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SUMMARY

MODEL EXPRIMENTS ON THE TREATMENT OF ACID MINE DRAINAGE
EFFLUENTS IN CONSTRUCTED WETLANDS - SYSTEMS COMPARISONS

In the laboratory, 3 different small-scale constructed wetland systems, a subsurface-
flow wetland (SSF), a surface-flow wetland (SF) and a hydroponic system (HP), were
characterized regarding the influence of design, distance from the inflow, sampling
depth, season, etc. on the purification of a model acid mine drainage (AMD). In three
constructed wetlands, the mean removal rates were 32 and 15% for acidity, 23 and 6%
for sulfate, 58 and 38% for Fe, and 32 and 28% for Zn.

In general, the processing efficiency of the highest SSF system, followed by SF and final
system is HP system. In the summer more efficiently handle the winter, at a depth of 15

cm better than 25 cm.

1. TONG QUAN

Nudc thai acid mo tén tiéng anh Acid
Mine Drainage (AMD) dugc hinh thanh
théng qua cac qua trinh oxi hda céac
khoang chat sulphur c6 & cac noi khai
thac mo.

C6 rat nhiéu phuong phap xir 1y AMD
nhu: phuong phap vat ly, héa hoc, sinh
hoc va phuong phap két hop. Cac
phuong phap xu ly sinh hoc dac biét
dugc chu trong la phuong phap xu ly

bang hé thdng 1am trong nudc bang cay
tén tiéng Anh constructed wetlands
(CWs), né 1a phuong phap twong ddi
don gian, than thi¢én véi moi truong, chi
phi van hanh thap va dat hiéu qua xtr 1y
tuong ddi cao [4].

Trong hé théng CWs, bo ré cia cy giir
vai tro van chuyén nuéc 1én 14 cdy, cung
cap 6xi cho hé théng, cung cép cac chét
hitu co cho qua trinh khir vatao bé mat hép
phu ciing nhu ting truéng cta vi khuan
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[4]. N6 tao ra cac ving hiéu khi va ki khi,
tai day dién ra cac qua trinh oxi hoa khur
khac nhau vi du: qua trinh nitro hoé va qua
trinh dé nito hoa (denitrification), ciing
nhu qua trinh oxi hoa sulphur va qué trinh
khir sulfat bang vi sinh.

Céac co ché loai bo kim loai ning quan
trong trong hé thong CWs 1a thily phan,
két tha, cong két, oxi hoa, cong két trao
d6i ion, tiép nhan ctia cdy hap phu.

Céc loai cay khac nhau dugc su dung
trong hé théng CWs nhu Typha sp., Carex
sp),  Schoenoplectus lacustris,Juncus
effusus, Iris pseudacorus wv..[3]

Co rat nhiéu loai CWs khac nhau, vé
nguyén tic, ching c6 thé chia thanh cac
hé thong c6 nén va khoéng c6 nén
(matrix). Hé thong chay trén bé mit ctia
nén (subsurface flow system) SSF va hé
thong chay dudi bé mit clia nén (surface
flow system) SF, hé thong chay ngang
va hé thong chay tir trén xudng. ..

Vi¢c so sanh hi€u qua cua céc hé¢ théng
CWs ciing nhu cac bién sdlién quan khac
nhau cho viéc xtr Iy nude thai nhu mua,
luu lugng, tai lugng, thoi gian luu... 1a
rit quan trong. Trong nghién cru ndy so
sanh hiéu qua ciia cac hé thong CWs
khac nhau dugc tién hanh trong phong

Hinh 1: Hé théng CWs chay ngang(SSF and SF)

thi nghiém(SSF, SF va HP),dé danh gia
hiéu qua cua qué trinh trung hoa trong
b6 ré phirc tap trong cac hé thong CWs.
2. HOA CHAT VA PHUONG PHAP
2.1. Cac loai hé thongCWs va diéu
kién tién hanh thi nghiém

Ba hé théng CWs duoc lam bang thép
khong gi véi kich thudée 100 cm*15
cm*35 cm. Hé thong SSF duoc d6 thém
66 kg soi kich ¢& (2-8 mm) dén do cao
35 cm va 30 cm trong hé thong SF.Muc
nudc 1a 5 cm thip hon bé mit cua soi
trong SSF,va2 cm bén trén bé mit soi
trong hé thong SF. Thé tich nudc rdng
chira trong cac hé thong 1a 14.5, 27.5 va
15.51it trong SSF, HPva SF tuong tng.
Trong tit ca cac hé thong duogc trong cay
say (Juncus effuses) voi mat do 7500-
8000 than cay trén m?.

M6 hinh nude thai cia AMD duoc diéu
ché theo Bissinger et al. v6i ham luong
trung binh 1a 1420 mg L' sulfate, 116
mg L Fe, 3,6 mg L™ Zn, 10,3 mmol L’
1dung luong acid va pH 2,7 duoc dua
vao hé thong CWs.

Nude thai AMD duoc dan lién tuc vao
ca3 hé théng thong qua bom dinh luong,
véi ti 1¢ 43 I m? d™ vao moa he va 25 |
m?d* vao mua thu.

(1- binh chita mede dau vao, 2- bom; 3,5-khodng khong gian phan bo, 4-s6i;
6-cay; 7-binh chira nuéc dau ra)
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2.2 LAy miu va phén tich miu
Céac mau duoc ldy mdi tuan 1 lan & cac
vi tri:ddu vao, dau ra, va theo chiéu dai
cua hé théng tai cac vi tri 25, 50 va 75c¢m
cling nhu tai cac do sau 15 va 25 cm.
Truée khi do cac kim loai, mau dugce loc
bang mang loc kich ¢& 0,45 pm va duoc
bdo quan trong chai dyng mau, chai
dung mau duoc loai bo khi O, bang N
va duoc acid héa bang HCI.
Ham luong Fe, Sulfur dugc xac dinh trén
maytric quang analyzed photometrically
Dr. Lange photometer (CADAS
100/LPG 210). Ham luong Zn dugc xéc
dinh trén may phan tich cuc phd spectro
voltammetric VA 757 Computrace
(Metrohm).Ham Iuwgng Sulfate dugc xac
dinh trén may sac ki ion chromatography
respectivity with conductivity - UV
AG4A-SC/AS4A-SC (DIONEX 100).
DOC va TIC dugc xac dinh trén may
TOC  analyzer (UV  TOC-600,
Shimadzu). B¢ acid dugc xac dinh béng
phuong phap chuan d6 bang dung dich
NaOH (0,01M).
Gia tri pH ctia mau duoc do bfmg dién
cuc pH trén may do (WTW: Multi 3401
and pH-Electrode SenTix 41, sai sd +
0.01 pH).
2.3 Tinh toan
Ti 1€ loai bo cua kim loai va sulfat tir
nudc dan qua CWs dugce tinh nhu sau:
V,, *C,, -V, *C
Vin * Cin

out * 100

R [%]=

R 14 ti 1& loai bo, Cj, twonging v4i ndng

d0 cua ion kim loai hoac sulfat & dau vao

va Coquing voi néng do cua kim loai
hodc sulfat & dau ra. Vi, va Vouturong
g voi thé tich nudc dau vao va dau ra.
3. KET QUA VA THAO LUAN
3.1.Gia tri pH

Gia tri pH tang trong mua he (phase A) &
dau vao tir 2.69 dén 2.73 + 0.22 trong hé
thong SSF, trong khi & hé théng SF, gia
tri trung binh cia pH 1a khong thay doi.
O hé thdng HP gia tri cia pH giam ¢ dau
ra dén 2,53 + 0,18,

Vao mua thu voéi thoi gian luu 16n hon
(phase B), gia tri pH ¢ dau ra 1a 2.71 +
0.03 & hé théng SSF, 2.66 + 0.01 & hé
thong SF va 2.55 + 0.07 ¢ hé théng HP.
Trong 3 hé thdng, quéa trinh khir sulfat
thanh sulphur dién ra rat han ché do
khong du ngudn chit khir vi vay pH
trong hé thong rat thap.

3.2.T4i lwgng bazo

Anh hudng cia ba hé théng khac nhau
dén do giam tai luong cua dung luong 13
khac nhau. Két qua t6t nhét thu dugc vao
mua he 1 trong hé théng SSF. P giam
trung binh tai luong gitta dau vao va dau
ra dat khoang 32% (145,3 £+ 46,4 mmol
NaOH m? d%) ¢ hé théng SSF, 25%
(116 + 52,7 mmol NaOH m? d?) ¢ hé
thdng SF , va chi co 17% (77,84 + 70,7
NaOH m™ d*) trong HP.

Vao mua thu va tang thoi gian luu thuy
lyc, do giam tai lugng trong ba hé théng
thip hon so véi thoi gian mua hé va
twong d6i 6n dinh. P giam tai lugng
trung binh cao nhat cia dung lugng
bazodat 23% (56,21 + 28,52 mmol
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NaOH m? d™) trong hé théng SF. Trong
hé théng SSF, gi tri nay dat 21% (50,74
+ 21,54 mmol NaOH m? d™) va trong hé
théng HP chi dat 15% (36,23 + 27,28
mmol NaOH m? d™%).

Trai nguoc v6i dau vao va dau ra, cac
gia tri 0 16p nudc trén cd do gidm cao
nhit trong HP vao mua hé. PO giam
trung binh tai luong dat 11,27% (51,41),
25,93% (118,27) va 40,17% (183,21
mmol NaOH m™ d'l) tai cac chang 25,
50, 75 cm tuwong tmg. Trong cac diém
ldy mau twong tng cia ca hai hé théng
dat (SSF va SF), cac gia tri thap hon.
Theo dinh nghia, dung lugng bazo phu
thudc vao nong do clia proton ciing nhu
cac ion kim loai nhu sit, nhém va
mangan... Nong do proton trong 3 hé
thdng khac nhau 1a khong dang ké. Nong
d6 cua kim loai ddc biét 1a sat trong céc
hé théng khac nhau va ¢ do sau khac
nhau gan nhu nhau. Tuy nhién, trong hé
thong HP nong do sat trung binh trong
16p trén cung 1a thip hon so vdi cac 16p
siu hon. Piéu nay cho thiy anh hudng
tich cuc cta r& ciy dénhiéu qua xu ly
cua no.

3.3.Tai lwgng cia Fe va Zn

Anh hudéng cia bd ré, noi ma nudc thai

AMD chiy qua dén tai lugng cta Fe
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tong va Zn duoc chi ra trong hinh 2, 3.
Trong 3 hé thong SSF, SF va HP, ti 1¢
loai bo trung binh cao nhit cia sat dat
dugctrong 2 hé théng co6 nén (SSF va
SF) vao mua he (phase A). Ti 1¢ loai bd
trung binh cua Fe giita dau vao va dau ra
1a khoang 58% (2.70 £ 0.92 g m?d?) ¢
hé théng SSF, 51% (2.35+ 1.0l gm?d°
1) & hé théng SF va chi 38% (1.74 + 1.14
g m?d™) ¢ hé théng HP. Trong khi do ti
1€ loai bo trung binh cua Zn vao khoang
31% (18.16 + 7.1) & hé théng SSF,
khoang 28% (16.36 + 6.59) & hé théng
SF va 31% (18.17 + 8 45 mg m?2d' %) ¢
hé thong HP.

VVao mua thu(Phase B), mac du thoi gian
luu 16n hon, ti 1€ loai bd cua cac kim loai
nang trong 3 hé thong CWs khac nhau 1a
thdp hon so v&i mua hé va twong ddi on
dinh. Ti 1¢ loai bo kim loai ning cao nhat
dat 48% (1.27 + 0.31 g m™ d*) dbi véi
Fe va 20% (4.37 mg m2 d™) déi véi Zn
& hé thong SSF. O hé thdng SF, ti 18 loai
bo trung binh cia Fe dat 42% (1.11 +
0.24 g m? d™) tét hon so v6i hé théng
HP dat 27% (0.72 + 0.28 gm?d™). Ti 1¢
loai bo cta Zn trong 3 hé thdng khac
nhau cling nhu trong cac pha khac nhau

1a khong dang ké.



Tai lwgng cita Feging[g.m?.d™]
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Hinh 3: Gid tri trung binh va sai s6 cia tdi

lwongFegota).0 cdc vi tri dau vio (0 cm) va
dau ra cia nude thai (100 cm) va & trong hé
thong (SSF, HP, SF) theo dong chay va dj Sau
trong hé thong (phaseA: n,= 16, phaseB:
nB:9).

Trong 3 hé thong nay do khong du
ngudn chat khir nén ham luong sulphur
dugc tao thanh trong qua trinh khr sulfat
bang vi sinh 1a khong dang ké, nén qua
trinh loai bo cac kim loai ning chi yéu
thong qua qué trinh hap phuy, quéi trinh
cong két, qua trinh thiy phan. ..

3.3 Tai lwgng dac trung caa sulfat
Anh huong ciia nudcthai AMD & ving
bo ré dén tai luong cua sulfate dugc chi
ra trong hinh 4, 5.

Tai lwgng ciia Zn [mg m? d*]
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Hinh 3: Gid tri trung binh va sai s6 ciia tai hrongZn &
cde vi tri dau vao (0 cm) va ddu ra ciia nude thdi
(100 cm) va & trong hé théng (SSF, HP, SF) theo
dong chay va dp sdu trong hé thong (phaseA:
na= 16, phaseB: ng=9).

Hiéu qua loai b cao nhat dat dugc trong
cac hé théng (SSF va SF) vao mua he.
Trong ca hai hé thdng, do giam trung
binh tai lwong cua sulfate khoang 21%
(12,5+4 gm™?d™m), né dat duoc cao hon
so voi HP d6 giam trung binh tai lugng
cta sulfate chi c6 11% (6,5gm™>d™).

D0 giam trung binh tai lugng cua sulfate
trong ba hé théng vao mua thu thap hon
vao mua h¢, mdc du thoi gian luu 16n
hon. Viéc giam tai sulfate trong giai
doan nay khac nhau khong dang ké
trong cac hé théng va chi dat khoang
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10% (3,72 g m?d™). Trai nguoc v6i tai
luong déu vao va tai lwong dau ra cua
sulfate, tai lugng trong ba hé théng cho
thiy: do giam tai lugng cua sulfate cao
hon ¢ cac 16p trén (d6 sau 15 cm) so voi
cac 16p sau hon (d9 sau 25 cm) trong ca
ba hé thong.

Nhu da@ mo ta ¢ trén, khong phat hién
dugc sy c6 mat cua sulfur trong 3 hé
théng SSF, HP, SF, vi vay viéc loai bd

Phase A (Mua he) Phase B (Mua thu)
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sulfat trong nudc cé thé thong qua cac
phan tmg két tua, chu yéu ¢ dang Fe-
hydroxosulfate  [1]  schwertmannite,
jarosite, basaluminite va gypsum
(CaSO,). Tich sb tan cta cac khoang
chat nay rat nho (logioKy), vi du nhu déi
v6i schwertmannite logioK la 18 [1],
cling nhu Na-jarosite (-5.28), H-jarosite
(-5.39), basaluminite (24) and plaster (-
4.638)

Trong cic phan tng tao két tua, cay co
thé déng vai tro rat quan trong cho viéc
tao moi truong hiéu khi. Pic biét vao
mua hé ciy van chuyén luong nude rat
16n (ti 18 mét nudc dat 90%) din dén
nong do cia cic ion kim loai xung
quanh bo ré rit cao, vi vay khi nong do
ctia céac ion kim loai 16n hon tich sd tan
thi chung sé bi két tua.

3.4. Cacbon

Céc san pham tiét ra cua bd ré& c6 thé
duoc st dung nhu 13 ngudn carbon hitu
co dé khir sulfat bang vi sinh trong
ving bo ré, din dén sy hinh thanh céc
sunfur va cacbonat.

Anh huéng cua bd ré dén nudc thai
AMD chdy qua ving bd ré phu thudc
vao ndng do carbon.Gi4 trj trung binh
ctiia ndng do carbon hoa tan trong ba hé
théng SSF, HP, SF thip hon 5 mg L™
trong tt ca cac diém ldy miu. Vé mia
he, ham luong COD cao hon vao mua
thu. Két qua chi ra rang: trong cac hé
thong khong c6 anh hudng cua thoi
gian van hanh, ciing nhu cac ching liy
mau va do sdu ldy mau vao noéng do
carbon.



Trong cac hé théng CWs, viéc lam sach
AMD duoc théng qua mét sd qua trinh:
vat ly hoa hoc va sinh hoc. Qué trinh
sinh hoc phu thudgc vao mot s6 diéu kién
nhu viéc cung cip ngudn dién t. Cac
san pham cua bo ré 1a nhitng hop chét
hitu co, ching dé dang phan huy sinh
hoc (Egli 1995).

Cac hop chat hitu co ndy cé thé kich
thich su tang trudng cua vi sinh vat bdi
tac dong vitamin(Stottmeister et al.
2003)va dugc oxy hoa thanh CO;boi
oxy, Fe (lll), sulfat 1a chit nhan
electron(Kadlec und Knight 1995).Hon
nira, sy tang trudong cua cdy dugc tac
dong boi cac vi sinh vat (Lynch und
Whipps 1990), thong qua viéc tang
truong, né gop phan lam ting bo ré.

Cac qua trinh khir sinh hoc sulfate, sit
(IIT) thanh Fe(II)...vv dugc dién ra theo
cac phan rng sau:

2 (CH,0) + SO,% + 2 H*

> H,S+2CO, +2 H,0 (1)
(CH,0) + 4 FeOOH + 8 H*

> 4 Fe?* + CO, + 7 H,0 (2)
(CH;0) + 4 Fe*" + H,0

> 4Fe” +CO + 4 H' 3)

No6i chung, nong d6 sulfate thudng cao
hon lugng carbon duoc cdy cung cap, do
vay,duong lugng khit nho honso voi
duong lugng dién tir nhan (sulfate),vi
vay viéc khur sulfate thanh sulfurtrong
cac hé thong CWs 1a khong dang ké. Boi
vay gia tri pH & dau ra khac khong dang

ké so vai gia tri dau vao, va né)ng do cua
cac ion kim loai nang cling nhu sulfate &
dau ra van con cao.

4. KET LUAN

Viéc nghién ctru xur ly nude thai axit mo
v6i d6 pH thap, dung luong bazo cao
cling nhu ham lugng cac kim loai nang,
sulphate cao bang hé thong CWs khac
nhau ciing nhu theo mua di chi ra rang:
Hiéu qua xur 1y tot nhét 14 trong hé thong
SSF tiép dén 1a hé thdng SF sau cung la
hé théng HP. Vao mua hé hiéu qua xur
1y cao hon mua dong. O cac do sau khac
nhau, kha nang loai bd kim loai nang
ciing nhu sulphate & do sau 15 cm tét
hon & d6 sau 25 cm.

Dé ting cudng hiéu qua cta qua trinh xir
Iy AMD, can cung cip day du ngudn
chét kh, kich thich qué trinh khir sulfate
bang vi sinh trong cac hé théng CWs,
nhu bd sung da voi, cac hop chat hiru

cova dic biét 1a khi hydro.
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