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To6m tit

Cach mang cong nghiép 4.0 la thai ky phat trién manh mé ctia tri tué nhdn tqo (Al),
internet van vat (IoT), du lieu lon (Big Data), tu dong héa va cong nghé xanh. Trong
do, khai thac va cheé bién dat hiem la hoat dong vdé cung quan trong, dugc xem la
“xuong song” trong san xudt thiét bi thong minh, ndng lugng tdi tgo, Al va quoc
phong. Song moi nguy dnh huéng téi suc khoe nguoi lao dong tu hoat dong trong
linh vuc khai thac va ché bién dat hiém phan lén chua dugc biet dén rong rai. Bai
viét thong qua viéc phdn tich cac so lieu vé anh hudng siic khde tu bui ddt hiém,
phéng xa tu nhién va hdéa chat doc hai trong qua trinh khai thac, ché bién dat hiem
trén thé gidi va 6 Viet Nam. Keét qua nghién cttu dua ra nhan dinh, cdac yéu to moi
trudng co thé bi tac dong thi nhiing hoat dong nay con gay ra cdc tac dong tiéu cuc
dén stic khoe ciia nguoi lao dong nhu cac bénh ve duong ho hdp, cac bénh ve da, tham
chi anh hudng dén heé than kinh va co quan noi tang ctia con ngudi. Trén co sé do,
dua ra mot goc nhin mdi vé cac van de an toan stic khoe trong hoat dong khai thac

va ché bién ddt hiém trong boi canh cdch mang cong nghiép 4.0.

Tu khoa: moi nguy, stc khde nghe nghiép, dat hiem, phong xa.

OCCUPATIONAL HEALTH HAZARDS FROM RARE EARTH MINING AND PROCESSING
ACTIVITIES FOR THE FOURTH INDUSTRIAL REVOLUTION

Abstract

The Fourth Industrial Revolution is a period of rapid development in artificial
intelligence (Al), the Internet of Things (IoT), big data, automation, and green
technologies. Among these, rare earth mining and processing is an extremely
important activity in the Fourth Industrial Revolution, considered the ‘backbone’
in the production of smart devices, renewable energy, Al, and defense. However,
the health risks associated with activities in the rare earth mining and processing
sector remain largely unknown to the public. This paper, through analyzing data on
health impacts from rare earth dust, natural radiation, and toxic chemicals in the
processing stage, examines the health effects of rare earth mining and processing
activities worldwide and in Vietnam as this sector is being rapidly developed. The
research findings suggest that environmental factors may be affected, and these
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activities also pose negative health impacts on workers, such as respiratory diseases,
skin conditions, and even potential effects on the nervous system and internal
organs. Building on this, the authors propose several recommendations and solutions
to prevent and minimize common health risks that could harm workers’ health.
Furthermore, the paper contributes a new perspective on health issues related to
rare earth mining and processing in the context of the Fourth Industrial Revolution

Keywords: hazards, occupational health, rare earth, radiation.
1. DAT VAN DE

bat hiém gom nhom 17 nguyén td kim loai diac biét c6 dic diém hoa hoc giong
nhau, gom cac nguyén td cé sé thir tu tir 57 (lanthan) dén 71 (luteci). Chiing dugce
vi nhu “vitamin céng nghiép” - du chi can lugng nhé nhung lai khong thé thi€u
trong cac nganh cong nghé hién dai4.0. Tt tuabin gi6, dong co xe dién, dién thoai
thong minh dén thiét bi quan sy, tat cad déu khong thé thi€u su gop mat cta dat
hi€m. V6i boi cdnh Cach mang cong nghiép 4.0, nhu cau dat hi€ém toan cau cang
ngay cang tang vot nham muc dich chinh l1a phuc vu san xuat cac thiét bi thong
minh va nang lugng tai tao. Theo du bao ctia thé gidi, nhu cau dat hi€ém nam 2040
sé cao gap 7 1an hién nay [Gendron (2024)]. Chinh vi vay viéc khai thac va ché bién
dat hiém dang dugc ddy manh & nhiéu qudc gia, dic biét 1a Trung Qudc - noi cung
cép 60% san lugng quang va 85% san lugng tinh ché& dit hi€m ctia thé gisi (2019)
[Gendron (2024)].

Nuéc ta ndm trong s6 cac nuéc co tiém nang 16n vé dat hiém, voi tri lugng
uGc tinh 17-22 triéu tin (ding tha 3 thé giGi) tdp trung & vung Tay Bic (Lai
Chau, Lao Cai, Yén Bai) va mét sd tinh mién Trung [Brouziotis et al. (2022)]. Tu
nhitng nam 1970, Viét Nam da khai thac nho 1& dat hi€m dé xuat khau tho, nhung
chua xdy dung va hinh thanh nganh céng nghiép dat hi€m. Trong tuong lai gan,
Viét Nam c6 ké hoach phat trién cac du an khai thac, ché bién dat hi€ém (nhu mo
bong Pao - Lai Chau, md Yén Pht1 - Yén Bai) v6i muc tiéu dat 20.000 tan oxit dat
hi€m/nam giai doan 2016-2025 [Brouziotis et al. (2022)]. Theo cac tai liéu dua
ra, trong s6 17 nguyén td hiém cé trong dit hiém thi dat hiém ctia Viét Nam phd
bién chira cac thanh phan Lanthanum (28%), Cerium (30,8%), Neodymium (7,6%),
Samarium (3,2%), Praseodymium (1,3%),... T{ 1€ nay kha tuong dong véi thanh
phan tai cac mo dat hi€m dang dugc khai thac trén thé gii nhu Trung Qudc, My
va Uc. Thanh phan phan tram cac nguyén t6 hiém ctia Viét Nam va thé gisi duge
thé€ hién trén Bang 1 va Hinh 1.
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Bang 1. Thanh phan RE ctia Viét Nam va thé gi6i

Nguyén té Viét Nam| Bayan Obo - | Mountain | Mount Weld Téng trung
(%) Trung Quéc | Pass - My -Uc binh toan cau
(%) (%) (%) (%)
Lanthanum (La) 28,0 28,6 25,0 26,0 25,0
Cerium (Ce) 30,8 48,0 33,0 38,0 38,0
Praseodymium (Pr) 1,3 2,0 1,0 1,2 1,0
Neodymium (Nd) 7,6 16,0 18,0 14,5 15,0
Promethium (Pm) 0,0 0,03 0,0 0,0 0,01
Samarium (Sm) 3,2 40 3,5 4,0 3,5
Europium (Eu) 0,5 0,3 04 0,3 0,3
Gadolinium (Gd) 0,6 0,5 0,5 04 0,5
Terbium (Tb) 0,2 0,3 0,1 0,2 0,2
Dysprosium (Dy) 0,3 0,8 0,5 0,6 0,6
Holmium (Ho) 0,1 0,2 0,3 0,3 0,2
Erbium (Er) 04 0,6 0,3 0,5 04
Thulium (Tm) 0,1 0,1 0,1 0,1 0,1
Ytterbium (Yb) 0,1 0,1 0,1 0,1 0,1
Lutetium (Lu) 0,02 0,03 0,02 0,03 0,02
Yttrium (Y) 0,4 04 0,5 0,3 04
Nguon: Bui Tdat Hgp & Trinh Dinh Hudn (2012), Brouziotis et al. (2022),
Chen J. et al. (2015), Wei J. et al. (2020)
Hinh 1. So sanh thanh phan RE ctia Viét Nam va thé gi6i
201 - Viét Nam _
EEE Bayan Qbo - Trung‘Quéc
= et
mmm Téng trung binh toan cau
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Bén canh nhiing lgi ich to 16n vé kinh té, mit trai clia con s6t dat hi€m chinh
la m&i nguy anh huéng téi stic khde ngudi lao dong tir hoat dong trong linh vuc
khai thac va ché bién. V€ ban chat cong viéc khai thac khoang san dugc TS chic
Lao dong Qudc té€ (ILO) x€p vao nhoém nganh nghé nguy hiém nhat, chié€m t6i tin
8% tong so tai nan lao dong gay tlr vong du chi sir dung 1% luc lugng lao dong
toan cau [Alliance for Responsible Mining - ARM (2019)]. D&i v6i nganh dat hiém,
nhitng nguy co stic khoe lai cang dic thu hon do diac diém bui kim loai doc hai,
su hién dién ctia chat phong xa tu nhién trong quang, va viéc st dung hoa chat
an mon trong ché bién. Thuc té€ tai m6 dat hi€ém Bayan Obo (Trung Quoc) hoat
dong, dat va nudc quanh bai thai co ham lugng thorium phong xa cao gap 36 lan
muc an toan; tir 1993-2005 c¢6 t6i 66 ngudsi dan dia phuong chét vi ung thu [Chen
J. et al. (2015)].

Viét Nam c0 trit lugng dat hi€ém dimg top dau thé gisi, nhung hoat dong khai
thac va ché bién con han ché. Mot trong nhimng mé dat hi€m dau tién cé thé ké
dén la md quang dit hi€ém Yén Phq, tinh Yén Bai thi cac hoat dong khai thac da
lam san sinh m&t lugng bui co hoc va bui chira nhan phong xa Uranium, Thorium
va khi Radon vao moi trudng khong khi. Nuéc mua chay tran lam 6 nhiém nguon
nuGce va phat tan cac chat phong xa, anh huéng chat lugng nuéce va dat ctia khu vie
ngoai mo. Hoat dong ché bién gay 6 nhi€m bui kha nang & khu vuc bai chtta quang
tho, quang tinh va khu vuc nghién sang, nugc thai tir bai thai quing dudi chaa
nhiéu thanh phan doc hai nhu thudc tuyén, hoat chat phong xa sé rat anh huéng
t6i stic khde con ngudi khi bi phat tan ra moi truong [Alliance for Responsible
Mining - ARM (2019)]. Chua c6 nhitng thong ké chinh xac vé cac méi nguy vé stic
khde ngudi lao dong do hoat dong khai thac va ché€ bién quang dat hiém, nhung
v6i kinh nghiém trén thé gi6i thi moi nguy 16n nay can dugc nghién ctu va quan
tam hon nita, dic biét trong giai doan bung né nhu cau st dung dat hi€m phuc vu
cho cudc cach mang cong nghiép 4.0.

2. DOI TUONG VA PHUONG PHAP NGHIEN CUU
2.1. Doi tugng nghién ciru

Dai tugng nghién citu la cac hoat dong khai thac, ché€ bién dat hiém va cac
nguy co stic khoe nghé nghiép do cac hoat dong nay gay ra cho con ngudi. Thong
qua viéc phan tich cac s6 liéu vé thanh phan nguyén t6 dat hi€m, cong nghé khai
thac va ché bién dat hi€m trén thé gi6i gian véi diéu kién thuc té€ ctia Viét Nam
d€ dua ra cac phan tich, du bao anh huéng. Ddi chimg véi d6, nhoém tac gia chon
mot du an dat hi€m tai Viét Nam - cu thé la moé dat hiém Yén Pha (Van Yén,
Yén Bai). Pay la mo co trit lugng 16n da duge cap phép, cung cap cai nhin tryc tié€p
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vé thuc trang quan 1y dat hi€m ¢ Viét Nam va nhitng mdi nguy lién quan dén stc
khde ngudi lao dong.

2.2. Phuong phap nghién ciu

Phuong phap thu thap s6 liéu: Nhém tac gia da tién hanh thu thap va phan
tich cac tai liéu tir nhiéu nguon dang tin ciy: cac bai bao khoa hoc, bao céo ciia td
chirc quéc té (WHO, ILO, IAEA), va cac tai liéu nghién ctu, khao sat, danh gia vé
dat hi€ém 6 Viét Nam. Trong do, dac biét cht trong cac nghién ctru vé anh huéng
strc khoe nghé nghiép trong nganh mo, cac s6 liéu moi truong -y té€lién quan dén
dat hiém trén thé gidi, cling nhu cac bao cao trong nuéce vé hién trang khai thac
dat hiém.

Phuong phap so sanh va phan tich dinh tinh: Sau khi téng hgp, phan tich s6
liéu vé cong tac khai thac, ché bién va tac hai téi siic khoe ciia RE trén thé gidi,
nhom tac gia da tién hanh so sanh véi diéu kién ctia Viét Nam. Cac tiéu chi so sanh
gom: Thanh phan RE c6 trong dat hi€ém, Quy mo hoat dong (san lugng, cong nghé),
cac nguy co suic khoe chinh (m6i trudng bui, phong xa, hoa chat), hu qua sirc khoe
dugc ghi nhan (s6 ca bénh nghé nghiép, bénh cdng dong). Phan tich dinh tinh dugc
thuc hién théng qua viéc d6i chi€u cac tiéu chi nay, két hop 14p bang biéu tom tat
s0 liéu dé lam rd tuong quan.
3.€0 SO LY THUYET
3.1. Doc tinh vd co ché tic dong ciia cdc nguyén to ddt hiém RE

Viéc ti€p xuc véi RE co thé gay hai tdéi stic khoe con ngudi [Galusha et al.
(2018), Gaman et al. (2020), Han et al. (2018)]. Cac tac dong doc hoc do su tich liy
trong co thé ngudsi duge nghién clru thong qua cac mo hinh thi nghiém trong 6ng
nghiém va trén co thé séng con tuong doi han ché. Tuy nhién, vé co ban cac nha
khoa hoc da dua ra mot s6 mai lién hé gitra tac dong doc hai ctia mot s6 RE va stic
khde con ngudi chinh va thong ké vé doc tinh phoi nhiém thé hién trong bang 2
nhu sau:

Bang 2. Poc tinh lién quan tgi RE

Caché | Nguyénté | B phan nghién ciu Két qua déc tinh TLTK
Hé hoé hap Y Khi quan Kho thé, phu phdi, tran dich mang  |[Han
phéi. etal. (2018)]
Ce Phai nhiém méi trudng, |Chuyén vi ngoai phdi, Bénh phdi ké, | [Gao
phoi nhiém qua da xa phdéi, bui phéi, doc tinh té bao | etal. (2022)]
La Phai nhiém méi trudng | Xa phdi, Idng dong phét phat [Paolo
etal. (2011)]
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Caché | Nguyéntd | Bé phan nghién ciu Két qua déc tinh TLTK
Hé ho ha Ce Phoi nhiém nghé nghiép | Doc tinh té bao, viém, u hat, ung thu | [Nakamura
phdi, doc tinh di truyén. etal. (1997)]
Dy Xam nhap noi khi quan | Tén thuong phdi, phan tng viém, |[Nakamura
Stress oxy hoa et al. (1997)]
Sm Khi quan Tén thuong phdi, viém, xo phdi [Zhao
etal. (2021)]
Th Phai nhiém méi trudng, |Kho thd, bui phéi, ung thu phéi [Chen
tiép xtc qua da etal. (2015)]
Hé Gd Pudng an udng U néo, tén thuong nao [Gaman
than kinh etal. (2020)]
Nd Tiép xtic moi trudng, Khuyét tat 6ng than kinh cda thai nhi | [Ray
chudi thic an etal. (2016)]
La Phoi nhiém moi truong, | Suy gidm kha nang tap trung, tri [Lin
qua da va chubi thican |nhd, kha nang phan biét khéng etal. (2017)]
gian, doc tinh té bao
Hé Ce Phoi nhiém moi trusng | Gidm Hemoglobin, thiéu mau [Gaman
tim mach et al. (2020)]
Gd Xam nhap noi khiquan |Doctinh té bao, phd hiytaomau  |[Gao
etal. (2022)]
La Tiép xuc nghé nghiép Tac mach mau [Zhao
etal. (2021)]
Nd Phai nhiém méi trudng, | Tén thuang ADN, déc tinh té bao, [Chen
qua da va chudi thiicdn | phat trién bat thudng vé tim mach  |et al. (2020)]
Kha nang Ce Phai nhiém méi trudng, |R&iloan chic nang nhau thai, sdy | [Lin
sinh san udng thai, han ché tang trudng, Stress oxi |etal. (2017)]
héa
Gd Xam nhap Chét luu thai, Bénh viém da [Ray
etal. (2016)]
Hé xuong Gd Xam nhap Can xuong, loang xuong [Darrah
etal. (2009)]
Y Xam nhap Can xuong [Darrah
etal. (2009)]
Nd Phai nhiém nghé nghiép | Rai loan chuyén héa xuong, gidam  |[Lin
mat d6 khoang xuong etal. (2017)]
La Phai nhiém méi trudng, |Chuyén hda canxiva phot pho bat | [Nakamura

chuéi thic an

thudng, gidm mat d6 khodng xuong

et al. (1997)]

Cac dang t6 thuong ADN du6i dang dét bién gen, tén thuong nhiém sic thé
hodac thay déi s6 lugng nhiém sic thé 1a nguyén nhan dan t6i cac bénh ung thu.

Mot s nghién ctu trén cac nhom déi tugng phoi nhiém ti€p xic RE cho thay
rang, nong dé 8-OhdG trong nudc tiéu cd nong dd gia tang, cho thdy tén thuong
ADN la co ché€ kha phé bién. Cac tac dong ctia RE c6 thé truc ti€p hoidc gian tiép
kich hoat stress oxy hoa, gdy phan cat protein stta chita ADN la Poly ADP-ribose

polymerase (PARP), can tré sy két tu ctia nhiém sic thé va dan dén tén thuong
ADN [Darrah et al. (2009), Nakamura et al. (1997), Zhao et al. (2021)].
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3.2. Nhdn dién riii ro téi suc khée do dnh hudng tu RE

Trong nghién ctru nay, nhém tac gia ti€n hanh danh gia tai liéu bang cach sir
dung cac co s6 dit liéu theo cac nghién ctu trén thé gigi. Qua qua trinh tim kiém
va phan tich cho thay, mdi nguy siic khoe trong khai thac va ché€ bién dat hi€m
xuat phat tit nhiéu yéu t6: (1) Bui va sol khi chira kim loai dat hi€m; (2) Phong xa
tu nhién tir uranium (U) va thorium (Th) trong quing; (3) Hoéa chat doc hai dung
trong tuyén va tinh ch€ quing; va (4) Cac yéu té vat Iy nghé nghiép thong thudng
(bui silic, ti€ng on, rung dong, nhiét do).

Veé bui ddt hiem: Cong nhan khai thac va nghién quéang hit phai bui chia cac
oxide dat hi€ém (nhu CeO,, La,0,...) c6 thé bi tich liy trong phéi. Mac du doc tinh
chi tiét ctia tiing nguyén t6 dat hi€m doi véi co thé ngusi chua dugce hiéu ro6 hoan
toan. Tuy nhién, tir nhiéu bang chiing thuc té€ cho thay, khi hit phai bui dit hi€m
trong thoi gian dai sé gay xo hda phéi (pulmonary fibrosis) - mdt dang bi€u hién
ctia bénh bui phéi dat hiém [Gendron (2024)]. Mot s6 nghién citu cac ca bénh
khac: cong nhan van hanh may chiéu phim (str dung can ho quang c6 bot Ce) mac
bénh bui phéi sau 17 nam ti€p xac; thg mai thau kinh quang hoc tiép xtc véi bot
CeO, sudt 35 nam dan dén xo phdi [Ray et al. (2016)]. Cho dén nay, nhiéu co quan
quan 1y trén thé gi¢i van chua thiét 14p tiéu chuan ti€p xdc an toan cho nhém chat
nay - hién méi chi co Ytri (Y) dugc quy dinh gisi han Img/m? (8 gid TWA) trong khi
16 nguyén t6 dat hiém khac khong c6 quy dinh riéng [Darrah et al. (2009)]. Chinh
vi viy, viéc phéi tam ap dung tiéu chuan “bui khong doc” thong thudng (10mg/m?
bui téng, 3mg/m? bui hd hap) la khong phu hgp, dé danh gia thip rii ro ctia dat
hi€m [Gendron (2024)].

Vé phong xa ty nhién: Hau hét quang dat hi€ém chia Thorium (Th-232) va mot
phan Uranium (U-238) la cac nguyén t6 phong xa tu nhién (NORM). Vi du, quing
monazite tai mé Bayan Obo (Trung Qudc) c6 ham lugng ThO, 1én téi 0,7% [Han
et al. (2018)]. Khi khai thac va tuyén quang, thorium va uranium c6 thé tip trung
cao hon trong bun thai, sinh ra chat phong xa thit cap nhu khi radon (Rn-222) va
khi radon (Rn-220). Do d6, cong nhan mé sé phai chiu phoi nhiém phong xa qua
bon con dudng chinh: ti€p xlGc ngoai v6i tia gamma phat ra tir quang, hit thé khi
radon /thoron va cac san pham phan ra phong xa ctia chting, (3) hit thé bui phong
xa ton luu (quang, ba thai kho), va (4) nudt phai cac hat bui phéng xa (qua dudng
miéng, vé sinh kém) [Galusha et al. (2018)]. Trong d6, hit thé la dudng phoi nhiém
quan trong nhit gay nguy co vé ung thu phdi, con nudt phai thudng it hon (vi
quing phong xa kho hoa tan, phan 16n sé theo phan ra ngoai) [Han et al. (2018)].
Hién nay, gi¢i han liéu birc xa nghé nghiép (theo khuyén cao IAEA 2014) la t6i da 20
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mSv/nam trung binh 5 nam va khong qua 50 mSv trong mot nam bat ky [Alliance
for Responsible Mining - ARM (2019)].

Veé héa chdt doc hai: Khai thac va ché bién dat hi€ém doi hdi st dung nhiéu
hoéa chat an mon va doc tinh cao. Trong khau tuyén quing, ngudi ta thuong dung
thudc tuyén (vi du acid béo, hydroxamic) va hoa chat tao bot tach khoang. bén
khau thiy luyén (leaching) dé hoa tach dat hi€m khoi quing, cac nha may st dung
acid manh (H.SO., HCI) hoac kiém nong (NaOH) dé x{ Iy quang, sau do két thia dat
hi€m bang oxalat hodc amoniac, réi nung tao oxit dat hiém tinh khiét [Ray et al.
(2016)]. Qua trinh nay tao ra lugng 16n khi doc (SO:, HF) va nu6c thai axit. Theo
s0 liéu tir Trung Qudc, viéc tinh ché 1 tan oxit dat hiém c6 thé thai ra 63.000 m?
khi thai chira axit sulfuric va hydrofluoric, 200 m3 nuéc thai axit va khoang 1,4 tan
chat thai ran phong xa [Gendron (2024)].

Yéu to nguy co thong thuong: Giong cac moé khoang san khac, mo dat hiém
thudng co bui da, bui silic, ti€éng on 16n tir may khoan, may nghién, rung dong
tir may moc hang ndng va vi khi hau khac nghiét (46 4m cao, nhiét dd cao trong
ham 16 hodc nong bic ngoai troi). Néu khdng tuan thi nguyén tic an toan, cong
nhan c6 thé bi diéc nghé nghiép do tiéng on, rung chuyén toan than anh huéng
cot song, va kiét strc vi nong. Cac nguy co nay da tuong doi quen thudc va cé giai
phap kiém soat (thdng giod, cach am, trang bi bao ho ca nhan). Song, diéu dang lo
ngai la cac nguy co dic thu cta dat hiém (bui kim loai doc va phong xa) cé thé bi
xem nhe néu ap dung cung tiéu chuin an toan nhu cac mo kim loai thong thudng.

T nhitng co s& Iy thuyét trén, nhoém tac gia nhin thay trong nganh khai
khoang dat hi€ém c6 thé ti€p cin theo mo hinh “nguoén gay hai - dudng truyén -
ngudi ti€p nhan”. O day, nguén gdy hai gém mé quing (phat sinh bui, phéng xa)
va nha may ché bién (phat sinh hda chat doc, khi thai); duong truyen gom khong
khi (bui, khi), nu6c (nuéc thai, ro ri) va ti€p xtc truc tiép (cam nam vt liéu, nhiém
ban qua da); va ngudi tiép nhan chinh la ngusi lao dong trong mé, nha may, cung
nguoi dan xung quanh.

Hién nay, da phan cac nghién citu trén thé gidi tdp trung nhiéu nhit vao
nhom cong nhan mo dat hi€m. Cac nhom khac c6 thé phoi nhiém dat hiém (nhu
thg san xuat nam cham, thg tai ché€ rac thai dién ti) van chua dugc nghién ciru
day di. L6 héng nay dong nghia véi viéc mot s6 anh hudng stic khoe tiém tang clia
dat hi€m c6 thé chua dugc nhin dién kip thai. Pay sé la co s6 dé s6m phat hién va
phong ngua cac bénh nghé nghiép méi phat sinh khi nganh dat hiém dang ngay
cang phat trién.
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Tom lai, tdng quan nghién ctu cho thidy nganh khai thac va ché bién dat
hi€m tiém 4n nguy co da chiéu téi sitc khée ngudi lao dong: tir bénh bui phdi dac
thu, nguy co ung thu do phong xa, dén ngd doc hoa chat va cac bénh nghé nghiép
khac. Pay chinh 1a dinh huéng dé xay dung phuong phap nghién ctu va phan tich
trong cac phan sau ctia bai viét.

4. KET QUA VA THAO LUAN

Dé c6 nhitng danh gia vé mirc d6 anh hudng téi sitc khoe ngudi lao dong do
hoat dong khai thac va ché bién RE tai Viét Nam, nghién ctu tap trung di vao phan
tich cac tac dong do bui, nuéc thai, anh hudng ctia phong xa tai du an khai thac
dat hiém Yén Phq, tinh Yén Bai.
4.1. Anh hudng ciia bui ddt hiém

V6i san lugng quang khai thac hang nam la 261.670 tdn/nam va khong phai la
quang khd (c6 d6 am < 20%) nén qua trinh khai thac it gay ra bui. Quing nguyén
khai dugc tuyén bang phuong phap tuyén ti va tuyén ndi két hgp bién phap co
gi6i danh toi, ngam ra, dao tron quing trong moi truong nudc. Nhitng cuc quang
c6 kich thuéc >100 mm dugce nghién nhd bang phuong phap nghién uét, sit dung
may nghién bi hodc may nghién két hgp bi/truc. Cac loai tinh quang (sat-dat
hi€m-niobi) dugc thu hoi co6 do am lai dugc luu trit trong kho chita ¢6 mai che nén
tac dong cta bui do viéc luu trit quang tinh trong khu vuc nay cling dugc han ché
dang ké [Alliance for Responsible Mining - ARM (2019)]. Nhin chung, bui phat sinh
trong khu khai truong va khu vuc nha may tuyén cha yéu chi tac dong dén cac
can by cong nhan lam viéc tryuc tiép, it anh hudéng bén ngoai. Tuy nhién, bui dat
hi€ém gay tén thuong phéi man tinh: Cac nghién ciru da chi ra su lién quan gita hit
phai bui/hoi dat hi€m v6i cac bénh phdi man tinh. Nhitng cong nhan mo dit hiém
thuong xuyén ti€p xtc bui quing co6 ty 1é mic bénh bui phdi (pneumoconiosis)
cao bat thuong. Tai thanh phé Bayan Obo (Trung Qudc), co quan y té€ dia phuong
thong ké c6 5.387 nguai dan bi bénh bui phéi (chit yéu la thg mo, chiém hon 50%
tong s6 bénh bui phdi toan khu vuc) da khién bui phéi tré thanh bénh phd bién
nhit & day [Gendron (2024)].

4.2. Anh hudng do nudc thdi va bun thdi chita nguyén td phong xa

Nud6c thai phat sinh bao gom nuéc mua chay tran, nuéc thai san xuat (tu
hoat dong ché bién quing), nudc thai sinh hoat tai mé déu duge thu gom xtr Iy
ling tach bun va tuan hoan lai diy chuyén san xudt. Lugng nuéc mua chay tran
16n nhit dugce ghi nhan chay vao moong khai thac la 8236m?/ngay, chira nhiéu
can ran lo limg, kim loai nang va c6 hoat do chat phéng xa. Lugng nuéc nay duge
thu gom bing hé théng ranh thoat nuéc dua vé bé lang va dugc st dung dé bé
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sung cho nudc san xuat. Theo quy trinh cong nghé tuyén quing ctia nha may, khi
tuyén 31,25 tdn quang nguyén khai sé can 245m?® nudc, trong d6 nuée bs sung
la 77m?® va nu6c tuan hoan 1a 168m?. Sau giai doan tuyén sé c6 mot phan nuée
dugc tuan hoan va lugng nudc thai ra theo bun théi 1a 72m? nu6c [Brouziotis et
al. (2022)]. Lugng nu6c nay c6 chita mot s6 hoa chat la thudce tuyén, chi yéu la
hop chat oleat, hgp chit oleat dugce sir dung nhiéu trong dugc pham nén khdng
gay doc hai ddi v6i mdi truong. Bun thai co téc do lang rat thap va dac biét trong
thanh phan nuéc thai co hoat do alpha tuong doi 16n thé hién trong Bang 3.

Bang 3. Thanh phan kim loai ning va hoat d6 phong xa ctia mau nudc thai
[Brouziotis et al. (2022)]

Chi tiéu Ham lugng Muic Hoat d6 PX Gia tri Muic
(ng/L) quy dinh quy dinh

As 0,22 50 Téng a (Bg/L) 8,066 <0,1
Cd 0,004 5 Téng B (Bg/L) 11,33 <1
Cu 0,002 1000 Radon (Bgq/m3) 7950+2700 -
Hg - 1 Céc chi tiéu*
Pb 0,1 10 pH 8,3 5,5-8,5
Cr 7,03 50 Do duc 35 -
Th 0,11 - DO 0,40 >4
V) 0,018 - Do dan 0,150 -

Cac chi tiéu vé kim loai nang trong mau nudéc thai déu khong vugt qua chi
tiéu cho phép. Duy chi c6 hoat d6 phong xa trong mau la tuong ddi cao, dac biét
la tdng a.

4.3. Liéu chiéu phong xa tai cic khu vuc khai thdc va ché bién

Mo dat hiém Yén Pht chtta mét ham lugng cac nhan phong xa cta day urani
va day thori cao hon so v6i ham lugng nhan phong xa ctia hai day nay trong dat da
binh thudng. Su c6 mit ctia nhan phong xa thudc day U va Th gay nén suat liéu xa
chiéu cao hon mic binh thuéng. Anh hudng ctia phong xa méi trudng hién dién
trong cac giai doan co ban ctia qua trinh khai thac va tuyén quing cho dén vin
chuyén va bdo quan tinh quing cling nhu chon cat bun thai va dat da thai ¢ bai thai.

Suat liéu chiéu xa gom ca phéng phong xa tai khu moé Yén Pht nam trong
khoang 3-5mSv/nam. Theo danh gia phong phong xa moi truéng cta vang Yén
Pht la 2,5mSv/nam [Tran Binh Trong & Vii Van Bich (2006)]. Gia tri cao nhat la tai
vi tri thudc dinh tdm ctia khu mé 16n va mo nho. Cac khu vuc xung quanh suét liéu
ndm trong khoang 1,5-2,0mSv /nam ké ca phong phong xa tu nhién.
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- banh gia liéu bic xa tir nguon 16n nhu khu khai thac, bai chira thai, nha may
tuyén va kho chia tinh quang: Theo tiéu chuan, néu muc chi€u xa gay bdi cac
hoat dong cong nghiép lam tang thém mic chiéu xa cia cong nhan 16n hon ImSv/
nam nhung khéng qua 6mSv /nam thi cac co s cong nghiép nay can phai ap dung
bién phap quan 1y liéu bic xa.

Bang 4. Quan hé giira liéu va nong @6 hoat tinh d6i véi chiéu xa nghé nghiép
do birc xa gamma va bui

Loai vat liéu

Uéc lugng liéu hiéu dung
trén don vi ndng dé hoat tinh

Nong dd hoat tinh cta
nhéan phéng xariéng lé
cao hon murc trong cot sé
vugt 10% gidi han liéu (Bq/g)

Lugng I6n nhu than quang,
bai thai, kho chua l6n

Luong nhé nhu tinh qudng, v.v.

Vat liéu bay hoi: khéi lo, va
bui & tui loc, v.v.

(mSv/nam cho Bq/g)
Cuc tiéu Cuc dai
0,20 04
0,008 0,04
0,0006 0,003

Bang 5. Mdi quan hé giira suat liéu véi ham lugng trung binh ciia nhin phong xa

Nhéan Néng dd Uéc lugng liéu hiéu dung Ghi cha
phoéng xa hoat tinh (mSv/nam)
(Ba/g) Gia tri cuctiéu | Gia tri cuc dai
238U 0,58 0,012 0,024
232Th 0,68 0,135 0,270

Hinh 2. Suit liéu chi€u ngoai do su c6 mat ciia 238U va 252Th c6 trong bai thai
(Truc hoanh dang log)

DOSE: All Nuclides Summed, All P athvays Summed
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Bang 6. Panh gia suat liéu v6i ham lugng trung binh cia nhin phéng xa

Nhan Néng dd Uéclugng liéu hiéu dung Ghi chua
phdng xa hoat tinh (mSv/nam)
(Ba/g) Gia tri cucti€u | Gia tri cuc dai
238U 2,10 0,420 0,840 Gia tri trung binh
232Th 0,107 0,021 0,042 choviing quang
238U 0,691 0,138 0,276 )
Mau dai dién
232Th 0,891 0,178 0,356
238U 12,565 2,513 5,026 Gia tri cuc dai
232Th 13,655 2,731 5462 trong tap hop
mau phan tich

- Boi voi cong nhan lam viéc trén bai thai va dan cu xung quanh: Theo quan
hé gitra liéu va nong d6 hoat tinh dai v6i chiéu xa nghé nghiép do birc xa gamma
va bui v6i ham lugng trung binh ctia nhan phong xa xac dinh trong bai thai, dugc
danh gia sut liéu nhu chi ra trong Bang 5.

Két qué tinh liéu chi€u ngoai theo phan mém RERAD véi diéu kién: dién tich
bai thai >10.000 m?; bai thai day 2m-5m; ti trong 1,5 g/cm?; phan thdi gian lam
viéc la 0.25, cho két qua tuong tu thé hién trén Hinh 2.

Két qua cho thdy rang vé6i suat liéu nhu da tinh toan & trén, cong nhan lam
viéc trong mdi truong nay chiu suat liéu chiéu xa trong gii han an toan.

- b&i cong nhan lam viéc tai khai truong: Trén co sé ham lugng trung binh
ctia nhan phong xa xac dinh trong quing, ching t6i danh gia suat liéu nhu chi ra
trong bang 6.

Két qua cho thay rang, véi diéu kién tinh toan cho ham lugng trung binh ctia
nhéan phong xa 238-U va 232-Th trong quang va mau dai dién, cong nhan lam viéc
trong mdi truong nay nadm trong khoang cho phép 1-2mSv/nam theo quy dinh
ctia quoc té. Tuy nhién, trong mot s6 vi tri ctia than quang do c6 diém di thudng
tich tu U va Th, sudt liéu chi€u ngoai tang cao can phai dugc luu y. Bién phap dam
bdo an toan cho diém di thuong nay la chtt dau tu sé mua thiét bi do dac birc xa
dé€ nhin dang diém di thuong trong qua trinh khai thac va c6 bién phap thich hgp
(gidm thoi gian lam viéc ctia cong nhan, han ché s6 ngudi lam viéc tap trung khu
vuc nay va cé che chan...) dé giam thiéu liéu li€u cho cong nhan lam viéc. Tuy
nhién, suit liéu nay nhd hon quy dinh ctia chau Au va quy dinh ctia mot s6 nudc
cho nhan vién birc xa.
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Bang 7. Panh gia rii ro trong qua trinh khai thac va ché bién dat hiém

Qua trinh Nguén gay Quy md Muc dé Bién phap
hoat dong tacdong tacdong tacdong giam thiéu
AL - S dung thiét bi thu bui,
© nhlem bw\tal Khu khai trudng |Trung binh | phun nud&c gidm bui, deo
khu khai trugng o A A
khau trang cho céng nhan
O nhiém tiéna én Lap dat cach am, giam
Hoat dongkhai |, .. 9N hu khai trudng | Trung binh |thiéu tiéng 6n, st dung
. . v, |vadodrung s en
thac quang dat thiét bi giam rung
hiém . X
Nudc mua chay
tran trong khu Xay dung hé thong thoat
khai trudng va  |Khu khai trudng |Trung binh |nuéc mua, kiém tra va xi
nudgc trong cac ly nuéc thai
moong khai thac
O nhiém bui tai , Ak
khu vuc chua Khu vuc . Su.dung he’th?ng :chu
} . " . Trung binh |bui, trang bi bao hé lao
quang nguyén |nha may tuyén dona cho cana nhan
khai, quang tinh ng 9
O nhiém tiéng 6n
Hoat dong clia va dorung t?i Khu vuc . LaP dat,cach am, .su.cilung
< . khu vuc nghién, . . Trung binh | may moc hién dai giam
Nha may tuyén | | . .~ |nha may tuyén A\ a
y v L.z |Sang, danh toi, tiéng 6n va d6 rung
quang dat hiém |,
sang rung
Nudc thai
sinh hoat clia Khu vuc XU ly nuéc thai, xay dung
khu vucnha & Aha mav tuvén Trung binh |hé thong loc nudc thai va
c6ng nhan va yry XU ly nudc sinh hoat
khu vuc hanh chinh
Chat thai ran s ya N
(chat thaisinh | Khu vuc _|Quanlyvaphan loai chat
Y " . Trung binh [thai, x( ly chat thai dung
hoat, chatthai |nha may tuyén .
Hoat dong clia cong nghiép) quy dinh
Nha may tuyén : —
quang dat hiém | nhidm Kiém tra dinh ky muc do
.y Khu vuc . phoéng xa, xay dung hang
chat phéng xa " . Trung binh |7 = 7% e
nha may tuyén rao bdo vé, cung cap thiét
(radon, U, Th, K) L2 A
bi bdo ho
Kho nguyén liéu |Su coro ri Khu vuc L‘ap7<'1’a:c thletN bi phat hl‘en
va kho xang dau |xang dau nha may tuyén Manh ror, b,ao dutng dinh k}/
hé théng chia xang dau
Quan ly chat ché héa chat,
. . Suchrori Khu vuc thiét lap khu vuc chiia hoa
Kho hoa chat héa chat nha may tuyén Manh chat an toan, trang bi

bdo hd
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5. KET LUAN VA KIEN NGHI
5.1. Két ludn

Khai thac va ché bién dat hi€m la “mat xich” quan trong ctia cong nghiép 4.0
nhung tiém an nhiéu rii ro nghiém trong ddi véi stic khde con ngudi va méi trusng.
Nguai lao dong cd nguy co cao phoi nhiém bui min gay bénh phdi, hoa chat doc
hai ttr qua trinh tinh ché, cling nhu btic xa tur cac nguyén t6 phong xa trong quiang
dat hiém. Thyc tién tai Trung Quoc - quoc gia san xudt dat hi€ém hang dau - da
ghi nhan nhing tac dong tiéu cuc lau dai dén sirc khoe cong dong va moi trudng
khi thi€u cac bién phap kiém soat chat ché. Trong béi canh Viét Nam bat dau phat
trién nganh cong nghiép dat hiém, viéc chit dong phong ngua va quan 1y nhiting
nguy co nay l1a hét sttc can thiét nham tranh 1ap lai cac hé luy tuong tu.

5.2. Kién nghi

Dé giam thiéu cac rai ro néu trén, can trién khai dong bé nam nhoém bién
phap sau:

Hoan thién hé thong phap ly: Xay dung va trién khai cac quy dinh phap ly chat
ché vé bdo dam an toan lao dong trong cac hoat dong khai thac va ché€ bién dat
hi€m, cuing véi viéc ap dung hinh thiac x Iy nghiém minh d6i v6i nhitng hanh vi
vi pham.

Giam sat stc khde nguoi lao dong: Thiét 1ap cac chuong trinh kiém tra stc
khoe dinh ky cho cong nhéan, dong thai cung cip day da cac thiét bi béo vé ca
nhan va cai thién moi trudng lam viéc, gitip giam thiéu nguy co tiép xtc véi bui,
hoéa chat doc hai va phong xa.

Ung dung cong nghé than thien v6i moi truong: Tang cusng viéc tng dung cac
cong nghé khai thac va ché€ bién hién dai, c6 kha nang giam thiéu phat thai, dong
thoi nang cao hiéu qua trong viéc xir Iy chat thai, nu6c théi va khi thai, nham han
ché€ 6 nhiém va kiém soat phong xa.

Dao tgo va nang cao ky nang an toan: TS chiic cac khoa dao tao lién tuc vé an
toan lao dong, quan 1y hoa chat va img pho su ¢6 cho cdng nhan va can bo quan
ly, qua d6 nang cao y thiic va xay dung van hoa an toan trong cac co sé khai thac
va ché bién.

Cong khai thong tin va phdt trién bén viing: Cung cap thong tin ro rang vé
nhiing anh hudéng dén moi trudng va stic khoe cong dong, dong thai khuyén khich
su tham gia clia cong dong trong qua trinh phat trién nganh dat hi€ém theo huéng
bén virng, giup can bing gitra 1gi ich kinh t€ va bao vé stic khoe, mdi trusng.
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