PROTEIN CONVERSION FROM DAIRY WASTEWATER

Mr. Pakorn Phuangkrajay

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Environmental Engineering

Suranaree University of Technology

Academic Year 2001

ISBN 974-533-046-9



msaguudasldsauarnindalsanunan o uy

d
‘H]El'l]ﬂ’im WIINNITDE

a WU A

"Eﬂmﬁwuﬁésﬂudauﬂﬁwmmiﬁmenmuﬂé’ﬂqmﬂ%muﬁynmnﬁumamumumm
mdsBmnssudunadon
unMInendanalulatg i
Umsenu 2544

ISBN 974-533-046-9



Unsal wanszae - malasuudasldsauanminde s unaasumuy
(PROTEIN CONVERSION FROM DAIRY WASTEWATER)

9. 1511 : Wet. A3.993UA watlsziasy, 70 M. ISBN 974-533-046-9

9 E4
v A

M3AnE1ITensen i un1sdnministi el udean Tsenunaasaaiuud e
FLUVUOAINT 18 Tﬂﬂﬁ3@@ﬂizmﬂﬁﬁaﬁﬂy1ﬁﬂymzauﬁ§mmﬁynﬁﬂ, szansnin
Tumstwiainde uaziiefifoadosiunsesnuuuszuuitiaunionmie Taguis
msnaaseenilu 3 seduANUED A0 RszAUAUED 20 FUANATHIAINTZUTINNAD 88.0,
123.2, 205.3 1A% 610.0 kg BOD/ha-d, A5z&UAWAN 40 FUANATIAINTZUTINNAD 176.0,
246.4, 4107 WAz 12261 kg BOD/ha-d nazfiszdunnudn 50 FUAATAINITZUITNN
Am 217.1, 305.1, 5104 uay 1531.2 kg BOD/ha-d 91AN1INARDINUITZUVAINITDAAM
BOD; ]1??]} 31.8 —88.6 %, COD 21.2 — 89 %, TKN 1.3 — 72.3 %, TP 45.2 — 87.6 %, NO3_ 24-95.1%,
1az FOG 45.8 — 74.7 %

A o =2

4
ﬁ]1ﬂﬂ1i‘Vi”lﬂTﬁﬂﬂigﬁﬂ‘ﬁﬂﬁﬁ]auﬁ"m@{WU’ﬂ NITAUANNAN 40 [ FUAUAT TEUVUD

= =

aunsonanlsuaanududuvesamiielduinigan 67 mg/L wiounuAIgIgAvDs
T W - o 1Y a a a J

M, o0y 892 d' dmiumsniady laveauuaiise 10z91nM3UAIIEHANNT Oron and

Shelef (1982) ton1dSuIMaIMIe mananld a sy 1.106, b W1AY 0.78,

B AU 1.28 tag y1nInu 0.51

A v =K

A1UIYIAINTTUAUNAA DU AUOFRUNANY ..o

= = A A A (=2
ﬂﬂTiﬂﬂBW 2544 aTﬂﬂJﬂﬂf@@1ﬂ13ﬂ‘V]ﬂiﬂHq ...........................



PAKORN PHUANGKRAJAY : PROTEIN CONVERSION FROM DAIRY
WASTEWATER. THESIS ADVISOR : ASSIST. PROF. CHONGCHIN
PROLPRASERT, Ph.D. 70 PP. ISBN 974-533-046-9

HIGH RATE ALGAL POND/DAIRY WASTEWATER

This research was concemed with treatment of dairy wastewater, using an algal pond.
Its objectives were to determine the wastewater characteristics, treatment performance,
and the factors related to the design of algal pond. The experiments were carried out at
3 levels of pond depth with different organic loading rates (OLR). In the 20-cm-ceep pond,
the following OLR’s were used 88.0, 123.2, 205.3, and 610.0 kg BOD/ha-d;
in the 40-cm-deep pond, OLR’s = 176.0, 2464, 410.7, and 1226.1 kg BOD/ha-;
and in the 50-cm-deep pond, OLR’s = 217.1, 305.1, 510.4, and 1531.2 kg BOD/ha-d.
Overall, the algal pond could achieve the following ranges of removal efficiencies
BOD, = 31.8 - 88.6 %, COD = 21.2 - 89 %, TKN = 1.3 - 723 %, TP = 452 - 87.6 %,
NO, =2.4-95.1%,and FOG=45.8-74.7%

From the kinetic assessment, the 40-cm-deep pond was found to contain the highest
algal concentration of 67 mg/L with the maximum value of pi, equal to 8.92 d
for bacterial growth. And from the analysis of the Oron and Shelef (1982) equation used
for algal mass prediction, the following constant values were obtained a = 1.106, b = 0.78,
=128 andy=051.
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NI 910 Organic Waste Recycling (p.173), Polprasert, Chongrak, 1996, England:

John Wiley & Sons.
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2.6.2  ANNAN
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AMINN 1. HANITNAADIAZMIAIUIUVDINTIN Tracer, Q = 55 mL/sec

Time (mins) At, C(mg/L) | c/C~C, CAt, tCAL, (CAL
0 - 0.90 0 0 0 0
5 5 97.5 0.019 0.097 0.48 2.44
10 5 160 0.032 0.160 1.60 16.00
15 5 240 0.048 0.240 3.60 54.00
20 5 285 0.057 0.285 5.70 114.00
25 5 305 0.061 0.305 7.63 190.63
30 5 305 0.061 0.305 9.15 274.50
35 5 280 0.056 0.280 9.80 343.00
40 5 270 0.054 0.270 10.80 432.00
45 5 250 0.050 0.250 11.25 506.25
50 5 240 0.048 0.240 12.00 600.00
55 5 255 0.051 0.255 14.03 771.38
60 5 230 0.046 0.230 13.80 828.00
65 5 225 0.045 0.225 14.63 950.63
70 5 205 0.041 0.205 14.35 1004.50
75 5 200 0.040 0.200 15.00 1125.00
80 5 185 0.037 0.185 14.80 1184.00
85 5 180 0.036 0.180 15.30 1300.50
90 5 175 0.035 0.175 15.75 1417.50
100 10 160 0.032 0.320 32.00 3200.00
110 10 145 0.029 0.290 31.90 3509.00
120 10 125 0.025 0.250 30.00 3600.00
130 10 110 0.022 0.220 28.60 3718.00
140 10 105 0.021 0.210 29.40 4116.00
155 15 95 0.019 0.285 44.18 6847.13
170 15 85 0.017 0.255 43.35 7369.50
180 10 75 0.015 0.150 27.00 4860.00




Time (mins) At, C(mg/L) | c/C~C, CAt, tCAY (CAL
190 10 65 0.013 0.130 24.70 4693.00
200 10 55 0.011 0.110 22.00 4400.00
210 10 50 0.010 0.100 21.00 4410.00
220 10 45 0.009 0.090 19.80 4356.00
240 20 30 0.006 0.120 28.80 6912.00
260 20 30 0.006 0.120 31.20 8112.00
280 20 25 0.005 0.100 28.00 7840.00
310 30 15 0.003 0.090 27.90 8649.00
340 30 5 0.001 0.030 10.20 3468.00
370 30 5 0.001 0.030 11.10 4107.00

Sum = 6.9875 680.788 105280.94

N1AIUINU Tracer Study
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{ a Jd o oy 4 { A @ a
A1519% 1. ﬂTﬁ'Jlﬂ'inTTaﬂngunﬁ@iZ‘UUﬂﬁﬁ “ﬁigﬂ'ﬂﬂ'ﬂuﬁﬂ 20 I UALUAT

Wawes ﬂmmwﬁyuﬁmwumﬁ fszeznanfusnaie

77U 57U 39U 17U
COD (mg/L) 99 129 336 598
BOD;, (mg/L) 54.06 74.76 174.98 340.81
SS (mg/L) 194.60 132.45 128.45 98.40
VSS (mg/L) 145.94 100.91 89.51 62.00
TKN (mg/L) 4.90 7.42 11.48 15.73
NO3_ (mg/L) 0.010 0.011 0.072 0.062
TP (mg/L) 2.76 3.01 3.53 11.40
FOG (mg/L) 83.67 86.67 120.75 130.67
Chl_A (mg/L) 0.641 0.508 0.309 0.000

NI Chl_A 135817 0.537 (mg/L)

{a oy v
ﬂ'JﬂJLGISI’MLLﬁQﬁW'JUW 600 aney

{ Aa A o w oy a [ 4 o w [l
AN 2v. dszansmmmatiniaindennlssnuransausiuy  Tagldszuutinianuuie

NI NITAUANVAN 20 LFUALIAT

Waines ﬂixﬁ‘ﬂ%m‘wﬂ1iﬂ1ﬁﬂﬁy1t?18ﬁiz8$L3a1tﬁuﬁﬂﬁi1dﬂ (%)

7 59U 39U 17
COD (mg/L) 88.96 83.01 55.74 21.23
BOD; (mg/L) 87.71 83.01 60.23 22.54
TKN (mg/L) 72.28 58.03 35.07 11.03
NO, (mg/L) 95.12 94.63 64.88 69.76
TP (mg/L) 86.74 85.54 83.05 45.24
FOG (mg/L) 74.68 73.77 63.46 60.46




{ a Jd o oy 4 { A @ a
A1519% 3. ﬂTﬁ'Jlﬂ'inTTaﬂngunﬁ@iZ‘UUﬂﬁﬁ “ﬁigﬂ'ﬂﬂ'ﬂuﬁﬂ 40 1B UALUAT

Wawes ﬂmmwﬁyuﬁmwumﬁ fszeznanfusnaie

77U 57U 39U 17U
COD (mg/L) 108 139 352 588
BOD;, (mg/L) 50.21 85.60 202.56 300.01
SS (mg/L) 256.25 177.60 139.00 126.85
VSS (mg/L) 180.50 135.00 95.00 85.00
TKN (mg/L) 6.95 7.00 13.63 17.45
NO3_ (mg/L) 0.010 0.080 0.141 0.200
TP (mg/L) 2.59 4.30 7.12 6.44
FOG (mg/L) 92.78 90.00 137.00 140.00
Chl_A (mg/L) 1.208 1.069 0.823 0.000

NI Chl_A 135817 0.536 (mg/L)

{a oy v
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4 Aa A o w oy a [ 4 o w [l
AN 4v. dszansmmmatiniamindennlsanuransausiuy  Tagldszuutinianuuie

NI NILAUANVAN 40 LFUALIAT

Waines ﬂixﬁ‘ﬂ%m‘wﬂ1iﬂ1ﬁﬂﬁy1t?18ﬁiz8$L3a1tﬁuﬁﬂﬁi1dﬂ (%)

7 59U 39U 17
COD (mg/L) 85.77 81.69 53.64 22.55
BOD; (mg/L) 88.59 80.55 53.96 31.82
TKN (mg/L) 60.69 60.41 22.90 1.30
NO, (mg/L) 95.12 60.98 31.22 2.44
TP (mg/L) 87.56 79.35 65.80 69.07
FOG (mg/L) 71.92 72.77 58.54 57.64




{ a Jd o oy 4 { A @ a
A1519% 59. ﬂTﬁ'Jlﬂ'inTTaﬂngunﬁ@iZ‘UUﬂﬁﬁ “ﬁigﬂ'ﬂﬂ'ﬂuﬁﬂ 50 I UAINT

Wawes ﬂmmwﬁyuﬁmwumﬁ fszeznanfusnaie

77U 57U 39U 17U
COD (mg/L) 89 129 271 491
BOD;, (mg/L) 73.33 81.08 191.50 281.25
SS (mg/L) 231.43 156.15 161.75 138.15
VSS (mg/L) 162.00 114.00 110.33 105.00
TKN (mg/L) 10.27 11.59 15.71 20.72
NO3_ (mg/L) 0.050 0.056 0.067 0.071
TP (mg/L) 2.79 4.90 5.41 6.10
FOG (mg/L) 109.00 115.80 128.00 179.00
Chl_A (mg/L) 0.505 0.328 0.204 0.000

NI Chl_A 135817 0.554 (mg/L)
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NI NILAUANVAN 50 LFUALUAT

Waines ﬂixﬁ‘ﬂ%m‘wﬂ1iﬂ1ﬁﬂﬁy1t?18ﬁiz8$L3a1tﬁuﬁﬂﬁi1dﬂ (%)

7 59U 39U 17
COD (mg/L) 88.28 83.01 64.31 35.33
BOD; (mg/L) 83.33 81.57 56.48 36.08
TKN (mg/L) 4191 34.44 11.14 -17.19
NO, (mg/L) 75.61 72.68 67.32 65.37
TP (mg/L) 86.60 76.46 74.02 70.70
FOG (mg/L) 67.02 64.96 61.27 45.83
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NNFUNITUDY Oron and Shelef (1982) ﬁ1M1%ﬂ1ﬁlﬂugﬂlﬁu@iﬂjﬂﬂﬂ1i Take Natural

Logalithm ‘Vgﬂﬂ' 1

dio  yvalues fesinc,

“ RT
hvalues s #1 In %H—E
V4

kvalues Ao A1inT,
tvalues fe A1 in T

gazndnaudaumMsanai Iaely 1Usunsy Maple 1d3 9214 In a = 1.004359650

Himsudmia a 9214 1.105652839, @aus1 b Av 0.7796699686, A1 B Am 1.279707730 wa
1Y D 0.5128655339



> restart;
> Wwith ( stats) :

> yvalues := [ In (64.1), In (50.8), In (30.9), In (82.3), In (67.2), In (5L.4), In (50.5), In (32.8),
In(20.4)];
yvalues = [ 4.160444364, 3.927896355, 3.430756184, 4.410371108, 4.207673248,
3.939638172, 3.921973336, 3.490428515, 3.015534901 ]

> hvalues := [ In (0.35), In (0.25), In (0.15), In (0.175), In (0.125), In (0.075), In (0.14), In (0.1),
In (0.06) ] ;
hV&|UeS = [ -1.049822124, -1.386294361, -1.897119985, -1.742969305, -2.079441542,
-2.590267165, -1.966112856, -2.302585093, -2.813410717 ]

> kvalues := [ In (6.237), In (6.237), In (6.237), In (8.316), In (8.316), In (8.316), In (9.356),
In (9.356), In (9.356) | ;

kvalues = [ 1.830499298, 1.830499298, 1.830499298, 2.118181370, 2.118181370,
2.118181370, 2.236017849, 2.236017849, 2.236017849 ]

> tvalues := [ In (29.5), In (29.5), In (29.5), In (29.5), In (29.5), In (29.5), In (29.5), In (29.5),
In(29.5)];
tvalues = [ 3.384390263, 3.384390263, 3.384390263, 3.384390263, 3.384390263,

3.384390263, 3.384390263, 3.384390263, 3.384390263 ]

>gq_fit .= fit [ leastsquare [ [ h, Kk, t, y ], y = atb*h+c*k+a*t, {a, b, ¢, d } | | ([ hvalues,
kvalues, tvalues, yvalues]) ;
eq_fit =y =1.004359650 + 7796699686 h + 1.279707730 k + 51286553391

>exp ( 1.004350650¢-1)

1.105652839



Q13199 19, AN INAADUAT COD NNADAIDTLUUAIN NTLHUANVAN 20 LFUALNAT

F2eNAUAAN ANNADA
(M) Mean Standard Deviation Coefficient of Variation
7 99 3.830 3.868
5 129 3.368 2.611
3 336 4.453 1.325
1 598 6.948 1.161

A13199 29, HANMINAADUAT COD NNADAIDTLUUAIN NTLAUANUAN 40 LFUALIAT

szoznaNRUAD AMNNADA
(M) Mean Standard Deviation Coefficient of Variation
7 108 4.662 4.317
5 139 4.392 3.160
3 352 7.531 2.139
1 588 10.146 1.726

A13199 39, HANMINAADUA1 COD NNADAIDTLUUAIN NTLAUANUAN 50 LFUALIAT

s2enAUALAN ANNADA
(M) Mean Standard Deviation Coefficient of Variation
7 89 4.244 4.768
5 129 4.243 3.289
3 271 9.083 3.352
1 491 7.948 1.619
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~ = =1 J 1 a ~ 9 A 9
AT NNN 4. ﬂTﬁlf]JiEl“]JL‘V]ﬂU3$ﬁ31Qﬂ1ﬂ'§11']i1!f)1ﬁ131f|hlﬂ%1ﬂﬂ15ﬂﬂﬁﬂ\ﬂlﬁ$ﬂ']‘Vlulﬂ%Tﬂﬂ']ﬁ

MuruNNUUUSIaoInadiamaas

AU A1 BOD, 91NN 31U (mg/L) A1 BOD, 91nN3NAad4 (mg/L)

an HRT 7d | HRT 5d | HRT 3d | HRT 1d | HRT 7d | HRT 5d | HRT 3d | HRT 1d

20cm | 5431 65.43 97.69 | 1364.07 | 54.06 74.76 17498 | 340.81
40cm | 53.76 67.72 105.26 | 550.33 50.21 85.60 202.56 | 300.01

50cm | 80.92 93.75 126.24 | 371.22 73.33 81.08 191.00 | 281.25

A13197 59. MINATOUAN t (t — Test) LU Paired — sample T Test VoaA1/5ua0111150 14010

A o o a 4
NI1TNAAB uazm‘ﬁVlﬁ’mﬂmsmmmmﬂﬂmmumammmmﬁmﬁm

FLAUANNAN t df Prob. (0.05)
20 FUALUAT 876 3 446
40 FUAILAT 462 3 676
50 LHFUANAT 360 3 743

a = ~ J 1 a A A Y VA 9
ATNN 6. ﬂ”lil‘]JifJiJL“V]EJ‘]Ji%‘Pi’JNﬂT]J53J”ImLL‘]Jﬂ‘V]LSEmulﬂi]”lﬂﬂ”li‘ﬂﬂﬂﬂﬂllaxﬂiﬂllﬂmﬂﬂ”li

AMUIUNNUULIIa0INNAIAMTAS

AU AWUANIFEINMTAIUIN (mg/L) AWUANITEINNTNAADY (mg/L)

an HRT 7d | HRT 5d | HRT 3d | HRT 1d | HRT 7d | HRT 5d | HRT 3d | HRT 1d

20cm | 69.38 81.06 76.83 41.46 81.84 50.11 58.61 62.00

40cm | 89.73 94.42 75.07 54.42 99.01 69.27 44.52 85.70

50cm | 98.67 119.51 108.73 100.66 | 112.61 81.83 90.00 105.10

~ 1 . 1 a Aa A 9
MITNN 73, MINATDUAN t (t — Test) L4V Paired — sample T Test voamusunautuang El‘Vlulﬂ

INNITNAADI u,azﬂ'”lﬁ15\'%1ﬂmiﬁm’;mi]mmnmm"wammmﬁ@]mﬁ@{

FLAUANNAN t df Prob. (0.05)
20 FUAUAT 330 3 763
40 FUAUAT 258 3 813
50 1FUAAT 818 3 474
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