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Abstract

An ordinary pig pen employing the pig—on-litter system was set-up and 40 pigs were placed inside. After 12 weeks, the
pigs were removed from the pen and the spent litter was collected and piled up in an open shed for further composting and
maturation. Three piles of the spent litter were set up with moisture content adjusted to 50% (Pile A), 60% (Pile B} and 70%
(Pile C). During further composting, the: changes in temperature and chemical properties of the piles were monitored. Results
of the study revealed that moisture con-ent affected the changes in temperature and chemical properties (i.e., concentrations
of NHI:N, [NO; + NO; ]-N, C:N rat o, cation-exchange capacity [CEC], total and water extractable K and pH value) of
the spent litter. Pile C, the pile adjusted to 70% moisture, had a delay in reaching peak temperature values and the
temperature never dropped back to the ambient level. Piles A and B, the piles adjusted to 50 and 60% moisture content
respectively, had very similar changes in temperature and chemical properties and had faster decomposition rates than pile C
suggesting that moisture content between 50 and 60% is the suitable moisture content for an efficient further composting of
spent litter. The maturation of spent litter was accompanied by changes, with periods of composting in pH. total C, ash,
various forms of N, CEC and C:N ratio. Results of the regression analysis showed a curvilinear relationship between these
chemical parameters with period of composting and temperature. Moreover, changes in these chemical parameters were
found to be either positively or negatively correlated with temperature. © 1998 Elsevier Science B.V.
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1. Introduction of all stream pollution in the New Territories and
50% of organic matter entering the sea (Hoshmand,
1991). Various studies (Hodgkiss, 1979; Hodgkiss
and Griffiths, 1987) have shown the marked decline
in Hong Kong’s marine water quality resulting from
pig wastes entering the sea via streams. The survival
of the livestock sector, particularly swine, depends
on the effective disposal of the enormous wastes

" Corresponding author. Tel.: 852-2788.7793; fax: 852-2788- generated from farms. In 1987, the Hong Kong
7406; e-mail:bhntam @cityu.edu.hk Government implemented a pollution control policy

Pig farms are a basic agro-industry in Hong Kong
and generate large volumes of pig manure and liquid
wastes, containing high concentrations of organic
matter, nutrients, trace elements and pathogenic or-
ganisms. Pollution from pig wastes accounts for 70%
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and required farmers to treat pig wastes to a dis-
charge limit of 50 mg 1~ BOD (biological oxygen
demand) and 50 mg 17" SS (suspended solids). This
policy led to the shut down of some pig production
farms in the territory as a result of failure to comply
with the set standard. As a solution to the progres-
sively declining pig industry and marine water qual-
ity in Hong Kong, several methods have been devel-
oped to treat pig wastes to the environmentally ac-
ceptable standard and. one of them is the pig—on—
litter (POL) system. The POL svstem is a pig pro-
duction method whereby pigs are reared on a litter
bedding (a mixture of sawdust and bacterial product)
and pig wastes (both faeces and urine) are decom-
posed in situ. The pig excreta, once deposited, are
quickly mixed with the bedding rnaterial. Under this
system, neither waste-water nor raw pig manute
requires disposal and the only waste that needs to be
disposed of is the spent litter (a mixture of sawdust,
partially decomposed pig wasles and microbial
biomass) after a period of 12—13 weeks (Tam and
Vrijmoed, 1990). The success of this approach of
raising pigs has been shown in Japan, New Zealand
and The Netherlands (Fukuda, 1991). Also, after
several years of trials in research and private farms
in the territory, the technical fincings indicated that
such a methodology shows a great deal of promise
for Hong Kong. Since then, many pig production
farms were re-opened (personal communication with
the officers in Agriculture and Fisheries Department,
Hong Kong).

The spent litter disposed of from the POL system
contains high concentrations of organic matter, N, P,
K and trace elements which can be utilized as a soil
fertilizer and /or conditioner (Tam and Wong, 1995).
However, it also contains a significant amount of
microbial biomass, which is simi.ar to an immature
compost (Tiquia, 1996; Tiquia et al., 1996a). In
order to improve the quality of the spent litter,
further composting (in windrows; to reach maturity
is necessary. Composting is one of the alternative
methods to treat pig wastes and to maximize its
beneficial properties by re-use on land. This is par-
ticularty important in Hong Kong where the soils are
very poor in terms of organic matter content (per-
sonal communication with the officers in Agriculture
and Fisheries Department, Hong Kong). Many coun-
tries in the Asian region also need this type of input

as farmers have been using inorganic fertilizers for
many years, without paying particular attention to
the long term implication to soil structure. However,
the acceptance of composting depends on how well
the operational strategies being employed are devel-
oped and how successful the composting process
works.

The spent litter from the POL system is a rela-
tively new material when compared with other ani-
mal manure. For successful composting, the opti-
mum environmental conditions should be deter-
mined. Moisture content is one of the principal
environmental factors of interest as it provides a
medium for the transport of dissolved nutrients for
the metabolic and physiological activities of micro-
organisms (Stentiford, 1996). Very low moisture val-
ues would cause early dehydration within the pile
which will arrest the biological process, thus giving a
physically stable but biologically unstable compost
(Bertoldi et al., 1983). On the other hand, high
moisture values may produce anaerobic conditions
from water logging. It is therefore necessary to
determine the most suitable moisture content for
composting of spent litter where the microbial activ-
ity is not inhibited during the process. Tiquia et al.
(1996b) have pointed out that moisture content af-
fects the pattern of temperature changes and micro-
bial activities during composting of spent litter.
However, the effects of moisture content on the
chemical properties of the spent litter are not yet
understood. Therefore, this study was carried out to
evaluate changes in the chemical properties of spent
litter at three different moisture contents (50, 60 and
70%).

2. Materials and methods

An ordinary pig pen employing the POL system
was set-up at the Ta Kwu Ling Pig Breeding Centre,
New Territories of Hong Kong to raise the pigs
(Table 1). After 12 weeks, the pigs were removed
from the pen and the spent litter was collected and
piled up in an open shed for further composting and
maturation. Three piles of the spent litter with mois-
ture content adjusted to 50% (Pile A), 60% (Pile B)
and 70% (Pile C) were set-up. Each pile was triangu-
lar in shape, 2 m in width at the base and 1.5 m
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Table 1

Description of the pig pen during pig rearing under POL system
Treatment

Size of pig pen 30m?

Number of pigs 30

Age of pigs at start (when raised on litter) 82 days

Raising period within POL system 115 days

Body weight of pigs at start 30 kg

Body weight of pig at end 1129 kg
Litter management Layering
Total feed consumption 8307.7 kg
Total sawdust consumption 70 bags
Bacterial product used Vitacogen®

“Vitacogen is a commercial bacterial product which has been
produced by refermentation of an admixture of soybean meal,
corn, bran and calcium, etc, with fungus being propagated and
then concentrated for fermenting a woody fibre. It is designed to
eliminate offensive odours emitted by the waste of livestock,
accelerate the fermentation of the livestock litter, prevent the
generation of tlies and improve digestion o7 feed. The pigs were
fed with the microbial product at the rate of 1.5% feed by weight.

height. The total weight of each pile was 2000 kg.
The piles were turned twice a week (every Mondays
and Thursdays) using a front-end truck loader. Air
temperature and temperature at a depth of 60 cm
from the tip of each pile was monitored before
turning. Water was added to each pile on day 15, 32
and 63 to adjust the moisture contents of the spent
litter to the designed values. Ccmposite samples
were collected at 5 symmetrical locations in each
pile at day O and then weekly until the end of the
composting trial (day 91). Triplicats composite sam-
ples (1 kg each) were taken from each pile after
turning the piles every Monday.

The spent litter was analysed for moisture content
(105°C for 24 h); pH (1:10 water extract) using a pH
electrode; ash content and total C using loss on
ignition technique (550°C for 5 h); different forms of
N: total N, NH;-N and (NO; + NO; )-N (Hesse,
1971; Keeney and Nelson, 1982); total and Olsen-ex-
tractable P (APHA, 1989); total and water-extracta-
ble K using an atomic absorption spectrophotometer;
and cation-exchange capacity (CEC) (Harada and
Inoko, 1980).

The mean and standard deviation of the three
replicates were reported for all paremeters measured.
Correlation coefficient analysis between temperature
and chemical parameters was computed. A regres-

sion analysis was carried out to examine the cause
and effect of composting time and temperature on
the different chemical parameters determined. Slopes
of the chemical parameters at different moisture
treatments were compared to determine the most
suitable moisture for efficient composting of spent
litter. All statistical analyses performed were based
on the procedures described by Zar (1984).

3. Results

3.1. Temperature

During the composting period, the ambient tem-
perature fluctuated within a narrow range (from 25
to 31°C) because the experiment was carried out
between summer (June) and mid-autumn (Septem-
ber) (Fig. 1a). The patterns of temperature change in
piles A and B were similar: temperatures rose to
peaks of 64 and 69°C by day 4 and these were
maintained until day 21 (thermophilic stage). The
temperatures were then maintained at a lower level
from day 26 to day 57 (cooling stage), before further
dropping slowly to 30°C (ambient temperature) from
day 60 until day 91 (maturing stage). Pile C followed
the same trend of changes but the maximum temper-
ature achieved during the thermophilic stage was
significantly lower (58°C) than in piles A and B. Its
temperature also dropped more rapidly after day 57
and started to level off to about 40°C from day 70 to
day 91 (Fig. 1a).

3.2. Moisture content

The moisture content of piles A, B and C at day 0
were 56%. 61% and 67%, respectively (Fig. 1b). As
composting progressed, the moisture contents of all
piles dropped continuously until day 35 even though
water was added to all piles at day 15. At day 42, the
moisture content of piles A, B and C increased to
44%, 52% and 63%, respectively, because of the
addition of water to all piles at day 36. These
moisture levels were maintained until day 56. At day
63, the moisture content of each pile further in-
creased (Pile A =350%; Pile B=57%; Pile C=
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65%), again as a result of adding water for moisture
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3.3. Total and inorganic N and C:N ratio

adjustment. Thereafter, moisture contents decreased

slowly until the end of the composting period (Fig.

1b).

Temperature (°C)

Moisture content (%)

The total N content of the spent litter piles in-
creased slightly during composting from an initial
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Fig. 1. Changes in ambient temperature, temperature within each pile, and moisture content of the spent litter during the composting
process. (O =Pile A, pile adjusted to 50% moisture; @ = Pile B. pile adjusted to 60%: V = Pile C. pile adjusted to 70%: ¥ = air
temperature; | = indicates the day when water was added: Mean and standard deviation of the three replicates are shown).
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Fig. 2. Changes in concentration of total N, NH N and (NO; + NO; )-N, and C:N ratio of the spent litter during the composting process.
(O = Pile A; @ = Pile B; V = Pile C; Mear and standard deviation of the three replicates are shown).

value between 20.10 and 22.50 g kg ™' to 24.80 and
26.00 g kg~! by the end of composting (days 91)
(Fig. 2a). The decrease in NH;—N content led to an
increase in the (NO3 + NOJ )-N content of the spent
litter piles (Fig. 2b and c). The drop in NH{-N in
pile C was faster than piles A and B but its (NO; +
NO; )-N content was not higher than in piles A and
B. Moreover, the (NO; + NO; )-N content in pile C
remained stable during the last two weeks of com-
posting while a continuous increase was observed in
the other two piles (Fig. 2¢).

The C:N ratios of piles A and B dropped dramati-
cally from day 56 onwards to around 20:1 and were
then maintained at a level of around 19:1 until day
91. That of pile C, followed the same trend of
changes as piles A and B but the drop in the ratio of
pile C was slower than piles A and B (Fig. 2d).

3.4. pH, ash, total carbon and cation exchange
capacity (CEC)

The pH values of all piles decreased continuously
throughout the entire composting period (Fig. 3a).
Piles A and B had very similar pH values and their
pH values dropped from an initial 8.5 to about 5.9
during the first 70 days of composting. This pH
value was maintained until the end of the compost-
ing period (day 91). Pile C followed the same trend
of changes as piles A and B but its pH value was
significantly lower (Fig. 3a)

The ash contents of piles A, B and C increased
and the total C decreased gradually with time (Fig.
3b and ¢). However, both the increase in ash and the
decrease in total C were slower in pile C than those
in piles A and B.
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Fig. 3. Changes in pH values, ash, total C and CEC content of the spent litter during the composting process. (O = Pile A; @ = Pile B:
V = Pile C: Mean and standard deviation of the three replicates are shown).

The initial CEC values of the piles were between
38 and 40 meq 100 g~' (Fig. 3d) and increased
gradually in the first 3 weeks but more dramatically
between day 21 and 28 to a level of between 72 and
78 meq 100 g~'. Then the values increased further
to between 85 to 95 meq 100 ¢g~' by day 56 and
were maintained at this level until the end of the
study (Fig. 3d).

3.5. Total and extractable P and K

The total P of all piles increased at day 14 and
remained constant until day 91 (Fig. 4a). Conversely,
the extractable P content of all piles increased con-
tinuously as composting progressed (Fig. 4b). All
piles had similar trend of changes during composting
and were not affected by the chenges in their mois-
ture content (Fig. 1b, Fig. 4a and b).

Both total and extractable K contents of the spent
litter piles increased gradually during composting.
Like total and extractable P, the concentrations of
total and extractable K were not affected by the
differences in their moisture content (Fig. 4¢ and d).

4. Discussion

The temperature change of the spent litter piles
followed a similar pattern to other composting sys-
tems (Golueke, 1977). The temperature of the com-
post mass rose immediate after piling and maintained
at a level between 60-70°C, thereafter, the tempera-
ture slowly decreased and reached an ambient level.
The rise and fall of temperature has been reported to
be correlated with the rise and fall of microbial
properties of spent litter (Tiquia et al., 1996b, 1997a).
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Fig. 4. Changes in total and extractable K and P contents of the spent litter during the composting process. (O = Pile A; @ = Pile B;
¥ = Pile C; Mean and standard deviation of the three replicates are shown).

In the present study, temperature was found to be
positively correlated with NH;-N (r=0.81), C:N
ratio (r = 0.60), pH (r = 0.67) and total carbon (r =
0.60) and was negatively correlated with (NO3 +
NO;)-N (r= —0.80), ash (r= -0.59) and CEC
(r= —0.57). The result of the regression analysis
showed a curvilinear relationship between tempera-
ture and some chemical parameters (Table 2). The
magnitude of changes in the chemical properties
such as NH;-N, C:N ratio, pH, total carbon, (NO;
+ NO; )-N during composting was strongly depen-
dent on the changes in temperature, and the changes
in CEC were also dependent on temperature. Tem-
perature changes also explained the variations in
total C, ash, C:N ratio, extractable P and total K
concentrations (Table 2). During composting, the
degradable organic matter and nitrogenous com-

pounds in the spent litter were being broken down by
microorganisms. This process resulted in the release
of heat and so, the temperature increased in the spent
litter piles. By the end of composting, no more
further decomposition is taking place, so the chemi-
cal properties of the spent litter stabilized. Conse-
quently, no more heat would be released and, the
temperature dropped to ambient level.

The decrease in total C and NH}-N concentra-
tions coincided with the increase in ash and (NO; +
NO;)-N content of the spent litter. The decreasing
trend in total C and NH;-N and increasing trend in
ash and (NO7 + NO; )-N content were the resuit of
the nitrification process and the oxidation of C to
CO, by the micro-organisms during composting
(Golueke, 1977; Riffaldi et al., 1986; Tiquia et al.,
1996a). In the present study, the total N increased
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Table 2

Regression analysis between chemical properties and temperature of the spent litter during the 91-day composting process

2

Regression equation re Significance
Total N = 34.8 — (0.45) temp + (4.2¢ %) temp? 0.17 ns
NHI-N= —4.69 +(0.213)temp — (1.3¢ ~*) temp* 0.60 P <0.00!
NO7-N = 6.90 — (0.194) temp + (1.5¢ "} temp* 0.64 P <0.001
C:N = 6.87 +(0.602) temp — (5.7¢ %) temp* 0.28 P <0.05
pH = 4.34 + (0.041) temp + (2.0e™*) temp* 0.46 P <0.001
Ash = 1442 — (1.09) temp + (8.7¢ %) temp” 0.26 P <005
Carbon = 498.4 + (0.53) temp — (3.9¢ ™, temp? 0.27 P <005
CEC = 37.1 + (2.60) temp — (3.6¢ %) terap” 0.30 P <001
Total P = 18.1 — (0.15) temp + (1.7e %) 1emp? 0.10 ns

Ext. P = 8.22 — (0.012) temp + (7.9¢ " *) :emp? 0.29 P <005
Total K = 19.1 — (0.164) temp + (1.0e ~*) temp? 0.27 P <0.05
Ext. K = 7.73 + (0.070) temp — (1.0e "*) temp* 0.20 ns

Regression analysis were based on 42 averaged data of all piles; temp = temperature.

during the latter part of composting (Fig. 2a). Nitro-
gen is the major nutrient required by micro-organisms
in the assimilation of the C substrate in organic
wastes. During composting, 20 to 40% of the C
substrate in the compost material is eventually assim-
ilated into new microbial cells, the remainder being
oxidised to CO, in the energy-producing process
(Alexander, 1961). Golueke (1977) postulated that
2/3 of the C in the material consumed is given off
as CO, and the other 1/3 is combined with nitrogen
in the living cell leading to an increase in total N.
During composting, about 35—47 kg of C was lost in
the compost mass with the N increasing to about
6.8-8.6 kg (Table 3). The total P also increased
during composting (Fig. 4a). Mato et al. (1994)
reported that the total P content is expected to in-
crease because of losses in carbon during the com-
posting process.

A CEC value greater than 60 raeq 100 g~' (on an
ash-free material basis) was suggested as the mini-
mum value needed to ensure an acceptable degree of
maturity (Harada et al., 1981). In this study, such a
CEC value (> 60 meq g~ ' ash-free dry weight) was
reached at day 28 (Fig. 3b). However, at this stage,
the temperature of the spent litter (> 50°C) had not
yet reached ambient temperature (Fig. la), indicating
that the microbial activities were still high and that
the decomposition was incomplete. These findings
demonstrate that a CEC value greater than 60 meq
g~ ! (ash-free dry weight) cannot be used to indicate
maturity of the spent litter.

It has been suggested that a C:N ratio of 20:1
would reflect a satisfactory degree of maturity
(Golueke, 1977). This value was reached at day 63
in both piles A and B. However, in other experi-
ments involving composting of spent litter, this value
was never reached. In the study of Tiquia and Tam
(1993), the C:N ratio did not fall below 20:1 even
when the spent litter was considered mature. In one
of the experiments carried out by Tiquia (1996), the
C:N ratio was below 20:1 at the beginning of com-

Table 3

Mass and balance of carbon and nitrogen in the spent litter piles
during composting. (Pile A = 50% moisture; Pile B = 60% mois-
ture; Pile C = 70% moisture)

Time of composting Pile A Pile B Pile C
Total Carbon (kg)
Day 0 1054.34 1044.56 1052.40
Day 7 1032.45 1033.91 1041.14
Day 14 1028.63 1041.37 1043.85
Day 35 1020.79 1018.28 1029.41
Day 63 1010.50 1010.96 1019.56
Day 91 1007.72 1008.81 1014.69
Balance ~46.62 -35.75 =377
Total Nitrogen (kg)
Day 0 40.26 44.92 40.68
Day 7 47.27 45.83 42.08
Day 14 48.21 46.85 46.85
Day 35 46.02 44.25 39.78
Day 63 5391 53.23 45.33
Day 91 53.62 51.74 49.25
Balance +13.02 +6.82 +8.57
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posting. Thus, if the criterion (C:N ratio < 20) for
maturity was to be used, the spent litter would be
considered mature at day 0. Tiquia (1996) pointed
out that the C:N values depend upon the initial N
content of the spent litter. Because the initial N value
in the spent litter may vary depznding upon the
number of pigs reared in the POL system, the C:N
ratio cannot be used as a good parameter to indicate
maturity of the spent litter.

The maturation of spent litter was accompanied
by the changes in chemical properties such as total
C, ash, pH, various forms of N, CEC and C:N ratio.
These chemical parameters were reported to show
various degrees of correlation between each other
during windrow composting of spznt litter (Tiquia,
1996; Tiquia et al., 1997b). As shown in the previ-
ous figures, the temporal changes :n chemical prop-
erties showed a curvilinear relationship with com-
posting time. By the end of 60 days of composting,
the chemical properties of the spent litter appeared to
be stabilized in all piles, suggesting that no more
further decomposition was taking place in the spent
litter. Table 4 summarizes the regression models
between composting time and chemical properties of
the spent litter. Moisture content was found to have
an effect on some chemical parameters including
concentrations of total N, NH;-N, [NO; + NO; |-
N, C:N ratio, total and water extractable K and pH
value. The slopes of these parameters were similar
for the piles with moisture content adjusted to 50 and
60% (Piles A and B) but were significantly different
from that of pile C (pile adjusted to 70%). However,
some parameters such as contents of ash, total car-
bon, CEC and, total and water extractable P were not
affected by the differences in moisture content. These
parameters had similar slopes for all piles (Table 4).

The decreasing trend in NH;-N followed by an
increasing trend in (NO3 + NO; =N was observed
in piles with moisture content adjusted to 50 and
60%. In the pile adjusted to 70%, the rapid decrease
in NH;-N content did not result in a dramatic
increase in (NO3; + NO; )-N. Also, it was noted that
pile C had a lower N content during the whole
composting process (Fig. 2a and Table 3). These
results indicated that the decrease in NH; —N content
in pile C was mainly from NH; volatilisation and
denitrification. It has been reported that NH, volatil-
isation occurs when water content of the material is

close to its water-holding capacity (Cabrera and Chi-
ang, 1994). The high moisture content in pile C
therefore led to increased loss of NH;-N content.
Loss of N through NH, volatilisation is not an
indication of a good composting process because
such a loss would decrease the fertility value of the
spent litter if it is utilised as a fertiliser. Possible
leaching of NOJ as a result of high moisture content
might also contribute to the reason why the (NO; +
NO3)-N content in pile C did not increase rapidly
with a speedy decrease in NH;—N in this pile.

Bertoldi et al. (1983) suggested that the optimum
pH values for composting are between 5.5 and 8.0.
In pile C, the final pH value was slightly lower than
the optimum pH values (Fig. 3a). This may be
because of the presence of high moisture content
within the pile which might have created anaerobic
fermentation, thereby leading to a more acidic envi-
ronment within the pile.

In short, the differences between piles A and B
were minimal in terms of the changes in temperature
and chemical properties and they had a faster decom-
position rate than pile C. These results indicate that a
moisture content between 50% and 60% can be
considered suitable for the efficient further compost-
ing of spent litter.

The present study also demonstrated that it was
very difficult practically to adjust the moisture con-
tent (Fig. 1b). Although water was added to attempt
to bring the moisture content to 50, 60 and 70% at
day 0. 15, 32 and 63 for piles A, B and C, respec-
tively, these moisture levels were not maintained
during the process. This is because windrow com-
posting is an open composting system and the
windrows are therefore exposed to the external envi-
ronment. In agitated or turned windrows composting
systems, a major part of the process is the loss of
water from evaporation as the process progresses, so
that control of moisture becomes difficult. Despite
the fact that the three moisture contents used were
not properly maintained during composting, the devi-
ation in their moisture content was only + 5% during
the whole composting process. For pile C, water was
observed to drip out of the pile when water was
adjusted to 70%. This indicated that 70% moisture
had exceeded the water holding capacity of the spent
litter and therefore such a moisture content level
would not be suitable for composting spent litter.
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960 PWn(, 307)—MWI(OI00)+69¢ =A €60 WI(; 20P)+ WD (P00 +L'E =4 €60 PUM(,_30°1)-um(110°0)+65€ = 4 d 1xd
L9°0 W (,_20p)+3WN (SO0)+ 0+ = A ¥8°0 W (y,_20°6) — WD (90'0)+8'¢T =4 €L0 PWN(,_20°9) =W (LOO)+LEl =4 d _,io,r
§6°0 WD (¢ 3L°8)— W (6 )+ 9PE = 4 60 WD (o 3T —AUn (L )+ 1€ =4 960 PWN (B[ )—dW (99 1) +TE =4 .umﬁ
90 PWH (. ) ~-dWN(LTM) -GS =4 L8O W (. 3 )+ (6T0)— 17T =4 6L°0 W (, 98[)+ W (€€°0)—6TLS =4 conbw,u
98°0 PUR (9671 —2um (9 0)+5'¢6 = 4 680 W ( _9T°T)— AW (8%'0)+ 6001 = 4 6L°0 ZUN (, _TE)—AWN (LS0)+ 686 =4 usy
L60 (AW (p _S07T)+9WN (860°0)—TE8 =4 L60 PUN(, _3071)+ W (6£0°0) —9£'8 = A 960  PWN(_30°T)— AW (SZ0'0)~ 08 = 4 ﬂ.m
Y80 PWN(, 90°9)—3WN (Z000)—L'ST =4 €50 PWD(, 20°¢)— 2w (6£0°0)—8TT = A €60 UMy, _2071)—sum (890°0) — L'€T = A XZ.U
160 Wi (, 30'1)+3Wn (100)+L£0=A $8°0  Pwn(, _20¢)+3Wh (£000)—- 080 = 4 YO0 AW (,_30°€)+9Wn ($00°0) — LTO = 4 ZlmOZ
£6°0 W (;, _30°T) — SW(TY0'0) ~ LO'F = 4 680 PN (30 P)—2W(010°0)+ L8'E = 4 60 AUN(p _307C)—dWIEI00) +6LC =4 N- HN
£8°0 (AW (y_369)+2WN (910°0)—$'0T = 4 8Y'0 W (, _d[p)—aum (SPO0)+¢TT =4 9€°0 UMy, 3p|)—dWN(£60°0)+0TT =4 N [F10],
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