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Zinc and Copper Intake with Food Analysis and Levels of Zinc

and Copper in Serum, Hair and Urine of Female College Students

Son, Sook Mee - Sung, Su Im
Department of Food and Nutrition, The Catholic University of Korea, Puchon 422-743, Korea

ABSTRACT

The purpose of this study was to assess the zinc and copper nutritional status of 102 college women by measuring zinc and
copper intake, hematological parameters of zinc and copper, hair zinc and copper and urinary excretion of zinc and copper. The
mean zinc intake was 5.5mg(45.8% RDA) with food analysis and 4.5mg(37.8% RDA) with computation from food composition
table. The copper intake with food analysis was 2.3mg and 1.2mg with compuration. Mean serum zinc concentration was 77.02pg/
dl and the proportion of subjects with zinc deficicney estimated by serum zine( < 70pg/dl)was 23.0%. Mean serum copper
concentration was 121.80pg/dl and 4.1% of subjects showed serum copper less than 70pg/dl, The mean ceruloplasmin
concentration was 22.63mg/dl and the proporton of subjects whose ceruloplasmin was lower than 18— 40mg/dl was 6.6%. The
mean hair zine of subjects was 143.8ppm and the mean hair copper was 11.2ppm. The mean urinary excretion of zinc was 0.43mg/
day and the proportion of subjects with marginal deficiency estimated by urinary zinc excretion( < 0.3mg/day) was 23.3%. The
mean urinary copper excretion was 0.044mg/day which was within the normal range(0.01 - 0.06mg/day). Assessing by zinc
content in hair, urine and serum, 22.9- 23.3% of college women had bordeline zinc deficiency or zinc deficicney. Whereas 4.1 - 6.
6% of college women was assessed copper deficiency cstimated by serum copper and ceruloplasmin. (Korean J Nutrition 32(6) :

705~712, 1999)

KEY WORDS: zinc intake, copper intake, serum zinc, hair zinc, urinary zinc, serum copper, ceruloplasmin, college women.
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Z QA 4~8F #¢ o} uptakeE: UEh= Aolm
27 fE] 719 old & FH] A7 2~3F FFe of
ARF 5 SASE dFMY 3 ol Jua
E Rolx| g ALk g}

T2+ Hart 5% 93] hemoglobin E4 =44 P4
Y 24 BHud o) dLTHoz Fo40) JAAN
o Fa] AelF 7152 ceruloplasmin®] FEjE HE9
o] &-& =51 lysyl oxidases] TAAHECEA® ¢ol-
lageni} elastin® cross linkage B34S =95 A=
o 2AEA o= Ao: delAd UL cytochro-
me oxidased] 84S =9} vlo|dg] FAJo Bofsh= A
o8 gejA vk

Tele] FgdeRgel s AN Felvre g3
ceruloplasmin®] &3] d&] AMEEHx ik E3 Tl
2+ Felo 2gE B A3 71 £k SH=He
84 ceruloplasmine T4 REFo)¥e] g fditEe
Mg By] 93 £3] ZHTD ofdL Falo Z3H
o= Zhgsin A2 olddFH F H8H AlgdA ol
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& 35 FeldgFol REHEZ? ojds) T o] &
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ok 184191 24A171A] 2] A BTN ZHE2 Blo] gl om
Hge] e GHlE oA g 10279 AUAE gidem
1996\ 1180 HAlsITh ZAMR IR Sl 43 7149 4
TUL, 2005k mThe] A 9] 23.0%, 2005Hd ©)4F 4005+
€ viRto] 59.3%, 4009+ o)4do] 10.9%%Act. opH] &
& 2Fo] AA 42.1%. HF: o] AA] 50.0%8.3 o
o] A9 0] 46.9%, e ol4de] 23.4% %t
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T2 EYl ARgstat. TAE 4Fe] oldd Tl B
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Table 1. Analylical and measurement condition of AAS for the an-
alysis zine and copper contentes in serum

Zinc Copper
Analytical conditions
HCL(MA) 4 3
SLIT(NA) 0.5 0.5
WL(NM) 2139 3248
MODE B.G.C B.G.C
Measurement conditions
Signal-proc INT-HOLD INT-HOLD
Pre-spray 3 3
ITG-time 5 5
Repeat(N) 2 2
Max-N 2 2
CV(%) 99 99

3) O, 3=, AN ofpl, 17 BY

ol FEAlo] AuygaRe Fdg AFHHm 6000
rpmel A 1027 SAELS S S Ak T ofd
o] AL FA gol|2 FFF H|E 1: 42 3t £ A}
|aan g4 Felg A% 8H 2ol FHREY HE 1
3o.2 3o} £ AE- 31Tt

w2i7lete] A4 FHelM 7h7kE 2em 71 HElTlEe
Fste] F7AMY =E2 1% 298 4 ofAt k5
o}, wjgzie ok, Fele A4 WA 05g8 27N
baby shampoo(Johnson & Johnson)Z #F A% & & ab-
solute alcholdl 587t ©7F F%1t)7} Imoles] EDTA &<
oA 1087 X & & FF75R Mol 50T %714 Az
AA v FlE 9 e ofd, FE L 9E 48 Tk ®

w= g9 AF A5 2447 =8 AH}E= of
gAlell A3 wixA)Zl FRE Alzkele] v ol 84
HA g 22, diko 2 A2Ea tolueneS Eol=d
S AAsET &9 A F3E Ak F HelFx
1320) 8mlE AF sk 4000rpm 5ToNA 1023 dAE
YA Azt Hatod 7% dike g pH3~42 =4
g ohg BA o) AME-EREIT: P

g3, veztet, 29 ofgd, T2 AT AFRAM A
-9} v}AAIA R AASE AREEt £ eH 4 AlEd
i) 39 ZAse HE S ARSI

4) B¥Y ALP ¥ ceruloplasmin® £73

FA o] ALPE BM ALP kit(Boehringer Mannheim,
Germany) AHE3K] 37ColA A Aste 47 (Hita-
¢hi747, Hitachi Co, Japan)-& ARE-8te] &A=}

Ceruloplasmin® 7-% nephelometry?] 93& %
31=% ceruloplasmin kit(Behring, Germany)& A5}
o Nephelometer(Behring Nephelometer, Germany)
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3 ANA 7} 4.5mgeBA 20| B4R 7 HF o] A
Abo] 2]k g ol AF el vlF] 1mg w3 ol
A 62} AokAggel olAgto] ArE AFY FRE Al
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Table 2. Comparison of zinc and copper intake with food analysis

and food record (mg)
Zinc(%RDA) Cooper(%RDA)
Analysis of food 5.5 £+ 1.8(45.8) 23 + 25(92.4-1540)
Food record 4.5 + 2.1(37.8) 1.2 + 0.2(49.2- 82.0)
RDA(mg) 120 1.5-3.0%
(1995)

*Safe and appropriate amount of copper suggested by Korean So-
ciety of Nutrition

Table 3. Intake of zinc and copper from food analysis

Mean +5D(%)
Main dish
Rice, Bread 171 £ 122 (31.1)
Noodle 077 £ 056 (13.8)
Zinc(mg) Soup 044 +£028 ( 79
Side dish 1.30 £ 0.80 ( 23.6)
Snack 1.28 = 140 ( 23.3)
Total 56 £ 18 (100.0)
Main dish
Rice, Bread 1.03 + 2.52 ( 44.6)
Noodle 037 £ 038 (16.0)
Copper(mg) Soup 020+ 017 ( 8.7)
Side dish 035 + 0.29 (15.2)
Snack 037 =054 (15.5)
Total 23 £25 (100.0)

AaFolH 79 # Aie) ofdFEe 24 govt
e Al E ] S/ AR Fe] 49 genz FAg ¥
ofddAFe] =7 UEhd o2 A7 FFREHE o
2 otaE IR7Y U R F5go] 4] HaEmE
2 ATAEAEY 3¢ otddA %l A A &=l
HE F ohvzt dF 2ol seluh i 559 I7F 3t
oA s gHstn Yo FFEo] Bold zew 44Y
TS BRE g g, =4 §E T gFsn
S o] 1.40mge 22X A HHZe) 60.6%F <13}
ATt ofdde] B4 ez AT 23.6%. LA
2 23.3%S HFssled 79 A wes 15.2%.
02 15.5% A3 glo ofgdo] Felol w)s] wito]
wHA e 2 gHske vigo] wdth

2. 9FOINY ofA, 18] A E

tdAre) P HolAsSE 77.02ug/dIE2A Sungd
T34 Bag® 140pg/dlEch We $AE Hgo
o (Table 4) Park®} Chyun®o] B 18 ojile] 62.49
pg/dlRth= =9kal 1984d0) Pilchet SentiZ} BIrsk®
o= AdRte] 8epg/dIR s wokth BF @Al
L o} dWEEE W) 99 7 WA 29x]3
A AEZA HE ol Aol U o ¥ g e
. 2y FHeldL S FHGES 2EHER
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Table 4. Hematologic parameters of zinc and copper

Concentration Mean & SD*
Zinc(ug/dl) 7702 £ 11.65
Alkaline phosphatase(Unit/L) 68.3 X 15.5
Copper{pg/dl) 121.80 £ 24.29
Ceruloplasmin 226 x 33

*SD: Standard deviation
A ofd APY FAfole A4S FRAE gy} Beon
ZEH A ¥ 7HE ¥ 9ol Fo ofd) Fxr} ZAhEY F
Eo|u AT w3 Fo| o3 w57 S/EBR A g o)
Bh® ol g AP E ETSIL B oldFEE 904
o] WF7HE3 o} E9] F7](exchangeable zinc pool)Z
Ve, YRk o2 ¥ ojdle] ANELE A9}
T6~110pg/d1® 2 LdelA glon 2 G M= old 23
o] 7] Q) Topg/dl mRHE Bl Azl HAle 23.0
%At

ALP+ o} & 3H5-31E metalloenzyme 2 24, o}dL
Igshe o2 249 carbonic anhydrasett dehydro-
genase? ZH&o| QS H7L Ve G Folof ZAsET H)
B AEFENA FE5A] B old S HANAE W F
AetA s old FojAldE F18le Al Bu
HAT Y e Alge] JejM APL7} ofdd gk Abejd]
w2} vehs kg2 dAEA @k 2 delay]
T 83 ALPESE 68.28unit/LE Park® Chyuno] B
AR ALPFEEQ 55.43unit/Lell Bla3jxE vhi Egto
o A 4L ALP E4E21 20~ 100units} Bl w3
E o A et sl

E AT tdale] 37 8% FevEs 121.80p/d1E
Chyuns?®e] A49) diide= &A% 116.62ue/d19} Sung$®
o] E33t F&EAQNY 120ug/dIs} ¥]53 AL ey},
Ao A9 Fale F7/A THHE S5t 2 shis
ceruloplasmine] Z&HA 2¥E=S dx= FHlolm =iht
T @7 stgAes A e FHo|tHGibson
1990).

g3 Felo] A9 A7 AEe FE9% AuE Jehy
T AHEE 2ol7]dE g ¥}t HA] Zaln ~E3
&, 7, Feo] vgdAe Qe o5 GRS wrlE 8
W HAzAE FE Y B Hd ddger &
AH 2 g,

el 949 EHTe] A9t 80~155pg/dle] A4 HY
2 HuXEeH* Korean Medical Institutionsl] = 70
~140pg/dlE BEeE 15} & dFMe ER7e
o] &I} Topg/dl m9He 2] W dalet 4. 2% 24 5 of
Aol H]3] a9 vl tlide] ¥ekti(Table 5).



Table 5. Distribution of subjects according to serum zinc and copper

BEZESERE 3206 :705~712, 1999/709

Table 7. 24-hour urinary excretion of copper and zinc

Concentration No. of subject (%) Excretion Mean £ 5D* Range
90 = 7(7.3) Urinary volume B
N 80 < < 90 29 (30.2) (ml/day) 949.9 + 283.7 548.0 1806.0
70 £ <80 38 (39.2) Urinary zinc
(pg/dl) 60 < < 70 16 (167) (mgday) 043 + 0170 014 - 095
. Uri
< 60 6 (63) rney COPPET oo442 = 0015 00122- 00752
150 < 8 (83 (mg/day)
5 130 = <150 31 (32.3) *5D: standard deviation
emrgl COPPEr 110 = < 130 33 (34.4)
g/ 70 < < 110 20 (20.8) Table 8. Distribution of copper and zinc level in hair and urine
<70 4 (42 Conccentration No. of subject(%)
170 < 7 (18.7)
Table 6. Zinc and copper concentration of hair 150 < < 170 5 (11.9)
Concentration Mean £ SD* Range H(a” z)mc 130 < < 150 8 (19.0)
Zinc(ppm) 14379 + 235 94.6-191.3 ppm 110 £ < 130 16 (38.1)
Copper(ppm) 1121 £ 49 43— 243 <110 6 (14.3)
*SD: standard deviatoin 16 = 4 (9.5)
Hair copper 13 <16 15 (35.7)
Ceruloplasmin @A & sk dEHY (ppm) 135 2: g 1; g?'gz
g #2 ol 48D EF7Ye vt 4% S, o s
31 ceruloplasming] 5% 456 ® copper ARl 05 < 14 (9.5)
UG HFAEAA TRE FAHRE -+ cerulopl- N 0.4 < <05 15 (357)
ne] FE= Aa Aoz nuHAT B AT g U””a;y zine 03 < <04 12 (28.6)
asming FE= AEste AeE HY .= 9 (mg/day) 02 < <03 5 (11.9)
A2kl B ceruloplasmin® FE= 22.63mg/dl{Ta- <02 6 (14.3)
ble 4)2 Kim¥ Lee’l 228 Jefjale] 28 6~32.6mg/ 0.08 < 7 (16.3)
G0 9 ST B g 9IS i e DSOS 000
AR vvhe Be) Aty 6.6%2A4 ¥ATEst A (mglday) 002 < < 0.04 9 (209)
mghE Bl ¥)&F W3Rt <0.02 1 (23

3. WA NS o, A FE G AHYET

w2)7}ge] ofd R Q1A otd FFAENE ek
T ARZ AR F glon TEAMN A AdEy of
AZAF T £4E vH® oM e w7 ojd F =
7t B3 Agivh Helgkete] ojdsEs A okl 4F
g vEhe #2717 Bk okd FWEH e 2
&5k Zahed ol FH A 1~2cm Bl 29 o
2)7tet ofd2 mEFle A5 4~8FH ) Zigel] Tol=
A oldS WdshE Zo)7] bttt

2 droae] didzte] delsie oldsEE 143.8ppm
© 2 (Table 6) Sunge]® 2318 «jdj 2] 150.2ppmel 4]
&4 okgh wiokem Heot Sono] g kA ofF9]
65~T79ppmE.rt F3ktt. £ AT Bertrame]® o3
ZAHE FHste] TET AL vt olde] APEY
100~250ppmell 2] 38 siglen ofgole] 4&4%
7 BAUT B 7t okl yE<] T0ppm w7
Zo} B 4 219vHTable 8).

wZ|7leke] FelsEe AP Pl g EE el
4 o]yl A=t B4t 7k 43, 217e]
TFAZGDT ABEAC Qv By HYeL® B aF
g dzke] wejzte T8 T 11.2ppm 224 Heo%t
Son*o] £33 o}F < M7t FFESQ 13.4~19.7
ppmETH Bt} $2] velea sjriee) TesEE
SRS A7 BA gorn 4d B wEE 4eA gl
2] gt B dyode A7 gAY = BA got 50
percentiled] @3 tl=lFtEd 729 FX= 9.86ppm
o] e 10percentile®] 2% 6.18ppmo]AtHTable 9).

2ol ofd Wi P ofdrr} Ao] Mzl ¢ W
7] W8I AR AR ofd e JUHEEE HrlEked
F8-3 A ¥t HuHTE? B Gelas Ae) i of
o vjd o] &% 0.43mg B4 (Table 7) Ohst Yoono]
B2 0.28meg¥ Sung S°] Ea@® 0.29mge v
Eotor Ak 41 dder Bud® (. 4Tmgs H=
T} AWF ojd HjAdFo] Y& AL o}y A JteE
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Table 9. Concentration of zinc and copper in serum and urine according 1o the percentile

10% 25% 50% 75% 90%
Serum Zn 64.3 70.3 77.5 83.2 89.5
(ug/dly Cu 91.56 106.8 1221 138.1 148.4
Hair Zn 104.7 126.5 9.86 162.8 168.5
(ppm) Cu 6.18 7.79 147.7 13.20 17.90
Urine Zn 0.2493 0.31 0.41 0.53 0.60
(mg/day) Cu 0.0265 0.0304 0.0437 0.057 0.0644
Table 10. Correlation between nutrient intake and Cu and Zn parameters
Intake . . ] .
Kcal Protein Fat Vit A Vit B, Vit B, P Fe Zn Cu
Parameters
Hair
Cu 0.3114* NS 0.3184* NS NS NS NS NS NS NS
Zn NS NS NS 0.4086* NS NS NS NS NS NS
Serum
Cu NS NS NS NS NS NS NS NS NS NS
Zn NS 0.3083* NS$ NS NS NS NS —0.3334* NS NS
Urinary
Cu NS NS NS NS NS NS NS NS NS NS
Zn NS NS NS NS NS NS NS NS NS NS
*n < 0.05
BeIFE o) §F409) ol WiHTol 0.3mg °|5Hd Jotol olglol vl ARH| g0l B

Aoll= ZAAN ] old A% (marginal zinc deficiency)
< UERATH? B AFeAs 4 ohd wjidwke] 0.3
mg 751 97t AL} 23.3% %t
WE e wpdae o] AdEHE BUlHE A

2R geout Fel7t 289 TPN FAE g A
59 2% T vl Fo] 2k sHATHS

B AFoME 28% Ho 7 widge] 5% 0.044
mgo A A4 "9l 0.01~0.06mg™e FRow A4
Hojut djakals} gigict.

4. AT, TY, AW T, AN FYLAHH
el AR

Hegiee] T duA 4% TR 4
o A (p <0.05)F tehlie] AUz HHFe] £
52, A 4H%0] £24E elsigel TBEE ¥
steh. ololulsl Msket oldsEs Hetel AsH A9 4
A (p <0.01)E B

ITAE 9FAN TR 4999 JRAT gL
o @Role SNIMAY 918 A9l FBUAP <
0058 o] @UAYHRo 524 AFo}gol T3
Szt ol olie] FUHEF FRYNE] olael 4
2o] ¥oAs BAYE A0 ot Yol TP
Frel AABTE FoI8 o) AVBAS HA(p <0.05)
e YAPo) 4T DAY ofABEE FAIAG,

Hole

Axe oz 4577
W olle] g471 ASEy) AL YLD £9e)
Feloh olduj e Felsh o9e TR FFLUNT
T} ol AEaAs gt

2ATIIN 39§99 FPLHARE FAe) ol
Ao 94, ave) 72l oldFEE 7% ojdel 4%
A {28 AAAE BelA ¥ater o387 Tl
IR A, A G A £ aAg e
1% 9o FA vl A BRe AABH Fo)
BAUAE BT

3
ko
o

OF O H
20 o uE

B dgeae vk 184014 2441714 9] At Aol F
Hglo] glon e £3 @HlE 1A T 10299 A4
A der AN 23 NE 22 ZES AT

1) BaolddHZe 2lo] £4A71 5.5mg, 2EAHE
o) AAZ} 4.5mgeeX Aol Mo o HH Fol
Aol gk Fa okd AH Bl HlE lmg =% 2}
7t AZEFe] 45.8%, 37.8% %A PR ZA njgHIA
o =Y oldY A W F 5 FALE dHshe
ko] 2.48mgo = A Aa) A F 44 9% Ak

2) BAFFa] AHe AojBA A7) 2.3mg, AALR 7 1.
2mgo 2A ofele] Z9AH Aol BN} L1mg o ER
o} olRe A 6% FRAAYeIN AT AT



-3 7Elds B9 1.5~3mg/day9} Bl E 4 76.7
~153.0% TELo2A ol HHAF Hoie A=) vl
F2 L= HFsta ek Fele Asol= Ad g =
T 5% Eoly M3 o] 1.40mge=A] AN HAF

60.6% 2 A Por QHu&o] oldy A¢ HlE &
atrt.

3) thatatel Hi FA ofdsEE 77.02ug/d1S3 oM o}
AFB71ERQ) Topg/dl vehe 2l AR7L A 22.
9% 9T B ALPFEEE 68.28unit/LE A4Pg et 51
At BF dHTEE 121.80p/dig e dF FeEls=
7} T0pg/dl v)etel Akl 4.1% 91 4k2le] FT ce-
ruloplasmin 5 22.63mg/dl2 AAH 9 18~40
mg/dl v%he BQl A7) 6.6% 5t

4) tgare] wE7he oldFEE 143.8ppmel Ao
Abg M7t o) AAEIRA 100~250ppmel T F-&
Ealda FHa HE 7t T EEE 11.2ppmel A

5) 2HZ 31F B ol ald3E F5Y 0.43mgoe®
A AAAL] o} A¥ (marginal zince deficiency)$! 31
oldd v 0.3mg HTHE B9 tAFA7L A ] 23.3% %
o} 2% 3% B T RS 0.044mg o2 A
H#2l 0.01~0.06mgell o Ad HHE Beld of
A7 Ak,

6) mEFlete) FelsEeE oux] Ak AR S
o] AAfA (p <0.05)F el es Hasg ofd
FEE e A A3 Y dgdAg 2HcHp <0.
01). ¥4 ol s == vl A Fne Ao AdnAE
HY(p <0.05) A9 dHET= 7o AABAE B
S eHp < 0.05).

o]} 7o) AMEGS u MIAES] olddH T A
Aol = v2E e A ofd, AWF ofd WldFL
2 AARgE o oidRke 22.9~23.3%7) BAS ofd
AY B ol Z2EE HA ofd ZPuMlo] qitxe g
&2 2 4 ok olel vlE] didxte] FErdAEe
datu HET 7L 76.7%F dden 7
%, P4 ceruloplasmin FE2 B FZFAUA
AR 2] 4.1~6.6%2A ofdel vls] &S BT
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