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Is There a Need for an Estimate of an Upper Safe Limit of Nutrient Intake ?

Namsoo Chang
Department of Food and Nutrition, College of Natural Sciences, Hoseo' University, Chungnam, Korea
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Fig. 1. Dependence of biological function on tissue co-
ncentration on intake of a nutrient.
Reprinted from Mertz W. Science 213 : 1332,
1981.
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Fig. 2. Impact of nutrient concetration on health. The
concentration referred to may be in diet or tis-
sues, A, lethally low concentration ; B, minimum
concentration compatible with good bealth ;
C. concentration for optimal health ; D, maxi-
mum concentration compatible with good bea-
Ith ; E lethally high concentration.

Table 1. The population nutrient goals
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Limits for population average intakes

Lower Limit

Upper Limit

Total fat
Saturated fatty acids
Polyunsaturated fatty acids
Cholesterol
Total Carbohydrates
Complex Carbohydrates
Dietary fiber
non-starch polysaccharides
total dietary fiber
Free sugars
Protein

Salt

15% of energy
0% of energy
8% of energy
0 mg/day

55% of energy
50% of energy

16 g/day

27 g/day

0% of energy
10% of energy
not defined

30% of energy
10% of energy
7% of energy
300 mg/day

75% of energy
75% of energy

24g/day
40 g/day
10% of energy
15% of energy

6 g/day

lower limit : the minimum intake needed to prevent deficiency diseases

upper limit . the maximum intake compatible with the prevention of chronic diseases

Adapted from Nutr Rev 49 : 291, 1991
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Fig. 3. (Top). Although some species variation exists
in the degree of response, the effect of graded
doses of vitamin A on a mucous-secreting epi-
thelium is depicted. The physiological balance
between squamous and mucous cells is depres-
sed in favor of the former during deficiency and
the latter at pharmacologic doses. Toxic levels
lead to cell death. (Below). This scheme depicts
the systemic expression of different organ respon-
ses to varying levels of vitamin A
Reprinted from Miller DR, Hayes KC, Nutritional
Toxicology., 1982.
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Aol AHe A4 vEH A D, EY EAZL
Z}z} 95,0001U, 50,0001U, 1,200I1U2 B 15 o}
AYE AHAE Aol HFo] & HA) %3 w7
HAHE 784 vElY H4E 240 A Qe
AL opdt. A #8A4 HED F 540 Rug
A3 £°3%-& Thiamin 300mg, ¥]E}Y] B, 1,000mg,
niacin 500 mg, HIE}91 Bs 50 mg, folate 400mg, Biotin
50mg, Pantothenic acid 1,000mg ]t} 3tH uj| g o]
Ao dig A7 Bax Qo] AFAA LA o
£9 EHFL 23 o] 224 12,000mg, w1l %
6,000mg, & 100mg, °}4 64.5 mg, 78 100mg, 4
4~20mg, 825 2mg, A 853 g ol t}. HlEt oL}
2o 54 ATl b A8t FHHAAM 24
% g3 Fx= HE 754l Uk obgd
A AEE YT B ATHIES vgor F
g Aol v nu|de S4o] i %)
AFAEE wf$ vl EF Ao}

Table 2. Estimated daily adult oral minimum toxic

dose
Nutrient Estimated toxic dose
Vitamin A 25,000 TU
Vitamin D 50,000 TU
Vitamin E 1,200 TU
Vitamin C 2,000 mg
Thiamin 300 mg
Riboflavin 1,000 mg
Niacin 500 mg
Pyridoxine 50 mg
Folate 400 mg
Biotin 50 mg
Pantothenic acid 1,000 mg
Calcium 12,000 mg
Phosphorus 12,000 mg
Magnesium 6,000 mg
Iron 100 mg
Zinc 64.5 mg
Copper 100 mg
Fluoride 4—20 mg
Todine 2 mg
Selenium 853 ug

Adapted from Hathcock JN. Pharm Time 51 : 104,
1985
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Table 3. Population groups susceptible to nutrient
toxicity

Age groups : young, middle-aged, elderly

Patient groups . liver disease

Other subgroups : Long-term health food users, Pre-
gnant, lactating women, Professional atheletes, Vege-

tarians, Entrance exam preparers
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Table 4. Sources of excessive nutrient intake

Vitamin and mineral preparations
Tonic drinks

Food fortification

Food additives

Underground mineral water
Oriental herb medicine
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Table 5. Use of nutritional supplements in korea

Approximately 30 % of the total population
(EHABINTEEAL BTA, AABANRDY
SEEH, 1992)

Approximately 40—80% of the adults

(o] 44 &, 19905 U7 F, 1993)

Age, Income , Education, etc influence the use of su-

pplements

Table 6. Use of vitamin and mineral supplements

Approximately 15% of the adulis(=18 yr) in Seoul
area (Lee SS, et al, 1990)

Approximately 40% of the middle-aged adults(40—
59 yrs) (Kim SH, 1994)

Approximately 1/3 of all adults in the US(National
Health Interview Survey, 1986)

Approximately 1/3 of pregnant and lactating women
(Chang NS, et al 1993)
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Table 7. Nutrient intake from vitamin/mineral supplements

X RDA

Nutrients RDA Mean Intake Range Mean Range (%)
Vitamin A (IU) 2,330 6,306 2,500— 11,000 2.8 1— 2 (14.8)
2— 3 (59.3)

=>4 (25.9)

Vitamin E (1U) 10 367 30— 1,401 30.2 C1—24 (52.6)
25—39 (29.0)

=40 (18.4)

Vitamin B, (mg) 1.0—1.2 53.1 2.0—153.5 49.6 <20 (24.2)

20—49 (28.4)
50—79 (36.9)

>80  (10.5)

Vitamin B, (mg) 12—15 7.8 14— 49.3 6.1 1— 2 (29.5)
2— 3 (84.7)

4—9 (179

=10 (17.9)

Vitamin Bg (mg) 1.5 53 17— 54.5 4.2 1- 2 (67.8)
3— 4. (11.1)

=5 (21.1)

Vitamin Bz (mg) 2.0 20.4 5.0— 38.1 10.2 3 (14.3)
8— 5 (28.6)

=6 (57.1)

Niacin (mg) 18—17 121.3 10—300 8.7 2 (15)
2— 6 (45.0)

=7 (415

Pantothenic acid (mg) 5.5 26.5 16.9— 50.7 4.8 1— 3 (55.2)
>4 (44.8)

Vitamin C (mg) 55.0 556.5 90— 2,250 10.1 1- 4 (55.2)
- : 5— 9  (16.7)

=10  (333)

Iron (mg) 12—18 62.0 27.0—188.2 1-2  (56.5)

Adapted from Kim SH. Kor J Nutr 27 ! 236. 1994
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Q% AR, FAFTA 5 47HA 71EA (reference
poin) & A3 H(Fig. $. o|F RFTA
(upper safe)o]l& o] &9 goFa AHAFol UF
Bo) A7 AR AL AASAT AHF H o]
Z7}5 QB AFE A 4oV AYZ, Bzgo|
4 5 Qe £2L gr gt A< Dieary
reference valueE BT 88 F(estimated average re-
quirement), B4 & ZFAAM BEZUAY o) S
zxz 22 7Y BaFs FENL F UT 3
A A3 F(lower rteference nutrient intake), 281

2 X # 2 (reference nutrient intake ; RNI) 5 A
sz02 o] ARFYY. RNIE 3 gQ
oule) EZUAE 3 Aoz mFoltt S ete
AR e SAHE Aol ok B Folt 540 2R
gopae) ZASolE ARAFEAS A d¢x: 5
Hqe ot 5 e dARBAE AAsE Ao B}

gt A2,
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RDA Upper Safe
SAFE RANGE OF INTAKE

Risk of Inadequacy
=]
o
T
|
o
n
Risk of Excess

N A .

Observed Level of Intake

0

Fig. 4. The concept of a safe intake range. The safe
intake range is associated with a very low pro-
bability of either inadequacy or excess for an
individual selected at random from the popula-
tion.

Adpted from Food and Nutritional Board, Natio-
nal Academy Press, Washington. DC, 1994,

Aolt}. NOAELS: 4%9 HA (threshold)  ©] &
zo|ate] AHTAAE o}FH FAEo yehA
g £Zolch Tk NOAELE gobd & 0¥
NOAEL & %ol 3718tA ghethe 8ilo] 49
LOAEL(Lowest observed adverse effect leve) & A}
g3V @ ' :

a2 4o =A4%E e AAIAE, T
228 d3dFoA L daad V12X T T ATk,
2RAT) ARE gL e AL gPHLE
o)yt matd hRES A %4 daat F &
27t FEE oj£8 W] U Relth ¢} SEA
8o 3 NOAELO|U LOAELS Adhe 4% 3¢
29} HHE QYWY o) FoiAE R EE chronic
exposure Z Aol 85%, BT subchronic exposure
(Ael9) 10% ; Ao A%E 00Y) daad 71X 2 3}
sy FEAY daad A FRALItedHeE o
#7tA Fe7t doh

ool g AT} AEYEY] Ud
28] &) (acceptable daily intake ; ADD)E AR
M= NOAELE SHA7A 4 (safety factor) 2 1ol 3
8t} ADIZ the maximal daily dose that is accepted
for human at life-long exposureoltﬁ tH Ao FH
g9 Adoelg. gubdoz AFA7IEY #33
g2Ado] ADIE NOAELo|Y LOAELE d3A %
(2228 A9E 100, AAATAFH AFE 10)
2 Uyo] AART(Table 8). HAAFE ST
HolE 2 gz sl ol gt £
A4e Yehdt. o8 59 E4E ] thE sensit-
vity o Zol (AR, dR A}, 5EF g2 A e
g 5o Aol (AFE AFEEY Foll HlF A
g AUyt 23 oA A7) 5 ERANE B
Aate Aol

oopae] 7A$oE ADI A S TUE AT F

Table 8. Acceptable daily intake of substances

ADI indicates the maximal daily dose of a substance
that is accepted for human at life-long exposure(a sa-
fety — related concept)

In general ADI=NOAEL/safety factor (100 or 10)
safety factor is considered to compensate many unce-

rtainties
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itk AFH7HE 9 ADIE 00 St E5E 24} 3§
At Jgae Y5715 29shE Ao wex
ol A= 48 ol g} melA ADI A S a2
AH-3E71= ol F 3 ol 9b AALEE HEQ safety limitS
EYE 5 itk 929 RS A G St B 9
e FELY FY3 715 AFHANE Rgo
AN G g gl FAg 4 Qu
QHFANALR S Aoloe F2HF o gio]
Aolok 3o} (Table 9).

oA %L FdF IFAL vwer) g o
AA R (safety index)2He HES =8 4 gl
ol %E9 therapeutic index®} GAFE 7Hdo|t},
&9 therapeutic index (TDE SA @ 2Yzo
A5 F FIVLZ Yo Z2AHY o)g} go] o
Fo9 GHAEE LOAELS X g 24zt &
Attt A28 = g dYAFTOZ Yol A
g & Uth(Table 10). SI #%& o8 9Jokiel A
R SHNYEE vashey S48 o8 5
SIZF 10012k A& A 108742 HHH 5 o
Astrhs Ao) ohyz} 183 A o] kAo g0l
gites AL =3,

T A EA daa’} 23] UhH FPao] s,
fety limit= LOAELE <AAFZ Uro]
Sith. o] o ZAHE HAAF 10 & ALY 5%
Aoy AAAFI He JYrE FARA A}
3% ol52 Yerke BA) 472 ayd
AAFAE dEH 02 F g3l E 27l e

Hathcock A& HISHA QAL 7}
AE #LSA 19 HIHEE 2PN A Qi
QHAEAE ARHADPD. o] FA A dHFA}

Table 9. Safety limits of nutrients

Highest intake levels that will probably provide the
recognized benefits without causing unacceptable risks

(2 i 3o 4

of adverse effects
There should be a comfortable margin between the
‘safe’ and ‘toxic’ intakes

Table 10. Safety index of nutrients

VAFED AASE do] 9t} 2% LOAELT
33 &9 242+ F A (midpoint method ;- MPM) 9}
718187 X (square root method ; SRM) 2 A+& &
FEL FHHAE 33 vh AcH(Table 11). Y
WHH 02 SRMO] MPM Bt} W& QbA A gte =
2hA SRMol 93] A4 Safety Limito] ¢ 3}%)
X3 He g0l 9 A £F AAEA dawr}
T2 J0W AFASE 5 0449 gho] BWQ L
AZHe 2 FAAR gho] 25 o] 49l JFro sLe
FAAL 58 AHgsta, ARAH o] 25 mEAl
F29 SL & SRM o & AE e AleE 5
At

HIER] ASL Co) GAEAS Yo} 2 oy u
o2 A% Ru(Table 12) $4 neul A9
LOAELO] 25,0001U, 941, $425 A3 vjgal
A9 A% HLA7L 2,33010(700 RE) o)B2 o}
ZhM FHAF = 10.70] Eoh. MPMO 9§ <A
A€ 18,6551U, SRMo &% SLL 7,6321U, ZAE
SF 10, 5, 8, 28 AM&-& Wi Ztz} 2, 50010, 5,0001U,

Table 11. Calculation of safety limits(SL)
Midpoint method :

SL=(LOAEL+RDA) =2 (the arithmatic mean)
Square—root method :

SL=(LOAELXRDA)%5 (the geometric mean)
from : Hathcock JN. Nutr Rev 51 : 278, 1993

Table 12. Tentative LOAEL, RI, calculated SL for vita-

mins A and C
Value or Method Vitamin A Vitamin C
616)) (mg)
Tentative LOAEL 25,000 2,000
Recommended Intake 2,380 55
Safety Index 10.7 36.4
Safety Limit, MPM 13,665 1,027
Sqfety Limit, SRM 7,632 332
Safety Limit, SF 10 2,500 200
Safety Limit, SF 5 5,000 400
Safety Limit, SF 8 8,300 667
SM%W Limit, SF 2 12,500 1,000

analogous to the therapeutic index (TI) for drugs
TI=median toxic dosemedian therapeutic dose
for nutrients : SI=LOAEL+RDA

Recommended Intake : The highest RDA for persons
>4 years age, excluding pregnant and lactating wo-
men Adapted from Hathcock JN. Nuwr Rev 51 © 278,
1993
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Table 13. Tentative LOAEL, RI, calculated SL for nia-
cin and pyridoxine

Niacin Pyridoxine
Value or Method

(mg) (mg)
Tentative LOAEL - 500 50
Recommended Intake ) 17 1.6
Safety Index ' 29 31
Safety Limit, MPM 258 25.8
Safety Limit, SRM 92 8.9
Safety Limit, SF 10 50 5
Safety Limit, SF 5 100 10
Safety Limit, SF 3 166 17
Safety Limit, SF 2 250 25

Recommended Intake : The highest RDA for persons
>4 years age, excluding pregnant and lactating women
Adapted from Hathcock JN. Nutr Rev 51 : 278, 19
93 .

Table 14. Comparison of RiD and calculated safety
limits of selected minerals

Manganese Selenium Zinc
Value or Method gan

(mg) (pg) (mg)
LOAEL 10 853 64.5
RDA or ESADDI 5 70 15
R{D 7 350 20
Safety Limit, SRM 7.1 244 31.27
Safety Limit, MPM 7.5 462 40.33

ESADDI : Estimated safe and adequate daily dietary
intake
Adapted from : Hathcock JN. Nutr Rev 51 1278,
1993

Table 15. Application of safe limit of nutrients

Food manufacturer—food and beverage fortification
infant formula and baby food health food
Pharmaceutical Company —vitmain and mineral pre-
paratons Tonic drink 7

Special formular for patients
Nutritional Policy Maker
General Public

$,3001U, 12,5001U o] c}. HIE}E]l A9) HAAE7} 25
ujgte|m g ol SRM of 9% sLE AHFHE
QtAHA Fhol 7,6321U7F Bk, o]} & WH OB
the meme A e AN F Yok Yol

e
T

o} A 92 S 9| safety limito] tha A4FA] 7} Table
136) Qon ol@A ANE B w2 safety li-
mitsFe 1] Z2o) 874 B 5 Z(EPA)©) AR E reference
dose} = §AHE g VERATH(Table 14). Tl= @
ARTZY reference doses AL FEHOE
olmd HMze vyt A" goeRa AR
S odf 238 FEoIT

Qorsel StAEAS Aae Y& vid FFHA
o opg gutt)E, AZAZAAY FSA F
AR, dolt e QAR A £PAE 25 #4ol
dch(Table 15). 4Fie HAFAS FFHLZ
A ARse R A% dFaE BT AR
o JEUE BHHEA daa  FE3) FEAAL
Ak =4 HolH %2} 7] 2 (acceptance-criteria) ©]
A A Folof Ao o2 SstE QYA risk
assessment AE7MSE FAY 588 9143 740l

gasirtn Yzd
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