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mm > 5T 2002 F 3 ] 4~ 11 [IZ2 18 FI55 = 550 Bl S A RN IE T o = R
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R[S 2000 £ 8 EJFFAEROC 10 BFF[ > Fgh | 1 (=S80 B [ BIELN @ P,0s : KoO= 240 : 36 :
72 kg/ha = 2001 & 2 F| AV AR IRl R ETEL < pH 7.79 0 FRAEVE 2.41 dS/m o S
(SAR) 2.43 > $fND-0.019 mg/L - #END-0.037 mg/L > 2t [z % 153 mg/L > 7fdt3E 156 mg POL/L » ' 125
mg/L > =BT B U R | VAR R EEN = P,Os 2 Kp0=126 = 117 = 150 kg/ha/yr ©

A\

™

upstream of
surface water

Il

monitoring well 1
downstream of
L surface water

monitoring well 2

monitoring well 3

No. 1~6 indicated the soil sampling points at check plot (CK, chemical fertilizer) and treatment plot (T, treated
swine wastewater).

1. 7 PR SRR ) B AR i e

Fig. 1. The sites of soil samplmg locations, momtorlng wells and vicinal related surface

water in Tainan site.

(ii) Ezﬂa el (A 2)
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B2 AR PR ASETEL AL ¢ pH 8.13 > LS 3.46 dS/m - | I (SAR) 2.78
St 0.018-1.02 mg/L » HEN.D.-1.48 mg/L » %%zt 291 mg/L » 75k 107 mg POL/L » #'292 mg/L > fsrﬁ'l
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IS RN I o AT

CK: check plot T: treatment plot

No. 1~8: soil sampling points at check plot and treatment plot

1: monitoring well 1; F: farmer's well;

2: monitoring well 2; U: upstream of surface water;

3: monitoring well 3; M: midstream of surface water (water pumping station);

4: monitoring well 4; D: downstream of surface water (Xian bridge).

B 2. S A3t BRARRIET )~ Tl B EF‘T"FE'FTJ%LI PR
Fig. 2. The experimental treatment and check plots of soil sampling locations, monitoring wells and vicinal

related surface water located in Chiai site.
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SRR B RGOS B D B S R RO 2 B
AdifdIEI] SAS AREF AT > PR B TRIRN S B > BEER S BYETEEL P 0.05 -

e o SR A

L S5 BRI U R IR e W 2 S B IR TV By
(i) B Ry
A S AT I TOBEEETE(2001 F 8 ) BRI 2001 F FREH DV 4 fﬁ%ﬁ pH [’gpg*é I
PRRVIETIL (7 S5HR 0.5 [ (e 1) EHBH N FIRER (™ (F 2) - BC flifivid {~ [ = o217
TR (2001 & 1 F] 12 F1) rﬁﬁ%ﬁﬁ@h EFRERG ] (2001 #F 3 F] 2 F) é?ﬁ”'ﬁ“fﬁ'ﬁ,}%ﬁ T
By S I EC [Elidy 5 (F 2001 5 4 F[= 8 F[VRIAF EHE 1,300 mm pﬁ%ﬁ%%ﬁﬂ%ﬁa , ?ﬁl
AR (2001 10 718 [ HHHD EC [l - iﬁwwﬁﬁﬁﬂ(%~u $AD
BRI [“R (e 1) MRS ORI [T RIS SRS SR DRI R T e (p
>00$’lﬁ*ﬁiﬁﬁﬁlﬁ%h+m§%aEﬁiﬁﬂﬁfﬁ““*M?fw%ﬁxﬁ(ﬁ%p?%ﬁﬁﬁ)HF?HJ
F“ff R B R P IRA]  SRE pH e ] G SR B B o B 1
TR IR B 5 B IS R AR lﬁﬁxﬁ‘a OE(| 4 BT
F'\ b= BRI » a:j‘E%{Eﬁ{, 5 G B S R S5 POREE T 75-100 em IOt e 0 L
AR 2 b o7 ﬁﬁ%ﬁpﬁ?ﬁfw50mnw4%ﬁhdﬁﬂﬁﬁ’Pﬁ«@aﬁwpﬁﬁﬁf
BESHEE S SR G SR RS R Gy R R 1 R T AR -

Fe 1. B A FE RO E 2001 & 8 FI BT OVESREEIF (3 F] W 10 F]) i {EET L P
Table 1. Comparlson of soil properties between before (March) and after (October) treatment of first

application (August, 2001) of treated swine wastewater on treatment plot * at Chiai site

Depth DTPA extracted
pH EC* O.C.* Cu /n
Mar. Oct. Mar. Oct. Mar. Oct. Mar. Oct. Mar. Oct.
cm dS/m % — mg/kg
0-15" 7.01§ 7.56§ 1.27 0.50 1.10 1.89 ND 2.01 1.57 2.18
Std" 0.70 0.38 0.60 0.20 0.04 0.21 -- 0.83 045 1.82
15-30 6.96 7.66 1.14 0.58 095 1.74 ND 2.30 1.05 3.58
Std 0.60 0.24 0.53 0.16 0.13 0.20 -- 1.47 0.34 4.38
30-50 7.38 7.81 0.87 0.55 0.63 1.38 ND 1.08 093 1.11
Std 0.26 0.18 0.48 0.10 0.09 0.22 -- 0.19 0.50 0.58
50-75 7.52 7.94 0.65 0.51 0.53 0.92 ND 045 0.66 0.52
Std 0.40 0.05 0.18 0.07 0.05 0.16 -- 0.07 0.53 0.11
75-100 7.43 7.84 0.65 0.42 0.51 1.06 ND 0.57 0.58 0.58
Std 0.27 0.07 0.15 0.05 0.07 0.05 -- 0.04 0.04 0.10

* Before (March) and after (October) treatment means the soils was before and after first application of
treated swine wastewater on treatment plot in 2001.
"EC : Electric conductivity ; O.C. : organic carbon %.
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"The data are shown as mean and standard deviation for 4 duplicate samples in each soil depth.

§ No symbol shown in the table means there is no significant different between before and after
treatment of application of treated swine wastewater ; O. C. : Means in the same item followed by
different letter are significantly different (P < 0.05).

T i =X EE?E'E&@*TE%{E& » + =T (0-100 cm) EJE&E&EJ > BT R lgjﬂi ?Ef,l ST
wWﬁnJ P F IR %%w%ﬁmﬁﬂ/m%F%FﬁV3¢w@ et paff [0 |53 e 4 i
3@ £ B BETppY Pjgfgfg*j i e A J??[ R E ;E{&ﬁ‘ﬁ'?i Hlﬁ@t@}jﬁi&gﬁﬁ%ﬁ&}?ﬁ/ 33 EJL_Q;E B
EEEA%?EI?J T e }k’sr'[‘fkﬁﬁcﬁj AIE}T‘Jr:#EA;%% % e (0-30 cm) Eﬁﬁgﬁl’“‘j\—k ; fﬁl:‘ﬁéﬁﬁ@
mﬁﬂEﬁﬁﬁwﬁ%fwﬁwﬁb F ol R [V S ET R R 4 ]
|§[@%@E&,%F§F[W§&ﬁﬁ@gﬂ A BT ::ﬂ%{@‘_ AEFEGp JPT‘,EE u Upy A Bk B pH il 275 7~8
VI R P [ 1 Ao g o E‘y’ﬁ%@‘ ST TS 4 [ PR D
+ 1#[E i’r[fhﬁ%",&ﬁj A[ﬁE', o

ISR S E}’iﬁ‘ PO E R W A el R B 1) 0.1 MHC R
IJO%SMDﬂmawww[ﬂgmvwﬁﬁﬁ’ﬁwvwnwkgﬂﬁuyi*q AT 5 (T
fiy b &% 0.5-2 mglkg)(F 1) o PR AT > R NRAEIR i+ BRTAVER - SEREIRE | RE3E > (F)
E lﬁ%i (DTPA ?EIH';J/ ﬁ%?ﬁu[f.ﬂfr 0.45~2.30 mg/kg - DTPA TEIH'[J/%%F Bl EOE R 0.52~3.58
mg/kg) {"E (AL F‘J fill =L (#ff 26 mg/kg ~ & 25 mg/kg) gﬂ?E’F’ % il FPL (i 35
mg/kg ~ #E 120 mg/kg)(ﬂﬁlq » 1992) » [PHIFRER LY A+ j EPOEE 2 T~ SRy o

Fe 2. T AEEEHE 2001 F 3 F[E 10 FRyFRELY 4 HIEETD Tk
Table 2. Comparison of soil properties sampled in March and October, 2001, on the check plot# at Chiai

site
Depth DTPA extracted
pH EC 0.C. Cu Zn

Mar.  Oct. Mar.  Oct. Mar. Oct. Mar. Oct. Mar.  Oct.

cm — dS/m — % mg/kg
0-157 7.48§ 7.64§ 233 0.52 1.05 1.88 226 1.21 1.70 1.06
Std" 0.60 0.78 1.27  0.13 0.07 0.11 1.08 0.14 1.08  0.28
15-30 7.68 7.67 1.66  0.65 0.99 1.82 1.96 1.38 1.24  0.94
Std 0.45 0.76 091 0.10 0.11 0.10 0.69 0.06 0.74  0.16
30-50 7.87  7.87 098 0.61 0.73 1.30 1.17  1.02 0.67  0.55
Std 0.41 0.49 0.13 0.06 0.07 0.28 020 047 042  0.26
50-75 812  7.98 0.73  0.59 0.53 0.89 0.79 0.54 0.30 0.33
Std 024  0.15 0.11 0.12 0.04 0.15 0.09 0.06 0.09 0.12
75-100 8.06  7.99 0.66 0.48 0.47 0.98 0.69 0.53 038 0.35
Std 026  0.13 0.11  0.09 0.03 0.14 0.06 0.09 0.14  0.08

" The soils in the check plot were sampled in March and October, 2001.
"The data are shown as mean and standard deviation for 4 duplicate samples in each soil depth.
§No symbol shown in the table means there is no significant different between two sampling dates.

Means in the same item followed by different letter are significantly different (P < 0.05).
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Table 3. Comparison of soil properties between before and after treatment of second application of treated

swine wastewater on treatment plot # in 2002 at Chiai site

Depth DTPA extracted

pH EC 0.C. Cu Zn
Jan. May Jan. May Jan. May Jan. May Jan.  May
cm — dS/m —— % — mgkg ——
0-157 7.468 6.588 0.72b  1.76a 1.68 1.80 1.46 1.63 0.76 1.32
Std" 0.27  0.52 0.16 0.67 0.11 0.09 0.18 0.26 0.13  0.61
15-30 7.61 7.04 0.84 1.08 1.56 1.63 1.49 1.32 0.67  0.77
Std 0.30 0.42 0.20 0.46 0.07 0.04 0.19 0.14 0.09 0.21
30-50 7.86  7.72 0.82 0.71 1.18 1.26 1.25 1.01 0.50 0.47
Std 0.27  0.23 0.23 0.15 0.22 0.06 0.15 0.11 0.07  0.11
50-75 8.06  8.05 0.61 0.47 1.06 0.93 0.75 0.71 0.29  0.29
Std 0.12  0.18 0.11 0.09 0.32 0.07 0.04 0.11 0.03  0.04
75-100 7.91 7.94 0.52 0.40 0.86 0.95 0.70  0.65 0.31 0.30
Std 0.11 0.08 0.08 0.06 0.06 0.05 0.05 0.05 0.01 0.05

* Before and after treatment of the treated plot means the soils was before and after second application of
treated swine wastewater on treatment plot.

TThe data are shown as mean and standard deviation for 8 duplicate samples in 0-15, 15-30, 30-50 cm
depth and 4 duplicate samples in 50-75 and 75-100 cm depth.

§ No symbol shown in the table means there is no significant different between before and after treatment
of application of treated swine wastewater. Means in the same item followed by different letter are

significantly different (P < 0.05).
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Table 4. Comparison of soil properties between before (April, 2001) and after (November, 2001) treatment

of first application (October, 2001) of treated swine wastewater on treated plot” at Tainan site

Depth DTPA extracted

pH EC 0.C. Cu Zn
Apr.  Now. Apr. Now. Apr. Nov. Apr. Now. Apr. Nov.

cm — dS/m — % mg/kg

0-151 5.87§ 5.54§ 0.03 0.04 0.68 0.93 044 0.42 ND 0.73
Std? 0.37 0.31 0.03 0.02 033 0.25 0.18 0.14 - 0.25
15-30 597 6.00 0.02 0.03 046  0.49 031 0.25 0.28 0.35
Std 0.61 0.18 0.02 0.01 0.11  0.11 0.12  0.12 0.00 0.05
30-50 6.10 6.31 0.02 0.03 025 044 033 0.17 ND 0.32
Std 0.52 0.40 0.01 0.01 0.14  0.11 0.12  0.10 - 0.05
50-75 6.39 6.69 0.02 0.03 028 0.43 040 0.24 ND 0.41
Std 045 0.58 0.01 0.01 0.15 0.07 028 0.14 - 0.04
75-100 6.79  6.78 0.02 0.03 029 041 0.30 0.30 ND 0.46
Std 0.28 0.44 0.01 0.01 0.13 0.08 0.16 0.09 - 0.10

* Before and after treatment of the treated plot means the soils was before and after first application of
treated swine wastewater on treated plot.

"The data are shown as mean and standard deviation for 6 duplicate samples in each soil depth.

§ No symbol shown in the table means there is no significant different between before and after treatment
of application of treated swine wastewater. Means in the same item followed by different letter are
significantly different (P < 0.05).
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Table 5. Comparison of soil properties sampled in April and November, 2001 on the check plot# at Tainan

Depth DTPA extracted
pH EC 0.C. Cu Zn
Apr.  Nov. Apr.  Nov. Apr.  Now. Apr.  Now. Apr. Nov.
cm — dS/m — mg/kg ———
0-15" 5.55§ 491§ 0.02 0.03 0.63 0091 0.31 0.28 ND 0.77
Std? 0.21  0.23 0.004 0.00 0.13 0.13 0.13  0.10 - 0.19
15-30 5.63  4.99 0.02 0.03 0.43 0.58 0.22 0.21 ND 0.43
Std 0.28 0.28 0.005 0.01 0.13 0.15 0.13  0.12 - 0.13
30-50 5,62 499 0.02 0.03 0.34 043 0.18 0.29 ND 0.52
Std 0.34 0.34 0.01 0.01 0.08 0.11 0.11 0.22 - 0.27
50-75 5.68  4.98 0.02 0.03 0.27 0.40 0.26 0.29 ND 0.49
Std 041 049 0.02 0.02 0.17 0.15 022 0.14 - 0.18
75-100 584 5.13 0.03 0.03 0.32 046 0.35 0.35 ND 0.60
Std 0.27 048 0.02 0.01 0.11 0.14 0.26 0.13 - 0.14

* The soils in the check plot area were sampled before the test in April and November, 2001.

"The data are shown as mean and standard deviation for 6 duplicate samples in each soil depth.

§ No symbol shown in the table means there is no significant different between two sampling dates in

2001. Means in the same item followed by different letter are significantly different (P < 0.05).
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Table 6. Comparison of soil properties between before and after treatment of second application of treated

swine wastewater on treated plot# in Feb. and May, 2002 at Tainan site

Depth DTPA extracted
pH EC 0.C. Cu Zn
Feb.  May Feb. May Feb. May Feb. May Feb. May
cm — dS/m — % mg/kg
0-157 5.848 5.458 0.02 0.04 094 0.84 0.71 0.51 0.68 0.42
Std? 024 0.23 0.01 0.03 0.16 0.35 0.18 0.12 0.23 0.19
15-30 6.02 5.67 0.02 0.03 0.51 043 0.53 043 039 0.25
Std 023 035 0.01 0.01 0.07  0.09 0.11 0.10 0.08 0.05
30-50 6.13 5.85 0.01 0.02 033 0.34 044 0.42 033 0.24
Std 025 0.67 0.00 0.02 0.11  0.09 0.09 0.09 0.12 0.04
50-75 6.38  6.04 0.01 0.02 0.28 0.29 045 0.37 033 0.24
Std 0.20  0.58 0.00 0.02 0.08  0.08 0.09 0.13 0.06 0.04
75-100 6.61 6.16 0.02 0.02 0.30 0.28 048 043 0.34 0.27
Std 025 0.55 0.00 0.01 0.09 0.08 0.10 0.14 0.06 0.07

" Before and after treatment of the treated plot means the soils was before and after first application of
treated swine wastewater on treated plot.

TThe data are shown as mean and standard deviation for 6 duplicate samples for five soil depth.

§ No symbol shown in the table means there is no significant different between before and after treatment

of application of treated swine wastewater.
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Table 7. Nutrient concentrations of leaf, juice and residual in the sugarcane harvested on December, 2001

sampled from treatment and check plots of Chiai site

Parts of N P K Ca Mg Na Cu Zn
sugarcane

— % g/kg — mg/kg —

Leaf# Treatment! 1.48§ 0.17 1.30 — — 0.12 9.61 4.40
Std” 0.11 0.01 0.04 — — 0.01 422 1.06

Check 1.528 0.17 1.41 — — 0.11 12.8 8.98

Std 0.15 0.01 0.04 — — 0.01 4.81 1.95

Juice Treatment 0.05 0.05 0.18 0.14 0.27 0.03 2.40 7.15
Std 0.01 0.01 0.02 0.01 0.00 0.01 0.41 0.50
Check 0.06 0.04 0.20 0.13 0.26 0.03 2.49 4.90
Std 0.01 0.00 0.02 0.03 0.04 0.02 0.71 0.46

Residual Treatment 0.30 0.15 0.52 0.49 0.03 0.09 ND 17.8
Std 0.03 0.02 0.07 0.05 0.00 0.03 — 6.80
Check 0.31 0.13 0.58 0.47 0.03 0.10 ND 27.4

Std 0.02 0.01 0.08 0.05 0.00 0.03 — 4.19

#: Sampled in September, 2001

TThe data are shown as mean and standard deviation for 4 duplicate samples in each treatment.

-- - Not determined.

ND: less than the method detection limit (MDL)

The yield of sugarcane harvested in 2001 is 66.8 tons/ha in the treatment plot and 60.3 tons/ha in the check
plot. There are significant different between two plots (P < 0.05).

§No symbol shown in the table means there is no significant different between before and after treatment
of application of treated swine wastewater. Means in the same item followed by different letter are
significantly different (P < 0.05).
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Table 8. Nutrient concentration of pangolagrass pasture growing in treatment and check plots tested in

Tainan site

Plots Date” N P K Ca Mg Na Cu Zn
% g/kg — mg/kg —

Treatment  Feb/2002" 0.54§  0.64 0.88 1.47 048  4.11 ND 29.9§
Std? 0.11 0.12 0.24 024 006 145 — 6.00

Treatment  May/2002 0.66 0.39 1.14 093 033 5.10 ND 18.2
Std 0.14 0.06 0.33 030 0.08 1.13 — 8.73

Check Feb/2002 0.61 0.52 1.14 1.60 059 4.40 ND 3538
Std 0.09 0.16 0.21 0.15 0.10 0.58 — 7.63

Check May/2002 0.51 0.46 1.31 125 045 3.35 ND  28.1
Std 0.10 0.13 0.27 038 0.06 0.47 — 7.99

#: Sampled in February and May, 2002.

"The data are shown as mean and standard deviation for 6 duplicate samples in each plot.

§ No symbol shown in the table means there is no significant different between before and after treatment
of application of treated swine wastewater.

ND: less than the method detection limit (MDL)

The yield of pangolagrass harvested in 2002 is 15.9 tons/ha in the treatment plot and 8.58 tons/ha in the

check plot. There are significant different between two plots (P < 0.05)
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The effect of applying treated swine wastewater on
the soil quality, productivity and quality of
sugarcane and pangolagrass
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Abstract

To reduce the environmental pollution, wastewater can be recycled and reused on rural agricultural
soils. Treated swine wastewater (TSW) land applications contain abundant amounts of nutrients and water
for crop uptake. The objectives of this study are to monitor the effects of TSW land application on the soil
quality, crop quality and productivity of sugarcane and pangolagrass pastures. The accumulation of copper
and zinc in the soil and crop will be monitored. Tainan and Chiai experimental sites were selected for
monitoring from 2001 to 2002. The TSW land application rate in the rural soil and pasture sites was 100
mm TSW depth per year in the treated plots. We applied chemical fertilizers based on the fertilization
recommendation for sugarcane and pangolagrass pastures. The results from the monitoring system,
indicated that the soil pH, electrical conductivity (EC), exchangeable Ca, Mg, K, and Na, organic C,
available P, Cu, and Zn in rural soil treated plots showed no significant difference from the control plot
without TSW application at two experimental sites (P > 0.05). The results also indicated that there was no
significant difference between the macro elements (N, P, K, Ca and Mg) and microelements (Fe, Mn, Cu
and Zn) on leaf quality and productivity in sugarcane and pangolagrass pastures (P > 0.05). There was no
significant effect on the accumulation of Cu and Zn in the soils in sugarcane or pangolagrass pastures after
two TSW applications at the two sites. The results from this two year monitoring system in field sites can
provide a safe, recycling and management system for recycling. The TSW land application regulations

announced by the Taiwan EPA in 1999 can be evaluated and revised accordingly.

Key words : Land application, Treated swine wastewater, Heavy metal, Soil quality, Sugarcane,

Pangolagrass.
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