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Tém tat

Tudng thim phan ting (PRB) 1 cong nghé xit ly nudc ngdm & nhiém hiéu qua vé6i chi phi thip, hoat dong bing cach cho
dong nudc thAm di qua 16p vat liéu phan ting dé loai bd cht 6 nhiém théng qua céc co ché nhu hip phu, két tiia va phan hdy.
Nhiéu nghién cu trén thé gi6i va tai Viét Nam cho thiy céc vat liéu phé thai xay dung nhu bé tdng khi chung 4p (AAC),
bé tong tai ché va gach nghién c6 kha ning xit 1y kim loai ning va phét pho hiéu qui. Tuy nhién, viéc ting dung céc vt liéu
nay trong c6ng nghé PRB dé xt 1y nudc ri réc bi pha lodng va ngin nglia 6 nhiém nudc ngdm tai Viét Nam vin con han ché.
Do d6, nghién citu nay dugc thuc hién nhim danh gia kha ning xit Iy nudc ri ric & quy mo phong thi nghiém bang vat lidu
phé thai xdy dung. Tir két qua van hanh mé hinh cho thiy hiéu qua xi 1y trung binh ciia m6 hinh dbi véi COD 1a 51,7%;
nito amoni 12 59,0%, tng nito 12 43,9%, téng phdt pho 14 92,7%; xi ly hoan toan Pb va Cd dat hidu suét xtt 1y 1a 100%. Két
qua nghién ciu cho thiy cong nghé PRB diing bé tong thai ¢ tiém ning xit Iy nudc ngim bi 6 nhiém quanh bai chon 14p,
ddng thdi gidm chi phi va hudng téi phat trién bén viing.

Tir khod: tudng thAm phan tng (PRB); xd ly nudc ri rac; 6 nhiém nudc ngdm; bé tdng phé thai; phé thai xay dung.

PERMEABLE REACTIVE BARRIERS (PRB) USING RECYCLED CONCRETE FOR REMEDIATION OF
CONTAMINATED GROUNDWATER FROM MUNICIPAL SOLID WASTE LANDFILLS
Abstract

A Permeable Reactive Barrier (PRB) is an effective and low-cost technology for treating contaminated groundwater.
It operates by allowing groundwater to flow through a reactive material layer, where pollutants are removed through
mechanisms such as adsorption, precipitation, and degradation. Numerous studies worldwide and in Vietnam have shown
that construction waste materials, such as autoclaved aerated concrete (AAC), recycled concrete, and crushed bricks, have
strong potential for removing heavy metals and phosphorus. However, the application of these materials in PRB technology
for treating landfill leachate and preventing groundwater contamination in Vietnam remains limited. Therefore, this study
was conducted to evaluate the treatment efficiency of landfill leachate at the laboratory scale using construction waste
materials. The experimental results indicate that the system achieved average removal efficiencies of 51.7% for COD,
59.0% for ammonium nitrogen, 43.9% for total nitrogen, and 92.7% for total phosphorus, while complete removal of Pb and
Cd was achieved with 100% efficiency. These findings demonstrate that PRB technology using waste concrete has strong
potential for treating contaminated groundwater in landfill sites, while also reducing costs and contributing to sustainable
development.

Keywords: Permeable Reactive Barrier (PRB); landfill leachate treatment; groundwater contamination; waste concrete;
construction and demolition waste.
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1. Gidi thiéu
Tuong thAm phéin ting (Permeable Reactive Barrier — PRB) 12 mot trong nhitng cong nghé méi
thudng dudc st dung trong xt ly nudc ngdm bi 6 nhiém, va la giai phap don gian, chi phi thip. PRB la
mot cAu tric tudng dugc dit ngdm dudi dit d€ dong thim bi 6 nhiém chdy qua [1]. C6 hai cAu hinh 13p
dit cua PRB 12 tudng lién tuc [2] va dang cong chén dinh tuyén chit 6 nhiém (Funnel-and-Gate) [3].
Cic biic tudng lién tuc 1 cach 1ap dit don gian nhét, kéo dai theo chiéu rong va chiéu sau ctia dong
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nudc bi 6 nhiém va it anh hudng nhit dén dong nuéc ngim hién cé. Ddi véi cdng chin Funnel-and-
Gate, hé thong bao gdm cdc cong thim chiia vat liéu phan ting va dong 6 nhiém sé di xuyén qua cic
c6ng ndy. C4c loai vat liéu phan ting khdc nhau d dudc st dung trong PRB dé xit Iy nudc ngam bi 6
nhiém vi du nhu than hoat tinh, sit héa tri khong, hon hgp dét-bentonit... Viéc lua chon vét liéu phan
ting cu thé cho PRB phu thudc vao cic yéu td nhu: kha ning phan ting, do &n dinh, tinh sin c6 va chi
phi, tinh twong thich véi moi trudng, hiéu suit thiy luc va an toan. Co ché xit Iy dong thim bi & nhiém
biang cach két tia, hip phu hoic phan hiy chit 6 nhiém khi dong thAm 6 nhiém di qua 16p tudng chan.
Da c6 nhiéu nghién ciiu dugc thuc hién vé PRB d€ loai bd cic chit 6 nhiém khic nhau trong nudc
ngim nhu Zeolit ty nhién xi Iy nhém va kim loai ning [4], Carbon hoat tinh x{ 1y cadimi [5], tro bay
xt 1y chi [6]. Trong mdt nghién cifu tai Srilanka, mot PRB di dudc ché tao tir cac chat hap phu chi
phi thip trong d6 c6 dit min, than sinh hoc tlf gdo dira va phé thai gach d4 ong va ting dung tai cic
bai rdc hd gidp giam 6 nhiém ngudn nudc ngdm bi 6 nhiém bdi nudc ri rac tif bii chon 1ap chit thai
ran do thi [7]. Hay mot nghién ctiu khac ctia Vinodhini va Das da ché tao PRB 1am tit than hoat tinh,
triu, vé khoai tay, bui cua, xo dita d€ xi 1y crom trong nudc ri rac [8, 9]. Qua trinh loai bd chat gay
6 nhiém bang PRB dua trén cic co ché nhu phan hiy, két tiia va hip phu chét giy 6 nhiém [2], hoic
c6 thé 1a su két hop céc co ché khic nhau [10]. Bén canh céc vat lidu ré tién va sin c6 da dudc ung
dung trong PRB, céc loai phé thai tif nganh cong nghiép xiy dung (PTXD) ciing dang dudc nghién
ctiu ting dung bdi PTXD chiém khodng 50% ty 1& thanh phan chét thdi rin néi chung [11], thanh phan
khoang trong PTXD c6 kha niing loai bd phdt pho, amoni va kim loai niing. Mot sb nghién ciu trén
thé gi6i da st dung bé tong va gach dap v, bé tong khi chung ap dé xi ly phét pho, asen, florua, chi
va cadimi [12-14].

O nhiém moi trudng tir cac bii chon 14p chét thai ran do thi dang 1a mot vin dé nghiém trong tai
Viét Nam trong bbi canh d6 thi héa nhanh va luong chét thai phat sinh ngay cang gia ting. Hién nay,
cdc phuong phap xt Iy CTRSH phé bién & Viét Nam: chon 1ap (63%), 1am phan tron (4%), tai ché
(10%), va @6t (14%), chon lap 1a phuong phap xit 1y chinh [14]. Ngudn giy 6 nhiém chinh ti cdc bai
chén 14p 1a nude ri rac, nude ri bai rac chiia nhiéu loai hop chét hitu cd va vo cd khac nhau nhu cacbon
dé phan hidy va khong phan hiy sinh hoc, axit humic va fulvic; cac hop chit nhu chit keo va kim loai
nang, va cac mudi vd cd nhu natri, canxi, sunfat, amoniac, va cac chit doc hai khac do khong phan
loai dudc chét thai ran sinh hoat (CTRSH) d thai bd [15]. Nhiéu nghién ciiu tai cc bai rac nhu Kiéu
Ky, Nam Son (Ha N6i), Xuan Son hay CAm Ha (Hoi An) cho thiy nong do cac chét 6 nhiém vuot quy
chuén cho phép, gdy 4nh hudng tiéu cuc dén chét luong dit, nuée va sic khée cong dong [16-18].

Tir cdc nghién ciiu trong va ngoai nuée cho thiy cong nghé PRB véi vat liéu phan ting tit PTXD
chua dudc nghién ctiu trién khai, cling nhu chua cé danh gia vé hiéu qua dong xi 1y chit hitu co (phin
hiiy) va kim loai ning (hip phu) ctia PRB déi v6i nudc ri rac hay nuéc ngdm bi & nhiém bdi cdc bai
chon 1p CTR. Nghién ctiu nay nhiam danh gia hidu qua xd 1y nuéc ri rac pha loang bdi nuéc mua
chdy tran hay ngudn nuéc ngam bi 6 nhiém bdi nudc ri rdc & quy md phong thi nghiém véi vat lidu
phéan dng 12 PTXD, lam tién dé cho viéc xdc dinh thong s6 thiét ké phu hop dé xii Iy va phong ngiia 6
nhiém nuéc ngdm do nudc ri réc.

2. Vat liéu va phuong phap nghién ciru
2.1. Vit liéu nghién cuiu
a. Nudc ri rac

Maiu nuéc ri rac duge 1dy tir Khu lién hop xit 1y chit thai Nam Son, Ha Noi, Viét Nam (Hinh 1).
Bai rac Nam Son la bai chon 1ap CTRSH 16n nhit Ha Noi va nam cach trung tim Thanh phé Ha
Noi 45 km vé phia Bic. Lugng mua trung binh nim 1a 1670 mm va do 4m khong khi trung binh l1a
84% [16]. Tai cac 6 chon 14p rac, nudc ri rac bai rac dugc thu gom bang cic giéng cé mang ludi dng
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va x4 vao ho sinh hoc/hd chiia nudc ri rac (hd thu gom nude ri rac). USc tinh mdi tAn rac théi sé tao ra
0,43 m® nudc ri réc, tic 1a v6i 5.000 tn rac mbi ngay thi bai rac Nam Son phat sinh khoang 2.150 m?
nude ri rdc mbi ngay. Thém vao dé luong nudc ri réc tao ra tit lugng mua tif nhién 12 363 m>/ngay,
nhu vy tdng luong nudc ri rac thai ra khoang 2.500 m>/ngay. Toan bd nudc ri rac dude din dén hod
sinh hoc ¢6 thé tich khoang 200.000 m®. Nudc ri réc sau khi thu gom duge bom 1én va dua vé 3 nha
mdy xi 1y nudc thai voi cong suét xit Iy t6i da 1a 3.200 m>/ngay, hién tai dang hoat dong & cong suit
2.150 m*/ngay [19].

Hinh 1. Vi tri 1y mau nudc ri rac (S1, S2)

Nudc ri rac dude 14y mau dinh ky 1 thang 1 1an tai hé théng thu gom nuéc i ric ciia cic 6 chon
14p CTR tai bai rac Nam Son (vi tri S1 — tai giéng thu gom nuéc i rac, S2 — hd chifa tam nuéc ri ric).
Cac miu dudgc thu thap bing chai polypropylene va dudc bao quan & 4 °C trong phong thi nghiém.

b. Vit liéu PRB

Vit liéu phé thai xdy dung dudc lay tir diy chuyén tdi ché PTXD tir bé tong thii clia du 4n
SATREPS tai Pong Anh, Ha Noi va dugc van chuyén vé phong thi nghiém tai trudng DH Xay dung
Ha Noi. Tai phong thi nghiém, nhém nghién cifu st dung sang tiéu chuin dé lua chon hat nghién c6
kich thudc 10-20 mm d€ 1am vat liéu PRB. Tinh chit va thanh phan héa ctia vat liéu PRB dugc st
dung c6 cic thong sb nhu tai Bang 1.

Bang 1. Mot s6 tinh chét va thanh phan héa ciia vt liéu PRB

bic diém Gia tri trung binh Phuong phédp xac dinh
Trong lugng riéng kho (kg/m?) 1.396,14 TCVN 7572-4:2006 [20]
Khéi lugng thé tich (kg/m?) 1.418,69 TCVN 7572-4:2006 [20]
pH dung dich chiét 10,3 May do da chi tiéu cam tay HQ40d
EC dung dich chiét (mS/cm) 0,71 Mdy do da chi tiéu cAm tay HQ40d
Thanh phﬁn hoéa (%) MgO: 7,3; AlL,Os: 6,3; Mady phan tich nhiéu xa Ron-ghen
Si0;: 35,4 (XRF)
CaO: 30,9; Fe,0O3: 1,7;
Khac: 18,4
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2.2. Phuong phdp phdn tich
Cic thong sb chét lugng nude thai va phucng phap phan tich dugc tém tit trong Bang 2. Chii yéu,
bdn nhém chit & nhiém: i) cdc thong sd chét lugng chung clia nude thai, ii) anion va cation, iii) chét
6 nhiém hitu co va iv) kim loai ning dugc do theo tiéu chuan Viét Nam (TCVN), Phuong phap tiéu
chuan d€ ki€m tra nudc va nuée thai (SMEWW), va cdc phuong phép phan tich dudc lwa chon dé xi
1y va phuc hoi mdi trudng.
Bang 2. Két qua phan tich miu nuéc ri rac dugc 14y tai BCL CTR Nam Son

) Két quéa
STT Thong so Don vi Phuong phap phén tich 5 S1
1 TSS mg/L TCVN 6625:2000 [21] 221 217
2 COD mg/L SMEWW 5220C:2017 [22] 2680 3800
3 BOD;s mg/L TCVN 6001-1:2021 [23] 1350 1947
4 Tong N mg/L TCVN 6638:2000 [24] 1142 981
5 NH4* mg/L TCVN 6179-1:1996 [25] 1104 968
6 Téng P mg/L TCVN 6202:2008 [26] 39,9 22,7
7 As mg/L SMEWW 3113B:2017 [27] KPH KPH
8 Pb mg/L SMEWW 3113B:2017 [27] KPH KPH
9 Cd mg/L SMEWW 3113B:2017 [27] KPH KPH
10 Hg mg/L SMEWW 3113B:2017 [27] KPH KPH
11 Zn mg/L SMEWW 3113B:2017 [27] 0,675 0,825

Két qué phan tich cho thiy nuéc ri rac tai BCL CTR Nam Son c¢6 mic d6 6 nhiém rét cao, dic trung
bdi ham lugng chét hitu co va dinh dudng 16n (Bang 2). Cu thé, COD dao ddng tir 2680-3800 mg/L
va BODs tir 1350-1947 mg/L, phan anh tai lugng hitu co cao va kha nang phan huy sinh hoc tuong
dbi tot (ty 1¢ BODs/COD =~ 0,50-0,51). Piéu nay cho thiy nudc ri rac van con & giai doan phan hiy
sinh hoc manh, phit hop véi cc phuong phdp xi ly sinh hoc. Két qua nay tuong tu nhu Bdo céo clia
Tran va cs. [19], khi COD c6 nong do tir 15007800 mg/L, BODs ¢ nong do tir 690—-3800 mg/L, ty
1é BOD5/COD = 0,50. Ham lugng nitd tdng (981-1142 mg/L) va dic biét 1a NH4* (968-1104 mg/L)
chiém ty 1 rat 16n, cho thdy 6 nhiém nito § mic nghiém trong, diy la dic trung dién hinh ctia nudc ri
rac bai chon 14p 1au nidm [28]. Nong dd amoni cao c6 thé giy tc ché vi sinh vat va 1a thach thiic 16n
ddi v6i qua trinh xt 1y, dic biét 1a qua trinh nitrat héa. Dbi véi tdng phdt pho (22,7-39,9 mg/L), gid
tri & mifc trung binh so v6i nudc ri rac, gop phan duy tri ty 1& dinh dudng can thiét cho hoat dong sinh
hoc. Trong khi d6, TSS (217-221 mg/L) va TDS (~ 400 mg/L) cho thiy su hién dién ctia ca chét ran
1o lting va hoa tan, ¢6 thé dnh hudng dén qua trinh xt ly néu khong dudc loai bd hiéu qua. Pang chi y,
cac kim loai ning doc hai nhu As, Pb, Cd, Hg déu khong phat hién (KPH), cho thdy midc do 6 nhiém
kim loai khong dang k€ tai thoi diém 1y mau. Tuy nhién, Zn van & mic thip (0,675-0,825 mg/L),
can dudc theo ddi trong qua trinh x( 1y 1au dai. So sanh giita hai miu, miu S1 c6 mic d 6 nhiém hitu
cd cao hon (COD, BODs) nhung lai ¢6 ham Iugng nito thip hon so v6i mau S2, cho thiy su khéc biét
vé dic tinh nude ri rac theo vi tri hoidc thdi gian thu mAu. Nhin chung, nudc ri rac tai khu vuc nghién
cifu ¢6 dic trung 6 nhiém hitu co va dinh dudng cao, kim loai thip, phii hop véi xu hudng chung clia
nudc ri rac bai chon 14p.

2.3. Mo hinh phong thi nghiém

Nudc ri rac duge pha loang vdi ti 1€ 1 nudc ri rac va 5 nude sach va luu trit trong thung chia véi

dung tich 30 lit. Nuéc ri rac pha loang sau d6 dugc bom dinh lugng bom vao mo hinh véi luu lugng
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20 I/ngay. Vat liéu PRB tir bé tong phé thai dap vd dudc sang va lam sach, kich thudc hat vt liéu
10-20 mm, dugc d6 vao md hinh véi dung tich vat liéu 70 1. Nudc ri rac dudc dua vao md hinh qua
dudng dng phan phdi phia trén sau d6 nudc sau xit ly dude thu gom theo dudng 6ng duc 16 lap dit
phia dudi, ddm bao dong chay thim 12 dong chay ngang (bai loc dong chay ngang — Hinh 2, Hinh 3).
Céc thong s6 van hanh ctia mo6 hinh dugc thé hién & Bang 3. Chét luong nudc duge 14y mau dinh ky
va phan tich 1 tuin 1 1an v6i cic thong s6 COD, TN, NH4*-N, TP, Cd, Pb. Két qua phan tich cidc mau
thé hién gi4 tri trung binh (d6i v6i mau 1ip 12 2 mau véi méi mot chi tiéu va ¢é ddi chiéu véi mau
trang d€ kiém soat chét luong ciia két qua phan tich).

Nudre ri rac pha lodng

' 4 x
Lay mau

Thing chira nudc thai
V=30L

Q= 10-20 L/ngiy | m pH, DO, Nhiét 45

Bom dinh lugng

i

Liy mau

i
3
T S I B Y

ol % 4
| =1 X

g < Bé tong v 1-2 cm s .
Bé tong v 2-4 cm /| ) Bé tong v 2-4 cm

_ Thé tich nude: 40 L

Thé tich vt ligu: 70 L

Hinh 2. Thiét k& mo hinh xt ly nuéc ri rac véi cong suit 20 1/ngay

Bang 3. Thong s6 thiét ké van hanh md hinh PRB xt ly nudc ri rac

Thong sb thiét ké van hanh Gia tri

HRT — Thdi gian luu nuée (ngay) 2
Luu lugng xt ly (1/d) 20
HLR — Tai trong thiy luc (I/m?/ngay) 100
ALR - Tai trong hitu co (gCOD/mzlngéy) 33,3
COD (mg/L) 400-500
NH4"-N (mg/L) 200
TP (mg/L) 8
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Thing chiza Thing chira
Nudce i rdc nwdc san Xt 1§

Hinh 3. Hinh anh van hanh mo hinh x@ 1y nudc ri rac tai phong thi nghiém (md hinh A)

3. Két qua va thao ludn
3.1. Giai doan thich nghi va tao bun sinh hoc

M5 hinh dugc van hanh véi nudc ri rac duge pha loang, sau d6 dugc bd sung bun ky khi da dugc
nuoi ciy sin trong phong thi nghiém. Ché d van hanh ctia bé PRB 1a ché do thiéu khi trong 16p vat
liéu loc va lam thodng tu nhién trén bé miit v6i 16p nudc trén bé miit khoang 7-10 cm. Sau 2 thang
van hanh (tif thang 2 dén thang 3/2022), bun sinh hoc da thich nghi va tao thanh cic 16p mang bam
vao bé mit vit liéu PRB.

3.2. Hiéu qud xit Iy nudc ri rdc ciia moé hinh bé’ PRB
a. Hiéu qua xit 1y chat hitu co

Két qua nghién ctfu cho thly md hinh PRB van hanh véi tai lugng hitu co ting dan dat gia tri tdi
da khoang 62 gCOD/m>/ngay va hiéu suét xtt Iy COD dao dong trong khoang 16-85% (Hinh 4). Theo
nghién ctiu ctia Kjeldsen va cs. [28], hiéu qud xt ly COD ctia nudc ri rac phu thudc manh vao tudi bai
chon 14p va thanh phan hitu co khé phan hdy, thudng dao dong trong khoang 20-80%. Hiéu qua xi
ly COD thip trong giai doan dau ctia md hinh (16-30%) c6 thé dugc giai thich do hé vi sinh vat chua
thich nghi va phat trién day di trong vt liéu PRB do qud trinh nitrat héa va phan hiy sinh hoc can
thoi gian khdi dong dé hinh thanh quan thé vi sinh 6n dinh. D6 thi ciing cho thiy hiéu qua xi Iy COD
ctia md hinh ting dan theo thdi gian va & giai doan tif thang 6 dén thang 8 hiéu suét xi 1y ting tir 50%
dén 85%. Ngoai ra, mdi quan hé tuyén tinh gitta COD dau ra va dau vao (COD,, = 0,36 x COD,;,,
R? = 0,77) (Hinh 5) cho thiy mé hinh c6 kha ning 6n dinh ¢ muc tai trung binh. Tuy nhién, so véi
mot s6 hé PRB cai tién hoiic két hop nhiéu giai doan, hiéu suit xit Iy COD ctia m hinh van con thap.
Theo Tchobanoglous va cs. [29], viéc 4p dung hé théng xit ly nhiéu béc, dic biét 1a két hop cac qua
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trinh ki khi — hiéu khi, c6 thé niang cao ding ké hiéu qua xi Iy cdc hop chit hitu co khé phan hiy.
Do d6, dé xuét sit dung bé loc PRB hai bac trong diéu kién ki khi d€ c6 thé ting thoi gian luu va cai
thién hoat dong vi sinh, tir d6 nang cao hiéu qua xi ly COD, dic biét dbi véi nudc ri rac c6 nong do 6
nhiém cao va thanh phan phiic tap.
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Hinh 4. Hiéu qua xt ly chét hifu co ctia tudng thim phan tng PRB xi Iy nudce ri rc
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Hinh 5. D6 thi quan hé gitta tai lugng COD vao/COD ra (gCOD/m>/ngay)

b. Hiéu qué xt Iy chét dinh dudng

Két qua van hanh giai doan ban dau (tli thang 2 dén thang 4/2022) cho thiy hiéu qua xd ly amoni
ctia b€ loc PRB & mic 15%—60% (Hinh 6), trong khi d6 hiéu quéa xt 1y phdt pho cao hon 89-94%.
Hiéu qua xd ly amoni thip ctia mo hinh & nhiing thang dau tién vin hanh c6 thé dugc giai thich 1a do
hoat dong chua hi€u qua cta hé vi sinh vét sinh trudng trong vt liéu PRB, qua trinh x& 1y amoni va
tong nito thap, ché do thiéu khi/ki khi ctia md hinh 1am can trd qua trinh nitrat héa. D€ nang cao hiéu
qua xt Iy amoni, nhém thuc hién suc khi trén bé mit ctia bé loc dé ting ham lugng oxy hoa tan trong
nudc, thic diy qua trinh nitrat héa. Khi mé hinh dugc bd sung suc khi dé tdng ham Iugng oxy hoa tan,
hiéu qua xt Iy amoni da ting 1én 1 rét (52-83%), phit hop vé6i cdc nghién cifu cho thiy viéc ting DO
gitp thiic ddy hoat dong cta vi khuan Nitrosomonas va Nitrobacter [30]. Tai lugng amoni dua vao
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md hinh xt ly dao dong trong khoéng tir 10,8-39,3 gNH,*-N/m>/ngay, hiéu qua xit Iy & giai doan tit
thang 5/2022 dén thang 8/2022 dat tir 52-83%. Amoni trong nudc thai sau khi xi ly & giai doan sau
dat QCVN 25:2009/BTNMT cot B2. Panh gid hiéu qui xt 1y cia mo hinh dbi vé6i gia tri amoni sau
Xt ly va amoni vao la Amoni;, = 0,5 X Amoniy;,, R? = 0,95; Tong nito vao/ra1la TN, = 0,53 X TNy,

= 0,93. Mb hinh c6 kha niing giam NH,;* v TN & miic nhit dinh (Hinh 7, Hinh 8, Hinh 9), nhung
co ché loai b nito chua dudc xdc dinh day di. Chat lugng nudc thai theo chi tiéu nito sau bé loc PRB
tuy dugc x{ 1y gidm nhung vin & miic cao va chua dat tiéu chuén x4 thai. Can thiét phai c6 xd ly bd
sung bing cdc cong trinh sinh hoc phia sau (bai loc trdng cdy 2 béac + hd sinh hoc).
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Hinh 8. Amoni vio/Amoni ra Hinh 9. Téng nito vao/Tdng nitd ra

Hiéu qua xd 1y phdt pho ctia md hinh khd tot (> 90%) (Hinh 10, Hinh 11), chti yéu phét pho dugc
xt 1y theo co ché ling va hip phu trén bé mit vat licu PRB. Tai Bang 1, cdc thanh phan chinh cia
chét thai rin xay dung (thanh phan tao ra PRB) I Ca, Si, Mg va Al, cung cép cdc hydroxit kim loai
hoat tinh (M), M—(OH)"*, trong nudc va céc ion kim loai hoa tan (Ca®* va Mg>*, AI**) tao thanh
cac mubi photphat két tiia (vi du: Ca3(POy),; AIPOy; hydroxyapatite; Cas(OH)(POy)3) gibng nhu cac
vat liéu xi ming khéac [12]. Két qua nay tuong dong vé6i cdc nghién ciu [12, 30, 31], khi cic vat lidu
khodng (giau Ca) c6 kha ning loai b phdt pho hiéu qua thong qua qua trinh hip phu va két tda héa
hoc. Tuy nhién, sau mot thdi gian hoat dong, khi vat liéu bao hoa thi kha niing xi 1y phdt pho ctia mo
hinh s& giam, do d6, d& nang cao hiéu qua xt ly ph6t pho, can thiét phai c6 thém qua trinh phat trién
ctia thyc vat gitip thic ddy qud trinh két ta ctia phdt pho 1én bé mit vat liéu, ré cay...
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Két qua van hanh ban du cho thiy hiéu qua xi 1y chét hitu co va chét dinh dudng (amoni, tong
N) ctia vat liéu PRB ddi v6i nude ri rdc & mic thip dén trung binh do qua trinh phat trién chua dn
dinh ctia bun sinh hoc ciing nhu can thiét phai c6 xi Iy bd sung nhiam ting hiéu suit xt ly ctia mo
hinh phong thi nghiém. Déi v6i md hinh hién trudng, can thiét trong thém ciy siy dé xi 1y bS sung
chit dinh dudng (N, P). Miit khéc do dbi tugng xi 1y 1a nude ri rac da dudc pha lodng v6i nong dd cac
chit 6 nhiém gidm di so v6i nudc ri rac tho tai BCL nén két qua nghién citu phu hop dp dung cho xir
ly nuéc ngam bi 6 nhiém hay nudc ri rac bi pha loang bdi nuéc mua thu gom tai cac hd chiia tam thdi.
c. Hiéu qua xtt ly kim loai ndng (Pb, Cd)

Ddi v6i ngudn nuéc ri rac, véi phép do sit dung khong phat hién chi tiéu Pb, Cd nén nhém nghién
cifu di bd sung thém 2 kim loai nay vao nuée dau vao véi ndong do dao dong tir 0,8—1 mg/L Pb va 0,3—
0,5 mg/L Cd. Déi chiéu véi ngudng cho phép ctia 2 kim loai nay véi QCTD 02 lan lugt 1a 0,5 mg/L
va 0,1 mg/L. Két qua phan tich nudc ra khdi md hinh 13 dudi ngudng phat hién ctia phép do. Do d6 c6
thé két luan vat liéu PRB c6 kha ning xt 1y hoan toan Pb va Cd dat hiéu suét xi 1y 12 100% (Hinh 12).
Két qua tdng hop tai Bang 4 cho thiy céc thong sd van hanh dic trung cia md hinh phong thi nghiém
Xt ly nuéc ri rdc ¢6 su bién dong nhit dinh nhung nhin chung niam trong khoang phu hgp dé dam
bao hiéu qua xi 1y. Cu thé, tdi luong hitu co thé tich (OLRv) dao dong trong khoang tir 0,02 dén
1,17 kgCOD/m*/ngay, véi gid tri trung binh 0,05 kgCOD/m>/ngay, cho thidy mé hinh hoat dong chi
yéu & muc tai hitu co thap dén trung binh, thuén 16i cho qua trinh phan hiy sinh hoc trong dét. D6i vé6i
tai luong amoni (NH4*-NLRv), gid tri bién thién tit 0,01 dén 0,05 kgNH,4*-N/m>/ngay, trung binh dat
0,02 kgNH,*-N/m>/ngay. Tai lugng tdng nitd (TNLRv) nam trong khoéng 0,02-0,10 kgTN/m>/ngay,
véi gid tri trung binh 0,04 kgTN/m®/ngay phit hop véi ndng do céc hop chit chia nito trong nudc
ri réc. Trong khi d6, tai lugng tdng phét pho (PLRv) dao dong tit 0,1 dén 0,8 gTP/m>/ngay, trung
binh 0,5 gTP/m>/ngay, thé hién ham lugng dinh dudng & muic trung binh, c6 thé h trg cho hoat dong
clia vi sinh vat trong hé thong. Ngoai ra, tai thiy luc bé mit (HLR) bién thién trong khoang 0,02—
0,07 m*/m?/ngay, v6i gia tri trung binh 0,05 m*/m?/ngay, cho thiy luu ludng cip vio md hinh tuong
ddi 6n dinh, ddm bao thdi gian Iuu nudc thich hop cho céc qua trinh xi ly. Két qua van hanh mé hinh
phong thi nghiém ciing tuong tu véi nghién ctiu ctia Deng va cs. [31] cho thiy phé thai bé tong vd c6
kha ning xi ly hiéu qua dbi véi chét hitu co, TSS va do duc, tuy nhién khong dem lai hiéu qua xt ly
cao vé dinh dudng.
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Hinh 12. Hiéu qua xit Iy ctia mo hinh d6i véi kim loai ning (Pb, Cd)

Bang 4. Téng hop cic thong sb van hanh ctia md hinh PTN xt ly nuéc ri rac

. Gia tri
TT Thoéng so Don vi -

TB  Min—-Max
1 Tai lugng hitu co thé tich (OLRv) kgCOD/m*/ngay 0,05 0,02-1,17
2 Tai lugng amoni thé tich (NH4*-NLRv) ngH4+—N/m3/ngéy 0,02 0,01-0,05
3 Tai lugng tong nitd thé tich (TNLRv) kgTN/m>/ngay 0,04 0,02-0,10
4 Tai luong tong phdt pho thé tich (PLRv) gTP/m®/ngay 05 0,1-08
5 Tai thiy luc bé mit (HLR) m®/m?/ngay 0,05 0,02-0,07

4. Két luan

Két qua van hanh mo hinh cho thy hiéu qua xi ly chit hitu co va chét dinh dudng cta vat liéu
PRB d6i véi nude i rac & miic thip dén trung binh do qud trinh phét trién chua 6n dinh cta bun
sinh hoc ciing nhu can thiét phai c6 xi ly b sung nham ting hiéu suat xit Iy ctia mo hinh phong thi
nghiém. Do d6, viéc két hop véi trong ciy hay loc 2 bic sé gitip ting hiéu qua xi Iy ngudn nudc ngdm
bi 6 nhiém bdi nudc ri rac. Nghién ctu di chi ra mdi lién hé giiia tdi 6 nhiém va hiéu qui xd ly cda
mo hinh, tuy nhién, chua danh gid anh hudng ctia d6 réng cta vt liéu PRB. Két qua van hanh mo
hinh phong thi nghiém cho thiy tiém ning ing dung clia cong nghé tudng thAm phan ing PRB véi
vat liéu phan dng dudc tdi ché tir phé thai xay dung (bé tong thai) vao trong viéc xi Iy ngudn nudc bi
6 nhiém bdi nuéc ri rac hay nude ri rac pha loang & Viét Nam. Bing viéc sit dung ngudn phé thai xay
dung sin c6, gitip gidm chi phi x 1y, huéng t6i nén kinh té tuan hoan va bén viing.
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