a 2.54
Q
24 9.293 min.
1.5+
19 ,/\//WJ\'E
0.54
04
T T T T
9 95 10
Acquisition Time (min)
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Phu luc 9. Mt s6 sic do phan tich BPA, PAEs va PBDEs trong miu vem xanh

Quantitative Analysis Sample Report

Batch Data Path
Analysis Time
Report Time

Last Calib Update

Analysis Info
Acq Time
Position

Dilution

Inj Vol

Sample Type

D:\GC FPD\Data\2023\08.2023\10.08.2023\QuantResults\Ven.batch.bin

8/11/2023 2:00 PM
8/11/2023 2:03 PM
8/11/2023 1:47 PM

2023-08-10 10:15
1

1

1

Sample

Analyst Name DESKTOP-299L73Q\GCMS-FPD
Reporter Name DESKTOP-299L73Q\GCMS-FPD
Batch State Processed

Data File
Sample Name
Sample Info
Acq Method File Sim ROHS 08 2023
Comment

BisPhenol A 50 ppb.D
BisPhenol A 50 ppb

Sample Chromatogram
+ TIC SIM ROSH 100 ppb.D (ROSH 100 ppb)

x10 5 |
14

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Counts

16 17 18 19 20 21 22 23

Acquisition Time (min)

Quantitative Analysis Sample Report

Batch Data Path

D:\GC FPD\Data\2023\08.2023\10.08.2023\QuantResults\Ven.batch.bin

Analysis Time 8/11/2023 2:07 PM Analyst Name DESKTOP-299L73Q\GCMS-FPD
Report Time 8/11/2023 2:55 PM Reporter Name DESKTOP-299L73Q\GCMS-FPD
Last Calib Update 8/11/2023 2:07 PM Batch State Processed
Analysis Info 13.6 g
Acq Time 2023-08-10 10:15 Data File Phthalate 100 ppb.D
Position 1 Sample Name Phthalate 100 ppb
Dilution 1 Sample Info
Inj Vol 1 Acq Method File Sim ROHS 08 2023
Sample Type Sample Comment
+ TIC SIM ROSH 100 ppb.D (ROSH 100 ppb)
£ x105
3 1
S
0.9
0.8
0.7
0.6
0.5
0.4
0.3 "
0.2 "
0.1
6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Acquisition Time (min
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Quantitative Analysis Sample Report

Batch Data Path
Analysis Time
Report Time

Last Calib Update

Analysis Info
Acq Time
Position
Dilution

Inj Vol

Sample Type

D:\GC FPD\Data\2023\08.2023\10.08.2023\QuantResults\Ven.batch.bin

8/11/2023 2:07 PM
8/11/2023 2:09 PM
8/11/2023 2:07 PM

2023-08-10 10:15
1

1

1

Sample

Sample Chromatogram
+ TIC SIM ROSH 100 ppb.D (ROSH 100 ppb)

x10 5 |
1

0.9
0.8
0.7
0.6
0.5
0.4
0.3

Counts

0.2
0.1

Analyst Name
Reporter Name
Batch State

Data File
Sample Name
Sample Info
Acq Method File
Comment

13 14 15

DESKTOP-299L73Q\GCMS-FPD
DESKTOP-299L73Q\GCMS-FPD

Processed
BPDE 100 ppb.D
BPDE 100 ppb

Sim ROHS 08 2023

16 17 18 19

20 21 22 23
Acquisition Time (min)
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Phu luc 10. Mot s6 sic d6 phan tich BPA, PAEs va PBDEs trong miu tram tich

Quantitative Analysis Sample Report

Batch Data Path
Analysis Time
Report Time

Last Calib Update

Analysis Info
Acq Time
Position

Dilution

Inj Vol

Sample Type

D:\GC FPD\Data\2023\06.2023\26.06.2023\QuantResults\BisPhenol A Tram tich.batch.bin

6/29/2023 4:30 PM
6/29/2023 4:30 PM
6/24/2023 3:57 PM

10.72

2023-06-26 16:37
5

1

1

Sample

Sample Chromatogram
+ TIC SIM 01S2305 140.D (Sample)

x10 6 |

Counts

N W R OO N R

8 9 10 11

Analyst Na DESKTOP-299L73Q\GCMS-FPD
Reporter N DESKTOP-299L73Q\GCMS-FPD
Batch Stat: Processed

g

Data File 0152305 140.D
Sample Namr Sample
Sample Info

Acq Method Sim ROHS 2023
Comment

12 13 14 15 16 17 18 19 20 21 22 23

Acquisition Time (min|

Quantitative Analysis Sample Report

Batch Data Path
Analysis Time
Report Time

Last Calib Update

Analysis Info
Acq Time
Position

Dilution

Inj Vol

Sample Type

D:\GC FPD\Data\2023\06.2023\26.06.2023\QuantResults\Phthalate.batch.bin

6/29/2023 4:27 PM
6/29/2023 4:27 PM
6/29/2023 4:25 PM

10.72

2023-06-26 16:37
5

2

1

Sample

Sample Chromatogram

Analyst Name DESKTOP-299L73Q\GCMS-FPD
Reporter Name DESKTOP-299L73Q\GCMS-FPD

Batch State Processed

g

Data File 0152305 140.D
Sample Name Sample
Sample Info

Acq Method File Sim ROHS 2023
Comment

+ TIC SIM 0152305 140.D (Sample)

x10 6 |

Counts

|

13 14 15 16 17 18 19 20 21 22 23
Acquisition Time (min
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Quantitative Analysis Sample Report

Batch Data Path
Analysis Time
Report Time

Last Calib Update

Analysis Info
Acq Time
Position
Dilution

Inj Vol

Sample Type

D:\GC FPD\Data\2023\06.2023\26.06.2023\QuantResults\PBDEs.batch.bin

7/1/2023 10:27 AM
7/1/2023 10:27 AM
7/1/2023 10:27 AM

10.72

2023-06-26 16:37
5

2

1

Sample

Sample Chromatogram

Analyst Name  DESKTOP-299L73Q\GCMS-FPD
Reporter Name DESKTOP-299L73Q\GCMS-FPD
Batch State Processed

g

Data File 0152305 140.D

Sample Name Sample

Sample Info

Acq Method File  Sim ROHS 2023

Comment

[+ TIC SIM 0152305 140.D (Sample)

x10 6 |

Counts

o«

N WEeE 00 N

13 14 15 16 17 18 19

20 21 22 23
Acquisition Time (min|




