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Determination of Heavy Metals and Residual Agricultural Chemicals
in Bombyx mori Silkworm Cocoon
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Abstract

Heavy metals and residual agricultural chemicals in Bombyx mori silkworm cocoon for nontextile usages were exam-
ined. Proximate composition of silkworm cocoon was examined; contents of moisture, crude protein, crude fat, and ash
were about 5 ~ 6%, 93 ~ 94%, 0.4 ~ 0.5%, and 0.3 ~ 0.4%, respectively. The Heavy metals were analyzed by ICP/MS
after acid digestion. Arsenic, cadmium, and lead were not detected. The average contents of mercury, zinc, and cupric
were 0.317, 3.99, and 2.06 mg/kg, respectively. Agricultural chemicals, such as dichlorvos and paraquart also were not
detected. Silkworm cocoon may be safe used for nontextile applications.
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Heavy Metals and Residual Agricultural Chemicals in Cocoon
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Table 1. The condition of ICP/MS and mercury analyzer

Instrument Parameter Value
RF power 1200 W
Lens voltage 9.6 V
ICP/MS Neblizer gas flow(Ar) 0.85 L/min
Auxiliary gas flow(Ar) 1.5 L/min
Dwelling time 100 ms
Drying temp 200°C
Drying time 150s
Decomp. temp 650°C
]z:/rlglcggr/ Decomp. time 180s
Y Purse time 60s
Amalgam. time 12 sec
Record time 30s

2 F, FFTE A-E AR AR oF 2~3 g8
gt FHHEHEZ R 7)ol &3 F, 62% HAt
7~8mL, I 2~ 3925 718laL MRS E 3 ¥,
Microwave digestion system(ETHOS, Milestone, Italy)S- o]
sle Eal3lct. s AHSSle] 25 mLE A831al o
Fsle] A1 LYo 2 3le] ICP/MS (Agilent Technologies,
75002)2 MBS 2 22 AR oF 0.1 g& N
7] (Mercury analyzer, DMA 80, Milestone)oll S=%33}eq 7}
7|shaebiay o= S4s819] 0n, 7]7] 2712 Table 12} 22t
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A A3 A8 10 g2 33l 6N HCl 10 mL3} 100 mL2)
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Fig. 1. Selection and harvest of Bombyx mori silkworm cocoon (a) rotatory cocooning frame ; (b) cocoon preexamination (c) harvested

(f) egg-laid cocoon

Table 2. Cocoon characteristics of Bombyx mori BaegOkJam silkworm cocoon

percentage of cocoons

fresh cocoon (each)

percentage of

cocoon :
sample e normal light . ferior double innerside Pereentageof - whole cocoon shell ~ cocoon shell
defective . normal cocoon . weight
cocoon cocoon cocoon soiled cocoon . weight
cocoon cocoon weight
A 785 716 11 20 - 38 91.21 2.18 0.497 22.80
B 824 759 8 17 1 39 92.11 2.12 0.466 21.98
C 1206 1016 63 25 - 102 84.25 1.96 0.416 21.17
D 925 842 45 6 7 25 91.02 2.19 0.489 22.33
average - - - - - - 89.12 2.11 0.467 22.13
. PN -
Table 3. Proximate composition(%) of Bombyx mori silkworm Aoz epdo

cocoon

Sample Moisture  Crude ash Crude fat Crude protein
A 5.91 0.40 0.40 93.94
B 6.36 0.32 0.51 94.40
C 5.49 0.37 0.39 94.25
D 6.39 0.37 0.50 93.53
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ol 2] 8] AW E-S FA 3] Table 39 YeE A
SFol| Aol A FuhA AJRL 93~ 04%, FE- 5~ 6%,

23|82 03 ~0.4%, 18T ZAHL 0.4~ 0.5%2 Lk

o e Al® AR 33 AR roll A =y

AR A= s

el 55 & EFote] ol Adlell Aok S35
Aol W3 AT Batel] 2)shHJung et al. 2007), %
o B3 2a}-gix}e] ko] 500 ppm ATl A A=
F5 =53 Hu A= 151 mgke, el a3 o=

21.4mgkee]l FH I FEuEE 80.5%, AFHEE
22.4%HAL Fn). ol EFE FollAE XA E A F
Zol mlsle] FA7A IS FFA o @ o] 53
goba sieh FE4 g vARE A= A
el gle] wi-¢- %Pus} T8 84 9| shtelth EF
AWl FH=EE 71=F, & 59 FFE5 27l H
T 2 7Li deiA Qe AE —E— VIlERE 7
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Table 4. Heavy metal contents of Bombyx mori silkworm cocoon
(mg/kg)

Table 5. Residual agricultural chemicals in Bombyx mori
silkworm cocoon

sample Zn Cu Pb Cd As Hg
A 3.85 1.75 0.00 0.00 0.00 0.26
B 4.22 2.89 0.00 0.00 0.00 0.40
C 3.90 1.53 0.00 0.00 0.00 0.29
average  3.99 2.06 0.00 0.00 0.00 0.317
wild silk o 560 0.160 0350 0025 000  0.00
protein
*Lee et al.(2011)
2, A%, 7, 84 el AHE Aoz wwnw 9o
(Kalac and Svoboda 2001). d-2 Al3A, 7k&Ake] el
= A2 2 (Luckey and Venugopal 1977) 2G| ¢ko}
of it} W&, 7k, W, 2 o2 WS 552 A
W Aoz Qlsle] st #AIE 24T 5 sloem=
T7PEE A oA FEEHES A 1
ZA3+5 Table 4ol vFepfi it 2ol ARE3E Hrof aLx] o)

M A, o, 7EEE 5 SR 4kem, elkdde] 3.99 mg/
kg, T2 0317 mgkg E3HE ] e A= FlEq
o AAEA7] Fol| w2 (WHO 1996) 23} vl 4=
Lo F9 34 F = (maximum weekly intake)> Z+7t
0.3 mge] e, ol LAl M= HEEHA] g2 7t=F2 8t
= AFFEAA L] 71EE 0.5ppmel 3L, 2] 71E
2 0.2 ppm®]EHKFDA 2001, EC 2001). &5 A] ¢k &
o] #]43t=x 0.4 ppm(EC 2001)Z} 0.5 ppm(FAO 1983)°]
of. Az e gt F5% A Aol w29 (Lee et
al. 2011), vla}t 22 AEHA] dsker, ¢ 5 o&
BE5EE FuEFe] E3HE ] lo] AE, o F = 3
AFE 42 AN 3 9lg ZlelEta Bazsleld.
ofutru], Fell4lgte] 5o WAIE H8led AREE L 9l
5 ARl FlIAR o] HE A HE Fels)
7] 913t TR HARS AAgE AF(Table 5), Fhet
FE, HYIFE2R A 5 5 AR AEEA otk o
SREHAE ofutgu], FolF Tt 5& WAIEY] $38t
of AHEEE S50 54E AYE f71A oot
| LR M= AEEA] dshet. FelgtExs Bl A
L= AlZA AFELZ ARSEHE Aol AlE 24 F
I AZEA &ttt Oh et al.(1984)2 i}Fofn}n],
FolflgtE] 5 Sl WAIE f1sked AMEE R7190A A
A AT B Fol Felle] AE H Follarx] AAatel] o
g} oS FA H st} By E 2 Al (fenitrothion), #
Al (fenthion), #4~ol o] E (phenthoate)2] 23 Z HI317]
L 2~39 Wslel Q3 TFEER AL A7 9Bl
ST ol ARSE B 2k ARisle] oA
FE HFRE2HARAIE 3Y, HYEZARAE 20Y,
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Sample Chemicals Results zégfiozf
A paraquart No detection  0.02 mg/kg
dichlorvos No detection  0.03 mg/kg

B paraquart No detection  0.02 mg/kg
dichlorvos No detection  0.03 mg/kg

c paraquart No detection  0.02 mg/kg
dichlorvos No detection  0.03 mg/kg

D paraquart No detection  0.02 mg/kg
dichlorvos No detection  0.03 mg/kg

HA| A e} Fliol| o] EfAl = 15U o] ekal Barslod et
T B2 259 A WA F Feslel = FH3] £
F7hEoH, Fof 24 He] ol ARSAA nA =
JeF AFAe] TRl wet Ze]7t 9ot ke dy
A2 rells HAE A9} o XA gl AHg-
ool B arEksdvk(Yoo 1974).
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o] gut AE-S B3 Az Zebl e 93 ~94%, 5=
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0.4 ~0.5%2 g}, Fol|mx)o] 24 BA Az} n)i,
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