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NGHIEN CUU UNG DUNG HE BAI LQC TRONG CAY CAI TIEN BE XU LY
KIM LOAI NANG SAT, MANGAN TRONG NU'O'C THAI

Bui Thj Kim Anh'", Nguyén Vin Thanh', P Thj Hai?

"Vign Cong ngh¢ Moi Truomg, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quéc Viét,
; Cau G:av. Ha N¢i, 10000
Dai hoc Mo - Pja chat, S6 18 Phé Vién - Phuomg Dirc Thing - Q. Bdc Tir Liém - Ha Nji

Tom tat:

Cong nghé bdi loc trong cdy nhan tao (C Ws) duwoc nghién ciru tng dung xir Iy nhiéu logi nuéc thai voi wu d:em chi
phl lhap thén thién vGi moi truomg va hiéu sudt xir Iy cao. Trong nghién cieu nay, chiing 16i str dung. hé bai loc rong cay
cai tién voi cdy sdy (Phragmites australis Cav.) tr ong trén Iop vat li¢u da voi, vo trdu thiy phan dé xie Iy kim loai ning
Fe, Mn trong nuoc thai. Két qua thi nghiém cho thdy, vt liéu da véivavo ir du thity phdn c6 kha nang loai bo 161 Fe “e, Mn,
hiéu sudt loai bo cao hon 75%. H¢ bai loc Ir ong cdy cai tién két hop trong cdy say trén I6p vat li¢u da voi, vo frdu thity
phdn c6 kha nang xu Iy kim loai nang vi nong do cao. Sau thoi gian heu 24h, gid tri Fe, Mn trong mudc thai giam nhanh,
hiéu sudt xir Iy Fe va Mn lan heot tic 86-98% va 82-96%. Nudc thai chira kim loai nding sau khi qua bai loc trong cay cai
tién dap umg tiéu chudn logi B QCVN40/2011-BTNMT, chimg 16 kha niing xi Iy meée thai ciia béi loc 1r ong cay gom cdy

say, vo trau thity phan, da voila kha thi.

Tir khéa: bdi loc trong cay, kim loai nang, sdt, mangan, vo tréu, da voi.

1. GIOI THIEU CHUNG

Xur ly kim loai nang (KLN) trong nudc thai la van
dé dugc quan tdm nghién ctru ¢ trén thé giGi va Viét
Nam. C6 nhiéu phuong phap dugc ap dung dé xur ly
nude thai nhiém KLN nhu héa hoc, hoa ly va sinh
thai. Phuong phdp sinh thai ¢ uvu diém la don gian,
dé van hanh, tiéu ton it nang lugng, tranh dugc cac o
nhiém thr cap [1]. Cong nghé bai loc trong cay nhan
tao dugc nghién ciru tng dung dé xir ly nhiéu loai
nude thai cia nganh duge [2], nude thai nhudm vai
sgi [3], ri dudng [4], nudc thai cong nghiép gidy [5],
nudc thai chira kim loai nang,... dat hiéu qua cao.
Trong nghién ctru nay, ching toi nghién ctru sir dung
hé bii loc trong cdy nhén tao cai tién dung cay sdy
(Phragmites australis Cav.) duqc trong trén hé vat
liéu loc chira da voi va vo trau thay phan. Trong do
cdy sdy la thyc vat thuy sinh c6 kha néng tich Ity kim
loai n@ng vao sinh khéi [6]. Dé voi vai thanh phin
chinh la cac mudi cacbonat c6 kha nang lam Lﬁng, pH
va tao dleu kién két tua cac ion KLN. Vo triu cung
cap nguon cacbon cho cédy phat trién nho sy phan cit
ctia cac vi sinh vt phan huy cellulose, vo trau ciing
2op phan lam gi thé dé céc vi sinh vt phat trién, dic
biét 1a vi sinh vat khir sunfat tao thanh ion sunfua sé
loai bo cac ion KLN bing céch két tua ching. Dom,
thoi, qué trinh thay phan cting lam tang kha nang hip
phu kim loai cua vo trau.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit li¢u va thiét bi

Cay Say - Phragmites australis (Cav.) la mot loai
cay nhiéu nam thudc ho hoa thao (Poaceae), phan b6
@ nhimg vung dat 1ay & ca khu vure nhiét doi va 6n doi
cua thé giGi. Say dugc thu tir ven Song Hong vé trong
trong Vién Cong nghé moi truong, Vién Han lam
Khoa hoc va Cong nghé Viét Nam

Vo trdu 1a phu phim ndng nghiép da thuy phan
dugc tao ra bang cach cho vo trdu vao nudc cé chira
cac vi sinh vat thuy phén xenluloza trong thoi gian 3
thang, sau do loc tach dé thu dugc vo trau da thuy
phan.

D4 vai ¢é kich ¢ la 2x3 cm, ddy la loai da mau
xanh, thudng dung trong xay dung, dugc rira sach
trude khi bd sung vao hé thong thi nghié¢m.

Kim Iqai ning Fe, Mn trong nudce thai dugce tao ra
tir cdc mudi FeSO4.7H>0 va MnSO4.H20 tuong ung.
Tiép do, ta ding H.SOy dé diéu chinh nudc thai xudng
pH=4

Qua trinh nghién ctru sir dung may do pH (pH 320
WTW, CHLB Duc), May UV-Vis2450 (Shimazu,
Nhat).

2.2 Phuong phip nghién ciru
2.2.1 Danh gia kha nang xue ly Fe, Mn cua cua da voi.

Thi nghiém nay nham danh gia kha nang xur ly Fe,
Mn cua da voéi trong nude thai theo thoi gian trong
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oo th nghiém DO, TND
quy md phong thi nghi¢m. Céc thi nghl¢'5’:“? can 14n

TN2, TN3, TN4, TN5 duge bd tri nhur sau: 5
lwgt Okg, Skg, 10kg, | Skg, 20kg, 25kg dd vOi c(l;t:] vgg
timg xé thi nghi¢ém. Bd sung 8,5 lit n}rdc thai cg/I o
d¢ Fe 10mg/l va nude thai cé nong do Ml] IOm‘ 4 iy
timg x6 ¢ khéi lugng dd khéc nhau. Tién han e
mau theo cdc khoang thoi gian Oh, 24h, 48h, 72h, 96h,

120h, 144h.

2.2.2 Danh gid kha nang xir ly Fe, Mn ctia cuavo frau
thuy phan.

Thi nghi¢m nay nhim dénh gid kha ning xir Iy Fe,
Mn cua vo triu thiy phan trong nudc thai t_l]eo thoi
gian trong phong thi nghi¢m. Cac thi nghi¢m D?,
TN1, TN2, TN3, TN4, TN5 duge b tri nhu sau: can
lan lugt Okg, 0.5kg, 1kg, 1.5kg, 2.0kg, 2.5kg vo tru
da thuy phan. B6 sung 8,5 lit nude thai c6 nong do F?
10mg/I va nudc théi ¢ ndng do Mn 10mg/l timg X0
6 khéi lugng trdu khéc nhau. Tién hanh lay mau theo
cdc khoang thoi gian Oh, 24h, 48h, 72h, 96h, 120h,
144h.

2.2.3 Danh gid kha nang xir Iy Fe, Mn cua h¢ bai loc
trong cay cai tién

Thi nghiém nay nhim danh gi4 hi¢u qua xir ly Fe,
Mn trong nude thai ctia hé bai loc trdng cdy cai tién
theo thai gian trén quy mé pilot. Thi nghi¢m dugc bo
tri nhu hinh 1, hé bai loc trong cdy cai tién gom da véi,
VO trdu thiy phan, dugc chia lam 3 ldp, 16p dudi ciing
1a da véi 6 chiéu day Scm, 16p tiép theo la triu di lén
men day Scm va I6p trén cung la Scm da voi, say duge
trong trén I6p dé véi trén cing gdm 6 khom khang
cach 15em x 15¢m. Thé tich nude rdng cta binh 1a 10
lit. B& sung nudc thai chira Fe va nudc chira Mn vao
timg hé bdi loc ¢6 thiét ké trong duong céc dai nong
doé Smg/l, 10mg/l, 15mg/l, 20mg/l va 25 mg/l véi ki
hiéu twong tmg TNI, TN2, TN3, TN4, TNS. Tién
hanh 1y mau déu ra theo cic khoang thoi gian Oh,
24h, 48h, 72h, 96h, 120h, 144h.
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Hinh 24. B tri h¢ bii loc trng ciy cai tién

3.KET QUA VA THAO LUAN

3.1 Khi niing loai bo Fe, Mn ciia h¢ vat liéu d4 voi

Két qua xur Iy Fe, Mnfl'la \:ét'liéu i vg
theo thoi gian dugc thé hién tai hinh 2, ldu%lhe
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(b)

Hinh 25. Dién bién ndng do Fe, Mn theo thoi gian
di qua vit li¢u d4 véi (a. Fe, b. Mn)

Thanh phan chinh cta da véi la céc mudi cachony
Trong méi truong axit cdc mudi nay sé tan ra the
phuong trinh sau:

CaCO; « Ca* + COs>
2[COs*] + [H]+H,0 — 2[HCO5] + 2[OH]

Céc anion OH", COs™ két tua cdc cation kim loi
[7] tir d6 loai bo KLN ra khoi nude theo co ché sau:

2M™ + nCOs* — Ms(COs), (rin)
M™ + 2nOH- + COs* — My(OH),CO;s (rin)

Tirkét qua thi nghiém cho théy, tai mau BC khong
chira vit li¢u, nong do KLN gan nhu khong thay &
trong thai gian thi nghi¢m. O cdc thi nghiém o vil
liéu loc, nong d¢ kim loai Fe, Mn déu giam theo thi
gian. Tuy nhién, tiy thuge vao khdi lugng vat liéw
hi¢u suat loai bo ¢6 sur khéc nhau.

Dai v6i Fe, khi nudc thai di qua 16p vt ligu chid
Skg da voi, hiéu suat xur ly Fe cham nhét, tuy nhién
sau 72h thi nghiém, nude thai diu ra da dat QCY N 4(.]
c0t B. Trong khi do, cing loai nude thai c6 ndng 8
Fe wong duong, khi di qua céc thi nghiém chiia 1
lugt 10kg, 15kg, 20kg, 25kg ndng do Fe giam nharb
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Trong 24h dau tién gid tri Fe cua nug
dat QCVN 40 cot B.

péi vai Mn, két qua thi nghi¢m ciin
khdc bit gitta cic X6 chira khéi lugn
nhau. O TN1 chira Skg d, hi¢u qua x
sau 144h hi¢u suat xir ly chi dat 67,5%, Trong khi d¢
g cac thi nghiém cl}l'ra khoi lugng da 16n hop - I5kg,
20kg, 25kg hiéu suat xur ly dat hon 80, Dic biét kﬁ;
khdi luong da 13 25kg, higu sudt len dén 9595, nan
do Mn con lai trong nudce thai 1a 1,14mg/| xfip xgi
QCVN 40 cot B.

Céc nghién ctru khic ciing chi ra ring d4 vo; o4
kha nang loai bo tot KLN Fe, M":Imngpghi Sciin

12
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g da voi khac
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Hinh 26. Dién bién ndng d§ Fe,

Tir hinh 3 cho thay, tai mau PC khong chia vat
li¢u, ndng d KLN gan nhur khong thay déi trong thoi
gian thi nghiém. Tai cdc thi nghiém chira vat liéu,
nong d KLN giam nhanh trong vong 24h. Su c6 mjt
ctia vo tréu thuy phan la méi trudng ly tuong cho vi
sinh vat phét trién, ddc biét 1a cac vi sinh vat khur
sunfate. Chiing sir dung sulfate lam chét nhan dién tir
cudi cung dé oxy héa hydro hay cac hop chét hiru co
va tan thu nang lugng cho muc dich sinh truong [8]:

2CH20 + SO4*" + H* — HaS + 2HCO5

Sulfide hoa tan s& tao phan (g két tiia véi cdc ion
kim loai [9; 10]:

2M™ + nS* & MzSnl

Quia trinh loai bo Fe dién ra nhanh. Trong khoang
24h gio, gia tri Fe con lai trong nudc thai <0,3 mg/l, &
tat ca céc thi nghiém Fe gan nhu d bj Ioai‘b() hoan
toan. Céc nghién ciru khéc ciing chi ra vo trau c6 thé
loai bo 90% lugng Fe ¢6 trong nudc thai [11]. Trong
khi 6, hi¢u suat xir Iy Mn lai cé sy khac biét phy
thue vao khéi lugng cia vo trau thiy phan. Hiéu suat
logi b Mn ctia TN chira 0,5kg tréu la thap nhat chi
dat 76,2% trong 24h. G céc x6 c6 khéi lugng vo trau
I6n hon, hi¢u suat loai bo cao hon. Tai TNS ¢6 khoi
lugng vo trau 1a 2,5kg, hi¢u sudt cao nhat, trong suot
thoi gian tir 24h trér di, hiéu suét loai bo Mn ludn
~85%. C6 thé théy, vo tréu thuy phén 6 kha ning logi

it 09 baeu sut logi b3 Fe va Mn cia da voi Hin gt

ok © Va 68-86%. Kim logi Mn khé bj loai bo

thi h,.“" Fe, tuy nhién tir két qua thi nghiém cho

luaych;i" S}:ﬂ;ﬁ loz: b6 Mn 1a kha cao. Do véy, c6 thé
vat li¢u da voi dé loai ba

NG thai. 1 d¢ logi bo KLN Fe, Mn trong

3-2. Khii nling logi bo Fe, Mn ciia hé vit ligu vé triu

" Nudc thai chira KLN Fe, Mn ¢6 ciing ndng d¢ ban

au dugc dua vao h¢ thi nghiém chira khéi lugng vo
trau khéc nhau. Két qua bién thién ham lugng KLN
Fe, Mn dugc thé hién tai hinh 3.

Nang dd (mg/1)

o 24 a8 72 96 120 144
Thert glan (gld)

(b

Mn theo thi gian khi di qua vit liéu vé triu (a. Fe, b. Mn)

bo Fe tét hon, tuy nhién Mn ciing bi loai bo déng ké
trong qua trinh thi nghiém.
3.3 Kha niing loai bo Fe, Mn ciia hé bii lgc trong
cdy cai tién

Nudce thai chira KLN Fe, Mn ¢6 nong do khac
nhau Smg/l, 10mg/I, 15mg/l, 20mg/1 va 25 mg/l dugce
dua vao h¢ bai loc trong cdy cai tien. Két qua bien
thién ham lugng KLN Fe, Mn theo thoi gian dugc the
hién tai hinh 4.

QCVN 40

a2 -@-1N1
E —=TN2
S5 ~=1TN3
| ! —a—TN4
| %10 A\
, \ -&-TNS

0 u 8 n % 120 134
Thit glan (gid)

(a)
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Trong 24h dau tién gid trj Fe cia nude thai diu ra déu
dat QCVN 40 cOt B.

péi vai Mn, két qua thi nghiém ciing cho thiy sy
‘hac biét gni’ra cic x0 chira kh(‘)i luqng da voi khac
phau. O TN chifa Skg da, hi¢u qua xr ly thip nhat,
sau 144h hiéu suat XU ly cl}.n dat 67,5%. Trong khi dé,
& cac thi nghiém chira khoi lugng dé I6n hon : 15kg,
20kg, 25kg hiéu suat xur ly dat hon 80%. D3c biét khi
(héi lugng dé la 25kg, hiéu suat lén dén 95%, néng
d6 Mn con lai trong nudc thai la 1,14mg/l xdp xi
QCVN 40 cot B.

Cac nghién ciru khdc cling chi ra ring da véi co
kha nang loai bo tot KLN Fe, Mn. Trong nghién ciru

12
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H < ==TN3
£
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cua [7], hi¢u suat loai bo Fe va Mn cua da voi lan lugt
tr 94-99% va 68-86%. Kim loai Mn kho bj loai bo
hon so véi Fe, tuy nhién tir két qua thi nghiém cho
thay hi¢u suat loai bé Mn 1a kha cao. Do vy, c6 thé
Iwra chon vt ligu da voi dé loai bo KLN Fe, Mn trong
nudc thai.

3.2. Khi niing loi bo Fe, Mn ciia h¢ vat ligu vé triu
. Nudc thai chira KLN Fe, Mn c6 ciing ndng do ban
dau dugc dua vao hé thi nghiém chira khdi lugng vo

trdu khac nhau. Két qua bién thién ham lugng KLN
Fe, Mn dugc thé hi¢n tai hinh 3.

e D
— TN
e TN2
—— TN

Nong 49 (mg/1)

——TNA
—o— TNS

« QCVN 4D

g e

o 24 48 72 96 120 144
Thed glan (glér)

(b)

Hinh 26. Dién bién nong dj Fe, Mn theo thai gian khi di qua vit liéu vé triu (a. Fe, b. Mn)

Tir hinh 3 cho thy, tai mu DC khong chira vét
lidu, nong 4o KLN gan nhu khong thay dbi trong thoi
gian thi nghiém. Tai cac thi nghiém chira vat li¢u,
nong do KLN giam nhanh trong vong 24h. Sy c6 mat
ciia vo trdu thay phan la méi trudng ly tuong cho vi
sinh vat phat trién, dac biét la céc vi sinh vat khur
sunfate. Chiing st dung sulfate lam chét nhan dién tr
cubi cing dé oxy héa hydro hay céc hgp chat hiru co
va tan thu nang lugng cho muc dich sinh trudng [8]:

2CH:0 + SO4* + H* — H:S + 2HCOs”

Sulfide hoa tan s& tao phan (g két tua vai cac ion
kim loai [9; 10]:

2M™ + nSZ' =) M2Snl

Qué trinh loai bo Fe dién ra nhanh. Trong khoang
24h gio, gia tr Fe con lai trong nudc thai <0,3 mg/l, &
tat ca cic thi nghiém Fe gan nhu d bj loai bo hoan
toan. Cac nghién ctru khéc ciing chi ra vo trdu c6 thé
loai bo 90% lugng Fe c6 trong nudc thai [11]. Trong
khi do, hiéu suat xir Iy Mn lai c6 sy khic biét phu
thude vao khéi lugng cia vo trau thiy phan. Hi¢u suat
10ai bo Mn cua TN1 chira 0,5kg trdu la lhz‘ip nhat C!li
dat 76,2% trong 24h. O cac x6 ¢6 khoi lugng vo trau
Ién hon, hi¢u sudt loai bo cao hon. Tai TNS ¢6 khoi
lrgng vo trdu 14 2,5kg, hiéu sudt cao nhit, trong sudt
thoi gian tir 24h o di, hi¢u suat loai bo Mn luén
~85%. C6 thé thdy, vo trdu thiy phan c6 kha ning logi

bé Fe tét hon, tuy nhién Mn ciing bi loai bo dang ké
trong qua trinh thi nghiém.

3.3 Kha ning loai bé Fe, Mn ciia hé bai loc trong
cy cii tién

Nudc thai chira KLN Fe, Mn ¢6 nong do khdc
nhau 5mg/l, 10mg/l, 15mg/l, 20mg/1 va 25 mg/l duge
dua vao hé bii loc trong cdy cai tién. Két qua bién
thién ham lugng KLN Fe, Mn theo thoi gian dugc thé
hién tai hinh 4.
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Hinh 27. Dién bién ndng d$ Fe, Mn theo thdi gian
khi di qua hé bai lgc tr(‘mg cdly cai tién (a. Fe, b. Mn)

Ngoai vat li¢u loc d4 voi va vo trau, trong bai loc
trong cdy cai tién, cay sdy cling tham gia vao qua trinh
loai bo KLN. Ca ché loai bo KLN cua cy sdy dua vao
kha nang tich Iy KLN vao sinh khdi tir d6 loai bo Fe,
Mn ra khoi nudec.

Tir hinh 4 cho thdy, khi ting nong do Fe trong
nudce thai dau vao tir Smg/l dén 25mg/l gié trj Fe trong
nudce thai dau ra déu dat QCVN 40 cot B. Diéu nay
chimg t6 ring, bai loc trong cay cai tién 6 kha nang
loai bo tot kim loai Fe trong nudc véi nong do dau vao
cao. Qua trinh loai bo dién ra trong 24-144h, hiéu suat
loai bo Fe dat tir 89-100%. Sau 144h, lugng Fe trong
nudc thai bi loai bo hoan toan & tit ca céc thi nghiém.
Hiéu sut loai bo Mn cua bii loc trong cay cai tién &
nong do 25mg/I dat 82% sau 24h. Trong khi dé, & cac
dai nong do tr 5-20mg/I hiéu suat dat >90%. Sau 96h
thi nghiém, gia tri Mn trong nudc thai déu dat QCVN
40 cot B ¢ tat ca cic ndng d.

Nhu vay, bii loc trong cay cai tién c6 kha nang
loai bo KLN Fe, Mn & nong do cao. Kim loai ning sau
khi qua bii loc trong cay cai tién nho hon gidi han loai
B QCVN 40/2011-BTNMT. Mét sb nghién ctru tai
Vi¢t Nam [12, 13] cling da str dung thanh cong bai loc
trong cay dé xir ly Fe, Mn trong nuéc thai dat quy
chuan cho phép.

4. KET LUAN

Da voi va vo tréu thuy phén c6 kha nang loai bo
tot Fe va Mn. Hiéu sudt xur ly cua dé véi va vo triu
thay phén dat hon 75%. Bii lgc trong cdy cai tién két
hop cay sdy trong trén 16p vit li¢u da voi, v tru thay
phén ¢6 thai gian xur ly ngan, hi¢u SUat xir ly cao i
86-98% vGi Fe va 82-96% véi Mn va ¢6 thé xir |y
nong do KLN dau vao lén dén 25mg/l. Nude thai chira
kim loai ndng sau khi qua bii loc trong cay caj (iéy,

nho hon gidgi han QCVN 40/2011-BTNMT loai B,
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