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Quantitation of n-Hexane Extractable Material (HEM) and Estimation of Annual Pollutant
Loading Rate by Sewage Sludge Applicated to Land

JaeJak Nam, Woo—Kyun Park, Dong-Kyu Lim and Sang-Hak Lee” (National Institute of Agricultural Science & Technology, Suwon
441707, Korea; "Department of Chemistry, Kyungpook National University, Daegu 702-701, Korea)

Abstract :

To estimate annual pollutant loading rate of n-hexane extractable material (HEM) to soil 84 sewage sludge samples were

analyzed. The average content of HEM was 27.7426.5 g/kg, and ranged from 1.05 to maximum 194 g/kg. According to the number
of population of the city the areas were classified as five regions, ie. big, large, middle, small, and rural area in which the waste
water treated plants were grown. The contents of HEM were 22.7+16.7, 33.3£25.8, 22.048.7, 31.0438.8, 27.7£25.1 g/kg, in big, large,
middle, small, and rural area, respectively. The applicated areas with sewage sludge to land also were divided as 4 sites by US EPA
criteria such as agricultural, forest, public contact sites, and reclamation site. The quantitation of anmual pollutant loading rate was
estimated using a function (99 percentile concentration = X + 30) when the application amounts were in dosages of 7,000, 26,000,
18,000, 74,000 kg/ha in 5 regions, respectively. The annual pollutant loading rate of HEM to soil by sewage sludge application was
maximum 1,032, 3,832, 2,653, and 10,908 kg/ha in agricultural, forest, public contact sites, and reclamation site, respectively.

Key words

N E

Fefuetdle 1509 Aol Agsi AelgolA Azt 1063 £
9 skredd Azt BRI gom, oF drEaAY Ade o
FE HEEG el gEslel gof ey sgAe B
3 HA AEFA T AHeEoR 0% FEY FRL T
¥ sireiAd dyde ge oagol Yo %1, HUYEIe
FEFEF 712 AT HYBAHD $H2 TAHA ATS
7kt int. E3 spgedAle a7ty 2 ds) wige] REF
2 AHHR YA AHEgd a44 ZWdA de A
A E3tx e Gdoltt. o] EAYoZ A3 dsEyAY

‘AR
Tel: +82-31-290-0213 Fax: +82-31-290-0277
E-mail : jjnam@rda.go.kr

45

: hexane extractable material, HEM, sewage sludge, loading rate

Azlsrpons g 59 534 $8o) I% AFAS
ojs) AFHl 4. el ofe) Yo deenAd ¥
BA AHgo) #8893 oy FhelME faliREeE A 5
32 S EYRARAE 93 7 99 o3 & - oA

o)A LAEE BBeSEYAT AL HE F ASES s1
P
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Table 1. Classification of sewage sludge depend on the size
of city

Population No. of samples Amount of sludge

o (szg%%()) collected przlc::cacar; lf;}l;cr;ed
A > 100 1 421,074
B 50 ~ 100 7 176,187
C 20-~5 14 133,240
D 10~ 2 56,649
E (10 30 28%
Total 84 810,005

For ¥RIE EA R w ZFH/] g A7
1007+ o}de] Fga %01 é?-ff} Aol ARG AT
SZA]E Region B, 209t o4+
FTEANE Region C 109 o]t /\‘:/‘] (= - F5HAYE
Region D, 12|32 109t o]3}9] F&AHE Region EZ 24z} &
otk Al ol Region A, B)9] AL 4 W
AXE F - 28A oJste AFER AT Hot Houy
A9l WM Agskr oA TAF] hREE A3k

HEM =24

A Age ¥A 15T FFHazgon —’F%}% 4t
t}. HEM 242 EPA 90719 & 4=
AW Soxhlet FXE tjAlsle Automated Soxhlet Extraction
(Soxtherm, Gerhrdt, Germany) WH& AM3I9t. A& 20 g&
FEHIIEF 20~50 gt EF F o] AALD deor &
Tl o] Table 29} 22 BAxzo ‘ﬂ“%}ﬁ’ii}. =48
Age FES s 7AEF 710 HEM 39S Uehidd
=3

=R

st+22ix| 9| HEM Bt
oA 2o WRSE Y oF 80%An A 59%)
A HY 881%9] WIS JHURT. S5 Fo HEM @
& B 2774265 g/kg A1 B 105 g/kgol A Huh 194 g/
kgS YR} BAN 0] & Fole BT (Table 3).

Table 2. Analytical condition of Soxtherm

Solvent : n-Hexane
Extraction temperature : 180T
Boiling time : 1 hour
Solvent reduction : 5 x 15 mL

Extraction time : 1 hour 30 minitues

Table 3. Analysis of water content and HEM in sewage

sludge
Contents Average tandard Range ’
deviation
Water content (%, w/w)  79.6 48 559~88.1
M (g/kg) 27.7 265 1.05~194
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Table 4. The content of water and HEM in sewage sludge
depend on the size of city
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Table 5. 99th percentile concentration of HEM depend on the

sludge source

i Water content (%, w/w) HEM (g/kg) Regions HEM (g/kg)
Regions
Average Range Average Range A 728
A 8045 7285 274167  54~627 B 1107
B 82:2 78~83 3334258  124~886 C 481
C 8144 73~88 20487  103~374 D 1474
D 80+5 65~86 31.0+38.8 297~190 E 103.0
E 7846 56~84 2774251 1.13~106 Average 96.4

32 Table 49]
oA 227 g/kg,
TAA 333 g/kg, FEA AEAA 310
g/kg FEAYANN 277 g NE % HEMS]
A 2% &3 ASE 106 g/kgol ATt o] Arh=
A9 FE7L 48 HEM 3% 3718 Aotk oda=
2A vtk HEM 229 wj&L =9 Q17+
2 A9 Qs me AgLFe Ajo] B

= T L
i

w
T

o P7E9It HEMY BHEEE UEA
ion B Qe 714 =4 Vel
FEA o)tk a8y A%EA] A
z} 297 g/kg# 113 g/kgo.g® ThE Aol ula) HA3
v gk 7 190 g/kge 106 g/kgo 2 thE el H] 8
A =tk o5 Aol TAEE seEeA e HEM &3
Hoj oF 1000 F=o] Aols Ho peA Azt o)z} A
whdel], FEA A9o] 73 olrt A9ty FARE Mg B

o}.

=

=

KX
i
3

ps)

pod

2

HEMe) %17t omster £3
=]

Ay Ed ASA B8 £ gl HEMY 09 A%
& #437] 919 HEM9] ©9l Wag a7t odxaids 7
lth. A7 AR AN EPAS) W) meh Selant
PORA RaE ALS 98 24 F2Y HEMS) 9% TeE
& AW sk ANk o) Aol et T 9% FREE
© Table 59 vFERf it

9th percentile concentration = X + 30

99% E3eEE Region DA 1474 mg/kgS ehlo] 7}
=941, Region CollA 480 g/kgS e} 71 i) 3
7 HEM Fx7} Region BolA 7P H& & RHH g
Ao

.

HEM F59 A8%
283 Region €9} B¢ 74 %e 9%
Region A9} H|&319 7]
AL 87 g/kgo.2 A 49%7) wfEolAch (Table 5).

Seeed A7 2% AEFe 84 $Pute) slEo)
A QA gouz ulZ EPAY 7)2E HL8¢T o )

T}

2d gt BEFE 384, A, 384, NEFEAR ERsia
7¥zk 7,000, 26,000, 18,000, 74,000 kg/ha (DAEFE 71F)5 s
97 Hu Sgor A olFA P gES ol
$310] HEM| Q1 20ade Ao meh ARt
ALPLR = C x AWSAR x 0.001 @
q71A,

ALPLR = annual pollutant loading rate in kilograms per

hectare per 365 day period.
C = pollutant concentration in milligrams per kilogram
(dry weight basis).

annual whole sludge application rate in metric tons

Il

AWSAR
per hectare per 365 day period (dry weight basis)

0.001 = a conversion factor

Table 60 a}p&eiA] AM&A] F9kd HEMS]
%S Uehiick HEMY] o7k @ %5-8t3e 544 (7,00
ha, AZF 71%)9 74§ #dl 1032 kg/ha, HFEA 187152
74000 kg/has A& 74 10908 kg/ha® & F4 i)
9 #P71FE AT W= o) 3832 kg/ha, TFEA V1ES
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Table 6. Estimation of annual pollutant loading rate of HEM

by application of sewage sludge on soil

: HEM (kg/ha/yr)
Regions Agricaltural  Forest Publizi:::ntact Reda;;l:tion

A 510 1,893 1,310 5,387

B 775 2,878 1,993 8192

C 337 1,251 866 3,559

D 1,032 3832 2,653 10,908

E 721 2,678 1,854 7622
Average 675 2,506 1,735 7134

48 o= o) 2653 kg/had] A7 0 GRslFe] 2R
a2 HEMe] 93202 ¥gsle] gt AE vass, o
24, PCBs, 18]3 PAHs 53 g1 o}A7x"™ o 3x
9] HEM E3do] Ed] 44 ol® 84 EA7} L4Ex)
o #3 Y= Bt AFe $9D vt ok @i, 7R
Fgol ASHE HuiRdde 898 02 E4L sXm Y
g e 9 ko] FEd HNE gy EY nAE, B
A8, EF BE4, 281 EY 3346 1A 4 e 303
9 FY= nelskEs A7} dahslojol & Aoz AztwE,

A28 WgA) 24 3o HEM F39 FAE= EAAn
ol EolAe] HEM %3 tigt 7122 Faa 92 2.
a3 dek Y59 HEMo| ZA18 o) B §&50) 48
A7EL 298 4 SleAd Bg A7E S99 wt glnk o
E A7 EFolNE HEM 220] 4998 4 Qe 71540
7 WEe Azten. aehd s 2e Q2L ¥
7NEY HHEE 58 44 4 AEATE 22453 §9)
#7188 50) g HES o] HEMo| gid d7s 39
Bast 9l& Aol

o
192

redlA] Fo A5 HEMY ts) 8437, o8 EY
of A o BAE A RS Yia FAstgch A
9 kAT RAXMTE Y S5EA AR 84H uis)
A HEMS] Had32 2774265 g/kgo)al, H4 1.05904
Al 1% g/kgg Uehlo] B4 870 2 HAE BYt) 314
Aol AXNG =AY FRo| G} 5HARE YRS o HEM
o FFE FYA, UEA, T, AEA, $EAY 77 27
+167, 333258, 220487, 310388, 2774251 g/kgS UehiQ
ot Pl EPAY 3&e)A] EYAIEF 7128 F 88l 577,

A, FTEA, NFEAR BFHStL 42 7,000, 26,000, 18,000,
74000 kg/ha (AEF 7I1¥)E shredA AU AHEELE 71
3] HEM9| Azt e@yal#ke A A% 7gez
A8l 7000 kg/hadl F73A A4 Hol 1082 kg/had]
HEM Falds Yehlol, /Hg8A 28718 74000 kg/ ha
& 283 Z¢ HEMS a7 2 @4ak%2 10908 kg/hao g 3
AEA 2 ¢ AHIIES A8 W Ao 3832 kg/ha, FF
47 7188 A8T A Hd) 2653 kg/had] AZF 2 G340
FAHL
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