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L&i néi dau
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L& gidi thigu

M&t sé vat liéu va san phdm bing chit déo dugc thidt ké va san xult d& sir dung & trén mit g4t hoic
& trong d4t. Cac san phdm nay da dwoc nghién clru cho cac (rng dung ma kha naing phan hly sinh hoc
dem lai loi ich tir khia canh k§ thuat, mdi truémg, x& héi ho3c kinh t. VI dy v& céc san phim nay gém
san phdm dung trong ndng nghiép (cac mang phil cy), dung trong tréng trot (cac day budc va cac kep,
chau hoa, thing), cac chi tiét dung trong tang I1& (tui deng xac), dung trong cac hoat ddng gidi trf (vi du
céc dia bang nhya ném l&n @& tap bén, cac hdp s& dung khi sin bén) v.v...Trong nhidu trwdng hop,
viéc thu gom va/ho3c tai ché cac san phdm nhya ndy hodc 12 khé khan hoic Ia khéng kinh té. Nhidu
logi chét déo c6 khd niing phan hiy sinh hoc @3 dwec nghién clru sdn xuét dd c6 thé phan hiy sinh
hoc va bién mét khi két thic vong d&i clia chung. Da cé mét sé tidu chudn quéc té quy dinh phuong
phap thir & xéc dinh kha nang phan hiy sinh hoc hiéu khi hodic ky khi hoan toan cia vat liéu chat déo
trong mai tredng chét 16ng hodc mdi treéng compost. Khi tinh dén viéc st dung va thai bd cac chét
déo ¢6 khd n&ng phan hiy sinh hoc, didu quan trong 1a phai xdy ding duwec phurrong phép thir @8 xéc
dinh kha nang phan hiy sinh hoc hiéu khi hoan toan clia cdc chét déo &6 & trong dit.
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Chét déo — Xac dinh kha ning phan huy sinh hoc hiéu khi hoan
toan clia vét lidu chit déo trong dit bing cach do nhu céu oxy
trong hé hip ké (respirometer) hodic do Iwgng cacbon dioxit sinh
ra

Plastics — Determination of the ultimate aerobic biodegradability of plastic materials in soil by
measuring the oxygen demand in a respirometer or the amount of carbon dioxide evolved

CANHBAO  CAn c6 céc bign phap dd phong thich hgp khi xiz Iy a4t do trong aét c6 thé tn tal
céc sinh vit hodc vi khuin gdy bdnh. Nén cin than v&i cac chét thir ddc hai va céc chét chua
biét tinh chét.

1 Phamviap dyng

Tiéu chuln nay qui dinh phwrong phép xac dinh kha ndng phan hly sinh hoc hiéu khi hoan toan clia véat
liéu chét déo & trong @4t bing cach do nhu cAu oxy trong hé hép ké kin ho#c do lugng cacbon dioxit
sinh ra. Phuong phap ndy dugc dung dé thiét 1ap mirc @6 phan hly sinh hoc téi wu bing cach didu
chinh @0 &4m cla dét thir.

Néu sir dyng @4t chrra duge thich Ung tredc 1am vat lidu cly thi phép thir duge sir dung 44 mé phong
qué trinh phan hly sinh hoc x3y ra trong mdi treéng ty nhién; néu sir dyng @4t 3 dugc U trwée lam
vt lidu cdy thl phuong phap ndy cé thd dugce sl dung cho myc dich nghién ciru kha n3ing phan hiy
sinh hoc cla vit ligu thir.

Phwong phdp nay dp dung cho céc vt ligu sau:
- Polyme tdng hgp va/hoic ty nhién, polyme ddng triing hgp hodc hdn hep clia ching;
- Vatliéu chit ddo cb cac phy gia nhur chét héa déo hodic cht mau;

- Polyme tan dugc trong nwéc;

Khéng 4p dung tidu chuln nay a8i véi céc vat ligu ma trong céc didu kién clia phép thir (rc ché hoat
ddng cla vi sinh vat trong d4t. Tac @dng (rc ché cb thd xéc dinh dwgc bing céch sir dyng phuong
phép kiém soét rc ché hay mdt phwong phéap khac phis hgp. Néu vét lidu thir trc ché vi sinh vét trong
a@ht thi c6 thé sir dung ndng a4 vit lidu thir thdp hon, sir dung loai a4t khac ho¥c sir dung dét d duoc
U trude.
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2 Tailidu vién din

Céc i lidu vién din sau rét cAn thiét cho viéc 4p dung tiéu chudn nay. D&i véi cac tai lidu vién din ghi
nam cdng bé thl 4p dung phién ban duwoc néu. D4i véi cac tai lidu vién din khéng ghi ndm céng bé thi
&p dyng phién ban mé&i nhit, bao gdm ca céc stra ddi, bd sung (néu cd).

TCVN 5979 (ISO 10390), Chét lrong dt - Xéc dinh pH.

TCVN 6642 (ISO 10694), Chét lryng d4t — Xéc dinh hdm Ilrong cacbon hihu co va cacbon tdng sé sau
khi dét kh6 (phén tich nguyén t6).

TCVN 6651 (ISO 11274), Chét luvong dit - Xéc dinh déc tinh gilr nute — Phurong phép trong phong thi
nghiém.

TCVN 6918 (ISO 10634), Chét luong nuée — Huéng dan chuln bj va xir Iy hop chét hivu co It tan trong
nwéc dé danh gia sy phan hiy sinh hoc trong méi trudmg nuée.

TCVN 7538-6 (ISO 10381-6), Chét lupng dét — LAy mdu - Phén 6: Hwéng dén vé thu thép, x& Iy va
béo quén méu d4t & didu kién hibu khl & dénh gid céc qué trinh hoat d0ng, sinh khéi vé tinh da dang
cua vi sinh vét trong phéng thi nghigém.

3  Thuéit ngir va djnh nghia
Trong tiéu chudn ndy &p dyng céc thuit nglr va dinh nghla sau.

3.1

Phan hiy sinh hoc hiéu khi hoan toan (ultimate aerobic biodegradation)

Phan hiy mét hop chét hGru co bdi c4c vi sinh vat khi c6 mét oxy, tao thanh cacbon dioxit, nwéc va
mudi khodng clia cac nguyén té bt ky c6 mat (quéa trinh khodng héa) cdng v&i sinh khéi méi,

3.2

Nhu cdu oxy sinh héa (biochemical oxygen demand)

BOD '

N8ng @4 khdi lwgng oxy hda tan bij tigu thy trong didu kién xac dinh bi qué trinh oxy héa sinh hoc hiéu
khi mdt hop chét héa hoc hosic chét hiru co.

CHU THICH Gi4 trj nay bidu thj bAng miligam oxy tiéu thy trén miligam ho#ic gam hop chét thir.

3.3

Cacbon hiru cor hda tan (dissolved organic carbon)

bocC

Phan cacbon hiru co trong nuwrdc khdng thé loai bd duwrge bdi qua trinh phan tach pha nhét djnh.
CHUTHICH 1  Gi4 trj ndy bidu thi bAng miligam cacbon trén 100 miligam hop chét thir,

CHUTHICH2  Phuwong phép @3c trung d8 phan tach 1a ly tam voi gia tdc 40.000 m.s trong 15 min hodic bing phwrong
phap mang loc c6 dudng kinh 18 tir 0,2 pm dén 0,45 pm,
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3.4
Nhu ciu oxy ly thuyét (theoretical oxygen demand)
ThOD
Lwgng oxy Iy thuyét cAn thiét ti da dé c6 thd oxy héa hoan toan mét hop chét hda hoc, tinh tir cong
thirc phan tlr.
CHUTHICH  Gi4 tri nay bidu th bAng miligam oxy hip thy trén miligam hoac gam hop chét thir.
3.5
Lweng cacbon dioxit sinh ra theo Iy thuyét (theoretical amount of evolved carbon dioxide)
Thco,
Lwong cacbon dioxit tdi da sinh ra theo 1y thuyét sau khi oxy héa hoan toan mét hop chét héa hgc, tinh
tlr cdng thirc phan tir.
CHUTHICH  Gia trl nay bidu th] bAng miligam cacbon dioxit sinh ra trén miligam hoZic gam hap chit thir.

3.6

Gial doan thich rng (lag phase)

Théi gian, tinh bing ngay, tir khi bét du phép thir cho dén khi dat duoc sy thich nghi va/hodic sy chon
loc vi sinh vat phan hiy va khi @6 mirc 4% phan hly sinh hoc clia mét hop chét héa hoc ho3c chét hiru
co tang 18n khodng 10 % so véi mirc phan hiy sinh hoc téi da.

a7

Gial doan phan hiy sinh hgc (biodegradation phase)

Thri gian, tinh bing ngay, tir khi két thic giai doan thich (ng clia phép thir cho dén khi dat dugc
khodng 90 % murc phan hty sinh hoc téi da.

3.8

Mirc phan hiy sinh hoc téi da (maximum level of biodegradation)

Mcrc a6 phan hly sinh hoc clia mét hgp chét héa hoc hodic chit htru co trong phép thlr ma sau 46
khdng cé sz phan hily sinh hoc nao tiép tyc di&n ra ntra.

3.9
Gial doan &n dinh (plateau phase)
Théi gian tir khi két thic giai doan phan hly sinh hoc cho dén khi két thuc phép thir.

CHUTHICH  Gia tr nay dugc tinh bing ngdy.

3.10

Didu hoa so bd (pre-conditioning)

Qué trinh & treéc @4t trong cac didu kién clia phép thir tiép theo nhung khong c6 mét cla hop chét héa
hoc hodic chit hiru co cn thir d8 néng cao tinh ning clia phép thir théng qua sy thich nghi cda vi sinh
vat véi cic didu kién clia phép thi.
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3.1

U treeée (pre-exposure)

Qué trinh ( @4t trudc véi hep chit héa hec hodic chét hiru co cin thir @8 ting kha nang phan hiy sinh
hoc vt liéu thir clia a4t thdng qua sy thich nghi va/hodc chon loc vi sinh vAt.

3.12

Ham lwgng nwére (water content)

Khdi lvgng nuéc bay hoi tir gt khi g4t dugc sby khd dén khéi lgng khdng ddi & nhiét b
105 °C chia cho khéi iwgng d4t khé.

CHU THICH  Gi4 tri ndy thuémg 14 ty 18 gitra khéi lirgng clia nirére va khéi Ivgng clia cac hat dét trong mot miu aét.

313

Téng kha niing gitr nwérc (total water-holding capacity)

Khéi lrgng nude bay hoi tir 34t 3 bio hda nwdc khi a4t dugc sdy khd dén khéi lvgng khdng dbi &
nhiét 48 105 °C chia cho khdi Irgng @4t kha.

3.14

Cacbon hiru co tdng 86 (total organic carbon)

TOC

Luong cacbon lign két cd trong mdt hop chat hu co.

CHUTHICH  Gié trj nay bidu thj bAng miligam cacbon trén 100 miligam hop chét.

4 Nguyén tic

Phuong phap ndy dugc dung a8 thiét 12p tdc @9 phan hiy sinh hoc téi wru clia vt lidu chét déo trong
a4t thir bAng cach kiém soat d &m clia @4t va a8 xac dinh kha nding phan hiy sinh hoc hoan toan clia
vt lidu 6.

VAt lidu chét déo vén 1a ngudn cacbon va nang lugng duy nhét dwgc trdn voi dat. HEn hep ndy duec
cho vao trong mdt binh thir trong mft khodng th&i gian, khi @6 lvgng oxy tiéu thu (BOD) hay Ieng
cacbon dioxit sinh ra duwgc xac dinh. Mi&n 14 lgng CO; sinh ra dwgc hip thy thl lvgng BOD cé thé xac
dinh dwoc biing cach do legng oxy cAn thiét ¢ duy ti mét thé tich khi khéng ddi trong binh clia hé hép
ké hoac bing cach do tw ddng hodic thii cdng sir thay ddi thd tich hodic 4p suét (hosc két hop 2 hai).
Vi dy v& hd hép ké thich hep durge trinh bay trong Phy lyc A. Do dinh ky Iwgng cacbon dioxit sinh ra,
dira vao ddng lyc hoc qua trinh phan hiy sinh hoc clia chét thir bdng céch dua khéng khi khdng ¢6
cacbon dioxit di qua @4t va sau d6 xac dinh ham lwgng cacbon dioxit ¢ trong khéng khi béng phuong
phap phi hgp. Vi dy v8 cdc phurong phép phi hep duge ndu tai Phy lyc B va Phy lyc C.

Mirc d phan hiy sinh hoc, bidu th| bing phin tram, dugc xic dinh bing cach so sanh BOD véi nhu
cAu oxy ly thuyét (ThOD) ho#c bing cach so sénh lugng cacbon dioxit sinh ra vé&i ligng cacbon dioxit
sinh ra theo ly thuyét (ThCO,). Phai tinh t&i &nh hwdng clia qud trinh nitrat héa lwgng BOD. Phép thir
két thuc khi dat dwee mirc 48 phan hly sinh hoc khdng @81 hodc cham nhét 13 sau sau thang.

8
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Khong giéng nhw TCVN 6858 (ISO 11266), dwgc sir dung dé danh gid cho nhidu hgp chét htru co
khac nhau, tigu chudn nay dugc dung riéng d8 xac dinh khad ning phan hiy sinh hoc clia cac vt ligu
chét déo.

5 Mol tredmg thir

Qué trinh G phai din ra trong béng ti hodc trong 4nh séng khuéch tan trong mét khéng gian kin khéng
¢6 khi dd¢ hai d8i vé&i cac vi sinh vat va dugc duy tri & mdt nhiét 4 dn dinh trong khodng + 2 °C gitra
20°C va 28 °C, wu tién sir dyng nhiét @9 25 °C.

6 Viatlidu
6.1 Nwéc cit co ham lwgng DOC nhd hon 2 mg/l.
6.2 Chét hdp thy cacbon dioxit, thuwdng 1a céc vién natri cacbonat.

7  Thiét bj, dyng cy
T4t ca c4c dung cy thly tinh phai dwgc nra sach va dic biét khéng cé chét htru co va chét ddc hai.
7.1 Hb hép ké kin, gdm céc binh thir va tit ca céc thiét bj cAn thiét khac, dwgc A3t trong mét khéng

gian kin c6 nhiét dd khdng ddi hoac trong mdt thiét bj, dung cu &n nhiét (nhu bép cach thdy). Vi dy xem
tai Phy lyc A.

BAt ky hd hip ké nao c6 thd xdc dinh duge nhu cAu oxy sinh héa véi dd chinh xac thich hgp déu phi
hop, wu tién cac thiét bj tw ddng bd sung oxy da tidu thy s& khdng 1am thiéu hyt oxy va khéng xay ra sy
trc ché hoat Adng clia vi sinh vat trong sudt qua trinh phan hdy.

7.2 Duyng cy xéc djnh Iwgng cacbon dioxit sinh ra

7.2 Binh thir, binh thly tinh (vi dy binh tam gidc hodc chai) dwgc 18p khit véi éng khdng thdm
cacbon dioxit d& c6 thé 1am sach bing khi va dugc g3t trong mét khdng gian kin cé nhiét o khéng adi
hodc trong mdt thiét bj dn nhiét (vi du bép céch thiy).

7.2.2 H$ théng sin xuit khéng khi khéng cé CO;, cb kha niing cung cip khéng khi khdng c6 CO, &
téc 4% vai ml/min vao timg binh thir, va gir &n dinh trong khodng + 10 % (xem vi dy hé théng bao gdm
céc éng thir trong Phy lyc B). Ngoai ra, c6 thé st dyng thiét b G nhw néu tai ASTM D 5988.

7.2.3 Thit bj phan tich @4 x4c &inh chinh xac lwgng cacbon dioxit, Thiét bj dién hinh 13 may phan
tich hdng ngoai cacbon dioxit, thiét bj phan tich cacbon v co hda tan (DIC), thiét bj xac dinh bing cach
chuln d3 sau khi hip thy hoan toan trong mdt dung dich kidm (xem Phuy lyc C) va thiét bj phan tich
trong lwgng cacbon dioxit theo TCVN 9493-2 (ISO 14855-2).

7.3 Cén phan tich.

7.4 Dyngcy do pH.
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8 Cach tién hanh

8.1 Chudn bj vt ligu thir

VAt liéu thir phai 14 vat liéu a3 biét trede khdi lvgng va chira legng cacbon dU @8 tao mét lweng BOD
ho3c mét lwgng cacbon dioxit At dé c6 thd xac dinh chinh x4c bing céc thiét bj phan tich dugc st
dung. Tinh lwgng TOC tir ¢dng thirc hda hoc hodc xac dinh bing k§ thust phan tich phit hep (vi dy nhw
phén tich nguyén t4 ho3c x4c dinh theo TCVN 6634 (ISO 8245) va tinh lwgng ThOD ho#c ThCO, (xem
Phy lyc C va Phy luc D).

CHU THICH  Mic du phrrong phap phén tich nguyén td aél vél cac chit o khéi lvgng phan ti? 16 nhin chung kém chinh
xéc hon |4 d8i véi céc chit cb khéi lrgng phan tir nhd nhung cb thd chdp nhén a9 chinh xac ndy d8i véi myc dich tinh todn
Irgng ThOD hodc ThCOa2.

Luong vét ligu thlr phdi @t @8 co thd bd qua cic sai l&ch do sy tidu thy oxy co bdn hoic do lrgng
cacbon dioxit sinh ra tir 84t thir: thwérng thi tir 100 mg dén 300 mg vt lidu thir trdn véi 100 g @én 300 g
@At 1a a0, Luong vat lidu thir téi da bj gi6i han bdi ngudn cung cip oxy cho hé théng thir. N&n sl dung
200 mg vat lidu thir v&i 200 g @At trir khi a4t c6 chira mdt Iegng chit h(ru cor cige 1ém.

Khi st dung hé théng thir trén co s& xac dinh lrgng cacbon dioxit sinh ra thi ¢ thd st dung Ieng vat
liéu thir 16m hon (vi dy 2 500 mg véi 200 g @4t) a8 tang sy chénh léch gilra kha n3ng san sinh CO, clia
vat lidu thir v&i miu trdng. Hon nra, cAn phai sir dyng Iwgng vat lidu thir I6n hon néu tién hanh xac
dinh can bang khéi Iwgng cudi (xem Phy lyc E).

N&n tidn hanh @8 thoang khi so bd vat lidu thir hoic bd sung vét lidu tro vao khi cin aé gidm anh
hwéng 1&n sy trao ddi khi clia a4t trong céc binh thir chira m3u tréng.

Nén wu tién st dyng vat liéu th& & dang bdt nhung cling cé thé sir dyng vt lidu dang mang, manh nhd
hay céc hat dinh hinh.

C6 thé gidm kich c& clia mAu thir bing cach nghidn & nhiét 43 thép.

Thye nghiém @a chirng minh riing mirc @4 phan hiy sinh hoc hoan toan gin nhu khéng phy thude vao
th& loai va hinh dang clia vat liéu thir. Tuy nhién, tc a9 phan hiy sinh hoc lai phy thudc vao thé loai va
hinh dang clia vt liéu. Do d6, néu a8 so sénh céc loai v4t lidu chat déo khac nhau trong cac phép thir
cé cling théi gian thl nén sir dung cac vt ligu & thd loai va hinh dang twrong ty nhau. Néu vit lidu thir
c6 dang bot thi phai sir dung cac hat nhd a4 biét truéde sy phan bd kich thude va nén sir dung phan bd
kich thuréc hat vél dudng kinh ti da 14 250 um. Néu vat liéu thir khdng phai & dang bdt thi kich thudc
clia cac hat vat liéu khdng duwgc 1én hon 5 mm x 5 mm. Tuong te nhu vdy, kich thuéce clia thit bj st
dung cling phy thudc vao thd loai vat liéu thir. Phai ddm bao chdc chén rdng khéng c6 cac thay adi
khéng mong mudn trong vat liéu thir do thiét ké clia thiét bj dwge sl dung, nhw 1a may nghién. Théng
thudng viéc gia cdng, ché bién vat liéu khdng 1am anh hudng 16n dén sy phan hiy clia vat liéu (vi dy
str dung vat liéu dang bdt ddi v&i cac hdn hep).

10
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Cé thé x4c dinh ham Iwgng hydro, oxy, nito, photpho va leu huynh cling nhw khdi lvgng phéan t& cla
vét lidu thr bing phwrong phap séc ky thAm th4u gel. Uu tién thir nghiém vét liéu chat déo khdng c6
phy gia nhu chit héa déo. Khi vt ligu chira cac chét phy gia thi cin phai cé thdng tin v& khd nang
phan hiy sinh hoc cla cac chét phy gia dé c6 thé danh gid dwgc khd nang phan hly sinh hoc cla
chinh vét lidéu polyme d6.

Dé& biét thém thdng tin chi tiét v8 cach xt ly adi véi cac hop chét it tan trong nwée, xem TCVN 6918
(1SO 10634).

8.2 Chuln bj v4t ligu adi chieng

Slr dung polyme cé khad nang phan hly sinh hoc tét [am vat liéu déi chirng [bdt cellulose vi tinh thé,
gidy loc cellulose khdng tan ho3ic poly (B-hydroxybutyrat)). Néu c6 thd, thé loai va kich thuéc clia vat
liéu abi chirng phai c6 khéd nang so sanh dwgc véi hinh dang va kich thwde cla vat liéu thir.

C6 thd st dung polyme khdng phan hdy sinh hoc (vi du polyetylen) cé cung thé loai vé&i vét ligu thlr lam
vat liéu déi chirng am.

8.3 Chuln bj ditthe
8.3.1 L4y va sang ait

S dung d4t ty nhién 14y tir phin g4t bd mit cla d4t ddng rudng va/odc dat rirng. Néu cin danh gia
kha nang phan hdy sinh hoc clia vat lidu thir ¢é thd O tredc a4t nay véi vét lidu thir. Sang g4t dé thu
dugc cac hat a4t c6 kich thude nhd hon 5 mm, thudng ding d4t nhd hon 2 mm va loai bd céc vét liéu
thyre vat, @4 va cac vat liéu tro khac nhin thdy duwec.

Quan trong phai loai bd duge hodn toadn cac chét rén hiru co nhu rom vi ching c6 thé phan hiy trong
qud trinh thir va dnh hudng dén két qua.

DAt c6 thd dugc didu hda so bd nhung thwdng khéng nén s dung d4t U trrdc, dic biét 1a khi md
phdng qué trinh phan hdy sinh hoc trong méi trrdng tr nhién. Tuy nhién, tly thude vao myc dich cua
phép thir, c6 thé sir dyng d4t U tréc midn 14 phdi ndu rd trong bdo cdo thir nghiém (vi dy phin trim
phan hly sinh hoc = x %, viéc st dung d4t U trwdc) va chi tiét phurong phép 0. DAt U trede cé thd dugc
Iy tir c&c phép th&r phan hly sinh hoc trong phdng thi nghiém phu hgp dwec tién hanh trong nhidu
didu kién khac nhau hodc tir cdc mau thir thu gom tir cac dia didm cé cac didu kién mdi tredng twong
(rng (vi dy nhur viang bj 8 nhidm hodc cac nha may xtr Iy cdng nghiép).

Ghi lai hién treéng 14y mau, dja didm, sv c6 mit clia cac loai ¢ay cbi hay cac vy thu hoach trwée, ngay
l&y mAu, 3 sau l4y mAu va ndu c6 thd thi cd lai lich clia @4t, nhu viéc st dung phan bén va thubc trr
sau,

"
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8.3.2 Chudn bj dit chuin

C6 thé sir dung @At chuln thay cho @4t tw nhién nhu md ta trong 8.3.1. Thanh phin clia d4t chuén
dwoc néu tai Bang 1. Viéc slr dung d4t chudn rét ¢6 lgi khi x&c dinh kha nang phan hiy sinh hoc cla

vat liéu cht déo trong c4c loai a4t kich c& 1&n (@4t mun hodic a4t sét), gidm thidu cac van a& khi x Iy
va thoéng khi.

Bang 1 - Thanh phdn a4t chudn

Thanh phin Md ti Phdn trim bidu th theo
khéi lvgng khé
Cét thach anh cong | Chii yéu Ia cat min, trong @6 hon 50 % kich thuéc hat ndm 70
| nghi¢p trong khodng tir 0,05 mm dén 0,2 mm
Khoéng sét Kho#ng sét cao lanh (chira nhidu hon 30 % cao lanh) hoic 10
canxi bentonit
DAt ty nhién Xem 8.3.1 16

Sl dung compost da dugc ad thoang khi tét, 14y tir bai
compost hiéu khi. D& vi khudn hoat ddng &n dinh thi nén sir
Compost ddngdu | dung compost c6 thei gian G 1 nam. Néu khong c6 duoc loai 4
nay thl sl dyng compost dugc U it nhét tir 2 dén 3 thang.
Compost phai ddng nhét va khdng cé cac vt lidu tro nhur thiy
tinh, 44 ho3ic manh kim loai. Loai bd céc chit nay béng
phuong phép thi cdng va sau dé sang compost trén sang cé
dudng kinh lot sang khodng tir 2 cm dén 5 cm.

Cho thém mudi theo quy dinh trong Bang 2 vao a4t quy dinh trong Bang 1, thirdrng mudi ndy dugc hoa
tan trong nwéc va tai thei didm didu chinh ham lrgng nwéc (xem 8.3.4).

Bing 2 - Muél bd sung

Thanh phin _glkg aét
KHzPO, 0.2
MgSO, | 0,1
NaNO, 04

Uré - 0,2
NH.C! 0.4

Mbt phép thiz lién phdng @3 dugc tién hanh @& cong nhan a4t chulin nay (xem Phy luc G).

8.3.3 Xac djnh djc tinh cua ait

Bit durgc dic tinh clia a4t rit cAn thiét ad c6 thé gidi thich r3 rang két qua cla viéc nghién clru. Do vay
it nhét phai thirc hién c4c phép thir sau day trén a4t d& dugc chon:

a) téng kha nang gil» nwéc, theo TCVN 6651 (1ISO 11274);
b) pH cla d4t, theo TCVN 5979 (ISO 10390);
c) ham lvong chét htru co, theo TCVN 6642 (ISO 10694).
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8.3.4 Didu chinh ham lwgng nwéc va pH cla dit
Pidu chinh ham lwng nuwée clia a4t dén gia tri thich hop dbi véi vat lidu thir bling cach b sung mét
lwgng nwéc phi hop vao d4t hodc bing cach sdy khd dét trong khdng khi & nei cé béng ram sau khi

cho thém mét lrgng nudc thich hep. Didu chinh pH cla @4t trong khodng tir 6,0 dén 8,0 néu nhw pH
clia @4t khdng ndm trong khodng nay.

CHU THICH Ham lwgng nuéc thi vu clia dat thir phy thudc vaoc vat lidu thir. Gia tri nay thuémg ndm trong khodng tir
40 % @én 60 % tdng kha nding gilr nwrdre.

Né&n didu chinh ty 1& giCra cacbon hru co trong vt liéu thir hodic vt lidu ddi chirng véi nito trong a4t (ty
16 C:N) dén it nhAt 12 40:1, @& @3m bao qué trinh phan hly sinh hoc di&n ra tét, néu nhur ty 1é nay chua
n&m trong khodng d6. Cé thé thyc hién viéc ndy blng céch bd sung nito qua dung dich amoni clorua
hodc bang cach bd sung dung dich cé chira mudi nhw quy dinh trong Bang 2.

8.3.5 Xir Iy va bao quin ait

Bdo quan d4t trong mét binh chira dugc day kin & khodng nhiét 4§ 4°C £ 2°C cho dén khi dat dugc sir
dung trong phép thir. Khdng xC ly @4t bang bAt ky cdch ndo ma Iam (rc ché hoat ddng ciia vi sinh vt
trong d4t.

CAn phai tuan thl theo TCVN 7538-6 (ISO 10381-6) d& d3m bdo viéc ldy mAu khdng lam énh hwédng
dén hoat ddng clia vi sinh vét trong d4t.

8.4 Kh&i ddng va tién hanh phép thir

Chun bj sé lvgng céc binh thir nhur sau.

a) ba binh thir chira vat ligu thir (ky hiéu Fy)

b) ba binh thir chira miu tring (ky hiéu Fg)

¢) babinh thr dung @& kiém tra hoat tinh cia d4t s dung vat liéu adi chieng (ky hiéu Fe);
va néu co yéu clu:

d) mét binh thir dung @8 kidm tra sy phan hiy khdng c6 bdn chit sinh hgc hodc cac thay ddi
khéng thudc sinh vat hoc clia vat liéu thir (ky hidu Fg);

e)  mdt binh thir @& kidm tra tac ddng (rc ché clia vat ligu thir (ky hiéu F)).
Cho @4t (xem 8.3) vao d4y tirng binh thir va cho thém vat ligu thir (xem 8.1) ho#c vét lidu dbi ching

(xem 8.2) vao nhw chi din trong Béng 3. Ghi Iai khdi lvgng mBi binh thir ¢ chira hdn hep thir. Khi tién
hanh d&ng thei hai phép thir thl phai néu trong bao céo thir nghiém.

Quan trong 13 phai trdn vat liéu thir ddng nhét véi a4t néu vat liéu thir & dang bt va néu vét lidu thir &
dang mang thi trdi rdng cang nhidu cang tét d& ting sy tiép xtc gira v4t ligu thir véi vi sinh vat trong
d4t. Cling nén nén bd mit cla hdn hep thir bing mét céi bay a8 tang sy tiép xuc gitra vat liéu thir voi
vi sinh vét trong d4t.

13
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Néu tién hanh kiém tra sy phan hly khdng ¢ ban chit sinh hoc, thi chi tiét qua trinh tién hanh st dung
aé (¢ ché hoat ddng cla vi sinh vat khi bit diu phép thir va khi duy tri didu kién vd khudn trong qué
trinh thir phdi dwee ndu trong bao cdo thir nghiém.

D3t cac binh thir vao trong mdi trwdng ¢6 nhiét @ én dinh (xem Didu 5) va a8 tit ca c4c binh thir dat
@én nhiét 46 mong mudn. Néi c4c binh ndy véi hé hap ké hodc hé théng cung cip khéng khi khdng
chira cacbon dioxit va b&t diu qué trinh 0.

Néu do sy tidu thy oxy thi doc cAc 8 do tran 4p ké (néu 1am thli cdng) hodc xac dinh rdng may do sy
hép thy oxy hoat ddng tét (hd hép ké t ddng) (xem Phy luc A)

Néu xac dinh cacbon dioxit sinh ra thl do Igng cacbon dioxit sinh ra (vé&i tAn suét ty thudc vao tée @
sinh ra cacbon dioxit) tir m&i binh thir bAng phwong phap phi hop va ¢b dd chinh xac (xem Phy lyc B
va Phy lyc C).

Bang 3 - Phéan bd cudli ciing ctia vit li¢u thir va vit l1§u aél chirng

Binh thir Vitliguthir | Vatliduddlchimg | Ditthir

Fr | Miu thir + - +
Fr | Miuthtr + - *
Fr | MBu thir + - b
Fg | MAu trdng = N +
Fg | MButrdng = - +
Fe | M8utring - - +
Fc | Kidm tra hoat tinh G4t - + *
Fc | Kidm tra hoat tinh a4t - * bd
Fe | Kidm tra hoat tinh a4t - + +
Fs | Kidm tra phan hity khong c6 ban chét sinh hoc (tly chen) + - -
F, | Kidm tra sy (e ché (tiry chon) + + +
+=¢d; -=khdngch.

Néu téc a4 phan hly sinh hoc dugc xem 14 bj cham lai do g4t thiz bj khd trong subt qua trinh thir thi
ngirng do va théo cac binh thir ra khdi hd hap ké hodc hé théng cung cép khdng khi khéng chira
cacbon dioxit. Can c4c binh thir va cho thém mdt lugng nuéc thich hgp vao @4t thir 48 duwa ham lugng
nuwéc vd lai nhir ban dAu. Néi lai cac binh thir va bét diu do lugng oxy bj tidu thy hay cacbon dioxit
sinh ra. C4c thao t4c ndy phai dugc thyc hién sao cho khdng trc ché hoat tinh clia c4c vi sinh vét trong
@4t va khdng anh hudng dén viéc do sy hip thy oxy hodic lugng cacbon dioxit sinh ra va phai néu rd
trong béo c4o thir nghiém.

Khi dat duge dén mirc BOD hodc cacbon dioxit sinh ra khdng ddi (dat dén giai doan &n dinh) va khdng
c6 sy phan hily sinh hoc nao tiép tyc dién ra nlra thi phép thi durgc col 1a d& hoan thanh.
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Théng thwéng thdi gian thir khdng dwgc vuret qua sau thang. Tuy nhién néu vAn quan séat dugc rd qué
trinh phan hly sinh hoc va sau mdt thdi gian dai vAn chua dat dugc giai doan &n dinh thi c6 thd kéo
dai thém phép thir nhurng khéng dugc qua 2 nam. Néu phép thir kéo dai hon sau thang thi dinh ky phai
kidm tra c4c rd ri c6 thd xdy ra. Thoi gian kéo dai va viéc thyc hién cac phép do dic biét, vi du aé dam
bdo tinh da dang ctia vi sinh vat hodc @& cung cAp dl chét dinh dwéng, d&u phéi néu rd trong béo cao
thir nghiém,

Khi két thic phép thlr, thao cac binh thi? ra va can céc binh thir ndy dé kidm tra sy gidm ham luong
nuéc trong At thir. Hoic ¢6 th tach cin vat liéu thir ra khdi a4t bang mét dung méi thich hop (néu c6
thé) va can.

9  Tinh todn va bidu thj két qua

9.1 Tinh toan

9.1.1 Phin tram phan huy sinh hoc tir cac gia trj oxy tiéu thy

Poc gia trj Igng oxy tiéu thy trong mdi binh thr bing phwong phép do nha sdn xuét dua ra theo loai
hé hdp ké duoc str dung. Tinh nhu cAu oxy sinh héa (BODs) cla vét liéu thir cy thd theo cdng thire (1):

BOD, = BOD, -BOD,, (1)
Pr
Trong 46

BOD, 1a lvgng BOD cy thd clia vat ligu thz, tinh bang miligam trén gam vat liéu thir;

BOD, 14 lwgng BOD trong binh thir chira vét lidu thir Fr vao thei didm ¢, biéu thj bang miligam trén
kilogam a4t thir, tinh bing céch chia lwgng oxy tiéu thy do dugc, theo miligam, cho lugng
a4t thir, theo kilogam;

BODg, 14 lwgng BOD trong binh thir chira m3u tréng Fy vao thei diém ¢, bidu thi bing miligam trén
kilogam dét thir;

Pr 14 ndng @8 vat lidu thir trong h8n hop phidn (ng clia binh thir Fr, bidu thj bdng miligam trén
kilogam d4t thor.

Tinh phn trdm phan hly sinh hoc D, 1 ty I8 gitra Igng cAu oxy sinh héa cy thé véi legng ciu oxy
theo ly thuyét (ThOD, bidu thj bdng miligam trén gam vét liéu thir) theo cdng thirc (2):

Q=%x100 @

Tuong tv nhw trén, tinh legng BOD va phin trim phan hiy sinh hoc cla vét ligu déi chimg F. va néu
cb, clia binh thir kidm tra sy phan hily khdng cé ban chét sinh hoc F, va binh thir kiém tra sy (rc ché F,
Pé tinh lvgng ThOD, xem Phy lyc D.
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9.1.2 Phin trim phan hiy sinh hoc tir Iwgng cacbon dioxit sinh ra

9.1.21 Lwong cacbon dioxit sinh ra theo ly thuyét tir vat lidu thir

Tinh lwgng cacbon dioxit sinh ra theo Iy thuyét (ThCO,) tir vat liéu thir bidu thj bdng miligam theo céng
thire (3):

ThCO, =mxa.i€x?—:- @)

Trong d6

m 14 khéi lwgng vat lidu thir cho vao hé thdng thir, tinh bing miligam;

®, 13 ham lwgng cacbon clia vat liéu thir, tinh tr cdng thirc hda hoc hodic phan tich nguyén té, bidu
thi b&ng phin khéi legng;

44 va 12 1a khbi legng phén tl clia cacbon dioxit va khéi lwgng nguyén ti cia cacbon.

Tuong t nhir trén tinh lugng cacbon dioxit sinh ra theo ly thuyét tir vat ligu @i chirng va tir hdn hop
vat liéu thir va vat liéu abi chirng trong binh thir F,.

9.1.2.2 Phén trim phan hiy sinh hoc

Tinh ph3n trim phan huy sinh hoc D, trong m&i binh thir Fy tir lwgng cacbon dioxit sinh ra trong méi
phép do theo cdng thirc (4):

D =Mx1oo (4)

: ThCO,
Trong A6
> omy 1a lwgng cacbon dioxit sinh ra trong binh thir chira vat lidu thir Fr tir lic bt dAu phép thir
dén thoi didm ¢, tinh bang miligam;
> m, 1a legng cacbon dioxit sinh ra trong binh ;hl‘r chira miu trdng Fe tir lGc bit dAu phép thir
dén thoi didm ¢, tinh bing miligam;
ThCO, 14 lwgrng cacbon dioxit sinh ra theo ly thuyét tir vat lidu thir, tinh bing miligam.

Twong ty nhuw trén, tinh phan trdm phan hly sinh hoc cla vat lidu @bi chieng trong binh thir kiém tra
hoat tinh cla dét, F..

9.2 Bidu thj va gial thich két qua

Lap bang cac gia trj BOD hodc lwgng cacbon dioxit do dwec va gia tri phan trdm phén hdy sinh hoc
twong (ng véi tirng theri didm do. B&i véi mi binh thir, v8 3 thj dwdng cong ciia lvgng BOD hoic
lwgng cacbon dioxit sinh ra theo théi gian va duéng cong phan tram phan hly sinh hoc theo thdi gian.
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Néu thu duoc cac két qua co thd so sanh ddi véi hai binh thir tién hanh ddng thai thi c6 thé v& dwong
cong trung binh.

Mirc phan hiy sinh hoc t6i da dugc xac dinh 14 gié trj trung binh clia giai doan dn dinh trén duéng cong
phan hiy sinh hoc, md ta d3c tinh phan hly sinh hoc clia vat ligu thir.

Kha nang thAm wét va hinh dang clia cac miéng vét ligu thir c6 thé anh hudng dén két qua va phai tinh
dén didu nay khi so sanh cac két qua thu dugc tir cac vt lidu thir khac nhau.

Théng tin v& tinh ddc clia vat lidu thir cd thé s& hiru ich trong viéc gidi thich cac két qua thir dbi véi kha
ndng phan huy sinh hoc kém.

10 Do tin cdy cla két qua
Phép thir dugc coi 1a ¢6 tin cdy néu

a) Mirc a5 phan hiy sinh hoc clia vat liéu déi chierng I&n hon 60 % tai giai doan &n dinh hodc khi
két thic phép thi;

va

b) Céc gi4 tri BOD ho#c lwgng cacbon dioxit sinh ra tir ba binh thr chra miu trng Fg nim
trong khodng 20 % gi4 tri trung binh tai giai doan &n dinh hoc khi két thic phép thr.

Néu khdng dat dwgrc céc tidu chudn nay thi [3p lal phép thir bing cach slr dyung d4t duwoc didu hoa so
bd hodc duge U trrdc.

11 Bdo cao thir nghiém
B4o c4o thir nghiém phai bao gdm it nhat c4c théng tin sau d4y:
a) vién din tiéu chuln nay;

b)  t4t ca thdng tin cin thiét @& nhan biét vat lidu thir va vat lidu dbi chirng, gdm tén, thanh phin va
cdng thirc hda hoc (néu biét), ThOD, ThCO2 (gdm ca phirong phép tinh todn), thé loai, hinh dang
hat, ham Iwgng/ndng a8 cac miu thir va ham Iwgng chét phy gia (néu cé thd):

¢) lai lich clia vét lidu thir (cac hat nguyén ban, sdn phdm chét déo cudi cing dwgc chuyédn héa
hogc mAu @4 130 héa), chi tiét didu kién x Iy so bd ndu cé tién hanh;

d) todn bd théng tin v& a4t gdm ngudn géc, ngdy thang |4y a4t, aic tinh, lvgng s dyng trong phép
thir, didu kién bdo quan, x{ ly va chi tiét v3 viéc G truér;

e)  céc didu kién thir chinh gdm c6 lwgng vat liéu thlr dugce st dung, nhiét dd va thei gian U;

f) Ky thuat phan tich duwgc sl dung gdm nguyén téc clia hd hip ké va phurong phap st dung a8 do
lwgng cacbon dioxit sinh ra;

17
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g)

h)

tdt cd cac thao tac khac duwrgre thire hién bao gdm viée bd sung nuée vao hn hop thi trong subt
qua trinh thir va két qua phan tich hdn hop thir gdm cd ham Iveng nuwée, khi két thic phép thiy;

tht ca cac két qua thir thu dugc ddi voi vat lidu thir va vt liéu @8i chirng (dang bang bidu va d&
thi) bao gbm lwgng BOD hodc lwgng tich 10y cacbon dioxit sinh ra do dwec, cac gia tri phan trim
phan hiy sinh hoc va @& thj clia cac théng sb nay theo thoi gian;

khodng th&i gian cla giai doan thich (rng va giai doan phan hly sinh hgc, mirc phan hiy sinh hoc
téi da cling nhur tdng thoi gian thr;

va tly chon, cdc théng tin sau néu tién hanh holc cb xac dinh:

)
K)
1)

m)

n)

18

Irgng cén vat lidu thir hoac phAn trdm phan hiy sinh hoc tinh tir lgng c3n vat liéu thi;
don vi cum khuln (cfu/g) cé trong d4t;

chi tiét phuong phap st dung trong théi gian thir kéo dai (1au hon 6 thang) 48 hd tro cho sy da
dang clia vi sinh vat ho#ic d8 tranh sir thiéu hyt chét dinh dudng;

c4c thong tin v& vt liéu thi va lirgng st dyung néu phép thir dugc thize hién véi ndng o vat ligu
thir thAp hon 44 tranh c4c anh huéng ddc;

bét ky dr liéu nao c6 lién quan (vi dy khéi lwgng phan tir ban d4u clia m3u thir, khéi lvong phan
tlr cla cdn polyme);

bAt ky sai khac nao so véi phwong phép thir quy dinh.
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Phy lyc A
(tham khao)
Nguyén tic hoat ddng ctia mét hé hdp ké (vi dy)

H& h&p ké nhu ndu tai Hinh A.1 dwgc cai dit trong mot méi trudng c6 kiém soét nhiét dd (vi dy bép
céch thily) bao gdm céc binh thir nghiém c6 chét hp thy CO, & khodng khong bén trén, mét thiét
bi san xuét oxy theo phwong phép dién phan, mot 4p ké va mét thiét bj kidm tra va thiét bj ghi aé
bén ngoai (may in, thiét bj v& @b thj hodic may tinh). B4 hdn hep thlr vao mét phan ba thé tich clia
binh th(r nghiém. Néu qué trinh phan hly sinh hoc xay ra, cac vi sinh vét tiéu thy oxy va sén sinh ra
cacbon dioxit va cacbon dioxit bj hdp thy hoan toan. Téng 4p suét trong c4c binh gidm xubng. Khi
ap suét gidm thi qué trinh dién phan oxy dugc khdi ddng lai. Sau a6, khi ap suét ban ddu dwoc
thiét 14p lai thi qua trinh dién phan dirng va lvgng dién sir dung twong (g véi lugng oxy bj tidu thy
dugc do lign tuc va dugc dung d8 xac dinh Iegng oxy tidu thy, bidu thj theo mg/l BOD trén thiét b
ghi.

CHU DAN
1 Binhthir 5  May in, thiét bj v& dd thj hodc may tinh
2 H&n hop thir 6 Apké
3 Chéthép thy CO, 7 Khong gian kin duge n nhiét
4 Thiét bj kidm tra 8  Thidt bj san xuét oxy

Hinh A.1 - Gidn d cia mét hé hip ké
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Phy lyc B

(tham khao)
Vi dy v& hé théng do lwgng cacbon dioxit sinh ra

Lép day céc binh thir nghiém vao theo nhir hinh B.1 va nbi véi hé théng éng kin khi. Thdi vao hé théng
khi khdng cé CO, & mét 4p suét thap khdng adi (thwdng it nhét 13 mét thd tich khi tvong dwong véi thé
tich cla ba binh trén mét gidr khi st dung ndng @6 vat lidu thir cao, vi dy 2 500 mg vAt liéu thtr cho
200 g dét). Dém lrgng béng khi hogic st dung mdt thiét bj kidm soat ddng phis hep (2) a8 kidm tra tée
d6 déng khi. St dung khi tdng hop khdng cé CO, hodic khi nén. Trong trurdng hep sir dung khi nén thi
loai bd khi CO, bang céch cho khi di qua mét chai (3) chira natri cacbonat khd hodc cho qua It nhét hai
binh rira khi ¢é chira, vi dy nhw 500 ml dung dich Kali hydroxit 10 mol/L. C6 thd sir dung thém mdt binh
c6 chira 100 ml dung djch bari hydroxit 0,0125 mol/L v mdt binh r8ng d& nhan biét sy hién dién cla
CO; trong khi khi né lam dyc dung dich ndy va d& ngan viéc cudn theo chit 1dng vao trong binh thir
nghiém. Néu cin, c6 théd thém dung cy tao 4m & phia trréc binh thir @ 1am Am khéng khi, tranh sy
béc hoi &m tir @4t. Co thé thyre hién viéc nay bing cach nhw 12 thdi khi qua mét dung dich c6 4 4m &n
dinh, ching han nhw dung dich natri photphat @3 bdo hda. Néu qua trinh phan hiy sinh hoc x3y ra,
cacbon dioxit duge sinh ra trong binh thir va dugc hdp thy trong cdc chai chira chét hip thy (6) nhuw
néu tai Phy lyc C. D& gitr cho @4t thir Am (binh 5) va duy trl didu kién hiéu khi, d&idu chinh téc 8 déng
khi & dAu vao.

D& d3m bdo sy thodng khi hoan toan va tranh tao ra gradien ndng dd khi trong binh thir, dAu vao cla
éng phdi n&m sau trong a4t a& cho khdng khi di xuyén qua a4t thir.

= | G W

2 3 4 5
CHU DAN
1 Khéng khi vao 4 Dung cy tao &m
2 Thiét bj kidm sodt déng §  Binhth
3 Chét hép thy CO, 6 Chai hdp thy CO,

Hinh B.1 - Gian dd h$ théng do lwgng cacbon dioxit sinh ra
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PhylycC
(tham khdo)

Vi dy vd céc phwong phép xac djnh cacbon dioxit sinh ra

C.1 Xic djnh CO; bing cich do DIC

Khi cacbon dioxit sinh ra dwgc hip thy trong dung dich natri hydroxit (NaOH) va duoc xéc dinh la
cacbon v co hda tan (DIC) bang may phan tich DOC ma khéng cin tro héa.

Chuén bj dung dich 0,05 molL NaOH trong nwéc khir ion. Do lwgng DIC clia dung dich nay va st
dung gi4 tri mAu tring nay khi tinh CO; sinh ra. Néi vao day binh thir nghiém hai chai chira chét hdp
thy, m8i chai chira 100 mi dung dich NaOH. Ding mét xi phdng nhd déng dAu ra clia chai cubi cing dé
ngin CO, tir khdng khi bé&n ngoai di vao dung dich NaOH. Vao céc ngdy xéac dinh CO,, |4y chai chira
chét hip thy sat canh binh thir nghiém va Iy lvgng miu thir di 16n d& do DIC (vi dy 10 mi). Thay chai
ndy bing chai thir hai va thém mdt chai méi chira dung dich NaOH chwa sl dyng vao. Vo ngdy cubi
cling, sau khi axit héa dung djch thir, do lvgng DIC trong ¢ hai chai.

Tinh lwgng CO, sinh ra theo phwong trinh (C.1)

_ (DIC; - DIC, )% 3,67

(Col )T 1 0

(C.1)

Trong @6
(co,)., 1alwgng CO; sinh ra, tinh bing miligam;

DIC, I3 lwgng DIC do dugrc, tinh bing miligam;

DIC, 14 lvgng DIC do dwgc trong binh tréing dbi véi dung dich NaOH, tinh bing miligam;

3,67 |2 11 18 khéi lgng phan tir clia CO, (44) trén khdi lgng nguyén tir cla cacbon (12);
10 ia hé sé hiéu chinh cho viéc st dyng 100 ml dung dich NaOH.

C.2 Phwong phip chudn a9 béing dung djch bari hydroxyt

Lugng CO; sinh ra phdn (ng véi bari hydroxyt [Ba(OH),] va két tlia thanh bari cacbonat (BaCOs) [xem
phan ng (C.2)). Lugng cacbon dioxit sinh ra dugc xac dinh bdng phwong phap chuin d§ dung dich
Ba(OH); cdn lai véi axit clohydric (HCI) [xem phén (ng (C.3)).

CO; + Ba(OH), —» BaCO, + H,0 (C.2)
Ba(OH); + 2HCL — BaCl; + 2H,0 (C.3)
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Hoa tan 4,0 g Ba(OH),.8H,0 vao nuwéc khir ion hodic nuwéc cét tao thanh 1 000 ml @& thu dwgc dung
dich 0,0125 mol/L. N&n chuin bj mét Ivgng a0 vao thdi diém thue hién chudi phép thlr, vi du khodng
5 L. Loc vat liéu rdn va xac dinh chinh xac ndng dd bing phwong phép chudn d§ véi dung dich HCI
chudn. Ding phenolphtalein [am chét ch thj hoic mét may chudn a8 ty ddng dé xac dinh kiém két
thic. Gilr dung dich sach trong mét binh thir duge niém phong nhdm ngan sy hap thy CO, tir khéng
khl.

Pha loang 50 ml dung dich HC! 1 mol/L (36,5 g/l) @én 1 000 m! v&i nwée khir ion hodc nurde cét aé thu
dugc dung djch 0,05 mol/L.

Khi bt dAu phép thir, cho chinh xac 100 ml dung dich Ba(OH), vao tirng chai trong ba chai chira chét
hdp thy. Tly vao dic didm va ltgng vat lidu thir ma didu chinh thé tich bly. Binh ky Iy chai sat véi
binh thi nghiém d& chuln d8. Ciing cb thd chuln @3 khi cAn thiét vi dy nhu khi chai thir nhét bj vén
duc hay treéc khi quan sat dugc két tia BaCO, trong chai thir hai. Khi bt diu phép thir cAn chuén o
cach ngay va khi dat dén giai doan &n dinh thi c4ch ndm ngdy chudn d& mét 1An. Sau khi 1y chai hap
thy ra, ngay 14p terc ddy lai @& ngan CO, tir khéng khi di vao. Chuyén vj tri hai chai can lai vao vj tri gén
véi binh thi nghiém va g3t vao cudi diy mdt chai méi chira dung dich Ba(OH), méi. Dic biét néu phép
thir din ra 1au hon, x4c dinh chinh xac ndng a8 clia dung dich. X ly tong ty véi tit ¢ cac binh chira
VAt liéu thiz, vat lidu di chieng, mAu tréng, binh kiém so4t (rc ché va binh kidm soat vat ligu cdy.

Ngay khi th&o chai ra, chudin @8 hai ho3c ba phin ciia dung dich Ba(OH), béng dung dich HCI. Ghi lai
thé tich dung dich HCI cAn @8 trung hda.

Tinh lwgng CO, bj by trong binh hép thy theo cdng thirc (C.4):

m=[M—V4x-::l]chx22 (C.4)

Ca B2
Trong d6:
m  |a khéi lrgng CO; bj by trong chai hép thy, tinh bing miligam;

¢, landng d chinh xac clia dung dich HCI, tinh bang mol trén it;

c, landng dd chinh x4c clia dung dich Ba(OH),, tinh bing mol trén Iit;

V,, Iathd tich ciia dung dich Ba(OH); khi bét dAu phép thir, tinh bing miliit;

¥, lathtich cia dung dich Ba(OH), vao thdi diém ¢ trurdc khi chudn @9, tinh b&ng mililit;
V,, Iathd tich ciia phin dung dich Ba(OH), dung dé chudn @9, tinh bang mililit;

¥, lathétich dung dich HCI ding @& chudn @9, tinh bang mililit;

22 1A mét nira cla khéi Igng phan tir CO,
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Khi &p dung cac diéu kién sau:
- thé tich clta dung dich Ba(OH), trudre va sau khi hép thy chinh xac 13 100 ml;
- toan bd dung dich dung @& chuln @ (V,, =V, =V, ).
- ndng @ ¢, cla dung dich Ba(OH), chinh xac 12 0,0125 mollL;
- ndng d9 ¢, clia dung dich HCI chinh xéc 1a 0,05 moliL;
str dung phuong trinh (C.5)
m=11x(50-V,) (C.5)
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Phuluc D
(tham khao)
Nhu cdu oxy theo Iy thuyét (ThOD)

D1 Tinh lweng ThOD

Nhu clu oxy theo Iy thuydt (ThOD) clia mét chit CHAClN,SsPNanO, c6 khéi lwgng phan tér tuong
ng M, c6 thd tinh duoc ndu nhu bidt clu tao nguyén té hodic c6 thd xac dinh bdng cch phan tich
nguyén té, st dyng cdng thire (D.1):

_16[2c +0,5(h— cl-3n)+35+2,5p +0,5na - o]
M

r

ThOD

(D.1)

Cach tinh nay gid dinh ring cacbon durgc chuyén héa thanh CO,, hydro thanh H.0, photpho thanh P,0s
Iwu huynh thanh trang thai oxy héa +6 va halogen sinh ra duwéi dang hgp chét hydro. Sy oxy héa N, P
va S phai dugc kidm tra bing cac phép phan tich. Viée tinh toan clng gia dinh rdng lugng nito gidi
phéng duéi dang ammoni. Bidu thj ThOD bang miligam trén gam chét hodic bing miligam trén miligam
chét.

D.2 Viduy: Poly (axit B-hydroxybutyric) (PHB)
Céng thire rit gon ' : C4HgOz, ¢= 4, h = 6, 0 = 2; khéi lrgng phan tlr M, = 86.

16[2x4+0,5x6-2]
86

ThOD =

ThOD = 1,674 4 mg/mg PHB = 1 674,4 mg/g PHB
D.3 Vidy: Hén hep polyetylen/ tinh bdt/ glyxerin

Thanh phin Cong thée ThOD Lwgng céc thanh phin ThOD
mg/g % mg/binh mg/binh
Polyetylen (CaHa)p 3400 50 500 1700
Tinh b6t (CqH190s)s 1190 40 400 478
Glyxerin CaHaOs 1200 10 100 120
Téng céng 100 1000 2296

'} PHB I3 polyme clia monome B-hydroxybutyrat. Khi polyme héa (tzo thanh este) nudrc bj loai bd, do d6 cdng thirc phéan tir

tdng quét cia PHB trong dweng véi monome trir i mét Hz0, 83 bi khir trong phdin (g héa hoc.
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Phuy lyc E
(tham khdo)

Vi dy xac djnh lwgng va khéi lwgng phén tir cia polyme khong hoa tan trong nwérc

con lai khi két thic phép thir phédn hiy sinh hoc

St dung quy trinh do lgng va khdi lwgng phan tir polyme cdn lai khi két thic nghién ciu cé thé hiru
dung. Cé thé dung phuong phép sau ddy ho3c phurong phép thich hop khac dé phan tich cac polyme
khdng héa tan trong nuwéc nhung hoa tan trong dung méi hlru co khéng trdn dugre véi nuwée.

a)

b)

c)

d)

Cho h&n hop kiém tra vao ph8u chiét, thém dung méi htru co thich hep va l4c trong 10 min dén
20 min @8 chiét cac polyme con lal. Tach I&p dung mdi hitu co ra khéi idp dung dich. Thém
dung méi méi va idp lai quy trinh.

Trdn 13n céc phan hiru co chiét dugc ra va cho bay hoi dung méi dén khd. Hoa tan miu chét
rén trong mot thé tich nuére giai hap thich hop.

Sir dung mét bom tiém vi lgng, tiém mét lweng thich hgp vao thiét bj sc ky 1dng hiéu ning
cao (HPLC) cé mét ct chira gel sir dyng trong séc ky khi thdm th&u gel. B4t dAu phan tich va
ghi phd.

Xéc dinh ligng polyme c6 méit bdng cach st dung duéng cong hidu chudn.

Xdc dinh khéi lwgng phan t&r polyme béng cach tiém vao trong s&c phé polyme ciing loai, hodc
polyme ¢6 cdu tric tong ty polyme thir ma @4 biét khéi Iong phan tir. Méi lién hé gitra thoi

gian lwu va khéi lvgng phan tir thu dugc tir séc phd cudi cling. Tinh khéi lwgng phan ti tir lién
hé nay.

Khéi lvgng phan tir cia polyme thir cling cé thd xéac dinh duwgc blng phurong phap HPLC véi detector
loi két hop giCra quét tia laser goc hep (LALLS) va chi sé khuc xa vi sai (RI).
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Phyluc F
(tham khéo)
Vi dy v8 céc phép thir dai han

F.1 Tién tridn cla qua trinh phén hay sinh hoc cellulose, gluten bdt my, xo lanh va xo
céiy dau chdi trong dit

CHU THICH
Vit lidu cdy:
Vit ligu:
Thei gian:

Nhiét 46:

Céc 56 ligu 14y tir tal lidu tham khdo [6].

@4t ndng nghiép (500 g, nhd hon 2 mm)

cellulose (5 g), gluten bdt my (5 @), xo lanh (2 g), xo cay dau chdi (2 g)

cellulose: 2 ndm
gluten bdt my, xo lanh, xo cay d4u chdi: 1 nam
20°C+2°C.

Két qua (2 phép thir song song): Xem Bang F.1 va Hinh F.1

Bang F.1 — Phn trim phan hiy sinh hoc (vi dy diu)

Phin trdm phan huy sinh hee
Vit liju thee %
1 ndm 2 ndm
Trung binh Sai léch chudn 1 phép thir song song
Cellulose 108,3 28 108,5
Gluten bdt my 89,2 2,6 -
Xo lanh 94,8 6,8 -
Xo cay dau chdi 91,8 ; 56 N
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CHU DAN

théri gian (ngay)

phan tr&m phan hdy sinh hoc
cellulose

gluten bt my

xo lanh

B W ORN a2 < X

xo chdi

Hinh F.1 - Tién tridn ctia qua trinh phan hiy sinh hoc cua cellulose, gluten bdt my,
xo lanh va xo cdy diu chéi trong dit

F.2 Tién tridn cua qua trinh phan hly sinh hoc cua cellulose, 14 cdy buld, 14 séi, I4
thong trong dit

CHUTHICH  Céc sb lidu I4y tir tai lidu tham khéo [7].

Vit ligu cdy: a4t ndng nghiép (500 g, nhd hon 2 mm)

Vit ligu: cellulose (1 g), 14 cay buld (1 g), 14 s8i (1 g), 4 théng (1 g)
Thei gian: 1 ndm

Nhiégt ap: 20°C+2°C.

Két qua: Xem Bang F.2 va Hinh F.2.
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Bang F.2 - Phin trdm phén hiy sinh hoc (vi dy thiz hai)

Vit lidu thir Phin trim phan hay sinh hoc
%
Tuyét adi Twong dbi vdi cellolose
Cellulose 89,7 100,0
La cay bul® 56,2 56,4
L4 sdi 558 56,0
L4 théng 61,9 62,1
Y
100 2
90
/"ﬁ___’___.-———v‘l—"’_g1
80 /
70 4 —
60 ; " L—x
2
" {7 f .
40
N7 <ay
20
10
0 1 | 1 1 1 1 | 1 1 1 1 1 1 .| 1
0 25 50 75 100 125 150 175 200 250 225 250 275 300 325 350 X
CHU DAN
X thevi gian (ngay)
Y  phan tram phan hiy sinh hoc
1 cellulose
2 l4 cay buld
3 14 sbi
4  lathong
Hinh F.2 = Tién trién cta qua trinh phan hay sinh hoc cua cellulose, 14 ciy buls,
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F.3 Tién tridn cua quéa trinh phan huy sinh hoc cua cellulose va rom

Vat liju cdy: hdn hop 1 phan @4t ndng nghiép va 2 phin @4t rirng (500 g, nhd hon 2 mm)
Vat ligu: cellulose (1 g), rom (1 g).
Thel gian: 270 ngay
Nhiét d§: 20°C+2°C.
Két qua: Xem Béng F.3 va Hinh F.3.
Bang F.3 - Phin trim phan hiy sinh hoc (vi dy th ba)
Phin trim phan hdy sinh hec
Vat ligu thir %
Tuyét dbi Tuong abi véi cellolose
Trung binh Sai léch chudn
Cellulose 89,8 1,9 100,0
Rom 66,4 0,0 74,0
X
100
1
80
&% M
70
60 / .W

L
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CHU DAN
X théi gian (ngay)
Y  phin tr3m phan hiy sinh hoe
1 cellulose
2 rom

Hinh F.3 - Tién tridn clia qué trinh phan hiy sinh hgc cua cellulose va rom
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Phy lyc G
(tham khao)
Thir nghigm lién phong

NZm 2009, mét phép thir lién phdng @3 dugc tién hanh a8 cdng nhén viéc st dung @4t chuln thay cho
@4t ty nhién. Thanh phin cta a4t chudn dugc néu trong 8.3.2. C4t va khoang sét trong @At chuln cung
cAp két chu clia dit, a4t ty nhién cung cip vi sinh v4t va compost 44 nglu cung cip céc chét htu co
va vi sinh vat bd sung. S4u phdng thir nghiém khac nhau ciing tién hanh phép thir. Tirng phéng thir
nghiém lya chon ddc 1ap dt d& s dung 1am “d4t ty nhién®, nghta 14 vat liéu cdy cho “a4t chuln”. Vat
ligu thir 13 vat liéu @bi chirng cellolose vi tinh thd (RM) va vét lidu thi t& hop tinh bét/poly(butylen
adipat-co-butylen terephtalat) (TM). V& myc dich clia phép thir lién phdng, cac phdng thi¥ nghiém
tham gia dwgc phép sl dung d4t thirong mai ban s3n, @4t ty nhién hodic hdn hep clia cac loai d4t khac
nhau (vi dy h8n hgp a4t rirng, mét phdn @4t cd, mét phin a4t vuedn). Khi sir dyung cac vat lidu cé ndng
a6 cao (10 g trong 800 g @4t wot), G4t ty nhién phai duge bd sung thém h8n hop mudi nhw néu trong
Béng 2.

T4t ¢a c4c phéng thi nghiém tham gia phai x&c dinh kha nang phan hly sinh hoc trong d4t bing cach
do lwgng cacbon dioxit sinh ra bdng phuong phap phd hdng ngoal IR hodic phuong phép chudn @
ho#c phwrong phéap xac dinh trong lwgng clia CO, theo TCVN 9493-2 (ISO 14855-2). Nhiét d9 phép thir
tir 20 °C dén 28 °C. Hai phong thir nghiém s dung hdn hep cda hai ho3ic ba loai d4t, hai phong thi
nghiém sir dung d4t chon tir @4t rudng va hai phdng sir dyung d4t thwong mai ban sin.

Gi4 trj phan trdm phan hly sinh hoc cudi cling dwgc ndu trong Bang G.1.
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Bing G.1 - Két qua thir nghiém lién phong

Phdng Thol | Phanhdy | Sal | Phanhly | Sal | Phan huy
thir Vit ligu Thiét bj glan | sinh hee léch sinh hoc léch sinh hoc
nghiém cly chudn chudn | twong
tham ngay % % abi cua
| _gia ™ RM ™"
1 Datty Hé théng khéng | 120 33,0° 2,18 70,3 0,31 47,0
nhién khi khong c6 CO;
1 Patchuan | Hé thdng khoéng 120 11,8 117 59,0 05 20,1
khl khéng c6 CO;
2 Datty | ASTMD 5988-03, | 120 16,9° 28 63,8° 14 26,5
nhién 7.22 o
2 Patchuan | ASTMD 5988-03, [ 120 23,8° 0,9 704" 34 338
7.2.2
2 Dat ty Hé thbng khoéng 120 21,9° 0,9 69,9° 16 31,3
nhién khi khéng c6 CO;
2 Dat ty ASTMD 5988-03, | 120 18,8" 0,2 61,1° 0.8 30,8
nhién 7.2.2
2 Datty ASTMD 5988-03, | 120 19,9 1.1 816° 28 244
nhién 7.2.2
3 Datty Hé thdng khong | 182 61 1 7r 35 836
nhién khi khéng ¢6 CO,
3 Patchuin | Hethdngkhéng | 182 26 4 46 45 56,5
khi khdng c6 CO;
4 Pty Héthdngkhong | 134 59,3 2.3 60,9 19 97,3
nhién khl khéng cé CO; —
4 Déatchuan | Hé thdng khéng 134 708 1,78 70,1 0,0 101,0
khi khéng cé CO,
4 Dat ty Hé thdng khéng 115 31,1 45 56,6 43 54,9
nhién khi khéng ¢6 CO;
4 Datchuan | Hé thdng khong 115 37,2 6,9 64,5 51 57,7
khikhéngc6CO; |
5 Pat ty Hé thdng khéng 70 92,6 3.2 86,5 9,0 1071
nhién khl khdng c6 CO;
5 Datchuan | Hé thdng khéng 60 74,1° 0,5 77,0° 66 96,2
khi khéng ¢é CO;,
6 Ditty Hé théng khéng | 118 21,58 4.9 104° 26 20,7
nhién khi khéng c6 CO,
6 Dltchudn | Hethdngkhong | 118 26° 42 107 14 243
khi khdng co CO,
o PhAn trim phan hdy sinh hec twong @b clia vat liéu thir ™ = (% phan hly sinh hgc cla vét lidu thir, TM/
% phan hdy sinh hoc cla vt ligu adi chirng, RM) x 100.
® Chura dat dwgc dén glal doan &n dinh.
. Vin ¢cdn & glai doan sinh ra nhidu CO,.

Gia tri trung binh cla céc gi4 tri phan hiy sinh hoc thu dwgc tir cac phdng thir nghiém khac nhau dbi
véi a4t ty nhién va abi véi adt chudn dugc cho trong Bang G.2. Céc gia tri thu dugc tir phdng thir
nghiém thir 6 khdng duwgc tinh vao vi gié tri phan hly sinh hoc clia vét liéu dbi chirng vuret qua 100 %
d6i v&i ca hai loai dAt va chua dat dugc giai doan &n dinh.
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Bang G.2 - Gi4 trj phan huy sinh hoc trung binh trong a4t ty nhién va trong @4t chuin

Vit lidu Dt ty nhién D4t chuén
V4t ligu thir 39,39 26,03 40,62 + 25,96
Vét ligu aéi chirng 69,19+ 9,91 64,50 + 10,91

Hinh G.1 va G.2 bidu difn duwdng cong phan hily sinh hoc clia vt ligu ddi chirng trong dét tw nhién va
trong @4t chuln clia c4c phdng thi nghiém tham gia.

b 4
100

0 b | ] 1 ] 1 ] i I |

40 60 80 100 120 140 160 180 200 X

CHU DAN

X théi gian (ngay)
Y  phan trim phan hly sinh hec

Hinh G.1 - Dwdng cong phan hily sinh hoc clia cellolose vi tinh thd trong dét ty nhién
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I I ! ] I ] ] 1
0 20 40 60 80 100 120 140 160 180 200 X

CHU DAN

X th&i gian (ngay)
Y  phén tram phan hly sinh hoc

Hinh G.2 - Bwdng cong phén hiy sinh hoc cua cellolose vi tinh thé trong d4t chudn

Do léch clia cac két qua trong phép thir lién phong adi véi a4t tw nhién khdng cao khi thir véi cellulose.
Cellulose [a vat liéu c6 kha ning phan hly sinh hoc khdng bj anh hudng nhidu bdi cac didu kién thir.
M3t khac, kha nang phan hly sinh hoc cla vt liéu thir lai c6 vé nhay cdm véi cac didu kién thir, thé
hién & A9 léch Ién cla cac két qua thir. R4t khé dd biét a6 1a két qua clia viéc s dung cic loai a4t
khéc nhau hay Ia do cac chi phéi khac, nhur cac phdng thlr nghiém s dung cac didu kién thir khac
nhau (nghfa 12 nhiét d9, téc a9 thoang khi va ndng 49 vat lidu khac nhau).

Viéc chudn bj a4t chudn duwgc cly trude véi dit ty nhign khdng dnh huwdmng dén @@ 1éch clia phép thir
lien phong, cé thd thdy gidu nay tir 8% léch chuln (xem Bang G.2).

Céc gi4 tri trung binh ddi véi dAt chudn khdng khéc nhidu so véi gid tri trung binh ddi véi @4t ty nhién.
Didu nay cling cd thém y kién 1a céc ybu td sinh hoc (nghta 1a chling vi sinh vat) cUa @4t tw nhién 13 yéu
té lién quan va cling quan trong khi @4t dugc si dung Ia ngudn dinh dudng cho a4t chuln.
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Dé co thé 1y lai dwoc hop chét khi két thic phép thir @i véi muc dich tién hanh viéc xac dinh can
béng khéi Ivgng cubi nhir md ta trong Phy Iyc E, thi cAn phai b4t dAu phép thir v&i mét lwgng 16n vat
liéu thir.,

Nhin chung, @4t chudn giGip cho viéc chudn héa quy trinh thiz, nhur khi st dung chét ndn chuin véi két
cAu va kich thuée hat chudn. Cy thé @4t chuln c6 fch khi st dung @4t ¢ kich c& 1&n.
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TCVN 6226 (1SO 8192), Chét lugng nuéc — Thir sy (rc ché kha ndng tigu thy oxy clia bun hoat
héa (Water quality — Test for inhibition of oxygen consumption by activated sludge).

TCVN 6634 (ISO 8245), Chét luvgng nuéc — Hudng din xac dinh cacbon hiru co tdng sé (TOC)
va cacbon h(ru co hoda tan (DOC) (Water quality — Guidelines for the determination of total
organic carbon (TOC) and dissolved organic carbon (DOC).

TCVN 6858 (ISO 11266) Chét ltgng d4t — Huéng din thir trong phdng thi nghiém abi véi qua
trinh phan hiy sinh hoc clia cdc chit hGu co trong @4t & didu kién hiéu khi (Soil quality —
Guidance on laboratory testing for biodegradation of organic chemicals oin soil under asrobic
conditions).

TCVN 9493-2 (ISO 14855-2), X4c dinh khd ning phan hly sinh hoc hiéu khi hoan toan ciia vat
lidu chat déo trong cac didu kién clia qua trinh tao compost dugc kidm soat ~ Phuong phéap phan
tich cacbon dioxit sinh ra — Phin 2: Phuong phap do trong lwgng clia cacbon dioxit sinh ra trong
phép thir quy mé phong thi nghiém.

ASTM 5988, Standard test method for determining aerobic biodegradation in soil of plastic
materials or residual plastic materials after composting.

EU project FAIR-CT98-3919, New functional biopolymer-natural fibre-composites from agricultural
resources.

EU project AIR2-CT93-1089, Biodegradability of bioplastics: prenormative research, biorecycling
and ecological impacts.
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