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In this study, quality control was performed to analyze metal elements for sludge and water samples in livestock
wastewater treatment plants. The detection and fate of 16 metal elements in influent, sludge and effluent were also
evaluated. Method detection limit (MDL) and limit of quantification (LOQ) of target elements for sludge samples
were 0.02-0.17 mg/kg and 0.07-0.56 mg/kg, respectively. For water samples, MDL and LOQ were 0.01-0.13 mg/L
and 0.03-0.41 mg/L, respectively. Recoveries of metal elements were 67.6-113.6% for sludge samples and 87.7-
120.6% for water samples, with a good precision. Metal elements for sludge samples were detected in a broad range.
For example, some elements such as Ag, Cd, Co were below the LOQ. The concentrations of Pb, Cr, Cu, and Ni
were 9.16-30.42 mg/kg, N.D-22.65 mg/kg, 364.26-1678.81 mg/kg, Ni N.D-32.37 mg/kg, respectively. For water
samples, the concentrations of essential elements such as Ca, K, and Na were in the hundreds to thousands of mg/
L range. Among some elements detected in the effluent, such as Al, Ca, Cu, Fe, K, Mg, Na, and Zn, the con-
centrations of regulated elements (Cu and Zn) were below the effluent water quality standards.
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2 At e 245940 BARS golny] 3
o 7iEws HAEY AHYaes IRl d=4o
2 pie] FeAEAAES ARt AEE AFHSH
At A 2 B ML ab-H5et 3 Aelshe A
Ao, C 2 D A SAEGT H2lsle o
Aot A 224142 MBR (membrane bio-reactor)
%, B A2|A14de BIOSUF &%, C AgA1de
2] (liquid phase corrosion) &8, D &A1& BCS
(bio ceramic SBR) &Ho 2 FUTE At 2+
A ] T91F2 Table 190 AAISFATE *2A1A
o] Z&ke 7z} 350 m’, 80m’, 200m® Z 150 mPo]H,
9 #9283 mYd, 73m¥d, 132mY/d, 116 m*/dZ 1}
Ebstrt.

22 A2 U BMEE

B Ao AR AFe A M AN fdS, A
2, Wil st AFsR oM, BHEAES
dr 2 FFE AFELE ¢ HEAES YT,
A, RS AFsIeH, D ArAELE Y,
A AP, BRTE AFSAT (Table 1). B
AEe Wz v AFE 1L fIHS ol8slse
w, Z} HgAduiet 20143 393} 6ol AR 28] =
ARstSith. Bg 4 YAlEe7]E o8] I i

Table 1. Treatment processes and sampling sites of each LWTP

Process

Influent” — Pretreatment —Primary sedimentation — centrifugal process — Secondary sedimentation

— Flotation — Flow control = Anaerobic process — Primary aerobic process — Aeration tank —

Secondary aerobic process — Drum screen — Perforated panel — Buffer tank — Sieve screen —

Influent” — Pretreatment — Primary sedimentation — centrifugal process — Secondary sedimentation

— Primary denitrification — Primary nitrification — precipitation — Secondary denitrification —

Influent” — Pretreatment — Sedimentation — centrifugal process — Flow control — liquid phase

corrosion” — Sand filter — Activated carbon filter — Effluent”

A LWTP

Ultrafiltration — Effluent”
B LWTP

Ultrafiltration — Effluent”
C LWTP
D LWTP

Influent” — Pretreatment — Vibration screen — Sedimentation — centrifugal process — Flow control
— Bio ceramic SBR" — Disoolved ozone flotation” — Biological aerated fiter’ — Effluent”

*sampling site
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Table 2. Elements and wavelengths for ICP-OES analysis

Compounds Wavelength Compounds Wavelength
(nm) (nm)
Ag 328.066 K 766.490
Al 308.215 Li 670.750
Ca 315.880 Mg 279.071
Cd 226.499 Mn 257.604
Co 228.612 Na 588.983
Cr 205.557 Ni 231.602
Cu 324.747 Pb 200.350
Fe 259.933 Zn 213.855
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30% kel 3 mLE A48 Yol & 2mL ©J3)
7t 2 w7ix] gAlFoH, 715 A3 F 30% it
A I mLy HkSo] IS wi7kA] A71Eitk vl
Z F2dte] AS &AHF] AAXNAL 1% Eak

10mLE L3l ICP/OESZ EA1515iT).

A o= 7idsiA smL o7t 4 izt
A S wES ¥ sl A4 3mLE SR Vst
o] 8719 & LA F K7 A o1 F 54

< 7FgsAA smL olsrt & w7A] S

A=)

|Z2 g7]o] AF 10 mLS F sl FAF 3mLE
= 43

4=]

1&tt pRete 2 SubsES AAEle] AkS
kA3 AAAZ F 1% DA 10mLE H-&31aL ICP/
OESZ #4319t}

AL
N

2.6. =22
2 AFolx F594 44ttt AxdEe A
A 24, B 723 (method detection limit, MDL),
&k (limit of quantitation, LOQ), 3]5~& (recovery)
A X (relative standard deviation, RSD)°l| tHj&}od
Al AT AL 5948 22F9] 8
Z+7zF 0.1 mg/L, 0.5mg/L, 1mgL, 5mgL, 10mg/L,
20 mg/L= A3t 7} Y4e] ARFHAE 2L
o ARAFE)E 0.995 o] = AP Elst

i W ot i

o Ak SR FAAE7E Tl AAIE o
upe} 79HEE ¥5H2}(standard deviation, SD)°ll 3.14
w3t Astlon, FEeAle A 102

o

Fato] WYsidek) 858 4B FHF 10mLo]
217k 20mglL7k WA E2ES Aste] Axgel
weh e R 71N AAse] el 8e
o Ave 3EE Bash AEEe wgd 1008 F



164 777 .- uEy] -

3. Zdn} ol nE

3.1. =3z

Table 32 - Aol|x] AAIg EAHo| dist w7
3 2 ARl tigk A= AAgE Aolth &
A A £9A ABAAM e M AEIAE 0.02~0.17
mg/kg, AHFIAIE 0.07~0.56 mgkg® UEISTE o=
US EPAS] Method 200.791 AA1E HPHAZ31A 9
219l 0.1~3.0 mgkgRth WA YERT Villar et al.
(20092 SFEEAIE UPdoR A e e A3
AN AFIA 7L 1.1~14.0 mgkge] BS AN BT
mB) ol B Aelxe Axut) B UL &
et FEAANE B4 A HHEIE 001~
0.13 mg/LE Yebkon FEFeA= 0.03~0.41 mg/LE
Uehdth. o] US EPAS] Method 200.79 #|A1E W
WMAZTA 2] W9l 0.001~0.02 mg/LETE 108 =
=2 FEo YeidEd Pele B ATelr AMEst
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A8 HrdE]E A% US EPA2] Method 200.8
re WHASIAZE 742 AFEIA 0.04~0.2 pg/LE
et o= ICPMS7E iAoz =2 xs |
o]7] wjZolH, FF AFLo] FEHUne] FAo] 9
2 Al ICP/MSS] ARE-S ZE3fjof & 2oz AlFEdd)

Table 4= AR 358 AP HAAEY 3|48

Table 3. Method detection limit (MDL) and limit of qauntitation
(LOQ) of metal elements for sludge and water samples

Compound  Sludge (mg/kg) Water (mg/L)

s MDL  LOQ MDL  LOQ
Ag 0.04 0.12 0.08 0.24
Al 0.07 0.22 0.05 0.17
Ca 0.06 0.20 0.06 0.18
Cd 0.04 0.13 0.02 0.06
Co 0.03 0.11 0.02 0.05
Cr 0.05 0.17 0.03 0.10
Cu 0.04 0.12 0.01 0.03
Fe 0.04 0.14 0.09 0.28
K 0.17 0.56 0.03 0.09
Li 0.04 0.13 0.01 0.05
Mg 0.03 0.11 0.03 0.09
Mn 0.04 0.13 0.01 0.05
Na 0.08 0.26 0.07 0.23
Ni 0.03 0.10 0.01 0.04
Pb 0.03 0.11 0.03 0.10
Zn 0.04 0.13 0.05 0.15

Table 4. Method detection limit (MDL) and limit of qauntitation
(LOQ) of metal element for sludge and water

Sludge Water

Compounds Re((:%ery RSD (%) Rez;)v)ery RSD (%)

Ag 85.0 12 89.8 6.0

Al 113.6 1.7 87.7 0.5

Ca 67.6 3.5 117.0 32

cd 69.5 1.7 100.6 0.4

Co 86.9 09 101.1 0.1

Cr 80.0 1.1 106.4 09

Cu 91.6 1.4 100.5 0.7

Fe 75.0 32 120.6 1.7

K 79.6 2.1 99.6 22

Li 83.1 1.6 97.9 1.7

Mg 74.0 22 98.7 1.0

Mn 752 1.3 100.6 0.3

Na 76.9 3.0 130.4 1.8

Ni 85.6 0.8 103.3 0.2

Pb 89.8 1.0 100.3 0.1

Zn 775 1.2 101.9 0.6
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Table 5. Concentrations (mg/kg) of metal element in sludge samples
A LWTP B LWTP C LWTP D LWTP
Ist 2nd Ist 2nd Ist 2nd Ist 2nd
Ag N.D N.D N.D N.D N.D N.D N.D N.D
Al 5395.01 2405.00 1525.61 1348.23 1543.62 1085.72 1701.34 1495.71
Ca 62521.62  37178.00  27578.89 17694.36 2026.53 18282.25 26214.45 22566.81
Cd N.D N.D N.D N.D N.D N.D N.D N.D
Co N.D N.D N.D N.D N.D N.D N.D N.D
Cr 22.65 10.04 N.D N.D 20.56 N.D N.D N.D
Cu 1439.68 898.24 436.65 473.50 1678.81 600.80 364.26 469.61
Fe 7047.00 2653.90 1788.56 1473.45 5692.94 1963.34 1777.45 1855.00
K 87343.02 53522.77 86495.54  96130.10 78062.73 84657.42 89464.34  88050.06
Li 11.56 N.D 13.11 6.02 N.D 5.22 N.D N.D
Mg 18224.35 12302.41 8651.30 4666.38 10218.03 2663.00 13888.93 5081.76
Mn 1035.59 609.03 253.21 193.86 672.88 230.18 327.14 249.20
Na 31213.84 14268.21 32824.23 22927.76 31040.39 20955.12 35310.52 29480.00
Ni 32.37 16.27 26.62 20.65 N.D 15.99 25.96 16.21
Pb 30.42 9.69 26.62 9.15 29.49 10.10 25.63 9.16
Zn 2303.86 1382.22 1429.22 689.71 3025.76 N.D 413.46 618.02
5% (a) ALWTP oD (b) BLWTP
a
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Fig. 1. Correlation of metal element for 1st and 2nd sludge samples.
S o3t YERFS™, Al Ca, Fe, K, Mg @ Na kg, Cr2 N.D-22.65mgkg, Cux 364.26-1678.81 mg/
5 LEAaoME oM R mgkgE VERITH f kg, NiE N.D-32.37 mgkg, Zn N.D-2303.86 mg/kg
9T & & AolA A€ Cd, Pb, Cr, Cu, Ni, Zn 9] W98 HAth ol T AET] visaday
S Aurd cde A4S Utk PbE 9.16-3042mg/ oA AAIE HIE Q8] e FHAxe YA 7
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Table 6. Concentrations of metal element in 1st water samples

A LWTP B LWTP C LWTP D LWTP

Influent ztr;lmu:rrl}t/ Effluent Influent Effluent Influent S:Egﬂgi? Effluent Influent zg;zzs:}{ 5;32?1?}2, z;ﬁ:ﬂg Effluent
Ag N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Al 3.08 2.11 0.37 5.37 2.79 5.60 0.49 0.25 4.47 1.28 1.25 0.46 0.49
Ca 26535 207.02 101.35 221.67 72.06 287.44 130.92 358.58 1130.38 104.25 107.59 108.04 94.00
Cd N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Co N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Cr 0.28 N.D N.D 0.28 N.D 0.33 N.D N.D 0.30 N.D N.D N.D N.D
Cu 1.06 0.23 N.D 3.56 0.36 11.60  0.80 N.D 2.74 N.D N.D N.D N.D
Fe 4.69 1.82 0.45 8.11 093 2953 284 0.21 7.56 0.85 0.31 N.D N.D
K 1989.85 2512.52 1506.96 2349.72 1537.29 3078.31 3619.58 1948.39 3064.59 2083.06 1829.28 1813.31 1385.22
Li 0.22 N.D N.D 0.22 N.D 0.22 N.D N.D 0.23 N.D N.D N.D N.D
Mg 4734 6999 4549 2419 1945 1634 6470 56.79 2882 60.07 5594 53.90 4427
Mn 0.71 0.49 N.D N.D N.D 1.53 N.D N.D 0.78 N.D N.D N.D N.D
Na  380.02 65426 387.18 393.49 919.32 578.03 996.76 549.35 685.30 716.75 905.26 929.69 715.52
Ni 0.35 N.D N.D 0.37 N.D N.D N.D N.D N.D N.D N.D N.D N.D
Pb 0.26 N.D N.D 0.26 N.D 0.29 N.D N.D 0.26 N.D N.D N.D N.D
Zn 2.07 0.48 0.10 4.78 022 2553  3.00 4.51 3.12 N.D N.D N.D N.D
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Table 7. Concentrations of metal element in 2nd water samples
A LWTP B LWTP C LWTP D LWTP
Influent Primary Effluent Influent Effluent Influent Secondary Effluent Influent Secondary Secondary Secondary Effluent
effluent effluent effluent 1 effluent 2 effluent 3
Ag N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Al 2.47 3.50 0.33 1.38 0.39 7.71 6.63 0.25 5.65 0.67 1.00 0.40 0.37
Ca 27581 166.12 93.32 170.85 55.65 390.08 330.34 543.87 144.60 133.54 124.88 122.49 122.19
Cd N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Co N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Cr 0.30 N.D N.D 0.27 N.D 0.35 N.D N.D 0.27 N.D N.D N.D N.D
Cu 0.60 0.37 0.28 0.39 0.18 1397 5.70 N.D 0.32 N.D N.D N.D N.D
Fe 2.56 2.75 0.25 1.44 N.D 33.19 20.53 N.D 0.78 0.62 N.D N.D N.D
K 2428.35 2648.51 1792.02 2027.97 563.55 2903.33 4250.95 2741.97 1815.60 2084.93 1807.47 1829.37 1802.08
Li 0.22 N.D N.D 0.22 N.D 0.23 N.D N.D 0.23 N.D N.D N.D N.D
Mg 4440 69.70 51.18 21.60 1942 30.68 74.07 7133 75.67 53.42 4886 49.24 49.21
Mn 1.01 0.50 N.D 0.31 N.D 2.79 3.02 8.96 0.58 0.15 N.D N.D N.D
Na  420.65 693.06 483.12 41573 457.90 557.66 1164.87 769.37 385.64 649.96 857.22 927.95 908.56
Ni 0.42 0.15 N.D 0.33 N.D 0.55 N.D N.D 0.33 N.D N.D N.D N.D
Pb 0.25 N.D N.D 0.25 N.D 0.30 N.D N.D 0.25 N.D N.D N.D N.D
Zn 0.82 1.45 N.D 0.34 N.D 31.07 16.14 4.69 0.29 N.D N.D N.D N.D
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Fig. 2. Removal rates (%) of metal element for (a) 1st and
(b) 2nd water samples.

5mg/LETH W kS Ho] wjEs| 8750 =3RS
golalgiom?) nj=t EPACA AAE 4%k vl
PR wfEA] i fol thsted QPgFelet A

9ich29 omm A2l FANN BA7L B T 3
Al 9lelE 2 % 9] miel 440l mUE

7t e
4.4 =

E AteMs SRR AN S594E
*46}71 A3l SR o FAA R e A=A S
o, A5e BAYS ufgo g o) Ak
YrAL] FYr, S8R, A, BRT T ARk
AETES A5S Frlsisith

NAZEIA 2 A E81A AEoA 0.02~
0.17 mg/kg®}t 0.07~0.56 mg/kg® LIEPOo™ | AN
A& 0.01~0.13 mg/Let 0.03~0.41 mg/LE LFERSTE
3re 2 AUEE SHEAANRAA 67.6-113.6%2

0.8~3.5%2 UEREom, FAA B 87.7~120.6%}
0.1~6.2%= YERSTE

LA NE F 3594 BEEE Ag Cd, Co 59 &
EollA &3 oletE RO, Al Ca, Fe, K, Mg
4 Na 5 ZFYLAAM = TN 79 mgke= o
EPTh felAdE 5 2 AelA 4" Cd, Pb, Cr,
Cu, Ni 2 7Zn S9AM e Cde A3 vvl Pbe
9.16~30.42 mg/kg, Cre N.D-22.65 mg/kg, CuE 364.26~
1678.81 mg/kg, NiE N.D-3237mgkg, Zne N.D-

4> Hﬂ:

re 2t

oL M

L
S
H 7



168

= A

FAANE F FE5Y4 EXE 2E X0 Ag, Cd,
Co 59 3ol AETH olsl= UERteH, Ca, K,
Na®| I Aaelx Fox] £ mg/Le] H9E B
Atk WEEollME AL Ca, Cu, Fe, K, Mg, Na 2 Zn
o] HEHoH, olF FHOHAEA wlEs] 87Tl
23 Cu % Zne= 715k oI5k #hEs HAlth A
T AFE Fok] Mg w5t 71k olste]”] o
ol wiEA] T 2ol thste] P el A 4
Atk sEARE X FA A EA7E HA P T 8
of flBlE = 4 W "ol A&EHA BUHY 2
)7t s

0.

A

ik

]

o

1. D. K. Yoo, “Requlation problem and technical improve-
ment for livestock manure utilization”, Korea Journal of
Organic Agriculture, 2003, 11, 2-20.

2. S. H. Choi, “Treatment and management of the livestock
manure”, The Korean National Committee on Irrigation
and Drainage Journal, 2007, 14, 110-120.

3. S. W. Oa, “Runoff characteristics of the livestock manure as
fertilizer at farmland”, Journal of Korean Society on Water
Quality, 2010, 26, 775-780.

4. R, 1EEme] el B ol8d
2015 L1

5. O. D. Kwon, “A survey on the lead contents of feedstuffs
produced in Chonbuk area”, Korean Journal of Veterinary
Clinical Medicine, 1992, 9, 267-271.

6. T. H. Cho, G. S. Chung, S. W. Son, J. M. Park, and K. S.
Park, “Residue of harmful heavy metals in swine tissue
and feedstuft”, Journal of food hygiene and safety, 1987,
2, 103-108.

7. J. M. Kang, S .B. Cho, S. K. Kim, S. S. Lee, and S. K.
Lee, “Contamination Analysis of Heavy Metals in Com-
mercial Feed for the Production of Safe-Animal Prod-
ucts”, Journal of Life Science, 2010, 20, 717-722.

8. T. I. Hwang, T. H. Ahn, E. J. Kim, J. A. Lee, M. H.
Kang, Y. M. Jang, and M.H. Kim, “Monitoring Heavy
Metals in Meat and Meat Products”, Korean J. Food Sci.
Technol., 2011, 43, 525-531.

9. US EPA, “Method 3050B Acid digestion of sediments,
sludges and soils”, Revision 2, Environmental Protec-
tion Agency, 1996, Washington, USA 3-5.

10. US EPA, “Method 3010A Acid digestion of aqueous sam-
ples and extracts for total metals for analysis by FLAA or
ICP spectroscopy”, Revision 1, Environmental Protection
Agency, 1992, Washington, USA 2-5.

#e e

pui el

13.

14.

15.

17.

19.

20.

21.

22.

23.

24.

. SR, “FASBIEAT AR, 2012, /R, 7-12.
. US EPA, “Method 200.7 Determination of trace elements

in waters and wastes by inductively coupled plasma-
atomic emission spectrometry”, Revision 4.4, Environ-
mental Protection Agency, 1994, Washington, USA 45.
P. Villar, M. Villar, M. Callejon, J. L. Pérez, J. C. Jiménez,
E. Alonso, and A. Guiratim, “Evaluation of polycyclic
aromatic hydrocarbons (PAHs) and heavy metals in sludge
samples from conventional activated sludge wastewater
treatment plants”, Environmetrics, 2009, 20, 516-574.
US EPA, “Method 200.8 Determination of trace elements
in waters and wastes by inductively coupled plasma-Mass
spectrometry”, Revision 5.4, Environmental Protection
Agency, 1994, Washington, USA 41.
SHFNAET, “HisdTy %P ER 1 B
= 1ANE 2 BAEN R o U8 st S8
o] 971>, 2015, 14
A, AAH, AAS, AAsE, AN, A, A7
oE, s IATNAE S8R B KA
o, MR B A, 2011, 20, 147-169.
AR, A, 807, A, A3}, A, =
sl Aol seAl Ae 8% 3 5S4, FF
EHAZGAFE, 2012, 25, 19-39.

f

o

s
]

4B

£

. Y. M. Jo, B. H. Jeon, and C. J. Park, “Recovery and recycle

technologies of phosphorous from river and water treat-
ment plants”, Korean industrial Chemistry News, 2011, 14,
1-11.

K. B. Wiberg and R. Stewart, “The mechanisms of per-
manganate oxidation?. The oxidation of some aromatic
aldehydes”, Journal of the American Chemical Society’,
1955, 77, 1786-1795.

S. H. Kim, “Effects of disinfectant concentration, pH, tem-
perature, ammonia, and suspended solids on the chlorine
disinfection of combined sewer overflow”, Journal of the
Korean Society of Environmental Engineers, 2014, 36,
685-690.

A. S. Oliveira, A. Bocio, T. M. B. Trevilato, A. M. M,
Takayanagui, J. L. Domingo, and S. I. Sequra-Mufioz,
“Heavy metals in untreated/treated urban effluent and
sludge from a biological wastewater treatment plant”,
Environmental Science and Pollution Research, 2007,
17, 483-489.
ARS, olgE, o2zt v
2, AAY, ARE, A7,
e FEEY o
2007, 18, 124-129.

AR, A g FAEA BAd B9 WHE
Z HE 137, 2015, YFNA.

US EPA, “National recommended water quality criteria”,
Environmental Protection Agency, 2009, Washington,
USA.

o3k, Uk, s, A%

=~
AN, A SE

_y_i',\é 2 %7-—?:/ = E{Jg%i ?_-‘LF.,E/H,

>

w71,

At



	국내 축산폐수처리시설의 금속원소 잔류실태 조사
	김진필1† · 박준원2 · 진달래3 · 이원석4
	1금강물환경연구소, 2영산강유역환경청 측정분석과, 3국립환경과학원 물환경공학연구과, 4국립환경과학원 폐자원에너지연구과


	Contamination of Metal Elements in Livestock Wastewater Treatment Plants in Korea
	Jin-Pil Kim1†, Junwon Park2, Dal Rae Jin3, and Won-Seok Lee4
	1Geum River Environment Research Center, 182-18 Jiyong-ro, Okcheon-eup, Okcheon-gun, Chungcheongbuk-do, 29027, Republic of Korea 2Monitoring and Analysis Division, Yeongsan River Basin Environmental Office, 31, Gyesuro, Seo-gu, Gwangju 61945, Republi...
	Received October 1, 2019 / Accepted October 8, 2019
	In this study, quality control was performed to analyze metal elements for sludge and water samples in livestock wastewater treatment plants. The detection and fate of 16 metal elements in influent, sludge and effluent were also evaluated. Method det...
	Key words: Livestock wastewater treatment plants, Metal elements, Quality control, Analytical method, Fate
	1. 서 론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결 론
	참고문헌





