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Fig. 1. The s1tes of monitoring wells and vicinal related surface water in plot I (Livestock Research

Institute).
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Fig. 2. The experimental plots and the sites of monitoring wells and vicinal related surface water in
plot II (Lutsao Farm).

I PR WEL e
e 1 F|Efs o BRI PEE?‘AF— 73 7 (NI gg:[ﬁj 14K 4 Py +fﬁl’ﬁkfﬂ IR
ié%“'*"r (U.S. EPA, 1981 ; Maryland Department of the Environment, 1987 ) » El f[1:2%]][% | /g 7« + 1
Rl SR 5T < Sl PR AR R ] I/ﬁlg}gﬁ R FEIFIE T o 0 (BT ) jj/‘ﬁﬁ;ﬁlk
LR 2 HU?‘?i SLTEEARIA - [EERPT S SRR P -
(i) BEED 4 BRSO g s BUGRIEER s e NRD = ERE BT -
10 cm K3 ELHIAb R E 4 @ﬁiﬁ ' PIESE1EHE (Gee and Bauder, 1986) 3]
CEEEY o phi 4 EETEY > BRI LRI RS R B RS
B PR R
@) @%ﬁ”@@ : J‘]Ex“'[ﬁf%@ﬁij{\ﬁ: IFLET EU*[ I/P’j@ﬁ‘%[ﬁlt p&j;%g Tx]x:-%‘]f.f,g NS HEFQ’EJ
oo
(iii) + H Vom0 ST I EREE BT Ff‘” B () T BES VRN MEOIE
YRR FIRIgHI 4 %4 BERE W FRER BRI e 2R
(soil core) ° }H FRE -+ I%iﬂ%[fl[ﬂ" (g% > F]IEPEF (constant head
method) (Klute and Dirksen, 1986) e R ﬁ U G 1B o
(iv) $U7% - g+ ﬁwﬂﬁﬂ%%zﬁﬂ*l BRRT > T BRI g -
(V) B R A Y @ - TR S VET#E‘U*I B A= B > SRR R
AR R AR D i R0 g5
(vi) -+ BREEAY SVifk VAR ERTE - s b SRR VR 55 E) 50 L JEAR > FRES 20 (W
%+ (0-15 cm) &+ (15-30 cm) pHRf > F F,Hmﬁif,
- i W [t Bl - IR B MeLean (1982)
X pH il » & (A Rhoades (1982) 4k » JH+ HpgA %
itk /JE’}F{T o



174

AT SRR S 4 0 ol

_.E[

(vii) B B VB o o B R EREAE R B F[ VSV F o i BRHIEAE B
AP T [ (R %U%%&AF’? (2002) *F, Nl H—%% 1% (NIEA W103.50B ;
W103.51B) & Bl Vo o 0 & S VS s (B S -

(viil) MRV ST

MEFE

= 7#%%1‘/%%‘%@%] P R T EREREEE T SRR B f’*“ﬂ s "J
“%JE?‘%?E%?RE‘WF}[W%EPF o ShEL 11 I -grE s ¢ “‘Jf DU ERRIZ - - [lﬁJﬂ =
By s o AR stk B TSR S U R A (2002) “F Vi*%
PFRE HF (NIEA W103.50B 5 W103.51B) » pUgprteimfga® - DI IEARE 2 19 &
PR L I EAE e = &“Eﬁ?l?f‘"ﬁ’r?—éi‘ A 2l o BN AR B VERGAE A B AL
B H o th i IR IR & A SRR o o RIR R RS s > (RO T
E{J@%ﬂii PJFA'l? El :A:—El( ;cEI‘_TVA ljft[“ J%EFF* fﬁ%é_i{—Ll& (@I“ le:Ej,[ pH=+0.2 ~
EC=+3% ~ {18 =+0.2°C ) » 7 & o o e (MR R Fljﬁ*ﬁ.ﬁﬁﬁﬁmﬁ”ﬁﬁ* “F,;‘/
EIE (199422 1994b > 1994c > 1999 » 2000a » 2000b » 2000c ) ZFIEH] &~ ~HHEE (NIEA
W217.51A)~ pH fifi (NIEA W424.50A )~ EC (ﬂ%@ ) (NIEA W203.51B) * DO (iﬁi‘) .
FPR AR LHIWE%‘;L N 'FW?WFH'PBH%%%F = | (NIEA W306.50A) 53t (Cd) -
(Cr)~ éﬁ (Cu)~ &L (Ni) - ’F‘ (Pb)~ & (Zn)~ & (Fe)~ & (Mn) I % > fili(As)
VPPEFR TS PR PE'HH?,%"?* ; (NIEA W435, 51B) > 5« (Hg) VIESR %
HsRIFL= P’S’HHFFI - (NIEA W330.50A) > It ==l e st W’d‘*‘f/”’h&dﬁﬂiii
(NIEA W530.51C) HEI55H7D o

e SR B Y FR

.%7F4ﬁi§“§%ﬁit %‘Fﬁ@% ﬁjlfﬁﬁ'*lﬁ[

R l‘i"j';#—‘;}” - 'ﬁ [ek:r]}f TR 4 %qéj [ FTJ (&1)-
14@ RS =P RER S (AT 5 G I R A S = IR (4 A IJ)
FH 2 =i r PESEBIR(EAR | > (S o pr -t SREEAE S A B > Rl I+
BRI 02 IS 86 T 4G 0.017 ~ 0.116 envhr » G380 11 - SREFTE-I 250 K355 1y
[FRSE VIBESAY (S - 0 TR | %ES (0.5 ~ 15 cm/hr) F“V’LIJ“”&‘%E& N, %ﬁ‘a

_.E[

VR TR R (e 1) o IRYN) 0 RS R A ( B 10 o I R
g ’%P VB 120t I0) > [YORE el e as =t Jisi [ iéﬂv’i"ﬁiﬁdi‘~ “{g;l/j ﬁ%ﬁ‘
P o BT SRR ST R PR IR R Ffm  FSSTRIR 4 B fER 4 IR

LR e i PR

9V IR 3 SRR L BRI AT R R T Y
B 3 (it 1 s Y R A T R B
AR 25 #\I %}4\ B4 (B 4 EERIRUY R R o 2R 1T f'J ~EJ DU RS A
B o opup i v 4 %Fg“ﬁji%’l?—ldj" 20 m > FLsr;L“gr;—;%Ea I -+ @F@@% ]r,J I EFRE >3.0 m; 2R
[ F,Jjgéjj [ BRI 2] k] o i B+ R Fw\;gﬂ 54 m Frw“mﬁjagﬁ I -+ e F—r
73 VETRIEEL >3.0 m o [HyERE -+ SR SO R RO F B AR 4 e VR e
EVEU A AR B FIRGERB ST R 5T i (7 %ﬁ) :

C1 *‘E%‘I RIS R g0 ﬂlﬁﬁ‘@ 30 3] ﬁﬁ'é@ﬂlﬁl‘f@ﬁﬁﬂ BT PO 1B R



e G R RN A ] 175

SR 7 fet o [R5 FIFRE PU 4 BT Er R i H 4 BV g AIaE - > 3R 15 0.017
~0.116 co/h 5 R, 1T -+ 18 1 B A GRS Ay (7 > 7 £ 5 Ftsrﬁx:ﬂegﬁ 18 1/ By A 1REL < 1 ]f Sy E

A £ <0.15 cm/h » ~7J%F[§TJFH HE Uﬁﬁ N4 ~7J%!T§l?‘ (10%’5

1. FREE T30 15~ + g P IEs HT"TMF 7

Table 1. Evaluation table for the selection of soil-treatment sites of wastewater in plot I and plot II

type of soil treatment  oSlow infiltration = mSurface flow OFast infiltration
Characteristics Slow infiltration Evaluajuon
Surface . . credit
. Fast infiltration
Agricultural  Forest flow
PlotI  PlotIl
land land
Depth of soil layer (m)*
<0.3 X X 0 X¢
0.3~0.6 X X 0 X
0.6~1.5 3 3 4 X
1.5~3.0 8 8 7 4
>3.0 9 9 7 8 7 7
Hydraulic conductivity (cm/h)°
<0.15 1 1 10 X 10 10
0.15~0.5 3 3 8 X
0.5~1.5 5 5 6 1
1.5~5.0 7 7 1 6
5.0~50 8 8 X 9
>50 X X X X
Slope (%)
0~5 8 8 8 8 8
5~10 6 8 5 4 5
10 ~15 4 6 2 1
15~20 0 5 X X
20~ 30 0 4 X X
30 ~35 X 2 X X
>35 X 0 X X
Lest depth to watertable (m)
<0.6 X X X X
0.6~1.5 X X 1 X 1
1.5~3.0 4 4 4 X
>3.0 6 6 6 6 6
EC (Saturation extract of soil) (mS/cm)
<2 6 6 6 6 6 6
2~4 4 3 4 4
4~8 0 0 0 0
8~16 X X X X
>16 X X X X
pH
<4.2 X X X X
42~55 3 3 3 3
55~8.2 6 6 6 6 6 6
>8.2 X X X X
Land site or type of land use
High-density of residential area X X X X
Industrial park X X 0 0
Low-density of residential area X X 1 1
Forest land X 4 2 2
Agricultural land or bare land 4 3 4 4 4 4

Evaluation by degree for over all suitability Summary 44 42
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[
Low <15 oLow
Medium 15~ 30 oMedium
High 30 ~ 47 mHigh

*Depth of soil to bedrock.
® The least hydraulic conductivity in soil profile.
¢ Symbol “X” means that it is not suitable as a soil-treatment site.



e G R RN A ] 177

jay mlwﬁn ’ @ ﬁi#afﬁﬁ4 W B E'EH pgs Hﬁﬁ‘ e R
S|4 BRRTRIRC o BB I B B - R 1 o Jr:h%ym%'r 8.52% » 53

5~ 10% » 553 BEICE S Bis R 11V ST K 3.27% » 753 EAREG 0~ 5% » 55 B 8

ﬁu

ﬁ[’“’fﬁﬁgj l'ﬁ[ (E[F RS TRy At Vo PO o | BRI e i BEEEN T Eifl'ﬁlr?ﬁ"f‘
AT+ B et S SRS R I - 0

R e R oy R B #97 A 1A [ S e vRI B o ERE I#ﬂ e b Y £ 12.29 m ’ﬁ* 73

EREL >3 m o F—‘JJ%I!@TE\J 6 Eﬂ‘ SR B AP B RS 1.33 m > Fgﬁfﬁ“&f' 0.6~1.5m >

5y fﬁgj [’ﬁ ZIFEL TEC [ > 4 BEgAIt Nk EC flif s Ao H ¢ IF' 3#‘[5&E@$ﬁ5%}

BT, 4 R | Ifkﬁf.l -SRI TSR 1 4 BSI# EC [};ﬁnlﬂjt 165 ~ 233 uS/cm *

263 ~ 339 uS/cm - F:’TJ}—*T% <2000 puS/cm (2 mS/cm) » j g#@(ﬁ H £ ! /# %ﬂ@?(6

BT+ «Fljlﬁ I ES TpH o pH s Th e (5.5 ~8.2) A + IS EFa Y @ e
HERR BT SRR [ftﬁljﬁl o SR 13RI BRIH pH 5 D 5.65 ~ 5.94
) 6.86 ~ 731 T ERETEL 5.5~ 82 S T W uﬁﬁl' VTR (6 B -
T T w%rﬂﬁlﬁwuﬂ H=8 50 HUR T Sl (B T B (MR
(oot~ PR LS A B ST S 4 SRR R S S U T R
BRI - o SR 1 S SET HJF“IF- DL R I/Elﬁff“{& [RCLie ot Vjﬁgﬁw4 gﬁ
PRSI U I i SRR | T S

47 Rl ERE T 3 T P—n%@m# jjmut 44@@ 42 B WLl PR lﬁ’?ﬁﬁrﬁuiﬁf}
E‘"‘[‘ik’ﬁ?ﬁ‘xjg:zb@afﬁﬁf”’mm Siol 4 BRI o

N A Jﬂvﬂ@ﬁf“ S AR o B TG A rdiﬁ*’ﬂ MR ETRI N MACINE 7
PR e W’Fh‘ [Fil Ry R R Eﬁ‘ﬁ,’iﬁﬁi b 2 bR Rl b i
el ﬁ'FTJ A EY ﬁ%iiﬁﬂ S ST 2 B 3 Fe o A 2 B PR AR
HIEF sV pH il /TS 6 69 ~8.16 Vi - fiﬂﬁ,@%ﬁwﬁ@%@ﬁé (6.0~9.0) (f Rk dEas
@%ﬁ% » 1978) « SRl > = ARECEPHE Y EC fifi (2400 ~ 3940 pS/em ) [yt | TR
ﬁiﬁ?@ﬁilﬂ (750 uS/cm) (Fﬁﬁﬁrﬂj#%f > 1978) » F|# > FWWH 1 #° 2001 &F 12 F[ 13 |1V
= AREZEIEHE D DO fifi (0.30 mg/L) > ZEEEEL LAY 2001 F 5 5| 4 FIZ ZREZEEHE-< 1 DO fil
(0.93 mg/L) * 8 5[ 10 fI Vi<V DO fifi (0.82 mg/L) » S {SH I -1 zfgvrmﬁ%
FIE(>2mg/L) O IRRURINGES > 2002 )« It ey ITH = AR RV TOC flifik g -
R @B A EPEY IS E ) BC i il DO R S o A 3 Bhy@tln I i o AR
IEFHWFEJQQ%’;}’ﬁEE » Hi th[ﬁff}’[/ Alﬁllfﬂ i[EE » 2 Cu ¥ Zn iy A[E'IQJT ﬁ ° |ﬁ_lrx‘x:ﬂ§&r%f
ST R T RRETRIEE - Cd o (0.028 mg/L) ~ Cu (1.02 mg/L) Pb (0.131 mg/L) ¥ Mn
(2.60 mg/L) ’7%%1@4 R = AL & S ﬁ&ﬁ'fﬁ ARERE (AR e
R 1R 1172001 & 4 F] {752 2003 & 7 F| {55 » e [BEAEIA ~ Bl S D pH
@,@lﬁ‘*@lm 6.91 ~8.39 (I 3) = Syhy > FTEpfE-oEY pH I B9FT 5 TR p oMo ) T
BHARYE ) (F RN > 2002) =2 TGN SEDIE Y RETRYE | (R0 1991) VR
(6.0-9.0) o



178 A SRR £ T Bl M

_.E[

F 2. F TP T V@it B = At IR0 pH ~ EC ~ DO ~ “<lE 2 TOC
Table 2. The pH, EC, DO, water temperature and TOC of irrigated water and/or pig farm wastewater in
plot I and plot II

Plot I
Water sample Sampling date pH EC DO Water temperature  TOC
uS/cm mg/L C mg/L
Pig farm wastewater December 13, 2001 8.16 2400 0.30 22.6 N.D.*
Pig farm wastewater March 13, 2002 8.13 3460 4.14 20.8 542
Plot IT
Water sample Sampling date pH EC DO Water temperature  TOC
uS/cm mg/L C mg/L
Pig farm wastewater May 4, 2001 7.85 3940 0.93 30.1 26.7
Irrigated water August 10, 2001 6.69 903 0.82 26.3 N.D.?
Pig farm wastewater ~ February 25,2002  7.79 2410 N.AP N.A. 28.0
Irrigated water March 13, 2002 7.31 488 3.67 22.2 2.20

*TOC <0.02 mg/L. EC : electrical conductivity TOC : total organic carbon
®Not determined. DO : dissolved oxygen

A3 B TRt I s D H G = e PR 2 S

Table 3. Heavy metal contents of irrigated water and/or pig farm wastewater in plot I and plot II

Plot |

Water sample * As Cd Cr Cu Fe Hg Mn Ni Pb Zn

mg/L
Pig farm wastewater N.D.® 0.016 N.D. 0.018 0.745 N.D. 0.068 N.D. N.D. 0.013
Pig farm wastewater 0.093 0.028 0.096 1.02 14.1 0.001 1.42 N.D. 0.131 1.48

Plot II

Water sample * As Cd Cr Cu Fe Hg Mn Ni Pb Zn

mg/L
Pig farm wastewater N.D. N.D. N.D. N.D. 0851 N.D. 260 N.D. N.D. 0.119
Irrigated water 0.230 N.D. 0.055 0.019 732 N.D. N.D. ND. ND. 0.037
Pig farm wastewater N.D. 0.010 N.D. 0.071 0.528 N.D. 0.216 N.D. N.D. N.D.
Irrigated water N.D. 0.014 N.D. ND. 0987 ND. 0.040 ND. N.D. NJD.

“The sampling dates of the water samples are illustrated in Table 2.
> As<0.01 mg/L, Cd<0.006 mg/L, Cr<0.04 mg/L, Cu<0.007 mg/L, Hg<0.001 mg/L, Ni<0.03 mg/L,
Pb<0.07 mg/L, Zn<0.02 mg/L.

G Eﬂhﬁ s3ARY EC i i 750 uS/em VEIER AR ETRYERELT ( [%ﬁ“’ﬁﬁﬁ@%ﬁw
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El[ﬂ@igﬁ LG R D o gy AR ig [ BRI A - ORI EC il -
A S % T? 2001 = 4 FJm SERPIGERGE TLESE g 2003 5 4 7] ()% B8 o fed il TOC &
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Abstract

Treated swine wastewater land application is beneficial to water reuse and reduces wastewater
treatment problems. This study evaluated the suitability of soil-treatment sites for swine wastewater and the
long-term application effect on soil heavy metal content, especially Cu and Zn. The experimental plots at
the Livestock Research Institute (plot I) and at the Lutsao Farm (plot II) were evaluated for suitability for
soil treatment sites. pH, EC (electrical conductivity), DO (dissolved oxygen), temperature, TOC(total
organic carbon), and water sample heavy metals were monitored at farmer wells and surface water. The EC
values and TOC contents were higher and the DO values were lower for some water samples from both
experimental plots. Moreover, the concentrations in water samples from monitoring well 1 in plot II in
September and October, 2001 exceeded the 2nd control standard value (0.5 mg/L) for groundwater
pollution. This probably relates to the regional soil parent material characteristics and the highest
cumulative amount of rainfall in September 2001. Up to the present time, the experimental plots in plot I
and plot II were irrigated with treated swine wastewater two and three times, respectively. There was no
apparent difference in specific chemical properties and heavy metal groundwater concentrations and related
surface water samples from the treatment and control plots at the two sites before and after wastewater
application. The Cu and Zn concentrations in the water samples were closely related to the treated swine
wastewater characteristics. Samples were even lower than the 1st control standard values for groundwater
pollution. This clearly indicates that treated swine wastewater application to the plots at the two sites did
not affect the correlated quality and heavy metal concentrations in the ground and surface water in the

experiment plots and their related environments.
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