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Tom tat

Nghién cwu e tién hanh nham khdo st kha nang dp dung cong nghe plasma lanh dé
xit Iy nwée ngam bi é nhiém sdt, arsen va E. coll Cac thi nghzem dwoc tién hanh trén mé hinh
cot plasma quy mé phong thi nghiém véi nguon nuwée ngam dwoc gdy é nhiém nhan tao. Két
qua thi nghiém cho thdy tdi nap va thoi gian trit nuoc sau xu l)} danh hwéng dén hiéu qua xLZ’ ly
ciia hé thong. Cot plasma nén dwoc thiét ké véi leu lwong toi thiéu 2 L/phit dé cung cap du
chzeu day lop nudc giup tang dién tru’O’ng trong khe ho dién cuc va lam tang cong sudt va do
on dinh ciia plasma. Hiéu sudt xir Iy sdt, arsen va E. Coli trong nwéc ngam cia hé thong
plasma 2 L/pht rdt cao, lan heot dat cac gid tri 99%, 99,4%, 93,8%, va khong khac biér ding
ké giita cdc thoi gian trit mede 10 phit, 20 phit, 30 phiit. Nude sau xik Iy nén tiép tuc cho luu ¢
bén chira trong khodng 20 phit dé ozone va cdc goc HO® tiép tuc phdan immg véi cdc chit 6
nhiém nham dat hiéu qua xit Iy cao va mede sau xir Iy khong con dw lwong ciia ozone.
Tir khéa: arsen, cong nghé plasma, E. Coli, meée dudi dat, sdt
Abstract

SURVEY AND TREATMENT GROUNDWATER BY PLASMA TECHNOLOGY

The study aim to evaluate the groundwater treatment efficiency on iron, arsenic, E. Coli
applying plasma technology. The plasma system was design to operate in lab scale conditions
with artificial groundwater. The results showed that the flow rate of plasma column and the
storing time of treated water will be effects to the treatment efficiency of the system. The plasma
column should design with the flow rate of 2 L/minutes to fulfill the water layer that increasing
the electric field between the electrodes slot, and accumulate the electric power and plasma
power. The treatment efficiencies of iron, arsenic and E. Coli at the 2 L/minutes plasma system
very high with numbers of 99%, 99.4%, 93.8%, but there is not significant different between
treatment with storing time of 10 minutes, 20 minutes, and 30 minutes. The water after treated
should be store in at least 20 minutes so that ozone and HO® continue react to contaminant
matters, the treatment efficiency will be better and limited residue from ozone.

1. Giéi thiéu

Theo Téng Cuc Mbi truong (2010), nudc dudi dét tai mot sb vung ¢ Viét Nam dang dodi
mit v6i cac van dé nhu x4m nhap min trén dién rong, 6 nhiém vi sinh va 6 nhiém kim loai ning
nghiém trong do khai thac khong c6 qui hoach va khong c6 bién phéap bao vé ngudn nudc. Ciing
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theo Tong Cuc Mai truong (2014), nude dudi dat & mot sb tinh thude dong bang song Ctru Long
(PBSCL) di bi 6 nhiém NOs, NH,", kim loai nang (Fe, As) va dac biét & nhiém vi sinh
(Coliform, E. Coli). Trong khi d6 khoang 13, 5% dan sb Viét Nam (10 - 15 triéu ngudi) dang su
dung nuéc sinh hoat tir giéng khoan. Nhiéu giéng khoan & Pong Thap va An Giang va mot sb
ving khac ciing da phat hién arsen trong nuée (Nguyén Viét Ky, 2009). Nguoi bi nhiém arsen c6
thé ¢6 nhimg biéu hién nhu thay d6i mau da, sy hinh thanh ctia cac vét cimg trén da, ung thu da,
ung thu phdi, ung thu than va bang quang ciing nhu c6 thé dan t6i hoai tur.

Trén thé giéi di c6 mot sd nghién ciru xur 1y arsen trong nudc ngdm di va dang ap
dung. Cac giai phap xu 1y cé thé ké dén nhu dong tu két hop loc, khu béng than hoat tinh,
khir bang voi séng, hay dung phuwong phap tham thiu nguoc. Trong diéu kién Viét Nam, mot
s6 giai phap xur 1y dugce nghién ciru va trién khai nhu hé théng loc c6 gian phun mua véi san
pham dugc ban trén thi trudng 1a ArsenFREE (T.H., 2010). Theo Vién Khoa hoc va Cong
nghé Viét Nam, viéc sir dung phuong phap 6xy héa thong thuong va anh sang mit trdi co thé
loai trir dugc céc tap chat, dic biét 1a arsen ra khoi nuéc ngadm (Bui Manh Ha, 2006). Cac gia
dinh sir dung nudc giéng khoan nén xur 1y bang phuong phap suc khi, gian mua, bon ling,
loc... vira dé khu sit, vira loai bo dugc arsen trong nude. Xu ly nude bﬁng plasma lanh 1a mot
cong nghé twong ddi mai, 1a phuong phap st dung hién twong dién phan nudc & hiéu dién thé
cao ta0 nén nhirng gdc hoéa hoc c6 tinh 6-xy hoa manh, co thé 6-xy hoa cac kim loai ning
chuyén chung tir dang khtr sang dang 6-xy hoa va két tiia, sau do cac chat két tia duoc ling
va loc dé dua ra khoi nude. Cac chit 6-xy héa manh nay va tia UV (tao ra tir hd quang dién)
con c6 thé tiéu diét cac vi sinh vat. Nghién ctru dugc tién hanh nhim khao sat kha nang xu ly
céc thanh phan 6 nhidm trong nudc ngdm cua thiét bi plasma lanh qui mé phong thi nghiém,
tim ra cac thong sé van hanh can thiét nhu tai nap nudc, thoi gian trir nude hop 1y phuc vu
cho viéc ché tao thiét bi ung dung vao thyuc té.

2. Phuwong phap nghién ciru

2.1. Ché tao thiét bi

M5 hinh hé théng xir Iy nudc ngam bang plasma lanh duge thiét ké va ché tao theo kiéu
bé phan g c6 dong chay lién tyc tir trén xudng tao thanh mang nudc trén bé mat cua dién cuc
tao plasma. Di¢n tich bé mit ctia ban dién cuc noi nudce chay qua la 51,81 cm?. Nguyén tac hoat
dong ctia hé thong:

- Pau tién nudc can xir Iy duoge cho vao binh chira 1, sau d6 bom vao budng tao plasma
(str dung bom c6 thé diéu chinh luu lugng), budng plasma dugc cip khi thém bang bom cip
khi. Sau khi nudc duge xtr 1y bang plasma s& chay vao binh chira 2, tir binh chira 2 nudc s&
dugc bom qua bd lgc cotton 5 pm va cét loc than hoat tinh.

- Pién 4p dau vao anh huong dén dién ap dau ra ciia bo ngudn tir d6 anh huong dén qua
trinh tao plasma ctia budng plasma. Mirc d6 anh hudng ciia dién ap dau vao dén dién 4p dau ra
cua bo nguén dugc do dac va trinh bay bé“mg Hinh 3.

Khi bom nudc qua budng plasma ¢ mirc 1 L/phut do luu luong thip nén 16p nudc chay
trén bé mat dién cuc khong on dinh. Khi luu lwong nude ting 1én 2 L/phat, quan sat thay 16p
nudc chay on dinh hon va plasma xuét hién hau nhu trén toan bo thé tich ctia khe hé dién cuc.
Diéu nay 1a do sy tiang chiéu day 16p nudc nén lam giam khe ho dién cuc, do d6 dién truong
trong khe hé dién cyc ting da lam ting cong suat va d6 6n dinh cta plasma.
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Hinh 1 So d6 h¢ thong xir Iy nudc ngam bang plasma lanh Hinh 2 Cau tao buong plasma
(1) binh chira nude can xir Iy, (2) binh chira nude sau xit Iy, (3) van
niede, (4) mdy bom nwée, (5) bom cap khi cho buong plasma, (6) mdy
bién dp, (7) heu lwong ké, (8) tii dién, (9) nguon cao dp, (10) buong
tao plasma, (11) bo loc
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Bing 1. Tai nap nuée cho hé théng plasma theo luu lrong

Luu lwrong Dién tich dién cuc T4i nap nuédc

(m*/phdit) (m?) m>xm2xphit™ m3xm2xgio™ m>xm2xngay™
0,001 0,005181 0,19 11,58 277,94
0,002 0,005181 0,39 23,16 555,88

2.2. Bé tri thi nghiém

So d6 bd tri cac thi nghiém trong nghién ctru nay duge trinh bay trong Hinh 4. Céc thi
nghiém nham tim ra moc luu lugng va thoi gian luu nude trong binh chira nude dau ra phu hop
de van hanh h¢ thong.

Mo hinh bé xir Iy duoc van hanh theo kiéu bé phan tmg lién tuc véi ché do dong chay tir
trén xuong tao thanh mang nudc xung quanh hé dién cuc tao plasma. Nudc 6 nhiém nhan tao
dugc stir dung dé tién hanh thi nghiém nay. Nudc sau khi qua cdt plasma dugc luu lai trong binh
chtra mot thoi gian dé cac phan ung tiép tuc xdy ra; sau d6 nudc duoc bom qua cot loc cotton
dé lay mau phan tich.

Thi nghi€m 1: xac dinh luu lugng nudc xir 1y phu

hop voi hé théng i

- Tién haxr}h trén nudc 0 nhlen} nha}p taoA A Luu lugng van hanh .
- Thay d6i luu lugng bom nude véi 2 cap do: 1 > hé théng >
L/phut 2 L/phat .

- Céc thong sd phan tich: pH, d6 duc, EC, As, Fe, ni-
trat, E. Coli

Thi nghi€m 2: xac dinh thoi gian luu nudc trong
binh chira sau xtr Iy N

- Tién hanh trén nudc 6 nhiém nhan tao

- Thay d6i thoi gian luu nuée & 3 cip do: 10 pht, 20 > OO
phl]t,}éO phit & p ¢ P cua hé thong
- Cac thong ) phan tich: pH, d¢ duc, EC, As, Fe, ni-
trat, ozone, E. Coli

A

Thoi gian luu nude

A 4

Luu lugng va thoi gian luu nuée phu | \
hop dé€ van hanh hé thong A

Hinh 4. So do bé tri thi nghiém dinh hwéng

2.3. Vin hanh mé hinh va phan tich médu

Trong thi nghiém nay mau nudc giéng dugc thu thap va pha tron thém vai hoa chat
dé gay 6 nhiém nhén tao cho ngudn nudc thi nghiém. Cac hoa chit dugc mua tai cac cira
hang hoa chit gdm co: (1) Phén sit FeSO,4.7H,0, xuat xt Trung Qudc, do tinh khiét 99%;
(2) Phén sit FeCls.6H,0, xudt x&r Trung Qudc, do tinh khiét 99%; (3) Acide asenic
(H3AsOy), xuit xir Trung Qudc. Trudce va sau khi van hanh hé théng xir 1y plasma, miu nudc
dugc thu thap va phan tich tai Phong thi nghiém (PTN) ctia Khoa Méi truong va Tai nguyén
Thién nhién (d6i v6i thong sé pH, EC, do duc, Fe, ozone, ni-trat), tai Trung tim K§ thuat Tiéu
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chuin Po ludng Chit lugng Can Tho - CATECH (thong sé E. Coli) va tai Trung tdm Dich vu
Phan tich thi nghiém TP. HCM - CASE (thong s6 As).

Bang 2 Phuong phap phan tich cac thong s6 6 nhiém

Théng s6 Phuong phap phéan tich
pH TCVN 6492:1999
Do duc TCVN 6184:1996
Fe TCVN 6177:1996
As TCVN 6626:2000
Ni-trat TCVN 6180:1996
E.Coli TCVN 6187-1:1996

3. Két qua va thao luin

3.1. Thi nghi¢m xdc dinh luu lwgng nwéc xiv Iy phit hop véi hé thong

Thi nghiém duogc tién hanh véi cung mau nude duoce tudn tu cho nhiém cac chat 6 nhiém
khac nhau, sau d6 tuan tu tién hanh xu 1y & cc cép luu luong tir 1 L/phat va 2 L/phut. Nude
sau xu 1y dugc trir tai binh chira nude dau ra trong 10 phit, sau d6 bom qua cac cot loc va dem
di phan tich. Ly do trit nudc lai trong binh chira 1a do sau khi qua budng plasma, nudc con chira
nhiéu ozone hoa tan va can phai co thém thoi gian dé cac phan Gmg 6-xy hoa sit tao két tua
hoan toan.

Béng 3. Nong dé cdc théng sé 6 nhiém theo luu lirong bom qua buong plasma

Chi tiéu Pon vi Truwéce khi xir Sau xir ly QCVN
ly 1 L/phat 2 L/phat 01:2009/BYT*

pH - 6,5 6,5 6,5 6,5-85
EC ps/cm 810 820 820 -
Do duc NTU 14,1 2,82 3,03 2
Ni-trat mg/L 8,8 6,8 12,17 50
Fe mg/L 3,91 0,10 0,06 0,3
Arsen mg/L 0,03 0,01 0,02 0,01
E. Coli MPN/100 mL 900 <3 <3 0

* QCVN 01:2009/BYT - Quy chudn ky thudt quéc gia vé chdt lrong miede an uong

Théng sé6 pH: pH déng vai trd quan trong trong viéc tao thanh ozone tir d6 anh hudong
dén hiéu qua xtr Iy nudc. Nong do ctia ozone s& giam tir 10 - 12% khi pH tang tir 7,0 1én 10,5
do ozone bi phan hity nhanh trong méi truong kiém (von Gunten, 2003). Trong thi nghiém nay
pH dau vao 14 6,5, khong doi & 2 mirc luu lugng va khong anh huong dén ndng do ozone.

Thong sé EC: Do dan dién cia nudc (EC) dong mot vai tro quan trong trong vige tao
thanh ho quang dién va tao cac hoat chat. Trong nudc khtr ion hién tuong phong dién tuong dbi
yéu. Nong d6 cua ion tao do dan dién trong khoang 10 - 80 ps/cm sé& 1am ting hién tuong phong
dién, tang cuong do dong dién, tang chidu dai hd quang va ting san xuit cac gdc hoat tinh cao.
Tuy nhién khi ting d6 dan dién ctia nude 1én hon gia tri t6i uvu 10 - 80 ps/cm s& lam giam tdc
d6 san xuét cac goc hoat tinh cao (Malik et al., 2001). Gia tri EC ctia nudc dua vao thi nghiém
1a 810 ps/cm cao hon nhiéu so v&i mirc tdi wru c6 thé 1am giam hiéu qua tao cac gdc hoat tinh
ctia plasma, tuy nhién nong do sit van giam rat nhiéu, cho thay kha ning loai sat clia phuong
phép plasma lanh rit cao. Mot ghi nhan khéc 13 tuy qua trinh plasma tao cac két tia va sau do
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céc két tha nay bi loai bo bang cot loc nhung EC ciia nude khong giam, diéu nay 1a do cac gbe
hoat tinh cao 6-xy hoa cac hat keo hay chét ran lo limg trong nudc bién ching thanh cac chat
don gian, hoa tan va qua trinh dién phan tao ra cac ion, do d6 d6 dan dién gé”m nhu khéng giam.

Théng so d¢ duc: Do duc cua nudc sau xir Iy giam thip & ca 2 ngudng luu luong va dat
gia tri cho phép cia QCVN 2:2009/BYT (5 NTU) d6i véi nude sir dung trong sinh hoat. Po duc
ctia nude giam 13 do trong qué trinh hinh thanh két tia Fe(OH)s, cac hat keo va chét rin lo ling
s& bi két dinh vao san phdm nay va ling xudng & thung chira 2, sau d6 bi gii lai trong cot loc
cotton khi bom nudc ra ngoai. Hiéu suat loai bo d6 duc & murc luu luong 2 L/phut dat 78,51%
thip hon hiéu suat & luu lugng 1 L/phut dat 80%, diéu nay co thé 1a do thi nghiém 2 L/phut tién
hanh sau, lac d6 cot loc di bi cac chat 6 nhiém bam vao 1am giam hiéu qua loc.

Hiéu qud logi bé nitrat: Qua trinh xtr Iy nudc bang plasma tao ra mot phy pham anh
huong dén chit lugng nude d6 1a N-NOs'. Khi khong khi chira hn hop O, va N, di qua khu
vuc phéng dién s€ tao thanh cac 6-xyt ni-to bao gém NO, NO,, N,O3, and N,Os (Fridman,
2008).

NO + O3 — NO, + O, 1)
NO, + O3 —» NO; + O, (2)
NO3 + N02 — Nzo (3)

Trong hé théng plasma lanh v&i ndng d6 0zone trong nude dau ra cao, nd s& 6-xy hda NO
chu yéu thanh N,Os sau d6 tao thanh a-xit ni-tric trong nudc theo phan tmg sau:

N>Os + No,O — 2HNO; (4)

Nghién ctru ctia Kornev et al. (2013) cho thdy hé théng plasma lanh (loai phéng thich hd
quang) chi tao thanh ni-trat. Trong thi nghiém nay ndng do ni-trat trong nudc sau xir Iy con
thap va dat ngudng cho phép ciia tiéu chuan nudc sir dung cho an udng (50 mg/L).

Hiéu qud logi bé sdt: Trong thi nghiém nay nudc ngdm dugc cho nhiém sit bang
FeS0,4.7H,0 voi ndng do sit tong dat 3,91 mg/L - twong dwong gia tri 4 mg/L 13 muc 6 nhiém
trung binh tham khao tai mot sd giéng khoan & PBSCL (Lé Hoang Viét et al., 2013). Hiéu sut
loai bé Fe?* cua hé théng plasma lanh rat cao dat trén 97%, tat ca néng do Fe sau xur ly ¢ ca 2
cdp luu luong déu ndm dudi ngudng quy dinh boi tiéu chuin nuéc an udng QCVN
01:2009/BYT (0,3 mg/L). Hiéu suét xtr Iy sit & luu luong 1 L/phat dat 97,57%, va & luu luong
2 L/phtt dat 98,59%. Nong do Fe®* trong nudc xir 1y giam 1a do budng plasma tao ra ozone,
ozone sé& 0-xy hoa Fe?* thanh Fe* két tua theo phwong trinh phan tmg dudi day:

O3 + 5H,0 + 2Fe** — 2Fe(OH); (dang ran) + O, + 4H* (5)

Ciing can néi thém la qua trinh tao plasma ciing tao nén H,0,, do d6 ¢o thé tao thanh cac
phan tmg hinh thanh Fe?* tir Fe** 1am giam hiéu qua loai bo sit (Cheng et al., 2007).

Fe?* + H,0, — OH + OH ™ + Fe** (6)
Fe?* + «OH — Fe** + OH~ (7)
Fe®* + H,0, — Fe** + HO, + H* (8)

HO, + H,0,— O, + H,O + OH (9)

Hiéu qud logi bé arsen: Trong thi nghiém nay nudc ngam dugce cho nhiém arsen voi
nong do ban dau 1a 0,032 mg/L vuot gip 3 1an so véi QCVN 02:2009/BYT (0,01 mg/L). Két
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qua phén tich miu cho thdy ndng do cia arsen sau xir Iy & ca 2 ngudng luu lugng thi nghiém
déu giam, nhung chi thi nghiém & luu lwong 1 L/phat cho nude sau xir 1y dat tiéu chudn. Nong
d6 arsen giam chu yéu 1a do hiéu qua cua qua trinh 6-xy hda As®* dang hoa tan thanh As>* dang
két tua boi ozone theo phuong trinh duge dé nghi boi Johnston & Heijnen (xxx) véi miu nude
thi nghiém co gid tri pH ~ 6,5.

O3 + H3AsO; — H,AsO, + O, + H* (10)

Hiéu qud logi bé vi sinh vit: Trong thi nghiém nay nudc ngam duge cho nhidm E. Coli
bang nudc thai sinh hoat, sau khi cho nhiém mat d6 E. Coli ban dau phan tich dwoc 1a 900
MPN/100 mL. Sau khi xtr Iy qua hé théng plasma lanh, nudc sau xir Iy & ca 2 ngudng luu
lwong thi nghiém déu khéng phat hién E. Coli. V& mit khtr trung, theo Malik et al. (2001) hién
tugng phong dién tao ra dién trudng, song xung kich (shock wave), tia UV, O3, H,0, va gbc
HO® déu c6 kha ndng ti€u di¢t cac vi sinh vat. Sy xuét hién dﬁ”)ng thoi cac yéu td nay lam ting
hiéu qua khir tring. Theo Locke et al. (2006) hiéu qua khir tring nudc cia cac yéu to nay da
duogc nghién ciru, O3 va UV ¢6 kha ning khir tring tryc tiép, sdng xung kich lam hu mang cta
té bao, gbc HO® lam ton hai t& bao bai qua trinh 6-xy hoa.

3.2. Thi nghiém xdc dinh thoi gian luu nwdc trong binh chira sau xur ly

Trong thi nghiém 1, nudc sau khi xtr ly dugc trit lai trong 10 phat r0i méi phan tich dé
danh gia hiéu qua xir 1y. Viéc trit nude trong 10 phit cé thé chua phat huy t6i da kha ning
chuyén hoa ozone trong nudc. Do d6 ¢ thi nghiém nay chung toi muon tim hiéu chuyén hoa
ozone trong nudc sau xt 1y & cac thoi gian trit nuée khac nhau. Cac mée thoi gian duge chon
dé 1am thi nghiém gdm 10 phut, 20 phit va 30 phit.

Hiéu qud logi bé cdc chi tiéu é nhiém ¢ lwu lwong 1 L/phiit: Thi nghiém dugc tién hanh
véi cung mau nude duoc tudn tu cho nhidm cac chit 6 nhiém khéac nhau, sau d6 tién hanh xu ly
& cung mot luu lwong 14 1 L/phat. Véi gia thuyét ban dau 1a nude sau khi qua budng plasma
van con chira 0zone va cac gdc tu do, do d6 trong binh chita van con xdy ra cac phan tmg.
Nudc sau xtr 1y dugc luu trong binh chira nuéc dau ra & cac thoi gian khac nhau, sau d6 bom
qua cac ¢t loc va dem phan tich.

Bing 4. Nong do cdc chi tiéu theo doi ciia nueée xie 1y 6 leu heong 1 L/phiit

Chi tiéu Pon vi Truwée Sau xir ly va trir trong binh chira QCVN
Xt ly 10 phat 20 phat 30phat  01:2009/BYT*

pH - 6,4 6,9 6,9 7,0 6,5-85
EC ps/cm 1230 1220 1210 1200 -
bg duc NTU 15,30 0,99 1,16 1,95 2
Ni-trat mg/L 2,4 7,7 9,9 8,2 50
Fe mg/L 3,720 0,045 0,026 0,029 0,3
Arsen mg/L 0,1 0,01 0,006 0,006 0,01
Ozone mg/L 0,14 0,13 0,06 0 -
E. Coli MPN/100 mL 15000 93 230 <3 0

* QCVN 01:2009/BYT - Quy chudn ky thudt quéc gia vé chdt lwong mede an uong

Gid tri pH: két qua do dac cho thiy gia tri pH trong nudc sau xir 1y ¢6 xu huéng ting theo
thoi gian luu trong binh. Trudc khi xtr Iy, pH nudc 14 6,4, sau khi xtr 1y va luu trong binh chtra dén
20 phut, pH ting dén 6,9. Néu luu nude dén 30 phut thi gia tri pH ciing chi ting thém dén 7,0.
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D6 dan dién: gia tri EC cua nude giam rat it sau khi xtr 1y va theo thoi gian trir nudc
trong binh chta. D6 dan dién ciia nude sau khi xtr Iy gitr 6n dinh 14 do cac gbc hoat tinh cao 6-
xy hoa cac hat keo hay chit ran lo limg trong nude bién chung thanh cac chit don gian, hoa tan
va qua trinh di¢n phan tao ra cac ion.

D6 duc: @6 duc trong nude sau khi xir Iy bang plasma lanh va trir 10 phat giam tir 15,30
NTU xudng con 0,99 NTU (dat hiéu suit 93,53%). Tuy nhién theo thoi gian trir nudc da xu Iy
trong binh chura thi do duc lai tang 1én theo thoi gian, dat mac 1,16 NTU ¢ 20 phut va 1,95
NTU & 30 phat trit nu6e sau khi xtr Iy. Diéu nay c6 thé do cot loc bi cac chat 6 nhidm bam vao
lam gidm hi¢u qua xu 1y.

Xur [y nitrat: gia tri nitrat cia mau nudc sau xu 1y ting so voi trude khi thi nghiém, dong
thoi bién thién khong theo quy luat theo thoi gian trit nude trong binh chira. Mic chénh léch vé
ndng d6 ciia cac mau nude & cac thoi gian trit nude khac nhau khong cao, do d6 co thé sy bién
dong nay gy ra boi sai sb cho phép cua thiét bi do cling nhu sy hoat dong khong on dinh cua
hé thdng plasma ¢ luu lwong nap nudc thap 1 L/phit.

Xir Iy sat: hidu suat xir 1y st ctia hé théng plasma lanh rét cao dat tir 98,8% khi trit nudc 10
phit, va dat 99,3% khi trit nude 20 phit. Mirc chénh 1éch ham luong sit giita thoi gian trir nudc
20 phut va 30 phut 1a rit nho, c6 thé ghi nhan hiéu qua loai bo sit ciia hé théng plasma lanh
khong phy thudc nhiéu vao su thay ddi cua thoi gian luu nude trong binh chia tir 10 - 30 phut.

Xir Iy arsen: hiéu suat xtr Iy arsen ctia hé thong plasma lanh rat cao tir 90 - 94%, hiéu suét
thap nhat 12 90% dat duoc sau khi nudc da luu trong binh chira 10 phut, ting 1én 94% sau 20
phat va giit nguyén gia tri 94% & thoi gian luu 30 phat. Tuong tu v6i xir 1y sat, hiéu qua loai bo
arsen ctia hé thong plasma lanh khong phu thudc nhiéu vao su thay dbi cua thoi gian luu nuée
trong binh chtra tir 10 - 30 phut.

Gid tri ozone: ndng d6 ozone cua nudc trude khi xir Iy 1a 0,14 mg/L, sau khi qua cot
plasma va luu trong binh 10 phat con 0,13 mg/L (giam 7,1%). Gia tri nay tiép tuc giam dan dat
mirc 0,06 mg/L sau khi luru 20 phit trong binh (giam 57,1%), va giam cho dén mirc khong phat
hién sau khi luu lai binh chira 30 phut. Diéu nay 1a do ozone tiép tuc phan tmg véi cac chat 6
nhiém trong nuéc ngam va ty phan hiy.

Xir Iy vi sinh: hé thong plasma c6 hiéu qua cao trong xir Iy cac chi tiéu 6 nhiém vi sinh vat,
hiéu sudt xir 1y dat 99,4% ¢ thoi gian trir nuéc 10 phit. Khi trir nuwée 20 phit, mat 6 E. Coli co
tang nhung co thé do sai s6 ctia qua trinh phan tich; dén 30 phut mat do E. Coli da hoan toan bién
mat. Piéu nay phu hop véi 1y thuyét ciia qua trinh khtr tring 13 hidu qua khir tring phu thude vao
liéu lwong ciia chat khir tring va thoi gian tiép xtc cta vi sinh vat véi chat khir tring,

Hiéu qua logi b6 cdc chi tiéu é nhiém & lwu lwong 2 L/phiit

Thi nghiém nay tién hanh tuong ty thi nghiém trong phan 3.2.1 chi khac 1a Iuu lugng van
hanh cot plasma 2 L/phat. Két qua thi nghiém duoc trinh bay trong bang 5.

Bing 5 Nong dé cdc chi tiéu theo doi ciia niwde xir Iy & leu lwong 2 L/phiit

Chi tiéu Don vi Trude khi Sau xir ly va trir trong binh chira QCVN

xtr ly 10 phat 20 phat 30 phut 01:2009/BYT*
pH - 6,5 6,3 7,0 7,2 6,5-8,5
EC ps/cm 1320 1320 1240 1240 -
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Do duc NTU 39,23 1,75 2,19 2,37 2
Ni-trat mg/L 3,2 4,5 4,5 52 50
Fe mg/L 4,16 0,042 0,032 0,029 0,3
Arsen mg/L 0,31 0,002 0,002 0,002 0,01
Ozone mg/L - 0,12 0,07 0 -
E. Coli MPN/100mL 2400 150 <3 <3 0

* QCVN 01:2009/BYT - Quy chudn ky thudt quéc gia vé chdt lwong nwée dn uong

Gia tri pH: pH cua nudc sau xt ly va trir trong 10 phtt gidm chut it nhung sau d6 tang
lién tuc & dén muc trit nudc 30 phut. Cac gia tri nay khong anh hudng dén ndng d6 ozone cua
nude xu ly.

D6 dan dién: gia tri EC ciia nude trude va sau khi xir 1y trong mot khoang thoi gian ngan
(10 phut) khong khac biét. Chi khi trir nudc da xir Iy trong binh chira dén 20 phit, d6 dan dién
c6 chieu hudng giam di, gia tri EC con 1240 ps/cm, gidam 6,06% so voi nudce trude khi xur 1y.
Gia tri EC nay dugc gitt cho dén cuoi thoi gian thi nghiém, ¢ 30 phut trit nude trong binh chura.

Do duc: tuong tu thi nghiém trudc do, do duc ctia nudc sau xir 1y va trir trong 10 phut
giam manh dat hi¢u suat xu 1y 95,5%. Tuy nhién sau do6 gid tri do duc lai tiép tuc gia tang ¢ thoi
diém trit nuée 20 phuat va 30 phit.

X Iy nitrdt: nitrat trong nude sau xir 1y ting 1a do lugng phu phdm tao ra trong qué trinh
xtr 1y nuéce bang plasma (Fridman, 2008). Tuy nhién gid tri nitrat ghi nhan vin nim trong
ngudng quy dinh cho phép cta tiéu chuan nudc sir dung cho an udng.

Xir Iy sdt: hiéu suat xir 1y sit ctia cot plasma lanh rat cao 99 - 99,3%, ndng do sit giam
theo thoi gian luu nude va ¢6 khuynh huéng rd rang, tuy nhién muc giam khong dang ké, nhu
vay co thé ghi nhan hi¢u qua loai bé sat ctia phuong phap plasma lanh khong phu thudc nhiéu
vao su thay d6i cta thoi gian luu nude trong binh tir 10 - 30 pht.

Xir Iy arsen: hidu suat xir Iy arsen cia cot plasma lanh rat cao ~ 99,4%. Hiéu suit nay
khong do6i doi voi tat ca cac thi nghi¢ém trir nude trong binh chira tir 10 dén 30 phat.

Xir Iy ozone: ndng d6 ozone cua nude sau khi xir Iy bang cot plasma va trit trong binh
chtra 10 phut 14 0,12 mg/L, gia tri nay giam dan cho dén mtrc khong con phat hién sau khi dugc
I lai binh chira 30 phut. Piéu nay khang dinh mot 1an nira sy can thiét cua viée trir nudc trong
binh chira sau khi qua ¢4t plasma khoang 30 phat dé cho cac phan ung tiép tuc xay ra va phan
huy hoan toan ozone.

X Iy vi sinh: ¢ Iuu lugng 2 L/phut, thoi gian luu nudce trong binh chira nude sau xir ly
anh huong tich cyc dén hiéu qua xtr Iy cac chi tiéu 6 nhiém vi sinh vat. Hiéu suét xir Iy E. Coli
dat 93,8% sau khi trit nudc thém trong 10 phut, va sau khi trit nudc trong 20 phuat hi¢u suat xi
ly da dat ~ 100%. Diéu nay hoan toan phu hop vai 1y thuyét ctia qué trinh khir trung 13 hiéu qua
khir tring phu thudc vao liéu luong ciia chat khir tring va thoi gian tiép xtic cta vi sinh vat voi
chat khtr tring (Malik et al., 2001; Locke et al., 2006).

4. Két luan

C6 thé sir dung hé thong plasma lanh ché tao trong nghién ctru dé xir Iy nuéc ngam bi &
nhiém béi cac tac nhan 1y - hoa - sinh. Cac thong s6 6 nhim da duoc thi nghiém va xu ly hi¢u
qua cao gom c sit, arsen, E. Coli. Liéu luong xtr Iy ctia hé thong plasma nén chon thiét ké ¢ 2
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L/phat @& dam bao lwong nudc cung cip 6n dinh va plasma xudt hién ddy du 1am gia ting hiéu
sudt xtr Iy cac chit 6 nhiém. Nudc sau xtr Iy nén tiép tuc cho trir lai & bon chura trong khoang 20
phat dé ozone va cac gdc HO® tiép tuc phan tng v6i cac chat 6 nhiém can loai bo nham dat
hi€u qua xur Iy cao va nudc sau xur ly khong con du Iugng ctia ozone.

Nghién ctru thiét ké cac cot plasma c6 cong sudt xtr 1y 16n dap vmg nhu cau xir Iy nude
cip cho mot cong ddng nho va danh gia hiéu qua kinh té cua viéc tng dung plasma lanh dé xur
Iy nudc. V6i kha ning tao ozone, gbc HO® ty do c6 tinh 6-xy h6a manh cing véi viée tao ra
song xung kich va tia UV hé théng plasma lanh con c6 thé xir 1y cac doc td trong nudce, do do
nén tién hanh thém cac nghién ciru trén cac chat nay.
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