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ABSTRACT

Objective: To synthesize evidence on health risks from surface water exposure in the
Mekong delta using a probabilistic environmental health risk assessment (EHRA)
framework integrating Monte Carlo simulation and GIS mapping.

Method: A structured narrative review based on PubMed, Scopus, Web of Science, and
guidelines from WHO, USEPA, IAEA, OECD, and Vietnamese QCVN (2020-2025). Studies
reporting HQ/HI/CR, with or without GIS integration, were included.

Results: Evidence reveals gaps between QCVN and WHO/USEPA health-based standards
for As, Pb, and Mn; highlights the need for localized exposure parameters (EF, ET, SA,
BW) and probabilistic modeling [P(HQ > 1), P(CR > 10-4)]. Integrating Monte Carlo-GIS
identifies high-risk hotspots for targeted public health interventions.

Conclusion: Probabilistic health risk assessment with GIS mapping supports a shift from
compliance-based monitoring to risk-based public health management in the Mekong
delta.

Keywords: Health risk assessment, surface water, Monte Carlo, GIS, Mekong delta,
QCVN, WHO.
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TOM TAT
Muc tiéu: Nghién ctu t8ng hgp bang chitng vé rli ro sitc khde do phdi nhiém nudc mat &

doéng bang séng Ctru Long theo khung danh gia EHRA xac suéat, tich hgp mo phéng Monte
Carlo va ban dé héa GIS.

Phuong phap: Téng quan tudng thuat c6 c4u tric tir PubMed, Scopus, Web of Science va
cac hudng dan cia WHO, USEPA, IAEA, OECD, QCVN (2020-2025). CAc tai liéu dugc sang
loc theo tiéu chi HQ/HI/CR, c6 hoac khong tich hgp GIS.

K&t qua: Bang chirng déng quy chi ra khoang cach gitta QCVN va chuan sitc khde WHO/
USEPA cho mot s6 kim loai nang (As, Pb, Mn), nhdn manh nhu cau ndi dia hoa tham so
phai nhiém (EF, ET, SA, BW) va m6 hinh héa rti ro xac suat [P(HQ > 1), P(CR > 10-)]. Tich
hop Monte Carlo-GIS gilp nhan dién hotspot nguy co cao phuc vu uu tién can thiép y té
cOng cong.

Két luan: Panh gia rdi ro xac suat va ban dd héa rdi ro la hudng ti€p can can thiét dé
chuyén tir gidm sat tudn thd moi trudng sang quan ly dua trén rdi ro stic khde tai dong bang
sébng Ctru Long.

Tirkhéa: Danh gia rdi ro strc khde, nudc méat, Monte Carlo, GIS, dong bang séng Clru Long,
QCVN, WHO.

1. DAT VAN BPE

Nudc an toan la nén tang cla y t€ céng cong, va
cac hudng dan mdi ctia T6 chire Y t& Thé gidi (WHO)
nhan manh gia tri dua trén strc khde cung thich irng
theo bdi canh dia phuang [1]. Ganh nang bénh tat
do nudc khéng an toan, vé sinh va rira tay kém van
dang ké & cac qudc gia thu nhap trung binh, doi
hoi giam sat rui ro sic khde, khdng chi giam sat 6
nhiém [2]. Khung EHRA (environmental health risk
assessment) cua WHO va céac bd céng cu dbéc hoc
clia USEPA (United States Environmental Protection
Agency) cho phép quy ddi ndng dd sang lieu dé
suy ra rui ro khéng ung thu (Hazard Quotient - HQ /
Hazard Index - HI) va rui ro ung thu (Cancer Risk -
CR) theo chuén quéc t&, dong thai lién théng vdi IRIS
(integrated risk information system) va huéng dan
RAGS (risk assessment guidance for Superfund)
part E cho dudng phai nhiém qua da [3-5]. D&i véi
dong vi phéng xa tu nhién trong nwdc mat, IAEA SRS

*Tac gia lién hé

No.114 (International Atomic Energy Agency safety
reports series) dua ra cac moc sang loc va quy trinh
danh gia liéu, tao nén tang cho tich hgp vao mo hinh
EHRA[6].

Tai Viét Nam, b QCVN 08:2023/BTNMT cua B6 Tai
nguyénva Mai truong quy dinh ngudng cho nuwdc mat
theo muc dich st dung, con bé QCVN 01-1:2024/
BYT cliaBo Y té€ quy dinh nudc sach cho sinh hoat [7-
8]. Tuy nhién, so v&i ngudng siic khde WHO/USEPA,
mot s6 gidi han kim loai ndng trong QCVN con cao
hon, tiém &n nguy co bd sét rui ro déi véi nhém
dé tén thuong [1-3], [7]. OECD (Organisation for
Economic Co-operation and Development) va
UNEP (United Nations Environment Programme)
kéu goi “quan ly dya trén rdii ro” tich hgp dir liéu, mo
hinh va quyét dinh chinh sach, thay vi chi duya trén
tuan tht cong nghé [9-10].
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Xuat hién khoang tréng bang ching trong linh vuc y
té cong déng & dong bang sdéng Ctru Long gom: (1)
Thi€u chudi d lieu da mua/da diém cho 4 nhém
tac nhan (ly-hoéa, vi sinh, kim loai nang, phong xa);
(2) Tham s8 phoi nhiém (Intake Rate hoac Ingestion
Rate - IR, Exposure Frequency - EF, Exposure Time
- ET, Skin Surface - SA, Body Weight - BW) chua ndi
dia héa cho cac nhom tudi/sinh ké; (3) Mé phong
Monte Carlo va phan tich dé nhay chua phé bién;
(4) Chua tich hgp rdiro xac suét vao GIS (geographic
information system) dé nhan dién hotspot; (5) Thiéu
doi chiéu hé thong QCVN-WHO-USEPA-IAEA trong
dién giaiy t& cong cong.

Muc tiéu clia nghién ctu ndy nham lugng héa rui ro
stc khde do phai nhiém nuéc mét & dong bang séng
Ctlru Long theo khung EHRA xéac suét, tich hgp mé
phéng Monte Carlo va ban dd hoa GIS dé xac dinh
vlng nguy co cao va dé xuat dinh hudng quan ly y
té€ céng cong. Theo khung PICO thich tng cho y té
moi trudng & P (population): cdng dong néng thon
doéng bang séng Clru Long phu thudéc nudc mat; |
(intervention): danh gié rdi ro xac sudt (EHRA +
Monte Carlo), ndi dia héa tham s6 phai nhiém va
tich hop GIS; C (comparison): so sanh da chuén
(QCVN-WHO-USEPA-IAEA); O (outcome): chi s&
HQ/HI/CR va l&p hotspot phuc vu vu tién can thiép
cép phuaong/xa [1-8], [10].

2. PHUONG PHAP TONG QUAN

Pay la téng quan tudng thuat cé cdu trdc nham
téng hdp bang ching phuc vu quyét dinh y t& céng
cong. Nguon dir liéu gdbm PubMed, Scopus, Web
of Science va tai liéu huéng dan/chinh sach cula
WHO, USEPA, IAEA, OECD, cung hé QCVN hién
hanh. Chién lugc tim kiém dung t6 hogp Boolean:
(“drinking water” OR “surface water”) AND (“health
risk assessment” OR “EHRA”) AND (“Monte Carlo”
OR “probabilistic”) AND (“GIS” OR “spatial”) AND
(Vietnam OR Mekong), b8 sung cac thuat nglr MeSH:
Water Pollutants, Risk Assessment, Monte Carlo
Method, Geographic Information Systems, Public
Health.

- Tiéu chi chon: tai liéu 2020-2025; huéng dan/
chuén chinh thitc; nghién ctu dinh lugng HQ/HI/
CR; cq hoac khong tich hgp GIS; bdi canh Viét Nam/
chau A uvu tién.

- Loai trir: bao céo hoi nghi, y kién chuyén gia, mo ta
thuan tay méi trudng khong lién két dén chi so suc
khoe.

- Sang loc: hai nha nghién ctru doc doc lap tiéu de/
tém tat va toan van; bat dong giai quyét qua thao
luan.

- Danh gia chat lugng: nghién clru can thiép/quan
satdungtiéu chiphlu hop (vidu bao cdo phén bd dau
vao, xtr ly < LOD (limit of detection), c& mau, danh
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gia dd nhay ctia mé hinh), tai liéu huéng dan/chuan
danh gia theo tinh cap nhat va do tin cay co quan
ban hanh [1-8], [10].

Qua trinh tim ki€m va sang loc thu dugc téng céng
42 tai liéu tir cac ngudn PubMed, Scopus, Web of
Science, cung hudng dan chinh thic cia WHO,
USEPA, IAEA, OECD va QCVN. Sau khi loai bd cac
béao cédo hoéi nghi, y ki€n chuyén gia va cac nghién
ctru khéng cé chi sé6 HQ/HI/CR, 20 tai liéu dap ung
tiéu chi dugc dua vao téng quan cudi cung. Do bai
thudc dang téng quan tudng thuét cé céu trac,
khong ap dung day du quy trinh PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses); tuy nhién, qua trinh sang loc dugc
ghi nhan minh bach.

3. KET QUA VA PHAT HIEN CHINH

Bang chirng dong quy ti tai liéu hudng dan va
nghién ctru thuc dia chira 3 truc then chdt cho quyét
dinh y t€ cdng céng: déi chiéu chuén suc khde va
quy chuan qudc gia; lwgng hdéa xac suat rdi ro vai
bt dinh rd rang; va khéng gian hda rui ro dé uu tién
can thiép.

3.1. Hé chuén strc khée va déi chiéu quy chuan
quéc gia

WHO va cosd dirliéu IRIS cung cdp HBGVs (Health-
Based Guidance Values), RfD (Reference Dose)/
CSF (Cancer Slope Factor) cho nhiéu chat 6 nhiém
chl chét, 1a dau vao bat budc ctia EHRA [1-2], [4-
5]. B6i chi€u QCVN 08:2023/BTNMT v&i WHO 2024
cho thay gigi han As/Pb/Mn trong QCVN cao hon 2-5
[An tai mo6t s6 muc dich st dung; chi tiéu vi sinh da
tuong duong WHO, ggi y QCVN dang thién vé kha
nang cong nghé hon la ngudng sic khoe [1-2], [7-
8]. Bang 1 dudi day trinh bay so sanh dinh lugng &
cac cOt A1-B2 va nguéng WHO, minh hoa vi sao WQI
(Water Quality Index) khéng thé thay thé cho chi sé
rdi ro strc khoe [1-2], [4-8].

Bang 1. So sanh nguéng QCVN 08:2023/BTNMT
theo c6t A1-B2 véi WHO 2024 (mdt sé chi tiéu
chon loc, don vi mg/L) [1], [7]

WHO
Chitiéu A1 A2 B1 B2 2024
(GDWQ)
As 0,01 | 0,02 | 0,05 | 0,10 0,01
Pb 0,01 | 0,02 | 0,05 | 0,10 0,01
Mn 0,10 | 0,20 | 0,50 | 1,00 0,40
E. coli
(CFU/100 0 20 20 100 0
mL)

WQI hitu ich dé mé ta hién trang maéi truong, nhung
khong phan anh truc tiép rdi ro strc khoe; doi chiéu
WQI véi P(HQ > 1)/P(CR > 10-4) thudng cho thay



T.Q. Phong et al. / Vietnam Journal of Community Medicine, Vol. 66, Special Issue 23, 188-193

khong tuong dong tai mot sé khu ve do WQI khong
dung RfD/CSF va khéng phan tach theo dudng phoi
nhiém [11-12]. Vi vay, nén song hanh WQI véi chi s8
Xac suét strc khoe trong giam sat.

3.2. Lugng héa rui ro xac suat va bat dinh

Trong b8i cadnh séng nudc nhiét ddi, hanh vi tam
giat, trong dé phoi nhiém qua da chiém ty trong cao
trong nhédm nghé nudi tréng thiy san. Khao satvung
nhiét dgi ghi nhan dién tich da ti€p xtic 6.000-18.000
cm® mdi lan, thdi gian 20-45 phut, tan suat 5-7 ngay/
tuén; trong diéu kién néng 4m, hé s6 thdm da tang,
khién lidu h&dp thu qua da c6 thé chiém mét phan
dang ké tong lidu. M6 hinh trong nudc vi thé can
mé-dun qua da chudn RAGS Part E va ndi dia hoa
EF/ET/SA/BW theo tudi va nghé, dac biét cho tré <
5 tudi va nhom nghé nghiép lam viéc trong linh vuc
thuy san [5], [13].

Cac nghién clru gan day ap dung Monte Carlo dé lan
truyén bién thién va bat dinh clia nong do, hanh viva
ddc hoc, bao cao phan vi P50-P95, P(HQ > 1), P(CR
> 10-4) va xép hang tham sé chi phéi bang PRCC
(Partial Rank Correlation Coefficient) [11], [14-17].
O quy mé luu vurc va séng do thi, tiép can xac suat
gilp nhan dién chat/dudng phai nhiém chi phéi va
so0 sanh kich ban quan ly (ngudn trong diém, kiém
soat theo mua) [11], [15-16].

WHO/IAEA khuyén nghi sang loc gross alpha va
gross beta, néu vugt ngudng thi dinh lugng dong vi
dé tinh lidu [6]. Bang 2 t8ng hop cac mdc sang loc
phé bién dung trong EHRA x4c suat véi nhém phéng
xa.

PHAN TANG D(F LIEU
. Phan tAng nhom tré (= 5 tudi), ngudi I6n, lao déng
thdy sén
- Theo mua (thoi diém kho — mua)
- Theo nghé (néng nghiép, thily san, phi néng)
- Ap dung cho ba mo- rlun EHRA- Munte Carlo—
(GIS dé phan tich xac sudt.

L . ey

Bang 2. Ngudng sang loc phéng xa
ty nhién theo WHO/IAEA [1], [6]

Chitiéu Ngudng sang loc
Gross alpha <0,5Bq/L
Gross beta <1,0Bq/L
*°Ra < 0,185 Bqg/L
238 (xap xi) < 0,74 Bg/L
Liéu hiéu dung doudng | Eing<0,1 mSv/nam
(muc tieu WHO)

3.3. Khdng gian héa rui ro dé wu tién can thiép

Tich hop két qua Monte Carlo vao GIS véi Kriging va
ki€m dinh Moran’s |, LISA (local indicators of Spatial
Association), Getis-Ord Gi* cho phép bién HQ/HI/
CR tai diém thanh lGp xac suét lién tuc, phat hién
vlung nguy co cao “hotspot” & cap phudng/xa, dinhvi
wu tién can thiép y té€ céng cong (cap nudc an toan,
loc ho gia dinh, truyén thong thay déi hanh vi) [17-
20].

GViét Nam, céac nghién cltu gan day tai kénh rach
thanh thi va vung ven bién/ha luu cho thay kim loai
nang va vi sinh l&a mai quan tdm chinh; mé hinh xéc
suat cho phép udc lugng nguy cd khéng ung thu
va ung thu theo mua/nhém déan cu [18]. Phan tich
hiéu 'ng quy mé nhac nhd rang thiét k& 8y mau va
ndi suy &nh hudng dang ké dén viéc nhan dién vung
nguy co cao yéu cau chuén héa giao thirc tir ldy mau
dén phan tich khong gian [20].

EHRA: Banh gla i ro strc
khoe méi treémg
- Danh gid rii o qua drong
unng va da (ingestion & dermal)
- HQ/HI: i ro khéng ung thu;
CR: i o ung thu

VN_WQL: Chi s6 chat lvong
nwée Viét Nam
|- Chuan hoa chat lwvong nudc
(bd chi tiéu Iy-hda va vi sinh)
- DO, BOD:, COD, NH", NO=",

Khung Monte Carlo: Mo
phong xac suét
|- M6 phéng = 10 00O vong
Iap

Uu tién can thiépy té cong cong|
-Ban do hotspot xac suét (P(HQ >
1), PCR > 107) .

- Xac dinh viing nguy co cao de uu|
tién cap nuéc an toan, loc
As/Pb/Mn

Khung GIS: Khong gian
héa rii ro
. - NGi suy rii o (IDW, Kriging)
- H& 56 tuong quan }
ki i
- Xép hang bién chi phdi mPn‘;:ﬂ‘:jhmr(:nCsal Lis

Khung PRCC Phan tich

—>- Tav phan phdi HQHICR
[thay cho gia tri don 18

|- Bao cdo P50/P95, P(HQ >
1), P(CR = 10~)
|- X{r Iy bat dinh & bién thién

TSS, pH, d6 duc, Coliform - Tham sé phoi nhiém (IR, EF,
|- Bdo cao VIV WOI (0—100): ET. SA, BW) ndi dia héa DBSCL
rét kém e ral 16t - RfD va CSF tir WHO/USEPA
- Cung cp bi canh méi, (RIS)
ltrrong va diém chudn nén - Dau fa- HQ, HI, CR xdc dinh

ban dau

(IR, EF, SA, BW, C) _’Hctsput Gi* —>
- Danh 01d dp nhay theo - Ban d6 xac suat P(HQ = 1),
tudi, nghé va miia P(CR > 10-)
- Xac Ginh @iém can thiép
t6i ru

- Truyén théng gidm phoi nhiém
da, vé sinh WASH

- Theo ddi xaz; sual rii ro theo mua
va nhom tudi/nghé

- Bdo cdo song hanh VN_WQl -
HQ/HI/ICR

- Xac dinh viing nguy co cao
(theo phudng/xd, mua)

Hinh 1. Quy trinh tich hgp rti ro sirc khde, moi truong va khong gian [1], [5], [7], [12]

4. BAN LUAN

Bang chirng hap luu ting hd chuyén tir gidam sat tuan
thd moi truong sang quyét dinh dua trén rdi ro sic
khde. Khoang cach gitta motsé ngudng kim loainang
clla QCVN vdi gia tri dua trén sirc khde cta WHO/
USEPA c6 thé lam tang xac suét bo sét rdiro d nhém
tré nho, phu nr mang thai va nhom nghé nghiép lam
viéc trong linh vuc thily san; mé hinh EHRA xac suét
vi vay cho phép lugng hdéa rui ro theo phan vi va xac
Suat vugt ngudng, thay vi chi duwa vao so sanh gia tri

diém [1-2], [5], [7]. So s&nh vé&i nghién clru trudc tai
Trung Quéc va Peru cho thdy Monte Carlo-EHRA lam
rd ty trong déng gop clia dudng da/dudng udng va
th( bac tham s6 chi phdi (IR, EF, SA, BW), phii hop
véi dinh hudng WHO/USEPA [11], [14-16]. Tai thanh
ph& H6 Chi Minh va déng bang séng Cttu Long, két
gua tuong thich dac biét khi phan tich theo mua va
nghé nghiép, nh&n manh nhu cau néi dia héa tham
8 phai nhiém [17-19]. Khac biét gitta WQI va rdi ro
sirc khde bat ngudn tir ban chat chi s&: WQI tdng
hop chat lugng maoi trudng, trong khi HQ/HI/CR phu
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thudc doéc hoc (RfD/CSF) va hanh vi phai nhiém [1-
2], [4], [12]. Mat khac, quy mb phéan tich va phuong
phap ndi suy anh hudng dén phat hién hotspot, doi
héi chuén hoa khong gian-thoi gian [20].

Viéc songhanh VN_WQIvéi HQ/HI/CR vira gidi quyét
yéu cau truyén théng tinh trang maéi truong dé hiéu
cho coéng déng, vira cung cép théng tin rdi ro y té
hanh déng cho can bdy té va mai trudng. Trong trién
khai, nén bao cdo P50/P95, P(HQ > 1), P(CR > 10-*)
tai cac cum dan cu theo mua thay van, dong thoi
tham chiéu da chudn (QCVN-WHO-USEPA-IAEA) dé
bao dam tinh an toan cho nhém dé tén thuong. Lép
hotspot tir GIS v&i xac suat vugt ngudng sé la cong
cu quy hoach cép nudc antoan, lwa chon cong nghé
loc tai hd va dinh hudng truyén thdng thay déi hanh
vi phu hgp b&i canh sinh ké.

Ham y thuc tién: (1) Gidam sat thudng quy dua trén
rdi ro: bao cdo P50/P95 va P(HQ > 1)/P(CR > 10-4)
song hanh WQI & cac diém trong yéu; (2) Ban do
vlng nguy cd cao cap phudng/xa dé uwu tién can
thiép (md& réng cap nudc an toan, loc As/Pb/Mn tai
ho, truyén théng gidm ti€p xdc da) [1-2], [71, [12]; (3)
Tiém can chudn quéc té: xem xét diéu chinh dan mot
s6 ngudng kim loai nang vé gia tri strc khoe WHO ddi
V@i vung cap nudc sinh hoat [1-2], [7]; (4) Chuén hoa
quy trinh: QA/QC cho < LOD, c&u hinh Monte Carlo =
10.000 vong, bao cédo PRCC va kiém dinh bén virng
theo mua/nhém [11], [14-17].

Han ché& va hudng nghién clru ti€p theo: téng quan
nay c6 han ché ndi tai clia tdng quan tudng thuat
khi chua téng hgp dinh luong do khac biét thiét ké
va thudc do; l&p phéng xa tu' nhién va chudi da mua/
da diém trong nudc con han ché&; PRCC/Sobol’ va
GIS-Monte Carlo chua ph6 bién nén c6 nguy cd sai
léch khéng gian néu c& mau thua. Hudéng tiép theo
gdm b6 sung dir lieu phéng xa da mua gan QA/QC
theo IAEA, khao sat cdong dong dé xay dung phéan
bé EF/ET/SA/IR/BW theo tudi/nghé/mua, tich hgp
Monte Carlo-GIS v&i kiEm dinh cum va lién k&t rui ro
Xac suét vdi chi tiéu y té trong giam sat thuong quy
[1-3, [5-7].

5. KET LUAN

Theo dinh huéng y t€ cong cong, danh gia rli ro sic
khoée do nudc mat & dong bang séng Clru Long can
dugc lugng hda va bao cédo dudi dang xac suat HQ/
HI/CR song hanh VN_WQI, c6 mé-dun qua da chuén
va tham s6 ndi dia hda theo tudi/nghé/mua, dugc
ban dd hoa hotspot bang GIS dé uu tién can thiép
cép co'sd, ddngthditiém can ngudng stic khoe WHO
cho kim loai nang. Khung tich hgp nay giap chuyén
tlr giam sat tuan thu sang quan ly dua trén rui ro strc
khoe, dung vditinh than cliay té€ cong cong hién dai.
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