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TOM TAT: Mdc di théng thudng qud trinh khit sulphat sinh hoc gdy ra nhiéu vdn dé cho
cdc hé théng ky khi do déc tinh HoS, gdy dn mon cao, gdy mui hdi v.v.., nhung nhitng két qua thi
nghiém cd dang mé va trong thiét bj ky khi cao tdi lién tuc dang UASB déu cho thdy c6 thé sit dung
qud trinh nay, vdi sdn phdm tgo ra la 8%, d€ logi cdc kim logi ndng nhu Hg, Cd, Pb,, trong nudc ri
rdc mét cdch nhanh chéng va trigt dé, 6 thé dat tiéu chudn thdi TCVN 5945 1995, dudi dang cdc
mudi sulphur MeS c6 tich tan thdp hon va bén viing trong khodng pH réng hon nhiéu so véi cdc
mudi MeCO3 hay Me(OH),

1. Ditvin dé . :

Cho dé&n nay chit thii rin sinh hoat & cdc db thj trong cd nu§c déu chua duge phéin loai, thu
gom va xi¥ Iy riéng biét. Bén canh chit thdi hitu cd c6 ngudn gbc ty nhién, cdc loai chit thii khic
trong d6 c6 céc vit dung ph€ thdi chia kim loai ..trong rdc sinh hoat TP H6 Chi Minh ciing chi€m
mot thanh phin déng k& (NTViét, 1997). Ngay cd & cdc nudc phat trién, nhitng vat dung ph€ thdi nhu
cdc loai pin, acquy, bing mach dién tir.. cing 14n vao trong réc thdi, ]am cho ham Iwgng céc kim loai
ning nhuy Hg, Cd, Pb, Cr .. trong rdc thdi sinh hoat trd thanh mot vin dé nghiém trong (USEPA,
1999). Trong qué trinh phan hiy ky khi cdc chét hitu co, cdc axit béo bay hdi sinh ra trong giai doan
axit hod thudng c6 khd ning hoa tan cdc kim loai va mudi cla ching, gdy nén mdt him lugng cic
kim loai ning trong nudc ri rdc d6i khi khd cao va & dang khong bén vitng (Whittle, 2002). Pua céc
ion kim loai ning vé& dang mudi bén vitng nhit va loai ching khdi nwdc ri bdi rdc néi riéng va nudc
thai néi chung nhim dat dugc tiéu chudn nudc thdi sau khi xit Iy TCVN 5945,1995 12 mot vin dé
thuc sy cin thiét .

Céc cong nghé xit Iy nudc thdi chia kim loai ning truyén bao gém tao phic véi cdc ion kim
loai ning rdi tich; tao cdc mudi kim loai k&t tia dudi dang hydroxyde, carbonate, hay sulphide rdi
1ing; hip phu hoic trao ddi ion. Mic di chiing cho phép dat dugce tiéu chudn méi trudng, nhugc di€m
clia cdc phuong phdp hod hoc va hod 1y 1a phdi sit dung hod chét, vit liéu khd dit tién, ngodi ra chi
¢6 thé 4p dung nhu mot céng doan biét lap, thudng 12 hiu xi 1y. Mot s§ kim loai ning nhw Cr**, ddi
hdi phai xi¥ 1y bing nhiéu cdng doan: khif thanh Cr* & pH thép, k&t tda dudi dang hydroxyt & pH cao,
1ing, loc vv... hét sitc phic tap va t6n kém.

Bai bdo ndy gidi thiéu cdc k&t qud nghién citu st dung qué trinh khi¥ sulphat sinh hoc, luén
di kém véi qué trinh phin hity ky khi cdc chit hitu cd khi ¢6 mit cic ion SO4%, véi cdc chit hitu co
1am chat cho dién tif, d€ loai cdc kim loai ning nhu Hg, Cd, Pb, va khit Cr trong nuéc rf bai rdc cling
lic v6i loai COD, trong céc thiét bi cao t6c dang UASB.

2. Vit liéu va phuong phdp nghién cifu
2.1.  Thinghi¢m mé

Cic thi nghiém mé dugc thuc hién song song trong 2 chai serum 250ml, trong diéu kién nhiét d6
phong, dugc ldc lién tuc bing mdy 1dc. Sinh khdi sinh sulfide (sulfidogenic) dugc 14y tir thi€t bi UASB
di vin hanh v6i ham lugng sulphat cao (1000 — 2000 mg/l) sudt 200 ngay. Hn hgp chat 1dng gdm
nudc ri rdc, 14y tir bdn 0 rédc sinh hoat da loai bd tit cd cdc thanh phdn khic trif rdc hitu cd (TMChi,
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2001), dung dich NaHCO; 1M, dung dich Na,SO,, cdc thanh phin dinh dudng vi lugng nhw dugc cip
cho thi€t bi UASB, b3 sung bing nudc khir khodng d€ dat thé tich 200 ml. Chai thi nghiém dugc suc
khi N, trong vong 15 phiit, trudc khi chim bin, cdp dung dich mudi kim loai va dua 1én mdy lic. pH
dugc duy tri § nnic 7.5. C4c kim loai ning dugc thi nghiém bao gém Hg?* véi ham lugng 5 va 10 mg/l
va Cd™, v6i ham lugng 25 mg/l. C4c chai d6i chitng khéng cho thém SO4%-. Mu dudc 14y hang ngay
va phén tich cdc chi tiéu COD, SO4%, Hg** hoac Cd*".
22 Thi nghigm lién tuc
Céc thi nghiém lién tuc dudc thyc hién vdi thi€t bi UASB c¢6 cdu tao, phu kién va ch€ d6 van
hinh nhu d2 mé ta trudc diy (TMChi, 2002a), v8i him lugng sulphat cao (1000 — 2000 mg/l) sudt hon
220 ngdy, chia 1am hai dot. Bgt thi nghiém thi¥ nh4 ti€n hanh Y ngdy 227 d€n ngay 264 chi véi Hg?",
vdi tdi trong hitu cd thé tich (VOL) va ham Iugng SO,* cao. Bgt thif hai ti€n hanh tr ngdy 315 dén
356, v6i tdi trong hitu cd thé tich (VOL) va ham lugng SO,® trung binh, gin v6i mic hoat déng théng
thudng cia cdc thi€t bi UASB quy mé cdng nghiép (xem bing 1,2), chia 1am hai giai doan. 6 giai
doan diu, kéo dai tir ngay 315 d&n ngay 334, thiét bi UASB xi Iy nudc ri rdc chi b8 sung thém Cr*.
3 giai doan cudi, tir ngay 336 d&n ngay 356, thi€t bi nay dugc bd sung ciing lic ¢ bon loai ion kim
loai ning: Cr®, Hg*, Cd** va Pb*. Céc chi ti€t vé& ham lugng,«ch& d6 vin hanh va hiu qué loai kim
loai niing dugc trinh by trong cdc Bing 2 va Bing 3. Miu dudc 1dy 3 14n mot tudn, va phin tich cdc
chi tiéu COD, SO,%, $%, Hg*, Cd*, Pb* hodc Cr** tuy theo thi nghiém.
2.3.  Phdn tichva xit Iy s6 liéu
COD dugc phan tich bing phuong phdp bicromat, SO,* dugc phin tich bing phudng phép do
d6 duc, S* dudc phén tich bing phudng phdp xanh methylen (Standard Methods, 1995).
MAu nudc phén tich kim loai dugc ly tdm, loai bd phan cin, phdn nudc trong dudc axit hod
dén pH = 2 bing H,SO, d6i véi Hg, Cr, Cd va bing HNO; d6i vdi Pb.
Hg phan tich bing phuong phdp hdp thu nguyén t& vi kj thuit bay hdi lanh, bing mdy phin tich
thiy ngin chuyén dung Quecksilber Analysator 254 (Pic), & budc séng A = 253,7 nm. Cr, Cd,
Pb phin tich bdng phuong phdp Hap thu nguyén ti trén mdy AAS — 6650 (Shimadzu — Nhit
Bén). -
Cédc s0 liéu phin tich duge xi¥ 1y theo phudng phdp nhu dd trinh bay trudc ddy (TMChi,
2000a)
3. K&t qud va thdo ludn
3.1. Loai kim loai niing trong cdc thi nghiém mé
K&t qua thi nghiém mé d6i véi Cd* va Hg** dugc trinh bay trén Hinh 1. duéi day.
Céc thi nghiém mé cho thdy SO bi khif song song véi viéc COD gidm, déng thdi him Iugng céc ion
kim loai ning Cd**va Hg®* cing gidm rdt manh va gidm ngay trong ngay ddu tién. Khi khong c6 mit
SO,”, ham lugng Cd** va Hg”" trong cdc chai thi nghiém so sinh hiu nhu khong thay ddi trong sudt 7
ngay.
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Hinh 1a: K&t qu thi nghiém mé ddi v6i Cd**

Hinh 1b: K&t qua thi nghiém mé déi véi Hg* (miu trdng — khong c6 S0,M)
Hinh 1d:K&t qué thi nghiém mé d6i v6i Hg*" ham lugng Smg/l

Hinh 1e:K&t qué thi nghiém mé d6i v6i Hg** ham lugng 10 mg/l

3.2.  Loaikim loai niing trong thiét bj UASB

Céc k&t qué thi nghiém loai cdc kim loai ning Cr, Pb, Cd, Hg dugc bi€u di€n trén Béng 1, 2
- va 3 duéi day: : ]
Béng 1: Loai Hg** bing UASB

Ngay pH Hg in Hg out T4&i COD Khi SO4in SO4 out Khi SO4 HRT
mg/l mg/l g/l.ngay COD mg/l mg/l % h
%
2217 1.6 18.44 0 11.24 51.3 2289 280 87.8 79
230 7.6 18.74 0.01 11.21 55.8 2325 445 80.9 o
232 7.6 2042 0.01. 11.99 < : 254 2532 270 89.4 6.3
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236 7.6 20.58 0.02 11.23 39 2552 1810  29.1 6.5
238 7.6 20.03 0.01 12.48 29.5 2488 1095 56 6.2
240 7.6 20.75 0.01 11.08 24.6 2576 435 83.2 6.5
247 7.6 19.4 0.01 12.59 52.8 2410 535 71.8 6.5
250 7.6 22.67 0.03 29 58 2813 1480 47.4 9.9
259 7.6 "« 1922 0.06 8.2 534 2389 740 69.1 10.1
262 7.6 18.62 0.01 8.33 68.1 2315 503 78.3 10.4
264 1.6 18.91 0.01 8.45 63.7 2350 765 67.5 10

Trung 7.6 19.8 0.02 10.3 47.5 2459 760 69.7 8
binh

Béng 2: Loai cdc ion kim loai ning ddng thdi bing UASB

Ngiay Cr6in Cr Hg Hg ©Cdin Cd FPbia Pb . ‘Tii Kh¥r SO4i SO4 Khi HRT
mg/l  6out in out mg/l out mg/d out COD COD n out SO4 h

mg/l mg/l mg/l mg/l mg/l gf/l.ngay % mg/l mg/l %
315 < 21U 6.43 658 5271 495" 61 ' 11.1
317 - 2186 6.62 6.54 65 514 400 222 113
320 21.88 5.31 - 6.64 63.5 514 370 28 12
323 21.61 3.26 6.54 61.8 518 415 199 11.2
328 22.71 3.74 " 7.07 11,3 301 375 251 109
330 22 1.49 6.69 126 512 396 277 11.1
334 2293 249 7.1 72.8 497 330 33.6 109

336 27.09 1.57 4.88 0.01 19.99 0.02 1941 0.03 4.76 574 541 250 53.8 14.8
341 2054 1.7 508 001 208 001 202 002 518 625 519 270 479 14.1
- 343 2052 2.09 - 5.17 0.08  21.19 0.02 20.57 002 5.69 30.8 508 300 409 13.1
345 20.81 0.83 5.14 0.09 21.08 0.02 2046 0.03 5.86 477+ 511 300 413 127
348 °21.11 --2.67-5.22 011 2137 0.02. 2075 0,02 6.28 61.5 - 508 375 284 12
350 2095 1.13 5.18 0.07 2122 0.02 20.6 0.03 6.29 397 507 270 46.7° 119
352 21.24 156 5.25 0.08 -21.51 0.02 20.89 0.02 6.5 57.1 499 270 459 11.7
356 21.02 0.23 5.19 0.04 21.28 0.03 20.67 0.02 4.83 57.6 505 310 38.6 15.5
TB 2185 248 5.14 0.07 21.06 0.02 20.45 0.024 6.16 592 512 340 336 123

Chi thich: pH dugc duy tri 8n dinh & mic 7.6

3.3. Thdo luidn

Trong diéu kién ky khi, cdc vi khudn khi¥ sulphat (SRB — Sulphate Reducing Bacteria) s& khir
SO, thanh S$* (qué trinh khi¥ sulfate sinh hoc). S ¢6 mit ciia S* da loai mot s& kim loai ning nhy
Hg, Cd & ham lugng tir Smg/l- 25mg/l trong cdc thi nghiém mé ngay trong ngay ddu tién v6i hig¢u qui
cao: 290%. K&t qua thi nghiém d6i chi€u cho thdy khi SO,* vdng mat, cic hgp chit dang MeCO; va
Me(OH); ciing khdng dudc taora & pH 7,5.

Trong thi€t bi ky khi cao t6c dang UASB, pH dugc duy tri & mifc 7.6, 13 mitc pH n¥im trong
khodng t6i wu cho hoat dong ciia phin 16n cdc vi khudn sinh metan, ddng thdi ciing thich hop cho céc
vi khudn khit sulphat. Trong vong 37 ngay hoat dng tit ngdy 227 dén ngay 264 vdi su c6 mit ciia Hg
§ mitc ~5mg/l, va ham lugng sulphat & mifc cao (trung binh 2459 mg/l), hiéu qua khir sulphat sinh hoc
kh4 cao (trung binh 69,7%), nhung hiéu qué khit COD toan thé lai kh4 thdp (trung binh 47,5%), viéc
loai Hg khong dnh hudng d€r hoat dong ciia thi€t bi. Tuy nhién, trong giai doan tiép theo, ti¥ ngiy

Trang 34



TAP CHi PHAT TRIEN KHCN, TAP 7, S0 8/2004

315 d&n 356, ci tai trong hitu cd thé tich v ham lugng sulphat dudc gidm xudng mic trung binh
(6,16 gCOD/L.ngdy va ~512mg/l SO,”). Piu ndy lam cho higu qua khit COD toan thé dudc cdi thién
(trung binh 59,2% so véi chi 47,5% cia giai doan trudc d6). Tuy nhién, khi cdc ion Cr* dugc b8 sung
vao thi€t bi ngay 315 v6i ham lugng ~20mg/l, hiéu qud khi sulphat sinh hoc cla thi€t bi suy gidm
dot ngdt va qué trinh hdi phuc hoat tinh khi¥ sulphat dién ra trong sudt khodng thdi gian 21 ngay tiép
theo (ngay 315 —336). Song song véi qué trinh nay, ham lugng Cr®* gidm nhanh, dat (6i hiéu suat khit
> 90% va cao hdn, tuy nhién ludn con & mifc 1-2 mg/l, cao hon nhiéu so vdi cdc ion Hg*", Cd**, Pb*™.
Khé khin trong viéc loai Cr lién quan d&n pH, vi Cr,S; khong két tia, va d€ loai cdc ion Cr trudc hét
cin khir Cr®* v& Cr** trong diéukién pH thdp, réi méi tao két tia Cr(OH)s theo cdc phudng trinh sau:

HCrO4 + TH" +3¢” = Cr” + 4H,0 (1)

Cr* + 30H Cr)OH); )

~ Trong thiét bi ky khi cao tdc ham lugng S% luén 8n dinh va su ti€p xiic dugc cai thién hon

nhiéu so véi thi nghiém dang mé. Piéu d6 din dén hiéu qud va su 8n dinh cao hdn trong viéc loai
céc ion kim loai ning. Cdc kim loai ning Hg, Cd va Pb chi con ¢ mifc tuong d6i thap, dat tiéu chuén
thdi tir loai B d&€n twong dudng loai C, TCVN 5945 (xem Bédng 3)

Bing 3: K&t qud loai cdc kim loai nidng so vdi TCVN

Ton Ponvi  Ham lugng sau UASB  Gid tri gidi han Ghi chi
TCVN 5945,1995
Trung binh  Ldn nhét A B C
(1 2 (3) 4 &) (© N 6]
Cd mg/l 0.2 0.3 0.01 0.02 0.5
Pb mg/l 0.024 0.3 0.1 0.5 |
Cr mg/l 2.48 6.62 0.05 0.1 0.5 Su6t thi nghiém
Cr mg/l 1.47 2.67 Giai doan &n dinh
Hg mg/l 0.02 0.06 0.005 0.005 0.01 riéng
Hg mg/l 0.07 0.11 0.005 0.005 0.01 cing Cr, Cd va Pb

Qud trinh khir SO,> biing con dudng sinh hoc trong diéu kién ky khi c6 thé 4p dung d€ loai
cdc kim loai ning tan trong nudc ri ric bing cich chuyén céc ion kim loai sang dang mudi MeS
¢6 tich s6 tan nhd hon nhiéu 14n va bén vitng trong khodng pH rong hon nhiéu so véi cic mudi
dang MeCOs hay cdc hydroxydes Me(OH), (Rooker, 2000 va Yang, 2002)

4, Ké&tludn

= C6 thé 4p dung qud trinh khi¥ sulphat sinh hoc, 1a qud trinh khi¥ cdc ion SO,* thanh S* thong qua
cdc vi khudn SRB trong diéu kién ky khi, bing thiét bi cao tdc dang UASB, védn hanh vé6i pH 7,6
dé loai cdc ion kim loai ning Hg, Cd va Pb dat cdc tiéu chudn B va C, TCVN 5945, 1995, song
song vdi vdi viéc khit COD.

= Hiéu qua loai cic ion Cr* trong thi€t bi UASB & pH 7,6 thong qua k&t tia dang Cr(OH); dat
dugce hidu sudt ~90%, nhung it triét d€ hon so v6i hiéu qué loai cdc ion Hg, Cd va Pb théng qua
dang MeS biing khi sulphat sinh hoc.

STUDY ON REMOVAL OF HEAVY METALS Pb, Cd, Hg AND Cr IN LEACHATE
USING ANAEROBIC BIOTECHNOLOGY WITH UASB REACTOR

Tran Minh Tri, Tran Hieu Nhue, Lam Minh Triet

ABSTRACT: Although the presence of sulfate in the leachate under anaerobic conditions was
accompanied with biological sulfate reduction process, resulting in H,S formation, which caused a
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number of problems such as methanogenic toxicity, corrosion, malodour.,lhe experiments carried out
both in batch types and continuous highrate anaerobic reactor of UASB type had shown that biological
sulfate reduction could be used, through its product $* ions, for removal of the heavy metals such as
Hg, Cd, Pb contained in the leachate to reach the National Standards for the Industrial Effluents
TCVN 5945, 1995. Removal of these heavy metals in form of metal sulfides MeS, having rather low
solubility and higher stability within rather wider pH range, as compared to MeCO; or Me(OH), ,
occurred at a very high efficiency and rate.

Key words: leachaie, biological sulfate reduction, anaerobic reactors, heavy metal removal,
solubility, stability.
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