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"Triwong Pai hoc M6 - Pia chat
’Vién Hod hoc moi truomg Quan su

TOM TAT

Bai béo dua ra két qua ciia qua trinh nghién ctru xir Iy nudc ngdm bi 6 nhiém benzen, metyl tert-butyl ete
(MTBE) dugc thir nghiém trén quy m6 phong thi nghiém, str dung hé thdng constructed wetland dong chay
ngang CW-SSF. Hé théng sir dung vat liéu nén 1a soi, duge trong loai thuc vat Phragmites australis, thoi
gian luu 2,5 ngay. Hiéu qua loai bo dat rt cao dbi v6i cac chit 6 nhiém benzen va MTBE, gi4 tri trung binh
dat duoc lﬁn luot 1 83,07% (624,39 mg/ m?.d) va 73,46% (106,73 mg/m”.d. N6 mé ra huéng di méi cho
viéc xir Iy nuwéc ngam bi 6 nhiém cac chat hitu co kho phéan huy.

Tir khoa: Benzen; MTBE; CW, xur ly; nudce ngﬁm.

1. Pit véan dé

Nganh cong nghiép phat trién dic biét 1a cong nghiép hoa chat no mang lai kinh té cho dat nuac, tuy
nhién, n6 co the gay 0 nhlem dat, nude va khong khi, dac biét 1a nu6ée ngam 6 quy mo 16n noi san xuit hoa
chit. Nudc ngadm 1 ngudn nudce chinh cung cép cho san xuit nude sinh hoat, khi nudc ngdm bi 6 nhiém,
n6 12 mot van dé nan giai vi thuong khong thé xac dinh dugce ngudn gy 6 nhidm va kho xir Iy hoan toan
cac chit 6 nhidm, n6 gy tham hoa cho méi truong va de doa strc khoe con ngudi.

Tai khu cong nghiép san xuét hoa chit ¢ Viét Nam, mic du cling da co cac giai phap xu ly cac chét 6
nhiém. Tuy nhién, viéc xir nudc ngdm bi 6 nhiém bang cac phuong phap théng thudng thuong phirc tap,
tén kém va thuc té khong thé xur 1y triét dé mot s6 chat 6 nhiém kho phén huy nhu Benzen hay MTBE
(metyl tert-butyl ete). Cac hydrocacbon thom nhu benzen va cac hop chat ete nhu MTBE né dugce sur dung
rat phd bién trong cong nghiép lam dung moi hiru co, lam chat chéng kich nd trong xang, ... khi nudc ngam
bi 6 nhiém chung gdy nguy hiém cho chat luong nudc ngam.

Hién nay, viéc sir dung cac phuong phép nang cao nhu oxy hod, quang xiic tac, mang tham thau nguoc,. ..
dang duoc nghién ctru chuyén su. Cac phuong phép xi 1y tai chd dic biét hdp dan vi chung thuong co thé
duogc thyc hién vdi it nang lugng, chi phi va khong cé sy can thi€p 16n vao cac diéu kién ty nhién. Mot
trong nhimg Iya chon dugc sit dung dé xur Iy nuéc ngdm bi 6 nhidm Benzen hay MTBE 1a hé théng
Constructed wetland (CW). Phuong phéap nay ngdy cang dugc st dung nhiéu hon trong nhimg ndm gan day
dé xu 1y cac chat hitu co 6 nhidm trong nudc. Tuy nhién, cac qua trinh dién ra trong hé thing CW cho dén
nay van chua duoc hiéu ro day du.

Str dung cong nghé wetland dé loai bo cac chat 6 nhiém Benzen hay MTBE thong qua cac qua trinh vat
1y, hod hoc, sinh hoc ctia ving ré nhu sy tiét ra OXYy, tiét ra cac hop chét hitu co, su tiép nhén cac chét 6
nhiém cua thyuc vat, sy hap phuy, bay hoi,... Sy phan hay cac chit 6 nhi®m dic biét 1a cac hop chét hiru co
nhu Benzen hay MTBE & vung 1é ciia thyc vat chiu anh hudng rat 16n cua vi sinh vat. Qua trinh sinh hoc
ctia vi sinh vat & ving ré bi anh huéng bai sy tiét ra cac hop chit hitu co hodc oxy cua thuc vét, nd phy
thudc vao qufin thé, mat do vi sinh vat, tinh da dang cua vi sinh vat va tiém nang sinh hoéa cao twong ung
(Nguyén Hoang Nam, 2023). Cac co ché quan trong loai bo cac hop chét hitu co nhur Benzen hay MTBE
trong hé théng CWs 1a oxi hoa, trao ddi ion, tiép nhan cua thuc vat, hép phu, loc, bay hoi (Cooper va nnk,
1996; Matagi va nnk, 1998; Kalin, 2004; Kosolapov va nnk, 2004; Mayes va nnk, 2009).

Mitric d¢ anh hudng thuc té cta loai hé théng CW cua loai thuc vat dén hiéu qua loai bo chét 6 nhiém
Benzen hay MTBE rét kho dinh lwong. Su déng gop cua cac qua trinh vi sinh vat khac nhau vao sy phan
huy céc chat gay 0 nhiém va su phu thudc cua chiing vao loai hé théng CW, diéu kién moi trudng ciing chi

* Tac gia lién hé
Email: nguyenhoangnam@humg.edu.vn
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dugc biét mot phan. Dé hiéu biét rd hidu qua loai bo cta hé théng CW va dua ra nhan dinh vé nhiing thay
d6i lién quan dén chat 6 nhiém trong viing ré va do d6 nang cao mirc d¢ hiéu biét vé sy twong tac trong cac
hé thong. Bai bao nay 1 nghién ctru danh gia hi¢u qua loai bo cta hé thing CW dong chay ngam dudi bé
mit (SSF-CW), dugc trong loai thuc vat Phalaris arundinacea (Hé thong va loai thuc vat phu hop voi didu
kién & VIét Nam) dugc su dung dé danh gia hiéu qua loai bd hop chét vong thom dai dién 1a benzen va hgp
chét ete dai dién 1a MTBE.

2. Thwe nghiém
2.1. H¢ thong CWs va diéu ki¢n tién hanh thi nghiém

Hé théng CWs duoc 1am bang vat liéu polymer véi kich thude 100 cm x 15 cm x 35 cm. Hé théng duoc
cho vao 66 kg so6i kich ¢ (5+25 mm) dén d6 cao 35 cm. Muc nudc trong bé 1a 3 cm thdp hon bé mat cua
soi trong hé thdng. Thé tich nudc réng chira trong ca hé thong 1a 18,5 lit. Trong hé théng Phalaris
arundinacea 800+900 cay/m?.

Hinh 1. H¢ thong CW duoc trong Ph. australis sir dung cho xir Iy nuée ngam nhiém Benzen va MTBE.
Nude ngdm nhén tao duge bom vao hé thdng mot cach lién tuc thong qua bom dinh lugng v6i luu lwong
7,5 1/d twong tng voi thoi gian luu thuy luc 1a 2,5 ngay.

2.2. Ldy mdu va phan tich méau

Céc mau duoc léy 3 lan trong tudn tai vi tri dau vao, dAu ra cua hé théng. Mau duge dung va bao quan
trong chai dung mau bang thuy tinh. Trudc khi cho mau vao, chai dung mau dugc loai bo hét khong khi
bang khi N,. Mau chua phan tich ngay dugc bao quéan trong ti lanh & didu kién nhiét do -20°C.

Trude khi phan tich Benzen va MTBE, mau dugc loc béng mang loc kich ¢& 0,45 um thyc hién theo
DIN 38404-6, 1984.

Viéc xac dinh nhanh chéng, thuong xuyén nong d6 Benzen va MTBE dugc phan tich bang may sic ky
khi (GC) ctia hing Hewlett Packard (HP), Series6890 GC, str dung cot sic ky Agilent 124-0034 DB-MTBE
dai 30 m va duong kinh trong 0,45 mm, d6 diy mang hap phu bén trong cot 1a 2,55 pum. Detector ion hoa
ngon lira (FID) dugc st dung, N, duge su dung 1am khi mang.

Gia tri pH ctia mau dugc do bang dién cuc pH trén may do (WTW: Multi 340i and pH-Electrode SenTix
41, detection accuracy + 0,01 pH-value).

Thé oxy hoé khir duoc do bang dién cuc oxi hoa khir (hé dién cuc Pt-Ag /AgCl/Cl) ciia hing Metrom
thuy sy.

Eh(tt) = Eh(do) + Eh(ss)

Trong d6:

- Eh(tt) thé oxy hoa khir thuyc;

- Eh(do): thé oxy hoa khir do duoc;

- Eh(ss): thé Oy hod khir ctia dién cuc so sanh (dién cuc Ag /AgCl/Cl dung dich KC1 3M).

2.3. Nwéc ngim nhan tgo

Nude ngim nhan tao sir dung trong nghién ctru dugc pha ché bang cach lay Benzen va MTBE pha trong
nude ngam véi ham lugng cua Benzen l1a.
3. Két qua va thao ludn ]
3.1. Ti I¢ boc hoi nwoc trong hé thong CW

Hinh 2 biéu dién ti 1& boc hoi nuéc trong thoi gian nghién ciru ctia hé théng CW ciing nhu nhiét d6 khong
khi trung binh ngay trong khoang thoi gian tur 03/4/2023 dén thang 31/5/2023.
Nhiét d6 dugc do vao thoi diém lay mau thap nhat 1a 1a 19,5°C vao ngay 24 thang 4 va nhiét 46 cao nhat
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12 36,9°C vao ngdy 22 thang 5. Trong khoang thoi gian nghién ciru, nhiét do thay ddi khong tuan theo quy
lut, tuy nhién, khi nhiét do cao, gié manh dan dén sy bdc hoi nude ciia CW ting 1én. Nhin chung, ti 18 bbc
hoi nuéce tir ddu thang 5 tro di tuong dbi cao. Trong hé théng c6 vat liéu nén, co dong chay ngﬁm, su thoat
hoi nude bi can tré boi vat liéu nén, su bde hoi nude chi yéu 1a do nudc thoat ra qua 14 cia thyc vat chi
khong phai do sy bay hoi nudc tir bé mit.

Khi lugng nude bdce hoi cang manh, n6 anh huéng khong nho dén ham lwong chit 6 nhiém ¢ dau ra méc
du hiéu qua xir Iy khong thay ddi. Ti 1& bdc hoi nude cao, 1am cho néng do chét 6 nhiém & dau ra c6 thé
cao hon so v&i dau vao do bi ¢o dic.
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Hinh 2. Ti I¢ boc hoi nueée trong hé thong CW theo nhiét dg.
Tuy nhién,,khi nhiff:t d6 moi Eru(‘mg cao, nd c6 tac dong tich cuc dén hoat dong cua vi sinh vat trong qua
trinh xr 1y chat 6 nhiém (Nguyen Hoang Nam, 2023).
3.2. Sw thay doi ciia thé oxy hod khir

Két qua khao sat thé oxy hoa khir & dau vao va dau ra ctia hé thong CW trong 2 thang van hanh dugc
chi ra trong Hinh 3.
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Hinh 3. Thé oxy hod khir ¢ dau vao va dau ra ciia hé thong CW.

Két qua thu duoc cho thdy: Eh & dau vao thay d6i theo nhiét do, gia tri cua nd tir 25,6 dén 51,5 mV trong
khi d6 thé oxy hoa khir & dau ra cao hon. Thé oxy hoa khir trong dung dich phu thudc vao dang oxy hoa
khtt, phu thudc vao néng d6 cua cac cap oxy hoa khu lién hop, phu thudc vao lugng oxy hoa tan trong dung
dich. O dAu ra cia hé théng, thé oxy hoa khir cao hon, diéu nay cho thiy & dau ra ham lwong cia cac chét
oxy hoa cao hon vi du nhu O, hoa tan, ham luong chét hiru co, hodc chat khir giam. biéu nay cho théy co
su lién quan dén d6 giam cua cac chét hiru co nhu Benzen va MTBE.
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Trong hé thbng CW dic biét 1a hé thdng dong chay ngim, sy tham nhap O, tir khong khi gin nhu khong
dang ké, chu yéu dugc cung cap boi bo ré. O, hoa tan trong hé thong dong vai trd 1am chét oxy hoa, nd oxy
hoé cac chat khir dua ching 1én mirc oxy hoa cao hon nhu cac hgp chét hitu co (C¢Hs, MTBE) thanh CO»
va H,0, mit khéc, cac hop chét hitu co dong vai trd 1am ngudn chat khir, n6 c6 thé khir cac hop chit da hoa
tri vé mirc oxy hoa thap hon nhu Fe** thanh Fe?*...(Omondi va Navalia, 2020; Stefanakis, 2020). Nhu vay
khi thé oxy hoa khir & dau ra cao hon so véi dau vao chimg t6 & dau ra c6 lugng O, hoa tan, dong nghia voi
d6 giam dang ké ham luong C¢Hs, MTBE.

3.3. Hi¢u qui logi bé ciia CsHs, MTBE trong hé thong CW
3.3.1. Hiéu qua loai bo CsHp

Hiéu qua loai bo Cg¢Hs trong hé théng CW dong chay ngdm véi vat liéu nén 1a s6i, dwoc trong loai thuc
vat Phalaris arundinacea, thoi gian luu 2,5 ngdy, dugc chi ra trong Hinh 4 va 5. Két qua nghién ctu thu
dugc chi ra rang trong subt 2 thang van hanh, ham lwong cua déu vao ciia C¢Hg dao dong trong khoang 12.1
dén 13,9 mg/L (gia tri trung binh khoang 13 mg/L), sau khi di qua hé théng CW, ham luong CeHs ¢ dau ra
chi con dao dong trong khoang 3,1 dén 5,9 mg/L (gia tri trung binh khoang 4,26 mg/L) (Hinh 4) do giam
nong do trung binh dat 67,13%.
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Hinh 4. S giam nong dé cia CsHs sau khi di qua hé thong CW dwoc tr&ng Phalaris arundinacea voi
thoi gian luu 2,5 ngay trong thoi gian van hanh tir 3/4/2024 dén 31/5/22024.
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Hinh 5. Tai lwgng dau vao dau ra ciia CsHs ciia hé thong CW dwoc trong Phalaris arundinacea véi
thoi gian luu 2,5 ngay trong thoi gian van hanh tur 3/4/2024 déen 31/5/22024.
Trong khi do, tai lugng dau vao ciia CsHe dbi vé6i hé thng khé cao, gid tri ciia n6 nam trong khoang 680
dén 793 mg/mz.d (gia tri trung binh 745,97 mg/m?.d), sau khi di qua hé thosng, tai lugng dau ra ctia n6 chi
con 45 dén 278 mg/m2.d (gia tri trung binh 121,57 mg/m?.d) twong ng véi tai lugng loai bo trung binh dat
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624,39 mg/m?.d tuong tng véi hiéu qua loai bo dat 83,7%. Két qua thu dugc cho théy, viéc st dung hé
théng CW duoc trf“)ng Phalaris arundinacea kha hiéu qua trong viéc loai bo C¢Hs. Hi€u qua loai bo Benzen
cao nguyén nhan c6 thé théng qua qué trinh sinh hoc hiéu khi trong ving ré, CsHs dudi tic dong ciia vi sinh
vat trong ving ré tiép nhan O, hoa tan do b ré thyc vat tiét ra chuyén hoa CsHg thanh cac hop chét hiru co
mach thing, qua d6 né tiép tuc dugc chuyén hod thanh cac hop chét hitu co mach ngén hon hogc thanh CO,
va H>O (Rahman va nnk, 2020; Stefanakis, 2020; Nguyén Hoang Nam, 2023).
CsHg + O, > HOOC((CH)4COOH
HOOC((CH2)4COOH + O, = CO>+ H,0

San phém thu duoc it hodac khong dc hai véi moi truong. Ngoai con duong sinh hoc, Ben zen con co thé
dugc bo ré tiép nhan va n6 c6 thé di chuyén 1én than rdi dén 14, phat tin vao mdi truong, ngoai ra, viéc loai
b6 Benzen trong hé thdng con c6 thé bi hap phu boi vat liéu nén cia hé théng. Mic dii Benzen 1a hop chat
dé bay hoi, nhung vi 1a hé thdng CW dong chay ngam du6i bé mit nén n6 ngin can qua trinh bay hoi vat
1y thong qua bé mat nudc, boi vay qua trinh loai bo Benzen trong hé théng nay chu yéu thong qua qué trinh
sinh hoc va hap phu (Nguyén Hoang Nam, 2019, 2023).

3.3.2. Hiéu qua loai bo MTBE

MTBE 12 hop chét ete d& bay hoi nén ton tai trong nuéc ngdm véi ham luong kha thap so véi Benzen,
trong nudc ngam nghién ctru, ham lugng cia MTBE thap nhét 1a 2,1 mg/L va cao nhét 1a 2,9 mg/L, gié tri
trung binh 1a 2,53 mg/L. Khi di qua hé thdng CW, trong khoang thoi gian van hanh 2 thang, ham luong
MTBE giam xubng, gia tri trung binh dat 1,39 mg/L (gia tri nh6 nhat dat 1,01 mg/L va cao nhat khoang 1,9
mg/L) (Hinh 6). O dau ra, mic du ndng d6 cia MTBE c6 giam tuy nhién do qua trinh b6 hoi nudc trong hé
thong, n6 1am cho ham lugng ciia MTBE bi ¢6 dic, qua d6 thay rang hiéu qua loai khong cao, gia tri clia
n6 chi dat khoang 45%. Trong khi d6 khi tinh toan theo tai lwong, hiéu qué loai bd6 MTBE cao hon nhiéu,
gié tri cta né dat 73,47% (Hinh 7). Tai luong dau vao cia MTBE trung binh dat 142,27 mg/m2.d, & du ra
tai lugng trung binh khoang 38,54 mg/m?.d va d6 giam tai lugng trung binh dat khoang 106,73 mg/m?.d.
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Hinh 6. Sw giam nong dé ciia MTBE sau khi di qua hé thong CW drge trc;ng Phalaris arundinacea voi
thoi gian luu 2,5 ngay trong thoi gian van hanh tu 3/4/2024 déen 31/5/22024.

So sanh véi cac cong nghé xir Iy sinh hoc khéc, thuong khi ham lugng chét 6 nhiém thap, hiéu qua loai
b6 cac chit 6 nhiém & cac hé thdng sinh hoc thong thuong 1a khong dang ké (Nguyén Hoang Nam, 2019),
trong khi do, ¢ hé théng CW SSF dugc trong Phalaris arundinacea c6 thé loai bo duge > 73% MTBE.
Diéu d6 cho thay tinh vuot trdi ciia hé théng CW so véi cac hé thong sinh hoc khac. Hi¢u qua loai bo MTBE
cao trong hé théng CW c6 thé giai thich 1a do cac qua trinh sinh hoc vat ly, sy tiép nhan ciia thyc vat, ... véi
thoi gian lru 16n hon so véi cac hé thong sinh hoc thong thuong khac (2,5 ngay) cac chét 6 nhiém huu co
nhu MTBE c6 du thoi gian tiép xtc véi vi sinh vat thong qua qué trinh khuéch tan, dudi tac dong cia vi
sinh vat MTBE ciing nhu Benzen, tham gia phan tmg v&i Os do bd 1é cung cip dé chuyén hoa thanh cac
hop chat hitu co mach ngén hodc thanh CO; va H>0, qua d6 loai bo dwgec MTBE trong nude. Bén canh do,
qua trinh loai b6 MTBE ciing c6 thé duogc thong qua qua trinh h?ip phu, qua trinh loc cia vat liéu nén hoac
c4 hop chét hitu co c¢6 trong hé thdng, noi ma dong nudc thai di qua. N6 c6 tac dong 16, loai bd duge cac
chit 6 nhim ngay ca ¢ ndng d6 thap. Ngoai ra, & diéu kién khi hau nhiét d6i, nhiét do khong khi cao vao
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mua hé ciing tac dong tich cyc dén qua trinh chuyén hoa cac chit 6 nhidém dic biét 1a cac hop chét hiru co
trong hé thong CW.
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Hinh 7. Tai lwong dau vao ddu ra cia CsHys ciia hé thong CW duege trong Phalaris arundinacea voi thoi
gian luu 2.5 ngay trong thoi gian vdn hanh tir 3/4/2024 den 31/5/22024.

Tur két qua nghién ctu thu duge cho théy, ddi voi loai Phalaris arundinacea, c6 bd 1& phat trién khoé
manh, cay phat trién manh trong qué trinh xir 1y, né tic dong tich cuc dén higu qué loai bo cac chat 6 nhiém
htru co khé phén huy nhu Benzen, MTBE (Yuan va nnk, 2020). Hé théng CW st  dung loai thyc vat Ph.
australis rat phi hop dé xur 1y Benzen, MTBE c6 trong nudce noi chung va nudc ngim ndi riéng.

4. Kétluan

D3 nghién ctru danh gia hiéu qua xtr Iy Benzen, MTBE c6 trong nudc ngdm trén hé théng CW SSF véi
vat liéu nén 1a soi duoc tréng Ph. australis. Vi thoi gian luu 2,5 ngay, ham lugng dau vao cua Benzen
khoang 13 mg/L, tai lwong loai bo cta hé théng c6 thé dat 624,39 mg/m?.d. Trong khi d6, vdi hop chét
MTBE c6 ndéng d6 dau vao thép hon khoang 2,5 mg/L, tai luong loai bo ciia hé thong co thé dat 106,73
mg/m2.d. N6 cho thdy ¢6 thé md ra mot huong di moi s dung hé thong CW SSF dugc trong thuc vét Ph.
australis thay thé cac cong nghé xtr Iy khac dé xir Iy hop chit vong thom khé phan huy ngay ca & nong do
thap.

Str dung hé thdng nay vira than thién véi moi truong, vira tao canh quan dep va co chi phi van hanh, bao
tri va xir Iy thp, hiéu qua kinh té cao phii hgp véi diéu kién kinh té ctia Viét Nam. Cong nghé nay co thé
trién khai (mg dung dé xir 1y cac hop chit hiru co kho phan huy khéc c6 trong nude mot cach hidu qua ma
cac cong ngh¢ khac khong thyc hién duogce.

Loi cam on

Tac gia xin chan thanh cdm on Trung tdm x& Iy moi truong - Vién Khoa hoc Ky thuédt Quéan sy; B Mon
Ho4 — Khoa Khoa hoc co ban — Truong dai hoc M6 - Dia chit, Trudong Pai hoc Khoa hoc ty nhién — Dai
hoc Qudc Gia Ha Noi, Vién Cong nghé moi truong Pai hoc Bach Khoa Ha Noi da tao diéu kién, giup do
trong qua trinh nghién ctru.
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ABSTRACT

Effective removal of Benzene, Methyl-tert-butylether in groundwater
of horizontal subsurface flow constructed wetland

Nguyen Hoang Nam'!, Nguyen Hoang Nam Anh!, Nguyen Viet Hung!, Pham Viet Duc?
'Hanoi University of Mining and Geology
’Military Institute of Environmental Chemistry

The article presents the results of the research process on treating groundwater contaminated with
benzene, methyl tert-butyl ether (MTBE) tested on a laboratory scale, using a horizontal flow constructed
wetland (CW-SSF). The system uses gravel as a boden material, planted with the plant Phragmites australis
species, with a hydraulic retention time of 2.5 days. The removal efficiency is very high for benzene and
MTBE pollutants, the average values achieved are 83.07% (624.39 mg/ m2.d) and 73.46% (106.73
mg/m?.d), respectively. It opens new method for treating groundwater contaminated with persistent organic
substances.

Keywords: CW; Benzen; MTBE; CW; Treatment; groundwater.
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