Tap chi Khoa hoc PHQGHN: C4c Khoa hoc Tréi d4t va Moi trudng, Tap 32, S6 1S (2016) 9-14
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Tém tit: Nghién ctru nay dwoc thuc hién nhim ddnh gid hiéu qua xir Iy nude thai cia moé than
Dong Triéu, Quang Ninh bing d4 voi va cong nghé dit ngap nudc nhin tao. Nudce thai dau vao c6
pH: 4; ham lugng Mn, Zn va Fe tuong tmg 12 5, 7 va 10 mg/l. Thi nghiém dugc thiét ké chay qua
bé d4 voi va dong chay mat - dong chay ngam sir dung cay siy (Phragmites australis). Thi nghiém
dugc thuc hién trong 30 ngay voi luu lugng nude thai 1a 50 lit/ ngay dém. Cac mau nude duoc lay
clir mdi hai ngay & cic diém vao va ra cua bé xir 1y dé xdc dinh ham lugng kim loai nang (KLN)
nghién ctru. P4 voi c6 kha ning 1am tang pH nudc 1én rat nhanh va giam dang ké ham lugng KLN.
Hiéu suét xir 1y kim loai ctia dong chay ngam t6t hon dong chay mat. Kim loai ning sau khi qua hé
thong dd voi - dong chay mit va dd voi - dong chay ngam déu nho hon gidi han loai B
QCVN40/2011-BTNMT, chimg to kha ning xir 1y nudc thai cia cong nghé tich hop da voi véi dat

ngap nudc nhan tao 1a kha thi.

Tir khoa: Kim loai ndng, da voi, dat ngap nudc nhan tao, nudc thai mo than.

1. Mé dau

P4 vdi c6 vai trd quan trong trong vig¢c xur
1y céc loai nude thai vi gid thanh thap va hiéu
qua cao. P4 voi lam tang do pH cta nudc thai
va lam trung hoa céc chat keo trong nudc.
Ngoai ra, dd voi con déng vai trod 12 chat két tia
cdc mudi kim loai ¢ dang hydroxit hoac
cacbonat [1 2].

H¢ thong dat ngdp nude nhan tao (BNNNT)
da duoc dé xuét tir nhitg nam 1980 dé xu ly
nudc thdi mo than bi bd hoang & Dong
Appalachia [3]. Cong nghé¢ DNNNT thong
thuong c6 ba loai hinh chinh: (1) Hé thong dat
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ngap nudc cé dong chay trén bé mat, (2) Hé
thong c6 dong chay ngdm va (3) Hé thong thuc
vat thuy sinh ndi. Trong thuc té, viéc 4p dung
tuy theo yéu cu vé chat luong dong thai, dic
trung nudc thai,... cic hé théng nay c6 thé duoc
su dung riéng hay phdi hop. Hé théng dong
chay ngdm cap nudoc thai vao vat liéu loc khong
tiép xic truc tlep v6i 4nh sang. O Dtc, hé thong
tuong tu dung dat tu nhién va cdy sy duoc goi
la phuong phap vung re Trong hé thong dong
chdy ngam, vat li¢u trong cay la da cudi, soi
hodc cat chir khong phai dat. Hé thbng DNNNT
dong ngam c6 mot sO uu viét hon DNNNT
dong mat la can it dién tich, tranh dugc mui va
mudi. Tuy nhién, hé théng dong chay ngim lai
c6 gia thanh cao hon do vat liéu tréng la da cuoi
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va khad nang bi téc Thuc vat trong hé théng
DNNNT dong ngim cing giong nhu DNN
dong mit c6 thé diing c6 nén, sdy, c6i,...[3, 4, 5]

Nhin chung, cic ving dat ngap nudc nhin
tao dat hiéu qua tot nhit khi nuéc thai c6 pH
trung tinh. Kim loai ndng dugc xtr ly qua hé
thong dét ngap nudc nhan tao bang sy tich liy
qua hé 1 cdy, cdc vi khudn khir sunfat s& thic
ddy qud trinh bién céc ion sulfat thanh céc ion
sulfide, ion sulfide nay c6 thé gin véi cdc ion
kim loai nang tao thanh két tha sunfide kim loai
ning. Cong nghé dat ngap nudc nhan tao da xur
1y hiéu qua sat tr mo Whitworth thai ra thung
liing song Afan (Port Talbot) & Anh [1].

Trong nghién clru nay, ciy sdy duoc su
dung trong hé théng DNNNT dong ngim va
dong mat. Sy khong c6 kha nang siéu tich iy
KLN nhung cdy nay c6 hé ré phong phd, 6xy s&
di vao trong ving ré va tang dién tich bé mit
cho cdc vi sinh vat sinh trudng trong viing ré.
RE cdy ciing giai phéng ra cdc chit hiru co, khi
ching théi rira s& tao thudn loi cho cic qua trinh
khu [4, 5].

2. Phwong phap nghién ciru
2.1. Thiét ké thi nghiém

Thi nghiém duogc tién hanh trong 30 ngay.
Téng dién tich mit bang dé b tri thi nghiém la
2 m Khéi lugng d4 voi sir dung 1a 20 kg, sb
gbc say trong moi h¢ thong dong chay mat va
dong chay ngam la 45 nhanh, moi goc trong 2-3
nhanh siy. Dua theo s6 lidu quan tric nudc thai
& ba mo than thuoc Pong Triéu, Quang Ninh

(H6ng Thai, T;éng Khé, Mao Khé) theo cac
ndm tur 2008 dén 2014 [6], nudc thai duoc pha
ché cg’) l}ém lugng kim loai tuong ty nudc thai
sau bé lang (Bang 1).

Thiét ké hé théng dat ngap nudc nhan tao
(Hinh 1)

Bé 1: Cong nghé dong chay ngam

Vé6i luu luong nude thai can xir ly la
50l/ngay dém, nudc thai khdong qua giai doan
on dinh, thoi gian luu: t = 48h (dua vao céc
nghién ciru ¢6 ndng d6 kim loai tuwong tuy di
dugc thyc hién [2, 71), thé tich hoat dong cua bé
112 0,1 m’; tong thé tich can thiét ké cua bé 1
1a: 0,21 m*; Bé 1 ¢6 kich thude 1a: dai x rong x
cao = 1500mm x 280mm x 500mm

Bé 2: Cong nghé dong chay mit

Vé6i luu lwong nudce thai can xir ly la
501/ngay dém, thoi gian luu: t = 48h, thé tich
hoat dong cua bé 2 1a 0,1m>: téng thé tich can
thiét ké cia bé 2 1a: 0,175 m’; BE 2 ¢6 kich
thudce la: dai x rong x cao = 1500mm x 230mm
x 500mm.

2.2. Phuong phdp ldy mau

Mau nuéc duoc Iy trude khi tién hanh thi
nghiém va sau 1, 3, 5, 7, 10, 13, 16, 19, 22, 25
va 30 ngay thi nghiém. Mau duoc ldy ¢ dau vao
va dau ra cta hai bé dong chay mit va dong
chay ngam theo thoi gian c¢b dinh lic 10 h sing,
nhiét do trong khoang 24°C - 34 °C, thi nghiém
duoc xady dung trong nha kinh c¢6 madi che nén
lwgng mua khong anh hudng.

Bang 1. Gi4 tri pH va ham lugng mot s6 kim loai nang trong nudc dau vao (mg/l)

Thong s6 pH Fe Mn Zn
Nudc thai 4+0,1 10£2 51 7+1
QCVN40/2011(B) 55-9 5 1 3
QCVN40/2011(A) 6-9 1 0,5 3
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Hinh 1. Thiét ké hé théng dong chay mit va dong chay ngam.

2.3. Phuong phdp xir Iy va phan tich mau

Chi tiéu pH miu nudc duge do bang thiét b
HORIBA pH/COND METER D-54. Ham
luong kim loai ning trong mau nude duge phan
tich bing mdy quang phd hidp thu nguyén tir
AAS (AAS -6800, Shimadzu, Nhat Ban) tai
Vién Cong nghé mdi truong, Vién Quy hoach
va Thiét ké nong nghiép.

3. Két qua va thao luan
3.1. Gid tri pH moi truong nuwoc

Gia tri pH mau nudc chay qua hé‘th(”')ng da
voi, dong chdy mdt va dong chay ngam tuong
ung dao dong trong khodng 7,24 - 7,45; 7,52 -

7,81 va 7,36 - 7,75 (Hinh 2). Nhu vay, v6i pH
ban déu rat axit, khi qua hé théng xir 1y trén thi
pH di ting 1én trung tinh, gid tri nay twong ddi
6n dinh trong sudt qué trinh thi nghiém va déu
dat gi6i han loai A Quy chuan k¥ thuét qudc gia
vé chit lugng nude thai cong nghiép [8].

3.2. Ham luong kim loai nang trong nuoc

Két qua phan tich miu nudc chay qua hé
théng dd voi, dong chiay mat va dong chay
ngam cho thdy ham luong kim loai trong nudc
gidm qua ting modul xtr 1y. Vi ham lugng Mn
dau vao vuot QCCP trén 5 1an, Fe va Zn vuot 2
lan thi luong kim loai nang dau ra tai hai hé
thong DNNNT déu dat quy chuin cho phép
QCVN 40/2011 (Mn: 1 mg/l; Fe: 5 mg/l; Zn: 3
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mg/l). Hiéu suit xir Iy kim loai cia dong chay
ngam tdt hon dong chay mit, ham lugng Mn;
Zn va Fe ¢ dau ra cia dong chay ngdm twong
ung la (0,2 - 0,5; 0,4 - 0,8 va 0,6 - 1 mg/l) trong
khi ham lugng tuong (mg & diu ra cua dong
chay mat la (0,3 - 0,8; 0,5 -0,8 va 1,2 - 1,5
mg/l). Nhin chung, véi cdc nguyén t& thi
nghiém, dd voi c6 kha ning xt ly ddng ké
lugng KLN trong nudc thai ban dau, véi ham
luong nho con lai thi hai hé thong dong chay
mit, dong chay ngam da xu 1y khd triét dé cac
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kim loai d6. Cdc két qua thu dugc phi hop véi
nhiing nghién clru cua cac can by Vién Cong
ngh¢ moi truong nam 2007 khi ho str dung cay
sdy d¢ xur ly thanh cong nudc thai bi 6 nhiem
KLN [7].

Két qua thé hién trong bang 2 1a ham luong
Mn, Zn va Fe qua mdi mot modul thi nghiém, gid
tri thé hién 12 gid tri trung binh + do léch chuén
cta 03 1an phan tich 1ap lai. Nudc thai dugc pha
theo mé vdi luu Iuwong 50 1 /ngay dém.

7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2

pH

=fli=Dong mat
""""""""" Dongngam

7.1
7

6.9

7 10 13 16 19
Thoi gian (ngay)

22

25 30

Hinh 2. pH mdi truong nudce chiy qua dd voi, dong chay mat va dong chay ngam.

Bang 2. Ham lugng Mn, Zn va Fe (mg/l) trong nudc khi qua hé thong da voi, dong chay mit va dong chay ngim

Mn (mg/l) Zn (mg/l) Fe (mg/l)

Thm QCVN40/2011(B): 1 mg/1 QCVN40/2011(B): 3 mg/l QCVN40/2011(B): 5 mg/1
ian R N

(rglgéy) bavoéi Dong mat Egogl rﬁ bavdéi Dong mat E;:ﬁ DPavéi  Dong mit Dong ngam
1 23+0,3 32+09 54+0,7
3 22406 05+0,1 03+0,2 3,105 05+0,1 04+£02 56+0,7 1,4+03 0,602
5 23+£0,7 04+0,1 02+0,1 32+0,6 05+£0,2 05+0,1 55+0,6 1,2+04 0,7+0,3
7 22+05 05+0,2 03+0,1 33+0,7 0,7+0,1 0602 57+03 13+02 0,6+04
10 2301 0,5+0,1 04+02 3205 06+0,2 04+03 53+02 1,5+04 09+0,5
13 26+04 03+0,2 02+03 33+03 08+02 0,5+0,1 57+05 13+0,5 0804
16 27+06 0,7+0,1 03+0,1 34+06 06+03 05+03 58+0,6 1,2+0,5 1,0+0,3
19 29+02 08+0,2 04+02 33+05 0,7+04 0,7+0,1 59+05 14+03 09=+0,6
22 3004 06+02 05+£02 3,5+0,7 0,7+0,2 0,8+0,1 5708 1,5+04 1,0+£0,1
25 3,1+05 0.8+02 04+03 35+0,6 06+0,3 0,7+0,2 56+0,7 1,4+02 09+0,3
30 3,004 0702 05+£0,2 3,6+x04 0,8+0,2 0,6+0,2 58+0,5 1,5+03 10+£04
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Ham luwong Mn trong nudc chdy qua hé
thong d4 voi (Bang 2) giam manh trong 13 ngay
dAu thi nghiém (con 2,2 - 2,3 mg/l), sau d6
lwugng Mn gidm cham hon sau 30 ngay thi
nghiém (con 2,6 - 3,1 mg/l). Hi¢u Sut xur ly Mn
ctia hé thong d4 voi - dong chay mat va da voi -
dong chay ngam tuong tng 12 90,0 va 94% sau
13 ngay thi nghiém, giam xudng con 84 va 90%
sau 30 ngay thi nghiém. Ham lugng Zn trong
nude chay qua hé thong da voi giam déu trong
30 ngay thi nghiém (Bang 2). Hi¢u suat xir 1y
Zn bdi da voi dat kha cao trong qud trinh thi
nghiém (51,4%). Hiéu suat xur ly nudce thai sau
khi qua hé thong dong chay mit va dong chay
ngém 1a (88 - 93%) va (88 - 94%). Ham lugng
Fe trong nudc chay qua hé thong da voi va cy
c¢6 xu hudng giam twong déi déu trong 30 ngay
thi nghiém. Hiéu suét xtr Iy Fe boi dé voi trong
30 ngay nghiém 12 45%, hiéu suat xir ly Fe ciia
hé théng dd voi - dong chay mat va da voi -
dong chay ngam tuwong tng 12 86 va 92% sau
30 ngay thi nghiém. Nhu viy, sau 30 ngay thi
nghiém nudc thai sau khi qua hai hé thong xir
ly déu dat QCCP vé ca Mn, Zn va Fe. Mot s6
nghién ctu tai Viét Nam [2, 7, 9] cling da st
dung thanh cong d4 voi va thyc vat thity sinh dé
xtr ly Mn, Zn va Fe trong nudc dat QCCP.

4. Két luan

Cong nghé tich hop sir dung da voi va dat
ngdp nudc nhan tao su dung cay say
(Phragmites australis (Cav.) Trin. ex Steud) c6
kha ning xir Iy nudc thai bi 6 nhiém boi kim
loai nang kha tdt. Nude thai sau khi qua cic hé
théng xir Iy trén déu dat loai B QCVN40/2011-
BTNMT.

Hé thong dé4 voi - dong chay ngdm c6 kha
ning xtr Iy kim loai tot hon hé théng da voi -
dong chay mit, ham lugng Mn; Zn va Fe ¢ dau
ra ciia dong chay ngam twong tng 1a (0,2 - 0,5;
0,4 - 0,8 va 0,6 - 1 mg/l) trong khi ham luong

tuong (mg ¢ dau ra cta dong chay mat 1a (0,3 -
0,8; 0,5-0,8 va 1,2 - 1,5 mg/l).

Tai liéu tham khao

[1] Christian Blodau, A review of acidity
generation and consumption in acidic coal mine
lakes and their watersheds, Science of The Total
Environment, 369 (2006), 307-332.

[2] Nguyen Hoang Nam, Dang Thi Ngoc Thuy, Bui
Thi Kim Anh, Nguyen Hong Chuyen,
Efficiency of combining limestone, sawdust and
microbes to treat Zinc and Manganese in ADM
of Mao Khe, Quang Ninh. Journal of
Vietnamese Environment, 6 (2014) 58-64.

[3] Dang Pinh Kim, L& Puc, TrAn Vin Twa, Bui
Thi Kim Anh, Pang Thi An, St dung thuc vat
dé xir Iy 6 nhiém - Phytoremediation. Sich
chuyén khdo. Nha xuét ban ndng nghiép va phét
trién nong thon. 392 trang, 2012.

[4] RotkittikhunP., R. Chaiyarat, M. Kruatrachue,
P. Pokethitiyook, A.J.M. Baker, Growth and
lead accumulation by the grasses Vetiveria
zizanioides and Thysanolaena maxima in lead-
contaminated soil amended with pig manure
and fertilizer: A glasshouse  study.
Chemosphere, 2007.

[5] Vymazal J. va Kropfelova J., Wastewater
treatment in constructed wetlands with
horizontal sub-surface flow. Environmental
pollution 14, Springer, 2008.

[6] Vién Khoa hoc cong nghé moé Vinacomin; cong
ty cb phé”m tin hoc cong ngh¢ moi truong VITE;
Céc cong ty khai thiac va ché bién than tai
Quéng Ninh, S6 lidu quan trac moi trudng cua
tap doan codng nghi¢p than, khodng san Viét
Nam cac nam 2008 - 2014.

[7] Vién Cdng nghé Moéi trudong - Vién Han lam
KHCNVN, Bio cdo tong hop Dé tai cip Vién
KHCN Viét Nam. Nghién ctru sir dung céc loai
thuc vat thuy sinh dién hinh cho xir Iy nudc thai
cong nghiép chtra kim loai ndng va nudc thai
cong nghiép ché bién thuc pham, 2007.

[8] B0 Tai nguyén Mbi trudong, Quy chuin k¥ thuat
qubc gia vé nu6c thai cong nghiép.
QCVN40:2011/BTNMT, 2011.

[9] Vién Héa hoc - Vién Han 1am KHCNVN, Dé
tai nghién ctru khoa hoc cdp thanh phd: Phét
trién cong nghé xtr ly dong thoi amoni va asen
trong nudc ngém béng bién phép Kkét hop loc -
trong cdy nham phuc vu cdp nudc sinh hoat cho
ho gia dinh ¢ ndng thon (2007- 2008), 2008.



14 B.T.K. Anh / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dat va Moi truong, Tap 32, $6 1S (2016) 9-14

Study on the Combined System Using Limestone
and Constructed Wetland to Remove Manganese,
Zinc and Iron from Coal Mining Drainage

Bui Thi Kim Anh

Institute of Environmental Technology, Vietnam Academy of Science and Technology (VAST),
18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam

Abstract: This study was carried out to evaluate the effectiveness of wastewater treatment of coal
mines in Dong Trieu, Quang Ninh by limestone and constructed wetland. The inlet wastewater with
low pH value (pH: 4), concentrations of Mn, Zn and Fe were 5, 7 and 10 mg/1, respectivelly. The
experiments were designed by passing wastewater flow through limestone tank and surface flow -
subsurface flow using reed (Phragmites australis). The experiments were carried out for 30 days, with
wastewater flow rate of 50 liter per day. The wastewater samples were collected from the inlet and
outlet every two days, used for determination of heavy metals. Limestone has the ability to increase
rapidly the pH and reduce significantly the heavy metal content in the wastewater. The removal
efficiencies of the subsurface flow were higher than those of the surface flow system. Water quality at
the outlet of the two constructed wetlands meets the Vietnamese standards for industrial wastewater
(QCVN 40/2011-BTNMT), indicating that the wastewater treatment technology using combined
limestone and constructed wetlands is feasible.

Keywords: Heavy metal, limestone, constructed wetland, coal mining drainage.



