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Reliable statistics showed that main reason
for failed case in authentication of
environmental monitoring lab, is not due to bad
instrument quality, but others, for example,
problems in reagents and experimental water
iInspection, inaccurate working standard &
preparation of “blind sample” solution, etc, all
can lead to incorrect analytical results.
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Therefore, solid foundation and skill in
analytical chemistry experiment is necessary for
improving the quality of environmental
monitoring, which refer to the knowledge of lab
safety; lab’s water, reagent specification and
preservation; analytical balance; weight &
titration analysis; calibrations, etc. Lab safety is
one of the most important issue.
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1 Experiment water for environmental monitoring

Pure water, distilled water or deionized water
would be used. Redistilled water or higher
specifications are for electronic anachem, HPLC
etc. Pure water is not absolutely pure , but
impurity lower in certain micro-lever.
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The level and technical indices are listed in following.

Table 1 water level and technical index (fr. GB6682-92)

name lever1 level2 level 3
. PH norule (nr) nr 5.0~7.5
e Conductivity (25C), mS/ m, (X), 0.01 0.1 0.50
« Combustible subs (in (O) ), mg/L, (<), nr 0.08 0.4
« Evaporites (1052 C), mg/L, (%), nr 1.0 2.0

» Absorbancy (254nm, 1cm optical path), (<), 0.001 0.01 nr
 Soluble silicon (in (Si10,)), mg/L, (<), 0.01 0.02 nr
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1.1 Distilled water:

 Distilled water is made by distillation to
remove non-volatile impurities. The
impurities varieties and contents are
different with different set. Glass distillation
water may contain Na* and Si0%7, and Cu*
with copper distillation. Stainless steel set is

popular for better quality.
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1.2 Deionized water:
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* Using ion-exchange agent to remove
cations and anions, deionized water is
produced. Pls note that old deionized water
may contain microorganisms and organic
impurities.
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Electrodeionization ( EDI) is a combination
technology of ion exchange and ion electric
migration for pure water. By using mixed ion
exchange resins to adsorb ions in supply water,
and these adsorbed ions are removed by the
action of going through anion exchange membrane
and cation exchange membrane respectively under
DC voltage. lon exchange resin is electric
continuous renewable without traditional acid and
alkali operation.
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* 1.3 Pure water quality inspection

The index include water resistivity, acidity,
calcium & magnesium ions, chloride ion, etc.
(1) The resistivity: conductivity (min range
0.02 mS /cm) (see table 1.1).

(2) PH index: 6 ~ 7 pH value. Test way are
as follows:
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(D simple method: water 10 mL in each test-tube;

1) add 2 drops of methyl red indicator, no red
colour appeared.

2) add 5 drops of 0.1% bromine thyme phenol
blue, no blue colour observed.

@ instrument method : with acidity meter, under
atmospheric balance, waterpH isat6 ~ 7.
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(3 Ca2* Mg?*: 50 ml water, add 1 ml of
ammonia — chloride (pH = 10) , a bit of
chromium black T (EBT), no red showed
( be pure blue!).

@ CL - : 10 ml water, add 2 drops of 1 mol / L
INO,, 2 drops of 10 g/ L AgNO,, no
turbidity appeared.
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In chemical analysis, deionized water
for complex- titration, distilled water for
other methods. pure water must keep
without pollution. Usually they are
made of polyethylene material.
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1.4 Reagent specification,
use and preservation

» Specification & use: for accuracy of anal
results, pay attention to experiment
circumstances, the content and object,
sensitivity and selectivity, etc, use an
appropriate grade to avoid waste.

 Preservation: without contamination and
metamorphism.
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1.4.1 Reagent classification

* Thousands kinds of reagents produced, new
reagents emerge with science development.
No unified classification indicated. Only briefly
introduce the standard reagent, general
reagent and specific reagent as following:
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(1) The standard reagents
MR |

Standard reagent, standard reference materials, is
used to measure chemical amount in other
materials. Its characteristic is high main contents,
reliable to use.

Our country stipulates that main content are from
100 (+-) 0.02% to 100 (+-) 0.05% for titration
analysis.

domestic standard reagents are listed in 1.4(1)
(see table 1)
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Table 1.4 (1) China
standard reagent
specifications & usage

EdErk i 2ol AEtnfEm EzE s Em

Class Use
Titration analysis First Primary Standard; for setting value of
working standard reagents

Titration analysis working standard reagent; for fixing value of
titration analysis standard solution

Titration analysis standard solution; for determination of material
content with titration method

standard solution for Impurities analysis; for trace impurities
analysis in instrumental and chemical analysis ~
Level 1 pH benchmark reagent; for setting value of pH

benchmark reagents, and calibration of pH meter; |
PH benchmark reagent, for calibration of pH meter;
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4
Class Il Use ERAT A HEATERS ERERIT R
Calorific value analysis reagent; for calibration

of calorific value analyzer;

Standard reagent of Gas chromatographic analysis;
standard in the analysis of gas chromatography
(quantitative and qualitative );

Clinical analysis standard solution; for clinical
laboratory testing;

Pesticide analysis standard reagent; for pesticide
analysis

Organic element analysis standard: for organic
materials analysis; @
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(2) General reagents

The most common reagents in lab, On
their impurity differences, classified as grade
one, two, three, four and biochemical
reagents etc. The details are listed in table
1.4.(2).
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Table 1.4.(2) — general @

chemical reagents

level specification symbol scope labeling color

1 grade pure (guarantee reagent) G R precision analysis green

2 analysis pure (analysis reagent) AR general analysis red
3 chemical pure C P general experiment blue
4 experimental reagent L R general experiment

auxiliary reagent  brown or other colors

Biochem reagents bio & biomedi B R biochem and medicinal
colorings experiment brown or rose
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(3) High pure reagents

Impurity content: less than GR; use in
trace analysis; minimize the interference fr.
blank, improve the reliability of anal results.
In the technical indexes, its main ingredient

is quite same as GR, but marked impurity
items are more than 1 ~ 2 times.
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(4) special reagents

It is refers to the special purpose reagents,
for example, chromatographic pure reagent
for chromatography & thin layer analysis as
carrier, fillers & fixatives. Spectrum pure one
for optical analysis; ext. It is important that
the impuritly do not generate obvious
interferences in specific application .
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« 1.4.2 Attention items

* (1) Cap (plug) in time to prevent reagent
hygroscopic, stains and metamorphism after
opening .

» (2) Put cap (plug) in right place avoiding
contamination .

* (3) Do not reverse the reagent back after
taking from original bottles .
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* (4) Use clean dry small spoon to get solid
reagents . Wash spoon immediately to lest
corrosion after access strong alkaline reagents .

* (5) Never allow same straws for transferring two
liquid reagents.

« (6) Certify marked label, reagent name,
specifications and the date on tags before use.

Do not use illegible reagent.
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* 1.4.3 Reagent preservation

Undeserved place may cause quality and
component change. Reagents should be kept
In ventilation & clean house, avoid moisture &
contamination of dust and other substances,
and select corresponding preservation
methods according to the reagent nature.
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* (1) Reagent with corrosion to glass shall be kept
on plastic bottle. Such as: HF, fluoride (NaF, KF,
(NH4)F), KOH, NaOH, etc.

* (2) Reagent with character decomposed by light,
or oxidized by air, such as H,0,, HNO;, AgNO,,
Gallic acid, KMnO,, H,CO,, Na,BiO,, SnCl,,
FeSO,, Na,S0,, etc; and volatile Br, NH,OH and
volatile organic solvents, should be kept in brown
glass bottle, stored in the cold & dark place.
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* (3) Reagents with feature of water imbibition
( Na,CO,, NaOH, etc) should be strictly
sealed & stored.

* (4) Regents: acid & ammonia, oxidant &
reductant, could easy interact; organic
solvent are inflammable; HCIO,, H,O,, nitro-
compound are explosive; should be
separately stored in a cool ventilated place.
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Tea break.
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Dangerous liquid reagent should be
placed in lab low position to prevent
rupturing from shaking. Larger amount of
flammable or poisonous liquid should be
store in safe underground chemical
warehouse with high duct ventilation. Std
of high hiradioactive sources should be
stored in a special underground hole.
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* (5) Reagents, such as cyanide (KCN,
NaCN), HF, HgCl,, As,O (arsenic)

should specially safekeeping, strictly
carry out use formality to avoid
poisoning accidents.
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1.5 laboratory security

It includes “ water, electricity, door,
window, gas, waste and reagent”. The
seven words covers issues of laboratory
work. They are discussed as following:
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Tap shall be timely closed after using,
especially in case of “water stopping” .
Before leaving lab, please check whether

the taps are fully closed (it is easily to forget
closing condenser cooling water).

« 1.5.1 Lab water safety
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220°V:2:380°V 2«
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1.5.2 lab electricity safety e
Very strict requirements are as following:

(1) electric set must be professionally installed.
(2) No wiring electricity at random.

(3) Carefully read the instructions at first, and
be in accordance with the rule to use
Instrument.
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(4) Power matching should be qualified between power
supply volumes and consumptions. Never overload running
to reduce accident. Remember: immediately turn off the
power in accident!

(5) Emergency treatment in electric shock accidents:
turn the power off, or with insulating objects

to pull down the power cord, or unplug (note: never
unarmed to pull electrocuted person, avoid more shock
accidents).

Then carry the electrocuted to fresh air ASAP ,
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Light electric shock can regain
consciousness within short time. To serious
electrocuted without breathing, get the
electrocuted unbutton and timely perform
artificial respiration and oxygen. The rescue
must have patience (sometimes hours). No
injection of strong heart stimulant!
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1.5.3 lab fire (heat) security

leat source: electricity or gas. No matter
what form to use, worker must pay great
attention to fire (heat) rules and requirements:

(1) For gas source device, should often detect
pipe (gas) leak, avoid fire accident.
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(2) For inflammable reagent, use water
bath, electric oil bath. No naked fire absolutely.

(3) Use zeolite (or porcelain fragment) for boiling
point heating. No riot boiling hurt. No leaving
experiment site.

(4) Use standard heating device (no simple
substitution).
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In fire accident, the first thing is to turn
off power or gas connection. Fire
distinguisher is for small accident
extinguishing. If the fire has spread trend,
immediately report to the police. Fire
extinguishers and the applicable scope,
see table 1.5.3 (1).
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Table 1.5.3 (1) Fire extinguishers
and the application scope:

Type solution components application scope

Acid-base: NaHCO; H,SO,; general fire, no oil and
electrical fire;

Bubble: Al, (SO,); NaHCO,; oll fire
Carbon dioxide: liquid CO,; electrical fire
Carbon tetrachloride liquid: CCl,; electrical fire (X)

Dry powder: Na,COj, etc with lubricants, moisture-resistant
agent. combustible gas & oils, electrical equipment,
document, articles burned in water, or the beginning of fire
1211: CF,CIBr; oil, organic solvents, high volt electrical equipment,
instruments (X))

ABC: (NH,);PO,; oil, organic solvents, electrical

equipment, instruments
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Water is common extinguishing material, but be
caution when using in chem. lab. Most inflammable
organic solvents are lighter than water, floating on
the surface of water, leading fire spread. Violent
reaction takes place when certain solvent meet
water, generating large quantity of heat to aggravate
burning or explosion.

According to material properties, fire disasters are
divided into categories of A, B, C, D. Corresponding
fire extinguisher is selected accordingly.
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* Fire category and fire extinguisher (FE)  tssecrams.
Table 1.5.3 (2) - Fire category and FE
 Firetype / burning material / fire extinguisher

« Class A: Wood, paper, cloth, etc; Acid-base type
extinguisher; It ejects H,0O & CO,; Bubble fire one:
H,O, CO,, plus tiny bubbles (from bubbling agent),
forming tiny bubbles on wood surface, prevent
oxygen invading for combustion.
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* Fire type / Burning material / Fire extinguisher

Class B / Burnable liquid (liquid petroleum products, edible
oils and paint thinner, etc.) / Bubble FE (Remember: no
water and Acid-base extinguisher)

» Note: for bubbling FE, the function as aforesaid; also CO,
FE and carbon tetrachloride FE are OK. Note:

1, CO, FE: must stand in the windward, prevent CO
p0|son|ng and hands and body don't close to spray pipe and
sleeve, avoid low temperature (about - 70 C) frostbite! The
effective distance is only 1.5to 2 m.

2, CCl, FE: CCl, may be transformed into toxic phosgene at
hlgh temperatures so should keep a distance!
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Fire type / burning material / fire extinguisher / note

« Class C / combustible gas (natural gas, coal gas,
methane, etc) / powder fire extinguisher / time is short
and strong ability to extinguish fire, but working time is
short.

Don’t use water type, acid-base type and bubble type.

D class / Combustible metal (potassium, sodium, calcium,
magnesium, lead, titanium, etc.)
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Sand only (note: should be clean and placed in a fixed
position) ; Acid or alkali type, bubble type & carbon dioxide
are prohibited.

Boric acid methyl- 3 ester (TMB) extinguisher, because of
its decomposition, absorb a lot of heat, generate protection
film on the metal surface, oxidation boron isolate air.

In situ graphite extinguisher: with turgor ability when
heated, generate a thick spongiform cover, make burning
zone temperature down, isolate air and extinguish fire.
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1.5.4 Safety on compressed gas in lab
Note for compressed air (cylinders):

1). Need: clear external landmarks (see the appendix
1.3.4); consistent for gas and landmarks. .

2). Handling and storage: fix helmet tightly with
spanner.

3). Moving: with special stretcher or cars;

Don’t put hand on the valve to prevent opening.
Horizontally placed, fixed with chains.
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4). When opening the valve of

compressed gas cylinders and pressure reducing
valve, screwing speed not too fast, reduce over
flow risk.

5). Gas shall not be exhausted and residual
pressure should generally more than number

several hundreds of KPa; otherwise air or other
gases will get into the cylinder, which affects next
inflatable gas purity, and prevent dangerous.
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1.5.5 Safe disposal of chemical experimental waste
(CEW)

CEW are various for different reaction reagents
and wastes. Some poison materials (cyanide, etc)
are not permitted to fall in sinks. If cyanide waste
meet acid, virulent HCN will produce immediately.
Treating cyanide wastewater with alkaline ferrous
sulfate to form ferrous cyanide salts for further
waste liquid processing.
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Dichromate potassium (K,Cr,0O-)

The K,Cr,O, STD is often used in lab. Its residue
should be transformed into Cr*3, untreated pouring
IS never allowed. According to the national
standards GB8978 - 1996 "integrated standard for
wastewater discharge ", the first type of pollutants
(refer to pollutants, can deposit in environment or
animal body and produce long-term impact to the
human body ). Strict rules for discharge
concentrations, as shown in table 1.5.5:
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Table 1.5.5 The maximum permission

of first type of pollutant
Pollutant / maximum permission ( mg /L)
Total Hg / 0.05

Alkyl Hg / not detectable
Total cadmium / 0.1

Total chromium / 1.5

Hexavalent chromium (Cr207-%) / 0.5
Total arsenic / 0.5

Tlead / 1.0

Total nickel / 1.0

Benzopyrene (alpha) / 0.00003
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1. Mercury salt wastewater treatment

Make waste liquid pH 8 ~ 10, generate
sulfide precipitation, add ferrous sulfate, and
produce iron sulfides precipitation to absorb
suspension of sulfide mercury particles &
form co-precipitation. Get ridge to clear
liquid, to calcinate residue for recycling
mercury, then make mercury salt.
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* 2. Arsenic wastewater treatment

(1) Add CaO, adjust pH to 8 for generatlng
CaAs204 & CaAsO:2 precipitates. (2) adjust
pH > 10, form the undissolved low-toxic sulfides
precipitation.

* 3. Lead, cadmium waste liquid

Add hydrated lime, pH to 8 ~ 10, to form Pb(OH)2 &
Cd(OH)2 precipitation; add ferrous as co-
precipitation agent.
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* 4. Cyanide wastewater

Adjust pH > 10 With NaOH , add excessive amounts of
KMnO, (3%) , oxidize & decompose CN —. For high
content CN —. , add CaClO; and NaOH solution.

* 5. For fluoride: Add lime to form CaF precipitation.

* 6. Cr2072 wastewater treatment:

According to EPC role, 0.5 mg/L as the maximum
permission

0.05 mg /L for some advanced country.
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Chemical reduction for Cr207=:

Use reductants: SO,, FeSO,, NaHSO,, etc.
Example:

250,+2H,0 + 0,=2H,S0,
350,+Na,Cr,0,+H,S0,=Cr, (S0,) ;+Na,S0,+H,0
Use lime or NaOH to treat

chromate salt & convert it into Cr (OH) , | from
water for further processing.

@ Cr,(S0,),+3 Ca(OH),=2Cr (OH) , | +3CaS0,

J



(.30 p
025 __J___.(/
E‘ 020
tttttt L
Cr6+&l\£§‘7§‘?\/£‘ , —‘&T%L'JEH 15 20 25 PH{;D

1 pH AR Cr(VL)3EER 52 RERY W

et ik, I8R5 HS0,55 (A bt
IR W RENE) -
. 250,+2H,0 + 0,=2H,S0,
350,+Na,Cr,0,+H,50,=Cr, (S0,) ,+Na,S0,+H,0
IR A R e, VAT A A K e A AR
BIR Eh A S A AL MK T ITE R
VEAbHE
Cr,(S0,) 4+3 Ca(OH),=2Cr (OH), ¢ +3CaS0,

&



0 2= iy N R B8 A FE B AR
FREBMBRNE, JoRTRER T

1.5.6 chemistry lab safety

Because there are chemical reagents,
inflammable and explosive gas, organic
solvents in chem lab, lab safety is great
important . For all staffs & students in lab,
safety education must be carried out.
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and study safely in lab, should know how
to take emergency measure in accident.

To sum up, the lab security is most
important ! All people must abide by the
rules of lab, which make a safe
environment for better work, study and for
your life security !
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Thank you for your direction !
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Special thanks to Mr. Cai Ming zhao, etc. SCUT.
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