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A Study on the Spatial and Historical Variations of
Chromium in Sediments of the Great Lakes

Sangjo Jeong* and Uk Han*

ABSTRACT : The vertical concentration profiles of chromium in sediment cores were measured from Lakes Su-
perior, Michigan, and Ontario in an attempt to determine spatial and historical variations. Pre-industrial con-
centrations of chromium are typical for soils in the Great Lakes region. Only Lakes Ontario and Michigan ex-
hibit anthropogenic enrichments of chromium in the sediments. Sediment profiles in Lakes Ontario and Mi-
chigan indicate that the rates of anthropogenic chromium loading to the Great Lakes region are decreasing.
Focusing corrected inventories are similar within each lake and those are higher in Lake Ontario than Lake
Michigan. The results are interpreted to indicate that there is a small atmospheric component to chromium in-
puts to the Great Lakes and that the relative importance of this input decreases from Lake Superior to Lake

Ontario.
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Heft, 1993). @A) 2di3 A go] AWz e 7 2
EAA 59 shvke B33l ol B4 A o3t 4
2 2 719 g0t} (Arimoto, 1989). 3] 3o 2=
A BHAE AYstn 2o g AT e B4 34
LFEA x& FHAN B eFdEHe 2 ¢
AHET} v] A YAIR o] ol HAHZd| B} o] By
gt (Dong e al, 1984). LUIEE S45E A fe] HZ
Fol FE%d o3 AzslA 24h9o] U3 (Nichols ¢
al., 1991), 77¥ 2ol T, nAZkE, 2Ele) s ElFZ9] A
FoA Hg, Pb 52 Cd 2& $8459 s/t e REn
o =& AL AT AT 93 oo AnZ FHAe)
3 0} (Kemp ¢f dl., 1978). LEEAL =2 7|28
Adog etFel YUYt} (Schmidt and Andren, 1984;
Eisenreich ¢t dl., 1986). A2k 2)3 x99 =& 94
A & AT A9 o] FAX|A| gkgitt.
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the Great Lakes

rig. 1. Sediment sampling sites of the Great Lakes.

Yot Fo3 Zdojetn Mg gt & 7|2 RE] 2E
o] AAL 77t FE3] EFHA o2 3oyt 5
9 7hed 3 A35E F Fdstvin A E o
#A wrek 9]9] spe] AtdolEtd els WIS B3
7| 258 HAS Y€ 289 % YA "o
A% 289 %L sediment focusingol 213 FFE
werh g9 FF|F 2o AR EolUe AEY
% A% o|n|3, sediment focusingo] & HAE &3
Bo] F7]12Q 2/, AAL Tl o3 A2 HHFALo
2 R gde Xo2 olFste AYE vt JF
A% (focusing factor)7} QU1 & A9l A5 B3 F A
FAH HX 2 Aol HH &L dHshed AMRE
o} (Rapaport et al., 1988; Eisenreich et al., 1989).

LUE A9 HHZ di7]e] Ao fYE A2
2 Azgelxle “Pbe FHL 155pCi/em’ °lth
(Urban et al., 1990; Golden et al., 1993). ?°Pbe] £
A g FaY HHE A RN 2 HT) ukek A g5
# A9l sediment focusing”} JATHA *Phe] FFL
15.5 pCi/cm’it} A €k 1822 H4 xFoiA ¥
A AFE Fe JAFATE B8 2B Eh

WA =2Pbe) 24 $%/7Pbo) Y 3F
NEAH Ade] 28 S ) o] WFAFE e

A HAEAT o8 BAHAR 2F FFE 78 + U
t}. wiefo] o] HFA G ) BAHIA AF FFo)
A Zpel A FARIHE di7)7) edlzE fdde 2
£ F4 IYoleke /& SwAsA g

B AeMe HHEe 2E BE, ]9} A5 X
gd 2E Bk, 2831 egize] *Pb ARE F4-3}o
QIZte] ol o8] FUH AF9 AlFHA E¥ 13y
A HAFAE, tr)Fdo] 289 fol 2R8I
A vF, ggln AREEd dd 49 289
% SHstax gt

AlZ2AH A A2

H&% 3] (core) A1EE 1988, 1990, 1991, 1992,
1993l AR ol g, njAZtE, el e 3 2 HE
AFA9 Guardian® (USEPA), Seward-JohnsonZ, 1
213 Johnson Sea-Link II (NOAA-NURP)E ©] 83}
AFstEt (Fig. 1). 28L microwave A3k F&9 o)
o8 7o} A|E2RE F2HAT. F2AL TAZE o
23 AAEFEDY (GFAAS)E o] &3] F & e
4819

2} 349] & BE-L sediment focusing 332 F3l
SHEAT A v|HA HAH 5] S HHo| dojr}
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7] & AEAH FAR AFEHAh Alse 2H<A
2 dkA 3018 AA] (30 cm X 30 cm X 70 cm) & AHE-3H]
3539t PVC €58 7 (3)E 2H e~ vhro
BAZ9 &S 3] Yl A3deoA] do] Yol A]
22 AHPr) ojn) FHo 2Ry odE F3y| Y& &
958 FH 9 ghx 30| AR BHOBEE 5cm o]
o7 A7t} 2P, F24, 771 B2 T 24 L 9 2
2 FHEe 1FeplE o] &8 ulgg B, J5ES
Zelodd rplE o] 83k o o]de AR e9S WA
gt} o] RH A8e ¢ 2HYRE o| &3] 05cm, 1
cm & 2cm HEoE FEkA EFH o A E 25
(Distilled Deionized Water)oll 2J3] Al4€ Z]oed W
o $AA L £4o] A7lA] BE o BRA 5 &
HFR] o] 8A] B & AR &S Fr1Ys videl
A3 1wl F NS ARSSEL FHe Bl A
3 A8 HE-2 Z7te ZeldEd oz $AX7] A
o] A At

AES AN E2HE F4 FEH 9 &9 In-
stra™ grade HNO,;(15M) £do] 43AE &
CEM 81% wlo|aAZ9o]EE o] &3 FZ49 (Hewitt
and Reynolds, 1990)0l] F&d4o02 ALg&dch Hu &
EolA B2 B 247 AR 5g& QEA 50°C

H AR B2 ©Eod A3 g8 rbe J1RE
ZotA 1 o]F 0.50gE ZF = 22kl 100 ml Z&] 4
g3l ukg 87) oA A €t 10 m/) HNOy7} 242}
9] &714 A7Hde) 11709 Al £719) 3hvte] ¥l 47
7} Al FA (ZFF) A A8 47) $9 st 39
7 <+ (150 psig)S HA37] A8 o4 BA X9
a8, A7 B2 100%2] AUAZ 158, 0%2] of
WA R 15802 223 Hojlx, ¢¥ol 5 psig ©|3}
Z gol Fof £-& Fojof gt AAF 90 mi9] 25
FE Z47te] A& 4710l Hrlete] B ©HETH o] Alg
F58492 045ume 22 AHE Nucleopore
membrane BH & 58] X3 o 4£°CollA EA4E nf
A AGE

AlEEYy

e 2A2 AAES 371 (Perkin-Elmer Zee-
man 5100)2A] HGA-600 Graphite Furnace Atomizer$}
AS-60 Autosampler’} 5-&€ 71715 AREE%Tt. A=
£ L'vov platform® ARt &= 5PA2 BAERA
o} dry (140°C, 55sec), thermal pretreatment (1550°C,
30 sec), atomization (2500°C, 10 sec), clean out (2630°C,

5sec), and cool down. I& FF84L Fisher Scien-
tific 1000 ppm*1%% FAsl] WHEoiZi), vEZ A A

SEE 2443 B AzxE AR FFE&S AX A
B A Az A8 FA9 v2Ry AFEd. Ax

Table 1. Background concentrations of chromium in preliminary background value for sediments of the great Lakes
region and in the soils of U.S.

Range or means of

Study Area Concentration (11g/g) Reference
Lake Michigan 26.2~34.2 This Study*
50 Mudroch ef al., 1988
Southern Lake Michigan 20~40 Leland ¢ 4l., 1974
Lake Ontario 29.2~37.66 This Study’
63~86 Mudroch ¢t al. 1988
Lake Superior 20~83.06 This Study’
26.1~73.1 Mudroch et al., 1988
4.1 Kemp et al., 1978
Lake Huron 36.9 Kemp ef al., 1978
Lake Simcoe, Canada 45.8 Johnson et al., 1988
Georgian Bay 79.9 Kemp et al., 1978
14 lakes in Ontario, Canada 434 Johnson, 1987
mean of soils’ 48.66 Connor and Shacklette, 1975
Range of soil means® 11~78 Connor and Shacklette, 1975
Range of all data* <1~1500 Connor and Shacklette, 1975

! Results of this study are not normalized by 65% recoverdy of SRM.

? Mean values were calculated for chromium concentration in soils from various areas of the U.S.

* Range of means is the range of the means for chromium concentrations in soil sites used to calculate the mean in 2.

“ Range of all data is the range of all data usfed to calculate the means for chromium concentrations lin soils from vari-
ous areas of U.S. The total number of samples analyses for chromium is > 1,000.
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A2 3 M= 0.05 mge] Mg(NOy), ¢ 1mi9) HNO;
Bg 247} 26 mio] 25l FMAA ARSIt (Perkin-
Elmer, 1985). A|&& 5 WMIEZ X WA, 10 pio) 3|4
Al, 28] 10ue] AI8E graphite furnaced e
L'vov platformell FAgtch L'vov platforme B} F
T AR 9xistel vt H &g AnE AA gt

£ 7ol BE e AF7IES niEeg Mg,
APAL o Re] oHEA iRy BEdon Al
AF DA AMEEE BE FAPL, 7, kg £7], 7]
E} A= Corning AG-2225E] o2 Zgddl| o3
43] AF, 10%2] HClo| 24R13E o] FAR 2 A 24
ol 9j& 43] A |82 2fgol 4T B 7
FRAE HA FeoN Az o]5L A Wl B
R T AEAH AL2 SAANAY Ei=o7) 28
A get Aol A latexd AUE 711 HFE oAk

EARA T 24 2tae] B8 E Hrisly] 8 B85
& NIST #7182] SRMS! #2704 (M Z27re] =& A
5, 78)E 71522 AAIHAC (Epstein o dl. 1989). ©]
SRMell W3t A8 BZd ke 135+5 pg/gelch. &
U £ A7) SRM #2704¢] Aibe BEE gtrl @3]

2 87.3ug/g, %F 65% T HEHCRE Jepiich
Agol| th3t NISTS] SRM #27049) & FA1A} WHALs)
7171843 A7/ Zefzul BE 24y o8] 2 =AUt
(Epstein ¢ al., 1989). HNO;& AMS-3 AR Y3 27| 2
g ol 8% 34 NAH 2Ry ¥ AES
ZZ8) WA= 23t} (Sulcek and Povondra, 1989). 814
B EH 5ol AFE AYHA FEL dEE 718
&l FHol Z¥EHO] U (Hewitt and Reynolds,

%

1990), & |79} ZA 3= Hewitt and Reynolds (1990)
2] 31 Rowan and Kalff (1993)9} 9x13+t}. SRM #2704¢]
N3 Al EEHAE 6% E £EE AT

gt ¥ E9
AHNo2 FeH I8

UAAQ A TR F IE F=oM ALHY A8
TEE AT FRoA T & Ut wAzkEe} L8
glesd Addes FUd 2389 FEE 26~38 ng/g
olth. FHElo) T AIBAH A4 #13918 A|9l3hA o
50 ug/go 2 TE F 51T} EU} o] Ante oulE &
A A de] B9f A7 Ae}t FARSIC (Table 1). 7Vt
TANE AL e HWAHYg F3o A=
(Thomas and Mudroch, 1979) st¥lglolse} ApdA ¢l
AF w27t & 35 v &b woEoie A8
AH Fa #1391 2 FAED A3 Y& 28 ¥
=8 HAFh AT o] Ade AaEAF AL
#13917} vlAztE el o] x|8] A7l mA7Ee}
FA1E djoln). Azt e} LEl2] e 5o AHAQ A
£ 5= fA

AFY] X vAIZtEe} el QNN M e A
€ Tt HEZ9 Ao A58, Ad4d sEE
1904 3.6u) 233t} (Fig. 2). A& & EXIAL §
AZo U3 @A 25FYL Zada vte AS
BHojZo}h m|AIZkEe] LM#68kst LElElede] EPA
#40a°) U3 AERYU2 19003 =M A=) 71819
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Fig. 2. Chromium concentration profiles of the Great Lakes.
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Fig. 3. Chromium concentration versus year in Lake Ontario (EPA #40a) and Lake Michigan (LM #68k).

o] 1970 d el 7HAsAT) (Fig. 3). ZESY F4 %o
ZVshe Al719 Aadke A7lE ulE A9 Edi
RA3IT.

#yEloj5e] AE EXE nAIEY 2EE s
g2 Hy3o ARoA 2E ot 08 FREED E4
3 & ¥k wdelojde] AlEAF F4Q0 DTLH
SJEINA 28 %+ o 5cm Zo] BE A7 a
a9, AlEAH A4 #1390, #2048, #1391042] 22
¥EE gold st AgHoz YA BEE HQlr),
NEAZ Fx #1391 HAE9 4A= 7 A
Hog =y wid AEY F=rt A i
(Kemp ¢ dl., 1978). 3ol 59l HA Afe ANEF
o g AE9 FUF FVHE HAFA gerh 1 olf
£ A, 2o ToiMe AT 93 2B FY
o] gAY F& UdduEE 1 ol AAAY AETh
A3 7] gE2Y RAoich AgA3E B4 DTLH
SJENS 28 = YIUo|E (taconite) F2el7]e]
9% g X o2 HA A8e A 5 cmollM = BA 3] Rol
Az HHdck. 196999 uF YFY EHIaMe
1955 ©lZ =2 Silver¥tel Sl HIAo|E FAA %
Hgolz2 vid oF 67,0008 F287]7F fddcin
HE3ATH YRFU|E BaEY] S w2 TR S
Fe 283 Mn¥ 43tz Jov F v 243 4%
dre 3 58 BYF0T (Kemp o dl., 1978). 3
3% "3Ue|E Exg7)o $FE 2E T ¢
A A g} aBEg o] sHL e e eR @

etk 24 7FeAe 2716543 E (early diagenesis) S
2 A4 B g {7189 B & dEoich Al 7}
L Azt %ol o3 2AYHE AE TRt RHE &
YE| o3 F A EC] 5 4olrt.

H=®9| E|NTX & (sediment accumulation rates)

HA-§L “Ph ARE o] &3l ¥ 4 Utk HAF
9] A&7 Zol9 Frtd @ A ALt S
(compaction)®} 27184340 2 HE we Foj9] g
< dYsted 2L =S F¢ (Norton and Kahl,
1987; Urban et al., 1990). 23 &x] ok H2 39| du)
=73 (Robbins, 1978) o} 2] (1)o2 A =M,

A(z) = As X EXP (-kz/W) ¢h)

714 A(2)E A ZCNA dl7]137 2% *°Pb &%
T, AstE HAZSH B HEFHAA 7] A7 o
2pp BEE, kE 54 (0.0311 yr), z&= HAZE9
FRAAZAY, We H3E (g/em’yr)olth

AE9 HA¥AE (Golden et al, 1993)2 4 (2)&
&l ALt

Accum (g/m’ yr) = Csed X W X 10* (2)

7] Accume ZES] EHAFAHE, Csede IE9
HA2 AR 5% (g/g), We 2Pb AR 93 AL
(g/cm® yr)olth, 289 H42 AR x& Fojo HA
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Table 2. Sediment accumulation rates for chromium in Lakes Superior, Michigan and Ontario.

Sed. Surf. .
Ik A N i s
o (g/cm’yr) (ug/g) hg/m" yr Hg/m yr
DTL 0.0342 30.90 10567.8 1.48 7140.4
SJEI 0.0267 32.98 8805.7 1.26 6988.6
Superior 821 #2048 0.0123 64.20 7896.6 114 6926.8
#1390 0.0390 72.55 28294.5 3.21 8814.5
#1391 0.0200 21.63 4326.0 1.79 2416.7
Ave. 6457.4
L 57.8 EPA#18 0.0390 50.81 19815.9 2.434 8141.3
Michigan LM#68 k 0.0280 43.91 1229.8 1267 97039
Ave. 8922.6
EPA#19 0.0302 71.85 21698.7 1.06 20470.5
Ontario 195 EPA#40a  0.0639 3858 246526 1705  11459.0
E-30 0.0666 33.78 22497.5 2.04 11028.2
Sed. Rates'=sedimentation rates. Sur. Con.’=surface concentration.
Accum.*=sediment accumulation rates. FF*=focusing factor.
Accum/FF°=focusing corrected accumulation rates.
Table 3. Dry deposition in the Great Lakes.
Data of Cr concentration in air
(ug/m°) Study Area References
0.015~0.0191 Michigan Michigan Dept. of Natural Resources, 1990
0.0064~0.0486 Michigan Michigan Dept. of Natural Resources, 1991
0.0046 Mayville, New York State Dutkiewica ef al., 1983
0.002 Lake Erie Kelly ¢ al., 1991
0.0013 Lake Superior (1977) Eisenreich, 1982
0.0059~0.0151 Mean of the Great Lakes 334.9~857.1 ng/m’yr

H 05~1cme F=g ov|gth HAZFA 259 F
HrH &L YFAF g 2FE). AFAS o)
BAEo)z] Ag9 HAFHELE T AAd e AL
Hold & 9tk B2 &2 Golden ef al. (1993)8] 23E
AH2slAT) oo o] g 5 A &2 71 (variable)
Zdo] 714 & BAVEIR 3, vl AIZtE el LEHE] 2. 52] E
&2 F4A (constant)Edo] 713 & GAlslg). &
A 289 B HYFHLEL el ot M 1
o g]oj TN 71 gk A HAH S dg 28R
de w3z, vAItE, e 9T s Zzt 5
3x10°kg/year, 5.2x10°kg/year, 128]2 2.8%10°kg/
year ©]t} (Table 2).

A&\ 7| 2RE HH
HAZ FsE 25 T 717t A gk A

Hl &2 EFFe AReA HAFHEI dr3H s
Bl E Fa & 4 slok di7]|25E e JdL A= (dry)

2 & (we) WA E FAHA o} FEFAL A=
MR edsdAN Kok FasielEl AZEojRc
(Mackay et al., 1986; Eisenreich, 1987; Eisenreich,
1992). A%, R EF o] 2 dAte} AF T Alolle A2
Aol & o|F Fx Uk (Murphy, 1984). F&3H
& YelE 4] (Eisenreich ef al., 1992)2 T} 4 (3)
L a1

F(Wet) = C’r, rain X P (3)
o714 F (wet) e &34 AE (g/m’ yr), Cr, s BF
vl

%9 A8 $% (g/m’), Pe 47 2% (m/yr)olth
Z3]7-& (Eisenreich ef al., 1992) 4] (4)¢} 2t}

Fldry) =Cr a X Vg X {4 4

714 F (dry)e 2Z23AE (g/m® yr), Cr e 37
29 A8 FE (g/m?), Vo= 2F A} ABEE (0.2
cm/sec), foe A7 WIS 717E H]E (0.9)0lth. 289
ezolA hr]2RE AZAALE Table 3025H
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Fig. 4. Comparison of chromium sediment accumulation
rates and atmospheric deposition rates of the Great Lakes.
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AltE ol H ),

2 A9 AgE HEFARD AL FL HAFYT.
aHE2 7 AU HYe AEIAEY AL gL F
A2%FL 0, JUFL FEAgtes Axadrt 2
RE Uiz 98l & 289 AL V= 37
9l 2z 71AA YEY A (GLAD)S & (USE.
PA., 1990258 A=At di7jdAd YEHIE 2
s FHo] o 307] olite] &AM AZS FEE
2330} 1988 E 1991 Alole] HF AB B %
7t SEAAES ALbelet AFEH R

Z AR S L Lol T 7 Ea raElo]
SolA 71 Rt izl Aol A FA g 7|dske
Al v &L drAAES JAFAFE BT HAF
HEE o AR fugol g, nAIZtE, O
21 e o5 EHARAHELE A g8 47
6~15%, 4~11%, 281 2~7% FEL ¥k} (Fig. 4).
AEFYY €1z grizt AR Fle vl IX) 4%
2, 2 AR FeAe sy Tda LelelesE
242 tas e S Vet

elzte] @0l sl R IE|| &

Aol gFeg HAZH Y€ 28 FFL 4
(5)°l &3z Atect.

Inv (pg/cm?) = 3, [ Csed X (1- 9) X p x d] (5)

714 Inve 2ol A8 e 2EY £%F, Csedx
HYZo 2E % (Ug/p), o0& FFE, p= HFEY A
245, iw HAARY F, de= HEARY FA o)

o] 3FL AFATE M3l BAHojzth BA
A gL AEL 797 34 AbololA sediment focus-
ing®] ol2 MZ tt2A vepdt} AW ASATE
ol &34 EAHE vAIZtE ] FHE AN glow |
31 el 5o ASE vlREA|Y (Fig. 5). dlAIgt
FEAT o3 AR vAIzkEs} 2ElE]Q 59
FHE ME ta2rt oA dr|2HE fY=e A8
LAz g F 2ol ohAY, 2UlEA Uyl =
& &l Aolrt ASE ofnidict. QIzte] SFo 9Js
Lzl #UE ZE FFL 4 (6)° 23 A4,

ASB (kg)= (¥, Invc)/j X SA (6)

o714 ASB= QIHE % &) #4¥ 28 % &
ABAH FA F, Invee AEAH FadM BFE =2
9 £%, SAE 359 FAHo|t}, Q7] &%l o3
nAts el el 2 50 HAFo YUY B9 %
2 747} 1.27x10° kg, 1.33%x10° kgolth. 73] 8]o] 5o A
= Aztel g% g8 YUY ZEY Yol A
FUEE 23 ol v U T F7] g2 f-387)7}
ojgr}.

2 B

B A7 2dzd fdsEe A8y £¥9 ¢S 79
3171 95t frulE]el s, nA|7kE, RElR] 2.35.9) 4%
A AT HHAEE B3 AdH ez HA
FYE 289 v eUz FAXG Egd fAle}
o} WAZEE 9t LElE] R Toll M= QUzte] BEo g Q%
AE 7Y% 7 EQd edE Age FHA S
W ZERYe 19008%E FF3 FUslgA,
1970 78] dA7A ardhe 23 HoEd A §
HZol gt 2E9] KUY el 2T olA 71 Edst
3 spvjelojEelA 7 A,
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HAZd fdsHE 2§ F d7I7t AA sk AuiE
H &L FAZ ARdx HATHEH r1yddsS
vl wsle] nadch 43 fdse 2§ F 7|7t
AA e H&-& AX 4 (15% ©lW), 2 A
T84 L Yol 3olA LEELEE AFE FHhHe
738S VeI 12 EEe 23] nA7tE e 2l
0239 HAZ 494€ 28 FFL 47 1.27x10°
kg, 1.33x10°kgelth. fHglojzoe 1zt &%
g8 e ZFY Gol AAH o2 fYEe A8 &
o vls] W7 7] W& S 3817] YA ¥t
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