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Abstract: Polycyclic aromatic compounds (PACs), notably unsubstituted and methylated
polycyclic aromatic hydrocarbons (PAHs and Me-PAHSs), are a group of organic pollutants
consisting of two or more fused aromatic rings. They are primarily generated through the
incomplete combustion of organic materials and exhibit high toxicity, bioaccumulation potential,
and various adverse impacts on ecosystems and human health. The contamination status and
distribution characteristics of PAHs and Me-PAHs have been investigated through several case
studies in various aquatic ecosystems across Vietnam. However, information about the analytical
chemistry and environmental occurrence of PACs in Vietnamese water and sediment samples has
not been comprehensively reviewed. Analytical procedures for PAHs in water and sediment
typically comprise three main steps: solvent extraction, extract purification, and quantification by
gas chromatography-mass spectrometry (GC-MS) or high-performance liquid chromatography
with fluorescence detection (HPLC-FLD). PAHs have been frequently detected in Vietnamese
water and sediment samples at low to moderate concentration levels. Low-molecular-weight PAHs
(LMW-PAHS, 2 to 3 rings) are dominant compounds in water, while high-molecular-weight PAHs
(HMW-PAHS, 4 rings or more) tend to accumulate in sediment. Pyrogenic sources are estimated to
be more abundant than petrogenic sources. The urbanization process and waste processing
activities are major contributors to the emission of PAHs and their derivatives. Additional
comprehensive and continuous studies on the analysis and assessment of PACs in Vietnamese
aquatic environment are needed.
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Tém tit: Cac hop chét thom da vong (PACs), dién hinh nhu hydrocarbon thom da vong khong co
nhom thé va cac dan xuat methyl hoa (PAHs va Me-PAHs), 1a nhom chit 6 nhiém hitu co bao gdm
hai hodc nhiéu vong thom trong phan tir. Ching thuong duge phat sinh tr qua trinh dbt chay
khéng hoan toan cac chét hitu co va thé hién doc tinh cao, c6 kha nang tich ity sinh hoc va nhiéu
anh huong tiéu cuc dén hé sinh thai va strc khoe con ngudi. Tinh trang 6 nhi®m va dic trung phén
bd cua PAHs va Me-PAHs di duoc danh gia boi mot s6 nghién ciru trude day tai cac hé sinh thai
du6i nude ¢ Viét Nam. Tuy nhién, thong tin lién quan dén phuong phap phén tich va su ton tai cua
cac PACs trong mau nude va tram tich & Viét Nam hién chua duge tip hop mét cach hé thong.
Quy trinh phan tich PAHs trong miu nudc va trim tich thudong bao gdm ba bude chinh: chiét
PAHs bang dung méi hitu co, lam sach dich chiét va phan tich dinh luong trén hé théng sic ky khi
khéi phd (GC-MS) hoic séc ky 16ng hiéu ning cao voi detector huynh quang (HPLC-FLD). PAHs
thuong dugc tim thiy trong cac mau nudc va tram tich ¢ nudce ta véi mirc ham luong thdp dén
trung binh. Cac PAHs c6 phan tir khdi thip (LMW-PAHS, véi 2 hodc 3 vong) chiém ti 1é cao trong
mau nude, trong khi cac chit c6 phan tir khéi cao (HMW-PAHS, véi 4 vong trd 1én) ¢d xu hudng
tich lily manh trong trdm tich. Nguon phat thai PAHs lién quan dén cac qua trinh nhiét d6 cao nhin
chung chiém wu thé so véi ngudn gbc lién quan dén san phidm dau mo. Qua trinh dé thi hoa va cac
hoat dong xur 1y rac thai dong gdp quan trong vao su phat thai PAHs va cac dan xuét. Cac nghién
ctru téng thé va thuong xuyén nhiam phan tich va danh gid mic do 6 nhiém ctia PACs trong moi
trrong nudce tai Viét Nam la rat can thiét.

Tir khéa: PAHs, Me-PAHs, nudc, tram tich, Viét Nam.

1. Mé dau

Céc hop chit thom da vong (PACs), vi du
nhu hydrocarbon thom da vong (PAHs) va dan
xudt methyl hoa cua chiang (Me-PAHS) la
nhitng chat 6 nhiém hiru co dién hinh trong méoi
truong va duoc nghién ctru trong nhiéu thap ky
qua do nhitng tac dong tiéu cuc cta chung d6i
véi h¢ sinh thai va stc khdée con nguoi [1].

* Tac gia lién hé.
Dia chi email: nguyenduchieu_t65@hus.edu.vn
https://doi.org/10.25073/2588-1140/vnunst.5983

PAHs va Me-PAHs c6 thé hinh thanh tir cic
qua trinh ty nhién (nhu chay ring hay phun trao
nui Ira) va hoat déng cua con ngudi, bao gom
giao théng, san xudt cong nghiép, st dung
nhién liéu va @6t sinh khéi [1, 2]. Tu cudi
nhitng ndm 1970, Co quan Bio v¢ Mbi truong
Hoa Ky (US EPA) da li¢t ké 16 PAHs vao danh
sach cac chit 6 nhiém wu tién bao gom:
naphthalene (Nap), acenaphthylene (Acy),

acenaphthene (Ace), fluorene (Flu),
phenanthrene  (Phe), anthracene  (Ant),
fluoranthene (FIv), pyrene (Pyn),
benz[a]anthracene (BaA), chrysene (Chr),
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benzo[b]fluoranthene (BbF),
benzo[K]fluoranthene (BKF), benzo[a]pyrene
(BaP), dibenz[a,h]anthracene (DA),

benzo[ghi]perylene (BP), va indeno[1,2,3-
cd]pyrene (IP) [3]. Cac PAHs c6 khdi luong
phan tir cao (HMW-PAHs, ¢6 bbn vong trg 1én)
c6 kha ning ton tai dai ding voi doc tinh cao
hon so véi cac hop chét c6 khéi luong phan tir
thip (LMW-PAHs, c6 hai dén ba vong) [4].
PACs phan b rong rai trong nhiéu thanh phan
mdi truong khac nhau nhu dit [5], khong khi
[6], nude [7], trAm tich [5] va sinh vat [8].

Su 6 nhiém va tac dong tiéu cuc cia PAHs
dén cac hé sinh thai dudi nude 1a mot vin dé
moi truong dugc cac nha khoa hoc va co quan
quan ly quan tam trong vong nam thap ky qua
[9]. PAHs va Me-PAHs c6 thé xAm nhip vao
mdi truong nude thong qua nhleu con duong
bao gdm ling dong tir khi quyén, nudc thai
cong nghiép va sinh hoat, sy rua tréi trén bé
mit, khuéch tan tir trdm tich va cac sy ¢d tran
du [7,10]. Véi ban chit kém phan cuc va ky
nudc, PAHs phat thai vao mdi truong nudc
thuong c6 xu hudng hip phu vao cac hat lo
limg trong nuéc va sau do ling dong trong 16p
tram tich ddy [11]. Can bang phan b6 PAHs
giita nudc va tram tich dong vai trd quan trong
quyét dinh hanh vi va s6 phan mai truong cia
cac hop chit ndy va cac tic dong clia ching dén
sinh vat thty sinh [12].

Viét Nam la mot quéc gia c6 muc do gia
tang dan sd va toc do phat trién nhanh chéng tai
khu vuc Pong Nam A. Tuy nhién, qua trinh
phat trién nay ciing kéo theo nhiéu hé luy vé
mdi truong, bao gdm sy hinh thanh va phat thai
PACs vao méi truong nude. Tuy nhién, co sd
dix liéu vé sy ton tai va dic trung phan bé cua
PAHs trong méi truong nudc va tram tich tai
Viét Nam van con han ché. Diéu nay dat ra nhu
cau cip thiét vé viéc phat trién va ap dung cac
phuong phap phan tich va chuong trinh giam
sat hiéu qua nhim danh gia va kiém soat 6
nhiém PAHs mét cach toan dién hon trong
twong lai. Mot so nguyén nhan din dén su thiéu
hut thong tin vé PAHs trong nudc va tram tich
tai Viét Nam bao gdm: chua c6 bo phuong phéap
phan tich day da véi tinh ing dung cao cho
phan tich PAHs trong cac nén mau mdi truong

khac nhau, chwa co6 quy dinh cu thé vé& muirc
nong do cho phép ciia PAHs trong mdi trudng
nudc, cac nghién ciru chuyén siu vé phuong
phap phan tich PAHs (dic biét 1a cac dan xuat
ctia PAHs) con chua duoc trién khai rong rai.

Hién nay chua c6 cac nghién ctru tong quan
vé PAHs trong méi trudong tai Viét Nam. Bai
b4o téng quan nay duoc thyc hién nhim cung
cip thong tin tong thé va cip nhat vé phuong
phép phan tich va tinh trang 6 nhiém cta PAHs
va Me-PAHs trong miu nuéc va trim tich tai
Viét Nam. Chiing t6i da tap hop va phan tich co
s& dir liéu hién c6 dé tim ra cac xu hudng
nghién ctru, xac dinh cac viung thong tin con
dang thiéu hut va d& xuét cac hudéng nghién ciru
tiép theo lién quan dén nhom chat 6 nhiém nay.
Viéc hiéu rd hon vé phuong phap phan tich va
dac trung tich liy cua PAHs trong moi truong
nude va tram tich 1a rat quan trong nhim hoan
thién hd so 6 nhidm, hé thong quy dinh chit
luong moi truong, phat trién cac chién lugc
giam sat va kiém soat 6 nhim hiéu qua, hudng
dén giam phat thai va han ché tac dong doc hai
ctia cac chat 6 nhiém hitu co nay ddi voi hé sinh
thai thty sinh va strc khoe con nguoi.

2. Phwong phap nghién ciru
2.1. Phuong phap thu thap thong tin

Phuong phap  PRISMA  (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses) duoc ap dung nham thu thap va
sang loc mot cach hé théng cac nghién ctru
khoa hoc lién quan dén PAHs va Me-PAHs
trong mau nude va tram tich tai Viét Nam. Quy
trinh tim kiém bao gém ba giai doan chinh la
phat hién, sang loc va lua chon. Qua trinh tim
kiém str dung t6 hop tir khoa “PAHs”, “water”,

“sediment” va “Vietnam” trén cac co s& dir liéu
khoa hoc nhu Web of Science (WoS), Scopus,
ScienceDirect, SpringerLink, PubMed, ACS
Publications, Wiley Online Library, Taylor va
Francis Online va MDPI. Cac bai bao duoc
danh gid so bd dua trén tiéu dé, tir khoa va tom
tat. Sau do, qué trinh sang loc chuyén sau dugc
thuc hién theo cac ti€u chi: i) Pugc cong bd
trén cac tap chi thudc hé thong WoS/Scopus;
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ii) Cung cdp thong tin chi tiét vé quy trinh phan
tich PAHs trong nu6c va tram tich (dwoc dé cap
trong bai bao hoac dir liu bd sung & phu luc);
iii) Sir dung phuong phép phan tich la sic ky
khi khéi phd (GC-MS) hoic phuong phap c6 do
chon loc trong duong hodc cao hon; va iv) Bao
cao ddy du cac thong sb vé dam bao chat lugng
va kiém soat chat lugng (QA/QC). Bén canh d6
chiing t6i ciing tién hanh tim kiém va sang loc
mot sO bai bio trén cac tap chi chuyén nganh
trong nudc uy tin, dap tmg day da nhitng tiéu
chi nhu trén.

2.2. Phuwong phap phan tich thong tin

Cac bai bao khoa hoc lya chon trong bai
béo téng quan nay dwoc phan tich mot cach hé
théng nham thu thap va téng hop théng tin vé
cac xu huéng nghién ctru va cai tién trong
phuong phap phan tich PAHs trong mau nudc
va tram tich. Qu4 trinh phén tich tap trung vao
viéc danh gia toan dién cac ky thuat dugc s
dung dé xac dinh PAHs va Me-PAHs, tur giai
doan xir Iy miu dén giai doan phan tich dinh
luong, nhim lam rd nhiing tién bo ky thuat
cling nhu han ché cua tung phuong phap. Cu
thé, bai téng quan s& xem xét cic khia canh
quan trong lién quan dén quy trlnh phan tich
PAHs va Me- PAHs trong nén mau nudc Va
tram tich bao gdm: i) Phuong phap chiét mau;
ii) Phuong phap lam sach dich chiét miu; va
iii) Phuong phap phan tich dinh lugng PAHs va
Me-PAHSs.

Tinh trang 6 nhiém ctia PAHs va Me-PAHs
trong moi trudng nudc va tram tich tai Viét
Nam dugc téng hop, phén tich va dénh gia dya
trén hai khia canh chinh. Thtr nhit, ham luong
PAHs va Me-PAHs trong mau nudc va trim
tich dugc xem xét nhim xac dinh mic do 6
nhiém theo khong gian va thoi gian, giap lam rd
su phan bd cua cac hop chat nay trong cic hé
sinh thai nudc. Thir hai, ti 1€ cua PAHs va
Me-PAHs trong cic nén mau khac nhau dugc
nghién ctru dé tim ra dic trung tich liy, xu
hudng phan bd va ngudn phat thai ctia chung.

3. Két qua va thio luin

3.1. Phuwong phap phan tich PAHs va Me-PAHs
trong mdu nuwdc va mau tram tich

PAHs va Me-PAHs thuong dugc chiét tir
mau tram tich bang cac dung moi hitu co c6 do
phin cuc tir thip dén trung binh nhu
dichloromethane (DCM), hexane, acetone,
toluene hodc hdn hop cta chung [13-26]. Viéc
lya chon dung moi chiét phu thudc vao tinh
chit hoa Iy cta cac hop chit can phan tich cling
nhu dic diém cia nén miu. Trong sd céc
phuwong phéap chiét, chlet Soxhlet 1a mot trong
nhirng phuong phap truyen thong duogc stir dung
phd bién nhd hiéu suit chiét cao. Tuy nhién,
nhuoc diém chinh cua phuong phap nay 1a yéu
cdu mot lugng 16n dung moi (vai trim mL cho
mdi 1an chiét) va thoi gian thyuc hién kéo dai tir
6 dén 24 h, 1am tang chi phi va anh huong dén
moi truong do viéc st dung va thai bé dung
mdi hiru co [27]. Nhim khic phuc nhitng han
ché nay, cac ky thuét chiét hién dai nhu chiét
long 4p suit (PLE) va chiét hd trg siéu am
(UAE) da dugc nghién ciru va tng dung nhu
nhitng phuong phap thay thé k§y thudt chiét
Soxhlet [28]. K§ thuat PLE sir dung 4p suit va
nhiét do cao dé tang téc do chiét, giup giam
dang ké lugng dung moi tiéu thu va thoi gian
thuc hién. Trong khi do, UAE st dung song
siéu am dé hd tro qua trinh hoa tan chat phan
tich vao dung moi chiét, tir d6 nang cao hiéu
suat chiét. Ca hai phuong phap nay déu mang
lai nhiéu uu diém, bao gom thoi gian chiét
nhanh, hiu qua chiét cao, tiét kiém dung moi
va giam thiéu tac dong den moi truong [29].
Dbi véi ky thuat chlet mau ran nhu tram tich,
cac k¥ thuat chiét c6 dién nhu chiét Soxhlet hay
chiét 1ong rin (chiét co hoc véi may lic) dugc
thay thé dan boi cac ki thuat chiét hién dai hon
nhu PLE, UAE, chiét hd tro vi song (MAE) hay
chiét 16ng siéu toi han (SFE) nham tiét kiém
thoi gian, lugng dung méi nhung van dam bao
hiéu qua chiét va kha ning ty dong hoa, ghép
nbi véi cac ky thuat xtr Iy miu va ki thuat phan
tich dinh lugng.

Pbi voi mau nude, qua trinh chiét PAHs va
Me-PAHs thudng duoc thuc hién bang phuong
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phap chiét 1ong-long (LLE), trong d6 dung moi
phan cyc thip nhu DCM duoc st dung dé hoa
tan va taich PAHs ra khdi pha nudc [29, 30].
Tuy nhién, hiéu suat chiét c6 thé bi anh hudong
boi sy hién dién cia cic thanh phﬁn hitu co
khac trong mau nudc, vi vy sodium chloride
thuong duoc bé sung dé ting cuong sy phén
tach pha va ti uu hoa qua trinh chlet [29, 30]
PAHs c6 thé duoc chlet trong mau nudc bang
ky thuat chiét pha rin (SPE) v6i luong dung
mdi st dung nhé hon déng ké so voi ki thuat
LLE [31]. Chau va cs. (2015) d3 tién hanh
chiét mau nudc song voi hé SPE bao gdm mang
loc sgi thuy tinh (GMF), dia chiét styrene-
divinylbenzene (SDB) va dia chiét than hoat
tinh (AC) [31]. Mang loc va dia chiét SDB
dugc rira giai véi 2 X 5 mL acetone va 5 mL
DCM, dia chiét AC duoc ria giai voi 2 x 5 mL
acetone. Cac dich rira giai dugc gop lai va co
dac dudi dong khi nitrogen va lam khan véi
sodium sulfate trude khi phan tich [31]. Tuong
tu_nhu dbi v6i mau trim tich, k§ thuat chiét
mau nude ciing c6 xu hudng ddi tir cac ky thuat
c¢b dién nhu LLE sang cac ky thudt hién dai nhu
SPE hodc vi chiét nhdm giam thoi gian chiét,
luong dung moéi chiét va ting kha ning ghép
ndi, tu dong hoa.

Sau khi chiét, dich chiét thuong chira nhiéu
tap chit nén can duoc 1am sach trude khi phan
tich. Qua trinh 1am sach nay thudong duoc thuc
hién bang phuong phap sic ky cot voi cac chat
hap phu nhu silica gel, Florisil, alumina hodc st
dung phuong phap sac ky thAm gel (GPC) voi
pha tinh polymer xop Do mdt s6 PAHs c6 thé
bi phan hay khi tiép xuc voi acid sulfuric dic,
cac ky thuat lam sach 4p dung cho PAHs
thuong la cac ky thuat khong phan huy (non-
destructive cleanup). Silica gel hoat hoa ¢ dang
sdc ky cot nhdi hoic SPE dugc sir dung phé
bién nhit dé lam sach dich chiét chtra PAH.
Nguyén tic lam sach dich chiét chita PAHs trén
silica gel dua trén qué trinh tach cic tap chét
mach ho (aliphatic) & phan doan dau tién voi
mdt lugng nhé dung moi kém phan cuc, sau do
1a phan doan cic hop chat thom (aromatic) véi
dung moi rira gidi phan cuc trung binh (vi du
hdn hop ciia DCM trong hexane). Mic du silica
gel ¢6 lyc hap phy kém hon so véi alumina va

Florisil, silica gel van duoc sir dung phd bién
do quy trinh chuén bi va hoat héa vat liéu trong
diéu kién don gian hon va kha ning rira giai
PAHs d& dang hon, dam bao d6 thu hoi tot. Dbi
v6i nén mau phire tap hon (vi du nhu tram tich
tai khu virc tai ché rac thai dién tir), Hoa va cs.
(2020) da két hop thém k§ thuat GPC dé loai bo
cac tap chat hitu co c6 phan tir khdi 16n. Tuy
nhién, k¥ thuat GPC khong duoc st dung rong
rdi cho quy trinh phan tich PAHs trong mau
nudc va tram tich tai Viét Nam, c6 thé do thao
tac twong dbi phirc tap, can luong 16n dung moi
va thoi gian xtr Iy mau kéo dai. Hon nira, k¥
thudt GPC c6 vai tro quan trong hon trong quy
trinh phan tich nén miu sinh hoc hon 1a cac nén
mAu phi sinh hoc. Dich chiét sau khi lam sach
dugc ¢6 dic bang cac ky thuit nhu cd quay
chan khong hodgc bay hoi bang dong khi
nitrogen dé dat dén thé tich xac dinh va chuyén
vao mot dung moéi phu hop trude khi phan tich
dinh luong [13-19, 29, 30].

Viéc dinh lugng PAHs va Me-PAHs thuong
dugc thuc hién bang hai phuong phap chinh 1a
sdc ky léng hiéu ning cao vdi detector huynh
quang (HPLC-FLD) va sic ky khi ghép nbi
khéi phd (GC-MS). Trong do, GC-MS duoc
danh gia cao nho kha nang phan tich véi kha
nang tach, do chon lpc va dd nhay vuot trdi,
cho phép phat hién va dinh lugng chinh xéc
ngay ca khi PAHs c6 mit & nong do rat thap ¢
ppb [13-17, 19]. Hé théng GC-MS duoc st
dung trong phan tich PAHs va Me-PAHS
thudng van hanh & ché do gidm sat ion chon loc
(SIM) nham tang d6 nhay va d¢ dac hiu.
Ngoai ra, mot s6 nghién ciru con sir dung ché
do sang loc két hop véi hé thong nhan dién
va dinh luong tuy dong bang co so dir liéu
(AIQS-DB) [29-31]. Théng tin chi tiét vé& quy
trinh phan tich PAHs va Me-PAHs trong miu
nude va tram tich duoc bao cao boi cac nghién
cru trude ddy dugc trinh bay lan luot trong
Béang 1 va Bang 2.

Nhin chung, cac phuong phap phéan tich
PAHSs va Me-PAHs da co nhiéu cai tién dang ké
trong nhitng nim gan day, gitp nang cao do
chinh xac, han ché tic dong moi trudong va tbi
wu hoa quy trinh xr 1y miu. Viéc lwa chon
phuong phap phi hop phu thude vao nhiéu yéu
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t6 nhu loai nén mau, gidi han phat hién mong
muén va diéu kién phong thi nghiém, nhim
dam bao két qua phan tich dang tin ciy va co
thé 4p dung hiéu qua trong cac nghién ctru vé
moi truong. Ngoai cac phuong phap phan tich
dinh lvong nhu HPLC-FLD va GC-MS da va
dang duoc ap dung rong rii dé phan tich PAHs,
cac phuong phap c6 hiéu lyc manh hon nhu sic
ky khi véi detector khdi phd phan giai cao
(GC-HRMS) va khéi phé hai lan (GC-MS/MS)
can duoc nghién ctru va phat trién dé dap tng
yéu cau phan tich luong siéu vét cia PAHs va
cac dan xudt. Ngoai ra, cac ky thudt phan tich
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héa sinh va sinh hoc (vi du nhu xét nghiém
gene chi thi) can dugc ap dung trong cic nghién
ctru tuong lai nham dua ra ham lugng tong theo
muc d6 tac dong (effect-directed concentration)
thay vi ham luong hoa hoc theo hudng tiép can
thong thuong (chemical-specific concentration).
Huéng phan tich ham Iugng tong theo xét
nghiém hoa sinh nay c6 ¥ nghia quan trong dbi
v&i nhém chit 6 nhiém phuc tap nhu PAHs va
dan xuat véi s6 lugng chét rat 1on trong khi céc
nghién ctru chi c6 thé phan tich mét sé luong
nhit dinh cac ciu tir.

Bang 1. Quy trinh phan tich PAHs trong mau nuéc tai Viét Nam

. x . ez Chat Phuong phap xtt | Phuong phap TL
L b x
ot mau fa diem phan tich Iy mau phan tich QAIQC TK
R% 60-110%
O?t u tal Thén Thuyén, ' S véi DCM X - ’ (0,050*]:0
ché phuong Bic Gian vall o cOt DB-5MS, ng/L) va [29]
tién hét han sir & Me-PAHs ) Cﬁt Sillllcfl gel ndi chudn Me- PAHS:
dung oatioa (0,010-0,030
ng/mL)
5 940 chat T GC-MS, ban | R% 65-125%
Nuée I Hug, Thanh onhigm | Chetlonglong oy one | RSD < 22% | [30]
Hoa N véi DCM - 2
hiru co noi chuan MDL: 1 ng/L
3 NOi 4 ) 4 % R% 50-120%
Ha NQI; Hue, 950 chit Chiét pha ra‘n %PE GC-MS, bén
. ba Nang, g% dang dia va rira ) RSD < 25%
Nudc séng . P 0 nhiém N dinh luong, [31]
Thanh pho Ho N giai voi acetone " 2 MDL:
P hiru co R ndi chuan .
Chi Minh va DCM 5-500 ng/L
Bang 2. Quy trinh phén tich PAHs trong mau tram tich tai Viét Nam
. x Dia diém Chat Phuong phap xir ly Phuong phap TL
L N ~ L A/QC
oat mau phan tich mau phan tich QAR TK
\ ’ - Chiét S\ox.hlet voi R% 85-100%
s Thanh phé DCM va dimethyl HPLC-FLD, . 2
Tram tich NP . R (thém chuan)
<an Hb Chi 9 PAHSs sulfoxide cot Vydac RP18 . . [13]
g Minh - Sic ky cot voi 201 TP54 R @75_11"1 &
. . . (mau chuan)
silica gel va alumina
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. Dia diém Chat Phuong phép xir Iy Phuong phap TL
L ~
oar mad phan tich mau phan tich QA/QC TK
. , 0, N
S K‘mYIfIg“’“’ - Chiét PLE véi GC-MS, R% g(;”;gﬁ)b'”h
ram tie en 19 PAHs DCM/hexane cot ZB-5, ’ [14]
song Duyén, - siilica gel 16 chudn LOD:
Ky Cung g ' 0,5-22 ng/mL
- Chiét PLE véi 0 0
, 14 PAHs R% >80%
Am ti DCM/hexane -
Trzg;;Ch VietNam | va12 e o e v oM %RSD: [20]
Me-PAHs - dac Ky cot voi v .
silica gel 2-15%
Ha No: - Chiét siéu am véi Thuc hién th
L 2% | 16 PAHs acetonitrile HRGC/HRMS, e hien theo
Tram tich | Hue, Thanh Va5 . . o5t HP-1MS huéng dan cua [21]
song | phoHoChi | | B2 | Lam sach bang vl B M truong
Minh sﬂwagsl va bot 01 chuaj Nhat Ban
ong
Trdmtich |\ o - Chiét PLE v6i GC-MS, RY% 94.107%
dAm ven B6 9| 18PAHs | hexane/acetone cot DB-5, _ [17]
bién | - SPE silica gel noi chuan MDL: 1 ng/g
- Chiét PLE véi
Tehm tich Thanh phé DCM/acetone COMS R% 60-120%
. H6Chi | 17PAHs | - Lam sach bang e MDL: <0,4nglg | [22]
song Minh i L v bt AlQS-DB
s1lica gel va bo
ddng
Ha Noi, - Chiét PLE vi
. Hai Phong, DCM/acetone R% 73-126%
Tram tich ba Nang, GC-MS, 0
i _ \ r: < 0,
song | Thanhphd | 22PAMS | - Lam sach véi AIQS-DB %RSD <20% | [16]
HS Chi s1lica ge‘l va b(:)t MDL: <0,2 ng/g
Minh dong kim loai
Thanh ohé - Chiét Soxhlet véi
Am ti anh pho acetone/hexane -
Tram tich |8 ops R GC-MS/MS, R% 61-104% | [19]
song Minh - Séc ky cot voi cot ZB-5ms
silica gel
S - Chlet[l)(gllg\;/lran véi oS R0 75-90%
ram tic CaTA: -MS, .
song HaNoi | 16PAHs | . kg cot Vi n6i chuan LOD: r?,t/)z—lo,s [23]
silica gel va alumina 99
Tedm tich Can Gio, - Chiét siéu Am
ram teh )y ohé acetone/DCM N
rung ngap 1O Chi 15 PAHSs - She k§ ot véi UPLC, ndi chuan R% >90% [18]
man Minh silica gel va alumina
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. Dia diém Chat Phuong phép xir Iy Phuong phap TL
L ~
oar mad phan tich miu phan tich QAIQC TK
Tram tich - Chiét PLE voi
song tai Bili DA 22 PAHs acetone/hexane GC-MS, R% 60-110%
khutaiché | —o' o | \A17 | - S ky ot voi o6t DB-1MS, MDL: [15]
, . Hung Yén L O N 2
rac thai Me-PAHS | silica gel, alumina ndi chuan 0,05-0,5 ng/g
dién tur va GPC
- Chiét siéu 4m véi
TrAm tich 22 PAHs | acetone/hexane va GC-MS, R% 70-110%
ramtie Ha Noi va 17 toluene cot DB-5MS, %RSD < 15% | [24]
sbng . . N
Me-PAHSs - Sic ky cot véi noi chuan MDL: 0,11 ng/g
silica gel
- Chiét siéu am vi
5 16 PAHs | acetone/hexane va GC-MS, R% 70-120%
Tram tich . . . . [25,
" Binh DPinh va 12 toluene cot DB-5MS, %RSD < 25%
bién C o . n 2 26]
Me-PAHSs - Sic ky cot véi ndi chuan MDL: 0,05-1 ng/g
silica gel

3.2. Ham luong PAHs va Me-PAHs trong moi
truong nuoc tai Viét Nam

PAHs duoc phat hién trong cac miu nudc
v6i ham lwong twong d6i thap, dao dong tir vai
chuc dén khoang 350 ng/L. Ham luong tong
cia PAHs va Me-PAHs trong cic miu nudc
mit tai Viét Nam duogc tom tit trong Bang 3.

Mot nghién ctru khéc tién hanh trén cc con
song do thi tai cac thanh phé 16n nhu Ha Noi,
Hai Phong, Pa Ning va TP. Ho Chi Minh ghi
nhan néng d6 PAHs dao dong tir <MDL dén

1330 ng/L, voi gia tri trung binh 1a 64 ng/L
[31]. Hoang Quéc Anh va cong sy (2021) da
ghi nhdn ham lugng cua 19 PAHs va 11
Me-PAHs trong cac mau nudc mit tai khu vuc
xtt Iy phuong tién giao thong hét han st dung &
Bic Giang dao dong tir 240 dén 350 ng/L (trung
binh 260 ng/L) va tir 46 dén 58 ng/L (trung binh
48 ng/L), tuong ting [29]. PAHs cling dugc tim
thdy trong cac mau nudc li thu thap tir cac canh
ddng tai Hué va Thanh Hoa vé6i nong do dao
dong tir 1 dén 1990 ng/L [30].

Bang 3. Khoang néng do PAHs trong mau nudc tai Viét Nam

. . Khoang nong do .
Loai miu Dia didm CANENONECO | c4¢ chétchinh | TLTK
(ng/L)
Nudc thai sinh hoat .
Hoe Tat S A% 1 16 Thuyén, 290-400 Naphthalene,
khu tai ché phuong . . [29]
2 . Bac Giang (trung vi 300) phenanthrene
tién hét han st dung
Nuéc i Hué, Thanh Héa | <MDL dén 1990 - [30]
Ha Noi, Hué, Pa Pyrene,
Nudc séng Ning, Thanh phé | <MDL dén 1330 phenanthrene, [31]
Hb Chi Minh fluoranthene
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Nong d6 PAHs trong cic mau nude sau khi
1t rat cao hon so véi trudce khi Il xay ra, do 10
lut c6 thé gop phan lam rira tr6i PAHs tir cac
ngudn 6 nhiém vao hé thng nudc mit [30].
Mic dii ham luong Me-PAHs nhin chung thip
hon so v&i PAHs, mot s& nghién ctru di phat
hién duoc su c6 mit cia cac dan xuét nay trong
mbi trudng nudc tai Viét Nam, gop phan khing
dinh ngudn gdc tir cac san phdm dau mo thong
qua cdc qua trinh rira tréi va sy c¢b ro i [29, 30].
Nhin chung, thong tin vé sy ton tai clia PAHs
trong mau nudc mit tai Viét Nam con rat han
ché, do d6 chua thé dua ra cac nhan dinh day du
vé quy luat phan bd theo loai hinh thuy vuc va
khu vyc dia ly.

Ham lugng PAHSs trong cac mau nudc tai
Viét Nam nhin chung ndm trong khoang thap
dén trung binh khi so sanh Vi nhidu quéc gia
khéc trén thé gii. Trong khi ndng d6 PAHs tai
Viét Nam thuong dao dong trong khoang tir vai
chuc dén vai tram ng/L, thi cac nghién ctiru quic
té da ghi nhan mic d6 6 nhiém cao hon dang
ké. Cu thé, néng do PAHs trong cac mau nudc
song tai Trung Qudc dao dong tir 473 dén
2674 ng/L [32], tir 52,1 dén 12 888 ng/L tai

Colombia [33], va tir 2794 dén 26 087 ng/L tai
Bangladesh [34]. Su so sanh nay cho thiy nong
d6 PAHs trong nuéce tai Viét Nam nhin chung
khong cao, tuy nhién, viéc danh gid tong thé
van con gip nhiéu han ché do sb lugng nghién
clru tai Viét Nam vé PAHs trong mau nudc con
tuong ddi it va chu yéu tap trung tai mot sb khu
vuc d6 thi 16n. Diéu nay dat ra nhu cAu cép thiét
phai mé rong pham vi nghién ctu, déac biét la &
cac khu vuc nong nghiép, ven bién va ving
chiu anh huong boi hoat dong coéng nghiép
nhim hiéu r& hon vé rui ro 6 nhiém PAHs trong
mdi truong nude. Cac nghién ciru tiép theo vé
dan xuét cia PAHs, dic biét 1a Me-PAHs can
duoc thyuc hién trong thoi gian toi.

3.3. Ham luong PAHs va Me-PAHs trong moi
truong tram tich tai Viét Nam

Mot sé nghién ctru d3 bao cdo su hién dién
ctia PAHs va Me-PAHs trong cic mau tram tich
tr khu vure d6 thi va cac khu xtr 1y rac thai dién
tor tai Viét Nam, dao dong tir <1 ng/g dén
<15 pg/g [13-26]. Khoang ham luong cua
PAHs trong cic miu trAm tich dwogc trinh bay
trong Bang 4.

Bang 4. Ham luong PAHs trong cac miu tram tich tai Viét Nam

N Dia diém Khoang ham )
Loai mau luong (ng/g mau Céc chat chinh TLTK
kho)
Pyrene (Pyr), chrysene
(Chr),
PP Thanh phd benzo[b]fluoranthene
Tram tich song 1 Chi Minh 73,0-14 900 (BbF), [13]
benzo[ghi]perylene
(BP)
. R Phenanthrene (Phe),
Tram tich song g&r;ey‘?;;gg; 440-6200 Pyr, fluoranthene [14]
’ (FIt), Chr, BbF, BP
Tram tich song Viét Nam 21,0-4600 - [20]
) Pyr, Flt,
i Ha Noi, Hue, benz[a]anthracene
Tram tich song Thanh pho 130-3200 (BaA), BP, [21]
Ho6 Chi Minh indeno[1,2,3
cd]pyrene (IP)
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5 Dia diém Khoang ham )
Loai mau lugng (ng/g mau Céc chat chinh TLTK
kho)
Trm tich dim ven bién | Nam Trung B 100-700 Pyr, fluorene (Flu), | ;7
BbF, BP
A Thanh phb Phe, FIt, Pyr, Chr,
Tram tich séng H& Chi Minh 150-1200 Bb/jF, BP [22]
Ha Noi, Hai Phong,
Trim tich song Pa Ning, Thanh 500-2700 Pyr, Pre. Feryiene, | - f1q]
phé Hb Chi Minh J
A Thanh phd
Trim tich song 18 Chi Minh 49,0-930 Phe, FIt, Pyr, BbF [19]
BaA, Chr, Bb/kF,
. benzo[a]pyrene (BaP),
Trim tich song Ha Noi 3,60-85,0 IP, BP, [23]
dibenz[a,h]anthracene
(DA)
P . Can Gio, Thanh Naphthalene (Nap),
Tram tich rimg ngdp man |} 5 48’ Chi Minh 0,70-520 Phe, FIt, Chr, Pyr [18]
Tram tich song tai khu tai NP A
ché réic thai dién tir Bui Dau, Hung Yén 370-2500 Fit, Pyr, Chr, Bb/kF [15]
Trim tich song Ha Noi 52,0-2600 | "he BOAF Chr.Pyr, | oy
Flt, BP
Tram tich bién Binh Pinh 33,0-200 Pyr, Flt, Phe, Chr, BaP | [25, 26]

Tram tich mit tai mot s6 khu vire do thi 16n
ctia Viét Nam c6 mirc 6 nhiém PAHs tuong d6i
cao, dang cht y la song Kim Nguu (Ha Noi) véi
nong do dao dong tir 1800 dén 6200 ng/g [14],
cac ho noi thanh Ha Nbi (1600-2300 ng/g), va
séng Sai Gon (Thanh phd HO Chi Minh) véi
khoang ham Iugng tir 33,0 dén 6400 ng/g [21].
Trong khi d6, ham luong PAHs trong tram tich
& khu vuc ngoai 6 va nong thon thip hon dang
ké, chang han nhu séng Ky Cung (Lang Son)
chi tir 150 dén 170 ng/g [14] va cic hé thng
dam pha, séng Huong (Hué) dao dong tir 110
dén 230 ng/g [21]. Tac gia Hoang Qudc Anh va
cong su (2021) da phéan tich 22 PAHs va
17 Me-PAHs trong cac mau tram tich thu thap
tir 5 con song do thi & Ha Noi, ghi nhan tong
noéng d6 dao dong tir 52 dén 2600 ng/g (trung
binh 750 ng/g) [24]. Nhin chung, tram tich thu
thap trong mua muwa c6 ham luwong PAHs va

Me-PAHs cao hon (trung binh 1000 ng/g) so
v6i tram tich mua kho (trung binh 710 ng/g),
cho thiy su anh huéng ctia qua trinh rira troi va
van chuyén chit 6 nhiém tir dat lién vao hé
thong song ngoi trong mua mua [24]. Tai khu
vuc tai ché rac thai dién tir & Hung Yén, ham
luong PAHs va Me-PAHs trong cac mau tram
tich song dao dong tir 340 dén 2100 ng/g
(trung binh 650 ng/g) va tir 19 dén 380 ng/g
(trung binh 82 ng/g), twong Gmg [15].

Hién nay, cac nghién ctu vé PAHs va
Me-PAHs trong trim tich bién & Viét Nam van
con han ché [18, 25, 26]. Tac gia Thuy va cong
su (2021) bao cao ndng d6 PAHs trong tram
tich ven bién tai Khu dy trir sinh quyén Can
Gio dao dong tir 0,73 dén 518 ng/g, véi gia tri
trung binh 62 ng/g [18]. Trong khu vuc nay, cac
mAu tram tich thu thdp vao mua mua nim 2017
¢6 nong do PAHs cao hon déng ké so voi mau
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thu thap vao mua khd nam 2018, cho thiy ring
mdt lugng 16n PAHs c6 thé dd duoc rira troi tir
dat lién va dwa vao khu vyc cira séng va ven
bién théng qua nudc chay tran trén bé mat va
nuge song [18]. Mot nghién ciu gin diy vé
tram tich bién tai ving duyén hai Nam Trung
B thudc tinh Binh Dinh cho thdy ham lugng
cia 16 PAHs va 12 Me-PAHs dao dong tur 38
dén 200 ng/g va tir 12 dén 129 ng/g, twong (g
[25, 26]. Nhin chung, so voi tram tich nuéc
ngot tram tich bién c6 muc do 6 nhiém PAHs
va Me-PAHs thip hon dang ké [25,26].

3.4. Pdc trung tich lily cua PAHs va Me-PAHS
trong moi truong nwdc va tram tich taqi
Viét Nam

Céac nghién ctru tai Viét Nam vé PAHs trong
mau nude chit yéu duge thuc hién bang phuong
phéap phén tich ban dinh luong (AIQS- DB). Mot
s0 nghién ctu chi bdo cdo ham lugng tong
PAHs ma khong cung cép chi tiét v& ham luong
va ddc trung tich iy cua ting hop chat cu thé.
Dleu nay c6 thé gy han ché > trong viée danh gia
ngudn goc phat thai, co ché phan b6 ciing nhu
rii ro tim 4n cua timg hop chit PAHs trong
moi trudng nudc.

Hoang Qudc Anh va cong su (2021) di bao
c4o chi tiét ham luong cua timg hop chat PAHs
trong mau nudc, qua doé xac dinh naphthalene
va phenanthrene 14 hai hop chat chiém uvu thé
nhét. Cu thé, naphthalene dong gop 56 + 3% va
phenanthrene chiém 17 + 2% tong ham luong
PAHs [29]. Ngoai ra, cac dan xuat methyl hoa
ctia naphthalene, bao gdm 1-methylnaphthalene
(1-Me-Nap), 2-methylnaphthalene (2-Me-Nap)
va 1,2-dimethylnaphthalene (1,2-Me2-Nap), c6
ham luong cao hon ding ké so véi cac
Me-PAHs khac. Péc trung tich lily PAHs cua
cac mau nude tai Viét Nam véi su chiém wu thé
ctia cac hop chat PAHs cd khéi luong phan tu
thap (LMW-PAHs), bao gdom cac hop chit ¢6 2
dén 3 vong thom. Cac hop chit nay chlem hon
95% tong PAHs trong tt ca cac miu nudc
dugc phan tich [29]. Xu huéng nay c6 thé duge
1y giai boi dac tinh ly hdéa cia LMW-PAHS, la
nhitng hop chat c6 do hoa tan trong nudc cao
hon va kha ning di chuyén cao hon so véi cac
hop chdt PAHs c6 khdi lwong phdn tr cao

(HMW-PAHs). Diéu nay dong nghia véi viée
LMW-PAHs dé dang lan truyén va phat tan
trong moi truong nudc.

Khéc v&i mau nude, tram tich c6 xu hudng
tich liiy cac hop chait HMW-PAHs (bao gom 4
dén 6 vong trong phan t¥), vi du nhu
benzo[ghi]perylene, benzo[b/j]fluoranthene,
chrysene, fluoranthene va pyrene [24-26].
Nhiing hop chit nay c6 d6 hoa tan trong nudc
thp, d& dang hap phu Ién cdc hat lo ling trong
nuge, sau do ling dong va tich tu trong chat
hitu co cua tram tich [14, 15, 18, 21, 24-26]. Su
tich liiy nay lam gia ting nguy co 6 nhiém lau
dai, dic biét 1 tai cac khu vuc co ngudn thai
lién tuc tir hoat dong cong nghiép va do thi. Do
do, viéc giam sat nong d6 PAHs va Me-PAHs
trong tram tich khong chi gitip danh gia murc do
6 nhiém moi tru:ong ma con cung cap thong tin
quan trong dé xay dung cac chinh sach quan ly
va giam thiéu tac dong cua cac chdt 6 nhiém
hitu co nay trong méi truong nudc.

3.5. Nguon phat thai cia PAHs va Me-PAHs
trong moi truong nwdc va tram tich tqi
Viet Nam

Céac nghién ctru di chi ra ring PAHs va
Me-PAHs c6 thé bit ngudn tir cac ngudn phat
thai khac nhau, dac biét tai cac khu vuc d6 thi
va cong nghiép c6 mat do hoat dong dan sinh
cao. Nguon phat sinh chinh cia PAHs va
Me-PAHs thuong lién quan dén quéa trinh ddt
chay khong hoan toan cac vét liu hitu co, bao
gém nhién liu hoéa thach nhu than da, xang
dau, go rac thai sinh hoat, dugc goi chung la
ngudn phat thai nhiét (pyrogenic) [2, 4]. Ngoai
ra, mot ty 18 nhat dinh PAHs va Me-PAHs c6
ngudn gbc tir cac hoat dong cong nghiép va
giao thong vén tai, bao gom ro ri dau mo, tran
dau, thit thoat nhién liéu va chat thai tir nganh
cong nghiép khai thac, ché bién dau khi, dugc
goi 12 ngudn phat thai diu mo (petrogenic)
[2, 4]. Hién nay chua c6 cic bao cao téng thé va
chi tiét vé cac ngudn phat thai cia PAHs va
Me-PAHs vao mdi truong nudc va tram tich tai
Viét Nam. Cac nghién ctu tai mot s6 do thi 16m
nhu Ha Noi va Thanh phd HO Chi Minh cho
thdy su tich liy PAHs va Me-PAHs trong tram
tich chiu anh hudng rd rét tir sy gia ting chat
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thai do thi, dic biét 1a chét thai sinh hoat va phat
thai tir hoat dong giao thong [13, 14, 16, 21].

Tai khu vyc xtr Iy rac thai dién tor & thén
Bui (Hung Yén), phén tich thanh phin PAHs va
Me-PAHs trong céc mau trim tich cho thiy
nguon gbc chu yéu dén tir cac ngudn nhiét, bao
gom ca hoat dong giao thong phuc vu van
chuyen réac thai dién tr v mot sb hoat dong tai
ché kim loai bing cach ddt rac thai dién tur st
dung dau thai [15]. Bén canh do, hoat dong dot
rac sinh hoat va phé pham tai ché 1 thién tai
cac diém tap két chat thai chua dugc quan 1y
chat ch ciing gop phan khong nhé vao 6 nhiém
PAHs trong trim tich song, théng qua co ché
ling dong khi quyén va dong chay trén bé mat
mang theo cac chit 6 nhiém vao moi truong
nudce [15]. Nghién ctru ciia Hoang Qudc Anh va
cong su (2021) dd chi ra ngudn phat thai cua
PAHs va Me-PAHs lién quan dén hoat dong
thao d va quan ly rac thai tir phuong tién giao
thong hét han st dung (ELV) tai thon Thuyen
(Bic Giang) [29]. Cac hoat dong lién quan dén
ELV, vi du nhu thio d& xe bang dén kho, dbt
cac vat liéu thai ngoai troi va su 10 ri cac san
phim diu mo va cac dan xuit cta ching 1a cac
ngudn phat thai tiém 4n cia PAH va Me-PAH
[29]. Hoat dong thu gom, tai che va quan ly
chat thai dién ra tuy phat tai mot so khu vuc &
mién Bic Viét Nam 1 nhitng ngudn phat thai
PAHs va din xudt can duoc quan tim nghién
ctru trong thoi gian toi.

4. Két luan

PAHSs va Me-PAHs da dugc phan tich trong
cac mau nude va tram tich thu thap tir nhidu dia
diém doc theo lanh thd Viét Nam. Quy trinh
phan tich dién hinh bao gém ba budc chinh:
chiét tach bang dung méi hitu co, lam sach dich
chiét bang cac ky thuat sic ky va chiét pha rin
va dinh luong bang phuong phap sic ky khi
khdi pho (GC-MS). Két qua phan tich cho thdy
ham lugng PAHs nhin chung cao hon so vdi
Me-PAHs, phan anh cic ngudn phat thai nhiét
chiém wu thé hon so v&i cic ngudn phat thai
diu mo. Trong cac mau nudc, cac hop chét
LMW-PAHs chiém wu thé, trong khi d6 céac

mau tram tich lai c6 xu hudng tich lity cac hop
chit HMW-PAHs. Quy luat nay phu hop véi
dac tinh 1y hoa hoc cua nhom chét nay, dac biét
1a tinh chat vé do phan cuc, kha ning hoa tan
trong nudc va kha ning hip phu 1én bé mat vat
chit rin trong nudc. Xu hudng phan b trong
khong gian ciia PAHs trong tram tich cho thiy
muc d6 tich Iy cao hon tai cac khu vuc d6 thi
va céac khu vire xtr 1y, tai ché rac thai so véi cac
khu vuc ven do, néng thon va méi trudng bién.
Céc hién tuong mua li kém theo dong chay bé
mit va ngap ung c6 thé dong vai trd quan trong
trong viéc lam gia ting ham lugng va phat tan
PAHs trong mdi truong nudc va tram tich.
Ngoai ra, cach tiép can hién nay dé danh gia
ngudn phat thai va rai ro sinh thai lién quan dén
PAHs trong moéi truong nudc ¢ Viét Nam con
mot s6 han ché bao gdm: i) Bo dit liéu thuc té
vé dic trung 6 nhiém PAHs trong ngudn thai
con chua dugce xay dung; ii) Cac m6 hinh danh
gid ngudn gbc c6 hidu qua va mirc d6 chi tiét
cao nhu phan tich ma trin nhan t& (positive
matrix factorization, PMF) con chua dugc ap
dung rong rai; iii) Co so dit lidu v& muc d6 6
nhiém PAHs trong méi truong chua dugc cap
nhat thuong xuyén véi pham vi nghién ciru
rong, iv) Danh sach PAHs dugc phén tich chu
yéu tap trung vao 16 chit dién hinh theo US
EPA trong khi con rt nhiéu hop chit va dan
xudt khac ctia nhom ndy ton tai trong moi
truong; va v) Cac nghién ctru vé tac dong doc
hai ctia PAHs trén ddi twong sinh vat & nudc ta
con chua duogc thuc hién dﬁy di. Do dd, can
thiét tién hanh thém cac nghién ciru chuyén sau
vé PAHs va cac dan xuét cua ching tai Viét
Nam nhiam dua ra birc tranh téng thé vé hién
trang 6 nhiém, ngudn phat thai va rui ro sinh
thai ciia cac chit 6 nhiém nay.

Loi ciam on

Nghién ctru nay duogc tai trg bdi Quy Phat
trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong d& taii ma s& 104.04-
2023.25 va Pai hoc Qudc gia Ha Noi trong dé
tai ma s6 QG.24.14.
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