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Assessment of Aerobic Stabilized Waste Sludge as Liquid Fertilizer and Its Safety

Young-Ok Lee' - Jin-Gyu Hwang* - Eung-Ju Hwang**

Department of Life Sciences, Daegu University - *Department of Horticulture, Daegu University
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ABSTRACT : This study was carried out to assess aerobic stabilized waste sludge as liquid fertilizer for the growth of cucumber,
cabbage and chrysanthemum. Sludge was pretreated with NaOH(40 meqg/L) at 40°C for 330 min. The number of fecal coliforms in
batch test sludge fertilizer was more efficiently reduced than those in continuous one, maybe due to longer SRT. All produced fertilizer
belonged to class B according to US EPA requirement at least. Among 6 heavy metals regulated in Korea, As, Cd and Hg were not de-
tectable in plant amended with fertilizer whereas the concentration of Cr, Cu and Pb in plant was less than 10 mg/kg dw. However, Zn
and Ni, which were restricted in other country, but not in Korea, were detected in most amount of 118 mg/kg and 15.7 mg/kg, respec-
tively. Furthermore, based on dry weight of plant, digested sludge(5.4 mg, dw) functioned as better fertilizer rather than activated sludge
(4.3 mg, dw), much more fertile when those sludge was pretreated(1.24 mg, dw) compared to untreated one(1.12 mg, dw). But its fertility
was 60~80% of commercial fertilizer and accumulation of Zn, Ti and Cr in plant was founded. Therefore, it could be concluded that
sludge-fertilizer can be used for flower unlimitedly, but for edible plant limitedly as additive fertilizer.
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Fig. 1. Schematic diagram of aerobic stabilizing reactor system.
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Table 2. Comparison of culture medium for cucumber and

liquid fertilizer produced in batch test

Fertilizer(mg/L)

culture medium

composition .
P after Yamazaki

Raw

Pretreated

Digested Sludge

(mg/L) Digested Sludge -
NaOH Ultrasonicated
NO;-N 192 172.0 146.3 149.7
PO4-P 30.9 37.82 37.22 30.29
Total-K 234.6 139.76 138.02 139.67
Total-Ca 140 339.66 340.45 342.32
Total-Mg 48.6 70.67 72.11 71.23
Total-Na 0.01 250.66 251.12 249.98
Zn 0.05(ZnS04) 15.15 15.30 21.14
Fe 3(as Fe-EDTA) - - -
Cu 0.02(CuS04) 6.33 3.78 3.86
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Table 1. Properties of fertilizer produced in batch/continuous aerobic reactor

TKN Nitrate Soluble P TCOD SCOD

treatment (mgl)  (mgl)  (mgl)  (mgl)  (mglL)
o A: Raw digested sludge 336.0 172.0 37.82 4399.9 101.6
B atc(;;e;"g;c;;;e ster B: Digested sludge treated with NaOH 560.0 146.3 37.22 45628 250.1

C; Ultrasonicated digested sludge 280.0 149.7 30.29 4155.4 104.9

Continuous aerobic digester Pretreated digested sludge(PDS, with NaOH) 642.9 224 3.14 2367.6 651.2
(HRT; 2.7 day) Pretreated activated sludge(PAS, with NaOH) 303.5 18.3 3.17 8703.9 465.4
Continuous aerobic digester ~ Pretreated digested sludge(PDS, with NaOH) - - - 2180.2 3583
(HRT; 5 day) Pretreated activated sludge(PAS, with NaOH) - - - 7668.5 3473
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Table 3. Comparison of fecal coliforms(FC) in liquid fertilizer
produced by digested sludge(DS) depending on HRT
in batch/continuous process reactor

Fertilizer produced by digested Requirement(EPA,

Raw digested sludge(CFU/g, dw) 2000, MPN/g, dw)
sludge :
Batch R. Continuous R.
(CFU/g, dw) Class A Class B

SRT2.7d SRTS5d SRT2.7d SRTS5d

FCNo.* 1,320,000 2,736 530 66906 6729 <1,000 <2x10°

* Mean No. of fecal coliforms(FC) in 7 samples according to EPA
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Fig. 2. Heavy metal concentrations in each part(leaf, stem, root, fruit) of cucumber grown in the culture medium amended pot
and sludge-fertilizer amended pot on day 58. Error bars indicate standard error of the mean(n = 3).

Table 4. Concentration of heavy metals in raw sludges, liquid 180

fertilizer and their regulation guideline. according to 3 00 day
MOE 2003 (unit; mg/kg, dw) i B33 day
) . Liquid fertilizer =~ Requirement r
tem RAW activated Raw digested qpp. ) 7 gaye) (MOE,No.2003214) = | moe o
sludge sludge E
PDS  PAS Class A Class B 2.
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=
Cd 0.76 0.76 0.043  0.036 <5 <8 5 | =
Cu 1.13 8.13 0.11 0.01 <500 <750 N o S
Cr 0.00 0.00 0.06 0.008 <300 <370 An cd o Gu Ha F Pb m In
H 0.04 0.04 0.00 0.00 <2 <3 . . L.
£ Fig. 3. Accumulation of heavy metals in cucumber fruit with-
Pb 10.40 10.65 057 041 <150 <225 out aerobic stabilized sludge fertilizer use(0 day) and
Se 0.001 0.001 0.0057_0.0052 according to EPA: with those fertilizer on day 33 and 58. Error bars indi-
Zn 11.48 30.16 0.0556 0.0559 Se; 100 cate standard error of the mean(n = 36).
Ni 11.91 17.04 0262 0.283 Zn; 2800
Annual usage amount; < 13 tons/3,300 m’ Ni; 420 oAy P 529 2yxE fU)A vlEE 88 A
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Table 5. Comparison of heavy metals concentration in cabbage
grown on liquid fertilizer amended pot to those in
water amended pot(The number in parenthesis indi-
cates the standard error of the mean. unit; mg/kg, dw)

Water PDS PAS
Item
Leaf Root Leaf Root Leaf Root
As | ND ND ND ND ND ND
Cd ND ND ND ND ND ND
c 0.55 0.25 3.74 0.88 1.83
r
(£0.95) (£0.42) (+456) (£1.51) (£2.40)
c 0.74 3.68 6.23 0.48 6.88 3.20
u
(£0.7) (£5.17) (£3.74) (£0.83) (+8.51) (£5.54)
Hg | ND ND ND ND ND ND
. 0.79 5.22
Ni | ND ND ND
(£1.37) (£9.04)
2.63
Pb | ND ND ND ND ND
(+4.56)
Ti 438 25.99 15.77 18.52 41.61 23.61
i
(£0.7) (£8.64) (+4.87) (£528) (+41.62) (£3.99)
; 28.39 20.83 60.79 13.07 36.38 28.03
n
(£7.4) (£333) (+822) (£8.66) (=£5.03) (=*17.99)
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Table 6. Effect of fertilizers produced by activated sludge
(PAS) and digested sludge(PDS) on growth of cabbage

Leaf No.of Leaf  Fresh weight Dry weight
Treatment length leaves area (mg) (mg)
(mm) (ea) (cm’) Shoot Root Total Shoot Root Total

Water 1383 11.7 291.8 14.6 13.8 284 2.1 12 33
PDS  152.0 15.7 420.7 212 245 457 32 22 54
PAS  139.0 123 3456 182 189 371 26 1.7 43

ND : Not Detected

PDS : Pretreated digested sludge, PAS: Pretreated activated sludge
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Table 7. Effect of sludge-liquid fertilizer depending on the pre-
sence of the petreatment of digested sludge on growth
of chrysanthemum(NS; not significant between the

values)
Plant height .Stem No. of Leaf Dry weight(mg)
Treatment diameter leaves area
(cm) (mm)  (ea) (cmz) Leaf Stem Root Total
Water 9.59 236 14.67 85.07 0.38 0.17 046 1.01
Raw
digested 9.18 2.59  13.87 109.20 0.55 0.17 0.40 1.12
sludge
Pretreated
digested 9.60 271 15.20 102.93 0.49 0.16 0.59 1.24
sludge
* P<0.05 NS * * * * NS % *
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Fig. 4. The growth pattern of cucumber(above left), cabbage (above right) and chrysanthemum(bottom). The chrysanthemum
growth with just water was compared with those growth in pretreated digested sludge-fertilizer amended pot(middle)

and in raw digested sludge-fertilizer amended pot(right).
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