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A Study on Bioremediation of Heavy Oil Contamination by Addition of Fertilizers (1)
— A Model Outdoor Experiment —

Keniji KATO, Masayuki MATSUZAKI, Ken-ichi SHIRASAKI, Toshikatsu UCHIDA, Sin-ichi YAMAGUCHI
Ryuji KONDO, Shingo HIROISI (Department of Marine Bioscience, Fukui Prefectural University)

Abstract

A Russian tanker, the Nakhodka, sank near Oki island in the Sea of Japan on January 2, 1997.
Heavy oil spilled by this accident caused severe pollution along the coastal areas facing the Sea of
Japan. In Fukui Prefecture, it took as long as 4 months for removing about 19,000k{ of polluted
oil. In spite of the great effort of oil removal by about 160,000 of people, the contaminated oil
remains in the coastal areas. Therefore, we studied the effect of addition of fertilizers on the oil
biodegradation by bioremediation.

Oil-polluted stones were collected from the polluted area about 9 months after the pollution and
placed on a sand layer in a circular tank (1,000¢, polycarbonate), and the fertilizers were added
to them.

The color of the polluted stones was gradually reduced by the addition of the fertilizers.

But, no decrease of the oil components to oil-degrading bacteria was observed on the surface of
the oil-polluted stones for 56 days. In addition, the bacteria decreased and became uncountable by
the 13th day. This result shows that the fertilizers might inhibit rather than promote the

proliferation of oil-degrading bacteria on the surface of the polluted stones.
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SYEINC L 2EIE (%) — — - - = -
13 M B (mg/ g a) G < — X 11.19 9.24 5.99 8.81 2.63 29.83 13.78 24.61 20.98 19.79 5.51 27.86
(% (%) GhH M ~—2) - - - — — —
HC/AS 1.05 1.16 0.86 1.02 0.15 14.84 1.19 1.01 1.12 1.10 0.09 8.12
BZ/AS 1.84 1.88 1.37 1.70 0.28 16.58 1.98 1.29 1.98 1.75 0.40 22.78
RE/AS 1.54 1.35 1.43 1.44 0.09 6.59 1.19 0.67 1.02 0.96 0.26 27.33
TAT 7T %) 18.43 18.56 21.46 19.48 1.71 B.78 18.69 25.18 19.52 21.13 3.53 16.72
ATIR{IEAE® 19.37 21.56 18.48 19.80 1.59 8.01 22.18 25.40 21.81 23.13 1.97 8.53
EEERIEAR® 33.89 34.88 29.46 32.74 2.89 8.82 36.91 32.46 38.72 36.03 3.22 8.94
L% 28.31 25.00 30.61 27.97 2.82 10.08 22.22 16.96 19.95 19.71 2.64 13.37
Cl17 7360.00 | 7346.00 | 4282.00 | 6329.33 | 1773.06 28.01 | 10759.00 | 4491.00 | 7641.00 | 7630.33 | 3134.01 41.07
PRISTAN 3885.00 | 4770.00 | 2763.00 | 3806.00 | 1005.83 26.43 | 7879.00 | 3129.00 | 7645.00 | 6217.67 | 2677.42 43.06
C18 12178.00 | 12719.00 | 8376.00 | 11091.00 | 2366.77 21.34 | 18290.00 | 8149.00 | 14023.00 | 13487.33 | 5091.68 37.75
PHYTAN 9027.00 | 10956.00 | 6487.00 | 8823.33 | 2241.45 25.40 | 17200.00 | 7447.00 | 17296.00 | 13981.00 | 5658.81 40.48
C17/PRISTAN 1.89 1.54 1.55 1.66 0.20 12.15 1.37 1.44 1.00 1.27 0.23 18.48
C18/PHYTAN 1.35 1.16 1.29 1.27 0.10 7.61 1.06 1.09 0.81 0.99 0.16 15.72




AFE1-2 FWINER

EHERERY - v & — 5 H27% (1997)

BAI (2)
ANAT 0RH
D @ [©) R o 0% D @ 3 iy o 0%
A+ EHEER () 61.17 — — 61.17 70.04 55.71 63.10 62.95 7.17 11.38
HHREERE (R - — — — — —
s {EA R (mg) 359.80 — — 359.80 768.26 | 25744 | 679.13 |  568.28 | 272.86 48.01
FHEER{LAKE ) 503.09 — — 503.09 706.35 | 458.37 579.51 581.41 124.00 21.33
V¥ (mg) 89.18 — — 89.18 327.12 261.02 311.49 299.88 34.55 11.52
7 A7 77/ (mg) 152.04 — — 152.04 158.74 97.78 131.34 129.29 30.53 23.62
HEHEOEE R 1104.11 — — 1104.11 1960.47 | 1074.61 | 1701.47 | 1578.85[ 455.48 28.85
A B L BEIRE (%) — — — — — —
13 # B we/g-0) GhH M~ —X 18.05 — — 18.05 27.99 19.29 26.96 24.75 4.76 19.21
{1 FR(%)FhHM~—X) — — - — — —
HC/AS 2.37 — — 2.37 4.84 2.63 5.17 4.21 1.38 32.74
BZ/AS 3.31 — — 3.31 4.45 4.69 4.41 4.52 0.15 3.31
RE/AS 0.59 — — 0.59 2.06 2.67 2.37 2.37 0.30 12.86
FTATZ 7T %) 13.77 — — 13.77 8.10 9.10 7.72 8.31 0.71 8.59
FAMRILARK 32.59 — — 32.59 39.19 23.96 39.91 34.35 9.01 26.23
EEERIELAR® 45.57 — — 45.57 36.03 42.65 34.06 37.58 4.50 11.98
LU (%) 8.08 — — 8.08 16.69 24.29 18.31 19.76 4.01 20.27
C17 19965.00 — — 19965.00 60092.00 | 11551.00 | 31741.00 | 34461.33 | 24384.57 70.76
PRISTAN 11925.00 — — 11925.00 46371.00 |  7682.00 | 20000.00 | 24684.33 | 19765.30 80.07
Ci8 23644.00 — — 23644.00 64228.00 | 14756.00 | 32275.00 | 37086.33 | 25084.49 67.64
PHYTAN 14554.00 — — 14554.00 41083.00 | 12183.00 | 28563.00 | 27276.33 | 14492.90 53.13
C17/PRISTAN 1.67 — — 1.67 1.30 1.50 1.59 1.46 0.15 10.25
C18/PHYTAN 1.62 — — 1.62 1.56 1.21 1.13 1.30 0.23 17.70
B#I(2)
1388 288 H
@® @ [©) Iy o 0% [0) @ [©) i ¢ 7 %
B+ EHER () 71.93 59.46 52.83 61.41 9.70 15.79 71.09 63.47 90.76 75.11 14.08 18.75
e ER () — — — — - =
ARk A E(me) 346.89 232.06 149.22 242.72 99.27 40.90 444.10 152.37 259.84 285.44 147.54 51.69
EEERIEA R @) 511.24 393.80 249.45 384.83 131.13 34.07 616.17 252.39 358.91 409.16 187.02 45.71
VI (mg) 232.99 |  222.10 173.15 | 209.41 31.87 1522 | 266.50 197.54 |  248.09 | 237.38 35.71 15.04
7 A7 7T (ng) 182.76 142.20 128.47 151.14 28.23 18.68 |  251.71 115.49 196.59 187.93 68.52 36.46
SEROLREE (g 1273.88 | 990.16 700.29 988.11 | 286.80 29.03 | 1578.48 717.79 | 1063.43{ 1119.90 [ 433.11 38.67
2 Bt L DEIHLE (%) — — — — — —
TR (ueg/e—R) Gl A~ —X 17.71 16.65 13.26 15.87 2.33 14.66 22.20 11.31 11.72 15.08 6.18 40.96
ERCGHI~—X) - — - - — —
HC/AS 1.90 1.63 1.16 1.56 0.37 23.85 1.76 1.32 1.32 1.47 0.26 17.45
BZ/AS 2.80 2.77 1.94 2.50 0.49 19.42 2.45 2.19 1.83 2.15 0.31 14.51
RE/AS 1.27 1.56 1.35 1.39 0.15 10.70 1.06 1.71 1.26 1.34 0.33 24.82
T AT 7T %) 14.35 14.36 18.35 15.68 2.30 14.69 15.95 16.09 18.49 16.84 1.43 8.47
ffnR{EAFE®) 27.23 23.44 21.31 23.99 3.00 12.50 28.13 21.23 24.43 24.60 3.46 14.05
FEEERLAKR® 40.13 39.77 35.62 38.51 2.51 6.51 39.04 35.16 33.75 35.98 2.74 7.61
LK) 18.29 22.43 24.73 21.82 3.26 14.95 16.88 27.52 23.33 22.58 5.36 23.73
Ci7 31466.00 | 20042.00 | 10619.00 | 20709.00 | 10439.49 50.41 | 20328.00 | 9227.00 | 23482.00 | 17679.00 | 7487.60 42.35
PRISTAN 18769.00 | 10694.00 { 5380.00 | 11614.33 | 6741.78 58.05 | 14366.00 { 5938.00 | 14678.00 | 11660.67 | 4958.43 42.52
Ci8 40083.00 | 28268.00 | 16789.00 | 28380.00 | 11647.40 41.04 | 27324.00 | 15371.00 | 34112.00 | 25602.33 | 9488.38 37.08
PHYTAN 25471.00 | 19021.00 | 11105.00 | 18532.33 | 7195.46 38.83 | 22958.00 | 12847.00 | 22464.00 | 19423.00 | 5700.34 29.35
C17/PRISTAN 1.68 1.87 1.97 1.84 0.15 8.22 1.42 1.55 1.60 1.52 0.10 6.32
C18/PHYTAN 1.57 1.49 1.51 1.52 0.04 2.95 1.19 1.20 1.52 1.30 0.19 14.43
B#I(2)
428 H 568 H
@) @ ® E23] g % [0) @ @ Ra] a 0%
B+ EHER () 41.22 76.52 80.87 66.20 21.75 32.85 103.63 61.91 57.44 74.33 25.48 34.28
R E R (2 = - — - - -
fATuR{EA R (mg) 199.80 133.60 | 257.33 196.91 61.92 31.44 | 394.71 250.93 290.30 | 311.98 74.30 23.82
EEER{LAKER @) 330.63 |  366.80 386.88 361.44 28.51 7.89 ] 566.64 | 374.14 419.30 |  453.38 |  100.67 22.20
T (mg) 155.84 194.71 267.56 206.04 56.71 27.53|  279.96 200.77 185.76 | 222.16 50.61 22.78
7 AT 7T (mg) 192.26 137.13 158.93 162.77 27.77 17.06 | 278.3¢ | 210.15 159.77 1 216.09 59.51 27.54
SE%OKRE R (g 878.53 832.24 | 1070.70 927.16 126.45 13.64 | 1519.65] 1035.99 { 1055.13 | 1203.59 273.88 22.76
ST LBEIRE (%) — — — — — —
& MR (meg/ Rl M ~—X 21.31 10.88 13.24 15.14 5.47 36.14 14.66 16.73 18.37 16.59 1.86 11.19
HER%)GlHB~—X) - - — ~ — —
HC/AS 1.04 0.97 1.62 1.21 0.36 29.32 1.42 1.19 1.82 1.48 0.32 21.37
BZ/AS 1.72 2.67 2.43 2.28 0.50 21.82 2.04 1.78 2.62 2.15 0.43 20.16
RE/AS 0.81 1.42 1.68 1.30 0.45 34.32 1.01 0.96 1.16 1.04 0.11 10.38
TAT g VT %) 21.88 16.48 14.84 17.74 3.69 20.78 18.32 20.28 15.14 17.91 2.59 14.48
ARk AE® 22.74 16.05 24.03 20.94 4.28 20.45 25.97 24.22 27.51 25.90 1.65 6.36
FEERIELAR® 37.63 44.07 36.13 39.28 4.22 10.74 37.29 36.11 39.74 37.71 1.85 4.90
L% 17.74 23.40 24.99 22.04 3.81 17.29 18.42 19.38 17.61 18.47 0.89 4.81
c17 4394.00 | 1210.00 | 13679.00 | 6427.67 | 6478.49 100.79 | 21416.00 | 16528.00 | 19410.00 | 19118.00 | 2457.05 12.85
PRISTAN 2799.00 | 1005.00 | 8609.00 | 4137.67 | 3974.82 96.06 | 17392.00 | 13979.00 | 15603.00 | 15658.00 } 1707.16 10.90
C18 9748.00 | 2030.00 | 20290.00 | 10689.33 | 9166.32 85.75 | 32896.00 | 24288.00 | 27748.00 | 28310.67 | 4331.50 15.30
PHYTAN 7437.00 | 2050.00 | 16517.00 | 8668.00 | 7311.64 84.35 | 28199.00 | 21386.00 | 23615.00 | 24400.00 | 3473.67 14.24
C17/PRISTAN 1.57 1.20 1.59 1.45 0.22 14.92 1.23 1.18 1.24 1.22 0.03 2.67
C18/PHYTAN 1.31 0.9 1.23 1.18 0.17 14.15 1.17 1.14 1.18 .16 0.02 1.79




BK1-3 BHIHER

#(D
HNET 0B H
[0) [©) [©) 5 g 0 % @) ) [©)] 2] g o %
LrEMER (@ 86.34 - — 86.34 55.15 64.21 46.76 55.37 8.73 15.76
e ER (o) - - — - - =
SRR R (me) 220.21 - — 220.21 234.71 ] 1008.63| 284.32| 509.22 433.21 85.07
FEER LA R (me) 380.88 - — 380.88 208.43 | 587.371 463.60 | 419.80 | 193.23 46.03
) 60.61 — — 60.61 262.43 | 287.59 28592 | 278.65 14.07 5.05
TAT 7T Amg) 118.12 — — 118.12 104.28 | 223.00 93.07 140.12 72.00 51.38
HEEDOBEE(ng) 779.82 — — 779.82 809.85 | 2106.59 | 1126.91 | 1347.78 | 676.00 50.16
SYEIC L AEIRE (%) - - - - - -
5 M (ng/g—m) GRHER~S—X 9.03 - — 9.03 14.68 32.81 24.10 23.86 9.06 37.98
3 (%) Gl B ~—2R) = - — — — — :
HC/AS 1.86 - — 1.86 2.25 4.52 3.05 3.28 1.15 35.17
BZ/AS 3.22 — — 3.22 2.00 2.63 4.98 3.20 1.57 49.02
RE/AS 0.51 — — 0.51 2.52 1.29 3.07 2.29 0.91 39.78
TAT 7T %) 15.15 — - 15.15 12.88 10.59 8.26 10.57 2.31 21.84
faRR{LAE® 28.24 — — 28.24 28.98 47.88 25.23 34.03 12.14 35.67
FEHRR{EARRG) 48.84 — — 48.84 25.74 27.88 41.14 31.59 8.34 26.41
Lo (%) 7.77 — — 7.77 32.40 13.65 25.37 23.81 9.47 39.79
C17 11086.00 — — 11086.00 9784.00 | 41752.00 | 17647.00 | 23061.00 | 16657.48 72.23
PRISTAN 8848.00 — — 8848.00 4942.00 | 30000.00 | 10084.00 | 15008.67 | 13235.00 88.18
C18 13157.00 — — 13157.00 13708.00 | 44284.00 | 23265.00 | 27085.67 | 15641.96 57.75
PHYTAN 10826.00 — — 10826.00 8496.00 | 31114.00 | 15497.00 | 18369.00 | 11579.28 63.04
C17/PRISTAN 1.25 — — 1.25 1.98 1.39 1.75 1.71 0.30 17.36
C18/PHYTAN 1.22 — — 1.22 1.61 1.42 1.50 1.51 0.10 6.32
HQ) :
138 H 28HH
@ @ [€) F a a % @ @ @) E g 7%
F+EEER 91.70 70.18 72.29 78.06 11.86 15.20 65.82 80.52 64.74 70.36 8.82 12.53
HHBRER (2 - = - ~ — -
gamR{L A F (mg) 339.66 181.40 161.57 | 227.54 97.60 42.89 255.51 382.04 | 227.40 |  288.32 82.37 28.57
EERRIAFE () 487.97 334.74 273.00 365.24 110.68 30.30 386.73 524.14 379.44 430.10 81.52 18.95
LT (mg) 171.85 ] 111.97 105.52 129.78 36.58 28.18 133.34 142.33 113.12 129.60 14.96 11.54
7 AT 7T (mg) 183.32 112.04 98.29 131.22 45.64 34.78 187.11 180.99 178.10 182.07 4.60 2.53
SEEDOREREme) 1182.80 740.15 638.38 853.78 289.45 33.90 962.69 | 1229.50 898.06 | 1030.08 175.70 17.06
SN LAEIEE (%) - - = - - =
£ M B (ng/g-0) Gl H M —2) 12.90 10.55 8.83 10.76 2.04 18.98 14.63 15.27 13.87 14.59 0.70 4.80
135 3 (%) Gttt i~ —X) - - - = - -
HC/AS 1.85 1.62 1.64 1.71 0.13 7.53 1.37 2.11 1.28 1.58 0.46 28.91
BZ/AS 2.66 2.9 2.78 2.81 0.17 5.88 2.07 2.90 2.13 2.36 0.46 19.51
RE/AS 0.94 1.00 1.07 1.00 0.07 6.79 0.71 0.79 0.64 0.71 0.08 10.63
T AT 7T %) 15.50 15.14 15.40 15.34 0.19 1.21 19.44 14.72 19.83 18.00 2.84 15.80
BARR{LAR®) 28.72 24.51 25.31 26.18 2.23 8.54 26.54 31.07 25.32 27.65 3.03 10.96
SEREILATE® 41.26 45.23 42.76 43.08 2.00 4.65 40.17 42.63 42.25 41.68 1.32 3.18
S Z0) 14.53 15.13 16.53 15.40 1.03 6.67 13.85 11.58 12.60 12.67 1.14 8.99
C17 19365.00 | 11051.00 | 15786.00 | 15400.67 | 4170.37 27.08 | 20506.00 | 30364.00 [ 15688.00 | 22186.00 | 7480.85 33.72
PRISTAN 11753.00 | 8878.00 | 6819.00 | 9150.00 | 2478.22 27.08 | 9361.00 | 19929.00 | 10809.00 { 13366.33 | 5729.36 42.86
C18 28451.00 | 16578.00 | 22077.00 | 22368.67 | 5941.87 26.56 | 31430.00 | 42112.00 | 24061.00 | 32534.33 | 9076.03 27.90
PHYTAN 20498.00 | 15610.00 | 17039.00 | 17715.67 | 2513.27 14.19 | 19103.00 | 28225.00 | 20521.00 | 22616.33 | 4908.72 21.70
C17/PRISTAN 1.65 1.24 2.32 1.74 0.54 31.14 2.19 1.52 1.45 1.72 0.41 23.67
C18/PHYTAN 1.39 1.06 1.30 1.25 0.17 13.46 1.65 1.49 1.17 1.44 0.24 16.79
#H (1)
420 H 560 H
@® [©) ® B2Z] a 7 % [@) @ @ iy g 7%
G4 EREE () 50.20 61.00 41.63 50.94 9.71 19.05 71.38 98.74 84.11 84.74 13.69 16.16
HHMEER () - - - - - -
fRR{EAE (e 331.95] 199.12 77.21 202.76 127.41 62.84 |  318.01 277.54 | 66154 419.03] 210.99 50.35
FEEREAFE g 458.97 262.99 143.14 288.37 159.44 55.29 484.97 442 87 716.10 547.98 147.11 26.85
LT (mg) 176.17 97.90 53.46 109.18 62.13 56.91 119.64 131.75 |  225.02 158.80 57.66 36.31
T AT 7 T mg) 180.38 107.09 58.54 115.34 61.34 53.18 238.54 176.63 |  320.80 | 245.32 72.32 29.48
SEEORER (g 1147.47 667.10 332.35 715.64 409.72 57.25] 1161.16 | 1028.79 | 1923.46 | 1371.14 482.88 35.22
SEC L DENILE (%) - - - - - -
£t % M i (mg/e- ) (R H~—2 22.86 10.94 7.98 13.93 7.88 56.55 16.27 10.42 22.87 16.52 6.23 37.71
2 (%) Gl < —X) - = - = - -
HC/AS 1.84 1.86 1.32 1.67 0.31 18.33 1.33 1.57 2.06 1.66 0.37 22.45
BZ/AS 2.54 2.46 2.45 2.48 0.05 2.20 2.03 2.51 2.23 2.26 0.24 10.55
RE/AS 0.98 0.91 0.91 0.93 0.04 3.89 0.50 0.75 0.70 0.65 0.13 20.04
T AT 7T %) 15.72 16.05 17.61 16.46 1.01 6.14 20.54 17.17 16.68 18.13 2.10 11.61
fRR{ILARE® 28.93 29.85 23.23 27.34 3.58 13.11 27.39 26.98 34.39 29.59 4.17 14.09
EEERIEAR® 40.00 39.42 43.07 40.83 1.96 4.80 41.77 43.05 37.23 40.68 3.06 7.51
LUU%) 15.35 14.68 16.09 15.37 0.71 4.59 10.30 12.81 11.70 11.60 1.25 10.81
c17 13780.00 | 9015.00 | 6027.00 | 9607.33 | 3910.29 40.70 | 22230.00 | 9803.00 | 18335.00 | 16789.33 | 6356.05 37.86
PRISTAN 7955.00 | 5307.00 | 4743.00 | 6001.67 | 1714.98 28.58 | 16810.00 | 6655.00 | 10645.00 | 11370.00 | 5116.17 45.00
C18 21438.00 | 15154.00 | 10456.00 | 15682.67 | 5510.05 35.13 | 34874.00 | 16347.00 | 28445.00 | 26555.33 | 9406.94 35.42
PHYTAN 15334.00 | 11160.00 | 8935.00 [ 11809.67 [ 3248.59 27.51 | 26484.00 | 14391.00 | 21919.00 | 20931.33 [ 6106.70 29.17
C17/PRISTAN 1.73 1.70 1.27 1.57 0.26 16.42 1.32 1.47 1.72 1.51 0.20 13.41
C18/PHYTAN 1.40 1.36 1.17 1.31 0.12 9.29 1.32 1.14 1.30 1.25 0.10 7.95




AMEXI1-4 FHAWER
1 (2)

BHERERS v X —83 82745 (1997)

T INAT 0B B
[0} @) 3 B3] a a% D [0) ® 5 o 0%
A+ EMEE(R) 79.43 — — 79.43 53.56 50.85 57.84 54.08 3.52 6.52
T MR EE (o) - - — — — —
SRR LA (ng) 271.50 - — 271.50 359.80 482.64 444.60 429.01 62.89 14.66
EFRRAE (we) 454.91 — — 454.91 453.72 555.47 447.26 485.48 60.70 12.50
L3 (mg) 75.12 — — 75.12 276 31 273.18 207.07 | 252.19 39.10 15.51
7 A7 77+ (mg) 100.31 — — 100.31 117.11 167.35 132.70 139.05 25.72 18.49
SEEOEER ) 901.84 — — 901.84 1206.94 | 1478.64 | 1231.63 | 1305.74 150.25 11.51
Sy IS L AEIREE (%) - — - — — —
& M B (ne/g-F)(hH B ~—X 11.35 — — 11.35 22.53 29.08 21.29 24.30 4.18 17.21
{25 (%) Gl ~—X) — — — - — —
HC/AS 2.71 — — 2.71 3.07 2.88 3.35 3.10 0.23 7.56
BZ/AS 4.54 — — 4.54 3.87 3.32 3.37 3.52 0.31 8.71
RE/AS 0.75 — — 0.75 2.36 1.63 1.56 1.85 0.44 23.88
TAZ AT %) 11.12 — - 11.12 9.70 11.32 10.77 10.60 0.82 7.75
pamR{LKE® 30.11 — — 30.11 29.81 32.64 36.10 32.85 3.15 9.59
EEFERIEKE® 50.44 — — 50.44 37.59 37.57 36.31 37.16 0.73 1.97
L&) 8.33 — — 8.33 22.89 18.48 16.81 19.39 3.14 16.20
C17 15830.00 — — 15830.00 19778.00 [ 27964.00 | 37798.00 | 28513.33 | 9022.55 31.64
PRISTAN 11254.00 — — 11254.00 9173.00 | 15259.00 | 17598.00 | 14010.00 | 4349.16 31.04
Ci8 19118.00 — — 19118.00 26096.00 | 37511.00 | 48426.00 | 37344.33 | 11165.93 29.90
PHYTAN 14333.00 — — 14333.00 15651.00 | 25820.00 | 32341.00 | 24604.00 | 8411.18 34.19
C17/PRISTAN 1.41 — — 1.41 2.16 1.83 2.15 2.05 0.18 9.02
C18/PHYTAN 1.33 — — 1.33 1.67 1.45 1.50 1.54 0.11 7.36
I#1(2)
138 B 28HH
[©) [©)] [©)] ¥ o % [©) [@) ® E22] g %
G+EMER( 74.59 73.25 77.58 75.14 2.22 2.95 93.74 53.12 74.13 73.66 20.31 27.58
MR ER () - - — — — —
gafniR (kA E (mg) 292.37 235.99 317.61 281.99 41.79 14.82 180.23 76.39 345.83 200.82 135.89 67.67
EHFRBRILA R (ng) 418.57 303.17 456.54 392.76 79.88 20.34 |  292.61 121.29 461.40 | 291.77 170.06 58.29
LT (mg) 181.89 161.22 140.32 161.14 20.79 12.90 131.44 64.78 185.67 127.30 60.55 47.57
TAZ 7T (g 159.46 111.71 130.88 134.02 24.03 17.93 111.47 77.83 163.58 117.63 43.21 36.73
S BEORER (e 1052.29 | 812.09 | 1045.35 969.91 136.72 14.10 715.75 340.29 | 1156.48 737.51 408.53 55.39
S L BB E (%) — — — — — —
(3% th B(ng/e-B) (lHH~—X 14.11 11.09 13.47 12.89 1.59 12.36 7.64 6.41 15.60 9.88 4.99 50.52
2 52 (%) (il i~ —X) — — - — — —
HC/AS 1.83 2.1 2.43 2.12 0.30 13.97 1.62 0.98 2.11 1.57 0.57 36.14
BZ/AS 2.62 2.71 3.49 2.94 0.47 16.14 2.63 1.56 2.82 2.33 0.68 29.10
RE/AS 1.14 1.44 1.07 1.22 0.20 16.20 1.18 0.83 1.14 1.05 0.19 18.00
T AT 7T %) 15.15 13.76 12.52 13.81 1.32 9.54 15.57 22.87 14.14 17.53 4.68 26.70
samR{LAKE G 27.78 29.06 30.38 29.08 1.30 4.47 25.18 22.45 29.90 25.84 3.77 14.59
FHEERILAE® 39.78 37.33 43.67 40.26 3.20 7.94 40.88 35.64 39.90 38.81 2.78 7.17
LI &) 17.29 19.85 13.42 16.85 3.24 19.20 18.36 19.04 16.05 17.82 1.56 8.78
C17 17186.00 | 12908.00 | 29149.00 | 19747.67 | 8418.08 42.63 | 13614.00 | 6917.00 | 22007.00 | 14179.33 | 7560.87 53.32
PRISTAN 8552.00 | 7731.00 | 15460.00 | 10581.00 | 4245.23 40.12 | 9329.00 | 2875.00 | 12652.00 | 8285.33 | 4971.35 60.00
Ci8 26977.00 | 19294.00 | 38955.00 | 28408.67 | 9908.38 34.88 | 21412.00 | 12755.00 | 32245.00 | 22137.33 | 9765.22 44.11
PHYTAN 16846.00 | 14411.00 | 28358.00 | 19871.67 | 7449.54 37.49 | 17858.00 | 7275.00 | 23603.00 | 16245.33 | 8282.60 50.98
C17/PRISTAN 2.01 1.67 1.89 1.85 0.17 9.27 1.46 2.41 1.74 1.87 0.49 26.03
C18/PHYTAN 1.60 1.34 1.37 1.44 0.14 9.92 1.20 1.75 1.37 1.44 0.28 19.75
#(2)
428 H 568 H
® @ [©) i ) s % [©) @ [©) Rz 5 T %
B+ EMER (9 45.74 81.11 63.83 63.56 17.69 27.83 78.55 54.50 87.11 73.39 16.91 23.04
B ER (g) — — — — — —
R (kA F (mg) 79.04 | 292.69 454.35 275.36 188.25 68.37 |  261.68 232.87 777.57] 424.04 | 306.50 72.28
FEHER{LA R (g 140.74 473.86 578.21 397.60 228.49 57.47 432.83 371.69 801.96 535.49 232.78 43.47
LT (mg) 57.52 162.15 | 205.91 141.86 76.25 53.75 108.21 99.90 309.33 172.48 118.59 68.75
T X7 7T (ng) 58.83 162.32 204.51 141.89 74.96 52.83 154.68 121.11 370.74 | 215.51 135.48 62.86
HBEEOKRE R 336.13 | 1091.02 | 1442.98 956.71 565.52 59.11 957.40 825.57 | 2259.60 | 1347.52 ] 792.63 58.82
43 M X DENLE (%) — — - — - —
& &(mg/g-R) Gl ~—X 7.35 13.45 22.61 14.47 7.68 53.08 12.19 15.15 25.94 17.76 7.24 40.76
TER (% EHM~—X) — - — — — —
HC/AS 1.34 1.80 2.22 1.79 0.44 24.54 1.69 1.92 2.10 1.90 0.20 10.69
BZ/AS 2.39 2.92 2.83 2.71 0.28 10.38 2.80 3.07 2.16 2.68 0.46 17.37
RE/AS 0.98 1.00 1.01 0.99 0.02 1.51 0.70 0.82 0.83 0.79 0.08 9.57
TAI 7T &) 17.50 14.88 14.17 15.52 1.75 11.31 16.16 14.67 16.41 15.74 0.94 5.96
SRR AFES®) 23.51 26.83 31.49 27.28 4.01 14.68 27.33 28.21 34.41 29.98 3.86 12.87
FEERIKE® 41.87 43.43 40.07 41.79 1.68 4.03 45.21 45.02 35.49 41.91 5.56 13.26
LI (%) 17.11 14.86 14.27 15.41 1.50 9.73 11.30 12.10 13.69 12.36 1.22 9.83
C17 9665.00 | 15671.00 | 35285.00 | 20207.00 | 13398.79 66.31 | 14021.00 | 17347.00 | 42409.00 | 24592.33 | 15519.05 63.11
PRISTAN 4528.00 | 9163.00 | 19221.00 | 10970.67 | 7511.45 68.47 | 10608.00 | 11819.00 | 16591.00 | 13006.00 | 3163.19 24.32
Ci8 17502.00 | 25152.00 | 47651.00 [ 30101.67 | 15672.11 52.06 [ 22161.00 50.00 | 60478.00 | 27563.00 | 30574.04 110.92
PHYTAN 10927.00 | 18212.00 | 29199.00 | 19446.00 | 9198.29 47.30 | 20892.00 41.00 | 34581.00 | 18504.67 | 17393.32 93.99
C17/PRISTAN 2.13 1.71 1.84 1.89 0.22 11.51 1.32 1.47 2.56 1.78 0.67 37.85
C18/PHYTAN 1.60 1.38 1.63 1.54 0.14 8.90 1.06 1.22 1.75 1.34 0.36 26.83




BlR1-5 FHHHER

ok E—
AT ORHE
[©) [©) [} SEE g 0% @ @) ) B2 o o %
A+EREE(R) 69.20 — — 69.20 70.80 68.53 65.09 68.14 2.87 4.22
MR EE (g) -~ - - - = —
g {b KR me) 174.93 — —~ 174.93 664.50 549.92 381.55 531.99 142.32 26.75
EEHERALKR (@) 270.39 — — 270.39 647.06 582.19 489.05 572.77 79.43 13.87
VI (mg) 44,51 — — 44.51 102.70 58.80 84.65 82.05 22.07 26.89
TAT 7T lmg) 59.40 — ~ 59.40 194.16 178.79 198.27 190.41 10.27 5.39
HEEOBREE (M) 549.23 — — 549.23 1608.42 | 1369.70 | 1153.52 | 1377.21 227.54 16.52
. BB ZBELE (%) — - — — — —
% il (ne/ e) Gl HE A~ —2) 7.94 — - 7.94 22.72 19.99 17.72 20.14 2.50 12.42
TR (9) Gl R ~<—X) — - — - - -
HC/AS 2.94 — — 2.94 3.42 3.08 1.92 2.81 0.78 27.93
BZ/AS 4.55 — — 4.55 3.33 3.26 2.47 3.02 0.48 15.88
RE/AS 0.75 — — 0.75 0.53 0.33 0.43 0.43 0.10 23.36
TAT 7T %) 10.82 — — 10.82 12.07 13.05 17.19 14.10 2.72 19.25
pafn{bARE®) 31.85 — — 31.85 41.31 40.15 33.08 38.18 4.46 11.67
FEERIEAR® 49.23 — — 49.23 40.23 42.50 42,40 41.71 1.28 3.08
) 8.10 — — 8.10 6.39 4.29 7.34 6.01 1.56 25.94
C17 9031.00 — - 9031.00 39425.00 | 30048.00 | 29207.00 | 32893.33 | 5672.20 17.24
PRISTAN 5530.00 — — 5530.00 29436.00 | 19268.00 | 21116.00 | 23273.33 | 5416.42 23.27
C18 11205.00 — — 11205.00 47503.00 | 39498.00 | 35711.00 | 40904.00 | 6020.42 14.72
PHYTAN 8543.00 — — 8543.00 35491.00 | 30854.00 | 26750.00 | 31031.67 | 4373.21 14.09
C17/PRISTAN 1.63 — — 1.63 1.34 1.56 1.38 1.43 0.12 8.16
C18/PHYTAN 1.31 — — 1.31 1.34 1.28 1.33 1.32 0.03 2.48
ayhkg—L
138 E 28H H
[0) @ [€) T o % [©) @ [6) iy g %
B+ EMEE (D 79.14 85.50 56.25 73.63 15.38 20.89 37.62 58.54 47.81 47.99 10.46 21.80
HEREEE (o) = — = - — =
EFR{LAKEE (mg) 297.20 418.18 263.19 326.19 81.46 24.97 134.25 186.54 138.01 152.93 29.16 19.07
FEERIEACE me) 465.20 563.96 434.49 487.88 67.65 13.87 237.84 331.39 249.92 273.05 50.88 18.64
V7 (mg) 65.02 77.84 66.64 69 83 6.98 10.00 42.80 53.14 45.21 47.05 5.41 11.50
T A7 7T (mg) 139.16 136.09 151.67 142.31 8.25 5.80 77.78 108.11 78.22 88.04 17.39 19.75
SEHOEHE (g 966.58 | 1196.07 915.99 | 1026.21 149.26 14.54 492.67 679.18 511.36 561.07 102.71 18.31
| B L BEREE (%) — — — — — —
{1575 i (me/ g—0) Gl HH S — X) 12.21 13.99 16.28 14.16 2.04 14.41 13.10 11.60 10.70 11.80 1.21 10.27
112 (%) Gl H~—X) — — - — - -
HC/AS 2.14 3.07 1.74 2.31 0.69 29.66 1.73 1.73 1.76 1.74 0.02 1.28
BZ/AS 3.34 4,14 2.86 3.45 0.65 18.73 3.06 3.07 3.20 3.11 0.08 2.48
RE/AS 0.47 0.57 0.44 0.49 0.07 14.19 0.55 0.49 0.58 0.54 0.04 8.18
TAT 7T %) 14.40 11.38 16.56 14.11 2.60 18.44 15.79 15.92 15.30 15.67 0.33 2.09
paFniR{EARER® 30.75 34.96 28.73 31.48 3.18 10.10 27.25 27.47 26.99 27.23 0.24 0.88
FEEFERILKER 48.13 47.15 47.43 47.57 0.50 1.06 48.28 48.79 48.87 48.65 0.32 0.67
) 6.73 6.51 7.28 6.84 0.40 5.78 8.69 7.82 8.84 8.45 0.55 6.49
C17 24376.00 | 22849.00 | 22224.00 | 23149.67 | 1107.06 4,78 | 7494.00 { 9279.00 | 9468.00 | 8747.00 | 1089.24 12.45
PRISTAN 17302.00 | 15079.00 | 12430.00 | 14937.00 | 2439.10 16.33 | 5033.00 | 6310.00 | 6045.00 | 5796.00 673.93 11.63
C18 33103.00 | 31545.00 | 26890.00 | 30512.67 | 3232.59 10.59 | 10646.00 | 12773.00 | 15058.00 | 12825.67 | 2206.47 17.20
PHYTAN 24398.00 | 23936.00 | 20906.00 | 23080.00 | 1896.86 8.22 | 9965.00 | 11696.00 | 12263.00 | 11308.00 | 1197.13 10.59
C17/PRISTAN 1.41 1.52 1.79 1.57 0.20 12.45 1.49 1.47 1.57 1.51 0.05 3.37
C18/PHYTAN 1.36 1.32 1.29 1.32 0.04 2.68 1.07 1.09 1.23 1.13 0.09 7.62
ayrg—Lv
4288 568 H
(@) @ [©) ¥ g % [©) @ ® £ o 7%
B+ EHER (9 35.68 53.05 46.30 45.01 8.76 19.45 88.91 65.80 45.71 66.81 21.62 32.36
RS E E (g) — — — — — =
Rk K E (me) 230.62 347.83 351.29 309.91 68.69 22.16 327.39 221.26 166.00 238.22 82.02 34.43
FHEER{IEARE @) 393.68 545.20 498.23 479.04 77.56 16.19 512 46 396.52 280.83 396.60 115.82 29.20
VU (me) 72.15 80.58 79 21 80.31 8.77 10.92 87.93 61.24 55.36 68.18 17.36 25.46
FAZ 7T (mg) 129.68 156.55 215.18 167.14 43.72 26.16 183.66 123.35 117.37 141.46 36.67 25.92
S EEDRE FE(ng) 826.13 | 1139.16 | 1143.91 { 1036.40 182.11 17.57 | 1111.44 802.37 619.56 844.46 248.63 29.44
| ST X DI (%) — — — — — —
58 i (mg/ g —h) Qi i~ — X)) 23.15 21.47 24.71 23.11 1.62 7.00 12 50 12.19 13.55 12.75 0.71 5.60
B (%) GhHB~<—X) - — - - - —
HC/AS 1.78 2.22 1.63 1.88 0.31 16.35 L.78 1.79 1.41 1.66 0.22 12.98
BZ/AS 3.04 3.48 2.32 2.94 0.59 20.00 2.79 3.21 2.39 2.80 0.41 14.68
RE/AS 0.56 0.57 0.37 0.50 0.11 22.76 0.48 0.50 0.47 0.48 0.01 2.65
TR 7T &) 15.70 13.74 18.81 16.08 2.56 15.89 16.52 15.37 18.94 16.95 1.82 10.75
amnik{bkE® 27.92 30.53 30.71 29.72 1.56 5.27 29.46 27.58 26.79 27.94 1.37 4.90
FEIRRALARRG) 47.65 47.86 43.55 46.36 2.43 5.24 46.11 49.42 45.33 46.95 2.17 4.63
) 8.73 7.86 6.92 7.84 0.90 11.54 7.91 7.63 8.94 8.16 0.69 8.41
C17 10013.00 | 11355.00 [ 11618.00 [ 10995.33 860.83 7.83 | 14092.00 | 5954.00 | 15172.00 [ 11739.33 | 5039.26 42.93
PRISTAN 6983.00 | 7632.00 | 10136.00 | 8250.33 | 1664.96 20.18 [ 10155.00 | 5910.00 | 9507.00 | 8524.00 | 2286.86 26.83
Ci8 15886.00 | 16987.00 | 18514.00 | 17129.00 | 1319.74 7.70 | 23763.00 | 8230.00 | 26381.00 | 19458.00 | 9811.45 50.42
PHYTAN 12945.00 | 14678.00 | 19043.00 | 15555.33 | 3142.24 20.20 | 20524.00 | 914500 | 19504.00 | 16391.00 | 6295.91 38.41
C17/PRISTAN 1.43 1.49 1.15 1.36 0.18 13.54 1.39 1.01 1.60 1.33 0.30 22.43
C18/PHYTAN 1.23 1.16 0.97 1.12 0.13 11.78 1.16 0.90 1.35 1.14 0.23 19.97




AFE2-1 BRAWER

B ERERIE L v & — 3 55275 (1997)

B#HI (1)
w
[©) @) ¥ g 7 %
A+EMEE (9 338.79 338.79
HhREE () — —
BT R ALK SR (me) 68.77 68.77
FERR{EARme) 174.22 174.22
LV (mg) 102.40 102.40
T AT 7)VT o (mg) 35.40 35.40
DEEOBEE (g 380.79 380.79
SEIC L BB (%) = —
2 M (me/ g-R) Gl R —R 1.12 1.12
PSR (%) Gl < —2X) — —
HC/AS 1.94 1.94
BZ/AS 4.92 4.92
RE/AS 2.89 2.89
TAT 7T &%) 9.30 9.30
sanR{EAFE® 18.06 18.06
HEER{IEAE® 45.75 45.75
) 26.89 26.89
C17 7162.00 7162.00
PRISTAN 5335.00 5335.00
Ci8 10954.00 10954.00
PHYTAN 10206.00 10206.00
C17/PRISTAN 1.34 1.34
C18/PHYTAN 1.07 1.07
BAI(2)
[
® @ FH g 7%
A+EREES () 352.01 — 352.01
TR ER (o) — —
fn R E (me) 75.28 — 75.28
FEER{IEAR me) 211.54 — 211.54
¥/ (ng) 166.61 - 166.61
TAT 7T (mg) 29.89 — 29.89
SEEORER(ng) 483.32 — 483.32
Sy B L DEINE (%) —_ -
& hEme/ e GHH RS —X 1.37 — 1.37
35 582 (%) Gl i~ — %) — —
HC/AS 2.52 — 2.52
BZ/AS 7.08 — 7.08
RE/AS 5.57 — 5.57
TAT 7T &) 6.18 - 6.18
EIRR{EAKTR®) 15.58 — 15.58
EEER{ILAKER® 43.77 — 43.77
) 34.47 — 34.47
C17 9349.00 — 9349.00
PRISTAN 6387.00 — 6387.00
C18 14411.00 — 14411.00
PHYTAN 12314.00 — 12314.00
C17/PRISTAN 1.46 — 1.46
C18/PHYTAN 1.17 - 1.17
A (1)
w
[©) [©) E22] [ g%
a+EREES (9 412.23 — 412.23
MHBRER (o) — —
AR (LA E (mg) 23.28 — 23.28
FEERI{EAE () 54.73 — 54.73
LU (mg) 23.56 — 23.56
T A7 7T (mg) 17.24 — 17.24
HEHEDREEm 118.81 — 118.81
S B L DENEE (%) — —
& i & (me/ g-A) Gl A~ —2 0.29 — 0.29
R (%) Gl RS —2) — -
HC/AS 1.35 — 1.35
BZ/AS 3.17 — 3.17
RE/AS 1.37 — 1.37
TAZ g AT %) 14.51 — 14.51
fafR{ILKE® 19.59 — 19.59
FEER{EAE®) 46.07 — 46.07
L% 19.83 — 19.83
C17 1594.00 — 1594.00
PRISTAN 1698.00 — 1698.00
C18 2754.00 — 2754.00
PHYTAN 3793.00 — 3793.00
C17/PRISTAN 0.94 — 0.94
C18/PHYTAN 0.73 — 0.73




BlE2-2 ERHFHER

I# (2)
w

[0) @ Ey 7%
A+EBEE(Q 602.22 — 602.22
HHMRESR (g - =
EERIR (LK HE (me) 19.99 — 19.99
FHHEER{LA R @) 50.28 — 50.28
L2 (mg) 19.43 — 19.43
7AT7 7T (ag) 20.19 — 20.19
SEEOREEme) 109.89 — 109.89
S B X BEILE (%) — -
35 i B (mg/g—) G < —X 0.18 — 0.18
F2 (%) G B~—X) — —
HC/AS 0.99 — 0.99
BZ/AS 2.49 — 2.49
RE/AS 0.96 — 0.96
FRZ 7T %) 18.37 — 18.37
BERRILAE® 18.19 — 18.19
EEER{LAFR®) 45.75 — 45.75
) 17.68 — 17.68
C17 1155.00 — 1155.00
PRISTAN 947.00 — 947.00
Ci18 2390.00 — 2390.00
PHYTAN 2386.00 — 2386.00
C17/PRISTAN 1.22 — 1.22
C18/PHYTAN 1.00 — 1.00
aypa—

W')

@ @ E2z] 7 %
A+EBEE (R 407.98 — 407.98
HHEHRRER (@ — —
paRIRA{EAK T (me) 27.57 - 27.57
FEER{LA R me) 66.59 — 66.59
LU (mg 16.00 — 16.00
T A7 7 AT Amg) 20.24 — 20.24
SEHDORER (e 130.40 — 130.40
S B L DEIIEE (%) - -
&R E e/ e-0) FHEE—X 0.32 — 0.32
& (%) Gl < —X) — -
HC/AS 1.36 — 1.36
BZ/AS 3.29 — 3.29
RE/AS 0.79 — 0.79
TAT 7)VT %) 15.52 — 15.52
BLFIRAL KR %) 21.14 — 21.14
FERIRILAE® 51.07 — 51.07
) 12.27 — 12.27
C17 1066.00 — 1066.00
PRISTAN 1912.00 — 1912.00
Ci8 2059.00 — 2059.00
PHYTAN 4270.00 — 4270.00
C17/PRISTAN 0.56 — 0.56
C18/PHYTAN 0.48 — 0.48




