Eismann F, Glindemann D, Bergmann A, Kuschk P

Balancing phosphine in manure fermentation

JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH PART B-PESTICIDES FOOD CONTAMINANTS AND AGRICULTURAL WASTES 32 (6): 955-968 1997

F. Eismann1, D. Glindemann1 and A. Bergmann1, P. Kuschk2
1 University of Leipzig, Institute for Animal Hygiene and Veterinary Public Affairs, Semmelweisstrasse 4, 04103 Leipzig, Germany

2 Centre for Environmental Research Leipzig-Halle Ltd., Section for Remediation Research, Permoserstrasse 15, 04318 Leipzig, Germany

Key words: manure fermentation, phosphine, phosphine balance

ABSTRACT

     The evolution of phosphine gas during the anaerobic batch fermentation of fresh swine manure was detected and correlated to the production of methane and hydrogen sulphide. A close temporal relationship between phosphine liberation and methane formation was found. However, the gaseous phosphine released from manure during fermentation only represents a tiny fraction of the overall phosphine balance. The majority of phosphine is captured in solid manure constituents. This matrix-bound phosphine is eliminated by more than 50% during anaerobic batch-fermentation. Seasonally determined phosphine concentrations in biogas and manure from two large-scale manure treatment plants also revealed net losses of phosphine in fermentation. Consequently, manure has to be considered more as a sink of phosphine rather than a phosphine-generating medium. Furthermore, a close relationship between phosphine in the feed of swine and manure of these swine was observed, implying that phosphine residues in the feed (possibly as a result of grain fumigation) represent an important source of phosphine in manure technologies that is relevant before the faecals of swine enter manure treatment plants.

INTRODUCTION

     In addition to methane, ammonia and hydrogen sulphide as reduced gaseous end products of manure fermentation, the reduced species of phosphorus, phosphine (PH3), has recently been found to constitute a ubiquitary trace compound of biogas from anaerobic manure, wastewater and excess sludge technologies (Devai et al., 1988; Glindemann and Bergmann, 1995; Glindemann et al., 1996a) as well as in anaerobic zones of the environment (Gassmann, 1994; Devai and Delaune, 1995) and even in the atmosphere (Glindemann et al., 1996b). These findings have attracted attention because phosphine exerts a toxic effect on plants, insects, rodents, humans and microorganisms (Bakheit et al., 1985; Nakakita, 1987; Duma et al., 1977; Garry et al., 1989; Leitao et al., 1987). Phosphine concentrations as high as those reported from a Hungarian digestion tank (Devai et al., 1988) could result in a strong inhibition of the biochemical conversion of organic residues to methane and carbon dioxide (Eismann et al., 1997a). 

     Manure is considered to be an emitter of phosphine, not only during its treatment by anaerobic digestion, but also during storage and transport. The phosphine concentrations in the air of animal housing facilities are some orders of magnitude higher than the atmospheric background phosphine levels (Glindemann and Bergmann, 1995; Glindemann et al., 1996b). 

     The origin of phosphine in manure is not yet known. The suggestion that microbial phosphate reduction is responsible for phosphine evolution (Devai et al. 1988, Iverson, et al. 1968) is subject of controversy (Burford and Bremner, 1972; Williams, 1978) and no microorganism capable of biochemically producing phosphine has yet been described. 

     This paper addresses the question of the overall balance of phosphine during the processing of manure in anaerobic fermentation to verify the hypothesis of the role of manure as a phosphine-generating medium. Batch fermentation of fresh manure from swine was performed in lab-scale experiments. A biogas produced and the concentrations of phosphine, methane and hydrogen sulphide were measured and proportions of matrix-bound phosphine were determined at the start and the end of the experiments. Additionally, phosphine concentrations in biogas and manure samples from two large-scale manure treatment plants as well as in the feed of swine were evaluated with respect to phosphine balancing.

MATERIALS AND METHODS

     Fresh manure for lab-scale batch-fermentation was obtained from a swine stable in Saxony (Germany). The material was stored in a 30-liter vessel at approximately 8°C until use within a few days. Particles more than 3 mm in diameter were removed using a plastic sieve. Samples of 1 kg of manure were poured into 1.2-liter serum bottles. Ten replicates were employed to guarantee a high statistical reliability of the balance calculations. The headspace of the bottles was flushed with nitrogen 5.0 to displace oxygen. The bottles were sealed with tight phosphine-inert stoppers and incubated at room temperature.

     The biogas produced was collected weekly in a 1-liter syringe (HAMILTON) by displacement of the piston. Concentrations of methane and hydrogen sulphide were measured using a landfill gas analyzer which had been modified for small sample volumes. Phosphine concentrations were determined by gas chromatographic analysis in accordance with Glindemann et al. (1996a). Matrix-bound phosphine of manure as determined at the start and the end of the batch-fermentation process was analyzed as gaseous phosphine released by boiling a manure sample of 1 ml in 5 ml of 1 M sulphuric acid. 

     Biogas and manure samples from two large-scale manure fermentation plants were seasonally transferred to the laboratory and analyzed within a few hours. The data represent the mean values of three parallel samples taken on three subsequent days in every season. Both plants treated manure from swine by anaerobic technologies. Plant 1 (200 m3/d) comprised a continuous reactor with some preliminary and follow-up stages. As the plant was closed in fall 1996, it was not possible to obtain winter samples from this plant. Plant 2 (40 m3/d) employed a simple storage technology with a manure collection basin and a larger digestion basin. 

     Feed samples for the swine which provided the manure for the respective plant were also analyzed for matrix-bound phosphine as described above.

RESULTS AND DISCUSSION

     The gas sampling procedure enabled the determination of the biogas volume formed and subsequent analysis of methane, hydrogen sulphide and phosphine. The evolution of these gases during manure batch-fermentation is shown in Figure 1. Whereas hydrogen sulphide and phosphine evolved rapidly after the start of the experiment, methane production was very limited within the first 15 weeks. After 43 weeks the pH had risen from 6.6 to 7.8 and biogas production had ceased; on average 4392 ml methane, 4206 µl hydrogen sulphide and 86 pl phosphine were formed from 1 kg of manure (the evolution of carbon dioxide was not quantified). Sample no. 9, which yielded the most methane, also produced the most phosphine; sample no. 8 with a low methane yield formed relatively little phosphine. A more comprehensive view of the relationship between methane and phosphine formation is shown in Figure 2, which comprises the cumulative quantities of both gases determined by weekly sampling in ten parallel samples. A linear correlation between methane and phosphine formation in manure fermentation was obtained in accordance with the relation

phosphine formation (pl) = 0.0195 * methane formation (ml) + 10996                [1]

(R2  = 0.869). A loser relationship was observed between hydrogen sulphide and phosphine formation (Figure 3):

phosphine formation (pl) = 0.0155 * hydrogen sulphide formation (µl) + 7.703  [2]

(R2 = 0.507). 

     The correlation between methane and phosphine formation during manure fermentation reveals a close temporal relationship between phosphine liberation and the biochemical conversion of organic manure constituents to gaseous end products. However, the exact mechanism for the liberation of phosphine cannot be concluded. Despite the temporal correlation observed there is no evidence of a causal connection between the metabolic activities of methanogenic bacteria and phosphine formation. 

     The overall phosphine budget of manure comprises a proportion which is released as gas during storage and fermentation and a proportion which is captured in the matrix of solid manure constituents. 
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FIGURE 1.

Formation of methane, hydrogen sulphide and phosphine in the anaerobic batch fermentation of swine manure.
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FIGURE 2.

Correlation between methane and phosphine formation in anaerobic batch fermentation.
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FIGURE 3.

Correlation between hydrogen sulphide and phosphine formation in manure batch fermentation.

This matrix-bound phosphine can be liberated to the gas phase by treatment with acids or alkalis. The analysis of matrix-bound phosphine at the start and the end of the manure fermentation experiment revealed a decrease by 56.6% on average during the process (Table 1). This loss cannot be explained by liberation of matrix-bound phosphine to the gas phase as indicated by a phosphine gas production of only 131 pg/kg in comparison to the loss of matrix-bound phosphine of 5,320 pg/kg (average quantities). Thus, manure obviously acts as a sink of phosphine. Although a continuous liberation of phosphine gas from manure during fermentation was observed, this gas only represents a tiny fraction of the overall phosphine balance that can escape from a slow-acting phosphine removal mechanism during the biochemical destruction of solid manure constituents (cellulose and other plant materials, microbial biomass etc.). Field investigations into free and matrix-bound phosphine concentrations and fluxes in two large-scale manure treatment plants also revealed net losses of phosphine during fermentation (Table 2). Although exact balancing under field conditions is very difficult, especially in plant 2 due to inhomogenities and relatively undefined residence times in the basins, this impression was confirmed in the majority of cases. 

TABLE 1. 

Concentrations of matrix-bound and liberated phosphine during manure fermentation.

	Sample


	
	Matrix-bound phosphine
	
	Phosphine gas

liberated

	no.


	Start 

(pg/kg)
	End 

(pg/kg)
	Difference 

(pg/kg)
	 (pg/kg)

	
	
	
	
	

	1
	8000
	3710
	4290
	98

	2
	8450
	1920
	6480
	119

	3
	5600
	2070
	3530
	158

	4
	7400
	3240
	4160
	149

	5
	5600
	3580
	2020
	129

	6
	6000
	2580
	3420
	88

	7
	13600
	4810
	8790
	125

	8
	16800
	8420
	8380
	90

	9
	10400
	5810
	4590
	241

	10
	12200
	4710
	7490
	112

	
	
	
	
	


Despite considerable seasonal variations in the fluxes of matrix-bound phosphine, the overall phosphine balance is mostly negative in both the continuous fermentation system (plant 1) and simple storage technology (plant 2). 

TABLE 2.

Fluxes of matrix-bound and free phosphine in manure fermentation of large-scale manure treatment plants.

	
	
	Phosphine flux (µg/d)
	

	
	Spring 

1996
	Summer 

1996
	Fall 

1996
	Winter 

1996

	Plant 1
	
	
	
	

	   Fermenter Input (manure)
	1835502
	89795
	43436
	

	   Fermenter Output (manure)
	76330
	21913
	3800
	

	    Difference
	1759172
	67882
	39636
	

	
	(-95.8%)
	(-75.6%)
	(-91.2%)
	

	    Biogas
	298
	7
	376
	

	Plant 2
	
	
	
	

	    Collection basin (manure)
	120802
	21295
	27005
	1120

	    Digestion basin (manure)
	176306
	4378
	4865
	907

	    Difference
	-55504
	16917
	22140
	213

	
	(+45.9%)
	(-79.4%)
	(-82.0%)
	(-19.0%)

	    Biogas
	319
	18
	6706
	294
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FIGURE 4.

Relationship between phosphine in the feed of swine and phosphine in fresh manure from these swine.

The nature of the phosphine elimination process during manure fermentation is thought to be a chemical complexation or oxidation, the products of which have not yet been determined. When phosphine was exposed to manure samples under aerobic or anaerobic conditions, a rapid decrease in phosphine concentration was observed and only a very small percentage of the quantity sorbed to manure could be recovered by treatment of the sample with sulfuric acid (Eismann et al., 1996). Microbial conversion or consumption of phosphine as presumed by Foster and Winans (1977) for a facultative anaerobic bacterium seems unlikely in our case since the addition of 1 g/l sodium azide to manure samples under a phosphine-containing atmosphere had no effect on the phosphine removal rate (data not shown). Alternatively, an accelerated elimination of phosphine gas by soil samples supplemented with Fe(III) (Eismann et al., 1997b) and the oxidative phosphine removal from air by a variety of metal ions (Mosher and Sköld, 1989) have been described These mechanisms could also be responsible in manure under anaerobic conditions.

     From the balance calculations it can be concluded, that the phosphine detected in manure and biogas from swine manure processing is unlikely to be the result of mechanisms that are specific for manure fermentation. Furthermore, a potent phosphine-generating process must proceed before the faecals from swine enter manure treatment plants. These findings may shift the matter of interest in uncovering the origin of phosphine in manure technologies from manure fermentation itself to earlier stages in the web, for example to the intestinal tract of swine or to their feed. Indeed, when concentrations of matrix-bound phosphine in the feed of swine were seasonally compared to phosphine concentrations in fresh manure from these swine, a relationship between both aspects was observed (Figure 4). Although it seems to us that we have too little data to formulate an exact mathematical correlation, an increase in manure-bound phosphine is obvious when feed-bound phosphine increases. Consequently, phosphine in the feed of swine, potentially representing a residue of grain fumigation, is thought to be a significant source of phosphine in manure fermentation systems. The seasonal variations in phosphine concentration bound in manure can thus be attributed to major fluctuations in feed-bound phosphine. However, other sources may also be relevant, since phosphine concentrations in manure are to some extent higher than in the feed.

CONCLUSIONS

     Manure was found to be a carrier material for phosphine that channels this trace compound from the feed of swine through the animals’ intestinal tract eventually to biogas and into the atmosphere. However, the majority of phosphine captured in manure constituents disappears and is presumably converted into unknown products during manure fermentation. Although phosphine in the feed does not appear to be the only relevant source, the main responsibility for emissions of toxic phosphine gas from manure fermentation systems lies not so much in manure fermentation itself as more upstream in the web.
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Tabelle1

		CH4		H2S		PH3				t (Wo)				CH4-1		CH4-2		CH4-3		CH4-4		CH4-5		CH4-6		CH4-7		CH4-8		CH4-9		CH4-10				H2S-1		H2S-2		H2S-3		H2S-4		H2S-5		H2S-6		H2S-7		H2S-8		H2S-9		H2S-10				sample 1		sample 2		sample 3		sample 4		sample 5		sample 6		sample 7		sample 8		sample 9		sample 10

		0		0		0				0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0

		6		65		0				3				6		11		10		10		16		10		12		10		22		24				65		136		136		75		59		169		91		113		78		66				0		0		0		0		0		0		0		0		0		0

		12		104		2				4				12		18		17		16		26		14		18		17		33		34				104		211		208		132		107		248		141		179		128		109				2		3		2		3		4		3		3		3		5		6

		18		152		3				5				18		24		21		24		34		19		23		22		41		42				152		264		255		185		154		357		190		230		177		149				3		4		3		5		6		4		4		5		7		8

		21		186		3				6				21		27		24		26		38		20		26		27		45		47				186		300		298		228		191		431		236		291		218		194				3		5		5		7		7		5		5		6		9		10

		27		230		5				7				27		32		29		35		47		21		31		35		59		58				230		348		377		301		250		503		281		367		300		253				5		6		6		12		11		5		7		8		14		11

		34		319		7				8				34		40		36		41		56		26		38		42		70		71				319		454		481		376		338		672		364		447		384		326				7		7		8		14		13		7		9		10		17		15

		42		437		10				9				42		47		45		49		68		34		46		51		83		84				437		532		623		482		496		873		477		567		505		447				10		9		8		16		15		8		10		11		20		19

		48		543		11				10				48		57		52		57		76		41		53		59		95		93				543		697		785		607		628		1004		586		694		638		559				11		11		9		17		17		9		11		12		21		21

		52		587		11				11				52		61		55		61		76		45		56		63		100		96				587		780		842		680		628		1155		645		772		703		603				11		11		10		18		17		9		12		13		22		22

		58		694		13				12				58		71		62		68		83		53		69		74		112		100				694		964		1040		773		709		1409		825		918		801		657				13		12		13		19		17		10		13		13		22		22

		68		799		13				13				68		87		79		77		94		71		79		84		122		100				799		1179		1216		923		807		1646		969		1018		893		657				13		12		13		19		18		10		13		13		22		22

		75		925		13				14				75		102		80		88		101		86		90		99		134		100				925		1406		1413		1029		879		1935		1127		1146		981		701				13		12		14		19		18		12		13		13		22		22

		195		1659		17				16				195		250		273		189		185		216		219		245		235		188				1659		2064		1987		1524		1183		2551		1662		1760		1243		701				17		14		19		22		21		14		17		19		26		26

		230		1824		17				17				230		285		311		291		216		252		254		281		269		219				1824		2191		2082		1737		1326		2714		1779		1884		1441		775				17		15		24		23		22		15		19		19		27		27

		396		2138		19				18				396		498		434		325		357		515		512		462		395		362				2138		2230		2873		2167		1520		3169		2064		2270		1481		775				19		15		31		25		22		17		21		21		28		27

		566		2283		24				19				566		708		671		376		482		733		713		636		962		373				2283		2356		3429		2249		1568		3319		2175		2491		1661		782				24		19		41		26		25		19		25		24		48		27

		866		2361		28				20				866		1137		822		494		573		976		1098		719		1273		632				2361		2646		3930		2352		1600		3397		2380		2589		1745		853				28		23		44		28		27		21		32		25		52		28

		1242		2455		33				21				1242		1262		855		569		711		1113		1251		763		1381		742				2455		2763		4185		2450		1797		3445		2439		2742		1853		1026				33		28		46		32		43		26		46		27		58		35

		1351		2583		33				22				1351		1382		1109		835		840		1435		1308		925		1874		1395				2583		2985		4628		2855		1862		3808		2520		3042		2072		1375				33		28		53		43		47		27		52		29		71		35

		1370		2595		33				23				1370		1659		1563		1241		1019		1908		1407		1077		2765		1468				2595		3109		5130		3250		1914		4257		2578		3732		2158		1396				33		30		62		53		50		27		53		29		87		36

		1395		2602		33				24				1395		1940		2023		1526		1163		1951		1657		1197		3734		1625				2602		3160		5400		3369		1928		4290		2629		3835		2205		1413				33		36		66		60		50		28		53		29		109		36

		1433		2609		34				25				1433		2229		2061		1813		1199		2336		1821		1235		4326		1663				2609		3193		5420		3430		1930		4476		2660		3863		2268		1417				34		40		66		64		51		32		53		29		121		37

		1472		2613		34				27				1472		2370		2090		1890		1228		2374		1918		1259		4558		1718				2613		3227		5437		3438		1934		4490		2682		3870		2276		1419				34		40		66		64		51		32		53		29		121		37

		1763		2671		42				29				1763		2655		2366		2268		1527		2637		2142		1455		4854		2029				2671		3371		5496		3497		2070		4563		2674		3906		2341		1470				42		50		74		73		63		39		62		33		134		50

		1910		2722		48				30				1910		2815		2591		2493		1721		3001		2330		1647		5000		2190				2722		3452		5541		3545		2192		4651		2870		3953		2481		1553				48		52		78		78		69		44		67		39		140		56

		1994		2760		50				31				1994		2956		2815		2600		1835		3396		2456		1720		5112		2258				2760		3535		5579		3592		2265		4738		2945		3972		2588		1616				50		55		83		81		72		49		69		40		144		60

		2111		2808		50				32				2111		3064		3194		2668		1903		3546		2588		1811		5164		2322				2808		3639		5640		3650		2338		4793		3047		4005		2659		1697				50		57		84		81		73		50		70		42		144		61

		2309		2871		54				33				2309		3393		3743		2788		2023		3731		2919		1982		5298		2453				2871		3741		6081		3716		2440		5109		3123		4053		2885		1774				54		64		93		84		73		54		73		45		148		64

		2615		2964		61				34				2615		3854		4019		2956		2160		3888		3119		2204		5398		2569				2964		3877		6410		3796		2525		5146		3194		4111		3031		1917				61		75		102		93		81		57		79		57		155		69

		3011		3146		64				35				3011		4253		4164		3240		2375		3955		3442		2365		5511		2737				3146		4014		6458		3978		2789		5177		3347		4172		3211		2157				64		78		104		96		82		57		81		59		157		73

		3385		3225		64				36				3385		4521		4242		3640		2703		3968		3677		2511		5694		2900				3225		4080		6475		4159		2976		5181		3411		4193		3397		2299				64		78		104		98		84		57		82		59		158		73

		3589		3262		64				37				3589		4673		4303		4046		3132		4024		3765		2591		5906		3146				3262		4131		6586		4270		3144		5198		3439		4205		3572		2478				64		78		104		98		84		57		82		59		158		73

		3787		3303		64				38				3787		4751		4341		4486		3335		4054		3806		2733		6374		3602				3303		4152		6593		4360		3201		5205		3449		4217		3793		2649				64		78		104		98		84		57		82		59		158		73

		3874		3320		64				39				3874		4793		4369		4696		3543		4086		3828		2733		6760		3618				3320		4166		6601		4403		3253		5215		3456		4217		3980		2656				64		78		104		98		84		57		82		59		158		73

		3900		3327		64				40				3900		4841		4394		4737		3692		4111		3845		2747		7021		3649				3327		4183		6607		4470		3293		5221		3462		4218		4060		2666				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				41				3941		4860		4419		4789		3787		4163		3896		2795		7230		3759				3351		4192		6616		4459		3345		5250		3494		4230		4202		2721				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				42				3941		4860		4419		4789		3814		4163		3896		2795		7359		3799				3351		4192		6617		4459		3359		5250		3494		4230		4222		2786				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				43				3941		4860		4419		4789		3814		4163		3896		2795		7425		3816				3351		4192		6617		4459		3359		5250		3494		4230		4303		2805				64		78		104		98		84		57		82		59		158		73

		0		0		0

		11		136		0

		18		211		3

		24		264		4

		27		300		5

		32		348		6

		40		454		7

		47		532		9

		57		697		11

		61		780		11
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		4860		4192		78
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		0		0		0

		10		136		0

		17		208		2
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Tabelle1

		CH4		H2S		PH3				t (Wo)				CH4-1		CH4-2		CH4-3		CH4-4		CH4-5		CH4-6		CH4-7		CH4-8		CH4-9		CH4-10				H2S-1		H2S-2		H2S-3		H2S-4		H2S-5		H2S-6		H2S-7		H2S-8		H2S-9		H2S-10				sample 1		sample 2		sample 3		sample 4		sample 5		sample 6		sample 7		sample 8		sample 9		sample 10

		0		0		0				0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0

		6		65		0				3				6		11		10		10		16		10		12		10		22		24				65		136		136		75		59		169		91		113		78		66				0		0		0		0		0		0		0		0		0		0

		12		104		2				4				12		18		17		16		26		14		18		17		33		34				104		211		208		132		107		248		141		179		128		109				2		3		2		3		4		3		3		3		5		6

		18		152		3				5				18		24		21		24		34		19		23		22		41		42				152		264		255		185		154		357		190		230		177		149				3		4		3		5		6		4		4		5		7		8

		21		186		3				6				21		27		24		26		38		20		26		27		45		47				186		300		298		228		191		431		236		291		218		194				3		5		5		7		7		5		5		6		9		10

		27		230		5				7				27		32		29		35		47		21		31		35		59		58				230		348		377		301		250		503		281		367		300		253				5		6		6		12		11		5		7		8		14		11

		34		319		7				8				34		40		36		41		56		26		38		42		70		71				319		454		481		376		338		672		364		447		384		326				7		7		8		14		13		7		9		10		17		15

		42		437		10				9				42		47		45		49		68		34		46		51		83		84				437		532		623		482		496		873		477		567		505		447				10		9		8		16		15		8		10		11		20		19

		48		543		11				10				48		57		52		57		76		41		53		59		95		93				543		697		785		607		628		1004		586		694		638		559				11		11		9		17		17		9		11		12		21		21

		52		587		11				11				52		61		55		61		76		45		56		63		100		96				587		780		842		680		628		1155		645		772		703		603				11		11		10		18		17		9		12		13		22		22

		58		694		13				12				58		71		62		68		83		53		69		74		112		100				694		964		1040		773		709		1409		825		918		801		657				13		12		13		19		17		10		13		13		22		22

		68		799		13				13				68		87		79		77		94		71		79		84		122		100				799		1179		1216		923		807		1646		969		1018		893		657				13		12		13		19		18		10		13		13		22		22

		75		925		13				14				75		102		80		88		101		86		90		99		134		100				925		1406		1413		1029		879		1935		1127		1146		981		701				13		12		14		19		18		12		13		13		22		22
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Tabelle1

		CH4		H2S		PH3				t (Wo)				CH4-1		CH4-2		CH4-3		CH4-4		CH4-5		CH4-6		CH4-7		CH4-8		CH4-9		CH4-10				H2S-1		H2S-2		H2S-3		H2S-4		H2S-5		H2S-6		H2S-7		H2S-8		H2S-9		H2S-10				sample 1		sample 2		sample 3		sample 4		sample 5		sample 6		sample 7		sample 8		sample 9		sample 10

		0		0		0				0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0

		6		65		0				3				6		11		10		10		16		10		12		10		22		24				65		136		136		75		59		169		91		113		78		66				0		0		0		0		0		0		0		0		0		0

		12		104		2				4				12		18		17		16		26		14		18		17		33		34				104		211		208		132		107		248		141		179		128		109				2		3		2		3		4		3		3		3		5		6

		18		152		3				5				18		24		21		24		34		19		23		22		41		42				152		264		255		185		154		357		190		230		177		149				3		4		3		5		6		4		4		5		7		8

		21		186		3				6				21		27		24		26		38		20		26		27		45		47				186		300		298		228		191		431		236		291		218		194				3		5		5		7		7		5		5		6		9		10

		27		230		5				7				27		32		29		35		47		21		31		35		59		58				230		348		377		301		250		503		281		367		300		253				5		6		6		12		11		5		7		8		14		11

		34		319		7				8				34		40		36		41		56		26		38		42		70		71				319		454		481		376		338		672		364		447		384		326				7		7		8		14		13		7		9		10		17		15

		42		437		10				9				42		47		45		49		68		34		46		51		83		84				437		532		623		482		496		873		477		567		505		447				10		9		8		16		15		8		10		11		20		19

		48		543		11				10				48		57		52		57		76		41		53		59		95		93				543		697		785		607		628		1004		586		694		638		559				11		11		9		17		17		9		11		12		21		21

		52		587		11				11				52		61		55		61		76		45		56		63		100		96				587		780		842		680		628		1155		645		772		703		603				11		11		10		18		17		9		12		13		22		22

		58		694		13				12				58		71		62		68		83		53		69		74		112		100				694		964		1040		773		709		1409		825		918		801		657				13		12		13		19		17		10		13		13		22		22

		68		799		13				13				68		87		79		77		94		71		79		84		122		100				799		1179		1216		923		807		1646		969		1018		893		657				13		12		13		19		18		10		13		13		22		22

		75		925		13				14				75		102		80		88		101		86		90		99		134		100				925		1406		1413		1029		879		1935		1127		1146		981		701				13		12		14		19		18		12		13		13		22		22

		195		1659		17				16				195		250		273		189		185		216		219		245		235		188				1659		2064		1987		1524		1183		2551		1662		1760		1243		701				17		14		19		22		21		14		17		19		26		26

		230		1824		17				17				230		285		311		291		216		252		254		281		269		219				1824		2191		2082		1737		1326		2714		1779		1884		1441		775				17		15		24		23		22		15		19		19		27		27

		396		2138		19				18				396		498		434		325		357		515		512		462		395		362				2138		2230		2873		2167		1520		3169		2064		2270		1481		775				19		15		31		25		22		17		21		21		28		27

		566		2283		24				19				566		708		671		376		482		733		713		636		962		373				2283		2356		3429		2249		1568		3319		2175		2491		1661		782				24		19		41		26		25		19		25		24		48		27

		866		2361		28				20				866		1137		822		494		573		976		1098		719		1273		632				2361		2646		3930		2352		1600		3397		2380		2589		1745		853				28		23		44		28		27		21		32		25		52		28

		1242		2455		33				21				1242		1262		855		569		711		1113		1251		763		1381		742				2455		2763		4185		2450		1797		3445		2439		2742		1853		1026				33		28		46		32		43		26		46		27		58		35

		1351		2583		33				22				1351		1382		1109		835		840		1435		1308		925		1874		1395				2583		2985		4628		2855		1862		3808		2520		3042		2072		1375				33		28		53		43		47		27		52		29		71		35

		1370		2595		33				23				1370		1659		1563		1241		1019		1908		1407		1077		2765		1468				2595		3109		5130		3250		1914		4257		2578		3732		2158		1396				33		30		62		53		50		27		53		29		87		36

		1395		2602		33				24				1395		1940		2023		1526		1163		1951		1657		1197		3734		1625				2602		3160		5400		3369		1928		4290		2629		3835		2205		1413				33		36		66		60		50		28		53		29		109		36

		1433		2609		34				25				1433		2229		2061		1813		1199		2336		1821		1235		4326		1663				2609		3193		5420		3430		1930		4476		2660		3863		2268		1417				34		40		66		64		51		32		53		29		121		37

		1472		2613		34				27				1472		2370		2090		1890		1228		2374		1918		1259		4558		1718				2613		3227		5437		3438		1934		4490		2682		3870		2276		1419				34		40		66		64		51		32		53		29		121		37

		1763		2671		42				29				1763		2655		2366		2268		1527		2637		2142		1455		4854		2029				2671		3371		5496		3497		2070		4563		2674		3906		2341		1470				42		50		74		73		63		39		62		33		134		50

		1910		2722		48				30				1910		2815		2591		2493		1721		3001		2330		1647		5000		2190				2722		3452		5541		3545		2192		4651		2870		3953		2481		1553				48		52		78		78		69		44		67		39		140		56

		1994		2760		50				31				1994		2956		2815		2600		1835		3396		2456		1720		5112		2258				2760		3535		5579		3592		2265		4738		2945		3972		2588		1616				50		55		83		81		72		49		69		40		144		60

		2111		2808		50				32				2111		3064		3194		2668		1903		3546		2588		1811		5164		2322				2808		3639		5640		3650		2338		4793		3047		4005		2659		1697				50		57		84		81		73		50		70		42		144		61

		2309		2871		54				33				2309		3393		3743		2788		2023		3731		2919		1982		5298		2453				2871		3741		6081		3716		2440		5109		3123		4053		2885		1774				54		64		93		84		73		54		73		45		148		64

		2615		2964		61				34				2615		3854		4019		2956		2160		3888		3119		2204		5398		2569				2964		3877		6410		3796		2525		5146		3194		4111		3031		1917				61		75		102		93		81		57		79		57		155		69

		3011		3146		64				35				3011		4253		4164		3240		2375		3955		3442		2365		5511		2737				3146		4014		6458		3978		2789		5177		3347		4172		3211		2157				64		78		104		96		82		57		81		59		157		73

		3385		3225		64				36				3385		4521		4242		3640		2703		3968		3677		2511		5694		2900				3225		4080		6475		4159		2976		5181		3411		4193		3397		2299				64		78		104		98		84		57		82		59		158		73

		3589		3262		64				37				3589		4673		4303		4046		3132		4024		3765		2591		5906		3146				3262		4131		6586		4270		3144		5198		3439		4205		3572		2478				64		78		104		98		84		57		82		59		158		73

		3787		3303		64				38				3787		4751		4341		4486		3335		4054		3806		2733		6374		3602				3303		4152		6593		4360		3201		5205		3449		4217		3793		2649				64		78		104		98		84		57		82		59		158		73

		3874		3320		64				39				3874		4793		4369		4696		3543		4086		3828		2733		6760		3618				3320		4166		6601		4403		3253		5215		3456		4217		3980		2656				64		78		104		98		84		57		82		59		158		73

		3900		3327		64				40				3900		4841		4394		4737		3692		4111		3845		2747		7021		3649				3327		4183		6607		4470		3293		5221		3462		4218		4060		2666				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				41				3941		4860		4419		4789		3787		4163		3896		2795		7230		3759				3351		4192		6616		4459		3345		5250		3494		4230		4202		2721				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				42				3941		4860		4419		4789		3814		4163		3896		2795		7359		3799				3351		4192		6617		4459		3359		5250		3494		4230		4222		2786				64		78		104		98		84		57		82		59		158		73

		3941		3351		64				43				3941		4860		4419		4789		3814		4163		3896		2795		7425		3816				3351		4192		6617		4459		3359		5250		3494		4230		4303		2805				64		78		104		98		84		57		82		59		158		73
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