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11. Tém tat cac két qua mdi cua luédn an:

Muc dich cta luan an nay 1a danh gia tong thé hién trang 6 nhiém boi cac hop
chat peflo héa (PFC) tai khu vuc lang nghé tai ché gidy Phong Khé, tinh Bac Ninh. Cu
thé, nghién ctru tap trung xac dinh nong do cac hop chat PFC trong cac thanh phan moi
truong bao gém nude mat, trAm tich, nudc ngﬁm va ca nudc ngot tai khu vuc nay. Trén
co s& két qua quan tric, nghién ctru tién hanh danh gid rui ro sinh thai tir 6 nhiém nude
mit va danh gia rui ro sirc khoe con ngudi lién quan dén viéc sir dung nudc ngam va
tiéu thu c4 c6 nguy co bi nhiém PFC. Ngoai ra, nghién ctru con hudng téi viéc danh gia
kha nang tich lily sinh hoc cta cac hgp chat PFC trén cdy béo tay, tir d6 xem xét trién
vong tng dung loai thuc vat ndy trong xu Iy nude bi 6 nhiém PFC. Ddi tuong nghién
ctru bao gém cac hop chat PFC trong cac mau nude mit (séng Cau, song Ngii Huyén

Khé), tram tich, nudc ngadm tir cdc ho dan cu va mau ca nudc ngot tai khu vuc Phong



Khé. Bay 1a mot trong nhiing nghién ctru dau tién tiép can toan dién van dé 6 nhiem

PFC tai mot lang nghé dién hinh & Viét Nam.

Luan 4n da trinh bay chi tiét cdc phuong phap nghién ctru da sir dung bao gdom:
(1) Phwong phap thu thap va xir Iy mau, (2) Phuong phap phan tich mau sir dung hé sic
ki 16ng ghép ndi khdi phd hai 1an (LC-MS/MS), (3) Phuong phap danh gia sy van chuyén
ctia PFC tir moi truong nude vao tram tich va thuc vat, (4) Phuong phap danh gid rai ro
sinh thai tir sy 6 nhiém cac hop chat PFC gay ra cho cac loai sinh vat thuy sinh, (5)
Phuong phép danh gia rui ro stc khoe tir sy 6 nhiém PFC trong nude ngdm va cd, (6)
Phuong phap xt 1y sb lidu.

Vé céc két qua chinh: luan an da xac dinh dugc ham lugng cua cac hop chat PFC
trong nudc miat (n = 40), nudc ngam (n = 40), tram tich (n = 25), va ca (n = 47) duoc
thu thap tai khu vuc lang nghé tai ché gidy Phong Khé, tinh Bac Ninh. Pdi véi nudc
mit, tan suat phat hién PFC trong mau 1én t6i 95% (38/40 mau) va tit ca 12 PFC dugc
phan tich déu duoc tim thiy trong cic mau ndy. La nhitng chat c6 tan suat phat hién cao
nhat khi dugc tim thay & ca hai mua, cac PFC véi s6 C < 8 ciing 1a nhiing chat c6 nong
do trong nudc mat cao nhét. Cac hop chat mach dai duoc phat hién khac, gém cac PFCA
v6i C9-C14 chi duoc tim thdy v6i ndng d6 kha thip nam trong khoang KPH — 4,00 ng/L.
Két qua phan tich rai ro sinh thai cho thdy phan 16n cac gia tri rai ro déu nam trong
ngudng an toan ddi véi cac nhém sinh vat thuy sinh. Dbi v6i nude ngdm, tin suat phat
hién cac PFC thap hon so vdi trong nude miat. Cac PECA véi C6 - C8 1a nhitng hop chat
c6 miat thuong xuyén nhit trong cac miu nudc ngdm va tan sudt phat hién trong mua
kho cao hon trong muia mua. Cac miu phia Nam song Ngii Huyén Khé c6 tan suat phat
hién PFC cao hon cac mau phia Bic séng ¢ ca hai mua. Céc gia tri HR dugc tinh toan
cho tong PFC trong nghién ctru nay déu nho hon 1,0 cho thiy nguy co thip vé rui ro st
khoe lién quan dén viée str dung nude ngam trong khu vuc nghién ctru. D6i véi tram
tich, tong ham luong PFC duoc tim thay trong trdm tich nim trong khoang 0,03 — 6,32
ng/g voi gia tri trung binh 1a 1,73 ng/g va gia tri trung vi 1a 0,88 ng/g. Hé s6 phan b
giita pha nudc va tram tich log Kd dao dong tir 0,56 dén 3,97, phan anh su bién dong
16n vé phan b pha giita cac hop chat phu thudc vao nhiéu yéu t6. Dbi voi ca, tong ham
luong PFC trong bay loai c4 nudc ngot nam trong khoang tir 0,08 dén 8,06 ng/g véi gia
tri trung vi 1a 1,01 ng/g w.w va ham luong trung binh 1a 1,69 ng/g w.w. Ham luong
trung binh cua tong PFC (ng/g w.w) ting dan theo thr tu: diéc (0,74) < chép (0,88) <
tré (1,26) < qua (1,29 ) <troi (1,41) <16 phi (1,42) < thiéu (7,01). Tong ham luong PFC,



PFCA va PFSA trong c4 thiéu 16n hon déng ké so véi cac loai khac. Tinh toan rui ro cho
thiy viéc phoi nhiém PFC khéong anh hudng tiéu cuc dén stc khoe cua ngudi dan dia
phuong. Luan an di danh gia dugc so bo tiém ning tich lity cac PFC ctia béo tay tir dung
dich nuée. Cac bd phan khac nhau cta cay béo tiy, bao gdm ré, than va 14 ¢ kha ning
khac nhau trong viéc tich lily cac PFC tir dung dich nudc. Ti 1€ loai bo cua tirng PFC
vao tudn thir ba dao dong tir 48,9% dén 82,6% va dat 63,5 + 4,5% tong luong PFC.
Trong sd cac PFC, PFHxS thé hién ti 1é loai bo thip nhét (28,8 - 48,9%), trong khi
PFPeA cho thay hiéu qua cao nhat trong viéc loai bo (59,8 - 82,6%). Hiéu qua loai bo
PFC mach ngén nhu PFBA, PFPeA va PFBS dugc phat hién vuot troi hon so vdi céac

d6ng dang mach dai hon.

Két luan: (1) Luén &n da xac dinh dugc ham luong cua cac PFC trong nudc mat,
nudc ngam, tram tich va ca tai khu vuc tai ché gidy Phong Khé; (2) Trén co sé thanh
phan va ham luong cta cac PFC trong cac thanh phan méi truong, luan an da danh gia
duoc nguén géc, rii ro sinh thai tir sy 6 nhiém cic PFC dén sinh vat thuy sinh, rti ro
sttc khoe dbi v6i con ngudi khi str dung nude ngadm va cé tai khu vuc nghién ciru; (3)
Luan an da danh gia so bo duoc tiém nang tich lily mot s6 PFC cua beo tay tir dung dich

nudc va mé ra trién vong st dung thyc vat thuy sinh xtr 1y 6 nhiém nudc.

12. Cac hudng nghién ciru tiép theo:
- Tiép tuc trién khai hudng nghién ctru sit dung béo tiy & cac mirc nong do khac nhau
- Nghién ctru tiém nang loai bo PFC ctia mot s6 loai thuc vat khac tai Viét Nam
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11. Summary of the new findings of the thesis:

The objective of this study is to comprehensively assess the contamination status
of perfluorinated compounds (PFC) in the Phong Khe area, Bac Ninh Province.
Specifically, the study focused on determination of PFC concentrations in various
environmental compartments including surface water, sediment, groundwater, and
freshwater fish collected from this area. Based on the analytical results, the thesis
evaluated the ecological risks associated with PFC contamination in surface water
and the potential human health risks related to groundwater consumption and dietary
intake of contaminated fish. In addition, the study aims to assess the bioaccumulation
potential of PFC in water hyacinth (Eichhornia crassipes) to explore the feasibility
of using this aquatic plant for phytoremediation of PFC-contaminated water. The
target analytes include PFC detected in surface water samples (from Cau River and
Ngu Huyen Khe River), sediment, groundwater from residential wells, and
freshwater fish from the Phong Khe area. This is one of the first studies to provide a

holistic approach to PFC pollution in a typical Vietnamese craft village.



The thesis provided a detailed description of the research methodologies
employed, including: (1) sampling and sample preparation methods; (2) analytical
techniques using liquid chromatography coupled with tandem mass spectrometry
(LC-MS/MS); (3) assessment of the transport and partitioning of PFC from water to
sediment and aquatic plants; (4) ecological risk assessment methods to evaluate the
potential impacts of PFC contamination on aquatic organisms; (5) human health risk
assessment methods associated with PFC contamination in groundwater and
freshwater fish; and (6) data processing and statistical analysis methods.

The major results: The dissertation determined the concentrations of
perfluorinated compounds (PFCs) in surface water (n = 40), groundwater (n = 40),
and sediments (n = 25), and fish samples (n = 47) collected from the Phong Khe
paper recycling craft village in Bac Ninh province. In surface water, PFCs were
detected in up to 95% of samples (38/40), and all target compounds were found.
PFCs with carbon chain lengths < C8 were the most frequently detected and
exhibited the highest concentrations, found consistently in both seasons. In contrast,
long-chain PFCA (C9-C14) appeared at much lower concentrations (below
detection limit — 4.00 ng/L). Ecological risk assessment showed that most risk
quotient values were within safe limits for aquatic organisms. In groundwater, PFC
detection frequencies were lower than in surface water. Short-chain PFCA (C6—Cg8)
were the most frequently detected compounds, particularly during the dry season.
Samples collected from south of the Ngu Huyen Khe River exhibited higher
detection frequencies than those collected north of the river in both seasons.
Calculated hazard ratios (HRs) for total PFCs in groundwater were all below 1.0,
suggesting low health risks associated with groundwater use in the study area. In
sediments, total PFC concentrations ranged from 0.03 to 6.32 ng/g, with an average
of 1.73 ng/g and a median of 0.88 ng/g. The sediment-water partition coefficients
(log Kd) ranged from 0.56 to 3.97, indicating substantial variation in phase
distribution among compounds due to multiple influencing factors. In fish, total PFC
concentrations in seven freshwater fish species ranged from 0.08 to 8.06 ng/g, with
a median of 1.01 ng/g w.w. and a mean of 1.69 ng/g w.w. The average PFC
concentration increased in the following order: crucian carp (0.74) < common carp
(0.88) < catfish (1.26) < snakehead (1.29) < mud carp (1.41) < tilapia (1.42) < culter

(7.01). Risk assessment results indicated that PFC exposure posed no significant



adverse health effects to the local population. The PFC accumulation potential of
Eichhornia crassipes from aqueous solution was investigated. Different plant tissues
- roots, stems, and leaves - exhibited various accumulation capacities, with roots
accumulating the highest PFC concentrations, followed by leaves and stems.
Individual PFC removal rates after three weeks ranged from 48.9% to 82.6%, with
an overall mean removal efficiency of 63.5 + 4.5%. PFHxS showed the lowest
removal rate (28.8 —48.9%), whereas PFPeA demonstrated the highest (59.8 —
82.6%). Short-chain PFCs such as PFBA, PFPeA, and PFBS were removed more
efficiently than their long-chain counterparts.

Conclusions: (1) The thesis determined the concentrations of selected
perfluorinated compounds (PFCs) in surface water, groundwater, sediments, and
freshwater fish collected from the Phong Khe paper recycling area; (2) The thesis
assessed their potential sources, ecological risks to aquatic organisms, and human
health risks associated with the use of contaminated groundwater and fish
consumption in the study area; (3) The thesis also preliminarily evaluated the
bioaccumulation potential of selected PFCs by FEichhornia crassipes (water
hyacinth) from aqueous solution, suggesting the potential of aquatic plants for
phytoremediation of PFC-contaminated water.

12. Futher research directions

- Continue to conduct research on the use of water hyacinth at different
concentration levels.

- Investigate the potential of various aquatic plant species in Vietnam for the
phytoremediation of PFCs.
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