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Relationship between Species of lonic Equivalent
Concentrations and Electrical Conductivity in
Livestock Wastewater
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ABSTRACT

Livestock waste has long been one of Taiwan’s major pollution loading, and the
effluents impact irrigation water quality, especially in electrical conductivity (EC) is the
most compelling concern. In this paper, the ingredients of livestock wastewater effluents
were collected from Taiwan and around the world’s treatment study. The goal is to
explore the accuracy of theoretical values of EC estimated from the composition of its
anions and cations as compared with the measured values. The results displayed high
linear correlation between measured and calculated EC (y = 0.999x, R* = 0.979, p < 0.01),
and the average error was 6.79% (standard deviation 4.84%, n = 24). Conductivity of
the water is proportional to the ionic strength, the total concentration of ions in water ions
ranged 20~26 mEq L' reflect the EC about 1.0 dS m']; while, in general, livestock
wastewater effluent’s EC around 3.0 dS m™', means the total ionic charge in wastewater
concentrations ranged between 56~64 mEq L’'. The results also showed that the
dominated ion species in wastewater is bicarbonate(HCO;") which reflects about 32% of
EC, secondly ammonium (NH,") attributing about 24% of the total EC and magnesium
(Mg®"), potassium (K") and chlorine (CI) ions account for 7% of the total EC respectively
in the effluents of pig farms in Taiwan.

dominated in the effluent pond reflect the most magnitude of EC, about 34% of the total

In Australia, the bicarbonate and acetate pre-

EC, secondly chlorine ion offers about 16% and ammonium, potassium and sodium(Na")
ions account for 12% respectively. This study indicated that the differences of ionic
concentrations and species influenced obviously by their farm management and wastewater

treatment methods and also reflected the magnitude of the EC in the aqueous solution.

Keywords: electrical conductivity, agricultural wastewater, ionic species, effluent.
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#5 ~ 8 & $R -~ IHEEIR(NOS, nitrate) ~ HEAH
FEIR(NO,, nitrite) ~ FREBHR(SO,™, sulfate) RS
HR(PO,™, phosphate) ZF it T (1L 4347 - BEERIRIN
TP A VR P IR R K A 25901 22 B I (o
HERE 0 2001) o JEIN R LHEBUTEHE 20 BAEE
5 SEALIE RO R 7K B A R A R Bk Fh L&
Bt P s 218 mg L+ BB
MR Ry E B A - HSEIIIREE Ry 108 mg
L7 i P S AL T A - SV 2 R R A
2.5 mg L (Skerman, 2006)

G R H DB KRR - St 32y
B LUK R Y EHEA - FFERE/KAY L B
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REFEFE A8 FER AR A
FYIBARERERT > 2001) © 5152001 $H B 518
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B K BB 1.25~4.70 dS m™ - 25°C
I - BHGIR/KR S E B SRR RS T
SIEMIREM /K EEHE(EC < 0.75 dS m™") (FEBE/K
BRI - 2001) © #REAHQ2004)57HFAL ~ E
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ELHE o 2R S A NS B A R K E
KI5 PR /K g B BRI LA T - Uy
Yt o 1Y) - 452 R 2 IR 7 1 v By /K A 432 3
KSR © N R R B A S Rk
SR EE Fy 2.80 dS mT » HAE AR 0.25~5.51
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BIRF] -
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SHIES %2 (De Neve et al., 2000) °
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xR 1 BREKIERD ZIBREFESEEEEKN)
HHEAFER
EEEEE P
(mho - cm® - equiv™) at 25°C
I T
Ca** 59.5 40.08
Mg** 53.1 2431
Fe** 53.5 55.85
Mn?** 53.5 54.94
Cu® 56.6 63.55
Zn** 52.8 65.38
Na* 50.1 22.99
K 73.5 39.10
NH," 73.7 18.04
a1

cr 76.3 39.10
NO,” 71.8 46.01
NO;~ 71.4 62.01
PO, 69.0 94.97
SO 80.0 96.06
HCO;~ 445 61.02
CH;CO0~ 41.0 59.05

*Source: Lange’s Handbook of Chemistry 16" by James G.
Speight.

HHERE ~ BB A, Bl A {EREH Lange’s
1k 22 5 i B B 8595 45 1 (Lange’s Handbook of
Chemistry 16", 2005) » 413 1 s © Btk

WRTFR ERE A EEERHE - a0fa=0)
B2y r] US40 MRS R - AKESIRE 25°C ¢
K=15107*C ¥ A e 3)

D) FIATRE R TR E By A B R R
AR > W LMSAIRLEE T B EE ER E(E © LWL

SEBETAE /K I EE(E 180.58 mg L Jafl] » 381K
TE7K HRA B S B EE RE(EAN R
%10 ,3( ) 180.58 mg/l
em’) 2431 g/mol

3(g ho -cm’®
%10 (/ng)*53.06(m 0 cmaol)

- -6 -1
Ky = 394.22*107" (mho cm™)

=394.22(uS cm™)=0.394dS m™

EEAA - SEETIA = Q' - om’ -
equiv’') > FERBGARZK A pH = 7 ~ 7KIE R 25°C &1
T FHE SR TR B - BHER
BEEEAIANRy . =0.35%107 = 0.035 (uS m™) =

3.5%107 (dS m™) e — 5 1B /K pH (EHIEIZ
R 5~9 (i) » HEEEE RE(E 2 i LURRE AN -

Japenga (1990)43 1758 & 27K it 25 B R it
T LU BRI SR Ry R0 - R
TRERRY 80% » BIPIWTZEBR AT < AN - KR
i 0 3t W 4o AT 22 5 55 3 /K A R i R o Y R
2,000 Z 3,500 mg L™ (RIBE - 2008) - HHEREE/K
HE SR E L EYIRIMEFE R E BRI /K R E
B R ESE RS (Mclnerney and Bryant, 1981)
AR T8 B G FE e TR A L 1 R B A EE W)
RSN ~ PR AR HE S (McInerney, 1999;
Jeris and McCarty, 1965) » SUEREE HI 7k B8 rhA R RE
HYE BEIAE A 70 Ry S FE % (humic acid) ~ =TSR
(fuulvic acid)PAR 7K 4G BEl% (hy drophilic) 3£ =
f#(Ma et al., 2001; Shin and Lim, 1996) - H:HRfEHE
PRSI i - 15 El?iﬁiﬁﬁz‘ﬁ’\\‘ﬁﬁ%ﬁi B R HIE 1 pH
B B s - AL R KRR RS E R
80-90% (van Breemen et al., 1979) - #&EFE(2002)
L EASE = Be X B R K R H B TR B AR
ik - BB EEERYE T8
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Btk FER YR RS E - At
FEAREE R B 5 Bl & & BB 7K HR s i RE Y
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SRR RS ~ BRI SPAfhy B P Gyt 78 (IR
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&2 BKPZEEFHEMMADERTIORE -8R

B imgL!
eHEe SR © £H° ER FT& ¢
BREHHERA HF K & HAHRA BB K TR K &
Py T
Ca** 78.8 163.5 87 61 55 73.8
Mg 180.6 443 82 15 48 543
Fe** 25.1 0.35 0.33
Mn?* 0.1 0.34
Cu® 0.32
Zn** - - - - 0.48 -
Na* 50.6 433 159 99 205 137.0
K* 56.9 8.0 143 12.7 60 12.1
NH," 63.7 1.4 91.3 0.76
[ 8T
cr 38.0 56.5 221 95 7.10 251.0
NO,” 2.7 72 0.1 - -
NO;™ 45.8 3.7 1.0 3.62 - 3.0
PO 26.9 1.4 225 0.47 6.40 0.4
SO* 29.8 293.1 160 3.20 145
HCO;" - 112 9.22 223
BOD; 141.6" - - - - 52
pH 7.54 7.63 7.9 8.1 8.55 7.44
EC(dS m™) 2.10 121 2.80 0.84 1.81 1.67
FH AR 1B 248 (2001)¥2(2004) ; ° Skerman et al., 2006 ; © Qian et al., 2005 ; ¢Kiziloglu ef al., 2008 ; * Mushtaque et

al., 2013
AR & COD (KR AL AL 2 1k A)
N Y SE &

- BTREIA -~ SNSORE RS ~ BT IR
(YRR A ~-1r - FEH/KTARIES ~ (5 T7E
T I S SR DR ST IR TG o PGSR TS
K15 Bl - o o 9 EE S R A R T R AT R
& - IR s R A R e 7 FR AT R
FREEFHIRIE (HCOS)ff 2 - TR S e L (A
G SRAE TR K PR R R S

3.2 HFEMH

AWTFEEt B8 ~ B - ERE - BB
S S R Y B K B T PR T AT - K
BAR A S Bk Uk ~ BEES LRk
BUGIOKSE - BRI 2 R o Japeng
(1990) 3T B /K AT e R T 8 M 4o
BUR®G ~ 88~ 8~ 81~ BAR ~ & ARREREL R

GRS T - (R E 98%LL L - AWFFEHEEK
KRRk ~ G IR EEHRR T R E AT
EEREEE - 8 8 5 - RYEREE - nnhYBeEE
Tl e R Ry ela e
8% - W12k 3 Fos - BRSPS B R R
T ERE AR 0.25~5.51 dS m™ » kIS
21 11 - 24 HBIEER -

MM - FERAER

4.1 EREKRE D

I BB K T 1~ B (B DABE AR
BT R B EnE 182 mg L o T ~ $5 - EELE
BT E S RILE 100 mg L' AR ~ Y
Pifg A L T IS AR 1 25 A E SO mg L BRI
HHBE KBTI IR (EE 150 mg L' WHE



*3 BKPEZEEMERTEERSUELERR

FEAEST) | RE KR ik HAK
2 R{E W A AA (%)
&# EX & &k
& oy B K 2.10 226 8 50 i & FEIHHCR K 50
AL °® 3.29 3.03 8 7 B RFIGHAK 0 FRARIAR 1 R/SF 84
Tk 2.85 3.35 18 8 JE R FEIGHRAK WA E 1 R/F 96
L 2 F KO RALIE Y ALK
EEHeC 2.80 2.68 4 AL AT HEGR E AT 13 18) 13
2.46 226 8 k01 1
441 436 1 Bk 02 1
424 438 3 Ak 03 1
5.51 5.24 5 Bk 04 1
323 331 3 k05 1
0.25 0.22 12 Bk 06 1
1.04 1.16 11 ik 07 1
2.67 2.82 6 3k 08 1
3.54 3.64 3 k09 1
1.37 1.40 2 Bk 10 1
3.42 3.57 4 Fak 11 1
1.85 1.87 1 k12 1
241 226 6 k13 1
EX:) MR K
i EE WU 0.84 0.84 1 KB KR IR AR B AUR K 37
E:a: A JiER
1.81 1.51 16 Py %14 213 10
1.32 1.39 5 FE A AT 0 BRI R K 10
1.22 1.17 4 BRI JiE K 10
Mg T
Barka' 1.67 1.40 16 F & EkF
1.43 1.50 5 |k E ok
&# W KA
HALH TR 1.21 1.10 9 IR A B ZHT K 84
THRHT A 1.22 1.34 10 TR A AR Z T K 96

FRAOR ¢ 3R EAH(2001) 5 © 3 5 48(2004) ; © Skerman et al., 2006 5 ¢ Qian et al., 2005 ; *Kiziloglu et al., 2008 ; "Mushtaque

etal., 2013

$h ~ BHEHGEET - MY - BEELEARRE TR
TEFEHERFAE 100 mg L™ filf P i Bl o i s s i 1
TEKER TR R » 215K 4 Ffi7~(Skerman et al.,
2006) ©

T SRR B9 5 B 5 18 3 W R SR K Y
P ~ i P R AR e e AT =R
SR IERO/K » HEHIPTHE R R K s BT B K
JEE 7K R PR XANFIFTEL o Hh Bt S Uk

AR AR B R R S B (s » 3 60 5L
Lo ATREIR AR AR R B A PR AR R TR = B
B PR TERR SRR - EEUK SR
T IR A AR O o 15 R e 2 A g Ty R
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x4 BEEBMNBWBRKDE - EREFFIORESMRETR
¥4% :mgL!
Mg* Ca** NH,* Na* Fe** Mn?*
TiaE 100.2 94.1 111.3 181.7 68.3 25.1 0.1
& B 180.6 106.8 139.7 280.0 90.0 25.1 0.1
Bl g 59.9 78.8 56.9 63.7 50.6
Lo 85.5 88.8 135.2 107.5 166.3
LM B 254.0 187.0 604.0 297.0 377.0
o 9.0 15.0 3.0 3.0 12.0 - -
NO;~ NO, Ccr SO, PO, CH;COO™ & HCO;~
Lo 54.7 63.0 92.1 131.7 21.3 1,272
& B 69.8 80.0 132.2 200.6 26.9 1,464"
o 45.8 427 38.0 29.8 173 1,114
T iaiE 1.4 0.1 217.8 25.7 1,2917
L ° ~ B 6.1 0.2 914.0 64.0 2,269
| & 0.3 0.1 15.0 3.0 11
FFAOR 1 ° 3 E4H(2001)$2(2004) 5 ° Skerman ef al., 2006
*ARMRAIS ~ BT AT AR X A E L
- AR R
IRATERFESIREE - RSB T RREEAR  f5(E SR 36 mg L B 72 mg L - [fif BODs EER
SPHIEREEE 130 mg LR — > B4 BEES B 52 mg L' B 118 mg L 5 MR
FERE R FC R T B (e B B AR S LM St HERE SR 206 mg L B 162 mg L » M EES
KRS EE R 200 mg L DAL B2 BHl{E 1 223 mg L' BL 210 mg L - AT

TR [E 75 A0 8 7 I AR St g /K o PER R (L 4 1 5 5K
PRI RRAR IR o MHR B SR IN S BURR
7Kg ~ STELEEE TR mIN GRS
TORAKT 2~3 % 5 185 - SEELRERRARIRE 7R
553+ 1S AR R S VIS 5 SR T
S A BER SRR 50% » HK4 -

4.2 BEFETREEE

IS 2 5 1 2 S B B 15 K ) 5 e T
B v Ry B P R AR AR - UKk
WA P ER B e SRR Lk - AN ST
®EHKE 53T BODs RO R IHIMEL R Ry A5 BRI AR B2
18 - EEAE/K R R sE 2 fEEE - RIS SR g
FEMEE Rk B8R %%%%ﬁ?%%%%ﬁ
1 o Ryt 0 N ANI e s st U Y R s R
e 2] » DA 2 i@E(Barka)fﬂdEll[ﬁ?W Hh
Frrig Bl IR B HE TS ~ Bl E i e s
(Mushtaque et al., 2013) « #5FHUR A BRI HE

SR A A 5 B2 s 1.40 dS m' B
1.50 dS m™' - HoT R LR R B HIE 53 B Ry
1.69 dS m™ Eil 1.43 dS m™ » A15E 5 FiR © tb—hs
RIRERBHARFE T AT L RER R KRBT & -
*WFK%M%%@ R TR - 2 RIE
P9~ BE - 8~ 81 - IR E - AERERE IR SR
ZEHE-F(Japenga, 1990)° ﬂﬁ!WE’JEWr*lﬂZ)}”
LT ey R B A I L R K R B AR SR N [R T
Fir7e 5t - B PR /KRBt ro RS Be - nehy
PRI ~ I B R R S R IR A TRUAG
HEBETIIREERY 10% /o4 - Ak - B
Y BB S RE I DU » S E T R A
JE B RRE BRI AR o SN /K
A0 A A 3 A R AR B g e SRR BB TR Y &
Bl ASGRR TR ~ Bl T EEm P B G
HinSEEENEWRESH —EHEERS
2N l%ﬁ%@ﬁ@%@wﬁ%?% & (e {8 —
o T R AR TR AR R -




x5 BHRERERESREEENHREK

¥4% :mgL!
Pl Ea S Rl HARBRAR A B B SAR B AL
Bak A ik B FhE A Hhk B Ihk A ik B
15 8T
Ca** 73.8 73.1
Mg* 54.3 55.8
Na* 137 151
K" 12.1 18.9
[& 8T
Ccl 251 276
NO;~ 2.99 0.15
PO, 0.4 0.2
S0 145 136
HCO;™ 223 210 206%* 162%
CH;COO~ - - 36* 72%
BOD; 52 118
pH 7.44 7.57
EC(dS m™) 1.67 1.43 1.40% 1.50% 1.40% 1.50%
A#H AR : *Mushtaque et al., 2013
L ARXE > AT EMFAE R ST
- AR AR
& #ETAL
BT AL
2813
By e FT3
& 8T T2
5 T T2
F2aEFT1
BT I N I B
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
mEqL"!
[l NOy ENOy W [ so” Eros [l CH;COO & HCO5™
[ mg* B ca** Ox* O N1y O Na* O Fe**

B 12 54 5 BN AR 6 S5 O Y 3 BUBOR
JKWFFEHR ke ~ BT IR R EMGE — oA
SHNE B KB T R B T R Y
{E Ry 58.3 mEq L™ » Hi[# )% 53.8~63.2 mEq L™ ; &

AR ¢TI 3 BAH(2001) 5 T2&T3 © # B 41(2004) 5 Al © Skerman et al., 2006

1 SEERNSHERKPE - BiFETREFERRE

A 05 K S B 7 W B T R B S E Ry

522 mEq L - #i[# )}k 4.8~140.2 mEq L' » &7

R~ G EEATIR ERRARANE 1 PR -
BB RS ~ eSO - o hTRE R
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BT Al

e ey

matts [ I

w2 [ [

etz [

&8k T1
B FTI I [
0 10 20 30 40 50 60 70 80 90 100
(%)
I No; & NOy W [ so” & ro [l CH;COO & HCOy
[ mg** B ca** Ox* [ N1y [ Na* O Fe**

AHRR © T1 : 3REA(2001) 5 T2&T3 : 3 %:44(2004) 5 Al : Skerman et al., 2006
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SE et A AdS mT)
B3 SEESIERIPRTRECHRRE

SEUR B N B 55 5 Tl Kk v DURR IS sl AR 1R
TR TR B ELRY 35% Fetiers » H A BEHLL
AR BIRAE 15% - FEE Rl ~ 81~ 85 - &8
TRIEAREE T2 AkAY 5% - MR B a3 T
Rl 4%t 5 PPN OB K I DU VAR B
B R i 2 R e T AT R B 37% >
KT EMELEERE TR0 12% - ST ~ 85 ~ Gex
R T2 8% /a4 - Al 2 Fs e

43 EHEEEE

B S BURIR /K R DU FE S8 = B =
TR BRI /K BT T 0T - SRR TR HIE 2R
HA-EE B ALYE - mEE -~ L EHE S
(9 7K 82 DL 7K i B 45 B e IS K A/ Ry 43 AT AR Y
HIBARE R o ARATIF ST P SR R gy
TR ~ B TR B AR AT 5 = i R 1
AR ERA R » SRR ESTERETE



CR P M
O ¢ (g 30
0.8
~ ] 25
£ 06 2
g 20 3
> 2
& 04 15 &
i 10
0.2
H 5
0.0 | 0 [ |_| - 0
Mg?* Ca** K NHyY Na' Fe?® NOy NOy Cly SO PO CH;COO
& HCOy
B TAESR

FAHRR ¢ 28R B AH(2001)82(2004) 5 ° Skerman et al., 2006

4 SEEEMNSWHRKPE  ERFERIZREEEEE

i 162 B A 7K Hp S B ) 3 B B L A DS o2 B B
B EE © A5 R R /K e s A R (A s A
2 0.22~5.24 dS m™” (EIHEHFEF 0.25~5.51 dS
m'") o B P RS B R 6.79% (1
MRSy 4.84% » n = 24) » WIFK 3 iR » WER
B AR AR (y = 0.999x, R* = 0.979) - 411fE 3
Fiim o SRR e T U B2 o AT B 22 Y
JRRIZ AN S5 | FH B8 R SRR B A SR 3
1 - 2E PR IEE R AR T RE R B G
TEERVETRAER « Bk 1 os e B FE
FCOEECRRAE: » KRB E R 20~26
mEq L' BES I MR R (EGE 1.0 dS m 5 DARH
PG NE P K T 5 oA - /KOs
3.0 dS m' PRI /K PR TR AT AR R R
I 56~64 mEq L -

SITEEERFEG KGR - BT R A
SEEE FESPHEAY 2.88 dS m! o {EHE TR B P iy
EEREEMBRE A DRI SAREE AT
JE i PR YA FE(E 0.89 dS m™' s o A5HE
HE AN 32%; HAREHAREE 24 0.74 dS
m’ » (EREE RN 24% 5 ER 10%00 FEE
TARF TR, ~ #F ~ & - SWELESHE 5% - e
H RS B 53 A By 0.22 ~ 0.21 ~ 0.20 ~ 0.15
BL0.14 dS m' > FUfE 4 o HAIiansmetE - dny
P R AL el S B B G B P (B T3 0.27 dS
m s AGREEE R 9.1% » 736 -
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