DAL HOC QUOC GIA HA NOI
TRUONG PAI HOC KHOA HQC TU NHIEN

Phung Thij Vi

NGHIEN CUU MUC PQ O NHIEM CUA CAC HQP CHAT
HYDROCARBON PERFLO HOA (PFC) TRONG MOI TRUONG
LANG NGHE TAI CHE GIAY VA KHA NANG XU LY O NHIEM

BANG BEO TAY (Eichhornia crassipes)

LUAN AN TIEN ST HOA HQC

Ha Noi - 2025




DAL HOC QUOC GIA HA NOI
TRUONG PAI HOC KHOA HQC TU NHIEN

Phing Thi Vi

NGHIEN CUU MUC PQ O NHIEM CUA CAC HQP CHAT
HYDROCARBON PERFLO HOA (PFC) TRONG MOI TRUONG
LANG NGHE TAI CHE GIAY VA KHA NANG XU LY O NHIEM

BANG BEO TAY (Eichhornia crassipes)

Chuyén nganh: Héa moi truong

Ma s6: 9440112.05

LUAN AN TIEN ST HOA HQC

NGUOI HUONG DAN KHOA HOC:
1. PGS.TS. Duong Hong Anh
2. GS.TS. Pham Hung Viét

Ha Ngi - 2025




LOI CAM DOAN

To1 xin cam doan lu2n an nay la cong trinh nghién ctru cua riéng to61 dudi su
huéng dan khoa hoc ctiia PGS.TS. Duong Hong Anh va GS.TS. Pham Hung Viét.
Céc két qua khoa hoc ctia ludn 4n 13 hoan toan trung thuc va chua ting dugc cong bd
trong bat ky cong trinh nao khac.

Ha Noi, ngay thang  nam 2025

Nghién ciru sinh

Phung Thi Vi



LOT CAM ON
Loi dau tién, em xin bay to 1ong biét on sau sic nhat téi PGS.TS. Duong Hong
Anh va GS.TS. Pham Hung Viét d tan tinh hudng dan va chi bao dé em c6 thé vuot

qua nhitng khoé khén trong qué trinh nghién ctru va hoan thanh luan an.

Em xin chan thanh cam on cac thﬁy c6 Khoa Héa hoc, dac biét 1a cac thﬁy co
Phong thi nghiém Hoéa méi truong, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quéc gia Ha Noi da truyén dat nhirng kién thirc quy gia va tao moi diéu kién thuan

loi cho em trong sudt thoi gian hoc tp va nghién ciru.

Em xin gui 101 cdm on td1 cac anh chi va ban be déng nghiép, dac biét 1a
ThS. Nguyén Thanh Pam, Phong thi nghiém trong diém Cong nghé phan tich phuc
vu kiém dinh méi truong va An toan thyuc phém, Truong DPai hoc Khoa hoc Ty nhién
da gitup d& va hd trg em nhiét tinh trong qu4 trinh nghién ciru va thuc hién luan an dé

dat duoc két qua nhu hom nay.

Luan an nay dugc thyuc hi¢n trong khuon kho dé tai nghién clru ma s6: 104.04-
2017.346 duoc tai tro boi Quy Phat trién Khoa hoc va Coéng nghé Qudc gia. Ngoai
ra, em xin cam on Quy Po6i mébi sang tao Vingroup da cip hoc bong dao tao thac si,
tién si trong nuwéc ma sé6 VINIF.2021.TS.052.

Em xin cam on gia dinh d3 ludn ¢ bén dong vién va déng hanh gitp em c6

thém dong luc dé hoan thanh luan an nay.

Nghién ctru sinh

Phung Thi Vi



MUC LUC

LOT CAM ON .cuueuneunnninnsensscnssessasesssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssess 2
MO DAU ..ouueuninncrnscnsesnsensssssssesssssssssssssssssessssssssessssssssssssssssssssssssssssssssssssssssasssssess 13
CHUONG 1. TONG QUAN ..uueeeeierereeeencnssssssssscssasasssssssssssssssssssassssssssssassssssssssase 17
1.1. Giéi thi¢u 17
1.1.1.  Dinh nghia va phan 10@i........cecceeiiiiiii e 17
1.1.2.  Lich st san xuét va st dung cta cac hop chdt PFC.........cccooevenee.... 19
1.1.3.  Dic tinh héa 1y ctia cac hop chidt PFC .........o.ovoovieeeeeeeeeeeeeeen, 23
1.2. Pjc tinh ciia cic hop chit PFC va cac con dwong phoi nhiém ¢ ngudi............... 25
1.2.1.  Doc tinh ctia cac hop chat PEC ..o, 25
1.2.2.  Con dudng phoi nhiém cac hop chat PEC & con nguoi...................... 29
1.2.3.  Céc tiéu chuan, quy dinh hién hanh vé cac hop chat PFC.................. 31
1.3. Hién trang 6 nhiém cac hop chat PFC trong méi truomg thity quyen .................. 32
1.3.1. NWOC AN e, 32
1.3.2. NUGC MAL..ccoiiiiiiiii 37
1.3.3. TEAM HOR coooieeii ettt 40
L3i4. Gl ettt et 43

14.

1.3.5.  Danh gia rui ro sinh thai va rui ro strc khde tir sy 6 nhiém cac hop chat

Pl e e e s 47
Cic phuong phap loai bé nhém hgp chit PFC trong nuéc 49
1.4.1.  Phuong phadp hOa 1y ....cccviieiiiiiiieeeee e 50
1.42. Phuong phap Sinh hQC........cccvveiiiieiiiiece e 55

1.4.3. Mot sé nghién ctru xtr Iy 6 nhiém nudc bang the vat thay sinh tai Viét

N ATl et aa——— 59



1.5. Téng quan vé tinh hinh sén xuét gidy va lra chon khu vire nghién ciru....uuu........ 63

CHUONG II: THUC NGHIEM .....ccuoueeeereeeernrereesesesasssassssesesessssssssssasesesssssasassases 66
2.1. Poi twgng nghién ciru 66
2.2. Héa chit, dung cu va thiét bj 66
2.2.1. HOA CHAL ..o 66
2.2.2. Dung cu va FRIEE Dl ettt e et e e 67
2.3. Pham vi nghién ctru 69
2.4. Thiét ké thi nghiém, thu thap va xir Iy miu 74
2.4.1. Thu thap va xir Iy mau nudc mit va NUGC NEAM .......ce.veeeveeeeeeeeeeeean 74
2.4.2. Thu thap va X 1y MAU trAm tich........oo.oveeeeeeeeeeeeeeeeeee e, 75
2.4.3. LAY MAU VA XU 1Y MAU CA.ooooovoeeeeeeeeeeeeee e 77

2.4.4. Thiét ké thi nghiém loai bo cac hop chat PFC, thu thap va xtr Iy mau béo

tAY (EICHROINIA CPASSIPES) ..ooneeeeeeeeeeeeeeeeee ettt eneeas 78
2.5. Xac dinh ndng @9 PFC trong cic miu méi trudmg 80
2.6. Panh gia sur tich liiy ciia PFC tir méi truomg nwéc vao tram tich va thye vét..... 82

2.7. Phuong phap danh gi4 rii ro sinh thai va riii ro strc khoe béi s phoi nhiém cac

hop chit PFC tir méi truomg nuée 83
2.7.1. Danh gid rdi ro sinh thai tir sy 6 nhiém nudc Mit.........cooveveevevreerreennnne. 83
2.7.2. Panh gia rii ro stc khoe tir sy 6 nhiém nudc ngdm va ci....................... 84

2.8. Xir Iy so liéu 86

CHUONG 3. KET QUA VA THAO LUAN .....uoeeererrcrerersesnnsesesessesssessesessesns 87

3.1. Su c6 mat cia cac PFC trong nuwdc mat va danh gia rui ro sinh thai tai khu vuc

Phong Khé 87

3.1.1. Nong do va thanh phan cta PFEC trong nuéc mat...............coceoevveververeens. 87



3.1.2. Nong do PFC trong nuéc mit theo dia diém 14y mau va theo mua.......... 92
3.1.3. Panh gid ngudn gdc cac PFC trong nudc Mat.........o.oveeveeeeeeeereeereeenenes 102
3.1.4. Banh gia rui ro sinh thai tr sy c6 mét cia cac PFC trong nudc mat...... 106

3.2. Su c6 mat cia cac PFC trong nwéc ngam va danh gia rii ro sirc khée con nguoi

théng qua viéc tiéu thu nuwéc ngim 110

3.2.1. Sy ¢6 mit ctia cc PFC trong nUOC NEAM..........v.vveeeereeeeeeeeeeeereerseenens 110
3.2.2. Nong d6 PFC trong nuéc ngam theo dia diém 1dy mau va theo mua .... 114
3.2.3. Panh gia nguon gdc cac PFC trong nudc NAm............ocovvveeveveeveeeanne 119

3.2.4. Panh gié rui ro stic khde con nguoi thong qua viée tiéu thu nude ngam..........

3.3. Swr ¢6 miit ciia cac PFC trong tram tich va sw phan bé pha nuwéc — tram tich...122
3.3.1. Ham luong PFC trong trim tich theo dia diém ldy mau va theo mua....122
3.3.2. Thanh phan cta cac PFC trong tram tich ............ooeeveeeeeeeeeeeeeeeeeen. 127
3.3.3. Sy phan bd pha NUGC — trAM tEN........oveeeeeeeeeeeeeeeee e, 129

3.4. Su c¢6 mat cia cac PFC trong ca va danh gia rii ro sirc khée con ngudi thong qua

vi€c tiéu thu ca 131
3.4.1. Sy cd madt ciia cac PFC trong Ca......coocuvvviviiiiiiieiiiieee e 131
3.4.2. Ham lugng PFC gitra cac loai cd khac nhau.........c.ccccoevvieniieenee. 133
3.4.3. Rui ro t61 stc khoe con ngudi thong qua viée ti€u thuca...................... 135

3.5. Két qua nghién ciru kha ning loai bé PFC bang ciy béo tay 136
3.5.1. Su tich Ity PFC trong cac bd phan khac nhau cta cay beo tay.............. 136
3.5.2. Thanh phan ctia cac PFC trong cac bd phan ciia ciy béo tay................. 138
3.5.3. Su tich lliy ctia cac PFC trong cay b€0o tay .......ccceevvveeerireeiiieeeieeen. 141
3.5.4. Can bang khi lugng va hiéu qua 102i b0 PEC.........oovveveeeeeeeeen 144



KET LUAN VA KIEN NGHI .u.ucouerecrereecrnscsesessessssesssessessssessessssesssessesessesees 150

DANH MUC CONG TRINH KHOA HQC CUA TAC GIA LIEN QUAN PEN

LUAN AN ..ouctirerererernsesesesesesssessssesessssessssesssssessssssssssessssssessssessssssesssssssssesses 152
TAI LIEU THAM KHAOQ ...uouueecreecencrenncsssessesssesssessessssessessssessessssssessessssesseses 153
PHU LUC ouoeveeererresressssssssessessessessssssssessessessessessessssssessessessssassasssessessssessassasssesss 170



AC
ADI
AF
AFFF
BAF
BCF
CTAB
dw
Dimw

ECso

EFSA
EPA
FAO

FTOH
HR
KOC

I<0W

LCso
LH
LOEC
MEC

DANH MUC CAC Ki HIEU VA CHU VIET TAT

Than hoat tinh (Activated Carbon)

Luong tiéu thy trung binh mdi ngay (Average Daily Intake doses)

Hé s6 danh gia (Assessment Factor)

Bot chita chay dang nuéc (Aqueous Film Forming Foam)

Hé s tich lity sinh hoc (Bioaccumulation Factor)

Heé s6 nong d6 sinh hoc (Bioconcentration Factor)
Cetyltrimethylammonium bromide

Khéi luong kho (dry weight)

Hé s6 phan bd nudc — mang (membrane-water distribution coefficients)
Heé s6 phan bd protein — nudc (protein-water distribution coefficients)
Nong d6 giy anh huong 50% sinh vat thi nghiém (half maximal
Effective Concentration)

Co quan an toan thuc pham chau Au (European Food Safety Authority)
Co quan Bao vé Mai truong Hoa Ky (Environmental Protection Agency)
T6 chic lwong thuc va noéng nghiép Lién hop quéc (Food and
Agriculture Organization)

Fluorotelomer alcohol

Ti 1€ rui ro (Hazard Ratios)

Hé sb phan bd carbon hitu co — nudce (organic carbon-water partition
coefficients)

Hé s6 phan bd octanol — nude (octanol-water partition coefficients)
Khong phat hién

Nong d6 gy chét 50% sinh vat thi nghiém (Median Lethal Concentration)
Hormone hoang thé hoa (Luteinizing Hormone)

Nong d6 gay doc thap nhat (Lowest Observed Effect Concentration)
Nong dé do duoc trong mdi trudng (Maximal Measured Environmental

Concentration)



MOF
NOEC

PFAA
PFAS
PFBA
PFBS
PFC
PFCA
PFDA
PFDoDA
PFDS
PFHpA
PFHxXA
PFHxDA
PFHxS
PFNA
PFOA
PFODA
PFOS
PFOSF
PFPeA
PFSA
PFTeDA
PFTrDA
PFUNDA
PNEC

POP

Khung kim loai — hitu co (Metal — Organic Frameworks)
Nong do cao nhiat khong giy anh huong (No Observed Effect
Concentration)

Perfluoroalkyl acids

Per and poly-fluoroalkyl substances

Perfluorobutanoic acid

Perfluorobutanesulfonic acid

Céc hop chét peflo hoa (Perfluorinated Compounds)
Perfluoroalkyl carboxylic acids

Perfluorodecanoic acid

Perfluorododecanoic acid

Perfluorodecanesulfonic acid

Perfluoroheptanoic acid

Perfluorohexanoic acid

Perfluorohexadecanoic acid

Perfluorohexanesulfonic acid

Perfluorononanoic acid

Perfluorooctanoic acid

Perfluorooctadecanoic acid

Perfluorooctanesulfonic acid

Perfluorooctane sulfonyl fluoride

Perfluoropentanoic acid

Perfluoroalkyl sulfonic acids

Perfluorotetradecanoic acid

Perfluorotridecanoic acid

Perfluoroundecanoic acid

Nong d6 khong anh huong theo dy doan (Predicted No-Effect
Concentration)

Céc hop chét 6 nhiém hitu co kho phan huy (Persistent Organic Pollutant)



PET
PP
RfD
RO
RQ
TF
THQ
TDAR
W. W

WWTP

Polyethylene terephthalate

Polypropylene

Liéu tham chiéu (oral non-cancer Reference Doses)

Tham thau nguoc (Reverse Osmosis)

Chi s6 rui ro sinh thai (Risk Quotient)

Hé s6 chuyén vi (Translocation Factor)

Chi s6 hé sé nguy hai muc tiéu (Target Hazard Quotient)

Kha niing dap tmg mién dich (T-cell Dependent Antibody Response)
Khéi luong udt (wet weight)

Nha may xt Iy nude thai (Wastewater Treatment Plant)



DANH MUC CAC BANG

Bang 1.1. M6t s6 hop chat PEC Pho DiéN........c.veeeieeeeeeeeeeeeeeeeee e, 17
Bang 1.2. M6t s6 tng dung ctia cac hop chit PFC..........ovvueeeeeeeeeeeeeeeeeeeeeeen. 18
Bang 1.3. Lich st san xut va st dung cac hop chat PFAS ......c.cooovvviveeeeeennne. 21
Bang 1.4. Dic tinh héa Iy ctia mot sb hop chit PFC (dang acid ) ......ceeeeeeeeeeene.. 24

Bang 1.5. Nong d6 ciia cac hop chat PFC (ng/L) trong nudc ngdm va nudc mit trén

TG IO+ttt 35

Bang 1.6. Nong d6 PFC va cac ngudn 6 nhiém tiém nang trong tram tich (ng/g) ...41

Bang 1.7. So sanh cac phuong phap Xt Iy hda 1y....ccccovvveiiiiiiiiiiiiees 50
Bang 1.8. Hi¢u qua loai bo PFC boi mot s6 1oai thue VAt .........ccoeveeveeeeeeeeeenen. 61
Bing 2.1. Thong tin thu thap mau trong Nghidn ClU........c.cooveveveveeeeceeeiecceeeans 74
Bang 2.2. Cic kiém dinh thong k& A& ST dUng ..........co.eveveeeeeeeeeeeeeeeeeeeeeeeeeeeeen 86

Bang 3.1: Chi s6 rti ro RQs cua cac hop chit PEC d6i vi mot s sinh vat thiy sinh .108

Bang 3.2. Bang so sanh nong do ciia cac PFC theo trong Cong udc Stockholm trong

cac mau nudc ngam thu dugc trong nghién clru nay véi cac nghién ciu khac ... 118

Bang 3.1. Tan suét phét hién (DF - %), khoang nong do, gié tri trung vi va trung binh

(ng/L) cta cac PFC trong nude mat hai mua..........ccooeveeeiiieniiiniieceiceeeeeeeee e 88

Biang 3.2: Chi s6 riii ro RQs cila cac hop chat PFC ddi v6i mot s6 sinh vat thay sinh

Bang 3.3. Tan suat phat hién (DF - %), khoang ndng do, gia tri trung vi va trung binh
(ng/L) ctia cac PFC trong nurdc ngAM hai MUA ............ovveeeeeeeeeeeeeeeeeee e 111

Bang 3.4. Bang so sanh ndng do cua cac PEC theo trong Cong udc Stockholm trong

cac mau nudc ngam thu duge trong nghién ctru ndy véi cac nghién ctru khac ......118



Bang 3.5. Tan suét phat hién (DF - %), khoang nong dd, gi tri trung vi va trung binh
(ng/g) cta CAC PFC trON CA......cooviieeiiieeiieeeee ettt e s 131

DANH MUC CAC HINH VE, PO THI
Hinh 1.1. Phan 10ai cA¢ hop chit PEAS .....oouiieeeeeeeeeeeeeeeeeeeeeee e, 20
Hinh 1.2. Cu triic chung ctia cic hop chdt PEC.......o.ovuivieeeeeeeeeeeeeeeeeeee e, 23

Hinh 1.3. C4c con duong phoi nhiém PFC chinh véi cong dong cu dan ngoai phoi

NIEM NENE NERIED <.t 29

Hinh 1.4. Su van chuyén va tich lily sinh hoc cia cac PFC trong mdi truong nudc [95]

Hinh 2.1. So d0 cu tao phan khéi pho cia thiét bi LC-MS/MS 8040, Shimadzu ..68
Hinh 2.2. Ban d6 1y miu nudc mat va tram tich.........o..o.ovveveeeeeeieeeeeeeeeeen. 71
Hinh 2.3. Ban d0 14y mAau NUGC NEAM .........veoeeeeeeeeeeeeeeeeeeeeeeee e, 72

Hinh 2.4. M6t s6 hinh anh mau ca: (a) ca diéc, (b) ca chép, (c) ca thiéu, (d) ca 1 phi,

(€) CAtrO1 VA (£) CA QUA ...eeiiiiiiieiieeeee ettt ettt e e et s e e e eeaee e 73
Hinh 2.5: Quy trinh phan tich cac hop chat PFC trong mau nudc...............c.o........ 75
Hinh 2.6: Quy trinh phan tich cac hop chat PFC trong mau tram tich ................... 76
Hinh 2.7: Quy trinh phén tich cac hop chat PFC trong mau ca ............coccooovvrueennns, 77
Hinh 2.8: Quy trinh phén tich cac hop chat PFC trong mau b&o tay ...................... 79
Hinh 2.9: Sic d6 cua cac chit chuin va chit déng hanh & ndng d6 20 ng/mL........ 82

Hinh 3.1. Tan suét phat hién cua 12 PFC trong nudc mat tai khu vuc Phong Khé .87

Hinh 3.2. Néng do cua 12 PFC trong nudc mat tai khu vuc Phong Khé................. 90



Hinh 3.3. Téng néng d6 PEC, PFCA va PFSA trong nuéc mit tai khu vuc Phong Khé

Hinh 3.4. Phan trim déng gdp cua tirng PEC trong tong ndng d6 PFC................... 92

Hinh 3.5. Sb lugng PFC phat hién dugc trong cac mau nudc mit theo mua va theo vi

tri 1dy mau tai khu vire Phong KRE.........o.veevieeeeeeeeeeeeeeeeeeeeee e, 93

Hinh 3.6. So sanh tong nong d6 PFC, PECA va PFSA trong nudc mit gitta cac nhom

vi tri 1dy mau khac nhau tai khu vire nghidn clu ........o.oveeveveeeeeeee e, 94

Hinh 3.7. Nong do ctia nam PFC chinh trong nudc mat tai gitra cic nhom vi tri lay

mau khac nhau tai khu vuc NEHIEN CUU.eeniiiieiiiieeiie e 95

Hinh 3.8. Tong nong d6 PFC, PFCA va PFSA trong nuéc mit tai khu vuc nghién

ctru theo vi tri 1&y mau va theo MUA.......cccueiiiiiieiiiieeiee e 96

Hinh 3.9. Nong d¢6 PFHxA, PFHpA, PFOA, PFHxS va PFOS trong nudc mit tai khu

vuc nghién ctru theo vi tri 1y mau va theo mMUA .........coovevevvieeeeeeeeee e 98

Hinh 3.10. Téng néng do PFC, PFCA va PFSA trong nudc mat theo mua tai khu vuc

NERIEN CUU ..ttt e et e e et e e e e e e s raeeetbeeesnsaeeennseeensnes 100

Hinh 3.11. Ti 1¢ (PFHxA + PFHpA)/PFOA cua céc mau nude mat tai khu vue Phong

Hinh 3.12. Két qua phan tich PCA ddi v6i cac PFC trong hai mua....................... 106

Hinh 3.13. Nong do cac PFC dugc tim thdy trong nudc ngam tai khu vuc Phong Khé

Hinh 3.15. Thanh phan cua cac PFC trong nuéc ngdm & khu vuc Phong Khé .....114

Hinh 3.16. Tong nong d6 PFC, PECA va PFSA trong nudc ngam tai khu vure nghién

clru theo vi tri 14y mAu vA theo MUA .........o.oveeeeeeeeeee e, 117

10



Hinh 3.17. Két qua phan tich PCA ddi vé6i cac PFC trong hai mua...................... 120

Hinh 3.18. Tong ham luong PFC, PFCA va PFSA trong cdc miu trim tich dugc thu
thap vao mua kho tai khu vuc Phong Khé .........ccooovviiiiiiiiie, 123

Hinh 3.19. Ham luong ctia mot s6 PFC c6 tan suét phat hién cao trong cac mau trAm

tich dugc thu thap vao mua kho tai khu vuc Phong Khé ..........cccooooiiiiiiiiinnne. 125

Hinh 3.20. Tong ham lugng PFC, PFCA va PFSA trong cic mau tram tich thu thap

trong mua kho va mua mua & muong nudc tai khu vuc Phong Khé ...................... 126
Hinh 3.21. Thanh phan ctia cac PFC trong tram tich tai khu vuc Phong Khé ....... 128

Hinh 3.22. Ham luong PFC tim thiy trong céc loai c4 khac nhau tai khu vuc Phong Khé

Hinh 3.24. Tong ham luong cia cac PFC trong cac bd phan khac nhau (r&, than va

14) cia ciy béo tay & cac tuan khac nhau cta thi nghim. .........cccoooveeveveeereeeeenneee. 137

Hinh 3.25. Ham luong ctia cic PFC trong cac bd phan khac nhau (ré, than va 14) cua

ciy béo tdy & cac tuan khac nhau ctia thi nghim .........cooveeviveeeeeeeeeeeeeeeen. 138

Hinh 3.26. Su phan b ciia cac PFC trong cac bo phan khac nhau (ré, than va 14) cia

ciy béo tdy & cac tuan khac nhau ctia thi nghim. ........ccoveeviveeeeeeeeeeeeeeeeee. 139

Hinh 3.27. Hé s6 tich lily (BCFs: L/kg) ddi véi ré, than, 14 va toan b ciy béo tay

Hinh 3.29. Phan bd khéi luong cta cac PFC trong dung dich nuéc va trong cac bd

phan khac nhau cua cdy béo tay & tuan thir nhat cta thi nghiém.............c..cc......... 145

Hinh 3.30. Phan bd khéi luong cia cac PFC trong dung dich nuéc va trong cac bd

phan khac nhau cua cdy béo tay & tuan thir hai ctia thi nghiém............cc.co.cooee..... 145

11



Hinh 3.31. Phan bd khéi luong cia cac PFC trong dung dich nuée va trong cac bd

phan khac nhau cua cdy béo tay ¢ tuan thir ba ciia thi nghiém.............ccccocooennne.. 146

Hinh 3.32. Hinh anh mau béo d6i chimg sau: (1a) mot tuan, (2a) hai tudn va (3a) ba tuan

Hinh 3.33. Hinh anh dai dién méu béo c6 hoa chit sau: (1b) mot tuan, (2b) hai tuan,

(3D) DA EUAN. ...ttt 149

12



MO PAU

1. Tinh cip thiét ciia luin 4n

Céc hop chit peflo héa (PFC) 1a nhom hoa chat tong hop chua flo duoc sir
dung rong rii trong cac tmg dung tiéu dung va cong nghiép [33]. Do ciu tric héa hoc
dic biét vira wa du vira va nudc nén cac hoa chat nay co nhidu Gmg dung bao gdm
16p phu cho gidy, bao bi, tham, quan 4o; 16p phu chéng dinh cho d6 dung nha bép;
chét hoat dong bé mit cong nghiép va san xuat bot chéng chay [94]. Nhitng hoa chat
nay dem lai lgi ich 16n cho céc qué trinh san xuat cong nghiép nhung nhitng phat hién
sau do da déy 1€n lo ngai bdi doc tinh, su bén viing, kha nang phat tan xa va tich ty
sinh hoc cao cua chiing trong moéi trudng. Mic du duge san xuat va sit dung tir cudi
nhirng ndm 1940 nhung dén nim 2001, cac hop chit PFC méi duoc phat hi¢n lan dau
tién trong dong vat hoang da nhu ca bién, chim, dai bang va giu Bic cyc tir nhiing
vung xa x01 noi it ¢6 hoat dong cua con nguoi [61].

Nghién ctru trong nhiéu thap ky qua da cho thiy su c6 mit ctia PFC trong tat
ca cac thanh phan moi trudng bao gdm nudc mit, nude ngam [41], khong khi [28],
tram tich [18] va sinh vat [23]. Ngoai ra, chiing con dugc phat hién trong mau mau
nguoi [122], nudc tiéu, huyét thanh [154] va sita me [140]. Piéu dang noi 1a cac hop
chit PEC dugc chtirng minh c6 lién quan dén ung thu tinh hoan, ung thu than, 16i loan
chtic ning tuyén giap, ton thuong gan va suy giam kha ning sinh san [124, 138].
Trong s6 hang nghin héa chat thudc nhém PFC, perfluorooctanoic acid (PFOA),
perfluorooctane sulfonic acid (PFOS) va perfluorohexane sulfonic acid (PFHxS) la
nhimg hop chit phé bién va duoc quan tim nhiéu nhat do doc tinh va kha ning ton
tai 1au dai cta chang trong méi truong. Nam 2009, PFOS, ciac mudi cia nd va
perfluorooctane sulfonyl fluoride (PFOSF) duoc bo sung vao Phu lyc B (cac chat can
han ché san xuit va str dung) theo Cong udc Stockholm. Nam 2019 va 2022, PFOA,
PFHxS, cac mubi ctia chiing va cac hop chat c6 lién quan lan lugt duge bo sung vao
Phu luc A (céc chat can dugc loai bo) theo Cong ude Stockholm.

Hoat dong san xuét tai lang nghé truyén thong tir 1au di déng vai tro khong

nho trong viéc phét trién kinh té va gin giit nét van hoa ciia dat nude. Nhing lang
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nghé nay khong chi duy tri va phat huy nghé thi cong truyén thong ma con gép phan
giai quyét van dé viéc 1am va cai thién thu nhap cho ngudi din dia phuong. Tuy nhién,
su phat trién nhanh chéng va mé rong quy mé san xuat tai mot sb lang nghé trong
thoi gian gan day da dan dén nhimng van dé nghiém trong vé 6 nhiém moi truong.
Lang nghé tai ché gidy Phong Khé, Bic Ninh 1a mét vi du dién hinh, day 1a lang nghé
tai ché gidy 16n nhat mién Bic, cung cip da dang cac san pham tir gidy cho thi truong
n6i dia. Mic du ¢ day c6 nha may xu 1y nude thai tap trung nhung nhiéu co so san
xuat dé tiét kiém chi phi van ¢ y xa thai truc tiép ra moi truong khién khu vuc xung
quanh, trong d6 c6 song Ngii Huyén Khé 6 nhiém nghiém trong. Pang chu y, trong
nganh cong nghiép san xuat gidy, cac hop chat PFC thudng duoc sir dung dé cai thién
tinh chdng nuéc va chdng dau cua gidy. Cac hop chét nay c6 thé bj thai ra trong qua
trinh san xuat va tai ché gidy, tiép tuc xdm nhap vao méi truong nudc, tram tich va
tich lily trong cac sinh vat. Con ngudi — mot mat xich trong chudi thirc dn c6 thé bi
phoi nhiém cac hop chit nay khi tiéu thy nude va ca, tiém an nguy co anh hudng dén
strc khoe.

TU buc tranh vé sy 6 nhidm toan cau va tac dong ti€u cuc cua cac hop chét
PFC d6i v6i hé sinh thai va sirc khoe con ngudi, viéc xt 1y cac hop chat PFC dang
nhan dugc nhiéu su quan tam cua cong d@)ng khoa hoc quéc té trong nhitng nam gén
day. Cac phuong phap xir Iy héa hoc dem lai hiéu qua xir Iy cao, dé thuc hién nhung
chi phi 16n va tiéu ton nhiéu hoa chat trong khi xtt Iy sinh hoc str dung thuc vat 1a mot
phuong phap twong dbi hiéu qu4, tiét kiém va than thién voi méi truong. Két qua cua
mot s6 nghién ciru trén thé giGi da cho thay kha nang tich lily t6t ciia cac hop chat
PFC trong mot s6 loai thue vat nhu ¢6i, ¢o nang, lau sdy, rau muéng nude va cd bac.
Tai Viét Nam, beo tay 1a mdt loai thyc vat thuy sinh phé bién, dugc ung dung rong
rai trong xu ly nudc thai 6 nhiém c¢6 thé 1a vat liéu sinh hoc tiém nang dé hép thu cac
hop chat PFC trong nudc.

Trong bdi canh van dé 6 nhiém mai truong dang tro thanh thach thire 16n dbi
v6i su phat trién bén viing cua cac lang nghé truyén thong, viéc trién khai cic nghién

ctru toan dién nham tim hiéu rd hién trang 6 nhiém moi trudng tai khu vuc lang nghé,
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dic biét 13 6 nhi®m nhém hop chit PFC va dé xuét giai phap xir 1y hiéu qua 14 rat can
thiét. Xuat phat tir thyc tién trén, em lya chon va tién hanh luan an tién si v6i tén dé
tai “Nghién ctiru mic dd 6 nhiém ciia cic hop chét hydrocarbon perflo héa (PFC)
trong moi trerong lang nghé tai ché gidy va kha niing xir Iy 6 nhiém bing béo tay
(Eichhornia crassipes)”.
2. Muc tiéu nghién ctru

- Dénh gia hién trang 6 nhiém va thanh phan cac hop chat peflo héa (PFC) trong
nudc mit, trAm tich, nudc ngdm va ca nudc ngot tai khu vuc lang nghé tai ché gidy
Phong Khé, Bic Ninh. Trén co sd cic két qua thu duoc, danh gia rai ro sinh thai tir
su tich lity cia cac hop chat ndy trong nude mat va danh gia riii ro sire khoe con nguoi
tir sy tich lily ctia ching trong nude ngdm va ca.

- Pénh gia kha nang tich lily sinh hoc va trién vong sir dung cdy béo tay dé xir
1y nude 6 nhiém boi cac hop chat PFC.

3. Doi twong va pham vi nghién ciru
3.1. Doi twong nghién ciru

- Céac hop chét PFC trong cac thanh phan méi trudng nudc mit, trAm tich, nudc
ngam va c nudc ngot.

3.2.  Pham vi nghién cuu

- Nghién ctru tdp trung vao khu vuc lang nghé tai ché gidy Phong Khé, Bic
Ninh. Pay 1a mot khu vuc dic thu voi hoat dong tai ché gidy, tiém ning phat thai 6
nhiém cac hop chit PFC.

- Cac miu nudc mit va trim tich duoc thu thap tir song Cau, song Ngii Huyén
Khé; nuée ngam duoc 13y tir cac hd gia dinh va ca nude ngot tir séng Cau va khu vire
Phong Khé.

4. Y nghia khoa hoc va thyec tién ciia luin 4n
4.1. Y nghia khoa hoc ciia ludn dn
- Poéng gop dit liéu méi va chi tiét vé hién trang 6 nhiém va thanh phan cua cac

hop chit PFC trong cac thanh phan méi truong khac nhau bao gdm nudc mit, trim
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tich, nuéc ngdm va ca nudc ngot tai khu vuc lang nghé tai ché gidy Phong Khé - mot
ngudn tiém nang phat thai PFC tai Viét Nam.

- Cung cép thong tin vé danh gia rui ro sinh thai va rui ro stc khoe con ngudi
tir sy tich lily ctia cac hop chat PFC trong mdi truong.

- Cung cip co so khoa hoc vé kha ning tich liiy va hiéu qua xir Iy 6 nhiém céc
hop chét PFC trong nudc sir dung ciy béo tay.
4.2. Y nghia thuc tién ciia lugn dn

- Két qua nghién ctru cta luan an cung cip thong tin vé hién trang 6 nhiém céc
hop chét PFC tai khu vuc lang nghé tai ché gidy, so sanh véi cac tiéu chuan di duogc
ban hanh trén thé gidi. Tir d6, dong gop vao dit liéu vé hién trang 6 nhiém cua ching
trong moi truong tai Viét Nam.

- Céc hop chat PFC duoc biét dén co thé gay ra tac dong tiéu cuc dén hé sinh
thai va sirc khoe con ngudi. Két qua nghién ctru ctia luan 4n gép phan cung cap thong
tin vé su tich liiy ctia cac hop chit PFC — mot trong cic hop chét 6 nhiém hitu co kho
phan hay trong nudc ngam va ca.

- Nhimng thong tin budc dau vé hiéu qua sir dung ciy beo tay trong xir 1y nudc
6 nhiém cac hop chat PEC mo ra tiém ning phat trién cac cong nghé xtr Iy nudc bang
vat li¢u sinh hoc c6 gia thanh ré va dé ap dung.

5. Nhirng dong gop mai cia luan an

- Lun an cung cép dit liéu toan dién vé hién trang 6 nhiém cac hop chat PEC
trong cac thanh phan méi trudng khac nhau tai khu vuc lang nghé tai ché gidy Phong
Khé, Bic Ninh ma tinh dén nay chua cé nghién ctru nao dugc thyuc hi¢n. Ngoai ra,
nghién ctru da thuc hién danh gid rai ro sinh thai va sic khdée con nguoi tir viéc 6
nhiém cac hop chit PFC. Bén canh d6, luan 4an duoc coi l1a nghién ctru dau tién khao
sat kha niang st dung cdy beo tay dé xir Iy nudc 6 nhidm cac hop chat PFC tai Viét

Nam.
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CHUONG 1. TONG QUAN

1.1. Giéi thi¢u
1.1.1. Dinh nghia va phan logi

Per va poly-fluoroalkyl substances (PFAS) duoc dinh nghia 1a nhém céc hop
chét hiru co chta it nhdt mot nhom methyl perflo héa (-CF3) hodc methylen perflo
hoa (-CF2-) [33]. Pay 1a nhém hoa chét nhan tao rat 16n gdm hon 4.000 hop chat duoc
phan loai nhu trong Hinh 1.1, trong dé perfluoroalkyl acids (PFAA) la mdt phan
nhém quan trong [138]. Mic du trong nhitng nim gan day, thuat ngit PFAS duoc
dung pho bién nhung thuat ngit PFC (perfluorinated compounds) van duoc cong dong
khoa hoc str dung do c6 tinh lich st 1au dai. Trong luén an nay, thuat ngtt PFC duoc
hiéu trong duong vai cac hop chat PEFAS hoic PFAA. Céac hop chat PFAA bao gdm
hai nhém quan trong: perfluoroalkyl carboxylic acids (PFCA, CnF2,+1COOH) va
perfluoroalkyl sulfonic acids (PFSA, CnF2,+1SO3H). Trong do, perfluorooctanoic acid
(PFOA, C;FisCOOH) 1a hop chat tiéu biéu cua nhéom PFCA va
perfluorooctanesulfonic acid (PFOS, CsF17SOsH) 1a hop chat tiéu biéu cta nhom
PFSA [33].

Bang 1.1. M6t s6 hop chit PFC phd bién

STT Tén hop chit ."Eén6 CﬁnAg tht'rc S6 nguyén tir
viet tat phan tw carbon

Nhom perfluoroalkyl carboxylic acids (PFCA)

1 |perfluorobutanoic acid PFBA CsF,COOH |C4

2 |perfluoropentanoic acid PFPeA C4F9COOH |C5

3 |perfluorohexanoic acid PFHxA |CsF11COOH |C6

4 |perfluoroheptanoic acid PFHpA |CeF13COOH |C7

5 |perfluorooctanoic acid PFOA C7F15COOH |C8

6 |perfluorononanoic acid PFNA CsF17COOH |C9
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STT Tén hop chit .'l;éna Cénig thj’rc S6 nguyén tir
viet tat phan tw carbon

7 | perfluorodecanoic acid PFDA CoF19COOH |C10

8 |perfluoroundecanoic acid PFUnDA |Ci0F21COOH |Cl11

9 |perfluorododecanoic acid PFDoDA |C11F2;3COOH [C12

10 |perfluorotridecanoic acid PFTrDA |C12F2sCOOH [C13

11 |perfluorotetradecanoic acid PFTeDA |Ci3F27COOH [C14

12 |perfluorohexadecanoic acid |PFHxDA |Ci5F3;COOH |C16

13 |perfluorooctadecanoic acid PFODA |Cy7F3sCOOH [C18
Nhom perfluoroalkyl sulfonic acids (PFSA)

14 |perfluorobutanesulfonic acid |PFBS CsFoSOsH  |C4

15 |perfluorohexanesulfonic acid |PFHxS CeF13SOsH  |C6

16 |perfluorooctanesulfonic acid |PFOS CsF17SOsH  |C8

17 |perfluorodecanesulfonic acid |PFDS Ci10F21SOsH |C10

Cac hop chat PFC 1a nhiing hop chét vira ua nude (c6 nhom chic phan cyc),

vira ki nudc (gde CuFant1- khong phan cuc), c6 dd bén nhiét va st cang bé mit thap.

Mot s6 cac hop chat PFC pho bién dugce trinh bay trong Bang 1.1. Do céac dic tinh

hoa 1y doc ddo ma hang nghin hop chat PFC duoc tng dung rong rii trong nhiéu

nganh cong nghiép va san xuat tiéu dung nhu dét may, bao bi thuc pham, d6 gia dung,

m¥ pham, san phim chim soc c4 nhan, dién tir, bot chdng chdy, cong nghiép khi dét

va dau mo (Bang 1.2) [62].

Bang 1.2. Mot s tmg dung cua cac hop chat PFC

TT

Linh vuc

Mét s6 ing dung

Xay dung

Loc khi thai, ctra s6, mai che, tam kim loai 6p tudng
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TT Linh vue M&ét s6 ing dung
2 | Ma, sap, son, vecni | L&p vo kinh va nhya trong nong nghiép (nha kinh), vo
va muyc in xe 6 t6, san xuat keo tram, xi mang, gém, day dung cu
thé thao (day cudc vot tennis), day nhac cy am nhac,
stng, sap truot tuyét, son, vecni va muc in
3 | My pham va san Kem chéng nang, dau goi, dau xa, cac san pham sat
phém cham s6c ca4 | khuan tay, son moi, mascara, kem dudng am, kem tri
nhan mun, cac san phém lam sach mang bam rang
4 | Cong nghiép dién | Ban mach dién tir, pin, di¢n thoai di dong, day cap,
to may anh ki thuat s, may tinh, mdy in, 6 dia, hé thong
radar
5 | San xuat vii khi, Thubc no, sung, dan duoc, lyu dan, dong co tén ltra
vat liéu n6
6 | Bot chong chay Bot chong chay
7 | Gidy Bao bi thwe pham, gidy bia, gidy viét, gidy dan
twong, 6ng hut bang gidy
8 | Dét nhuom, may Noi that 6 to, vai bat, tham, quén a0, gang ty, 4o
mac khoac, giay dép

1.1.2. Lich si¢ sdn xudt va sir dung ciia cdc hop chit PFC

Lich str san xudt va str dung cac hop chat PFC bat ddu tir nhitng nim 1940, trong

d6 carbon tetrafluoride 12 hgp chat PFC don gian nhat duoc san xuat 1an dau tién vao

nam 1886. TS. Roy Plunkett da phat hién polytetrafluoroethylene (PTFE) nam 1938

trwée khi hop chét ndy dugc thuong mai héa vao nim 1946 boi cong ty DuPont. Tir

nam 1949, Cong ty 3M bat dau va la nha san xuat chinh perfluorooctane sulfonyl

fluoride (POSF) v6i tong san lwong xap xi 96.000 tAn/nam giai doan 1970 dén 2002.

Nhitng nim sau do, cac cong ty san xuat nhu 3M, DuPont, Asahi Glass, Daikin lién

tuc phat trién, tong hop nhitng chit méi thuéc nhom hop chit nay va tmg dung da

dang trong cac nganh cong nghiép [102].
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Hinh 1.1. Phan loai cac hop chit PFAS
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Qua thoi gian san xudt va sir dung 14u dai, nhiéu hop chat PFC mach dai duoc
chting minh 14 doc hai, bén vitng va c6 kha nang tich liy sinh hoc nén chinh pha va
cac co quan quan 1y & mot sb qudc gia trén thé gidi da thoa thudn va ban hanh quy
dinh vé viéc han ché san xuat mot sd hop chit PFC. Co quan Bao vé Méi trudng Hoa
Ky (EPA) di 1am viéc dé dam phan véi Cong ty 3M tu nguyén ngimg sir dung PFOS
va cac hop chat lién quan tir nam 2000. Cung lic d6, mot loat quy tic sit dung méi
quan trong (SNUR) ciing dugc dua ra (2000, 2002 va 2007) tai My dé han ché san
Xuat va sir dung cac vat li€u c6 chira PFOS hodc cac tién chat khac nhau ctua PFOS.
EPA sau d6 di 1am viéc v6i tim cong ty hoa chat hang dau trong Chuong trinh quan
1y PFOA 2010/2015 nham cam két giam phat thai PFOA va cac hop chat PEC mach
dai xuéng 95% vao nam 2010, v1 muc ti€u dai han 1a hudng tdi1 loai bé cac hop chat
PFC mach dai vao nam 2015. Nam 2009, PFOS va cac hop chét lién quan bo sung
vao Phu luc B — cac chit can han ché san xuat va str dung theo Cong uéc Stockholm.
Nim 2019 va nim 2022, PFOA va cdc chit lién quan, PFHxS va céc chét lién quan
lan luogt duoc liét ké vao Phu luc A — cac chét phai loai b trong san Xuat va str dung
theo Cong udc Stockholm. Mot s ddu mdc quan trong vé lich str ciia cac hop chat

PFC dugc trinh bay trong Bang 1.3.

Bang 1.3. Lich st san xuét va sir dung cac hop chat PFAS

Nam Sw kién

1886 | Carbon tetrafluoride 14 hop chat perfluorocarbon don gian nhat duoc san

xuat lan dau tién

1938 | Polytetrafluoroethylene (PTFE) duoc tong hop lan dau tién boi TS. Roy
Plunkett

1949 | Cong ty DuPont thwong mai hoa Teflon

1956 | Cong ty 3M bat dau dua ra thi truong san pham chia PFC

1962 | Cuc quan Iy Thuc pham va Dugc pham My (FDA) phé duyét cho phép

st dung Teflon trong san xuat d6 dung nha bép
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Nam Su ki€n

1967 | PDA phé duyét cho nhan hi¢u Zonyl cua DuPont st dung fluorinated
telomers trong san xuat bao bi thuc pham

1968 | Taves dd phdt hién thdy PFC trong médu huyét twong nguwoi

1970 | DuPont gidi thiéu nhom hop chat perfluoroalkoxy tng dung trong cong
nghiép hoa chat va chit ban dan nhu san xuat dng, phu kién, 16p 16t, phim

1976 | Taves va céng sw dd tim thdy PFC trong méu mdu

1978 | Cong ty 3M bdo cdo PFOA dwgc phat hién trong mau ciia cong nhéin

1980 | DuPont phat trién Teflon-AF véi dic tinh wu viét, mo ra ing dung vé dng
kinh quang hoc, s¢i quang va san pham phi trong sudt chat lwong cao

1984 | PFOA dwoc fim thiy trong nwéc uong gian nha mdy Washington

1998 | Céng ty 3M bdo cdo phdt hi¢n thiy PFC phé bién trong cdic mau tai
ngdn hang mdu

2000 | Cong ty 3M thong bao loai bo dan viéc str dung cac hop chat C8

2002 | EPA bat dau danh gia anh huéng cia cac hop chat C8 ddi véi stc khoe

2003 | EPA bat dau thoa thuan voi cac nha san xuat vé viéc cung cap thong tin
vé cac hop chit PFC

2006 | EPA va 08 cong ty khoi dong Chuong trinh quan 1y PFOA 2010/2015

2009 | Hop chit PFOS, cdc mudi ciia né va perfluorooctane sulfonyl fluoride
(PFOSF) dwoc bo sung vio Phu luc B (cdc chit cin han ché sin xudt
va sur dung) theo Cong woc Stockholm

2019 | PFOA, cdc mudi ciia né, va cdc hop chit cé lién quan dwoc bé sung
vao Phu luc A theo Cong wéc Stockholm

2022 | PFHXS, cdc mudi ciia né, va cdc hop chit cé lién quan dwoc bé sung

vao Phu luc A theo Cong woc Stockholm
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1.1.3. Diic tinh héa Iy ciia cdc hop chit PFC
Do ciu trac cua cac hop chat PFC bao gdm mot chudi alkyl dugc peflo hoa va
mot nhom chire (carboxylate, phosphate, sulfonate, v.v.) nén cac hop chat nay vira co

tinh ky nudc vira c6 tinh wa nuée. Cong thire hoa hoc chung cua cac hop chit PEC &

dang CpF2p+1X, trong d6 X 1a nhom chirc (Hinh 1.2).

Puii flo haa ki nwive / : Nhém carboxylate

Diu phin cuc
wa nudc

Hinh 1.2. Ciu trac chung cta cac hop chiat PFC [120]

Hau hét cac hop chit PEC 1a chét rén, thuong ¢ dang tinh thé hodc dang bot ¢
nhiét d6 phong. Tuy nhién, cac hop chat mach ngén hon (C4-C6 dang acid ctia nhom
PFCA va PFSA) c6 xu huéng ton tai dang 1ong & nhiét do phong.

Dé tan ciia cdc hop chat, d6i véi cac hop chit c6 cung s lugng nguyén tir
carbon, hgp chat nhém PFCA tan nhiéu hon hgp chat nhém PFSA do khéi lugng
phan tr cang 16n thi o tan cang nho. Trong cung nhém PFCA hodc PFSA, dd tan
giam dan khi s6 lugng carbon trong phan tir ting 1én. Cac nghién ciru trong phong thi
nghiém vé do tan trong nudc cia PFOS chi ra rang d¢ tan giam khi ham luong mudi
trong nudce ting. Do tan ctia PFC ¢6 thé khac nhau tiy thudc vao diéu kién méi truong
nhu pH va d6 man. Vi du, mubi kali cia PFOS ¢6 d6 tan trong nudc tinh khiét 570
mg/L, trong nudc ngot 13 370 mg/L trong khi giam xudng con 25 mg/L trong nudc

bién di duoc loc [51].
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H¢ s6 phdn bé octanol - nuée (Kon) duoc dinh nghia 13 ti 16 ndng do ciia mot
chat trong pha octanol v6i nong do ctia chit d6 trong pha nude. Gid tri Kow 1a mot
thong sé quan trong vé xu hudéng ciia mot chat lién két voi cac chét ki nudce hodc ua
nudc. Gia tri Kow tang theo chiéu tang cua d§ dai mach carbon, mach carbon cang dai
kém phan cuc cang tan trong octanol tot. Vi du, xét nhém hop chat PFCA, gia tri
logKow ting dan theo thir ty PFBA < PFPeA < PFHxXA < PFHpA < PFOA. Pic tinh
hoa 1y ciia mot sd hop chit PFC trich xuat tir phan mém EPIWEB (USEPA, v4.11)
dugc trinh bay trong Bang 1.4 [51].

Hé s6 phdn bé carbon hitu co - nuée (Ko.) 12 thong sd thuong duoc sir dung dé
xac dinh kha ning lién két hodc hap phu ctia mot hop chét véi cac chat hiru co trong
dat. Gia tri Ko duoc xdc dinh bang ti 18 gitta hé sé phan bd dat/tram tich - nude (Ka)
va tong ham luong carbon hiru co. Cac hop chat PFC mach ngan hon dé hoa tan hon
trong nudc, trong khi PFC mach dai hon lai ¢6 kha nang hap phu va phan bb tt hon

vao tram tich [51].

Bang 1.4. Dic tinh héa 1y cia mot s6 hop chat PFC (dang acid )

Khoi
_ Do tan trong
Tén viet tat lwgng
STT i Cong thirc nuéc 6 25 °C | logKoc | logKow
hgp chat phan twr
(mg/L)
(g/mol)
1. | PFBA C4HF70; 214,04 1373 1,34 2,14
2. | PFPeA CsHF90> 264,05 196,5 1,71 2,81
3. | PFHxA CsHF 1102 314,06 27,12 2,08 3,48
4. | PFHpA C7HF130; 364,06 3,65 2,45 4,15
5. | PFOA CsHF150: 414,07 0,48 2,82 4,81
6. | PFBS C4HF9O3S 300,10 344 1,93 1,82
7. | PFHxS CesHF1303S 400,11 6,17 2,67 3,16
8. | PFOS CsHF1705S 500,13 0,10 3,41 4,49
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Xét cac ddc tinh héa hoc do lién két C-F, céc tinh chat nhu d6 am dién cao va
kich thudc nho cua flo khién cho lién két C-F rat bén va 1a lién két cong hoa tri manh
nhét trong héa hoc hitu co. Tinh phan cuc thip cia gdc perfloalkyl din dén twong tac
yéu gitra cac phan tir, chang han nhu twong tic Van der Waals. Cac dic tinh doc ddo
nay cua flo két hop v6i dau nhoém chie phan cuc mang lai cho cac hop chat PFC ¢
dic tinh chéng tham nuée va chong thdm dau (chdng vét ban) va tinh chét hoat dong

bé mit, dong thoi lam cho ching 6n dinh vé nhiét va hoa hoc.

1.2.  Poc tinh ciia cac hop chat PFC va cac con dwong phoi nhiém ¢ nguoi

1.2.1. Déc tinh ciia cdc hgp chit PFC

PFAS c6 xu hudng tich liiy trong cac co quan nhu thén, gan, lach va nao cua
nhiéu loai sinh vat séng. Cac anh hudong cia PFAS dén sirc khoe con ngudi bao gom:
tac dong 1én hé mién dich (giam dap tng v4i vic-xin, hen suyén), tac dong dén tim
mach (ting huyét ap), ung thu (v{i, gan, tinh hoan, than), taic dong 1én gan (thay ddi
enzym huyét thanh/bilirubin, ting cholesterol), r6i loan noi tiét (bénh tuyén giap), tac
dong dén chirc ning sinh san (giam kha niang sinh san), va tic dong 1én sy phat trién
(giam can nang khi sinh) [107]. Pbi v6i phan 16n cac hop chat PFAS méi ndi, bang
ching doc tinh hién con han ché. Cac nghién ctru gan day da chi ra rang cac PFAS
m&i ndi da duge phat hién trong nude udng va cac ngudn khac, lam day 1én mbi quan
ngai vé sitc khoe cong dong va moi truong lién quan dén cac chat thay thé nay [32].
Mot s6 PFAS méi ndi nhu perfluoro-2-propoxypropionic acid (HFPO-DA) va 6:2
chlorinated polyfluorinated ether sulfonic acid (6:2 CI-PFESA hay con goi 1a F-53B)
c6 tinh bén viing rat cao trong diéu kién méi trudng va xuét hién phd bién trong ngudn
nudc mit trén toan cau. Mot s6 PFAS méi duge phat hién cé kha nang tich lity sinh
hoc va doc tinh cao hon ca PFOA va PFOS. Vi dy, F-53B 1a mot trong nhiing PFAS
m&i ndi co kha niang luu ton sinh hoc cao nhat dugc biét dén cho dén nay, véi thoi

gian ban hily & ngudi 1én dén 15,3 ndm — tham chi dai hon ca PFOS [107].

% DPoc tinh véi gan
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Gan 1a m0t co quan nhay cam dbi véi doc tinh cia cac PFCA va PFSA. Su
nhiém doc PFC thuong dan dén phi dai té bao gan hoic ting trong lwong gan do cam
g ting sinh peroxisome, thay d6i thanh phan lipid & té bao gan, va giam cholesterol
va chat béo trung tinh trong huyét thanh. Cac PFC mach dai, chang han nhu PFOA
va PFOS, giy ra sy tich tu triglyceride va cholesterol trong té bao gan, do d6 c6 lién
quan dén ting stress oxy hoa va peoxi hoa lipid, ting viém cytokine, biéu hién nhu
hoai tir t& bao gan va/hoic ting men gan trong huyét thanh. Tac dong cua cac PFC
trong gan va nguy co tiém an nay ti 1é thuan v6i mic do tich lily ciia hop chat PFC

trong té bao gan [128].
% Doc tinh véi hé thong mién dich

Hau hét cac nghién ctru chuyén sau vé danh gia doc tinh mién dich cta cac hop
chat PFC d3 dugc thuc hién chu yéu vo1 PFOS, PFOA va PFNA mac du la lach, tuyén
giap, mo bénh hoc va cong thirc mau toan phan di duoc danh gia trong cac nghién
cuu doc tinh ban man tinh, man tinh da duoc thuc hién & chudt voi1 PFBA, PFHxA,
PFOS, PFOA, PFBS, PFHxS, PFUnDA va PFDoDA. Cac két qua cho thay liéu twong
d6i cao cia cac PFC mach dai c6 thé gy teo tuyén giap va 14 lach ¢ dong vt gam
nham va khi, biéu hién ¢ su thay dbi mo bénh hoc, gidm trong luong va giam ) luong
té bao. Bén canh d6, kha ning dap Gmg mién dich (T-cell Dependent Antibody
Response (TDAR)) ¢6 thé xdy ra véi nhiing liéu thap hon nhiéu. Khong c6 mbi lién
hé dugc tim thdy gitta su dap Gng mién dich véi cac tac dong cua PFC trén
corticosterone trong huyét thanh. Su wc ché cac dap tmg mién dich thich nghi ciing
d3 dugc quan sat thay trong cac nghién ctru dich t& hoc, chi ra rang cac két qua thu
duogc tir cac nghién ctru trén dong vat gdm nhim c6 lién quan dén sirc khoe con ngudi.
Su gia ting phan (g viém ciing da duoc quan sat thay trong ca nghién ciru trén dong

vat gam nham va trong mot $6 nghién ctru dich t& hoc [128].
% Dgc tinh véi co quan sinh sén

Céc PFC mach dai véi s6 carbon tir 8 - 12 ¢6 tac dong doc hai ddi voi hé sinh

san duc ¢ dong vat gdm nham. Mac du céc tac dong truc ti€p trén kha nang sinh san
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khong dugc quan sat thdy ¢ chudt véi bat ky PFC nao ngoai trir PEDoDA, nghién ctru
d3 ghi nhan viéc giam ndéng do cua hormon sinh duc nam trong huyét thanh, teo tinh
hoan, tinh tring bit thudng, va giam steroidogenesis tinh hoan & chudt. Su ting trao
d6i chét ciia ndi tiét té androgen trong huyét thanh thong qua enzym aromatase trong
gan c6 thé dong mot vai trd quan trong trong viée gay u tuyén té bao Leydig duoc ghi
nhan & chudt phoi nhiém v6i PFOA. Trong co thé ngudi, ca PFOA va PFOS déu co
kha nang tich lity sinh hoc va thoi gian ban huy dai (khoang 3,5 nam d6i voi PFOA
va 5,4 nam d6i véi PFOS) [31]. Viéc sir dung rong rai PFOA va PFOS trong cac san
pham thuong mai da din dén su phoi nhiém pho bién ciia ca nam va nit gidi vdi cac
hop chat nay. Chung tir moi truong xam nhap va tich lily trong co thé ngudi, giy ra
nhing nguy co nhét dinh dbi véi sirc khoe. Nong do PFOA va PFOS cao trong huyét
thanh (PFOA 14,99 ng/mL, PFOS 1,11 ng/mL) va trong tinh dich (PFOA 0,67 ng/mL,
PFOS 0,12 ng/mL) d3 dugc bao céo 1a c6 lién quan dén giam thé tich tinh hoan va
chiéu dai dwong vat [50]. Cac hormone sinh san bao gom hormone hoang thé héa
(LH), testosterone va hormone kich thich nang trimg (FSH). Méi lién hé gitta PFOS,
PFOA va chat luong tinh tring cling nhu hormone sinh san van con gay tranh cii.
Mot s6 nghién ctru trude day chi ra rang FSH khong c6 twong quan véi ndong do
PFOA va PFOS, trong khi LH ¢6 mbi tuong quan thuan véi PFOS va PFOA trong
huyét thanh nhung khong c6 tuong quan véi PFOS trong tinh dich [134]. Ciing trong
nghién ciru ndy, Raymer va cong su phat hién rang nong d6 PFOA cao c6 lién quan
dén ndng do testosterone cao [127]. Joensen va cong sy (ndm 2013) cho thdy phoi
nhiém PFOS cao c6 lién quan dén testosterone cao hon [81]. Nhin chung, mot s6
nghién ctru da chi ra rﬁng néng do PFOA va PFOS cao c6 lién quan dén mat do, kha

nang di dong, s6 lwong va hinh thai cia tinh tring [25]

Dbi voi co quan sinh san nit, mot sé nghién ciru di cho thdy giam su phat trién
tuyén va & chudt vdi PFOA, céc tac dung phu ctia PFDoDA va ¢ thé ca vi PFOS
trén chu ky kinh nguyét & chudt. Cac nghién ciru dich té hoc cho thay sy giam kha
nang sinh sdn hodc tang thoi gian mang thai, tdng lac ndi mac tr cung va tang nguy

co man kinh khi néng do PFC trong huyét thanh tang 1én [128]. Mot nghién ciru dai
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dién trén toan qudc tai Hoa Ky chi ra ring PFOS va PFOA c6 mbi lién hé duong tinh
véi bénh lac ndi mac tir cung & phu nit My [35]. Phoi nhiém PFOA va PFOS khéong
chi lién quan dén tinh trang bénh 1y tir cung, ma con anh huéng dén qua trinh mang
thai va két qua sinh ng. Ti 1& v6 sinh & nir gidi gia ting khi tiép xuc véi liéu cao PFOS
va PFOA so voi nhom tiép xuc liéu thap [45] . Két qua phén tich tong hop anh hudng
ctia phoi nhiém PFOA 18n chu ky kinh nguyét ctia phu nir tai ba qudc gia (Greenland,
Ba Lan va Ukraina), c6 thé rat ra két luan rang méc phoi nhiém PFOS cao c6 lién
quan dén chu ky kinh nguyét kéo dai [104]. Do PFOS va PFOA hién dién trong moi
truong ty nhién va c6 kha nang vuot qua hang rao nhau thai, nén viéc thai nhi photi
nhiém véi cic chit ndy trong qua trinh phat trién 1a diéu khé tranh khoi. Két qua
nghién ciru cho thdy rang phoi nhiém PFOS va PFOA trong thai ky c6 thé lam ting
nguy co sinh non. Ngoai ra, c6 mdi lién hé chit ché giita phoi nhiém PFOS va PFOA
v6i can nang so sinh thap. Trong sb cac hop chat PFAS, PFOS tham chi con dugc ghi

nhan c6 mbi lién hé chit ché nhét véi tudi thai [134].
< Kha ning giy ung thw va dot bién gen

PFOA va PFOS déu di duoc chimg minh 13 giy ung thu gan ¢ chudt, PFOA
cling tao ra cac khoi u trong tuyén tuy va tinh hoan ctia chudt duc trong khi PFOS ¢6
thé tao ra khdi u tuyén giap & chudt duc. Mot nghién cuu dich t& hoc 16n trong mot
nhém déan s6 Hoa Ky phoi nhiém cao d dua t6i két luan rang phoi nhiém PFOA lam
tang ti 16 mac cac khoi u than va tinh hoan [128]. Trong mdt nghién ctru cia Cao va
cong sy (2022), mAu huyét thanh ctia 203 bénh nhan ung thu gan va 203 ddi tuong
d6i ching da duogc thu thap trong giai doan tir nam 2019 dén 2021. Nong do cua 12
hop chit PFAS trong huyét thanh cua tit ca nguoi tham gia d3 duoc dinh luong va
danh gia mbi tuong quan véi ti 16 mac ung thu gan va cac dau an khdi u. Nong do
trung binh cua PFOS (9,8 ng/mL), PFOA (8,3 ng/mL) va 6:2 CI-PFESA (3,9 ng/mL)
dugc ghi nhan trong huyét thanh nguoi. Nong do alpha fetoprotein (AFP) cho thay
c6 mbi lién hé dang ké vi mirc PFOS va 6:2 CI-PFESA trong huyét thanh [39].
Nghién ciru ciia Goodrich va cong su (2022) cho thdy phoi nhiém PFOS ¢ mirc cao

¢6 lién quan dén nguy co gia ting mac ung thu biéu mo té bao gan (khong do virus)
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trong mot nhoém ddi tugng nghién ctru da sic toc, nhiéu kha ning do sy thay doi trong
chuyén héa acid mat, glucose va amino acid [64].
1.2.2. Con dwong phoi nhiém cdc hop chit PFC ¢ con ngwoi

Hinh 1.3 trinh bay mét cach tong quan vé cic con duong phoi nhiém véi PFC
& con ngudi [138]. Su phoi nhidm cta con ngudi véi PEC dién ra thong qua viéc udng
nudc va an thuc pham nhidm PFC, hit phai khong khi trong nha va tiép xuc véi cac
moi trudng bi 6 nhiém khac. Su phoi nhiém tryuc tiép do sir dung cac san pham tiéu
dung chira PFC ¢6 thé dugc loai bo nhanh chong bai sy thay ddi trong quy trinh cong
nghé san xuét tuy nhién su phoi nhiém do tich tu PFC trong chudi thirc dn va 6 nhiém
nudc ngdm van ton tai trong thoi gian dai. Do d6, viéc hiéu rd tim quan trong ctia cac
con dudng phoi nhiém khac nhau nay 1a rit quan trong trong cac nghién ciru quan

trac sinh hoc va du doan rtii ro phoi nhiém céac hop chat nay.

Cac san ph am tiéu ding

th nhiém ¢ con ngwdi
Al .
L -
(—
‘:7-_:'. "—\ ~-
Cong nghiép n&‘
' __-==
Co s ha [||| chit thai

Tir me sang con:
SLr'l me
- Miu cudng ron

Mobi trwong

Hinh 1.3. Cac con duong phoi nhidm PFC chinh véi cong déng cu din ngoai
phoi nhiém nghé nghiép [138]
< Phoi nhiém qua céc sin phim tiéu dung, khong khi trong nha va bui
Céc hop chat PFC da duoc phat hién trong nhiéu san pham tiéu dung thuong
dugc tim thay trong van phong, ho gia dinh hoi nhu 40 khodc, vai boc, tham, gidy to,
vat liéu tiép xuc voi thuc phém, chét téy rira, danh bong, son va sap truot tuyét. Cac

PFC c6 thé duoc van chuyén tur cac loai vat liéu dong goéi sang céc loai thyc phém
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nhu bo, nude, gidm, ruou va sau dé6 xam nhap truc tiép vao co thé con ngudi qua
duong miéng. Mit khéc, kha ning phoi nhiém do tiép xtc qua da véi PFOS va PEFOA
tir cac san pham tiéu dung dugc cho 1a thip. Trong mot nghién ctru trén 41 phu nit
Na Uy, Haug va cong sy (2011) béo céo rang thyc pham thudng 13 con duong phoi
nhiém c6 anh hudéng 16n mic du méi trudng trong nha (bui, khéng khi) c6 thé chiém

t6i ~ 50% tong luong PFC phoi nhiém [69].
% Phoi nhiém qua nwéc udng

Nudc ubng di duoc xac dinh 13 mot ngudn phoi nhiém PFC dang ké cho nhiéu
cong déng dan cu, dac bi¢t la nhitng nguoi séng gﬁn cac dia diém bi 6 nhiém. Do dic
tinh bén vitng va kho phan hiy, cac PFC c6 thé ton tai lau dai trong ngudn nude ngam
va nudc mit, dan t6i nguy co tich tu trong hé thdng cap nude sinh hoat. Pic biét, PFC
c6 thoi gian ban hily dai khién rui ro tich lily gia ting dang ké ngay ca khi nong do
trong nudc udng thap. Chinh vi vy, nhiéu qudc gia di siét chat tidu chuan d6i véi
PFC trong nudc udng, ha ngudng cho phép xubng don vi nanogram trén lit. Pidu nay
phan anh nhan thirc ngdy cang rd rang vé tim quan trong cta kiém soat phoi nhiém

PFC qua dudng nudc udng trong chién luoc bao vé strc khoe cong dong [138].
% Phoi nhiém qua hai san

Néng do PFC trong huyét thanh tang cao da dugc ghi nhan & mot s6 khu vuce cu
dan tiéu thu nhiéu hai san. Christensen va cong su di tim thiy nong do PFC cao hon
trong huyét thanh ctia nhitng ngudi tiéu thu ca thuong xuyén & My tir nam 2007 dén
2014. Co quan an toan thuc phidm chau Au (EFSA) gan day da udc tinh ring c4 va
cac loai hai san khac chiém t6i 86% phoi nhiém PFC qua dudng an udng & ngudi 16n.
Mic du vay, c6 su bién dong dang ké cua hai san trong sy phoi nhiém tong thé cia
con ngudi véi PFC. Viée nau dn di duge ching minh 13 1am gidm nong d6 ctia mot

s6 PEC nhu PFOS [138].
% Phoi nhiém qua bun thai dwoc xir Iy sinh hoc va nong nghiép

Nhiéu PFC dugc sir dung trong cong nghiép, sau d6 theo dong chat thai va
chuyén dén cic nha may xir Iy nude thai (WWTP). Do d6, cac WWTP 1a mot ngudn
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gdy 6 nhiém PFC. Bun thai tir cac WWTP thudng dugc sir dung dé boén phén trong
nong nghiép, din téi nguy co tiém tang cho sy phoi nhiém PFC ddi véi con ngudi.
Mot sb nghién ctru dd phat hién PFAS trong bun thai dugc xtr 1y sinh hoc tir cac
WWTP. Khao sat bun thai quéc gia ciia EPA nam 2001 cho thay tai luong cta 13
PEC trong chit thai ran sinh hoc ctia My 1a 2749-3450 kg/nidm, trong d6 uéc tinh
khoang 1375-2070 kg/nam da dugc st dung cho néng nghiép va 467-587 kg/nam
dugc van chuyén dén cac bai chon 14p. Mot sb6 nghién ciru ciing da diéu tra sy hap
thu ctia PFC viao ciy trong va giun dét tir viéc sir dung chét thai ran sinh hoc. Nong
d6 PFC tang cao trong thit va cac san pham tir sita da cho thiy sy hap thu PFC tir
noéng nghiép bi 6 nhiém 13 mot nguon phoi nhiém qua chudi thirc in véi thuc pham

la cac dong vat trang trai [138].
1.2.3. Cidc tiéu chuan, quy dinh hién hanh vé cic hop chit PFC

Trong nhitng nim gan day, nhiéu qudc gia trén thé gidi da ban hanh quy dinh
nham kiém soat sy hién dién ciia cac hop chat PFC trong mdi trudng va trong ngudn
nudc cap sinh hoat. Péi véi nudc udng, My di thiét 1ap quy dinh qudc gia méi vé
nude udng vao nam 2024 voi gia tri nhidém t6i da (MCL) & muc 4 ng/L cho PFOA va
PFOS; 10 ng/L cho PFNA, PFHxS va HFPO-DA (GenX) [16]. Lién minh chau Au
ban hanh theo Chi thi nuéc udng 2020/2184, quy dinh hai ngudng gia tri: 0,1 pg/L
cho tong 20 PFAS uu tién (PFAS-20) va 0,5 pg/L cho “PFAS tong” (khong chi 20
PFAS) s& ¢6 hiéu luc day du vao nam 2026 [16]. Canada vao nam 2024 di cong bd
muc tiéu quan 1y & mic 30 ng/L cho tong 25 PFAS, thay thé cic ngudng riéng 1é
trude d6 [38]. Tai Uc, Hudng dan chat luong nude udng qudc gia duoc cap nhat nam
2025 vé6i cac gia tri 1an luot 1a 8 ng/L cho PFOS, 30 ng/L cho PFHxS, 200 ng/L cho
PFOA va 1000 ng/L cho PFBS [47]. Pan Mach khuyén nghi mirc giéi han nghiém
ngit hon 1a 2 ng/L cho tong bon PFC (PFOS, PFOA, PENA, PFHxS) [67]. Nhat Ban
khuyén nghi mirc nong d¢ tdi da trong nudc udng 1a 50 ng/L cho téng PFOS va PFOA,
du kién s& duoc thé ché hoa thanh quy chuan chinh thirc vao nam 2026 [67].
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Déi véi moi trudng nude mit va sinh hoc, cc tiéu chuin va huéng din chu
yéu tap trung vao PFOS do tinh bén vitng va kha ning tich lily sinh hoc cao. Lién
minh chdu Au d ban hanh chi thi 2013/39/EU vé tiéu chudn chat luong méi trudng
d6i voi PFOS trong nudc mat; nude ving tiép giap va ven bién; sinh hoc 1an luot 1a
0,65 ng/L, 0,13 ng/L va 9,1 pg/kg khdi lvong uét (mau c4) [16]. Tai Canada, Huéng
dan chat lvong méi trudng Lién bang khuyén nghi ngudng ndng d6 ddi voi PFOS
trong nudc mat va mo ca 1an luot 14 6,8 pg/L va 9,4 mg/kg khoi luong wét [37]. Hién
nay méi chi ¢6 Lién minh chau Au ban hanh quy dinh vé gii han nong d6 ciia PFOS
trong moi trudng ma chua co qudc gia ndo khac trén thé gii dwa ra quy dinh vé chat

lwgng mai truong dbi voi nhitng hop chat nay.

Tai Viét Nam, hi¢n nay chua c6 tiéu chuin hay quy dinh nao vé gi61 han néng
d6 cua cac hop chat PFC trong nuéc udng, moi truong va sinh vat. Theo thong tin
m&i nhat, Bo Nong nghiép va Moi trudng dang trong qua trinh xay dung quy chuin
ki thuat vé vé gidi han cac chéat 6 nhiém kho phan hity trong nguyén lidu, nhién liéu,

vat liéu, san pham, hang hoéa thiét bi.
1.3. Hién trang 6 nhiém cac hop chat PFC trong méi truwong thily quyén

Nhom hop chat PEC 13 mot trong nhitng nhém hoa chat 16n nhat dugc sir dung
rong rii trong cac san pham cong nghiép, thuong mai va duoc phat hién trong nudc
ubng, nudc mit va nude ngdm & cac nudc phat trién va dang phat trién trén toan thé
gidi. Tham chi, chung da dugc phat hién rdng rai trong bui, khong khi, nudc bién,
nudc mua, tuyét, trAm tich, trong co thé sinh vat va huyét thanh nguoi. Bang 1.5 trinh
bay nong d¢ ciia cac hop chat PFC (ng/L) trong nudc mit va nude ngam trén thé gidi.
1.3.1. Nwéc ngim

Nudc ngdm 13 ngudn nude d& bi anh hudng béi cac tac nhan hoa hoc va sinh
hoc 6 nhidém, mot s6 nghién ctru bao cdo rang nudc ngam bi 6 nhiém cac hop chat
PFC tir viéc gidi phong bot chira chdy dang nudc (AFFF), nudce thai tir cac co s san
xudt hoa chit chtra flo hodc su van chuyén tir dit va nude trong méi truong. Nhiing

nghién ctru vé cac hop chat PFC trong nudc ngam da dugc thuc hién & mdt s6 quoc
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gia nhu Trung Quéc, Han Quéc, Viét Nam, Thai Lan, An b9, Australia, va My. Trong
s6 cac qudc gia ndy, nghién ciru tai Trung Qudc di tim thdy ndng d6 PFOA trong
nudc ngdm cao nhét 1a 475 ng/L do ngudn 6 nhidm tir nude thai cua khu céng nghiép
san xudt hoa chét chira flo Changshu. Tai cac ving néng thon phia déng Trung Quéc,
PFOA 14 hop chit chiém wu thé dao dong tir 7 dén 175,2 ng/L, trong khi cac hop chat
khac déu dué6i 60 ng/L [41]. Trong khi do, tai tinh HO Bic (Trung Qudc), nong do
PFOS trong nudc ngam cao nhat duoc bao cao 13 844 ng/L do ngudn gy 6 nhiém tir
mot co sd san xuat PESA [59]. Trong mot nghién ctru khac, PFBA lai dugc phat hién
& ndng do cao hon trong nudc ngdm tir mot ngudn nude udng gan hd chira Yuquiao
va 4 ngdi lang & luu vuc séng Daling, Trung Qudc véi gia tri trung binh 1a 1,13 va
1544 ng/L [158]. Tai Han Qudc, sau sy ¢6 1o ri PFC tir mt nha may cong nghiép gan
luu vuc song Nakdong ndm 2018, nhém nghién ctru ciia Yong va cOng su da thu thap
mau ndm 2019 va phat hién tong nong d6 ciia tdm PFC trong nudc ngdm dao dong
trong khoang tir khong phat hién dén 36,9 ng/L (trung binh: 14,1 ng/L) [162]. Tong
noéng do cua bay hop chat PFC trong nudc ngdm gan khu xtr Iy nudc thai d6 thi va
nuéc thai cong nghiép tai Thai Lan dao dong trong khoang tir 1,68 dén 7,75 ng/L va
2,64 dén 42,01 ng/L [77]. Theo nghién ciru cia Lam va cong sy, nong do 13 hop chat
PFC trong nuéc ngdm tai Viét Nam & mirc thap tir khong phat hién dén 8,88 ng/L
(trung binh: 3,55 ng/L) trong d6 PFOA duoc tim thiy ¢ ndng d6 cao nhat 5,48 ng/L
[91].

Trong s6 cic hop chat PFC, sau hop chit bao gdbm PFOA, PFNA, PFBA,
PFOS, PFHxS va PFBS thuong dugc phat hién trong nudce ngém tai cac khu vuc
nghién ctru trén thé gidi. Mic du PFOA thudng dugc tim thiy & ndng do cao hon cac
hop chat khac nhung phu thudc vao dic diém ngudn gay 6 nhiém xung quanh khién
cho murc d6 6 nhidm va thanh phan cic hop chit PFC khac nhau giita cac khu vuye.
Vi du, PFBS co néng dd cao hon trong nudc ngém tur luu vuce song Hr:ing, An Do véi
gia tri trung binh 1an luot 1a 1,53 ng/L [133]. Trong khi d6, PFOS dugc phét hién &
ndng do cao hon cac hop chit khéc tai 13 giéng quan tric ndng xung quanh bii chon

lap tai Melbourne, Australia voi khoang nong do tir 1,3 — 4.800 ng/L va gia tri trung
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binh 14 413,3 ng/L [71]. Trong nudc ngam khu vuc gan co s& huan luyén chita chay
tai My, PFHxS lai dugc tim théy o néng dd cao nhat trong sb céc hop chit PFC véi
ndng do trung binh 160 ng/L.
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Bang 1.5. Nong do cia cac hop chat PFC (ng/L) trong nuéc ngdm va nude mit trén thé gisi

So o ; A
. Khu vue o PFC | Khoang ndng dp Gia tri cao nhat (ng/L) Nguon TLTK
Quoc gia o, Loai nwéc
nghién ciru (ng/L)
PFOA | PFOS | PFHxS
. A Cong nghiép hoa

Changsu Nuodc ngadm 17 5,3-615 475 94.9 1,5 chit [41]

Trung Quéc Yuquiao Nudc ngf?lm 17 1,426 — 17,138 5,11 0,5 0,23 Song [40]

Hubei Nudcngdm | 10 | 31,4 15.656 877 | 776 340 | Nhamdy san xudt [59]

PFSA
Australia | Melbourne | Nu6c ngam | 14 26 — 5200 74 4800 280 | Bai chon lap [71]
Han Quéc | Nakdong Nudc ngdm 8 KPH - 36,9 6,72 2,35 10,39 | Sausu c6rori PEAS | [162]
| Nusc ngdm | 264-4201 | 3496 | 2588 | 373 | Chuxulynudethai
. Ayutthaya va cong nghi¢p
Thdi Lan Chonburi 7 Khu xtr Iy nudc thai 1771
Nude ngdm 1,68 — 7,75 622 | 315 | 007 | XY
do thi

AnPo | SongHing |Nudengdm | 12 7,46 — 13,19 0,76 | 1,13 | 0,08 |Soéng [133]

Viét Nam Nuéc ngm | 13 KPH — 8,88 548 | 142 | 435 |Song [91]

Trung Quoc | (- nesu Nude mat 17 7,0 — 489 2238 | 302 | 41,7 S}?Qg nghiép hoa [41]
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. Khu vire o PFC | Khoéng ndng dp Gia tri cao nhat (ng/L) Nguon TLTK
Quoc gia on Loai nuéc
nghién ciru (ng/L)
PFOA | PFOS | PFHxS
Trung Quodc | v quiao Nudc mit 17 | 5,839-120,885 | 5,33 5,54 0,18 | Séng [40]
Song Nude mit 18 320.000 | 5,3 2,8 | Khu cong nghié [82]
Xiaoqing : : J g g nghiep
1 Sc thai dau ra kh
Séng Keya | Nudc mit 0 ; 717 | 4330 | 2516 I;‘fl"c; Eilédau ra X
Pai Loan |— 78D [100]
Song L 10 Nudc thai dau ra
Nudc mat - 517,3 6050 R o
Nanmen khu cong nghiép
AL Do o Song (chi phan tich
Nhat Ban | Yodo Nudc mat 2 - 2600 123 - PFOA, PFOS) [98]
AnDo | SongHang | Nudc mit 20 - 23,1 3,91 - Song [160]
Singapore Nudc mat 10 - 109 49 43 [115]
MOtso song |\ 166 mat 13 KPH — 107 535 | 402 | 598 |Nuécmit [91]
mién Nam
Bon thanh 1 oo mat 16 1,76 - 16,84 18 53 46 | Nuéc mit do thi [52]
Viét Nam | pho lon
Hb Tay Nube mit 12 8,13 - 13,25 0,09 | 007 | KPH |Hbnoido
: : [4]
HO Yén So | Nude mat 121 1242-1764 | 045 | 032 | KPH |Hbdnoido
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1.3.2. Nwdc mat

Theo bao c4o quan tric toan cdu vé cac chat 6 nhidm hitu co kho phan huy cia
UNEP niam 2017, PFOS d3 duoc phat hién voi tan suit ngay cang ting trong nén miu
moi trudng khac nhau ¢ khu vuc Chau A. Nong do PFOS trong nuée mit tai Trung
Quéc, Nhat Ban, Han Quéc, Philippines va Thai Lan dao dong trong khoang khong
phat hi¢n dén 47 ng/L; 0,02 — 230 ng/L; 0,12 — 33 ng/L; 0,39 — 4,2 ng/L va khong
phat hién dén 54 ng/L [142]. Su khac biét vé thanh phan cac hop chat PFC trong mdi

khu vire ¢6 thé do mirc d6 cong nghiép héa va do thi hoa.

Nhin chung, ndng d6 PFC cao hon duoc tim thay & cac khu cong nghiép va khu
vuc d6 thi hon & cac ving nong thon xa x6i ctia Trung Qudc. Vi dy, ndng d6 PFOA
va PFOS trong nudc mit tir song Yangtze chay qua nhiéu khu do thi, cong nghiép va
thuong mai dugc phat hién tuong ing 14 0,2 — 297,5 va 0,1-37,8 ng/L [151]. Tuong
tu, néng do cao cia PFOA va PFOS ciing da dugc tim théy tai song Haihe, gén Vanh
dai kinh té Bohai. O song Hanjiang, nhanh 16n nhét cta song Yangtze chay qua Vil
Han, néng dd PFOA va PFOS do duoc lan luot 12 8,9 va 568 ng/L [87]. Song
Xiaoqing & Trung Qudc, noi tiép nhan nudc thai tr mot nha san xuat hoa chat chia
flo da bao cao néng do PFOA dac biét cao 1a 320.000 ng/L [82]. Néng do PFOS cao
nhét trong sb cac nghién ctru duoc thuc hién ¢ Trung Qubc da duge bao cao tai song
Pingshan & muc 598,66 ng/L. Tinh trang 6 nhiém PFOS tai cac dia diém nay xuét
phat tir nude thai tir cac nha may 6 t6 gan do. Jin va cong su. (2009) di phan tich mau
nude mit tir 11 hd nudc tai cac viing sau ving xa ciia Trung Quéc. Két qua cho thay
12 trong s6 13 miu nhidm PFC v&i nong do PFOA va PFOS cao nhit 13 0,4 ng/L va
2,4 ng/L. Sy xuét hién ciia PFOA va PFOS trong cac mau & nhitng noi xa x6i mic du
& ndng d6 thap nhung vin cho thiy rang kha nang di chuyén va phat tan xa cta cac
hop chéat PFC [80].

Ngoai cac nghién cru duoc thuc hién tai Trung Qudc, hau hét cac qubc gia da
bao cdo ndng do ciia PFOA va PFOS dudi 570 ng/L. Tuy nhién, tai luu vuc séng
Yodo tai Nhat Ban, PFOA trong nuéc mit dugc tim thay & ham luong 2.568 ng/L.

Nguén chinh ctia PFOA gay 6 nhiém xuét phat tir nude thai cia nha may xur 1y nude
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thai va séng Katsura (Nhat Ban) [98]. Tai Pai Loan, néng do PFOS 14 6.050 ng/L da
duoc bao cdo ¢ ha luu diém x& nude thai dén noi tiép nhan song Nanmen. Néng do
PFOS cao tai vi tri 14y mau chu yéu 1a do dau vao tir mot nha may xir Iy nude thai
cong nghi€p dat tai cong vién khoa hoc Hsinchu [100]. Tai An Do, nghién ctru dau
tién vé sy hién dién cia PEFC trong vung nudc bé mat duoc cong bd boi Yeung va
cong su (2009). Nghién ctru d3 phat hién hai hop chit C8 duoc phat hién vé6i tin suit
16n nhét trong d6 ndng 46 PFOS dao dong tir 0,04-3.91 ng/L [160]. Mot nghién ctru
khac di danh gia 6 nhiém PFC trong nudc ngam va nudc song chdy qua song Hang -
con song 16n nhat cua An Do chay qua cac khu vie dong dan cu, khu cong nghiép da
phat hién 15 PFC trong mau nudc. Trong s6 PFC duoc phat hién, PFHXA (0,4 — 4,7
ng/L) va PFBS (khong phat hién thiy dén 10,2 ng/L) c6 ndng d6 cao nhat. Sy phd
bién cta nhimng PFC mach ngin nay 1a do viéc sir dung cac hoa chét thay thé cho
PFOA va PFOS trong giai doan 2009 — 2016 [133]. Tuong tu, nghién cuu cua
Nguyén va cong su di tim thdy PFOA 13 hop chat phd bién nhit, sau d6 1a PFOS va
PFHXS voi néng d6 trung binh lan luot 1a 109, 49 va 43 ng/L trong nudc mat khu vue
do thi tai Singapore [115].

Nhiéu nghién ctru d tién hanh danh gia sy c6 mit ciia cac hop chat PFC trong
nude mit tai Bic My. Néng do PFOA va PFOS cao dugc ghi nhan tai hd Ontario va
Erie dao dong 1an lugt tir 21 — 70 ng/L va 27 — 50 ng/L, nong d6 cac hop chat C8 thap
duoc ghi nhan tai cac song Superior va Michigan. Tai Canada, ca hai chit 6 nhiém
d3 duoc phat hién trong cac mau nude song Paraiba do Sul & ndng d6 tir khéng phat
hién dén 1,22 ng/L va khong phat hién dén 1,32 ng/L. Song Mississippi, My ciing ghi
nhan néng do PFOA va PFOS khac nhau, véi nff)ng do trung binh dao dong tur 17 dén
94 ng/L va 15 — 90 ng/L goi y rang cac ngudn diém khac dang gop phan gy 6 nhiém
o luu vuc song. Viéc phan tich cac mau nudc song duogc thu thap ¢ ha luu ciia mot
nha may san xuét flo tai Ha Lan da cho théy su hién dién cua héa chat PFC, GenX
m&i (thay thé cac hop chit PFC thé hé cii) voi ndng do cao nhat (812 ng/L) duge do
gan nha may. Nong do cac hop chat PEC ¢ mure thap cling dugc phat hién trong nude

mat tai Mali, Kenya, Morocco, Congo thudc chau Phi [87].
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Tai Viét Nam, Duong va cong su. (2015) di thuc hién nghién ctru khao sat ndng
d6 ctia PFC trong nudc mit tai bon thanh ph 16n 1a Ha Noi, Hué, Pa Ning va Thanh
phd H6 Chi Minh, Viét Nam. Két qua cho thdy PFOA va PFOS 1a nhitng hop chit
PFC duoc phét hién nhiéu nhat & nudc song thanh thi tai c6 nong d6 16n nhat 1an luot
1a 18 va 5,3 ng/L. Biéu dang cha ¥, ndng do PFC c6 thé thay dbi theo mua, cu thé
ndng d6 cac hop chat PFC vao mua mua cao hon so véi mua khé cho thiy mua 16n
co thé 1a nguén 6 nhiém PFC tiém tang tai Viét Nam [52]. Tuong ty, Lam va cOng su
(2017) da khao sat sy co6 mit ciia PFC trong cac mau nude mit, nrdc may va nudc
ngém dugc thu thap tu tdm vung khac nhau tai Viét Nam. PFOA va PFOS la duogc
phat hién véi tan sudt cao trong nudc mit va ndng do cao nhat 1an luot 13 53,5 ng/L
va 40,2 ng/L duoc phat hién trong mot miu tir kénh song tiép nhan truc tiép nude thai
da xtr Iy tr mot nha may xtr Iy nudc thai. Tuy nhién, ndng d6 trung binh cta hai hop
chat C8 trong nudc mat phﬁn 16n & murc thép, lan luot 1a duéi 2,3 ng/L va 0,5 ng/L
[91]. M6t nghién ctru khac ctia Ngoc va cong su (2018) di chi ra tong nong do trung
binh 12 hop chat PFC phét hién duoc trong nude hd Tay 1a 10,78 ng/L (8,13 - 13,25
ng/L) va trong nudc hd Yén So 13 14,55 ng/L (12,42 - 17,64 ng/L). Pay 12 hai hd noi
d6 16n nhat tai Ha Noi tiép nhan nudc thai d6 thi da qua xir 1y ctia thanh phd [4].

Néng do PFC cao tai Viét Nam da duoc tim théy trong cac mau nude duoc thu
thap tir khu vuc dong dan cu, khu cong nghiép va khu vuc lang nghé, tuy nhién &
mure thap hon so vdi bao céo & cac nude cong nghiép. Nghién ciru ctia Vi va cong sy
(2015) da phat hi¢n té)ng ham luong ctia 13 hop chit PFC trong nudc mat tai khu vuc
lang nghé dét nhudém tai Ha Noi va Bac Ninh nam trong khoang tir 2,94 dén 17,66
ng/L [15]. Trudc d6, nghién cru ciia Kim va cong su (2013) danh gia mirc d6 6 nhiém
PFC trong nudc mat xung quanh mat s6 bai chon lép, khu vuec tai ché tac thai dién tir
va tai ché pin tai Ha Noi va Hung Yén. Nhin chung, PFOA, PENA va PFUnDA la
nhing hop chat chiém wu thé mac du thanh phan cac hop chat PFC khac nhau d6i véi
ting loai hinh cy thé [84].
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1.3.3. Tram tich

Tram tich duoc xem 13 bé chira quan trong ctia cac chit 6 nhidm hitu co, noi cac
chét 6 nhiém c6 thé dugc hap phu boi cac hat lo ling va sau d6 ling xubng thanh
tram tich hodc chung ciing c6 thé dugc giai hdp phu vao nuée. Tuy nhién, do chia
ddng thoi ca nhém chire ky nude va wa nude, hanh vi cua cac PFC trong trdm tich
khac v6i cac POP truyén thong. Qua nhiing nghién ciru trim tich ciing c6 thé hiéu
sau thém s6 phan va hanh vi cia PFC trong pha nudc. Mot loat cac nghién ctu da
duoc thye hién nham danh gia muc do 6 nhiém cta PFC trong trAm tich trén toan thé
gidi, tap trung vao tram tich séng va tram tich h. Mic du vay, sé nghién ciru vé PFC
trong tram tich it hon han so voi s6 luong nghién ctru trong cac thanh phan méi trudng
khac nhu nudc va sinh vat. Bang 1.6 tong hop nong do PFC va cac ngudn 6 nhiém
tiém nang trong tram tich. Cac két qua nghién ctru cho thdy kha ning hap phu 1én
tram tich ctia cac hop chit PEC theo xu hudng giam dan nhu sau: PFSA mach dai >

PFSA mach ngén > PFCA mach dai > PFCA mach ngén.

Nghién ctru ctia Cao va cong su (2019) phat hién tong 17 hop chat PFC trong
tram tich thu thap tai thiy vuc Yugiao, Trung Qudc nam trong khoang tir 0,232 ng/g
dén 1,210 ng/g va néng d6 PFC cao hon duoc tim thdy trong trim tich tai khu vuc
thuong ngudn noi co tc do phat trién kinh té nhanh. Ngoai ra, PFOA va PFBA duoc
tim thay trong tat ca cac mau va hai hgp chat nay cho thady mdi twong quan 16n vé nong
d6 trong trim tich va nude mat [40]. Mot s6 nghién ctiru khac tai Trung Qudc cho thiy
tong nong do PFAS & cira song Jiulong nam trong khoang tir 0,24 — 1,9 ng/g [150],
song Xiaoging voi khoang ndng do tir 8,44 — 465,6 ng/g [82]. Mot sd nghién ctru tai
M¥ d chi ra sy c6 mat ctia cac hop chét nay tai Song Truckee (1,8 — 183,8 ng/g) va
Song Las Vegas Wash (3,9 — 134,2 ng/g) [26].
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Bang 1.6. Nong do PEC va cac ngudn 6 nhiém tiém ning trong trim tich (ng/g)

Quéc gia Pia diém nghién Loai miu Nguén S6 Khoang nong dj Tai liéu
curu : PFC (ng/g) tham khao
Trung Qubc | Séng Yugiao Tram tich | Song 17 0,232 1,210 [40]
Soéng Jiulong Tram tich | Song 13 0,24—-1,9 [150]
Song Xiaoqing Tram tich | Co s& san xuét fluoropolymer 12 8,44 — 465,6 [82]
Viét Nam Séng Cau Tram tich | Song 2 PFOS: 1,19 — 4,73 [3]
PFOA: 0,17 - 1,78
Séng Cai, song Quan | Tram tich | Song 13 KPH - 1,41 [91]
Truong
Kénh nudc thai Tram tich | Kénh nudc thai 13 0,18-234
S6ng Nhué, song Pay | Tram tich | Song 9 0,06 — 2,6 [14]
Hb Tay Tram tich | Hb 10 0,03 - 0,26 [4]
HO Yén S& Tram tich | Ho 10 0,08 - 2,01
Han Qudc Song Bukhan Tram tich | Song 17 0,03 -0,40 [90]
Song Namhan Tram tich | Séng 17 0,12 -1,09
Song Nakdong Tram tich Song 17 0,21 -0,55
Song Nam Tram tich Song 17 0,17-0,57
Sangsa Tram tich | Hb 17 0,20 - 0,25
Yeongsan Tram tich | Séng 17 0,33 - 0,36
Tay Ban Nha | Song Jucar Tram tich | Khu cong nghi¢p, do thi 9 0,22-11,5 [36]
Phép Toan qudc Tram tich | Khu vuc d6 thi, cong nghiép va | 36 KPH - 23 [106]
ndng nghiép
My Michigan Tram tich | San bay, khu cong nghiép ning 10 0-3,25 [27]
Pensacola Tram tich | Khu quan doi, san bay, nha may 51 0,04 - 0,48 [17]

san xuat tham
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Nghién ctru cta Nicolas duoc thuc hién tai Phap nam 2023 cho thiy tong ndng do
clia cac hop chat PFAS trong tram tich tai khu vuc d6 thi, cong nghiép va nong nghiép
nam trong khoang tir khong phat hién dén 23 ng/g (gia tri trung vi: 1.3 ng/g) [106].
Mic du nhiéu nghién ctru da danh gia sy xuat hién va phan b PFC trong dat va tram
tich trén thé giéi nhung it nghién ctru vé& 6 nhiém PFC trong moéi truong tai Chau Phi.
Nghién ctru dugc thyuce hién tai hd Hawassa, Ethiopia cho thdy PFOA 1a hop chét phd
bién nhit trong trim tich véi ndng do trung binh 1 0,23 ng/g trong luong kho [111].
Ngoai ra, PFPeA, PFHxA, PFDA, PFUnDA la nhitng hop chat chil yéu duoc tim thay
trong tram tich va it duoc phat hién thiy trong nudc. Nhin chung, cac hop chat PFC
mach ngan c6 xu hudng tich lily trong nudc trong khi cac hop chat mach dai hap thu

nhiéu hon vao tram tich.

Tai Viét Nam chua c6 nhiéu nghién ciru vé PFC trong tram tich, nghién ctru ciia
Lam va cong sy ndm 2017 cho thy cac hop chét nay dugc tim thiy ¢ nong d6 tir 0,18
dén 23,4 ng/g trong tram tich kénh nudc thai, va hau nhu khong phét hién thiy trong
cac mau thu thap & song Pong Nai, Mekong, song Cai va song Quan Trudng [91].
Két qua nghién ctru ctia Ngoc va cong su ndm 2018 ghi nhan tong néng d6 PEC trung
binh trong tram tich hd T4y dao dong trong khoang tir 0,03 - 0,26 ng/g va ho Yén So
tr 0,08 - 2,01 ng/g [4]. Mot nghién clru khéac ctia Lé va cong sy ndm 2021, néng do
PFOS va PFOA trong tram tich mat song Cau lan lugt nam trong khoang tir 1,19 ng/g
dén 4,73 ng/g va 0,17 ng/g dén 1,78 ng/g [3]. Theo nghién ciru cua Vi va cong sy
nam 2022, cac hop chat PFC duoc tim thdy & ndng do twong dbi thip trong tram tich
(tir 0,06 dén 2,6 ng/g) duoc lay doc theo song Nhué va song Day chay qua 6 tinh,
thanh phé mién Béc [14].

Xét vé cac ngudn gay 6 nhiém tiém nang, 6 nhiém PFC chu yéu do hoat dong
clia con ngudi va bat ngudn tir cac ngudn chinh nhu nha may san xuat PFC, chét thai,
bai chon lép, khi thai, san bay, can ctr quan sy, va khu vuc huan luyén chira chay. Céc
hop chit PFC qua qua trinh san xuat va sir dung bi thai bo gdy 6 nhiém ngudn nudc,
sau do tiép tuc di vao dat, trAm tich va sinh vat. Do viéc st dung rong rai AFFF va

muc d6 6 nhiém cao dugc phat hién tai nhiéu dia diém huan luyén ctru héa & My,
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Phéan Lan va cic qudc gia khac cho thiy tram ctru hoa 12 ngudn diém phat thai tric
tiép PFC [53]. Mot ngudn khac déng gop vao 6 nhidm cac hop chat PFC 1a tir cac nha
mAy san xudt, trong nghién ctru khac tai Trung Qudc, mau tram tich bé mit dugc lay
tir song Xiaoqing gan mot cong ty san xuat fluoropolymer ndi tiéng. Tong ndng do
PEC trong cac 16p trim tich thay ddi trong khoang tir 8,44 dén 465,6 ng/g, v6i nong
d6 trung binh 1a 109,47 ng/g. Trong d6, PFOA 1a hop chit PFC chiém wu thé voi
ndng do tir 3,86 — 456,20 ng/g [82]. C6 thé thiy rang cic co so san xuat PFC co muc

phat hién cac hop chat nay cao hon so véi cac ngudn khéc.

1.34. Ca

Céc nghién ctru trude ddy di ching minh ring con dudng dn udng, dic biét 13
viéc tiéu thy c4, 1a mot trong nhitng con duong chinh 1am con nguoi phoi nhiém véi
cac PFC [49, 117]. Thong thudng cac sinh vt tiéu thu ¢ bac dinh dudng bac thap hon
trong cac hé sinh thai s& chuyén giao cac chit dinh dudng va ca cac PFC dén cac sinh
vat tiéu thu chiing & cac bac dinh dudng cao hon, chéng han nhu cac loai ca 16n, chim
an ca, dong vat c6 vu va con nguoi (Hinh 1.4). Do vay, cac sinh vat thuy sinh & bac
dinh dudng cao hon nhu ca thudong c6 nong dd6 PFC cao do kha nang tich lity sinh
hoc cua PFC qua cac bac dinh dudng. Vi dy, hé sé ndong d6 sinh hoc (BCF) cia
PFTeDA dugc tim thiy 1én dén 30.000 L/kg trong mau va gan cia ca hdi van
(Oncorhynchus Mykiss) [108] va hé sb tich lity sinh hoc (BAF) caa PFOS 1a 73,612

L/kg trong méu cta ca trich chau A (Siniperca scherzeri) [90].

Kha nang tich lity cua cac PFC trong mdt loai ca da dugc chirng minh 1a phy
thudc vao phuong thie kiém in cua loai ca d6. Ca an thit c¢6 kha ning tich lity PFC
nhiéu hon cé an tap. Vi du, trong mot nghién ciru phan tich 15 hop chat PFC trong
cac loai ca khac nhau, tong nong do PFC trung binh duoc tim thay 1a 272 ng/g & ca
an thit va 110 ng/g & c4 an tap [103]. Tuy nhién, chi dya vao tong PFC dugc tim thiy
trong co thé ca c6 thé khong phai 1a cach t6t nhat dé tim hiéu tong PFC phoi nhiém
vi cac dia diém bi 6 nhidm khac nhau vé loai PFC va céac diéu kién moi truong. Sy
phan bd cta cac PEC 1a khac nhau tuy thudc vao cac dac tinh héa hoc ctia ching va

co lién quan mat thiét dén cac di€u kién mdi truong nhu cac dac di€ém vé tram tich,
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cac thong s chit lwong nudce va thé oxi hoa khir. Mot s6 nghién ciru ciing di bao céo
rang cac PFC mach dai thuong chiém ti 1¢ 16n hon trong c4 an thit so v&i trong c4 an
tap va ca an thuc vat; trong khi d6, cac PFC mach ngén c6 xu huéng phan bd nguoc
lai khi chiing dugc tim théy voi1 ti 1€ cao hon trong cac loai ca an thyc vat va ca an tap
S0 vO1 ca an thit [18, 90, 93, 103]. Liu Jie va cac cong sy da minh hoa cu thé réng
tong PFC ting lén theo bac dinh dudng [103]. Su thay d6i vé loai PFC tich lily trong
md c6 thé duoc gidi thich bdi cac phuong thirc kiém dn khéc nhau, vi ¢4 an thuc vat
chu yéu ti€u thu thuc vat thuy sinh. Tuong tu, ca an tap cling ti€éu thu mot phﬁn dang
ké thuc vat thuy sinh noi cac PFC mach ngén chiém wu thé, trong khi cé an thit tiéu
thu sinh vat thay sinh (c& nho, gidp x4ac va con trung) — nhitng loai sinh vat c6 kha

nang tich lity tot cac chat PEC mach dai [18].
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Hinh 1.4. Sy van chuyén va tich liiy sinh hoc ctia cac PFC trong méi truong nudc /957

Mot sb nghién ctru dd xem xét sy tich lity PFC trong cac loai c4 khac nhau va
tat ca déu cho thiy cac PFC duoc uu tién tich lily trong méu va gan va tich lity vira

phai trong cac mo6 khac nhu than, mang va rudt, nhung it dugc tich lliy trong co [19,
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90, 103, 108, 153]. Nong do PFC trong gan thudng cao hon so véi toan bd ca hoic
phi 16 [143] va dit liéu tir nghién ciru ctia Michiel Jonker (2024) ciing cho thay diéu
nay [83]. Vi du, trong ndm loai ca vé6i cac phuong thirc kiém dn va & trong cac méi
truong séng khac nhau, tong ndng do PFC dugc tim thay cao nhat ¢ gan, tiép theo 1a
da day, ma va thip nhét ¢ co. Hop chit c6 ndng d6 cao nhat trong mdi loai mé 1a khac
nhau, cho thdy mdi hop chit PFC c6 kha ning tich liy sinh hoc khéc nhau dic trung
cho tuirng loai mo [103]. Nghién clru nay cling béo cdo ti I¢ cao hon cia PFPeA, mdt
PFCA mach ngin véi 5C trong phan tir, trong cac mo co clia ¢4 an tap hodc ca an
thuc vat, cho théy réng viéc an thuc vat va tdo co thé 1a mot con duong tiép xuc voi
cac hop chat mach ngan. Ngoai ra, diéu ndy con c6 thé lién quan dén viéc cac protein
van chuyén anion hitu co va cac polypeptide diéu hoa su hap thu va loai bo PFC ¢
thé dugc biéu hién khac nhau trong cic mo khac nhau [123, 153]. Cac nghién ciru
trudc day ciing di chi ra 1a cac PFC khong lién két véi tat ca cac protein ma chi véi
mdt sd protein lién quan dén cac cau trac dic biét cua ching, chéng han nhu protein
lién két acid béo trong gan va albumin huyét thanh; diéu nay c6 thé giai thich nong

dd cao cua PFC tich lliy trong gan va mau cua cé [145].

Sy tich lity sinh hoc ctia cic PFC trong c4 cho thdy sy wu tién cua cac dong
déng mach dai, dic bi¢t 1a PFOS - hop chit chiém uu thé duoc tim théy trong nhiéu
nghién cuu [19, 90, 103]. Nghién ctru cia Michiel Jonker (2024) [83] da danh gia su
thay d6i vé ham lugng ctia 16 PFC (C4-C14 PFCA va C4, C6, C8, C10 PFC) trong
ba loai c4 bién va ca nudc ngot theo khong gian (tai 16 vi tri khac nhau, bao gém 6
dia diém & méi truong bién va 10 dia diém & moi trudng nude ngot tai Ha Lan) va
thoi gian (tir 2015 dén 2022) va ndéng d6 cua mdi PFC riéng 1é duoc tim thay thap
nhat ¢ cac lodi c4 danh bat ¢ cac dia diém xa b (tir khong phat hién — 13 pg/kg) va
cao hon & cac dia diém néi dia (0,2 — 192 pg/kg), trong d6 PFOS duoc tim thiy voi
ndéng do cao nhéat (1én dén 192 pg/kg vao nim 2015). So sanh véi tidu chudn chat
lugng moi truong cho ca cia EU (EQSpros, biota = 9,1 pg/kg), khodng 80% cac miu
c4 déu vuot qua tiéu chuan nay. Nong do PFSA cao tht hai ludn 1a PFHxS va mirc

cao nhat ciia PFCA thudng dugc quan sat cho PFDA. Nong d6 ctia PFCA véi mach
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carbon dai hon PFDA thuong giam khi chiu dai ting 1én mic du trong mot phan ba

mau ca dugc phan tich, néng do cua PFDoDA dat dinh va twong duong vo1 PFDA.

Cho t6i nay, s6 lwong nghién ctru vé sy 6 nhim PFC trong cac loai ca nudc
ngot va ca bién, cling nhu danh gia riii ro ti strc khoe con ngudi thong qua viée ticu
thu céc loai cé trén con kha khiém ton. Tai Viét Nam, trude thoi diém luan an duoc
thuc hién, chi méi c6 cac két qua khao sat ban dau tir cac nghién ciru cia Nguyén
Hoang Lam va cac cong su. Trong nghién ctiru do, 5 loai ¢4 bao gdm ca 16c dong
(Chana striata), ca bong den (Eleotris fusca), ca tra (Pangasius elongatus), ca diéc
soc (Esomus danricus) va ca r0 phi (Oreochromis niloticus) da dugc phan tich gan,
co hodc toan bd co thé dé xac dinh su ¢6 mat cua 9 PFC. Téng PFC duogc tim théy
trong khoang 0,3 — 10,6 ng/g trong lugng udt va PFUnDA 14 hop chat chu dao. Céac
két qua nay lam day l1én nhiing lo ngai vé riii ro tdi sirc khoe nguoi Viét khi sir dung
¢4 ¢6 nhiém PFC 1am thtrc an [91] [91]. Tuy nhién, viéc thiéu cac nghién ctru vé PFC
trong c4, bao gém ca c4 bién va ca nudc ngot, & Vi¢t Nam dat ra mdt khoang tréng
nghién ciru can 1ap day vé su phan bd trong ca va tac dong cua cac PFC t6i nguoi tidu

thu ca.

Nhin chung, trong ca, cac yéu té moi truong, giai doan phat trién, phuong thirc
tim kiém thtrc dn, mtrc d6 dinh dudng va méi trudng song da duoc ching minh 13 ¢o
cac yéu to dang ké anh huong dén sy tich lity sinh hoc cta cac PFC. Tét ca cac yéu
t6 nay thay d6i ddi vai mdi loai ca va c6 thé c¢6 nhitng anh hudng tryc tiép dén su tich
lity sinh hoc, pham vi cac hop chat ma chung tiép xtc va cac tac dong cia viée tiép
xuc trong sudt vong doi cta chung. Lién quan dén PFC, chiéu dai mach carbon va
dic diém cta nhom chirc anh hudng dén viée cac md nao ma cac hop chit phan bd
trong c4 va tbc do chung duoc tich liiy nhu thé ndo. Luan an nay 1a mot trong nhimng
nghién cuu dau tién vé murc d6 PFC trong ca ca nudc ngot tai Viét Nam va udc tinh
luong tiéu thy trung binh hang ngay thong qua viéc tiéu thu ca dé danh gia rui ro phoi

nhiém cho nguoi dan dia phuong.
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1.3.5. Ddnh gid riii ro sinh thdi va riii ro sirc khée tir sw 6 nhiém cdc hgp chit PFC

% Rui ro sinh thai:

Daénh gia rai ro sinh thai 1a mot qua trinh c6 hé théng nham wdc luong xac suit
va mirc d6 anh hudng bat 1oi c6 thé xay ra d6i v6i cac quan thé sinh vat hoang da,
quan x3 sinh hoc hodc chirc ning cua hé sinh thai do tiép xtc véi cac tac nhan giy 6
nhiém hoéa hoc, sinh hoc hoiic vat Iy trong moi truong. Trong danh gia rii ro sinh thai,
chi s6 rui ro sinh thai (RQ) duoc tinh bang ti 16 cia MEC va PNEC, trong d6 MEC 1a
noéng do chat do dugc trong méi trudng, con PNEC 1a ndng do khong anh hudng theo
du doan (duogc xac dinh qua dir liéu doc tinh cép tinh, man tinh va cac yéu td an toan).
Néu RQ < 0,01: khong gay rui ro; 0,01 <RQ < 0,1: riii ro thap; 0,1 <RQ < 1: rai ro
trung binh; RQ > 1: rairo cao [116, 152].

Guo va cong sy (2020) bao céo chi s6 RQ trong nude hd Baiyangdian (Trung
Quéc) cua PFOA, PFOS, PFNA, PFHxA va PFDA déu nhé hon 0,01; cho thidy mirc
d6 rui ro sinh thai rat thip. P4i v6i tram tich, RQ cia PFOA nho hon 0,01, trong khi
gia tri ndy ciia PFOS dao dong tir 0,002 — 0,13 cho thdy mirc do rui ro sinh thai cia
PFOS bién thién tir rat thdp dén trung binh [68]. Nghién ctru ctia Wang va cong su
(2025) bao cdo ddi véi PFBA, PFPeA, PFHXA, PFHpA va PFBS trong nudc song
Hoang Ha tai tinh Son Péng (Trung Qudc), gia tri RQ déu nho hon 0,01, cho thiy
cac hop chat nay khong gy rai ro d6i voi bat ky loai sinh vat nao duoc khao sat. Tuy
nhién, cac két qua nghién ctru cho thdy PFOA c6 thé gay rui ro thap dbi voi Dugesia
Japonica (RQ =0,013), rti ro trung binh ddi voi Brachionus calyciflorus (RQ = 0,15),
va rii ro cao d6i v6i Chironomus plumosus (RQ = 1,96) ciing nhu Chironomus
riparius (RQ = 1,96), 1a hai loai con tring séng ven mit nude. Ngoai ra, PFNA trong
nuéc c6 thé gay rui ro thap dbi voi Daphnia magna (RQ = 0,099) va riii ro trung binh
d6i v6i Chironomus plumosus (RQ = 0,41). Déi v6i PFDA, loai Chironomus
plumosus dugc xac dinh & muce rui ro trung binh (RQ = 0,26). Trong khi d6, PFUnDA
gay rai ro thap ddi v&i Chironomus plumosus (RQ = 0,03) va rii ro trung binh d6i
v6i ca chép Cyprinus carpio (RQ = 0,30). Gan day, mot s6 nghién ciru khac ciing da
bao cdo két qua danh gia rui ro sinh thai dya trén RQ. Cu thé, PFHxA, PFOA, PFNA
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va PFOS hau nhu khong gy rai ro cho sinh vét thuy sinh tai vinh Déng Son, Trung
Quéc, voi gid tr1 RQ < 0,01. PFBA, PFPeA, PFOA va PFBS chi gay rui ro sinh thai
rt thap cho hé sinh thai ven bién khu vuc Bién Pong. Tai Romania, PFOA trong
nudc song gay rui ro thap d6i véi Brachionus calyciflorus (RQ = 0,02) va rui ro trung
binh d6i v6i Chironomus plumosus (RQ = 0,20) ciing nhu Chironomus riparius (RQ
= 0,20). Chiriac va cong su ciing phat hién PFNA va PFDA trong nuéc song c6 thé

gay rui ro thap ddi v6i loai Chironomus plumosus [152].
¢ Rii ro sirc khoe:

Panh gia rai ro stc khoe 1a mot qua trinh nham uwéce luong kha ning xay ra va
murc d6 nghiém trong ciia cac tac dong bat loi dén stc khoe con nguoi do tiép xic
v6i cac tac nhan nguy hai trong méi trudng. Trong d6, gia tri rai ro (HR) hodc chi s6
hé s6 nguy hai myc tiéu (THQ) duoc tinh 12 ti s6 lugng tiéu thu trung binh mdi ngay
(ADI) va liéu tham chiéu (RfD). Theo huéng dan ctia EPA, HR < 1 thudng duoc coi
13 mirc chap nhan duoc, con HR > 1 cho thiy kha ning xuét hién cac anh hudng bat

loi dén sirc khoe con ngudi [116].

Nghién ctru ctia Rahmanian va cong su dd phan tich tong hop ndéng do cac
PFAS trong c4 chép va cé ro phi, dong thoi udce tinh rai ro (THQ) ddi véi ngudi tidu
dung trén co sé cac dir liéu di dugc cong bd & cac qubc gia. Thir ty xép hang cac
quéc gia dua trén néng d6 tong hop trong ca chép 1a: Trung Qudc (47,17 pg/kg) >
Nam Phi (29,5 pg/kg) > My (17,27 pg/kg) > Uc (0,01 pg/kg). Thir ty xép hang céc
qudc gia dua trén ndng do tong hop trong ca ro phi 1a: Trung Qudc (193,45 pg/kg) >
Ethiopia (0,98 pg/kg) > Costa Rica (0,62 pg/kg) > Viét Nam (0,50 pg/kg) > My (0,20
ng/kg). Chi sé6 THQ do tiéu thu ca chép nhiém PFAS d6i voi ngudi trudng thanh &
Trung Quédc, Nam Phi, My va Uc lan luot 1a 198,83; 22,61; 18,25; va 0,03. Bdi voi
ti€u thu ca r6 phi, THQ & nguoi trudng thanh tai Costa Rica, Viét Nam, Uganda,
Ethiopia, Trung Qudc va My lan luot 1a 1,32; 2,40; 0,41; 0,06; 827,72; va 0,22. Két
qua nay cho thay can tiép tuc quan trac lién tuc nong do cac PFAS trong mau ca tai

cac khu vuc nay, dac biét 1a Trung Quéc [126]. Nghién ctru cua Xiao va cOng su
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(2025) cho thiy ton tai nguy co rui ro tiém tang ciia phoi nhiém PFOA d6i véi tré
mau gido thong qua tiéu thu sita. Pdc biét, rui ro strc khoe tir viéc phoi nhiém PFOS
d6i v6i tré 1 tudi tai mién Trung Trung Qudc cao hon so vé6i cac nhoém tudi va khu
vuc khac [157]. Két qua danh gia rui ro sttc khoe do PFAS tinh cho mau sinh hoc tai
bay luu vuc séng 16n & Trung Qudc cho thay su khac biét rd rét gitta cac hop chat.
PFBA va PFBS c6 gi4 tri liéu tham chiéu cao, do d6 hau nhu khong gy rai ro & moi
luu vuc. Nguoc lai, PFOS thé hién muc rai ro cao nhat, véi gia tr1 HR trung vi vuot
xa ngudng an toan. Xét trén quy mé luu vue, rui ro stc khoe xép theo thir tyr giam
dan: Hai Ha > Duong Ta > Chau Giang > Liéu Ha > Hoai Ha > Hoang Ha > Tung
Hoa. Luu vyc Hai Ha — noi tap trung nhiéu co s& cong nghiép tai Son Pong va Thién
Tan — ¢6 t61 33% nguoi trudng thanh va 39% tré em ¢ muc rii ro cao, trong khi Tung
Hoa hau nhu khong ghi nhan rui ro ddng ké. Cac bao cdo trudc ddy cho thay hoat
dong san xuat va sir dung PFAS déng gop khoang 80 - 90% 6 nhiém PFOA/PFOS tai
Trung Qudc, chi yéu thong qua nude thai cong nghiép. Cac khu cong nghiép ning
nhu Son Péng va Thién Tan nam trong luu vyuc song Hai Ha, din dén tinh trang 6
nhiém tai cac séng 1an can. Do do, rui ro strc khoe ddi véi con ngudi tir phoi nhiém
PFAS lau dai cao hon dang ké so véi rui ro sinh thai [168]. Tai Viét Nam, nghién ctru
ctia Tran Thi Liéu va cong su (2022) cho thay rai ro sirc khoe d6i véi PFOS va PEOA
khi tiéu thu cd tai hd Tay va hd Yén S¢ ¢ muc chip nhan duoc (HR <1) [141].

Nhin chung, PFAS c6 thé gay rui ro sinh thai va rai ro sirc khoe tiy theo loai
hop chit, méi truong va mic do phoi nhiém. Nhiéu nghién ciru cho thiy phan 16n cac
hop chit PFAS c6 murc rii ro sinh thai va rii ro stc khoe cé thé chép nhan duoc,
nhung mat $6 truong hop van ghi nhan nguy co dang ké, dic biét & cac khu vuc 6
nhiém cong nghiép. Viéc giam sat va danh gia thudng xuyén 1a can thiét dé bao vé
hé sinh théi va sirc khoe cong dong.

1.4. Cac phwong phap loai bé nhém hop chit PFC trong nuéc

Su c6 mat trén toan cau va nhitng rui ro ti€ém an cia cac hop chat PFC doi voi

moi truong va suc khoe con nguoi cho thay viéc loai bé ching khéi cac ngudn nudc
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bi 6 nhiém 1a rat quan trong. Do tinh 6n dinh héa hoc va kha ning hoa tan tdt trong
nude nén nhom hop chat PFC rat khé bi loai bé bang cac k¥ thuat xir Iy nude truyén
théng nhu keo ty, tao béng va ling. Vi vay, cic phuong phap loai bé nhom hop chat
PFC trong nudc cai tién hon da dugc quan tdm, nghién ctru bao gdm phan huy quang
xuc tac, oxy hoa, phan hiy bang phuong phép siéu 4m, trao doi ion, loc mang, hap
phu va xir 1y sinh hoc. M&i phuong phap xir Iy hoa 1y thé hién nhirng dic diém wu

viét va han ché riéng, phu thudc vao co ché tac dong va diéu kién ap dung (Bang 1.7).

Bang 1.7. So sanh cac phuong phap xu ly hoa 1y

Phuong phap Uu diém Han ché
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Tai sinh nhya kh6 khan, phat
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san pham phu

1.4.1. Phwong phap hoa ly

Hap phu dugc xem 13 phuong phap 1au doi mang lai hiéu qua sinh thai va tiét

kiém, trong d6 than hoat tinh (AC) va than sinh hoc 13 cac chit hip phu dugc nghién
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ctru nhiéu nhét. Vi bé mit ciia AC thuong khong phan cuc véi mot s6 nhom chire nén
vat liéu nay thich hop cho viéc loai bo céc chit 6 nhiém ky nudc. Ngay tor nam 2005,
cong ty 3M di loai bo PFOS khoi nudce thai bang cach st dung AC véi hiéu suat xtr
1y 1én t&1 99%. Trong nhitng thap ky gén day, viéc sir dung vat liéu nano AC hodc
than sinh hoc don hoac téng hop da thu hut duoc nhiéu sy cha vy hon. Nghién ctru cua
Li va cong su (2021) di st dung MOF bién tinh trén nén zirconium dé loai bo sau
PFCA va ba PFSA trong nudc. Két qua cho thdy Zr-MOF c¢6 ning suat hip phu vuot
troi 201-604 mg/g ddi voi PFCA va 400-620 mg/g d6i voi PFSA [97]. M6t s6 nghién
ctru khac cho thay ning suat hap phu ciia AC bién tinh bai CTAB dbi voi PFOA 1én
tGi 455,8 mg/g v6i hiéu suét loai bo 90%, hat nano tir gan véi fluorographene ciing
cho hiéu suét loai bd PFOA (180 pg/L) va PFOS (180 pg/L) cao hon 90%. Than sinh
hoc ¢6 ngudn gdc tir lau sdy cho thay hiéu qua loai bo PFHxS, PFOA va PFOS (92
% trong 1 ngay) cao hon so voi than hoat tinh dang hat (> 70 % cung thoi gian). Pang
chu y, mot thi nghiém hap phu duoc thuce hién bai Riegel va cong su (2023) da chimg
minh rﬁng do d6 phan cuc giam dén theo chiéu dai mach carbon, PFC mach dai duoc
AC hap phu tt hon so voi hop chat mach ngin va kha ning hip phu giam dan theo
thir tu sau: PFOA > PHFXA > PFPeA > PFBA [129]. Tuy vay, phuong phap nay co
thé gy ra 6 nhiém thtr cip va kho khian trong viéc giai hp phu cac vat liéu sau mdi
lan thuc hién, vi du, nghién ctru cua Wang va cong su (2016) cho théiy hiéu suit héip

phu ctia AC dbi véi PFOS va PFOA giam dang ké (40%) sau bon 1an giai hap [146].

Phwong phap lgc mang 1a phuong phap c6 hiéu qua xur 1y cao va muc tiéu
thu nang lwong thap nén dugce sir dung phd bién trong xir Iy nude thai cong nghiép va
nhiéu ung dung khac. Hién nay, bon loai loc mang chinh gém vi loc (100 nm — 10
um), siéu loc (2 — 100 nm), loc nano (1 — 2 nm), thim thau nguoc (RO: 0,1 — 1 nm)
va trong do, loc tham thau nguoc va loc nano dugc nghién ctru nhiéu nhat dé loai bo
cac hop chat PFC do duong kinh 16 cia chiing pht hop cho qua trinh loc dé loai bo
hau hét cac loai tap chat. Mot s6 nghién ciru di chi ra mang polyamide duoc sir dung
trong loc RO ¢6 kha ning loai bd 99% PFOS véi nong d6 dao dong tir 0,5 dén 1500

mg/L. Nghién ctru khac cia Appleman va cong su (2013) cho thiy tim loc nano
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NF270 ¢6 kha ning loai bo > 93% dbi v6i cac hop chat PFC [22]. Mic du phuong
phap nay dem lai hiéu qua loai bo tot nhung chi phi tuong d6i 16n va ddi véi cac loai

nude thai phtrc tap néu khong qua hé thong xtr Iy tho s& d& gay tic mang.

K§ thuit trao @i ion thay thé cac ion muc tiéu trong mot hdn hop bang cac
ion c6 thé thay thé véi cung loai di¢n tich dé loai bo cac hop chit PEC khoi nude. Cu
thé, trao d6i anion 1a qua trinh trao doi cac ion ddi khang véi dién tich Am nhu OH,
Cl' va HCOs tir bé mit cua nhua polymer vao moi trudng nudc xung quanh. Rét
nhiéu nghién ctru da dugc thuc hién vé hiéu qua cua nhya anion va nhya khong anion
trong viéc loai bé nhom hop chat PFC. Hiéu qua cta nhya trao ddi ion twong dwong
v6i cac phuong phap loai bé chat 6 nhiém khac nhu phuong phap hap phu bang than
hoat tinh va qua trinh oxy hoa tién tién, dic biét 1a dbi v6i cac PFC mach ngin [29].
Tuy vay, cac hop chat PFC c6 thé phai canh tranh vi tri hip phu 1én nhuya trao doi ion
v6i cac ion vo co nhu sulphate, phosphate, va nitrate, ciing nhu cac hop chat hitu co
nhu fulvic acid. Su canh tranh nay c6 thé anh huong dén hiéu qua cua viéc hip phu
PFC trong cac dong nudc ty nhién. Mot nghién ciru khac di cho thay su hap phu canh
tranh gitta cac PFC va cac hop chat cung ton tai trong dung dich giam dan theo tht
tu nhu sau: PFOS > PFHxS > PFOA > PFBS > PFHxA > PFBA. Piéu nay c6 mbi
lién h¢ chat ch€ vai tinh ki nude va cac nhom chire cua cac PFC. Nghién clru cua
McCleaf va cong sur (2017) d bao cao rang hiéu suat loai bo PFBS t6t hon bang nhura
trao ddi anion so véi cac hop chit mach ngén khéc, voi hi¢u qua loai bo khoang 55%.
Str dung céc loai nhya uu vi¢t hon nhu polystyrene-divinyl benzene thay vi nhya
polymethacrylate va polyacrylic da loai bo dugc 90% PFC trong 24 gid [110]. Nhin

chung, hiéu qua loai bé ctia nhya phuy thudc do dai mach carbon cua PFC va dién tich.

Oxy héa tién tién: Cac chit oxi héa hoéa hoc nhu hydrogen peroxide,
persulfate (PS), ozone (O3) va potassium permanganate 13 cac tic nhan oxy hoéa phd
bién dugc st dung trong xir Iy nude 6 nhiém. Do do 4m dién cao, cac nguyén tir fluor
trong ciu trac cta cac PFC nhu PFOS va PFOA khién téc do oxy hoa cham va yéu
cau ning luong cao dé pha v lién két C—F. Permanganate (MnOy") di duoc sir dung

trong mot nghién ctru dé phan hity PFOS trong cac phan tng dudi diéu kién acid, sau
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18 ngay, ti I¢ loai bo dat 46,7% & 65°C va 71,7% & 85°C. Nhém nghién ctru ciia Lin
nam 2012 da phat hién riang viéc xtr 1y bang ozone & pH kiém (pH 11) ¢ hiéu qua
phan hay PFOS va PFOA tir 85-100%, trong khi khong ghi nhén sy phan huy PFOS
hoic PFOA khi ozone héa tai gia tri pH tir 4 dén 5 [99]. Liéu luong ozone 13 yéu t6
chinh quyét dinh hiéu qua cua ca qua trinh ozone héa va quang xtc tic. Mot lidu
luong ozone rat cao 8,7 g/h & pH 11 ¢6 kha niang phan hiy 99% PFOA trong 4 gio.
Ngoai ra, vi hydrogen peroxide va sit c6 do hoa tan cao hon trong méi trudong acid
so v&i cac khoang pH gan trung tinh, qua trinh Fenton thuong dugc thyc hién ¢ pH
tir 3 dén 4. Cac tac nhan oxi hoa co thé duoc sir dung két hop dé ning cao hiéu qua
loai bo chét 6 nhiém. Nghién ctru ctia Wu va cong sy (2018) cho thay 99,2% PFOA
da bi phan huy trong qua trinh ozon hda quang xuc tac vaoi persulfate ¢ nhiét o phong

v6i lidu luong ozone va persulfate khiém ton [155].

Phén hiiy bing phwong phap dién héa: Cac qua trinh phan hay dién hoa dé
loai bo tap chat gdm qua trinh oxy hoa andt truc tiép va qua trinh oxy héa gian tiép.
Tap chat hip phu 1én bé mit cuc duong trong qua trinh oxy hoa andt tryc tiép, trong
d6 chung bi loai bo bai qua trinh chuyén dién tir. Trong qua trinh oxy hoa gian tiép,
cac chat oxy héa manh dugc tao ra boi qua trinh dién héa & cuc am dé loai bo chat 6
nhiém. Dé loai bo cac hop chat PFC, cac nghién ciru chu yéu tap trung vao cac 16p
mong kim cuong boron-doped (BDD), Ce/PbO2, Ti/RuOz, va Ti/SnO: trong sb céc
thanh phén dién cuc khac (Pt, [rO2, va RuO:). Trong cac diéu kién 1y tuong, cac dién
cuc 16p mong BDD c6 thé phan hay hiéu qua cac hop chit PFOS, PFDA, PFHxA,
PFOA, PFBS, PFHxS, va PFBA. Sau 2 gid xu 1y, 97% PFOA da duogc phan huy. Tuy
nhién, nhuoc diém chinh khi s dung BDD so v6i céac loai dién cuc khac 1a chi phi
cao va quy trinh san xudt cong phu. Tiém ning ciia cac dién cuc 16p mong oxit chi
doped cerium, Ti/RuQO», va cac an6t Ti/SnO; trong viéc loai bo cac hop chit PFC
cling da dugc nghién ctru. Theo céc bao cédo, viéc st dung andt Ti/SnO,-Sb di giam

90,3% PFOA xudng ciac PFCA mach ngin hon [29].

Phin hity bing phwong phap siéu 4m: Tan s song siéu 4m duogc sir dung

cho su phan hily hoa hoc bang siéu am cua cac hop chat PFC thudng dao dong tir 20
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dén 1000 kHz hoic hon 0,5 MHz. Phuong phéap hoa siéu am d3 chirng minh 1a mot
k¥ thuat thanh cong trong nhitng nam gan day dé phan hiy cac chét 6 nhiém hiru co
thanh cac hop chat it doc hai hon, bao gdm ca nhém chat PFC. Nghién ciru ciia Vecitis
va cong sy (2010) thuc hién qué trinh phan hity bang siéu 4m ctia mot s6 chat hoat
d6ng bé mit va PFOS ¢ nhiéu d6 pha lodng khac nhau trong dung dich, trong d6 néng
d6 PFOS tir 65 mg/L dén 13.100 mg/L. Sau 120 phit siéu am di loai bo duoc 36%
s6 mol ban dau ctia cac chét hoat dong bé mit dang anion va 73% s6 mol dau tién cua
PFOS [144]. Khi tan so siéu 4m 200 kHz duoc 4p dung, cac nghién ctru di phat hién
rang PFO, PFOA va perfluoro propionic acid (PFPrA) 1a nhirng hop chit bi phan hay
nhiéu nhat. Phuong phap phan hiy siéu 4m tiéu tén nhiéu nang lugng va khong hiéu
qua vé mit chi phi khi chi 4p dung duy nhat mot phuong phap. Trong nhiing nim gan
day, su két hop giita siéu 4m va cac phuong phap oxy hoéa tién tién nhu oxy héa
persulfate da thu hat sy chil y va chimg minh kha ning nang cao dang ké téc do phan

huy céc chat 6 nhiém nhu phim nhudém va cac hop chat PFC [29].

Phéan hity biang phuwong phap xtc tic quang. Khi mot photon tir anh sang
mat tro1 hodc buc xa tr ngoai ¢6 nang lugng béng hodc 16n hon khoang tréng nang
lugng cua chit xtic tic nano duoc hap thy, hién tuong quang xuc tac sé xdy ra, tao ra
mot cap electron - 16 trong. Cip electron - 15 tréng nay dan dén su hinh thanh cac gbc
OH va 02, nhitng gdc nay tham gia vao qua trinh phan hity chat 6 nhiém. Gomez-
Ruiz va cong su (2018) da sir dung mot vat liéu xtc tdc composite lam tr TiO2 va
GO, duge ché tao bé“mg mot quy trinh thuy nhi¢t don gian, dé nghién ctru qua trinh
phan huy quang xuc tadc cua PFOA. Dudi anh sang cua deén thiy ngén, vat liéu TiO»-
rGO d3 thé hién hiéu qua tot trong viéc phan hity PFOA, dat 93% sau 12 gid chiéu
sang. Day 1a sy cai thién dang ké so v6i quang xuc tac TiO, chi dat 24% hiéu qua
phan huy PFOA, va phan hity quang hoc truc tiép, chi dat 58% [63]. Ngoai ra, nhiéu
chat xtic tac quang di dugc ing dung trong loai bo cac hop chat PFC nhu BiOCI@Zn-
Al BiOI@Bis071, Pt/La;Ti20O7. Qua trinh quang xuc tac co thé thuc hién ¢ nhiét d6
phong, tiéu ton it ning luong va co chi phi thip hon so véi cac cong nghé khac co

hiéu suit trong duong. Tuy nhién, hiéu quéa cta cong nghé nay phu thudc vao nhiéu
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yéu t0, bao gobm do am cua moi trudng, nong do chat 6 nhi€m, luu luong dong khi,
toc do tao ra cac goc oxy hoa tu do, cuong do anh sang, va dac biét la loai xuc tac

duoc su dung [29].

1.4.2. Phwong phdp sinh hoc
¢ Phan huy vi sinh:

Vi khuén tu dudng Acidimicrobium sp. A6 hién dugc xem la vi du dién hinh
nhat vé vi sinh vat c¢6 kha ning khir fluor PFOA, v6i kha ning phan hity > 60% PFOA
va PFOS trong vong 100 ngay. Tuy nhién, phan img Feammox xuc tac bdi chung A6
yéu cau lugng 16n Fe(I1T) 1am chéat nhéan electron, day 1a mot han ché chinh. Pé khac
phuc diéu nay, Ruiz-Uriguen va cong su (2022) di tién hanh phan tmg trong hé thong
dién phan vi sinh (MEC) nham thay thé Fe(III) bang cac dién cuc. Két qua cho thay
giam 77% PFOA, giai phong ion fluoride va hinh thanh bon san pham chuyén hoéa:
PFBA, PFPeA, PFHxA va PFHpA. PFOS 1a mét hop chét ndi tiéng véi tinh bén viing
cao va kha nang khang phéan hily sinh hoc do vi sinh vat [130]. Rat it nghién ctru cho
thidy PFOS c6 thé bi bién ddi sinh hoc boi vi sinh vat. Kwon va cong su (2014) bao
céo rang PFOS giam 67% sau 48 gio  hiéu khi v6i Pseudomonas aeruginosa HI4
ldy tir bun thai nha may xir Iy nudc thai [88]. Chetverikov va cong sy (2017) ghi nhan
qua trinh phan hity PFOS bang Pseudomonas plecoglossicida kém theo su giai phong
ion fluoride (F~) [44]. Nghién ctru chi tiét nhat vé phan huy sinh hoc PFOS 1a cong
trinh ctia Huang va Jaffé (2019), voi kha ning loai bo 1én téi 60% PFOS (ban dau
100 pg/L) trong 100 ngay nhd vi khuan Acidimicrobium sp. A6. Trong moi truong
nudi cy c6 PFOS sir dung NH4* 1am chat cho electron, ngudi ta ghi nhan sy gia ting

céc san pham trung gian mach ngan (PFBS, HFBA), ion F~ va SO+ [78].
s Sw dung thue vat [24]:

Dén nay, nhi€u loai thuc vat ngdp nudc da dugce st dung dé nghién ctru viée
loai bd nhém hop chat PFC khoéi nudc 6 nhiém bao gom cac ho nhu 6 16
(acanthaceae), trach ta (alismataceae), dong riéng (cannaceae), bim bim

(convolvulaceae), coi (cyperaceae), thuy thao (hydrocharitaceae), bic (juncaceae),
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béo tAm (lemnaceae) va luc binh (pontederiaceae). Kho c6 thé so sanh hiéu qua loai
b6 cua cac loai thuc vat khac nhau vi diéu kién thi nghiém trong nhirng nghién ctru
nay la khong ddng nhat. Tuy nhién, qua cac nghién ciru, ho co (poaceae) dudng nhur
1a sy lya chon tét cho viée tich tu sinh hoc nhom hop chat PFC, dic biét 1a ddi voi
PFOA, PFOS va FTOH. Tiém ning loai bo cao ctia c6 ¢ thé do kha ning tach chiét
sinh hoc (phytoextraction) tot hon, kha ning sinh truéng tot trong méi trudong khic
nghiét, su tuong tac hi¢u qua gitra thyc vat va vi sinh vat. Hi¢u qua st dung thuc vat

dé loai bo PFAS duoc tong hop trong Bang 1.8.

Mot khia canh tha vi khac vé viéc loai bo PFAS cling phu thudc ham lugng
protein tong (trong lugng kho) cta thuc vat hodc cac mé cia chiing. Theo cac nghién
ctru duge thuc hién & mét sb loai thue vt khac nhau nhu ¢é linh lang (Medicago
sativa), xa lach (Lactuca sativa), ngd (Zea mays), dau xanh (Vigna radiata), lhia mach
den (Lolium perenne) va dau tuong (Glycine max), ti 18 tich liiy PFAS ¢6 méi twong
quan duong véi ham luong protein tong cta thyuc vat va mdi tuong quan 4m v6i ham
luong lipid tong, trong d6 ham luong protein > 8% cai thién dang ké ti 18 tich Iiy.
Diéu nay c6 thé do PFAS tuong tac tot voi cac protein hon so véi lipid. Trong mot
nghién ctru khac, ti 18 tich lily PFOA ¢ dua leo cao hon so véi ca chua va ca rét, diéu
nay duoc quy cho su hién dién cta cac chit gidng nhu protein trong nhya xylem cia
dua leo. Nguoc lai, Wang va Jones (1994) bao céo rang ca rot co cac kénh dau dic
biét trong ré& c6 thé dan dén ham luong lipid cao hon, do d6 1am giam kha nang tich
lity PFAS ctia chung. Thong tin nay rat quan trong vi cac loai thuc vat gan giii vé& mit
phan loai ¢6 thé ¢6 hanh vi twong tw. Vi du, ngd c6 kha ning tich liy 408,9 ng/g
PFOS trong r& va c6 ham lugng protein tong 1a 3,78%, cac loai gan giii vé mit phan
loai nhur lau say ciing c6 thé thé hién kha nang tich lily tuong tu [147]. Yin va cong
su (2017) bao céo rang cac hé thong ngap nudc nhan tao sir dung lau sdy da loai bo

61% tong s6 PFAS va 50 — 96% cac PFAS riéng 1& [161].

Bén canh do, cling can luu v réng hé sb n6ng d6 sinh hoc ctia PFC gitra cac bo
phan khac nhau ctia cung mdt loai thuc vat 1a khac nhau. Nhiéu nghién ctru da chi ra

kha nang tich lity PFC giam dan theo thr ty sau: ré > than > 14. Hé sb chuyén vi (TF)
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va hé s6 ndng d¢ sinh hoc (BCF) thudng duoc sir dung dé nghién ctru sy phan b cia
cac hop chat nay trong ré, than va l4. Zhang va cong su (2019a) da béo cao hé sb tich
lity sinh hoc (BAF) d6i véi ca ré va than giam khi ndng d6 PFC tang 1én. Vi du, BAFz
ctia co bac (Juncus effusus) giam tir 6,7 — 61,4 L/kg xudng con 0,3 — 17,9 L/kg va
cudi cung xudng 0,04 — 2,31 L/kg twong tmg & cac ndong d6 PFC thép, trung binh va
cao. Két qua trong tu cling duoc tim thiy dbi véi BAFman [163]. Trude do, Pi va cong
su (2017) da phat hién mdi twong quan dong bién manh gitta logBA Fiomn cay va chiéu
dai mach carbon cila cac hop chat PFC ddi voi Echinodorus horemanii [121]. Phat
hién nay phu hop vé6i két qua nghién ctru cua Blaine va cong su (2014a) khi béo cao
rfmg PFBS tich tu sinh hoc trong ré thyc vat t6t hon so voi PFPeA [30]. M6t sb nghién
curu da tim théy su tich tu sinh hoc ciia PFCA cao hon & cac phén thuc vat (than, 14,
vO, qua) va & cac co quan sinh san so v4i cac phan khac (tai, hat, bap). Piéu nay cho
thay xu huéng van chuyén trong cac mo thuc vat tily thudc vao ban chat ctia cac chat
6 nhiém (vi du: chiéu dai mach carbon, logKow va logKmw). St van chuyén PFAS qua
mang té bao va kha niang hap thu ctia thuc vat bi anh hudong bai hé sé phan bd octanol-
nuoc (logKow). MGt hop chit co gia tri logKow> 0,5 va < 5,0 s€ dé dang duoc thuc

vat hap thu hon so véi cac hop chat co gia tri 1én hon 5,0 hodc nho hon 0,5.

Nong d6 ban dau cua cac chat PFAS trong méi trudng anh hudng dang ké dén
kha ning loai bo chung qua cac ving dat ngap nude. Trong trudng hop nay, nong dod
ban dau thap thuong dugc coi 14 ¢6 loi cho viéc hap thu tot cac chat PFAS tir méi
truong [166]. Vi du, béo tAm (Lemna minor) c6 kha ning loai bé > 95% PFHpA,
PFHxS, PFOA va PFOS khoi nudc bi 6 nhiém véi n@)ng d6 200 ng/L. Tuong tu, Lal
va cong su (2020) da phat hi¢n rﬁng su tich tu sinh hoc ctia PFOS cao nhit & néng do
thap (0,23 — 4 mg/kg dat), va giam dang ké & nong dd cao hon (40 mg/kg dat) [89].
Nguoc lai, Zhang va cong su (2019d) cho réng sur hép thu cua thuc vat tang 1én voi
su gia ting nong do ban dau ddi véi co bac [167]. Két qua nay twong dong véi mot
nghién ctru khac, trong d6 cay c6i hap thu PFAS & nong d6 500 ng/L thé hién sy tich
tu sinh hoc thip hon so véi cac cdy tiép xuc & ndng d6 2000 ng/L. Hiéu qua loai bo

nhom hop chit PFAS cao duoc tim thay khi str dung lau sdy, (Phragmites australis),
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rau mudng nuéc (Ipomoea aquatic Forssk), va ¢ ning (Eleocharis dulcis). Dbi v6i
quy mo hién truong, Wang va cong sy (2019) da bao cao su tich tu PFAS trong cac
loai thuc vat ngap nudc (Rong 14 lidu (Potamogeton crispus L.), tao (Ulothrix), Rong
dudi cho (Ceratophyllum demersum L.), Rong mai chéo (Vallisneria natans (Lour.)
Hara),) va thue vat ndi (c6i bac thon (Juncellus serotinus), ¢6 nén (Typha angustifolia
L)), lau say (Phragmites australis), niéng (Zizania latifolia), sen (Nelumbo nucifera
Gaertn.), c6i (Scirpusvalidus Vahl)) [148]. Khu vuc nghién ctru tiép nhan nudc tir
nha may xt 1y nudc thai gan d6. Két qua nghién ciru cho thidy muc do hap thu cac
PFAS nghién ciru trong cac loai thuc vat ngdp nudc va cy ndi 1a kha thap. Kha ning
tich lily sinh hoc ctia cAy ngap nudc cao hon so véi cay noi. Poi véi PFOS, rong mai
chéo ¢6 hé sb tich tu sinh hoc cao nhét (4,50 dén 4,68), tiép theo sau 1a tdo. Ngoai ra,
su tich tu cua PFBA va PFBS duoc ghi nhan & muc cao hon trong tat ca cac loai thuc

vat.

Qua tim hiéu tai liéu, cdc nghién ciru vé viéce loai bo PFC khoi dung dich nuéc
chi béng thyc vat thuy sinh van con khiém ton va chua duoc thuc hién véi béo tay,
ngoai trir nghién ctru duy nhét cua Pi va cong su (2017b) danh gia kha niang hip thu
ctia luc binh d6i voi PEC tir C4-C13 tir méi truong nudce [121]. Ngoai ra, diéu quan
trong can luu ¥ 14 nghién ctru cta Pi nham danh gia dong hoc hip thu va kha ning
tich lily ciia béo tay tiép xtic vdi PFC ¢ nong d6 gan nhu khong d6i trong thoi gian
tiép xtic 14 ngay ma khong bo sung chat dinh dudng. Bén canh d6, kha nang hap thy
PFC ciia than beo tdy, von chiém mot phan sinh khéi dang ké, da khong duogc dé cap
trong nghién ctru ctia Pi. Do d6, luan an cta nghién ctru sinh dugc tién hanh nham
danh gia kha nang loai bo PFC khéi dung dich nuéc ciia béo tay trong diéu kién phong
thi nghiém voi day du chat dinh dudng trong thoi gian dai 3 tuan. Nhitng phat hién
nay nham lam sang to mo hinh hap thu PFAA khac nhau cia cac bd phan khac nhau
cua cay, cu thé 1a ré&, than va 14, va danh gia hi¢éu qua xur ly, tir 46 dinh hudng cho céc

tmg dung sir dung béo tay trong xtr 1y nudc thai & thyc tién.
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1.4.3. M{t sé nghién civu xiv Iy 6 nhiém nwéc bang thwe vit thiiy sinh tai Viét Nam

Trong s cac loai thuc vat thuty sinh, béo tiy (Eichhornia crassipes (Mart.)
Solms) di dugc tng dung rong rai dé xir 1y 6 nhiém moéi truong nhod dic tinh sinh
treong nhanh, sinh khéi 16n, kha nang hp thu manh cc chit dinh dudng va kim loai
nang, dong thoi dé dang thu hoach dé quan 1y sau xur 1y. Nghién ctru caa Vii Thi
Nguyét va cong su nim 2014 di cho thiy & tai lugng 50 L/m?.ngdy, hiéu suat xir 1y
tong s6 N va tong s6 P trong nudc thai chan nudi lon sau cong nghé biogas tuong tng
14 65,79% va 55,19% [5]. Tuwong ty, md hinh bé ndi béo tay cho thiy kha ning giam
BODs tir 17,3 - 44,9% va COD tu 24,5 - 51,1% cua nudce song T6 Lich [72]. Ngoai
ra, béo tay con dugc Gmg dung dé xir Iy kim loai ning. Nghién ctru cia Lé Thi Thuong
(2020) cho thay béo tay co thé loai bo 80% cac kim loai nang nhu Cd, Pb, Zn va Cu
sau 20 — 40 ngay [11]. Tuong tu, Huynh The An va cong sy nim 2022 cong b ti 1¢
lam sach cua Eichhornia crassipes ddi vai tat ca cac kim loai nang (Cd, As, Pb, Zn
va Cu) dao dong tir 59,4 - 92,5%. Ti 18 1am sach cta rau ngd trau (Enydra fluctuans)
d6i v6i tat ca cac kim loai ning dao dong tir 40,5 - 83,4% sau 30 ngay [21]. Bén canh
d6, nhiéu loai thuc vat khiac nhu cé Vetiver (Vetiveria zizanioides), lau say
(Phragmites australis), béo cai (Pistia stratiotes), rau mudng (I[pomoea aquatica),
dira nuéc (Nypa fruticans) va rau ngd trau (Enhydra fluctuans) ciing dugc st dung

dé xur 1y cac kim loai ning trong nudc mang lai hiéu qua t6t [34].

béi véi hudng nghién ctru st dung thuc vat dé xur 1y 6 nhiém cac chét hitu co
kho phan huay trong mdi truong, tinh dén nay chi c6 mot cong bd ciia nhoém tac gia
Ping Minh Hiéu. Nghién ctru ndy di thir nghiém phwong phap phyto-Fenton dé xir
1y 6 nhiém dichloro-diphenyl-trichloroethane (DDT) va lindane tai mot khu vuc 6
nhiém nghiém trong & tinh Ha Tinh. Phuong phéap nay két hop vat liéu nano oxit sit
(Fe304) v6i kha niang sinh H2O» ndi sinh ctia thuc vat nham tao gdc -OH phan hiy
thude trir sdu. Loai thuc vat duoc st dung 1a c¢6 Vetiver (Vetiveria zizanioides L.) nho

hé r& phat trién manh va thich nghi tét voi dat 6 nhiém. Sau 120 ngay, hiéu qua loai
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bo DDT dat 82,5 - 98,4%, trong d6 hé Vetiver két hop vat li¢u nano oxit sat dat két
qua cao nhat (98,4%, néng do con lai 0,009 mg/kg, thép hon gia tri theo quy chuan
quéc gia QCVN 15:2008/BTNMT) [48].

Nhin chung, céc loai thuc vat thuy sinh dugc sir dung trong xtr 1y 6 nhiém moi
treong nude tai Vit Nam tuong d6i da dang. Nhitng loai thuc vat nay da duoc ching
minh c6 hiéu qua cao trong viéc loai bo N va P, gop phan giam thiéu hién tugng pha
dudng & nhiéu thiy vue. Ching ciing duoc tng dung rong rii dé hap thu kim loai
nang trong nudc nhu Pb, Cd, Cu va Zn. Tuy nhién, cac nghién ctru trong nudc chu
yéu dirng lai & pham vi ndy ma chua c6 nhitng nghién ctru chi sir dung thuc vat dé xir
1y 6 nhiém cac chat hitu co khé phan huy (POP). Tinh dén nay, méi chi c6 mot cong
trinh stir dung két hop phuong phéap héa 1y va sinh hoc dé phan hay DDT trong dat.
Khoang tréng nghién ciru nay cho thay viéc tan dung béo tay dé xtr 1y cac chat POP
n6i chung va PFC néi riéng 1a huéng di méi va tiém nang. Cach tiép can nay hia hen
mo ra giai phap xtr 1y than thién véi méi truong, chi phi thap va phu hop diéu kién

tai Viét Nam.
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Béang 1.8. Hi¢u qua loai bo PFC bdi mét s6 loai thuc vat

Thoi gian

Loai thuc vat Hiéu qua loai bé Nong d§ ban dau Co ché hip thu | thi nghiém/ Tai hgl{
z tham khao
Quoc gia
Co bac PFPA: ~8%, PFPA: 66 pg/L, Hap thu | 21 ngay, My
(Juncus effusus) PFBS: ~7.5%, PFBS: 110 pg/L, thuc vat
PFHxA: ~15%, PFHxA: 120 pg/L, (phytouptake)
PFHpA: ~7.5%, PFHpA: 75 ng/L,
PFHxS: ~6%, PFHxS: 290 pg/L, [119]
PFOA: ~9%, PFOA: 250 pg/L,
PFOS: 11.4%, PFOS: 4300 pg/L,
Tong PFAS: <15% Total PFAS: 4.635
mg/L
Béo tam PFHpA, PFHxS, PFOA, and | 200 ng/L Hap thu | 14 ngay, My
(Lemna minor) PFOS: > 95% thuc vat [166]
Rong 14 lidu (Potamogeton | Tong PFAS: 7% Thay doi Hap thu | Trung Qudc
crispus L.), tao (Ulothrix), | D-WWTPI: thuc vat
Rong dudi cho | PFBA: 69%, PFBS: 59%
(Ceratophyllum D-WWTP2:
demersum L.), Rong mai cheo | 0% vé&i cac PFAS trong nghién
. . , [148]
(Vallisneria clru

natans (Lour.) Hara), co1 bac
thon (Juncellus serotinus), cé
nén (Typha

angustifolia L.), lau say

F-WWTP:

> PFAAs: 55%,
PFBA:45%, PFOA: 58%
PFBS:65%,
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Thoi gian

Loai thuc vat Hiéu qua loai bo Néng do ban ddu | Co ché hip thu | thinghiem/ | L% HéY
A tham khao
Quoc gia
(Phragmites australis), PFOS: 93%
niéng (Zizania latifolia), sen
(Nelumbo nucifera Gaertn.),
co1 (Scirpus
validus Vahl)
Lau sdy PFOS~100% 530 ng/L Hap thu | 28 ngay, B6
. ‘ . . [66]

(Phragmites australis) thuc vat bao Nha
Hygrophila pogonocalyx PFOA and PFOS: 5 mg/L Hap thu vao dat va | 15 ngay, Dai
Hayata, rau mubng nudc | 90-95% thyuc vat Loan
(Ipomoea aquatic Forssk), [43]
Ludwigia (x) taiwanensis va

co nang (Eleocharis dulcis)

Co nén (Typha angustifolia), | PFOS: 42% 1,54 ng/L Hap thu vao thuc | 365  ngay,

cd huong bai (Chrysopogqn vat Singapore 42]
zizanioides) va cO1 giay

(Cyperus papyrus)

Co nén (Typha angustifolia), | Tong PFAS: 61%, 1269 d&én 7661 ng/L | Hap thu vao thyc | Vai  nam,

c6 huong bai (Chrysopogon | Ting hop chit PFAS: 50 — vat Singapore

o \ Lz [161]
zizanioides) va co1 giay | 96%,

(Cyperus papyrus)

C6 nén (Typha angustifolia) | PFOS: 40,7 — 99,6% 4300 pg/L Hap thu vao dat va | Trung Qudc (163]

thuc vat
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1.5. Toéng quan vé tinh hinh sén xuét gidy va lwa chon khu vuc nghién ciru

Trong cac chudi nghién ctru trudc ddy ma nhom nghién ctru cia nghién ciru
sinh da thuc hién, nhiéu khu vuc tiém nang vé 6 nhiém PFC di duoc khao sat, bao
g@)m cac khu do6 thi véi mét d dan cu cao va hoat dong tiéu dung 16n, cling nhu cac
khu cong nghiép noi c6 sy phat thai truc tiép tir cac quy trinh san xuét chira cac
nguyén liéu lién quan dén PFC. Trong dé, khu vuc san xuat gidy 1a mot ngudn tiém
an nguy co phat thai PFC. Diéu ndy con xuat phat tir thuc té rang cac hop chat PFC
thudng duoc bo sung trong quy trinh san xuat gidy nham tang cudng tinh nang chong
thAm dau, nudc va chong bam ban, dic biét phd bién trong cac loai gidy goi thuc
pham, gidy chéng dau va cac san pham dong goi tiéu dung. Theo két qua danh gia,
kiém ké so bd PFOS tai Viét Nam trong Ké hoach quéc gia thuc hi¢n Cong udc
Stockholm vé chat 6 nhiém hitu co khé phan huy (UNEP-POPS-NIP-VietNam-
COP4) cho thiy gidy va bia gidy 1a mot trong bén nhom nganh tiém ning phat thai
PFOS v6i uéc tinh lugng PFOS trong nguyén liéu, san pham tir 0,2 — 4,8 tAn/nim
trong giai doan 1998 — 2013. Bén canh do, khu vuc san xuét giéy cling dugc xem la
khu vuc c6 kha niang 6 nhiém PFOS theo dy thao hudng dan k¥ thuat vé kiém ké
nhém chat PFOS trong nguyén li€u, nhién li€u, vat li¢u, san phém, hang hoa, thiét bi

tai Viét Nam nam 2023 [12].

Nganh san xuat gidy dong vai trd quan trong trong phat trién kinh té va bén viing
tai Viét Nam. Pay 1a nganh san xuat c6 dong gop dang ké vao GDP, cho thiy tiém
nang phat trién manh mé& véi su ting trudong 6n dinh trong sudt thap ky qua. Mic du
khong phai 1a nganh cong nghiép trong yéu, nam giir vai tro then chdt trong nén kinh
té nhung cac san pham chinh cta nganh gidy nhu gidy bao bi, gidy in, gidy viét va
gidy tissue lai 14 nhitng san pham thiét yéu trong doi song x4 hoi. Trong nhitng nam
gan day, nganh coéng nghiép gidy Viét Nam da ghi nhan su ting trudng manh mg.
Theo s6 liéu tir Hiép hoi Gidy va Bot Gidy Viét Nam, trong giai doan 2019-2023, san
luong san xuat cia nganh nay dat mic ting trudng binh quan hang nam 13 13,3%.
Dic biét, ndm 2023, tong san pham gidy san xut trong nudc dd gan cham méc 7 triéu

tan, dwa Viét Nam dung thi hai trong khu vic Dong Nam A, chi sau Indonesia. Trong

63



sd nay, gidy bao bi chiém hon 6 triéu tan, twong duong 86% tong san lugng, vi tri dan
dau Pong Nam A. Xu huéng sir dung gidy thay thé cho nhya ding mot lan, cing voi
su phat trién nhanh chéng cua thuong mai dién tir va xut khau hang hoéa, di tao ra
dong luc manh mé& cho nhu cau gidy bao bi. Du bio, xu hudng nay sé tiép tuc thuc
day su phat trién bén viing cua nganh gidy Viét Nam trong nhitng nim t6i [2]. Diéu
nay cho thdy quy moé san xuit ting 1én dong nghia véi viée luong chat thai thai ra
cling sé ting 1én dang ké va viéc kiém soat 6 nhiém tir hoat dong san xuat gidy 1a rat

can thiét.

Lang nghé gidy Phong Khé, Bic Ninh 1a khu vuyc tai ché gidy 16n nhat tai mién
Bic, dong gop dang ké vao sy phat trién nganh gidy cua khu vuc. Lang nghé tai ché
gidy Phong Khé c6 dién tich 12,7 ha va hon 300 co s& san xuét, chil yéu san xuat cac
loai san pham gidy, bao gom gidy vé sinh, gidy do, gidy viét, bia carton va gidy vang
mi. Hang nam, khoang 250.000 tin gidy duoc san xuit tai lang nghé tai ché gidy
Phong Khé véi luu lugng nudce thai ude tinh 1a 130.000 m*/nam. Trong khu vuc nay,
cum cong nghiép Phong Khé 1 va Phong Khé 2 c6 gan 150 co sé san xuat v4i cong
suat 100 tan gidy/ngay [13]. Vi nhiéu nha may san xuét 16n, lang nghé tai ché gidy
Phong Khé khong chi cung cap da dang cac san pham gidy ma con dap tmg nhu cau
ngay cang tang cua thi truong ndi dia. Co thé noi hoat dong san XUt tai cac lang nghé
truyén thong tir 1au da dong vai trd khong nho trong viéc phat trién kinh té va gin gii
nét van héa truyén théng. Nhiing lang nghé nay khong chi duy tri va phat huy nghé
tht cong truyén thong ma con gép phan giai quyét van dé viéc 1am va cai thién thu
nhap cho nguoi dan dia phuong. Tuy nhién, sy phat trién nhanh chéng va mé rong
quy md san xudt tai mot sb lang nghé trong thoi gian gan day di dan dén nhitng van
dé nghiém trong vé 6 nhiém mai truong, trong d6 lang nghé tai ché gidy Phong Khé
14 mot vi dy dién hinh. Mic du ¢ day co6 nha may xur 1y nude thai tap trung nhung
nhiéu co s& san xuat dé tiét kiém chi phi van c6 y xa thai tryc tiép ra moi truong khién
khu vuc xung quanh, trong d6 c6 song Ngii Huyén Khé 6 nhiém nghiém trong. Nghién
ctru ctia Bui Thi Thu va Nguyén Vin Huy nim 2019 cho thdy mot sb chi tiéu nhu

BODs, COD, NH4*, NO2, POs* trong nudc mit song Ngii Huyén Khé vuot giGi han
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cho phép theo Quy chuan ki thuat quéc gia vé chit lvgng nude mit QCVN 08:2015-
MT/BTNMT [10]. Pang cht ¥, nhu di dé cap phia trén, cac hop chat PFC thudng
duogc sir dung phd bién dé cai thién tinh chdng nude va chdng dau cho cac san phim
gidy. Cac hop chét nay co thé bi thai ra trong qué trinh san xuat va tai ché gidy, tiép
tuc xAm nhdp vao moi trudng nudc, trAm tich va tich liy trong cac sinh vat. Con
ngudi — mot mit xich trong chudi thirc dn c6 thé bi phoi nhidm cac hop chit nay khi
tiéu thy nudc va ca, tiém an nguy co anh hudng dén ste khoe. Vi vay, viéc quan 1y
va kiém soat 6 nhiém moéi truong trd thanh nhiém vu cép thiét dé dam bao su phat
trién bén viing ctia nganh san xuét gidy, dic biét tai cac khu vuc lang nghé nhu Phong

Khe.
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CHUONG II: THUC NGHIEM

2.1. P6i twong nghién ciru

Déi twong nghién ctru 13 cac hop chat PEC trong cac mau moi truong bao gdm:
mau nudc mat, tram tich, nudce ngém, ca va beo tdy. Nghién cuu dugc thuc hién tai
Phong thi nghiém trong diém Cong nghé phan tich phuc vu Kiém dinh méi trudng va
An toan thuc phém (KLATEFOS), Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quéc gia Ha Noi.
2.2. Héa chit, dung cu va thiét bi
2.2.1. Héa chit
% Cac héa chat déu dwoc sit dung trong quy trinh phan tich cac hop chit PFC
trong nuéc, tram tich, ca va béo tay (Eichhornia crassipes) bao gom:

(1) Chét chuan gbc: Hon hop chuan PFCA (13 hop chét bao gom tir C4-C14, C16
va C18) va PFSA (4 hop chit bao gdm: C4, C6, C8 va C10) c6 nong d6 2 pg/mL
dugc mua tir Wellington Laboratories (Canada).

(2) Hon hop chat ddng hanh (SR) ('*C) PFCA (7 hop chit bao gom C4, C6, C8,
C9, C10, C11 va C12) va (80, '3C) PFSA (2 hop chit bao gdm C6 va C8) c6 nong
do 2 pg/mL dugc mua tir Wellington Laboratories (Canada).

(3) Acetic acid (CH3COOH), 99,9%, Sigma-Aldrich (M¥)

(4) Ammonia, 25%, Sigma-Aldrich (M)

(5) Ammonium acetate (CH3COONH4), 97%, Sigma-Aldrich (My)

(6) Methanol (CH30H), Sigma-Aldrich (M¥)

(7) Oasis WAX cartridge (225 mg, 60 um), Waters (M¥)

(8) Nudc deion

(9) Mang loc thuy tinh 0,45 um, Whatman (M¥)

(10) Pau loc nylon syringe filter, 0,2 pm, Verticlean (Thai Lan)
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X/

< Cac héa chit dwoc sit dung riéng trong quy trinh phan tich béo tiy
(Eichhornia crassipes) bao gom:

(11) Dung dich Hoagland, Khoa Sinh hoc, Truong Pai hoc Su pham Ha Néi
(12) Tetrabutylammonium hydrogensulfate (TBAHS, (CH3;CH>CH>CH2)sN(HSO4)
> 97 %), Sigma-Aldrich (M¥)

(13) Sodium carbonate (Na2CO3 > 99 %), Sigma-Aldrich (M¥)

(14) Tert-butyl methyl ether (MTBE, > 99 %), Sigma-Aldrich (M¥)

2.2.2. Dung cu va thiét bi
+ Dung cu

(1) B9 loc hut chan khong Buchi (Thuy S¥)

(2) B6 chiét pha ran SPE, Supelco (Hoa Ky)

(3) Ong polypropylene (PP, 50 mL)

(4) Ong dong, cdc thiy tinh, 6ng nghiém chia vach PP

(5) Lo thuy tinh 1,5 mL, septum khong chira fluoropolymer.

(6) Ong dong 100 mL, 250 mL, 500 mL

< Thiét bi

Déi voi viée phan tich cac hop chat PFC trong méi trudng, c6 ba phuong phap
phan tich chinh duoc sir dung hién nay bao gom sic ky long ghép khdi phd (LC-
MS/MS), sic ky khi ghép ndi khéi phd (GC-MS) va dién di mao quan (Capillary
Electrophoresis — CE). Trong d6, LC-MS/MS duoc xem 1a phuong phap tiéu chuan
v6i d6 nhay va do chinh xac vuot troi, cho phép dinh lugng nhiéu hop chat PFC &
lugng vét trong cac nén mau phtrc tap nhu nudc mat, nudc ngém, dat, tram tich va
sinh hoc. Nguoc lai, GC-MS chi pht hop véi mot s6 dan xuat PFC do dic tinh kho
bay hoi ctia cac hop chat nay; qua trinh phén tich doi hoi budc dan xuit héa hoc phic
tap, 1am ting nguy co sai s6 va giam hiéu qua phan tich. Ngoai ra, CE 1a phuong phap

dugc su dung dé phan tich cac PFC mach ngén hoac co tinh acid yéu, tuy nhién do
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nhay cua CE thuong thip hon dang ké so voi LC-MS/MS khién phuong phap nay
chu yéu duoc st dung trong cic nghién ctru sang loc ban dau hoic khi nong d6 PFC
trong mau tuong ddi cao. Tém lai, LC-MS/MS van 1a lya chon wu tién hang dau trong
phan tich PFC nho d0 tin cdy cao, kha nang dinh tinh va dinh lugng da dang hop chat

va tinh ing dung rong rai trong cac loai mau méi truong.

Trong nghién ctru nay, (1) Hé thiét bi sac ky long ghép noéi khdi phd LC-
MS/MS 8040, Shimadzu (Nhat Ban) duoc st dung dé xac dinh nong d6 cac PEC
trong cac mau phan tich (Hinh 2.1). Cot tach: Shim-pack FC-ODS (dudng kinh cot:
2,0 mm; chiéu dai cot: 150 mm, kich thude hat: 3 um, vat li¢u hép thu: C18). Tién
cot: Develosil Packed C30-UG-5 (dudng kinh cot: 4,0 mm, chiéu dai cot: 35 mm).
Pha dong A: 2 mmol/L dung dich ammonium acetate/methanol ti 1& thé tich 9:1, pha
dong B: methanol. Chuong trinh dung méi: 30% B (0 - 2,01 phut), 95% B (2,01 - 18
phut), 95% B (18 - 22 phut), 30% B (22 - 22,1 phit). Téc d6 dong: 0,2 mL/phit, thé
tich bom mau: 5 pL, nhiét d6 cot: 40°C, toc do khi kho: 10 L/phat. Cac thong sb
MRM cua chét phan tich dugc trinh bay trong bang P1 phﬁn Phu luc.

Skimmer Hg da ce 2 Buéng va dap Q2 Detector
.

H Buing E H i
i chin k]u:ing . Thithai |, Thidba , Thi tw
thir nhét E 3 i

Hinh 2.1. So d6 cau tao phan khbi ph ciia thiét bi LC-MS/MS 8040, Shimadzu
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Mo ta hoat dong cua hé thiét bi: Pau tién, mau duge dua vao bd phan sdc ky
10ng, dugce phun va ion héa dudi ap suat khi quyén bang dau do ion héa (vi du ion
héa phun dién tir (ESI), ion héa hoa hoc (APCI)). Mau sau khi duoc ion hoa duoc
dua qua thanh nhan dién ion, sau d6 dugc dinh huéng vudng goc dé phun vao budng
chan khong thu nhét, noi mau hoi tu vao dinh thanh skimmer boi bd phan Qarray
nham sip xép cac 16p ion tan s6 cao. Cac hé da cuc s& cho cac ion tan sb cao di qua
r0i duoc sip xép trong budng chan khong thtr hai va thir ba. Sau d6, cac ion dugc tach
ra theo ti 1& s6 khéi/dién tich (m/z) bdi b loc tr cyc véi cac thanh tir cuc va buff)ng
va cham rdi dugc phat hién boi detector. Cac tin hi¢u ion dugc khuéch dai boi bod

khuéch dai, sau d6 dugc xtr Iy bang phan mém xu 1y dit liéu Labsolution.

Ngoai hé thiét bi sic ky long ghép ndi khdi phd LC-MS/MS 8040, Shimadzy

(Nhat Ban), nghién ctru con st dung:
(2) Can phan tich 2 s6 va 4 sd, Shimadzu (Nhat Ban)

(3) May loc nudc siéu sach, Milli-Q® Reference A+ va Elix® Advantage 3,
Merck-Millipore (Phap)

(4) May siéu am Elma D-78224 Singen/HTW (bPtic)
(5) May lac Vortex Mixer KMC 1300 V (Han Quéc)
(6) May 1i tam Rotina 35R, Hetteic Zentrifugen (Purc)
(7) May c6 quay chan khong Buchi (Thuy S¥)

2.3. Pham vi nghién ctru

Khu vuc lang nghé Phong Khé bao gém cac lang Duong O, Ngb Khé va Cham
Khé, trong d6 hoat dong san xuat gidy tip trung chii yéu & lang Duong O va mot s6
co s tai ché ven song Ngii Huyén Khé. Nha may xur Iy nudc thai lang nghé Phong
Khé da duogc xay dung va van hanh tir nam 2017, hién dang thu gom nudc thai tir cac
co sO san xudt gidy tai Cum Cong nghiép Phong Khé 1 va Phong Khé 2. Tuy nhién,
tai lang nghé Phong Khé van xdy ra tinh trang cic co s& san xuat gidy xa nudc thai ra

moi truong ma khong dwa vé nha may xir Iy nudc thai tap trung. Viéc nay gitp doanh
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nghiép giam chi phi xtr Iy nudc thai nhung giy ra hau qua 6 nhiém moi trudng nghiém
trong, dic biét 1a song Ngii Huyén Khé va song Cau.

Theo s liéu ciia Dai Khi trgng thuy van Bic BO, mang ludi séng ngdi thude
tinh Bic Ninh kha day dac, mat do kha cao (1,0 - 1,2 km/km?) voi ba hé théng song
16n chay qua gdm sbéng Dudng, song Cau va Thai Binh. Ngoai ra, con c6 hé théng
g6m nhiéu séng ngdi ndi tinh khéc, trong d6 c6 song Ngii Huyén Khé. Trén thuc té,
cac song da tr¢ thanh noi chira nude thai khi ti 1€ nude thai duge xur 1y chi chiém 10
- 12%, con lai 14 thai truc tiép ra song, ho ma chua qua xtr 1y (theo bao cdo cua S&
Tai nguyén va Moi truong Bic Ninh) [6]. Tai khu vuc Phong Khé, mac du da c6 hé
théng xtr Iy nudc thai tip trung nhung nhiéu co sé san xuat van cb ¥ x4 thai truc tiép
ra muong thoat nude, cac muong ndy dan nude thai thang ra song Ngit Huyén Khé —
noi tiép nhan chinh ngudn thai ciia khu vuc. Song Ngii Huyén Khé 13 mét chi luu cia
song Pudng, chdy qua dia phan tinh Bac Ninh va cudi cung d6 vao song Cau, gop
phan anh hudng dén chat luong nudc cua hé thdng song. Vé diéu kién khi twrong thuy
van, tinh Bic Ninh c6 khi hau can nhiét déi am, dic trung cua khu vuc Bic B véi
hai mua rd rét: mia mua (tir thang 5 dén thang 10) va mua kho (tir thang 11 dén thang
4). Su phan hoa theo mua lam luu luong nudc song bién dong déang ké. Cu thé, luu
lugng trung binh thang 4/2020 tai song Ngii Huyén Khé chi dat 0,51 m?*/s, trong khi
thang 9/2020 ting 1én toi 8,67 m3/s. Dbi voi song Cau, luu lwgng twong tng trong
cung thoi diém 1an luot 13 115,4 m®/s va 210,2 m*/s [1]. Su chénh 1&ch 16n nay cho
thiy nong do cac chat 6 nhiém c6 thé bién dong giita hai mia do anh hudng cua luong
mua va kha ning pha lodng dong chay. Do d6, dé danh gia tong thé hién trang 6
nhiém cac hop chat PFC tai khu vuc Phong Khé, cac mau duoc thu thap tai cac vi tri
dai dién trén muong thai, song Ngii Huyén Khé va séng Cau trong ca hai miia mua
va kho. Cac loai mau thu thap bao gém nude mat, trAm tich, nudc ngérn va mau ca,
phan anh day du cac thanh phan maéi truong chiu tac dong tir hoat dong tai ché gidy

tai khu vuc nay.
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* Nwéc mat va tram tich

Céc miu nudc mit va tram tich duge léy doc cac con song cach déu khoang
mot km xudi theo dong chay va chu trong cac diém giao cit giita cac thity vuc hodc
noi c6 muong dan thai. Hai muoi mau nudc mit (Hinh 2.2) duge thu thap mdi mua
vao mua kho (thang 4) va mua mua (thang 9) nim 2020 bao gdm sdu mau tai song
Cau tir PK.SW.01 dén PK.SW.06, chin mau tai song Ngii Huyén Khé tir PK.SW.07
dén PK.SW.15 va nim mau tai cac kénh, muong tai khu vuc Phong Khé tir PK.SW.16
dén PK.SW.20. Mau nudc mat duge thu thap theo TCVN 6663-6:2018 (ISO 5667-
6:2014) - Chat luong nudc - Ly méiu - Phan 6: Huéng dan ldy mau nudc séng va
sudi [7]. Mau duoc lay bang gau va chuyén vao chai polyethylene terephthalate (PET)
1,5 L da duogc lam sach va trang bﬁng methanol, bdo quan trong thung lanh chira da

kho va van chuyén vé phong thi nghiém.
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Hinh 2.2. Ban d6 ldy mau nudc mit va tram tich
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Hai muoi mau trim tich dugc ldy cing vi tri voi cac diém 1y mau nudc mit
theo ki hiéu mau tir PK.S.01 dén PK.S.20. Miu tram tich mat dugc thu thap theo
TCVN 6663-15:2004 (ISO 5667-15:1999) - Chét lugng nuée - Lay mau. Hudng din
bao quan va xir Iy mau bun va trim tich [9]. MAu dugc 14y bang giu va boc trong
gidy nhoém, bao quan trong thung lanh chira da khoé va van chuyén vé phong thi

nghi¢m.
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Hinh 2.3. Ban d6 lay mau nudc ngam
* Nwéc ngam

Céc miu nuéc ngam dugce thu trong mua kho va muia mua tir cc giéng ho gia
dinh xung quanh cum c6ng nghiép Phong Khé nam 2022 (céc vi tri ldy mau duoc thé
hién trong Hinh 2.3) theo TCVN 6663-11:2011 (ISO 5667-11:2009): Chat luong
nuéc - Ly mau - Phan 11: Hudng dan 1ay mau nudc ngam [8]. S6 lugng mau nude
ngam vao mua kho va mua mua khac nhau phu thudc lugng nude ngdm cia giéng tai
thoi diém 1y miu va sy déng ¥ cta cac ho gia dinh. Mudi tim mau nudc ngam duoc

14y vao mua khé (thang 4), bao gdbm PK.GW.01; 02; 05; 07-12; 14; 15; 17; 19; 22-25
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va hai muoi hai mau dugc thu vao mia mua (thang 9), bao gdm PK.GW.01-07; 09-

13; 16; 17; 23; 25.

Céc diém ldy mau PK.GW.01 - PK.GW.12 duoc lay & khu vic phia Nam song
Ngii Huyén Khé, noi tap trung hau hét cic co sé san xuat. Cac diém PK.GW.13 -
PK.GW.25 dugc thu thap tir phia Bic song Ngii Huyén Khé, noi tap trung chii yéu
cac ho gia dinh va it c6 co s& san xuat gidy. Mau nudc ngam duoc ldy tir cac giéng
c6 do sau tir 30 dén 70 mét str dung bom hut va chuyén vao chai PET 1,5 L da duogc
lam sach va trang bang methanol, bao quan trong ta lanh va van chuyén vé phong thi

nghiém.
% Ca nuéc ngot

Trong nghién ctru ndy, 47 mau ca nude ngot khu vire lang nghé Phong Khé duoc
thu bang ludi tai cac ao trong lang va cac song gém 7 loai: ca trdi (Cirrhinus
molitorella, n = 5), ca tré (Clarias batrachus, n = 3), ca chép (Cyprinus carpio, n =
11), ca diéc (Carassius carassius, n = 4), ca thiéu (Culter alburnus, n = 4), ca qua

(Channa maculata, n = 6) va ca r0 phi (Oreochromis niloticus, n = 14). Hinh 4nh mot

s méu ca duoc trinh bay trong Hinh 2.4.

Hinh 2.4. Mot s6 hinh anh mau ca: (a) c4 diéc, (b) ca chép, (c) ca thiéu,

(d) ca ro phi, (e) ca troi va (f) cad qua
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S6 luong va thoi gian thu mau moéi truong va mau ca dugc trinh bay trong

Bang 2.1 dudi day:

Bing 2.1. Thong tin thu thip mau trong nghién ciru

S6 lwong
L s maiu . B : .. Thoi gian
STT | Loai mau Vi tri lay mau moi mua x
Maua | Mua thu mau
kho | mwa
- Séng Cau: 6 mau: PK.SW.01 - | Thang 4 va
PK.SW.06 thang 9 nam
L - Song Ngii Huyén Khé: 9 mau tir | 2020
I | Nudcmat | 20 20 .
PK.SW.07 dén PK.SW.15
- C4c kénh, muong thai: 5 mau tir
PK.SW.16 dén PK.SW.20
- Céc vi trf 1dy mau tram tich trang | Thang 4 va
. vO1 nudc mat. thang 9 nam
2 | Tramtich | 20 5 , ) )
- Mua kho chi lay duoc tai cac vi | 2020
tri muong thai
- Phia Nam song Ngti Huyén Khé | Thang 4 va
(tap trung cac co s& san xuat): thang 9 nam
3 Nudc s " PK.GW.01 - PK.GW.12 2022
ngam - Phia Béc song song Ngiit Huyén
Khé (tap trung khu dan cu):
PK.GW.13 - PK.GW.25
- Ao Ngo Khé: 8 mau (c4 nudi) Thang 4
- Song Cau: 32 mau (c4 tu nhién) | nim 2020
4 |Ca 47 . R A A X
- Song Ngii Huyén Khé: 7 mau
(ca ty nhién)

2.4. Thiét ké thi nghiém, thu thap va xir Iy mau

2.4.1. Thu thdp va xir Iy mdu nwéc mét va nwée ngim

Mau nudc mat dugc thu bang gau va mau nudc ngam duogce thu bang bom hut

vao chai PET véi thé tich tir 500 mL — 1 L da dugc rira sach v6i xa phong, trang nudc

74




deion va methanol. Mau ldy ngoai hién trudng duoc dung trong hop chira dd mubi va
van chuyén vé phong thi nghiém duoc bao quan trong tu lanh & 4°C va tién hanh xu
1y mAu trong 2 tuan.

Quy trinh phan tich mau nude duoc tién hanh theo ISO 21675:2019 [137]
v6i mot sb cai tién cua phong thi nghiém gdém cac budce chinh nhu Hinh 2.5:

Chiét pha rin sir dung cartridge WAX

Rura cartridge bang 4 mL dém acetate \

25 mM (pH = 4)

\
|
1
|

N

Hoat hoa Pua l S : Comi

[ cartridge maiu Rua gial | werar LC-MS/MS
J |

-4 mL 0.1% amonia/methanol - 4 mL methanol

500 mL
mau sau
loc

v

25 uL of
100 ng/mL SR

Hinh 2.5: Quy trinh phan tich cac hop chat PFC trong mau nudc

- 4 mL methanol -4 mL 0.1%
-4 mL nudc deion amonia/methanol

o o o - - —

N e e e o e e o e o e e o e =

Budc 1: Mau nudc duge loc qua mang loc thity tinh 0,45 um, sau d6 thém 25
uL dung dich chat d6ng hanh c6 néng do 100 ng/mL vao 500 mL mau nudc da loc.

Budce 2: Hoat héa cartridge WAX lan lugt véi 4 mL dung dich ammonia 0,1%
trong methanol theo thé tich (0,1% ammonia/methanol), 4 mL methanol va 4 mL nudc
deion. Sau d6, 500 mL mau nudc duoc dua qua cartridge véi toc do 1 giot/gidy. Tiép
theo, rira cartridge bang 4 mL dém acetate 0,025 M. Céac chat phan tich duoc rira giai
bang 4 mL methanol va 4 mL dung dich ammonia/methanol 0,1%.

Budc 3: Co dich rira giai vé thé tich 1 mL bang khi nito va loc qua dau loc
nylon 0,2 um trude khi phan tich trén thiét bi LC-MS/MS.
2.4.2. Thu thdp va xir Iy méu tram tich

Mau tram tich dugc thu bang gau va duoc boc bang gidy nhém dé trong hop

d4 mudi va van chuyén vé phong thi nghiém (PTN). Mau sau d6 dugc xac dinh do
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am dé tinh toan ndng do cac hop chit PFC theo khéi luong kho tuyét dbi. Tiép theo,
mau duoc phoi kho ¢ nhiét do phong, nghién min va rdy qua kich thudc 16 0,5 mm.

Sau d6 duoc boc bang gidy nhom va bao quan trong ta lanh & 4°C.

Quy trinh phén tich miu trAm tich dugc tham khao theo Higgins va cong sur

(2005) [73] v6i mot sb cai tién ctia PTN gdm céc bude chinh nhu Hinh 2.6:

/ CHIET MAU \

Budce 1:

- 20 mL methanol

- Lic vortex 1 phiit

- Siéu am 15 phut, 60°C

58 miu

tram tich - Ly tim 1500 vong/ph, 5 €O miu LC-
phit MS/MS
Buée 2:

- Gop dich chiét

- C6 quay chan khong vé& 5 mL
25 uL of - Thém nude deion dé duoge
100 ng/mL nong d6 20% methanol/nudc

SR kszp lai buéc 1 va buéce 2 J

Hinh 2.6: Quy trinh phan tich cac hop chat PFC trong mau tram tich

Budce 1: Can 5 g mau tram tich vao dng nghiém ly tim polypropylene (PP) 50
mL. Sau d6, thém 25 pL dung dich chit dong hanh ¢6 nong d6 100 ng/mL vao 6ng
nghiém chtra mau.

Budc 2: Cho 20 mL methanol, lic déu bing may lic vortex trong 1 phut, siéu
am 15 phut & 60°C va ly tam véi tbe do 1500 vong/phit trong 5 phut. Tiép theo, hut
phan dung dich phia trén sang 6ng nghiém PP khac. Lap lai qua trinh chiét 3 1an.

Budc 3: Dich chiét duoc gop lai, co dac béng thiét bi co cat quay chan khong
vé 5 mL, sau d6 thém nuéc deion dé duoc néng dd 20% methanol trong nudc.

Budc 4: Hoat hoa cartridge WAX lan luot voi 4 mL dung dich 0,1%
ammonia/methanol, 4 mL methanol va 5 mL dung dich acetic acid 1%. Sau do6, 35
mL dich chiét mau trdm tich duoc dua qua cartridge vé6i tée do 1 giot/gidy, dung 10

mL nudc deion dé trang 6ng PP va loai bo nudc qua cartridge bang chan khong trong
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1 phut. Tiép theo, rira cartridge bang 4 mL dém acetate 0,025 M. Cac chit phan tich

duogc rira giai bang 4 mL methanol va 4 mL dung dich 0,1% ammonia/methanol.

Budc 5: C6 dich rira giai vé thé tich 1 mL bang khi nito va loc qua dau loc

nylon 0,2 um trude khi phan tich trén thiét bji LC-MS/MS.

2.4.3. Ldy méu va xi¢ Iy méu cd

Mau ca sau khi thu thap duoc boc trong gidy nhom va gitt trong da mudi va
véan chuyén vé PTN. Mau c4 mang vé PTN duoc rira sach va can trudc khi tach phan
thit va cit thanh cac miéng nho. Phi 18 ca dugc dong nhét va bao quan trong chai thay
tinh & nhiét do — 20°C trudc khi phan tich. Him luong lipid tong s6 cia ca dugc xéac

dinh bang phuong phap do trong lwong sau khi chiét bang hdn hop toluene/aceton.

Quy trinh phan tich mau c4 duoc tham khao theo Mazzoni va cdng su (2019)

[109] véi mot sd cai tién ciia PTN gém cac budc chinh nhu Hinh 2.7:

Budc 1: Can 10 g mdi miu ca phi 1& da dong nhat vao 6ng nghiém ly tam PP

50 mL. Sau d6, thém 25 uL dung dich chat dong hanh c6 néng d6 100 ng/mL vao ong

\

nghiém chira mau.

/ CHIET MAU

Buoc 1:

- 10 mL methanol x 2 14n
- Lic vortex 2 phut

- Siéu am 10 phuit LC-MS/MS
- Ly tam 1500 vong/phut, 10 phut
Buéc 2:

- Co dich chiét vé 1 -2 mL

- Thém methanol dén 5 mL

25 uL of .
100 ng/mL - Thém nudc deion dén 25 mL

SR

Hinh 2.7: Quy trinh phén tich cac hop chat PFC trong miu ca
Budc 2: Mau duoc chiét hai 1an v6i methanol (mdi 1an 10 mL) bang lic déu
bang may lic vortex trong 2 phit, siéu am 10 phat va ly tdm véi toc do 1500

vong/phit trong 10 phut. Phan dich chiét methanol duoc gop lai va loc qua mang loc
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thuy tinh 0,45 pm. Tiép theo, c6 dich chiét v& 1 — 2 mL bang may c6 quay chan khong
va pha lodng bang methanol dén 5 mL, sau d6 thém nudc deion dé dugc thé tich cudi

cung la 25mlL.

Budc 3: Hoat hoa cartridge WAX lan lwot voi 5 mL dung dich 0,1%
ammonia/methanol, 5 mL methanol va 5 mL nudc deion va 10 mL dém acetate 0,1
M. Dich chiét duoc dua qua cartridge véi toc do 1 giot/gidy. Tiép theo, rira cartridge
bang 4 mL methanol. Cac chat phan tich dwgc rira giai bang 4 mL dung dich

ammonia/methanol 0,1%.

Budc 4: C6 dich rira giai vé thé tich 1 mL bang khi nito va loc qua dau loc
nylon 0,2 pm trudc khi phan tich trén thiét bi LC-MS/MS.

2.4.4. Thiét ké thi nghiém logi bé cdc hop chit PFC, thu thip va xir Iy méu béo tiy
(Eichhornia crassipes)

Trong nghién ctru ndy, tdm hop chat PFC (PFBA, PFPeA, PFHxA, PFHpA,
PFOA, PFBS, PFHxS va PFOS) ¢ néng d6 10 pg/L duoc dugc chon dé danh gia kha
nang hap thu va chuyén vi tri ctia PFC tr mdi truong nudc vao cdy béo tay. Thi
nghiém thir nghiém & mot ndng do dé danh gia hiéu qua bude dau cia beo tiy trong
viéc loai bo cac hop chat PFC. Nong d6 10 pg/L dugc lya chon thip hon nhiéu so voi
noéng do trong cac tai liu tham khao di céng bd trude day va 1a mac ndng do cao
hon khoang 500 1an so v6i ndng d6 cao nhat phat hién thiy trong mau nuée mit tai
khu vuc nghién ctru. Miu béo tay duoc 1ay tir mot hd ¢ khu vuce ngoai thanh Ha Noi,
noi khong phat hién thdy PFC trong mau nudc mit va mau béo. Cac ciy dugc chon
¢6 hinh dang tuong d6i dong déu cao tir 40 dén 45 cm, khoe manh, c6 mau xanh dam

1a va khong bi vang 1a hodc than.

Sau khi thu thap, béo tiy duoc nudi trong dung dich Hoagland hai tuan dé
thich nghi v&i méi trudng sdng mai trude khi thi nghiém. Chin cdc mé polypropylen
(PP) 500 mL di duoc str dung, mdi cdc chira 200 mL dung dich Hoagland ndng do
ntra, thém 8 PFC ¢ murc 10 pug/L mdi chat va mot cay beo tay. Ba sét miu lap duoc

dugc phan tich tai ba thoi diém, tire 14 tudn 1 (7 ngay), tudn 2 (14 ngay), va tuan tht
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3 (21 ngay). Ct sau hai hodc ba ngdy, mdi coc duoc thém dung dich Hoagland dé
duy tri myc nude (200 mL). Mot cée PP khac ciing chira 200 mL dung dich Hoagland
va PFC vé6i nong d6 mdi chét 13 10,0 pg/L nhung khéng co béo tiy, duoc st dung
lam mau ddi chimg dé danh gia sy mat mat PFC do bay hoi, phan hily do anh sang
hozc bi hdp phu boi PP. Cac két qua phan tich cho thiy, trong sudt ba tuan thi nghiém,
ndng d6 PFC trong cdc ddi chimg nay chi & muc thay doi < 10% so v6i ndong d6 thém
vao ban dau, va dugc coi 12 khong quan sat thdy sy mat mat PFC do méi trudng xung
quanh. Mau béo tay duoc nudi trong diéu kién anh sang tu nhién vo1 nhi¢t do moi

truong xung quanh do dugc dao dong tur 21°C — 30°C.

Mau béo tay dugc rira sach bang nudc deion, phan nude sau khi rira duge gop
chung véi dung dich nuée nudi béo dé phan tich sau. Tiép theo, dung khin lau kho,
tach riéng va can ting bo phan ctia mau cdy bao gom ré, than va 14. Mdi bo phan cia
béo tay dugce st dung dé xac dinh d6 Am bang cach siy kho & nhiét do 103°C cho dén
khi khéi luong khong doi.

Quy trinh phéan tich mau béo tiy duoc tham khdo theo Zhang va cong su

(2019a) [164] v6i mot sb cai tién ctia PTN gdm céc bude chinh nhu Hinh 2.8:

/ CHIET MAU \

Buwée 1:

- 15 mL NaOH 0,4 M

- Léc vortex 1 phut dé qua dém
-5mL TBAHS 0,5 M

- 5 mL dung dich Na2CO3 0,25 M
Budce 2:

-5mL MTBE x 3 lan

- Lic vortex 1 phit

LC-MS/MS

25 uL of - Siéu am 10 phut

100 ng/mL KLy tam 5000 vong/pht, 5 phﬁt/
SR

Hinh 2.8: Quy trinh phan tich cac hop chit PFC trong miu béo tiy
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Budc 1: Dong thé héa miu beo tiy bang may xay. Can 2 g miu sau khi dong
thé hoa vao ong nghiém ly tam PP 50 mL. Sau d6, thém 25 pL dung dich chat dong

hanh c6 ndng d6 100 ng/mL vao 6ng nghiém chira mAu.

Budc 2: Thém vao 15 mL NaOH 0,4 M va lac vortex trong 1 phat, mau sau
d6 dugce dé qua dém trong ta lanh dé chit dong hanh phén tan déu vao mau. Thém 5
mL TBAHS 0,5 M va 5 mL dung dich Na>xCOs3 0,25 M, sau d6 tron déu. Tiép theo,
thém 5 mL MTBE, lic déu bang may lic vortex trong 1 phut, siéu 4m 10 phut va ly
tam voi tbe d6 5000 vong/phut trong 5 phit. Dung dich chita MTBE duoc chuyén

sang 6ng nghiém PP méi va qua trinh chiét l3p lai thém hai lan.

Buéc 3: Co can dich chiét bﬁng khi N rdi thém 2 mL methanol va nuéc deion
vao 6ng PP dé dugc thé tich cudi cung 1a 50 mL. Hoat hoa cartridge WAX bang 4
mL 0,1% ammonia/methanol, 4 mL methanol va 4 mL nudc deion. Mau duogc dua
qua cartridge véi téc do 1 giot/gidy. Rira cartridge bang 4 mL dém acetate 0,025 M.
Céac chit phan tich dwoc rira giai bang 4 mL methanol, tiép dén 4 mL 0,1%

ammonia/methanol.

Budc 3: Co can dung dich rira giai vé 1 mL. Loc dung dich cudi cing qua dau

loc nylon 0,2 um va bao quan & 4°C cho tdi khi phan tich.

2.5. X4c dinh ndng d9 PFC trong cac miu méi truong

Puong chuan cia 17 hop chat PFC duoc xay dung theo phwong phap noi
chuan véi sau diém chuan trong khoang noéng do tir 0,5 ng/mL dén 20 ng/mL. Nong
dd 09 chit ndi chuan danh dau duoc gitr cddinh & 1 ng/mL. Sic dd cua cac chat chuin
va chat ddng hanh ¢ ndng d6 20 ng/mL dugc bicu dién trong Hinh 2.9. Trong nghién
ctru nay, chit dong hanh vira dong vai trd chat dong hanh (SR) vira dong vai tro 1a

chét noi chuan (IS). Pudng chuan duge biéu dién theo phuong trinh (2.1):

Sgltd Cg'td
s = kgt 2.1)

Trong d6, S5t¢: dién tich peak cta chét phan tich trong dung dich chuan; S7f%:

dién tich peak ctia chat noi chudn trong dung dich chuan; C3t?: ndng d6 cua chat phan
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tich trong dung dich chuan; Cf%: ndng do ctia chat ndi chuan trong dung dich chuan;

k: hé sb gbc cua duong chuan (slope); m: hé¢ sb chin cua duong chuan.
% Xac dinh ndng dé ciia chit phan tich trong dich chiét cudi:
Nong d6 cta chat phan tich (ng/mL) trong dich chiét duoc xac dinh theo cong
thire (2.2):
ext

S
CE™ = (Ggzr —m) X X O (22)
SIS k

Trong d6, CE*t: ndng d6 cta chat phan tich trong dich chiét cudi (ng/mL);

Sext: dién tich peak ciia chat phan tich trong dich chiét cudi ciing; S5X¢: dién tich peak

ctia chit ndi chuan trong dich chiét cudi cung; m: hé sb chin cua duong chuan ndi
ext.

chuan; k: hé s6 goc cua duong chuan ndi chuadn; C5": ndng dd cua chat ndi chuan

trong dich chiét cudi (da biét trudc) (ng/mL).
% Xdc dinh ndng dd ciia chat phan tich trong miu:
Nong do cuia chat phan tich (ng/L) trong mau duoc xac dinh theo cong thic

t
_ (€%~ Chigni) X Vext
C,= . (2.3)

Trong d6, C*: néng do cua chat phan tich trong dich chiét cudi (ng/mL);
Cext . ndng do clia chat phan tich trong mau tring (ng/mL); Vy,: thé tich dich chiét

cudi cung (mL); V: thé tich mAu phan tich ban dau (L).
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Hinh 2.9: Sic d6 cua cac chat chuan va chat dong hanh ¢ nong do 20 ng/mL
% Kiém soat va dam bao chit luwong

Pé danh gia viéc that thoat trong qua trinh xtr Iy mau, cac mau tring va mau
thém chudn duoc phan tich theo dung quy trinh sau mdi mé mudi mau. Gi6i han phat
hién va gi6i han dinh luong cua thiét bi duoc xac dinh 12 ndng do cho ti 1¢ tin hidu va
nhiéu nén (signal to noise) 1an lugt bang 3 1an va 10 1an. P9 1éch chuan twong dbi
(RSD) ddi véi cac mau thém chuan va mau lip dao dong trong khoang tir 4 — 17%.
Hiéu suét thu hoi ciia cac hop chat PFC, giéi han phét hién va gi6i han dinh lugng
ctia phuong phéap duoc trinh bay trong bang P2 phan Phu lyc.

2.6. Panh gia sy tich lity ctia PFC tir méi trrdng nuéc vao trim tich va thye vat

Hé s6 né)ng do sinh hoc (BCF) duoc dinh nghia 1a ti I¢ cua né)ng do cac hoa
chét trong sinh vat (Cpraa, 3, CpFaa, than hodc Cpraa, 1a tinh theo trong lugng kho (dw)
clia cdy) va nong do hoa chét trong mdi truong nudc xung quanh (Cpraa. dung dich)-
Trong nghién ctru, BCF:z, BCFan, BCF1; va BCFeay va céc hé s6 chuyén vi (TF) cho
1& (TF:) va 14 (TFi) déu dugce tinh toan dya trén s6 liéu vao cudi thi nghiém (tuan 3)

theo cac cong thirc tir (2.4) dén (2.9) [164]:
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Cppan. 1 (02/2)

BCF, = __(L/kg)
CPF_.-\_.-\, dung dich (“gfL) (24)
C . (ng/g
BCF@ — PFAA, re ( o u); (Lf{kg)
CPF_.-\_.-\, dung dich (“gfL) (25)
C _(ng/g
BCF[m" — PFAA, than ( o s-';) (Lf{kg)
CPF_.-\_.-\, dung dich (“ gf{L) (26)
BCF.,xm .+BCF _xm_. +BCF_xm,_
BCF‘:M — re mre thin mm.-m la mln (Lf’kg)
m+mg, +m, 2.7)
1 - Crani (0€/0)
la — /
Copan.re (N2/E) (2.8)
C _(ng/g
TF[hm] — CPF_.-\_.-\, lhan(il;r;gu))
PFAA 18 \ 158 (2.9)

Trong nghién clru nay, ti 1€ loai bé PFC trong dung dich cta beo tay dugc tinh

toan theo can bang khdi lvgng nhu cong thirc (2.10):

H % =100 — ( Cdung dich Tdung dich x 100) (2.10)

Cdung dich* Vdung dich +Crg X Mg + Chan X Mepan+ Cpg X myy

2.7. Phwong phap danh gia rii ro sinh thai va rii ro sirc khée béi sw phoi nhiém
cac hop chit PFC tir mdi trueong nuée
2.7.1. Pdnh gid riii ro sinh thdi tiv sw 6 nhiém nwéc mt

Danh gia rii ro sinh thai 1a qua trinh danh gia kha ning moi trudng co thé bi
anh hudng do tiép xtc véi mot hodc nhiéu tac nhan gy ap luc moi trudong, chang han
nhu héa chét, viéc sir dung dat, mam méng gay bénh va cac loai xAm lan [56]. Nghién
ctru nay thyc hién danh gia rui ro sinh thai tir sy 6 nhidm cac hop chit PFC gay ra

cho céc loai sinh vat thuy sinh.
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Theo huéng din cua Co quan quan 1y hoa chit chau Au [22], chi s6 rai ro sinh
thai (RQ) dugc danh gia dua trén ti 1€ néng do do dugc trong moi truong (maximal
Measured Environmental Concentration - MEC) va nong d¢ khong anh hudng theo
du doan (Predicted No-Effect Concentration - PNEC) nhu moé t4 trong cong thuc
(2.11). Gié tri PNEC thép nhat da duoc st dung dé tinh toan cho mdi loai:

MEC
PNEC

RQ= @2.11)

Ba mirc d9 rii ro dugce danh gia dua theo gia tri RQ bao gom: khong gay rui
ro néu RQ < 0,01; mirc do rai ro thép khi RQ nam trong khoang ttr 0,01 dén 0,1; murc
d6 rui ro trung binh khi RQ nim trong khoang tir 0,1 dén 1 va mc do rui ro cao khi
RQ > 1 [23]. Ngoai ra, gia tri PNEC dugc x4c dinh thong qua hé s6 danh gia AF
(Assessment Factor) st dung cong thirc (2.12) sau:

LOEC hodc NOEC hodc ECsg hodc LCy
AF

PNEC =

(2.12)

Trong d6, LOEC (Lowest Observed Effect Concentration) 1a ndng d6 gy doc
thip nhat, NOEC (No Observed Effect Concentration) 1 ndng d6 cao nhat khong giy
anh huong, ECso (half maximal Effective Concentration) 1a ndng d6 gay anh hudéng
50% sinh vat thi nghiém, LCso (median Lethal Concentration) 1a ndng do gy chét
50% sinh vat thi nghiém. Gia tri AF duoc xac dinh theo tai liéu hudng dan k§y thuat
ctia Uy ban Chau Au vé danh gia rui ro, tuong tng 1a 1000 dbi voi EC50 hodc LC50;
100 ddi véi LOEC va NOEC [46].

2.7.2. Ddnh gid riii ro sicc khée tiv sw 6 nhiém nwéc ngim va cd

Trong sd cac con dudng phoi nhiém chinh cta con nguoi véi cac hop chat
PEC (vi du: thuc pham, nuéc udng, khong khi va buyi trong nha) thi nudc ubng va
thuc pham dugc coi 1a con dudng chinh. Trong nghién ctru ndy, cac mbi lo ngai vé
strc khoe c6 thé c6 lién quan dén PFC tir viéc tiéu thu nudc ngdm va ca ciia nguoi dan
dia phuong dugc tinh toan st dung cac gia tri ti 16 rai ro (HR) duoc tinh bang ti 18
giita lugng tiéu thu trung binh mdi ngay (ADI) va lidu tham chiéu (RfD) theo cong
thire (2.13):
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_ DI
HR=22 (2.13)

Gia tri HR > 1 cho thiy tiém 4n rui ro strc khoe.

Trong nghién ctru nay, lidu tham chiéu khong gay ung thu qua dudng an udng
(oral non-cancer Reference Doses - RfD) 1a 0,02 pg/kg/ngay dugc st dung cho ca
PFOS va PFOA nhung khong st dung cho cac PFC khac theo EPA [54, 55]. Do do,
gia tri RfD ciia PFCA dugc gia dinh bang RfD ciua PFOA va tuong ty di vi PFSA
va PFOS. Pay 1a kich ban xau nhat dé danh gia rui ro ddi voi stc khoe con nguoi.
Céc gia tri ADI duogc tinh toan tu n@)ng dd chat doc va muc tiéu thu ca trung binh theo

cong thuc (2.14):

nong do PFC (E) x lwgng ca tiéu thu hang ngay ( g )
ADI = g nEY (2.14)

trong lwong co thé (kg)

Theo s6 liéu vé can bang luong thyuc ctia T chirc luong thyc va nong nghiép
Lién hop quéc (FAO) nam 2019 [58], lugng ca nudce ngot ticu thy tai Viét Nam la
14,87 kg/ngudi/nam, tuong tng 40,8 g/ngdy. Theo dir lidu cong bd trén website
Worlddata.info, trong lugng co thé trung binh ctia nam gidi 1a 63,2 kg; nit gidi 1a 55,7
kg (trung binh: 59,5 kg). Trén co s& tham khao mot s6 nghién ciru khéc, trong luong

co thé trung binh trong nghién ctru dugc chon & mire 60 kg [74, 141].

Déi voi nude ngam, tai khu vire nghién ciru nguoi dan van st dung nude ngam
1am nuéc sinh hoat nhung rat khé xac dinh chinh xac luong nude ngdm di vao co thé.
Vi vdy, dé danh gia rti ro stcc khoe, lugng nudc ngdm duge tinh bang lwong nudc
udng tiéu thu hang ngay. Luong nudc udng hang ngay va trong luong co thé trung
binh dugc wdc tinh 1an Iuot 13 1,5 L va 60 kg. Céac gia tri ADI dugc tinh toan tir nong
d6 chat doc va murc tiéu thy nudce trung binh theo cong thirc (2.15):

-
nEy(2.15)

nong do PFC (n—f) x lwgng nwéc tiéu thu hang ngay (
ADI =

trong lwong co thé (kg)
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2.8. Xir Iy s6 liéu
Tat ca cac tinh toan vé ndng do trong nghién ctru dugc thyc hién bang
Microsoft Excel 365 (Microsoft, M¥). Bén canh d6, phan tich thong ké Shapiro-Wilk,

Pearson, ANOVA va PCA duoc thuc hién béng phﬁn mém SPSS (version 27.0, IBM,
M5). Cac kiém dinh thong ké da str dung trong ludn an dugc trinh bay trong Bang 2.2.

Bang 2.2. Cac kiém dinh théng ké da st dung

Tinh oz 2 . Phan tich
A Phan bo i ] Phwong Kiém dinh .
huong so o Co6 outlier . ] sau (néu
i dir li¢u sai str dung "
sanh can)
Hai  mau | Chuan Khoéng - Paired t-test -
cung vi tri, | Khong .
, . ] . . Wilcoxon
khac mua chuan hoac Co - ) -
, : signed-rank
co outlier
Hai ma . Ind dent
., Y Chuan Khoéng - ndepehden -
khac vi tri t-test
Kho
olng . , Mann-
chuan hoac Co - . -
. . Whitney U
co outlier
So sanh > 2 . . . Tuke
, Chuén Khong | Ddng nhit | ANOVA orey
nhom post-hoc
Games-
Chuén Khon Khong | Welch Howell
ua 0 \ . ow
& | dngnhit | ANOVA
post-hoc
Khong Kruskal-
chuan hoic Co - Wallis H -
co outlier test
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Sw c6 mat cua cac PFC trong nwéc mat va danh gia rui ro sinh thai tai khu
vuc Phong Khé
3.1.1. Nong dé va thanh phan ciia PFC trong nwéc mit

s Nong dj cuia cac PFC trong cdc mau nwoc mat

S6 liéu thu dugc vé néng do cua cac PFC trong cac mau nudc mit tai khu vuc
Phong Khé dugc trinh bay cuy thé trong bang P3 phan Phuy luc. Tan suat phét hién (%),
khodng nong do, gié tri trung vi va trung binh (ng/L) cta cac PFC trong nudc mit hai
mua dugc trinh bay trong Bang 3.1). Ti 18 vé s6 mau nudc mit ¢ phat hién duge PFC
1én t6i 95% (38/40 mAu) va tat ca 12 PFC duogc phan tich déu dugc tim thay trong cac
mau ndy. Ngoai trir PFDA (6/20 mau, 30%) va PFTrDA (1/20 mau, 5%) chi duoc
phat hién trong cac mau ldy trong miia mua, 10 PFC con lai déu dugc tim thay ¢ ca
hai mua (Hinh 3.1).
W Mia khd

W wvioa muea
W Trung binh hai moa

100

a0

&0

40

Tan suét phat hién (%)

20

EN
Kl

Hinh 3.1. Tan suit phat hién cua 12 PFC trong nudc mat tai khu vuc Phong Khé

Nhin chung, cac PFC vé6i mach carbon C6-C8 14 nhitng hop chat duoc phat
hién thudng xuyén nhét trong cac miu nude mit tai Phong Khé va ti 16 tim thiy cia

chung trong cac mau mua kho cao hon so v&i cdc mau mua mua. Tinh chung cho céac
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Bang 3.1. Tén suét phat hién (DF - %), khoang ndng do, gia tri trung vi va trung binh (ng/L) ctia cac PFC trong nudc mit hai mua

Mua khé Mua mua

TT Hop chét DF . .| Trung . Trung | Trung
%) Min Max Trung vi binh DF (%) | Min Max vi binh

1 PFHxA 100 0,453 15,93 3,648 4,592 85 KPH | 12,230 | 1,967 | 3,472
2 | PFHpA 90 KPH 1,863 0,256 0,506 80 KPH | 4805 | 1,095 | 1,590
3 PFOA 100 0,236 16,25 3,204 4,398 85 KPH | 13,340 | 2,397 | 3,890
4 | PFNA 100 0,136 3,324 1,075 1,203 15 KPH | 3335 | KPH | 0311
5 PFDA 0 KPH KPH KPH KPH 30 KPH | 2,755 | KPH | 0,367
6 | PFUnDA 10 KPH 0,771 KPH 0,065 10 KPH | 2070 | KPH | 0,150
7 | PFDoDA 20 KPH 0,413 KPH 0,064 30 KPH | 3995 | KPH | 0,839
8 | PFTrDA 0 KPH KPH KPH KPH 5 KPH | 0,620 | KPH | 0,031
9 | PFTeDA 10 KPH 0,656 KPH 0,052 20 KPH | 2965 | KPH | 0,371
10 | PFHxS 85 KPH 6,302 3,090 3,107 70 KPH | 12960 | 0,521 | 2,770
11 | PFOS 100 0,794 3,640 2,130 2,067 85 KPH | 3205 | 1,724 | 1,648
12 | PFDS 40 KPH 63,54 KPH 6,718 5 KPH | 0,615 | KPH | 0,031
Téng PFC 2,317 88,38 15,98 22,77 50,13 | 8,349 | 1547

Téng PFCA 1,511 37,12 8,816 10,88 39,65 | 5,560 | 11,02
Téng PFSA 0,805 73,23 6,047 11,89 15,18 | 2,782 | 4,449
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hai mua, nhirng chat 6 nhim c6 tin sudt phat hién cao nhét 1a PFHxA, PFOA va
PFOS (92,5%) va ca ba hop chat nay déu dugc phat hién trong tat ca cac mau nude
mit cia mua kho. Céac chat ¢6 tan suat phat hién cao tiép theo 13 PFHpA (85,0%) va
PFHxS (77,5%). Pang chu y, vao mua kho, PFNA ciling dugc phat hién trong 100%
cac mau nude mit, tuy nhién, hop chit nay chi dugc tim thiy trong 15% s6 mau mua
mua, din t6i tan sudt phat hién chung cho ca hai mua I 57,5%. Céc chat con lai déu
c6 tan sudt phat hién dudi 50%, trong d6 thap nhat 1a PFTrDA (2,5%), sau do t6i
PFUnDA (10,0%), PFDA va PFTeDA (15,0%), PFDS (22,5%) va PFDoDA
(25,0%). Trai nguoc voi cac dong dang mach ngan, ti 16 tim thiy cua cac PFC mach
dai nay trong mua mua (5 — 30%) cao hon trong mua khé (0 — 20%), ngoai trr PFDS

(mua kho: 40%, mua mua: 5%).

La nhiing chit c6 tan suét phat hi¢n cao nhét khi duoc tim théy tai khu vuc
Phong Khé ¢ ca hai mua, cac PFC véi s6 C < 8 ciing 14 nhiing chat c6 ndng do trong
nudc mit cao nhat (Hinh 3.2). Cu thé, ndng do trung binh chung cia PFOA trong ca
hai mua 1a 4,144 ng/L (v6i trung vi 14 2,581 ng/L va khoang nong d6 dao dong tir
KPH — 16,25 ng/L), tiép theo 1a PFHXA (trung binh: 4,032 ng/L, trung vi: 2,054 ng/L;
khoang nong do: KPH — 15,93 ng/L), PFHxS (trung binh: 2,938 ng/L; trung vi: 1,266
ng/L; khoang néng do: KPH — 12,96 ng/L), PFOS (trung binh: 1,857 ng/L; trung vi:
2,014 ng/L; khoang nong do: KPH — 3,640 ng/L) va PFHpA (trung binh: 1,048 ng/L;
trung vi: 0,761 ng/L va khoang ndong d6: KPH — 4,805 ng/L).

Dang luu ¥, ndng d6 trung binh cia PFDS rat cao trong mua kho (6,718 ng/L)
nhung thap hon dang ké trong mua mua (0,031 ng/L) va trung binh chung cho hai
mua 1a 3,374 ng/L (trung vi: KPH ng/L). Nguyén nhan 13 do trong s6 08 mau nuéc
mit mua kho phat hién duge PEDS, c6 04 mau (PK.SW.16-19) ¢6 n6ng d6 PFDS rét
cao trong khoang tir 7,608 — 63,54 ng/L, trong khi cic miu con lai c6 ndng do thap
hon nhiéu, tir KPH — 2,464 ng/L. Cac mau c6 néng do cao nay duoc thu thap trén
kénh din nudc thai tir cac co sd san xuat gidy ra song Ngiit Huyén Khé, cho thay nudc
thai tir hoat dong san xuét gidy c6 thé 1a mot ngudn 6 nhidm PFC dang ké. Két qua

phan tich ctia cAc mau tai vi tri kénh nudc thii nay thuong 1a cic dit liéu ngoai lai
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(outlier), khong chi PFDS ma con cac PFC khac, dac biét 1a cac PFCA mach dai
(PENA, PFUnDA va PFTeDA). Tuy nhién, day c6 thé 1a sy khac biét ddc trung vé
ngudn gdc phat sinh PFC, do vay cac dit liéu ndy van dugc giit lai va khong bi loai
bo khoi tap dit li¢u khi thyce hién cac so sanh théng ke.

Céac hop chit mach dai dugc phat hién khac, gdm cac PFCA véi C9-C14
(PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA va PFTeDA), chi dugc tim théy vol
ndng do kha thap, nam trong khoang KPH — 3,995 ng/L va gia tri ndng do trung binh
chung ¢ ca hai mua tir 0,016 — 0,757 ng/L (trung vi: KPH — 0,364 ng/L) (hinh 3.2).

800

6.00

400

Néng dé (nglL)

200

-

PFHxA FFHpA FFOA PFMA FFDA PFURDA  PFDoDA  PFTIDA  PFTeDA  PFHxS FFOS FFDS

oo

Hinh 3.2. Néng do cua 12 PFC trong nudc mat tai khu vuc Phong Khé
% Thanh phin ciia cic PFC trong nwéc mit

Tong nong do PFC dugc tim thay trong nude mat & khu vire Phong Khé nim
trong khoang tir KPH — 88,38 ng/L v&i gia tri trung binh 1a 19,12 ng/L va trung vi la
9,329 ng/L cho ca hai mua. Trong sb nay, cic PFCA déng gop 57,3% trong tong
lwong PFC, twong duong v6i tong nong d6 1a 10,95 ng/L (trung vi: 6,030 ng/L), trong
khi cac PFSA c6 tong nong d6 1a 8,170 ng/L (trung vi: 3,46 ng/L) va dong gop 42,7%
(Hinh 3.3).
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nong df (ng/L)

TR

10

Téng PFC Téng PFCA Téng PFSA

Hinh 3.3. Tong néng d6 PFC, PFCA va PFSA trong nudc mit tai khu vic Phong Khé

Nam hop chat < 8 C ¢6 tin sudt phat hién cao nhit trong ca hai mua dong gop
t6i 73,3% trong tong PFC dugc tim thiy trong nude mit tai khu vuc Phong Khé, trong
khi 6 hop chat PFCA mach dai (C9 - C14) chi chiém 9,0% tong nong do PFC phan
tich dugc. Trong sé nay, PFOA dong gop cao nhat, chiém 37,8% trong tong ndng do
PFCA va 21,7% trong tong ndng d6 PFC. Cac gia tri dong gop ctia PFHXA trong téng
PFC va PFCA lan luot 1a 36,8% va 21,1% va ciia PFHpA 14 9,6% va 5,5% tuong
ung. Bén canh do, hai PFSA < 8C, PFHxS va PFOS, dong gop lan luot 36,0% va
22.7% vao tong PFSA va chiém 15,4% va 9,7% tuong g trong tong PFC. P6i voi
hop chat PFSA con lai, do ndng d6 rat cao trong cic mau mua kho, PFDS dong gop
161 29,5% cua tong PFC va 56,5% trong tong PFSA vao mua kho va trung binh 17,6%
va 41,3% tuong ung cho cd hai mua (Hinh 3.4).
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B PFHpA
M PFOA

M PFNA
M PFDA
B PFUNDA
M PFDoDA
M PFTIDA
B PFTeDA
W PFHxS
W PFOS
M PFDS

Hinh 3.4. Phan trim déng gop cua ting PEC trong tong ndng d6 PFC

Nhu vay, mét cach téng quat, cac PFC mach ngén duogc phat hi¢n trong nudc
mat tai khu vyc Phong Khé véi tan suit cao hon va néng do 16n hon so véi cac PFC
mach dai (> C9). Két qua nay 1a kha hop li, pht hop vdi sy bién d6i vé do tan trong
nuéc cia cac PEC. Cac hop chit PFC véi mach carbon dai c6 d6 tan thip hon nhiéu
s0 voi cac hop chit mach ngan, chiing dé bi két tiia vi cac cation kim loai trong dung
dich va c6 xu hudng tich tu chu yéu & trong tram tich [33]. Ddi véi cac hop chét c6
cung sd C trong phan tir, cic PECA thudng c6 mit véi tan suat va ndong do cao hon
cac PFSA, ngoai trir PFDS nhu da phan tich ¢ trén. Didu nay 14 do cac PFSA c6 hé
s6 hap thu bai dit (Koe) cao hon so véi cac PECA, cho thidy PFSA c6 xu huéng bi
hap phy manh hon bai dat va tram tich [24] trong khi PFCA c6 xu hudng dugc gitr

lai trong nudc.
3.1.2. Nong dé PFC trong nwdc mt theo dia diém ldy mdu va theo mia

Trong s6 20 mau nude mit duoc thu thap & mdi mua, cac mau PK.SW.01 —
06 duogc 13y trén song Cau, cac mau PK.SW.07 — 15 duoc thu thap trén song Ngii
Huyén Khé va cic mau PK.SW.16 — 20 dugc liy tir muong dan nudc thai tir lang
nghé ra song Ngii Huyén Khé. Trong do6, vi tri PK.SW.04 1a diém giao cit giita song
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CAu va song Ngii Huyén Khé, vi tri PK.SW.20 1a diém giao cit gitta muong nudc
thai va song Ngii Huyén Khé. Nhin chung, cac mau duoc thu thap tir muong thai c6
s6 lugng va tan sudt phat hién PFC cao hon cac mau song Ngii Huyén Khé va thap
nhat 1a song Cau & ca hai mua. Cu thé, vao mua kho, c6 10/12 PFC dugc phat hién
trong cac mau nude ldy tir muong thai, trong khi sé chat 6 nhiém duoc tim thiy trong
nuée song Ngii Huyén Khé va nudce séng Cau lan luot 14 9 va 7 hop chat. Tuong tu,
trong mua mua, s hop chit co mit trong cac mau nudc muong thai cling 14 10n nhat,
11/12 chét, trong khi cdc mau tir song Ngii Huyén Khé va song Cau chtra 8 va 6 chat

tuong tng (Hinh 3.5).

Vi tri lay mau
N M Séng Cau
12 B Séng Nt Huyan Kha
M Muong thai

10

S6 chét phat hién dirgc
oh

Mua kho Miha muea

Hinh 3.5. S lugong PFC phat hién duogc trong cac mau nudc mat theo mua va theo

Vi tri léy mau tai khu vyc Phong Khé

Trong mua kho, tAt ca cac mau nudc mat déu phat hién dugc PFC, nhung trong
mua mua, 2/6 (33,3%) miu nudc séng Cau khong tim thiy bat ki PFC nao. Cac miu
dugc thu thap tai cac vi tri giao cat 1a nhiing vi tri tim thay sb lugng PFC nhiéu nhét,
dic biét 1a trong mua mua (PK.SW.04 so v6i cac diém lay mau trén séng Cau va
PK.SW.20 so v&i cac diém 1y mau trén song Ngii Huyén Khé). Két qua nay cho thay

nude thai tir hoat dong san xuit gidy 14 mot ngudn 6 nhiém PFC dang quan tAm va
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dong gop 1on toi sy co mit cua cac PEC ¢ séng Ngii Huyén Khé va séng Cau thudc

khu vire Phong Khé, Bic Ninh.
% Néng dp ciia cdc PFC theo cdc nhém dia diém liy méu

Nong d6 PFC duoc tim thiy trong cic mau nudc muong thai ciing cao hon so
v6i nude song Ngii Huyén Khé va song Cau (Hinh 3.6). Tinh chung cho ca hai mua,
gia tri trung vi cua tong PFC trong cic miu nudc muong thai 1a 41,69 ng/L (trung
binh: 45,12 ng/L; khoang nong do: 22,18 — 88,38 ng/L), trong khi gié tri trung vi dbi
véi cac mau nudc song Ngii Huyén Khé 1a 9,385 ng/L (trung binh: 15,30 ng/L;
khoang ndng do: 6,723 — 49,023 ng/L) va song Cau 1a 2,405 ng/L (trung binh: 3,180
ng/L; khoang nong do: KPH — 9,416 ng/L). Piém ldy mau PK.SW.17 c6 tong nong
do PFC (88,38 ng/L) cao dot bién duoc thu vao mua kho tai muong thai gén khu vuc
san xuat gidy tap trung. Piéu dang noi, nong do cia hop chat PFDS lén toi 63,54
ng/L, goi y ngudn dic trung trong nudc thai muia kho tai diém nay co thé lién quan

dén PFDS.

Vi tri lay mau
100 B séng Cau
M Song Ngii Huyén Khé
o B M ong thi
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Hinh 3.6. So sanh tong nong d6 PFC, PECA va PFSA trong nudc mit giita cic

nhém vi tri lay mau khac nhau tai khu vuc nghién ctru
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Phan tich Kruskal-Wallis H test duoc stir dung dé xac dinh su khéc biét vé téng
PFC clia ba nhom vi tri 1y miu khac nhau (song Cau (n = 12), séng Ngii Huyén Khé
(n = 18) va muong thai (n = 10)). Két qua cho thiy sy khac biét vé tong PFC cua cic
cap vi tri déu co ¥ nghia thong ké (séng Cau — muong thai: p < 0,001; séng Cau —
song Ngli Huyén Khé: p = 0,009; va song Ngii Huyén Khé — muong thai: p =0,010).
Su khac biét c6 ¥ nghia thong ké twong tu (p < 0,05) ciing duoc tim thdy di v6i tong
PFCA va PFSA clia cac mau muong thai so v&i cac mau song Ngii Huyén Khé va
song Cau. Cac diém ngoai lai trong hinh 3.7 déu & nhing vi tri 1y miu tai muong
thai va song Ngii Huyén Khé, diéu nay cho thdy ngudn tiém ning dan t6i ndng do cac

hop chat ndy cao ddt bién co lién quan dén hoat dong san xuat va xa thai.

Vi tri lay mau
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Hinh 3.7. Nong d¢ ciia nim PFC chinh trong nuéc mit tai gitta cac nhom vi tri lay
mau khac nhau tai khu vuc nghién ctru
Khi xem xét sy bién doi ciia timg hop chéat 6 nhiém theo nhém dia diém lay
mau, 5 PFC c6 tan suét phat hién trén 50% & ca hai mua (bao gdbm PFHxA, PFHpA,
PFOA, PFHxS va PFOS) déu duoc tim thay v&i ndng d6 theo tht tw: muong thai >
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song Ngii Huyén Khé > song Cau (Hinh 3.7). Su khac biét vé ndng do cua cac chét
nay gitra cac mau 1ay trén song Cau v6i hai nhom vi tri con lai déu cé y nghia thong
ké (p < 0,05), ngoai trir PFHpA (cip song Cau — muong thai: p = 0,080) va PFHxXS
(cap song Cau — séong Ngiit Huyén Khé: p = 0,207). Trong khi d6, ngoai trir PFHpA
(p = 0,016) va PFHxS (p = 0,002), su khac bié¢t gitta cap song Ngii Huyén Khé —
muong thai khong c6 y nghia thdng ké (p > 0,05) . Cac két qua ndy mot 1an nira khing
dinh lai vé su anh huong cua cac hoat dong san XUAt giéy td1 su hién dién cua cac

PFC trong nuéc mét & khu vyc nghién ctu.
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Hinh 3.8. Téng nff)ng do PFC, PFCA va PFSA trong nud¢c mat tai khu vuc nghién
ctru theo vi tri 1dy mau va theo mua
Khi xem xét theo timg mua, su bién d6i 13 phirc tap hon (Hinh 3.8). Cu thé,
trong mua kho, tong ndng d6 PFC trong cac mau nudc song Cau (trung binh: 4,117

ng/L; trung vi: 3,096 ng/L) thip hon dang ké so véi gia tri tim dugc ctia cac mau nudc
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song Ngii Huyén Khé (trung binh: 21,00 ng/L; trung vi: 16,77 ng/L; p = 0,038) va
muong thai (trung binh: 48,36 ng/L; trung vi: 41,32 ng/L; p = 0,001) nhung sy khac
biét vé téng PFC giita cac mau song Ngii Huyén Khé va muong thai 1a khong co ¥
nghia vé mit thong ké (p = 0,277). Tuy nhién, vao mua mua, tong PFC trong cic miu
nuée séng Cau (trung binh: 2,243 ng/L; trung vi: 1,212 ng/L) chi thip hon dang ké
so v6i ndng d6 tim thiy trong muong thai (trung binh: 41,89 ng/L; trung vi: 42,05
ng/L; p = 0,001), trong khi khong c6 su khac biét c6 ¥ nghia thong ké khi so sanh véi
cac mau cta song Ngii Huyén Khé (trung binh: 9,606 ng/L; trung vi: 8,038 ng/L; p =
0,271). Bén canh d0, tong PFC ctia cac mau nuédc song Ngii Huyén Khé nim trén
ranh gi6i khac biét so voi cac mau muong thai (p = 0,050). Cac két luan twong tu
cling duoc tim thay khi so sanh tong ndng d6 PFCA va PFSA giita ba khu vuc lay

mau.

Sy bién d6i vé nong do cua cac PFC c6 tan suat phat hién trén 50% trong cung
mot mua gitta cac nhom diém 1dy mau ciing dugce xem xét (Hinh 3.9). Két qua phan
tich cho théy, vao mua kho, néng do cac PFC trong cac mau thu dugc giam dan theo
thir ty: muong thai > séng Ngii Huyén Khé > séng Cau d6i voi PFHxA, PFHxS va
PFOS; trong khi thtr ty nay cho PFOA va PFNA la: song Ngii Huyén Khé > muong
thai > séng Cau. Su khac biét giita cip vi tri c6 ndng do 16n nhit va nho nhat (muong
thai — song Cau trong trudng hop PFHxA, PFHxS va PFOS; song Ngii Huyén Khé —
song Cau d6i véi PFOA va PFNA) déu c6 y nghia thong ké (p < 0,05), trong khi
khong co sy khac biét dang ké giita cip muong thai — song Ngii Huyén Khé (p >
0,05). Pac biét, néng d6 PFHpA trong cac mau mua kho bién d6i theo thir tu vi tri
14y mAu nhu sau: song Ngiit Huyén Khé > song Cau > muong thai va ddy 1a chat duy
nhat cho thay su khac biét dang ké vé ndng do gifta cip vi tri song Ngii Huyén Khé
va muong thai (p = 0,038). Nguoc lai, trong mua mua, su bién ddi dién ra tuong ddi
giong nhau giira cac chat, khi nong do tim thdy cia PFHxXA, PFHpA, PFOA va PFHxS
trong cac miu muong thai 14 16n nhat, tiép theo 1a song Ngii Huyén Khé va nhé nhat
1a séng Cau; trong do, cac sy khac biét giira cip muong thai — song Cau déu cd ¥

nghia thong ké (p < 0,05). P6i v6i PFOS, thir tu bién d6i c6 d6i chat khac biét: song
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Ngii Huyén Khé > muong thai > song Cau va su khic nhau vé ndng do gitra cac nhém
vi tri 1ay miu khong ¢6 ¥ nghia théng ké (p > 0,05). Nhitng kham pha nay cho thiy
s anh huéng cua khu vuc san xuat (muong thai) t6i chat lugng nude cia cic song
tiép nhan nude thai khi song Ngit Huyén Khé 13 séng tiép nhan truc tiép ngudn nude
thai bj anh hudng manh hon so vé6i séng Cau 1a song tiép nhan gian tiép, dic biét la

trong mua kho khi tdc dong ctia nudc mua nhod hon.
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Hinh 3.9. Néng do PFHxA, PFHpA, PFOA, PFHxS va PFOS trong nudc mat tai
khu vuc nghién ctru theo vi tri 1dy mau va theo mua
% Nong dp ciia cdc PFC theo miia khé va mita mua
Khi so sanh sy anh hudng cta thoi gian (hai mua kho va mua) téi hién trang
6 nhiém PFC trong nudc mit tai khu vuc Phong Khé béng kiém dinh Wilcoxon
signed-rank, tong PFC ctia cac mau mua kho (trung binh: 22,77 ng/L; trung vi: 15,98
ng/L) cao hon dang ké (p = 0,028) so v6i tong PFC tim thay trong cac mau mua mua

(trung binh: 15,47 ng/L; trung vi: 8,349 ng/L). Su khac biét nay chu yéu la do téng
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PFSA cua cac mau mua kho (trung binh: 11,89 ng/L; trung vi: 6,047 ng/L) cao hon
nhiéu (p =0,012) so voi cac mAau muia mua (trung binh: 4,449 ng/L; trung vi: 2,782
ng/L), trong khi su khac biét vé tong PFCA giita hai mua (trung binh: 10,88 va 11,02
ng/L; trung vi: 8,816 va 5,560 ng/L tuong ting v&1 mua kho va mua mua) khong co y
nghia thdng ké (p = 0,236) (Hinh 3.10). Mt khac, luu lwong nude trung binh thang
4/2020 cta séong Ngii Huyén Khé (0,51 m*/s) va song Cau (115,4 m*/s) nhé hon dang
ké so luu luong nudce trung binh thang 9/2020 (1an luot 1a 8,67 m3/s va 210,2 m?/s).
Diéu nay cho thay vao mua kho, luu lugng nudc nho dan dén kha ning tu lam sach
kém, tao diéu kién tot cho viée léng dong va tich tu chit 6 nhiém trong nudc. Nguoc
lai, vao mua mua, luu luong nudc ting manh, gop phan pha loing cac chét 6 nhiém,

dic biét 12 d6i v6i nhom chét tan tot trong nudc nhu PFC.

Khi xem xét theo cac nhom dia diém léy mau khac nhau, khong c6 su khac
biét c6 y nghia thong ké vé tong PFC (p > 0,05) ctia cac mau song Cau hodc muong
thai gitra mua kho (trung binh: 4,117 va 48,35 ng/L; trung vi: 3,096 va 41,32 ng/L
twong rng) va mua mua (trung binh: 2,243 va 41,89 ng/L; trung vi: 1,212 va 42,05
ng/L tuong tng), tuy nhién tong PFC trong cac miu song Ngii Huyén Khé mua kho
(trung binh: 21,00 ng/L; trung vi: 16,77 ng/L) cao hon dang ké (p = 0,008) so véi cac
mau mua mua (trung binh: 9,606 ng/L; trung vi: 8,038 ng/L). Vi tri léy mau thudc
song Ngii Huyén Khé ciing 13 noi c6 su khac biét co y nghia thong ké vé tong PECA
(p = 0,039) va PFSA (p = 0,008) gittra mua kho (trung binh: 14,111 va 6,885 ng/L;
trung vi: 11,630 va 6,771 ng/L tuong rng) va mua mua (trung binh: 6,946 va 2,660
ng/L; trung vi: 5,537 va 2,669 ng/L tuong tng). Nguoc lai, khong c6 su khac biét
dang ké (p > 0,05) vé tong PFCA va PFSA giita hai mua ddi v&i cac mau song Cau.
Trong khi d6, v&i cac mau muong thai, mic du tong PFSA khéng c6 su khac biét c6
¥ nghia théng ké (p = 0,225) giita hai mua, tong PFCA trong mua kho (trung binh:
15,14 ng/L; trung vi: 15,14 ng/L) thap hon dang ké (p = 0,043) so véi miia mua (trung
binh: 29,85 ng/L; trung vi: 28,38 ng/L). C6 thé nhan thay rang song Ngii Huyén Khé
c6 dic diém thuy vin hoan toan khac biét so véi song Cau. Luu luong dong chay

trung binh cta song Ngii Huyén Khé trong mua kho (0,51 m?/s) va mua mua (8,67
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m?/s) nho hon rat nhiéu so véi luu lugng twong tng cua séng Cau (115,4 m¥/s va
210,2 m*/s). Sy chénh léch 16n nay phan anh quy mé luu vuc ciing nhu ché d6 thuy
van khéac nhau gitra hai con song. Véi luu luong nhd, song Ngii Huyén Khé c6 kha
nang pha lodng chét 6 nhiém han ché, dan dén néng do cac chat 6 nhiém thudng cao
hon trong mua kho, khi dong chay suy giam manh. Tuy nhién, vao mua mua, luu
lwong nuée ting dot bién c6 thé lam thay doi dang ké ndng d6 6 nhiém do qua trinh
pha loang va phat tan dién ra manh hon. Nguoc lai, song Cau vé6i luu luong 16m va
6n dinh hon c6 kha ning pha lodng va phan tan cac chat 6 nhiém tét nén néng do 6
nhiém thuong khong bién dong nhiéu gitta hai mua. Cac két qua nay goi ¥ rang qua
trinh lang dong khi quyén (nudc mua) c6 anh hudng manh hon téi khu vuc nude mat
c0 luu lugng nhé nhu muong thai, song Ngti Huyén Khé va it anh huong to1 thay vuc

16m nhu song Cau.
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Hinh 3.10. Tong ndéng d6 PFC, PFCA va PFSA trong nu6c mit theo mua tai

khu vyc nghién ctu
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% So sdnh nong d¢ PFC trong nwéc mdt tai khu viece Phong Khé véi cdc khu vue

khdc tai Viét Nam, trén thé gidi va tiéu chudn quéc té hién hanh

Trong nghién ctru ndy, tong ndng d6 PFC trong nudc mit tai khu vyc Phong
Khé nam trong khoang tir KPH — 88,38 ng/L (trung binh: 19,12 ng/L va trung vi:
9,329 ng/L), cao hon so véi cac két qua thu duoc trong nudc mit (nude song, nude
ao va muong thai) tai mot sé lang nghé ¢ mién Bic Viét Nam (khoang ndng do: 0,83
— 58,2 ng/L; trung binh: 10,68 ng/L; trung vi: 12,40 ng/L). Bén canh do, téng PFC
trong nudc song Ngii Huyén Khé cao hon trong khi gia tri tim dugc trong nudc song
Céu trong nghién ctru ndy twong duong véi cac két qua thu duoc d6i véi nude mit tir
hé thong cac song 10n tai Viét Nam, bao gdm séng Hong, Pong Nai, Sai Gon, Mé
Koéng, Mi, Pa Rang, Cai, Quan Truong [52, 91] va song Day [14]. Nhitng kham pha
nay cho thay hoat dong tai ché gidy 1a mot ngudn phai thai PFC can dugc quan tim
va song Ngii Huyén Khé chiu anh huong tryc tiép tir nguon thai ndy c¢6 mirc d6 6

nhiém PFC cao.

Mic du ¢6 mtc dd 6 nhiém PFC cao hon so véi nudc mit tai cac dia diém
khac & Viét Nam, téng PFC thu duogc trong nghién ctru ndy thap hon nhiéu so véi
néng do tim théy trong nudc mat tai cac Iuu vuc song khac trén thé giol. Tu két qua
dugc théng ké trong bang 1.5 c6 thé thay néng do PFC trong nudc mat duoc phat
hién cao hon nhiéu tai cdc khu vuc gin cdc nha may san xuét cong nghiép hoa chat
nhu Changsu, Trung Quéc (7,0 — 489 ng/L) [41]; song Yugiao, Trung Qudc (5,8 —
120,9 ng/L) [40]. PBac biét, néng do cua cac hop chit duoc dua vao danh muc han ché
(PFOS) va loai bo (PFOA va PFHxS) trong san xut va sir dung theo Cong udc
Stockholm trong nghién ctru nay thap hon nhiéu so véi ndng do tim thiy trong nudc
mit tai mot sé khu vuc dic thu khac trén thé gidi. N@)ng dd PFOA cao nhit trong
nude mat dugc thu thap tai song Xiaoqing, Trung Qudc (gan khu cong nghiép) 1én
t6i 320.000 ng/L [82], song Keya, Dai Loan (gan khu cong nghiép) dat 717 ng/L;
song Nanmen, Pai Loan dat 517,3 ng/L [100]; song Yodo, Nhat Ban dat 2.600 ng/L
[98] cao hon nhiéu so voi ndong dd6 PFOA trong nghién ctru nay (cao nhat: 16,25

ng/L). Nong d6 PFOS cao nhit (3,64 ng/L) trong nghién ctru & muc twong duong so
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v6i ndng d6 PFOS tim thay tai song Yuquiao (5,54 ng/L) [40] va Xiaoqing (5,3 ng/L)
[82], Trung Qudc; séng Hang (3,91 ng/L) [160], An D6 nhung & mirc thip hon nhiéu
so voi song Keya (4330 ng/L) va song Nanmen (6050 ng/L), Pai Loan [100]; song
Yodo (123 ng/L), Nhat Ban [98]. Tuong tu, ndng d6 PFHxS trong nghién ctru nay

thap hon so véi két qua ctia cac nghién ctru khac trén thé gioi.

Khi so sanh véi tiéu chudn cta Lién minh chdu Au dbi v6i PFOS trong nudc
mat (0,65 ng/L), tAt ca cac mau mua kho déu vuot tiéu chuén, trong d6 15/20 mau
vuot gip hon hai 1an. Ngoai ra, vao mua mua, 14/20 mau vuot tiéu chuan chau Au.
Diéu nay cho thdy nguy co tiém an ddi véi moi truong va sie khoe con ngudi va viée
tinh toan rdi ro sinh thai va rii ro strc khoe 1a rat can thiét.

3.1.3. Pdanh gid nguon géc cic PFC trong nwéc mdt

Thanh phan cta cac PFC trong cic mau moi trudng cé thé cung cip mot sb
thong tin quan trong vé nguén 6 nhiém. Trong cac nghién ctru da dugc cong bo trudc
day, ti 16 nong d6 gitra cac chat nhuw PFOS/PFOA, PFHxA/PFOA va PFHpA/PFOA
da dugc st dung dé xac dinh céc nguén PFC tiém nang [136]. Simcik va cdng su
(2005) da phat hién ra rang, ndng d6 cao cia PFHxA va PFHpA trong nudc mit &
nhirg khu vuc héo 1anh c6 ngudn gbe tir qua trinh ling dong khi quyén nhu mua;
trong khi do, néng do PFOA cao hon trong nudc mat & khu vuc d6 thi c6 nguyén
nhan chinh 1a cic ngudn khac khong phai tir khi quyén, bao gom cac ngudn tir hoat
dong cua con nguoi nhu nudce thai. Do do, ti 1¢ PFHxA/PFOA va PFHpA/PFOA cé
thé duoc sir dung dé xac dinh ngudn gbc cua cac PFCA trong cac mau nudc mdi
truong, bao gdm ca nudc ngdm. Tuy nhién, ti 16 PFHXA/PFOA va PFHpA/PFOA
khong phai lic nao ciling bién d6i cung chiéu, dic biét 1a khi hai chat PFHXA va
PFHpA c6 ngudn gbec hdn hop tir ca su ling dong trong khi quyén cung hoat dong
ctia con ngudi. Do vay, trong nghién ctru nay, ti 18 tong (PFHxA + PFHpA)/PFOA
duogc st dung. O mdt khu vuc it chju tac dong cua con nguoi, ti I¢ nay trong mua mua
s& cao hon trong mua kh, do su bd sung ciia PFHXA va PFHpA tir nudc mua. Mit
khac, trong muia mua, cac khu vuc ¢6 ngudn PFC chinh tir ling dong khi quyén sé& co

ti 1€ nay cao hon céc khu vuc chiu danh hudng ctia con nguoi.
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Nhin chung, cac miu nude mit & khu vue Phong Khé cho thiy gia trj ti 16 tong
(PFHxA + PFHpA)/PFOA thu dugc ¢ mua kho (1,95) cao hon ¢ mua mua (1,61)
(Hinh 3.11). Tht ty bién dbi trong mua khé nhu sau: muong thai (2,29) > song Ngii
Huyén Khé (2,13) > séng Cau (1,39); trong khi thtr ty nay nguoc lai trong mua mua:
song Cau (2,17) > song Ngii Huyén Khé (1,44) > muong thai (1,24). Két qua nay chi
ra rang nuéc mit & khu vuc Phong Khé chiu tac dong 6 nhidém PFC chu yéu tir cac
hoat dong cua con nguodi va muong thai chiu tdc dong manh nhét, sau d6 téi song
Ngii Huyén Khé va thap nhat 1a song Cau. Mic du vy, cac sy so sanh trén déu khong
c6 y nghia vé mat théng ké (p > 0,05) cho thay su 6 nhiém PFC trong nudc mit tai
khu vuc Phong Khé téi tir ca hai ngudn, trong d6 hoat dong ctia con nguoi cé tac
dong manh hon, dac biét 1a cac kénh dan nuédc thai va song Ngii Huyén Khé 1a noi

ti€p nhan truc ti€p cua nguodn thai nay.
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Hinh 3.11. Ti 1¢ (PFHxA + PFHpA)/PFOA ctia cAc mau nudc mit tai
khu vuc Phong Khé

Phan tich thanh phan chinh (PCA) 1a mét cong cu phan tich da bién don gian,
hiéu qua va duoc stir dung rong rai dé giam do phuc tap cta tap dir liéu va kham pha
cac bién tiém an. Trong nghién ctru nay, phuong phap PCA duoc ap dung dé phan
tich mdi quan h¢ gitra néng do ctia cac PFC va cac nhom mau nude mit duoc thu
thap tai khu vuc Phong Khé trong miia mua va mua kho. Trong tong s6 40 mau nudc
mat dugc phan tich, caic PFC mach dai voi s6 C > 9, bao g6m PFDA, PFUnDA,
PFDoDA, PFTrDA, PFTeDA va PFDS, chi dugc tim thay véi tan suat phat hién dudi
50%. Do do, tap dir liéu dugc st dung cho phan tich PCA bao gém 5 chit: PFHXA,
PFHpA, PFOA, PFHxS va PFOS. Nam thanh phan chinh d3 duoc trich xuit bang
cach sir dung phuong phap PCA két hop véi phép xoay varimax, voi hai thanh phan
dau tién di giai thich duoc 83,8% tong phuong sai cua tip dit liéu. Cu thé, PC1 bao
gém PFHxS va ba PFCA (PFHxA, PFHpA va PFOA), giai thich duoc 65,7% tong
phuong sai. Nguoc lai, PC2 bao gdbm PFHxA va PFOS, chiém 32,5% tong phuong
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sai. Gi4 tri riéng ctia PC1 va PC2 lan luot 1a 3,285 va 0,903, két hop voi biéu do sut
giam phuong sai (scree plot) cho thay viéc Iyra chon PCA chi vé6i hai thanh phan chinh
nay 1a phu hop. Trong PC1, PFHpA c6 anh huong manh nhét, v6i hé sb tai trong 1a
0,912, trong khi PFHxS va PFOA c6 anh huéng gan twong dwong, véi hé so tai trong
lan luot 13 0,818 va 0,812. Trong PC2, PFOS c6 anh hudng 16n nhét, véi hé sb tai
trong 1a 0,951, trong khi hé s6 cua PFHxA 12 0,512.

Biéu d6 hai chiéu trong Hinh 3.12 cho thay su khac biét trong ddi rd rang giira
cac thanh phﬁn ciia mau nude mit thu duge & cac nhom dia diém léy mau khéac nhau.
Trong khi khong c6 su khéac biét 1d rang vé phan bd cua cac miu nude song Cau mua
kho va miia mua, cdc mau song Ngii Huyén Khé phan bd & hai phan ciia PC2 trong
khi cac miu muong thai phan bd vé hai phia ciia PC1. Piéu nay cho thay su khac biét

v€ nguon goc cua cac PFC trong nudc mat gitra hai mua.

Lang nghé gidy Phong Khé, véi lich sir san xuat gidy c6 tir hang trim niam
trude, dang khong ngimg phat trién vé quy mo, san luong va chung loai gidy. Trudc
day, lang nghé gidy truyén thong nay chi yéu san xuat gidy do (khong xir Iy hoa chat).
Ngay nay, lang nghé di md rong san xuat sang cac san pham gidy cong nghiép da
dang dé dap tmg nhu cau thi trudng, chang han nhu gidy bia carton va gidy hoc sinh.
Tuy nhién, cac san pham cong nghiép nay c6 kha ning cao chira cac PFC dugc thém
vao dé 1am cho gidy chdng thim nuéc. Cac nghién ciru gan dy da chi ra su hién dién
ctia nhiéu PFC trong cac vat liéu dong goi [75] va cc san pham gidy [92]. Trude day,
cac PFC dugc sir dung trong bao bi thuong 1a hon hop ctia C8, C10 va C12. Tuy
nhién, chiing di dan dugc thay thé bang cac PFC mach ngan, chu yéu la cac hop chat
C6, do ap luc phap 1y ngdy cang ting tir nhitng nim 2000. Két qua thu dugc trong
nghién ciru nay cho thay mic du cac hop chat C6 va C7 c6 dong gop 16n vao thanh
phém cua cac PFC trong nudc mat tai khu vuc Phong Khé, cac hop chat C8, C10 va
C12 van dugc phat hién véi tan suét va néng do tuong ddi cao, dic biét 1a PFOA va
PFOS. Diéu nay cho thay can kiém soat chit ché hon cac vat liéu dau vao trong qua
trinh san xut gidy. Hon nita, mot nghién ctru trude day vé mirc d6 6 nhiém PFC trong

nudc mit tai khu vuc nay cho thay tong ndng d6 PFC cao hon dang ké so véi khu
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vuc tham chiéu khong c6 cong nghiép [15]. Do d6, 6 nhidm nuéc thai tir cac hoat
dong cong nghiép ndi chung va cac hoat dong san xuét, tai ché gidy noi riéng c6 thé

dugc coi 1a ngudn phat thai PEC chinh vao nudc mit.

PFOS

Component 2
ol
il
o

PFHpA

Component 1

Hinh 3.12. Két qua phan tich PCA dbi véi cac PFC trong hai mua (hinh tron dai
dién cho cac mau song Cau, hinh vudng dai dién cho cac mau muong thai, hinh tam
giac dai di¢n cho céc mau song Ngii Huyén Khé, mau den dai dién cho mua kho va

mau xanh dai dién cho mua mua)

3.1.4. Danh gia rui ro sinh thdi tir sw c6 mdt cua cac PFC trong nwdc mdt

Trong nghién ctru ndy, cac gia tri doc tinh cap tinh (LC50 va EC50) va doc
tinh man tinh (NOEC/LOEC) cta cac PFC dugc tham khao tir cdc nghién ctru trude
day va dugc trinh bay trong bang P8 phan phy luc. Do tan suét phat hién thap hodc
dir liéu vé doc tinh han ché nén gia tri rai ro sinh thai RQ trong nude mit khong duoc
tinh d6i v6i cac hop chat PETrDA, PFTeDA, PFHxS va PFDS. Két qua tinh toan RQ
tuong ung véi cac PFC trong nudc mit cho tat ca cac nhom diém lay mau ¢ khu vuc
Phong Khé (Séng Cau, Song Ngit Huyén Khé va muong nudce) duoc trinh bay trong
Béang 3.2. Két qua phan tich rui ro sinh thai cho thdy phan 1én cac gia tri déu nam
trong ngudng an toan ddi voi cic nhom sinh vat thuy sinh, thé hién qua mau xanh

trén bang dir liéu. Ddi véi cac hop chat PFHxA, PFHpA, PFDoDA va PFOS, gia tri
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RQ tai tat ca cac nhém diém ¢ ca hai mua khd va mua mua déu nhoé hon 0,01 cho
thiy chiing khong giy rui ro cho cac loai sinh vét dugc danh gia bao gém céc sinh
vat phu du Daphnia magna, Moina macrocopa, Moina micrura va Brachionus
calyciflorus. Tuy nhién, mot s6 hop chat nhu PFOA, PFNA, PFDA va PFUnDA bit
dau xuit hién gia tri vuot ngudng an toan sinh thai & mét sé loai nhay cam, phan anh
qua cic 6 mau cam tuong Ung véi muc rui ro thap dén trung binh. Dic biét, loai
Chironomus plumosus lién tuc ghi nhan céc gia tri trong ngudng rii ro thap va trung
binh (0,02 — 0,1) d6i v6i PFOA tai song Ngii Huyén Khé va muong nudc & ca hai
mua; muc rui ro thap (0,01 — 0,02) ddi véi PFNA tai song Cau va song Ngii Huyén
Khé vao mua kho, muong nudce ¢ ca hai mua. PFDA va PFUnDA trong muong nudc
vao mua mua ciing gy rui ro thip cho Chironomus plumosus. Bén canh d6, PFOA
trong nudc song Ngii Huyén Khé (mua kho) va muong nudce (ca hai mua) con cho
thay kha nang gy rai ro & muc thap cho loai giap xac Moina micrura. Két qua cia
nghién ctru ndy cho thdy mirc rui ro thap giy ra bai PFUnDA dbi vé6i loai Cyprinus

carpio tai tat ca cac diém ngoai trr song Cau vao mua kho.

Déi v6i ba nhom diém 1dy mau, gia tri RQ > 0,01 dwogc phat hién véi tan suat
cao nhat tai muong nudc vao ca mua kho va mua mua, dac biét ¢ loai Chironomus
plumosus (PFOA, PFNA, PFDA va PFUnDA), Moina micrura (PFOA) va loai
Cyprinus carpio (PFUnDA). Piéu nay cho thay muc d6 rii ro c6 xu hudng gia tang
tai nhitng khu vuc nudc nong, tu dong, c6 kha nang tich tu PFC cao va it kha nang
pha lodng theo mua. Tiép theo 1 song Ngii Huyén Khé, ghi nhan gia tri ri ro & murc
thap d6i voi cac nhom sinh vat nhay cam trén véi tan suat thap hon. Séng Cau & vi
tri cach xa ngudn 6 nhiém hon cho thay cac hop chat PFC hau nhu khong gay rui ro
sinh thai. Nghién ctru ctia Lin va cong su (2022) cho thady PFHxA, PFOA, PENA va
PFOS gan nhu khong gay rii ro cho céc sinh vat thity sinh tai vinh Dongshan (Trung
Qudc) [101]. PFBA, PFPeA, PFHxA, PFHpA khong gay rii ro sinh thai trong khi

PFOA gay rili ro cao d6i vi Chironomus plumosus (RQ = 1,96), Chironomus
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Bang 3.2: Chi sd rii ro RQs ctia cdc hop chat PFC d6i v6i mot sb sinh vat thay sinh

Hop chit

Loai

Song Cau

Song Ngii Huyén Khé

Muong nuéc

PFHxA

Daphnia magna

Brachionus calyciflorus

PFHpA

Daphnia magna

PFOA

Brachionus calyciflorus

Chironomus plumosus

Chydorus sphaericus

Cipangopaludina cathayensis

Cyclops sp.

Limnodrilus hoffmeisteri

Macrobrachium nipponense

Moina macrocopa

Moina micrura

Neocaridina denticulata

Cyprinus carpio

Mua kho | Mua mua
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Mua kho

Mua mua

Mua kho | Mua mwa




Daphnia magna

PFNA | Chironomus plumosus

Chydorus sphaericus

Daphnia magna

PFDA | Chironomus plumosus

Chydorus sphaericus

Daphnia magna

Chironomus plumosus
PFUnDA

Chydorus sphaericus

Cyprinus carpio

PFDoDA | Daphnia magna

Moina macrocopa
PFOS

Moina micrura

Daphnia magna

Brachionus calyciflorus

- Rui ro thap;

Chi thich: [ | Khong gy rui ro; I Rui ro trung binh
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riparius (RQ = 1,96) tai song Hoang Ha (Trung Qudc). mét sd nghién ctru cong bd
mirc d6 rui ro sinh thai PEBA, PFPeA, PFOA va PFBS gay gui ro thap cho cac hé
sinh thai ven bién tai ving bién phia Nam Trung Qudc [149]. Mic du két qua tinh
toan rui ro sinh thai chua déng lo ngai nhung van can tiép tuc nghién ciru va quan trac
cac hop chit PFC nham kip thoi phat hién nhitng nguy co gy anh huong t6i hé sinh

thai cling nhu cac sinh vat thuy sinh.

3.2. Su ¢6 mat cia cac PFC trong nwéc ngam va danh gia rii ro sirc khée con

nguoi thong qua viéc tiéu thu nwéc ngam
3.2.1. Sw co mat cua cac PFC trong nuwdc ngdm
% Tan sudt va nong dp ciia cdc PFC trong nwéc ngiam

So vGi cdc mau nudc mat, ti 18 vé sd mau va sb luong PFC phat hién dugc
trong cac mau nudc ngém duogc thu thap tai khu vuc Phong Khé déu nho hon. Cu thé,
trong s6 17 PFC duoc phan tich trong 40 mau nudc ngam & ca hai mua kho va mua,
¢6 9/17 PEC dugc tim thay trong 77,5% sd mau. Trong sd nay, c6 3 PFCA (bao gom
PFHxA, PFHpA va PFOA) va 2 PFSA (PFHxS va PFOS) dugc phat hi¢n trong cé 2
mua. Trong khi d6, PFNA chi duoc phat hién trong cic mau nudc ngdm thu thip
trong mua kho, con PFDoDA, PFTrDA va PFTeDA chi dugc phat hién trong cac mau
mua mua. Ba hop chit PFDA, PFUnDA va PFDS khong dugc tim thiy trong nuéc
ngam & ca hai mua. Tan suat phat hién (DF - %), khoang nong d, gia tri trung vi va

trung binh (ng/L) ctia cac PFC trong nudc ngam hai mua duoc trinh bay trong Bang 3.3.

Tuong tu nhu cac mau nudc mat, tinh chung cho ca hai mua, cdc PFCA véi
C6 - C8 1a nhirng hop chat c6 mat thuong xuyén nhat trong cic mau nudc ngam tai
Phong Khé va tan suét phat hién cta chung trong mua khé cao hon trong mua mua.
Mic du vay, ti 1& tim thay ctia cac hop chat ndy trong nudc ngam thap hon so véi tan
sudt phat hién cua chung trong nuéc mit. PFOA (65,0%) 13 hop chat c6 mit phd bién
nhat trong nudc ngam, tiép sau d6 1a PFHxXA (60,0%) va PFHpA (57,5%). Mic du

dugc tim thiy twong ddi pho bién vao mua kho véi tan suat phat hién trén 50%, ti 18
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Bang 3.3. Tan suat phat hién (DF - %), khoang ndng d9, gia tri trung vi v trung binh (ng/L) ctia cac PFC trong nudc ngdm hai mua

Mua khoé Mua mua
TT Hop chit DF Trung | DF _ Trung | Trung
%) Min Max | Trung vi binh %) Min Max vi binh
1 PFHxA 66,7 KPH 6,187 0,346 0,746 54,5 KPH | 2,954 | 0,782 | 0,898
2 PFHpA 61,1 KPH 6,807 0,232 0,606 54,5 KPH | 2,161 | 0,671 | 0,583
3 PFOA 66,7 KPH 2,377 0,422 0,627 63,6 KPH | 2,745 | 1,347 | 1,157
4 | PFNA 16,7 KPH 0,528 KPH 0,064 0 KPH KPH KPH KPH
5 PFDA 0 KPH KPH KPH KPH 0 KPH KPH KPH KPH
6 | PFUnDA 0 KPH KPH KPH KPH 0 KPH KPH KPH KPH
7 PFDoDA 0 KPH KPH KPH KPH 9,1 KPH 1,421 KPH | 0,094
8 PFTrDA 0 KPH KPH KPH KPH 4,5 KPH | 0,355 | KPH | 0,016
9 PFTeDA 0 KPH KPH KPH KPH 4,5 KPH | 0,847 | KPH | 0,039
10 | PFHxS 55,6 KPH 0,902 0,746 0,439 9,1 KPH | 0,424 | KPH | 0,035
11 | PFOS 50 KPH 0,689 0,264 0,302 4,5 KPH | 0,401 KPH | 0,018
12 | PFDS 0 KPH KPH KPH KPH 0 KPH KPH KPH KPH
Téng PFC KPH 15,06 1,868 2,784 KPH | 9,920 | 2,897 | 2,841
Tong PFCA KPH 14,30 0,876 2,043 KPH | 9,920 | 2,897 | 2,788
Tong PFSA KPH 1,574 0,751 0,740 KPH | 0,825 | KPH | 0,053
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phat hién ctia PFHxS va PFOS tuong dbi thap trong mua mua, dudi 10%, dan téi tan
suat phat hién chung & ca hai mua cua hai hop chat nay lan luot 1a 30,0% va 25,0%.
Cac hop chét con lai déu it duoc phat hién. Cu thé, trong mua kho, PFNA duoc tim
thdy trong 16,7% sb mau phan tich, trong khi ba PFCA mach dai voi C12 - C14 chi
dugc phat hién trong 1 — 2 mau trong mua mua, trong tng v6i tan suit phat hién 4,5

-9,1%.

La nhiing chit c6 tan suét phat hién cao nhat khi duoc tim théy tai khu vuc
Phong Khé & ca hai mua, cac PFC véi s6 C < 8 ciing 1a nhitng chat c6 néng do cao
nhat trong nudc ngdm. Cu thé, PFOA c6 ndng do trung binh chung trong ca hai mua
120,919 ng/L (véi trung vi 12 0,514 ng/L va khoang nong d6 dao dong tir KPH — 2,745
ng/L), tiép theo 1a PFHXA (trung binh: 0,830 ng/L, trung vi: 0,530 ng/L; khoang néng
do: KPH - 6,187 ng/L), PFHpA (trung binh: 0,593 ng/L; trung vi: 0,256 ng/L; khoang
noéng do: KPH — 6,807 ng/L), PFHxS (trung binh: 0,217 ng/L; trung vi: KPH; khoang
ndng d6: KPH — 0,902 ng/L) va PFOS (trung binh: 0,146 ng/L; trung vi: KPH; khoang
noéng d6: KPH — 0,689 ng/L). Bon hop chat mach dai duoc phat hién khac, bao gdm
PFNA, PFDoDA, PFTrDA va PETeDA, chi duoc tim thiy v&i ndng do rat thap, nam
trong khoang KPH — 1,421 ng/L véi gi4 tri ndng do trung binh chung ¢ ca hai mua tir
0,009 — 0,052 ng/L va gi4 tri trung vi déu 1a KPH (Hinh 3.13).

150

Nong d6 (nglL)

— Tiﬁ

PFHxA PFHpA TPFOA TFFNA  FFDA TFFUnDA PFDeDA PFTrDA PFTeDA PFHxS  PFOS FFDS

Hinh 3.13. Nong d6 cac PFC duoc tim thiy trong nude ngdm tai khu vue Phong Khé
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Nhu vay, cac PFCA ¢6 mat trong nudc ngﬁm tai khu vuc Phong Khé véi tan
suit cao hon va ndng do 16n hon so véi cac PFSA va cac PFC mach dai (> C9) hau
nhu khong phat hién duoc trong ca hai mua. Két qua nay phu hop véi cac quan sat
thu duoc dbi véi su hién dién cua cac PFC trong nudc mat tai khu vuc nghién ctru va
tuong ty nhu nhitng phat hién trong nuéc ngdm & khu vue nong thon cia Trung Qudc
[41].

% Thanh phén ciia cic PFC trong nwéc ngim

Tong nong do PFC duoc tim thay trong nudc ngam & khu vue Phong Khé nam
trong khoang tir 0 — 15,057 ng/L v6i gia tri trung binh 1a 2,815 ng/L va trung vi la
1,999 ng/L cho ca hai mua. Trong sd ndy, cac PFCA déng gop 87,1% trong tong
luong PFC, twong duong véi ndng do téng 13 2,453 ng/L (trung vi: 1,183 ng/L), trong
khi cac PFSA c6 tong nong d6 1a 0,363 ng/L (trung vi: KPH) va déng gop 12,9% vao
tong PFC (Hinh 3.14).

4.00

3.00

Tong nong d6 (ng/L)

1.00

0o
PFC PFCA PFSA

Hinh 3.14. Tong nong do PFC, PECA va PFSA trong nudc ngam tai khu viec Phong Khé

Nim hop chat < 8C dugc phat hién ¢ ca hai mua dong gop t6i 96,1% trong

téng ndng d6 PFC dugc tim thay trong cac miu nudc ngam tai khu vyc Phong Khé,
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trong khi bén hop chat mach dai chi chiém 3,9% tong nong d6 PFC phén tich dugc.
Trong sb nay, ba PFCA véi mach carbon < 8C chiém t&i 95,0% ciia tong PECA va
83,0% tong PFC duogc tim thdy. Cu thé, PFOA dong gop 37,6% trong tong nong do
PFCA va 32,6% trong tong néng do PFC. Cac gia tri ndy ciia PFHXA lan luot 1a
33,9% va 29,4% va cua PFHpA 1a 24,1% va 20,9% tuong ung. Bén canh d6, hai
PFSA, PFHxS va PFOS, dong gop 59,8% va 40,2% vao tong PFSA nhung chi chiém
7,7% va 5,2% tuong ung trong tong PFC (Hinh 3.15).

B FPFH=A Brroa B FFTDA
BrFHpA BEFUnDA B FFH=S
Brroa BrFDeDA Brros
EFFIA EEFFTDA BrrDs

Hinh 3.15. Thanh phan cta cic PFC trong nudc ngam ¢ khu viuc Phong Khé
3.2.2. Nong dé PFC trong nwéc ngiam theo dia diém ldy mdu va theo miia

% S ¢ mdt ciia cdc PFC trong nwde ngam theo cdc nhém dia diém Iiy miu
khic nhau

Céc mau nude ngdm PK.GW.01 — 12 duoc 1y tir cac giéng tai khu vuc nam

& phia Nam song Ngii Huyén Khé, noi tap trung ctia cic co s san xuét gidy; nguoc

lai, cac mau PK.GW.13 — 25 duogc thu thap tir cac giéng nim & phia Bic cua song

Ngii Huyén Khé, khu vuc chi yéu 1a cac ho gia dinh va khong tham gia vao hoat dong
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san xudt gidy. Nhin chung, cac miu phia Nam soéng c6 tan suét phat hién PFC cao
hon cac mau phia Bic song ¢ ca hai mua. Cu thé, vao mua khé, chi c¢6 1/10 mau
(chiém 10,0% s6 mau) thudc khu vuc phia Nam song (mau PK.GW.05) khong phat
hién dugc PFC, trong khi khong c6 hop chit nao duoc tim thiy trong 2/8 mau (chiém
25,0% s6 mau) thudc khu vuc phia Bic song (cac mau PK.GW.18 va PK.GW.20).
Tuong tw, PEC dugc tim thy trong tit ca 11 miu & khu vuc phia Nam trong mua
mua, trong khi ¢ t6i 6/11 mau (chiém 54,5% s6 mau) & khu vuc phia Bac khong

phat hién dugc bat ki PFC nao (cac mau PK.GW.16, 17, 19, 23-25).
% Nong dp ciia cdc PFC trong nwéc ngiam theo cic nhom dia diém ldy mdu

Su khéc biét vé ti 18 phat hién cua cac PFC gitra hai nhém dia diém léy mau
dan t&i tong ndng d6 PFC quan sat duoc ¢ khu vuc phia Nam cao hon & khu vuc phia
Bic ctia song Ngii Huyén Khé. Tinh chung cho ca hai mua, trung binh tong PFC trong
cac mau nudc ngam phia Nam 1a 3,999 ng/L (trung vi: 3,740 ng/L; khoang nong do:
KPH — 15,057 ng/L), trong khi gia tri trung binh d6i véi cac mau phia Bac 1a 1,507
ng/L (trung vi: 0,745 ng/L; khoang phat hién: KPH — 5,365 ng/L) va sy khac biét nay
¢ ¥ nghia théng ké (p = 0,003) dua trén kiém dinh Mann-Whitney U. Sy khac biét
dang ké twong tu ciing duoc tim thay dbi véi tong PECA (p = 0,004) gitta cac mau
phia Nam (trung binh: 3,534 ng/L; trung vi: 3,171 ng/L; khoang néng d6: KPH —
14,30 ng/L) va cac mau phia Bic (trung binh: 1,257 ng/L; trung vi: KPH; khoang
noéng do6: KPH — 5,365 ng/L). Tuy nhién, d6i véi tong PFSA, mic di nong do trung
binh ctia cac mau ¢ khu vuc phia Nam (trung binh: 0,465 ng/L; trung vi: KPH; khoang
néng do: KPH — 1,574 ng/L) cao hon so v&i gia tri thu duge cho cac mau & khu vuc
phia Béc (trung binh: 0,249 ng/L; trung vi: KPH; khoang nong do: KPH — 1,370
ng/L), su khac biét nay khong y nghia théng ké (p = 0,178). Diéu nay chi yéu 1a do
tan sudt phat hién va ndng do rat thap ctia cac PFSA trong mua mua & cé hai phia cta
song. Cac két qua niy goi y vé sy anh hudng cua cac hoat dong san xuat gidy toi sy

hién di¢n cua cac PFC, dac bi¢t 1a cac PFCA, trong nudc ngam ¢ khu vue nghién ctu.
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Khi xem xét theo tirng mua, diéu dang luu ¥ 1 khong c6 su khac biét dang ké
(p > 0,05) vé tong PFC (trung binh: 3,798 ng/L va 1,516 ng/L; trung vi: 2,092 ng/L
va 1,488 ng/L), PFCA (trung binh: 2,939 ng/L va 0,924 ng/L; trung vi: 1,183 ng/L va
0,178 ng/L) hay PFSA (trung binh: 0,859 ng/L va 0,592 ng/L; trung vi: 0,773 ng/L
va 0,373 ng/L tuong tng) giita hai khu vie phia Nam va phia Béic séng Ngii Huyén
Khé trong mua khé. Diéu nay cho thiy cac hoat dong san xuat khong c6 anh huong
16 rang t6i mic d6 6 nhiém PFC trong nudc ngam khi cac chat 6 nhidém nay bi luu
giif trong nudc mit va trim tich 1a cha yéu. Nguoc lai, trong mua mua, tong PFC va
PFCA trong nudc ngam tai khu vuc phia Nam (trung binh: 4,182 ng/L va 4,075 ng/L;
trung vi: 5,247 ng/L va 5,085 ng/L) cao hon dang ké (p = 0,007 va p = 0,016) so véi
cac gia tri do dugc trong nude ngam tai khu vuc phia Bic (trung binh: 1,500 ng/L va
1,500 ng/L; trung vi: KPH va KPH tuong mg), trong khi su khac biét vé PFSA la
khong c6 ¥ nghia thong ké (trung binh (trung vi) phia Nam: 0,107 (KPH) ng/L; phia
Bic: KPH (KPH) ng/L; p = 0,478). Két qua nay cho thiy hoat dong thuy van va qua
trinh ling dong khi quyén nhu mua trong mua mua c6 anh huéng manh t6i nong do
cua cac PFC trong nudc ngﬁm khi nude mua c6 thé kéo theo cac PFC, dic biét 1a cac
PFCA, tir nuéc mit vao nudc ngam. Nhu da trinh bay, cic PFSA c¢6 kha ning lién
két manh véi dat va trAm tich, do vay, chung it ¢6 kha nang tham thau qua cac téng

dat dé di chuyén vao nudc ngam.
s Nong dj ciia cdac PFC trong nwdc ngam theo mua khé va miua mwa

Su bién dbi vé téng néng do PFC, PFCA va PFSA trong nudc ngém tal khu
vuc nghién ciru theo vi tri 1dy miu va theo mua duoc biéu dién trong Hinh 3.16. Kiém
tra sy khac biét vé tong ndng do PFC, PFCA va PFSA giita hai mua bang kiém dinh
Mann-Whitney U cho thay, tong PFC va PFCA trong cic mau nudc ngam thu thap
vao mua mua (trung binh: 2,841 ng/L va 2,788 ng/L; trung vi: 2,897 ng/L va 2,897
ng/L) cao hon khong dang ké so voi gia tri xac dinh dugc trong cac mau mua kho
(trung binh: 2,784 ng/L. va 2,043 ng/L; trung vi: 1,868 ng/L va 0,876 ng/L tuong tng)
nhung cac su khac biét ndy khong c6 ¥ nghia thong ké (p > 0,05). Nguoc lai, tong
noéng d6 PFSA tim thay trong cdc mau mua kho (trung binh: 0,740 ng/L; trung vi:
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0,751 ng/L) cao hon dang ké (p = 0,001) so véi gid tri tim dwoc cia cac miu mua
mua (trung binh: 0,053 ng/L; trung vi: KPH). Két qua tuong ty cling duoc tim thiy
khi xem xét anh huéng cua yéu té dia li. Cu thé, tai tirng khu vic (phia Nam hoic
phia Bic song Ngii Huyén Khé), tong PFC va PFCA trong mua kho thap hon khong
¢ ¥ nghia théng ké (p > 0,05) so v6i nong do do duoc trong cac mau mua mua. Tuy
nhién, tong PFSA trong cdc miu mua khé (trung binh: 0,859 ng/L; trung vi: 0,773
ng/L) cao hon dang ké (p = 0,006) so véi cic miu mia mua (trung binh: 0,107 ng/L;
trung vi: KPH ng/L) d6i voi khu vic phia Nam cua song Ngit Huyén Khé. Nguoc lai,
khong ¢ su khac biét co ¥ nghia thong ké (p > 0,05) dugc tim thiy khi so sanh tong
noéng 46 PFC, PFCA hay PFSA gitta hai mua & khu vuc phia Bic song Ngii Huyén
Khé. Nhu da giai thich & trén, cac PFSA kho bi van chuyén theo nudc mua qua céc
tang dat dé vao nudc ngam, trong khi muc nudc ngdm mua mua cao hon, dan téi

nong do cua cac PFC giam xudng.
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Hinh 3.16. Tong nong d6 PFC, PFCA va PFSA trong nuéc ngam tai khu vuc

nghién ctru theo vi tri ldy mau va theo mua
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% So sanh ket qud voi cdc nghién ciru khdc trén thé gioi va tiéu chuan quoc té

Trong nghién ctru nay, ndng dd6 PFOA dao dong tir khong phat hién dén 2,745
ng/L (trung binh: 0,919 ng/L). So v&i cac nghién ctru khac (Bang 3.4), gié tri PFOA
trung binh cao gap ba 1an so v&i nhiing két qua thu dugc tir cac nghién ctru dugc thyc
hién tai cac thanh phd 16n ciia Viét Nam (Ha Noi va Thanh phd HO Chi Minh) [52]
va An Do [133] va twong tr voi mic dd6 PFOA duoc tim thiy trong nude ngim &
Trung Qudc [40], Malta [131], Phap [112] va Uc [139]. Tuy nhién, ndng 46 PFOA
thu duoc trong nghién ctru nay thap hon so véi nhitng két qua dugc tim thiy trong
nudc ngam tai luu vue song Nakdong & Han Qudc [162], cac bai chon 1ap & Thai Lan

[76] va khu vic ndng thon ciia Trung Qudc [41].

Bang 3.4. Bang so sanh ndng d6 cuia cac PEC theo trong Cong udc Stockholm trong

cac mau nudc ngam thu dugc trong nghién clru ndy voi cac nghién ctru khac

X Khu vuc nghién Tai ligu
Quoc gia PFOA PFOS PFHxS weng tham
cliru X
khao
KpH- | KPH-) RPH- , Nghién
Viét Nam 2,745 0,689 0,902 | Lang nghé . u’%l na
(0,919) (0,146) | (0,217) Y
A KPH-4,5 0,19-8,2 KPH-6 A s
Viét Nam (0.34) (0.27) (2.27) Do thi [52]
KPH- : .
. 0,65-34,96 | 0-25,88 Bai chon lap rac
Thai Lan ’ y y 3,73 . [76]
(8,32) (3,59) 0.31) thai
£ 7-175,2 <0,5-37 <0,5-1,9 A A
Trung Quoc (77.17) (19.2) (0.13) Nong thon [41]
Trung Quéc KPH-5,11 | KPH-0,5 10112};- Hb chtra nuée [40]
(0,8) (0,17) (0.09) Yugqiao
KPH-
% A KPH-0,76 | KPH-1,13 Luu vuc song
An Do ’ ’ 0,08 s [133]
(0,46) (0,16) (0.02) Hang
KPH-
\ £ KPH-6,72 | KPH-2,35 Luu vuc song
Han Quoc (2.9 0.2) 1(32)9 Nakdong [162]
A Taa <0,25- <0,25-990 | KPH-56 A s
Nhat Ban 1800 (8.5) (5.7) 3.1) Do thi [86]
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0-8,03 0-2,63 (0,61) \ z
Malta (1.46) (0.48) Toan quéc [131]
] Max:14 | Max:38 | Max; 143 | DO thi khu cong
Phap nghi¢p, nong thon | [112]
(1,10) (2,4) (4,6) > . "
va nong nghiép
My KPH-31 KPH-12 | KPH-10 | b6 thi [125]
: <0,09-6,9 | <0,03-34 | <0,03-1g | Khunong nghicp
Uc (2.2) (11) (5.9) (nudce tr nha may [139]
’ ’ xu li nudc thai)

Trong cac nghién ctru khac, PFOS thudng dugc phat hién trong nudc ngam,
nhung trong nghién ciru nay, PFOS c6 tan suét phat hién thap véi nong d6 dao dong
tir dudi giéi han phat hién dén 0,689 ng/L (trung binh: 0,146 ng/L). PFHxS, mét hop
chat khac dugc liét ké trong Cong udc Stockholm, duge tim thay trong nghién ciu
nay véi ndong do tir khong phat hién dén 0,902 ng/L véi tan suit phat hién 1a 30%,
cao hon so vdi nong d6 duge phat hién tai ho chira Yugiao, Trung Qubc [40] va luu
vuc song Hang, An Do [133]. Tuy nhién, ndng d6 ctia hop chat ndy & mirc thap hon
nhiéu so v&i nhitng két qua dugc tim thy trong nude ngam ¢ Phap [112] va Uc [139].
Nhin chung, nong d ciia timg hop chat PFC thap hon nhiéu so véi muic dugc tim
thdy trong nudc ngam tai cac bii chon lap & Thai Lan [77], khu vuc ndéng thon &

Trung Quéc [41], khu vuc d6 thi tai Nhat Ban [86] va M§ [125].

Khi so sanh vdi tiéu chuan cua EPA ddi véi PFOA (4 ng/L), PFOS (4 ng/L),
PFHxS (10 ng/L) va PFNA (10 ng/L) trong nudc udng c6 thé thiy tit ca cac miu
nudc ngdm trong nghién ctru nay déu nho hon gia tri theo tiéu chuan tuy nhién khong
nén xem nhe tac dong ciia nhitng hop chat nay di ¢ nong do nhé.

3.2.3. Pdnh gid nguén géc cic PFC trong nwdc ngim

Trong nghién ctru ndy, phuwong phap PCA ciing duogc ap dung dé phan tich moi
quan hé giita ndng d6 cta cac PFC va cac nhom mau nudc ngam duoc thu thap tir cac
giéng trong khu vuc Phong Khé trong miia mua va mua kho. Trong s6 22 mau mua
mua va 18 mau mua khé dugc phan tich, cac PFC mach dai, bao gém PFNA, PFDA,
PFUnDA, PFDoDA, PFTrDA, PFTeDA va PFDS, hau nhu khong phat hién duoc
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(chi tim thdy trong 0 — 3/40 mau). Do d¢, tap dir liéu duoc sir dung cho phan tich
PCA chi bao gdm nidm chéat: PFHxXA, PFHpA, PFOA, PFHxS va PFOS.

Niam thanh phan chinh d3 duoc trich xuit bang cach sir dung phuong phap
PCA khong xoay, véi hai thanh phan dau tién da giai thich dugc 78,9% tong phuong
sai cua tip dit liéu. Cu thé, PC1 bao gdbm ba PFCA (PFHxA, PFHpA va PFOA), giai
thich duoc 46,4% tong phuong sai. Nguoc lai, PC2 chi bao gdm hai hop chit PFSA
(PFHxS va PFOS), chiém 32,5% tong phuong sai. Gia trj riéng ctia PC1 va PC2 déu
16n hon 1,0, 1an lugt 14 2,322 va 1,627, cho thay viéc lya chon PCA chi véi hai thanh
phan chinh nay 1a pht hop. Trong PC1, PFHXA va PFHpA c6 anh huéng manh nhét,
v6i hé s6 tai trong 1an luot 14 0,615 va 0,587, trong khi PFOA c6 anh huong yéu hon,
voi hé 6 tai trong la 0,451. Nguoc lai, PFHxS va PFOS c¢6 anh huong gén nhu nhau
trong PC2, v&i hé s tai trong 1an luot 14 0,711 va 0,627.
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Hinh 3.17. Két qua phan tich PCA dbi véi cac PFC trong hai mua (hinh tron mau
den dai dién cho cic miu muia mua va hinh vudng rdng mau trang dai dién cho cac
mau mua kho)

Biéu d6 hai chiéu trong Hinh 3.17 cho thy su khac biét trong ddi rd rang giira

cac thanh phan cia mau nudc ngam thu dugc trong mua khé va mua mua. Hau hét
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cac mau mua khé dugc phan bo doc theo PC2, cho thay cac PFSA tr¢ nén chiém uu
thé trong nudc ngadm trong mua kho. Nguoc lai, nong do cuia cac PFCA cao hon trong
cac mau nudc ngam cia mua mua. Pi€u nay cho thay su khéc biét vé nguon goc cua

cac PFC trong nudc ngam gilra hai mua.

Nhin chung, cac mau nuée ngdm & khu vire Phong Khé cho thiy gia tri ti 16
tong (PFHxA + PFHpA)/PFOA thu duoc ¢ mua kho (2,33) cao hon ¢ mua mua (1,69)
va phia Bic song Ngii Huyén Khé (1,94) cao hon phia Nam song (1,92). Két qua nay
chi ra rang nudc ngam ¢ khu vuc Phong Khé chiu tac dong 6 nhiém PFC chu yéu tir
ca hoat dong cua con ngudi va khu vuc phia Nam chiu tdc dong manh hon phia Bic.
Diéu nay ciing duoc minh hoa rd hon khi phan tich ti 16 (PFHXA + PFHpA)/PFOA
theo tirng mua va tung khu vuc. Vao mua mua, ti 1¢ thu dugc véi cac mau nudc ngém
phia Nam (1,25) nhé hon so véi ciia cac mau phia Bac (2,31). Cac gia tri nay bién doi
nguoc lai vao mua kho, khi khu vuc phia Nam c6 ti 1¢ (2,66) cao hon phia Béc (1,69).
Tai khu vyc phia Bic, cac mau thu thap trong mua mua cho ti I¢ (2,13) cao hon cac
mau trong mua kho (1,69) nhung tai khu vuc phia Nam thi cac gié tri thu dugc bién
d6i theo chiéu nguoc lai khi mau nudc ngdm mua kho & phia Nam (2,66) c6 ti 18 16n
hon mua mua (1,25). Mac du vay, cac su so sanh trén déu khoéng c6 y nghia vé mat
théng ké (p > 0,05) cho thiy sy 6 nhiém PFC trong nudc ngim tai khu vuc Phong
Khé t61 tir ca hai nguén, trong do hoat dong cua con nguoi c6 tac dong manh hon,
dac biét 1a vao mua kho khu vuc phia Nam song Ngii Huyén Khé, noi tap trung cia

nhiu co s¢ san xuat giay.
3.2.4. Danh gia rui ro siurc khoe con nguoi thong qua viéc tiéu thu nuwdéc ngdm

Trong nghién ctru ndy, lwong PFC trung binh hip thu vao co thé ngudi va gia
tri ti 1& nguy co (HR) thong qua viéc tiéu thy nude ngdm dugc tinh toan dua trén nong
d6 PFC duoc tim thiy trong cac mau dugc phan tich. Téng ndng d6 trung binh cta
PFCA va PFSA trong ca hai mua lan luot 14 2,52 ng/L va 0,37 ng/L. Liéu luong tiép
xtc hang ngdy trung binh (ADI) d6i v&i ngudi truéng thanh tir nude ngam 1a 0,07

(ng/kg/ngay), voi gia tri ADI dbi voi PFOA va PFOS lan luot 13 0,029 ng/kg/ngay va
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0,004 ng/kg/ngay. Cac gia tri HR duoc tinh toan cho tong PFC trong nghién ctru nay
déu nho hon 1,0 thé hién chua thay tiém an rui ro sirc khoe lién quan dén viéc sir dung

nuée ngdm trong khu vire lang nghé gidy Phong Khé.

Mot nghién ctru trude day dugce thyce hién tai mot luu vuc song & An Do cho
thiy ADI dbi véi PEOA va PFOS trong nuéc ngam ¢ muc 0,04 ng/kg/ngay. Trong
cac nghién cru khac ¢ Trung Québc, ADI d6i v6i PFOA va PFOS trong nudc ngam
duogc tim thay 1an luot 13 0,024 va 0,001 ng/kg/ngay [45, 46]. Nhin chung, gi tri ADI
d6i v6i ca PFOA va PFOS trong nghién ciru ndy tuong ty voi cac gia tri duoc tim
théy trong cac nghién ctru dugc thyc hién & Trung Quéc va An Do va thép hon gia
tri ADI duoc tim thdy & Han Quéc (ADI ddi véi PFOA 12 0,07 ng/kg/ngay) [32]. Gia
tri HR d6i vi PEOA va PFOS < 1 cho thdy mic du chua thay tiém an rui ro cho cu
dan lang nghé gidy Phong Khé khi tiéu thy nudc ngdm nhung van can quan trac va
nghién ctru lién tuc dé danh gia xu hudng bién doi vé nong do cia chung trong nudc

ngam cling nhu danh gia ruai ro stc khoe c6 lién quan.

3.3. Sw ¢6 miit ciia cac PFC trong tram tich va sw phin bo pha nwéc — trim tich
3.3.1. Ham lwong PFC trong tram tich theo dia diém ldy méu va theo miia

S liéu vé ham luong cua cac PFC trong cic mau tram tich tai khu vuc Phong
Khé dugc trinh bay cu thé trong bang P5 phan Phu lyc. Trong s6 12 hop chat PFC
duogc khao sat trong tram tich, tan suat phat hién dao dong tir 0% dén 92%, phan dnh
1d sy khac biét vé dic tinh hoa 1y va kha nang hap phu vao pha ran ctia cac hop chat
nay. Nhin chung, cac hop chat thuoc nhém PFCA mach ngin nhu PFHxA, PFOA
PFHpA va c6 tan suét phat hién rat thap, 1an luot 14 16%, 8% va 4%, trong khi PENA
hoan toan khong dugc phat hién trong bat ky mau nio. Didu nay c6 thé lién quan dén
tinh tan tot trong nude va kha ning hip phu thip vao pha rin cua cac PFCA mach
ngan, dan dén sy uu thé phan bd ¢ pha nudc hon 1a tram tich [73]. Nguoc lai, cac
PFCA chudi dai nhu PFDA (C10), PFUnDA (C11), PEDoDA (C12), PFTrDA (C13)
va PFTeDA (C14) lai c6 tan sut cao hon dang ké. Pic biét, PFTeDA c6 ti 1& phat
hién cao nhét trong nhom nay (92%), theo sau 1a PETrDA (64%) va PFDA (56%).

Xu hudéng nay phan anh ré rang moéi twong quan thuan gitta chiéu dai chudi
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fluorocarbon va kha ning tich liiy trong tram tich do sy ting 1én cua luc tuwong tac ky
nudc va kha nang hap phu vao vat chat hitu co. Trong nhoém PFSA, PFHxS (C6) va
PFDS (C10) c6 tan suat phat hién kha cao, 1an luot 13 60%, trong khi PFOS (C8) ¢6
ti 1& phat hién thap hon dat 44%.

Téng ham luong PFC duoc tim thiy trong trdm tich song Cau, song Ngi
Huyén Khé va muong nuéce tai khu viuc Phong Khé vao mua khé niam trong khoang
0,034 — 6,320 ng/g v&i gid tri trung binh 1a 1,728 ng/g va gia tri trung vi 1a 0,877 ng/g.
Trong s6 nay, cac PFCA c6 dong gop chul yéu vao tong PFC trong tram tich, chiém
71,1%, vo1 gia tri trung binh 1a 1,228 ng/g (khoang ham lugng: 0,034 — 5,059 ng/g
va trung vi: 0,647 ng/g). Trong khi d6, tong ham luong ciia cic PFSA nam trong
khoang tor KPH — 1,296 ng/g véi gia tri trung binh va trung vi lan lugt 13 0,499 va
0,323 ng/g, chiém 28,9% cua tong ham lugng PFC.
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Hinh 3.18. Tong ham luong PFC, PFCA va PFSA trong cac mau tram tich duoc thu
thap vao mua kho tai khu vuc Phong Khé

Tuong ty nhu véi cac mau nude mit trong mua kho, tong PFC duoc tim thiy
trong cac mau tram tich ¢ song Cau 1a thap nhat (trung binh: 0,460 ng/g va trung vi:

0,428 ng/g), sau d6 téi cac mau thu thap & song Ngii Huyén Khé (trung binh: 2,407
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ng/g va trung vi: 0,994 ng/g) va muong nudc (trung binh: 2,025 ng/g va trung vi:
2,300 ng/g) (Hinh 3.18). Kiém dinh Kruskal-Wallis H test ciing duoc sir dung dé xac
dinh sy khac biét vé tong PFC cua ba nhém vi tri 14y mau khac nhau (séng Cau (n =
6), song Ngii Huyén Khé (n = 9) va muong nudc (n = 5)). Két qua cho thay chi c6 su
khac biét vé tong PFC cua cip vi tri song Cau — muong nudc 1a dang ké (p = 0,048),
trong khi cap vi tri song Cau — song Ngii Huyén Khé & ranh giéi khac biét (p=0,052)
va cap vi tri song Ngii Huyén Khé — muong nudc khong céd su khac biét c6 y nghia
thong ké (p = 1,000). Su khac biét dang ké ciing dugc tim thay d6i v4i tong PFSA
clia cac mau trim tich ¢ song Cau so voi cac miu ¢ song Ngii Huyén Khé va muong
nuée (p = 0,046 va p = 0,029 twong ung), trong khi cac gia tri PFCA tim thay giita
cac nhom vi tri iy mau khéc biét khong co ¥ nghia thong ké (p > 0,050). Cac phat
hién nay c6 sy khac biét doi chut so voi két qua quan sat dugc d6i v6i mau nude mit,
khi sy khac biét vé tong PFC va PFCA giita cac mau nudc song Cau va song Ngil
Huyén Khé 13 c¢6 ¥ nghia théng ké. Diéu ndy c6 thé dén tir sw anh hudng cua qua trinh
van dong dong chay, trang thai khong can bang trong sy phan bd ctia cac PFC gitra tram

tich va nudc mat, lich str tich Ifly va cac qua trinh sinh dia hoa khéc.

Trai ngugc so véi cadc mau nudc mit, trong tram tich, tin suat phat hién va ti
1é dong gop cua cac PFC mach dai trén C10 cao hon so véi sb lidu cua cac dong dang
mach ngan. Tinh chung cho ca ba vi tri ldy mau, PETeDA 14 hop chét c6 tan suat phat
hién cao nhit (90%), tiép theo 1a PFTrDA (80%), PFDS (75%) va PFDA (65%). Piéu
nay 13 phu hop v6i quy ludt phan bd pha giita trAm tich va nuéc khi cac PFC mach
dai co 4i lyc 16n hon véi tram tich va hé s6 phan bd K ciia cac hop chat mach dai
thudng 16n hon 13 rét so véi cac hop chat mach ngin. Bén canh dé, cac két qua va
nguyén nhéan tuong tu cling dugc quan sat thay khi so sanh hai nhom PFSA va PFCA
khi cac PFSA ciing c6 tan suat phat hién cao hon cac PFCA ¢6 cung sé C trong phan
tor (PFHXS: 65%; PFHxA: 20% va PFOS: 30%; PFOA: 5%). Trung binh tong ham
luong cta bén hop chat PFC mach dai néi trén (PFDA, PETrDA, PETeDA va PEDS)
1a 1,37 ng/g, chiém t6i 79,5% cia tong PFC tim thiy trong cic mau trim tich. Tinh
riéng trong ting nhém, tong PFDA, PFTrDA va PFTeDA (trung binh: 1,11 ng/g)
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cling chiém t&i 90,7% cua tong PECA va ham lugng PFDS (trung binh: 0,26 ng/g)
chiém 52,2% cua tong PFSA.

Ham luong ciia mot sé PFC c6 tan sudt phat hién cao trong cac mau tram tich
dugc thu thap vao mua kho tai khu vyc Phong Khé dugc biéu dién trong Hinh 3.19.
Tién hanh so sanh ham lwong ciia PEDA, PFTrDA, PFHxS va PEDS trong cic miu
tram tich séng Ngii Huyén Khé va muong nude bang kiém dinh Mann-Whitney U
cho thay khong c6 sy khac biét co y nghia thong ké vé ham luong cac chit nay gitra
hai nhém vi tri 1dy mau (p > 0,05). Tuong tu, két qua phan tich voi kiém dinh Kruskal-
Wallis ciing cho thiy khong c6 sy khac biét dang ké vé ham luong PFTeDA giira ca

ba nhém vi tri 1y mau (p > 0,05).
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Hinh 3.19. Ham luong ctia mot s6 PFC c6 tan sudt phat hién cao trong cac miu

tram tich duoc thu thap vao mua kho tai khu vuc Phong Khé
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Hinh 3.20. Tong ham luong PFC, PFCA va PFSA trong cac mau tram tich thu thap

trong mua kho va mua mua & muong nudce tai khu vuc Phong Khé

Do muc nudc dang cao va dong chay manh dan dén viéc ldy mau tram tich
song ¢ mua mua rat khé khin, vi vay chi c6 cac mau tram tich & muong nudc tai khu
vuc Phong Khé duoc thu thap trong mua mua. Diéu dang luu y 14 tong ham lugng
PFC, bao gém ca téng PFCA va PFSA, xac dinh dugc trong cac mau trAm tich mua
mua cao hon nhiéu so véi cac gia tri tim duoc trong cac mau tram tich mua kho (Hinh
3.20). Cu thé, vao mua mua, téng PFC tinh dugc ndm trong khoang 2,744 — 11,82
ng/g véi gia tri trung binh va trung vi lan luot 14 6,064 va 3,935 ng/g. Trong khi do,
tong PFC trong muia kho, nhu di trinh bay ¢ trén, nam trong khoang 0,74 — 3,00 ng/g
v6i trung binh 14 2,02 ng/g va trung vi 14 2,32 ng/g. Kiém dinh Wilcoxon Signed Rank
cho thiy sy khéc biét vé tong PFC trong tram tich muong nuéc giira hai mua 1a co y
nghia thong ké (p = 0,043). Li do 1a boi cac PECA ¢6 dong gdp manh trong tong PFC
(mua kho: 63,7% va mua mua: 88,2%) va tong PFCA trong tram tich mia mua ciing
cao hon dang ké (p = 0,036) so v6i ham lugng tim dugc trong trdm tich mua kho, dira

trén két qua t-test theo cap. Nguoc lai, su khac biét vé tong PFSA trong tram tich mua
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kho (trung binh: 0,73 ng/g) va mua mua (trung binh: 0,72 ng/g) 1a khong c6 y nghia
thong ké (p = 0,500).

Khi xem xét ham lugng cua timg PFC trong trdm tich muong nuéce & hai mua,
c6 thé thay rang su khac biét vé tong PFC chu yéu t6i tir PFDoDA. Trong khi hop
chét nay chi duoc tim thiy véi tin suét phat hién va ham luong thap trong mua kho
(2/6 mu, tir 0 — 0,183 ng/g) thi chit nay lai duoc phét hién trong 100% sé mau tram
tich mua mua véi ham luong rt cao, tir 2,220 — 8,805 ng/g va trung binh la 3,898
ng/g. Phat hién nay c6 sy twong dong vai su bién doi vé ham luong PFDoDA trong
nuéc mit & hai mua, khi tan suat va ham luong tim thiy cta chét ndy trong nudc &
muong thai mia mua (100% va 2,865 ng/L) cao hon nhiéu so véi sd liéu mua kho
(40% va 0,083 ng/L). Piéu nay cho thiy sy dong gop 16n ciia mot ngudn phat thai

chtra nhiéu PFDoDA chi xuat hién vao mua mua tai khu vuc nghién ctru.

3.3.2. Thanh phan ciia cic PFC trong tram tich

Thanh phan cta cac PFC trong tram tich duoc trinh bay trong Hinh 3.21. Két
qua cho thiy su phan b 13 rét cia mot sb hop chat chudi dai trong trAm tich. Pang
cht y, PFTeDA (C14) 14 hop chat dong gop 16n nhat, chiém khoang 32% tong ham
luong PEC, cho thiy xu huéng tich liiy manh cta hop chét nay trong pha rin. Diéu
nay pht hop vdi co ché phan bd ciia cac PFCA mach dai, vén ¢6 kha ning tuong tac
manh véi vat chat hitu co trong trim tich thong qua twong tac ky nudc va luc Van der
Waals. Tiép theo 1a PFTrDA (C13) va PFDS (C10) véi ti 1¢ dong gop khoang 13%,
cling c6 nhan dinh rang cac PFC ¢6 mach carbon dai va nhom chirc sulfonate thuong

c¢6 kha niang hip phu vuot trdi so v6i cac ddng dang mach ngin [73].
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Hinh 3.21. Thanh phan ciia cac PFC trong tram tich tai khu vic Phong Khé

Céc hop chat PFOS va PFHxS, dai dién tiéu biéu cho nhom PFSA truyén
thong, cling dong gop lan lugt 10% va 9% vao tong lwong PFC, phan anh sy ton tai
pho bién cua chiing trong tram tich. Trong khi d6, cac PFCA chudi ngan nhu PFHXA,
PFHpA, va PFOA chi chiém ti 18 rat nho (< 3%), cho thay muc d6 hap phu han ché,
phu hop véi dic tinh tan tdt trong nude va kha ning di dong cao ciia nhitng hgp chat
nay trong moi truong thuy sinh.

% So sanh ham lwong PFC trong tram tich tai khu viwe Phong Khé véi cdc khu
vue khdc tai Viét Nam va trén thé gioi

Nho cac dic tinh 1y hoa cia chiing, hau hét PEC déu ¢ trong pha nudc thay vi
hap phu vao pha ran, diéu nay khién ham lugng ctia PFC trim tich thuong duoc tim
thiy ¢ ham luong khong cao [113]. Tong ham lugng cia cac hop chit PFC trong 20
mAu trdm tich vao mua kho nam trong khoang tir 0,034 dén 6,320 ng/g (trung binh:
1,728 ng/g). So sanh két qua voi mot sb nghién ciru khac tai Viét Nam cho thay mitrc
d6 cao hon so v&i ham luong ciia PFC tim thay trong tram tich song Cai, song Quan
Truong (KPH dén 1,41 ng/g) [91], song Nhué, Pay (0,06 — 2.6 ng/g) [14], hd Tay (10
PFC, khoang ham luong: 0,03 — 0,26 ng/g) va hd Yén S& (10 PFC, khoang ham lugng:

128



0,08 —2,01) [4]. Nhin chung, ham lugng cia PFC trong nghién ctru nay ¢ muc tuong
duong so voi tram tich séng Yuquiao (0,232 — 1,210 ng/g) [40]; song Jiulong, Trung
Québc (0,24 — 1,9 ng/g) [150], cac song hd & Han Qudce (0,35 (0,03 — 1,09) ng/g) [90]
nhung thap hon réat nhiéu so véi song Truckee (1,8 — 183,8 ng/g), song Las Vegas
Wash, My (3,9 — 134,2 ng/g) [26] va song Victoria, Kenya (1,4 — 99,1 ng/g).

Ham luong PFOA (0,025 (KPH — 0,255) ng/g) trong tram tich twong duong
ham luong & séng Yuquiao (0,08 (0,02 — 0,47) ng/g) [40], cac song hd & Han Qudc
(0,05 (KPH — 0,28 ng/g) [90] nhung thap hon so véi ham lugng & sdng Jucar, Tay
Ban Nha (2,47; max: 6,69 ng/g) [36]; Song Kyoto, Nhat Ban (1,30 - 3,90 ng/g) [132];
song Jiulong, Trung Qubc (0,51 (0,12 —0,83) ng/g) [150]. Péi véi PFOS (0,414 (KPH
— 1,812) ng/g), ham luong phat hién trong trAm tich twong dwong véi ham lugng &
song Yuquiao, Trung Qudc (0,07 (KPH — 0,36) ng/g) [40], Ho Taihu, Trung Qudc
(0,11 (0,09 — 0,14) ng/g) [159], song Jiulong, Trung Qudc (0,27 (0,02 — 0,95) ng/g)
[150], cac song hd & Han Quéc (0,12 (0,01 — 0,48) ng/g) [90] nhung thap hon ¢ Vinh
San Francisco, Hoa Ky (KPH — 3,76 ng/g) [73] va song Jucar, Tay Ban Nha (2,57;
max: 9,83 ng/g) [36].

3.3.3. Sw phin b6 pha nwéc — tram tich

Hé s6 phan bé giita pha nudc va tram tich (log Kq) 13 chi s6 quan trong trong
viéc danh gia xu hudéng hip phu cia cac hop chat PFC trong méi truong nude. Trong
nghién ctru nay, log Kq ctia cac hop chat PFC duoc xac dinh tai cac diém lay mau.
Két qua cho thiy log Kq dao dong tir 0,561 dén 3,974, phan anh sy bién dong 16n vé
phan b pha giita cac hop chat. Chidu dai mach carbon 1a mét yéu t6 anh huong rd
rét dén log Ka. Cu thé, log Ka ctia cac PFC mach ngin nhu PFHXA (0,561 — 2,037)
va PFHpA (1,795 — 2,508) thip hon déng ké so véi PFUnDA (2,043 — 3,974) va
PFTeDA (1,912 — 3,233). Tuong ty, log Kq ctia PFHxS (C6) thiap hon PFOS (C8).
Két qua nay khang dinh xu huéng tang tinh ky nudc va kha nang hap phy theo chiéu
dai mach carbon [73]. Tuy nhién, mot $b ngoai 1¢ & mot s6 mau duoc quan sat, vi du
nhu log K4 ctia PFOS (C8) trong mot s6 mau lai cao hon log K4 cia PEDS (C10) hodic
log K4 cua PFUnDA (C11) lai cao hon log Kq cia PFDoDA (C12) va PFTeDA (C13).
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Diéu nay cho thiy anh hudng dong thoi cia nhém chirc va hiéu Gng can trd lap thé
(steric hindrance). Do khi chudi PFC qua dai, chung c6 thé bi can trd tiép can cac vi
tri hap phu nho va hep trong vat chét hitu co cta trAm tich, mot sb vi tri hip phu chi
phul hop véi cac phan tir nhé hon. Céc tac dong két hop cia sy can tré lap thé va
tuong tac ky nude dan dén mot sd ngoai 18 nay [96]. Ngoai ra, nghién ctru ctia Zhou
va cong sy nam 2020 tai cac luu vuc séng ¢ Trung Qudc ciing ghi nhan log Kq cia
PFOS va PFDS vuot qua 3,0 tai nhiéu diém c6 ham luong chét hitu co cao, go1y vai
trd quan trong cua vat chat hitu co trong viéc phan bé PFC. Tuy vay, trong nghién
ctru hién tai, sy khac biét vé log Kq4 gilra mau cho théy khong c6 moét co ché don 1é
nao chi phéi qua trinh hap phy, ma 1a két qua cua sy tuong tac phuc tap gitta nhiéu
yéu t6 nhu thanh phﬁn trAm tich, ham lugng carbon hitu co, pH, d0 man va cAu trac
phan tir PFC [79]. Vé nhom chire, cac PFSA (nhu PFOS, PFDS, PFHxS) ¢6 xu huéng
hap phu manh hon so voi PFCA c6 cing sd nguyén tir carbon. Piéu nay duogc giai
thich b&1 nhom sulfonate c6 kich thude 16m hon, ¢6 dd phan cuc cao hon va lién két
manh hon véi cac bé mit khoang va vat chét hitu co trong tram tich, 1am tang tuong
tac v6i pha tram tich. Két qua tir nghién ctru nay nhat quan vé6i két luan ctua Ahrens
va cong sy nam 2011, khi nhom téc gid bdo cdo log Kq cua PFOS cao hon PFOA
trong tram tich, ddng thoi cho thdy PFSA uu tién tich liy trong tram tich hon so véi
PFCA [20]. So sanh gia tri log K4 gitra hai mua tai muong nudc, log Kq c6 xu hudng
cao hon vao mua mua, dac biét voi cac PFC mach dai nhu PFTeDA, PFDS, va PFOS.
Su thay doi nay do khong c6 bién dong nhiéu vé ham luong cac hop chit nay trong
tram tich giita hai mua trong khi ham luong trong nudc vao mua kho cao hon mua

mua.

Phén tich twrong quan bang kiém dinh Pearson cho thdy mdi trong quan duong
mure trung binh (r = 0,52) giita gia trj log Ka va log Kow nhung khong c6 y nghia thong
ké (p = 0,08).
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3.4. Su c6 mat cua cac PFC trong ca va danh gia rii ro sirc khée con nguoi thong
qua viéc tiéu thu ca
3.4.1. Sw co6 mdt cua cac PFC trong cd

Trong nghién ctru nay, 7/17 hop chit PFC muc tiéu dugc tim thdy trong cac
loai ca nudc ngot duge thu thap & khu vuc Phong Khé, bao gdm PFOA, PFNA,
PFDA, PFUnDA, PFDoDA, PFHxS va PFOS, trong khi PFHxA khong dugc phat
hién trong bat ki mau ca nao. PFUnDA va PFOS 1a nhiing hop chét dugc tim thay
nhiéu nhat trong bay loai ca duoc nghién ctru, véi tan suat phat hién 1an luot 14 97,9
va 91,5%. Ba hop chat PFCA mach dai 1a PENA, PFDA va PFDoDA cling duoc tim
thiy v6i tan suat tir 66,0 — 74,5%. Hai hop chat dugc tim thay nhiéu trong nudc mat
1a PFOA va PFHxS chi duoc phat hién trong 17,0 va 25,5% mau c4. Tan suat phat
hién (DF - %), khoang nong do, gia tri trung vi va trung binh (ng/L) ciia cac PFC
trong cad dugc trinh bay trong Bang 3.5.

Bang 3.5. Tan suat phat hién (DF - %), khoang ndng d9, gia tri trung vi va trung binh
(ng/g) cua cac PFC trong ca

Ci
TT Hop chit DF . .| Trung
%) Min Max Trung vi binh
1 | PFBA 0 KPH KPH KPH KPH
2 | PFHxA 0 KPH KPH KPH KPH
3 | PFOA 18,4 KPH 0,153 KPH 0,013
4 | PFNA 71,4 KPH 1,377 0,055 0,094
5 | PFDA 77,6 KPH 1,283 0,085 0,226
6 | PFUnDA 98,0 KPH 2,871 0,350 0,564
7 | PFDoDA 65,3 KPH 0,734 0,075 0,133
8 | PFHxS 28,6 KPH 0,358 KPH 0,038
9 | PFOS 89,8 KPH 3,524 0,286 0,619
Téng PFC 0,078 8,062 1,015 1,686
Téng PFCA KPH 4,867 0,608 1,030
Téng PFSA KPH 3,524 0,298 0,656
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Ham lugng PFC tim thiy trong céc loai ca khac nhau tai khu virc Phong Khé
dugc trinh bay trong Hinh 3.22. La nhitng hop chat duoc phét hién nhiéu nhat, PFOS
va PFUnDA ciing 14 nhitng PEC c¢6 ham lugng 16n nhat trong cac mau ca véi gia tri
trung binh (khoang ham lugng) lan luot 12 0,619 (KPH — 3,524 ng/g w.w) va 0,564
(KPH — 2,871 ng/g w.w). PFOS déng gbp tir 12,9% (& ca diéc) t6i 59,7% (& ca chép)
va trung binh 36,1% trong tong PFC tim duoc, trong khi ti 1¢ dong gop cia PFUnDA
trong tong PFC trong hai loai nay bién doi theo chiéu huéng ngugc lai, nho nhét ¢ ca
chép (26,6%) va 16n nhat & ca diéc (56,8%). Cac hop chat con lai ¢6 ham luong trung
binh trong khoang tir 0,013 (PFOA) tdi 0,226 ng/g w.w (PFDA) va chi chiém dudi
10% tong PFC, ngoai trir PFDA (11,9%). Viéc PFUnDA chiém phén 16n trong nhom
PFC phu hop véi mot nghién ctru trude d6 & Viét Nam [91], twong ty hd so 6 nhiém
v6i PEUNDA va PFDA ¢ c4 tai cac ho chau Au [143], nhung khac véi két qua PFHxA
dong vai trd hop chat chil dao tai hd Chaohu, Trung Quéc [156] va cac hop chat PFOS
hién dién chi yéu trong c4 nudc ngot & New Jersey, Hoa Ky [65]. Can luu ¥, cac
nghién ctru trudc d6 vé song va ho tai Ha Noi cho thay cac PFC hién dién voi ham
luong cao 1a cac hop chit mach ngan PFOA va PENA thay vi PFUnDA va PEDA.
Su khac biét nay goi y vé kha ning tich liiy sinh hoc cao hon ctia cac chat PEC mach

dai hon trong mo ca.

Khi so sanh ham luong PFOS trong c4 véi tiéu chuan ctia Lién minh chau Au
(9,1 pg/kg), tit ca cac mau ca trong nghién ciu nay déu c6 ham luong PFOS nho
hon tiéu chuan. Mic du vay van can tiép tuc nghién ctru va theo doi dé danh gia su

thay doi vé ndng do ciia cac hop chat PFC trong cé theo thoi gian.
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Hinh 3.22. Ham lugng PFC tim thay trong cac loai c4 khac nhau tai khu vuc Phong Khé

3.4.2. Ham luwgng PFC giira cdc loai ca khdc nhau

Tong ham luong PFC trong bay loai c4 nudc ngot nam trong khoang tir 0,078
dén 8,062 ng/g khdi lwong udt (w.w) véi gia tri trung vi 1a 1,015 ng/g w.w va ham
lugng trung binh 1a 1,686 ng/g w.w (

Hinh 3.23). Ham luong trung binh ctia tong PFC (ng/g w.w) ting dan theo thir
tu: diéc (0,743) < chép (0,882) < tré (1,267) < qua (1,292) < troi (1,412) < ro phi
(1,424) < thiéu (7,009). Ham luong nay thip hon cac mirc duoc bao cio trén cac
nghién ctru vé ca nudc ngot khac, chang han ¢ song Jiulong, Trung Qudc (25 — 100
ng/g w.w) [150], cac hd ¢ chau Au (0,35 — 60,4, trung vi 14,2 ng/g w.w) [143] va cac
song & New Jersey, Hoa Ky (3,8 — 129,8 ng/g w.w) [65]. Muc PFC trong r6 phi thu
dugc tir nghién clru nay cao hon nhiing gi dugc ghi nhan tai chau Phi (KPH - 0,13,

trung binh 0,24 ng/g w.w) [23].

Phan tich ANOVA mdt chiéu dugc st dung dé xac dinh sy khac biét vé PFC
téng gitra cac loai loai khac nhau. Két qua ANOVA Welch Fs, 13286 = 14,176 va p <
0,001 cho thay sy khac biét c6 y nghia thong ké vé PFC tong giita cac loai ca. Phan

tich sdu Games-Howell tiép tuc chi ra rang tong ham lugng PFC trong ca thiéu 1on
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hon dang ké so véi cac loai khac (p = 0,003 — 0,014). Cac két qua twong ty ciing duoc
quan sat thay khi so sanh tong PFCA va PFSA dugc tim thdy trong ca thiéu véi cac
loai ca khac (p < 0,05). Ham luong PFC cao trong ca thiéu c6 thé xuét phat tir tiém
nang tich lily sinh hoc 16n hon & loai ndy, von da dugc bao cdo 1a c6 kha ning tich
Iy cao céc chit 6 nhiém hitu co nhu HCHs, PCBs, DDTs, hay PBDEs so vé&i céac loai
ca nudc ngot khac [105].

Ao Mgd Khe Seng Chu Song Mgl Huyén Khe
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Hinh 3.23. Tong ham lugng PFC gifra cac loai ca va nhom dia diém lay mau khéac nhau
Hai loai ca troi va ca tré déu duogc thu thap tir ao nudi ca tai lang Ngo Khé va
mic du tong ham luong PFC dugc phat hién trong cac miu cé trdi cao hon trong cac
mau c4 tré, kiém dinh t-test chi ra rang sy khac biét nay 1a khong c6 y nghia thong ké
(p=0,721). Bén canh do6, cac mau ca chép, ca diéc, ca thiéu, ca qua va 50% s6 mau
¢4 16 phi déu duoc danh bat trong tu nhién trén song Cau. Ngoai trir cac mau cé thiéu
c6 tong PFC cao hon dang ké so voi ham lugng tim duoc trong cac loai ca khac nhu
d3 dé cap & trén, tong PFC duogc tim thdy trong cic mau ca qua (1,292 ng/g w.w)
cling cao hon c6 ¥ nghia théng ké (p = 0,031) so véi gia tri xac dinh duoc dbi véi ca
1o phi (0,555 ng/g w.w). Cac loai nay (chép, diéc, qua va ro phi) déu 1a cac sinh vat
tang day va la loai an tap. Ham luong PFC cao hon trong c4 qua c6 thé 1a do day 1a
mot loai ca san mdi, & vi tri cao hon trong chudi thirc an, noi cac chat 6 nhiém hitu
co von c6 dic thu 1a khuéceh dai sinh hoc trong méi trudng nude ngot [135]. Bén canh

d6, cac mau cé ro phi dugc danh bt trong ty nhién tir hai song: song Cau va song
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Ngii Huyén Khé. Kiém dinh t-test chi ra ring cic mau cé r6 phi dugc danh bt trén
song Ngii Huyén Khé c6 tong ham luong PEC (2,293 ng/g w.w) cao hon dang ké (p
= 0,023) so v6i cac mau thu thip trén séng Cau (0,555 ng/g w.w). Két qua nay phu
hop véi cac két qua phan tich nwdc mat khi nude song Ngii Huyén Khé c¢6 mirc d6 6
nhiém PFC cao hon so v&i song Cau. Diéu nay ciing cho thiy kha ning tich lily sinh

hoc cua cac PFC trong ¢4 cao hon ¢ noi c6 ham lugng 16n hon.

Nghién ctru ciing khéo sat méi twong quan gitra tong ham lugng PFC trong
cac loai ca nude ngot va dit liéu sinh hoc cta ca (trong lugng va lugng lipid). Khong
c6 mdi quan hé dang ké nao gitra ham lwong PFC va trong lugng co thé ghi nhan ¢
ba loai ca nudc ngot c6 s6 lugng mau 16n nhat (tram den, trim c6 va tram giéc). Két
qua tuong ty cling dugc bao cdo ¢ ca nudc ngot tir Canada, Hoa Ky [57, 60] va ca
bién tir Phan Lan [85], Trung Qudc [118]. O ca nudc ngot, ti 1 phan trim lipid nam
trong khoang 0,9% (ca thiéu) dén 9,1% (trim co). Phép thir Pearson cho thdy mbi
tuong quan nghich (r = -0,394) gitta PFC va ham lugng lipid cua céac loai ca nhung
khong co ¥ nghia thong ké (p = 0,382). Piéu nay c6 thé duoc giai thich rang PFC kho
tich Iily vao cac md md nhu céc chat 6 nhiém hiru co bén viing khac do dic tinh vira
ky nude vira ky dau. Nguoc lai, cac hoa chat nay két dinh véi protein va ton tai trong
cac co quan c6 hé tudn hoan phat trién nhu gan, phoi va than nhiéu hon 1a trong mé
md. Ngoai ra, cac nghién ciru trude d6 cho thay lipid c6 thé lam giam ham luong cia
mot s6 hoa chat PFC nhu PFOA va PFNA [114], nhung co ché chinh x4c van chua

duoc lam ro.

3.4.3. Ruii ro tdi sirc khoe con nguwoi thong qua viéc tiéu thu ca

Phoi nhiém PFC thong qua tiéu thy ca dugc tinh toan bang mo hinh ctia EPA.
Sau khi tinh toan, cac gia trj HR cua tong PFC trong tit ca cac loai ca nudc ngot tai
khu vuc Phong Khé nho hon 1, dao dong 1an luot tir 0,024 dén 0,216. Luogng hép thu
hang ngay ADI ciia c4 nudc ngot & murc thip, nam trong pham vi tir 0,51 dén 4,76
ng/kg trong luong co thé/ngay, trong khi ciing chi s6 vé ca nudc ngot tai Trung Qudc
dat tir 18,3 dén 77,7 ng/kg trong lugng co thé/ngay [150]. Can luwu y rang trong nghién

curu ndy, cac gia tri HR duoc tinh toan dua trén dit liéu tiéu thy riéng biét ciia ca nude
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ngot, trong khi & cac cong bd khac, mirc tiéu thu ca thuong duge gop chung. Do do,
cac gia tri ADI va HR duoc tinh toan trong nghién ctru nay nhé hon cac nghién ctru
khac do ham lwgng PFC thap hon ciing nhu mirc tiéu thy c4 khong dang ké. Céac phat
hién nay cho thiy ngay céa khi cac PFCA va PFSA khac c6 doc tinh tuong duong véi
PFOA va PFOS, phoi nhiém tich liiy PFC chua giy anh hudng tiéu cuc dén dan cu
dia phuong. Tuy nhién van can quan tric lién tuc cac hop chat PEC trong cac miu

moi truong dé dua ra canh bao rui ro kip thoi khi phat hién nguy co tiém an.

3.5. Két qua nghién ciru kha ning loai bé PFC bang ciy béo tay
3.5.1. Su tich lily PFC trong cdc by phdn khdac nhau cua cdy béo tiy

Két qua thu duoc trong nghién ciru nay cho thay cac bd phan khac nhau cua
ciy béo tdy, bao gom ré, than va 14, c6 kha nang khac nhau trong viéc tich lily cac
PFC tir dung dich nuéc, nhu duge minh hoa trong Hinh 3.24. Trong d6, ré 1a bd phan
¢6 kha ning tich lily cac PFC nhiéu nhat, tiép dén 14 14 va cubi ciing 12 than béo. Nhin
chung, tong ham lugng PFC trong cac bd phan cia cdy béo ting 1én theo thoi gian
tiép xUic v6i cac chat 6 nhiém. Cu thé, mire d0 tich Ity cac PFC trong ré tang tur 333,4
ng/g trong luong kho trong tuan dau tién 1én 597,7 ng/g trong luong kho ¢ tuan thu
ba. Trong khi do, tong ham lwong PFEC tich lily trong than cdy béo tiy dao dong tir
230,3 dén 334,3 ng/g trong lugng kho va ham luong PFC trong 14 thé hién su gia tang
on dinh, bat dau & muc 241,9 ng/g trong luong khoé vao tuan dau tién va dat lan luot

313,1 va 361,6 ng/g trong luong kho sau hai va ba tudn.
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Hinh 3.24. Tong ham lugng cta cac PFC trong cac bd phan khac nhau (ré, than va

14) ctia ciy béo tay & cac tuan khac nhau cua thi nghiém.

Su phan b cua cac PFC trong cac bo phan dugc tim thy trong nghién ctru
nay phan anh qua trinh tich Iily va van chuyén PFC trong cdy béo tay. Ddi voi cac
thuc vat ndi nhu béo tay, ré 1a bo phan tiép xuc truc tiép voi chat 6 nhiém trong moi
truong nude va dong vai tro cira ngd trong viéc hip thu cac PFC tir moi trudng va cac
chat nay phai di qua ré trude khi duoc van chuyén dén than va 1a. Phan tich twong
quan bang kiém dinh Pearson ciing cho thdy méi quan hé duong manh giira tong ham
lwong PFC trong ré voi tong ham luong PFC trong than (r = 0,911, p = 0,001) va 1a
(r=0,863, p = 0,003). Kiém dinh Pearson ciing duoc sir dung dé kiém tra mdi tuwong
quan giita khdi lugng cua cdy va tong PFC duoc tim thiy trong cac mau béo ty. Tuy
nhién, két qua thu dugc cho thay khong c6 mdi quan hé c¢6 ¥ nghia thong ké nao duoc
tim thay gitta khéi luong ciy beo tay tuoi hay khéi lwong khé cua timg b phan véi
tong ham luong PFC (cac gia tri p > 0,05).
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3.5.2. Thanh phan ciia cdc PFC trong cdc bé phén ciia cdy béo tiy

Ham Iuong cua tung PFC trong cac bd phan khac nhau cua béo tay theo thoi
gian duoc trinh bay trong Hinh 3.25 va thanh phan % cta cac PFC trong mdi bd phan
dugc minh hoa trong Hinh 3.26. Nhu da dé cap, ré 1a bo phan c6 kha ning hép thu
PFC manh nhat va trong sb6 tam PFC duoc khao sat, PFOS thé hién murc d6 hép thu
cao nhit boi ré, véi ham lugng dao dong tir 89,06 dén 178,8 ng/g dw. Vao cubi thi
nghiém, lugng PFOS duoc phat hién trong ré cao gip 1,6 — 4,9 1an so véi cac PFC
khac. PFOA 14 hop chat phd bién thtr hai trong ré cay béo tdy, v6i khoang ham luong
tr 54,35 — 113,2 ng/g dw.
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Hinh 3.25. Ham lugng cua cac PFC trong cac bd phan khac nhau (ré, than va 14)

cua cay beo tay ¢ cac tuan khac nhau cua thi nghi¢ém

Nhin chung, trong mdi nhom PFCA va PFSA, cic dong dang v4i mach carbon
dai hon dugc tim thay véi ham luong trong ré cao hon so véi cac dong dang c6 mach
carbon ngin hon. Két qua nay cho thiy cac PFC mach dai c6 kha nang tich liy sinh
hoc cao hon trong ré cdy béo tdy so v&i cac hop chit mach ngan. Bén canh do, ré

cling cho thay tdc do hap thu cac chat PESA cao hon cac chat PFCA c6 cung s6 luong
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carbon trong phén tir, cho thay anh hudng khac nhau cta cac nhom chirc khac nhau
to61 kha nang tich lily sinh hoc. Vi dy, ham lugng cua PFBA dao dong tur 21,83 dén
36,28 ng/g dw, trong khi ham lwong cia PFBS dao dong tir 25,86 dén 42,50 ng/g dw.
Cac két qua tuwong tu ciing da duoc ghi nhan trong nghién ctru ctia Pi va cong sy

(2017b) [121].
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Hinh 3.26. Sy phéan bd cua cac PFC trong cac bd phan khac nhau (r&, than va 14)

cua cay beo tay o cac tuan khac nhau cua thi nghiém.

Sy phén bd cua cac PFC trong cac bd phan khac nhau (r&, than va 14) cia ciy
béo tay & cac tuan khac nhau cua thi nghiém duoc trinh bay trong Hinh 3.26. Mic du
duoc ha”ip thu manh béi &, PFOS lai 1a chat c¢6 ham lugng thép nhét trong than va la
cua cay beo tay, lan luotla 12,87 —23,28 va 7,575 — 18,55 ng/g dw. Nguoc lai, PFPeA
1a chét chiém uu thé trong hai bd phan nay, véi ham lugng duoc tim thiy nam trong

khoang 48,09 — 59,04 ng/g dw trong than va 61,37 — 79,53 ng/g dw trong l4. Khac
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v6i xu huéng quan sat dugc trong ré, sy thay d6i vé ham lugng cua cac PFC trong
than va 14 cua cay beo tay phuc tap hon nhung nhin chung ham lugng ctuia cac PFC
mach dai thip hon so véi cac chat mach ngén va cac PECA c6 ham lugng cao hon so
v6i PFSA véi cung s6 cacbon. Ham luong ciia cac PFC trong than ciy béo tay giam
theo thur tu PFPeA > PFBA > PFBS > PFHpA > PFOA > PFHxA > PFHxS > PFOS,
va th tw giam dan cua ching trong 14 1a PFPeA > PFBA > PFHXA > PFBS > PFHpA
> PFOA > PFOS. Su gia tang dang ké vé ham luong cac PFC mach ngén, cu thé 1a
PFBA, PFPeA va PFBS, trong than va 14 cho thdy xu huéng di chuyén ciia ching
theo qua trinh van chuyén nudc. Nguoc lai, cac hop chit mach dai 1a PFOS va PFOA
thé hién ai luc lién két voi té bao ré manh hon. Can luu y réng ba hop chat dugc nhic
t61 trude d6 co trong lwong phan tir nho nhat va do tan trong nudce 16n nhit trong s6
tam PFC duoc nghién ctru, trong khi hai chéat sau c¢6 trong lugng phan tir cao hon va
d6 tan thap hon dang ké. So véi cac cong bd tir nhom nghién ciru cua Liang [163,
164, 166, 167], su khéac biét trong thtr tu thu duoc tir nghién ctru ndy c6 thé 1 do sy

khac biét vé ham luong dau cua cac PFC trong dung dich nudc.

Bén canh d6, xu hudng bién d6i vé ham lugng PFC trong 1& duoc quan sat
thay trong nghién ctru nay ciing pht hop véi su thay doi ciia logKoe va logKow. Kiém
dinh twong quan Pearson chi ra méi quan hé duong manh gitta ham lugng PFC trong
1& beéo ty sau ba tuan vdi logKoee (r = 0,910, p = 0,002) va logKoew (r = 0,760, p =
0,029). Ngoai ra, dit liéu thu duoc tir cac kiém dinh Pearson ciing cho thidy mdi turong
quan 4m dang ké giira logKoc va tong ham lugng PEC ¢ ca than va 14 (r=-0,881, p =
0,004; va r =-0,902, p = 0,002, twong tng). Tuy nhién, khong c6 mdi tuong quan c6
y nghia thng ké nao dugc quan sat giita logKow va dit liéu PFC tir than va 1a (p >
0,05). Nhitng phét hién nay chi ra rang logKow khong phai 1a mét yéu té du doan dang

tin cdy cho lugng PFC trong cac bd phan cua cay beo tay, ngoai trir ré.

Diéu tha vi 12 ti 1¢ phan tram PFC trong cac bd phan khac nhau ciia ciy béo
tay cho thdy sy thay d6i rat nhé. Vi du, su thay do6i cao nhat chi 1a 3,6% & PFOS,
3,2% d6i voi PFPeA va 3,4% d6i voi PEHXA trong 1é, than va 1a. Su on dinh nay cho
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thiy sy hdp thu PFC cua cdy béo tiy twong ddi 6n dinh va gan nhu tuyén tinh trong
diéu kién phong thi nghiém va dinh dudng day du.
3.5.3. Su tich liiy cuia cac PFC trong cdy béo tdy

Cac gia tri BCF cua tung PFC trong cac bo phan khac nhau cua cay beo tay
duoc trinh bay trong Hinh 3.27. Trong d6, cac PFC véi nhiéu carbon trong phan tur
¢6 xu hudng duoc tich lity chi yéu & ré véi BCF.z thay doi tir 3,63 L/kg ddi voi PFBA
dén 17,88 L/kg ddi voi PFOS. BCF ¢ than va 14 cta cdy béo tay twong d6i nhé hon
so voi ré, nam trong khoang 2,33 - 5,90 L/kg va 1,85 - 7,95 L/kg twong tmg. Mic du
PFOS c¢6 gia tri BCFz cao nhat, gia tri BCFuman va BCFi ctia hop chat nay lai 13 thap
nhét, chi béng khoang 1/8 va 1/10 so vo1 & ré. Nguoc lai, cac BCF cua PFPeA thé
hién gia tri thap tht hai o ré (3,87 L/kg) nhung cao nhét ¢ than va 1a. Ngoai ra, du co
BCF:: thap nhat, PFBA lai xép thir hai vé BCFuman va BCFy; ctia cay béo tay.
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Hinh 3.27. H¢ sb tich liiy (BCFs: L/kg) d6i v6i ré, than, 14 va toan bo cay béo tay

Sy hip thu PFC thudng phu thude vao ham luong cua ching trong dung dich
nuéc, véi ham lugng cao hon thudng dan dén sy tich liy 16n hon trong thuc vat. Do

d6, diéu d& hiéu 1a BCF cua tam hop chit muc tiéu trong ré va 1a béo tdy thu duoc
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trong nghién ctru nay thip hon so véi nhirng gi dugc bao cdo boi Pi va cong su.
(2017b), do ham luong cua cac PFC trong nghién ctru do cao hon (20 pg/L) va dugce
giir gan nhu khong doi trong sudt pha phoi nhidm [121]. Mic du vy, xu hudng bién
d6i cua BCF giita cac PFC trong cay béo tdy trong nghién ctru ndy twong tu nhu cic
két qua tir nghién ctru ca Pi. Cu thé, trong khi cac gia tri BCF: cua cac PFC mach
dai 16n hon so v6i cac dong ddng mach ngén cua chung, va cac gia tri duoc ghi nhan
cho cac PFSA 16n hon céc gia tri cua cac PFCA c6 dd dai mach carbon, mot xu huéng
nguoc lai da dugc quan sat thay trong sy thay doi cia cac gia tri BCFi. Piéu thi vi
1a xu hudng bién doi ctia BCF ¢ cac loai thuc vat ngdp nudc gidng nhau cho ca ré va
14, cho thay kha niang hap thu PFC dong déu trén tat ca cac bo phan tiép xtic cta cy,
mic du ré di dugc chimg minh 1a ¢6 kha ning tich liiy cao hon. Trong céac hé ba thanh
phan thuc vat - dat - nudc, sy bién doi ciia cac hé sd tich liy sinh hoc (BAF) thuong
cho théy mot xu hudng nguoc lai do su luu gitr manh ctia cac PFC mach dai, dac biét
1a PFOS, trong dat. BAF ctia PFOA trong ré va chdi ctia Juncus sarophorus cao hon
so véi BAF duoc quan sat ddi vai PFOS, trong khi BAF ctia PFHXS 12 cao nhat [169].
Két qua twong tu ciing duoc cong nhan trong nghién ctru ciia He va cong su. (2023),

v6i cac gia tri BCF thap nhat ¢ ré va choi cua PFOS [70].

Tuong tu nhu két qua thu dugc khi xem xét mébi quan hé dic tinh héa Iy PFC
voi1 ham lugng ¢ cac bd phan khac nhau cua cay béo tay, logKo. ¢6 turong quan duong
v6i BCFiz (r= 0,967, p < 0,0005) va twrong quan am v6i BCFuman va BCFi4 (r =-0,883,
p = 0,004 va r=-0,945, p < 0,0005). Ngoai ra, chi tim thdy mdi twong quan duong
manh giita logKow va BCF (r = 0,839, p = 0,009), trong khi mdi twong quan giita
thong s6 ndy va BCFuman va BCFy; 13 4m va khong c6 ¥ nghia théng ké (r = -0,556, p
=0,153 var=-0,630, p=0,094). Mébi tuong quan tuong tu cling dugc tim théy gitrta
10gDimw va logDypw v6i dit liéu vé BCF.z, BCFihan va BCFua.

Khi xem xét toan bo cdy, gia tri BCF toan cay ctia cac PFC muyc tiéu nam trong
khoang tir 3,59 dén 6,04 L/kg, trong d6 gia tri 16n nhat duoc tim thdy ddi vi PFPeA,
trong khi gia tri nho nhét dugc ghi nhan ddi voi PFHxS. So voi PESA, PFCA cho

thay xu hudng tich tu 16n hon trong cdy béo tay. Phan tich twong quan Pearson chi ra
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rang khong c6 mbi lién hé c6 ¥ nghia théng ké nao gitta logBCFeay va 10gKoc, 10gKow,
10gDimw hodc logDpw (p> 0,05). Diéu nay 14 do cac théng s6 logKow, 10gDmw va logDpw
co tac dong rat nho dén cac thanh ph'?m BCF, ngoai trir BCF ré. Bén canh do, mic du
c¢6 anh huéng manh mé dén ca ba thanh phan BCF, mbi twong quan cta logKoc v6i
BCF: (trong quan duong) lai nguoc chidu véi BCFunan va BCFi (twong quan am).

Do d6, két qua cubi cung cho thiy logKo khong anh huong dén BCF toan cdy.

C6 thé n6i rang nhimng két qua trén khong phu hop véi nhitng phat hién tir Pi
va cong su. (2017b), von chirng minh mdi twong quan duwong chit ché giita cac thong
s6 hoa 1y (logKoc, 10gDmw va logDpw) va BCF [121]. Tuy nhién, nghién ctru cua Pi
duogc thuc hién bﬁng cach st dung nhiéu PFCA mach dai véi sb luong carbon trong
cac phan tir tir C9 dén C14, va cac hop chat mach dai nay da duoc chimg minh 14 c6
tiém nang tich lily sinh hoc cao hon. Ngoai ra, cac PFC mach dai c¢6 gia tri logKoc,
logDimw va logDypw 16n hon so véi cac dong dang mach ngan cua chung. Két qua 14,
cac mbi twong quan duong déng ké da duoc tim thay gitra BCF va cac thong sb nay.
Trong truong hop cac PFCA mach dai tir dir li€u cua Pi khong duoc xem xét, phan
tich thong ké chi ra rang cac két qua duoc tinh toan lai twong ty nhu trong nghién ctru
nay, chi c6 logKoc cho thdy mbi trong quan cé y nghia thong ké voi cac gia tri BCF
cua ré, 14, va toan cay. Tuy nhién, cic mdi twong quan dugc tim thiy c6 xu hudng
trai nguoc (moi quan hé duong) so véi nhirng gi dugce quan sat trong nghién ctru ndy.
Nhiing khéc biét nay trong két qua thu duoc ¢ thé 1a do sy khac biét trong thiét ké
thi nghiém. Vi dy, ham luong cua PEC trong nudc duge gitr gan nhu khong dbi &
mirc 20 pg/L trong sudt 14 ngdy ciia giai doan phoi nhiém trong nghién ctru d6. Ngoai
ra, mQt nghién ctru khac cua He va cong sy (2023) da minh hoa tac dong ti€u cuc ctuia
logKow va logDmw d6i voi cac BCF cila bay loai co dai, cho thay rang cac thiét ké thi
nghiém khéc nhau c6 thé dan dén cac két luan khac biét [70].

Heé sb chuyén vi (TF) cta tirng PFC theo thdi gian trong than va 14 ciia cay béo
tay duoc trinh bay trong Hinh 3.28. Chi c6 ba chat ¢6 gia tri TF 16n hon mét, cu thé
1a PFPeA, PFBA va PFBS do chiing 1a cac hop chit c6 ham luong cao nhit trong
than va 14. Cu thé, gia trji TF cua ba hop chat nay lan luot 1a 1,55, 1,47 va 1,13 dbi
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v6i than, va 2,08, 1,98 va 1,09 dbi voi 4. Quan sat ndy phu hop voi két qua do Pi va
cong su bao cao (Pi va cong su, 2017b), go1 y réng cac PFC c6 trong lugng phan tu
thip hon thé hién nhitng thay d6i dang ké hon trong qué trinh chuyén vi so véi cac
chat dong dang co trong lugng phan tir cao hon [121]. Trong sd cac PFC, gia tri TF
ciia PFOS va PFOA thép nhat & than (0,13 va 0,36) va & 14 (0,10 va 0,31), diéu nay
ngu ¥ rang cac PFC mach dai hon dwgc hip thu va giit lai chit ch& hon trong ré. Ca
bbn thong s6 hoa 1y, logKoe, 10gKow, 10gDmw va logDpw, déu co tac dong tiéu cuc dang
ké dén cac gia tri TF than va TF 14 (p < 0,05), trong d6 logKoc ¢6 trong quan cao nhat

(p < 0,01). Két qua twong tu ciing dugc trinh bay trong nghién ctru ctia He va cac

cong su (2023) [70].
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Hinh 3.28. Hé s6 chuyén vi (TFs: L/kg) cua cac PFC ddi vé6i than va 14 cta cy béo
tay. Céc thanh error bar dai di¢n cho cac gia tri do 1éch chuan cua tap dit licu (n = 3)
3.5.4. Can bing khéi lwong va hiéu qud loai b6 PFC

Céc tinh toan vé can bé'tng khoi luong dugc thyc hién bé'mg cach xem xét khoi
lugng cua PFC c6 trong dung dich nudc va trong cac thanh phan khac nhau cua ciy
béo tay, bao gom &, than va 14. Hinh 3.29, Hinh 3.30, Hinh 3.31 thé hién su phan b
tam thoi ciia khdi lugng PFC trong pha nudc va cac bd phan cua ciy. Trong tudn dau

tién cuia thi nghiém, mot phan dang ké cac PFC van ton tai trong dung dich nuéc, dao
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dong tir 40,2% dbi véi PEPeA dén 69,1% d6i v6i PFHXS va chiém khoang 59,7 +
8,2% tong s6 PFC. Tuy nhién, khi thoi gian tiép xtc kéo dai, su hap thu PFC dang ké
clia cdy beo tdy da dugc ghi nhan. Ti 1& loai bo cua timg PFC vao tuan thir ba dao
dong tur 48,9% dén 82,6% va dat 63,5 + 4,5% téng lugng PFC. Trong sb cac PFC,
PFHxS thé hién ti 18 loai bo thap nhat (28,8 - 48,9%), trong khi PEPeA cho thay hiéu
qua cao nhat trong viéc loai bo (59,8 - 82,6%).
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Hinh 3.31. Phan b khéi luong ctia cac PFC trong dung dich nudc va trong cac bd

phan khac nhau cua cdy béo tay ¢ tudn thir ba ciia thi nghiém

Nhin chung, hi¢u qua loai b6 PFC mach ngén nhu PFBA, PFPeA va PFBS
duogc phat hién vuot trdi hon so véi cac déng déng mach dai hon. Hién tugng nay co
thé duoc giai thich béi sy tich lily ddng ké cia cac dong dang mach ngin nay & thin
va 14, nhitng bd phan phd bién hon vé khdi lugng so véi ré. Mit khac, ré co khdi
lugng kho thép lai c6 kha ndng tich lily PFC mach dai cao hon. Pang luu y, ré boc 16
ning luc loai bo PFOS dang ké, hap thu hiéu qua 20,1 - 35,4% tong luong PFOS
trong sudt thi nghiém. Than cay cling c6 ti 1€ tich tu PFC cao hon, chiém khoang 17,6
- 35,3% tong luong PFC. Nhu d3 néu trong nghién ctru ndy, hiéu qua loai bé PFC cua
ciy béo tiy vuot qua cac nghién ctru xtr Iy sinh hoc khac tap trung vao hé thong dat-
cay-nudc do dac thu canh tranh héip thu cua dat. Vi du, trong nghién ctru cia Zhang
va cong su (2019a), cay J. effusus loai bo 30 - 40% trong tdm PFC dugc chon voi
ham luong thip trong 21 ngdy, va hiéu qua loai bo thap nhit vao khoang 20% 1a dbi
v6i PFOS [164]. Trong mdt nghién ciru khac ctia Zhang va cong su (2020), su hip
thu cua cay T. angustifolia chiém 28.9 - 49,2% lugng PFC [163]. Khi xem xét vi¢c
loai bo PFC bang céc loai thuc vat thuy sinh ndi, Zhang va cong su (2019b) da phat
hién ra rang hiéu qua loai bé cao nhat (11,4%) ctia PFC b sung boi ciy J. effusus
duoc ghi nhan sau 21 ngay [167]. Ngoai ra, ngoai trir PFOS, tat ca cac PFC khac déu
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co ti 1€ loai bo dudi 0,5% khi st dung béo tam khong suc khi [166]. Nhitng phat hi¢n

nay da minh ching kha niang hap thu ndi tai vuot trdi ciia loai beéo tay.

Trong sudt qua trinh thi nghiém & ca mau d6i chimg va mau c6 hoa chét, mot
s6 14 chuyén sang mau vang nhung khong ghi nhan hién twong cdy chét (Hinh 3.32,
Hinh 3.33). Vi l4 béo tdy thudng phat trién manh trong khoang tir 5 dén 6 tuan, thoi
gian thu hoach t6i da dugc khuyén nghi 13 6 tuan dé tranh mét sé 14 cua cy béo tay
bi héo va roi xubng nudc, din dén viéc giai phong nguge PFC. Bén canh do, rét it
nghién ctru vé xir 1y sinh hoc thdo luan vé cach quan 1y thuc vat bi nhiém cac hoa
chat ma chung hap thu. Pdi véi cac hop chat myc tiéu trong nghién ciru nay, PFC la
céc chat 6 nhiém hiru co bén vitng véi do 6n dinh hoa hoc cao, khién viéc xur 1y cay

béo tay bi nhiém PFC trd thanh mot van dé nan giai.

Mic du cdy béo tay c6 mot sb loi ich kinh té, chang han nhu sir dung trong san
Xuét phan tron, khi sinh hoc, nhién li¢u sinh hoc hodc than sinh hoc nhung su hién
dién ctia PFC trong cdy béo tiy c6 thé gay 6 nhiém cic san pham nay va lam giam
tinh tng dung ctia chiing. Chiét xuat PFC tir cay beéo tdy théng qua cc quy trinh chiét
tach thuong ton nhiéu thoi gian va chi phi. Do d6, cac giai phap phu hop c6 thé bao
gdm choén 1ap co bit kin bang dat sét hodc thiéu huy. Chén lap c6 thé duge thyuc hién
mot cach hiéu qua nhung doi hoi dién tich dit dang ké va phai dam bao rang PFC
khong bi 10 ri ra moi trudng dat. Thiéu hay c6 thé mang lai giai phap toan dién hon,
vi nhiét d6 cao trong qua trinh ndy c6 kha niang pha hiy PFC. Mic du viéc sy kho
béo tay trude khi dét chay doi hoi nang lwong nhung mot phan ning lwong ndy co thé

dugc thu hoi trong qua trinh dot.
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Hinh 3.32. Hinh anh miu béo dbi chimg sau: (1a) mot tuan, (2a) hai tudn va (3a) ba tuan
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(3b)

i

Hinh 3.33. Hinh anh dai dién mau béo c6 hoa chat sau: (1b) mot tuan, (2b) hai tuan,

(3b) ba tuan
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KET LUAN VA KIEN NGHI

1. Két luan
1.1. Panh gia duoc hién trang ndng d6 va thanh phan cua cac hop chat PFC trong cac
mau nudc mit, nudc ngﬁm, trAm tich va cé thu thap tai khu vuc Phong Khé.

e Pbi v6i nudc mit, cac PFC véi s6 C < 8 ciing 13 nhitng chit ¢6 tan suat phat
hién cao nhat néng do trong nudc mat cao nhat. Cac hop chit mach dai duoc
phat hién khéac, gobm cac PFCA v&i C9-C14 chi duge tim thay v6i nong do kha
thap. Xét theo vi tri 1y mau, ndong 46 PEC duoc tim thiy trong cac miu nudc
muong thai ciing cao hon so v6i nude song Ngit Huyén Khé va song Cau. Xét
theo mua, tong PFC ciia cac mau mua kho cao hon dang ké so véi tong PFC
tim thay trong cac mau mua mua. Két qua phan tich rii ro sinh thai cho thay
phan 16n cac gia tri rai ro déu ndm trong ngudng an toan ddi voi cac nhom
sinh vat thuy sinh. Hau hét cac mau nudc mat déu co néng do PFOS vuot
ngudng tiéu chuin cho phép trong nudc mit ctia Lién minh chau Au.

e Dbi véi nude ngam, tin sudt phat hién cac PFC thap hon so voi trong nudc
mit. Cac PFCA véi C6 - C8 1a nhitng hop chét c6 mit thudng xuyén nhat trong
c4c mau nudc ngdm va tin suat phat hién trong mua khé cao hon trong mua
mua. Cac mau phia Nam song Ngii Huyén Khé c6 tan suét phat hién PFC cao
hon cac mau phia Bic song ¢ ca hai mua. Céc gia tri rai ro dwoc tinh toan cho
tong PFC trong nghién ctru ndy déu nho hon 1,0 cho thiy chua xuét hién nguy
co tiém an vé rui ro strc khoe lién quan dén viée sir dung nudc ngam trong khu
vuc nghién ctru.

e Dbi véi tram tich, cac hop chit PFCA mach ngén c6 tan suat va ham luong
thép trong khi cac PFCA mach dai dugc phat hi¢n & tan suit va ham lugng cao
hon. Su khéc biét vé téng PFC ctia cip vi tri song Cau — muong nude 1a dang
ké, trong khi cap vi tri séng Cau — song Ngii Huyén Khé ¢ ranh gi6i khac biét
va cap vi tri song Ngli Huyén Khé — muong nudc khong co su khac bigt co y
nghia théng ké. Hé sb phan bé giita pha nudc va tram tich log Kq dao dong tir
0,561 dén 3,974, phan anh su bién dong 16n vé phan bd pha giira cac hop chit

phu thudc vao nhiéu yéu to.
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e Dbi voi ca, PFOS va PFUnDA 1a nhitng PFC c6 tan suat phat hién va nong do
161 nhét trong cic mau ca. Nong do trung binh cua tong PFC (ng/g w.w) ting
dan theo thir ty: diéc (0,743) < chép (0,882) < tré (1,267) < qua (1,292) < troi
(1,412) < 16 phi (1,424) < thiéu (7,009). Téng ndng do PFC, PFCA va PFSA
trong cé thiéu 16n hon dang ké so v6i cac loai khac. Tinh toan rui ro cho thay
viéc phoi nhiém PFC khong anh huéng tiéu cuc dén sire khoe ciia ngudi dan
dia phuong.

1.2. Luan 4n da danh gia dugc so bo tiém nang tich lily cac PFC cta béo tay tir dung
dich nudc.

e Céc bo phan khac nhau cua cay beo tay, bao gdm ré, than va 14 c6 kha ning
khéc nhau trong viéc tich lily cac PFC tir dung dich nuéc. Trong do, ré 1a bo
phan c¢6 kha nang tich liiy cac PFC nhiéu nhat, tiép dén 1a 1 va cudi cing la
than béo. Cac PFC mach dai c¢6 kha ning tich Iiiy sinh hoc cao hon trong ré
ciy béo tay so voi cac hop chat mach ngan.

e Kiém dinh tuong quan Pearson chi ra mdi quan hé dwong manh gitra nong do
PFC trong ré béo tay sau ba tudn v6i logKoe va logKoew, mdi twrong quan am
dang ké giira logKoc va tong ndong do PFC ¢ ca than va l4.

e Tilé loai bo cua timg PFC vao tudn thir ba dao dong tir 48,9% dén 82,6% va
dat 63,5 + 4,5% tong luong PFC. Trong s6 cac PFC, PFHxS thé hién ti 18 loai
b6 thap nhét (28,8 - 48,9%), trong khi PFPeA cho thay hiéu qué cao nhét trong
viéc loai bd (59,8 - 82,6%). Hi¢u qua loai bo PFC mach ngén nhu PFBA,
PFPeA va PFBS duogc phat hién vuot trdi hon so véi cac d@)ng d.’fmg mach dai
hon.

2. Kién nghi

e Tiép tuc trién khai hudng nghién ciru st dung béo tay dé xir Iy 6 nhiém cac
hop chét PFC trong nudc ¢ cac ndng do khac nhau.

e Nghién ctru tiém nang loai bo cac hop chit PFC caa mot so loai thuc vat khéac

tai Viét Nam.
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PHU LUC

Bang P1. Cac thong s6 MRM ciia chat phén tich

STT | Tén hop chit | Céngthicc | Manh me m/z | Manh con m/z | Q1 Pre Bias (V) | CE (V) | Q3 Pre Bias (V) Tﬂ:;%;;m
169,05
1 | PFBA F3C(CF2),CO:H 212,85 22 10 28 2,98
18,9 22 42 16
219,1
2 | PFPeA F3C(CF1);CO-H 262,85 27 8 19 6,52
19,2 27 45 18
269
3 | PFHxA F3C(CF2)4CO2H 312,8 22 2 25 9,27
118,95 22 21 18
319
4 | PFHpA F3C(CF2)sCO2H 362,8 25 4 30 11,15
169,15 25 18 29
368,95
5 | PFOA F3C(CF2)sCO-H 412,8 20 10 22 12,57
169,05 20 19 28
418,95
6 | PFNA F3C(CF2);CO-H 462,8 22 10 26 13,73
219,05 2 17 20
469,2
7 | PFDA F3C(CF2)sCO-H 512,85 24 a 30 14,70
219,1 24 19 12
8 | PFUnDA F3C(CF2)9CO2H 562.8 518,95 40 12 34 15,53
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269.1 40 17 26
568.95

9 |PFDoDA | FsC(CF2)10CO:H 612.8 22 12 38 16,24
318,75 2 20 29
618,95 32 13 40

10 | PFTrDA F3C(CF2)1,COH 662.8 16,87
169,25 32 31 29
669

11 | PFTeDA F3C(CF2)12CO.H 712.8 34 13 30 17.41
169,3 34 36 26

12 | PFHXDA | FsC(CF2)14COH 812.85 769 40 15 36 18,29
368.6

13 | PFODA F3C(CF2)16CO:H 912.8 24 19 38 18,98
169,15 24 45 28
80,05

14 | PFBS F3C(CF2):SO5 298.85 20 40 29 7,17
99,05 20 35 15
79,95

15 | PFHxS F3C(CF2)sSOx 398.8 27 46 28 1127
98,95 27 35 16
80.15

16 | PFOS F3C(CF2)7S0s 498 85 24 >0 28 13,73
99,05 2 43 15
79.9

17 | PFDS F3C(CF2)sSO5- 598,85 30 30 29 15,49
98.85 30 51 13
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Bang P2. Hiéu suit thu hdi ctia chit ddng hanh, gidi han phét hién va giéi han dinh luong cta phuong phap

Gidi han phat hién

Gioi han dinh luwgng

TT Loai mau Hiéu suat thu hoi (%) (ng/L hoic ng/g) (ng/L hoic ng/g)
1 Mau nuéc 87% - 112% 0,02 -0,22 0,06 — 0,66
2 | Mau tram tich 80% - 121% 0,01 —0,02 0,01 - 0,06
3 |Miuca 70% - 120% 0,01 -0,02 0,01 -0,06
4 | Mau béo 69% - 123% 0,09 -0,16 0,30 - 0,54
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Bang P3. Két qua phan tich cac hop chit PFC trong nudc mat (ng/L)

Mua kho:
STT Hop chit PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S
W.01 W.02 W.03 W.04 W.05 W.06 W.07 W.08 W.09 W.10 W.11 W.12 W.13 W.14 W.15 W.16 W.17 W.18 W.19 W.20
1 | PFHxA 0,569 0,453 0,663 0,499 2,237 0,546 1,524 4,270 1,798 5,380 4,967 15,32 5,770 1,925 3,025 6,732 7,848 6,494 5,900 15,93
2 | PFHpA 0,180 0,206 0,199 0,282 0,960 0,230 0,454 0,928 0,516 1,076 1,322 1,863 0,761 0,217 KPH 0,128 0,144 0,551 KPH 0,097
3 | PFOA 0,534 0,518 0,560 0,621 2,481 0,502 2,821 5,120 2,928 6,774 11,15 16,25 10,31 4,496 0,236 6,621 5,576 4,983 1,992 3,479
4 | PFNA 0,405 0,334 0,284 0,394 0,837 0,399 0,592 1,312 0,692 1,706 1,967 3,324 1,978 1,779 0,807 1,621 1,576 1,783 0,136 2,124
5 | PFDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
6 | PFUnDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 0,771 KPH KPH KPH 0,532 KPH
7 | PFDoDA KPH KPH KPH KPH KPH KPH 0,231 KPH KPH KPH KPH 0,363 0,278 KPH KPH 0,413 KPH KPH KPH KPH
8 | PFTrDA KPH KPH KPH KPH KPH KPH | KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
9 | PFTeDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 0,656 0,386
10 | PFHxS KPH KPH 0,909 KPH 1,460 1,028 1,868 3,032 1,994 3,148 6,059 5,930 6,157 3,583 2,711 6,302 6,052 4,646 3,200 4,055
11 | PFOS 0,805 0,806 0,794 0,985 1,440 1,062 1,637 2,108 1,702 2,176 3,267 3,508 2,783 3,188 2,189 2,638 3,640 2,543 2,152 1,921
12 | PFDS KPH KPH KPH KPH KPH 0,516 KPH KPH KPH KPH KPH 2,464 KPH KPH 2,464 35,57 63,54 20,32 7,608 1,883
Téng PFC 2,493 2,317 3,409 2,782 9,416 4,284 9,126 16,77 9,630 20,26 28,73 49,02 28,04 15,19 12,20 60,02 88,38 41,32 22,18 29,88
PFCA 1,688 1,511 1,706 1,797 6,515 1,678 5,621 11,63 5,934 14,94 19,40 37,12 19,10 8,417 4,839 15,56 15,14 13,81 9,216 22,02
PFSA 0,805 0,806 1,703 0,985 2,901 2,606 3,505 5,140 3,696 5,324 9,326 11,90 8,939 6,771 7,364 44,51 73,23 27,51 12,96 7,859
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Mua mua:

STT Hop chét PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S
W.01 W.02 | W.03 | W04 | W05 | W.06 | W.07 | W.08 | W.09 W.10 W.11 w12 | wW.13 W.14 | WIS | W6 | W.17 | W18 | W.19 | W.20

1 | PFHXA 0,466 | 0,387 KPH | 1,908 KPH KPH | 3,002 | 2,070 1,743 1,973 | 2,037 | 6,345 1,961 1,593 1,737 | 7,940 | 9,065 | 9,835 | 5,140 12,23
2 | PFHpA KPH | 0,704 KPH | 1,089 KPH KPH 1,135 1,207 1,101 0,761 1,117 | 3,100 | 0,960 | 0,905 | 0,838 | 2,715 | 4,805 | 4,085 | 3,275 | 4,010
3 | PFOA KPH | 0356 | 0,597 | 2,517 KPH KPH | 2,316 | 2,644 | 2,411 2,266 | 2,383 | 5,370 | 2,663 1,331 1,719 | 8210 | 9,280 10,17 10,23 13,34
4 | PENA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH | 1,910 | 3,335 | 0,965
5 | PFDA KPH KPH KPH | 0,612 KPH KPH KPH KPH KPH KPH KPH | 2,755 KPH KPH KPH | 0,700 | 0,910 1,090 KPH 1,280
6 | PFUnDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH | 0935 | 2,070
7 | PFDoDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH | 2450 KPH KPH KPH | 3,995 | 3,690 1,290 | 2,565 | 2,785
8 | PFTrDA KPH KPH KPH KPH KPH KPH | KPH KPH KPH KPH KPH | 0,620 KPH KPH KPH KPH KPH KPH KPH KPH
9 | PFTeDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 1,070 1,615 KPH | 1,765 | 2,965
10 | PFHxS 0,364 KPH KPH | 0,689 KPH KPH 1,071 0,344 | 0,593 0,544 | 0,583 KPH KPH | 0,498 | 0,376 11,61 6,420 12,08 12,96 | 7,280
11 | PFOS 0,599 | 0,348 | 0,398 | 2,427 KPH KPH 1,598 1,552 | 2,812 2,421 3,019 1,505 | 2,454 | 2,396 | 2,174 1,095 KPH | 3,100 | 1,850 | 3,205
12 | PEDS KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH | 0,615 KPH KPH KPH
Téng PFC 1,430 | 1,794 | 0,995 | 9,242 KPH | KPH | 9,122 | 7,817 | 8,660 7,965 | 9,139 | 22,15 | 8,038 | 6,723 | 6,844 | 37,33 | 36,40 | 43,55 | 42,05 | 50,13
PFCA 0,466 | 1,447 | 0597 | 6,126 | KPH | KPH | 6,453 | 5,921 5,255 5,000 | 5,537 | 20,64 | 5,584 | 3,829 | 4,294 | 24,63 | 29,37 | 2838 | 27,24 | 39,64
PFSA 0,963 | 0,348 | 0398 | 3,116 | KPH | KPH | 2,669 | 1,89 | 3,405 2,965 | 3,602 | 1,505 | 2,454 | 2,894 | 2,550 | 12,70 | 7,035 | 15,18 | 14,81 10,49

Ghi chii: Mau PK.SW.01

174

- PK.SW.06 1a cac mau thu thap tai song Cau, PK.SW.07 - PK.SW.15 1a cac mau thu thap tai song Ngii Huyén Khé,
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Bang P4. Két qua phan tich cac hop chat PFC trong nudc ngam (ng/L)

Mua kho:

TT Hop ch At PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G PK.G

W.01 W.02 W.03 W.04 W.05 W.06 W. 07 W. 08 W.09 W. 10 W.13 W.14 W.15 W.16 W.17 ‘W.18 W.19 W.20
1 | PFHxA 0,199 0,217 0,746 1,115 KPH 0,196 0,606 6,187 0,476 0,716 1,163 1,179 0,632 KPH KPH KPH KPH KPH
2 | PFHpA 0,082 0,218 0,580 0,867 KPH 0,266 0,270 6,807 KPH 0,779 0,409 0,246 0,377 KPH KPH KPH KPH KPH
3 | PFOA 0,489 0,313 1,348 2,377 KPH 0,520 0,509 1,306 KPH 1,671 1,389 0,316 0,699 KPH 0,355 KPH KPH KPH
4 | PFNA KPH KPH 0,528 KPH KPH KPH KPH KPH KPH KPH 0,409 0,220 KPH KPH KPH KPH KPH KPH
5 | PFDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
6 | PFUnDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
7 | PFDoDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
8 | PFTrDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
9 | PFTeDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
10 | PFHxS 0,791 0,789 0,902 0,884 KPH KPH KPH 0,757 0,762 KPH KPH KPH 0,759 0,745 0,763 KPH 0,747 KPH
11 | PFOS 0,586 KPH 0,669 0,689 KPH KPH 0,652 KPH 0,536 0,573 KPH KPH 0,611 KPH 0,584 KPH 0,527 KPH
12 | PFDS KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
Téng PFC 2,147 1,537 4,774 5,933 KPH 0,981 2,037 15,057 1,774 3,740 3,371 1,961 3,078 0,745 1,702 KPH 1,274 KPH
PFCA 0,771 0,747 3,202 4,359 KPH 0,981 1,385 14,300 0,476 3,167 3,371 1,961 1,707 KPH 0,355 KPH KPH KPH
PFSAs 1,377 0,789 1,572 1,574 KPH KPH 0,652 0,757 1,298 0,573 KPH KPH 1,370 0,745 1,347 KPH 1,274 KPH
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Mua mua:

| PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK. PK.
TT Hop chat | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. [ GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW. | GW.
01 02 03 04 05 06 07 08 09 11 12 15 16 17 18 19 20 21 22 23 24 25

1 | PFHXA KPH | 1,780 | 2,267 | 0,980 | 2,080 | KPH | 1,044 | 1,734 | 2,954 | 1,222 | KPH | KPH | KPH | KPH | 0,584 | KPH | 1,784 | 1,521 | 1,815 | KPH | KPH | KPH
2 | PFHpA KPH | 0,855 | 1,364 | 0,951 | 1,193 | KPH | 1,025 | 1,138 | 2,161 | 0,819 | KPH | 0,729 | KPH | KPH | KPH | KPH | 0,965 | 0,613 | 1,023 | KPH | KPH | KPH
3 | PFOA 0,481 | 2,745 | 1454 | 1,240 | 2,308 | KPH | 2,536 | 2,597 | 2,182 | 1,808 | 0,645 | 1,895 | KPH | KPH | KPH | KPH | 1,534 | 1,509 | 2,528 | KPH | KPH | KPH
4 | PENA KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
5 | PFDA KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
6 | PFUnDA KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
7 | PFDoDA KPH | KPH | KPH | KPH | KPH | KPH | 0,642 | KPH | 1,421 KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
8 | PFTrDA KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | 0,355 | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
9 | PFTeDA KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | 0,847 | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
10 | PFHxS KPH | KPH | 0,424 | KPH | KPH | 0,351 KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
11 | PFOS KPH | KPH | 0,401 | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
12 | PFDS KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
;{]‘;‘ég 0,481 | 5,380 | 5,909 | 3,171 | 5,581 | 0,351 | 5,247 | 5,468 | 9,920 | 3,850 | 0,645 | 2,623 | KPH | KPH | 0,584 | KPH | 4,283 | 3,642 | 5365 | KPH | KPH | KPH
PFCA 0,481 | 5,380 | 5,085 | 3,171 | 5,581 | KPH | 5,247 | 5,468 | 9,920 | 3,850 | 0,645 | 2,623 | KPH | KPH | 0,584 | KPH | 4,283 | 3,642 | 5365 | KPH | KPH | KPH
PFSAs KPH | KPH | 0,825 | KPH | KPH | 0,351 | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH | KPH
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Bang P5. Két qua phan tich cac hop chat PFC trong trim tich (ng/g)

Mua kho:
TT Hop ch At PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S PK.S | PK.S | PK.S | PK.S PK.S PK.S
.01 .02 .03 .04 .05 .06 .07 .08 .09 10 A1 12 13 14 A5 .16 17 18 19 .20
1 PFHxA KPH KPH KPH 0,006 KPH 0,033 KPH KPH KPH KPH KPH KPH KPH 0,243 0,048 KPH KPH KPH KPH KPH
2 PFHpA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 0,028 KPH KPH KPH KPH KPH KPH KPH KPH KPH
3 PFOA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 0,038 KPH KPH KPH KPH KPH KPH
4 PFNA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH
5 PFDA 0,029 | 0,034 KPH KPH KPH KPH KPH 0,166 | 0,027 | 0,076 | 0,081 KPH 0,039 KPH 0,285 0,025 0,265 0,042 | 0,030 | 0,071
6 PFUnDA KPH KPH KPH KPH KPH KPH KPH 0,212 KPH KPH 0,270 KPH KPH KPH 0,183 KPH 0,234 KPH 0,059 | 0,113
7 PFDoDA KPH KPH KPH KPH KPH KPH KPH KPH KPH KPH 0,410 KPH KPH KPH 0,126 KPH 0,108 0,183 KPH KPH
8 PFTrDA 0,467 KPH KPH 0,141 0,213 0,170 | 0,317 KPH 0,319 1,516 | 0,291 0,140 | 0,120 | 0,183 0,358 | 0,558 | 0,211 0,250 | 0,492
9 PFTeDA 0,533 KPH 0,432 KPH 0,129 | 0,320 | 0,196 | 2,414 | 0,395 2917 | 2,755 0,117 | 0,241 0,327 1,126 | 0,119 | 0,973 0,538 1,121 0,701
10 PFHxS KPH KPH KPH 0,142 KPH KPH 0,128 0,385 0,149 0,333 0,329 0,153 0,230 KPH 0,562 KPH 0,243 0,162 0,200 0,225
11 PFOS KPH KPH KPH KPH KPH KPH KPH 0,361 KPH KPH KPH KPH 0,180 KPH 0,202 KPH 0,332 0,190 0,269 KPH
12 PFDS KPH KPH KPH 0,136 KPH 0,145 0,144 0,434 0,144 0,327 0,932 0,200 0,164 KPH 0,532 0,240 0,291 0,412 0,415 0,697
;;;,Iég 1,029 | 0,034 | 0,432 | 0,425 | 0,129 | 0,712 | 0,638 | 4,290 | 0,714 | 3,973 | 6,320 | 0,760 | 0,994 | 0,728 | 3,248 | 0,741 3,003 1,737 | 2,343 | 2,300
]T,ﬁléa 1,029 | 0,034 | 0,432 | 0,147 | 0,129 | 0,566 | 0,366 | 3,110 | 0,422 | 3,312 | 5,059 | 0,408 | 0,420 | 0,728 | 1,952 | 0,501 | 2,137 | 0,974 | 1,460 | 1,377
:]?ISIgA KPH KPH KPH | 0,278 | KPH | 0,145 | 0,272 1,180 | 0,293 | 0,661 1,261 0,353 | 0,574 | KPH 1,296 | 0,240 | 0,866 | 0,763 | 0,883 | 0,922
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Mua mua:

TT Hop chit PK.S.16 PK.S.17 PK.S.18 PK.S.19 PK.S.20
1 PFHxA KPH KPH KPH KPH KPH
2 PFHpA KPH KPH KPH KPH KPH
3 PFOA KPH KPH 0,255 KPH KPH
4 PFNA KPH KPH KPH KPH KPH
5 PFDA KPH KPH KPH 0,174 KPH
6 PFUnDA KPH 2,848 0,438 KPH KPH
7 PFDoDA 2,736 3,415 2,311 8,805 2,220
8 PFTeDA 0,876 1,102 0,242 1,034 0,281
9 PFHxXS KPH 0,206 0,067 KPH KPH
10 PFOS 0,091 0,542 0,622 1,812 0,242

Tong PFC 3,703 8,113 3,935 11,825 2,744
Tong PFCA 3,612 7,365 3,245 10,013 2,501
Tong PFSA 0,091 0,748 0,690 1,812 0,242
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Bang P6. Nong d6 cac hop chat PFC trong ca (ng/g)

Loai ca Pia diém V i tr~i Khoi PFBA | PFHxA | PFOA | PFNA | PFDA PEURD | PEDoD PFHxS | PFOS
lay mau | lwgng (g) A A

Ca Troi Lang Ngo6 Khé 1 1580 KPH KPH KPH 0,085 0,377 0,496 0,245 KPH 0,422
Lang Ngo6 Khé 1 1818 KPH KPH KPH 0,117 0,338 0,751 0,423 KPH 0,342

Lang Ngo6 Khé 1 1460 KPH KPH KPH 0,114 0,545 0,810 0,396 0,148 0,380

Ao Ngb Khé 1 804 KPH KPH KPH 0,063 0,132 0,064 0,056 KPH 0,072

Ao Ngb Khé 1 740 KPH KPH KPH 0,025 0,144 0,201 0,098 KPH 0,215

C4aTré Lang Ngo Khé 1 3800 KPH KPH KPH 0,110 0,311 0,413 0,219 KPH 0,228
Lang Ngo Khé 1 3000 KPH KPH KPH 0,126 0,136 0,470 0,131 0,139 0,163

Lang Ngo Khé 1 2800 KPH KPH KPH 0,180 0,259 0,544 0,227 KPH 0,144

Ca Chép Song Cau 2 554 KPH KPH KPH KPH 0,077 0,641 0,247 KPH 0,628
Song Cau 2 524 KPH KPH KPH KPH KPH 0,135 0,153 KPH 0,724

Song Cau 2 482 KPH KPH KPH KPH 0,085 0,459 0,182 0,146 0,716

Song Cau 2 270 KPH KPH KPH | KPH KPH 0,158 KPH KPH | 0,106

Song Cau 2 188 KPH KPH KPH 0,084 0,119 0,350 0,055 KPH 1,114

Bén do Qua Cam 2 1709 KPH KPH KPH | KPH KPH 0,104 KPH KPH | 0,087

Bén do Qua Cam 2 1118 KPH KPH KPH 0,020 0,069 0,064 KPH KPH 0,133

Bén do Qua Cam 2 1272 KPH KPH KPH 0,035 KPH 0,052 KPH KPH 0,136

Song Cau 2 599 KPH KPH KPH KPH KPH KPH KPH KPH 0,078
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Séng Cau 2 376 KPH | KPH | KPH | KPH | 0,095 0,178 KPH KPH | 0,651
Song Cau 2 440 KPH | KPH | 0,074 | 0,032 | 0,108 0,176 0,049 | 0062 | 1,318
CaDiéc | Séng Cau 2 100 KPH KPH KPH | KPH | 0,051 0,271 0,049 KPH | 0,109
Song Cau 2 98 KPH | KPH | KPH | 0,046 | 0,066 0,512 0,134 | 0,150 | 0,107
Séng Cau 2 100 KPH KPH KPH | KPH KPH 0,313 0,088 0,148 | KPH
Séng Cau 2 102 KPH | KPH | KPH | KPH | 0,082 0,588 0,089 KPH | 0,172
Ca Thiéu | Séng Cau 2 94 KPH | KPH | KPH | 0270 | 1,053 1,880 0,430 KPH | 3,471
Séng Cau 2 68 KPH | KPH | KPH | 0,096 | 0,595 1,316 0,588 | 0,151 | 2,521
Séng Cau 2 120 KPH | KPH | KPH | 0,167 | 1,095 2,871 0,734 | 0,146 | 3,049
Song Cau 2 90 KPH | KPH | KPH | 0,123 | 1,142 2,134 0,680 KPH | 3,524
CaQua | Séng Ciu 2 1214 KPH | KPH | 0,093 | 0,055 | KPH 0,219 0,037 KPH | 0,482
Song Cau 2 1300 KPH | KPH | 0,153 | 0,085 | KPH 0,438 0,041 0,148 | 0,698
Séng Cau 2 1354 KPH | KPH | KPH | 0,172 | 0211 0,626 0,194 KPH | 0,275
Séng Cau 2 496 KPH | KPH | KPH | 0,072 | KPH 0,221 0,039 KPH | 0,365
Séng Cau 2 414 KPH | KPH | KPH | 0,085 | 0,384 0,762 0,187 KPH | 0,354
Séng Cau 2 504 KPH | KPH | KPH | 0,090 | 0,401 0,432 0,147 KPH | 0,286
CaR6 phi | Péng Cao NHK 3 112 KPH | KPH | KPH | 0,075 | 0,226 0,608 KPH 0,126 | 2,024
Péng Cao NHK 3 132 KPH | KPH | 0,050 | 1,377 | KPH 2,857 KPH KPH | KPH
Péng Cao NHK 3 125 KPH | KPH | 0,056 | KPH | 1,283 1,917 KPH KPH | KPH
Péng Cao NHK 3 116 KPH | KPH | KPH | 0307 | 0,450 0,511 KPH KPH | 1,844
Ngii Huyén Khé 3 115 KPH | KPH | KPH | 0,039 | 0,060 0,322 KPH KPH | 0,314




Ngii Huyén Khé 3 154 KPH | KPH | 0,058 | 0,105 | 0,066 | 0,478 | 0,079 | KPH | 0,605
Ngii Huyén Khé 3 114 KPH | KPH | KPH | KPH | KPH | 0,099 | 0075 | KPH | 0,038
Song Cau 2 240 KPH | KPH | KPH | KPH | 0,170 | 0,131 KPH | KPH | 0,298
Song Cau 2 211 KPH | KPH | KPH | 0,055 | 0256 | 0227 | KPH | KPH | 0,198
Song Cau 2 225 KPH | KPH | 0,088 | KPH | 0,075 | 0228 | KPH | KPH | 0,123
Song Cau 2 178 KPH | KPH | 0,047 | 0,047 | 0,046 | 0,131 KPH | 0,061 | 0,102
Song Cau 2 167 KPH | KPH | KPH | 0,062 | 0,058 | 0,148 | 0,086 | KPH | KPH
Bén do Qua Cam 2 67 KPH | KPH | KPH | 0,068 | 0,042 | 0,146 | 0,090 | 0,358 | 0,296
Bén do Qua Cam 2 142 KPH | KPH | KPH | 0,043 | KPH | 0,047 | KPH | KPH | 0,157

Ghi chii: Cdc mdu cd ldy tai ao la cd nudi va cdc mau thu thip dwoc tir cdc séng la cd ti nhién. Vi tri ldy mau (1): Ao Ngé

Khé; vi tri ldy mau (2): séng Cau va vi tri ldy madu (3): Séng Ngii Huyén Khé.
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Bang P7. Két qua phan tich cac hop chit PFC trong nudc (ng/L) va béo tay (ng/g dw) (dw: trong lugng kho)

WH1 WH2 WH3
Tudn1 | Cowse Cr Cnin Cis Chuie Crs Cnin Cis Chuie Crs Chan Cis
(ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw)
PFBA 4,66 2435 35,33 54,92 4,40 20,70 31,91 44,61 6,12 20,45 33,11 42,64
PFPeA 4,00 32,01 52,05 64,67 5,40 27,48 43,14 61,29 2,78 26,13 49,09 58,14
PFHXA 7,77 29,32 26,86 37,97 5,60 40,79 27,05 35,80 5,31 39,57 33,03 31,46
PFHpA 531 39,45 27,33 35,37 531 41,19 36,50 26,38 3,91 36,93 34,68 33,17
PFOA 7,21 50,24 27,43 13,67 8,96 57,88 20,82 15,36 4,97 54,94 26,30 14,06
PFBS 6,67 27,31 25,70 21,84 4,88 29,21 32,76 28,54 431 21,06 34,09 31,02
PFHxS 7,30 36,71 20,46 15,99 6,99 45,82 18,62 15,20 5,43 31,55 16,08 20,78
PFOS 7,96 81,02 11,68 9,32 6,00 104,36 14,73 723 6,79 81,79 12,21 6,17
WH4 WH5 WH6
Tuén 2 Chuie Cr Cthan Cu Coue Cr Chan Cu Chuie Cr Cthin Cuis
(ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ug/L) | (ng/gdw) | (ng/gdw) | (ng/gdw)
PFBA 2,45 32,17 47,23 65,95 4,37 25,73 42,48 53,86 5,87 27,54 38,17 50,95
PFPeA 2,51 29,34 53,65 77,72 2,03 37,97 50,73 68,18 3,61 33,53 57,32 69,48
PFHXA 5,92 36,33 30,62 43,95 4,56 51,96 37,01 43,47 5,06 43,00 34,60 35,04
PFHpA 3,30 60,42 39,12 45,22 6,46 46,10 32,36 29,46 4,28 46,07 38,40 38,21
PFOA 3,62 89,00 38,28 28,13 5,32 85,15 35,22 29,00 531 72,15 31,97 21,77
PFBS 4,93 33,08 35,73 31,09 3,86 31,03 37,57 39,40 6,12 32,88 35,09 42,64
PFHxS 4,72 43,14 25,94 28,44 5,92 65,46 26,57 27,64 7,80 63,43 27,47 22,22
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PFOS 6,32 114,82 14,98 14,05 6,44 148,37 21,88 16,08 6,29 166,30 16,86 17,33
WH7 WHS WH9
Tuén 3 Chuoe Cié Cthin Cis Chuoe C: Cthin Cia Chuée C: Cthan Cus
(ng/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ug/L) | (ng/gdw) | (ng/gdw) | (ng/gdw) | (ug/L) | (ng/gdw) | (ng/gdw) | (ng/gdw)
PFBA 2,64 30,18 51,18 81,62 1,62 40,39 56,68 64,93 4,27 38,28 50,68 61,77
PFPeA 1,48 37,65 59,83 82,15 0,52 44,88 60,10 79,28 3,48 33,50 57,19 77,15
PFHXA 5,25 47,88 34,61 43,25 3,82 55,04 35,20 48,12 3,57 45,58 46,91 46,29
PFHpA 2,10 72,30 46,80 36,38 3,21 53,50 37,96 41,01 4,55 79,08 48,85 43,86
PFOA 2,77 84,05 43,28 35,77 3,28 128,36 40,62 36,29 5,67 127,28 33,53 28,52
PFBS 4,55 31,57 47,54 49,01 3,89 48,35 37,02 43,06 4,39 47,59 53,59 39,59
PFHxS 4,04 61,51 30,78 29,98 7,40 67,21 20,60 34,09 4,54 82,56 40,09 27,02
PFOS 2,81 167,04 20,69 19,06 5,40 189,40 20,50 18,06 4,93 180,02 28,65 18,52
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Bang P8: Céc gi trj doc tinh, AF, PNEC cua cac PFC d6i véi mét s6 sinh vat [152, 165]

. Noéng dé trung binh (ng/L)
Nong do A =
¢ n A S N ,
Hop Loai Phan | Gidtri | giyanh | , . | PNEC Séng Ciu Hl(l))l'légn hs | Muong nuéc
chat loai doc tinh | hudng (ng/L) *
(mg/L) Kho | Mua | Khé | Muwa | Kho | Mua
Zzpz’;’“ )g(;ip ECso 1048 | 1000 | 1048000 | 0.83| 063| 512| 201| 7.66| 843
PFHxA Brgh' luan
achionus W LCso 140 | 1000 140000 | 0,83 | 0,63| 5.12| 201| 7.66| 843
calyciflorus trung
PFHpA | Daphnia e 1000 | 1000 | 1000000 | 0,34| 030| 089| 1,00 015| 3,67
magna xac
Brachionus luan NOEC 0,125 | 100 1250 | 0,87| 064| 7.48| 222| 381| 943
calyciflorus trung
Chironomus |~ | NOEC 0,0098 | 100 08 | 0,87| 0,64| 748| 222| 381| 943
plumosus
Chydorus glap ECso 176 | 100 176000 | 087 | 064 748| 222| 381| 943
sphaericus X4c
PFOA [, i | ahavd
ipangopatudt | MUYEN g~ 740 | 1000 740000 | 0.87| 0.64| 7.48| 222| 3.81| 943
na cathayensis | thé
Cyclops sp. )g(;ip LOEC 70| 100| 700000 | 087| 064| 748| 222| 381| 943
Limnodrilus | &\ | 1oy, 568 | 1000 | 568000 | 0,87 | 064| 748| 222| 3,81| 943
hoffmeisteri
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giap

Macrobrachiu XAc, LCso 367 | 1000 367000 | 087 0,64 | 7.48| 222| 3.81| 943
m nipponense o
tom
Moina glap ECs0 199 | 1000 199000 | 0,87 | 0,64| 748| 222| 381| 943
macrocopa Xac
Moina micrura )g(ip LCso 04747 | 1000 47470 | 087 064| 748| 222| 3.81| 943
- giap
Neocaridina XAc, LCso 564 | 1000 564000 | 087 0,64| 7.48| 222| 3.81| 943
denticulata N
tom
Cyprinus ca LOEC 21 100 20000 | 0,87 | 064| 7.48| 222| 3.81| 943
carpio
Daphnia glap NOEC 0,04| 100 400 120 000| 1,67] 011| 134 1,04
magna Xac
Chironomus |~ | NOEC 0,0096 | 100 96| 120| 000| 1,67| 011| 134]| 1,04
PENA | plumosus
Chydorus glap ECso 27.80 | 1000 27800 | 120 000| 1,67| 011| 134| 1,04
sphaericus X4c
Perna viridis | Vem | ECso 0,195 | 1000 195 120 000| 1,67] 011| 134 1,04
Daphnia glap NOEC 77.10 | 100 771000 | 0,00 021 000| 021] 000] 1,12
magna xac
pFDA | Chironomus | s | NOEC 0,0097 | 100 97 000| 021] 000] 021| 000 1,12
plumosus
Chydorus glap NOEC 41| 1000 41000 | 0,00 021| 000| 021| 000/ 1,12
sphaericus Xac
PFUnD | Daphnia glap NOEC 56| 100 560000 | 000| 007| 02| 005| 025| 0,50
A magna Xac
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Chironomus

mudi | NOEC 0,0093 | 100 93| 0,00| 007 012] 005| 025| 050
plumosus
Chydorus glap NOEC 564 | 1000 5640 | 0,00| 0,07| 0,12| 005| 025| 0,50
sphaericus Xac
fggfg”‘s ca NOEC 0,00095 | 100 950 | 0,00| 0,07| 012] 005| 025| 0,50
PFDoD | Daphnia giap g 79220 | 1000 | 792200 | 0,03 | 002| 015| 022] 009| 2.80
A magna xac
Moina glap LCso 17.95| 1000 17950 | 098 | 0,70 | 2.55| 230| 2,51| 1,79
macrocopa xXac
PFOS 1 ) foina micrura g L 05496 | 1000|  549.60| 098] 070| 2.55| 230| 251| 179
Daphnia gl ey 2341 | 1000 23410 | 098] 0,70| 255| 230| 251 1,79
magna X4c
Brachionus lyan LCso 61,80 | 1000 61800 | 098] 070| 255| 230| 251| 1,79
calyciflorus trung
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Bang P9: Luong tiéu thy trung binh mdi ngay va ti 18 rii ro sirc khoe khi tiéu thy ca

Loai PFOA PFOS PFCA PFSA Tong

Luong tiéu thu trung binh mdi ngay (ADI - ng/kg/ngay)
Troi 0,00 0,19 0,74 0,21 0,96
Tré 0,00 0,12 0,71 0,15 0,86
Chép 0,00 0,35 0,23 0,36 0,60
Diéc 0,00 0,07 0,39 0,12 0,51
Thiéu 0,00 2,13 2,58 2,18 4,76
Qua 0,03 0,28 0,58 0,30 0,88
R6 phi 0,01 0,29 0,65 0,32 0,97
Ti 1€ rii ro (HR)
Troi 0,000 0,008 0,037 0,009 0,046
Tré 0,000 0,005 0,035 0,006 0,041
Chép 0,000 0,014 0,012 0,015 0,026
Diéc 0,000 0,003 0,019 0,005 0,024
Thiéu 0,000 0,085 0,129 0,087 0,216
Qua 0,001 0,011 0,029 0,012 0,041
RO phi 0,001 0,012 0,032 0,013 0,045
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PHU LUC HINH

B <> Qu | B3 ¢ MethodView - Compound Table B Wi Edit
Dda]i | Integration I Identification | Quantitative | Compound |Group | Performance | Spectrum | Custom | Qc Ched(|
1
7 D& MName Ret. Time Type |ISTD Group miz Event Conc_(1)| Conc.(2) Conc_(3) Conc_(4) Conc_(5) | Conc | -
3 = ) MPFOS 11.533 | ISTD 9 |503.05-80.00 14:MRM() 1 1 1 1 1 1
2 10 PFBA 2.170 | Target 1[213.05>16880 [ZMRM{ 0.5 1 2 5 10 20 |
5 11 PFPeA 3.260 | Target 1[263.05-219.10 [ 3:MBM{E 0.5 1 2 5 10 20 |E
5 —I |12 PFHxA 5.458 | Target 2313.15:269.05 | B:MRM{) 0.5 1 2 5 10 20
7 13 PFHpA 7.880 | Target 2 |363.05-318.95 | ZMBM{) 0.5 1 2 5 10 20
3 14 PFOA 5.865 | Target 3 |413.05:365.00 | 10:MRM({) 0.5 1 2 5 10 20
0 i 15 PENA 11.505 | Target 4 |463.052418.95 | 13:MRM() 0.5 1 2 5 10 20 e
o 4.- G (Lo — T Tran A arnnn  Tam camaan T = = v wn an
| <> Chromatogram iew B <> Calibration Curve/Spectum Wiew
A Chromatogram Sample Info. A Calib Curve A Spectrum
' = 0590362 + 0.160903
Wax Intensity : 33,222 o =
[Z2T3.05-168.900) S Tme 1394 hien. 7 . 72=09956274 1= 09993134
HiL = Area Ratio(x10)
30000 1
] 1.00
25000—_ g
20000 1
1 L4 0.75-]
15000 |
0.50
1 U'DIJEI—_ 1
] 1 L
2y 0.25]
1 T T T T T T % 0.00- 1 T T ) I I 1 T
1.0 15 20 25 3.0 35 0.0 25 5.0 75 10.0 125 15.0 17.5 Conc. Ratio

Hinh 1: Sic do va dudng chuan cia PFBA
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| <> Ou | @ ¢ Methad View - Compound Table 6 view [ Edit
Ddal: | Integration | Identification | Quantitative | Compound |Group I Performance | Spectrum | Custom | Qc Ched<|
1
5 D& Name Ret. Time Type |ISTD Group mSz Event Conc_(1)| Conc.(2) Conc_(3) Conc_{4) Conc_{5) | Conc. -
T = 3 MPFOS 11.533 | ISTD 9 |503.05-80.00 14:MRM{) 1 1 1 1 1 1
r 10 PFBA 2.170 | Target 1(213.05>16850 | 2:MRM{) 05 1 2 5 10 20 i
5 11 FReA 3.260 | Target 1[263.05>215.10 [ 3:MRM{) 05 1 2 L] 10 20 |E
6 — (112 PFHxA 5.458 | Target 2313.15-269.05 | 6:MBM{) 05 1 2 5 10 20
7 13 PFHpA 7.880 | Target 2 |363.05=318.95 | ZMBM{) 0.5 1 2 5 10 20
3 14 PFOA 9.865 | Target 3 |413.055369.00 | 10:MRM{) 05 1 2 5 10 20
G i 15 PFNA 11.505 | Target 4 |463.05418.95 | 13:MRM{) 0.5 1 2 5 10 20 i
« = G [Cew e — TIranar arnnn  Torimian T 5 = = - A
B <> Chromatogram Yiew M <» Calibration CurvesSpectrum View
J_ Chromatogram Sample Info. J_ calib Curve | }_ spectrum
Y =1.09023 + 0.370333
Max Intensity : 62,103 . _
2E305219.100) §  Tme 2260 Miten. 3 . (2= 03383454 1= 09991723
:31{:3.0_>.:15.<:U[—_: = Area Ratio(x10)
50000+ 225
] 2.00]
50000 ]
1 1759
4U'DI}EI—_ 1 1.50_:
i 4 ]
30000 1255
] 1.00
200004 ]
] 0.75
] ] *
10000 0501
R " g 0.25]
L T T T T T T l} Gc - 1 T T 1) 1) ) 1 T N
20 25 3.0 35 4.0 4.5 0.0 25 50 ok 10.0 125 15.0 17.5 Conc. Ratio

Hinh 2: Sac d va dudong chuan ciia PFPeA
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B <> Ou | @ ¢ HMethod View - Compound Table B Wi [ Edit
1[)5‘31: Integration I Identification I Quantitative | Compound |Group | Performance I Spectrum | Custom I QC Check|
5 D& MName Ret. Time Type |ISTD Group m/z Event Conc.(1)| Conc.(2) Conc.(3) Conc.(4) Conc.(5) | Conc. -
3 = E] MPFOS 11.832 | ISTD 9 |503.05>80.00 14:MRM{-) 1 1 1 1 1 1
2 10 PFBA 2170 | Target 1(213.05>168.50 [ 2MRM() 0.5 1 2 5 10 20 |
5 11 PFPeA 3.260 | Target 1[263.05:219.10 [ 3:MRM() 0.5 1 2 5 10 20 |E
3 w 12 FHxA 5.458 | Target 2 |313.15=265.05 | &MRM() 0.5 1 2 5 10 20
7 13 PFHRA 7.880 | Target 2 |363.05-318595 | 7MRM{) 0.5 1 2 5 10 20
3 14 PFOA 9.865 | Target 3 |413.05:365.00 | 10:MRM{) 0.5 1 2 5 10 20
o ha 15 PFNA 11.505 | Target 4 |463.05-418.95 [ 13:MRM{) 0.5 1 2 5 10 20 i
i I e EET N r Tramnr arann Tar sirwn nr E = - —n =
| <> Chromatogram Wiew | <» Calibration Curve/Spectium Wiew
A Chromatogram | [w] Sample Info. A calb curve J_ Spectrum
Y = 01336575 + 0.0431058
Max Intensity : 38,462 nm _
{F313 15266 050 §  Tme 2543 mien. iz 72 = 03335535 1 = 03333317
40000-8:313.15-91.00(-} 2 Area Ratio
] = 7.0 -
35000 1
6.0
30000 ]
25000} A
] [ ]
20000 4 D—_
15000 a.0]
10000+ ]
] 2.0—_
5000} ]
1 - 1.04
o 7 % ]
h T T T T T T 0.0 ] T T T I 1 1 I T
45 50 55 6.0 6.5 7.0 0.0 25 50 75 10.0 12.5 15.0 175 Conc. Ratio

Hinh 3: Sac do va dudong chuan cia PFHXA
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A <> Qu |8 < MethodView - Compound Table G i Edit
Dda!: | Integration | Identification | Quantitative | Compound |Group | Performance | Spectrum | Custom | QC Ched(l
1
7 D& Name Ret. Time Type |ISTD Group m/z Event Conc_(1)| Conc.(2) Conc_(3) Conc_{4) Conc_(5) | Conc. -
3 = 11 FFPeA 3.260 | Target 1[263.055219.10 [ 3:MRM{) 0.5 1 2 5 10 20
1 12 PFHxA 5.458 | Tanget 2 (313.15:269.05 | :MBM{) 0.5 1 2 5 10 20
5 13 FHpA 7.880 | Tanget 2 |363.05>318.35 | 7:MBRM{} 0.5 1 2 5 10 20 =
T = 14 PFOA 9.865 | Target 3 |413.05:369.00 | 10:MRM() 0.5 1 2 5 10 20 |=
7 15 PFNA 11.505 | Target 4 |463.05>418.95 | 13:MRM{} 05 1 2 5 10 20
3 16 FFDA 12.879 | Target 5 |513.05-468.90 | 16:MRM() 0.5 1 2 5 10 20
G S 17 FFUdA 14.069 | Target 6 |563.00=518.95 | 19:MRM() 0.5 1 2 5 10 20 i
i wn e n EIrTw o— = Tran nn. rrnan Tom amaar nr 3 = - +n £
M| <» Chromatogram iew | <» Calibration Curve/S pectrum Yiew
A Chromatogram Sample Info. A calib Curve J_ Spectrum
Y = 0575229 + 0.0770295
Max Intensity : 89,303 o _
{7-363.05=318.95() = Time: Inten. - r"2 = 0.9533900 = 0.9959950
47257 po-160 5
guuuu—:?"c"u'>1°°'m["' = Area Rafio(x10)
] 3 ]
80000 ol _
700003 1.00]
50000 ]
50000 A 0.75]
400004 E
30000 ety
20000 .
1 ﬂﬂﬂﬂ—f 0'25__
] 4 1
E‘: T % |
_ T T T T u ﬂﬂ T 1 T 1) 1 ) I
6.5 7.0 3.0 8.5 5.0 0.0 25 50 75 10.0 12.5 15.0 17.5 Conc. Ratio
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| <> Ou | @ ¢ Methad View - Compound Table 6 view [ Edit
Datai | Integration | Identification | Quantitative | Compound |Group I Performance | Spectrum | Custom | QC Ched<|
1
5 D& Name Ret. Time Type |ISTD Group mSz Event Conc_(1)| Conc.(2) Conc_(3) Conc_{4) Conc_(5) | Conc. -
T = 12 PFHxA 5.458 | Target 2313.15:269.05 | 6:MBM{Y 05 1 2 5 10 20
r 13 PFHpA 7.880 | Target 2|363.05531895 | 7MBM{) 05 1 2 5 10 20
5 14 H 9.865 | Target 3 |413.052369.00 | 10:MRM({-) 0.5 1 2 5 10 20 | _
6 = |15 PFNA 11.505 | Target 4 |463.05-418.95 | 13:MRM{) 05 1 2 5 10 20 |E
7 16 PFDA 12.879 | Target 51513.052468.90 | 16:MRM({) 0.5 1 2 5 10 20
3 — 17 PFUdA 14.0659 | Target 6 |563.00-518.95 | 19:MRM{) 05 1 2 5 10 20
~ E 18 PFDoA 15.052 | Target 7|613.00568.80 | 22:MRM({) 0.5 1 2 5 10 20 i
« ™ T e e — =Trrn nr renan  Tan cimi T 5 = = - A
B <> Chromatogram Yiew M <> Calibration CurvesSpectrum View
J_ Chromatogram Sample Info. J_ calib Curve | }_ spectrum
Y = 0202608 + 0.0426341
Max Intensity : 78 311 e -
[T0:273.05-368.000) g Time BETT Tien. B . 72 = 03333547 1= 03333924
40293 nEwqe 2
300”0_:10. 13.05=168.80(-) Z ﬁ_\rea Ratio
] 0]
70000 ]
] 3.5
60000 ]
] 3.0
50000} ]
] |J 257
40000 1
] 2.0
30000 1
] 1.5
20000-] 1
] 1.0
10000} ]
g o - 0.5
0 i g 3
: T T T T T T uc_ 1 T T ) I I 1 T
5.0 95 10.0 105 11.0 11.5 0.0 25 50 L 10.0 125 15.0 17.5 Conc. Ratio
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M| <> Ou | B < Method Yiew - Compound T able G e Edit
Dilal: | Integration | Identification I Quantitative | Compound |GroL.||:| | Performance I Spectrum | Custom | Qc Ched<|
1
7 1D Name Ret. Time Type | ISTD Group m/z Event Conc (1)) Conc.(2) Conc_(3) Conc_{4) Conc_(5) d -
3 = 14 PFOA 5.865 | Target 3 [413.05>369.00 | 10:MRM({} 0.5 1 2 5 10 20
2 15 FNA 11.505 | Target 4 |463.05>418.95 | 13:MRM{-} 05 1 2 5 10 20
5 16 PFDA 12.879 | Target 5 |513.05>468.90 | 16:MRM{-} 0.5 1 2 5 10 20
5 == || | PFUdA 14.069 | Target 6 |563.00-518.95 | 19:MRM{-} 05 1 2 5 10 20 |;
7 18 PFDoA 15.052 | Target 7 |613.00>568.80 | 22:MRM() 0.5 1 2 5 10 20 i
3 19 PFTrDA 15.850 | Target 7 |663.05:618.50 | 23:MRM{) 05 1 2 5 10 20
n = 20 PFTeDA 16.587 | Target 7 |713.00:-668.90 | 24:MRM{} 05 1 2 5 10 20 pe
« e R e T w e — S Tran an Sra A TAF Tamtars "r 3 = = TR =n
[ <» Chromatogram Yiew B <» Calibration CurvesSpectrum iew
J_ Chromatogram Sample Info. J_ calib Curve | }_ spectrum
Y = 0.341443x - 0.00832302
Max Intensity - 43 400 s -
13453 05=4TE 550 g Tie TAten. n 12 =0.9935830 1= 09997345
45000 13:463.05-218.90(-} Z e i
] 7.0
40000 & 1
35000 B.U—:
SUDI}U—: :, D—:
25000 B
] 4.0
200004 ]
15000 &g
1uuuu—; 20
5000 ]
] i 1.0
o] - g ]
1 T T T T uu | 1 T T T T 1 I T N
10.5 1.0 1.5 12.0 125 13.0 0.0 25 5.0 7.5 10,0 12.5 15.0 17.5 Conc. Ratio
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M o¢» Qu | B¢ Method View - Compound T able b View E dit
Ddal: | Integration | Identification I Quantitative | Compound |GroL.||:| I Performance I Spectrum | Custom I Qc Check|
7
7 1D# Name Ret. Time Type |ISTD Group m/z Event Conc (1)| Conc.(2) Conc_(3) Conc_{4) Conc_(5) | Conc.| -
3 = 14 PFOA 5.865 | Target 3 |413.05-365.00 | 10:MRM{) 05 1 2 5 10 20
T 15 PENA 11.505 | Target 4 1463.052418.95 | 13:MRM{) 0.5 1 2 5 10 20
5 16 FDA 12.879 | Target 51513.055468.90 | 16:MRM{) 05 1 2 5 10 20
B —I |17 PFUdA 14,069 | Target 6 |563.00-518.95 | 19:MRM{) 0.5 1 2 5 10 20 |:
7 18 PFDoA 15.052 | Target 7 |613.00-568.80 | 22:MRM{) 05 1 2 5 10 20 i
8 19 PFTrDA 15.850 | Target 7 |663.05:618.90 | 23:MRM{) 0.5 1 2 5 10 20
T ke 20 PFTeDA 16.587 | Target 7 |713.00:-668.50 | 24:MRM{-) 05 1 2 5 10 20 i
4 b == —c 0 e e B ST e Emr—rren == = = = = =
| <> Chromatogram Yiew | <> Calibration Curve/Spectrum Yiew
A Chromatogram sample Info. Ao calbcurve |} Spectrum
Y = 0414670 + 0.0463932
Max Intensity : 60,015 ~ -
{16513.05-468.900] = Time 11865 Mten. 5 . (2= 09553606 1 = 0.9396802
6513 05=210 4
Buuuu—.14...1-.0..>21::.EIU[—_. Z 9u,l\rea Ratio
] 8.0
50000+ E
] 7.0
40000—_ a EI—:
] ] ]
30000} ata
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10000 243
o] A A4 1.0
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0 <> Qu |8 < Method View - Compound Table B Wiew Edit
Dalal: | Integration I Identification | Quantitative | Compound |Group I Performance | Spectrum | Custom | Qc Ched<|
1
5 1D MName Ret. Time Type |ISTD Group mSz Event Conc_(1)| Conc_(2) Conc_(3) Conc_({4) Conc_(5) | -
T = 14 PFOA 5.865 | Target 3 |413.05:365.00 | 10:MRM{} 05 1 2 5 10 20
r 15 PFNA 11.505 | Target 4 |463.05418.95 | 13:MRM{) 0.5 1 2 5 10 20
5 16 FFDA 12.879 | Target 5|513.05=468.50 | 16:MRM{) 0.5 1 2 5 10 20
G | 17 PFUdA 14.069 | Target 6 |563.00-518.95 | 19:MRM{} 05 1 2 5 10 20 |:
7 18 FFOoA 15.052 | Target 7 |613.00-568.80 | 2Z2:MRM(} 0.5 1 2 5 10 20 i
3 19 PFTrDA 15.850 | Target 7 |663.05>618.90 | 23:MRM{) 0.5 1 2 5 10 20
0 = 20 PFTeDA 16.587 | Target 7 |713.00:668.90 | 2&:MRM{) 0.5 1 2 5 10 20 pe
« o AT [ Tw e — S Than an Srn A TAr timTi AT 0 = = wn An
B <> Chromatogram Yiews M <> Calibration Curve S pectum Yiew
J_ Chromatoaram 5ample Info. J_ calb Curve | b spectrum
Y = 0310395 + 0.0489331
Max Intensity . 57 685 ~5 o -
.‘1?:2?3. DD>51§.9§[—} = Time 12.787 | Inten. 548 . 2= 09939725 1= 03333862
BEIDI}D—_'1::._-03.00}‘10:1.0.-[-.. Z Area Ratio
] = ] e
1 6.0
50000 1
] 5.0
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1 a 40
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08 < Ou | B ¢ Method View - Compound Table G Wiew E dit
Ddal: | Integration | Identification I Quantitative | Compound |Group | Performance I Spectrum | Custom I Qc Ched<|
7
] D& Name Ret. Time Type |ISTD Group mSz Event Conc_(1)| Conc.(2) Conc_(3) Conc_{4) Conc_{5) | -
3 = 17 PFUdA 14.065 | Target 6 |563.00-518.95 | 19:MEM{-} 05 1 2 5 10 20
4 18 FFDoA 15.052 | Target 7 |613.00>568.80 | Z2:MBM(-) 05 1 & 5 10 20
5 19 PFTrDA 15.850 | Target 7 |663.05>618.90 | Z3:MBM(-} 0.5 1 2 5 10 20
5 — || 20 PFTeDA 16.587 | Target 7 |713.00-668.90 | 24:MBM{-} 05 1 2 5 10 20 |
7 21 PFHxDA 17.730 | Target 7 |B13.00>768.85 | 25:MBM(-} 0.5 1 2 5 10 20 |E
3 22 PFODA 18.652 | Target 7 |513.00-868.50 | 26:MEM{-) 05 1 2 5 10 20
n = 23 L-PFBS 3.451 | Target 8 |299.10:80.00 AMBME) 05 1 2 5 10 20 8
P e TR CE e — 7 Tann Ar. Sn Ar Awimay AT 5 = = wn an
M <» Chromatogram Yiew B «» Calibration CurvesSpectrum Yiew
J_ Chromatoaram Sample Info. A Calib Curve |k spectrum
Lo Y = 0.41692%< + 00438093
BT LT TETEL): Sgis "2 =0.9999231 r=0.9999515
122:613.00=588.80(-) = Time 14272 /Inten. T2 s
122:613.00-319.05(-) (= Area Ratio
40000 ]
4 [=] 9
] B.0-
35000 ]
] 7.0
30000 ]
. 6.0
25000 - ]
] - 5.0
20000 ]
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15000 1
3 3.0
10000+ ]
] 20
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-3 4 /\ v v g
43 7 T g ]
T T T T T l} G . T T T 1) 1 ] I T
14.0 145 15.0 155 16.0 16.5 0.0 25 50 ok 10.0 125 15.0 15 Conc. Ratio
= T
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M| <> GQu | B < MethodView - Compound Table £d%iew @ Edit
Dda!: | Integration I Identification I Quantitative | Compound |Group I Performance | Spectrum | Custom | QC Checkl
1
7 1D MName Ret. Time Type |ISTD Group m/z Event Conc_(1)| Conc.(2) Conc_(3) Conc_(4) Conc_(5) | Conc. -
3 = 17 PFUdA 14.069 | Target 6 |563.00=518.95 | 19:MRM() 0.5 1 2 5 10 20
2 18 PFDoA 15.052 | Target 7 |613.00=568.80 | 22:MRM{-) 0.5 1 2 5 10 20
5 19 PETrDA 15.850 | Target 7 |663.055618.90 | 23:MRM(;) 0.5 1 2 5 10 20
T — 1|20 PFTeDA 16.587 | Target 7|713.00-668.90 | 2&:MRM(-) 0.5 1 2 5 10 20 |
7 21 PFHxDA 17.730 | Target 7|813.00-768.85 | 25:MRM(;) 0.5 1 2 5 10 20 |E
3 22 PFODA 18,652 | Target 71913.00=868.90 | 26:MRM(-) 0.5 1 2 5 10 20
G i 23 L-PFBES 3.451 | Target 8 |299.10-80.00 4:MRM{) 0.5 1 2 5 10 20 i
4 3 ~a Ty A nnn T B n Innn nr. —n nr Y YTIYYE o 3 = - an n
M| ¢» Chromatogram Yiew | <» Calibration CurvesS pectum View
A Chromatogram Sample Info. A calib Curve A Spectrum
Y = 0301046 + 0.0167524
Max Intensity : 34,333 o =
_23:993.05>618.90(-_} = Time Inten. " r"2 = 0,9399000 = 09333500
35p00-}>663.05-168.75() = Area Ratio
] 6.0
30000 ]
1 5.
25000 1
20000 3 |
15000 3.0
10000 ]
] 2.0
5000 ]
] o 1.0
0 ¥ % ]
1 T T T T DG T T T ] T T I 1
15.0 155 16.0 165 17.0 175 0.0 25 5.0 7.5 10.0 125 15.0 17.5 Conc. Ratio
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M o< Qu | B¢ Method Yiew - Compound T able £3View [@ Edit
Ddal: | Integration I Identification | Quantitative | Compound |Group I Performance I Spectrum | Custom I Qc Ched(|
7
7 1D Name Ret. Time Type |ISTD Group m/z Event Conc_(1)| Conc.(2) Conc_(3) Conc_{4) Conc_{5) | Conc. -
3 = 17 PFUdA 14.069 | Tanget 6 |563.00=518.95 [ 15:MREM{) 05 1 2 5 10 20
] 18 PFDoA 15.052 | Tanget 7 |613.00-568.80 | Z2MRBM{) 0.5 1 2 5 10 20
5 19 PETrDA 15.850 | Target 7 |663.05x618.90 | 23MBM{) 0.5 1 2 5 10 20
T —I |1 20 FTeDA 16.587 | Tanget 7 |713.00-668.90 | 24:MRM{) 0.5 1 2 5 10 20 s
7 21 PFHxDA 17.730 | Tanget 7 |B13.00-768.85 | 25:MBM({) 0.5 1 2 5 10 20 |E
3 22 PFODA 18.652 | Target 7 |913.00-868.90 | 26:MBM{) 0.5 1 2 5 10 20
G =2 23 L-FFES 3.451 | Target 8 |299.10:-80.00 4:MBME) 0.5 1 2 5 10 20 i
« b Y TR e — " Tann Ar. n AT T T 5 = = 1r|. =n
M <> Chromatogram ‘iew M <> Calibration Curve /S pectium Wiew
J_ Chromatogram | [1s] sample Info. A calib Curve | }_ spectrum
= 0400977 + 0121377
Max Intensity : 52,238 ) o =
[PATTZ00-668 901 = Time 15.588 Tnten. T3 . 2= 03392685 1= 09336332
:¢~ZT‘13.UU>3<:5.::U[—_: é Area Ratio
50000-] = 2l -
1 = ]
4 - ]
1 B 7.0
40000 ]
] B.D—:
300004 o e o]
] 1.0
20000 ]
] 20
10000-] 2]
] = 1.0
0 T % 1
k T T T T 0.0} T T T T T T T T
155 16.0 16.5 17.0 17.5 18.0 0.0 25 5.0 7.5 10.0 125 15.0 17.5 Conc. Ratio
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B <> Ou | B <> hMethodiew - Compound Table & Wiem Edit
Daa]i | Integration I Identification | Quantitative | Compound |Group I Performance | Spectrum | Custom | Qc Ched(|
1
5 D& Name Ret. Time Type |ISTD Group miz Event Conc_(1)| Conc.(2) Conc_(3) Conc_(4) Conc_(5) | -
T = 17 PFUdA 14.069 | Target 6 |563.00-518.95 | 19:MRM{} 0.5 1 2 5 10 20
1 18 PFDoA 15.052 | Target 7 |613.00-568.80 | 2Z2:MRM(} 0.5 1 2 5 10 20
5 19 PFTrDA 15.850 | Target 7 |663.05:618.50 | 23:MRM{} 05 1 2 5 10 20
5 — 120 PFTeDA 16.587 | Target 7 |713.00:668.90 | 2&:MRM{) 0.5 1 2 5 10 20 s
7 21 FHxDA 17.730 | Target 7 |813.00-768.85 | 25:MRM{) 0.5 1 2 5 10 20 |E
3 22 PFODA 18.652 | Target 71913.00-868.90 | 26:MRM{-} 0.5 1 2 5 10 20
G i 23 L-FFBS 3451 | Target 8 |259.10:-80.00 4:MBM{-) 0.5 1 2 5 10 20 i
« Y e o m e — ~Tman Ar. =0 AT T T g = = " £
B <> Chromatogram Yiews M <> Calibration Curve S pectum Yiew
J_ Chromatogram Sample Info. A calib Curve |L Spectrum
Y = 0262453 + 0.0549037
Wax Intensity : 33,700 e -
{75513 00-T66 850 g Time 17147 Tnien. 5 . 72 = 03355343 1= 03332972
35000-}25:812.00=218.80(-} = Area Ratio
] =] ]
1 = ]
SGDDD—_ = 5-0—_
25000 ]
] 4.0+
20000 0 ]
] 3.0
15000 ] 4
10000 2.0
5000 ]
iy - o % ]
1 T T T T T DG T 1 T ) I 1) 1 U
170 17.5 18.0 185 19.0 19.5 0.0 25 50 7.5 10.0 125 15.0 17.5 Conc. Ratio
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M| <> Ou | B ¢ MethodView - Compound T able G Wism E dit
Ddal: | Integration | Identification I Quantitative | Compound |Group | Performance I Spectrum | Custom I Qc Ched<|
7
] D& Name Ret. Time Type |ISTD Group m/z Event Conc_(1)|] Conc.(2) Conc_(3) Conc_(4) Conc_(5) | -
3 = 20 PFTeDA 16.587 | Target 7 |713.00-668.90 | 24:MBM{-} 05 1 2 5 10 20
] 21 PFHxDA 17.730 | Target 7 |B13.00>768.85 | 25:MBM(} 0.5 1 2 5 10 20
5 22 18.652 | Target 7 |913.00-868.90 | 26:MEM{-} 05 1 2 5 10 20
5 — |23 L-FFBS 3.451 | Target 8 |299.10:80.00 AMBME) 05 1 2 5 10 20
7 24 L-PFHxS 8.022 | Target 8 |399.05>79.85 BMRM{) 05 1 2 5 10 20 =
3 25 L-PFOS 11.526 | Target 9 |499.00:79.50 15:MRM(-) 05 1 2 5 10 20 |E
G = 26 L-FFDS 14.016 | Target 9 |599.00>75.85 18:MRM(-) 0.5 1 2 5 10 20 s
o 2
M <» Chromatogram Yiew B «» Calibration CurvesSpectrum Yiew
J_ Chromatogram Sample Info. A calib Curve |Jl_ SPGthuml
Y =0.238192+ + 0.0203008
WMax Intensity : 27 650 L -
30000—%@:91 3.Mb3§§.90(—} = Time - 18:144 - -Inten. o = F8=UEETIES r=0mEy
126:913.00=1659.00(-) Z Area Ratio
i % ]
25000 =] 457
] 40
200004 3
] 35
15000-] L 303
] 2.5 *
10000-] 20
i 1.5,_:
5000 3
] 1.0
o g 0.5
0 f ]
T T T T T T T u‘ L\- 3 T T T I 1 1 I U
18.0 18.5 19.0 19.5 2000 205 0.0 25 50 o 10.0 12.5 15.0 5 Conc. Ratio
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A <> Qu | B ¢ MethodView - Compound Table B Wigw Edit
Daa]i | Integration I Identification | Quantitative | Compound |Gr0L.||:| I Performance I Spectrum | Custom | QC Check|
1
7 1D# Name Ret. Time Type | ISTD Group m/z Event Conc (1) Conc_(2) Conc_(3) Conc_{4) Conc_(5) | Conc -
3 = 20 PFTeDA 16.587 | Target 7 |713.00-668.90 | 2&:MRM{) 05 1 2 5 10 20
2 2 PFHxDA 17.730 | Target 7 |813.00=768.85 | 25:MRM{-} 05 1 2 5 10 20
5 22 PFODA 18.652 | Target 7(913.00-868.90 | 26:MRM(-) 05 1 2 5 10 20
5 — 1123 L-FFES 3.451 | Target 8 |299.10:-80.00 4:MRM{) 05 1 2 5 10 20
7 24 L-FFHxS 8.022 | Tanget 8 |399.05>79.85 B:MRBM() 0.5 1 2 5 10 20 —
3 25 L-PFOS 11.526 | Target 5 |459.00>79.50 15:MRM{-) 05 1 2 5 10 20 |E
n i 26 L-PFDS 14.016 | Target 5 |599.00-79.85 18:MRM({-) 0.5 1 2 5 10 20 1
«
M <» Chromatogram Yiew M <» Calibration CurvesS pectum Wiew
A_ Chromatogram | [us] Sample Info. A calib curve _ Spectrum
Y = 0480797 - 0237645
Max Intensity : 7,879 o -
{3 259.10-00.000) S Tme 2331 ten. 0 . 2= 0993332 1= 03901643
8000 i ahile K ra ) 2 , E}frea Ratio(x10)
7000 0]
6000 0.8
E D.?—E
5000 1
] @ 06
4000 ]
] 0.5
3000 1
] 0.4 "
2000 %
1000 0.2
o] 0.1
o] - % ]
A T T T T T T 0.0 A I T 1 I I 1 I I
2.0 25 3.0 35 4.0 45 0.0 25 5.0 7.5 10,0 125 15.0 17.5 Conc. Ratio

Hinh 14: Sic db va dudng chuan cua PFBS

201




B <> Ou | B8 < Methodiew - Compound Table G e Edit
Ddal: | Integration I Identification | Quantitative | Compound |GrcL.||:| | Performance | Spectrum | Custom | QC Check|
7
7 1D MName Ret. Time Type | ISTD Group m/z Event Conc (1)) Conc_(2) Conc_(3) Conc_{4) Conc_(5) i -
T = 20 PFTeDA 16.587 | Target 7 |713.00:-668.90 | 24:MRM() 0.5 1 2 5 10 20
2 21 PFHxDA 17.730 | Target 7813.00-768.85 | 25:MRM() 05 1 2 5 10 20
5 22 FPFODA 18.652 | Target 71913.00-868.90 | 26:MRM() 0.5 1 2 5 10 20
5 == || [123 L-PFBES 3.451 | Target 8 |259.10:80.00 4MBM{) 05 1 2 5 10 20
K 24 LPFHxs 8.022 | Target 8 |399.05>79.85 B:MRM() 0.5 1 & 5 10 20 —
3 25 L-PFOS 11.526 | Target 9 |459.00:79.50 15:MRM() 05 1 2 5 10 20 |E
G i 26 L-FFDS 14.016 | Target 9 |559.00:79.85 18:MRM() 0.5 1 2 5 10 20 18
4 2
M| <» Chromatogram Yiew | <¢» Calibration Curve/Spectrum Yiew
A Chromatogram Sample Info. Ao calbcurve |k Spectrum
Y = 0337524 - 0105515
Max Intensity . 8,036 P =
STEE = e Eoi e . "2 =0.9975231 r = 0.9357608
(05:08.50(-) Z Area Ratio
= 7.0
] ]
; 6.0
5.0
1 ]
4.0
3 r
20]
10004
] - 1.0
L‘: T % ]
k T T T T T T 0.0 I T 1 I 1 I I 1
7.0 75 8.0 8.5 9.0 9.5 0.0 25 50 T 10.0 12.5 15.0 15 Conc. Ratio
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B <> Ou | B8 < Methodiew - Compound Table G e Edit
Ddal: | Integration I Identification | Quantitative | Compound |GrcL.||:| | Performance | Spectrum | Custom | QC Check|
7
7 1D MName Ret. Time Type | ISTD Group m/z Event Conc (1)) Conc_(2) Conc_(3) Conc_{4) Conc_(5) | Conc.| -
T = 20 PFTeDA 16.587 | Target 7 |713.00:-668.90 | 24:MRM() 0.5 1 2 5 10 20
2 21 PFHxDA 17.730 | Target 7813.00-768.85 | 25:MRM() 05 1 2 5 10 20
5 22 FPFODA 18.652 | Target 71913.00-868.90 | 26:MRM() 0.5 1 2 5 10 20
5 == || |23 L-PFBS 3.451 | Target 8 |259.10:80.00 4MBM{) 05 1 2 5 10 20
7 24 L-PFHxS 8.022 | Target 8 |399.05:79.85 B:MBM() 0.5 1 2 5 10 20 —
B 25 E0kE 11.526 | Target 9 |459.00:79.50 15:MRM() 05 1 2 5 10 20 |E
G i 26 L-FFDS 14.016 | Target 9 |559.00:79.85 18:MRM() 0.5 1 2 5 10 20 18
4 2
M| ¢» Chromatogram Yiew | <> Calibration Curve/Spectrum iew
A Chromatogram Sample Info. Ao calb curve |k Spectrum
Y = 0546161 - 0.212394
Max Intensity . 7,263 P =
8000-AME 50 T0-79.901) g Time 10614 Inien. 7 . r2 = 375864 1= 09983827
115:459.00=08.90(-) Z Area Ratiofx10)
7000 = ]
] 1.00
BEIDD—_ | ]
5000 ]
1 A 0.75
4000+ 4 ]
iy 0.50-] -
2000 1
1 EIDU—: J 0.25-
0 T %
- T T T T T T uuﬂ T 1 U T T T | T
10.5 11.0 115 12.0 125 13.0 0.0 25 5.0 75 10.0 125 15.0 175 Conc. Ratio

Hinh 16: Sic do va dudng chuan ciia PFOS

203



M| <» GQu | B < Method View - Compound T able £d%iew [ Edit
Dda!: | Integration | Identification | Quantitative | Compound |Group | Performance | Spectrum | Custom | QC Ched(l
1
7 1D Name Ret. Time Type |ISTD Group mSz Event Conc_(1)| Conc_(2) Conc_(3) Conc_{4) Conc_(5) | Conc. -
3 = 20 FFTeDA 16.587 | Target 7 |713.00668.50 | 2&:MRM() 0.5 1 2 5 10 20
] 21 PFHxDA 17.730 | Target 7 |813.00-768.85 | 25:MRM(3) 0.5 1 2 5 10 20
5 22 FFCDA 18.652 | Target 7 |913.00>-868.30 | 26:MRM(-) 0.5 1 2 5 10 20
5 — 123 L-PFBS 3.451 | Tanget 8 |299.10:80.00 4:MBM{-) 0.5 1 2 5 10 20
7 24 L-PFHxS 8.022 | Tanget 8 |399.05:79.85 B:MRBM() 0.5 1 2 5 10 20 —
3 25 L-PFOS 11.526 | Target 9 |499.00:79.50 15:MRM() 05 1 2 5 10 20 |E
n = 26 L-PFDS 14.016 | Tanget 9 |599.00:79.85 18:MRM() 0.5 1 2 5 10 20 i
«
M <> Chromatogram iew M <¢» Calibration Curve/S pectrum 'iew
J_ Chromatogram Sample Info. J_ calib curve | }_ spectrum
Y = 0415903 - 0.297933
Max Intensity : 6,048 £ =
{18598 00579 B5() g Time 12743 Tnien. 0 . 2= 0.9538639 r=0.9968222
718:585 D0=58.95(-) Z Area Ratio
ELE = 9.0
] & ]
] = ] L
=000 i &
] 7_0_:
4000 ]
i 18 6.0
] 4 ]
2000 5.0]
] 4.0
20004 ] -
- 3.0
1000 25
o] A 1.0
0 ED g ]
T T T T T T Dc_ L T T T ) I 1 I ) 1
13.0 13.5 14.0 145 15.0 15.5 0.0 25 50 L 10.0 125 15.0 175 20.0 Conc. Ratio
Hinh 17: Sac d6 va duong chuan cua PFDS
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B Spectrum Yiew

E Stack

| Display | EventH: 10 MAM(E-] Ret Time : [3.853->9.85419.730<>10.030] Scank : [43103-> 43107 H[42575<->43863]
15820 m/z Abs. Inten. Rel. Inten. /
369:00
[¥]Event10 Spectrum Type %
E\I'Entll 1 1 1 1 1 T 1 1
Centroid 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 mz
Profile EventH: 11 MAM(E-) Ret. Time: [9.853->9.854]-[9.730<->10.031] Scantf : [43104->43108H{42576<->43864]
overy m/z Abs. Inten. Rel. Inten.
Absolute Inten. 71,80
(@) Relative Inten, 17205 g
1 1 1 1 1 1 1 1
175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 miz
B <» HResultz View - Compound Table B < Method View - Compound Table Sd View | @ Edit
Spectrum | Peak Table | Compound |Grcup I Calibration Curve| | Integration I Identification I Quantitative | Compound |Group I Performance I Spectrum | Library I (MSn)Library I Custom I QC Ched<|
1D# Name Ret. Time Type | ISTD Group m/z Event Conc (1) Conc.(2) C -
ity : 1D Name Conc. -
= Max Intensty : 79,311 — 3 WIPFUGA T4.080 | 1STD 6 |565.005519.90 | 20.MRME) [ [
ime 9.376 Scgn¥ 41,056 Inten. 87 a MPFOS 1.00000
1413.05»369.00(-) FFEA 1957831 7 MPFDoA 15.037 [ ISTD 7 [615.05>569.85 | 21:MRM() 1 1
75000413.05=188.80(-) FFFeh TSN MPFHxS 8.028 | 1STD 8 [403.05>83.95 9:MRM() 1 1 |
1 PFH;\ 19.?9622 MPFOS 11.533 [ ISTD 9 [503.05>30.00 14:MRM{) 1 1
1 = FFRDA 001145 PFBA 2.170 | Target 1]213.05>168.90 | ZMRM() 0.5 1
1 1 FFOA 19.84223 =7 PFPeA 3.260 | Target 1[263.065219.10 | 3MRM() 0.5 1
suuuu—- = = 1945012 | p. PFHeA 5.458 | Target 2 [313.15>269.05 | 6:MRM() 0.5 1
] 3 E FEDA ZD.EDBM — PFHpA 7.880 | Target 2 [363.05>318.35 | 7:MRM() 0.5 1 =
J = FFUdA 1565119 | 14 FFOA 9.865 | Target 3 [413.05>369.00 | 10:MRM() 0.5 1
J ] FFDoA 19.11018 = 5 FFNA 11.505 | Target 4 [463.05>418.35 | 13:MRM{) 0.5 1
J 0 FFI'OD:\ a7anm 6 PFDA 12.879 | Target 5 [513.05>468.50 | 16:MRM() 0.5 1
25000 0l PFI'r R 19.64161 7 PFUdA 14.069 | Target 6 [563.00>518.95 | 19:MRM() 0.5 1
1 5 FFHiDA 1530531 8 PFDoA 15.052 | Target 7 [613.00>568.80 | 22:MRM() 0.5 1 -
1 - = FFODA 19'12110 9 PFTIDA 15.850 | Target 7 [663.05>618.50 | 23:MRM() 0.5 1
1 59 LPFES S0aEEs | 20 PFTeDA 16.587 | Target 7 [713.00-668.50 | 24:MRM() 0.5 1
1 g 54 LFFRc 19.28526 — 21 PFHxDA 17.730 | Target 7 [813.00>768.85 | 25:MRM() 0.5 1
0 ; 1 ; ; ; — e ——— T 2 FPFODA 18.652 | Target 7(913.00-868.50 | 26:MRM() 05 1 %
9.0 9.5 10.0 105 1.0 | RN™ b < 1 | b

Hinh 18: Khéi phd db cia PFOA
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B Spectrum Yiew

E Stack

Display Eventtl: 12 MRMIE-] Rt Time: [11.529:11.531[11.247<>11.675] Scant : [B0287>50295]- 49506 - 50910]
27 T
.05 _ _ =
Ewventd: 13 MRM(E-] Ret Time: [11.529->11.531}11.347<-»11.675] Scantt : [50288->50236]-[49507<-»50911]
[#]Event12 Spectrum Type )
| .90 4
Centroi y—m =
[¥]Event14 penﬁ| o - — —
[]Event1s rofile Ewerth: 14 MRMIE-] Rt Time: [11.530-311.532111.347<>11.675] Scand : [G0283>50297]-[49508<-»50912]
COrvetlay 20J00 ¥,
Absolute Inten, | =
(@) Relative Inten. Eventd: 15 MRM(E-] Ret. Time: [11.530->11.532}{11.348<->11.675] Scant: [ED2SD->50288]-[4SEDS<->5091 |
[ ] s
B <> HFesuls View - Compound Table B ¢ ethod View - Compound T able & View | (@ Edit
Spectrum | Peak Table | Compound |Grcup I Calibration Curve| Integration | Identification I Quantitative | Compound |Group I Performance I Spectrum | Library I (MSn)Library I Custom IQC Ched<|
D& Name Ret. Time Type |ISTD Group| m/z Event Conc_(1)| Conc.{2) C =
P l[m NHE Conc. Fs
LT IETE AT i — FFPeA 3260 | Target 1 [263.05:215.10 | 3:MRAME) 05 i
q Time '11.283 Sgan#® 49,228 Inten. 0 . FPFPeA 19.36230 FEFxA 5458 | T. 5(313.15-269.05 | &:MRAM 05 7
7000488.00>78.90() : PP 1979622 . i 298 | Jarget SSies MEME) :
1499.00-98.90(-) FFHoA 5001145 [ PFHpA 7.880 | Tanget 2 [363.05>318.95 | 7:MRM{} 0.5 1
q 7 F‘FOi 19.84228 L 14 PFOA 5.865 | Tanget 3 (413.05>369.00 | 10:MRM{) 0.5 1
Erirg PERE YT 5 PENA 11505 | Target 4 [463.05-418.95 | 13:.MRAM{) 05 1
1 F FFOA 2{].50844 — B FFDA 12.879 | Target 5 [513.05>468.90 | 16:MRM{) 0.5 1
g : PETER YR 7 PFUdA 14063 | Target G |563.00-51895 | 13:MAM{) 05 1 F
1 |:| ] FFDoA 19.11018 3 FFDoA 15.052 | Target 7 [613.00=568.80 | 2Z2:MRM({) 0.5 1
dEitg q P,__r"D A T97aa 9 PFTDA 15.850 | Target 7 [663.05-618.50 | 23:MRM{) 05 1
q 0l PFI'r oA 19.64161 20 PFTeDA 16.587 | Target 7 [713.00=668.90 | 2&:MRM{) 0.5 1
3000 51 F‘FHiDA 19.30631 = 21 PFH=<DA 17.730 | Target 7 [813.00>768.85 | 25:MRM({) 0.5 1 =
E 5 FFODA 19'12110 1 22 FFODA 18652 | Target 7 [913.00-868.90 | 26:MRM{) 0.5 1 1
20004 5 [FFES 20.38?55 — 23 L-PFBS 3451 | Tanget 8 [299.1080.00 4:MRM-) 0.5 1
] = ant Toeal 24 L-PFHxS 5.022 | Target 5 [399.05-79.85 | 8MRM{} 05 1
1000 > = 20'11104 25 L-PFOS 11.526 | Target 9 (499.0079.90 15:MRM(-) 0.5 1
o _ % & EGE o = 2 L-PFDS 14016 | Target 5595 00:79.85 | 18:MRM{) 05 1 -
105 1o s 120 125 130 <[] ' < m | '

Hinh 19: Khdi phd d6 ctia PEOS
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= Chromatogram Wiew All Segment E FPeak/ 4 [+ ] Scan 1|+ ]

Max Intensity : 15959

=
[=]
[=]
[
T
L.EEES
FFO A

MPFD A
WPFLUdA
TPFDoA

Hinh 20: Sic dd mau nuéc mit PK.SW.10 (mua kho)
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= Chromatogram Yiew All Segment E Peak| + [+ Scan/ 1 * i

Max Intensity . 4,208

4000}
3500
T =T
- E {
30004 = o =
] e <
- E E
] =
2500
] - §
- f o
] £ o
4 o o
20004 = =
1500
1000 L
- & 5]
] % ; i
E-IJIJ—_ - q=
|:|_
1 T T T T T T T T T T T T T T T T T T T R
10 210 30 40 50 6.0 70 8.0 5.0 100 110 120 130 140 150 180 170 180 180 min

Hinh 21: Sic d6 mau tram tich PK.S.11 (mua kho)
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M Chromatogram Wiew

all Segment

E Peak| 1| »

Scan 1| ¢

Max Intensity :

8,171

i MPF A,

o =z
= T
o 2
= g

=

¢ MPFH:S

MPFDoA

FH=D A

19.0

min

Hinh 22: Sic d6 mau nuéc ngdm PK.GW.01 (mua kho)
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M Chrormatogran Yiew

All Segment

E Peak 4 »

Scan 4| *

Max Intensity :

5,012

(1)
[=1
[=]
=1
|
MPFBEA

WPF Had

L-PFOS

PFDA

TPF O A
TS

I FF L A

PF Ud A

L Lo

f gl
AL

ol P

TPRTA

PFT D

PEHxD A
PPFOD A

s

19.0

=
==
[=]

min

Hinh 23: Sic dd mau c4 thiéu PK.F.16
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= Chromatogram Yiew

All Segment

E Peak| 4 ||

Scan 1| *

Max Intensity :

4,012

MPFBA,

WMPF HxA

MPFLIdA,

<L
=]
L
[l
=

MPFDoA

Hinh 24: Sic d6 mau ca r6 phi PK.F.17
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M Chromatogram Yiew &l Segment [.] Peakl4]r| Scan+]*

Max Intensity : 12 681

13000

PF Hp

PFPas

MPF Do

Hinh 25: Sic d6 1é& béo tay (c6 hoa chét) sau 1 tudn
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™ Chromatogram View All Segment E Peak| 1| #| Scan 1| *

Max Intensity : 21,820

22500 ;‘1
L
: [
20000
175004
150004
] o
J o
125004 i
100004
7500 -
4 3
! : s
T (Wl
50004 = &
5000 ¥ .
i > < o
3 3 0 g :
25004 o ] W o E
i T = £ o« < < = <
4 (]
] a E = i o
j (T8 L Lo L L
o P o o (VR (vl
] T T T T T T T T T T T T T T I.
0.0 1.0 20 3.0 40 5.0 6.0 7.0 2.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 min

Hinh 26: Sac do than beéo tdy sau 2 tuan
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