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SUDUNG CAY SAY PE XU LY NUGC THAI CHUA KIM LOAI NANG

PHAM HUONG SON, D1§~NG XUYEN NHU,
NGUYEN THI LAN, NGUYEN THI THANH MAI

Trung tam Sinh hoc Thuc nghiém, Vién uing dung Cong nghé

Nudc thai, chat thai cia nhi€éu nganh cong
nghiép nhu: ma, khai thic mo, thudc da, luyén
kim,... khong duoc xir 1y hodc xir ly chua triét dé
Xa ra ao, ho, ngdm xudéng nguon nudc ngam gay
6 nhiém nghiém trong cho con ngudi, vat nuoi
va cy trong. Cac kim loai nang (KLN) Hg, Pb,
Cd, Cr, As.... va cac hop chat cta ching la cac
chat doc tich lily va chi can mot luong nhé da cé
hai cho hiu hét ciac dang song. Trong d6 can
chu y dac biét dén nudc thai trong cong nghiép
khai thac mo va tuyén quang chita céc tdc nhan
gay 0 nhiém chu yéu nhu axit, KLN.... [2].
Tru6c day, cac KLN dugc tap trung nghién citu
xur Iy bang bién phép vat ly hoac héa hoc. Tuy
nhién, hai bién phap nay khong hoan toan khong
ché va kiém soét dugc 6 nhiém KLN & c4c khu
cong nghiép khai thac va ché bién kim loai trén
thé gidi [12, 16]. Chinh vi vay, nhiéu phong thi
nghiém trén thé€ giGi da tap trung nghién ctu cac
bién phdp sinh hoc, sinh héa hoc dé xu Iy o
nhiém moi truong, trong d6 c¢6 6 nhiém KLN
vGi cdc uu th€ nhu: hiéu qua, giam gia thanh, dé
thuc hién, an toan cho moi truong, giam luong
bun thai can phai xur 1y ti€p theo.... Ngoai ra,
viéc st dung hé thong dit ngap nudc nhan tao
(Constructed Wetlands-CWs) ciing da duogc
quan tam chd y. Pay la mot cach ti€p can méi

Nu‘dc sau
Tién xit Iy (giai xuly
Nudée thai doanl) (trung ——
hoa, lang)
Giai doan 1

trong viéc gidm thi€u su 6 nhiém moi trudng
dua trén kha nang lam sach nuéc thai cla cac
loai thuc vat. Viéc st dung cic hé thong dat
ngap nudc nhan tao dé xir Iy nudc thai sinh hoat
va cong nghiép da dugc nghién cttu va ttng dung
¢ nhieu nudc trén the gisi (Duc, My, Canada,
Trung Qudc, An Do, Nhat...). Mo hinh nay kha
thich hop v6i diéu kién kinh t&€ cta Viét Nam.
Dad c6 nhicu tic gia nghién ciu st dung hé
thong dat ngap nudc nhan tao dé xir Iy nudc thai
tlr caAc mo khai thac than, kim loai [4, 7, 11, 15,
20, 21].

O nudc ta, dd c6 mot s tic gid nghién citu
Xt 1y nudc thai chita KLN [8, 9, 18]. Tuy nhién,
céc nghién ciu vé tng dung hé thuc vat tao cac
hé théng dat ngap nu6c nhan tao dé loai bod
KLN con it dugc nghién cttu. Bai bdo nay trinh
bay két qua nghién citu st dung cay say dé xir ly
nudce thai chita KLN.

I. PHUONG PHAP NGHIEN CUU

Thiét 1ap mo6 hinh xU 1y nuéc thai cong
nghiép 6 nhiém KLN bang moé hinh dat ngap
nudc nhan tao chay trén bé mat (Free water
surface - FWS) & qui mo pilot (xtt ly 5000
lit/ngay) theo mo hinh sau:

Nudce sau
Ving dat ngap xirly i
nudc (xir 1y giai —> Ao, ho
doan 2)
Giai doan 2

Hinh 1. M6 hinh xtr Iy nuGe thai chira kim loai nang
bang hé thong dit ngap nudc nhan tao chay trén bé mat

St dung cay sy (dugc chat hét 14, ¢6 chiéu
cao khoang 20-25 cm) dé trong trong hé thong
dat ngap nudc nhan tao.

Mo hinh xt 1y (5 m’/ngay) dugc thiét lap tai
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Trung tam nghién ctu thuc nghiém san xudt mo
va luyén kim Tinh Thai Nguyén, v6i thanh phan
kim loai nang trong nudc thai dugc ghi &
bang 1.



Cac ché do van hanh hé thong: cho nudc
thai chay vao hé thong lién tuc véi toc do dong
chay: 3500 lit/ngay & giai doan cay con nho. Sau
d6, nang toc do dong chay lén mic 5000

Kiém tra ham lugng KLN cla nuéc thai
truéc va sau xur 1y bang cédc chi tiéu phan tich
As, Pb, Cu, Fe, Zn, Sn theo TCVN 6626: 2000
va TCVN 6193: 96 bang mdy AAS.

lit/ngay khi cay da phat trién tot.

Bdng 1
Mot so chi tiéu kim loai nang trong mau nuéc thai cong nghiép trude khi xir 1y
Tén kim loai Ham luong (mg/L) QCVN 24: 2009/BTNMT (B)
As 0,156 - 4,25 0,1
Cu 2,07 - 345 2
Fe 301 - 457 5
Pb 2,00 - 2,56 0,5
Zn 042 -1,27 3
Sn 3,01 - 3,84 1

II. KET QUA VA THAO LUAN

Sau khi tinh toan, thiét 1ap hé thong dat ngap
nuéc nhan tao chay trén bé mat, da ti€n hanh
xdc dinh lugng nudc thai xa ra va dua vao néng
do COD trong nuéc thiai dé xdc dinh t6c do
dong chay, kich thudc cta hé thong dat ngap
nudc.... va dua mo hinh xtt ly & qui mo pilot véi
cong suat xir Iy (5 m*/ngay). Do sau clia nuée 1a
0,3m v6i mat ruong bang phing da duoc lu chon
dé dam bao ding thoi gian luu nuée. V6i do sau

Hinh 4. Cay say sau 7 thang

nay cta nudc, cac di€u kién hi€u khi trong hé
thong dat ngap nudc cé thé dién ra mot cach t6i
da va thoi gian luu nude cua hé thong 1a 1,68
ngay.

Cédc cay say da duoc trong kha ddy, theo
hang, mdi hang cdch nhau khoang 20 cm. Trong
giai doan nuoi cay, chi st dung nuéc ao dé tudi.
Sau 2 thang, khi cay da phat trién tot, bat dau
cho nudce thai chay vao hé thong dat ngap nudc
dé xir ly va ddnh gid hiéu qua cha hé thong.

Trong | Sau
XL W XL
i ]

Hinh 3. Nudc thai trude va sau khi
xul
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1. Su ton tai va phat trién ciia cay say trong
hé thong dat ngap nude nhan tao

Khoang ngay thit 15 sau khi trong, 100%

cay say déu song. Sau khi trong siy dugc
khoang 2 thang, bat dau cho nudc thai chay vao
hé théng dat ngap nuéc nhan tao dé xur 1y va
danh gid hiéu qua cua hé thong.

Bdng 2

Su phat trién ciia cay say trong hé théng dat ngap nuée nhan tao

Thoi gian Chiéu cao cay (cm) So6 choi/ cay (bui)
15 ngay sau khi trong 15,1+4,5 3815
Trudce khi cho nudc thai chay vao 75,1 +11,3 43+1.2
3 thang sau khi xtr 1y 125,8 £ 15,8 54+20
7 thang sau xtr 1y 1576 £143 24109

Pé danh gia hiéu qua xi 1y kim loai nang
cta hé thong dat ngap nudc nhan tao trong say,
da tién hanh danh gid kha nang sinh trudng cua
cay say trong hé thong. K&t qua cho thdy, cay
say phat trién kha tot ca khi hé thong dat ngap
nuGe nhan tao da dugc cho nudc thai cé chia
kim loai nang chay vao. Sau 7 thang xt ly, cay
say phat trién chiém wu thé trong hé thong dat
ngip nudc nhan tao bén canh céc loai cay khac
va che pht gan nhu toan bo bé mat hé théng,
cay say da phat trién dat mic t6i da ca vé mat
do va chiéu cao (bang 2), mat do cay dat khoang
80-100 cay/m°. Diéu nay chiing to cay sy c6
kha nang thich ung t6t v6i ngudn nudc bi 6
nhiém. Két qua nay danh gia kha nang xu ly
KLN trong thi nghiém s& duoc thé hién & phan
sau. Céc thi nghiém st dung hé thong dat ngap
nudc nhan tao dang chay trén bé mat & qui mo
pilot dé xir Iy nu6c thai cong nghiép ctia Chen
va cong su (2006) [2] da cho thay, trong s6 4
loai thuc vat tha nghiém, chi c6 cay say
(Phragmites communis) 1a c¢6 thé s6ng sét trong
nuGe thai cong nghiép. Cac két qua nghién ctu
sit dung loai thuc vat trong hé thong dat ngap
nudc nhan tao dé xir Iy nu6e théi thuoc da, nudc
thai chita KLN cta Cristina S. C. Calheiros va
cong su (2007) [6], Bonanno va cong su (2010)
[1] ciing da ching minh hiéu qua cua viéc su
dung cay say (Phragmites australia) va cd nén
(Typha latifolia).

2. Hiéu qua loai bo cac kim loai nang

Két qua danh gia kha nang loai bdo mot s6
kim loai khoi nudc thai ctia hé thong dat ngap
nuée dugc thé hién & hinh 4, 5, 6.

K&t qua nay cho thay, trong 3 thang dau méi
hoat dong (tit T1 dén T4/2006), kha nang loai bo
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kim loai nang ctia hé thong dat ngap nudc nhan
tao chua tét, hiéu qua loai bo As, Pb, Cu, Sn dat
tuong tng 90%, 97-98%, 75-96 %, 85-90%. Sau
6 thang hoat dong, gan nhu 99-100% As, Cu,
Pb, Zn va Sn dugc loai bd hoan toan khoi nudc
thai sau khi xtr ly qua hé thong dat ngap nudc
nhan tao dang chdy trén bé mat.
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Hinh 4. Hiéu qua loai bo As, Cu, Pb ciia h¢
thong dat ngap nudc

Két qua nhan dugc cua ching toi tuong tu
két qua cla nhi€u tdc gia khac Polprasert va
cong su (1996) [13] da ching minh rang, hé
thong dat ngap nudc nhan tao trong cay cd nén
(Typha) c6 kha nang loai bd hon 99% Cr, Ni
trong nudc thai khi nong do ban dau cia ching
trong nudc thai dao dong trong khoang 1-
50mg/L. Tai mé United Keno Hill, dc, nguoi ta
da thi€t lap mot vung dat ngap nudc nhan tao
qui mo pilot v6i kich thudc 9 x 18,5m dé xir Iy
nuée thai. Két qua cho thdy, ham lugng Zn da
giam tir 25 mg/L xuong 5 mg/L (hiéu qua loai
bo dat 80%) [22]. Theo Crites va cong su (2006)



[5], hé thong dat ngap nudc nhan tao dang chay
trén bé mat c6 thé loai bd dugce tir 0 dén 99% doi
v6i As va Ni, d6i v6i cac kim loai khac hiéu qua
dat dugc tir 46 dén 99% tuy thudc vao nong do
ban dau cla ching trong nudc thai. Cac két qua
nghién cttu cta Sardar Khan va cs. (2009) [14]
cling cho thay, hé thong dit ngap nudc nhan tao
¢6 kha nang loai bd Fe, Cu, Cd t6t nhat.
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Théi gian
Hinh 5. Hiéu qua loai b6 Zn, Sn ctia hé thong
dat ngap nudc

Dia diém xir Iy nudc thai 12 mot co s& tuyén
quang thiéc, nudc thai c6 mau do gach va nhiéu
bun, tuy nhién trudc khi cho nudc thai chay vao
hé thong dat ngap nudc nhan tao ching toi da xur

ly so bo cho ling b6t can. Ham luong sat kha
cao trong nudc thai dau vao (301 - 457 mg/L) da
duoc giam déng ké sau bé xir ly so bo hinh 6),
diéu nay da gitp lam tang hiéu qua va giam tai
cho qua trinh xt ly kim loai nang cta hé thong
dat ngap nudc nhan tao dong thoi kéo dai thoi
gian hoat dong cua hé thong. K&t qua trinh bay
trén hinh 6 cho thiy, ham luong Fe giam 15 rét
trong qua trinh xtt ly va dat hiéu qua loai bo 77 -
93%.
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Thoi gian

Hinh 6. Hiéu qua loai bo Fe cta hé thong dat
ngap nudc

Céc chi tiéu vé kim loai nang nhan dugc sau
xu 1y déu dat QCVN 24:2009/BTNMT cho nuéc
thai cong nghiép loai B.

Bang 3
Nong do KLN trong dat cia hé thong dat ngap nuGe nhan tao trong cay say

Kim Nong do (mg/kg trong luong kho)

loai | Ldp bun phia trén Dit Gi6i han trong dat cho phép st dung cho muc dich cong
nang cung (3 cm) nghiép (TCVN 7209: 2002)

Cu 7,80 3,10 100

Fe 64,20 27,60 -

As 0,86 0,24 12

Pb 5,60 1,70 300

Zn 2,50 0,64 300

Sn 4,06 1,41 -

Theo Sriyaraj va Shutes (2001) [7], trong hé
thong dat ngap nudc nhan tao toc do loai bo kim
loai nang badi cac loai thuc vat khac nhau thi
khéc nhau, né phu thuoc vao toc do phét trién
cta thuc vat va nong do kim loai nang trong t€
bao thuc vat. Edroma (1974)[10] da ching minh
rang, phan 16n céc kim loai nang dugc hip thu
vao mo thuc vat thong qua su hap phu vao céc vi
tri anion trén vach t€ bao, cac thuc vat trong

dam ldy c6 thé tich liiy mot ham lugng kim loai
cao gap 200 1an nong do kim loai trong cac mo
ctia chiing so v6i moi truong xung quanh. Hau
hét cdc nghién cu cha cdc tac gid ké trén déu
ching minh lugng kim loai dugc hap thu chu
yé&u & phan ré cua thuc vat.

3. Su tich luy cac kim loai nang trong dat
cua hé thong dat ngap nudc nhan tao
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Chiing t6i da tién hanh danh gia su tich liy
kim loai nang trong dat ctia hé thong dat ngap
nudc nhan tao.

Két qua thu duogc cho thdy, kim loai nang
duoc tich tu chu yéu trong 16p bun cla hé thong
dat ngap nudc nhan tao trong sdy, va nhiéu nhat
& phan bun phia ti€p nhan nudc vao. Tai I6p bun
phia trén ham luong kim loai nidng do dugc
nhiéu nhat 1a Fe 64,20 mg/kg trong luong kho,
ti€p do6 la dén Cu, Pb, Sn, Zn va As. Cac nghién
ctru cua ching téi méi duy tri dugc 1 nam nén
ham luwong kim loai tich lily trong dat chua
nhiéu. Theo cdc két qua nghién citu cta céc tac
gia nudc ngoai thi thoi gian hoat dong cia mot
hé thong dat ngap nudc nhan tao tir 10-20 nam
[19].

III. KET LUAN

Qua céc két qua thu dugc c6 thé thay xur ly
nudc thai bang bién phap tao hé thong dat ngap
nudc nhan tao dang chay trén bé mat dem lai
hiéu qua xtr ly tot. Hiéu qua xtr ly As, Pb, Sn,
Cu va Zn trong nudc thai dat 100% va 77-93%
Fe da duoc loai bo. Céc chi tiéu nay déu dat
QCVN 24:2009/BTNMT loai B.
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USING REED TO TREAT WASTEWATER CONTAINING HEAVY METALS

PHAM HUONG SON, DANG XUYEN NHU,
NGUYEN THI LAN, NGUYEN THI THANH MAI

SUMMARY

Industrial wastewaters are very complex and lead to water pollution if discharged untreated, especially
due to its high heavymetal loading. In this study the constructed wetlands with free water surface in pilot scale
designed for treatment of wastewater containing heavy metals has been monitored extensively with respect to
removal of heavy metals. Metal concentrations in the influent wastewater, effluent and sediment were
analyzed. The results indicated that reed was able to remove heavy metals directly from the contaminated
water. All metals except Fe were efficiently removed in the CW, the metal concentrations in the effluent
complied with standards for industrial wastewater (QCVN 24:2009/BTNMT-B). Removal efficiency varied
between 77-93% for Fe and 99-100% for As, Zn, Pb, Cu and Sn. After 1 year of operation, the sediment in the
area was not significantly contaminated with Zn, Cu, As, Pb, Fe, Sn.

Ngay nhdn bai: 20-1-2010
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