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The class of the elementary school science is carried out by observation and experiment. Therefore, in
this class we develop a sense for science.
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We learn scientific method through data acquisition, statistics handling of measurements, the
acquirement of the basic skill of observation and experiment.
(2) Bl - ERpAmL T, BPBEE A THERFES LML, BRRRETED 5,
We interpret natural phenomena with scientific conception and deepen natural recognition through
observation and experiment.
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We acquire scientific attitude to study phenomena with scientific method.
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Orientation, The direction for uses of the appliance.
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Acid / alkali and neutralization titration.
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Production and observation of the colloidal solution.
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Outdoor observation (A plant) .
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Outdoor observation (An insect) .
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The focus distance measurement of the lens and observation of the real image.
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Observation of the zooplankton.
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The observation of the photo plankton and pigment extraction.
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The measurement of the chlorophyll.
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The Manazuru marine training, dissection of fish etc.
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Production of the replica spectroscope and the spectrum observation, wavelength measurement.
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The measurement of the pH with Scotch kale.
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The specific resistance measurement of the aluminum foil
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A group or individual announcement choosing 1 from past experiment - observation and give

presentation.
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Through letting students acquire the skill of observation and experiment, deepen the interest about the
natural phenomenon and acquire a scientific manner for students.
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Ponds, Plankton and Microscopes

The goal of the laboratory exercise is to familiarize the student with basic field measurement techniques including
abiotic factor observations, plankton sampling techniques, compound microscope fundamentals (including
calibration of an ocular micrometer), plankton identification, and sketch techniques.

1. Plankton Sampling
Materials Per Group: Pencil & paper, thermometer, plankton net, bucket with rope, 2 x 500 ml beaker, 2 x

distilled water dispenser.
Methods:
e Walk down to the pond and take notes about the abiotic environment, i.e. time, weather, temperature
(air & water), depth of pond, pH, topography, etc. Make note of sampling location.

Time: Map (Drawing)

Weather:

Air Temperature:

Water Temperature:

pH:

Topography Notes:

e Seal the valve of the plankton net and lower into pond. Do not let the end of the net sink to the bottom!
Raise and lower the net a few times to collect plankton samples. Do not allow floating leaves and large
debris to collect in the net. Raise the net out of the water.

e Rinse the area around the net with distilled water and release the sample water into your beaker.

e Repeat process until you have collected enough sample water

e Return to laboratory

STRONG 10 METER
CORD WITH HAND Figure 1. Home-made plankton

LOOP = .
COFFEE CAN-OPEN AT BOTH ENDS oLasTc BoTTLe~ | net. By pulling the net through
l WITH SCREW CAP | water, small organisms will be

MPTY SAMPLE| . )

WIRE ;‘\ 5 s “| filtered and collected in the
/.\/\
Y

bottom portion of the net. The
; ‘ y
WASHER

sample can be retrieved by
simply unscrewing the cap and
allowing the sample to collect in

a vial.
WIRE ATTACHMENT- SLIP STOCKING OVER CAN-
EQUAL DISTANCE ATTACH WITH WATERPROOF
AROUND CAN TAPE OR HOSE CLAMP
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2. The Compound Microscope
Materials Per Group: 4 x compound microscopes (1 per student), 1 x compound light microscope, 1 x
dissecting microscope, large Petri dish, 1 x ocular micrometer lens, 1 x stage
micrometer lens, slide glasses, cover glasses and sampling pipettes.

Methods:
e  Familiarize yourself with the moving parts of the compound microscope: viewing lens, magnification,
diaphragm, mirror, and mounting stage for slide glass. Be sure your microscope is clean and works!
e Each person should calibrate the ocular lens of their respective microscope (see attached). Make note of
the ocular lens calibration at x10 and x40 magnification. Be careful with the micrometer slide and lens —

very expensive!

eyepiece lines | | The number of lines must be counted. As shown in the figure

20 30 40 A] 40 (left), the eyepiece lines have numbers on them whereas the

||||||||||||||‘I|II||I|I‘III||IIII|I|I|||I|I‘||||| c‘allbratlon slide's I.|nes do not. The total number of.eyeplece

lines (X) are from line 21 to 59. That's a total of 38 lines. The

number of calibration slide lines (Y) show a total of 10 lines

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (note the little lines mark half spaces and the first line is not
\ counted because it is zero).

calibration slide lines| | (Y/X) x 10 um = Measurement between two lines for

x10 um
x40 um

e Prepare your water sample by collecting some of the water using a pipette, and dispensing into the Petri
dish. Sort through Petri dish water using the dissecting microscope and find plankton to sketch. Collect
plankton samples and move to slide glass. Cover with cover glass and wipe any extra water off the slide
glass.

e Observe through compound microscope, make notation of size and identify using taxonomy book.

3. Sketch Techniques
Materials Per Group: 4x sketch paper, pencil and eraser
Method:
e Prepare your sketch paper by dividing the paper into two sections.
e Please write your name, ID number and date. Also note the name of the organism, where it was
collected, and any abiotic factors your group measured.
e Sketch your specimen slowly using long, controlled pencil strokes. Take your time. Do not sketch using

short, burst like stokes.

e Tryyour best to represent the depth and volume of the specimen using shading techniques. Adjust the
focus of your microscope if necessary. Take breaks accordingly to rest your eyes.

e Make any notations regarding colors or textures your some across.
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Chlorophyll Pigment Biomarker

Why is Chlorophyll an Important Water Quality Parameter?

The measurement and distribution of microscopic phytoplankton or algae is of interest to scientists, researchers
and aquatic resource managers. An understanding of the phytoplankton population and its distribution enables
researchers to draw conclusions about a water body's health, composition, and ecological status.

Chlorophyll is essential to the existence of phytoplankton. In general, the amount of chlorophyll in a collected
water sample is used as a measure of the concentration of suspended phytoplankton. Currently, chlorophyll
determinations are made on lakes, rivers, reservoirs, and coastal and ocean waters across the globe. Surface waters
that have high chlorophyll conditions are typically high in nutrients, allowing the algae to grow or bloom. High levels
of nitrogen and phosphorus can be indicators of pollution from manmade sources, such as septic system leakage,

poorly functioning wastewater treatment plants, or fertilizer runoff. Thus, chlorophyll measurement can be utilized
as an indirect indicator of nutrient levels.

Chlorophyll a Fluorescence Measurements in Plant Biology
Light energy that is absorbed by chlorophyll in a plant can

430
undergo three fates: = i
o |l
1) Light can be used to drive photosynthesis % J,"f il 662', 669
2) Light can be dissipated as heat “é ;f“ | il HH\. fluorescence
3) Light can be re-emitted as red fluorescence = |/ | absorption il ! \‘em'ssion
S | spectrum ;/ ' ﬁ,/
These three processes occur in competition. Any increase in @ } i W
the efficiency of one process will result in a decrease in the yield 'uk "\\JJII H“'.\,ﬂ
of the other two. Therefore, determining the yield of chlorophyll Y ’*ﬂ’,’ﬁ“r —f/ N
fluorescence will give information about changes in the 400 500 600 700 (nmy)

efficiency of photochemistry and heat dissipation.

Although the total amount of chlorophyll fluorescence is very small (only 1~2% of total light absorbed),
measurement is quite easy. The spectrum of fluorescence is different to that of absorbed light (460£20 nm), with the
peak of fluorescence emission being longer wavelength (685+20 nm) than absorption.

1. Chlorophyll Collection, Filtration and Extraction
Materials Per Group: 1x water collection bucket, 2x 200 ml graduated cylinder, 2x 20 ml brown glass vials
per person, 100% Acetone, filtration set, GF/F filters and distilled water

Method:

e Prepare 90% Acetone (using distilled water) for your group (each person requires 20 ml of solution). Add
10 ml 90% Acetone solution to your respective vials.

e Go to the pond to collect water! Be careful not to collect floating debris. Note the time, location of
sampling, air temperature, water temperature and pH.

e Set a GF/F filter (waffle-side down) using forceps on the filter funnel. Be sure your funnel is tightly sealed.

e Using a 200 ml graduated cylinder, filter 50 ml of pond water through the GF/F filter.

e Carefully remove the GF/F filter (without touching the plankton on filter) and insert into vial filled with
10 ml of 90% Acetone. Make sure filter is settled within the Acetone solution.

e label and store in refrigerator.
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2. Chlorophyll Fluorescence Measurement (Z 2 2 7 ¢ JL a (CHL a) Q#IE)

CHL a DHIEIIZWOTTIENRH DN, b T THOIN TODO 0 E N E R 2 W IEETH D, AER
T L7z CHL a 8 6E2 8 G CRIEL ., CHL a &2 H H 35,

G E #a1E)
O WEENGH SOV T a L, IKEETEL,
@ 2 50OF 2y EEBRE)EHEL, 7/Vva— L THMUIERE (ENEEET,
@ —2% BLANK J(F=~vh BIZ, —2% SAMPLE [H(F=2~ vk §)ET5, (3%1)
@ BAyhvrTHFRaXyhBIZT R 2.5 ml Z AR, FaXvhO PR, —EE T,
® TEIN THESTEFaXyh BIZE Sy b~ T7 R 5 ml 2 AL, F 2y hOTULERNCAT 1), #56
FEFHIEREL . B E(R)EZRIE T D(E A LD AL
DONE] DR H7- D% 72.5), #1
® WEEABAZE (B 507 —2) IZFEAT 5, ) ) I
o o . o . Farty Farle | FULTENE
D By THRaXyh ST 7L 2.5ml 2 AL, FaXvh E 5 CTHBEITE |
; ke W, A E RN |
DIRET, —ERTS, » o — / =— / |Ut. awnest |
P T N T leF 2y SICE Ny~ THT )L 5ml & e FA LERET 5.
AR RNVT I ATIIRE T Fa Xy DT~V RN —
G EOBEEEFHIRE L . dOE)ERIE T 2EEZ LD * Dy ;
ZHL. [DONE|OFRNHIZROEE D), 2k 2 9T ﬁi ;
Vo3AT,
@ 2 YT AOREMEE AR (B 507 —2 ) IR AT 2,
SAMPLE DI EEA S BLANK ORI EEEZ LGN T, Yo7 \/ U
O A A T, BLANK SAMPLE
@ LUTOREMANTCHL a BZ2H T3,
CHLa(mgm3)=F,xv/V
CIT. v AT B R ) B, VIEIEIE L7 K DTS () Th 5,
ERDT = o P D
Blank (F,) Sample # Blank Fo v Vv
Sample 1 (F.) Fol= — = X /
Sample 2 (F.) Fo2= — = X /
Sample 3 (F,) Fo3= — = X /
Chl a DFFF:
Calculate your three (3) chlorophyll concentrations using the formula (above).
Sample 1: mg m3
Sample 2: mg m3 AVERAGE (MEAN) from Samples 1-3: mg m3
Sample 3: mg m?3
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°

Chl a Average (mg m3)

O (0 N (O | | &~ W N |M
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[N

[y
N

[y
w

[y
D

[y
(%]

[y
(=)]

[y
~N

[y
[*]

[y
(-]

N
o

Class
Average

Class S.D.

Class C.V.

% S.D. (Standard Deviation) : 15 ¥ (R 7=
EOBSITVEAWE T HUE,

Yx2-(Xx)2/n
SD.= n-1)

(n :5*“—&%(, X =Ny DAiE)

3¢ C.V. (Coefficient of Variation) : Z#{RE
FHRIA 72 S 1E0 D FE GV E 7R 350l

C.V.(%) = S.D. / AVERAGE x 100

Calculations / Notes :

Time:

pH:

Air Temperature:

Date:

Water Temperature:
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Life, Anatomy and a Fish
The goal of the laboratory exercise is to familiarize the student with the importance of life, basic anatomy and
fish biology. The practicum requires each student to dissect a bony fish (Class Osteichthyes).

Food enters the fish’s mouth and passes through the stomach and into the intestine. Digestion is aided by bile
produced by the Jiver, which is attached to the intestine. Solid waste passes out through the anus. Wastes from
metabolism are processed by kidneys and pass out through the urogenital opening. Oxygen is obtained from the
water as it passes over the gills. Waste carbon dioxide is passed into the water at the same time. Movement is
achieved by the action of muscles attached to the bony skeleton of the fish and is guided by the action of several
types of fins. The fish has an air bladder in its body to help it stay afloat. The amount of gas in the bladder is
adjusted by gas exchange across the capillaries in the air bladder wall. The lateral line, found on the outside of the
body, allows the fish to sense differences in pressure and to sense low-frequency sounds. In this lab, you will dissect
a fish in order to observe the external and internal structures of fish anatomy.

1. Dissecting a Fish

Materials Per Student: Dissection kit and tray, 1 Funa

Methods: 1. Place a fish on a dissection tray with the head on your left. Use illustration to locate and
identify the external structures of the fish. The head includes the mouth, nostrils, eyes,
and operculum (gill cover). Turn the fish as needed.

2. Use your fingers to pry open the mouth, and note the teeth.

Use forceps to lift back the operculum, and observe the comb-like gills underneath.

4. Identify the scales on the skin (each ring is equal to roughly one year), the eyes and
nostrils, the lateral line, the anus, and the urogenital opening. Then locate and identify
the different types of fins: dorsal (back), pectoral (shoulder), pelvic (hip), anal, and
caudal (tail).

5. Sketch fishes external structures described above.

w

Sketch Fish:
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Dissection:

After sketching the external structures of the fish, prepare the scalpel and scissors for
dissection.

Refer to instructors’ guidance to clarify how to proceed with dissection.

Remove scales, cut along backbone or lateral line (in the direction from head to caudal fin),
and cut down towards the anus.

From anus, carefully cut towards the head. Be very careful not to cut any internal organs.
After making the cuts, carefully lift off the flap of skin and muscle to expose the internal
organs in the body cavity.

Identify internal organs: air bladder, stomach, liver, kidneys, gall bladder, spleen, gonands
(ovaries or testes), heart (2-chamber system composed of atrium and ventricle), and
intestines.

Observe the eyes and find the lens. Finally find the brain.

” 17 '/,'/’
{ ,m >
T

5559

\
A
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HBBIRINT B, BOKDDFK :
W ki) B ABOKENL, TORFD |
ERYRLT5, 2% b, BT :
2 HEEA HlR (ERICE) RIB i
n=1 -21.56

PoDEBRTHS,
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FBR 5 —E2R% ¥ XY & W =pHOBE —

1 HBHHY

W - 7Y OFREE LT, U b~Aik, BTBIRKE V2O ETH L0, L0 Hiefirsdiaffo
T BRT VA VIZHOW TN,

2 Y
ZRE BHAE Sy b @Gml) | ARV H— 6Gml) | W B—h—, BRERER LY
i IRIERR, KEMET RY UL ATYRF Y DR

3 Hik

(1) EAKREROTHTREEZES, | make an indicator with warm water.

DL T HFFr XY OREZHH, M < ABHASATT D O5T, ‘
QO HORLIELOAEE—I—IZB L, 100mIFEEDKE AND, ,
@B —H—%2055FENET 5,

@OUIXHLLEWTIWE L, A AT 5,

O FEr3E DEIFREVETH D,

() HATERIRAAE D,

OKLOMIZHEERE (35%) 1OmIZNZ., ZHA6(EHIHDD,

—lmoll HEFEAKA  [H']=1moll (BEROFRLIRT 7 FNTIT Y, )

I increase water 10ml to concentrated hydrochloric 35% acid 10ml and dilute this to 6 times.

— 1 mol/l hydrochloric acid solution A

OBIRAZ 105D 5, —0.1moll  HEREAIB  (Z0 > E a1 2%, )

I dilute solution A to 10 times. —0.1 mol/l hydrochloric acid solution B

OWIBA 10D 5, —0.01moll  HERAAIRC

OFRC A 10f5I D 5, —0.001moll  HElEAIRD

ORIED %1052/ %, —0.0001moll  HEFAFRIRE

OVSIRE A 10RA T 5, —0.00001mol/]l  HiFRiEF

(DU 2 10f3 2D 5, —0.000001moll  HERRAIRG

®FEE/KH

IR A B C D E F G H

pH (HIE(E)

pH Gi5HE) 7
1 IEEEFERNKOPH

(2) KlEALT NV O MMFHERIR A E D,
OKER LT R YU 7 A1.0g12K &N Z25mIc %,
—lmoll 7KEE(kT ~U U LEka  [OH J=1mol/l
I add water to sodium hydroxide 4.0g and make it 100ml. —1 mol/l sodium hydroxide solution a
OFiRaZ10M52H#D 5, —0.1moll  KEE(bF h U 7 ARk (0> EPenaE+ 2, )
I dilute solution a to 10 times. —0.1 mol/l hydrochloric acid solution b
ORI Z 105D 5, —0.01moll  ZKER{LT kU ™7 Aiic
@VEHCZ 105 D D, —0.00Imoll  KERL) R U 7 LA
O & 102D 5, —0.0001moll  7KEE(LT |~ U ™7 Aike
GrRiteE 10520 5, —0.00001moll  KER(LI YU o7 WEiE
OVRIEE & 105120 5, —0.000001moll KB b U 7 Aty
®rkikizkh
HiR a b c d e f g h

pH (AIEfE)
pH GHEAH) 7
&2 KEBbT R T AERERIEOPH
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B) KFA A ARELME L, FHAMHEE LT 2,
OpH A — & DEMEZERIZANT, pHERIET 5, EAFK 1, 21Z5EAT D,
pHIIEIL, HH>G—F—- - >B—A, hogofo---—boa DIHIIAT I,
I measure pH of the solution in a pH meter or all-around pH litmus paper and fill out table 1,2.
@WK TpHAFIEL, %1, 21Z50AT 5.
pH=—log[H"]
OO, WROEREEITETLE T2,
I calculate pH in the next expression and fill out table 1 ,2.
pH=—log[H"]
For it simply,all the ionization degrees of the solution assume it 1.

(4) CFEED/ER The making of the color index
OB, A~G R Ua~gDFiE Y DIk Z2mlS5o L 5,
QFNTNOFEREIC, FErREREIml-S Oz DO b 2 BT 5,
OEFEENTERT D, Fldke LT, 7r—% A THEEERD A~G T, a~gT14) .

(6) HELRWEDH B, BkH D b OOMRMEATID,

I examine the liquid characteristics of an imminent material.
OFIZASLND L O WE (K ot @b ik, 7470 2 FHIL, £3  IZGEAT D,
O (HEIR) Z2mid SrkBE I iLD,
@FENENOREE | H R Il T I 2 OB b A BlET 5,
@A) DEFEEND, W (EIF) OpHZE THM 2,

Froma color index (4), | predict  pH of the solution.
e (iA) Z5mldoiBREI IS,

pH A —& E 7213 THEpHFREA T (IR OpHZERIET 5,

ORRER3ITELDD, B U GTEERD,

No L DR OYyE e R G L DpH@a~g . A~GEFEA)
1 R VYR

2 YA —

3 e

4 gl

5 | Bl EidkEE s m)
6 REITWN

7 it (HeEP)

8 |THEEEPKG R I)
9 FPRIK

10 |77x=DT R

11

12

#£3  HOREY OWEDOH
4 FEREER

(1) 3@DEFEEAND &, pHOWL HOZA L E THER TE 720y
(2) 3(6)TRDT= 2FHDOPHIL EDFEE K L7=7)>
() 2TV FF XV & IERIL, FAERRNC BT 2EMS & LTy E D hva UL,
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MR P D RER A TR 2 R
2% —B ) LA BEGS0E 1989) pp90-93

Q) KDOA A5
KD B VIEARBEEE T, IROFEBHE D Lo,
H*+ 0OH = H.O
Z DI L

HIOW]_ k()

H:0
BRIIT B, KOWEI I [Hzo]zl—‘l)‘s’%iss.&s[mol/z] TR H B, AR TR,
[HeO] AR DME & D BA/NZBEIRR 22, BOBKRTCRIZEF—ELELTLuLS
[H*][OH"]=K [H:0]l=Kw (—%&)
BRI, ZO Ky DlE KOAA M E L3, ZOEEERMLTHL -
25°C 1.0X107** [mol//)?
Kv={ 60°C 1.0x107** [mol/!)?
100°C 5.2% 107" [mol/!)?
LB,
mEEE H]=[OH ] wk2Z:Rr0T
25°C Tix [H']=[OH ]=vEKw=v1.0x10""“=1.0x 107 (mol/!)
60°C° Tk [H*]=[0H ]=vEKw=v1.0x10"*=10"*% [mol//).

(2) KFA AP LpH

—%, [H] OZLRIEHECKENDT, pH(R—1n—) S ETEEAL, EBIC
R [H ] »odEHchan [H) g TH2z2L 51273, pH &

PH=—log[H']  s7:i  [H7]=10""= L

EEETS. D0, KBEAAVBELZ 0" LI TENL L X0 ndpH T, pH 2
REwE [HY]p/h& L, pHAVha L E HIBHKRELWI LItk 5,
25°C OHMEITIE [HY]=10"" [mol/{) #2525, 25°C Okt pH=7 L% 2. ¥
72,60°C o EEH TR [HT]=10%% (mol/) 7220 5,60°C O rdix pH=65 723,
U E»e, 25°C TIX FOMMEED D,

B 4 : [H*]>[0H] = [H']>107"(mol/!] == pH<Y7
f % : [H*]=[0H"] = [H*]=10""{mol/!) == pH=7
FrAaUt o [H']<[OH] = [H']<107(mol/!]] = pH>7
DT T, 8RR mE 20 0,25°C, Kw=1.0X10"" (mol//? TEZ 2 12T 5.
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(3) KRB
HOAKBHIC L EE, BLEAYTSRW B L C5F - HE L [y ], BukE
WBCh, DEVEBRELZWHOR THV] L),
W OB SEREELAAKERoTVD HCl, H,SO., HNO;
PROE: DFROLD LA v pETRE H:PO., (COOH).

B M BrACRSFROEE (®) CH;COOH, H.COs; H.S
{aﬁﬁgz BB LAA VIIESTWS NaOH, KOH, Ca(OH).
BIEE . HrAESFRDEE (B NH,

0.1mol/! ®#H# (HC1), EFf (CH,COOH) kKiFH TEZ TA#5 L, HEB T3 HC
— H"+ClI” L ZeIEHT 20T [H]=0.1(mol/!) 127 > T\d 5, BERRKIER
TR BBEEE (AR TORER) ARV 0.0IEE (1% 20T [H']=#E
X B = 0.1x0.01=1.0x10"%(mol/{) T, BEAXEATFOEEIHFEL TS,
DX FEETRBHESMBEC RS, ERERLYOLOKEZIOT
HAHH ), BEEIEBECL-TEDLLY, BREH IWELRECL-TEEL2EH
T, WELEENSINE, BRTBEW OB —EIIR5L51, EHENEILIOT
H5,
T, HA #BBotFR L, 20BE% ¢ (mol/!), EHE % o, EMTEH %L
KoL Twab,
HA — H™ + A
c(l—a) ca ca

K.=H)AT)_ caxca _ ca’
*7 T HAT Tcl-a) 1-a
FHTIE a=0 20T, 1-a=1 LAPLT

Kai_:caz CI:U&
c

FRA»S, BETIIEE cORZWIZLEMRE o /N8 B2 Zpibhnd, £,
KEAAVBERFELTAS L

[H*]=ca=cx IEEI\/CKa

LD, FETIE, AR A VEE ([H)RBE cHPREVEERELI LAbRE,
DRERIL, ATRDBE c DREVIZLEBHE a WNEWVEVLS L EFHELTHE LD
S, TRTIELW, 72k 24F, HL95B CIBE 0.1mol/! D & %, BEEREH 0.01 T, [H']
=1.0x107*(mol/l) 7% >TWwW2HEEREZLH, COBEXAF T L, EHER
0.0} XvI/4=0.005 &/& < 3h, [H]=2.0x10"%(mol/l) E K& k3,
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EER 6 — T OEPLRAE —

1 FEEBRHEH®
HERTNAIRANVOBEBLRESAZNE L., TAIOWPIELEE L CCHME & i+ 5, #
DS, T — X OiciEZ 8 9 5 FIRICEIL, REMEOKFIEROBMEZED 5,

2 YEfH
£ N—7 EJ (DCBV., BRTAIE) . TIUX N~V ILFA—F—25 (MAEF. mVEFE LT
) . BT LIRS GEE., BED) By X — 18K, TH., TRk E

3 Bt RE

DT NVIFANEITERO ET X —FEI NI TCTEH7Z0M<EIVES (K1O),
MU lemlU G2 L, 5027 U v 725+ 45, ek s L5, REoE
EZxLET D, LIZ30~40cmiREICT 5,

(2) ABZAIZ E—HMER SR 17, RESAECITTY RS (K1@) .

(3) RAEtO—Hi 5, ZHE (2.5cm< H) ([Z1~11F TOFZ 2R RELOAMANZFE T,

6D I"" 30cm /i
LT IJiI? 1ocm
M .
e 1em L]
BEL 112 e .. e /
L L
@ 5 6 |
) b B4 ar — iR @i
FHTIEE A
EiRIEx !

4 Bl ORERL

(1) EJR % ACL00VIZ %%ﬁ# K2 o8 REREEESD,
(2) AEZ K2 OXYEIZHE R L, MEDOHEHE T 5,

5 FEBEIE

FERT, O, M. FRENHmITDOT LI ARAN GaH., JED) TITI,

(1) 2B 1 —EXIEHLONE —

OEENIELLIELNTNWD Z & 2 MR L=k, B %ZACLOOVIZHRiT 5,

QEBEFOARY =2 —LZHEL, XYIZHNDEE (MVEOFEHR) % 10~50mVEEE O i T

ZAIHET (5~77—%) | \EitfEIImA] L EEMEVIMV]ZiEA TE 1ICRET D,
MO L X, BRMAZI00mA (=0.1A) BEFTIIBEIZXDH I L,
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TRUES HUaz—h -~
)
i BAIZOCEE | onrs

+ &  — . Eiﬁ.

% v DC200mAL" 25 =1.3mm
o
+ @ com

DC200mwL _ _ .
o B3 hadBlE
~—~ COM

+

B2 AIERR

#1 (@A) #2 (@)
No VImV] [[mA] No almm] No a[mm]
1 1 8
2 2 9
3 3 10
4 4 11
o )
6 6
7 7
1 () #2 ()
No VImVv] [[mA] No almm] No a[mm]
1 1 8
2 2 9
3 3 10
4 4 11
5] 5]
6 6
7 7

(2) ZEBR I — B hE OHE —
O K3DELHITHED FITEHEHZE <, 31E—H & L TNo6D I E W %2~
@ N—_TH KL CTHREDOIEZNET 5,
1 mmoO1/10E TH AR THE, K3 Tk, NobDALEOE S 1T,
as=13mm, (as=12mm &EHBTEEELHD, HYREPLEELET, )
@ a;~a 1 FTERERICHE L, F2I2iLEKT D,
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(3) FEBRI — 3R DJE S DEHIE —

#* 3 (EH)
Alcm] mlg]
Blcm] d [g/cm?®]
#3 (BE®)
Alcm] m(g]
Blcm] d [g/cm?]

O TIWIKANEEFRIZED WD, HEAEHBIXI0cmEL Eicd 52 & (X4) .
@ #MoEs=Alcm], itk I=BlecmlZ*& 3 IZFLAT D,
@ IV WA TT VI KRANVDOEEMEE KT, £3ITHAT S,
TNHIBRANDESZbleml & T 5L, YIRS T A IFRANVOEEmMIgHE,
m=A:B-b-d ---(7)

Eb, 22T, dlglem?PliIZT VI OBEETH D, A 5 b
@ HBHER CTAIOEEdZ RN, HE2R3IZEHAT D, ééi;;;;z
PLEXY, KD TNVIRANVDEIDNRRD B
s GEMEZ6e Q) . X4 TR

6 T—XDOWE - 7 Z 74

(1) BRI —REOBSEIROIE —

OF1OTFT—% %, NV, ftihcizy, T—%%7nav bT5,

QFEEZBHEME, T—HIZRXA N7 4w b THLICEE, T—FRZOEMBIZES Z

& (=2 ZREET %,

@FDHE (=VIN) ZRD D, HENHKEOBEBZEMRIQITHDL, BXEHIRERD, T

FLICREAT D,
(@)

R[Q]

()

R[Q]

(2) EBRI — OO E —
OiE DY fEa, 7 — &% OEREREs  Z IR OBKRZH W TRD 5,
a:ZallN "'(4)
s?=23(a;—a) ?/(N—1) (siZ7 — % OEFERERFZE, 7 — X HN=11)

Su=s/l{N -+ (1) (Sl T3 AT DR HERRFE)

OWEDRIEM (=atsy) ZRDDH, EREFKLITHATD,
F4 (B (E D)
alcm]

Sm Lcm]

A e fiE [em]

-48 -




(3) EBIM—TIILIRANLDESHDOYPIE—
©® THNIFANDESbERALVRD, £5IZEEAT D,

—_— 111 ]

bXABm )
#*5 (EH)

blcm] bl p]
#5 (EY)

blcm] bl ]

KESOHAL p II 7 &, 1 =10 °m=10 ‘em Td o,
MIEXOAE : Lo RA L (EH) 25u, EERFT L IAA L GEE) 124

7T MR EBE
R&L, a. bW A [MICI L2, KOEZEITA,
(1) #E (BSLO#S) OWESIE, S=ab[m?] (C/i s, BAMHUIE SLICHHFIL, 1B

i fgablc R 45 O TR O BRI Y ST,
L :
L ; .
R=p a-b () b:::l_::: : w/;j/i
1 -
FeBIEEpIZ TR & Lidh, WEEAOEEFF-> T\ 5,
O7 v OEBLEpD BN Z KD K,
QX ()M, T OESRpERD L,
Pex=R aL.b (I)
ZDEE, bITITERLSDOEE ., alcitE 4 OFEWEar v X,
@fAZES N bpe DFRFEE RIE L 1L,
(2) (1) CHRDOT-EBRE o o &2, SCHME o + & B X
O7 N OWPLERLZHEBHERTHR, 607, 127D L
#6
Al LR ]C 0°C 100°C
orlQ-m] [V 7 f

QEREOEEZAY  K5ESZEIZLRBLT LA DEZAHLTY (= p +DE) KD
Ko H5TIE, mOERNTYDETH D,

o [x1088 m]

|
0 t 100 [°C1
=& ¢ [C]

X5 B O SCHRE
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EEERAEFHRICEIILEFTREOEE-—LET 3005 —

1 [FCHIC

2011 4F 3 H 11 H DR FEHIC L - T, WAL - BIH A OIS HRA 7e T RETG Yy &
U7e TOEEZBZBINTHND LT AR DT, HE ZHEIC AN TR THN
7o (2012 7)., % VUL EAEE LU, RIS HEREIC X D BREETG YT EEE LV b/ NaT
SN TWD EIICHZIT NS, Lo L, BHEOMFREIG YT AR ELC 135 720,
B > T AR EEERICZOD 2&, TRANARBICEEONTICIEE L T L, M
KT DIENE LR NN D TH D, Y b B Cs 1T 2 7203, BCs X 30 F &L &
W, AR EOMZERE=2 ) 7Oz b E, ARIO X HIT, HROKEI Tl
G OR TS T ABREIXLETA— ML HTE0 LR LILLLEOHEI T 717
S>TW5, L, BEETIIZD SHERRIEIC/RDHE6 7 7 OHIRN— HH D, D)
WIZHET, 8 77 OIEYMEENH 21ED, L1223 -> T, BIRO O G Y4 X 10000
~5000Ba/m? f2 1L D & & 2 it biavny, ZofEix, H# 1 ¥u s 704720 T
E 2% & 200~100 Bo/kg FREEIZ 22 D, Fex i, HETOBEMEES T AnB D y HRTH
WR L TS, EBIC, HERTOBRMEE S T LD o7 1%BMEMICBITT D EE X
HE. T ZEERT AT, 2~1Bo/kg F2E DY > 7 A% AMKRICE D AT
BRUZ L DR EZ T 5 Z L2/ b, EMEIEEHZ L TEEICRDE, ZORE ARN
BRLHGEIT, B U AT 1065, 100 %5 & iEfE LTV, Zb OfElL, BUNFOE ER
YEAE (2012 4F 4 A 1 H LLAilE 500 Bg/kg, LA 1% 100 Ba/kg) & D IFIKR< 22 B0 LivZawy,
UL, JFORFERATE, BRtEE 7 AREIXIZEO ThoTc Z &2 LoD LAV S
X B720, a1, FIEFL TV O gk OMEgRRE & NEgR) Zfils s 0T
H5, FFZ, HOARLT E L ~DFE (B PEIBREINIFETHL, PTLH,
INMNBIIRIC KDONEIROPBENEETHD EEZ LN, BESCHILTIE, Ml T
EONTEBMPRELNTND Z ENRZN [EHRLBRERO MBI EREII Y > T ARETSH Y |
JEBRIZ 72 B SEPESCHRIEDO O E D 1212, BEBERAENMTHOI TV D SITRIES 2 bt
W, F7o, UV OREMNE EREMUNL 51X, BER L 72 5 BHI2ITZE O
FHENDZLEHLRSHEBBLTLESTWD, ZTARIREZ 20, BAEWHE (BEHEN A -
TNV DIZH DFEE N> TV D EREE S IV TIRARVIREE) Z2/EVH LTS
TRTH D, 5L, BFESHE (FiEL TWDDELETT LR L CRETRED )N
BWEMEZEIRL TWAREE) bbb G0 ThS, ISR TFELNNED LTEM
IZREMT TV DIEEE L, BMEZE CGREZ ENE W, BN - IS, L T
HEMITEEEEEUNTH LN LRZETHD LHAT 20T, BMOBEEDFEE L
HOMZLE D E LWL THD, BB ROFFEE L L0, HEEDEMZRINT
X5 L9 TWARNL, b HAA, BMOBIRAZEMA ST T D DITFER RN TH
%, FEML Tix7a< . FEHO THEBGEEBROFRET — X 2 BE 2T, AT DI E 90
ERDDLZENHEFENTHD, TOBRELRLT— X 2RI 52 L L ARMEDOL H—D
DHEHMITH D (2011~2012 FDARIL) .

2 MROAE

ML X (3, 44F4, Pid) Tid, SCGHERIFE OMERE=2 Y » 7 O (2011 4% 8
H 28 BAE T — %) ZH\WTC, & BIGIRO LG REE RO TR A HET — 2T 5 2 &
(2 U7z, BT — 4% 1 YL~V 1 7 Bg/m? LR 25 300 J7 Ba/m? DL EE To 9 B
ICRRE S, LUV EICR RS- 9BTRLATWS (K1), Frx 3@ IR EBEROITE



(ZEAET —#{b Uiz, BET — 2 b D FIEZ O W TR, i [ERER o+ %
E/ﬂiﬂ% EVERIFER T 7a— T KA FRER O IR — (=) VX — « BRI - B
FHRE) 1 D ppl71~173 IZFEEN TV 5, Fex OELY AL R F i 0 EB B & /48 2
DFEETHRT HIEETLH D, BAROBEEOT —X1%, 2011 FD 6~10 H OH|E T
HY, BERTIETF =V FOEHBER (15 =1 ~[C|] 55.5 75 Bg/m?) D%
V) B TE RV E RGN BB YL DRV E TR Th o7z (K 2), £
DOHIER 2 F D 12O O EMET — % & LT, X 312 B RN RT3 0 HH5875 YL 0 —#] 2 7=
T, Flo, K4 ICEE - ALK O BB Yo —Fl 2~ T, WD 2011 4F 8 HE DR
MEBZTEN,

3 T—AMLBHMDBLELANILEZRELDICIE

KOVLEBRBATIRE D DB 2 5 & % BIREROY) T H5 Y B % 5000 THIZUX, B4
IZEENDHHED A —X—T AT 4 A A FBA[EETH 5, Hilz 1T, R OHE, 11
154 L1 11000Bq Th 57 5. 11000-5000=52Bq & 720 . £k 1kg (21 2B TR
DFTEE T LD ASTNDEZ L2 b, ZhiE, HLKETHLHEZTH Y | ARITFEM
OHEHEGT — AP OEEREH L CREL D Z ENEE LV, 20 2Bg/kg 21K &4
L3 INERFEL ICIEAERSERWVIIICLE D LHETT 20, HEENRDDL Z L
Thd, ERLARK, BRI X ) fFRzERICE LA LT RETHA D,

L7 e L1
e ol

e
VAR
" | L

§ e
o g il .
T

. B Bgm?

1 7—45 XHRFEmEgT =4 ) /7 Hifg (1¥Cs+1'Cs  TIER MG YY)

R OBERL~L  JHYRE[X 5 MBg/km?]
300~3000 ” LAILEIERER
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3. Sketch Techniques

Materials Per Group: 4x sketch paper, pencil and eraser
Method:
e Prepare your sketch paper by dividing the paper into two sections.

Please write your name, ID number and date. Also note the name of the organism, where it was
collected, and any abiotic factors your group measured. .

Use a sharp pencil. Draw what you observe, not what you think you should be seeing.

Sketch your specimen slowly using long, controlled pencil strokes — sharp lines. Take your time.
Do not sketch using short, burst like stokes.

Make the sketch large! Label different parts of the sketch and indicate scientific name.

Draw the scale bar or magnification used.

Try your best to represent the depth and volume of the specimen using shading techniques.
Adjust the focus of your microscope if necessary. Take breaks accordingly to rest your eyes.
Make any notations regarding colors or textures your some across.
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