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Abstract

This study is to compare the level of two types of important bacteria in food safety and
the level of heavy metal contamination in wastewater and dry manure. Moreover, the correlations
between the levels of heavy metal to the level of E. coli and Salmonella spp. were studied by
collecting samples from Swine farms which implemented Biogas system in comparison with
non-Biogas system farms. Pooled samples of each location were collected as followed: wastewater
at nursery housing, wastewater before entering Biogas system, wastewater after passing Biogas
system and dry manure. The results showed that the levels of E. coli, coliform and BOD in Biogas
farming were lower than in non-Biogas system farms. The level of zinc, copper, cadmium and lead
in Biogas system farms were condensed and more concentrated than in non-Biogas system farms.
Moreover, when determining all parameters from wastewater from the latter ponds before being
drained to public groundwater from both farms, it was found that the levels of E. coli, coliform,
BOD, COD, zinc, copper and lead were over the standard limitation in wastewater. Besides, the
levels of E. coli, coliform, cadmium and lead were over the standard limitation in soil. Even though
the levels of zinc and copper were under the EU standardization permission in the soil, their levels
were almost as high as the permitted limitation. This should be taken into consideration and being
monitored from now on. Once the salmonella spp. was isolated, it was found that the most abundant
groups from high to low were groups C, E and B at 30.77% (20/65 samples), 27.69% (18/65) and
23.08% (15/65), respectively. With the same samples at isolated into serovars, it was found that
Rissen is the most abundant at 18.46% (12/65), followed by Anatum 12.31% (8/65) and Kedougou
9.23% (6/65). The pathogenic strain from Salmonella serovars Paratyphi B, Var java and

Typhimurium were found only 4.62% (3/65) of samples taken from all swine farms. Contrasting the



prior studies, neither correlation between the levels of E. coli and zinc and copper, nor correlation
between the levels of Salmonella and these heavy metals was found. However, correlations between
the levels of E. coli and coliform and between the levels of lead and cadmium were found with the
coefficients of 0.8744 and 0.7338, respectively.

In conclusion, the results of the study indicate that the Biogas system might help reduce
the levels of E. coli and coliform in wastewater in comparison with non-Biogas farms. As the levels
of these bacteria and heavy metals were reaching the limitation levels, half-yearly examination of
wastewater before drained out and in dry manure before selling out of swine farms is highly
recommended. The examination and monitoring can promote the food safety of from farm to table
via elevating the quality of live pigs raised in the farm, in turns, making more hygienic pork to the
consumers. Last but not the least, by minimizing the excretion of pollutants initiated from their

farms, the intensive swine farming can help prevent the environmental problems in the near future.

Keywords:  Swine, Heavy metal, E. coli, Salmonella, Environment



d' +4 a v d' Y o C% X%
Nﬁx‘ﬂﬂ‘i’ﬂﬂiﬂﬂiﬂ‘Nﬂﬁ’J%ﬂ‘VﬂﬂiUﬂHiﬂﬂ TIUNMNUNNNHAHVAHUNTTIVY

(@n7.)

@ @

dyﬂl o o A o = A 1 AAa o a a a ~ 9
WUSUNTUNUM RUHUMTIAATINDNAISNOTIANUN IUNTATITIFINTUIUITIA Gﬂil‘ﬂvlﬂ

2

9
v K 9

1 ] 4
mallludyanlnsams daiudsdesldnadnszeznilaiosemsnsusuannIaIsainan UonNiinIg

]
o a @ o =

QA a S A £ Ay "o Y
GIWNWGLM'J'Iiﬁﬁ’J"Mﬂ'Ii11«!1]§$L1’lﬁﬂ!“IJL!@ﬂ“IffJ\?“ﬂNWHQ'VW]fJQﬂ?iuuﬂﬁﬂ’l‘ﬂﬂﬂublﬂiﬂﬂ‘ﬂNﬁiﬂnuﬂ%uHuﬂ"ﬁ'l

! A A o = yd’ &Y J Y 1 <3 A Yo aAa Y o Aa
muaummmmfumm&n‘lmwamammnmama aEJN"lsﬂmmmwmm‘lﬂmmmwu‘wum%mmums

o 1 o

A o Aa Yo ' ' 3 A
9 QL@ﬂﬁWﬁﬂuﬂuﬂ1i§]WNW1ﬁ ﬂﬂ1ﬂl£ﬁaqnuﬁ®v]’ﬂ1@ﬂﬁ?'ﬂq¢]



o U d' d' o ;a v
ﬂ'313»]ﬁ’]ﬂﬁy!!ﬁ%ﬂﬁl]mﬂﬂﬁﬁyﬁ1ﬂﬂ]ﬂ’ﬁ?ﬂﬂ
flagtiuluvuaunswaagnaiions Tnaludszmaing ﬂfjmﬂymﬂﬁ'lé’ﬁmmmsgﬁyﬂﬂugﬂuuuﬁ

v W & Y o ¢ P SR ' A v a &
ﬂuﬁuﬂﬂﬂiuﬂjujﬁﬂqﬂﬂim llﬁ$ﬂ1§lﬁﬂﬂlﬂu@81\ilnﬂ Iﬂﬂlﬂw1$ﬂ11’i1iﬂWﬁuiwqﬂiﬂu@ulﬂigﬂgﬂﬂuja

Y v

Y o o A A ' ' A ] a a A &
vazquau ldhminidnounvzdalsean eldinuasnsaamsgudomassygie luvurumsnaagnsiu
1@tims1¥asmiidszan Zine Oxide (ZnO) uag Copper sulfate (CuSO4) Wy lue111T (feed additive) Lagdl

m3l¥iuedinhsunelugnseytialunnvhsylulszmalneluilagiiu

@

& @ A o A Ao ' ' o A a A Ay A
c‘]f\u‘l]u'ﬂ‘ﬂ'5’]1”]1«!@'J’]ﬁ’]ilﬂllﬂ\jﬂﬁ’]'Jclf’JfJﬂigﬂuﬂTiﬁ]imulﬂﬂiﬁm@\iqﬂﬁ !WNigﬂU@lNﬂuﬂu RIS 3]

s a o Y ' 1 dy eaz’ [ n YA o
1UANLS8Y Escherichia Coli (E. COll) 1uaihlﬁmaQQﬂQﬂiﬂlgUWa Llﬁﬂluﬁjuma\uéﬁ@ Salmonella uuﬂ\?llﬂnlﬂﬂuﬂu

: v o 1 e . . o s v & o
%QW@N@QﬂWii%ﬁWiﬂﬂﬂﬁTJﬂﬂ Zinc Oxide Uay Copper Sulfate uuﬁﬂ@ﬂﬂigﬂﬂuﬁﬁﬂlﬂuiﬁﬁgﬁuﬂ Llﬁgf‘nﬁ@'ﬂ

Yy 9
@

a S 2 {o o o o Vo R
Fulumaduemsiuiegszauiina  ililangminduluadueenuiniginszvesgngnsasgiiiig

1 ' 4 3 4 v
Tuvhsy Faludedmualasialihiu Usmalanzwinludunademiuioinzdosndluszduinaigiud

1 kA

v '

ﬂ315$ﬁuﬁﬁ1ﬁuﬂ ﬁﬂgﬁuﬂgﬁQWﬁﬁﬂﬂ"liLﬁ]?ﬂJlauiﬂm@\jﬁ% f:llﬂ ﬁTViﬂEJLm:L"ldme'UﬂﬁGEJ Glu?fﬂmﬂé}ﬂu Iag

o A o A a a9 ° Y a ' s A A v Aa

ENﬁ%ﬁuiuﬂﬂmﬁzﬂﬂ“ﬂﬂuﬂﬁIﬂﬂ@ﬂﬂ?ﬂ 'Vnﬁlf”Lﬂﬂwaﬂigtﬂuﬁf‘)q‘uﬂ’lwmE]QMHHEJV]Ujiﬂﬂwcﬂuagp‘lﬂ'ﬂuﬂ’]j
[ 1 1<

ff$ﬁllﬁlJfNIaﬁxmﬂa1ilﬂuﬁ$ﬂ$nmu1u

' <3 @ a A
ﬁ]EJNlliﬂ@nlﬁzﬂ’UﬂTiﬁﬂﬁN‘Uﬂﬂ Zn 1ag Cu Gluﬁmmé’ﬂﬂuﬂizmﬁ"lm IﬂﬂLﬂW1$®ﬂNﬁNiu7\h°ﬁl

Aa Y} . o Vo =2 ' a o o 2y A A4 quy a Y
Z’Iﬂiﬂwﬂ131"]f feed additives AINA1IYIVIANITANHIDYINITIVI llagENN]JJN“U@Nawu§1ulW91ﬂf@1Q@\iﬁlu3$ﬂﬂ

U

4 o J =X 1 v @ ] v o 1 a
sy uddeyannnsulgdaiwandinsounguluds dszneudvds hifimsAnmnnuduiusseniesum
0 u’)’ a J a J A 2 k4 o J
TaneminMiaeawila dolSuansouuanise E coli uag Salmonella Tudunadonlasasiluszauvhsy

Y i 1 k4
Taommznmindenazauannhsugnsith llmiluilelunsdgndnsaldaen ludssma Fusenuniise

4

us: a ogxl I 0 w 1 1 @ {
MNANFUAUUNUANUTIAYNINADFUNTNUDIZNITID 1azaenMNUaoan 030 IMg (Food safety) ﬁlllélfblﬂ

a a2 9
U3 1nndNAY

4
@

o Y = o o A o 2 Y A Y o o ¢ 1
ANUHUDUIINTIUNANVTUNUTIYOUUANITYNNTULINADULLDS pathways ﬂlm1q3ﬁﬂ18ﬁﬁ'§l mlll':ﬂ



+ A A J ~ s Y A o o v |a
ﬂ1ﬂﬂ1iﬂulﬂ@uii\1l§@uﬂ§@1uu1ﬂ1ﬂ1aﬂq1.ll|1‘l]1ﬂll>1’iﬂ\1u11ﬂﬁlﬂﬂ\1 NI Wamﬁ]ﬂjaﬁgﬁuﬂ'ﬂﬂﬁﬂ\iﬂﬂﬂ'ﬁﬂm
& Ao A & o . v < Yo @ ¥ Y q =
LFDUUANLTINATIINUMINDULASHAIVUIUNIT  Biogas Y ﬂ%gslnﬂcl?iﬁﬁﬁll‘wwﬂllﬁzﬁjlaﬂ\if;‘fﬂﬂsll'ﬂﬂﬂﬂ

a o 9 aa o Y 3 v do Y < 3 o
‘ﬁ553J°]J'W]LLE1$E11L1/W!GUEN{]QJIWWﬂﬂﬁfﬂi’Jui]ﬂEJI“JﬂLmz“ﬂENﬂuiiﬂﬂﬂiuﬂuuﬁgﬁﬁ?ﬂ1qﬂE]EJNS’)@LTJ TIUMNY

a

' ~ & a o s Ay my o q ¥ a ya o
Frvaamsgapdemassgnanmnannilgmmsiamshsunlildnasg  dildinvasnsiiseldndun
A A a s o =
lumsheziaonld feed additive Mmanzanlugsnavhsugnsludlszmalnees dlddszmelnoaansofiog
a A @ @ Ay YA g o v o Y a 4 & 1A Y " 9o
nanosnlasaseauiumsi laveinilunsrvedlan wazduhldinaanudesiundunadouss li'ldsy
Yo F4 Y a 4 @ Y o ' ax g
mansznunazez lasumsud lvdunailymoinmsiduifouvesTangmin ldiunniisnde
(Y] ﬂ J
INYUITANN
A ] = o P o . 2 A a Ayy
1. e l¥insudeszaumsandrsveslanzmiindszinn Zinc uag Copper Tutindonazaun ldain
vsugnsild zno uag cuso4 wanluewnsidunar 13

v o v o A Y ' a dy . £ A g
2. AuNsomIANUFURUSIznIN Tanemiiniand waedTunaude £ Coli iag Salmonella o1y

~

dy =1 Ao 1 @ :’ Qy a Ay J
WwouuanGenlnanenulaoansuei01m1s 1”“11/]%&@'13ﬂu“l/lvlﬂflﬂﬂw1ill'§’!ﬂ§1uﬂSglﬂﬁll‘ﬂﬂ
U

Aav Aa v
NAINHIDENINYIVD

o

7 s a eaz’ a a
Tuilagtiumsdgdaidiumsnangnsiiuiims ldamsnszasumaaia (growth

promoters) 0819319 TAmMe Fareen laa (Zno) az aotulesFala (CuSO,)(Salyer et al., 2004)

4
IR

T v
advasluenmsdas ssnsaesriaililseansammsldemnsuazmaiuTaveadniatu (Hogberg et
. ' < da y 4 v o PRI |
al, 2005; Li et al, 2006) oo lsnammniimssenuvesilymaudunadoutasdinuiiuiiuan
dy o J 1 ] dy ] a A d' ] =
QATINNTINMIDOITR I0819% UL U(Intensive  livestock)  HanINi Tugs@uilimuuwuniilymims
S s o d4 A o qua v A v = o \ Ay~
daseindeuazyagninnvhsulgdatngaduildinavannzaedanadengedu suhllgmandesiins
Y o o A o ' A v ~
panuInIMItazdetaumonIuuilymananlesmmzanamglsl  (EU)  Aduniunomlumsaa

ﬂmﬁWNﬁﬁHﬁﬂﬂd13 (Gassmann & Bouzaher, 1995).

A ¢ I a = o q ¥ = Ao o d‘
“]Nﬂ@@ﬂhl“]fﬂslu‘l]ﬁﬂﬂ!ﬂWi1“3ﬁllﬂg'VnGh/Tgﬂﬁmﬁ'E]‘L}lﬂall?ﬁ]ﬂ1WT]ﬂllagﬂﬁﬁﬂﬂ'JWllLﬁfJ\‘]LLaz‘ﬂﬂJuﬂW



Yy A o ) Yo . . . I S A a 2 o o '
msfoudenazdr 1domeu colitis (Mavromichalis et al., 2000) 9619 l3snAaNITUDBATINTTUDONUBILS
ndyl Y 4 @ s A 1 us: A = o Y
sgiganmmadounungniueenlugilues organic minerals waziifios 10% winiuigasunaylania

flady uadrnIngazdueonn19g9152 (Hambidge et al., 1986)
Taema Gilley tagaaz (2000) 1851091 I3 maasunisigiszan asthiles (cu) inliaw
o o :’ 4 1 1w o A a 1 A A { o 4
Wuduvesassznoudalidlnhgeivediuauda  dldwuanuiuivdenuaiiGoidunassiuasld
. . v 9 v W o’z 9 a a J a o
(phototrophic  bacteria) NWATINUTWIZAVFA TAuawrsasasldnnmaausatasyluemsiues
3 A a3 s A o s a oA ' o q ¥a P
vaziluiinswan dndennvhsugnsliszauves aetilesuazgaings uazinzhldinamsazauand
9 A ' ' Ao P Ay o @ s A o oA '
vunihautazmdIuagvesiaius Taemmizedasdossziasz T lurhsuunziiosnniludainlide

'
o

I a 4
anudunyueineiosiiume (Conway & Pretty, 1991).
dy o J ] o Y o Jdo A = v dy d’d’e o A
lumaidsalgaaled i ldivesyadaismnniemsufunuininananse
@ a o U Y < Y Y A o U a
sossvveudosinan’ld uaznonwuilymaunduanwnaderninmsazavuosveudoainainluau

o

S A ' Qy = L a I = v 1 @
(Wadman et al., 1987) nagndonmsnaveudsyadadluduiluilymlvgndagyannmsilgdatediaauda
3nA10 (Abdel-Shafy, 1996) Hldiiamsazanvesasomsangy Womla Far uag asinles F3019gn
1 Z’ o Yy [ J a 9 o Y a . . !
yrawnanii ldlisngennsdmnanuniuly wezgamemldinailom cuthrophication (aws1eTanin
a = a 09/ J g} 3 J
NULAZAONTIUD0NINI) TULHEIA199AY (Cast, 1996; Jongbloed & Lenis, 1997)
a . . o Y a 1 A a o Y
M3IAA  euthrophication 01 IHIMIIAL TnvesanTwiunmuuazildanurnaenaienia
~ e Aa A ) o A a 1 & a P
FIMWaaaIn w1 uennntmsnaulmIanA1vedsig laneninnunudouilunvasuybd dad 910
c!'d ] ] [ dy @ 3 9 @ 1 A
mynumsazayluviiadgomsluszezery  mstlesdumstuilouvesTangminiudesnsemined1ags
A o w ™ A A1 QY ' vy ~ v A A '
oannvuIumsia largminluaula lgeganouazdann  udazmeiinms ldnsatiadaianselums
=2 ' Y ' a S g 9 a " AA . . .
AaTuLIBIRAINaoenInautaztihinau Tasldmatiamiaiiine  phytoextraction  rhizofiltration 1A

o g
phytostabilization. Hudu

9 v
mstudlouveslavgminludunelmnaanuiuivlusyuduazdad  Tasialuudadedniu



K
ANHAULITBTI (Chronic) MIUN19H4 1601415 nsianuuRmReunay (Acute) mﬂmﬁﬂuﬁ?amfmwmm
Y eaz’ A "9y 13 a d? 9 % a A 1 = A A a A
Tanzmimiudoniesuaneranavula miﬁ]ﬂmiﬂuuazwvammﬁmﬂaﬂﬂii@ﬂmuuawwaWﬂLﬂuiuW%
¥ A A 1 a1 o e A PR a A s A o I gy .
18 Tasaudenidmdudmsoazanyany 1d1u1993 (AY- NY-UYBY 1D TQD) 18 (Brady & Weil, 1999)
) v A I o a YR [ 1l I 1 ]
dwsuisansanuazayTangmindSnann lldsamvealuunndivvesranaziuan  uanunu

idoagagaves Tanzrinlunaa lgomsnaununnmsus Inansasznann lu@ensy nevald nsednuw

4 b4 x
9 7 a2 =2 v A

T < 1 [
pgnlsng  dmsugaamnssumsidesgnsestanuudululszmalneluun Tiugan  dwiles

a

4

9 Y a A & o 9 iy a S Y ' T |
ll1ﬂ’1]1ﬂﬂ'311l§]@Qﬂ1§m@ﬂ@ﬂ31ﬂﬂﬂqqmu 1/]111’7fﬂiLﬂfN?Iﬂillill1ﬂ!ﬂ]ﬂ“]uu¢]@QMﬂWiﬂlLﬁ@ﬂ%ﬂmuﬂJuLW@

a o A o ¢ ! -4 o
ﬂ’]llﬂllﬂ’]j!ﬂﬂiﬁﬂllﬁgﬂ'ﬂuﬂﬂ@ﬂﬂfJéhu@’ﬁ’niﬂqﬂwﬁﬁﬂmm%qﬂQﬂﬁﬁqqqs?ju@qu L!agﬁ'llﬂﬂﬂ\?ﬂa']’llﬂuﬁ?u

o

& A o Y a A Y A dgl Aa P a a @ = @
i Inilgmuansdunaaeuingauuannmsniveslgdainnanuuazina ludasuaeinuilying
AnAY09IANAUNBITNFIAAIY

1 Y 4
gandniu luvhsugnsvwalvgludszmalnedwlvguaziimsfadanaTulad Biogas luvhiy

1
=t

o 7 oA o a s o vq ¥ a o o o9y Y v
Tagiagiszasananmiemsiwezdunidnauinlyldinase Temivazi lsigega  vazildaadunudu

Qe

o &L a Y+ A o 1A ) Y] = s Y a
Wﬁ\i\ﬂu!,"]ff‘JLWﬁﬁLLﬁ%qﬂﬂﬂﬂmﬂWWQQ LHE‘NEMﬂ?]QLWW]L‘ﬂlelﬂ”lislf]ﬂJ'éNLﬁfJﬂWﬂWTﬁJvlﬂﬁﬂlluﬁu?ﬂu‘ﬂﬁ
A o A Y Wy A o A o '
MINEAT 1T NITININIANY Wﬁﬂﬂ?ﬂq@ﬂﬂﬂﬂ?ﬁﬂ@\iﬁgﬁﬂvhllluﬂ@\is] hlllmlﬂ!,ﬂuﬂﬂ@ﬂiﬂlﬁﬂﬂﬂ?i%ﬂﬂ'ﬁﬁ@
v £ ~ A a . q Y a a Y
AN NLIARDY (Abdel-Shafy, 1996) HIM5NUUANIS8¥A anacrobic (11 1¥oonFan) varerial¥asdsenen
a addo 9 a a o A S ' . L2 ' v Y
DUNTINFUFDUIWNANTNAAUNTNINUUY TﬂﬂW‘]_I’N anaerobic bacteria uummmwumumiamwuﬂ%
o w o ¢ s v Aa
Llagﬂﬁﬁﬂﬂ$ﬂﬂuqﬂﬂE]L!GIJ?NIEWW?T‘L!ﬂ@@ﬂﬂ11u§,ﬂﬂlﬂﬂﬁ1iﬂ5$ﬂﬂﬂ %ahltl/\lﬂl!ﬁxﬂ'liﬂﬂluﬁﬂﬁﬂ HININUAU

v 1 A A

4 v v
Uaga1591NTIEUY  Digester AN LAY (sludge) LL@%ﬁWlaﬂgﬂﬁﬁqi't_]WWWﬁﬁﬁj YADNYINUANFUA  LBU
~ o ~ ' A o o a Aoy ' I
LL@JJINLTJE' Waf;ﬁ/\laiﬁ Iﬂllﬁﬁlﬂfﬂu LlagllﬁﬁWQE‘Ju‘]) LlaglfﬁlngﬂUﬂWiﬂiUﬁﬂWWﬂu@ﬂ@')ﬂ EJEJN‘liﬂmJJ
A A ' ' a A o od o q Y Y 9 & . 2o o
TAITWHOUYUYUY  eINLNAY ‘V]‘JJW%WﬂWGlﬂ’]']w']iﬁﬁjﬂgﬂﬂqiﬁlmﬂﬂluﬂluﬁluﬁgﬂﬂ Biogas UIFUNUUDNINUYY

v o o a a J L 1 . .
‘W‘u’n'laaawuaﬂamwuﬂmmaﬂm“lﬁ’mﬂﬂ’nmfluwmmcnaaclmnmﬂé’f’m (Nies, 1999; Codina et al.,

2000)



4
UBNING MAMIANYIVEY Meargeay tiazamzlul) 1985 Taen1snAEOUAT minimal inhibitory

v v
concentrations (MICs) ﬂum'laaaumaﬂamwmwuﬂ"luﬁmmﬂmﬁﬂ Escherichia coli (E. Coli)UUD1N15I08

a

dy ' A~ A A 1w A A A J
L¥D WUJ1I§W$VI§JWHM1ﬂq@ﬂ® son Um MICs 1191 0.01mM 990301719 Tasdion uaalon nelies

v v v
1Az B0 A 0.2, 0.5, 1 and 1 mM awdwy duiuluanimedouiiians stressor vatosiay o1y

v g & o o A . ; Ao A ' o A A
Tanzwiin ndedndumsdSudniennuegsonllsznnnilnvesuaiiizendunuaeasnedosyiail LA

I Y ] . . A A J :)’ A J = g Y < J <3
Wums@umuriumig plasmid mediated L!“]Jﬂ‘miEJL‘HﬁTl!11‘1/]llﬂﬁﬂ?ﬂﬂﬂﬂﬂuﬁﬁ?u%1ulﬂuﬂ@ﬂ NITAINITD

4

' A JA A A v o q ¥ - | S0 1 v o v o
meneatudiguuaiiiieoun lduazi lduuaiiGerinouanisegsealuanmmadoudinandis  uazds

a Aa A ' v @ o v ] Aan ] . A " A
nwudnimuaiiiseinuae Tanzminiudidumuaeel§Fiuede (Calomiris et al. 1984) 8a'lininiu io
Escherichia coli Wag Salmonella spp.3inalnanudumuivainvatsua linuaeannunnny (Lee et al.,

A o ' & A & Y] o o Aq Y ] A
2005) Iﬂﬂwaﬁﬂmcﬂﬂ’m"]m}'u YINUFD FITNHNHUBDLLAT TINNY Iﬁﬂgﬁ1!ﬂ'VIll“]fiu’qﬁﬁﬂ’fﬂﬁﬁﬂl!agalu‘]JWuLi@u

4
o R

v 1 '
MlRuuaisomarfiansodsuduazansonzegseamazmuiniulad (Baquero et al., 1998) Asriu T4il

o & Ay a o & v o o @ '
ﬂj’]lﬁ]1Lﬂuﬂﬁﬂﬂﬂﬂﬁ@ullﬁgﬁ1ﬂilnmsUEN]alﬂgwuﬂﬂﬂulﬂ@u{luﬁﬂTWLE')ﬂaﬂllllﬁgTﬂﬂ'Jqllﬁlqu‘ﬁ53‘”31\1

=) [

o A a ¢ P ~ A g ' o y 1 &
Taﬂz‘wuﬂ YUA YINLUAS ﬂ't‘)‘].]ﬁ.]@ﬁ ABDLUANLTIINET fUﬁ't‘)ﬂ'J]ﬂJ‘]Ja't‘)ﬂﬂfJ'E]”I'I’ﬂivlﬂlLﬂ!‘lﬁJ E. coli and Salmonella

5]

2 o = a g :J) ' @
spp. wdunaden TassihmsanyudSeufenmnimesa1an i neuuasraImsinszuy Biogas aielu

sugnslutlszmelne

U

= LYY
IZIVEVIBIVY
< U |
1. MIUNUAINYY
1.1 msaadenhsunins s zno (Faneenlod) tag Cuso4 (aotlilosdama) nld

nawlugasermslugngnseyuia Taedadenshsugnsniisauuignsvuia 1,000-1,500 u $1mau 6

4
@

s da . ¢ Ay 12 o . a P ; o o w o
‘V\hﬁJ NAANITEVY Biogas 3 V\lWﬁiJLLagﬂhliJ@]@ﬂ\?ﬁguﬂ Biogasdn 3 V\lﬁu‘lflﬂlumtm\lqmmmﬂu Gluﬂqﬁil'n_lﬂu']

Yy 9
o Aa

Qy o o <3 @ T LAY 1 ] :’ Qy a 1 Y 1 .
nannvhsu Iﬂﬂ‘ﬂ"If‘ﬂilﬂ“]JG]’JE)EJNGLH‘V\I151]@\1ﬂﬁ"I'JSL‘L!‘]_IE]‘Ll"I‘VNLmSﬁ$ﬂﬂﬂﬂﬂﬂ®l&ﬁﬂgi$ﬂﬂ Biogas 1 9@ UM

4 i
= =

a o . a Y A o A A
LAZASNDUAUNAITSUD Biogas 1 g LlaﬁiﬂumﬁMﬂ@l]ﬂllﬂﬂlW@u]I‘lﬂﬂgﬂW%@ﬂ 1 g

U



4
@

o 3 o ' :‘ ) a ' 4 A o =
1.2 imsinudledtindotazauasnoutaazisy 3 wownsinaeanstl laglums

g o 1 ' VI < \ o a . o o 1A o
INUAIDYNLANSIAUY @]'J@fJ’Nﬂ3QﬂlﬂllLL‘U‘UQNﬂjgﬂqﬂwjﬂiljm@ﬂ%ﬁﬁ@ﬂ 5 g Llé}/lu'lu'li'.lﬂﬂu NOUNIEN

1 1 @ l < 1 q’/’ 1
msuenlduranaaosuuia 500 cc Tagnoiniumoedislumsinuuaazassluudazqa

*

A. - Parents
Fattening Stock Dry
oc
Housing . Manure
Housing

Nursery * * Biogas Runz‘

Housing astem

Wastewater

Farrowing Sow || Others
Housing wastewater

Public

ground

* | Sampling Point |

water

B.
; Parents
Fattening Stock Dry
0C.
Housing . Manure
Housing
Nursery S \ *
Housing » Run off
Wastewater
Farrowing Others

Sow Housing || wastewater

Public

g'round
water

! ° Y H ¢ ¢ A
Ui 1 raasmwlSsuisudwmismsnudedianindasazyagnsmaudennvhsugns A: vhsuiidiszuy

o

Biogas system (laz B: Taidiszun Biogas system



U |
2. MTIATIVAIDEY
a 4 oy a ad
2.1 asnvdsunalaveminluiwazauaznoulaneds  Flame Atomic  Absorption
v v
Spectrometry technique (FLAAS) Tagiimsuanaudaeesnainuis liimnaznewminges uazluauyagns
Yy qva A a Ay a O o emy A o S e e 1 2y
amnuraliiluiiofen Tasoundeugamngl 80 °C suguimiinldah nawninhdmediniminude 1
ASUNGOEAITNTAATNIDTUINTTIUUOY USEPA (USEPA, SW-846; method 3050B).
a 7 1a a d' 09/ s 1
22 amvnannznlsnaeongaunazaisluiinde A1 COD  (Chemical Oxygen
wa A o VS A Ay s
Demands), BOD (Biological Oxygen Demands), pH uazﬂmammauﬂumaasmmmfm”lﬂmﬂmsuqmmaﬂ
seozna 1Y

o a Jd 1a d’l j‘ . :’ =
2.3 mmsasuasevlsnaumsduieuveude E. coli oz Salmonella spp. Tuiude

a A A, o e {2
azneuandnyivzii e ldinuasnsih W ladudeiino 1dnnvhsugns
a dy
3. MIANIICHVDdYA
a d v o a v 1 a d’l
3.1 'Jlﬂi131(“!@3141ﬂ'Nllﬁll‘wu‘ﬁGUENIIﬁﬂﬂﬂﬁﬁgTiUﬂG]@ﬂilﬂmsUﬂ\W]fﬂ E. coli uay
Salmonella spp. Tae7s regression correlation analysis.
a 4 = = a o = Y g’ Qy
32 AnsevuazlTeuievdSnalangiinues Zn waz Cu Aandnluiimaas
o 1 A Y an = = a J 1 1
@]8ﬂ@u"l]"lﬂ‘V\hillﬁ(ﬂi1“LL§]§ZLQ@U@?83§ repeated measure ANOVA Ly Ll]SEJIIW]El“]JWWSnJm@SﬂQﬂﬁTﬂHLm
] I o [l 1 =} =3 T d Ao (=) . 9 as
ﬁg"]f’NGUE)\iﬂTilﬂﬂﬁ?@ﬂ?@iullﬂﬁ%ﬂmﬂifJ‘]JL‘V]fJ‘]J'i314’31\11/413%‘1/]11LLZ’1$N1113J53‘]J‘]J Biogas system AIYID
Mann-Whitney U test waziTouie Uy limitation standard N MUATAS EPA #2837 student t test.
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s 2 o v w - JA & v
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A1319N 1 !Lﬁﬂﬂi]11!31!?]'368]1@7]!!8]#19]%1ﬂﬂ'|iﬂ§'3m’liﬂ Salmonella spp. NANUNQN

Salmonella  (Group) FMIUfMBES osifua

B 15 23.08
C 20 30.77

D 2 3.08

E 18 27.69

G 8 12.31

0:30 1 1.54

0:38 1 1.54
AT anNA 65 100.00




y o y A 0
3197 2 HEAISIUIUAIVENINATINTD Salmonella spp. SWUNAIN Serovars

Salmonella (serovars) SIUfIBEa nlosidue
Albany 3 4.62
Anatum 8 12.31
Bangkok 1 1.54
Corvallis 1 1.54

Give 2 3.08
14,512:1: 4 6.15
Kedougou 6 9.23
Lexington 3 4.62
Mbandaka 1 1.54

Montevideo 1 1.54
Newport 1 1.54
Orion 2 3.08
Panama 2 3.08
Paratyphi B Var,Java 3 4.62
Rissen 12 18.46
Senftenberg 1 1.54
Soerenga 1 1.54
Stanley 5 7.69
Thompson 1 1.54
Typhimurium 3 4.62
Weltevreden 2 3.08
Worthington 2 3.08
Nﬁi?ﬂ%ﬂﬂuﬂ 65 100




v Y k4
3190 3 MITUUNTD Salmonella spp. AU Serovars MeufusungseaIy group

Salmonella (serovars)/Group B C E 0:30 0:38 |[Total Samples
Albany - 3 - - - 3
Anatum - - 8 - - 8

Bangkok - - - - 1 1
Corvallis - 1 - - - 1
Give - - 2 - - 2
14,5,12:i: 4 - - - - 4
Kedougou - - - - - 6
Lexington - - 3 - - 3
Mbandaka - 1 - - - 1
Montevideo - 1 - - - 1
Newport - 1 - - - 1
Orion - - 2 - - 2
Panama - - - - - 2
Paratyphi B Var,Java 3 - - - - 3
Rissen - 12 - - - 12
Senftenberg - - 1 - - 1
Soerenga - - - 1 - 1
Stanley 5 - - - - 5
Thompson - 1 - - - 1
Typhimurium 3 - - - - 3
Weltevreden - - 2 - - 2
Worthington - - - - - 2
Total Samples 15 20 18 1 1 65




y o g . v o . g o
ﬂ]ﬁ]ﬁﬁ 4 !Lﬁﬂ\?ﬂ'ﬁ"ﬂ'lll,uﬂ!‘d]fﬂ Salmonella spp. Glu!“ﬂﬂgi serovars IﬂEJL‘]J?El‘]JLﬁEﬁJﬂ‘Uﬁ'IL!WUQﬂ']ﬁlﬂﬂ@]')'f]ﬂ']\?"lﬂﬂ

¢ o
vhsugnInavua

wWa(Salmonell serovars)

Dry manure

Nursery wastewater

Post-Biogas

Pre-Biogas

Raw water

Treated water

Total

Albany
Anatum
Bangkok
Corvallis

Give
14,5,12:i:
Kedougou
Lexington
Mbandaka

Montevideo
Newport
Orion
Panama
Paratyphi B Var,Java
Rissen
Senftenberg
Soerenga
Stanley
Thompson
Typhimurium
Weltevreden
Worthington

1

2
1
1

2
2

N =

WM == =W hN—=—o00Ww

—_
[\S]

NN W — W = —

Total

18

20

19

(o))
()
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4‘ T A a J o ] 3‘ = J A (=} .
M1319N 5 Llﬁﬂ\iﬂﬂﬂﬁﬂi’i]ﬂﬂl@\?‘lﬂlﬁ13Jm’f]ii§l1\19]fl]'lﬂ‘Vlﬂ@]nlﬁuﬁﬂlﬁ]ﬁu'ﬂﬁﬂ%'}mﬂhiiJ‘VliJLL’c’IzthllimJ'U Biogas

fiszuy Biogas Taifiszuy Biogas
lade
11U (n) Aunae + Mo U () Aunae + Ao
QUMY (Temperature) 45 30.61+3.25 30 30.05+2.37
anuilunsa-a1e (pH) 56 6.59+0.78 43 6.69 +0.77
Al mV 56 29.42+ 46.85 43 23.76+ 44.95
15119 E.coli (CFU) ﬁuﬁaqaﬁ’m 60 591167.8+ 1,515,522 45 214,952.2+ 403,720
S Coliform(CFU) ﬁyn?mmﬁw 60 854,631.7+ 2,112,084 45 2,157,969+ 1,101,492
A1 BOD (mg/L) 39 2,394.35+2,327.29 26 4,921.43+ 4,602.84
1 COD (mg/L) 39 77,703.46+ 98,476.38 26 106,485.5+ 105,546.8
AFaR(zn) JUanuia(mg/kg) 57 3,192.4+3,735.1 45 3,781.9 +4,610.73
Anethiles (Cu) jmnuRI(me/ke) 57 725.52+ 773,65 44 797.53+973.31
Awaaiion (Cd) jUanuiame/ke) 37 19.7+49.83 30 9.67+20.86
fAda (Pb) Ua R (mg/ke) 41 57.51+119.13 32 61.81+97.14
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a =) = ' a 1 a J o 1 :I = a Y Y : a9
M39N 6 WSeINIUAIRAEVOILAAZTISTINADT & A WHUIVOIU UTILAZAUAINLT YNIUUNTBLAIGNT

7 Aa 1= .
E]‘Lgmmlﬂwhillmumﬂimiz‘uu Biogas

fiszuu Biogas Taidiszuv Biogas
lade U U
Aunde + Aniioany Aunde + Aniioany
(n) (n)
QUMY (Temperature) 15 32.443.16 30 30.7142.82
anuilunsa-a (pH) 15 7.14+0.32 30 7.10 £ 0.46
A mV 15 -3.66+ 19.28 30 -1.02+ 26.92
5184 E.coli (CFU) ﬁyn?fﬂqﬂﬁm 15 | 28,913.33+28,791.00%* | 30 | 448,781.1+ 1,269,977%*
USuaiColiform(CFU) 1{%?{8@:@‘1/9]}18 15 38,4004+ 33,109.77** 30 | 752,401.1% 1,797,079%*
A1 BOD (mg/L) 13 1,371.542,554.05%* 26 3,423.65+ 3,897.45%*
A1 COD (mg/L) 13 51,454.28+76,000.38 26 75,316.73+91,073.14
AFIA(Zn) JUlanuta(mg/kg) 13 4,600.02+4,682.84 30 1,992.02 +3,055.84
anetlos (Cu) jmauiamgke) | 13 1,143.75+1,068.57 30 863.04+1,018.51
Awaaiion (Cd) jUanuiame/ke) 11 21.25431.63 25 9.22422.31
fAran (Pb) JUanuia(mg/ke) 10 44.24+33.14 21 38.36+57.74

** Significant different at p < 0.01 (Mann-Whitney U test)
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d‘ =! =} 1 a 1 a 4 :‘ =t ] 9 1 4 1 S A [l
M13190 7 nJiEmmEmmma8611aumazwwmmaimamnaamqwmmmxmam\himzmm\lﬁwmmz“ln

Hszuy Biogas System

fiszuu Biogas Taidiszuv Biogas
lade U U
Aundo + Aoy Aunde + Aniioany
(n) (n)
qmwgﬁ (Temperature) 15 32.4+3.16 15 31.16+2.65
ANUDUNIA-AN (pH) 15 7.14+0.32 15 7.30+0.19
A mV 15 -3.66+ 19.28 15 -12.57+ 13.69
5184 E.coli (CFU) ﬁyn?fﬂqﬂﬁm 15 28,913.33+28,791.09 15 49,562.2+ 59,691.16
USuaiColiform(CFU) 1{%?{8@:@‘1/9]}18 15 38,400+ 33,109.77* 15 161,468.9+ 127,826.1*
A1 BOD (mg/L) 13 1,371.5+2,554.05%* 13 4,967.30+ 5,049.32°*
A1 COD (mg/L) 13 51,454.28+76,000.38 13 80,004.77+88,720.98
AFIA(Zn) JUlanuta(mg/kg) 13 4,600.02+4,682.84 15 2,468.79 +4,040.91
Anelilos (Cu) 3UmAuRI(mg/ke) 13 1,143.75+1,068.57 15 1,155.78+1,353.59
Awaaiion (Cd) jUanuiame/ke) 11 21.25431.63 15 4.31+7.26
fAran (Pb) JUanuia(mg/ke) 10 44.24+433.14 13 31.09+26.38

* ** Significant different at p < 0.05, 0.01 (Mann-Whitney U test)
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d‘ = = 1 A 1 a f( a dy 1 S A (=) .
A1319N 8 !‘]JiiEl’UL‘VIEJTJﬂHﬂﬁEJ"’UfNLWm&’WﬁHJm’é]iqlu@u"llﬂ%! (Dry sludge) i&’ﬂ’ﬂ\i‘l/\hiiﬂlil/]liﬂﬁﬁiﬂﬂ Biogas

SIS

@

System ttaz linuuana19eealitiodnyn1eada f (p < 0.05)

fiszuu Biogas

12 .
Taidiszun  Biogas

lade U U
Aundo + Aoy Aunde + Aniioany
(n) (n)
anuilunsa-an (pH) 11 6.48+0.75 13 6.89+0.50
i mv 11 35.22+ 44.58 13 12.56+ 27.70
15119 E.coli (CFU) ﬁwzﬁﬂqﬂﬁm 15 3,624.67+ 5719.50 15 155,940.2+ 466,458.1
U3 Coliform(CFU) 1‘51;?7&:1@%8 15 51,193.4+ 67,209.39 15 5,315,104+ 1,901,607
AFaR(zn) JUanuia(mg/kg) 15 2,169.82+3,243.12 15 2,360.88 +3,923.97
Anetiles (Cu) jUmAURIme/ke) 14 614.66+1,031.54 14 363.52+523.61
Awaaiion (Cd) jUanuiame/ke) 5 2.57+1.10 6 2.31+1.80
fAda (Pb) Ua R (mg/ke) 12 21.97£10.24 10 20.40+10.80




24

d‘ = = a J : Pt 9 o J S Ao = .
A1319N 9 L’]JiEJ?J!‘VIEJUWW']&IL@]’EHGI'N”]1uu1lﬁﬂq’ﬂﬂ1EJﬂ‘]Jﬂ13J']ﬁ§j1u1u1/\hill‘ﬂlllmﬁilllllﬁ&’ﬂ’ﬂ Biogas system

35U Biogas Dependent
0819 p-value AN
Yes/No (Y/N) Variables
Wudeyegae ( Final waste water) N E. coli <0.05
A
<2.2 cfu/ml
i Y E. coli <0.05
> N Coliform <0.05
A
<200 cfu/ml
i Y Coliform <0.05
> N BOD <0.05
B
60 mg/L
i Y BOD <0.05
> N COD <0.05
B
300 mg/L
> Y COD <0.05
» N Zn <0.05
C
150-300 mg/L
i Y Zn <0.05
> N Cu <0.05
C
50-140 mg/L
> Y Cu <0.05
> N Cd 0.494
C
1.0-3.0 mg/L
i Y Cd 0.085
> N Pb <0.05
C
150-300 mg/L
” Y Pb <0.05

v
o o
* masguguawihilFlumsidgdad

¥y 9
? NI TINAIANMITEINNNNINUHaR 52N 1590uea M SHIas HANGAE NN TN (W.A. 2539)

©, Alloway&Ayres, 1997 seauved Tanemiin luriudensensu ldnaunyasnssy (EU standard)



d‘ =) = Y o J S Ao (=Y .
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35UV Biogas Dependent
0819 p-value | AAIFIU
Yes/No (Y/N) Variables
a A A
Dry Sludge (AHAUHYMAIAI) N E. coli <0.05 <22 cfu/ml
> Y E. coli <0.05
2 . A
N Coliform <0.05 <200 cfu/ml
> Y Coliform <0.05
2 C
N Zn 0.061 <300 mg/L
> Y Zn 0.042
2 C
N Cu 0.082 <100 mg/L
> Y Cu 0.085
2 C
N Cd <0.05 <2.0 mg/L
> Y Cd <0.05
2 C
N Pb <0.05 <100 mg/L
i Y Pb <0.05

Y
o A v J
A wasguganmiildlumsgdad

Y v
€, Webber ct al.,1984 5zauv0d lanzriinluiihaunesusu 1émunyasnssy (France standard)
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Sampling locations

Mean = SD (n)

Nursery Sludge

Pre-Biogas Sludge

Post-Biogas Sludge

Dry manure

9UNYil (Temperature)

29.05+2.22 (30)

30.26+ 3.00 (15)

31.78+2.93 (30)

<3

AN uNIa-a1a (pH) 5.85+ 0.67 (30) 6.90+ 0.56 (15) 7.22+0.27 (30) 6.70+ 0.65 (24)
A mVv 73.48+ 39.45 (30) 10.52+ 32.06 (15) -8.12+ 17.04 (30) 22.95+37.38 (24)

mnoulos (Cu) azay 0.86+ 0.96 (15) 0.25+£0.22(7) 0.24+0.31 (22) 0.41+£0.30 (7)

AT (Zn) azane 0.47+ 0.58 (20) 0.02+ 0.01 (3) 0.27+0.95 (18) 0.95+ 1.57 (20)

U118t E.coli (CFU) vindogaie

961,743.8+1,678,796 (30)

848,000+ 1,730,839 (15)

39,237.77+47,228.45 (30)

79,782.44+ 333,250.5 (30)

UsmaColiform(CFU) vindogaie

1,491,468+ 2,567,729 (30)

1,343,333+ 2,434,140 (15)

99,934.43+ 111,060 (30)

2,683,149+1,348,106 (30)

1 BOD (mg/L)

4,403.55+ 3448.90 (26)

1,880+ 993.80 (13)

3,169.40+ 4,327.91 (26)

f11 COD (mg/L)

121,996.8+ 115,198.1 (26)

70,628.7+96,751.21 (13)

65,729.52+ 82,235.75 (26)

AF9A(zn) JUlanuia(mg/ke)

5,676.93+ 4,477.95 (29)

1,515.26+ 1,589.74 (15)

3,458.29+ 4,402.80 (28)

2,265.35+3,538.41 (30)

anethiles (Cu) 3Umnauia(mg/ke)

733.04+ 539.75 (30)

570.29+ 364.69 (15)

1,150.2+ 1207.29 (28)

489.09+812.83 (28)

Auaafion (Cd) 3Uanuia(mg/ke)

26.40+63.28 (20)

16.59+ 33.83 (10)

11.48+22.42 (26)

2.43+1.46(11)

fAaa (Pb) JUanuRa(mg/ke)

130.98+ 182.92 (20)

50.19+ 89.85 (8)

36.81+29.55 (23)

21.26+10.28 (22)

26

$1wau n N lumsuitesnnaindinamiasgiurag lithungmaa ND (Non-detectable)iifgil Zn, Cu, Cd, Pb < 300,140, 3,300 mg/kg, BOD, COD < 60, 300 mg/L l1ag

dissolved Zn 1ag Cu < 40 1o 5 mg/LmiJﬁWﬁJ
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v [ v
M3 12 waaInnNuFuiusseniedudsaaeginda ldlurindedumianiag Tagld Spearman correlation coefficient (Nonparametric)

Correlation E coli (cfu/ml) Coliform (cfu/ml) Zn (mg/kg) Cu (mg/kg) Cd (mg/kg) Pb (mg/kg)
E coli (cfu/ml) 1 0.874437 0.244716 -0.080061 0.25529 0.175984
Coliform (cfu/ml) 0.874437 1 0.243976 0.060994 0.280874 0.195783
Zn (mg/kg) 0.244716 0.243976 1 0.177444 0.479699 0.616541
Cu (mg/kg) -0.080061 0.060994 0.177444 1 0.497744 0.13985
Cd (mg/kg) 0.25529 0.280874 0.479699 0.497744 1 0.733835
Pb (mg/kg) 0.175984 0.195783 0.616541 0.13985 0.733835 1
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Box Plot 1W/3su1e szl Coliform@oszal pH

G1= Coliform < 200cfu

G2= Coliform >200 cfu

Groups

G1 G2

Ed 1
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d‘ = =} @ . 1 1 £ A 9 A =t [ . a
s 2 WlSeuneuseauvng Coliform 91 pH Fuu THuNA pH 3UMFIVUUBISAVUDN Coliform INU

o

L]

@

FLAVNIATTIUN 200 cfw/ml udivz hinundianuuanaisedielitiodiyniedna (p < 0.06)

Box Plot 158011803 A U ColiformApIzal mV
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50.00
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-50.00 . ‘

Gl G2

d‘ =) = w . 1 1 =S A Y c!' 1 =W dg} d' 3 . o'
sun 3 wisuouseauveg Coliform 9911 mV Faduud I unm mV 3UMPIVUINDTEAVVD Coliform 911

R

NNIZAVNIATFINN 200 cfw/ml usfvz lununTianuuanasedliednynieada (p < 0.06)



Zn (mg/kg)
20000.00 ]

15000.00

10000.00

5000.00

T N N T T TN TN T T T Y

29

Box Plot 138Ut uszal Coliformaol3unnizn

G1= Coliform < 200cfu

G2= Coliform >200 cfu

Groups

0.00

a =) = o . ' a =
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G2= Coliform >200 cfu
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il 6 WisuMeuszavgamgiini Talmindevesunazd s wungamgilingariudeyuainmn

HIdeME1a0nINTZUY Biogas aealiifadnymeanan (p < 0.05) Tukey-Kramer Multiple-Comparison Test
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Box Plot 1fSeutiiousgauves E.coli Na 18 lunaazngudangis
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aedi 13 TaaeAnaeiAIgIuYed langmininuludu (Adapted from US EPA, 1993)

Maximum concentration in sludge

Heavy Metal
(mg/kg or ppm)
Arsenic 75
Cadmium 85
Chromium 3,000
Copper 4,300
Lead 420
Mercury 840
Molybdenum 57
Nickel 75
Selenium 100
Zinc 7,500

~ o o a S o A @ P4
m3af 14 MIuaaszauvedlaveminluauuaz luindenesusula lumanyasns sy

Concentration of heavy metal (mg/kg)

Heavy metal Soil / Sewage sludge Y

UK Germany France EU USA

Cadmium 3.5 3.0 2.0 1.0-3.0 20
Chromium - - - 100-150 1500
Copper 140 100 100 50-140 750

Mercury - - - 1.0-1.5 8
Nickel 35 50 50 30-75 210
Lead 550 100 100 50-300 150
Zinc 280 300 300 150-300 1400

) lisiseau

uraanan ’ (Webber et al., 1984)

Y (Alloway& Ayres, 1997)
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Tanzwiin
v b v v ada d
FHUAMNNU Hue MAINTFIH IBININEH
1.) @134y (Arsenic) Haansy/ | dodlunu | 1973 Inductively Coupled Plasma-Atomic Emission
nlaniu 39 Spectrometry %3038 Inductively Coupled Plasma-Mass
Spectrometry 13030 Atomic Absorption, Furnace
Technique 13075 Atomic Absorption, Gaseous
Hydride %3933 Atomic Absorption, Borohydride
i A asad A a g
Reduction 139150 UNNTUAIUANNANHIW UTDD
- 9 1A ya . . . .
2)UAALNBNLLDY " doalanu | 1933 Inductively Coupled Plasma-Atomic Emission
fsisznovunaiiioy Spectrometry 113931 Inductively Coupled Plasma-Mass
37
(Cadmium and compounds) Spectrometry %3973 Atomic Absorption, Direct
Aspiration %3075 Atomic Absorption, Furnace
. A asd A a3
Technique H39ITOUNNTUAIUANUANHIHUFOU
= a 4 Y ra yas .. . A an . . A an
S)Tﬂnmwumanm’n " aoalunu | 19733 Coprecipitation 3935 Colorimetric 113973
4 . . A amd A a
1aUN (Hexavalent 300 Chelation/Extraction H39I5OUNNITUAIUANNANY
. <
Chromium) MUY
4) 92N (Lead) " doaluiny | 1935 Inductively Coupled Plasma-Atomic Emission
400 Spectrometry %3030 Inductively Coupled Plasma-Mass

Spectrometry 13075 Atomic Absorption, Direct

Aspiration N30733 Atomic Absorption, Furnace
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A HAMNNIN Wie | Awnasgu FEhanen
. A aad A a 4
Technique ®3DITOUNNTUAIUANNANHIHUBOD
= 9 1a
5) WINMUALLIAY " mﬂnmu "
a1515enouunamile 1,800
(Manganese and
compounds)
6) Ysenuazarsdsenou " doaluiiy | 151433 Cold-Vapor Technique H39330UNNTY
a 3
1son (Mercury and 23 AIUANNANHIVTUTDD
compounds)
A a A A FY 1 a Yan . . ..
7) inthalugiveaunaen " aoalaiAu | 1973 Inductively Coupled Plasma-Atomic Emission
g’ k4 A an
azanenin 1@ (Nickel, 1,600 Spectrometry Y1595 Inductively Coupled Plasma-Mass
soluble salts) Spectrometry 13075 Atomic Absorption, Direct
Aspiration n30733 Atomic Absorption, Furnace
. A aad A a
Technique ®IDITOUNNTUAIUANNANHIH UTOD
A A . Y ra Ias . . P
8) ¥aslay (Selenium) " doalunu | 1973 Inductively Coupled Plasma-Atomic Emission
390 Spectrometry %3933 Atomic Absorption, Furnace

Technique 13030 Atomic Absorption, Gaseous
Hydride 15075 Atomic Absorption, Borohydride

. A asd A A d
Reduction Tiiﬂ?ﬁ@uﬂﬂinﬂﬂﬂﬂnuawymuﬂmﬂ
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AN (pH) fitinnuazidealidn 0.1 wiae

2. 1iTod (BOD) un./a. 60 100 Azide Modification %130 Membrane
Electrode

3. %199 (COD) un./a. 300 400 Potassium Dichromate Digestion 511
Open Reflux %30 Closed Reflux
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QUNYN 103 °- 105° C
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