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ABSTRACT

Four tracer experiments were conducted with the using kitchen salt (Sodium Chloride,
NaCl) as tracer for determining the peak travel flow speed of domestic wastewater
transported through a root zone in a constructed subsurface flow wetland. The flow was
homogeneous through the cross-section of the constructed wetland system built at Can
Tho University. The theoretical hydraulic retention time of water in the reed bed is 18
days based on the calculation as the ratio between the pore volume of the wetland, the
porosity of porous media and the flow rate through its system. The average peak travel
flow speed, determining as the length of reed bed divided by the nominal hydraulic
retention time, is estimated to be 0.67 m/day. The results also proved that tracer with
kitchen salt as a cheap and suitable tracer to determine the peak velocities in a
constructed subsurface flow wetland. This could be considered as a creative on
constructed wetland research in the developing countries as Vietnam.
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TOM TAT

Bon thi nghiém chat leu vét la mudi an (Sodium Chloride, NaCl) da dwoc tién hanh nham
xdc dinh leu toc dong chay lon nhdt ciia nwée thai sinh hoat di qua ving ré cua khu dat
ngap nudc kién tao chdy ngam. Dong chay la d‘ong nhdt qua madt cdt ngang cua hé thong
ddt ngdp nuée kién tao da duoc xdy dung tai Dai hoc Can Tl ho. Thoi gian ton lweu chudn
(hoac Iy thuyét) qua tang ré la 18 ngay dya theo tinh toan ti s6 giita thé tich rong cua khu
ddt ngdp nweée, dg rong ciia méi trwong xop va leu heong di qua h¢é théng. Luweu toc trung
binh Ién nhat cua dong chay duwoc xdc dinh la 0,67 m/ngay Két qua ciing da chirng minh
viéc dung muoi an lam chat leu vét la mot bién phap ré tién va bén viing dé xdac dinh leu
toc trong mot khu ddt ngap nudc kién tao chay ngam. Piéu ndy cé thé xem nhw mot sang
tao trong nghién cuu ddt ngdp mudc kién tao trong cdc nwoc dang phat trién nhu Viét
Nam.

Tir khéa: dit ngdp nuwéc kién tao, luu toc, viing ré, phwong phdp luu vét

1 PAT VAN PE

bt ngdp nudc kién tao (Constructed wetland) dugc dinh nghia 1a mdt hé théng
cong trinh xir Iy nudc thai duoc kién thiét va tao dung mo phong co diéu chinh
theo tinh chét cua dat ngdp nude ty nhién vdi cay tréng chon loc (Tuén et al.,

2009). Dt ngap nudc klen tao c6 thé thiét ké theo kiéu chay ngam hodc chay mat.
Dat ngap nudc chay ngdm c6 gia thanh xdy dyng cao hon kiéu chay mit nhung
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hiéu qua xu ly chét 6 nhiém tdt hon, giam thiéu dugc cac tac dong x4u khac nhu sy
phat tan mui hoi vao khong khi va han ché sy sinh san cia muoi, cén trung c6 thé
gay hai cho strc khoée con ngudi (Davis, 1995).

Mot trong cac van dé dugc cac nha thity hoc méi trudng quan tam 1a xac dinh cac
dic diém thay lyc bén trong mot khu dat ngap nude kién tao chay ngam nhu thoi
gian ton luu thay luc, luu tdc dong chay trong dat va hé sé khuéch tan chét 6
nhiém (Mark, 2001; Jan and Harry, 2002, Florent et al., 2003; Albuquerque and
Bandeiras, 2007; Sherman et al., 2009). D6 dan thity lwc bdo hoa ctia mot loai dét
dugc cho 1a mot diém s6 co ¥ nghia quan trong trén duong cong do dan thiy luc
d6i voi thanh phan nudc trong dat. Ly thuyét vé dong chay dudi dét thuong duoc
bét dau bang dinh luat Darcy khi dong chay 1a chay ting. Dinh ludt Darcy thuan
tuy 1a mot nguyén ly mang tinh toan hoc don gian cho su quan hé gitra luu luong
dong chay tirc thoi ngang qua mot moi trudong x6p, do nhot cua chat luu va ap sut
roi gitra hai mat cit chon san nao d6. Co ché chinh diéu hanh su chuyén van trong
mdi trudng x0p chinh 13 sy ddi lwu (hodc binh luu), khuéch tan va phén tan co hoc
(Cherry and Freeze, 1979). Ngoai ra, tién trinh phan tach va tién trinh phan ra ciing
anh huéng dén co ché chuyén van. Tién trinh chuyén van chat 6 nhim hoa 1an co
thé phan biét mot cach chi tiét nhu hinh 1 (Tuén e al., 2009).

Tién trinh chuyén vin chit & nhifm hoa lin

‘//ﬂ\

Tién trinh chuyén vin Tién trinh pha loing
Déilvu S phin tén Phin tich: Phén -
(Binh lru) thuy déng hec e Hiit bim ® Suy giam sinh hoc
» Hip thu héa || ® Kichhoat phéng xa
l l hoc ¢ Thuy phin
Vin tée déng Su khuéch
chiy ngim tdn phn tir

T

S phin tdn co hoc

Hinh 1: So' dd phan biét chi tiét cac tién trinh van chuyén chit 6 nhiém trong dit

Thuc té trong hau hét truong hop, do dan thuy luc trong cac tang dat duoc quyét
dinh boi anh huong cua ca cau tric cua dong chay ngdm va luu tbc cua no khi di
qua khu dat ngap nudc. Céac ting dat nam ngang véi kich thude hat rat nho (cat rat
min, sét, bun) bi nén chat hodc két cting hodc dang than bun ngap nudc thi s& co
tac dung nhu mot 1op chin 1én dong nudc do do dan thity luc cuc nho. Nguoc lai
cac tang dat co két cau hat 10n (cat trung, cat thd, soi, da dam) s& cho kha ning tao
dong chay 16n hon do d6 din thity luc cao (Tudn et al., 2009). Xac dinh luu toc
dong chay trong méi truong dat thuong 1a cong viéc kho khan hon nhiéu so véi
viéc do dac dong chay trong méi trudng nude do tinh chat khong ddng nhit cua
dat da va co sy hién dién cua 16p ré thuc vat. D6 dan thuy luc c6 thé xac dinh bang
cach dung cic phuong phip nhu phuong phéap 16 khoan (auger-hole method),
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phuong phap éap ké (piezometer method) hodc thtr nghiém thAm tang nudc (slug
test). Hau hét cac do dac d6 din thuy luc trong dat déu kha dit tién va kho khan
dic biét 1a dong chay 1a nudc thai chira nhiéu thanh phan chit 6 nhidm tir sinh hoat
va san xuat. Nhiéu nha khoa hoc tim cach do truc tiép luu tbc dong chay duédi dat
bang phuong phap dung chit luu vét (tracers). Chét luu dan thuong duge chon 1a
cac hoa chat doc hai nhu mudi Bromide, chat nhudm mau Rhodamine WT,
Rhodamine B (Florent ef al., 2003, Lin ef al., 2003; Sherman et al., 2009) hoac
chat kich hoat phong xa (radioactive) nhu Tritium, thim chi chét luu din 1a vét vi
khuan (Everardo et al., 2003). Bang cach liy mau, do néng d6 chat luu vét doc
theo chiéu dong chay va vé& cac duong cong Xuyén tuyen (Breakthrough curves -
BTCs) trén truc toa dg, ta co thé dinh dwoc luu toc chuyén van chét luu vét bang ty
s6 giita khoang cach giita 2 dinh cac duong BTCs va thoi gian van chuyén, hodc
khodng céach tir thoi diém liic bom chét luu vét dén dinh cac duong BTCs, duoc
minh hoa nhu hinh 2.

3 e ik Kg Toors <&
Nﬁng | Thoi diém 0 (bom chat luu vét)

do chat Thoi diém 1
lwu vét

(g/L) :>

Théi didm 2 Puong cong xuyén tuyén

v

Pimbom PDiémdol Piémdo2  Diém do3 Khozng cich (m)
chat luu vét

Hinh 2: Nguyén tic dinh luu tdc bing chit lru vét qua dwong cong xuyén tuyén

Tuy nhién, viéc su dung hoa chat nhu chat nhugm mau, chat phong xa, vi khuin
thuong tén kém va gy hai cho méi truong, dac biét la cac ving dat ngap nudc
nhay cam voi cac loai sinh vat sinh song ¢ d6. Nghién ctru dung chat ré tlen san
c6, d& do nhu mudi an (NaCl) dugce dé xuat a4p dung dé nghién ctru luu téc dong
chay & khu dit ngap nudc kién tao chay ngam dé xir 1y nudc thai sinh hoat. Nong
d6 mudi dé dang do d6 dan dién bang mot may Orion-105 EC-meter cAm tay.

2 PHUONG PHAP VA PHUONG TIEN

Nam 2003, mét khu thyc nghiém dat ngap nudc kién tao chay ngém dé xu 1y nude
thai sinh hoat dugc xay dung tai Khu I, truong Pai hoc Can Tho véi céac kich
thudce duqc mo ta nhu Hinh 3. Cay trdng dwoc chon 13 sdy voi mat do trong 1a 25
cay/m’. Nudec thai tur cac ho gia dinh duoc bom qua mot khdi cat loc (cat xay dung
c6 d6 rdng 47%) co trong s@y. Cat dugce st dung trong thuc nghiém nay la cat xay
dung da dugc sang rua bang nudc sach truée nhiéu 1an nham gidi han trao doi
cation trong nén cat. Lugng nudc thai bom ban dau luc thuc nghiém 1a 600 lit bom
thanh 2 dot ltic 7 gio sang va 7 gio chiéu.
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Ludi chin. -
i ) MAT BUNG Kich thirée bing em.
Cme trim § 42

Di 1x2, diyl10

At A A UL A UL ]

Ludi thip

Van kifm seét §3 Cit, diy 100

o o B .
i o 110 an Ly s e Oug xiuirse

Van i bin 936

|

I Than céy 120, chin bing di 4x6, day 20 —
| _ )

i Ong ra 0 36, bao bdi Lugi thep va d4 dim 1x2
|

|

|

|

200 0| 40 1200 100

1600

Hinh 3: Mit cit ding khu dat ngdp nudéc kién tao chiy ngim

bé xac dinh luu tde dong chay, mét loat cac 6ng thu mau bé“mg 6ng PVC duoc ché
tao c6 duong kinh @21 c6 chiéu dai twong tmg véi cac do sau chon dng 40 cm, 60
cm va 80 cm. Pay 6ng noi iy mau nude duge khoan 16 dé nude tham vao va duoc
bit kin bang loai ludi min (c6 duong kinh 15 0,05 — 0,2 mm) dé ngan cét vao trong
6ng. Phéan thu miu nude c6 chiéu dai 10 cm. Phia trén mau dugc bit kin bﬁng keo
dé ngin nudc mua hodc nudc thai tir trén chay xudng noi ldy mau. Mot ong nhya
10 mm dugc gan vao 1ong dng dé rat mau nude. Mau nude duge hut ra ngoai bang
xilanh va trit trong binh nhya déo c6 dung tich 1 lit (Hinh 4).

Sdy
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Hilarhy
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. ™ Ndp géin keo
Ong hut PYC
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S
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Hinh 4: Minh hoa chi tiét dng thu mAu (trai) va chén éng thu miu vao nén cat — say (phai)

Ong thu mau dugc b tri giita 2 diém ldy miu theo ky hiéu va khoang cach nhu
hinh 5 va hinh 6. Mubi (Sodium Chloride, NaCl) dugc pha v6i nudc & néng do
500 g NaCl/20 Lit dé bom vao cac dng & vi tri S3. Nong do nay di thir nghiém
trudc dé chimg to khong anh hudng dén sinh trudng cdy sy vi sdy co thé chiu
dung trong méi truong nuéec man dén 30 ppm (Tuén ef al., 2009). Nudc mudi s&
chay tir vi tri S3 qua 6ng kiém tra SX dén vi tri S| va tiép tuc dén vi tri S4. Trude
khi bom nudc mudi & vi tri S3, 9 dng nay dwoc rut nude v6i khdi lwong 2L/6ng dé
tao 16 rong. Sau d6 nuéc mudi duge 1an luot bom theo trinh ty tir cac 6ng 40 cm,
dén cac 6ng 60 cm va cudi cung 1a cac dng 80 cm. D¢ giam thiéu nho nhat x4o tron
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hé th(”’)ngvkh’i léy m’:flu, mdi éng lay mau chi thu mét lugng nho khoang 90 mL, gdm
40 mL dé lay day ong nhya hut 1én va 50 mL dé do EC.
Ong kiém tra Vit chén éng @® 40cm

¥ K¥hidudng A 60cm
B 80cm

Neibom  Nuig0EC
nwoc muol

Hinh 5: Mt bing bb tri chén éng bom nuwéc mudi va thu miu
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Hinh 6: B6 tri thwe nghiém mit ding 6ng liy miu
Cdc ky hiéu WL2, WL3 va WL4 la cdac ky hiéu vi tri thu mau nude cia hé théng

Bon dot thuc nghiém da tién hanh trong nam 2005, vao cac thoi diém 23-25/10,
18-20/11, 25-27/11 va 12-15/12. Thoi diém thuc nghiém troi tdt, khong c6 mua.
Ong kiém tra SX duoc do lién tuc mdi gi dé theo ddi dién bién thay doi do man
trong dong chay ngam. Khi dng kiém tra SX phat hién nong d6 muoi di qua ong
nay tang cao, mau nudc tai cac vi tri, SX, S| va S4 dugce ldy mdi gid dé do do dan
dién. Vi€c tinh toan luu téc chii yéu 1a doan tir SX dén S| vi cang di xa nong do
mudi giam nhanh vi bi pha lodng, khuéch tan qua khong gian rong trong cat va
duoc vat liéu loc hap thu nén xac dinh diém dan dién 16n nhat rat kho khan, nht 1a
thoi gian do theo gid qua dém & ngoai dong da han ché viéc thuc hién. Trong
nghién ctru nay, gia thiét ban dau la dong chay nude thai qua khu dat ngap nuéc
kién tao chay ngam néu trén la dong nhit theo cac 16p chiéu sau vao theo phuong
ngang, cac anh hudng cua dong khuéch tan va dong trong luc 1 khong dang ké.

3 KET QUA VA THAO LUAN

Két qua cho thoi gian ton luu thuy lyc theo 1y thuyét (THR,) ctia dong nude thai di
qua khu thyc nghiém trong tang ré sdy 1a 18 ngay dua vao tinh toan ty so gilta khoi
luwgng khong gian rong trong khu dat ngap nude V,, (dai x réng x sdu =12 mx 1,6
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m x 1,2 m), do réng cua nén cat (0,47) va luu lwong chay qua (0,6 m*/ngay). Luu
tc 1y thuyét theo dinh duong cong xuyén tuyén, dugc xac dinh bang chiéu dai 16p
cat ma dong nude di qua chia cho thoi gian ton luu thuy lyc, trung binh 1a V,, =
0,0279 m/gio. Tuy nhién, nhiéu thuc nghiém cho thiy thoi gian ton lwu thay luc
theo thyc té thip hon nhidu (THR, < THR,) do ton that dong chay nudc thai khi di
qua cac khe rdng trong cat va bi giit lity tich trong cac 16p vat lidu loc nhu dat da
va 1é cay (Breen and Chick, 1995; US-EPA, 1999; Young et al., 2000) va luu toe
dong chay cao nhit thuc té s& cao hon vén téc dong chay trung binh (V> Vy).

Dung dich chat luu vét c6 do dan dién EC 1a 33,2 dS/m. Trong 4 lan thyc nghiém,
sau khi bom chét luu vét vao vi tri S3, viéc phat hién néng dd chét luu vét dau tién
1a khoang 13-23 gid tai diém kiém tra SX, cach diém S3 1a 0,5 m. Khoang cich
gitta S3 va S| 1a 1,05 m, vy luu téc diém dinh dudng cong xuyén tuyén dua vao tir
diém S3 dén vi tri dinh cua duong cong xuyén tuyén & vi tri S|. Puong cong
xuyén tuyén EC theo thoi gian cua 4 lan thuc nghiém dugc thé hién & hinh 7. Két
qua tinh toan luu tc cho thay khong c6 su khac biét dang ké (sai s ciia hé s6 bién
dong sb liéu dudi 5%) giita cac vi tri ldy mau & vi tri S| sau thoi gian dong thoi
bom chét luu vét (xem két qua & Bang 1).
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Hinh 7: Puwong BTCs tng v6i thoi gian sau khi bom chit lvu vét qua 4 dot thuc nghiém
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Bing 1: Két qua do d9 din dién 16n nhit va luu tdc tai cac vi tri S| theo dd siu

Ngay Nong dd EC cao nhit & cac vi tri ldy miu
SIL40  S|L60 S|L80 S|M40 SM60 SM80 S[R40  S|R60 SR80
EC 1,95 1,22 2,37 2,08 2,37 4,04 2,54 0,91 2.77
2?1_35 Gio 39 33 26 34 34 33 34 26 26
Vv, 2,68 3,16 4,00 3,07 3,07 3,16 3,07 4,00 4,00
EC 1,87 2,26 2,40 2,35 2,05 2,95 2,16 1,33 3.62
1531_%0 Gio 31 29 28 31 29 27 30 28 28
Vo 3,39 3,62 3,75 3,39 3,62 3,89 3,50 3,75 3,75
EC 3,00 2,58 2,87 3,96 2,37 2,26 2,57 2,90 2.65
2/51_%7 Gio 28 27 26 26 28 26 26 25 27
Vo 3,75 3,89 4,04 4,04 3,75 4,04 4,04 4,20 3,89
EC 3,83 3,37 3,77 3,58 2,67 4,48 3,77 3,65 4.05
l/zl_és Gio 29 26 28 27 26 28 27 28 25
Vv, 3,62 4,04 3,75 3,89 4,04 3,75 3,89 3,775 4,20

Luu toc
trung binh V, 3,36 3,68 3,89 3,60 3,62 3,71 3,63 3,93 3,96
(cm/ngdy)

Hé so bién

dong (x 10_4) 0,23 0,15 0,02 0,20 0,17 0,15 0,19 0,05 0,04

Chui thich: EC - d6 dan dién (dS/m)
Gio - thoi gian tir liic bom chat heu vét dén lic ghi nhdn diém EC cao nhat (gio)
v, - luu téc dong chdy (cm/ngdy) xdc dinh qua thye nghiém
S| - vi tri bé tri diém do
L - ky hiéu chi phia bén trdi nhin tir dau nguon dong chay

- ky hiéu chi phia giita nhin tir dau nguon dong chay

R - ky hiéu chi phia bén phdi nhin tir dau nguon dong chay
40 - ky hiéu chi éng thu mau 6 dg sdu chén dng 40 cm
60 - ky hiéu chi dng thu mdu c¢6 dg sdu chén dng 60 cm
80 - ky hiéu chi éng thu mau c¢é dg sdu chén dng 80 cm

Hinh 8 thé hién luu téc dong chay nudc thai xac dinh qua khu dat ngap nudc kién
tao chay ngﬁrn nam ngang qua thuc nghiém. Gi4 tri sai biét cia cac trj s6 luu toc
nam trong khoang (0,02 + 0,23) x 10 m/gio. Su sai biét khong 16n gila cac diém
do (hé s bién dong tir Cv = 3,61E-06 + 2,28E-05) chimg to gia thiét ban dau 1a
hop 1y, nghia 1a dong chay dong nhat qua hé thong ngap nudc kién tao.
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Luu toc dong chay tai dinh dwong BTCs (mn/gid)

000 001 002 003 0.04

S|L40 —
S0 | =
< R0 | =
g 5L50 | =
E SivED =
i gRED | =
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SIRAN =

Hinh 8: Luu téc dong chiy nwéc thai chiay ngdm qua khu dit ngap nwéc kién tao

4 KET LUAN VA KIEN NGHI

Két qua nghién ctru cho thdy gia thiét luu toc dong chay ddng nhit qua khu dét
ngap nuoce kién tao da dugc minh chimg véi 4 lan thuc nghiém. RE cay say co thé
phat trién tu do trong khu dat ngdp nude nhung do b6 tri trong déu dan (theo mat
do 25 cay/m?) nén sy phén bd ré theo thoi gian ciing tuong dbi déu khip trong
khong glan ving ré. Do d6 su sai biét trung binh giira cac 1an thyc nghiém khong
16n va nam trong miurc chap nhap duoc (Vamayminy = 0,0396 =+ 0, 0336 m/gio).
Khoang luu téc dong chay thyc té tai dinh duong BTCs cao ho‘n van toc trung binh
1y thuyét (V= 0,0279 m/gio) 1 hoan toan phu hop.

Viée st dung mudi an dwoc danh gia 1a mot bién phap rat ré tién, it doc hai cho cay
trong va kha hiéu qua cho viéc thyc nghiém dong chay trong dat ngap nugc kién
tao. Qua thi nghiém, sy phat trién cua sdy khong bi anh hudng chiung to nong do
mudi bom vao hé thdng 1a phu hop. Trong thi nghiém nay, viéc sir dung mudi an
thay vi hoa chat doc hai nhu thudc nhudm hay chat phong xa dugc xem 1a mot
sang tao trong nghién ctru trong diéu kién kho khan vé kinh phi va thiét bi.

Nghién ctru thyc nghiém cé thé trién khai ¢ cac do sau khac nhau dudi 16p dat
ngap nudc. Viée ldy mau nude va do dac do dan dién mdi gio kha tén cong stc va
han ché khi khong thé ldy mau thuong xuyén vao ban dém ¢ ngoai dong. Kién
nghi cac nghién ctru vé sau co thé lap cac thanh do cam tng (sensors) ¢ cdc i tri
khac nhau cua khu dat ngap nudc kién tao ndi véi mot mach dién tir ghi do dan
dién mot cach lién tuc theo cac budc thoi gian do cho trude. Cach l1am nay co thé
dt tién hon va hién dai hon nhung s& cho chudi dir liéu chinh xéac hon.
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