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687 crop samples, including rice, root vegetable, leafy vegetable, and fruity
vegetable, were sampled from major agricultural areas in Taiwan. The con-
centrations of As, Cd, Cr, Cu, Hg, Ni, Pb, Zn in crop samples was determined,

The concentrations of heavy metals (on fresh weight basis) in the crop
samples were in the order Zn>Cu>Ni>Pb, and the concentrations of Cd, Cr and
Hg were very low, below 0.2 ug/g.

The daily intake of heavy metals by R.O.C. people was calculated based on
the average concentration of heavy metal in food and the daily consumption of
foods. The daily intake of As and Hg is below the acceptable daily intake (which
was modified from the ADI proposed by WHO/FAO). The difference between the
ADIs of WHO/FAOQO and this study is the average body weight per person. 50 kg
per Chinese person was adopted for this study. However, the daily intake of Cd
(32.8 pg/person/day) by R.O.C. people is near the ADI (48-60 pg/person/day),

and the daily intake of Pb (339.6 ng/person/day) is close to the ADI (357.5 ug/
person/day).

Key words: Heavy metal, Rice, Fruity vegetable, Leafy vegetable, Root vege-
table, Daily intake, ADI.

il

il
B~ 8 ~ g~ 8~ R~ L 0 SER VRSB RE TRRRR B RN Y - IR

¥ Corréé_éﬁﬁan_g_aﬂﬁgf. '



464 rpfLiE TR SBLAE 3045 4 1]

B K ~ 225 > RO SRR FE TR WA ~ R (0 SR T AR A 2 o % AR A
WSS A S5 R (RN TR » B2 IR G T 2 JACHT ~ W ~ L ohRERESE B A8 ~ 1 R it ~ yine
SEHEIR » B RN R A o FEA AT Z TN ] ENRCIRAMENEAR 2 80 T5 4t » (W Ben e 35
~ FEKTERe ARSI RS RIE R KT | rpiG e e o FR M AR W2 42 2 » Thh A BRI
R RO B R A A L (FAO/WHO) 5238 7 ARS8 A W2 i fr it (acceptable daily
intake » fiffi ADD) z%Ze@u8R) » JLAR36RT © ARHR A WIIT RS 202 i » B A driafivh » SR B
SARHOE— B2 SRR BT 0 ABSREZRIGE o SEASE AT IR ARG on b (nglkg
b.w./day)®® o KTtEy2 H (AERE B FVEEPRIR IR AR S o 20 BT e ~ G0 ~ 95~ 80~ TR ~ 850~ 40
s SFSE N GG TR A WA R R M e Bkt o 6l 5T SR BB T G i T e b 0 3
Y ADL Fofge » BR324 2 » MORIRET RS B2 2% o

M RAEE
—~ BRI %

REEHFWER (RS > faE %FEE)&W&%A@%!%%%&&%H s BRASH ~
RS~ KRBURIDAT Lo M » AR S 2 BRI flde— o

F—  ARWHEHTIRAR R A

Table 1. The name and number of each crop and vegetable being sampled

Crop Specises Sample number
Rice 341(50%)*
Leafy Cabbage (21)", Chinese spinch (9)

vegetable Chinese cabbage (18), Mustard (3), Leek (3)

Lettuce (12), Spinch (8), Celery (14)
Green onion (18), Garlic (38), 144(21%)
Root Carrot (21), Radish (28), Sweet potato(31) 112(16%)
vegetable Taro (26), Turnip (6)
Fruity Tomato (25), Cauliflower (14), Egg-plant (15)

vegetable Kidney bean (12), Maize (7), Green pepper (4)

Cucumber (3), Peanut (7), Bottle gourd(3) 90(13/)
Total 687(100/)

* Percent of each crop.
® Number of each vegetable sample.
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M e, 180 A 300 ml Pyrex BIEEENE » A 10 ml JETGNE » 45 4% » B E
INELERAE 1N o ST RGN TEINA 5ol YBMERE (70%) » FIMZINE 1/2 /N » fendk »
YEHEA 25 ml 52RO » DIAEACE RS 25 ml » TRLLFIFRYERS (Varian Spectr AA-30 Atomic
Absorption Spectrometer) #|> o

C) FESRRP - BT 5k

Fie 1g FEdRanaa 300 md [HSEDE » A 10 ml RE001% ~ 2.5 ml WHERE ~ 2.5 ml PSR4
W o BE O o IMBAUINE 100 43 Gtk » DARFEBWIMAK) 4dml PEg (90%) » FAKLEE O SRS
Foik o ZEHT Bt o WA 50 ml S fvb » A 5omd YREREEHS » DUREACERES 50 ml > A 0.5 g
Mfe s » SGETERE 156 4% 0 B 6% NaBH, (DL 10% NaOH j4#EEEE) SME » TELLE UG
&Mz » Fr{liFREER5% Varian Spectr AA-30 Atomic Absorption Spectrometer FHillfhSsE
(VGA-76) o
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i 0.5 gfedtiit o 8 RN » InA 10 ml PE5EEE ~ 5 ml PREEEZ RO » FOEIR T KiE48
NG s (VR BREVE SR o InA 65 ml fliAK o B I 10 ml SBEERIMAR (5%) » EESREHERE05 5
DBk s (EEEik » MEMAESRERINETD 5 TInA 10 ml BFEET (5%) » HESRT
30-gi# » A 2ml 2 12% NaCl-(NH,OH), SO, JRAHE » (H L pit &l » g mA
0.5ml 2 10% SnCl, ¥ » LIRS H% (Coleman 50 Mercury Analyser) £475E o
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FIHE NBS (National Bureau of Standard, USA) #4E 1577a 4T (bovine liver) » i
B 1573 #FEjH#E (tomato leaves) » fREBE 1568 ¥ (rice flour) RNk 1572 #iikE3E (citrus
leaves) SEHEMEZEAR N, » PO ~ O ~ @FRZ W HESHT » DURERRZ FILZ aTZ R » SR T
o S TRE R TSR R R e R - EERE RN SR 80% Dl s EURAHT R
ZWATEE ©

@ {EhERE S T2 BRI (pe/g DREFLLE)
fit (0.05) ~ 48 (0.04) ~ g5 (0.10) ~ 47 (0.05) ~ 5k (0.02) ~ &1t (0.10) ~ & (0.10) ~ &% (0.10) o
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Table 2. Analytical results of NBS standard reference materials®

Bovin liver $1577a Iomlto leaves #1573 Rice flour $1568 Citrus leaves §1572

1. M. ‘ T - —
(cmhcd Results Certified  Results Ccrtiﬁcd Results Certified Results

As  0.047%0. 0{)6 <0.05 0.2740.05 0.234£0.05 0.414+0.05 0.384£0.03 3.140.3 H.SiO.S
Cd 0.4440.06  0.44:-0.06 3) 3.240.3  0.029+40.004 <0.05 0.03+0.01 <0.05

Cr — — 4.540.5 6.0+1.0 — — 0.840.2  0.740.1
Cu 15847 13210 11+1 9+1 2.240.3  1.6:£0.5 16.5+1.0 13.7+0.4
Hg 0.004:£0.002  <0.02 (0.1)*  0.104-0.02 0.00624:0.007 <0.02  0.08+0.02 0.07+0.01
Ni — — — — (0.16)* <0.20 0.6+0.3 0.940.2
Pb  0.135£0.015 0.17340.021 6.34-0.3 6.440.7 0.045+0.010 <0.150 13.342.4 12.940.4
Zn 12348 124414 6246 5845 19.4+1.0  16.2+1.9  29+2 2742

* pg/g on dry weight basis.
* Uncertified.
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Tahle 3. The levels of heavy metals in crops®

. _ Fruity vegetable Leafly vegetable Root vegetable
o e =3 =) (=is)  (a=l1)

Mean+SD*  Range Mean+SD  Range Mean®:SD* Range Mean+SD Range

As  0.15£0.16 ND°-1.55 0.014-0.02 ND-0.06 0.01%+0.02 ND°-0.11 0.01£0.02 ND-0.17
Cd 0.06%0.07 ND-0.44  0.02£0.04 ND-0.07 0.02::0.04 ND-0.12 0.04%+0.09 ND-0.91
Cr 0.141+0.36 ND-0.51  0.05£0.36 ND-1.35 0.002+0.01 ND-0.91 0.006::0.06 ND-0.16
Cu 2.16£0.69 ND-5.39 0.67+0.78 ND-2.47 0.39+0.23 ND-0.71 0.57%0.38 ND-3.19
Hg 0.001£0.01 ND-0.03 0.004+0.01 ND-0.03 0.00320.003 ND-0.03 0.00640.008 ND-0.03
Ni  0.47+0.54 ND-6.84 0.18+£0.43 ND-0.62 0.18+£0.20 ND-0.78 0.31+0.33 ND-3.22
Pb  0.37%0.87 ND-7.81  0.40+0.40 ND-1.93 0.3140.26 ND-1.04 0.49+£0.46 ND-1.00
Zn 34.09£10.45 1.65-69.56 5.27+42.72 0.22-7.93 3.2042.08 2.35-5.58 5.21+3.41 0.11-29.74

#g/g on fresh weight basis. The average water contents are 80.95% for fruity vegetable, 91.59%
for leafy vegetable and 81,10% for root vegetable. The average water content of rice is calculated
as 13%.

* SD: Standard Deviation.

* ND: Non-detectable.
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Table 4, The daily intakes of foodstuff per person?

Food Daily intakes (kg/day/person) Percent (%)

Rice 0.148 , 12.51
Wheat 0.229 19.36
Fruity vegetable o 0.146 12.34
Leafy vegetable 0.148 12.51
Root vegetable 0.052 4.40
Fruit 0.239 20.20
Meat 0.117 9.89
Fishes & shellfishes 0.040 3.38
Dairy product 0.021 1.78
Eggs 0.021 1.78
Edible oil 0.022 1.86
Total 1.183 100

* Calculated from 1985~1989’s “Report on the Survey of Family Income and Expenditure of
Taipei Munisipality, ROC and “Commodity-Price Statistics Monthly Taipei Munisipality” edited
by Bureau of Budget, Accounting and Statistics, Taipei Municipal Government, ROC.
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Table 5. The levels of heavy metals in wheat of US®®

H. M. Average content (pg/g)
As 0.009
Cd 0.04
Cr 0.009
Cu 3.92
Hg 0.009
Ni 0.28
Pb 0.56
Zn 4.35

* Water content is calculated as 139.
® Cited from A. Kabata-Pendias and H. Pendias?®,

#FA o AR ESE SR
Table 6. The levels of heavy metals in fishes and shellfishes (zg/g)*

H. M. Fishes Oyster Shrimp Shellfishes Average content
As 0.03 0.09 - 0.08 0.07

Cd 0.03 0.27 0.21 0.17 0.17

Cu 0.60 35.81 6.64 2.48 11.38

Hg 0.021 0.015 0.049 0.01 0.024

Pb 0.37 0.91 0.71 0.69 0.67

COREIRECY 5 RO § BB 5 BEeD o

Council of the National Academy of Science fiiE 2§52 o W bRkl AR B0 B ik
HNFATREGFR (pg/kg body weight/day) » e LrhE R BRI REES0A T4 » W
ARz Mo (rg/person/day) » RZAEA o £ a2 A S H IR LA Aty rh

FL HEEZTAE AR (ADD
Table 7. Acceptable daily intakes of heavy metals

H. M. rglkg body weight/day pg/person/day"
As® - a4 100

Cd 0.95~1.20° 48~60
Hg 0.71° 35.5
Pb 7.15° 357.5
Zn 250° 12,500

* Person weight is 50 kg.

® Provincial Tolerable Daily Intake (PTDI) was calculated from the Provincial Tolerable Weekly
Intake (PTWI) proposed by the FAO/WIIO.

¢ Recommended Dietary Allowance (RDA) proposed by the National Research Council of the
National Academy of Science, USA,

¢ Calculated as arsenic trioxide (As:zOs).
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B le o SR BRICRERS 32.8 g » BT ADI M 48~60 pg » DAY IER: o $F2HMTURAS 7,655 pg
» SERARIITDE: » R4 MIAUZ AL » M—R A28 (K9 300 mg) Wirs | Aumink ~ 53k
REIR 3 A% HE 1 2 S -.-h- CRARER 15mg s TAHEE 25 mg @ o iz ML 1,857 g + $1ARS
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Table 8. The daily intakes and ADI values of different heavy metals

H. M, Daily intakes (pg/person/day) ADI (pg/person/day)
As*® 23.2 ' 100

cd ' 32.8 48~60

Cr 30.7° —

Cu 1,857 —

Hg 4.5 35.5

Ni 202.7" —

Pb 339.6 357.5

Zn 7,555 12,500

* Calculated as As:Os.
* Only rice, vegetable and wheat,
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