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va 82-96%.

Cong nghé bai loc trong cay nhan tao (CWs) dugc nghién ctiu Ging dung dé xti 1y nhiéu loai nudc théi véi
uu diém chi phi thép, thin thién véi moi trudng va hiéu suét xti ly cao. Trong nghién ctiu nay, ching toi st
dung hé bai loc trong ciy nhéan tao véi cay sdy (Phragmites australis Cav.), trong trén 16p vat liéu da voi, vo
trdu thuy phan dé€ xt 1y kim loai ning Fe, Mn trong nudc thai. Két qua thi nghiém cho thdy, vat liéu d4 voi
va vo trdu thtly phan c6 kha ning loai bo t6t Fe, Mn, hiéu sudt loai bo >76,2%. Hé bai loc trong ciy nhén tao
két hgp trong cay say trén 16p vét liéu da voi, vo trau thtly phan c6 kha nang xi ly kim loai ndng véi nong do
cao. Sau thoi gian 24h, gia tri Fe, Mn trong nudc thai gidm nhanh, hiéu sudt xt Iy Fe, Mn l4n lugt tit 86-98%

Tu khéa: Bai loc trong cdy, sdt, mangan, vé trdu, dd voi.
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1. Pitvan dé

Xt ly kim loai ndng (KLN) trong nudc thai la vdn dé
dugc quan tdm nghién ctiu & rit nhiéu noi trén thé giGi
va Viét Nam. C6 nhiéu phuong phap dugc dp dung dé
xU Iy nudc thai nhiém KLN nhu héa hoc, héa ly va sinh
thai. Phuong phdp sinh thdi c6 uu diém 1a don gian, dé van
hanh, tiéu ton it ning lugng, tranh dugc cic 6 nhiém thu
cdp, dugc quan tim nghién ctu trong thdi gian gan day
[1]. Cong nghé bai loc trong ciy nhan tao la phuong phap
sinh thai dugc nghién ctiu ing dung d€ xu ly nhiéu loai
nudc thai nganh dugc [2], nudc thai nhu¢m vai sgi [3], ri
duong [4], nude thai cong nghiép gidy [5], nudc thai chita
kim loai nédng,... dat hiéu qua cao. Trong nghién ctiu nay,
chung t6i st dung hé bai loc trong cay nhén tao véi ciy say
(Phragmites australis Cav.) dugc trong trén hé vat liéu loc
chtia da voi va vo trau thuy phan. Trong d6, cay say la thuc
vat thay sinh c6 kha néng tich lity KLN vao sinh khoi [6].
ba voi véi thanh phan chinh la cic mudi cacbonat canxi
6 kha nang lam ting pH va tao diéu kién két ta cic ion
KLN. Vo trdu cung cdp ngudn cacbon cho cay phat trién
nho sy phan cit ctia cac vi sinh vét phan hty cellulose, vo
tréu ciing gép phan lam gid thé d€ céc vi sinh vét phat trién,
dic biét 1a vi sinh vat khii sunfat tao thanh ion sunfua sé
loai bo cac ion KLN béng cach két tha ching. Pong thdi,
qua trinh thy phén cfing lam tang kha niang hdp phu kim
loai cia vO trau.

2. Vit liéu va phuong phap nghién ctiu

2.1. Vit ligu va thiét bi

- Cay Say - Phragmites australis (Cav.) la mot loai cay
nhiéu ndm thudc ho hoa thao (Poaceae), phan bd ¢ nhiing
ving dét 14y & ca khu vic nhiét d6i va 6n déi ctia thé gidi.
Séy dugc thu tli ven song Hong vé trong trong Vién Cong
nghé moi trudng, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam

- Vo trdu la phu phim noéng nghiép, dugc thu truc
ti€p tli cac xudng xay xat & Khoai Chéu, Hung Yén, vo
trau kho rao, khong ndm méc. Phén trdm trung binh ctia
cac thanh phén trong vo trdu nhu sau: Lignin: 19,30%;
Hemicellulozo: 23,14 %; Cellulose: 33,71%. Sau d6 duoc
thiy phan béng céch cho vo triu vao nudc ¢6 chia céc vi
sinh vat thity phan xenluloza trong thdi gian 3 thang, sau
do6 tién hanh loc tich dé thu dugc vo trau da thiy phan.

- Ba voi cd kich c51a 2 x 3 cm, day la loai dd mau xanh,
thuong dugc dung trong xay dung, khai thic 6 mo da voi
Quang Hanh, TP. Cim Phé - Quang Ninh, ching dugc
rtia sach trudc khi b sung vao hé thong thi nghiém.

- KLN Fe, Mn trong nudc thai dugc tao ra tif cic mudi
FeSO,.7H,0 va MnSO_H,0 tuong ting. Tiép do, ta dung
H,SO, d€ diéu chinh nudc thai xuéng pH = 4

- Qua trinh nghién cdu st dung mdy do pH (pH 320
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WTW, CHLB biic), Mdy UV-Vis2450 (Shimazu, Nhat)
dé€ do ham lugng Fe va Mn.
2.2. Phuong phdp nghién ciiu
a. Danh gid khd ndng xii ly Fe, Mn ctia dé voi
Thi nghiém nay nhdm dénh gid kha nang xu Iy Fe, Mn
ctia da voi trong nudc thai theo thoi gian trong quy mo
phong thi nghiém. Cac thi nghiém DC, TN1, TN2, TN3,
TN4, TN5 dugc b6 tri nhu sau: can lan lugt Okg, 5kg, 10kg,
15kg, 20kg, 25kg da voi cho vao tling x6 thi nghiém. B&
sung 8,5 lit nuiGc thai c6 nong do Fe = 10mg/1 va nudc thai
¢6 nong do Mn = 10mg/1 vao tling x6 c6 khéi lugng da
khac nhau. Tién hanh l4y méu theo cic khoang thdi gian
Oh, 24h, 48h, 72h, 96h, 120h, 144h.

b. Danh gid khd ndng xii Iy Fe, Mn ctia v6 trdu thily
phan
Thi nghiém nay nhdm dénh gid kha nang xt Iy Fe, Mn
clia vo trau thity phan trong nuidc thai theo thoi gian trong
phong thi nghiém. Céc thi nghiém DC, TN1, TN2, TN3,
TN4, TN5 dugc b tri nhu sau: can lan lugt Okg, 0.5kg,
1kg, 1.5kg, 2.0kg, 2.5kg vo trau da thiy phan. BS sung 8,5
lit nuGc thai c6 nong do Fe = 10mg/l va nuidc thai cd nong
d6 Mn = 10mg/l, tting x6 c6 khdi lugng trau khac nhau.
Tién hanh 14y mau theo cac khoang thdi gian Oh, 24h, 48h,
72h, 96h, 120h, 144h.

c. Ddnh gid khd ndng xit ly Fe, Mn cua hé bdi loc
trong cdy nhan tgo

Thi nghiém nay nham danh gia hiéu qua xt Iy Fe, Mn
trong nudc thai cia hé bai loc trong cdy nhan tao theo thai
gian trén quy mo pilot. Thi nghiém bd tri hé bai loc trong
cay cai tién gom da voi, vo trau thiy phan, dugc chia lam
3 16p, 16p dudi cung la da voi c6 chiéu day 5cm, 16p tiép
theo la trdu d4 1én men day 5cm va l6p trén cting la 5cm da
voi, sdy dugc trong trén 16p da voi trén ciing gom 6 khom
khang cach 15 x 15cm. Thé tich nudc rdng cta binh la 10
lit. B6 sung nudc thai chiia Fe va nudc chtia Mn vao tling
hé bai loc 6 thiét ké tuong duong cac dai nong do 5mg/l,
10mg/l, 15mg/l, 20mg/1 va 25 mg/l v6i ki hiéu tuong ting
TN1, TN2, TN3, TN4, TN5. Tién hanh 14y mau d4u ra theo
cac khoang thoi gian Oh, 24h, 48h, 72h, 96h, 120h, 144h.

d. Phiiong phdp phan tich trong phong thi nghiém

Ham lugng Fe, Mn trong nudc thai dugc phan tich tai
Vién Cong nghé Moi trudng theo quy trinh sau:

Quy trinh phan tich Mn: Hat 5ml nuéc miu nude
nghién ctiu vao coc thay tinh 50ml sau d6 thém 1ml H SO,
(lodng). Pun can dung dich, dé€ ngudi, thém nudc cit dén
20ml va thém 1ml H,SO, (loang) + 0,5ml Ag+ + 2,5ml
KS.0O,, gia nhiét dé€ bay hai con 10ml. Chuyén vao binh
dinh muc 25ml va dinh muc bing nudc cit. Do quang &
budc song 520nm bang mdy quang ph6 UV-Vis.

Quy trinh phén tich Fe: Hut 5ml mau phén tich vao
binh dinh mtc 25ml. Thém 0,5ml hydroxylamine + 1,5ml
dung dich dém axetat. Dinh mtc 1én 25ml, lic déu. Hut

KET QUA NGHIEN CUU KHOA HOC
VA UNG DUNG CONG NGHE

20ml da chuyén hoa tit Fe** sang Fe** vao binh dinh mtic
25ml. Thém 0,5ml hydroxylamine + 2,5ml dung dich dém
axeta + 0,5ml dung dich thu6c tht phenantrolin va dinh
mtic bang nudc cit dén 25ml. Dt trong t6i 15 phut va do
quang & budc séng 510nm bang mdy quang phd UV-Vis.

3. Két qua nghién ciiu

3.1. Kha ndng loai bo Fe, Mn ctia hé vt liéu dd voi
Két qua xti Iy Fe, Mn ctia vét liéu da voi theo thoi gian
dugc thé hién tai Hinh 1.
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A Hinh 1. Dién bién néng do Fe, Mn theo thoi gian khi di qua
vat liéu dd véi (a. Fe, b. Mn)

Pd voilaloai mot loai da tram tich, vé thanh phan héa
hoc chu yéu la khoang vat canxit va aragonit (cac dang két
tinh khac nhau ctia cacbonat canxi CaCO,). St dung da
voi xti Iy nudc thai mo & trong diéu kién hiéu khi, nhiing
vién da v6i nhanh chéng bj hoa tan va bao boc bsi nhiing
16p sét oxit va sit hydroxit. Kiém dugc bd sung thém vao
nudc thai mé c6 tinh axit cao lam cho pH tanglén (phuong
trinh 1,2). Dong nudc thai tit muong yém khi dua ra moi
trudng c6 diéu kién hiéu khi sé xay ra hién tugng 6xy hda
kim loai, thtty phén va cac phan ting két ta. Cac phan ting
thtty phén tao ra H*, s¢ lam giam pH ctia nuéc md. Téc do
oxy hoa sat, mangan va cc kim loai khéc gidm manh & pH
thép (phuong trinh 3,4).

Trong moi trudng axit cic mudi cacbonat canxi
(CaCO,) sé tan ra theo phuong trinh sau:

CaCO, «+» Ca** +CO> (1)

2[CO ]+ [H*] + H,O > 2[HCO, ] +2[OH] (2)

Cécanion OH, CO,* két tha cdc cation kim loai, tit d6
loai bo kim loai ra khoi nuée theo co ché sau:

2M™ +nCO,” > M,(CO,), (ran) (3)

M +2n0H- + CO,* > M,(OH) CO, (rin)  (4)

Tl két qua thi nghiém cho thay, tai mau DC khong
chiia vét liéu, néng d6 KLN gan nhu khong thay déi trong
thoi gian thi nghiém. O cac thi nghiém c6 vat liéu loc, nong
d6 kim loai Fe, Mn déu giam theo thdi gian. Tuy nhién,
tity thudc vao khoi lugng vat liéu, hiéu suat loai bo ¢ sy
khéc nhau.

Déi véi Fe, khi nudce thai di qua 16p vat liéu chia 5kg
da voi, hiéu suit xti ly Fe cham nhat, tuy nhién sau 72h thi
nghiém, nudc thai dau ra da dat QCVN 40: 2011/BTNMT
cot B. Trong khi do, cuing loai nuéc thai c¢6 nong do Fe
tuong duong, khi di qua céc thi nghiém chita lan luot 10kg,
15kg, 20kg, 25kg, ndong do Fe giam nhanh. Trong 24h dau
tién, gia tri Fe clia nudc thai du ra déu dat QCVN 40:2011/
BTNMT cot B.
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Moi truong

Dai véi Mn, két qua thi nghiém cling cho théy sy khac
biét gitia cac x6 chtia khéi lugng d4 voi khéc nhau. O Thi
nghiém 1 (TN1) chtta 5kg d4, hiéu qua xt ly thdp nhat, sau
144h hiéu suit xt ly chi dat 67,5%. Trong khi do, & cac thi
nghiém chtia khoi lugng da 16n hon: 15kg, 20kg, 25kg hiéu
sudt xt ly dat hon 80%. Dac biét khi khai lugng da la 25kg,
hiéu suit 1én dén 95%, ndng d6 Mn con lai trong nudc thai
14 1,14mg/l xdp xi QCVN 40:2011/BTNMT cdt B.

Céc nghién ctiu khéc cling chi ra rang dd voi c6 kha
nang loai bd t6t KLN Fe, Mn. Trong nghién ctiu cta [7],
hiéu suit loai b Fe va Mn ctia d4 voi 1an lugt tii 94 - 99%
va 68 - 86%. Kim loai Mn kho bi loai bo hon so véi Fe, tuy
nhién tit két qua thi nghiém cho théy hiéu suét loai bé Mn
la kha cao. Do véy, c6 thélya chon vat liéu dé voi d€loai bo
KLN Fe, Mn trong nudc thai.

3.2. Kha ndng loai bé Fe, Mn ciia hé vit liéu v trdu

Nudc thai chiia KLN Fe, Mn ¢6 ciing noéng d6 ban dau
dugc dua vao hé thi nghiém chia khéi lugng vo trau khac
nhau. Két qua bién thién ham lugng KLN Fe, Mn dugc thé
hién tai Hinh 2.

Tl Hinh 2 cho théy, tai mau DC khong chia vat liéu,
ndng do KLN gan nhu khong thay d6i trong thoi gian thi
nghiém. Tai cac thi nghiém chua vét liéu, ndng d6 KLN
giam nhanh trong vong 24h. Sy ¢é mit ctia vo trdu thuy
phan c6 thé tao ra dugc nguén carbon mach ngan nhu
glucozo, rugu etylic, acid acetic... la moéi trudng ly tudng
cho vi sinh vét phat trién, dac biét la cac vi sinh vat kht
sunfate. Khi ion sunfua dugc hinh thanh sé loai bo cac ion
KLN Fe, Mn bang cach két ttia chung.

Céc vi sinh vt stt dung sulfate lam chat nhén dién tt
cudi cing d€ oxy hda hydro hay cac hgp chit hiiu co va tin
thu nang lugng cho muc dich sinh trudng [8]:

2CH,0 + SO + H* > H,$ + 2HCO,

Sulfide hoa tan sé tao phéan ting két ttia v6i cac jon kim
loai [9; 10]:

2M™ +nS* &> MZSn¢

Qua qua trinh thi nghiém ta thy, qua trinh loai bo Fe
dién ra nhanh, trong khoang 24h, gia tri Fe con lai trong
nudc thai <0,3 mg/l, & tat ca cac thi nghiém Fe gan nhu da
bi loai bé hoan toan. Cac nghién ctiu khéc cting chi ra vo
tréu c6 thé loai bo 90% lugng Fe c6 trong nudc thai [11].
Trong khi d6, hiéu suit xi Iy Mn lai c6 sy khac biét phu
thudc vao khéi lugng ctia vo trdu thiy phin. Hiéu suét
loai bd Mn ciia TN1 chiia 0,5kg triu la thip nhat chi dat
76,2% trong 24h. G céc x6 c6 khéi lugng vo triu 16n hon,
hiéu sudtloai bo cao hon. Tai TN5 ¢6 khéi lugng vo triu 1a
2,5kg, hiéu suét cao nhat, trong sust thoi gian tii 24h trg di,
hiéu sudt loai bd Mn lu6n >85%. Co thé thdy, vo triu thuy
phén c6 kha ningloai bo Fe t6t hon, tuy nhién Mn cling bi
loai bo dang ké trong qua trinh thi nghiém.

3.3. Khd nangloai bo Fe, Mn ctia hé bi loc trong cay
nhdn tao

Nudc théi chiia KLN Fe, Mn ¢6 noéng do khac nhau
5mg/l, 10mg/l, 15mg/l, 20mg/l va 25 mg/l dugc dua vao hé

54 | Chuyén dé 1, thang 3 nam 2021

WON [ —

A Hinh 2. Dién bién néng d6 Fe, Mn theo thdi gian khi di qua
vat liéu vo trdu (a. Fe, b. Mn)

bai loc trong ciy nhén tao. Két qua bién thién ham lugng
KLN Fe, Mn theo thoi gian dugc thé hién tai Hinh 4.

Ngoai vat liéu loc dé voi va vo trdu, trong béi loc trong
cay nhan tao, cay siy ciing tham gia vao qua trinh loai bo
KLN. Co ché loai bo KLN ctia ciy say dua vao kha ning
tich Itiy KLN vao sinh khdi, tit d6 loai bo Fe, Mn ra khoi
nudc.

T Hinh 3 cho théy, khi ting ndng d6 Fe trong nudc
thdi dau vao tli 5mg/l - 25mg/1 gia tri Fe trong nudc thai
dau ra déu dat QCVN 40:2011/BTNMT c6t B. Diéu nay
chting t6 réng, bai loc trong ciy nhan tao c6 kha ning loai
bo tot kim loai Fe trong nudc véi ndong do ddu vao cao.
Qua trinh loai bo dién ra trong 24 - 144h, hiéu suit loai bo
Fe dat tt 89 - 100%. Sau 144h, lugng Fe trong nudc thai bi
loai bd hoan toan & tit ca cac thi nghiém. Hiéu sudt loai
bo Mn ctia bai loc trong cay nhéin tao 6 ndng dé 25mg/1
dat 82% sau 24h. Trong khi do, & cac dai nong do tii 5 -
20mg/1, hiéu sudt dat >90%. Sau 96h thi nghiém, gid tri Mn
trong nudc thai déu dat QCVN 40:2011/BTNMT ¢4t B &
tat cd cac nong do.

Tt 3 hé thi nghiém trén cho thdy, viéc xti ly Fe, Mn
(10mg/1) qua cac loai vat liéu la khac nhau, khi stt dung da
voi, qué trinh xt ly Fe, Mn dién ra cham hon so véi viéc
st dung vo trdu hay hé bai loc trong ciy nhan tao két hop
da voi va vo trau. Hiéu sudt xii Iy Fe qua hé da voi giam
nhanh & 24 gi¢ dau (dat 85%) & khdi lugng d4 voi 16n 1a
10kg, 15kg, 20kg, 25kg, dat QCVN40:2011/BTNMT, cot
B, trong khi d6 ham lugng Mn chi dat hiéu qua xt Iy cao
nhat & khoi lugng da voi 1a 25kg sau 144h (80%) nhung
chua dat QCVN40:2011/BTNMT, ¢t B. Viéc xut ly bing
vo trédu & khoi lugng 2,5kg cho hiéu suit xti Iy cao nhat Fe
dat 90% sau 24 gio, trong khi Mn dat 85% & 144 gic. Con
& hé bai lgc trong ciy nhan tao két hgp vo tréu, da voi cé
hiéu qua x ly t6t hon, hiéu sudt xu ly Fe dat 86-98% trong
24h dau, Mn dat trén 90% sau 96h va ham lugng Fe, Mn
déu dat QCVN40:2011/BTNMT cét B.

Nhu vy, viéc sti dung bai loc tréng cdy nhén tao két
hgp da voi va vo triu c¢d kha ning loai bo KLN Fe, Mn &

X (a) X (b)

*
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A Hinh 3. Dién bién ndng do Fe, Mn theo thdi gian khi di qua
hé bai loc trong cdy nhan tao (a. Fe, b. Mn)



ndng do cao. KLN sau khi qua bai loc trong ciy nhan tao
nho hon giéi han c6t B QCVN 40:2011/BTNMT. Mot s6
nghién ctu tai Viét Nam [12, 13] cling da stt dung thanh
cong bai loc trong cay dé xti ly Fe, Mn trong nudc thai dat
quy chuén cho phép.

4. Kétluin

Da voi va vo trdu thuy phan c6 kha ning loai bo tét Fe
va Mn. Hiéu suét loai bo phu thudc vao khéi lugng vat liéu
sti dung. Khoi lugng vat liéu cang 16n, hiéu sudt loai bd
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ABSTRACT

and 82-96%, respectively.

RESEARCH ON APPLICATION OF CONSTRUCTED WETLANDS
SYSTEM TO TREATMENT OF HEAVY METALS IN WASTEWATER

Faculty of Environment, Hanoi University of Mining and Geology

Constructed wetlands (CWs) technology has been studied and applied to treat many types of wastewater with the
advantages of low cost, environmental friendliness and high treatment efficiency. In this study, we use improved CWs
with reeds (Phragmites australis Cav.) planted on limestone layers, hydrolyzed rice husks to treatment heavy metal
Fe, Mn in wastewater. Experimental results showed that limestone and hydrolyzed rice husks have good removal
capacity of Fe, Mn, and removal efficiency is always > 76,2%. Improved CWs system combined with reed planting on
limestone material, hydrolyzed rice husk is capable of treating heavy metal with high concentration. After a 24-hour
retention time, the Fe and Mn values in the wastewater decrease rapidly, the treatment efficiency of Fe, Mn is 86-98%

Key word: Constructed wetland, iron, manganese, rice husk, limestones.
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